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HENRY B. BIGELOW
Autotrawl Winch System and Block Load Cell Calibration


Date: Representatives: NEFSC:
Vessel:
Rapp Hydema:


Has maintenance been conducted on the block load cells prior to calibraiton?
Y / N If Yes, describe:


Has maintenance been conducted on the winches prior to calibraiton?
Y / N If Yes, describe:


Has maintenance been conducted on the standard in-line load cell prior to calibration?
Y / N If Yes, describe:


Calibration Location, dockside or at sea?
Sea conditions:


Settings Prior to Load Cell Calibration


Load Cell Measuring Range Drive Torque 
STBD Tons STBD Nm/bar
PORT Tons PORT Nm/bar


Settings Amplifiers
STBD PORT


START VALUE
MAX VALUE


Final Calibration Settings


Load Cell Measuring Range Drive Torque 
STBD Tons STBD Nm/bar
PORT Tons PORT Nm/bar


Settings Amplifiers
STBD PORT


START VALUE
MAX VALUE


COMMENTS:







Turning Block Load Cell Calibration Data
Load Cell Range
Setting Change Pulling  Standard Load Cell Block Tension
STRB tons PORT tons Winch Value Values


STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=







Turning Block Load Cell Calibration Data
Load Cell Range
Setting Change Pulling  Standard Load Cell Block Tension
STRB tons PORT tons Winch Value Values


STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=
STRB 
PORT tons STRB= PORT=







Winch Tension Calibration Data
Drive Torque
Setting Change Pulling  Standard Load Cell Block Tension Winch Tension
STRB PORT Winch Value Values Values


STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=
STRB STRB= STRB=
PORT tons PORT= PORT=







Full Scale Towing System Pressure Calibration
Location of Calibration Tows:


TOW # Settings Amplifiers
Depth STBD PORT setting comment:
Wire Out START VALUE
Mode: 2-speed 3-speed MAX VALUE


Console Pressure Estimate
STRB= PORT=
TOW QUALIFICATION AND COMMENTS:


TOW # Settings Amplifiers setting comment:
Depth STBD PORT
Wire Out START VALUE
Mode: 2-speed 3-speed MAX VALUE


Console Pressure Estimate
STRB= PORT=
TOW QUALIFICATION AND COMMENTS:


TOW # Settings Amplifiers setting comment:
Depth STBD PORT
Wire Out START VALUE
Mode: 2-speed 3-speed MAX VALUE


Console Pressure Estimate
STRB= PORT=
TOW QUALIFICATION AND COMMENTS:


TOW # Settings Amplifiers setting comment:
Depth STBD PORT
Wire Out START VALUE
Mode: 2-speed 3-speed MAX VALUE


Console Pressure Estimate
STRB= PORT=
TOW QUALIFICATION AND COMMENTS:







Full Scale Towing System Pressure Calibration
Location of Calibration Tows:


TOW # Settings Amplifiers
Depth STBD PORT setting comment:
Wire Out START VALUE
Mode: 2-speed 3-speed MAX VALUE


Console Pressure Estimate
STRB= PORT=
TOW QUALIFICATION AND COMMENTS:


TOW # Settings Amplifiers setting comment:
Depth STBD PORT
Wire Out START VALUE
Mode: 2-speed 3-speed MAX VALUE


Console Pressure Estimate
STRB= PORT=
TOW QUALIFICATION AND COMMENTS:


TOW # Settings Amplifiers setting comment:
Depth STBD PORT
Wire Out START VALUE
Mode: 2-speed 3-speed MAX VALUE


Console Pressure Estimate
STRB= PORT=
TOW QUALIFICATION AND COMMENTS:


TOW # Settings Amplifiers setting comment:
Depth STBD PORT
Wire Out START VALUE
Mode: 2-speed 3-speed MAX VALUE


Console Pressure Estimate
STRB= PORT=
TOW QUALIFICATION AND COMMENTS:







Full Scale Towing System Pressure Calibration
Location of Calibration Tows:


TOW # Settings Amplifiers
Depth STBD PORT setting comment:
Wire Out START VALUE
Mode: 2-speed 3-speed MAX VALUE


Console Pressure Estimate
STRB= PORT=
TOW QUALIFICATION AND COMMENTS:


TOW # Settings Amplifiers setting comment:
Depth STBD PORT
Wire Out START VALUE
Mode: 2-speed 3-speed MAX VALUE


Console Pressure Estimate
STRB= PORT=
TOW QUALIFICATION AND COMMENTS:


TOW # Settings Amplifiers setting comment:
Depth STBD PORT
Wire Out START VALUE
Mode: 2-speed 3-speed MAX VALUE


Console Pressure Estimate
STRB= PORT=
TOW QUALIFICATION AND COMMENTS:


TOW # Settings Amplifiers setting comment:
Depth STBD PORT
Wire Out START VALUE
Mode: 2-speed 3-speed MAX VALUE


Console Pressure Estimate
STRB= PORT=
TOW QUALIFICATION AND COMMENTS:
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1.0 - Overview and Purpose 
 
The NOAA Ship Henry B. Bigelow is equipped with a Rapp Hydema auto-trawl system.  
Functioning in tension based mode, these trawl winches automatically equalize port and 
starboard warp tension by hauling in or paying out wire to equalize system pressure in the 
hydraulic motors of each winch.  Port and starboard tensions are then calculated from system 
pressure.  As a secondary measure of tension, and verification of the winch tension, 10t (20t 
max) shear pin load cells are installed on the vessel’s turning blocks.  To ensure this auto-trawl 
system functions in a standardized manner during Northeast Fisheries Science Center bottom 
trawl surveys, the entire system should be routinely calibrated prior to each survey season.  This 
document details a standard calibration procedure for both the auto-trawl winch system and 
block load cells.  All data shall be recorded in the Auto-Trawl Winch System and Block Load 
Cell Calibration Worksheets. 
 
2.0 – Responsibilities 
 
2.1 – Vessel Crew 
It is the responsibility of the vessel crew to conduct routine maintenance on both the auto-trawl 
system and the turning block load cells and keep these in good working order.  For any 
maintenance not considered routine, or for any extraordinary repairs required, the vessel shall 
arrange for a Rapp Hydema technical representative to perform the work.  Additionally, the 
vessel is required to arrange for a Rapp Hydema technical representative to calibrate the auto-
trawl system prior to each bottom trawl survey cruise season.  The Chief Bosun and Chief 
Engineer shall execute the auto-trawl system and turning block load cell calibrations with the 
assistance of the Rapp Hydema technical representative and the Ecosystems Surveys Branch 
(ESB) representative. 
During bottom trawl survey operations, the Winch Operator is responsible for monitoring the 
performance of the auto-trawl system and the turning block load cells.  The Winch Operator shall 
consult with the Chief Scientist or Watch Chief regarding any non-standard performance by the 
auto-trawl system observed during bottom trawl survey operations. 
 
2.2 – Ecosystems Surveys Branch 
The ESB is responsible for providing a representative to all auto-trawl system and turning block 
load cell calibrations.  The ESB representative shall be knowledgeable in the calibration 
procedure outlined in this document and shall be experienced in evaluating auto-trawl system 
and turning block load cell performance.  Additionally, the ESB is responsible for recording 
calibration data on the Auto-Trawl Winch System Calibration Worksheets and providing a 
summary of the calibration results to the vessel after the calibration. 
During bottom trawl survey operations, the ESB Chief Scientist and Watch Chiefs are 
responsible for monitoring auto-trawl system and turning block load cell performance. 
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3.0 - Calibration Procedure 
Prior to any calibration of the trawl winch system, routine maintenance should be performed as 
recommended by the manufacturer.  Routine maintenance should not occur during the bottom 
trawl survey season after the system is calibrated unless system maintenance is required for 
proper operation.   
 
The NEFSC will utilize tension data from the vessel’s calibrated turning block load cells to 
evaluate and validate the performance of the auto-trawl winch system during calibration and 
during standardized bottom trawl survey tows; therefore, calibration of the vessel’s block load 
cells must occur prior to trawl winch calibration. 
 
Following the calibration of the block load cells, calibration of the trawl winches requires full 
scale tows with the standard NEFSC survey trawl gear.  The exact number of tows may vary 
with each calibration procedure. 
 
3.1 – Block Load Cell Calibration 
The block load cells may be calibrated dockside or in calm seas to avoid variability caused by 
vessel motions.  Operation of all of the systems hydraulic pumps is required for proper 
calibration. 
The basic procedure will be to attach an inline load cell between the starboard and port trawl 
wires and pull in with each winch (separately) at varying levels of force.  The tension values 
from the inline load cell are compared to the tension values on the starboard and port blocks and 
adjustments are made to the block load cell values, when necessary, to calibrate the block load 
cells to the inline load cell. 
 
PROCEDURE: 


• Remove all hardware from the ends of each trawl wire.  There should not be any force 
exerted on the turning blocks so that a valid zero may be established.  


• Connect the inline load cell to the port and starboard trawl wires and tare both port and 
starboard load cell values to zero. 


o Start the Pentagon system on the aft winch control panel.  Navigate from the 
MANUAL screen to the TENSION MONITOR screen by pressing the 
SETTINGS button.  Press SYSTEM SETTINGS button.  Press WINCH 
PARAMETERS button.  Press TENSION MONITOR button. 
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TENSION MONITOR Screen: 


 
 


o To zero the load cell values, hold the INITIATE button under the yellow STBD 
tab for 3 sections.  Repeat for PORT. 


o Record the current STBD and PORT values on the TENSION MONITOR screen 
under LOAD CELL MEASURING RANGE.  These values may be adjusted to 
calibrate the block load cells. 


• With the inline load cell connected between starboard and port trawl wires, ensure that 
the inline load cell is turned on and set to read metric tons. 


• Choose to begin on either Starboard or Port.  Pull back on joystick of one winch, using 
the potentiometer to manually control the tension, and lock the brakes on the other winch. 


o Use the tension values from the inline load cells to determine the amount of pull, 
not the block load cell reading (displayed at the bottom of the TENSION 
MONITOR screen). 


o Compare tension values between the inline load cell and the starboard and port 
block load cells at a range of loads between 1t and 4t. 


o Repeat the comparison by pulling with the other winch (i.e. if you began on 
starboard, pull with port winch). 


• The goal is to maximize the accuracy of the block load cell readings for the tensions at 
which the NEFSC survey trawl gear is towed. 


o The NEFSC survey trawl gear averages 1.5t to 2.0t tension on each side.  
Therefore the block load cell calibration should aim to calibrate the load cells at 
approximately 1.5t. 


o It is common to see varying levels of accuracy as the load is increased or 
decreased.  For example, the starboard and port tensions values may equal the 
load cell value at 3t, but not be equal at 1.5t for the given inputs. 


• If the either the starboard or port block load cell values do not equal the inline load cell 
tension value at approximately 1.5t, the STBD and/or PORT values under LOAD CELL 
MEASURING RANGE on the TENSION MONITOR screen, must be adjusted. 


o Record the STBD and PORT values prior to adjusting. 
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o Increasing these values will increase the displayed tension value and decreasing 
these values will decrease the displayed tension. 


o The STBD and PORT values displayed under LOAD CELL MEASURING 
RANGE are the maximum values that the block load cells will register.  It is 
important that these values are not set lower than the expected tension values 
observed during NEFSC standard trawling operations.  Values should not be set 
less than 5.0t. 


o If both the starboard and port tension values do not equal the inline load cell 
value, then both STBD and PORT LOAD CELL MEASURING RANGE values 
shall be adjusted.  If only one side is not equal, then adjust the LOAD CELL 
MEASURING RANGE value for that side only. 


o Adjust the LOAD CELL MEASURING RANGE values in small increments of 
approximately 0.5t. 


• After adjustments are made to the STBD and/or PORT LOAD CELL MEASURING 
RANGE values, repeat the steps in section 4 and compare the STRB and PORT block 
load cell values to the inline load cell values. 


• Continue to adjust the STBD and/or PORT LOAD CELL MEASURING RANGE values 
and repeat the steps in section 4 until the STRB and PORT block load cell values equal 
the inline load cell values at approximately 1.5t of tension. 


• Record the new STBD and PORT LOAD CELL MEASURING RANGE values. 
 
3.2 – Trawl Winch Calibration 
The trawl winches shall be calibrated following calibration of the block load cells.  This 
procedure first involves calibrating the winch tension values immediately following the dockside 
block load cell calibration with the inline load cell still connected between the trawl wires.  After 
calibrating the winch tension values, full scale tows are made with the standard NEFSC survey 
trawl gear. 
 
PROCEDURE: 


•  With the inline load cell still connected between the trawl wires, calibrate the starboard 
and port winch tension values. 


o The process is similar to the block load cell calibration and may be done 
simultaneously as the block load cell calibration if you are familiar with the 
procedures. 


o Manually pull on one winch using the joystick and adjust tension values using the 
potentiometer (as was done for the block load cell calibration). 


o Compare the starboard and port winch tension values displayed on the MANUAL 
towing screen to the inline load cell tension values at a range of loads between 
1.0t and 4.0t. 


o Calibrate the winch tension values at approximately 1.5t of tension. 
• If the starboard or port winch tension values do not equal the inline load cell value at 


approximately 1.5t, then the drive torque values shall be adjusted. 
o Navigate from the MANUAL screen to the WINCH PARAMETERS screen by 


pressing the SETTINGS button.  Press SYSTEM SETTINGS button.  Press 
WINCH PARAMETERS button. 


o Record the DRIVE TORQUE values under STBD WINCH AND PORT WINCH. 
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o Adjust the DRIVE TORQUE values in small increments of approximately 10.  
Increasing the DRIVE TORQUE values will increase the displayed winch tension 
values and decreasing the DRIVE TORQUE values will decrease the displayed 
winch tension values. 


• After adjustments are made to the STBD WINCH and/or PORT WINCH DRIVE 
TORQUE values, repeat the steps in section 2 and compare the STRB and PORT winch 
tension values (displayed on MANUAL screen) to the inline load cell values. 


• Continue to adjust the STBD WINCH and/or PORT WINCH DRIVE TORQUE values 
and repeat the steps in section 2 until the STRB and PORT winch tension values equal 
the inline load cell values at approximately 1.5t of tension. 


• Record the new STBD WINCH and PORT WINCH DRIVE TORQUE values. 
 


MANUAL towing screen: 


 
WINCH PARAMETERS Screen: 
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3.3 – Winch Tension Calibration – Full Scale Towing 
Tension data from the calibrated block load cells are used to evaluate and validate the 
performance of the auto-trawl winch system during calibration and standardized bottom trawl 
survey tows.  Currently, the evaluation and validation process is qualitative and requires real 
time graphical monitoring of the both the block load cell tensions and winch tensions.  The 
validation procedure may be updated as quantitative analysis methods are developed.   
 
Repetitive tows with the NEFSC survey trawl gear must be made to ensure proper function by 
the auto-trawl system.  Tows are conducted with the tension differential equalizer (TDE) turned 
on.  Adjustment of the system’s amplifiers may be required to fine tune trawl winch performance 
and may occur in between tows or during a tow (in Manual mode).   
 
PROCEDURE: 


• Tows should follow standard NEFSC bottom trawl survey operational procedures.  
However, the codend may be left open to avoid unecessary handling of fish and the tow 
duration may be altered as necessary during the calibration.  A series of standard 20 
minute duration tows should be made once the system is calibrated for comparison 
purposes.  


• Tows shall be conducted in an area with consistent depth and relatively smooth bottom. 
• The Scientific Computer System (SCS) shall be running with real time graphical displays 


of starboard and port winch tensions and block load cell tensions viewable on the bridge. 
• Prior to towing, record the STBD and PORT START VALUE and MAX VALUE under 


PRESSURE on the SETTING AMPLIFIERS screen. 
o Navigate from the MANUAL screen to the SETTING AMPLIFIERS screen by 


pressing the SETTINGS button.  Press SYSTEM SETTINGS button.  Press 
AMPLIFIERS button. 


o At the top of the screen, press STBD or PORT to toggle between sides. 
 


SETTING AMPLIFIERS Screen: 
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• Set the trawl and conduct one tow prior to adjusting any amplifier settings. 
o Observe and evaluate the SCS real time graphical displays of starboard and port 


block load cell tensions and trawl winch tensions. 
o Refer to Section 3.0 regarding winch performance evaluation. 


• If the observed trawl winch performance is not optimal, adjust the STBD and/or PORT 
MAX VALUE or START VALUE under PRESSURE on the SETTING AMPLIFIERS 
screen.   


• There are varying methods of adjusting the amplifier settings that may achieve similar 
results.  The goal of adjusting the amplifier settings is to equalize starboard and port 
tensions as closely as possible during full scale towing operations.  A combination of 
amplifier settings adjustments may be necessary to achieve this. 


o If the observed starboard tension is higher than port, either increase the starboard 
pressure or lower the port pressure.  Conversely, if the observed port tension is 
higher than starboard, either increase the port pressure or lower the starboard 
pressure. 


• To increase pressure on one side, increase the MAX VALUE under PRESSURE on the 
SETTING AMPLIFIERS screen for that side (STBD or PORT depending on which side 
the pressure is being increased).  To lower the pressure on one side, decrease the MAX 
VALUE under PRESSURE on the SETTING AMPLIFIERS screen for that side. 


o Adjust the values in small increments of approximately 10. 
o Continue towing operations to observe the results of the adjustment. 
o Continue to increase or decrease the MAX VALUE until the desired results are 


achieved. 
• If the adjustments did not achieve the desired results: 


o Set the values back the original starting values. 
o To increase pressure on one side, increase the START VALUE under 


PRESSURE on the SETTING AMPLIFIERS screen for that side (STBD or 
PORT depending on which side the pressure is being increased).  To lower the 
pressure on one side, decrease the START VALUE under PRESSURE on the 
SETTING AMPLIFIERS screen for that side. 


o Adjust the values in small increments of approximately 10. 
o Continue towing operations to observe the results of the adjustment. 
o Continue to increase or decrease the START VALUE until the desired results are 


achieved. 
• Alternatively, a combination of the amplifier adjustments may be made. 


Examples: 
o If the observed starboard tension is lower than the port tension, the STBD MAX 


VALUE may be increased slightly and the PORT MAX VALUE decreased 
slightly. 


o OR in the same scenario, the STBD STRART VALUE may be increased and the 
PORT START VALUE decreased. 


• Repetitive tows and multiple amplifier settings adjustments may be necessary to optimize 
performance of the winch system.  


o Adjustments should be made one at time and in small increments. 
o Record all adjustments. 


 







10 
 


4.0 – Auto-Trawl Winch System Evaluation 
The NEFSC bottom trawl survey utilizes standardized sampling gear and towing procedures to 
ensure consistency between survey tows and survey years, thus limiting variability in calculated 
indices of fish abundance.  To achieve standardized towing procedures, the NEFSC bottom trawl 
survey requires a trawl winch system to perform and respond in a standard manner during 
various environmental conditions encountered throughout the duration of a survey season and 
between survey years.  To ensure this auto-trawl system functions in a standardized manner 
during NEFSC BTS cruises, the entire system should be calibrated on a routine basis.  This 
document describes the evaluation criteria for determining if the auto-trawl system is functioning 
in a standardized manner according to NEFSC allowable tolerance for trawl winch performance. 


4.1 – Performance Evaluation 


• The NEFSC will utilize tension data from the vessel’s calibrated turning block load cells 
to evaluate and validate the performance of the auto-trawl winch system during 
standardized bottom trawl survey tows. 


o Block load cell tensions are a direct measure of warp tension, independent from 
the auto-trawl winch system. 


o Port and starboard turning block load cells must be calibrated to an independent, 
12ton (max), in-line load cell. 


o Tension values in the Rapp Hydema auto-trawl computer system (Pentagon) are 
derived tension values, in metric tons, based on hydraulic pressures within the 
system.  These values are not direct measurements of tension on the port and 
starboard towing wires.  Therefore, pressure changes within the system may not 
be accurately reported as tension values and may not represent actual forces 
acting on the towing wires.  Rapp Hydema technical representatives have stated 
that the pressures within the system may vary based on static versus dynamic 
loads.  Basically, the system requires more pressure to haul in a given load than it 
does to hold fast the same load.  Because these pressure changes within the 
system may not represent actual force changes on the towing wires, the system 
utilizes complex algorithms and filters to transform system pressure data into 
calculated tension values. 


• Pressure within each winch dictates overall performance and responsiveness (sensitivity) 
of the system.   


o Optimal system pressure for the Rapp Hydema winches is approximately 100 bars 
per winch (port and starboard). 


o The system has proven unresponsive at pressures less than 65 bars. 
o Increasing pressure to above 200 bars will cause the winches to payout wire to 


release the pressure. 
o Bottom trawl survey tows should be made with the auto-trawl system in 3 speed mode, 


regardless of depth, to increase system pressure. 
o 2 speed mode should only be used if the auto-trawl winches are unable to hold the load of 


the trawl gear because the system pressure is too high (i.e. winches pay out wire). 
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• The NEFSC will accept a maximum of 0.5t differential between the mean port block load 
cell tension and mean starboard block load cell tension.  Mean values are calculated for 
the on-bottom tow duration (Start Trawl to Haul Back). 


• It is expected that the mean tension differential is representative of external forces acting 
on the trawl.  (i.e. bottom current, sea state, bottom morphology, sediment type, vessel 
course change, etc.). 


o The mean tension differential shall not favor one side, suggesting that the system 
is dictating the tension difference rather than external forces. 


o The mean tension difference shall not repeatedly approach or exceed 0.5t.  The 
NEFSC accepts 0.5t as the maximum; however, the system is expected to achieve 
a more precise balance between port and starboard tensions during tows with 
minimal external forces acting on the trawl. 


o The auto-trawl system should be actively working to balance port and starboard 
trawl wire tensions to compensate for external forces acting on the trawl.  
Graphical evidence of cross-over between port and starboard tensions should be 
apparent.  


o The auto-trawl system should not over-compensate to balance port and starboard 
trawl wire tensions.  This may be evidenced graphically by cyclical oscillations of 
port and starboard tensions.   
 


• As knowledge of this auto-trawl winch system is gained though experience, the NEFSC 
may require additional evaluation criteria to validate that the system is performing in a 
standardized and acceptable manner. 
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4.2 - Graphical Examples of Properly Calibrated Auto-Trawl Winch Performance 


Figure 1.  Properly calibrated winches showing closely matching tensions.  There is a tension increase at 
the start of the tow reflected by both port and starboard winches.  The horizontally linear trend in tensions 
after the initial spike is indicative of consistent environmental forces throughout the duration of the tow.  
Crossover of port and starboard tension throughout the tow is evident, and the frequency of crossover 
indicates good responsiveness by the winches.   


 


 


Figure 2.  Properly calibrated winches.  With this example, environmental variables affecting tension 
cause a less consistent linear plot.  However, crossover is frequent and both winches show a tight 
coupling.   
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4.3 - Graphical Examples of Non-Calibrated Auto-Trawl Winch Performance 


Figure 3.  Separation of port and starboard tensions is clear.  No visible crossover between port and 
starboard tensions and the average differential is approximately 0.4 tons. 


 


 


Figure 4.  Although the magnitude of the port and starboard differential is only 0.2t, the system does not 
adequately balance port and starboard tensions throughout the tow duration.  There is a cyclical 
component to the tensions indicating environmental variables, however, crossover between port and 
starboard tension is only observed during the higher tension periods (spikes).  This graph suggests that 
system pressures are below the required 65bars and were unable to compensate. 
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Protected Resources: 
 


North Atlantic right whale protection:  The vessel is requested to adhere to right whale 
protection regulations.  Information on Seasonal Management Area (SMA) and Dynamic 
Management Area (DMA) regulations and information for protecting right whales from 
collisions with vessels are provided through the NOAA Protected Resources website 
(http://www.nmfs.noaa.gov/pr/shipstrike/), Right Whale Sighting Advisory System (SAS) 
website (http://www.nefsc.noaa.gov/psb/surveys/), the U.S. Coast Guard’s “Notices To 
Mariners” and NOAA weather radio.  
 
Mariners are urged to use caution and proceed at safe speeds in areas where right whales 
occur. U.S. Law (50 CFR 224.105) prohibits operating vessels 65 feet (19.8 meters) or 
greater in excess of 10 knots in Seasonal Management Areas (SMAs) along the U.S. east 
coast. Mariners are also requested to route around voluntary speed restriction zones, 
Dynamic Management Areas (DMAs) or transit through them at 10 knots or less. 
Approaching within 500 yards of right whales is prohibited, unless the Chief Scientist is in 
possession of an ESA/MMPA permit allowing such approaches.  
 
 Whale sightings:  Sightings of right whales, or dead or entangled whales of any species, are 
extremely valuable and reports are urgently requested. Please report all right whale sightings 
north of the Virginia – North Carolina border to 978-585-8473; right whale sightings south 
of that border should be reported to 904-237-4220. Right whale sightings in any location 
may be reported to the U.S. Coast Guard via VHF channel 16. Protocols for reporting 
sightings are described in the Guide to Reporting Whale Sightings placard.   The placard is 
available online 
(http://www.nero.noaa.gov/whaletrp/plan/disent/Guide%20to%20reporting%20Whale%20S
ightings%20FINAL%20complete_8.7.07.pdf) and laminated copies will be provided by the 
Protected Species Branch.  It is requested that this placard be kept on the bridge for quick 
reference and to facilitate rapid reporting (via satellite phone if necessary).  Opportunistic 
sightings of other marine mammal species that are live and well may be reported using the 
Platforms of Opportunity (POP) forms and protocols. 
  
Endangered Species Act and Marine Mammal Protection Act reporting requirements:   This 
reporting is required and is in addition to the reports in the above two sections. If the ship 
has an interaction with a whale, dolphin, porpoise, marine turtle, or seal (e.g., collision with 
a whale or bycatch of a sea turtle), the NMFS Northeast Regional Office must be notified 
within 24 hours of the interaction.  If an interaction with any of those species occurs or if the 
vessel’s company notices an animal that is entangled, injured, in distress, or dead, they 
should contact the Northeast Regional Office’s 24-hour hotline at 978-281-9351 to report 
the incident and receive further instructions. 


 
Stellwagen Bank: Any artifacts brought aboard the vessel due to fishing in the Stellwagen Bank 
National Marine Sanctuary must be immediately returned, as near as possible, to the location of 
interception.  An artifact is defined as anything of man-made origin with the exception of 
modern fishing gear.  Stations located within Stellwagen Bank will be identified prior to the 
cruise and reported to the chief scientist. 



http://www.nero.noaa.gov/whaletrp/plan/disent/Guide%20to%20reporting%20Whale%20Sightings%20FINAL%20complete_8.7.07.pdf�

http://www.nero.noaa.gov/whaletrp/plan/disent/Guide%20to%20reporting%20Whale%20Sightings%20FINAL%20complete_8.7.07.pdf�






BIGELOW SCOPE TABLE
February 2010


DEPTH RATIO WIRE OUT DEPTH RATIO WIRE OUT
15 60 4:1 63 217 hold
16 64 64 218 hold+1
17 68 65 219 hold+2
18 72 66 220 hold+3
19 76 67 221 hold+4
20 80 68 221 3.25:1
21 84 69 221 hold
22 88 70 222 hold+1
23 92 71 222 hold+1
24 96 72 223 hold+2
25 100 73 223 hold+2
26 104 74 224 hold+3
27 108 75 225 3:1
28 112 76 225 hold
29 116 77 225 hold
30 120 78 226 hold+1
31 124 79 226 hold+1
32 128 80 227 hold+2
33 132 81 227 hold+2
34 136 82 228 hold+3
35 137 hold+1 83 228 2.75:1
36 138 hold+2 84 229 hold+1
37 139 3.75:1 85 229 hold+1
38 143 86 230 hold+2
39 146 87 230 hold+2
40 150 88 231 hold+3
41 154 89 231 hold+3
42 158 90 232 hold+4
43 161 91 232 hold+4
44 165 92 233 hold+5
45 165 hold 93 2.5:1 233 2.5:1
46 166 hold+1 94 235
47 167 hold+2 95 238
48 168 3.5:1 96 240
49 172 97 243
50 175 98 245
51 179 99 248
52 182 100 250
53 186 101 253
54 189 102 255
55 193 103 258
56 196 104 260
57 200 105 263
58 203 106 265
59 207 107 268
60 210 108 270
61 214 109 273
62 217 110 275







DEPTH RATIO WIRE OUT DEPTH RATIO WIRE OUT
111 2.5:1 278 161 HOLD 392
112 280 162 393
113 283 163 393
114 285 164 394
115 288 165 394
116 290 166 395
117 293 167 395
118 295 168 396
119 298 169 396
120 300 170 397
121 303 171 397
122 305 172 398
123 308 173 398
124 310 174 399
125 313 175 399
126 315 176 400
127 318 177 400
128 320 178 402
129 323 179 404
130 325 180 2.25:1 405
131 328 181 407
132 330 182 410
133 333 183 412
134 335 184 414
135 338 185 416
136 340 186 419
137 343 187 421
138 345 188 423
139 348 189 425
140 350 190 428
141 353 191 430
142 355 192 432
143 358 193 434
144 360 194 437
145 363 195 439
146 365 196 441
147 368 197 443
148 370 198 446
149 373 199 448
150 375 200 450
151 378 201 452
152 380 202 455
153 383 203 457
154 385 204 459
155 388 205 461
156 390 206 464
157 HOLD 390 207 466
158 HOLD 391 208 468
159 HOLD 391 209 470
160 HOLD 392 210 473







DEPTH RATIO WIRE OUT DEPTH RATIO WIRE OUT
211 2.25:1 475 261 2.25:1 587
212 477 262 590
213 479 263 592
214 482 264 594
215 484 265 596
216 486 266 599
217 488 267 601
218 491 268 603
219 493 269 605
220 495 270 608
221 497 271 610
222 500 272 612
223 502 273 614
224 504 274 617
225 506 275 619
226 509 276 621
227 511 277 623
228 513 278 626
229 515 279 628
230 518 280 630
231 520 281 632
232 522 282 635
233 524 283 637
234 527 284 639
235 529 285 641
236 531 286 644
237 533 287 646
238 536 288 648
239 538 289 650
240 540 290 653
241 542 291 655
242 545 292 657
243 547 293 659
244 549 294 662
245 551 295 664
246 554 296 666
247 556 297 668
248 558 298 671
249 560 299 673
250 563 300 675
251 565 301 677
252 567 302 680
253 569 303 682
254 572 304 684
255 574 305 686
256 576 306 689
257 578 307 691
258 581 308 693
259 583 309 695
260 585 310 698







DEPTH RATIO WIRE OUT DEPTH RATIO WIRE OUT
311 2.25:1 700 361 2.25:1 812
312 702 362 815
313 704 363 817
314 707 364 819
315 709 365 821
316 711 366 824
317 713 367 826
318 716 368 828
319 718 369 830
320 720 370 833
321 722 371 835
322 725 372 837
323 727 373 839
324 729 374 842
325 731 375 844
326 734 376 846
327 736 377 848
328 738 378 851
329 740 379 853
330 743 380 855
331 745 381 857
332 747 382 860
333 749 383 862
334 752 384 864
335 754 385 866
336 756 386 869
337 758 387 871
338 761 388 873
339 763 389 875
340 765 390 878
341 767 391 880
342 770 392 882
343 772 393 884
344 774 394 887
345 776 395 889
346 779 396 891
347 781 397 893
348 783 398 896
349 785 399 898
350 788 400 900
351 790 401 902
352 792 402 905
353 794 403 907
354 797 404 909
355 799 405 911
356 801 406 914
357 803 407 916
358 806 408 918
359 808 409 920
360 810 410 923







DEPTH RATIO WIRE OUT DEPTH RATIO WIRE OUT
411 2.25:1 925 461 2.25:1 1037
412 927 462 1040
413 929 463 1042
414 932 464 1044
415 934 465 1046
416 936 466 1049
417 938 467 1051
418 941 468 1053
419 943 469 1055
420 945 470 1058
421 947 471 1060
422 950 472 1062
423 952 473 1064
424 954 474 1067
425 956 475 1069
426 959 476 1071
427 961 477 1073
428 963 478 1076
429 965 479 1078
430 968 480 1080
431 970 481 1082
432 972 482 1085
433 974 483 1087
434 977 484 1089
435 979 485 1091
436 981 486 1094
437 983 487 1096
438 986 488 1098
439 988 489 1100
440 990 490 1103
441 992 491 1105
442 995 492 1107
443 997 493 1109
444 999 494 1112
445 1001 495 1114
446 1004 496 1116
447 1006 497 1118
448 1008 498 1121
449 1010 499 1123
450 1013 500 1125
451 1015 501 1127
452 1017 502 1130
453 1019 503 1132
454 1022 504 1134
455 1024 505 1136
456 1026 506 1139
457 1028 507 1141
458 1031 508 1143
459 1033 509 1145
460 1035 510 1148





		Scope Table






NEFSC Bottom Trawl Survey Station Validation Computer Codes 
T.O.G.A. and Tow Evaluation v2.3 
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Overview 
 
It is important to understand that some aspects of station validation are subjective.  These 
NEFSC Bottom Trawl Survey station validation codes serve as a guideline for qualifying 
a survey tow in a standardized manor and aid in the decision process for determining if a 
survey tow is valid.  These codes are for use with the NEFSC Standard 4 Seam, 3 Bridle 
Survey Trawl and NOAA Ship Henry B. Bigelow. 
 
Each standard survey tow is validated based on four codes, Type, Operational, Gear and 
Acquisition (T.O.G.A.).  T.O.G.A. is a detailed analysis of survey trawl and vessel 
performance during each tow, utilizing available data from trawl mensuration systems 
and vessel sensors not previously analyzed by the historical S.H.G. coding system.  The 
T.O.G.A. coding system replaced the S.H.G. as the standard tow validation coding 
system beginning in 2009. 
 
Tolerance limits and optimal values were calculated from data collected during the 
NEFSC calibration experiments.  These tolerance limits are intended to promote 
consistency of trawl geometry and towing procedure to validate comparison of the 
collected trawl survey data with results from the calibration experiments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Using the Tow Evaluation Software 
 
The Tow Evaluation software is a tool used to quickly summarize data relevant to the 
evaluation of a standard survey tow.  The Tow Evaluation software displays all of the 
summary statistics and is capable of graphing each parameter to aid the Watch Chief in 
the decision making process to validate the tow.  All statistics are calculated for the on-
bottom tow duration, based on the trawl event button presses: START TOW to HAUL 
BACK.  Each parameter is checked against the tolerance limits to determine the correct 
Operational code value and Acquisition code value.  The Type code and Gear code 
values are determined by the Watch Chief and/or Chief Scientist. 
 
Relevant data collected for tow validation indicating the primary sensor from which the 
data is obtained and the defined data filtering that occurs.   


      Primary Data Filtered 
Trawl Mensuration Data Sensor   
Door Spread   Scanmar Distance ≤0 & >50m 
Wing Spread   Scanmar Distance ≤0 & >30m 


Headrope Height   
Scanmar Trawl 
Sounder ≤0 & >10m 


Trawl Depth   Scanmar Depth ≤0 & >1000m 
          
Vessel Tow Data       
Speed Over 
Ground   MX420 <0 & >20kts 
Tow Duration   derived n/a 
Depth     EK60-18kHz ≤0 & >1000m 
Tow Location   POS MV not null 
Tow Distance   derived n/a 
          
Winch Data 


 
    


Port and Starboard       


Winch Wire Out   
Rapp Hydema 
Autotrawl System <0 & >2000m 


Winch Tension   
Rapp Hydema 
Autotrawl System <0 & >50t 


Block Wire Out   Block Counter <0 & >2000m 
Block Tension   Block Load Cell <0 & >50t 


 
 
 
 
 
 
 
 
 







USING TOW EVALUATION 2 
Open the program: 


• Select the tow to be evaluated. 


 
• If there were multiple event button presses, the Watch Chief shall contact the 


bridge to determine and select the correct button press times. 
• When necessary, select “Settings” to choose the correct sensors to evaluate. 


o Selections are “sticky” once saved.  It is recommended to exit the program 
after changing settings to restart the program to ensure there are no errors. 


 
 
 


 







Select the TYPE Code and Associated Comment - T 


 
Tow Eval 2 will select the appropriate T-Value and associated comment based on 
preselected site location, actual tow location and strata-tow name.  If the incorrect tow 
type is selected, the user may reselect by pressing the T-Value and selecting the correct 
T-Value from the drop down list, then selecting the appropriate Tow Type. 
 


• Standard NEFSC BTS tows are coded with a T-Value = 1.  The T-Value=1 is 
subdivided into 6 components to further detail the site type and the proximity to 
the preselected site location. 


• 1- RANDOM TOW, within 1nm Radius 
Location selected according to the random and stratified statistical design, and 
portion of tow occurs within a 1 nautical mile radius of the preselected station 
location. 


• 1- RANDOM TOW, outside 1nm, within 3nm Radius 
Location selected according to the random and stratified statistical design.  
Tow occurs outside of 1nm radius, but within a 3nm radius of the preselected 
station location. 


• 1- REPEAT TOW 
Repeat of a random tow. 


• 1- RANDOM ALTERNATE 
Alternate station location within a stratum, randomly preselected.  To be 
conducted if original randomly preselected location is un-towable.  


• 1- RANDOM OFFSHORE CONTINENTAL SHELF 
Tow conducted in offshore continental shelf edge strata from eastern Georges 
Bank south to Cape Hatteras following secondary NEFSC BTS protocols for 
sampling these strata. 


• 1- ALTERNATE OFFSHORE PROTOCOL 
Alternate tow location conducted in offshore continental shelf edge strata 
from eastern Georges Bank south to Cape Hatteras following secondary 
NEFSC BTS protocols for sampling these strata. 


 







Tow types other than NEFSC BTS standard random tows are defined by the following 
code values: 


• 2- NON-RANDOM TOW 
Tow is not conducted according a random and stratified statistical design.  
Tow must follow NEFSC BTS protocols. 


• 3- SURVEY STANDARDIZATION 
Tow conducted to evaluate NEFSC BTS standardization (i.e. gear testing). 


• 4- COMPARISON TOW 
Tow conducted in comparison of other gears, surveys, vessels or operating 
procedures. 


• 5- ABORTED TOW 
Gear set but timed tow duration never started (aborted tow). 


• 6- SITE SPECIFIC 
Non-random tow conducted in a specific, targeted region. 


• 7- EXPERIMENTAL SURVEY DESIGN 
Survey design type other than random and stratified (i.e. transect, depletion study, 
grid, fixed etc.) 


• 8 – OTHER 
Tows that do not fall into the previous categories.  Detailed description of the tow 
type shall be recorded. 


 
 
Operational Code Value – O 
 
O-Value= 4 is considered non-valid.  The tow should be repeated, when possible, at the 
discretion of the Chief Scientist.   
 
This code defines the tow in terms of the operational characteristics (i.e. tow duration, 
vessel speed, scope ratio, depth, trawl performance, winch performance, stratum 
boundaries).  The Tow Evaluation software calculates and provides the value of the O 
code.  For tows coded with an O-Value=4, the data is considered non-representative and 
should not be used for stock analysis.  More than one operational characteristic will often 
define the value.  The O-Value provided by the software may be amended by the Watch 
Chief or Chief Scientist if they choose, based on individual tow circumstances.   


 







• 1- GOOD PERFORMANCE 
 All operational parameters are within optimal tolerance range. 


• 2- REPRESENTATIVE 
 Tow duration 18.00min – 19.49min or 20.50min-21.00min. 
 75-99% on-bottom tow distance within the correct stratum. 
 Door Spread mean outside optimal but within the tolerance limit. 
 Wing Spread mean outside optimal but within the tolerance limit. 
  (Door and Wing spread are depth dependant calculations). 


Headrope Height mean outside optimal but within the tolerance limit. 
 (Optimal Height is 3.2-4.1m) 


• 3- REPRESENTATIVE 
 Tow duration 16.00min – 17.99min. 
 Acquisition Code Value = 4 (details given with A code). 
 Door Spread Standard Deviation High (greater than 4.5m) 


Wing Spread Standard Deviation High (greater than 2.0m) 
Headrope Height Spread Standard Deviation High (Greater than 1.0m) 
Scope Ratio outside tolerance limit. (+/- 25%) 


• 4- NON-REPRESENTATIVE 
 Tow duration less than 16.00min or greater than 21.00min. 
 Tow distance less than 0.8nm or greater than 1.05nm. 
 Door Spread mean outside tolerance limit. (Depth dependant) 


Wing Spread mean outside tolerance limit. (Depth dependant) 
Headrope Height mean outside tolerance limit. (Less than 2.7m or greater than 4.7m) 
Speed Over Ground mean outside tolerance limit. (Less than 2.6 or greater than 3.4kts)  
Depth mean outside tolerance limit. (EK6018kHz, must be within +/- 10% of set depth, or 
+/-5m at depths less than 50m) 
Mean Starboard and Mean Port Block Tension not equalized within ±0.5t. 
Difference between mean Starboard and Port Winch calculated wire out lengths 
greater than 10m. 
Difference between mean Starboard and Port Block wire out lengths greater than 
10m. 
Less than 75% of on-bottom tow distance within correct stratum. 
Trawl Depth greater than 20% difference of vessel tow depth. 
Chief Scientist or Watch Chief Failed tow- tow considered unsatisfactory based 
on vessel or gear performance.  Detailed comments shall be recorded.  


 
 
 
 
 
 
 
 
 
 
 







Gear Code Value – G    
This code defines gear condition, damage and/or malfunction.  Gear is defined as trawl 
net, cod-end, liner, sweep, doors, rigging and trawl warps.  The G code value is 1, 2 or 4 
only, NO G-Value=3.  THE G-VALUE IS USER SELECTED.   The default is 1.  If there 
is gear damage/malfunction, Press the G-Value and select the appropriate G-Value, 
selectable Gear Impact Codes will appear.  Multiple Gear Impact Codes may be selected. 


 
• 1- GOOD TOW 


No damage to webbing, frame ropes, sweep doors or rigging.  Trawl properly 
rigged and considered to be in standard configuration.   


• 2- REPRESENTATIVE 
Minor Small Holes or Tears in webbing (including cod-end and liner).  Tears shall 
be easily and quickly repaired to be coded Gvalue=2. 
Slightly larger holes or tears in Jibs, Wings, Bunts, Square or 1st and 2nd Top 
Bellies.  Hole not thought to significantly alter fish capture. 
Obstruction IN/ON gear, not thought to significantly alter fish capture.  
Minor Hang.  No significant gear damage. 
Hang, definitively occurring after 16.00min tow duration.  Tow duration should 
be adjusted to time hang occurred.   
Insignificant sweep damage (i.e. slight damage to rockhoppers not thought to 
increase fish escapement). 
Loss or damage to less than 12 floats. 
Very large catch.  Deck tow of dogfish or other species. 
Other gear damage/malfunction not thought to significantly alter fish capture. 
(Detailed comments shall be recorded).  


• 4- NON-REPRESENTATIVE 
Significant holes or tears OR large holes occurring in bottom bellies, or any 
portion of webbing aft of 2nd belly. 
Major Gear Damage.  (i.e. rim-rack, whole sections torn out, loss of trawl door(s) 
etc.). 
Open Cod-end. 
Improperly Attached Liner OR Open Liner OR Significant Catch Outside Liner. 
Twisted Wing(s). 
Significant Loss of bottom contacts (4min duration or longer). 







Improper Rigging. 
Collapsed Doors.  
Crossed Doors. 
Major Sweep Damage.  (Parted sweep and/or major damage(i.e. loss of more than 
one rockhopper, or damage to sweep components thought to significantly increase 
fish escapement). 
Damaged Frame Rope(s).  (headrope, up&down line, bolshline). 
Open Gore. 
Twisted or Crossed Bridle(s). 
Parted Legs. 
Loss or damage to 12 or more floats. 
Significant damage to wing-end extension (i.e. loss, broken or altered length). 
Significant Hang.  Occurring at less than 16.00min tow duration (OR unknown 
tow duration). 
Large Obstruction IN/ON gear thought to alter catch efficiency or trawl geometry 
(i.e. pot stuck in front opening of cod-end). 
Catch not landed on deck. 
Damage to main towing cable(s). 
Other gear damage/malfunction thought to significantly alter catch efficiency by 
Watch Chief or Chief Sci.  


 
Acquisition Code Value - A 


This code defines the tow concerning data acquisition.  (i.e. SCS data, trawl 
mensuration, FSCS OEL button press).  The A code value does not determine 
the validity of a tow.  Tows coded with A-Value=4 will be additionally be coded 
with an O-Value=3 (or O Value=4 if the operational parameters evaluate to that). 


 
• 1- No Data Acquisition Errors. 


 All data acquisition 75% or greater valid. 
• 2- REPRESENTATIVE 


Door Spread 50.00% - 74.99% data acquisition. 
Wing Spread 50.00% - 74.99% data acquisition. 
Height 50.00% - 74.99% data acquisition. 
Trawl Depth 50.00% - 74.99% data acquisition. 
Winch Tension 50.00% - 74.99% data acquisition. 
Winch Wire Out 50.00% - 74.99% data acquisition. 
Block Tension 50.00% - 74.99% data acquisition. 
Block Wire Out 50.00% - 74.99% data acquisition. 
Speed Over Ground 50.00% - 74.99% data acquisition. 
Vessel Depth 50.00% - 74.99% data acquisition. 
GPS 50.00% - 74.99% data acquisition. 
Event Button Pressed More Than Once.  Actual event time recorded. 


• 3- REPRESENTATIVE 
Door Spread 25.00% - 49.99% data acquisition. 
Wing Spread 25.00% - 49.99% data acquisition. 
Height 25.00% - 49.99% data acquisition. 







Trawl Depth 25.00% - 49.99% data acquisition. 
Winch Tension 25.00% - 49.99% data acquisition. 
Winch Wire Out 25.00% - 49.99% data acquisition. 
Block Tension 25.00% - 49.99% data acquisition. 
Block Wire Out 25.00% - 49.99% data acquisition. 
Speed Over Ground 25.00% - 49.99% data acquisition. 
Vessel Depth 25.00% - 49.99% data acquisition. 
GPS 25.00% - 49.99% data acquisition. 


• 4- NON-REPRESENTATIVE 
Door Spread Less Than 25.00% data acquisition. 
Wing Spread Less Than 25.00% data acquisition. 
Height Less Than 25.00% data acquisition. 
Trawl Depth Less Than 25.00% data acquisition. 
Winch Tension Less Than 25.00% data acquisition. 
Winch Wire Out Less Than 25.00% data acquisition. 
Block Tension Less Than 25.00% data acquisition. 
Block Wire Out Less Than 25.00% data acquisition. 
Speed Over Ground Less Than 25.00% data acquisition. 
Vessel Depth Less Than 25.00% data acquisition. 
GPS Less Than 25.00% data acquisition. 
Error Recording Event Data.  Trawl event data missing. 
Critical Button Press Error, Unknown Event Time(s). 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







GRAPHICAL DISPLAY 
 
All of the evaluated parameters can be graphed in Tow Eval.  The default graph shown 
on the main screen is Door Spread.   
Press Door Spread Chart to graph additional data. 


 


 
 
The start and/or end times of the tow may be adjusted for certain situations and the 
evaluated tow duration adjusted as well.  Any changes to the start/end times of the tow 
may significantly impact the validity of the tow. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







MAP OF TOW LOCATION 
 
By pressing the MAP button, the actual tow location is displayed in spatial relation to the 
preselected tow location and the distance is given as well. 


 


 
 
 
 
 
 
 
 
 
SAVE THE EVALUATED TOW STATISITCS. 
 
After each tow is fully evaluated, the user shall press “Exit”  


 
Choose one of the following: 


 
• Save/Overwrite – this will write all summary data to the database and overwrite 


any previous evaluated data for that operation. 
• Exit Without Saving – Exit the program without saving summary data. 
• Cancel – Return to the program. 







Once Save/Overwrite is selected, the user must select the overall validity of the tow. 


 
• Representative- T-Value ≤ 1, O-Value < 4, G-Value < 4. 
• Non-Representative.  Either T-Value > 1, and/or O-Value =4, and/or G-Value =4. 
• Tow Eval 2 validates the selected TOGA values upon this choice. 


 
o If T, O or G values are not valid, the user is returned to the program to 


correct the issue. 
• If Non-Representative is selected, the user must then choose if the tow is to be 


repeated, Yes or No.  


 
• If Representative is selected, all summarized data, code values and impact codes 


are written to the database. 
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Introduction 
 
The Gulf of Maine Northern shrimp survey was initiated in 1983 and has since been conducted annually aboard 
the R/V Gloria Michelle, a 65 foot, 96 GT stern trawler.  It is a standardized survey conducted during July and 
August that employs a stratified random design and standard field data collection procedures similar to those used 
in NEFSC multispecies bottom trawl surveys.   This survey, which was initially developed and implemented with 
support from the Atlantic States Marine Fisheries Commission (ASMFC), provides the primary fishery-
independent data source for the assessment and management of the Gulf of Maine Northern shrimp stock.  The 
NEFSC has held lead responsibility for conducting this survey and for processing and archiving the resulting data.  
The Northern Shrimp Technical Committee (NSTC) of the ASMFC plays an important role in staffing this 
survey. 
 
The objectives of the Gulf of Maine Northern Shrimp Survey are to (1) determine the distribution and relative 
abundance of Northern shrimp (Pandalus borealis) in the western Gulf of Maine; (2) collect biological specimens 
and data relating to the age and size composition of Gulf of Maine Northern Shrimp stock; and (3) collect 
biological data for other Gulf of Maine invertebrate and finfish species in support of NEFSC research objectives. 
 
Sampling is conducted using a NEFSC modified 4 seam commercial shrimp trawl with 350 kg Portuguese 
polyvalent doors (complete description and diagram shown in Appendices A and B of this document).  The net is 
manufactured specifically for this survey by Nor’Eastern Trawl Systems Inc. of Bainbridge Island, WA, and the 
doors are manufactured by Euronette.  In recent years a Net Mind mensuration system has been used to obtain 
readings on net geometry and bottom contact during trawl operations.   The environment (temperature and depth) 
is usually monitored through mini-logger sensors attached to the net, though has at times been obtained using 
Seabird temperature/pressure sensors. 
 
The shrimp trawl is towed for 15 minutes at each station.  Catches are sorted to species, weighed, and length 
frequency data are recorded as appropriate. Biological samples and data are collected for sex and maturity stage 
determinations for Northern Shrimp.  Both station and biological data are recorded using the Fisheries Scientific 
Computing System (FSCS), version 2.0.  Shrimp and finfish data are both collected but shrimp sampling is the 
highest priority. 
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Protocol 1: Length measurement of trawl warps  
 
Responsibility for procurement, installation, and maintenance of trawl warps currently resides with the crew of 
the R/V Gloria Michelle.  The Gloria Michelle utilizes 5/8” 6X19 galvanized fiber core wire for trawling 
operations. 


 
Upon initial installation, trawl wires will be measured and marked in 25 fathom increments.  These marks will be 
checked and recalibrated before and after each seasonal shrimp survey.  Starboard and port wire measurements 
should not deviate by more than 4% of the door to door distance measured along the bridles and head rope of the 
net.  On the NEFSC standard shrimp net there is a 235.3’ door to door measurement, 4% of which is 9.4’.  We 
have established a maximum deviation of 2M (6.56’) for this measurement.  If this value is exceeded and it is 
determined that there were no measurement errors, the survey will be suspended until the problem is resolved.  
Calibration should be conducted more frequently if significant differences in warp length are detected, as might 
be expected following the initial installation of wire.  Frequency of warp measurements may be reduced when an 
understanding of the variability in measurements is achieved and NEFSC and NMAO personnel determine that 
differences in measurements are primarily due to measurement error, temperature or other factors.  
 
It is critical that marks on the starboard and port wires are paired and even with each other to ensure that equal 
lengths of wire are deployed at any depth or warp deployment.  The following procedures should be employed 
during measurement or remarking operations: 
 
− Wires may be measured from existing eye splices (as wire is unwound from the vessel’s winches) or from a 


fixed existing mark in each wire (i.e., 325 fathom mark, as wire is wound back onto the vessel’s winches).   
− If wire is measured or remarked as wire is wound back onto the vessel’s winches, remaining wire at the 


terminal end should be cut at even distance intervals on both wires. 
− During marking, measurement, or remarking operations, the starboard and port wires should be laid next to 


each other and measured, marked, or remarked simultaneously.  Slight and equal tension on the wires is 
necessary to ensure that wires are straight when measured or compared. 


− Measurement of wire should employ a measurement device not prone to measurement error, such as pre-
marked length of thin diameter wire. 


− During measurement or remarking operations, if differences between existing and true marks are detected, 
wire shall be remarked at correct distance intervals. 


− During measurement or remarking operations, a representative of the NEFSC or a designee shall record 
differences between existing marks and newly measured distance intervals.   


 
 
The NEFSC and NMAO continue to investigate the properties of wire rope utilized on NEFSC trawl surveys and 
methodology available to calibrate distance of wire rope deployed during trawling operations.  As new 
information is obtained, methods used to calibrate wire rope will be updated in future revisions of these protocols.  


 
 


Protocol 2:  Survey Operational Protocols 
 
Listed below are brief overviews of the more important operational protocols for the Northern Shrimp Survey.  
These protocols standardize the gear and operating procedures used during the survey which is necessary to 
maintain consistency over time.  This is not a complete list of operational procedures and there are no details 
included on biological sampling, survey design, or pre and post cruise procedures.  A complete description of all 
operational procedures can be found in the Operations Manual for the Northern Shrimp Survey.  See Attachment 
C for a chart of the Northern Shrimp Survey strata. 
 
Sub-protocol 2a:  Wire Monitoring   
On the Gloria Michelle marks on each wire (warp) will measure the wire.  Marks are placed in 25 fathom 
increments along the warp to allow for consistent deployment of known lengths of wire. As the trawl is being set, 
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the marks must be counted on the trawl wire.  When the proper length has been deployed, a member of the deck 
crew must visually inspect the marks to insure that the final marks on both port and starboard cables come to rest 
parallel to one another.  If it is determined during the tow that the final marks are not parallel to one another or 
that there is any discrepancy between the port and starboard wire, the net must be hauled back and the gear reset. 
 
Sub-protocol 2b: Captain/OOD and Chief Scientist Responsibilities 
The OOD (Officer on Deck) is the Captain’s designated representative on the bridge whose principal 
responsibility is the safe navigation of the vessel.  This implicitly means that the ship, its people, its machinery, 
and other vessels shall not be put in peril.  Safety always takes precedence over the ship’s mission.  
 
The Captain/OOD shall:  
− Conduct mission operations that are consistent with the safe navigation of the vessel.  
− Work closely with the Chief Scientist to determine the most efficient track line. 


 
Only the Chief Scientist may:  
− Change planned track-lines  
− Change mission priorities (e.g., request change of course or speed to meet other objectives)  
− Cancel stations 
− Direct the work of the scientific party  
− Relocate stations more than 1.0 nautical mile from the original target 


 
The Chief Scientist may not:  
− Direct or interfere with the work of the ship’s crew 


 
Both the Captain and the Chief Scientist have the authority to stop operations due to inclement weather; the 
Captain because of potential danger to the ship or its people, the Chief Scientist because of compromised data 
quality.  Neither person will override a decision to cancel operations made by the other.  


 
Sub-protocol 2c: Trawl Monitoring Systems 
A NetMind trawl mensuration system is used for quality assurance during Northern Shrimp Survey trawls. The 
NetMind system is used to evaluate net geometry during the Northern Shrimp Survey.  It is deployed on the net 
during each tow to obtain readings of headrope height, wing spread, door spread, and bottom contact.  If readings 
during the tow indicate that the net is fishing abnormally or that a significant malfunction (i.e. crossed doors) is 
occurring, the tow will be aborted.  The NetMind data is not otherwise analyzed at sea.  This data is available to 
assessment scientists after the survey is completed so that it can be used to determine tow quality.  If an end user 
determines that the bottom contact time or net configuration is indicative of a non-standard tow, it will not be 
used for assessment purposes.   
 
After each tow, a “haul and gear” code is assigned by the scientific watch chief to indicate the overall success of 
the tow (see the section on “when to repeat a tow” for more details on these codes).  If a 15 minute tow is 
completed without an obvious malfunction, with no damage to the net and no interference with fixed gear, the tow 
is considered to be successful.  Along with the NetMind system, a temperature/depth minilogger is attached to the 
wing of the net inside a mesh bag during each tow to obtain temperature and depth readings.  The data is 
downloaded after each tow. 
 
Sub-protocol 2d: Setting the net 
The vessel is not to be turned during this phase of deployment.  After the ship has steadied up on course and 
speed, the depth is noted from the sounder.  Using this depth, the proper “wire-out” length is selected using the 
appropriate scope ratio.  A speed of 3 to 4 knots will be maintained during setting to ensure adequate door spread.  
When the winch operator has paid out all but the last 25 fathoms of wire for the tow, he will instruct the OOD to 
slow down.  Vessel speed should then be reduced to 2.0 knots.   
 


The port and starboard marks will be aligned at the blocks. The amount of wire set should never be less than that 
indicated by the scope ratio. Therefore, when the amount of wire has reached its predetermined length as dictated 
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by the scope ratio, additional wire will be let out until the marks are aligned at the blocks.  Aligning the marks at a 
fixed point on the vessel ensures that the marks are evenly set.   
 
Sub-protocol 2e: Wire-out and scope ratio 
The wire-out length for a tow is based on the depth as read from the sounder.  The scope ratio used will be 3:1 in 
depths up to and including 85 fathoms; 250 fathoms of wire will be used in depths from 86 – 100 fathoms; and a 
scope ratio of 2.5:1 will be used in depths greater than 100 fathoms.   
 
Sub-protocol 2f: Simplified trawling rules 
− An “official tow” starts when the trawl winch brakes are locked after paying out the designated trawl warp 


length, and ends when the trawl winch brakes are released and the trawl warps are engaged. 
− The vessel is to stay within stratum boundaries during the entire tow  
− Tow shall start at the marked location and the direction of the tow should be into the current 
− Tows shall be 15 minutes long from the time the winch brakes are set to the initiation of haul back 
− Towing speed is 2.0 knots  
− The tow locations should not be moved more than 1-mile from the marked station location without 


permission of the Chief Scientist  
− The amount of wire deployed will never change after the tow has started  


 
Sub-protocol 2g: Tow Direction 
Tow direction should be into the current unless any of the following situations exist:  
 
− If towing into the current would put you out of the stratum and into another. 
− Bad bottom, wreck, cables or obstructions. 
− Fixed gear in the tow path. 
− Traffic in the area. 
− Moderate to heavy seas. 


 
Sub-protocol 2h: Tow Duration 
Northern Shrimp Survey trawls are 15-minutes in duration.  It is the NEFSC policy that a tow should not be 
shortened if there is a 50% chance or better of successfully completing a full 15-minute tow.  Time starts when 
the trawl winch brakes are locked.  Time stops when the trawl winch brakes are released for haul-back.  
Intentional or planned reductions in tow duration shall be avoided and only done after consultation with the Chief 
Scientist.  If unexpected obstacles are encountered, tows will be aborted. 
 
Sub-protocol 2i: Summary of tow speeds 
− When streaming the net over the stern, the ships speed through the water is between 1-knot and 3-knots, 


adjusted for weather conditions and current.  This is necessary to provide sufficient tension to pull the net 
over the roller without so much tension to hinder or endanger the deck force while connecting the doors.   


− When initially placing the doors into the water and while shooting the net, the ship’s speed is 3 to 4 knots 
through the water in order to insure proper door spread, prevent the likelihood of crossing the doors, and to 
provide sufficient tension to pull the net and wire off the trawl winch drums.   


− The official standardized trawling speed for the Northern Shrimp Survey is a constant 2.0 knots over the 
bottom (not through the water). 


− During haulback, the ship’s speed is kept close to the 2.0 knot trawling speed but the speed may be adjusted 
depending on weather, current, and weight of the net. 


− Once the doors have cleared the water, the ship’s speed is reduced to minimize tension while bringing the 
net aboard.  Again, the OOD must correct for the speed and direction of the current.  


 
Sub-protocol 2j: Hauling Back 
The OOD notifies the winch operator when there is 1 minute remaining in the tow, then again when 30 seconds 
remain, and the OOD will count down the last 5 seconds.  The winch operator then begins haulback.  The vessel 
speed remains close to 2 knots during haulback but is not necessarily maintained.  The speed will vary depending 
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on current, weather conditions, and the weight of the net.  The ship will not change course during haulback.  Once 
the doors have cleared the water, the ship’s speed is reduced to minimize tension while bringing the net aboard.  
Again, the OOD must correct for the speed and direction of the current.  Before the net is hauled aboard it is 
inspected to ensure that there are no fish escaping and to assess any damage to the net. 
 
Sub-protocol 2k: Determining if a tow was successful and when to repeat a tow 
If a 15 minute tow is completed without obvious malfunction or damage to the net and there was no interference 
with fixed gear, the tow is considered to be successful.  Occasionally it is necessary to repeat a trawl haul because 
of malfunction or damage to the trawl.  In cases of malfunction (i.e. crossed doors, poor net geometry) or severe 
damage (whole sections torn out such as a wing or belly), the tow will not be counted as a standard haul and must 
be repeated, although it may be sampled for biological data which is independent of abundance and biomass 
information. For recording purposes, the tow is recorded as a valid station, but the coding for Station-Haul-Gear 
(SHG) value shall be greater than 1-3-6, indicating a non-valid catch for assessment purposes.  Descriptions of the 
types of damage that constitute an SHG value of greater than 1-3-6 are given in the coding details – see 
Attachment E.   
 
In some cases, it may be difficult to determine how to properly code a haul that has encountered problems.  The 
following guidelines should be used: 
 
− It is essential to indicate a minimum of 2 for haul value, which flags data auditors that something abnormal 


occurred during the tow. 
−  If in doubt about SHG coding consult with the Chief Scientist 
− Ensure that the catch is worked up at least to the point of weights and lengths 
− An accurate and complete account of what occurred to the gear must be entered into FSCS; the lead 


fisherman should be interviewed to determine details on gear condition.  
− When significant gear damage occurs, the Chief Scientist should be informed, and the decision to re-tow 


must be made based on the severity of the damage. 
 
The decision to repeat a tow is made by the Chief Scientist and is based on a coded SHG value greater than 1-3-6.  
The following factors may override this decision: 
 
− The probability of the same or greater damage to the net occurring; in this case, the station location should 


be moved  
− The current progress of the cruise as a whole (when time remaining in the cruise threatens the completion of 


the entire survey area) 
− The status of shipboard gear inventory, i.e. how many undamaged nets are left 


 
The following factors must be weighed with every decision to override a retow: 
 
− The overall progress of the cruise (does time in the context of the entire survey permit extended effort on 


any one station) 
− The number of stations completed in the stratum in question (higher priority would be placed on a station 


that represents the sole tow in the stratum, lower priority would be placed on a station that would represent 
the 8th successful tow in the stratum) 


− The current relative importance of the stratum in question (is it a critical stratum for assessment purposes) 
− The geographic coverage within stratum that the tow represents 


 
Sub-protocol 2l: Repairing gear damage at sea 
When net damage requires more than 20% repair of any trawl mesh section or significant damage to any other 
trawl component i.e. broken headrope or footrope, the net will be set aside for proper repair at the NEFSC 
warehouse.  NEFSC staff at the warehouse will repair the net to the manufacturer’s specifications.  Damage to 
less than 20% of any trawl mesh section may be fixed at sea by the lead fisherman with the Chief Scientists’ 
consent.   
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Sub-protocol 2m: Factors that may determine a station to be untrawlable 
Stations may be postponed, moved, or skipped (if they are not of highest priority) for the following reasons: 
 
− Sea State.   Survey tow direction (or the ability to tow at all) may be determined by sea state.  If the 


conditions are as severe as to pose a safety or data quality issue operations may be affected.  For the Gloria 
Michelle a maximum sea state of 6’ has been established.  If seas are greater than 6’, operations will be 
postponed until the conditions are again trawlable.  Other safety related decisions may be made by either the 
vessel Command or the Chief Scientist.  The Chief Scientist will make data quality decisions. 


 
− Bottom Topography.  Bathymetry may become a factor in tow site location.  If the alteration will result in a 


more than 1.0 nm relocation of the station from the original station location the Chief Scientist must be 
consulted.  Areas of “bad bottom” may be determined to be untowable.  This determination will be made 
after scouting the area, using all available navigation and scientific resources (including historical trawls), 
and consultation between the Chief Scientist, the Officer of the Deck or Commanding Officer, and the Lead 
Fisherman.  Involving the OOD in this decision will ensure that the determination is consistent between 
Chief Scientists. 


 
− Traffic.  Tow direction and tow site may be altered by marine traffic.  With regard to traffic as it affects the 


survey operations, the OOD will notify the Chief Scientist if there is going to be a delay of more than 15 
minutes due to other vessels in the area or if the alteration will result in more than a 1.0 nm relocation of the 
station.  The OOD is primarily responsible for the safe navigation of the ship.  Delays of this nature should 
be rare as tow direction may be changed to avoid any close quarters situations.  


 
− Fixed Gear.   Fixed gear may become a factor in tow site location.  If the alteration will result in more than 


1.0 nm relocation, the Chief Scientist must be consulted.  Areas of fixed gear may be determined to be 
untowable.  This determination will be made after scouting the area, using all available navigation and 
scientific resources, and consultation between the Chief Scientist, the Officer of the Deck or Commanding 
Officer, and the Lead Fisherman.  Barring safety issues, the Chief Scientist will make the final decision. 
The mere presence of fixed gear in an area is not a sufficient condition to abandon attempts to complete a 
tow.   Often, scouting and/or communication with local fishery operators results in identification of a 
towable area, even when fixed gear is present.  Efforts to locate towable area will be made for a period of up 
to one hour. 


 
Sub-protocol 2n: Fixed gear retrieved from trawl 
When lobster traps or fishing gear is captured in the trawl, the following procedures shall take place: 
 
Chief Scientist records on the trawl log: 
− Trap or buoy number(s) 
− Contents (count and measure lobsters –these data are not included in the trawl catch) 
− Location 
− Presence or absence of buoys 
− Condition of the gear (i.e. ghost gear, new traps) 
 
If it is determined that it is ghost gear, the crew may cut it apart to facilitate removing it from the net.    


 
Sub-protocol 2o: Gear condition report 
Upon arrival in Woods Hole, the Chief Scientist will confer with the Lead Fisherman and record the condition of 
all trawl gear and report this information to both Survey’s Gear Specialist and the Gear Warehouse.  The form for 
this information is provided in Attachment D.  
 
 
 







 9 


Protocol 3:  Trawl construction and repair 
 
Sub-protocol 3a: Trawl nets 
The Northern Shrimp Survey utilizes a NEFSC modified commercial shrimp net.   The net is manufactured 
specifically for this survey by Nor’Eastern Trawl Systems Inc. of Bainbridge Island, WA.  A complete description 
and diagram with dimensions are included in Attachments A and B.  Nets are certified by trained NEFSC 
personnel prior to deployment on the vessel.  Only minor repairs are done at sea. 
 
Sub-protocol 3b: Trawl doors 
Trawl doors are critical to the performance of bottom trawl gear.  Doors function to spread the trawl net and have 
a direct effect on net wingspread, head rope height, bottom tending, and mud cloud.  The Northern Shrimp Survey 
utilizes 350-kg, Portuguese polyvalent (Euronete) doors (Attachment B).  Doors shall be purchased in pairs and 
immediately numbered in a permanent manner to allow tracking during use and maintenance.   
 
Trawl doors shall be maintained in a fashion to ensure proper paired functioning.  Door pairs shall be certified by 
NEFSC personnel prior to deployment.  Door pairs must have shoes that are in good condition, be free of dents 
and other significant changes in shape, and have brackets welded in a manner to eliminate shifting.   
 
Door spread resulting from deployment of specific sets of doors will be measured using trawl mensuration 
equipment upon initial deployment and at intervals of a minimum of every 50 tows.  When door spread is 
determined in successive tows to fall outside of target ranges, the corresponding door pair shall be removed from 
the trawling system until proper performance can be verified.  The specified target and acceptable range for door 
spread values are in the process of being evaluated experimentally.   
 
Backstrap chains shall be paired, measured for length and maintained to the specifications shown in the diagram 
under Attachment B.  Backstraps will be attached to the doors in the hole closest to the back end of the door. Pairs 
of backstrap chains shall remain associated with a specific door pair during transport to and from fishery research 
vessels, and during deployment during trawling operations.  If backstrap chains are removed from doors during 
trawl operations due to damage or determination that measured lengths are no longer within specifications, 
removed backstrap chains shall be tagged with information including the door pair number, the date of removal, 
and reason for removal from the door pair.  Removed backstrap chains shall be returned to NEFSC gear personnel 
for inspection.    
 
Sub-protocol 3c: Gear certification/inspection 
Prior to being placed on the vessel, the trawl gear and equipment will be certified by two NEFSC personnel who 
are trained in the specifications of the net.  A detailed checklist for the trawl design specifying the dimensions for 
each section is in the process of being made.  This checklist will enable the Chief Scientist and Lead Fisherman to 
verify that trawls are within operational tolerances while at sea.  Until then, repairs at sea will be limited to a 
maximum of 20% damage to any mesh section.  If the damage exceeds 20% in any section, the net will be set 
aside and replaced with a newly inspected net.   The trawl gear is described in detail in Attachment A.  A 
condition report form (Attachment D) will be forwarded to the Lead Fisherman prior to the survey. When the gear 
is returned, the Lead fisherman and the Chief Scientist are requested to fill out this gear condition report form, 
return it with the gear, and supply a copy to the Branch Chief of the Ecosystems Surveys Branch. 
 







ATTACHMENT A 


 
SPECIFICATIONS FOR CONSTRUCTION OF NEFSC 


STANDARD SHRIMP NET 
 


 
Body of the Net 


Dimensions of the sections are shown on the attached net plan and cutting diagram. Mesh 
size is 1 3/8 stretched mesh (knot to knot) throughout top, side pieces, bottom, and wings 
and constructed from #21 (R1626tex) 1.6 mm black twisted nylon twine. 
 


 
Extensions 


The first extension is 1 ¼” stretched mesh (knot to knot) constructed from #21 twisted 
nylon twine. It measure 224 meshes across by 200 deep. The second extension is 1 ¼” 
stretched mesh (knot to knot) constructed from #21 (R1626tex) twisted nylon twine. It 
measure 210 meshes across by 200 deep. 
 


 
Codend 


The codend is constructed from 1 ¼” stretched mesh (knot to knot) #24 braided nylon twine 
(R1984tex). It measures 165 across by 100 meshes deep. 
 


 
Chaffer 


The chaffer is constructed from orange 4” double 4-mm polyethylene twine and measure 
100 meshes deep x 100 meshes around. The chaffer encircles the entire codend and is 
attached to the first extension piece 50 meshes up from the aft end of the first extension. 
Therefore, the chaffer covers the codend, second extension and 50 meshes of the first 
extension. 
 


 
Gore Lines 


Gore lines are constructed from 3/8” polyethylene. The four gore lines run the length of the 
four seams of the net up to the first extension. 
 


 
Footrope 


The footrope is 78’ total length and is a continuous 5/8” diameter wire wrapped with ¼” 
polypropylene line. 
 


 
Headrope 


The headrope is made of ½" diameter wire wrapped with ¼” polypropylene line. It 
measures 70’8” and is constructed from one continuous piece.  The square is hung 12 foot 
(2 fathom) and the wings are hung in 24 foot (4 fathom) lengths. 
 


 
Breastline 


The breastline (up and down) measures 21’6” and is constructed from ½" diameter wire 
wrapped with ¼” polypropylene line. 
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Floats 


There are 27 eight-inch spherical center hole UBE plastic floats evenly spaced every 28” 
beginning 28” from the wing end. 


 
 


 
Sweep 


The sweep is made up of three lengths of 5/8" diameter combination rope with eyes spliced 
in each end without thimbles and joined with 5/8" hammerlocks. There are two wing 
sections that are 34 ½ feet long 
and a center section of 9 feet. Combination rope is a combination of nylon or polypropylene 
strands and steel wire with a fiber core.  There are six 36 cm (14 inch) diameter rubber 
discs in the 2.7 m (9-foot) center section spaced 18 inches apart (on center). The disks are 
one to one and a half inches wide and have a center hole and a top hole for the bolch line. 
The wing sections have fourteen 25 cm (9.8 
inch) diameter discs in each 8.7 m (28.5 foot) wing section. At each wing end, there was a 
1.5m (5-foot) section equipped with 7.6 cm (3-inch) diameter rubber "cookies”. 
 


 
Bolch line 


78-foot bolch line is passed through a hole at the top of each rubber disc. The bolch line is 
constructed from 9/16” combination (wire / rope) rope. (See attached diagram) 
 


 
Liners 


  No liners are used in this net 
 


 
Doors 


  The doors are 350 kg Portuguese polyvalent doors manufactured by Euronete. 
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ATTACHMENT B 


DIAGRAMS OF NEFSC STANDARD  
SHRIMP DOORS AND NET  
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ATTACHMENT C 


NEFSC NORTHERN SHRIMP SURVEY STRATA 
 







 


 


ATTACHMENT D 
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ATTACHMENT E 


(Note: This version of the SHG coding details does not contain all coding criteria) 
 


STATION VALUE     - STATION TYPE CODE: 
 


1=Survey haul (random-stratified)  
2=Non-random haul  
3=Special random add-on station haul 
4=Comparison haul 
5=No trawl haul (e.g., bongo, CTD or XBT)  
6=Site-specific 
7=Systematic grid 
8=Depletion site 
9=Systematic parallel transects 
0=Systematic zig zag transects 


 
 


HAUL VALUE   - CODE FOR RELATIVE SUCCESS OF HAUL: 
 


1=Good tow.  No gear or tow duration problem. 
2=Representative, but some problem encountered due to gear or tow duration.  
3=Problem tow.  May or may not be representative due to gear or tow duration.  
4=Not representative, due to gear or tow duration.  
5=No bottom trawl (e.g., bongo, CTD or XBT ONLY). 


 
 
GEAR CONDITION    - CODE FOR GEAR CONDITION: (ALL GEAR PROBLEMS MUST BE NOTED ON 
TRAWL LOG OR IN FSCS WC COMMENTS SECTION)  
                


1=No damage or insignificant damage.   
2=Wing twisted or tears in upper or lower wings not exceeding 10 ft; tear in square not exceeding 5 ft; tears 
not exceeding 3 ft in upper belly, or 6 ft in lower belly; cod-end or liner with tears not exceeding 2 ft; 
parted idler; liner hanging out of cod-end; 1-2 floats missing, bottom falls out for a few minutes. 
3=Hung up with no to minor damage or due to sand waves.  
4=Parted legs, sweep or head-rope; cod-end liner untied; wire out slippage; floats, rope or buoys hung up 
on door, loss of a few cookies. 
5=Tear-up exceeding limits for code 2, but not a total failure.  
6=Significant obstruction in trawl, such as fixed gear, large rocks, mud, coral, tires, old anchors, timbers 
etc.  Problem with third wire; unmatched doors; strong current throughout tow.  
7=Crossed doors. Net was not on bottom or did not perform due to currents or other factors. 
8=Open gear. 
9=Hung up with major damage; total tear-up, rim-rack; loss of all gear; loss of trawl; loss of one or both 
doors. 







 


18 







 


 19 







 


 20 


 








NEFSC Bottom Trawl Survey Station Validation Computer Codes 
T.O.G.A.  


Guide for Stock Analysts 
 


Overview  
It is important to understand that some aspects of station validation are subjective.  These 
NEFSC Bottom Trawl Survey station validation codes serve as a guideline for qualifying a 
survey tow in a standardized manor and aid in the decision process for determining if a survey 
tow is valid.  These codes are for use with the NEFSC Standard 4 Seam, 3 Bridle Survey Trawl 
and NOAA Ship H.B. Bigelow. 
 
Each standard survey tow is evaluated based on four categories, Type, Operational, Gear and 
Acquisition (T.O.G.A.).  Type (T), Operational (O) and Gear (G) categories are used to validate 
each tow; the Acquisition (A) category is additional information not used for validation.  
T.O.G.A. is a detailed analysis of survey trawl and vessel performance during each tow, utilizing 
available data from trawl mensuration systems and vessel sensors not previously analyzed by the 
historical Station, Haul, and Gear (S.H.G.) coding system. 
 
Tolerance limits and optimal values were calculated from data collected during the NEFSC 
calibration experiments.  These tolerance limits are intended to promote consistency of trawl 
geometry and towing procedure to validate comparison of the collected trawl survey data with 
results from the calibration experiments. 
 
Excluding Tows from Stock Analysis 
TYPE (T): Tows included in NEFSC Bottom Trawl Survey abundance estimates should be 
conducted following the protocols of the random and stratified statistical design.  Standard 
NEFSC BTS tows are coded with a T value = 1.  Station Type is coded values between 1 and 8; 
see section: T-TYPE of Station for details.   
 
OPERATIONAL (O):  The operational category is coded values between 1 and 4.  O Values= 1, 
2 or 3 are considered Representative; O Value= 4 is considered non-representative and should 
not be used in NEFSC BTS calculated abundance estimates.  See section: O-OPERATIONAL 
Code for details. 
 
GEAR (G):  The gear category is coded values 1, 2 or 4 (there is no G value=3).  G Values= 1 or 
2 are considered Representative; G Value=4 is considered Non-Representative and should not be 
used in NEFSC BTS calculated abundance estimates.  See section: G-GEAR Code for details. 
 
ACQUISITION (A):  Acquisition category is coded values between 1 and 4.  The A Value does 
not determine the validity of a tow.  A Values= 1, 2, 3 and 4 are considered Representative.  
Tows coded with A Value=4 force an O Value=3 (O is coded with a value=4 if the operational 
parameters evaluate to that).  See section: A-ACQUISITION Code for details. 
 
 
 
 







T.O.G.A. CATEGORY DETAIL 
  
T – TYPE of Station Details 
This category defines the type of sampling conducted at each station.  Tows included in NEFSC 
Bottom Trawl Survey abundance estimates should be conducted following the protocols of the 
random and stratified statistical design.  Standard NEFSC BTS tows are coded with a T value = 
1.  The T value=1 is subdivided into 6 components to further detail the tow and the proximity to 
the preselected station location as follows: 


• 1- RANDOM TOW, within 1nm Radius 
Location selected according to the random and stratified statistical design, and portion 
of tow occurs within a 1 nautical mile radius of the preselected station location. 


• 1- RANDOM TOW, outside 1nm, within 3nm Radius 
Location selected according to the random and stratified statistical design.  Tow 
occurs outside of 1nm radius, but within a 3nm radius of the preselected station 
location. 


• 1- REPEAT TOW 
Repeat of a random tow. 


• 1- RANDOM ALTERNATE 
Alternate station location within a stratum, randomly preselected.  To be conducted if 
original randomly preselected location is un-towable.  


• 1- RANDOM OFFSHORE CONTINENTAL SHELF 
Tow conducted in offshore continental shelf edge strata from eastern Georges Bank 
south to Cape Hatteras following secondary NEFSC BTS protocols for sampling 
these strata. 


• 1- ALTERNATE OFFSHORE PROTOCOL 
Alternate tow location conducted in offshore continental shelf edge strata from 
eastern Georges Bank south to Cape Hatteras following secondary NEFSC BTS 
protocols for sampling these strata. 


 
Tow types other than NEFSC BTS standard random tows are defined by the following code 
values: 


• 2- NON-RANDOM TOW 
Tow is not conducted according a random and stratified statistical design.  Tow must 
follow all other NEFSC BTS protocols. 


• 3- SURVEY STANDARDIZATION 
Tow conducted to evaluate NEFSC BTS standardization (i.e. gear testing).  Tow may 
or may not follow all other NEFSC BTS protocols, therefore values defining O, G 
and A categories may not determine tow validity.   


• 4- COMPARISON TOW 
Tow conducted in comparison of other gears, surveys, vessels or operating 
procedures.  Tow may or may not follow all other NEFSC BTS protocols, therefore 
values defining O, G and A categories may not determine tow validity. 


• 5- ABORTED TOW 
Gear set but timed tow duration never started (aborted tow). 


• 6- SITE SPECIFIC 







Non-random tow conducted in a specific, targeted region.  Tow must follow all other 
NEFSC BTS protocols 


• 7- EXPERIMENTAL SURVEY DESIGN 
Survey design type other than random and stratified (i.e. transect, depletion study, grid, 
fixed etc.).  Tow may or may not follow all other NEFSC BTS protocols, therefore values 
defining O, G and A categories may not determine tow validity. 


• 8 – OTHER 
Tows that do not fall into the previous categories.  Detailed description of the tow type 
shall be recorded.  Tow may or may not follow all other NEFSC BTS protocols, therefore 
values defining O, G and A categories may not determine tow validity. 


 
O – OPERATIONAL Code Details 
O Value= 4 is considered non-representative and should not be included in NEFSC calculated 
abundance estimates. 
 
This code defines the tow in terms of the operational characteristics.  (i.e. tow duration, vessel 
speed, scope ratio, depth, trawl performance, winch performance, stratum boundaries).  The Tow 
Evaluation software calculates and provides the value of the O code.  For tows coded with an O 
value=4, the data is considered non-representative and should not be used for stock analysis.  
More than one operational characteristic will often define the value.  The O value provided by 
the software may be amended by the Watch Chief or Chief Scientist if they choose, based on 
individual tow circumstances. 
 


• 1- GOOD PERFORMANCE 
 All operational parameters are within optimal tolerance range. 


• 2- REPRESENTATIVE 
 Tow duration 18.00min – 19.49min or 20.50min-21.00min. 
 75-99% on-bottom tow distance within the correct stratum. 
 Door Spread mean outside optimal but within the tolerance limit. 
 Wing Spread mean outside optimal but within the tolerance limit. 
  (Door and Wing spread are depth dependant calculations). 


Headrope Height mean outside optimal but within the tolerance limit. 
 (Optimal Height is 3.2-4.1m) 


• 3- REPRESENTATIVE 
 Tow duration 16.00min – 17.99min. 
 Acquisition Code Value = 4 (details given with A code). 
 Door Spread Standard Deviation High (greater than 4.5m) 


Wing Spread Standard Deviation High (greater than 2.0m) 
Headrope Height Spread Standard Deviation High (Greater than 1.0m) 
Scope Ratio outside tolerance limit.  (+/- 25%) 


• 4- NON-REPRESENTATIVE 
 Tow duration less than 16.00min or greater than 21.00min. 
 Tow distance less than 0.8nm or greater than 1.20nm. 
 Door Spread mean outside tolerance limit. (Depth dependant) 


Wing Spread mean outside tolerance limit. (Depth dependant) 
Headrope Height mean outside tolerance limit. (Less than 2.7m or greater than 4.7m) 







Speed Over Ground mean outside tolerance limit. (Less than 2.6 or greater than 3.4kts)  
Depth mean outside tolerance limit. (EK6018kHz, must be within +/- 10% of set depth, or +/-5m at 
depths less than 50m) 
Mean Starboard and Mean Port Block Tension not equalized within ±0.5t. 
Difference between mean Starboard and Port Winch calculated wire out lengths greater 
than 10m. 
Difference between mean Starboard and Port Block wire out lengths greater than 10m. 
Less than 75% of on-bottom tow distance within correct stratum. 
Trawl Depth greater than 20% difference of vessel tow depth. 
Chief Scientist or Watch Chief Failed tow- tow considered unsatisfactory based on vessel 
or gear performance.  Detailed comments shall be recorded. 


 
G – GEAR Code Details 
This code defines gear condition, damage and/or malfunction.  Gear is defined as trawl net, cod-
end, liner, sweep, doors and rigging.  The gear category is coded values 1, 2 or 4 (there is no G 
value=3).  G Values= 1 or 2 are considered Representative; G Value=4 is considered Non-
Representative and should not be used in NEFSC BTS calculated abundance estimates. 
 


• 1- GOOD TOW 
No damage to webbing, frame ropes, sweep doors or rigging.  Trawl properly rigged and 
considered to be in standard configuration.   


• 2- REPRESENTATIVE 
Minor Small Holes or Tears in webbing (including cod-end and liner).  Tears shall be 
easily and quickly repaired to be coded G-Value=2. 
Slightly larger holes or tears in Jibs, Wings, Bunts, Square or 1st and 2nd Top Bellies.  
Hole not thought to significantly alter fish capture. 
Obstruction IN/ON gear, not thought to significantly alter fish capture.  
Minor Hang.  No significant gear damage. 
Hang, definitively occurring after 16.00min tow duration.  Tow duration should be 
adjusted to time hang occurred.   
Insignificant sweep damage (i.e. slight damage to rockhoppers not thought to increase 
fish escapement). 
Loss or damage to less than 12 floats. 
Very large catch.  Deck tow of dogfish or other species. 
Other gear damage/malfunction not thought to significantly alter fish capture. (Detailed 
comments shall be recorded).  


 
• 4- NON-REPRESENTATIVE 


Significant holes or tears OR large holes occurring in bottom bellies, or any portion of 
webbing aft of 2nd belly. 
Major Gear Damage.  (i.e. rim-rack, whole sections torn out, loss of trawl door(s) etc.). 
Open Cod-end. 
Improperly Attached Liner OR Open Liner OR Significant Catch Outside Liner. 
Twisted Wing(s). 
Significant Loss of bottom contacts (4min duration or longer). 
Improper Rigging. 







Collapsed Doors.  
Crossed Doors. 
Major Sweep Damage.  (Parted sweep and/or major damage(i.e. loss of more than one 
rockhopper, or damage to sweep components thought to significantly increase fish 
escapement). 
Damaged Frame Rope(s).  (headrope, up&down line, bolshline). 
Open Gore. 
Twisted or Crossed Bridle(s). 
Parted Legs. 
Loss or damage to 12 or more floats. 
Significant damage to wing-end extension (i.e. loss, broken or altered length). 
Significant Hang.  Occurring at less than 16.00min tow duration (OR unknown tow 
duration). 
Large Obstruction IN/ON gear thought to alter catch efficiency or trawl geometry (i.e. 
pot stuck in front opening of cod-end). 
Catch not landed on deck. 
Damage to main towing cable(s). 
Other gear damage/malfunction thought to significantly alter catch efficiency by Watch 
Chief or Chief Sci. 


 
A – ACQUISITION Code Details 
This code defines the tow concerning data acquisition.  (i.e. SCS data, trawl mensuration, SCS 
event button press).  The A code value does not determine the acceptance of a tow.  Tows 
coded with A Value=4 force an O Value=3 (or O Value=4 if the operational parameters evaluate 
to that). 
 


• 1- No Data Acquisition Errors. 
 All data acquisition 75% or greater valid. 


• 2- REPRESENTATIVE 
Door Spread 50.00% - 74.99% data acquisition. 
Wing Spread 50.00% - 74.99% data acquisition. 
Height 50.00% - 74.99% data acquisition. 
Trawl Depth 50.00% - 74.99% data acquisition. 
Winch Tension 50.00% - 74.99% data acquisition. 
Winch Wire Out 50.00% - 74.99% data acquisition. 
Block Tension 50.00% - 74.99% data acquisition. 
Block Wire Out 50.00% - 74.99% data acquisition. 
Speed Over Ground 50.00% - 74.99% data acquisition. 
Vessel Depth 50.00% - 74.99% data acquisition. 
Event Button Pressed More Than Once.  Actual event time recorded. 


• 3- REPRESENTATIVE 
Door Spread 25.00% - 49.99% data acquisition. 
Wing Spread 25.00% - 49.99% data acquisition. 
Height 25.00% - 49.99% data acquisition. 
Trawl Depth 25.00% - 49.99% data acquisition. 
Winch Tension 25.00% - 49.99% data acquisition. 







Winch Wire Out 25.00% - 49.99% data acquisition. 
Block Tension 25.00% - 49.99% data acquisition. 
Block Wire Out 25.00% - 49.99% data acquisition. 
Speed Over Ground 25.00% - 49.99% data acquisition. 
Vessel Depth 25.00% - 49.99% data acquisition. 


• 4- NON-REPRESENTATIVE DATA 
Door Spread Less Than 25.00% data acquisition. 
Wing Spread Less Than 25.00% data acquisition. 
Height Less Than 25.00% data acquisition. 
Trawl Depth Less Than 25.00% data acquisition. 
Winch Tension Less Than 25.00% data acquisition. 
Winch Wire Out Less Than 25.00% data acquisition. 
Block Tension Less Than 25.00% data acquisition. 
Block Wire Out Less Than 25.00% data acquisition. 
Speed Over Ground Less Than 25.00% data acquisition. 
Vessel Depth Less Than 25.00% data acquisition. 
Error Recording Event Data.  Trawl event data missing. 
Critical Button Press Error, Unknown Event Time(s). 


 
 
 
 
CALCULATIONS AND TOLERANCE LIMITS 
 
Operational and Acquisition code values are calculated by Tow Evaluation Software.  The Tow 
Evaluation software is a tool used to quickly summarize data relevant to the evaluation of a 
standard tow.  The Tow Evaluation software displays all the summary statistics along with 
graphs of each parameter to aid the Watch Chief in the decision making process to validate the 
tow.  All statistics are calculated for the on-bottom tow duration, based on the trawl event button 
presses: START TOW to HAUL BACK.  Each parameter is checked against the tolerance limits 
to determine the correct Operational code value and Acquisition code value.  The Type code and 
Gear code values are determined by the Watch Chief and/or Chief Scientist.  Sensor data used 
for tow validation are filtered prior to calculation of summary statistics (Table 1). 
 
 
 
 
 
 
 
 
 
 
 
 







Table 1.  Relevant data collected for tow validation indicating the sensor from which the data is 
obtained and the defined data filtering that occurs.   
 


      Primary Data Filtered 
Trawl Mensuration Data Sensor   
Door Spread   Scanmar Distance ≤0 & >50m 
Wing Spread   Scanmar Distance ≤0 & >30m 


Headrope Height   
Scanmar Trawl 
Sounder ≤0 & >10m 


Trawl Depth   Scanmar Depth ≤0 & >1000m 
          
Vessel Tow Data       
Speed Over 
Ground   MX420 <0 & >20kts 
Tow Duration   derived n/a 
Depth     EK60-18kHz ≤0 & >1000m 
Tow Location   POS MV not null 
Tow Distance   derived n/a 
          
Winch Data 


 
    


Port and Starboard       


Winch Wire Out   
Rapp Hydema 
Autotrawl System <0 & >2000m 


Winch Tension   
Rapp Hydema 
Autotrawl System <0 & >50t 


Block Wire Out   Block Counter <0 & >2000m 
Block Tension   Block Load Cell <0 & >50t 


 
 


 
 
 
 
Tow Evaluation Software evaluates each parameter against set tolerance limits after calculating 
summary statistics.  Trawl geometry parameters (door spread, wing spread and head rope height) 
are evaluated against tolerance limits and optimal values as well.  For trawl geometry 
parameters, standard deviations greater than the set tolerance limit are coded with and O 
Value=3.  For all other parameters, standard deviation is not evaluated for the operational code, 
however, a standard deviation equal to 0 is reflected in the acquisition code as less than 25% data 
acquisition.  The tolerance limits for each parameter used to define the operational code values 
are given in table 2.  (See A-ACQUISITION CODE DETAILS for defined acquisition code 
values). 
 
 
 







Table 2. Tolerance limits for each evaluated parameter and the associated operational code 
values.  *See section: Depth Dependent Spread Calculations for details. 
Parameter Operational  Acceptance Range 
  Code Value Mean Standard Deviation 
Door Spread 1 Depth Dependent*  ≤ 4.5m 
    Within Optimal   
  2 Depth Dependent*   
    Outside Optimal, Within tolerance   
  3 N/A > 4.5m 
  4 Depth Dependent*   
    Outside Tolerance   
Wing Spread 1 Depth Dependent*  ≤ 2.0m 
    Within Optimal   
  2 Depth Dependent*   
    Outside Optimal, Within tolerance   
  3 N/A > 2.0m 
  4 Depth Dependent*   
    Outside Tolerance   
Head Rope Height 1 3.2m to < 4.2m ≤ 1.0m 
    Within Optimal   
  2 2.7m to < 3.2m OR 4.2m to 4.7m   
    Outside Optimal, Within tolerance   
  3 N/A > 1.0m 
  4 < 2.7m OR > 4.7m   
    Outside Tolerance   
Speed Over Ground 1 2.6kts to 3.4kts N/A 
  4 < 2.6kts OR > 3.4kts   
Tow Duration 1 19.5 to 20.49min N/A 
  2 18.00 to 19.49min or 20.50 to 21.00min   
  3 16.00 to 17.99min   
  4 < 16min OR > 21min   
Depth 1 Mean tow depth within ±10% setdepth N/A 
  


 
OR when set depth is <50m, mean tow    


    depth within ±5m of setdepth   
  4 Mean tow depth > ±10% setdepth   
  


 
OR when set depth is <50m, mean tow    


    depth > ±5m of setdepth   
Tension (all calculations are Mean Strb minus Mean Port)   
Turning Block Load Cells 


 
  


Starb vs. Port Δ 1  -0.5t to +0.5t N/A 
  4 < -0.5t OR > +0.5t   
Wire Out (all calculations are Mean Strb minus Mean Port)   
Auto-trawl winch  


  
  


Starb vs. Port Δ 1  -10m to +10m N/A 
  4 < -10m OR > +10m   
Turning Block Wire Counter 


 
  


Starb vs. Port Δ 1  -10m to +10m N/A 
  4 < -10m OR > +10m   







Depth Dependent Spread Calculations 
 
It is expected that spread varies with depth.  To avoid excluding only the shallowest and deepest 
tows, the tolerance limits and optimal values for mean door spread and mean wing spread are 
depth dependent.  Based on the data collected during the NEFSC BTS calibration experiments, 
equations to calculate depth dependent predicted door spread and depth dependent predicted 
wing spread were derived.  Mean door spread and mean wing spread from the full calibration 
data set were plotted as a function of mean tow depth (Figure 1).  Each parameter was then 
normalized to mean tow depth using the following regression equations: 


a) Door Spread: Predicted Door Spread= 4.267*Ln(Mean Tow Depth) + 14.748 
 


b) Wing Spread: Predicted Wing Spread= 1.2777*Ln(Mean Tow Depth) + 7.3376 
 
Figure 1. 


 
 
Upper and lower tolerance limits were then set by calculating 95% confidence bands for the 
entire regression line (full depth range of the survey; 15m-500m) for both door and wing spread, 
based on the methods in 1Netter et al., 1985, section 5.2. 
 
 
 
 
 
 
 


Bigelow Mean Door and Wing Spread vs 
Mean Tow Depth. All Calibration Tows


y = 4.267Ln(x) + 14.748
R2 = 0.5446


y = 1.2777Ln(x) + 7.3376
R2 = 0.4166
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 METHODS 
 
Upper and Lower Boundary Levels of the Confidence Band: 
 


Ŷh ± W*s(Ŷh) 
Where:  
Ŷh= predicted spread 
s(Ŷh)= estimated standard deviation of Ŷh 
W= √(2*F(1-a; 2; n-2)) 


 
Calculate the variance of the predicted spread: 


𝑠2(Ŷℎ) = 𝑀𝑆𝐸[1 +
1
𝑛


+
(Xh − X�)²
∑(Xi − X�)²


] 


Where: 
Ŷh= predicted spread  s²(Ŷh)= estimated variance of Ŷh 
n= # of tows    Xh= mean tow depth at prediction 


 ͞X=mean depth of all tows Xi= mean depth at tow i 
MSE= mean square error 


 
Door Spread Values from Calibration Data Set: 
 


s²(Ŷh)= 8.38 [1+1/618+(Mean Tow Depth – 89.3)² ] 
        2522376.42   


n=618 ;   ͞X=89.3;  Σ(Xi – ͞X)²= 2522376.42;  MSE= 8.38 
F(.95; 2; ∞) = 3.00; W= 2.45 
s = √s²(Ŷh) 
 
Wing Spread Values from Calibration Data Set: 
 


s²(Ŷh)= 1.24 [1+1/592+(Mean Tow Depth – 88.1)² ] 
              2371779.12   
n=592 ;   ͞X=88.1; Σ(Xi – ͞X)²= 2371779.12;  MSE= 1.24 
F(.95; 2; ∞) = 3.00; W= 2.45 
s = √s²(Ŷh) 
 
*NOTE: Tows were not excluded from analyses based on spread values.  However, only tows 
with 25% and greater valid spread data acquisition were used for analyses; thus, the estimated 
variance calculations for door and wing spread use different values of n, ͞X and Σ(Xi – ͞X)². 
 
The upper and lower optimal boundary levels were calculated by removing the W statistic and 
simply multiplying the predicted spread by the estimated standard deviation: 


Ŷh ± s(Ŷh) 
 
 







Figure 2.  Mean door spread depth dependent tolerance limits and optimal limits, based on 95% 
confidence bands over the full depth range of the survey.  Values 1, 2 and 4 indicate the 
operational code values. 
  


 
 
Figure 3.  Mean wing spread depth dependent tolerance limits and optimal limits, based on 95% 
confidence bands over the full depth range of the survey.  Values 1, 2 and 4 indicate the 
operational code values. 
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Appendix 1:  Standardized 8’ Sea Scallop Dredge Inspection 


Process 
 
Dredge Number:____ Date of Inspection:_______________ 


Inspectors:  __________________________________________________________ 


Last Used:  __________ Number of Tows: _______ 


From Gear Report, components installed and not used: ______ 


Status:  Inspection Completed (Y/N) 


Dredge Ready to go to sea:  (Y/N) 


State Problem: ____________ 


 


First Task:  Raise dredge with crane and conduct overall visual inspection 


of entire ring bag.  If ring, links, shackles, and sweep chain look heavily 


worn this may change decision about removing panels vs. complete 


replacement.  We still need to take measurements on all sections even if 


removing entire sections or entire bag. 


 


Top Section of Dredge:  Skirt, Extensions, Top Bag (apron), and Twine 


Top 
 


Skirt 


 


Skirt General Construction:  Built as three rows of rings, two rows of 30 rings and one 


row of 32 rings [__] 


 


 
 


Section Condition: 


Number of (3-link) rings missing [___] * 3 = [___] links 


Number of (4-link) rings missing [___] * 4 = [___] links 


Number of (3-link) rings bad  [___] * 3 = [___] links 


Number of (4-link) rings bad  [___] * 4 = [___] links 


Total number of rings to be replaced [___] rings 


Ring Decision Rule: if total number of missing rings and rings that need to be 


replaced is > 8, replace entire skirt panel 


Total links to be replaced due to rings         [___] links 


Bad or spun links to be replaced (not ring links)   [___] links 


Grand Total number or links to be replaced         [___] links 


Panel Replacement Decision Rule:  If total number of links to be replaced by 


combining the rings links, spun and bad links is > 37, change the entire panel. 







Caution[!]:  If replacing panel, inspect other sections prior to removing current 


section in case larger portions of dredge ring bag are to be removed. 


Link and Ring Measurements 


Link spread and thickness measurements (Form) 


Ring thickness and diameter measurements (Form) 


Section Condition (qualitative):  No Repairs Needed [__], Needs Repair [__], Replace 


panel [__] 


Final Qualitative Decision:  Can it make another season if repaired (Y/N) [___] 


 


 


 


Skirt Connection to Dredge Frame: 


 


Skirt Connection to Dredge Frame Pressure Plate:  Each ring along the top row of the 


skirt (row 1) is attached to the backside of the dredge frame onto a round stock hanging 


bar with thirty 7-link ¼” dog chains fastened with one squeeze link per chain.  The 


dogchains are supposed to be evenly distributed with fifteen attached on either side of the 


center line of the frame.   


 


 


 
 


 


**When counting dogchain links remember that they are actually 8 links long because of the connecting 


compression link. 


 Thirty 7-link dog chains connecting top row of skirt to frame, one 7-linker per ring [___] 


7-linker spacing:  fifteen on starboard[__], fifteen on port [__] 


Spacing of 7-linkers in subsections of the pressure plate at time of inspection:  


[__,__,__,__,__,__,__,__]  example [3,4,4,4,4,4,4,3] 


[__,__,__,__,__,__,__,__]  final configuration if changed 


 


Skirt Connection to Dredge Frame Condition: 


 Number of 7-linkers missing  [___] 


Number of 7-linkers replaced  [___] 


Number of links replaced  [___] 


 


Link and 7-link Dog Chain Measurements: 


Link spread and thickness measurements (Form) 


7-link dog chain thickness (Form) 


 


Section Condition (qualitative):  No Repairs Needed [___], Needs Repair [___]  


Final Qualitative Decision:  Can components make another season (Y/N) [___] 


 







Caution[!]:  If replacing dogchains, inspect other sections prior to removing any 


dogchains in case larger portions of dredge ring bag are to be removed. 


 


Skirt Connection to Leading Edge of Starboard and Port Extensions: 


 


Skirt Connection to Leading Edge of Extensions:  A single link is installed between four 


of the five rings on the leading inner edge of the stbd. and port extensions and the bottom 


of the outer edge of the bottom row of the skirt (row 3). 


 


 
 


The outboard bottom rings on the third row of the skirt are attached to the inner four rings 


of the leading (top row) edge of the extension, the most outboard ring on the extension is 


not attached to the bottom of the skirt.   Stbd [___] Port [___] 


 


Skirt Connection to Starboard and Port Extensions: 


 Number of links missing   [___] 


Number of bad and spun links replaced [___] 


Total Number of links replaced  [___] 


  


Skirt to Extensions Connecting Link Measurements: 


Link spread and thickness measurements (Form) 


 


Section Condition (qualitative):  No Repairs Needed [___], Needs Repair [___]  


Final Qualitative Decision:  Can components make another season (Y/N) [___] 


 


Caution[!]:  If replacing connecting links, inspect other sections prior to removing any 


links in case larger portions of dredge ring bag are to be removed. 


 


 


 


 


 


 


 


 


 


 


 


 







 


 


 


Starboard and Port Extensions: 


 


Extensions General Construction:  Each composed of one row of 5, two rows of 6, and 


fourteen rows of 7 rings Stbd. [___], Port [___] 


 
 


Stbd. Extension Condition: 


Number of (3-link) rings missing [___] * 3 = [___] links 


Number of (4-link) rings missing [___] * 4 = [___] links 


Number of (3-link) rings bad  [___] * 3 = [___] links 


Number of (4-link) rings bad  [___] * 4 = [___] links 


Total number of rings to be replaced [___] rings 


Ring Decision Rule: if total number of missing rings and rings that need to be 


replaced is > 6, replace entire skirt panel 


Total links to be replaced due to rings         [___] links 


Bad/spun links to be replaced (not incl. ring links)    [___] links 


Grand Total number or links to be replaced           [___] links 


Panel Replacement Decision Rule:  If total number of links to be replaced by 


replacing the rings, spun links and bad links is > 23, change the entire panel. 


 


Port Extension Condition: 


Number of (3-link) rings missing [___] * 3 = [___] links 


Number of (4-link) rings missing [___] * 4 = [___] links 


Number of (3-link) rings bad  [___] * 3 = [___] links 


Number of (4-link) rings bad  [___] * 4 = [___] links 


Total number of rings to be replaced [___] rings 


Ring Decision Rule: if total number of missing rings and rings that need to be 


replaced is > 6, replace entire skirt panel 


Total links to be replaced due to rings         [___] links 







Bad/Spun links to be replaced (not incl. ring links)   [___] links 


Grand Total number or links to be replaced          [___] links 


Panel Replacement Decision Rule:  If total number of links to be replaced by replacing 


the rings, spun links and bad links is > 23, change the entire panel. 


 


Link and Ring Measurements: 


Link spread and thickness measurements (Form) 


Ring thickness and diameter (Form) 


 


Starboard Condition (qualitative):  Good [__], Needs Repair [__], Replace [__] 


Final Qualitative Decision:  Can it make another season if repaired (Y/N) [___] 


 


Port Condition (qualitative):  Good [__], Needs Repair [__], Replace [__] 


Final Qualitative Decision:  Can it make another season if repaired (Y/N) [___] 


 


Caution[!]:  If replacing extensions, inspect other sections in case larger portions of 


dredge ring bag are to be removed. 


 


 


Skirt Connection to Dredge Frame Sides: 


 


Skirt Connection to Dredge Frame Sides:  The outside rings on the bottom row of the 


skirt (row 3) are connected to the top (first hanging hole H1) on outboard side of frame 


with shackles and a 3/8” trawl links.  Heads of shackles are thru the dredge frame and the 


ring, not thru the trawl link. 


 
 Is stbd. frame hanging hole #1 connected to row 3 (ring #32) of skirt [___] 


Type:  stbd. hang hole #1 to single link to shackle, heads facing out:   


½” shackle [__], missing [___], replaced [__]  
3/8


” single link [__], missing [___], replaced [__] 
3/8


” shackle [__], missing [___], replaced [__] 


 


Is port frame hanging hole #1 connected to row 3 (ring #1) of skirt [___] 


Type:  port hang hole #1 to single link to shackle, heads facing out:   


½” shackle [__], missing [___], replaced [__]  
3/8


” single link [__], missing [___], replaced [__] 
3/8


” shackle [__], missing [___], replaced [__] 


 


Shackles and Trawl Link Measurements: 


 ½” shackle thickness stbd. and port (Form) 







 
3/8”


 trawl link thickness stbd. and port (Form) 


 
3/8”


 shackle thickness stbd. and port (Form) 


 


Section Condition (qualitative):  No Repairs Needed [___], Needs Repair [___]  


Final Qualitative Decision:  Can components make another season (Y/N) [___] 


 


Caution[!]:  If replacing side connections, inspect other sections in case larger portions 


of dredge ring bag are to be removed. 


 


 


Starboard Extension Connection to Stbd. Side of Dredge Frame:  


 


The outboard rings of the leading edge of the extension for rows 1,2, and 4 of the 


starboard extension are connected to the dredge frame holes and the top shoe hole on 


outboard side of frame with shackles and trawl links.  Heads of shackles are thru the 


dredge frame and the ring, not thru the trawl link. 


 


 
Stbd. dredge frame hanging hole #2 (H2) to row one of stbd. Ext. outboard ring 


 (ring #5) [__] 


Stbd. hang hole #2 to double link to shackle, heads facing out: 


½” shackle [__], missing [___], replaced [__] 
3/8


” double link [__], missing [___], replaced [__] 
3/8


” shackle [__], missing [___], replaced [__] 


 


Stbd. dredge frame hanging hole #3 (H3) to row two of stbd. Ext. outboard ring 


 (ring #6) [__] 


 Stbd. hang hole #3 to double link to shackle, heads facing out: 


½” shackle [__], missing [___], replaced [__] 
3/8


” double link [__], missing [___], replaced [__] 
3/8


” shackle [__], missing [___], replaced [__] 


 


Ext. row three does not have a set of shackles and links in it [___] 


 


Stbd. dredge frame hanging hole #4 (SH1) [top hole of shoe bracket] to row four 


of stbd. Ext. outboard ring (ring #7) [__] 


 Stbd. hang hole #4 to 3/8” shackle to double link to shackle, heads facing out: 


 
5/8


” shackle [__], missing [___], replaced [__] 
3/8


” shackle [__], missing [___], replaced [__] 
 3/8


” double link [__], missing [___], replaced [__] 







3/8
” shackle [__], missing [___], replaced [__] 


 


Shackle and Trawl Link Measurements: 


Shackle Thickness (Form) 


Trawl Link Thickness (Form) 


 


Shackle/Link Condition (qualitative):  Good [__], Needs Repair [__] 


Final Qualitative Decision:  Can they make another season if repaired (Y/N) [___] 


 


Caution[!]:  If replacing side connections, inspect other sections in case larger portions 


of dredge ring bag are to be removed. 


 


 


Port Extension Connection to Port Side of Dredge Frame:  


 


The outboard rings of the leading edge of the extension for rows 1,2, and 4 of the port 


extension are connected to the dredge frame holes and the top shoe hole on outboard side 


of frame with shackles and trawl links.  Heads of shackles are thru the dredge frame and 


the ring, not thru the trawl link. 


 


Port dredge frame hanging hole #2 (H2) to row one of port Ext. outboard ring 


 (ring #5) [__] 


Port hang hole #2 to double link to shackle, heads facing out: 


½” shackle [__], missing [___], replaced [__] 
3/8


” double link [__], missing [___], replaced [__] 
3/8


” shackle [__], missing [___], replaced [__] 


 


Port dredge frame hanging hole #3 (H3) to row two of port Ext. outboard ring 


 (ring #6) [__] 


 Port hang hole #3 to double link to shackle, heads facing out: 


½” shackle [__], missing [___], replaced [__] 
3/8


” double link [__], missing [___], replaced [__] 
3/8


” shackle [__], missing [___], replaced [__] 


 


Ext. row three does not have a set of shackles and links in it [___] 


 


Port dredge frame hanging hole #4 (SH1) [top hole of shoe bracket] to row four of 


port Ext. outboard ring (ring #7) [__] 


 Port hang hole #4 to 3/8” shackle to double link to shackle, heads facing out: 


 
5/8


” shackle [__], missing [___], replaced [__] 
3/8


” shackle [__], missing [___], replaced [__] 
 3/8


” double link [__], missing [___], replaced [__] 
3/8


” shackle [__], missing [___], replaced [__] 


 


Shackle and Trawl Link Measurements: 


Shackle Thickness (Form) 


Trawl Link Thickness (Form) 


 







Shackle/Link Condition (qualitative):  Good [__], Needs Repair [__] 


Final Qualitative Decision:  Can they make another season if repaired (Y/N) [___] 


 


Caution[!]:  If replacing side connections, inspect other sections in case larger portions 


of dredge ring bag are to be removed. 


 


 


Extensions Bottom Connection to Leading Edge of Top Bag (Apron): 


 


Extension Bottom Connection to Apron:  Single link connection from bottom seven rings 


of extension (row 17) to top edge (row 1) of apron, one to one ring match to outboard 


edge on both sides, Stbd. [__] and Port [___]  


 


 
 


 


 


Starboard Extension to Bottom Bag (Apron): 


 Number of links missing  [___] 


Number of bad/spun links replaced [___] 







Total Number of links replaced [___]  


 


Skirt to Extensions Connecting Link Measurements: 


Link Measurements (Form) 


 


Section Condition (qualitative):  No Repairs Needed [___], Needs Repair [___]  


Final Qualitative Decision:  Can components make another season (Y/N) [___] 


 


Port Extension to Bottom Bag (Apron): 


 Number of links missing  [___] 


Number of bad/spun links replaced [___] 


Total Number of links replaced [___]  


 


Skirt to Extensions Connecting Link Measurements: 


Link Measurements (Form) 


 


Section Condition (qualitative):  No Repairs Needed [___], Needs Repair [___]  


Final Qualitative Decision:  Can components make another season (Y/N) [___] 


 


Caution[!]:  If replacing connecting links, inspect other sections in case larger portions of 


dredge ring bag are to be removed. 


 


 


Top Bag (Apron): 


 


Top Bag (Apron) General Construction:  Built as sixteen rows of rings of 32 rings [__] 


 


 


 


 


 


 


 







 


 


Section Condition: 


 


Patch option for panel:  If the apron can be repaired with a 8 x 8 ring patch or an 


 odd shaped 86 ring patch, or a smaller patch, that is quicker than replacing entire 


 panel.  Caution [!]:  include ring and link calculations below before conducting 


 patch.  


Size of patch [___] 


Odd size patch number of rings [___] 


 


Not including patch in calculation: 


Number of (3-link) rings missing [___] * 3 = [___] links 


Number of (4-link) rings missing [___] * 4 = [___] links 


Number of (3-link) rings bad  [___] * 3 = [___] links 


Number of (4-link) rings bad  [___] * 4 = [___] links 


Total number of rings to be replaced [___] rings 


 


Ring Decision Rule: if total number of missing rings and rings that need to be 


replaced is > 19, replace entire skirt panel.  If using the patch described above, for 


other rings missing and rings that need to be replaced is > 8, replace the entire 


panel. 


Total links to be replaced due to rings          [___] links 


Bas/spun links to be replaced (not incl. ring links)    [___] links 


Grand Total number or links to be replaced          [___] links 


 


Panel Replacement Decision Rule:  If total number of links to be replaced by 


combining the rings, spun and bad links is > 75, change the entire panel.  If using 


the patch described above, by combining the rings, spun and bad links is > 37, 


change the entire panel.  If patch is smaller use percentage rule for how many 


rings and links can still be replaced with patch before replacing entire panel. 


 


Link and Ring Measurements 


Link spread and thickness measurements (Form) 


Ring thickness and diameter (Form) 


 


Section Condition (qualitative):  No Repairs Needed [__], Needs Repair [__], Replace 


panel [__] 


Final Qualitative Decision:  Can it make another season if repaired (Y/N) [___] 


 


Caution[!]:  If replacing apron, inspect other sections in case larger portions of dredge 


ring bag are to be removed. 


 


 


 


 


 


 







 


 


Twine Top Inspection 


 


Twine Top General Construction:  


 Twine Top Construction:  Panel is 53 by 12.5 meshes [__] 


 ½” line used as hanging line [__] 


 Number of broken meshes [__], repaired [__] 


 If more than 5 broken meshes, replace panel, replaced [__] 


  


Panel Installation Inspection: 


 Center mesh # 27 from port to stbd. along top edge marked [__] 


Center mesh # 27 is hung with a twist tie on horizontal link between ring 16 and 


17 on bottom row of skirt (row 3) [__] 


Lacing with a half hitch for all top rings and meshes [__] 


 


 


 


 


Twine Top Upper Section: 


 


Number of meshes per ring from port to stbd (Example:  ring 5(3 meshes) is ring 


5 of skirt with 3 meshes laced to it) 


Standard 


[5(3),6(2),7(3),8(2),9(2),10(2),11(2),12(2),13(2),14(2),15(2),16(2),17(2),18(2),19(


2),20(2),21(2),22(2),23(2)24(2),25,(2),26(3),27(2),28(3)] 


Actual 


[5(__),6(__),7(__),8(__),9(__),10(__),11(__),12(__),13(__),14(__),15(__),16(__),


17(__),18(__),19(__),20(__),21(__),22(__),23(__),24(__),25(__),26(__),27(__), 


28(__)] 


 


 Half hitch installed in each corner, one on ring 4 and one on ring 29 of row three 


 of skirt [___].  


Outer side meshes of twine top panel should be laced thru each mesh from top to 


bottom, some meshes may be laced into two rings 


 







Half hitch installed on 9
th
 ring down on each side (inside edge of extensions) [__] 


 


Twine Top Bottom Section: 


 


Lacing down to ring 17 of extension and end with half hitch on ring 7 and ring 26 


of row one of apron [___] 


 


Along bottom of Twine Top, lace meshes from port side to center, three meshes 


per apron ring row one except ring 16, install two meshes  


Standard 


[8(3),9(3),10(3),11(3),12(3),13(3),14(3),15(3),16(2)] [__] 


Actual 


[8(__),9(__),10(__),11(__),12(__),13(__),14(__),15(__),16(__) 


 


Lace meshes from stbd. to center, three meshes per ring except ring 17, install two 


meshes  


Standard 


[17(2),18(3),19(3),22(3),23(3),24(3),25(3),26(3),27(3)] 


Actual 


[17(__),18(__),19(__),20(__),21(__),22(__),23(__),24(__),25(__),26(__),27(__)] 


 


Half hitches installed on ring 16 [__] and 17 [__] 


Tail ends secured with two twists [__] 


Installation ½” rope condition:  Good [__] or Replace [__] 







 


Panel Measurements (form)  


Top Bag Connection to ClubStick: 
  


Need Diagram:  (Section needs work) 


 


Seventeen ½” shackles between the bottom row of apron and shackles on the 


Clubstick evenly spaced depending upon the construction of the Clubstick [__] 


 ½” shackles missing [__], replaced [__] 


Four 5/8” shackles between bottom row of apron and clubstick [__] 


 5/8” shackles missing [__], replaced [__] 


  


 


Connection of Top Bag (complete) to Bottom Bag (complete) 


 


Single link connections along perimeter between top bag and bottom bag.  Thirty 


two along the bottom and 29 along the sides to row four of the extensions [__]. 


 Links bad/spun [__]  


Connecting Link measurement (table) 


Links missing [__], replaced [__] 


  


 


 


 


Bottom Bag Section:  Bottom Bag, Diamonds, Sweep Chain 
 


 


Sweep Chain and Connecting Components 


 
Sweep Chain General Construction: 


 5/8” chain consisting of 69 links [__] 


  


Section Condition: 


 Indication of twist in chain (N/Y) [__], repaired [___] 


 Sweep link measurements (Form) 


 Visual Inspection of sweep chain worn [__], replaced [__] 


 


Section Condition (qualitative):  No Repairs Needed [__], Needs Repair [__], Replace 


Sweep Chain [__] 


Final Qualitative Decision:  Can it make another season if repaired (Y/N) [___] 


 


 


Sweep Chain Connection to Dredge Frame: 


Bitter ends of sweep chain are attached to frame by 5/8” shackle in the bottom 


hole of the shoe bracket, shackle head facing out Stbd [___] and Port [__] 


 


Section Condition Shackle Connection: 


 5/8” shackle measurement (Form) 







 


Section Condition (qualitative):  No Repairs Needed [__], Replace shackles Stbd. [___], 


Port [___] 


Final Qualitative Decision:  Can it make another season if repaired (Y/N) [___] 


 


Caution[!]:  If replacing sweep and components, inspect other sections of the bottom bag  


in case larger portions of dredge ring bag are to be removed. 


 


 


Sweep Chain Connection to Diamonds and Bottom Bag 


 


Sweep Chain Connection to Diamonds and Bottom Bag with Dog Chains:   


 


 
  


  Going Port to Stbd. along sweep chain and down Port diamond inside  


  edge to leading edge of bottom bag and then back up inside edge of Stbd.  


  diamond. 


 


Port Diamond 


Ring 1 to sweep link 2 with 7-linker  [__], replace [___] 


  Ring 2 to sweep link 4 with 7-linker  [__], replace [___] 


  Ring 3 to sweep link 6 with 7-linker  [__], replace [___] 


  Ring 4 to sweep link 8 with 7-linker  [__], replace [___] 


  Ring 5 to sweep link 10 with 7-linker  [__], replace [___] 







  Ring 6 to sweep link 12 with 7-linker  [__], replace [___] 


  Ring 7 to sweep link 14 with 7-linker  [__], replace [___] 


  Ring 8 to sweep link 16 with 8-linker  [__], replace [___] 


  Ring 9 to sweep link 18 with 10-linker [__], replace [___] 


   Skip sweep chain link 20 


  Ring 10 to sweep link 22 with 6-linker [__], replace [___] 


  Ring 11 to sweep link 24 with 7-linker [__], replace [___] 


  Ring 12 to sweep link 26 with 9-linker [__], replace [___] 


   Move down to Bottom Bag 


  Ring 13 to sweep link 28 with 13-linker [__], replace [___] 


  Ring 14 to sweep link 30 with 9-linker [__], replace [___] 


  Ring 15 to sweep link 32 with 7-linker [__], replace [___] 


  Ring 16 to sweep link 34 with 7-linker [__], replace [___] 


   Center sweep link 35 not attached 


  Ring 17 to sweep link 36 with 7-linker [__], replace [___] 


  Ring 18 to sweep link 38 with 7-linker [__], replace [___] 


  Ring 19 to sweep link 40 with 9-linker [__], replace [___] 


  Ring 20 to sweep link 42 with 13-linker [__], replace [___] 


 Move up along inside of stbd. diamond 


  Ring 12 to sweep link 44 with 9-linker [__], replace [___] 


  Ring 11 to sweep link 46 with 7-linker [__], replace [___] 


  Ring 10 to sweep link 48 with 6-linker [__], replace [___] 


   Skip sweep chain link 50 


  Ring 9 to sweep link 52 with 10-linker [__], replace [___] 


  Ring 8 to sweep link 54 with 8-linker  [__], replace [___] 


  Ring 7 to sweep link 56 with 7-linker  [__], replace [___] 


  Ring 6 to sweep link 58 with 7-linker  [__], replace [___] 


  Ring 5 to sweep link 60 with 7-linker  [__], replace [___] 


  Ring 4 to sweep link 62 with 7-linker  [__], replace [___] 


  Ring 3 to sweep link 64 with 7-linker  [__], replace [___] 


  Ring 2 to sweep link 66 with 7-linker  [__], replace [___] 


  Ring 1 to sweep link 68 with 7-linker  [__], replace [___] 


   


Sweep Chain Connecting Components Measurements: 


 Sweep Chain dog chain link measurements (Form) 


 Sweep Chain dog chain connector link measurements (Form) 


 


Section Condition (qualitative):  No Repairs Needed [__], Needs Repair [___], How 


many replaced [___] 


Final Qualitative Decision:  Can they make another season if repaired (Y/N) [___] 


 


 


 


 


 


 


 


 







 


 


 


 


Starboard and Port Diamond 


 


Starboard and Port Diamonds General Construction:  Built as double link panels with an 


incrementing number of rings per row for twelve rows Stbd. [___] and Port [___] 


 


 


Starboard Diamond Condition: 


 Number of (2-link) rings missing [___] * 2 = [___] links 


 Number of (4-link) rings missing [___] * 4 = [___] links 


 Number of (6-link) rings missing [___] * 6 = [___] links 


Number of (8-link) rings missing [___] * 8 = [___] links 


Number of (2-link) rings bad  [___] * 6 = [___] links 


Number of (4-link) rings bad  [___] * 8 = [___] links 


 Number of (6-link) rings bad  [___] * 6 = [___] links 


Number of (8-link) rings bad  [___] * 8 = [___] links 


Total number of rings to be replaced [___] rings 


Ring Decision Rule: if total number of missing rings and rings that need to be 


replaced is > 6, replace entire skirt panel 


Total links to be replaced due to rings         [___] links 


Spun links to be replaced (not incl. ring links)      [___] links 


Bad links to be replaced (not incl. ring links)         [___] links 


Grand Total number or links to be replaced         [___] 


Panel Replacement Decision Rule:  If total number of links to be replaced by combining 


the rings, spun links and bad links is > 47, change the entire panel 


 


Port Diamond Condition: 


 Number of (2-link) rings missing [___] * 2 = [___] links 


 Number of (4-link) rings missing [___] * 4 = [___] links 


 Number of (6-link) rings missing [___] * 6 = [___] links 


Number of (8-link) rings missing [___] * 8 = [___] links 


Number of (2-link) rings bad  [___] * 6 = [___] links 







Number of (4-link) rings bad  [___] * 8 = [___] links 


 Number of (6-link) rings bad  [___] * 6 = [___] links 


Number of (8-link) rings bad  [___] * 8 = [___] links 


Total number of rings to be replaced [___] rings 


Ring Decision Rule: if total number of missing rings and rings that need to be 


replaced is > 6, replace entire skirt panel 


Total links to be replaced due to rings         [___] links 


Spun links to be replaced (not incl. ring links)      [___] links 


Bad links to be replaced (not incl. ring links)         [___] links 


Grand Total number or links to be replaced         [___] 


Panel Replacement Decision Rule:  If total number of links to be replaced by combining 


the rings, spun links and bad links is > 47, change the entire panel 


 


Starboard and Port Diamond Link and Ring Measurements: 


Link spread and thickness measurements (Form) 


Ring thickness and diameter (Form) 


 


Starboard Diamond Section Condition (qualitative):  No Repairs Needed [__], Needs 


Repair [__], Replace panel [__] 


Final Qualitative Decision:  Can it make another season if repaired (Y/N) [___] 


 


Port Diamond Section Condition (qualitative):  No Repairs Needed [__], Needs Repair 


[__], Replace panel [__] 


Final Qualitative Decision:  Can it make another season if repaired (Y/N) [___] 


 


Caution[!]:  If replacing either diamond, inspect other sections of the bottom bag  in case 


larger portions of dredge ring bag are to be removed. 


 


Diamond Connections to Leading Edge of Bottom Bag: 


 


Diamond Connections to Leading Edge of Bottom Bag:  Double link connection from 


bottom twelve rings of right diamond (row 12) to top edge (row 1) of bottom bag right 


side, one to one ring match to outer edge on both sides [__]  


 


 







 
 


Diamond Connections to Leading Edge of Bottom Bag Condition:    


 Links bad/spun replaced [___] 


 


Connecting Link spread and thickness measurements (Form) 


 


Starboard Diamond Section Condition (qualitative):  No Repairs Needed [__], Needs 


Repair [__] 


Final Qualitative Decision:  Can links make another season if repaired (Y/N) [___] 
 


Port Diamond Section Condition (qualitative):  No Repairs Needed [__], Needs Repair 


[__] 


Final Qualitative Decision:  Can links make another season if repaired (Y/N) [___] 
 


 


Bottom Bag  


 


Bottom Bag General Construction:  Built as eighteen rows of 32 rings [__] 







 
Section Condition:  


 


Patch option for panel:  If the bottom bag can be repaired with a 6 x 6 ring patch 


 or an odd shaped 36 ring patch, or a smaller patch, that is quicker than replacing 


 entire panel.  Caution [!]:  include ring and link calculations below before 


 conducting patch.  


Size of patch [___] 


Odd size patch number of rings [___] 


 


Ring and Link Condition: 


Number of (3-link) rings missing [___] * 6 = [___] links 


Number of (4-link) rings missing [___] * 8 = [___] links 


Number of (3-link) rings bad  [___] * 6 = [___] links 


Number of (4-link) rings bad  [___] * 8 = [___] links 


Total number of rings to be replaced [___] rings 


Ring Decision Rule: if total number of missing rings and rings that need to be 


replaced is > 35, replace entire skirt panel.  If using the patch described above, for 


other rings missing and rings that need to be replaced is > 15, replace the entire 


panel. 


 


Total links to be replaced due to rings         [___] links 


Spun links to be replaced (not incl. ring links)      [___] links 


Bad links to be replaced (not incl. ring links)         [___] links 


Grand Total number or links to be replaced         [___] 







Panel Replacement Decision Rule:  If total number of links to be replaced by 


combining the rings, spun and bad links is > 145, change the entire panel.  If 


using the patch described above, by combining the rings, spun and bad links is > 


80 links, change the entire panel.  If patch is smaller use percentage rule for how 


many rings and links can still be replaced with patch before replacing entire panel. 


 


Ring and Link Measurements: 


Link spread and thickness measurements (Form) 


Ring thickness and diameter (Form) 


 


Section Condition (qualitative.):  Good [__], Needs Repair [__], Replace [__] 


If repaired, how many rings and links replaced:  [__] rings, [__] links 


Final Qualitative Decision:  Can it make another season if repaired (Y/N) [___] 


 


 


Caution[!]:  If replacing the bottom bag, inspect overall ring bag in case larger portions 


of dredge ring bag are to be removed. 


 


 


Shoe Measurement 


 Stbd. heel shoe thickness [___] 


 Stbd. wearing pad thickness [___] 


 Used (Y/N): [___], Replace (Y/N): [___] 


Port heel shoe thickness [___] 


 Port wearing pad thickness [___] 


 Used (Y/N): [___], Replace (Y/N):  [___] 


 


   


 


 


Twine Top Liner and Bag Liner Inspection 


 


Note:  If the drag has been used on the last survey, the liner must be removed and 


inspected.  Remove twist ties along the bottom, upper edge of bag, and side perimeters up 


to three or four rings above the corner of the bottom bag and bottom of diamonds.  Or if 


the inspection team can spread the liner and ring bag enough with the crane to see if there 


are any holes in the liner, then removal is not necessary.  If there are any holes of that 


cannot be reasonably fixed, the bag liner will need to be removed and replaced.  Bag 


Liner Repaired [___], Replaced [___] 


 


Twine Top Installation Inspection:  Top Section 


The center mesh (#74) should be marked and attached to the center of the hanging line 


and placed between the two center rings of the skirt (ring 16 and 17) from port to 


starboard.  Single 4” twists should be installed on each ring to the twine top hanging line 


evenly across the top row of the skirt, except the center two rings (16 and 17) which 


should have two twists, one on either side of the dog chain.  Moving from Center to port 


twists are installed on the upper port side quadrant of the ring to the port side of the 







dogchain, from center to stbd. twists are installed to the upper stbd. side quadrant of the 


ring to the stbd. side of the dogchain (illustrated with the arrows).    


 
Section Condition:  If hanging line looks like it is in good shape, but twists are rusted, 


replace as many as needed to re-secure the panel.  The loop ends of the panel are secured 


to the ½” shackle in the first hanging hole on the dredge frame Stbd. [___] and Port [___] 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Twine Top Installation Inspection:  Side Sections 


The side portion of the twine top is secured to all outside rings of the extensions and 


apron with a single 4” twist from the skirt to row 15 of the extension.  The eye loop on 


the top edge outboard is secured to the ½” shackle in the top dredge hole with double 6” 


twists [___].  Row sixteen of the extension is where the leading row of the bottom bag 


lines up next to the extension.  This is called the corner and it is where the bag liner and 


twine top liner are seized together and the leading open edge of the bottom bag liner is 


attached.  All side loops are then secured on row 16 with double 6” twists.   







 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Twine Top Installation Inspection:  Bottom Section 


The bottom bag liner is installed along the sides and bottom of the outboard perimeter of 


the apron with 4” twists between the corners on each side and the bottom.  As described 


above the corner is tied into row 16 of the extension on Starboard [___] and Port [___].  


There should be a minimum of five 4” twists installed on both sides from the upper 


corners to the bottom corners on the outer edge of the last ring on the apron perimeter 


rings Stbd. [___] and Port [___].  There should be a minimum of seven 4” twists installed 


along the bottom outer edge of the perimeter of the apron on the transition between the 







apron and the bottom bag [___].  The twists should be evenly distributed along the three 


sides between the corners.  


 


 


 
 


 


 


 


 


 


 


 


 


 


 


 


Bag Liner Mouth Opening Attachment to Leading Edge of Bottom Bag: 


The center mesh (#74) should be marked and attached to the center of the hanging line 


and placed between the two center rings of the skirt (ring 16 and 17) from port to 


starboard.  Single 4” twists should be installed on each ring to the twine top hanging line 


evenly across the top row of the skirt, except the center two rings (16 and 17) which 


should have two twists, one on either side of the dog chain.  Moving from Center to port 


twists are installed on the upper port side quadrant of the ring to the port side of the 







dogchain, from center to stbd. twists are installed to the upper stbd. side quadrant of the 


ring to the stbd. side of the dogchain (illustrated with the arrows).    


 


 


 


Section Condition:  If hanging line looks like it is in good shape, but twists are rusted, 


replace as many as needed to re-secure the panel.  The loop ends of the panel are secured 


to the ½” shackle in the first hanging hole on the dredge frame Stbd. [___] and Port [___] 


 


 


 


 


 


 


 


 


 


Dredge Weight: [________] lbs. 


 


 


 


Totals for Materials Used 


Links: 


Rings: 


5/8” shackles: 


½” shackles: 


3/8” shackles: 


3/8” 2-linkers: 


3/8” 1 link: 


Dog chain: 


 


Modifications: 
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Preface 
 


This operations manual is intended to be a complete guide to the planning and execution of the 


Northern Shrimp Survey. The tasks described in the ‘survey preparation’ chapter of the manual are listed 


in the order in which they should be completed, although certain tasks such as cruise staffing are 


ongoing throughout the preparation process. A checklist of cruise preparation tasks can be found in 


APPENDIX D.  In order to view all of the referenced files within this manual, the user will need to have 


permission to access the shared files of the Ecosystems Surveys Branch at the Northeast Fisheries 


Science Center (NEFSC). Contact information for all support staff mentioned in this manual can be found 


in APPENDIX A. Contact Peter Chase with questions on any portion of this manual. 


The Gulf of Maine Northern shrimp survey was initiated in 1983 and has since been conducted annually 


aboard the NOAA R/V Gloria Michelle, a 65 foot, 96 GT stern trawler.  It is a standardized survey 


conducted during July and August that employs a stratified random design and standard field data 


collection procedures similar to those used in NEFSC multispecies bottom trawl surveys.   This survey, 


which was developed and implemented with support from the Atlantic States Marine Fisheries 


Commission (ASMFC), provides the primary fishery‐independent data source for the assessment and 


management of the Gulf of Maine Northern shrimp stock.  The NEFSC has held lead responsibility for 


conducting this survey and for processing and archiving the resulting data.  The Northern Shrimp 


Technical Committee (NSTC) of the ASMFC plays an important role in staffing this survey. 


The objectives of the Gulf of Maine Northern Shrimp Survey are to (1) determine the distribution and 


relative abundance of Northern shrimp (Pandalus borealis) in the western Gulf of Maine; (2) collect 


biological specimens and data relating to the age and size composition of Gulf of Maine Northern 


Shrimp stock; and (3) collect biological data for other Gulf of Maine invertebrate and finfish species in 


support of NEFSC research objectives. 
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1. Survey Area and Design 
 


1.1 Survey Area 


The Northern Shrimp Survey is conducted annually during July and August within the western portions 


of the Gulf of Maine (Figure 1).  


 


Figure 1. Area of operation for the Northern Shrimp Survey. 
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1.2 Survey Strata 


For the Northern Shrimp Survey, the western Gulf of Maine is divided into 12 sampling strata, 


determined by depth and longitude (Figures 2 and 3). 


 


Figure 2. Sampling strata for the Northern Shrimp Survey. 







4 
 


 


Figure 3. Square mileage and depth (m) for strata sampled during the Northern Shrimp Survey. 


1.3 Station Allocation 


The number of randomly selected stations within each stratum is determined by the importance of the 


stratum for assessment purposes. This determination is made by the Northern Shrimp Technical 


Committee. In addition to randomly selected stations, 2 non‐random stations are added to each 


stratum. These non‐random stations are placed in the same location every year.  Beginning in 2009, 


both the random and non‐random stations in stratum 11 and stratum 12 were dropped from the survey 


due to their low priority. Although modifications are occasionally made, station allocations for each 


stratum remain largely the same every year.  The station allocations used during the 2010 Northern 


Shrimp Survey can be seen in Table 1: 


Table 1. Station allocations used during the 2010 Northern Shrimp Survey. 


Stratum Random Stations Fixed Stations Total Tows 
1 7 2 9 
2 2 2 4 
3 10 2 12 
4 2 2 4 
5 6 2 8 
6 14 2 16 
7 6 2 8 
8 8 2 10 
9 3 2 5 
10 4 2 6 


TOTAL 62 20 82 
 


1.4 Trawl Nets 


The Northern Shrimp Survey utilizes a NEFSC modified commercial shrimp net.   The net  was designed 


specifically for this survey by Nor’Eastern Trawl Systems Inc. of Bainbridge Island, WA.  A description and 


diagram with dimensions are included in the Appendix of this manual, and a complete trawl reference 


manual is also available through the NEFSC warehouse.  Nets are certified by trained NEFSC personnel 


prior to deployment on the vessel.  Only minor repairs are done at sea. 
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1.5 Trawl Doors 


Trawl doors are critical to the performance of bottom trawl gear.  Doors function to spread the trawl net 


and have a direct effect on net wingspread, head rope height, bottom tending, and mud cloud.  The 


Northern Shrimp Survey utilizes 350kg, Portuguese polyvalent (Euronete) doors (see APPENDIX F for 


diagram).  Doors are purchased in pairs and immediately numbered in a permanent manner to allow 


tracking during use and maintenance.   


Trawl doors are maintained in a fashion to ensure proper paired functioning.  Door pairs are certified by 


NEFSC personnel prior to deployment.  Door pairs must have shoes that are in good condition, be free of 


dents and other significant changes in shape, and have brackets welded in a manner to eliminate 


shifting.   


Door spread resulting from deployment of specific sets of doors is measured using trawl mensuration 


equipment upon deployment.  When door spread is determined in successive tows to fall outside of 


target ranges, the corresponding door pair is removed from the trawling system until proper 


performance can be verified.   


Backstrap chains are paired, measured for length and maintained to the specifications shown in the 


diagram in the Appendix.  Backstraps are attached to the doors in the hole closest to the back end of the 


door. Pairs of backstrap chains remain associated with a specific door pair during transport to and from 


fishery research vessels, and during deployment during trawling operations.  If backstrap chains are 


removed from doors during trawl operations due to damage or determination that measured lengths 


are no longer within specifications, removed backstrap chains are tagged with information including the 


door pair number, the date of removal, and reason for removal from the door pair.  Removed backstrap 


chains are returned to NEFSC gear personnel for inspection.    
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2. Survey Preparation 
 


2.1 Budget and Vessel Logistics 


The budget for the Northern Shrimp Survey is typically determined by the end of March each year. The 


size of the budget determines how many sea days will be purchased aboard the NOAA R/V Gloria 


Michelle for the Northern Shrimp Survey. For the past five years, funding has allowed for 22 sea days 


(conducted in 4 legs), however prior to that, the survey was only funded for about 17 days each year. In 


March, contact Russell Brown, or the current Branch Chief of the Ecosystems Surveys Branch, to find out 


when the budget will be established and how many sea days will be purchased. 


Once the budget has been established, the Officer In Command (OIC) of the R/V Gloria Michelle should 


be contacted to begin setting dates for each survey leg. On a 22 sea day budget, the survey is conducted 


in 4 legs during the last 3 weeks of July and the first week of August.  The distribution of sea days has 


typically been as follows: 


Leg 1: 6 days (Sunday – Friday) 


Leg 2: 5 days (Monday – Friday) 


Leg 3: 5 days (Monday – Friday) 


Leg 4: 6 days (Monday – Saturday)  


The survey has historically departed from Woods Hole on leg 1, with the 4th leg returning to Woods Hole 


at the end of the survey. Port calls in between legs have varied through the years so this needs to be 


discussed with the OIC of the Gloria Michelle.  Port calls have typically been as follows: 


Leg 1: Depart Woods Hole; Arrive Portland, ME 


Leg 2: Depart Portland, ME; Arrive Portland, ME 


Leg 3: Depart Portland, ME; Arrive Gloucester, MA 


Leg 4: Depart Gloucester, MA; Arrive Woods Hole 


Once the dates and port calls have been established, cruise instructions can be created (see section 2.2) 


and staffing for the Northern Shrimp Survey can begin (see section 2.3). At this time it is also a good idea 


to contact Paul Kostovick and the warehouse staff to give them the cruise dates. Paul plays an important 


role in the staging of FSCS aboard the Gloria Michelle and the warehouse staff organizes the shrimp net 


and associated gear so be sure they are aware of the cruise dates ahead of time. A date should be set 


with warehouse staff to perform inspections of the net and doors for certification prior to the survey.  
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The net inspection form can be found in the following directory: 


Net\Neclib\Survey\Shared_Files\Cruise_Info\Cruise_Types\Shrimp 


2.2 Cruise Instructions 


Cruise instructions should be submitted to Chuck Byrne, Jack Moakley, Russell Brown, and the OIC of the 


Gloria Michelle 90 days in advance of the survey. Once the cruise dates, port calls between legs, and the 


cruise number (provided by the OIC of the Gloria Michelle) are known, cruise instructions can be 


created. Cruise instructions from previous years can be located in the following directory: 


Net\Neclib\Survey\Shared_Files\Cruise_Info\Cruise_Types\Shrimp\Cruise_Instructions 


The files are labeled by cruise number, for example, the 2010 cruise instructions were named 


‘cigm1002’ (meaning Cruise Instructions Gloria Michelle 2010 – 02). Locate the instructions from the 


previous year and update the document with the proper cruise number, dates, and port calls. The cruise 


instructions are intended to outline the mission of the survey as accurately as possible so that the crew 


can properly plan for the cruise. If any operational changes to the survey are going to be made since the 


previous year, those changes need to appear in the instructions. Save the updated instructions with an 


appropriate name and then email it to the staff mentioned above. Chuck Byrne needs the cruise 


instructions in order to obtain a scientific research permit for the survey, which must be on board prior 


to sailing.  


Within the directory shown above, there are several files named ‘addendum_xx’. These are the 


scientific rosters from prior surveys (xx is the survey year).  An addendum needs to be filled out and sent 


to the same individuals as the cruise instructions, however it does not need to be completed 90 days in 


advance of the survey. Since staffing is typically not finalized until mid to late June, it can be sent at that 


time. As with the cruise instructions, simply update the file from the previous year with the appropriate 


names and dates, save it with a name indicating the year, and email it to the individuals who received 


the cruise instructions. 


2.3 Staffing 


Since the Northern Shrimp Survey is a collaborative effort between the NEFSC and the Atlantic States 


Marine Fisheries Commission (ASMFC), participants should come from the NEFSC, the Massachusetts 


Division of Marine Fisheries (MADMF), The Maine Department of Marine Resources (MEDMR), and the 


ASMFC in Washington, D.C..  


Each leg will require 6 scientists, including a Chief Scientist and a shrimp identification specialist. 


Typically the NEFSC will provide a Chief Scientist and up to 2 additional staff for each leg (no more than 3 


NEFSC staff on any one leg). While there are several staff members at the NEFSC capable of serving as 


the shrimp identification specialist, there are also staff members at the MADMF and MEDMR who can 


fill that role. If a gear specialist from the NEFSC is available to sail on leg 1, it is a good idea to include 


that person on the roster to help solve any gear issues at the start of the survey. 







8 
 


The scientific berthing aboard the Gloria Michelle consists of one 4 person cabin and one 2 person cabin. 


This means that the scientific staff for each leg must consist of either 6 males, 6 females, 4 males and 2 


females, or 4 females and 2 males. This is assuming that the 4 person crew on the Gloria Michelle (OIC, 


2nd in command, and 2 deck hands) are all of the same sex. If there is going to be both male and female 


crew aboard, it will change the required sex ratio for scientific staff.  There is one 4 person cabin 


designated for the crew, however if the crew is of mixed sex, scientists and crew must share cabins to 


ensure everyone gets a bunk, and the sex ratio of the scientific staff needs to be adjusted accordingly. 


For example, if the crew consists of 3 males and 1 female, one male scientist will bunk in the crew’s 


cabin and the female crew member will bunk with a female scientist. With one female crew member, 


the sex ratio possibilities for scientific staff are: 1 female and 5 males, 1 male and 5 females, 3 females 


and 3 males. 


Once the cruise dates and port calls are firm and the sex ratio of the crew is determined, an email 


should be sent to the following individuals to initiate the staffing process: 


Bob Glenn and Kelly Whitmore (MADMF) 


Maggie Hunter (Northern Shrimp Technical Committee/contact for MEDMR) 


Brad Spear (ASMFC, Washington D.C.) 


Russell Brown (Branch Chief, Ecosystems Surveys Branch, NEFSC) 


Russ Brown will help determine what staff will be available from the ESB for the various legs. Previous 


Chief Scientists include Peter Chase, Kevin McIntosh, Nathan Keith, Rob Johnston, Heath Cook, and Stacy 


Rowe. The staff members just listed should also have the experience to serve as the shrimp 


identification specialist if necessary. It is beneficial to get TK Arbusto, Rob Alexander, or Richard Raines 


on leg 1 to serve as a gear specialist. Sandy Sutherland and Grace Thornton (both from the NEFSC) 


typically participate on one leg each in the role of shrimp identification specialist, so they should be 


informed of the cruise dates. Shrimp I.D. specialists from outside the NEFSC include Lessie White 


(MEDMR) and Bill Hoffman (MADMF). If possible, it is best to have someone on each leg that was also 


on the previous leg to maintain consistency of operations. For example, if Peter Chase is Chief Scientist 


on legs 1 and 2 and Rob Johnston is Chief Scientist on legs 3 and 4, it would be beneficial to have 


another experienced staff member on legs 2 and 3 to help maintain consistency between Chief 


Scientists. 


The staffing process should be completed by mid‐June and it often takes more than a month to 


complete. It is best to initiate the process in early May or sooner. Having standby staff for each leg 


(typically volunteers) is a good idea in the event that someone drops out or if the sex ratio of the crew 


changes as the survey approaches. Putting 2 or even 3 volunteers per leg is fairly normal, though priority 


should go to experienced staff from the various agencies. Once the staffing is complete, the addendum 


can be filled out and sent to the appropriate staff at the NEFSC (see previous section on cruise 


instructions). 
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2.4 Travel Logistics and Medical Forms 


Since the Shrimp Survey arrives and departs from various ports, it is necessary to plan for the 


transportation of staff at the beginning and end of each leg. Transportation should only be planned for 


NEFSC staff since personnel from other agencies are responsible for finding their own way to and from 


the ship. However, scientific staff from other agencies should be made aware of how NEFSC personnel 


are getting to and from the vessel so that rides can be offered to individuals who can be easily picked up 


or dropped off. Below is how the transportation of NEFSC staff has been handled over the past several 


years: 


Leg 1: Depart Woods Hole, MA. 


No planning required as NEFSC staff can park at the main lab. Staff from other labs can park at the lab as 


well, in one of the vessel parking lanes, provided they fill out the appropriate paperwork with the port 


office. 


Leg 1: Arrive Portland, ME. 


A member of the Ecosystems Surveys Branch who is not at sea signs out a government van and drives up 


to Portland, ME to pick up shrimp survey staff and drives them back to Woods Hole.  


Leg 2: Depart Portland, ME. 


The Chief Scientist of Leg 2 signs out a government van and drives leg 2 staff from Woods Hole to 


Portland, ME. Staff should arrive in Portland the evening before the ship is set to sail (typically Sunday 


evening for an early Monday departure). The government van can be left in the parking lot at Vessel 


Services in Portland for the duration of the survey. Speak with the OIC of the Gloria Michelle regarding 


permission to park at Vessel Services for the week. It may be necessary to call and make arrangements 


ahead of time. 


Leg 2: Arrive Portland, ME. 


The Chief Scientist drives staff back to Woods Hole using the van that was left in the Vessel Services 


parking lot for the week. 


Leg 3: Depart Portland, ME. 


A member of the Ecosystems Surveys Branch who is not going to sea signs out a government van and 


drives leg 3 staff up to Portland, ME on the day before the ship is set to sail (typically Sunday for an early 


Monday departure). The same staff member drives the van back to Woods Hole on the same day. 


Leg 3: Arrive Gloucester, MA. 


For the past several years, a Northeast Regional Office vehicle has been borrowed to drive staff from 


Gloucester, MA back to Woods Hole. The vehicle is typically waiting in the parking lot at the Coast Guard 
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station in Gloucester when the Gloria Michelle arrives.  This needs to be arranged with the regional 


Office prior to the survey. The contact at the Regional Office is Skip Bertolino. 


Leg 4: Depart Gloucester, MA. 


The Chief Scientist for leg 4 drives staff from Woods Hole to Gloucester on the day before sailing using 


the borrowed vehicle from the Northeast Regional Office. The vehicle is typically parked in the Coast 


Guard station lot for pick‐up by the Regional Office at a later time, however these details should be 


worked out with Skip Bertolino prior to the survey. 


Leg 4: Arrive Woods Hole, MA. 


No arrangements made as NEFSC staff should have vehicles in the parking lot. 


Once the travel logistics for NEFSC staff have been finalized and the necessary vehicles have been 


reserved, an email should be sent to all survey participants detailing the dates and port calls of each leg, 


the day and time that staff should report to the vessel for each leg (typically by 6pm the day prior to 


sailing but confirm with the OIC of the Gloria Michelle), and the travel plans for NEFSC staff. Rides can be 


offered to any staff in need of transportation, as long as they can meet up with the NEFSC staff in a 


convenient location.   If any non‐federal staff will be given a ride in a government vehicle, a “non‐fed in 


government vehicle” form needs to be filled out and signed by the lab director prior to departure. This 


form can be found in the following directory: 


Net\Neclib\Survey\Shared_Files\Cruise_Info\Cruise_Types\Shrimp\non_fed_in_gov.doc 


The transportation email should also include addresses or directions to the locations where the vessel 


will be docked (see APPENDIX B and check with the OIC of the Gloria Michelle) as well as a copy of the 


most current ship medical form and instructions on how the form should be filled out. The medical form 


can be found on the localonly website under General/Ships/health Questionnaire. As of 2010, the TB 


test is required for all staff, however the forms do not need to be sent to the NOAA Medical Officer 


since the Gloria Michelle is handled under the ‘small boat’ policy. Completed medical forms should be 


placed in a sealed envelope with the participants name on the front, and handed to the OIC of the Gloria 


Michelle on the day of sailing. Check with the OIC of the Gloria Michelle prior to the survey to ensure 


that this policy has not changed.   


Other items that should be included in the travel/medical form email should be an updated staff list (to 


ensure that everyone is signed up for the correct leg), contact information for the drivers of government 


vehicles, emergency contact information for the vessel (see appendix), a reminder that NEFSC staff need 


to fill out travel orders prior to departure, and a link to Sandy Sutherland’s online shrimp identification 


guide. Participants should be encouraged to look through the guide prior to sailing to familiarize 


themselves with some of the Gulf of Maine shrimp species. The guide can be accessed through the 


following link: 


http://www.nefsc.noaa.gov/fbi/shrimp/ 
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Logon as 'trainee', and for the password enter '2007shrimp'. 


2.5 Station Selection 


The station selection process typically only takes about 1 day to complete, so it can be done at any time 


prior to the survey (usually in mid June). For background information on historical station allocation, see 


the sections on Survey Strata (1.2) and Station Allocation (1.3) at the beginning of this document. Email 


Joe Idoine, Maggie Hunter, or other member of the shrimp technical committee to see how many 


stations should be plotted in each stratum. It is a good idea to send them a reminder of what the 


previous year’s station allocation was so that they can determine if changes will need to be made. Once 


the station allocation per stratum is known, see the following file which contains detailed instructions on 


creating station plots for the shrimp survey: 


Net\Neclib\Survey\Shared_Files\Cruise_Info\Station_Selection\Historical\station_selection_doc.doc 


2.6 Scientific Sample Requests 


The primary objective of the Northern Shrimp Survey is to monitor abundance and size composition of 


Northern Shrimp, so the sampling of finfish species has historically been limited to the collection of total 


weights for each species and individual lengths. The only exceptions are for White Hake (Urophycis 


tenuis) and Goosefish (Lophius americanus), where protocols for age structure removal are established 


each year prior to the survey.  These species are selected for sampling because the shrimp net captures 


them efficiently enough to fill age gaps from other surveys. A month or so prior to the survey, Jay 


Burnett and Kathy Sosebee should be contacted to confirm sampling protocols for White Hake and 


Goosefish. Requests for other species (i.e. ‘special samples’) are typically not advertised and are rare, 


however, shrimp are usually collected for the Woods Hole aquarium for use as fish food. Contact Rachel 


Metz regarding the aquarium request. No stomach sampling is typically done during the shrimp survey.   


To create the sampling booklet, open the most recent book from the directory below, make necessary 


changes, and save it with an appropriate name in a new folder labeled for the current year: 


Net\Neclib\Survey\Shared_Files\Cruise_Info\Cruise_Types\Shrimp\Sample_Requests\20xx\Shrimp_20x


x.doc 


Copies of the station location chart, shrimp I.D. chart, and goosefish sampling diagram should be printed 


out and added to the end of each booklet (the shrimp I.D. chart and goosefish sampling diagram can be  


located in the same folder as the previous year’s sampling booklet). A total of 10 copies of the sample 


book should be more than enough for the duration of the survey. 


2.7 Measurement of Trawl Warps 


According to the standard operating protocols, it is a requirement that the trawl warps aboard the 


Gloria Michelle are measured twice each year, immediately before and after the Northern Shrimp 


Survey is conducted. The wire is typically measured in mid to late June, after the Gloria Michelle 


completes the spring inshore survey for the Massachusetts Division of Marine Fisheries but before the 
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shrimp survey begins, and then again in August after the shrimp survey is completed.  Responsibility for 


procurement, installation, and maintenance of trawl warps currently resides with the crew of the R/V 


Gloria Michelle, however a staff member from the NEFSC must be present for the wire marking to write 


down any deviations and to determine how to proceed if wires are of different lengths. The OIC of the 


Gloria Michelle will schedule the wire marking and should be contacted in mid June to confirm when the 


first wire marking will take place.  The procedures for measuring the trawl warps are as follows: 


In the following directory, open the most recent wire measurement spreadsheet: 


Net\Neclib\Survey\Shared_Files\Cruise_Info\Cruise_Types\Shrimp\wire_measurement_month_year.xls 


Clear the contents of the following columns: Port (stretch in inches); Port Cumulative Stretch; Starboard 


(stretch in inches); Starboard Cumulative Stretch; Cumulative difference between wires (Starboard from 


port, in inches)   


Save the file to the same directory with an updated name reflecting the current month and year. Format 


the file so that there is room for manually entering the data as the wires are measured, and print it out. 


Bring the form and a clipboard to the wire measuring. 


The wires are measured side by side along the cement pier as they are being hauled back onto the ship 


from the measuring truck. Bruce’s Splicing and Rigging will use a small wire that measures 25 fathoms 


(ensure that they are using the 25 fathom wire as opposed to the 25 meter wire) to measure between 


marks in the wire. The first measurement should take place between the 25 fathom mark and the 50 


fathom mark. Note that the 25 fathom mark is 25 fathoms from the bitter end on the winch as opposed 


to 25 fathoms from the eye at the end of the wire. One of the workers from Bruce’s Splicing and rigging 


will hold the measurement wire at the 25 fathom mark, and the measurement will be taken at the 50 


fathom mark (i.e. towards the Bruce’s Rigging truck). Straighten out the measurement wire and measure 


the distance from the mark on the measuring wire to the center of each existing mark on the trawl 


warps. Indicate the amount of stretch (write in a negative value if the wires have shrunk) on the data 


form for each trawl warp. The wires will then be slowly hauled back onto the net reel (at the same time) 


until the 50 fathom marks are in front of the Bruce’s employee closer to the vessel. Next, measure the 


stretch at the 75 fathom mark. This process continues until warps are measured at each 25 fathom 


interval, ending with the tip of the eye. There should be a total of 350 fathoms of 5/8” 6X19 galvanized 


fiber core wire on each of the Gloria Michelle winches. 


Standard operating protocols state that starboard and port wire measurements should not deviate by 


more than 4% of the door to door distance measured along the bridles and head rope of the net.  On the 


NEFSC standard shrimp net there is a 235.3’ door to door measurement, 4% of which is 9.4’.  We have 


established a maximum deviation of 2M (6.56’) for this measurement.  If the cumulative difference 


between the starboard and port wires is greater than that amount, the wires must be re‐marked and cut 


to the same length. To prevent getting to the end of the wire measurement before finding that the wires 


must be re‐marked, it is a good idea to re‐mark the wires from the beginning if a substantial difference is 


noticed at the start of the process. It is unlikely that the wires will need to be re‐marked more than once 


a year.  
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After completing the wire measuring, open the data spreadsheet and enter the data, including the 


calculations for cumulative stretch. If the wires were re‐marked, make a note of it on the data entry 


form.  


2.8 Setting up FSCS aboard the Gloria Michelle 


The use of FSCS aboard the Gloria Michelle first began in 2004. For several years a portable FSCS system 


was used. In 2010, the Massachusetts Division of Marine Fisheries began using FSCS for their inshore 


survey, which is also conducted aboard the Gloria Michelle. The DMF built 3 hard‐wired FSCS 


workstations on the back deck, which they have allowed the NEFSC to use for the Northern Shrimp 


Survey. The DMF has allowed us to borrow the physical workstations (tables) and the wiring, however, 


the FSCS hardware and computers are supplied by the NEFSC (hardware includes fishboards, scales, 


monitors, printers, calipers etc).  


The setting up of FSCS equipment aboard the ship should begin at least two weeks prior to the start of 


the survey. This is to leave time for testing and troubleshooting. Prior to setting up, be sure to speak 


with the OIC of the Gloria Michelle to ensure that it is OK to begin. The typical set‐up aboard the Gloria 


Michelle includes 3 fully functional workstations, each with a small scale, fishboard, monitor, printer, 


and a set of calipers. This allows any of the 3 workstations to sample either shrimp or fish. Typically, 


workstations 2 and 3 (the workstation facing the winches and the forward most workstation on the 


starboard side) are designated as shrimp workstations. However, on tows when there are many more 


fish than shrimp, the flexibility to utilize those workstations for fish sampling is necessary. The FSCS 


hardware needed for the survey includes: 


 4 fish boards (3 primary and 1 backup) 


 4 monitors (3 primary and 1 backup) 


 4 small scales (3 primary and 1 backup) 


 2 large scales (1 primary and 1 backup) 


 4 sets of FSCS calipers (or as many as possible since they fail frequently) 


 4 printers (3 primary and  1 backup) 


 4 speakers (3 primary and 1 backup) and amplifier 


 3 desktop computers (1 for each workstation) 


 2 servers (1 primary and 1 backup) 


Speak with Larry Brady in early June regarding the use of all FSCS hardware, with the exception of the 


computers and servers. If any of this equipment is not available because it is being used on other 


surveys, it is OK to go with only 2 fully functional workstations, with 1 workstation dedicated to just 


shrimp (meaning that a small scale, fishboard, and printer would not be necessary at that station). Speak 


with Paul Kostovick in early June regarding the desktop computers and servers. The same computers 


should be used each year to avoid having to re‐configure other machines. Two desktop monitors will 


also be needed, one for the bridge (to use with the server) and one for the workstations in the fish hold.  
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Once all of the equipment has been acquired, the setting up of the FSCS equipment can begin. The large 


scale is typically placed on the deck, between workstations 1 and 2, and should be connected into the 


junction box at SL1. Small scales are placed into the small contained area below the table top at each 


workstation. Printers should be placed inside the lower right cabinets, fishboards on the table top, 


speakers mounted under the table tops, and monitors mounted with RAM mounts on  the overhang 


above each station (mounting holes should be visible). Each workstation has its own junction box found 


under the table top, which is where the various components for each workstation should be plugged in. 


The wires within each box should be labeled or color coded for the correct piece of hardware. If 


necessary, contact Vincent Manfredi at the Massachusetts Division of Marine Fisheries for further 


information on the existing wiring. 


All of the wires within each junction box run into the ship, down into the fish hold. This is where the 3 


computers for the workstations are placed, and the various wires (labeled for each particular 


component and workstation) can be plugged in. The computers should be set up on the port side of the 


vessel under the large table, just to the left of where all of the wires are coiled. Note that at least 1 UPS 


will likely be needed for a power supply, as well as an ethernet connection box to connect the 3 


workstations with the server (contact Paul Kostovick). The monitor for the workstations can be placed 


on the table above the workstations. 


The server is placed on the bridge in the cabinet across from the chart plotter.  The server is on the 


bridge because it is easier to run trawl events, netmind, and minilog software from there. The server will 


need to be connected via ethernet to the workstations in the fish hold. This cable should already be in 


place, it will just need to be plugged into the server and into the connection box in the fish hold. The 


monitor for the server can be placed on the table above the cabinet where the server was placed. 


Once the hardware is set up on deck and the network is established, the gps and depth sounder on the 


bridge will need to be hooked up. This will enable latitude and longitude data to be entered into SCS. 


Contact Paul Kostovick regarding which electronic devices should be used and to find out which ports 


they should be connected to.  Once a data feed is coming in from the gps and depth sensors, a test trawl 


event can be run to test the system (see section 3.7 for more details on running a trawl event).  


Prior to testing FSCS, check with Nancy McHugh that the proper configuration files are on the server and 


each workstation. These files include the species alias file, deployed equipment file, scientists file, and 


protocol file. Typically the individual who is responsible for coordinating the shrimp survey is in charge 


of updating the various scientist files for each leg (copy an old file and update with the appropriate 


scientists for each leg) as well as the protocol file.  The protocol file is fairly simple for the Northern 


Shrimp Survey since sampling is only conducted for 2 fish species, and if the sampling protocol has not 


changed since the previous year, the same protocol file can be used. Work with Nancy McHugh on 


updating the deployed equipment file with codes for the appropriate FSCS, Netmind, and Minilog 


hardware (see sections 2.9 and 2.10 for more information on Netmind and Minilog sensors).  Larry Brady 


will provide a form indicating the equipment codes for the various FSCS hardware aboard the ship. 
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Once the appropriate files are updated, FSCS testing can begin by running a test event and working up 


simulated catches (see section on ‘processing the catch’ for details on how FSCS is used to work up a 


catch). Be sure to test the mix function by adding the various shrimp species and taking a subsample of 


the mix. All fscs hardware should be tested, including scales, fishboards, printers, and calipers at each 


workstation. Work through problems with Paul Kostovick and Nancy McHugh. Problems can often be 


solved by changing settings within the FSCS configuration file editor which is accessed through the FSCS 


control panel at each workstation.  


After testing is underway, contact Bill Kramer regarding the installation of the proper auditing forms 


onto the server. They may still be on the server from the previous year if the same machine is being 


used. These should be simplified forms that allow for a quick data audit after each station (see section 


3.9 on for more details on at‐sea data auditing). Perform an audit on one or more of the test stations to 


ensure that the forms are working properly. Work through any problems with Bill Kramer and Paul 


Kostovick. 


2.9 Setting up Netmind aboard the Gloria Michelle 


Netmind net sensors are used to monitor door spread and bottom contact during each shrimp survey 


tow. Netmind sensors should be set up and tested at least one week prior to the survey. Wing and 


headrope sensors have also been used in previous years, however as of 2010, the NEFSC does not have 


working wing and headrope sensors (ask if any new ones are available prior to the survey). Talk to Rob 


Johnston and/or Jonathan Duquette regarding which sensors to bring on the survey. Assuming wing and 


headrope sensors are not available, the netmind equipment needed for the survey include the control 


box, at least 2 sets of door sensors, at least 2 bottom contact sensors, the “sled” for the bottom contact 


sensor with a length of chain and shackles for attachment to the net, several chargers, and several 


safety cables with shackles.  


The Netmind control box is typically placed on the bridge, just to the left of the monitor that is used for 


the server. The control box needs to be plugged into the server as well as the hydrophone cable. Paul 


Kostovick can help determine which com port should be used for the Netmind system. The hydrophone 


cable is located within the cabinet that the server is in, and it should be labeled. It is never removed 


from the ship. Once everything is connected, the Netmind equipment can be tested.  


For the Netmind system, the control box should be turned on and a set of door sensors (1 master and 1 


slave) can be hung off the stern of the vessel (be sure that the sensors have been charged). Click the 


Netmind icon on the desktop of the server (if the software is not installed, see Rob Johnston for the 


appropriate software). Under the ‘sensor’ menu, select ‘door sensor’ and hit the ‘transducer’ button. Be 


sure that the ‘sensor enabled’ box is checked. Do not check the ‘gps logging enabled’ or the ‘start tow’ 


button. As long as the control box is on and the sensors are enabled, it will log data. The data will be 


saved to the file and directory indicated. You should create a folder for ‘shrimpdata’, with subfolders for 


Netmind and Minilog, on the C: drive of the server. Then, within the netmind window, browse to save 


the files into the newly formed Netmind folder.  As the Netmind data is logged, it will create a file called 


‘doorspread.CSV’. At the end of the test, go into the netmind folder in the C: drive and re‐name the file 
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to Doorspread_test.csv. The system stops logging data when the control box is turned off. If the file is 


not saved with a new name after the test, it will be overwritten the next time the system is turned on.  


Check to see that there was data collected during the test. If not, it may be that the Netmind system is 


set to the wrong com port (which can be changed under the ‘system’ menu within the Netmind 


software). If changing the com port doesn’t solve the problem, it may be that the sensors aren’t charged 


or that they are not deep enough to collect data. See Rob Johnston for troubleshooting advice if 


problems persist. The same process should be done with the bottom contact sensor, which is called the 


‘tilt’ sensor in the Netmind menu. 


2.10 Setting up Minilogs aboard the Gloria Michelle 


Minilog sensors are used to monitor temperature and depth during each shrimp survey tow. Minilog 


sensors should be set up and tested at least one week prior to the survey. Contact Vic Nordahl and Peter 


Chase regarding which minilogs are available and working. The minilog equipment needed for the survey 


include at least 2 base stations, at least 2 minilog sensors, at least 1 mesh bag with attached clip for 


securing the minilog to the wing of the net, and minilog software disks in the event the software needs 


to be re‐installed on the server. The minilog base station can be attached to the top of the server on the 


bridge using Velcro, and it should be connected to an available com port (again, speak with Paul 


Kostovick regarding available com ports if necessary). Once the minilog base station is connected to the 


server, a minilog can be tested to make sure it can initialize and read data.  


Place a minilog sensor into the base station (ensure that the metal pin on the sensor drops into the 


small hole in the base station).  Double click the minilog software icon that should be on the server 


desktop. If the software is not on the server, it is easily installed using the disk that should be included 


with the minilog supplies. Under the ‘menu’ tab, select ‘initialize logger for new study’. It will display the 


name of a previous study with a default directory for saving the data file. Re‐name the study to 


something appropriate, such as ‘Northern Shrimp Survey 20XX’. Change the directory to the 


shrimpdata/minilog folder that you created when setting up the netmind system. Next, click ‘initialize’ 


and you should see lights flashing on the base station and the software should indicate that the minilog 


is being initialized. When it says ‘minilog initialized for new study, remove from base station’, the 


minilog begins collecting data. Leave the minilog out for a few minutes, or drop it over the side on a 


string, and then place it back into the base station (be sure it is dry). Under the ‘menu’ tab, select ‘load 


data’. The data should download into the folder that you designated. The test file should be renamed 


‘test’ or ‘junk’. If both of these steps worked, the minilog testing is complete. If the software cannot 


connect with the base station, check the com port settings in the software. If troubles persist, contact 


Peter Chase or Paul Kostovick for assistance. 


2.11 Staging of Scientific Equipment and Supplies 


Once all of the data collecting equipment is set up, the remaining equipment and supplies can be 


brought aboard the vessel. The first priority is to ensure that 2 four‐seam modified commercial shrimp 


nets, a set of 350 kg doors, associated wires (backstraps, upper and lower legs etc), spare mesh sections, 


and mending twine will be delivered and put aboard the vessel. This usually occurs the week before the 
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survey begins. The warehouse staff should be notified of the preferred delivery date of the fishing gear 


well in advance, and should be offered assistance with the loading and unloading of gear. The 


warehouse staff, along with the crew of the Gloria Michelle, will unload the nets and doors with the 


crane and put one of the nets onto the net reel.  Once the net is on the reel, be sure to update the FSCS 


deployed equipment file with the appropriate net number. 


After the fishing gear has been loaded, the remaining supplies should be gathered and loaded onto the 


vessel. A checklist of necessary supplies can be found in the following directory, and is also included as 


APPENDIX C: 


Net\Neclib\Survey\Shared_Files\Cruise_Info\Cruise_Types\Shrimp\shrimp_supplies.xls 


Most of the supplies on the list will be in pre‐packaged totes at the far end of the 2nd wire shelf in the 


NEFSC gear shed. The totes should be inventoried and re‐stocked according to the supply list. Items such 


as ziplock bags and gloves will definitely need to be re‐stocked. Most of the other supplies, including 


buckets and baskets, can also be located in the gear shed. 


Other items that may not be on the list but will be needed are: 


 Age and growth supplies (envelopes and forceps; see Jay Burnett) 


 A satellite phone for scientific personnel (see Rob Johnson) 


 A cooler for transporting aquarium shrimp after each leg (see Rachel metz, this may not be 


necessary depending on the transportation plans.  If a cooler can be brought to the ship after 


each leg for aquarium sample offload, that would be best). 


 A thumb drive containing the nav file from the station selection process, which the bridge uses 


to plot stations. It is also a good idea to put copies of the various FSCS configuration files and the 


sample book on the thumb drive. 


 The checker should be installed on the back deck. The checker fits into the metal fittings just 


forward of the net reel and gets bolted into the wooden braces that should already be aboard 


the ship. The Gloria Michelle crew should be able to help with this process, if not, contact Peter 


Chase or Kevin McIntosh. 


 Ensure that the metal tops for the door sensor brackets are on the doors. If they are not, check 


with Rob Johnston about where they are located. 


 Folders containing hard copies of important files should be compiled and left on the bridge for 


the duration of the survey. The files within these folders should include: 


o A copy of this manual 


o Temperature and depth conversion charts (centigrade to Fahrenheit; Fathoms to 


Meters) 


o Several copies of the station plots and the station location information for each station 


o FSCS equipment codes (from Larry Brady) 


o Hours and Overtime record sheets 


o SHG coding information 


o Sample book copies 
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o Blank medical forms 


o Cruise instructions 


o Scientific permit 


o Protocol manual 


o Shrimp net diagrams 


o A list of priority strata (contact Joe Idoine or Maggie hunter regarding sampling priorities 


prior to the survey). The priority strata for the shrimp assessment are typically 1,3,5,6,7, 


and 8.  


All of these files should be located within the following directory, however if they cannot be located, 


contact Peter Chase: 


Net\Neclib\Survey\Shared_Files\Cruise_Info\Cruise_Types\Shrimp  


2.12 Day of Sailing 


The day of sailing on the first leg (typically leaving from Woods Hole on a Sunday) should be reserved for 


the following tasks: 


 Gathering any remaining supplies and putting them aboard the vessel 


 Securing ALL equipment 


 Providing the OIC of the Gloria Michelle with the nav file and selecting the first station* 


 Helping arriving staff obtain the appropriate parking permits 


 Participating in the safety briefing 


 Set up chargers for Netmind sensors and charge all of the sensors overnight to ensure they are 


fully charged for the next day 


 If the door sensors are fully charged, they can be installed into the door brackets 


There will be an overnight steam to the first station and that time can also be used for securing 


equipment and computers. 


*NOTE: The first station is typically in the southernmost portion of stratum 6. Historically, the cruise 


track for leg 1 is counterclockwise, working in strata 6, 8, and 10. Leg 2 typically finishes any remaining 


stations in stratum 6 and then works on stratum 3 and stratum 1. Legs 2 and 3 focus on the southern 


strata (2,4,5,7, and 9). This is the normal pattern due to the locations of the port calls after the various 


legs. 


 


 


 


 







19 
 


3. Survey Operations 
 


3.1 Communications 


The OIC of the R/V Gloria Michelle has a cellular telephone that can be reached when in cell phone 


range, and as of 2010, that number is (774) 392‐274. The Gloria Michelle has a satellite telephone for 


use at sea. As of 2010, the number for the satellite phone is 88‐164‐148‐4421.The scientific party will 


have a satellite phone available, though the number will change each year depending on the phone. 


Neither the ship or scientist satellite phone will be left on to accept calls, they are used for outgoing calls 


only. Every day at 4pm, the Chief Scientist will call Russell Brown (or current branch chief of the 


Ecosystems Surveys Branch) to provide an update on the survey progress and to retrieve any important 


messages from the lab (including any family emergencies for cruise personnel). In the event of a true 


emergency, the vessel may be contacted by the U.S. Coast guard. There is no email or internet access 


aboard the Gloria Michelle.    


3.2 Personal Conduct 


The OOD (Officer on Deck) is the Captain’s designated representative on the bridge whose principal 


responsibility is the safe navigation of the vessel.  This implicitly means that the ship, its people, its 


machinery, and other vessels shall not be put in peril.  Safety always takes precedence over the ship’s 


mission.  


The Captain/OOD shall:  


 Conduct mission operations that are consistent with the safe navigation of the vessel.  


 Work closely with the Chief Scientist to determine the most efficient track line. 
 


Only the Chief Scientist may:  


 Change planned track‐lines  


 Change mission priorities (e.g., request change of course or speed to meet other objectives)  


 Cancel stations 


 Direct the work of the scientific party  


 Relocate stations more than 1.0 nautical mile from the original target 
 


The Chief Scientist may not:  


 Direct or interfere with the work of the ship’s crew 
 


Both the Captain and the Chief Scientist have the authority to stop operations due to inclement 


weather; the Captain because of potential danger to the ship or its people, the Chief Scientist because of 
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compromised data quality.  Neither person will override a decision to cancel operations made by the 


other.  


Drugs, alcohol, sexual relations, and sexual harassment are not tolerated aboard the vessel. Any drugs 


and alcohol found aboard the vessel will be confiscated and disposed of. Any violations of these policies 


will be dealt with by the appropriate authorities when the vessel returns to port. 


3.3 Meals 


There is no chef aboard the Gloria Michelle. The crew supplies all of the food for the trip, and the 


scientific staff is expected to help prepare all meals. There is a signup sheet in the galley with a proposed 


menu for the trip (created by the crew), and each scientist is expected to take the lead on the 


preparation of at least one meal during the course of the survey leg. 


3.4 Watch Schedule 


Shrimp tows are only conducted during daylight hours, so there is no set watch schedule and all 


scientists are expected to work during every shrimp tow. The net must only be deployed between 


sunrise and sunset because shrimp migrate off of the bottom during the night. A typical day begins at 


5:30 am and ends around 8pm, when sampling of the last tow has been completed. 


3.5 Prior to the First Tow  


Prior to the first tow at the beginning of each survey leg, there are several tasks that must be 


completed: 


 The charged netmind door sensors need to be secured into the brackets on the doors before the 


doors are lifted over the side for fishing operations (if not done during the steam to the first 


station). There is one “master” and one “slave” door sensor and each one is labeled for either 


port or starboard. The sensors should be placed into the door bracket so that the rounded end 


will face the vessel when the doors are fishing. Each sensor should be positioned so that the 


black circle on the side will face the sensor on the other door. Once the sensors are in the 


brackets, they should be bolted into place using the sensor bracket lids.  


 As the net is being streamed out, the netmind bottom contact sensor should be secured to the 


sled and then attached to the center of the sweep. This is typically done using a length of chain 


and a set of shackles (hardware should have been loaded with the sled). A safety cable should 


also be used to secure the sensor to the sweep. The deck crew will provide assistance with the 


sensor attachment. 


 Netmind headrope and wing sensors, if being used, will need to be sewed into the sensor bags 


on the wings and headrope, and secured with safety cables. The deck crew will assist with the 


sewing of the sensor bags. 


 The minilog should be initialized (see section 2.10 on minilog installation), placed into a small 


mesh bag, and clipped onto the wing of the net. 
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After the doors have been lifted over the side of the vessel, the sensors are on the net, and the net is 


streaming, the Chief Scientist should ensure that the server is on and that acquisition is running. If 


acquisition is not running, click the ‘start acquisition’ button under the ‘acquisition’ tab in the SCS menu. 


The password should be ‘kkool’. SCS will not collect information for the station and the trawl event will 


not work unless  acquisition is running.  Once acquisition has been started, check the real time display 


(accessed from the SCS menu) to make sure that the fields for Lat, Lon, Depth etc. are reading data and 


that the data is being updated with the movement of the ship. If the SCS data appears to be reading 


correctly, start entering information for the trawl event, as outlined in the next section. 


When the net is in the water for the first tow, time should be taken to: calibrate the large scale and the 


small scales at each station; power on all workstations and make sure that the touchscreens are 


working; bring out knives, forceps, ziplock bags, age and growth envelopes etc. to each workstation; 


ensure that all scientists have gloves. 


3.6 Trawling Operations 


The following rules are guidelines on how a proper tow should be conducted on the Northern Shrimp 


Survey. These guidelines should be monitored by the Chief Scientist to ensure that the officers and crew 


are executing tows correctly. Most of the content within this section relates to responsibilities of the 


officers and crew. Responsibilities of the Chief Scientist during a tow can be found in section 3.7.  


a)  Simplified trawling rules 


 Tows may only be conducted between sunrise and sunset; the doors should not be set out until 
the sun rises and a tow should not be initiated unless haulback can begin prior to sunset. 


 Tows shall be 15 minutes long from the time the winch brakes are set to the initiation of haul 
back. 


 Towing speed is 2.0 knots. 


 An “official tow” starts when the trawl winch brakes are locked after paying out the designated 
trawl warp length, and ends when the trawl winch brakes are released and the trawl warps are 
engaged. 


 The vessel is to stay within stratum boundaries during the entire tow.  


 Tow shall start at the marked location and the direction of the tow should be into the current. 


 The tow locations should not be moved more than 1‐mile from the marked station location 
without permission of the Chief Scientist.  


 The amount of wire deployed will never change after the tow has started.  


b)  Wire‐out and scope ratio 


The wire‐out length for a tow is based on the depth as read from the sounder.  The scope ratio used will 


be 3:1 in depths up to and including 85 fathoms; 250 fathoms of wire will be used in depths from 86 – 


100 fathoms; and a scope ratio of 2.5:1 will be used in depths greater than 100 fathoms.   
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c) Tow duration 


Northern Shrimp Survey trawls are 15‐minutes in duration.  It is the NEFSC policy that a tow should not 


be shortened if there is a 50% chance or better of successfully completing a full 15‐minute tow.  Time 


starts when the trawl winch brakes are locked.  Time stops when the trawl winch brakes are released for 


haul‐back.  Intentional or planned reductions in tow duration shall be avoided and only done after  


consultation with the Chief Scientist.  If unexpected obstacles are encountered, tows will be aborted. 


d)  Tow Direction 


Tow direction should be into the current unless any of the following situations exist:  


 If towing into the current would put you out of the stratum and into another. 


 Bad bottom, wreck, cables or obstructions. 


 Fixed gear in the tow path. 


 Traffic in the area. 


 Moderate to heavy seas. 


e)  Setting the net 


The vessel is not to be turned during this phase of deployment.  After the ship has steadied up on course 


and speed, the depth is noted from the sounder.  Using this depth, the proper “wire‐out” length is 


selected using the appropriate scope ratio.  A speed of 3 to 4 knots will be maintained during setting to 


ensure adequate door spread.  Doors are set out manually, without using hydraulics. When the winch 


operator has paid out all but the last 25 fathoms of wire for the tow, he will instruct the OOD to slow 


down.  Vessel speed should then be reduced to 2.0 knots.  The port and starboard marks will be aligned 


at the blocks.  


f)  Hauling Back 


The OOD notifies the winch operator when there is 1 minute remaining in the tow, then again when 30 


seconds remain, and the OOD will count down the last 5 seconds.  One of the deck crew will engage the 


hydraulics approximately 10 seconds prior to haulback. The winch operator then begins haulback.  The 


vessel speed remains close to 2 knots during haulback but is not necessarily maintained.  The speed will 


vary depending on current, weather conditions, and the weight of the net.  The ship will not change 


course during haulback.  Once the doors have cleared the water, the ship’s speed is reduced to minimize 


tension while bringing the net aboard.  Again, the OOD must correct for the speed and direction of the 


current.  Before the net is hauled aboard it is inspected to ensure that there are no fish escaping and to 


assess any damage to the net. 


g)  Repairing gear damage at sea 


When net damage requires more than 20% repair of any trawl mesh section or significant damage to 


any other trawl component i.e. broken headrope or footrope, the net will be set aside for proper repair 


at the NEFSC warehouse.  NEFSC staff at the warehouse will repair the net to the manufacturer’s 
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specifications.  Damage to less than 20% of any trawl mesh section may be fixed at sea by the lead 


fisherman with the Chief Scientists’ consent.   


h)  Factors that may determine a station to be untrawlable 


  Stations may be postponed, moved, or skipped (if they are not of highest priority) for the following 


reasons: 


 Sea State.   Survey tow direction (or the ability to tow at all) may be determined by sea state.  If 
the conditions are as severe as to pose a safety or data quality issue operations may be affected.  
For the Gloria Michelle a maximum sea state of 6’ has been established.  If seas are greater than 
6’, operations will be postponed until the conditions are again trawlable.  Other safety related 
decisions may be made by either the vessel Command or the Chief Scientist.  The Chief Scientist 
will make data quality decisions. 
 


 Bottom Topography.  Bathymetry may become a factor in tow site location.  If the alteration will 
result in a more than 1.0 nm relocation of the station from the original station location the Chief 
Scientist must be consulted.  Areas of “bad bottom” may be determined to be untowable.  This 
determination will be made after scouting the area, using all available navigation and scientific 
resources (including historical trawls), and consultation between the Chief Scientist, the Officer 
of the Deck or Commanding Officer, and the Lead Fisherman.  Involving the OOD in this decision 
will ensure that the determination is consistent between Chief Scientists. 


 


 Traffic.  Tow direction and tow site may be altered by marine traffic.  With regard to traffic as it 
affects the survey operations, the OOD will notify the Chief Scientist if there is going to be a 
delay of more than 15 minutes due to other vessels in the area or if the alteration will result in 
more than a 1.0 nm relocation of the station.  The OOD is primarily responsible for the safe 
navigation of the ship.  Delays of this nature should be rare as tow direction may be changed to 
avoid any close quarters situations.  


 


 Fixed Gear.   Fixed gear may become a factor in tow site location.  If the alteration will result in 
more than 1.0 nm relocation, the Chief Scientist must be consulted.  Areas of fixed gear may be 
determined to be untowable.  This determination will be made after scouting the area, using all 
available navigation and scientific resources, and consultation between the Chief Scientist, the 
Officer of the Deck or Commanding Officer, and the Lead Fisherman.  Barring safety issues, the 
Chief Scientist will make the final decision. The mere presence of fixed gear in an area is not a 
sufficient condition to abandon attempts to complete a tow.   Often, scouting and/or 
communication with local fishery operators results in identification of a towable area, even 
when fixed gear is present.  Efforts to locate towable area will be made for a period of up to one 
hour. 


 


3.7 Chief Scientist Responsibilities During a Tow  


The Chief Scientist (and any assigned helpers from the scientific crew) is responsible for the following 


tasks during a tow. These tasks are listed in chronological order and should begin as soon as the crew 


has the vessel in position to begin streaming the net: 
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a) Enter station and weather information into trawl event 


On the SCS menu located on the server desktop, click ‘Trawl Event’ and then click ‘Trawlevent.tpl’. On 


the main tab, enter the stratum (3 digits leading with a ‘0’, for example, stratum 1 should be entered 


‘001’, stratum 10 should be ‘010’). Also enter the tow number. The tow number should be the same 


number as is labeled on the station plot, unless it is a re‐tow, in which case it is assigned a tow number 


that is one higher than the previously highest tow number for the stratum. Wire out (in fathoms) should 


be entered into the trawl event, as well as any other requested information. If it is a non‐random tow, 


that information should be entered in the comments section. Next, click on the ‘Weather’ tab and enter 


the fields for cloud cover, temperature (Celcius), wave height (m), swell direction etc. All of this 


information is available through various instruments on the bridge, the OOD can help point out where 


this information can be found. 


If possible, all of the trawl event fields should be entered prior to streaming the net. If that is not 


possible, it is OK to enter the information as the net is being set, as long as the information is entered 


prior to the start of the tow (i.e. when the winches lock and the 15 minute tow begins).  The minilog (see 


below) must be initialized and given to the  deck crew before or as the net is streaming, so in some cases 


the minilog will need to be done before entering information into the trawl event. 


b) Initialize minilog and hand it to deck crew 


On the server desktop, click the minilog icon and initialize the minilog for a new study. Be sure that the 


data from the previous tow has been downloaded prior to re‐initializing or it will be over‐written. Once 


the minilog has been initialized, place it inside the mesh bag, tie it shut, and bring it out to the deck 


crew. The minilog will be clipped to the wing of the net, so this step must be completed before the net is 


streamed all the way out. 


c) Open netmind software to begin logging data 


Once the net and doors are in the water and the crew is getting ready to shoot the doors, the netmind 


software can be opened to begin logging data. Be sure that the netmind files from the previous tow 


have been re‐named prior to logging new data, or the files will be over‐written. Turn on the netmind 


control box on the bridge. On the server, click the netmind icon. If no warnings appear on the screen, 


the data from the sensors should be reading correctly. There are a couple of choices for viewing the 


incoming data. The ‘diagnostic’ setting will show numerical readings for the various sensors, while the 


alternative option will show a diagram of the net with the various readings. The type of readout can be 


selected within the netmind software, under the ‘view’ tab.  


As long as values are showing up for the various sensors, the data is being collected. If there are 


problems, or if the data directory needs to be changed, select the appropriate sensor, click ‘transducer’, 


and make sure the settings are correct (see previous section on setting up netmind).  
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d) Start trawl event 


The ‘start event’ button on the trawl event is typically pressed when the crew begins setting out wire. 


The timing of this button press is not critical, however the button MUST be pressed prior to hitting the 


‘start trawl’ button. 


e) Hit ‘start trawl’ on trawl event screen 


The ‘strart trawl’ button on the trawl event must be pressed as soon as the winches lock to begin the 15 


minute tow. The OOD should announce when the last 25 fathom of wire are being set out to ensure that 


the button is pressed at the correct time. 


f) monitor netmind data, SCS, and vessel operations 


During the tow, the Chief Scientist should monitor the netmind readings to ensure that the net is fishing 


properly. If the data indicates poor doorspead or bottom contact, or otherwise looks unusual enough to 


indicate that something is wrong with the tow, the tow should be aborted. Additionally, the Chief 


Scientist should monitor the real‐time SCS gauges to ensure that the latitude, longitude, and depth 


readings are changing with the movement of the vessel. If these field don’t appear to be changing, it is 


possible that the gps has frozen or that there are problems with the SCS feed. These problems should be 


fixed immediately following the tow (enter notes in FSCS documenting any of these problems as they 


happen). During the tow, the Chief Scientist should also monitor vessel operations to make sure that the 


speed stays consistently at 2.0 knots, that the vessel inst turning during the tow etc. 


g) Hit ‘stop trawl’ on trawl event screen 


The time elapsed since the ‘start trawl’ button was pressed is displayed on the trawl event screen. When 


14 minutes has elapsed, be sure that the OOD is aware that only 1 minute remains in the tow. The ‘stop 


trawl’ button should be pressed as soon as the winches are engaged for haulback. This should occur as 


close to 15 minutes as possible. 


h)Stop trawl event 


The ‘stop event’ button does not need to be pressed at any particular time, however it is typically 


pressed when the doors are lifted out of the water. The ‘stop event’ button MUST be pressed before 


opening FSCS on the back deck, or else the calculated fields for tow duration and tow distance will be 


blank. 


i) Exit netmind and re‐name file 


Once the doors are up, the netmind software can be exited and the control box can be turned off.  The 


data files should be re‐named by going to the specified directory and giving the new files an extension 


for the current station number.  
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j) Download minilog and re‐name file 


After the wings come over the stern, take the minilogger off the net, bring it up to the bridge, dry it off, 


and load the data. This can be done by placing the minilogger into the base station, opening the minilog 


software, and clicking the ‘load data’ button. The data will take a few minutes to download. When it is 


done downloading, the software will ask if you would like to view the data. Select ‘yes’ and make sure 


that the data looks OK. Then, on the screen that is displaying the data, hit ‘file’ and ’create ascii subset’.  


This will create a file of the data that can be opened without needing the minilog software. It is Ok to 


either create a subset of the entire tow or only select the portion of the data that includes the 15 


minute tow. After the subset has been created, exit out of the data screens and the minilog software, go 


to the specified directory, and give both the minilog file and the ascii file new names with the current 


station number as the extension.  


k) Assess any damage to net 


As the crew prepares to lift up the codend for dumping into the checker, watch the net for any tears or 


holes. Small hole or tears can be fixed at this time. Larger holes will need to be repaired after the catch 


has been dumped into the checker.  The crew will help assess net damage. If there are any large holes, 


tears, fishing gear in the net etc. make careful note of the size and location of the damage so that it can 


be entered into FSCS. 


l) Open the ‘Station Initialize’ program in FSCS 


At station location 1 on the back deck, open the FSCS control panel and select ‘station initialize’. Here 


you can enter the code for SHG, indicating the relative success of the tow in terms of tow time, gear 


damage etc.. More information on SHG coding is below, and a complete description is given in the 


coding details which is available as a pop‐up screen within station initialize. There should also be a hard 


copy of the coding details aboard the vessel. Ensure that the station/stratum/tow information is correct 


in station initialize. If it was a non‐random station, be sure to enter ‘2’ for the survey value, or ‘1’ if it 


was a random station. The calculated fields for tow duration and tow distance should be populated, if 


not, make sure that the ‘stop event’ button was pressed on the event logger. Check that the deployed 


equipment and trawl data sections have all of the fields populated. Once the catch is dumped into the 


checker, take a quick look to identify the type of trash, if any, was in the tow. Types of trash include 


sponges, seaweed, invertebrates that do not get included in our sampling etc.. Whatever is seen should 


be entered into the ‘habitat comments’ section. A volume estimate of the trash will be entered into the 


‘species and weights’ FSCS screen at a later time. 


m)  Determining if a tow was successful and when to repeat a tow 


If a 15 minute tow is completed without any damage to the net and there was no interference with fixed 


gear, the tow is considered to be successful.  Occasionally it is necessary to repeat a trawl haul because 


of malfunction or damage to the trawl.  In cases of severe malfunction (crossed doors) or severe damage 


(whole sections torn out such as a wing or belly), the tow will not be counted as a standard haul and 


must be repeated, although it may be sampled for biological data which is independent of abundance 
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and biomass information. For recording purposes, the tow is recorded as a valid station, but the coding 


for Station‐Haul‐Gear (SHG) value shall be greater than 1‐3‐6, indicating a non‐valid catch for 


assessment purposes.  Descriptions of the types of damage that constitute an SHG value of greater than 


1‐3‐6 are given in the coding details.   


In some cases, it may be difficult to determine how to properly code a haul that has encountered 


problems.  The following guidelines should be used: 


 It is essential to indicate a minimum of 2 for haul value, which flags data auditors that 
something abnormal occurred during the tow. 


  If in doubt about SHG coding consult with other experienced NEFSC personnel 


 Ensure that the catch is worked up at least to the point of weights and lengths 


 An accurate and complete account of what occurred to the gear must be given in the comments 
section; the lead fisherman should be interviewed to determine details on gear condition.  


 When significant gear damage occurs, the decision to re‐tow must be made based on the 
severity of the damage. 
 


The decision to repeat a tow is made by the Chief Scientist and is based on a coded SHG value greater 


than 1‐3‐6.  The following factors may override this decision: 


 The probability of the same or greater damage to the net occurring; in this case, the station 
location should be moved  


 The current progress of the cruise as a whole (when time remaining in the cruise threatens the 
completion of the entire survey area) 


 The status of shipboard gear inventory, i.e. how many undamaged nets are left 
 


The following factors must be weighed with every decision to override a retow: 


 The overall progress of the cruise (does time in the context of the entire survey permit extended 
effort on any one station) 


 The number of stations completed in the stratum in question (higher priority would be placed 
on a station that represents the sole tow in the stratum, lower priority would be placed on a 
station that would represent the 8th successful tow in the stratum) 


 The current relative importance of the stratum in question (is it a critical stratum for assessment 
purposes) 


 The geographic coverage within stratum that the tow represents 
 


n) Determine the appropriate ‘SHG’ value and enter it into FSCS 


If it was a successful tow, enter an SHG value of 1‐1‐1 if it was a random station, or 2‐1‐1 if it was a non‐


random station. If the gear was damaged, there was fixed gear in the net, or there were other problems, 


code the tow appropriately using the coding details. A decision will then need to be made about 


whether to re‐tow or not (see above for guidance). 
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o)  Fixed gear retrieved from trawl 


When lobster traps or fishing gear is captured in the trawl, the following procedures shall take place: 


Chief Scientist records in the comments section of station initialize: 


 Trap or buoy number(s) 


 Contents (count and measure lobsters –these data are not included in the trawl catch) 


 Presence or absence of buoys 


 Condition of the gear (i.e. ghost gear, new traps) 
 


If it is determined that it is ghost gear, the crew may cut it apart to facilitate removing it from the 


net.  If possible, ghost gear captured in the net should remain on the vessel to be offloaded at the 


end of the survey leg. 


p) Confirm the next station location with the bridge (or re‐tow if necessary) 


After the catch is in the checker and the tow has been properly coded, confirm the location of the next 


tow with the bridge so that they can begin steaming towards it while sampling is being conducted. 


3.8 Processing the Catch 


a) Open Species and Weights 


Save and exit from ‘Station initialize’ and select ‘species and weights’ from the FSCS control panel on 


station location 1. Ensure that the correct station number is shown on the species and weights screen. 


b) Sorting the Catch 


Sort the catch into baskets and buckets by species. Lobsters, dogfish, and crabs should be further sorted 


by sex. All invertebrates other than crabs, scallops, lobsters, and shrimp are designated as ‘trash’ and do 


not need to be sorted by species. Trash should be placed into buckets or baskets so that a volume 


estimate can be made. All shrimp species will be weighed together, so sorting them at the checker is not 


necessary.  


c) Entering Fish and invertebrates (excluding shrimp) into species and weights 


Fish and invertebrates are entered into species and weights using the same method that is used on 


NEFSC groundfish surveys. A species is picked from the selection screen, added to the catch, and then 


weighed on the large scale. Small species can be measured in small buckets on the small scale at SL1 if 


necessary. Be certain that all scales are tared appropriately when switching between buckets and 


baskets or between different styles of buckets. When large tows are being worked up, it is common to 


begin the weighing process before the sorting is completed. One workstation can begin sampling fish 


before the weigh‐in is complete, if necessary.  


Straight weight subsamples of fish species can be taken at the Chief Scientists discretion. This can be 


accomplished by either selecting individual baskets for a subsample as they are weighed in (check the 
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small ‘straight weight subsample’ box after the weight is entered) or by waiting until all of the baskets 


for a particular species have been weighed and then highlighting the species name, selecting ‘subsample 


species’, ‘straight weight’, and then entering the weights of the baskets to be sampled. The baskets of 


fish that are not part of the subsample can be put aside, or if pressed for deck space, thrown overboard. 


d) Entering Shrimp into species and weights 


Again, shrimp species do NOT get sorted prior to weighing in. To weigh‐in the shrimp catch in species 


and weights, do the following: 


 Create a MIX 
 Enter all of the shrimp basket weights into the mix 
 
After all of the shrimp basket weights are recorded, take a 2KG subsample of the mix. Be sure that the 
subsample is being taken from multiple baskets so that it is representative of what was in the tow. If the 
entire shrimp catch was very close to 2KG, or less than 2KG, a subsample does not need to be taken. 
Once a 2.0 KG subsample is on the large scale, enter the mix subsample weight into the species and 
weights screen: 
  
 Highlight the Mix, press Sub‐Sample species button.   
 Select Straight Weight subsample.   
 In the weight screen, enter the subsample weight. 
 
Figure 4. FSCS weight entry screen 


 
 
The ‘shrimp team’, usually consisting of the shrimp I.D. expert and 2 other scientists, should then dump 
out the subsample into the checker and sort the catch by species and by stage for Pandalus borealis. 
Sandy Sutherland’s shrimp guide can be used to help identify the various shrimp species and the various 
sexes/stages of Pandalus borealis.  
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Once the mix is sorted, each of the components of the mix gets added into species and weights: 
 
 To the MIX, add all of the shrimp species/stages present in your shrimp catch, for example:  
  


Northern Shrimp Male 
Northern Shrimp Female Stage I 
Northern Shrimp Female Stage 2 
Northern Shrimp Female Transitional 
Northern Shrimp Female Non‐Spawning 
Pandalus montagui 
Crangon septemspinosa 
Pasiphaea multidentata 
Trash 
 
 


Be sure to hit the ‘Add to Mix’ button as opposed to the ‘Add’ button to place the species within the 


mix.   


Figure 5. FSCS Species and Weights Screen 
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Next, enter a weight for each component of the mix. 
 
NOTE:  If there is material in the mix that is uncoded, such as shrimp parts or mud, add the Trash 


‘species’ to the mix and assign a weight to it.  The goal is to get the sum of the mix components to add 


up (relatively close) to the subsample weight. 


 
We only measure Northern Shrimp, so counts will need to be entered for all shrimp other than Northern 
Shrimp in Species & Weights after recording the weights. 


 


To enter a count in Species & Weights: 


 Highlight species, press Add Count button and enter number.  (Do not add counts in the Fish 
Sampling program). 
 


Figure 6. FSCS ‘Add Count’ Screen 


 


 


Once all of the weights and counts have been entered and all non‐shrimp species have been weighed in, 


the species and weights program can be exited by pressing ‘Finished All Weights’. Be sure that no 


warnings appear upon exiting and that all subsampling has been entered into the program. 


Note that it is NOT NECESSARY to exit species and weights before opening fish sampling. This feature 


allows other workstations to begin working up the catch while the weigh‐in is still taking place. If the 


Chief Scientist chooses to leave species and weights open while the catch is being processed, it is 


important to remember to exit out of species and weights BEFORE exiting out of fish sampling at any of 


the workstations. 


 







32 
 


e) Measuring fish and invertebrates (excluding shrimp) in the Fish Sampling Program 


The ‘Fish Sampling’ program can be opened using the FSCS control panel. Once the fish sampling 


program is open, be sure that the correct station number appears at the top left of the screen.  Select 


the species to be sampled and hit the ‘continue to lengths’ button. Species should be measured on the 


measuring board using the supplied magnet. Fish species should be measured fork length in CM, or total 


length if there is no fork (i.e. dogfish). Crab species get measured by carapace width, and lobsters get 


measured by carapace length from the eye socket to the end of the carapace. The measuring board can 


be used for all non‐shrimp species aside from lobsters, which should be measured using either the 


digital or manual calipers. Fish can be tossed overboard once they have been measured. 


For White Hake, the protocol will automatically select individuals for additional sampling. If age 


structures are required, the individual fish must be weighed on the small scale, the sex and maturity 


should be determined and entered, and the otoliths removed and placed into an age and growth 


envelope. There is no bar code reader on the Gloria Michelle, so a ‘manual age tag’ should be printed 


and placed on the age and growth envelope.  


The protocol for goosefish typically calls for the removal of vertebrae for specimens greater than 60 CM. 


The vertebrae are used for ageing. Since FSCS protocols cannot be programmed to sample fish only 


greater than a certain length, the recorder will need to monitor the length of the fish being measured, 


and then hit the ‘manual protocol’ button when a fish over 60 CM is measured. Instructions for 


goosefish vertebrae removal should be included in the sample book. Each vertebrae should be saved in 


its own ziplock bag with a manual age tag on the outside. Vertebrae should be frozen after the station.  


f) Measuring shrimp in the Fish Sampling Program 


Open fish sampling using the FSCS control panel. The various stages of Northern Shrimp should be on 


the list of species names and it should indicate ‘mix’ in the subsample column. If it doesn’t say ‘mix’, 


notify the Chief Scientist. Notice that the svspp codes for Northern Shrimp are in a 900 series.  These 


codes will be changed to 306 during the auditing process. 
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Figure 7. FSCS Fish Sampling Screen 


 


Select the shrimp stage to be measured and hit ‘continue to lengths’. The length screen will appear with 


the Length Method radio button set to Manual.  To measure shrimp, this variable must be manually set 


to Calipers.  If not, the length will not appear in the length list on the right side of the GUI after the 


caliper length button is pressed. 
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Figure 8. FSCS Length Screen 


 


Shrimp are measured to the nearest .1 mm, from the eye to the end of the carapace. To enter the 


length, press the ‘set’ button on the calipers. Be certain that when the calipers are completely closed 


the length reading says 0. Occasionally the calipers are not calibrated correctly which leads to length 


errors. To re‐calibrate, close the calipers all the way and hit ‘set’. This should force the calipers to say 0 


when they are closed. If the calipers are not functioning properly, try switching out batteries or 


switching out calipers if necessary. A common problem has been that the calipers reset to 0 when 


hitting the ‘set’ button to take a length. This is typically fixed by replacing the battery. 


g) Taking a Special Sample of Shrimp for Aquarium 


 Highlight any one of the Northern Shrimp species names in Fish Sampling 


 Select Special Sample 


 Select Aquarium 


 Select Take Measurements 


 Enter Number of Bags 


 Hit Accept 


 Finish 


 Print labels 


 Place labels on the bags and freeze 
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3.9 Post‐Station Responsibilities 


a) Put away samples and supplies 


Envelopes containing otoliths should be brought below into the fish hold and placed with envelopes 


from previous stations. Goosefish vertebrae, shrimp, and other biological samples should be placed in 


the scientists sample freezer (typically the center chest freezer). Ziplock bags, envelopes, and other 


sampling supplies should be placed in the cabinets at each workstations to prevent them from blowing 


away and/or getting wet. 


b) Wash all buckets, baskets, workstations, and checker 


As work is completed at each workstation, available scientists should begin cleaning their workstations 


and the buckets and baskets used during the tow. Buckets and baskets do not need to be scrubbed with 


soap in between tows, however they should be cleaned enough to stop them from smelling. 


Workstations and scales should be cleaned of all fish gurry. The checker should be thoroughly washed 


out as well. These tasks are normally completed by scientific staff while the Chief Scientist performs the 


tasks below. 


c) Run data manager 


After all workstations have been logged out of fish sampling, the Chief Scientist should click on the ‘Data 


manager’ button located on the desktop of sampling location 1. The 3 digit station number should be 


entered into the form. The data manager program should indicate that copies of files have been made. 


Once it is finished, exit out of data manager. The data is now ready to be loaded into the database. 


d) Load FSCS data 


After data manager has been run successfully, the chief Scientist can run the ‘fscs load’ program, which 


is located on the server. When the load program is opened, it will show a list of stations to be processed. 


Any station that has been run through data manager but has not yet been loaded will show up on this 


list. Select the station that was just completed and hit the ‘load data’ button. The program will show the 


progress of the load as each data table is filled. If an error occurs, a spreadsheet will pop up allowing for 


changes to be made in order to allow the file to load properly. Common problems can be that a non‐


numerical value was entered into a field that cannot accept it (for example, some of the trawl fields may 


have the value ‘None’, which can be fixed by deleting the field so that it’s empty), or there may be a 


simultaneous override in which a timestamp may need to be changed by 1 second to allow the data to 


load. If changes are made using excel, the ‘reprocess changes’ button should be selected so that the 


load will continue. Changes should only be made if the error is clear and can be easily fixed. If the load 


cannot be completed because the problem cannot be found, do not load the station as it can be fixed 


during the audit.   
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e) Run audit forms 


Once the data has been loaded successfully, a quick audit can be performed on the station. Double click 


the correct audit forms icon located on the server desktop. A user name, password, and database name 


will be required for entry into the forms. These are typically as follows: 


User: SVDBS 


Password: Bonito 


Database: XE 


These may change from year to year so be sure that this information is known prior to sailing (the Chief 


Scientist on leg 1 should write the passwords down as a reference for each leg). Once access to the 


forms is gained, select ‘audit by query’ and enter the desired station number. There are two brief audit 


programs that should be run.  


The station audit will check for any missing station information, verify that the tow was within the 


stratum limits, check the depth with the scope ratio etc. Do not be surprised if it comes up with several 


errors. The vessel does not collect information on pitch and a few other variables, and all of them will 


produce errors. Sometimes a scope error is produced, however this is often because the scope ratios are 


not programmed into the audit forms specifically for the shrimp survey. If a scope error is encountered, 


it is best to calculate the scope manually to ensure that the appropriate wire out ratio was used. 


The biological audit should also be run for the station. The most important things to check are that all of 


the species were entered and that subsamples were applied correctly (click on the ‘subsamples’ box 


within the form). If expansion factor errors are noticed in subsampling, or if a subsample was not added, 


the problem can often be fixed by going back out on deck, re‐loading the appropriate species and 


weights file from station location 1, verifying that all of the information was entered correctly, and 


exiting out. Fish sampling will then need to be re‐loaded at each workstation to bring them up to date. 


Once that is done, data manager and FSCS load will need to be re‐run for the station. This is tedious but 


can save a lot of work during the audit if it solves the problem. Once the subsampling information looks 


accurate, the biological audit can be run. There will likely be some weight errors, however if they are 


small (less than 75%) or are from species with poor length/weight equations (i.e. scallops), they can be 


ignored. If there are large weight problems that are clearly due to a tare or other mistake on deck, they 


can be fixed. Document any changes that are made during the audit. 


3. 10 End of Leg Responsibilities 


At the end of a survey leg there are several tasks that need to be completed in order to prepare for the 


next leg and to ensure that the boat deck is clean while it is in port. These tasks are listed below and 


they should begin after the last tow has been worked up. 
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a) Scrub buckets, baskets, workstations, and wash deck 


Once the last tow of the leg has been completed, scientists should scrub all buckets and baskets with 


simple green soap. The checker should also be scrubbed out with soap. Once the buckets and baskets 


are clean, they can be placed inside the clean checker. All workstations should also be scrubbed clean, 


including the scales and fishboards. Once clean, the fishboards should be brought into the fish hold so 


that they are not visible when the ship is in port. Once all of the sampling equipment is clean, the deck 


should be washed with the deck hose and scrubbed if necessary to remove all fish and shrimp remains. 


If it is the last leg of the survey, FSCS sampling equipment can be unplugged and to any extent possible, 


prepared for offloading. 


b) Remove sensors from the net and wash the net with the codend open 


At some point during the steam into port, the crew will stop the boat to wash the net and remove the 


sensors. As the net goes over the stern, any sensors on the net should be removed and rinsed with fresh 


water. The door sensors should also be removed and rinsed. The net should be towed behind the vessel 


with the codend open until all of the animal remains are washed out. 


c) Write any important notes for the incoming Chief Scientist 


After the net and back deck is clean, the Chief Scientist should take a few minutes to organize the 


paperwork on the bridge and leave any notes for the incoming Chief Scientist. These notes should be in 


regards to any equipment problems to watch out for, any unusual things to be aware of in the catch, the 


cruise track, any missed stations etc. The cruise track should be made very clear to the incoming Chief 


Scientist so that they know where to begin the next leg, what the priorities are, and what stations they 


may need to go back and complete (i.e. if something needs to be re‐towed).   


d) Charge sensors 


Once the sensors are clean and dry, they should be placed on chargers in the fish hold. This will ensure 


that they are ready for use at the start of the next leg. 


e) Organize transportation, if necessary 


If necessary, the Chief Scientist should call the individual meeting the vessel to give an estimated arrival 


time and the exact location of where the vessel will be docking. 


f) Remove any requested files for auditing purposes (Paul Kostovick) 


If requested by Paul Kostovick, certain data files should be copied from the server onto a thumb drive to 


be brought back to the lab, so that auditing can begin prior to the end of the survey. 


g) Consult with crew about garbage and interior clean‐up 


Once all of the scientific responsibilities are taken care of, consult with the OIC of the Gloria Michelle 


regarding the clean‐up of the ship interior. They may need help with garbage removal and they also may 
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need to borrow the government vehicle to buy provisions for the next leg. All personal items should be 


removed from the common areas of the vessel, and food, magazines, movies, dishes etc. should be put 


away.  


h) Call in hours to timekeeper 


If the end of the leg corresponds with the end of a time period, overtime hours for each day should be 


called in to Katie Sowers when the ship hits the dock.  
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4. PostCruise Instructions 
 


4.1 De‐Staging of the Gloria Michelle 


As mentioned in the previous section, FSCS equipment should be cleaned and prepared for offloading as 


much as possible prior to the ship hitting the dock. All of the other ‘end of leg’ tasks described in the 


previous section should be completed, as necessary, before the ship returns to Woods Hole.  


Typically the ship arrives in Woods Hole on a Saturday and the offloading of equipment and supplies 


begins the following Monday. Ecosystems Surveys Branch staff not sailing on the final leg should be 


aware that help will be needed on Monday with the offloading of equipment. The de‐staging of the FSCS 


hardware is typically coordinated by Larry Brady. The de‐staging of the computers is typically 


coordinated by Paul Kostovick and Nancy McHugh. Paul will need to offload the survey data from the 


server so that it is available for auditing. Buckets, baskets, netmind equipment etc. should be placed 


back where it was found in the NEFSC gear shed. All stationary supplies, books, knives, and office 


supplies should be placed in totes and put on a shelf in the gear shed for use the next year. By keeping 


those supplies together, it is easier to inventory and gather supplies the next year. Warehouse staff 


should be contacted and a time should be arranged for them to offload the nets and doors. Any damage 


to the nets or other fishing gear should be reported to them at that time.  


4.2 Measurement of Trawl Warps 


After the Gloria Michelle has been de‐staged, the trawl warps will need to be measured prior to the 


start of the Massachusetts Division of Marine Fisheries inshore groundfish survey. There is typically only 


about 2 weeks between the end of the shrimp survey and the start of the DMF survey. Consult with the 


OIC of the Gloria Michelle regarding a date and time for the trawl warp measurements. The 


measurements should be done the same way as described in section 2.7 of this manual.  


4.3 Data Audit 


Once Paul Kostovick has removed the survey data from the server and has placed it in the audit tables, 


the data audit can begin. The station and shrimp data needs to be audited and available to assessment 


scientists by early September. Contact Joe Idoine, Maggie Hunter, or the current shrimp assessment 


biologist to find out exactly when the data needs to be available. Since the station and shrimp data are 


far more urgent than the fish data, it is an option to delay the auditing of the fish data until later in the 


fall. This is a function of how much time is available. It is generally easier to do the whole survey audit at 


once if possible, though the addition of the fish data does add some time to the audit process. The audit 


procedure is too complex to provide detailed instruction here, however a complete audit manual is 


available in shared files (be sure that the most recent audit manual is being used): 


 Net\Neclib\Survey\Shared_Files\audit_tools\fscs\fscs_audit_manual 
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Paul Kostovick will also make the raw Netmind and Minilog data from the survey available on the 


network. As of 2010, this data is not entered into the database. If this data is requested, or if it is needed 


for the cruise results (see next section), the folders containing the data can be found here: 


Net\Neclib\Survey\fscs_raw_data\shrimpfscs\current cruise code(i.e.201070)  


4.4 Cruise Results 


After the audit has been completed, cruise results should be written up and submitted to Kevin 


McIntosh who can post them on the website of the Ecosystems Surveys Branch. A copy should also be 


saved within shared files, in the appropriate directory (see below). The cruise results contain basic 


information such as cruise dates, participating staff, shrimp catches by station, and bottom temperature 


as recorded from the minilog (see bottom of section 4.3). Maps of shrimp catches and of the cruise track 


are typically made using GIS. Chad Keith typically creates the maps or provides assistance. To create the 


cruise results, open up the file from the previous year and update it with the information/data from the 


current year. Cruise results can be found in the following directory: 


Net\Neclib\Survey\Shared_Files\cruise_info\cruise_reports\shrimp 
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APPENDIX A – LIST OF CONTACTS 


Atlantic States Marine Fisheries Commission, Washington, D.C. 
ISFMP Coordinator                                         Brad Spear                         202‐289‐6400   
 
Maine Department of Marine Resources, Boothbay Harbor, ME 
NSTC (Chair)                                                   Maggie Hunter                 207‐633‐9541 
 
Massachusetts Division of Marine Fisheries, New Bedford, MA 
NSTC                                                                Bob Glenn                        508‐990‐2860 x 113 
            Kelly Whitmore   978‐282‐0308 x102 
            Vincent Manfredi         508‐990‐2860 x 110 
 
Northeast Fisheries Science Center, Woods Hole Laboratory, Woods Hole, MA 
Vessel Program Coordinator                          Charles Byrne        508‐495‐2224 
Ecosystem Surveys Branch Coordinator        Pete Chase                      508‐495‐2348 
Shrimp Assessment Representative               Joe Idoine                        508‐495‐2217 
FSCS Administrator                                        Paul Kostovick                  (w) 508‐495‐2343 
                                                                                                                 (h) 508‐428‐8014 
                                                                                                                 (c) 774‐487‐8418  
Time keeper                                                    Katie Sowers                 508‐495‐2342 
Port Office                508‐495‐2236 
Branch Chief, ESB        Russ Brown            508‐495‐2380 
 
Other NEFSC Support Staff: 


Jack Moakley    508‐495‐2235 
Jay Burnett    508‐495‐2286 
Kathy Sosebee    508‐495‐2372 
Larry Brady    508‐495‐2145 
NEFSC Warehouse  508‐563‐5273 
Nancy McHugh    508‐495‐2282 
Bill Kramer    508‐495‐2394 
Rob Johnston    508‐495‐2061 
Jonathan Duquette  508‐495‐2034 
Victor Nordahl    508‐495‐2334 
Rachel Metz    508‐495‐2098 
Kevin McIntosh   508‐495‐2293 
Chad Keith    508‐495‐2357 


 
Northeast Regional Office vehicle Contact  Skip Bertolino    w)978‐281‐9114  


c)978‐317‐6566 
 
R/V GLORIA MICHELLE                                      Boat‐ (c) 774‐392‐2746 
                  SAT ‐88‐164‐148‐4421 
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APPENDIX B – DIRECTIONS TO PORTS 


Vessel Services, Portland, ME 
Address: 
1 Portland Fish Pier 
Portland, ME 04101 
 
   ‐Head N on Rte. 95 toward NH/ME 
   ‐Merge onto I‐295 N (exit 44) towards downtown/south Portland 
   ‐Take the US‐1 N exit, Exit 4 /Portland/Waterfront 
   ‐Turn Slight Right onto US‐1 N Blue Star Memorial HWY 
   ‐Turn Right onto US‐1 A/ W Commercial Street 
   ‐Turn Right onto Portland Fish Pier 
   ‐You may need to call the ship cell phone to find out exactly where they are docked. 
 
Est driving time from Woods Hole is 3.5 hours. 
 
 
Coast Guard Station, Gloucester, MA 
Address: 
17 Harbor Loop 
Gloucester, MA 01930 
 
     ‐ Head N on Route 3 to Route 128 
     ‐ Go N on Route 128 to Exit 11 Grant Circle (still Rt 128) 
     ‐ At the second right, take Exit 9 Blackburn Circle (still Rt 128) 
     ‐ Take right onto Main Street and then a left onto Harbor Loop. 
 
Est driving time from Woods Hole is 2.5 hours. 
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APPENDIX C – SCIENTIFIC SUPPLY LIST 


OFFICE SUPPLIES BIOLOGICAL REFERENCE MATERIAL DECK   SUPPLIES 
____ BINDER CLIPS, LG (1 DZ)  ____BIGELOW & SCHROEDER ____ VERNIER CALIPERS, 300MM (1) 


____ BINDER CLIPS, SM (1 DZ)  ____SCOTT & SCOTT ____ VERNIER CALIPERS, 200MM (1) 


____ CLIPBOARDS, CLEAR (2) ____PETERSON  ATLANTIC  FISHES ____ DIGITAL SOLAR CALIPERS 150 MM (2)* 


____ LINED PAPER, YELLOW, LGL (1) ____ POTTS & RAMSEY DEMERSAL FISHIES ____ DIGITAL SOLAR CALIPERS 200 MM (1)* 


____ LINED PAPER, WHITE, LTR (1) ____ CEPHALOPOD & TRAWL CAUGHT FISH KEYS ____ DIGITAL CALIPERS  200 MM (1)* 


____ PAPER CLIPS, ( 1 BX) ____ WILLIAMS DECAPOD CRUSTACEANS ____ PLASTIC CALIPERS 150 MM (1) 


____ PERMANENT INK PEN, FINE (4) ____ GOSNER ATLANTIC SEASHORE ____ CELL BATTERIES  FOR CALIPERS 


____ PERMANENT INK PEN, WIDE (4) ____ MORRIS ATLANTIC SHELLS ____ GLOVES, BLUE - 3 DZ VAROUS SIZES 


____ PENCILS #2 LEAD ( 4 DZ) ____ MINER SEASHORE LIFE ____ KNIVES, RIPPING (1 DZ) 


____ PENCILS RED LEAD ( 1 DZ) ____FISH MATURITY PHOTO GUIDE ____ FORCEPS & SCISSORS - CALL A&G 


____ BALLPOINT PENS, (1 DZ) ____DON'S TRAWL CAUGHT FISH GUIDE ____ FLY SWATTERS (5) 


____ RUBBER BANDS  #64 (2 BAGS) ____SQUIRES DECAPOD CRUSTACEANS ____ WHETSTONES (2) 


____ RUBBER BANDS  #19 (1 BAGS) ____ POHLE, G. DEEP SEA SHRIMP GUIDE ____ PLASTIC BUCKETS  5 GAL (15) 


____ RULERS (3) ____ SANDY SUTHERLAND'S SHRIMP GUIDE ____ PLASTIC BASKETS (15) 


____ SCISSORS (2) TECHNICAL REFERENCE MATERIAL ____ SMALL PLASTIC BUCKETS (25) 


____ STAPLER (1 BX) ____ MAREL SCALE MANUAL ____ WD-40 


____ STAPLES (1 BX) ____ MAREL SCALE INSTRUCTIONS ____TOOL  BOX 


____ SCOTCH TAPE (3 ROLLS) ____ VEMCO MINILOG MANUAL ____CHECKER 


____ SCOTCH TAPE DISPENSER (1) ____ MINILOG SURVEY INSTRUCTIONS          ELECTRONIC EQUIPMENT 
____ FIBER  TAPE (1) ____ MINILOG 9-VOLT BATTERIES (3) ____CALCULATORS (2) 


____ MASKING TAPE (1) LAB SUPPLIES ____MINILOG, TEMP/DEPTH, TEMP 


____ DUCT TAPE (1) ____ CARDBOARD BOXES  (6) ____MINILOG, BASE RECEPTACLE 


LOGS, TABS, FORMS (BACKUP) ____ PAPER TOWELS (2 PKS) ____MINILOG SOFTWARE 


____ LENGTH TALLY SHEETS (100) ____ PLASTIC BAGS, LG - 23 X 24 (1 BOX) & TIES ____9 VOLT ADAPTER (1), 9 VOLT BATT. (4) 


____ LENGTH TALLYS WTRPROOF(100) ____ PLASTIC BAGS, SM  5 X 16 (1 BOX)          FSCS EQUIPMENT 
____ SHRIMP LOGS, VERSION 4.0 (70) ____ ZIPLOCKS  8 X 8  (1 box) ____MAREL SCALES (2 LARGE, 4 SMALL) 


____ TRAWL LOGS (100) ____ ZIPLOCKS  4 X 4  (1 box) ____CALIBRATION WEIGHTS 3-20 KG 


____ BIOLOGICAL LOGS (100) ____ ZIPLOCKS  12x12 (1 box) ____CALIBRATION WEIGHTS 1-3 KG 


         NETMIND EQUIPMENT ____ ELECTRIC PENCIL SHARPENER (1) ____FISHBOARDS (4) 


____CONTROL BOX ____ FLY SWATTERS (3) ____COMARK MONITORS (4) 


____DOOR SENSORS (2 SETS) ____ SPECIAL SAMPLE MATERIALS ____FSCS CALIPERS (4) 


____BOTTOM CONTACT SENSORS (2) ____ A&G SUPPLIES - CALL AGE & GROWTH ____PRINTERS (4) 


____SLED FOR BOTTOM CONTACT SENSOR CHIEF SCIENTIST SUPPLIES ____SPEAKERS (4) 


____CHAIN AND SHACKLES FOR SLED ____ DIGITAL CAMERA & charger ____AMPLIFIER (1) 


____CHARGERS (3 MINIMUM) CLEANING  SUPPLIES ____DESKTOP COMPUTERS (3) 


____SAFETY CABLES AND SHACKLES ____ HAND  BRUSHES  (2) ____SERVERS (2) 


____NETMIND MANUAL ____ SPONGES (2) ____BATTERIES FOR CALIPERS 


____WING SENSORS (IF WORKING - 2 SETS) 


____HEADROPE SENSORS (IF WORKING - 2 ) 
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APPENDIX D – CHECKLIST FOR CRUISE PREPARATION 


TASKS FOR MARCH/APRIL – SEE SECTION 2.1 


 In March, find out how many sea days are in the budget. 


 Once the number of sea days is known, coordinate with the OIC of the Gloria Michelle to set 


cruise dates for each leg and to determine location of port calls. 


 Contact Paul Kostovick and the warehouse staff to let them know the cruise dates. 


 Schedule a date with warehouse staff for performing net and door inspections. 


TASKS FOR APRIL/MAY – SEE SECTION 2.2 


 Once the cruise dates and port calls are firm and the cruise number has been received from the 


OIC of the Gloria Michelle, cruise instructions should be created and sent to the appropriate 


staff (90 days in advance of the survey). 


 An addendum that includes names of all participating scientific staff should be completed once 


staffing is complete (by the end of June). The addendum should be sent to the same individuals 


that received the cruise instructions. 


TASKS FOR MAY/JUNE – SEE SECTION 2.3 


 Initiate the staffing process by emailing the suggested contacts from the various agencies (early 


May or sooner). 


 Speak with the OIC of the Gloria Michelle about the sex ratio of the crew, as that will dictate the 


sex ratio of the scientific staff for each leg. 


 Ensure that each leg has an experienced Chief Scientist and an experienced shrimp identification 


specialist. Experienced staff from each agency should be given preference over volunteers. 


 Staffing should be completed by mid June. 


 Once staffing is done, the final addendum can be sent to relevant staff. 


TASKS FOR EARLY/MID JUNE – SEE SECTION 2.4 


 Arrange travel logistics for NEFSC staff and reserve any required vehicles and drivers (Mid June). 


 Compose an email to all staff that includes a current staffing list for the survey, travel logistics 


for NEFSC staff (offer rides to non government staff), directions to each port and required arrival 


times, a current medical form and instructions, contact information for drivers of government 


vehicles, emergency contact information for the vessel, a reminder that NEFSC staff need to fill 


out travel orders prior to departure, and a link to Sandy Sutherland’s shrimp I.D. guide (Mid 


June). 


 If rides will be given to non‐federal employees, fill out a non‐fed in gov form and have it signed 


prior to departure (late June/early July).  
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TASKS FOR EARLY/MID JUNE – SEE SECTION 2.5 


 Contact a member of the Northern Shrimp Technical Committee to see if any changes will be 


needed in the number of stations per stratum (early June). 


 Create station plots using referenced instructions (Mid June). 


TASKS FOR MID/LATE JUNE – SEE SECTION 2.6 


 Contact Jay Burnett and Kathy Sosebee regarding White Hake and Goosefish age sampling (mid 


June). 


 Create sample booklet and print out 10 copies (complete with station location chart, shrimp I.D. 


chart, and goosefish sampling diagram) for use during the survey (late June). 


TASKS FOR MID JUNE TO EARLY JULY – SEE SECTION 2.7 


 Contact the OIC of the Gloria Michelle to find out when the wire measuring will take place (early 


to mid June). 


 On the day of the wire marking, print out a wire measuring form and record discrepancies as 


trawl  warps are measured (June/early July). 


 Re‐mark warps if necessary and enter data into spreadsheet when measurements are 


completed. 


TASKS FOR MID JUNE TO EARLY JULY – SEE SECTION 2.8 


 Speak with Larry Brady in early June regarding the use of all FSCS hardware. 


 Speak with Paul Kostovick in early June regarding the use of desktop computers and servers. 


 Speak with the OIC of the Gloria Michelle to ensure that it is OK to begin setting up the FSCS 


system (mid June). 


 Set up and wire the FSCS hardware on deck, the workstation computers in the fish hold, and the 


server on the bridge (at least 2 weeks prior to the survey). Contact Vincent Manfredi at the DMF 


for assistance, if necessary. 


 Contact Paul Kostovick regarding the connection of the gps and depth sounder (at least 2 weeks 


prior to the survey). 


 Contact Nancy McHugh regarding the various FSCS configuration files (at least 2 weeks prior to 


the survey). 


 Begin FSCS testing on deck (at least 1 week prior to the survey). 


 Contact Bill Kramer regarding the installation of auditing forms on the server (at least 1 week 


prior to the survey). 


 Test the audit forms using one of the FSCS test stations (at least 1 week prior to the survey). 
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APPENDIX E – SHRIMP NET SPECIFICATIONS 


 
Body of the Net 


Dimensions of the sections are shown on the attached net plan and cutting diagram. 


Mesh size is 1 3/8 stretched mesh (knot to knot) throughout top, side pieces, bottom, 


and wings and constructed from #21 (R1626tex) 1.6 mm black twisted nylon twine. 


Extensions 
The first extension is 1 ¼” stretched mesh (knot to knot) constructed from #21 twisted 


nylon twine. It measure 224 meshes across by 200 deep. The second extension is 1 ¼” 


stretched mesh (knot to knot) constructed from #21 (R1626tex) twisted nylon twine. It 


measure 210 meshes across by 200 deep. 


Codend 
The codend is constructed from 1 ¼” stretched mesh (knot to knot) #24 braided nylon 


twine (R1984tex). It measures 165 across by 100 meshes deep. 


Chaffer 
The chaffer is constructed from orange 4” double 4‐mm polyethylene twine and 


measure 100 meshes deep x 100 meshes around. The chaffer encircles the entire 


codend and is attached to the first extension piece 50 meshes up from the aft end of the 


first extension. Therefore, the chaffer covers the codend, second extension and 50 


meshes of the first extension. 


Gore Lines 
Gore lines are constructed from 3/8” polyethylene. The four gore lines run the length of 


the four seams of the net up to the first extension. 


Footrope 
The footrope is 78’ total length and is a continuous 5/8” diameter wire wrapped with ¼” 


polypropylene line. 


Headrope 
The headrope is made of ½" diameter wire wrapped with ¼” polypropylene line. It 


measures 70’8” and is constructed from one continuous piece.  The square is hung 12 


foot (2 fathom) and the wings are hung in 24 foot (4 fathom) lengths. 


Breastline 
The breastline (up and down) measures 21’6” and is constructed from ½" diameter wire 


wrapped with ¼” polypropylene line. 


Floats 
There are 27 eight‐inch spherical center hole UBE plastic floats evenly spaced every 28” 


beginning 28” from the wing end. 
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Sweep 
The sweep is made up of three lengths of 5/8" diameter combination rope with eyes 


spliced in each end without thimbles and joined with 5/8" hammerlocks. There are two 


wing sections that are 34 ½ feet long and a center section of 9 feet. Combination rope is 


a combination of nylon or polypropylene strands and steel wire with a fiber core.  There 


are six 36 cm (14 inch) diameter rubber discs in the 2.7 m (9‐foot) center section spaced 


18 inches apart (on center). The disks are one to one and a half inches wide and have a 


center hole and a top hole for the bolch line. The wing sections have fourteen 25 cm 


(9.8inch) diameter discs in each 8.7 m (28.5 foot) wing section. At each wing end, there 


was a 1.5m (5‐foot) section equipped with 7.6 cm (3‐inch) diameter rubber "cookies”. 


Bolch line 
78‐foot bolch line is passed through a hole at the top of each rubber disc. The bolch line 


is constructed from 9/16” combination (wire / rope) rope. (See diagram) 


Liners 
    No liners are used in this net 


Doors 
    The doors are 350 kg Portuguese polyvalent doors manufactured by Euronete. 


                           


 


 


 


 


 


 


 


 


 


 


 







48 
 


APPENDIX F – SHRIMP DOOR, NET, AND SWEEP DIAGRAMS 
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1.0 Overview 
The Northeast Fisheries Science Center (NEFSC) conducts an annual summer clam dredge 


survey in the Western Atlantic continental shelf region off the Eastern United States from North 


Carolina to Georges Bank, U.S.A.  The regional strata sets are displayed in figures 1 and 2.  The 


survey began in 1965 and has been conducted triennially since 1982 to monitor and assess 


abundance, population composition and recruitment of the Atlantic Surf Clam, Spisula 


solidissima, and the Ocean Quahog, Arctica islandica.  From 1970 to 2011, the NOAA Fisheries 


Research Vessel (FRV) Delaware II had been the primary scientific platform conducting the 


clam survey.  Prior to 1970, the FRV Albatross IV and the Commercial Vessel (CV), Undaunted, 


provided the scientific platforms for surveying the clam resources.  Since the start of the survey, 


the NEFSC clam dredge survey had utilized an industry standard cage design dredge 4.6 meters 


(15’) long with a 1.5 meter (5’) wide cutting blade assembly.  The dredge was rigged with an 


electrically powered submersible pump attached to a 16 nozzle manifold.  The manifold was 


designed to excavate the substrate and clams forward of the cutting blade.  The pump was 


supplied with 460 volts of electrical power from the Delaware II generators via a large sized 


mining cable.  A large ramp was installed on the aft deck to facilitate deployment and retrieval of 


the dredge.  Extreme safety precautions were enforced during the towing of the clam dredge.  


Because of the weight, position of equipment, and large power usage, the crew and scientific 


staff were not allowed on the back deck until the dredge had been secured and the power to the 


pump had been terminated.   


Starting in 2011, the NEFSC has conducted a standardized annual clam dredge survey on a 


contracted commercial platform (F/V E.S.S. Pursuit).  The survey utilizes a commercial sized 


dredge with a surface supplied manifold that is three times the size of the NOAA Fisheries 


scientific clam dredge. 


The goal of the standard clam survey is to develop long-term fishery independent indices of 


relative abundance for several commercially important bivalve species and other by-catch fish 


and invertebrates to characterize their distribution.  Additionally, specimens and other recorded 


data from the survey will be used to improve our understanding of biological conditions, 


temporal and spatial trends in population dynamics, identify community relationships and 


characterize habitat and catch relationships.   


The following Protocols have been designed to document established NEFSC survey standard 


protocols, act as a reference to ensure data quality and consistency, and to show adherence to the 


NOAA Fisheries Trawl Survey Protocols in terms of document format and general survey topics.  


Due to gear differences, some of the topics listed within this document may not apply to clam 


gear operations and will clearly be labeled as such.         


1.1 Survey Goal 


 The goal of the standardized Surf Clam and Ocean Quahog survey is to develop long-


 term fishery independent indices of relative abundance for several commercially 


 important bivalve species and other by-catch fish and invertebrates and to characterize 


 their distribution.  Additionally, specimens and other recorded data from the survey will 


 be used to improve our understanding of biological conditions, temporal and spatial 


 trends in population dynamics, identify community relationships and characterize habitat 


 and catch relationships. 
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 1.2 Sampling Design 


 The NEFSC Clam survey employs a stratified random sampling design which is


 analogous to the annual standardized Bottom Trawl Survey and Sea Scallop Survey.  The 


 area of operation is divided into strata based primarily on depth and secondarily by 


 latitude generally related to scallop distribution (figure 1 and 2).  Locations of dredge 


 stations are randomly selected within each stratum prior to each cruise.  The number of 


 stations within each stratum is generally proportional to the area of the stratum but also 


 includes consideration of overall variability in sea scallop distribution among strata.  


 Generally, a minimum of three stations are planned within each stratum and a minimum 


 of two stations must be successfully sampled in each stratum tom obtain an estimate of 


 variability.  Random sampling within each stratum produces unbiased abundance  indices 


 with measureable statistical precision.  Abundance estimates obtained from this survey 


 are relative abundance indices rather than absolute abundances indices because catch 


 efficiency of the sampling gear is less than 100%.  Relative abundance indices are 


 comparable through time because survey catchability is held constant through 


 standardization of gear, vessel, and methodology. 


 1.3 Closed, Management & Conservation Areas 


 The Contracted Vessel Captain must be cognizant of areas closed to fishing, fishery 


 management areas and conservation areas.  However, NEFSC vessels or vessel 


 contracted by NEFSC are permitted to survey in most areas closed to fishing activities for 


 conservation and management purposes.  Closed area boundaries do not constitute strata 


 boundaries, unless otherwise noted.  ESB will notify the vessel of any known 


 modifications to closed, management and conservation areas prior to the cruise as 


 necessary.    


 


2.0 Pre-Departure 
Communication between Ecosystems Surveys Branch (ESB), Contract Vessel Captain and the 


Chief Engineer (equivalent to the FRV Henry B. Bigelow Chief Bosun) are critical to maximize 


efficiency of the organization and planning of the NEFSC Clam dredge survey cruise.  The 


vessel shall be made available for loading survey equipment prior to the scheduled departure.  


Delivery of any gear requiring the vessel’s heavy lifting equipment will be done in coordination 


between ESB and the Chief Engineer.  Remote staging occurred in Atlantic City since 2011. 


 2.1 Cruise Scheduling 


 Cruise schedules are distributed through NEFSC vessel coordinator and are organized by 


 fiscal year and vessel.  The dates of the annual clam survey are determined in 


 conjunction with the contract vessel contracting agency.    


 2.2 Canadian License 


 A license to operate in Canadian waters must be obtained by the NEFSC vessel 


 coordinator, and transferred to the Contract Vessel Commanding Officer (Captain).  


 Access to Canadian territorial waters is not permitted without this paperwork physically 


 aboard the vessel. 
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 2.3 Cruise Instructions 


 Official Cruise Instructions will be submitted by ESB to the Contracted Research Vessel 


 Coordinator three months prior to the ship’s scheduled departure.  The Cruise 


 Instructions will contain the necessary authorities mandating the cruise, outline cruise 


 objectives, itinerary, methods, administrative requirements and requested vessel support.  


 For the clam survey, the Cruise Instructions shall have permits to fish in state waters as 


 well. 


 2.4 Cruise Staffing 


 ESB will coordinate scientific staffing for all legs of the annual scallop survey.  A list of 


 the scientific roster will be submitted to the vessel no later than one week prior to the 


 scheduled departure of each cruise leg.  Presently, there is no requirement aboard contract 


 vessels to have a medical clearance provided by Health Services office of OMAO in 


 order to be eligible to sail.  The vessel requires an emergency contact list and a 


 medical form that is kept on the vessel by the Captain during the cruise. 


 2.5 Scientific Equipment 


  2.5.1 Sampling Gear 


  ESB does not provide the necessary scientific sampling gear to the contract  


  vessel.  That is the responsibility of the contract vessel to supply the commercial  


  sampling gear and all the support equipment along with detailed sampling gear  


  drawings (draft plans).  ESB will supply archiving deployable sensors and the  


  mounting brackets for monitoring dredge performance.  Sampling gear will be  


  repaired at sea by trained contract vessel crew. 


  2.5.2 SCS and FSCS Equipment & Scientific Supplies 


  ESB operates a computer program called the Scientific Computer System (SCS)  


  that is connected to the ships sensors suite to record physical data (position, depth, 


  speed, etc).  It is the responsibility of ESB to connect and monitor the sensor data  


  being recorded to SCS during clam dredge operations.  Fisheries Scientific  


  Computer System (FSCS) equipment is owned and maintained by the NEFSC.  


  ESB is responsible for installation and maintenance of the temporarily installed  


  FSCS system and the connection to the vessel sensor suite, including the   


  hardware installed into the sampling wet van on the back deck of the vessel.   


  Additionally, ESB is responsible for staging and supplying all the cruise supplies  


  needed to conduct the scientific sampling (bags, boxes, sampling tools, etc.).  


 2.6 Station Selection 


 No later than two weeks prior to a cruise, ESB will provide the vessel with a list of the 


 randomly preselected station locations for the entire survey.  ESB will submit electronic 


 files containing the complete list of stations with their positions and strata boundaries in a 


 format that conforms to the vessel’s current navigation software (Nobeltec 2013).  The 


 vessel must give advance notice regarding any changes in their navigation software.  The 


 Contract Vessel Captain shall plot and examine station locations, and identify any 


 stations that are problematic for the vessel in terms of depth, obstructions or other issues.  
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 Any stations identified as problematic should be brought to the attention of the Chief 


 Scientists to discuss alternative locations or operational procedures prior to departure.   


  2.6.1 Planned Cruise Track 


  On the day of sailing, the Chief Scientist will produce a partial cruise track list  


  (usually the next two days worth of work) that determines the order at which  


  preselected stations will be occupied, considering navigational and operational  


  concerns, after consulting with the Contract Vessel Captain.  The planned cruise  


  track will be updated by the Chief Scientist and provided to the vessel operators  


  twenty-four hours before arriving on those locations.  Unanticipated issues, such  


  as weather may occur during the cruise forcing modification to the planned cruise  


  track.  The Chief Scientist will consult with the vessel operators to determine the  


  most efficient and productive alternate plan for the continuation of the cruise. 


 


3.0 Warp Measurement Standardization 
As stated in the NOAA Fisheries Clam protocols, the clam dredge survey deploys only one 


dredge rigged with a metal deployment warp (wire), a towing hauser (rope), and a water supply 


hose attached to a manifold.  The metal deployment warp, hereafter referred to as the 


deployment wire, is used to safely set and retrieve the dredge from the bottom.  This deployment 


wire is not used for setting the dredge to the true scope.  It is only used to set the dredge on the 


bottom at the approximate scope depth.  Towing of the clam dredge commences once tension is 


taken by the towing hauser and the deployment wire is slacked off.  The flexible towing hauser 


rope, hereafter referred to as the hauser, is attached to the upper front portion of the dredge and is 


used to tow the dredge at the appropriate scope.  The need for a flexible hauser is critical because 


of the strain and flexing placed on the rope during dredging.   


 


With single dredge gear, there are no trawl doors or flexible panels to be concerned with.  The 


clam dredge survey does not have the same issues as the trawl surveys.  For trawl  surveys 


having two warps, consistency in the measurements of warp length is important  for 


maintaining consistency in trawl performance in two distinct ways.  First, the length of the warp 


relative to the water depth (i.e. scope ratio) influences door spread and other aspects of trawl 


geometry.  Second, the length of the warp on one side of the vessel relative to that on the other 


side influences the symmetry of the trawl and, depending on the degree of net skew, potentially 


influences trawl efficiency by affecting footrope contact with the bottom, head rope height, or 


fish herding.  Dredge surveys have only the  first issue to deal with in terms of effective bottom 


contact during the dredge haul.  It is critical to have evenly spaced deployment markings on the 


towing hauser so that the appropriate amount of scope is set at the selected dredge haul depth.   


  


Currently, during NOAA Fisheries clam dredge surveys, towing hauser length is determined by 


physically spooling out the hauser by hand of the aft section of the vessel using the 25 meter 


marks for length.  Methods of measurement have inherent problems that can lead to inaccurate 


scope values.  For example, differential hauser length can result from inaccurate measurement 


and marking before a survey begins, differential hauser stretch and contraction of the marked 


hauser during a survey.  Currently there is no redundant electronic measurement systems 


installed on the contracted commercial platform used during the clam survey.         
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 3.1 Deployment Warp (Clam Winch)  


The responsibility of procurement, installation, and maintenance of the deployment warp 


resides with the contracted commercial vessel.  The deployment wire used to deploy the 


commercial sized dredge is 1 and 1/8” steel wire.  


 3.2 Deployment Warp Marking (Clam Winch) 


As stated in section 1.1, the deployment wire is used to deploy and retrieve the cam 


dredge.  NEFSC has not standardized the marking process and not set any tolerance on 


the accuracy of the mark.  The signal that the dredge is on the bottom is the wire goes 


slack, so there is no need to mark the deployment wire. 


 3.3 Length Measurement of Deployment Warp 


This section is not applicable to the standard clam survey.  The NEFSC does not measure 


or record the deployment wire during operations. 


 3.4 Towing Hauser (Flexible Rope)  


The responsibility of procurement, installation, and maintenance of the towing hauser is 


the contracted commercial platform.  The towing hauser installed on the port side winch 


is a 2 inch polypropylene rope, size #6, standard medium hard lay, type:  blue fleck, with 


a tensile strength of 57, 000 lbs. 


 3.5 Towing Hauser Marking 


The towing hauser used for clam dredging is marked by an independent wire contractor 


according to unambiguous marking guidelines provided to the contractor by the NEFSC 


(in draft).  The hauser used for the clam survey shall be marked every 25 meters (82’) 


with a fiber weave.  Physical marking of towing hauser involves spooling the hauser off 


the trawl winch onto a flat surface to measure the mark intervals relative to a standard 


measurement tool (metal wire of known length).  In short, the current guidelines dictate 


that the clam dredge hauser is to be re-marked before every annual survey.  The NEFSC 


has adopted a tolerance value of 1% allowable scope deviation at all marks as a decision 


rule during the inspection process on land.  When measurement of the hauser occurs, a 


table of values will be generated, if a deviation at a certain position along the hauser is 


not within the 1% tolerance then a re-marking will commence from that position to the 


end of the hauser (eye).  Currently, the contracted commercial platform does not have the 


ability to completely re-measure the dredge hauser markings at sea, so it must be done at 


the dock.  If the towing hauser is damaged at sea, the same marking process should be by 


the marking protocol document (in draft).  


 3.6 Length Measurement of Towing Hauser 


For the single hauser dredging system, one independently-calibrated measuring method 


shall be used.  Due to the fact that only one hauser is deployed, there is no concern of a 


percent difference between corresponding hauser marks just cord length (25 meters) 


between successive marks for a single hauser. 
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  1.6.1 In-line wire meters 


The port winch containing the towing hauser is not equipped with a metering 


system.  The Winch Operator must observe the 25 meter (82’) marks in order to 


deploy the appropriate amount of deployment hauser.  A pre-determined table is 


used to set the hauser at depth.   


  1.6.2 Block wire counters 


NEFSC currently does not use block meters to measure the towing hauser. 


 


4.0 Use of Auto-trawl Systems 
The R/V Delaware II and the F/V E.S.S. Pursuit, the Research and Contracted Vessels that have 


been tasked with conducting the annual standard clam dredge survey, are not outfitted with an 


auto-trawl system for dredge deployment.  This application is not critical for clam dredge 


operations. 


5.0 Survey Operational Procedures 
Procedures for maintaining consistency in survey catchability of marine organisms include 


selection of tow location; speed during setting, towing, and retrieval of gear; determination of 


scope ratio; estimation and standardization of tow distance; tow direction; and maximum sea 


state.  Written unambiguous protocols specifying these and other issues that may affect survey 


consistency provide a mechanism for communication between scientific staff and the bridge 


officers and crew of the contracted vessel which maintains continuity in procedures as personnel 


and vessels change over time.   


There are several dredge haul guidelines that encompass the time period before a dredge haul is 


started, during the haul, and after the dredge haul is completed.  Each randomly pre-selected 


station location is defined by a single latitude and longitude point.  A 1nm radius around the 


point defines the area in which survey operations shall commence.  Standard dredge hauls 


conducted at sea can be defined as being 5 minutes in duration, with the correct scope, towing 


speed, and no gear damage encountered.  A standard dredge begins when the winch operator sets 


out the required amount of scope, locks the winch, and the vessel is maintaining 3.0 knots.  The 


Operational Protocols include, but are not limited to the following issues and are not presented in 


time sequence or event order. 


 5.1 Surface Supplied Pump to Manifold 


 Throughout the time series, the NEFSC conducted the cruise on the NOAA Fisheries 


 FRV Delaware II.  The survey vessel and gear was tailored to utilize an underwater 


 submersible electric powered pump on the dredge with a deployable armored electrical 


 power cable.  The vessel supplied 460 (3-phase) volts of power to the pump during 


 dredging operations.  The purpose was to maintain constant pump pressure at depth.  The 


 commercial gear and vessel use a surface supplied pumping system which supplies water 


 to the dredge through an 18” hose. During normal operations the hose is strung out 


 behind  the vessel off a second winch.  The hose is attached to a manifold on the front of 


 the dredge.  The commercial operations have the flexibility to adjust pump pressure and 


 thus the ability to excavate clams from the seabed based on the type and hardness of the 
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 bottom.  NEFSC attempts to control the level of pump pressure by setting the pump 


 system to 1500 rpm which equals to 2,000 gallons per minute of pump output.  An 


 archiving pressure sensor is installed into the dredge to record pump pressure at depth.  


 The sensor is removed and offloaded after each deployment and stored for post-analysis. 


 5.2 Scope 


The wire-out (amount of warp) for a dredge haul is based on the depth as read from a 


depth sounder (Furuno- Navstar).  The standard ratio of length of hauser in meters to 


depth of water in meters is 2:1.  This means there are 2.0 meters of warp for every 1 


meter of water depth.  It is understood that some events, including current velocity and 


weather, may create a need to deviate from the specified value of scope.  Because the 


clam vessel is a chartered platform, some of the roles from the FRV Delaware II have 


changed.  A member of the scientific party called the Event Operator (EO) is now 


responsible for operating the program to capture the vessel SCS data, determine the scope 


value and report this value to the Engineer on the back deck deploying the dredge.  The 


Contract Vessel Engineer shall keep the scope value consistent throughout a tow unless 


there is an underwater hazard or other issue related to vessel safety.  Presently, the 


NEFSC does not deploy a real-time data collection device to determine bottom contact.  


But NEFSC does deploy an archiving bottom contact device, inclinometer, during most 


dredge hauls.  The inclinometer device measures angle changes during the dredge haul.  


The data is offloaded after every dredge haul and archived on SCS.  Recent camera 


verification of the inclinometer will allow the NEFSC to normalize dredge hauls in the 


future.  At present, these data are not used.  Methods will be developed to use the 


inclinometer to independently determine vessel tow distance by translating bottom 


contact into distance over ground.  If the hauser is spooled off due to a hang during a 


dredge haul, the Contract Vessel Captain and Engineer have been instructed not pull back 


the extended length.  The EO is to indicate the amount of wire taken and the time during 


the tow.  The Watch Chief will make a decision as to whether to repeat the dredge haul or 


not.  As long as the extended warp amount is less than 15 % of the total scope, it is not 


necessary to repeat the dredge haul.  The Watch Chief (WC) has a data audit check that 


will alert the WC if there is a scope problem.  At that time the Watch Chief can decide to 


repeat a dredge haul with the correct scope value.               


 5.3 Speed of Dredge Haul 


The Contract Vessel Captain (CVC) is responsible for acquiring and maintaining a 


constant dredge haul speed of 3.0 knots (over the bottom) from the time the hauser is 


taught until the end of the five minute dredge haul.  Speed variations between 2.8 and 3.2 


are acceptable, but the target dredging speed of 3.0 knots should be adhered to as closely 


as possible.  Monitoring the dredge speed during the haul will be accomplished in real 


time using differential GPS.  Multiple speed signals are recorded during the dredge haul 


by the Scientific Computer System (SCS) and a subset is supplied to a digital capturing 


system called FSCS (Fisheries Scientific Computer System).  Variations in approaches to 


getting the vessel and gear up to 3.0 knots due to weather or current factors need to be 


inspected in more detail.  Section 5.8 describes in detail the methodology used to deploy 


the dredge and how to attain the standard dredging speed.  Currently the vessel deploys 


the dredge to depth with a free spooling winch.  The vessel speed is limited initially to 
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1.0 – 2.0 knots.  Once the dredge is on the bottom the vessel steadily increases speed until 


the appropriate amount of scope is attained.  At this point the vessel should be at the 3.0 


knot towing speed.  Vessel speed is maintained during the haul back.   


 5.4 Duration or Distance of a Dredge Haul 


Dredge haul distance should not be used as a primary indicator of speed over ground; 


distance versus time can provide a convenient double check.  NEFSC survey standardizes 


speed which in general, results in a standard distance covered over the 5 minute tow.  The 


designated 3.0-knot speed over ground equates to about .5 nautical miles traveled during 


a 5-minute dredge haul.  Based on this speed, the approximate distance covered at various 


points in the tow are as follows: 


  


 @ 3 minutes into tow 0.33 NM 


 @ 5 minutes into tow  0.5 NM 


 


Distance traveled should only be used as a secondary check of primary speed indicators.  


Speed should never be adjusted during the tow to achieve a target distance. 


 5.5 Direction of Dredge Haul 


The dredge haul station locations are selected using a stratified random selection process.  


Stations are occupied according to the most efficient cruise track and not to any 


predetermined set of stations.  Dredge haul direction shall be from the current station 


location towards the next available station location unless one of the following occurs: 


  


 Towing to the next station location puts the dredge haul (approximately .5 


NM), greater than one quarter of the tow distance into an adjacent strata. 


 When the OOD has to follow a depth contour, generally offshore. 


 Bad bottom, wrecks, cables or other underwater obstructions in the dredge 


path. 


 Fixed gear in the dredge path and a clear dredge haul exists in another 


direction. 


 Heavy traffic. 


 Moderate to heavy seas in one direction, but still towable in another 


direction. 


Small corrections in tow direction are allowable and expected for the above 


 conditions.  The OOD should radio to the EO so they can put a comment into FSCS. 


 5.6 Location of Sampling Site (Sampling Design) 


  5.6.1 Location (Determination) of Sampling Site, specifically 


The NEFSC clam survey employs a stratified, random sampling design that has 


remained constant throughout the survey time series that started in 1965.  Survey 


strata are based on fixed depth ranges and regions of bathymetry along the 


continental shelf of the survey area, ranging from Virginia to Nova Scotia, 
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Canada (Fig. 1 + 2).  Strata coverage and the target number of stations to be 


sampled within each stratum are determined prior to conducting each survey.   


All strata are subdivided into blocks 5 minutes of latitude by 10 minutes of 


longitude.  These large blocks are further subdivided into 10 small blocks 


measuring 2.5 minutes of latitude by 2.0 minutes of longitude.  The large blocks 


are defined as being the largest area that can be characterized by one tow.   


 Exceptions occur with very long, narrow strata, and strata with irregular 


borders.  In these cases, the strata are subdivided directly into 2.5 X 2.0 minute 


blocks.  These smaller blocks are then grouped into larger blocks so that the 


numbers of small ones are evenly distributed throughout the large ones.  At least 


two large blocks are formed within each stratum.  Each large block is composed 


of, as nearly as possible, 10 small ones.  No large blocks are formed if there are an 


insufficient number of small blocks.   


 Stations selected within each stratum are determined using a Perl program 


called sta_selector.  This program was written to generate a random selection of 


stations within each stratum.  Each small block within a stratum is numbered 


sequentially. The number of small blocks contained within the stratum in which 


the numbers are being selected determines the range of random numbers.  A 


random number selected then corresponds with a numbered small block.  The 


center point of the selected small block will be the starting location of the tow.  


The numbering of tows is directly related to the order of random number selection 


(tow no. 1 is selected first and so on).  A stratum number and the tow number 


within that stratum then identify stations.  Once a small block is selected, all 


members of the corresponding large block are excluded from the selection 


population until there is at least one station selected in every large block within 


the stratum.   


 The sta_selector program creates several output files: a station data file 


(station_location.xls), nav.txt file, and a station.dat file.  The Chief Scientist uses 


the station data file in Excel, in conjunction with charts, to create the cruise track 


by visually determining the most efficient or shortest distance between two 


stations. The nav.txt file is imported into a navigation software package 


(Navtrek), which is used by the bridge officers to set up the routes once the Chief 


Scientist has provided the sequential list of stations to occupy. An Arc-Info 


program employs the station.dat file to create 8" X 11" charts and the large 


bathymetric charts that have the station locations plotted. 


 


Arc-info programs are employed to create strata lines and stations on digital 


rasterized copies of NOAA nautical charts.  Rasterized renditions of the NOAA 


charts currently used are "Georges Bank and Nantucket Shoals" (No. 13200); 


"Approaches to New York, Nantucket Shoals to Five Fathom Bank" (No. 12300); 


"Cape May to Cape Hatteras" (No. 12200); and, "Cape Hatteras to Charleston" 


(No. 11520). The bridge officers continue to navigate by using the official NOAA 


charts. 
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  5.6.2 Non Suitable Sites - Procedures to Resolve Once Arrive On Location 


There are some fundamental dredging guidelines that a Contract Vessel Captain 


must attempt to comply with when attempting to conduct a NEFSC standard clam 


dredge haul, which include those in sections 5.0.  Some of these dredging 


guidelines are addressed prior to conducting the dredge haul and others are 


addressed during or after the dredge haul is completed.  Either way, the purpose 


of the guidelines is to facilitate the completion of a standard dredge haul.  Below 


is a discussion about the guidelines and what to do if the guidelines are not met.  


These guidelines should be thought of as what the CVC is thinking about as they 


approach a possible dredge location and how a successful dredge haul is 


conducted. 


     


a. Never change hauser length (scope) after the dredge haul starts (hauser 


taught), set scope length and described in section 5.2 


b. Speed is 3.0 knots during the haul, see section 5.3 


c. Dredge hauls shall be 5 minutes in duration, see section 5.4 


d. Dredge haul shall start at the marked location and be towed in a 


direction towards the next station, see section 5.5 


e. Conduct dredge haul within stratum boundaries 


f. Never tow in less than 30 feet/9 meters/5 fathoms 


g. Never tow in greater than 1200 feet/ 366 meters/200 fathoms 


h. Relocation of the station location is limited to 1 nautical mile radius 


from original station location without permission from Chief Scientist 


 


These guidelines describe the reasoning and thought process the CVC must apply 


to the decision making process (tactics) when planning for, setting up for, and 


conducting a standard clam dredge haul.       


 Whenever possible the standard number of available station locations 


(presently 400) should be occupied over the three year cycle.  The section below 


talks about how to qualify and possibly repeat a tow, which will affect the 


decision to maintain the standard number of dredge hauls per stratum.  The 


amount of time searching for bottom, avoiding traffic and gear, and repeating bad 


dredge hauls will affect the overall success of the survey and may limit the survey 


coverage.  For this reason, it is not critical to get all station locations for each 


stratum, just a minimum of two in order to be able to calculate and average 


number of animals per strata.  It is more important to conduct tows in all strata 


available over the whole range.     


 The underlying role of the CVC is to occupy the safest and most timely 


cruise track considering all other factors; weather, traffic, fixed gear, underwater 


hazards, etc.  Each station location is reviewed prior to arrival by the Chief 


Scientist, and the Contract Vessel Captain.  The station locations are plotted on 


nautical charts and reviewed for chart identified restrictions.  Some movement of 


station location (starting position and direction) is completed before arrival if 


underwater hazards can be identified (cables, wrecks, etc).  In this case, the Chief 


Scientist can supply a randomly chosen location within the 1 nautical mile radius 


to start the dredge haul.  When the station locations look reasonable on the charts, 
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but there is an issue once the RV reaches the station location, this is where these 


guidelines are helpful.  Whenever possible the direction and starting location of 


tow should be altered to within the 1nm radius before moving the actual station 


location to an alternate location within the 3nm radius or a true alternate location. 


 


Marginal to Un-towable Bottom 


The OOD has the clearance to pre-run (scout) the bottom topography and decide 


if it is safe to deploy the gear.  If they decide not to tow at a specific site, then 


they can randomly choose a new station location within 1 nautical mile of the 


original station location and radio to the EO the reason for moving without 


consulting the Chief Scientist.  Officially the time limit for searching for good 


bottom is one-half hour before moving on to a totally new location within three 


nautical mile radius around the original station location.  The Chief Scientist shall 


be consulted for this decision.  Currently, NEFSC does not produce an alternate 


set of random dredge sites.  Because the tow distance is so short compared to the 


trawl survey, this has not been deemed a priority. 


 


Traffic 


The OOD has the clearance to modify the starting position and possibly the 


direction of the station location to adjust for traffic in and around a station 


location.  Again, within the one nautical mile radius, the Chief Scientist does not 


need to be consulted. 


 


Fixed Gear 


The OOD has the clearance to modify the starting position and possibly the 


direction of the station location to adjust for fixed gear in and around a station 


location.  Again, within the one nautical mile radius, the Chief Scientist does not 


need to be consulted. 


 


Sea State (current, wind, waves) 


Dredge haul direction (or the ability to dredge haul at all) may be determined by 


sea state.  If the conditions are as severe as to pose a safety issue or data quality 


issue operations may be affected.  Safety related decisions shall be made by the 


vessel Commander, while data quality decisions shall be made by the Chief 


Scientist.  Tow direction relative to prevailing current has historically been treated 


as a random variable. Conscious efforts to tow into the current or avoid cross 


currents will impart an undesirable bias to the data, which is to be avoided. The 


only exceptions are avoiding a cross current severe enough to continuously flip 


the dredge on setting to the bottom.  The rule of thumb is to attempt two tows in 


the direction of the next station and if both are flips to tow with the current with 


the third.  If the third flips, the Watch Chief will move the station location or work 


with the Chief Scientist to find an alternate station location.  Wind direction is 


generally not a factor for dredging operations.  Sustained high winds with a long 


fetch often cause the waves and swells to come from the same direction.   In this 


case, the direction of dredge haul may have to be based on the seas.  In open 


waters, canceling of operations is considered when sustained winds of 35 knots 
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are observed because this speed usually corresponds to sea states that are 


excessive for safe work on deck and proper gear performance. 


 5.7 Determining the Success of a Tow  


  5.7.1 Determining a Successful Dredge Haul 


There are two phases of determining if a dredge haul was successful.  The 


guidelines described in section 5.1 – 5.6 should have been met before or during 


the dredge haul in order to conduct the dredge haul in the first place, which is 


phase 1.  The guidelines described above along with performance during, and any 


gear damage and flips after the tow will dictate the success of the second phase.  


Each dredge haul is coded with a qualitative three digit numeric value (Station-


Haul-Gear [SHG]) value indicating some level of gear damage, dredge haul time 


difference other than 5 minutes, or fixed gear interception.  A dredge haul that 


was conducted in the standard manner with no gear damage will be coded with a 


code of “111”.  This coding system is used by the assessment biologist to 


distinguish between standard dredge hauls and non-standard dredge hauls.  The 


most important result of these coding details is to facilitate the ability to occupy 


and conduct the standard number of biologically valid dredge hauls.  There is no 


set number of stations with SHG codes greater than “111”.  It is a method to 


highlight dredge hauls to the assessment biologists that may not be usable.  The 


NEFSC has explicit descriptions of what each of these codes mean.  Basically, the 


Chief Scientist attempts to get the default number of dredge hauls accomplished 


within a given strata, but the dredge hauls have to be standard.  For example, if 


the cruise is working in strata “X” and the random number of selections given to 


the C.S. prior to the survey is 10, and the cruise has accomplished 8 successful 


dredge hauls (SHG < 136), then the C.S. would less likely repeat a bad dredge 


haul if they occurred during the last two station locations.  If this occurred during 


the first 5 - 8 dredge hauls, then the C.S. would attempt to get standard dredge 


hauls for those locations or just nearby.  Because the survey is on a tight schedule, 


the occupation of station locations is dynamic each year depending upon gear 


damage, weather, and expertise of the crew and scientists.  The survey does not 


always occupy all stations.      


  5.7.2 Procedures for Repeating Unsuccessful or Aborted Dredge Hauls 


Occasionally it is necessary to repeat a dredge haul because of malfunction, 


damage to the dredge, or did not satisfy the first phase of guidelines.  In cases of 


severe malfunction (flip) or severe damage, the tow will not be counted as a 


standard dredge haul and must be repeated.  It may be sampled for biological data 


which is independent of abundance and biomass information. For recording 


purposes, the tow is recorded as a valid station, but the coding for Station-Haul-


Gear (SHG) value shall be greater than 1-3-6, indicating a non-valid catch for 


assessment purposes.   


 


In some cases, it may be difficult to determine how to properly code a dredge haul 


that has encountered problems.  The following guidelines should be used: 
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 It is essential to indicate a minimum of 2 for haul value, which flags data 


auditors that something abnormal occurred during the tow. 


  If in doubt about SHG coding consult with the Chief Scientist 


 Ensure that the catch is worked up at least to the point of weights and 


lengths 


 An accurate and complete account of what occurred to the gear must be 


given in the Station Initialize Watch Chief comments field; Engineer or 


boatswain must be interviewed to determine details on gear condition.  


 When significant gear damage occurs, the Chief Scientist should be 


informed, and the decision to re-tow must be made based on the severity 


of the damage and the risk of possibly incurring a similar result with a 


repeat in the same area. 


 


The decision to repeat a tow is made by the Chief Scientist or Watch Chief.  The 


following factors may override this decision: 


 


 The probability of the same or greater damage to the dredge occurring; in 


this case, the station location should be moved  


 The current progress of the cruise as a whole (when time remaining in the 


cruise threatens the completion of the entire survey area) 


 The status of shipboard gear inventory, i.e. how many blades and blade 


assemblies (dredge components). 


 


The following factors must be weighed with every decision to override a re-tow: 


 


 The overall progress of the cruise (does time in the context of the entire 


survey permit extended effort on any one station) 


 The phase of the cruise (a subset of above) i.e. risking the last undamaged 


dredge on the last day of leg I may not be a serious risk for the cruise at 


all, as the ship will return to port and can replenish the supply of nets 


without much loss of operational time 


 The number of stations completed in the stratum in question (higher 


priority would be placed on a station that represents the sole tow in the 


stratum, lower priority would be placed on a station that would represent 


the 8th successful tow in the stratum) 


 The current relative importance of the stratum in question (is it a critical 


stratum for certain assessment species) 


 The geographic coverage within stratum that the tow represents 


 5.8 Vessel and Winch Operation during Dredge Deployment and Retrieval 


To ensure comparability between dredge hauls and years of standard surveys, vessel 


operators will be asked to follow standard procedures when setting, towing, and 


retrieving the dredge gear.  If the OOD has satisfied the pre-dredge haul general 


guidelines, they can then conduct a standard dredge haul.  The general goals that are set 


out as the basic protocols are as follows: 
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  5.8.1 General Guidelines for Setting the Scallop Dredge 


Once the CVC has the vessel in the appropriate position to set the dredge they 


will communicate with the EO, who will communicate the scope value and 


instruct the Chief Engineer (Winch Operator) to set the dredge.  The OOD will 


bring the vessel up to a standard setting speed (1.0 – 2.0 knots) and prepare for 


deployment and speed adjustment.  Before the dredge is release the CVC will turn 


the power on to the pumps that supply water to the manifold on the dredge.  The 


Engineer will then deploy the dredge using the deployment winch and free spool 


the dredge to the bottom.  The crew will set out the appropriate amount of towing 


hauser and the CVC will bring the vessel up to towing speed which will take up 


on the hauser.  The CVC will extend the deployment warp, “slack-off”, which the 


cause the dredge to tighten up the towing hauser.  The CVC will call over to the 


EO, “On the Hauser”, which is the signal to start the five minute dredge tow.  The 


primary goal during this phase is to achieve a good set on the bottom.           


  5.8.2 General Guidelines for Towing the Scallop Dredge 


Once the dredge has been set and the hauser is taught, the “standard tow” begins.  


The vessel should be at 3.0 knots and the timer should be engaged for a 5 minute 


dredge haul.  During the tow the Engineer should be aware or any changes in 


warp length due to hangs.  The primary goal during towing is to maintain a 


constant speed and straight course whenever possible.   


  5.8.3 General Guidelines for Retrieval of Scallop Dredge 


When the tow timer sounds off, the Chief Engineer starts to retrieve the clam 


dredge at (100 m/s) with the deployment wire. This will cause the load of the 


dredge to shift from the towing hauser to the deployment cable.  The towing 


hauser will become “slack” and float to the surface.  The vessel speed is 


maintained at 3.0 until the last 25 meters then speed is reduced to not to flip the 


dredge.  When the dredge comes close to the surface the Engineer will inform the 


bridge to slow down.  The dredge is slowly brought onboard using the rear frame 


and set on the back deck sorting table then dumped.   


 5.9 Intercepted Fixed Gear 


Survey dredge operations regularly occur in the vicinity of fixed fishing gear (lobster 


pots, sink and floating gill nets, etc.).  Care should be taken to avoid interacting with 


fishing gear via searching and scouting when planning the tow path or making small 


course correction to avoid gear when seen during dredge tow operations.  It is understood 


that fixed gear interceptions often represent a safety hazard, in keeping with safety, effort 


should be made to gain as much information as possible on the extent of the intercepted 


gear, amount of damage, its status as actively fished or abandoned, it effect on the dredge 


performance, and any indication of ownership such as registration and tag numbers.  The 


Chief Engineer and deck crew shall transfer this above information to the Watch Chief to 


enter into FSCS.  Gear retained should be stored and delivered to the NOAA Fisheries net 


loft in Pocasset, MA.    
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 5.10 Cessation of Dredge Operations Due to Weather or Sea Conditions 


Survey operations should cease anytime at which the Captain or Chief Scientist believe 


the safety of personnel or the vessel is compromised, especially during setting and 


hauling of the dredge gear.  Special attention should be paid to the archiving dredge angle 


sensor during times of increased sea state.  The Watch Chief should look for 


inconsistencies in bottom contact.  If it is suspected that the dredge is not attaining a 


consistent bottom contact during the dredge haul, dredge hauling should be terminated.  


This decision shall be made by the Watch Chief and Chief Scientist if there is not a safety 


issue with the current weather conditions. 


 5.11 Defining Responsibility for Decisions Regarding Operational Protocols 


All aspects of the clam survey operation will be overseen by the Chief Scientist.  Final 


decisions regarding station locations and station scheduling are the responsibility of the 


Chief Scientist.  Vessel operation including safety, dredge gear deployment and retrieval, 


and all matters to vessel safety will be the responsibility of the Commercial Vessel 


Captain.  Day to day operations per 12 hour watch is the responsibility of the assigned 


Watch Chief.  Training in Fisheries Scientific Computer System (FSCS) and standard 


sampling of the dredge hauls is the responsibility of the Chief Scientist and Watch 


Chiefs.  It is the responsibility of both the Chief Scientist and the CVC  to keep lines of 


communication open between crew and scientists, not only for safety purposes, but to 


ensure that all standard operations are proceeding in the manner outlined here. 


 5.12 Biological Data Collection 


 All biological data are collected using the Fisheries Scientific Computer System (FSCS).   


  5.12.1 Dredge Catch Processing 


  Catch processing will occur under the supervision and direction of the Watch  


  Chief.  The following basic operations occur: 


 


  a. Calibration of scales.  At the start of each watch the electronic scales shall  


  be calibrated.  During a watch, additional calibrations may occur under the  


  direction of the Watch Chief in external conditions cause a scale to fluctuate. 


  b. Sorting.  Sorting on the commercial clam platform involves some   


  additional steps that were not present on the FRV Delaware II.  The dredge catch  


  is dumped into a bin and the catch delivered to a lifting conveyor that dumps the  


  catch onto a shaker table.  The shaker table shakes loose substrate and shell debris 


  out of the catch.  The crew then removes the non-biological portion of the catch  


  and the biological portion is run on a delivery conveyor to the scientists on watch  


  for sorting.  Sorting will precede all biological sampling, except in special cases  


  where sub-sampling methods are utilized.  The majority of the catch will be sorted 


  to species level.  The commercial platform disposes of the residual material, so a  


  volumetric estimate of this material is not possible. 


  c. Weighing.  All sorted and coded organisms are weighed into FSCS using  


  calibrated motion compensating electronic scales.  Because the organisms   


  are usually covered or coated with sand and shell hash the weights are not used as  
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  a tool for expansion.  It is a requirement of the FSCS program that all species  


  have a total weight.  


  d. Measuring.  All coded species will be measured, either totally or partially  


  using sub-sampling methods. 


  e. Special Sampling.  Selected special samples beyond weighing and   


  measuring may take place through the authority of the Chief Scientist via   


  approved requests from the ESB Chief.  The primary vehicle for these requests  


  will be, but not limited to, the ESB Sampling Request Booklet and associated  


  protocol sampling tables in FSCS. 


  f. Disposing of catch.  The processed catch will disposed under the   


  supervision of  the Watch Chief.  Disposal of the non-coded by-catch by the deck  


  crew is conducted prior to the scientists sorting due to the sorting machinery.   


  Catch disposal shall occur only after all pertinent data has been collected.    


  No catch will be disposed of while the dredge is deployed so that previously  


  sampled organisms are not recaptured.   


  g. Protected Species.  Protected species will be handled according to NOAA  


  and/or  NEFSC protocols.    


 


6.0 Post Cruise Activities 


 6.1 Vessel Cleanup 


 At the end of each cruise leg, all scientific areas (lab space, bridge science area, back  


 deck, sampling van, and staterooms) shall be cleaned by the scientific party.  The 


 scientific party shall clean all scientific equipment as well, including all FSCS hardware. 


 6.2 Sample Offload 


 Scientific samples will be organized and inventoried at the end of each cruise leg.  


 Samples will be offloaded from the vessel at the discretion ESB staff.  


 6.3 Data Offload 


 The FSCS administrator assign to the cruise will create a copy of all necessary data 


 collected after each cruise leg and is responsible for transport of these data from the 


 vessel to the lab.  A flash drive will be provided for file copy and transport. 


 6.4 Equipment Offload 


 Offload of FSCS and cruise supplies is the responsibility of the ESB staff.  The 


 Contracted Vessel is responsible for the gear loading and the loading of the scientific 


 sampling van that is rented for the survey.  Scientific equipment, such as FSCS hardware 


 and cruise supplies will remain on the vessel until the end of the survey. 


 6.5 Post-Cruise Meeting 


 Upon completion of each cruise leg, a post-cruise meeting will be held and attended by 


 the Contracted Vessel’s Captain, Chief Engineer, Chief Scientist, Vessel Coordinator, 


 Port Captain, and Chief of ESB if possible.  A designee shall take minutes and is 


 responsible for distributing them to the attendees. 
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7.0 Clam Dredge Construction, Repair, Inspections 


 7.1 Clam Dredge Construction and Repair 


The NEFSC clam survey used an industry standard 1.5 meter (5’) wide clam dredge, 4.6 


meter (15’) long cage style hydro-dynamic dredge rigged with a electrically powered 


submersible pump and manifold.  The manifold excavates the sediment and clams 


forward of the depressed blade assembly.  The 5 cm (2”) liner is placed inside the cage to 


capture small clams and quahogs.  Construction plans for the standard clam dredge are 


included as figures 3 - 7.  The plans include engineering drawings of the dredge.  In 


addition, each plan contains a description of all materials used, and the qualities of these 


materials considered important for proper dredge function. 


Members of the scientific staff of the NEFSC, who are trained in dredge construction and 


repair verification, will verify that the dredge and components are within operational 


tolerances.  Since moving the survey to a commercial platform in 2012, NEFSC has 


utilized a commercial sized dredge that is three times the size of our scientific dredge.  


The dredge itself was donated by the industry and is only used for this survey.  Drawings 


and components have not been delivered to NEFCS to this point. 


 7.2 Clam Dredge Repair at Sea 


Repairs to dredges are conducted by the commercial vessel crew. 


 7.3 Clam Dredge Gear Inspections/Certification 


Presently, clam gear inspections and certifications protocols are being developed.  


Specific guidelines and recording forms for gear inspections will be created in the near 


future.   
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Figure 1. Southern Shellfish Strata Set 
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Figure 2. Northern Shellfish Strata Set 
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Specifications for Construction of NEFSC Scientific Clam Dredge 


Figure 3. Standard Clam Dredge (Frame Top, Port, and Front) 
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Figure 4. Standard Clam Dredge (Frame Starboard and Rear) 
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Figure 5. Standard Clam Dredge (Blade Assembly) 
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Figure 6.  Standard Clam Dredge (Manifold Assembly) 
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Figure 7. Standard Clam Dredge (Pump Mount Bracket) 
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A BRIEF HISTORICAL REVIEW OF THE 
WOODS HOLE LABORATORY TRAWL 


SURVEY TIME SERIES 


by 


Thomas R. Azarov itz 


National Marine Fisheries Service 
Woods Hole Laboratory . 


Woods Hole, Massachusetts 02543 


ABSTRACT 


The history, scope and methodology of 
bottom trawl surveys conducted by the Northeast 
Fisheries Center of the National Marine 
Fisheries Service are reviewed herein. The 
surveys were designed to establish a time series 
of abundance and distribution data for an 
ecosystem approach to the study of fishery 
resources. The surveys, which began in 1963, 
have been conducted in a standard format with 
only minor but necessary modifications or 
improvements. Current plans call for the 
indefinite continuation of the survey series. 


Key words: Biological surveys, fish abundance, 
fish distribution. 


L'histoire, la portee des releves par 
chalutage sur le fond et les methodes utilisees 
par le "Northeast Fisheries Center" du "National 
Marine Fisheries Service" sont examin~es. Au 
depart, les releves visaient a ~tablir une s~rie 
chronologique de donn~es sur l'abondance et la 
repartition de fa~on a ~tudier les ressources 
halieutiques sous l'angle de l'ecosysteme. Les 
releves, qui ont commence en 1963, ont toujours 
et~ menes de la meme maniere et seules quelques 
modifications ou ameliorations mineures mais 
n~cessaires leur ont ~te apport~es. 
Conform~ment aux plans actuels, les relev~s 
devraient se poursuivre ind~finiment. 


Mots-cl~s: Abondance des poissons, 
distribution, releves biologiques. 


INTRODUCTION 


Otter trawl surveys had been conducted at 
the Woods Hole Laboratory for many years but, in 
1963, with the arrival of the newly built 
research vessel ALBATROSS IV, a platform was 
available that permitted the development of an 
extensive time series. Coincidental with the 
arrival of the ship was the realization by the 
staff at the then Bureau of Commercial Fisheries 
Laboratory that our finfish resources in the New 
England area were going to be heavily exploited 
by other than North American fishermen. Distant 
water fleets were being developed by many 
European countries; the large stocks of fishes 
found on the Atlantic Shelf in the New England 
area were some of the first to be sought. With 


the knowledge of the need for management of 
these stocks in mind and as the next step in the 
development of an ecosystem assessment approach, 
the Woods Hole biologists renewed their 
commitment to conduct a comprehensive bottom 
trawl survey program. A major objective was to 
provide an annual quantitative inventory of fish 
populations on the continental shelf off the 
northeast coast. These data, used primarily for 
management purposes, were especially valuable in 
establishing fishery regulations under the 
auspices of ICNAF (International Commission for 
the Northwest Atlantic Fisheries). 


With the enactment of the Fishery 
Management and Conservation Act of 1976, the 
staff at the now National Marine Fisheries 
Service (NMFS) - Northeast Fisheries Center 
(NEFC) Laboratory was faced with a new 
challenge. The intent of the act was not only 
the management of our fishery resources but a 
rebuilding of the stocks to historic levels. 
The role of the researchers at Woods Hole was 
defined as one of an advisor to the newly 
established Regional Councils. 


The Councils were to develop management 
plans; the NEFC would provide the Councils with 
information to assist in this effort. NMFS 
responsibilities included summarizing the 
harvest statistics from commercial catches, 
collecting data on resource surveys and using 
these data to assess the important stocks. The 
historic time series, as well as data generated 
by ongoing resource surveys, is a critical 
requisite in the production of tbe resource 
assessments. 


This paper reviews the history of these 
resource surveys and the recent changes and 
improvements in the data collection and handling 
process. 


TIME SERIES HISTORY 


The first survey in the autumn of 1963 and 
subsequent fall surveys for four years covered 
the Atlantic Shelf from western Nova Scotia to 
just north of Hudson Canyon in depths ranging 
from 27 to 365 metres (15-200 fathoms). In 
1g67, the fall survey was expanded southward to 
Cape Hatteras, North Carol ina. In 1968, a new 
time series of spring surveys, in the same area, 
began. The year 1967 also marked the advent of 
foreign participation in our survey program. 
The U.S.S.R. began surveying the mid-Atlantic 
area that year after an agreement to a USA-USSR 
Bilateral Treaty on Fisheries. Since then, 
other nations have participated in cooperative 
surveys oriented toward critical resource 
species or toward specific ecological 
considerations. Participating countries, in 
addition to the Soviet Union, have included the 
Federal Republic of Germany, France, the German 
Democratic Republic, Japan, Poland and Spain. 
Canada, of course, has cooperated from the 
beginning since we quite often share interests 
in the same population of fishes. An analysis 
of some of the earlier cooperative work with the 
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Soviets was done by Sissenwine and Bowman 
(1978). 


In the fall of 1972, the surveys were 
again expanded. Previously, the 27m {15 fm) 
contour marked the innermost limits of the 
trawl sampling; to fill this gap in our 
coverage, the NMFS Sandy Hook Laboratory in New 
Jersey began an inshore survey from waters of 
27m (15 fm) to 9 m (5 fm). At the same time, 
the Sandy Hook Laboratory initiated a survey 
south of Cape Hatteras to Cape Canaveral, 
Florida. The southern coverage continued until 
the autumn of 1974 when the NMFS provided funds 
to the State of South Carolina to survey the 
area from Cape Fear, North Carolina to 
Jacksonville, Florida. This created a small gap 
in the coastal coverage between Cape Fear and 
Cape Hatteras which has been filled with our 
(Woods Hole) survey coverage which has extended 
to Cape Fear since 1979. So, for the present, 
we have continuous and generally synoptic spring 
and autumn coverage from Jacksonville to Nova 
Scotia. 


In 1977, we began a new time series of 
summer surveys in an effort to increase our 
comprehensive data base, as well as obtain more 
information on species of recreational 
interest. Coverage in the first year was from 
Cape Hatteras to Maine. In 1978, the survey was 
expanded south to Cape Fear. Coverage of 
inshore<110 m (60 fm) areas is stressed on 
summer surveys since more species of ecological 
concern are concentrated there during the summer 
months. This winter (1981), we plan to begin 
the first in a series of winter cruises. Table 
1 is a list of cruises and areas covered during 
the routine time series. 


METHODS - SAMPLING DESIGN 


The rationale and methods for the adopted 
survey approach were discussed in detail by 
Grosslein (1969, 1974); the following briefly 
reviews some of those procedures and changes 
made since that publication. An obvious 
objective of our survey effort was to obtain a 
statistically valid sample, one that would 
provide valid estimates of sampling error 
(variance). We also wanted a method that 
assured a fairly uniform distribution of 
stations throughout all the possible ecological 
zones of the survey area. To satisfy these 
statistical and biological considerations, a 
stratified-random sampling design was chosen for 
the surveys. 


The entire survey area, from Nova Scotia to 
Cape Canaveral, has been stratified with the 
major stratum boundaries determined by depth 
(Figure 1). The stratum depth limits are:<9 m 
(5 fm), 9-18 m (5-10 fm), 18-27 m {10-15 fm), 
27-55 m (15-30 fm), 55-110m (30-60 fm), 
110-185 m (60-100 fm), and 185-365 m 
( 100-200 fm). 


Stations are selected randomly within each 
sampling stratum. Each of the larger stratum is 
divided into areas equivalent to 5 minutes 
latitude by 10 minutes longitude. Each 
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rectangle is considered a homogenous sampling 
unit; this means only one trawl haul is 
necessary to characterize that unit. Each unit 
is further subdivided into 10 units 2t' x 2' and 
all of these smaller units in a stratum are 
numbered consecutively. Numbers are drawn from 
a random number table or generated on a computer 
by a random number generator and the stations 
are so selected. Only one station in each of 
the 5' x 10' squares is selected, ensuring a 
dispersion of stations and ensuring that every 
possible trawling site within a stratum has an 
equal chance of being selected. The smaller, 
narrower inshore and offshore strata cannot be 
divided into the 5' x 10' rectangles; in this 
case, the smaller 2t' x 2' rectangles are used. 


38'. 


36' 


34' 


30' 


... ;' ?"' 


Fig. 1 • Samp 1 ing strata for bottom Trawl 
surveys on U.S. east coast. 
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Table 1. A list of trawl survey cruises for the NHFS/NEFC, Woods 1-ble laboratory time series 


~~RUISES ( >2B m water depth)_ 


DATE 


7 11ar-15 Hay, 196B 
5 Har-10 Apr, 1969 


12 Har-29 Apr, 1970 
9 Mar- 1 Hay, 1971 


B Har-24 Apr, 1972 
16 Har-15 11ay, 197} 


12 Har- 4 Hay, 1974 
4 Har-12 May, 1975 
4 Har- B Hay, 1976 


19 Har-20 11ay, 1977 


20 Har-2J Hay, 197B 
21 11ar-12 May, 1979 


18 Jul-19 Aug, 1963 


27 Jul-22 Aug, 1964 


Jul-10 Aug, 1965 
14 Jul-28 Aug, 1969 


27 Jul-31 Aug, 1977 


2B Jul-31 Jul, 197B 
25 Jul-20 Aug, 197B 


25 Jul- 1 Sep, 1979 


27 Jul-JO Jul, 1979 


13 Nov-16 Dec, 1963 
22 Oct-25 fllv, 1964 
6 Oct- 9 fllv, 1965 


12 Oct-13 fllv, 1966 
17 Oct- 9 Dec, 1967 
10 Oct-26 fllv, 196B 
B Oct-23 Nov, 1969 
3 Sep-20 fllv,_ 1970 


30 Sep-19 fllv, 1971 
27 Sep-20 Nov, 1972 


26 Sep-20 fllv, 197} 
20 Sep-14 t-bv, 1974 
15 Oct-1B t-bv, 1975 


2B Sop-23 Nov, 1976 


26 Sep-15 Dec, 1977 
5 Sep-22 fllv, 197B 


12 Sep-19 fllv, 1979 


SPRING 
----~V~ES~S~E7L~------T~R~A~W~L~T~Y~PE------~AR~E~A~* 


ALBATROSS IV 
ALBATROSS IV 
ALBATROSS IV 
ALBATROSS IV 


ALBATROSS IV 
ALBATROSS IV 


& DELAWARE II 
ALBATROSS IV 
ALBATROSS IV 
ALBATROSS IV 


& DELAWARE II 
ALBATROSS IV 


& DELAWARE II 
ALBATROSS IV 
ALBATROSS IV 
& DELAWARE II 


SUHMER _ 


ALBATROSS IV 


ALBATROSS IV 


ALBATROSS IV 
ALBATROSS IV 


ALBATROSS IV 
& DELAIIARE II 


DELEWARE II 
ALBATROSS IV 
& DELAWARE II 


ALBATROSS IV 
& DELAWARE II 


DELAWARE II 


ALBATROSS IV 
ALBATROSS IV 
ALBATROSS IV 
ALBATROSS IV 
ALBATROSS IV 
ALBATROSS IV 
ALBATROSS IV 
ALBATROSS IV 
& DELAWARE II 


ALBATROSS IV 
ALBATROSS IV 


ALBATROSS IV 
ALBATROSS IV 
ALBATROSS IV 


& DELAWARE II 
ALBATROSS IV 


DELAWARE II 
DELAWARE II 


ALBATROSS IV 
& DELAWARE II 


036 Yankee 
036 Yankee 
UJ6 Yankee 
1136 Yankee 


1136 Yankee 
f/41 Yankee 


#41 Yankee 
/141 Yankee 
/141 Yankee 


041 Yankee 


1141 Yankee 
f/41 Yankee 


TRAWL TYPE 


036 Yankee 


036 Yankee 


fJ36 Yankee 
1136 Yankee 


1136 Yankee 


1136 Yankee 
!136 Yankee 


f/36 Yankee 


IJ36 Yankee 


036 Yankee 
1136 Yankee 
036 Yankee 
036 Yankee 
036 Yankee 
036 Yankee 
1136 Yankee 
fJ36 Yankee 


036 Yankee 
1136 Yankee 


fJ36 Yankee 
/136 Yankee 
036 Yankee 


036 Yankee 


#36 Yankee 
036 Yankee 


!136 Yankee 


NS-CH 
NS-CH 
NS-CH 
NS-CH 


NS-CH 
NS-CH 


NS-CH 
NS-CH 
NS-CH 


NS-CH 


NS-CH 
NS-CH, 
CH-CF 


NS-HC 


NS-HC 


NS-HC 
NS-CH 


GM-CH 


CH-CF 
GM-CH 


GH-CH 


CH-CF 


NS-HC 
NS-HC 
NS-HC 
NS-HC 
NS-Cil 
NS-CH 
NS-Cil 
NS-CH 


NS-CH 
NS-CH 


NS-CH 
NS-CH 
NS-CH 


NS-CH 


NS-CH 
NS-CH 


NS-CH, 
CH-CF 


* NS:Nova Scotia; CH:Capc Hatteras; BI:Block Island; GM:Gulf of Heine; 
CC=Cape Cod; DB=Oelaware Bay; .Jf=Jackaonville, Fla.; CN-Charleston, SC; 
CB=Cape Canaveral; CF=Cape Fear; HC-Hudaon Canyon; NT-Nantucket Shoals. 


B 11ay- 4 Jun, 1973 
1 Apr- 2 11ay, 1974 


1B 11ar-24 11ar, 1975 


3 l~ar-26 l~ar, 1976 
19 11ar-14 Apr, 1977 
20 11ar-23 11ay, 1978 
21 11ar-12 May, 1979 


27 Jul-31 Aug, 1977 


25 Jul-11 Aug, 1970 


30 Jul- 1 Aug, 197B 
2 Aug-31 Aug, 1979 


29 Jul- 2 Aug, 1979 


DATE 


26 Oct-13 fllv, 1972 
31 Oct- 5 Dec, 1972 


Oct- 1 fi:Jv, 1973 
23 Sep- 4 Oct, 1974 


15 Oct- 7 Nov, 1975 
28 Sep-17 Oct, 1976 
26 Sep-15 Dec, 1977 
5 Sep-22 fllv, 197B 


1B Sep- 9 fllv, 1979 


_INSHORE CRUISES ( ( 2B m water depth) 


SPRING 
VESSEL 


ATLANTIC TWIN 
ATLANTIC TWIN 
ATLANTIC TWIN 


DELAWARE II 
DELAWARE II 
ALBATROSS IV 
ALBATROSS IV 
& DELAWARE II 


SUI111ER 
VESSEL 


ALBATROSS IV 
& DELAWARE 


ALBATROSS IV 
& DELAWARE II 


DELAWARE II 
ALBATROSS IV 


& DELAWARE II 
DELAWARE II 


AUTUI1N 
VESSEL 


DELAWARE II 
ATLANTIC TWIN 
ATLANTIC TWIN 
ALBATROSS IV 


& DELAWARE II 
DELAWARE II 
ALBATROSS IV 
DELAWARE II 
DELAWARE II 


DELAWARE II 


TRAWL TYPE 


3/4 Yankee 
3/4 Yankee 
3/4 Yankee 


1141 Yankee 


1141 Yankee 


041 Yankee 
041 Yankee 


TRAWL TYPE 


1136 Yankee 


036 Yankee 


036 Yankee 


036 Yankee 


036 Yankee 


036 Yankee 


3/4 Yankee 
3/4 Yankee 
036 Yankee 


036 Yankee 


fJ36 Yankee 


036 Yankee 


036 Yankee 


1136 Yankee 


AREA* 


BI-CH 
NT-JF 
Bl-OB 


BI-CH 
81-CH 
BI-CH 
GM-CH, 
CH-CF 


GM-CH 


GI1-CH 


CH-CF 
GI1-CH 


CH-CF 


AREA* 


CH-CA 
81-CN 
81-CF 
Bl-OB 


CC-CH 
BI-CH 
BJ-CH 
GI1-CH, 
CH, CF 
CC-CH, 
CH-CF 







The number of stations occupied within a 
stratum is roughly proportional to its area. 
This is desirable in case it becomes necessary 
to post-stratify certain strata. Priority 
areas, such as Georges Bank, and some of the 
inshore areas threatened with pollution are 
sampled more heavily. Some of the very small 
inshore and offshore strata are also sampled 
more heavily because of the need for at least 
two stations to permit variance computation. 
This disproportionate sampling would be 
considered in any post-stratification process. 


About 440 to 450 stations are occupied in 
a complete survey between Cape Hatteras and 
Nova Scotia. This gives us one station for 
every 200 square nautical miles; sampling 
allocation south of Cape Hatteras is about the 
same. Stations occupied during a recent survey 
are shown in Figure 2. 


The bulk of the surveys conducted since 
1963 have been on ALBATROSS IV, a 57 m (187 ft) 
long stern trawler designed to do this type of 
work. Recently, the majority of survey work 
has been on DELAWARE II, 47 m (155ft) long and, 
also a stern trawler. 


Historically, three trawls have been used 
to collect the data. Today, there are two 
standard survey trawls: a #36 Yankee trawl and 
a #41 Yankee trawl. The #36 was used on spring 
and fall offshore surveys until 1g71 and on all 
fall and summer surveys since then. The #41 
has been used on spring surveys since 1g72. 
Initially, the #36 trawl was adequate to provide 
the abundance indices needed for most 
commercially important species. In the late 
1g6Qs and the early 1g7os, however, the 
abundance of fish dropped so much that the #36 
was no longer adequate during spring surveys, 
especially when herring and mackerel abundance 
is critically low. The #41 trawl opens to 5 m, 
2 m higher than the #36. The sweep on both 
trawls is rigged with rollers. Ground cables 
are not used because they increase the risk of 
trawl damage on rough bottom. During the 
inshore survey conducted by the Sandy Hook 
Laboratory from the fall of 1972 until the 
spring of 1g75, a 3/4 size #36 trawl rigged with 
a chain sweep and ground cables was used. The 
3/4 #36 trawl is the one currently used on the 
surveys conducted south of Cape Fear by South 
Carol ina. In the area south of Cape Cod, trawl 
damage resulting from rough bottom is less 
likely; thus, rollers are not necessary. All 
trawls used have a 1.25 em stretched mesh liner 
in the codend and upper belly. Table 2 contains 
the major specifications of the three trawls 
used during the time series. 


In the past, all trawls and otter doors 
used on a survey had been tested and measured 
during special gear mensuration cruises. 
During these cruises, each trawl was towed in 
several directions relative to the surface 
current, at several different speeds and at 
different ratios (scope) of wire out to depth. 
During these tows, the opening of the trawl was 
monitored acoustically with trawl-mounted 
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transducers (wingspread and headrope height) 
connected to the ship by an electrical cable. 
Each trawl and set of doors were adjusted to 
perform within certain specifications before 
being used on a survey. 


Since the autumn of 1979, we monitor trawl 
performance with a headrope transducer during 
survey operations. Initially, this was done 
sporadically during the surveys and only in 
shallower water. Use of the third wire package 
was more routine this autumn and by the spring 
of 1g81 will be used routinely on all but the 
deepest tows. A benefit of this approach is 
that the vessel time that was used for routine 
mensuration cruises is now used for needed trawl 
testing experiments or other survey operations. 


Fig. 2 . Trawl stations occupied during the 
autumn 1g79 NMFS, Northeast Fisheries Centre 
bottom trawl survey. 
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When departing on a survey, each vessel 
carries at least three complete trawls, two sets 
of trawl doors, spare net sections, twine, spare 
wires (backstraps, legs, etc.), floats, rollers 
and assorted hardware. Since each ship carries 
skilled fishermen as part of the crew, all but 
extreme net damage is repaired while at sea. If 
required, the crew could construct a complete 
new trawl with the components and twine onboard. 


When arr1v1ng on a preselected station, a 
temperature profile is obtained using an 
expendable bathythermograph system; a surface 
bucket temperature is taken and a surface water 
sample is collected for subsequent salinity 
measurement. In inshore areas, a bottom 
salinity may also be taken along with oxygen 
determinations. Observations on weather, sea 
state and position are recorded. After this is 
completed, the otter trawl is set. Trawl 
stations are occupied on a 24-hour basis, with 
scientific watches on a 6-hour-on/6-hour-off 
schedule. 


A standard trawl haul starts when the 
predetermined amount of wire is let out and the 
winch drums are locked. The haulback process 
begins 30 minutes later. The scope of wire out 
to depth varies from 5:1 in the shallow 
nearshore areas to 2t:1 in the offshore areas in 
depths greater than 185m (100 fm). The trawl 
is towed at 3.5 knots relative to the bottom. 
The tow direction is generally toward the next 
station. This is not always the case, 
especially in very rough weather or in areas 
where the bottom is steeply graded (under this 
condition a depth contour is followed). A 
fathometer trace is also recorded during each 
tow. 


Once the catch is dumped onto the checker 
table, it is sorted according to species. All 
the sorted fish and invertebrates are then 
weighed by species to the nearest 0.1 kilogram 
and measured to the nearest centimetre (to the 
end of the centre caudal fin ray). Large 
catches, which are impractical or impossible to 
sort, weigh and measure, are sampled and 
subsampled by weight or volume and later 
expanded to represent the entire catch. After 
weighing and measuring have been completed, 
sample collections are then made. 


Routine collections include scales, 
otoliths or other hard parts for age and growth 
studies, and stomachs for food habit studies. 
Tissue samples are taken for pathology or 
contaminate samples. Gonadal conditions are 
noted and ovaries removed for fecundity studies 
from selected species. 


For each station, all pertinent data are 
recorded on a single two-sided, waterproof 
paper log. This log serves as an original 
written record of all data obtained on a 
station. The logs are coded at sea and ready 
for keypunching within one or two days 
following a cruise. 


The initial aspects of data processing 
deal with the completed trawl log. After the 
log is coded for machine processing, all 
information is scanned for errors of omission, 
inconsistencies or mistakes in calculations. 
The most frequent sources of error deal with 
expanded length frequencies from subsampled 
catches. 


Machine processing involves the production 
of several record types that facilitate 
computer analysis of the data. Today, disc 
storage systems have eliminated the use of 
actual cards. There are five different record 
types; some contain station data and others 
contain catch data, including length 
frequencies. Length frequencies are punched on 
a separate record, preferably by a different 
keypunch operator. Total weights and numbers 
are then calculated by computer from 
length-weight functions applied to the observed 
length frequencies. These are then compared to 
actual counts or measurements; any significant 
differences result in an error flag. Audit run 
results are displayed on a CRT terminal and 
corrections are made directly. Some minor 
errors, however, may not be detected. Several 
columns on all of the standard records contain 
the same information; these too are all cross
checked to find, in this case, possible keypunch 
errors. 


After audits are completed and errors 
corrected, the data are then stored on magnetic 
tapes for future use. 


SUMMARY 


The use and value of catch data generated 
by the Woods Hole trawl survey time series in 
population assessments are well known and 
documented (see Clark this report). The 
assessment application has been a primary 
motivator in continuing the survey over the 
years. The importance of the data to the entire 
biological scientific community, however, cannot 
be overemphasized. The extensive multi-species 
collections over the long series are proving to 
be invaluable in a host of ecological studies. 
This is especially true now when potential 
impacts of exploration of the Atlantic Shelf for 
mineral resources are being studied so 
intensively. 


The continuation of the time series is 
planned for as long as possible. Changes and 
improvements will be made as long as they don't 
disrupt the continuity of the data in the 
series. The addition of surveys during the 
summer and winter will help fill some of the 
gaps we now have in the biological 
understanding of many finfish species. These 
surveys will also provide more experimental 
data, leading to a reduction in variability, 
eliminating some bias and, we hope, improving 
the accuracy and precision of our population 
estimates. 
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Table 2. NMFS, Northeast Fisheries Center Standard Trawl Gear Specification 


#36 Yankee 3/4 #36 Mod. #41 
#36 Yankee with chain Yankee with Yankee 


with rollers sweep chain sweep with rollers 
Gear Code 


Units 


Opening Height of Trawl metres 
Opening \1i dth of Trawl metres 
Overall Length of Trawl metres 
Codend Length metres 
Foot Rope Length metres 
Head Rope Length metres 
Opening Mesh centimetres, stretched 
Average Body Mesh centimetres, stretched 
Codend Mesh centimetres, stretched 
Codend Liner centimetres, stretched 
Number of Floats 
Float Diameter centimetres 
Ground Cables metres 
Roller Gear 
Length of Bridles metres 
Length of Doors metres 
Width of Doors metres 
Weight of Doors kilograms 
Type of Doors 


REFERENCES 


Grosslein, M. D. 1969. Groundfish survey 
program of BCF Woods Hole. Cammer. Fish. 
Rev. 31(8-9):22-35. 


MS 1969a Groundfish survey 
methods. NMFS, Woods Hole, Lab. Ref. Doc. 
No. 69-2, 34 p. 


MS 1969b. Data processing methods 
for groundfish surveys. NMFS, Woods Hole, 
Lab. Ref. Doc. No. 69-3, 60 p. 


11 16 12 41 or 45 


3.2 1.9 1.4 4.6 
10.4 10.9 9.2 11.8 
28.4 28.4 20.8 28.6 
5.7 5.7 7.1 5.7 


24.4 24.4 16.5 30.5 
18.3 18.3 11.9 24.4 
12.7 12.7 114 12.7 
12.7 12.7 11.4 12.7 
11.4 11.4 5.1 11 4 
1.3 1.3 1.3 1,3 


36 21 11 53 
20 20 20 20 
0 0 16.5 0 


Yes No No Yes 
9.1 9.1 11.6 18.3 
2.4 2.4 2.1 2.5 
1.3 1.3 1.1 1.4 


545 545 227 682 
BMV Oval BMV Oval New England BMV Oval 


Rectangular 


1974. Bottom trawl survey methods 
--ol'the Northeast Fisheries Center, Woods Hole 


MA USA. ICNAF Res. Doc. 74/96. 


Sissenwine, M. P., and E. w. Bowman. 1978. An 
analysis of some factors affecting the 
catchabil i ty of fish by bottom trawls. Int. 
Comm. Northw. Atl. Fish., Res. Bull. 13:81-87. 
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1.0 Overview 
The Northeast Fisheries Science Center (NEFSC) has conducted a standardized annual summer 


sea scallop dredge survey in the Western Atlantic continental shelf region off the Eastern United 


States from North Carolina, U.S.A to Nova Scotia Canada since 1975.  See figures 1 and 2 for 


the regional strata sets that display the sampling coverage.  The survey began in 1975 and has 


been conducted annually since 1977 to monitor and assess abundance, population composition 


and recruitment of the off-shore sea scallop resource.  Presently, this is the only sea scallop 


dredge survey conducted by National Oceanic Atmospheric Administration (NOAA) Fisheries.  


The scallop dredge survey collects data on a variety of fish and invertebrate species, but the 


target species is the Deep-sea Scallop, Placopecten magellanicus.  For the standardized survey, 


the NEFSC has utilized an industry standard 2.44 m (8’) wide sea scallop dredge, equipped with 


a ring bag composed of 5.1 cm (2’) rings and a 3.8 cm (1.5”) polyethylene mesh liner, towed for 


15 minutes at 6.5 km/hr (3.8 knots) with a 3.5:1 warp scope ratio.  The annual survey had been 


conducted by the NOAA Fisheries Research Vessel, Albatross IV until 2007 when it was retired.  


Since that time the survey has been conducted aboard the Research Vessel Hugh R. Sharp, a 


University-National Oceanographic Laboratory System (UNOLS) vessel from the University of 


Delaware ported in Lewes Delaware.  


1.1 Survey Goal 


 The goal of the standardized sea scallop survey is to develop long-term fishery 


 independent indices of relative abundance for several commercially important bivalve 


 species and other by-catch fish and invertebrates and to characterize their distribution.  


 Additionally, specimens and other recorded data from the survey will be used to improve 


 our understanding of biological conditions, temporal and spatial trends in population 


 dynamics, identify community relationships and characterize habitat and catch 


 relationships. 


 1.2 Sampling Design 


 The NEFSC Sea Scallop survey employs a stratified random sampling design which is


 analogous to the annual standardized Bottom Trawl Survey.  The area of operation is 


 divided into strata based primarily on depth and secondarily by latitude generally related 


 to scallop distribution  (figure 1 and 2).  Locations of trawl stations are randomly selected 


 within each stratum prior to each cruise.  The number of stations within each stratum is 


 generally proportional to the area of the stratum but also includes consideration of overall 


 variability in sea scallop distribution among strata.  Generally, a minimum of three 


 stations are planned within each stratum and a minimum of two stations must be 


 successfully sampled in each stratum tom obtain an estimate of variability.  Random 


 sampling within each stratum produces unbiased abundance indices with measureable 


 statistical precision.  Abundance estimates obtained from this survey are relative 


 abundance indices rather than absolute abundances indices because catch efficiency of 


 the sampling gear is less than 100%.  Relative abundance indices are comparable through 


 time because survey catchability is held constant through standardization of gear, vessel, 


 and methodology. 
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 1.3 Closed, Management & Conservation Areas 


 Vessel command must be cognizant of areas closed to fishing, fishery management areas 


 and conservation areas.  However, NEFSC vessels or vessel contracted by NEFSC are 


 permitted to survey in most areas closed to fishing activities for conservation and 


 management purposes.  Closed area boundaries do not constitute strata boundaries, unless 


 otherwise noted.  ESB will notify the vessel of any known modifications to closed, 


 management and conservation areas prior to the cruise as necessary.    


 


2.0 Pre-Departure 
Communication between Ecosystems Surveys Branch (ESB), Vessel Command and the Chief 


Engineer (equivalent to the FRV Henry B. Bigelow Chief Bosun) are critical to maximize 


efficiency of the organization and planning of the NEFSC Scallop dredge survey cruise.  The 


vessel shall be made available for loading survey equipment prior to the scheduled departure.  


Delivery of any gear requiring the vessel’s heavy lifting equipment will be done in coordination 


between ESB and the Chief Engineer. 


 2.1 Cruise Scheduling 


 Cruise schedules are distributed through NEFSC vessel coordinator and are organized by 


 fiscal year and vessel.  The dates of the annual scallop survey cruise are determined in 


 conjunction with the contract vessel management at the University of Delaware.    


 2.2 Canadian License 


 A license to operate in Canadian waters must be obtained by the NEFSC vessel 


 coordinator, and transferred to the Contract Vessel Commanding Officer (Captain).  


 Access to Canadian territorial waters is not permitted without this paperwork physically 


 aboard the vessel. 


 2.3 Cruise Instructions 


 Official Cruise Instructions will be submitted by ESB to the Contracted Research Vessel 


 Coordinator three months prior to the ship’s scheduled departure.  The Cruise 


 Instructions will contain the necessary authorities mandating the cruise, outline cruise 


 objectives, itinerary, methods, administrative requirements and requested vessel support. 


 2.4 Cruise Staffing 


 ESB will coordinate scientific staffing for all legs of the annual scallop survey.  A list of 


 the scientific roster will be submitted to the vessel no later than one week prior to the 


 scheduled departure of each cruise leg.  Presently, there is no requirement aboard 


 UNOLS vessels to have a medical clearance provided by Health Services office of 


 OMAO in order to be eligible to sail.  The vessel requires an emergency contact list and a 


 medical form that is kept on the vessel by the Captain during the cruise.  Currently, there 


 is no requirement from the R/V Hugh R. Sharp to obtain security clearances for foreign 


 nationals. 
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 2.5 Scientific Equipment 


  2.5.1 Sampling Gear 


  ESB will provide the necessary scientific sampling gear to the contract vessel  


  along with detailed sampling gear drawings (plans).  All sampling gear provided  


  to the vessel shall be in standard condition and configuration certified by the ESB  


  scallop gear inspection process (draft).  Specific ESB scallop dredge sampling  


  gear include three scallop drags, main wire swivels, spare rings, links, shackles,  


  liners, twine tops, and repair materials.  Sampling gear will be repaired at sea by  


  trained ESB staff. 


  2.5.2 SCS and FSCS Equipment & Scientific Supplies 


  ESB operates a computer program called the Scientific Computer System (SCS)  


  that is connected to the ships sensors suite to record physical data (position, depth, 


  speed, etc).  It is the responsibility of ESB to connect and monitor the sensor data  


  being recorded to SCS during scallop dredge operations.  Fisheries Scientific  


  Computer System (FSCS) equipment is owned and maintained by the NEFSC.  


  ESB is responsible for installation and maintenance of the temporarily installed  


  FSCS system and the connection to the vessel sensor suite, including the   


  hardware installed into the sampling wet van on the back deck of the vessel.   


  Additionally, ESB is responsible for staging and supplying all the cruise supplies  


  needed to conduct the scientific sampling (bags, boxes, sampling tools, etc.).  


 2.6 Station Selection 


 No later than two weeks prior to a cruise, ESB will provide the vessel with a list of the 


 randomly preselected station locations for the entire survey.  ESB will submit electronic 


files containing the complete list of stations with their positions and strata boundaries in a format 


that conforms to the vessel’s current navigation software (Nobeltec 2013).  The  vessel must 


give advance notice regarding any changes in their navigation software.   Vessel command shall 


plot and examine station locations, and identify any stations that  are problematic for the vessel 


in terms of depth, obstructions or other issues.  Any  stations identified as problematic should be 


brought to the attention of the Chief  Scientists to discuss alternative locations or operational 


procedures prior to departure.   


  2.6.1 Planned Cruise Track 


  On the day of sailing, the Chief Scientist will produce a partial cruise track list  


  (usually the next two days worth of work) that determines the order at which  


  preselected stations will be occupied, considering navigational and operational  


  concerns, after consulting with the Vessel Command.  The planned cruise track  


  will be updated by the Chief Scientist and provided to the vessel operators   


  twenty-four hours before arriving on those locations.  Unanticipated issues, such  


  as weather may occur during the cruise forcing modification to the planned cruise  


  track.  The Chief Scientist will consult with the vessel operators to determine the  


  most efficient and productive alternate plan for the continuation of the cruise. 
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3.0 Warp Measurement Standardization 
As stated in the NOAA Fisheries Sea Scallop protocols, sea scallop dredge surveys deploy only 


one dredge rigged with a single trawl warp (i.e. towing cable).  This is due to the fact that the 


scallop dredge is a rigid towed body with only one tow point.  There are no trawl doors or 


flexible panels.  The sea scallop dredge survey does not have the same issues as the trawl 


surveys.  For trawl surveys having two warps, consistency in the measurements of warp length is 


important for maintaining consistency in trawl performance in two distinct ways.  First, the 


length of the warp relative to the water depth (i.e. scope ratio) influences door spread and other 


aspects of trawl geometry.  Second, the length of the warp on one side of the vessel relative to 


that on the other side influences the symmetry of the trawl and, depending on the degree of net 


skew, potentially influences trawl efficiency by affecting footrope contact with the bottom, head 


rope height, or fish herding.  Dredge surveys have only the first issue to deal with in terms of 


effective bottom contact during the dredge haul.  For this reason, it is critical to have evenly 


spaced deployment markings on the trawl warp so that the appropriate amount of scope is set at 


the selected dredge haul depth. 


 Currently, during NOAA Fisheries scallop dredge surveys, warp length is determined by 


periodically measuring and marking the warp at fixed increments on land prior to the survey.  


Current methods of measurement have inherent problems that can lead to inaccurate 


measurement.  For example, differential warp length can result from inaccurate measurement and 


marking before a survey begins, from differential warp stretch and contraction of marked warps 


during a survey or from inaccuracy and slippage of metering devices.  As a consequence, the 


proposed protocol uses the comparison of redundant measuring systems to detect differences in 


warp length beyond a defined tolerance level.   


 3.1 Warp  


The responsibility of procurement, installation, and maintenance of the dredge warp 


resides with the University of Delaware’s Marine Center in Lewes, DE.  This is the 


agency that operates the UNOLS research vessel.  The warp installed on the starboard 


winch aboard the R/V Hugh R. Sharp used for the annual standard NEFSC sea scallop 


survey is a 9/16 inch, 3x19 class, right hand lay, stainless wire rope designed for trawling 


and scallop dredge operations.  One spool of approximately 2,000 meters of this wire is 


installed for each yearly survey.   


 3.2 Warp Marking 


The warp used for scallop dredging shall be marked by the crew of the R/V Hugh R. 


Sharp and Contractors hired to install and mark the wire according to specific marking 


guidelines specified to the contractor by the NEFSC.    In short, the current guidelines 


dictate that the scallop dredge warp is to be inspected (re-measured) and possibly re-


marked before and after every annual survey.  The NEFSC has adopted a tolerance value 


of 1% allowable deviation at all marks as a decision rule during the inspection process on 


land.  If a deviation at a certain position along the warp is not within the 1% tolerance 


then a re-marking will commence from that position to the end of the warp (eyes).  


Currently, the R/V Hugh R. Sharp does not have the ability to completely re-measure 


dredge warp markings at sea, so it must be done at the dock.   


 The warps used for the sea scallop survey are marked every 25 meters with a 


painted water resistant paint.  Physical marking of dredge warps involves spooling the 
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warp off the trawl winch onto a flat surface to measure the wire intervals relative to a 


standard measurement tool (metal wire of known length and marked).  The warp should 


be retrieved, marked and reinstalled under tension (200 lbs).     


 If the primary warp is damaged at sea and needs to be remarked, then the same 


marking process shall be conducted as during the inspection process.  The same mark 


types, spacing and segment marking should be consistent with the on-land protocols.  


Because of the deck limitations, damage repair (broken or frayed section of warp) is 


limited to just the first few 25 meter sections.  The process is to remove the leading 


damaged sections and convert one of the deeper marks to an eye splice and then next 


mark to a triple mark.  If a significant amount of the primary dredge warp is damaged or 


lost, the Chief Scientist will instruct the vessel to return to port for installation of a new 


marked trawl warp if the damaged marked warp does not have the minimum length to 


sample the residual dredge stations from a survey.   


 3.3 Length Measurement of Dredge Warp 


For the single warp dredging system, two independently-calibrated measuring methods or 


devices shall be used, one of which will be in real time.  Due to the fact that only one 


warp is deployed, there is no concern of a percent difference between corresponding warp 


marks just cord length (25 meters) between successive marks for a single warp.  The 


NEFSC does not regularly charter the standard sea scallop survey aboard commercial 


vessels, but if this occurs the NEFSC shall supply operational documentation concerning 


wire requirements and marking specifications critical to the mission.     


  3.3.1 In-line wire meters 


In-line wire meters measure wire lengths directly using running line thru tension 


meters or instrumented blocks over which the warp travels as it is payed out or 


retrieved.  Such systems deflect the running wire by a known amount to facilitate 


measuring under tension and may be subject to deviations from true 


measurements due to wire slippage.  These devices shall be calibrated using 


known lengths of wire at least annually, using manufacturer recommended 


procedures, with moving parts (bushings, sheaves, etc.) inspected and replaced, as 


required.  The research vessel uses a 200 meter section of warp of known length 


to check the metering system.  The warp will be used prior to the first leg of the 


survey to check the meters.  The metering system is used when deploying the 


dredge.  The metering system is set to zero when the dredge is at the water surface 


and then used to set the dredge based on the scope value (3.5:1).  During regular 


deployment, if a deviation of greater than 5% (difference between metering 


system and marks) occurs due to slippage, the survey vessel shall retrieve the 


warp and redeploy to double check the initial haul.  If the problem persists, then 


the 200 meter section of cable can be used to check the meters.  At least three 


times per survey leg, the wire marks are compared to the readings from the wire 


counters.  Because the wire is contained and supplied from a trawl winch below 


decks, the NEFSC cannot use marks along the back deck to compare to marks in 


the wire.  In the past, NEFSC used to compare physical locations on the back 


deck of the Albatross IV against the readouts to check the two systems.  Three 


times per survey leg NEFSC representatives will compare the wire marks to the 
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readout from the trawl winch by setting the dredge to the point where the first 25 


meter mark is visible at the water surface and then running out 300 meters of wire 


and then comparing the marks to the readout.  If deviations occur at any of the 


intervals, and it is greater than 5%, the vessel must return to port to remark the 


wire unless stations can be conducted at scope values less than where the 


deviation occurs.   


  3.3.2 Block wire counters 


NEFSC currently does not use block meters to measure dredge warps. 


  3.3.3 Geometric wire counters 


NEFSC does not use a geometric wire counter on the R/V Hugh R. Sharp to 


measure dredge warps.   


 


4.0 Use of Auto-trawl Systems 
The Albatross IV and the Hugh R. Sharp, the Research Vessels that have been tasked with 


conducting the annual standard sea scallop dredge survey, are not outfitted with an auto-trawl 


system for dredge deployment.  This application is not critical for sea scallop dredge operations. 


 


5.0 Survey Operational Procedures 
Procedures for maintaining consistency in survey catchability of marine organisms include 


selection of tow location; speed during setting, towing, and retrieval of gear; determination of 


scope ratio; estimation and standardization of tow distance; tow direction; and maximum sea 


state.  Written unambiguous protocols specifying these and other issues that may affect survey 


consistency provide a mechanism for communication between scientific staff and the bridge 


officers and crew of the fisheries research vessel which maintains continuity in procedures as 


personnel and vessels change over time.   


There are several dredge haul guidelines that encompass the time period before a dredge haul is 


started, during the haul, and after the dredge haul is completed.  Each randomly pre-selected 


station location is defined by a single latitude and longitude point.  A 1nm radius around the 


point defines the area in which survey operations shall commence.  Standard dredge hauls 


conducted at sea can be defined as being 15 minutes in duration, with the correct scope, towing 


speed, and no gear damage encountered.  A standard dredge begins when the winch operator sets 


out the required amount of scope, locks the winch, and the vessel is maintaining 3.8 knots.  A 


subset of these dredge hauls will involve a hydrographic profile by CTD cast (usually every 


other tow or every third tow).  The Operational Protocols include, but are not limited to the 


following issues and are not presented in time sequence or event order. 


 5.1 Oceanographic Sampling 


 Conductivity, temperature and depth (CTD) sampling will occur at alternating or every 


 third dredge haul location.  The purpose of the CTD sampling on the survey is to collect 


 hydrographic profile data that are representative of some of the dredge tow locations.  To 


 meet this requirement, the CTD should be deployed to within 5 meters of the bottom and 
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 in close proximity to the dredge haul.  CTD casts and water samples can be conducted 


 before or after the dredge haul, but the cast must be proximate to the dredge haul.  


 Proximate is defined by within 3 hours of the start of the dredge haul or within a 3nm 


 radius of the original start location of the dredge haul. 


5.2 Scope 


The wire-out (amount of warp) for a dredge haul is based on the depth as read from a 


depth sounder (Furuno- Navstar).  The standard ratio of length of warp in meters to depth 


of water in meters is 3.5:1.  This means there are 3.5 meters of warp for every 1 meter of 


water depth.  It is understood that some events, including current velocity and weather, 


may create a need to deviate from the specified value of scope.  Because the Sharp is a 


chartered UNOLS platform, some of the roles from the Albatross IV have changed.  A 


member of the scientific party called the Event Operator (EO) is now responsible for 


operating the program to capture the vessel SCS data, determine the scope value and 


report this value to the Engineer on the back deck deploying the dredge.  The Hugh R. 


Sharp Engineer shall keep the scope value consistent throughout a tow unless there is an 


underwater hazard or other issue related to vessel safety.  Presently, the NEFSC does not 


deploy a real-time data collection device to determine bottom contact.  But NEFSC does 


deploy an archiving bottom contact device, inclinometer, during most dredge hauls.  The 


inclinometer device measures angle changes during the dredge haul.  The data is 


offloaded after every dredge haul and archived on SCS.  Recent camera verification of 


the inclinometer will allow the NEFSC to normalize dredge hauls in the future.  At 


present, these data are not used.  Methods will be developed to use the inclinometer to 


independently determine vessel tow distance by translating bottom contact into distance 


over ground.  If the warp is spooled off due to a hang during a dredge haul, the Officer on 


Deck (OOD) and Engineer have been instructed not pull back the extended length.  The 


EO is to indicate the amount of wire taken and the time during the tow.  The Watch Chief 


will make a decision as to whether to repeat the dredge haul or not.  As long as the 


extended warp amount is less than 15 % of the total scope, it is not necessary to repeat 


the dredge haul.  The Watch Chief (WC) has a data audit check that will alert the WC if 


there is a scope problem.  At that time the Watch Chief can decide to repeat a dredge haul 


with the correct scope value.               


5.3 Speed of Dredge Haul 


The OOD is responsible for acquiring and maintaining a constant dredge haul speed of 


3.8 knots (over the bottom) from the time the brakes are set on the trawl winches until the 


end of the fifteen minute dredge haul.  Speed variations between 3.4 and 4.2 are 


acceptable, but the target dredging speed of 3.8 knots should be adhered to as closely as 


possible.  Monitoring the dredge speed during the haul will be accomplished in real time 


using differential GPS.  Multiple speed signals are recorded during the dredge haul by the 


Scientific Computer System (SCS) and a subset is supplied to a digital capturing system 


called FSCS (Fisheries Scientific Computer System).  Variations in approaches to getting 


the vessel and gear up to 3.8 knots due to weather or current factors need to be inspected 


in more detail.  Section 5.8 describes in detail the methodology used to deploy the dredge 


and how to attain the standard dredging speed.  Currently the vessel deploys the dredge to 


depth with a powered trawl winch, not a free spooling winch.  The vessel speed is limited 
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initially to 1.0 – 2.0 knots.  Once the dredge is on the bottom the vessel steadily increases 


speed until the appropriate amount of scope is attained.  At this point the vessel should be 


at the 3.8 knot towing speed.  Vessel speed is maintained during the haul back.   


5.4 Duration or Distance of a Dredge Haul 


Dredge haul distance should not be used as a primary indicator of speed over ground; 


distance versus time can provide a convenient double check.  NEFSC survey standardizes 


speed which in general, results in a standard distance covered over the 15 minute tow.  


The designated 3.8-knot speed over ground equates to about .9 nautical miles traveled 


during a 15-minute dredge haul.  Based on this speed, the approximate distance covered 


at various points in the tow are as follows: 


  


 @10 minutes into tow  0.63 NM 


 @15 minutes into tow  0.95 NM 


 


Distance traveled should only be used as a secondary check of primary speed indicators.  


Speed should never be adjusted during the tow to achieve a target distance. 


5.5 Direction of Dredge Haul 


The dredge haul station locations are selected using a stratified random selection process.  


Stations are occupied according to the most efficient cruise track and not to any 


predetermined set of stations.  Dredge haul direction shall be from the current station 


location towards the next available station location unless one of the following occurs: 


  


 Towing to the next station location puts the dredge haul (approximately 1 


NM), greater than one quarter of the tow distance into an adjacent strata. 


 When the OOD has to follow a depth contour, generally offshore. 


 Bad bottom, wrecks, cables or other underwater obstructions in the dredge 


path. 


 Fixed gear in the dredge path and a clear dredge haul exists in another 


direction. 


 Heavy traffic. 


 Moderate to heavy seas in one direction, but still towable in another 


direction. 


Small corrections in tow direction are allowable and expected for the above 


 conditions.  The OOD should radio to the EO so they can put a comment into FSCS. 


5.6 Location of Sampling Site (Sampling Design) 


5.6.1 Location (Determination) of Sampling Site, specifically 


The NEFSC sea scallop survey employs a stratified, random sampling design that 


has remained constant throughout the survey time series that started in 1975.  


Survey strata are based on fixed depth ranges and regions of bathymetry along the 


continental shelf of the survey area, ranging from Virginia to Nova Scotia, 
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Canada (Fig. 1 + 2).  Strata coverage and the target number of stations to be 


sampled within each stratum are determined prior to conducting each survey.   


All strata are subdivided into blocks 5 minutes of latitude by 10 minutes of 


longitude.  These large blocks are further subdivided into 10 small blocks 


measuring 2.5 minutes of latitude by 2.0 minutes of longitude.  The large blocks 


are defined as being the largest area that can be characterized by one tow.   


 Exceptions occur with very long, narrow strata, and strata with irregular 


borders.  In these cases, the strata are subdivided directly into 2.5 X 2.0 minute 


blocks.  These smaller blocks are then grouped into larger blocks so that the 


numbers of small ones are evenly distributed throughout the large ones.  At least 


two large blocks are formed within each stratum.  Each large block is composed 


of, as nearly as possible, 10 small ones.  No large blocks are formed if there are an 


insufficient number of small blocks.   


 Stations selected within each stratum are determined using a Perl program 


called sta_selector.  This program was written to generate a random selection of 


stations within each stratum.  Each small block within a stratum is numbered 


sequentially. The number of small blocks contained within the stratum in which 


the numbers are being selected determines the range of random numbers.  A 


random number selected then corresponds with a numbered small block.  The 


center point of the selected small block will be the starting location of the tow.  


The numbering of tows is directly related to the order of random number selection 


(tow no. 1 is selected first and so on).  A stratum number and the tow number 


within that stratum then identify stations.  Once a small block is selected, all 


members of the corresponding large block are excluded from the selection 


population until there is at least one station selected in every large block within 


the stratum.   


 The sta_selector program creates several output files: a station data file 


(station_location.xls), nav.txt file, and a station.dat file.  The Chief Scientist uses 


the station data file in Excel, in conjunction with charts, to create the cruise track 


by visually determining the most efficient or shortest distance between two 


stations. The nav.txt file is imported into a navigation software package 


(Navtrek), which is used by the bridge officers to set up the routes once the Chief 


Scientist has provided the sequential list of stations to occupy. An Arc-Info 


program employs the station.dat file to create 8" X 11" charts and the large 


bathymetric charts that have the station locations plotted. 


 


Arc-info programs are employed to create strata lines and stations on digital 


rasterized copies of NOAA nautical charts.  Rasterized renditions of the NOAA 


charts currently used are "Georges Bank and Nantucket Shoals" (No. 13200); 


"Approaches to New York, Nantucket Shoals to Five Fathom Bank" (No. 12300); 


"Cape May to Cape Hatteras" (No. 12200); and, "Cape Hatteras to Charleston" 


(No. 11520). The bridge officers continue to navigate by using the official NOAA 


charts. 
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5.6.2 Non Suitable Sites - Procedures to Resolve Once Arrive On Location 


There are some fundamental dredging guidelines that a Research Vessel OOD 


must attempt to comply with when attempting to conduct a NEFSC standard sea 


scallop dredge haul, which include those in sections 5.0.  Some of these dredging 


guidelines are addressed prior to conducting the dredge haul and others are 


addressed during or after the dredge haul is completed.  Either way, the purpose 


of the guidelines is to facilitate the completion of a standard dredge haul.  Below 


is a discussion about the guidelines and what to do if the guidelines are not met.  


These guidelines should be thought of as what the OOD is thinking about as they 


approach a possible dredge location and how a successful dredge haul is 


conducted. 


     


a. Never change warp length (scope) after the dredge haul starts (winches 


locked), set scope length and described in section 5.2 


b. Speed is 3.8 knots during the haul, see section 5.3 


c. Dredge hauls shall be 15 minutes in duration, see section 5.4 


d. Dredge haul shall start at the marked location and be towed in a 


direction towards the next station, see section 5.5 


e. Conduct dredge haul within stratum boundaries 


f. Never tow in less than 30 feet/9 meters/5 fathoms 


g. Never tow in greater than 1200 feet/ 366 meters/200 fathoms 


h. Relocation of the station location is limited to 1 nautical mile radius 


from original station location without permission from Chief Scientist 


 


These guidelines describe the reasoning and thought process the OOD must apply 


to the decision making process (tactics) when planning for, setting up for, and 


conducting a standard scallop dredge haul.       


 Whenever possible the standard number of available station locations 


(presently 220) should be occupied year to year.  The section below talks about 


how to qualify and possibly repeat a tow, which will affect the decision to 


maintain the standard number of dredge hauls per stratum.  The amount of time 


searching for bottom, avoiding traffic and gear, and repeating bad dredge hauls 


will affect the overall success of the survey and may limit the survey coverage.  


For this reason, it is not critical to get all station locations for each stratum, just a 


minimum of two in order to be able to calculate and average number of animals 


per strata.  It is more important to conduct tows in all strata available over the 


whole range.     


 The underlying role of the OOD is to occupy the safest and most timely 


cruise track considering all other factors; weather, traffic, fixed gear, underwater 


hazards, etc.  Each station location is reviewed prior to arrival by the Chief 


Scientist, and the Vessel Captain.  The station locations are plotted on nautical 


charts and reviewed for chart identified restrictions.  Some movement of station 


location (starting position and direction) is completed before arrival if underwater 


hazards can be identified (cables, wrecks, etc).  In this case, the Chief Scientist 


can supply a randomly chosen location within the 1 nautical mile radius to start 


the dredge haul.  When the station locations look reasonable on the charts, but 
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there is an issue once the RV reaches the station location, this is where these 


guidelines are helpful.  Whenever possible the direction and starting location of 


tow should be altered to within the 1nm radius before moving the actual station 


location to an alternate location within the 3nm radius or a true alternate location. 


 


Marginal to Un-towable Bottom 


The OOD has the clearance to pre-run (scout) the bottom topography and decide 


if it is safe to deploy the gear.  If they decide not to tow at a specific site, then 


they can randomly choose a new station location within 1 nautical mile of the 


original station location and radio to the EO the reason for moving without 


consulting the Chief Scientist.  Officially the time limit for searching for good 


bottom is one-half hour before moving on to a totally new location within three 


nautical mile radius around the original station location.  The Chief Scientist shall 


be consulted for this decision.  Currently, NEFSC does not produce an alternate 


set of random dredge sites.  Because the tow distance is so short compared to the 


trawl survey, this has not been deemed a priority. 


 


Traffic 


The OOD has the clearance to modify the starting position and possibly the 


direction of the station location to adjust for traffic in and around a station 


location.  Again, within the one nautical mile radius, the Chief Scientist does not 


need to be consulted. 


 


Fixed Gear 


The OOD has the clearance to modify the starting position and possibly the 


direction of the station location to adjust for fixed gear in and around a station 


location.  Again, within the one nautical mile radius, the Chief Scientist does not 


need to be consulted. 


 


Sea State (current, wind, waves) 


Dredge haul direction (or the ability to dredge haul at all) may be determined by 


sea state.  If the conditions are as severe as to pose a safety issue or data quality 


issue operations may be affected.  Safety related decisions shall be made by the 


vessel Commander, while data quality decisions shall be made by the Chief 


Scientist.  Tow direction relative to prevailing current has historically been treated 


as a random variable. Conscious efforts to tow into the current or avoid cross 


currents will impart an undesirable bias to the data, which is to be avoided. The 


only exceptions are avoiding a cross current severe enough to continuously flip 


the dredge on setting to the bottom.  The rule of thumb is to attempt two tows in 


the direction of the next station and if both are flips to tow with the current with 


the third.  If the third flips, the Watch Chief will move the station location or work 


with the Chief Scientist to find an alternate station location.  Wind direction is 


generally not a factor for dredging operations.  Sustained high winds with a long 


fetch often cause the waves and swells to come from the same direction.   In this 


case, the direction of dredge haul may have to be based on the seas.  In open 


waters, canceling of operations is considered when sustained winds of 35 knots 
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are observed because this speed usually corresponds to sea states that are 


excessive for safe work on deck and proper gear performance. 


5.7 Determining the Success of a Tow  


5.7.1 Determining a Successful Dredge Haul 


There are two phases of determining if a dredge haul was successful.  The 


guidelines described in section 5.2 – 5.5 should have been met before or during 


the dredge haul in order to conduct the dredge haul in the first place, which is 


phase 1.  The guidelines described above along with performance during, and any 


gear damage and flips after the tow will dictate the success of the second phase.  


Each dredge haul is coded with a qualitative three digit numeric value (Station-


Haul-Gear [SHG]) value indicating some level of gear damage, dredge haul time 


difference other than 15 minutes, or fixed gear interception.  A dredge haul that 


was conducted in the standard manner with no gear damage will be coded with a 


code of “111”.  This coding system is used by the assessment biologist to 


distinguish between standard dredge hauls and non-standard dredge hauls.  The 


most important result of these coding details is to facilitate the ability to occupy 


and conduct the standard number of biologically valid dredge hauls.  There is no 


set number of stations with SHG codes greater than “111”.  It is a method to 


highlight dredge hauls to the assessment biologists that may not be usable.  The 


NEFSC has explicit descriptions of what each of these codes mean.  Basically, the 


Chief Scientist attempts to get the default number of dredge hauls accomplished 


within a given strata, but the dredge hauls have to be standard.  For example, if 


the cruise is working in strata “X” and the random number of selections given to 


the C.S. prior to the survey is 10, and the cruise has accomplished 8 successful 


dredge hauls (SHG < 136), then the C.S. would less likely repeat a bad dredge 


haul if they occurred during the last two station locations.  If this occurred during 


the first 5 - 8 dredge hauls, then the C.S. would attempt to get standard dredge 


hauls for those locations or just nearby.  Because the survey is on a tight schedule, 


the occupation of station locations is dynamic each year depending upon gear 


damage, weather, and expertise of the crew and scientists.  The survey does not 


always occupy all stations.      


5.7.2 Procedures for Repeating Unsuccessful or Aborted Dredge Hauls 


Occasionally it is necessary to repeat a dredge haul because of malfunction, 


damage to the dredge, or did not satisfy the first phase of guidelines.  In cases of 


severe malfunction (flip) or severe damage (whole portions of the liner or ring 


bag), the tow will not be counted as a standard dredge haul and must be repeated.  


It may be sampled for biological data which is independent of abundance and 


biomass information. For recording purposes, the tow is recorded as a valid 


station, but the coding for Station-Haul-Gear (SHG) value shall be greater than 1-


3-6, indicating a non-valid catch for assessment purposes.   


 


In some cases, it may be difficult to determine how to properly code a dredge haul 


that has encountered problems.  The following guidelines should be used: 







 


 


13 


 


 It is essential to indicate a minimum of 2 for haul value, which flags data 


auditors that something abnormal occurred during the tow. 


  If in doubt about SHG coding consult with the Chief Scientist 


 Ensure that the catch is worked up at least to the point of weights and 


lengths 


 An accurate and complete account of what occurred to the gear must be 


given in the Station Initialize Watch Chief comments field; Engineer or 


boatswain must be interviewed to determine details on gear condition.  


 When significant gear damage occurs, the Chief Scientist should be 


informed, and the decision to re-tow must be made based on the severity 


of the damage and the risk of possibly incurring a similar result with a 


repeat in the same area. 


 A plot of the starboard line tension should be printed out and saved for the 


auditors, to help determine at what point the gear encountered problems. 


 


The decision to repeat a tow is made by the Chief Scientist or Watch Chief.  The 


following factors may override this decision: 


 


 The probability of the same or greater damage to the dredge occurring; in 


this case, the station location should be moved  


 The current progress of the cruise as a whole (when time remaining in the 


cruise threatens the completion of the entire survey area) 


 The status of shipboard gear inventory, i.e. how many undamaged dredges 


are left 


 


The following factors must be weighed with every decision to override a re-tow: 


 


 The overall progress of the cruise (does time in the context of the entire 


survey permit extended effort on any one station) 


 The phase of the cruise (a subset of above) i.e. risking the last undamaged 


dredge on the last day of leg I may not be a serious risk for the cruise at 


all, as the ship will return to port and can replenish the supply of nets 


without much loss of operational time 


 The number of stations completed in the stratum in question (higher 


priority would be placed on a station that represents the sole tow in the 


stratum, lower priority would be placed on a station that would represent 


the 8th successful tow in the stratum) 


 The current relative importance of the stratum in question (is it a critical 


stratum for certain assessment species) 


 The geographic coverage within stratum that the tow represents 


5.8 Vessel and Winch Operation during Dredge Deployment and Retrieval 


To ensure comparability between dredge hauls and years of standard surveys, vessel 


operators will be asked to follow standard procedures when setting, towing, and 
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retrieving the dredge gear.  If the OOD has satisfied the pre-dredge haul general 


guidelines, they can then conduct a standard dredge haul.  The general goals that are set 


out as the basic protocols are as follows: 


5.8.1 General Guidelines for Setting the Scallop Dredge 


Once the OOD has the vessel in the appropriate position to set the dredge they 


will communicate with the EO, who will communicate the scope value and 


instruct the Chief Engineer (Winch Operator) to set the dredge.  The OOD will 


bring the vessel up to a standard setting speed (1.0 – 2.0 knots) and prepare for 


deployment and speed adjustment.  The Engineer will deploy the dredge using the 


winch metering system (double checked with warp marks) over the back deck and 


set the appropriate amount of warp to achieve the desired scope.  The metering 


system is set to zero at the water surface during deployment.  The dredge is power 


spooled down (60 m/s) to the bottom and the winches are secured and the EO 


starts the countdown clock.  The primary goal during this phase is to achieve a 


good set on the bottom.  Once the Engineer has determined that the dredge is on 


the bottom and still spooling wire, they will instruct the OOD to come up to 


towing speed.           


5.8.2 General Guidelines for Towing the Scallop Dredge 


Once the trawl winch has been set, the “standard tow” begins.  The vessel should 


be at 3.8 knots and the timer should be engaged for a 15 minute dredge haul.  


During the tow the Engineer should be aware or any changes in warp length due 


to hangs.  The primary goal during towing is to maintain a constant speed and 


straight course whenever possible.   


5.8.3 General Guidelines for Retrieval of Scallop Dredge 


When the tow timer sounds off, the Chief Engineer starts to retrieve the scallop 


dredge at (60 m/s).  The vessel speed is maintained at 3.8 until the last 25 meters 


then speed is reduced to not to flip the dredge.  When the dredge comes close to 


the surface the Engineer will inform the bridge to slow down.  The dredge is 


slowly brought onboard using the rear frame and set on the back deck sorting 


table then dumped.   


 5.9 Intercepted Fixed Gear 


Survey dredge operations regularly occur in the vicinity of fixed fishing gear (lobster 


pots, sink and floating gill nets, etc.).  Care should be taken to avoid interacting with 


fishing gear via searching and scouting when planning the tow path or making small 


course correction to avoid gear when seen during dredge tow operations.  It is understood 


that fixed gear interceptions often represent a safety hazard, in keeping with safety, effort 


should be made to gain as much information as possible on the extent of the intercepted 


gear, amount of damage, its status as actively fished or abandoned, it effect on the dredge 


performance, and any indication of ownership such as registration and tag numbers.  The 


Chief Engineer and deck crew shall transfer this above information to the Watch Chief to 


enter into FSCS.  Gear retained should be stored and delivered to the NOAA Fisheries net 


loft in Pocasset, MA.    
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 5.10 Cessation of Dredge Operations Due to Weather or Sea Conditions 


Survey operations should cease anytime at which the Captain, OOD, or Chief Scientist 


believe the safety of personnel or the vessel is compromised, especially during setting 


and hauling of the dredge gear.  Special attention should be paid to the archiving dredge 


angle sensor during times of increased sea state.  The Watch Chief should look for 


inconsistencies in bottom contact.  If it is suspected that the dredge is not attaining a 


consistent bottom contact during the dredge haul, dredge hauling should be terminated.  


This decision shall be made by the Watch Chief and Chief Scientist if there is not a safety 


issue with the current weather conditions. 


 5.11 Defining Responsibility for Decisions Regarding Operational Protocols 


All aspects of the scallop survey operation will be overseen by the Chief Scientist.  Final 


decisions regarding station locations and station scheduling are the responsibility of the 


Chief Scientist.  Vessel operation including safety, dredge gear deployment and retrieval, 


and all matters to vessel safety will be the responsibility of the Research Vessel 


Commanding Officer (Captain).  Day to day operations per 12 hour watch is the 


responsibility of the assigned Watch Chief.  Training in Fisheries Scientific Computer 


System (FSCS) and standard sampling of the dredge hauls is the responsibility of the 


Chief Scientist and Watch Chiefs.  It is the responsibility of both the Chief Scientist and 


the Commanding Officer to keep lines of communication open between crew and 


scientists, not only for safety purposes, but to ensure that all standard operations are 


proceeding in the manner outlined here. 


 5.12 Biological Data Collection 


 All biological data are collected using the Fisheries Scientific Computer System (FSCS).   


  5.12.1 Dredge Catch Processing 


 


  Catch processing will occur under the supervision and direction of the Watch  


  Chief.  The following basic operations occur: 


 


  a. Calibration of scales.  At the start of each watch the electronic scales shall  


  be calibrated.  During a watch, additional calibrations may occur under the  


  direction of the Watch Chief in external conditions cause a scale to fluctuate. 


  b. Sorting.  Sorting will precede all biological sampling, except in special  


  cases where sub-sampling methods are utilized.  The majority of the catch will be  


  sorted  to species level.  The residual material (species not coded) will be   


  volumetrically measured in liters and disposed of.   Qualitative indications of  


  presence or absence of non-coded species, sizes of substrate, and types of broken  


  shell are recorded. 


  c. Weighing.  All sorted and coded organisms are weighed into FSCS using  


  calibrated motion compensating electronic scales.  Because the organisms   


  are usually covered or coated with sand and shell hash the weights are not used as  


  a tool for expansion.  It is a requirement of the FSCS program that all species  


  have a total weight.  







 


 


16 


  d. Measuring.  All coded species will be measured, either totally or partially  


  using sub-sampling methods. 


  e. Special Sampling.  Selected special samples beyond weighing and   


  measuring may take place through the authority of the Chief Scientist via   


  approved requests from the ESB Chief.  The primary vehicle for these requests  


  will be, but not limited to, the ESB Sampling Request Booklet and associated  


  protocol sampling tables in FSCS. 


  f. Disposing of catch.  The processed catch will disposed under the   


  supervision of  the Watch Chief.  Disposal of the non-coded by-catch by the deck  


  crew can commence after the total volume in baskets is determined (1 basket = 46 


  liters).  Catch disposal shall occur only after all pertinent data has been collected.   


  No catch will be disposed of while the dredge is deployed so that previously  


  sampled organisms are not recaptured.   


  g. Protected Species.  Protected species will be handled according to NOAA  


  and/or  NEFSC protocols.    


 


6.0 Post Cruise Activities 


 6.1 Vessel Cleanup 


 At the end of each cruise leg, all scientific areas (lab space, vestibule, lounge, back deck, 


 sampling van, and staterooms) shall be cleaned by the scientific party.  The scientific 


 party shall clean all scientific equipment as well, including all FSCS hardware. 


 6.2 Sample Offload 


 Scientific samples will be organized and inventoried at the end of each cruise leg.  


 Samples will be offloaded from the vessel at the discretion ESB staff.  Traditionally, 


 frozen scientific samples are removed when in port in Woods Hole at the conclusion of 


 leg II and III.  


 6.3 Data Offload 


 The FSCS administrator assign to the cruise will create a copy of all necessary data 


 collected after each cruise leg and is responsible for transport of these data from the 


 vessel to the lab.  A flash drive will be provided for file copy and transport. 


 6.4 Equipment Offload 


 Offload of survey dredge gear will be coordinated between the ESB warehouse staff and 


 the Chief Engineer.  Gear offload and on-load may occur between survey legs when gear 


 is damaged and needs to be replaced.  Scientific equipment, such as FSCS hardware, 


 cruise supplies, and dredge repair materials, will remain on the vessel until the end of the 


 survey. 


 6.5 Post-Cruise Meeting 


 Upon completion of each cruise leg, a post-cruise meeting will be held and attended by 


 the Contracted Vessel’s Captain, Chief Engineer, Chief Scientist, Vessel Coordinator, 


 Port Captain, and Chief of ESB.  This can occur at the conclusion of legs II and III.  Leg 
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 one does not come into port in Woods Hole, MA.  A designee shall take minutes and is 


 responsible for distributing them to the attendees.  


 


7.0 Scallop Dredge Construction, Repair, Inspections 


 7.1 Scallop Dredge Construction and Repair 


The NEFSC sea scallop survey utilizes an New Bedford style industry standard 2.44 m 


(8’) wide sea scallop dredge, equipped with 5.1 cm (2’) rings and 3.8 cm (1.5”) 


polyethylene mesh liner.  The metal ring bag is attached to the aft section of the dredge 


behind a pressure plate (Figure 3 – 7).  The 1.5” liner is placed inside the ring bag to 


capture small scallops.  Construction plans for the standard scallop dredge are included as 


figures 3 - 7.  The plans include engineering drawings of the dredge.  In addition, each 


plan contains a description of all materials used, and the qualities of these materials 


considered important for proper dredge function.  A checklist and inspection document 


draft has been developed specifying the dimensions, and their tolerances, or other design 


features considered important for proper dredge function.  The checklist will be used to 


verify that each newly constructed or repaired dredge is within operational tolerances 


before use.  Members of the scientific staff of the NEFSC, who are trained in dredge 


construction and repair verification, will verify that the dredges are within operational 


tolerances.  The inspections of all dredges and components shall be conducted annually.   


 7.2 Scallop Dredge Inspection and Repair at Sea 


After every dredge tow, the Watch Chief should inspect the dredge gear for wearing on 


the shoes and damage to the dredge or liner.  The Watch Chief should inspect the “shine” 


on the dredge shoes, wearing pad, and sweep chain.  If there is no “shine” on the shoes, 


this may indicate that there is a problem with the tow.  NEFSC has a tolerance of wear on 


the dredge gear of 200 tows or half worn heel shoes.  Periodically, the heel shoes are 


measured and once ¼” is worn off, the dredge is retired.  Repairs to dredges at sea are 


conducted by the ESB staff.  Significant damage to the liner or dredge may require the 


dredge haul be repeated.  See section 5.7.2 for detail about re-towing due to gear damage.   


 7.3 Scallop Dredge Gear Inspections/Certification 


Scallop gear inspections and certification protocols are being developed.  Dredge gear is 


repaired and inspected annually by a team of trained NEFSC gear experts prior to the 


survey if the gear that was brought on the Sharp the previous year had been deployed 


even on only one tow.   See gear inspection and repair draft document called Appendix 1.  
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Figure 1. Southern Shellfish Strata Set 


 







 


 


19 


Figure 2. Northern Shellfish Strata Set 
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Specifications for Construction of NEFSC 


Standard Scallop Dredge  
 


Figure 3: Top Ring Bag (Apron) with Twine Back 


 


Dimensions of each section are shown on the attached plan.  Rings for the dredge are 2” by 5/16” 


case hardened steel connected by single 5/16” compression links for top ring bag (apron) and 


extensions.  The apron is built with 32 by 18 rings, while the forward extensions are built with 4 


rows with a staggered set of rings at the attachment point of the dredge frame.        


 


Top ring bag (apron) with mesh twine top 


 


                              |--------------------------------32 Rings -----------------------------| 
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Figure 4: Bottom Ring Bag and Extensions (Diamonds) 


 


Rings for the dredge are 2” by 5/16” case hardened steel connected by double 5/16” compression 


links for the bottom ring bag and extensions (diamonds).  The bottom ring bag is built with 32 by 


15 rings, while the extensions (diamonds) are built with 4 rows with a staggered set of rings at 


the attachment point of the dredge frame. 


 


Bottom Ring Bag and Extensions (Diamonds) 


 


 


 


 


 


 


 


2
7


 r
in


g
s


12 rings


8 rings


32 rings







 


 


22 


Figure 5: Dredge Frame (bail)  
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Figure 6: Club Stick and Dumping Chain 
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Figure 7: Standard Sea Scallop Dredge 


 


 


 


 


 


Specifications: 


Apron (top) 32 rings x 18 rings 


Bag (bottom) 32 rings x 15 rings 


Front length 6'3" long (from eye to bag attachment) 


Front width 8’ wide 


Rings  2" x 5/16" 


Sweep chain 77 links of 5/8" casehardened steel 


Top twine 4" SM. nylon with 1½" Poly - 63" deep 


Weight  1425 lbs. 


Liner  1 ½” polyethylene #21 twine (2.2 mm) (rtex 2299) 
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1  Introduction 
 


Fishery-independent surveys are an important source of information for stock assessments 
worldwide.  At the Northeast Fisheries Science Center (NEFSC), bottom-trawl surveys have 
been conducted annually for nearly half a century (Azarovitz et al. 1997) and are integral to 
assessments of the many groundfish as well as some pelagic and invertebrate stocks.  Because of 
temporary break-downs and technological advances in gear efficiency and vessel performance, 
there are periodic changes in vessels and(or) gears (Byrne and Fogarty 1985 and Byrne and 
Forrester 1991).  Experiments to measure the relative catchability of two or more vessel-gear 
combinations are necessary to rigorously combine their information in analyses such as stock 
assessments (Anonymous 1992). 
 
At 636 stations, standardized tows were made by both the R/Vs Albatross IV and Henry B. 
Bigelow in 2008.  These tows span both the traditional spring and fall survey seasons as well as 
some site-specific tows made during June and July.  The reviewers of the calibration study 
design recommended using an estimator of the ratio of the average catches corresponding to the 
stratified random sampling design carried out during the spring and fall surveys (NEFSC 2007), 
but the availability of the site-specific stations may complicate the usage of this estimator.  The 
design-based inference associated with the estimator of the ratio does not allow statistical testing 
of association of factors such as season, station-type, etc., with the expected catches by the two 
vessels or the calibration factor that relates them.  Testing these associations requires 
assumptions of models for the data generating mechanism, but appropriateness of an estimator 
often depends on how similar an assumed and true distribution are.  
 
The ultimate goal of this work is to provide a statistically rigorous approach to estimating the 
calibration factor for catches measured in numbers and total biomass.  To this end, we first 
consider a suite of candidate calibration factor estimators and assess their statistical behavior 
through simulation.  Some of these estimators, such as the quasi-likelihood estimator are 
previously considered in the literature (e.g., Pelletier 1998 and Lewy et al. 2004).  For each 
species, we exclude some classes of estimators through tests of correlation of the paired tows at 
each station and tests of goodness-of-fit.  We also evaluate statistical evidence for season-
specific estimates of calibration factors. 
 
2  Methods 


 
2.1  General approach 


 
For the calibration experiment the main goal is to estimate the ratio of the catchabilities ( )q of 


the Henry B. Bigelow and Albatross IV.  We assume that the expected catch of the Albatross 
IV at station i  is  and that of the Henry B. Bigelow is  where  
and  are the densities available to the Albatross IV and Henry B. Bigelow, respectively, at 
station .  When the densities available to the two vessels at the station are the same, 


 and the ratio of the two expectations is  
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 the calibration factor.  Note that the densities among stations need not be constant.  The 
temporal and spatial offset of the two tows at each station was intended, at least for predominant 
groundfish, to negate the effect of the tows on each other while keeping available densities 
equivalent (for full details on the  design of the calibration experiment see NEFSC 2007 and 
Brown et al. 2009).  If so, then eq. 1 is satisfied.  However, note that our definition of 
catchability here combines the intensity of capture and the duration of the tows so that for vessel 


,  where  is the area/volume swept and  is the probability of capture given an 
encounter.  If the tow duration for the Henry B. Bigelow changes in the future, then calibration 
factors that account for differences in swept area or volume would have to be estimated. 


v =v vq A ev vA ve


 
2.2  Candidate estimators 


 
We present several candidate estimators that derive from different degrees and types of 
assumptions on the data generating mechanism and include non-parametric, quasi-likelihood, 
and maximum likelihood estimators (MLEs).  Specifically we discuss the 1) non-parametric 
estimator of the ratio (ratio estimator), 2) binomial-based quasi-likelihood estimator, 3) 
independent Poisson MLE, 4) negative multinomial MLE, 5) beta-binomial MLE, 6) 
independent negative binomial MLE, and 7) gamma MLE.  Of those estimators, the second 
through sixth are specific to catches measured in counts, which will be of primary interest.  The 
gamma MLE is for calibration of average fish weight for each vessel which we use with the 
calibration factor for counts to obtain a calibration factor for total biomass.  The ratio estimator 
can be applied to either counts or total biomass.  Most of the candidate estimators for counts 
assume that the density observed at each station is the same for both vessels, but they also derive 
from different assumptions on the variability of the catches and the calibration factor from 
station to station and the correlation of catches at each station. 
 
For some models where maximum likelihood estimators (MLEs) are available and all of the 
information on the calibration factor can be obtained by conditioning on the total catch by both 
vessels at a given station. Because many of the calibration factor estimators are identical in form, 
we opt not to present any simulation results that are repetitive.  For example, because the non-
parametric, independent Poisson MLE, binomial MLE, binomial-based quasi-likelihood 
estimator, independent negative binomial (as parameterized here) MLE, and negative 
multinomial MLE are identical, bias of these estimators is identical. 
 
All simulation studies pertain to counts-based calibration factor estimation.  The biomass-based 
calibration factor estimators are used with the data obtained from the calibration study and 
measures of goodness-of-fit are used to determine the appropriate model for either counts- or 
biomass-based calibration factors. 
 
2.2.1  Ratio estimator 
 
The ratio estimator is a classic non-parametric estimator.  For design-based inference, the form 
depends on the sampling design used to collect the data.  Although the NEFSC spring and fall 
bottom trawl surveys are conducted according to a stratified random sampling design, we also 
have data from a set of paired tows conducted outside of the survey at specific sites.   As such, 
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our analyses uses a non-parametric model-based framework where data at all stations are 
independently distributed with equal mean and variance.  The calibration factor estimator is 
simply the ratio of the mean (or sum of) catches of the Henry B. Bigelow over all  stations to 
that of the Albatross IV,  
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 (e.g., Cochran 1977) and the (delta method-based) variance estimator is  
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2.2.2  Independent Poisson MLE and binomial MLE 
 
When the catches in counts ( ) of the Albatross IV and Henry B. Bigelow at station  are 
independent and Poisson distributed with means  and 


C N≡ i
( ) =Ai A iE N q D ( ) = = ( )Bi B i AiE N q D E Nρ ,  


 ( ) ,vi viN Poisson μ∼  (3) 
 the maximum likelihood estimator of the calibration factor is identical to the ratio estimator, eq. 
2 (see Appendix A).  However, the variance of the two estimators are different. 
 
If we condition on the sum of the two independent Poisson random variables , the 
catch for the Henry B. Bigelow is binomial distributed 


=Ai Bi iN N N+
( , )iBin N p  (see Appendix B) where  


 = .
1


p ρ
ρ +


 


The MLE of the calibration factor is also still identical to eq. 2 (Appendix D).  Because the 
variance of the estimator should be equivalent to that of the independent Poisson MLE we will 
only use the binomial MLE in the simulation study. 
 
2.2.3  Negative multinomial MLE 
 
When the catches of the Albatross IV and Henry B. Bigelow at station i  are independent and 
Poisson distributed as in eq. 3, but the density at the station is gamma distributed,  


 ( ),id Gamma d r∼  (4) 
 where  is the mean density over all stations and  is a measure of dispersion such that 


, catches of the two vessels are jointly distributed negative multinomial with means 
and variances,  


d r
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and the covariance of the two catches at station i  is  
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Notice that as  increases, the tows become uncorrelated as well as marginally approach Poisson 
in distribution.  Note also the MLE is identical to the ratio estimator (see Appendix C) and that 
conditional on the total 


r


=i AiN N NBi+ , the catch by the Henry B. Bigelow is binomial 
distributed ( , )iBin N p  (see Appendix B).  So again, so will not present MLE results using the 
joint negative multinomial probability model. 
 
Here, the total catch at the station is negative binomial distributed whereas that for the binomial 
in Section 2.2.2 is Poisson.  As such, there will be more variability in the total information 
available for estimating the calibration factor in the present data generating scenario. 
 
2.2.4  Quasi-likelihood estimator 
 
The specific quasi-likelihood estimator we consider here assumes the same mean as the binomial 
model, but allows variance to differ,  


  ( | ) =Bi i iE N N N p,


,
 


 2( | ) = (1 )Bi i iV N N N p p σ−  
where 2σ  is often called the ``over-dispersion'' parameter (e.g., McCullagh and Nelder 1989), 
but since its range is , it can actually deal with less dispersion than the binomial 
model.  Note also that 


20 < <σ ∞
2σ  is usually a constant (as we assume here) rather than a function of 


covariates or the size of the total catch .  As the calibration factor estimator is the same as the 
binomial and ratio estimators, any bias will be the same, but because the variance estimator will 
differ we provide results on the confidence interval coverage of this estimator. 


iN


 
2.2.5  Beta-binomial MLE 
 
When the proportion of the catch by the Henry B. Bigelow at station i  is binomial distributed 
with probability  
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and ip  is beta distributed across stations as  
 ( ),ip Beta μ φ∼  


the expected catch at station i  conditional on  is iN ( ) =Bi iE N N μ  and the variance is  


 ( ) = (1 )
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(Appendix F.1).  Here the target of estimation is the marginal calibration factor  


 = .
1
μρ
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Incidentally, when ip  is beta distributed, iρ  has a beta-prime distribution (also called the beta 
distribution of the second kind) (Stuart Ord 1994 and Johnson et al. 1995).  There is no 
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analytical solution for the maximum likelihood estimators of ρ  and φ  and we use numerical 
optimization methods. 
 
2.2.6  Independent negative binomial MLE 
 
Suppose that the densities for each tow at station i  are equivalent in expectation, but independent 
so that  and  are independent realizations of the same gamma distribution (eq. 4) and 
given these densities the catches by each vessel are Poisson random variables, then the catches 
by the Albatross IV and Henry B. Bigelow are independent negative binomial random variables 
with mean and variance as in Section 2.2.3, but no covariance.  This estimator may be 
appropriate if there is no evidence of correlation of the paired tows.  The MLE for the calibration 
factor in this case is again the same as eq. 2 (see Appendix E), but the variance estimator will be 
different.  In the data simulations below, we calculate the MLE and variance estimator using 
numerical optimization methods.  Results pertaining to the variance estimator are of interest for 
this model. 


AiD BiD


 
2.2.7  Gamma MLE 
 
If, conditional on the  fish caught by vessel v  at station i , the weight of each fish is an 
independent and identically distributed gamma random variable,  


viN


  ( , )vij v vw Gamma a b∼


where ( ) =vij v vE w a b


, )


)


 (the mean weight of a fish) and .   The sum of the weights of 
all fish (i.e., the total biomass) is also gamma distributed,  


2( ) =vij v vV w a b
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Because of the invariance property of MLEs, the MLE of the average fish weight for vessel  is 
. 


v
= v vwv a bμ


 
The expected total biomass for vessel v  can also be written as ( ) = ( ) (vi vi vijE W E N E w  as such, 
the ratio of catches in total biomasses is  
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so that the MLE of the total biomass calibration factor ( )Wρ  is the product of the total number 
calibration factor and the ratio of the MLEs for average fish weight (i.e., the average weight 
calibration factor, wρ ). 
 
2.3  Data simulation 
 
Our analyses began with simulation studies to evaluate the performance of the estimators under 
various assumptions about how the data from the paired tows arise. 
 
2.3.1  Negative multinomial data 
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We generated negative multinomial data, using the assumptions described above in Section 
2.2.3.  First we generated densities of fish at each station,  from a gamma distribution,  id


 ( ), .id Gamma d r∼  
Then, conditional on the densities at each station , we generated the catch per tow for vessel v  
from a Poisson distribution,  


id


 ( )vi viN Poisson μ∼  
where =vi v iq dμ  is the mean catch conditional on the generated density . id
 
In simulations, we set =B Aμ ρμ  where = 1.5ρ .  The value for the calibration factor we assumed 
was based on the expectation that the Henry B. Bigelow will catch more individuals for most 
species  We assessed the statistical behavior of the estimators of ρ  over ranges of Aμ ,  and 
number of total stations  via probability of making inferences, bias and variance of the point 
estimator, and bias of the variance estimator.  We used all combinations of the values in Table 1 
in the simulation exercise.  For each combination, we performed 1000 data simulations and made 
estimates and corresponding variance estimates in each simulation for all estimators. 


r
S


 
2.3.2  Independent negative binomial data 
 
Because there is a possibility that densities observed by the two vessels at each station are vastly 
different and perhaps uncorrelated, we also performed simulations where the densities are 
independent, but with the same mean.  When the realized density at station i  is different and 
independent for each tow, the data are independent, but still negative binomial with the above 
means and variances. We again used all combinations of the values in Table 1 in these 
simulations and assumed = 1.5ρ . 
 
2.3.3  Beta-negative multinomial data 
 
Upon review of the data collected from the calibration experiment, we found that there was 
substantially greater variance in the proportion of the catch by the Henry B. Bigelow than 
expected under the binomial model for all prevalent species.  This can occur if there is variation 
in the catchabilities of each vessel and, consequently, calibration factors across stations.  
Variation in densities between hauls at a given station would also produce extra variability of the 
proportions caught by the Henry B. Bigelow, but if the densities are independent, there would be 
no correlation of the catches at each station.  When we have a similar data generating mechanism 
as Section 2.3.1, but where the probability of capture by the Henry B. Bigelow varies from 
station to station according to the beta distribution,  


 = (
1


p Beta , ),ρ μ φ
ρ +


∼  (5) 


 the marginal distribution of the catches by both vessels is a type of beta-negative multinomial 
distribution (see Appendix F).  Conditioning on the total catch at each station, the catch by the 
Henry B. Bigelow has a beta-binomial distribution. 
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We performed simulation exercises where parameters of the data model were estimated from 22 
species in the spring and fall surveys.  All the species chosen for simulation had significant 
correlations between Albatross IV and Henry B. Bigelow catches and varying prevalence and 
calibration factor estimates (Table 2).  As with the other simulation exercises, we performed 
1000 simulations for each species catch characteristics, and made calculations for the previously 
described estimators.  From the results we can determine how frequently across the various 
species the correct estimator (i.e., beta-binomial MLE) performs best with respect to statistical 
properties such as bias and variance of the estimator and bias of the variance estimator. 
 
2.3.4  Over-dispersed beta-negative multinomial model 
 
To observe any sensitivity of the beta-binomial MLE to greater than beta-binomial variability we 
performed simulations where the calibration factor has greater variability across stations.  For the 
beta-negative multinomial model the probability of capture by the Henry B. Bigelow at station i  
was assumed to arise from a beta distribution (eq. 5).  Here we assigned a prior distribution to μ  
that is also beta,  


 *
1( , ).Betaμ μ φ∼  


As 1φ  increases, the distribution of the catches by the Henry B. Bigelow (conditional on the total) 
becomes beta-binomial, but as 1φ  approaches zero, there is ``extra'' variability because  


 
* *
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We performed this exercise for a single species (Acadian redfish) and at various values of 
1 {10,100,1000,10000,100000}φ ∈  and set *μ  to the value estimated from the calibration study 


data using a beta-binomial model. 
 
2.4  Proposed estimates of calibration factors for counts 
 
After assessing the statistical behavior of the estimators through simulation and discovering that 
there is much greater variability in the proportion caught by the Henry B. Bigelow than expected 
under binomial model through generalized Pearson 2χ  goodness-of-fit statistics,  
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 (e.g., McCullagh and Nelder 1989, pg. 34), we determined that the best model-based approach 
to estimating the calibration factor for counts is to assume a beta-binomial model for the data 
generating mechanism.  We evaluated goodness-of-fit of the beta-binomial models using 
likelihood ratio tests and(or) AIC c  (Burnham and Anderson 2002). 
 
Assuming the beta-binomial model is appropriate, we still must determine whether there is 
evidence of seasonal changes in the calibration factor or dispersion parameter or differences in 
those parameters between the standard survey stations and the non-random, site-specific stations.  
We fit a suite of models that allowed different parameters between standard and site-specific 
stations and that also allowed parameters to differ between the seasonal surveys (Table 3). 
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We estimated calibration factors and dispersion parameters in log-space.  Variance estimates are 
obtained from inverting the hessian matrix for the log-likelihood, maximized with respect to the 
log-parameters.  As such, variance (standard error) estimates for the exponentiated parameters 
are obtained via the delta method (Casella and Berger 2002).  Asymmetric confidence intervals 
are calculated by exponentiating the confidence intervals for the log-parameters.  Letting 


= log( )X ρ ,  


 1 /2( ) = exp ( )CI X z SE Xαρ −
⎡ ⎤±⎣ ⎦  


and = 0.05α  in all analyses. 
 
During Henry B. Bigelow trawl operations, data on the fishing behavior of the gear are collected.  
If certain tow parameters do not fall within an acceptable range, the station will be resampled.  
Nevertheless, these attributes may explain variability in the efficiency of the Henry B. Bigelow 
and ultimately the calibration factor and we might account for these attributes in comparing 
future tows to previous surveys conducted with the Albatross IV.  To this end, we evaluated any 
association of the Henry B. Bigelow gear performance attributes that are collected for each tow 
with the calibration factor.  Specifically, we fit beta-binomial generalized linear models with tow 
distance, net opening, door spread and wing spread of the Henry B. Bigelow as covariates for a 
subset of species that represent a range of behavior and body types. 
 
2.5  Proposed estimates of calibration factors for total biomass 
 
Our default methodology for estimating the total biomass calibration factor is to multiply 
calibration factors for counts and mean fish weight.  We estimate mean fish weight for catches 
on either vessel assuming that the total biomass is gamma distributed (see Section 2.2.7).  
Similar to the counts-based calibration factor estimation, we also fit models where parameters 
differ depending on whether the stations are part of the spring or fall surveys or are part of the 
site-specific set, or that the also differ between seasonal surveys (Table 4). 
 
3  Results 
 
3.1  Data simulations 
 
3.1.1  Negative multinomial model 
 
When we simulated data assuming a negative multinomial model as the station data generating 
mechanism, the probability of estimating the calibration factor is nearly one at all but very low 
values of expected catch by the Albatross IV regardless of the dispersion parameter (Figure 1).  
Even when there are as few as 50 stations in the experiment, estimation is possible.  Note that 
only results for the ratio and beta-binomial MLE are displayed because all of the other estimators 
have the same form as the ratio estimator. 
 
Similarly, both the ratio estimator and the beta-binomial estimator approach unbiasedness rapidly 
as the expected catch by the Albatross IV increases (Figure 2).  The decrease in bias is somewhat 
slower when there are fewer stations and there is greater dispersion (lower ) of the data.  The r
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variance (or coefficient of variation) of the estimators also decreases in the same manner (Figure 
3). 
 
When expected catches of the Albatross IV are very low, there is substantial bias of the variance 
estimators corresponding to different calibration factor estimators (Figure 4).  The bias of the 
variance estimators decreases rapidly as the mean catches increase except for that of the 
independent negative binomial MLE.  The bias of the variance estimator corresponding to the 
independent negative binomial MLE increases with mean catch by the Albatross IV.  However, 
this bias decreases as the negative multinomial dispersion parameter ( ) increases and there 
appears to be no trend with the number of stations.  Again, note that the variance estimator for 
the binomial MLE, independent Poisson MLE, and negative multinomial MLE should be the 
same because the conditional binomial model will capture all of the statistical information for the 
calibration factor. 


r


 
The coverage of constructed 95% confidence intervals is negatively biased (under coverage) at 
very low expected catches of the Albatross IV (Figure 5).  For the independent negative binomial 
MLE in particular, there is noticable positive bias (over coverage) of the confidence intervals 
when the dispersion parameter  is small. The ratio estimator is negatively biased when the 
dispersion parameter and number of stations are small. 


r


 
The general poor behavior of the different estimators at very low mean catches is expected 
because there there is little information.  However, generally, the estimators all perform well as 
the mean catch, number of stations, and dispersion parameter increase.  Note also that as the 
dispersion parameter increases, the data become independent and Poisson distributed. 
 
3.1.2  Independent negative binomial data 
 
When we have the same marginal distribution for the tows by the Albatross IV and Henry B. 
Bigelow and the tows are independent at each station, we observe the same increase in the 
probability of estimating the calibration factor with expected catch of the Albatross IV for either 
the ratio estimator or the beta-binomial MLE (Figure 6).  Both estimators are substantially biased 
when the dispersion parameter and number of stations are small, but the beta-binomial MLE 
does not become unbiased as the mean catch nor the number of stations increases when the 
dispersion parameter is small (Figure 7).  Both types of estimators become unbiased as the 
dispersion parameter increases. 
 
As expected, the precision of the two types of estimators again increases as the mean catch, 
dispersion, and number of stations increase (Figure 8).  However, the ratio estimators are more 
variable than the beta-binomial MLE when the dispersion parameter is small. 
 
The variance estimator corresponding to the ratio estimator and beta-binomial and independent 
negative binomial MLEs are least biased over the ranges of dispersion and number of stations in 
the simulations (Figure 9).  The variance estimators for the binomial MLE and quasi-likelihood 
estimators are substantially negatively biased at all but the largest values assumed for the 
dispersion parameter. 
 


 9







The bias of the beta-binomial MLE and the bias of the variance estimators for the binomial and 
quasi-likelihood estimators results in substantial under coverage of corresponding confidence 
intervals (Figure 10).  However, the coverage for the beta-binomial MLE and quasi-likelihood 
estimator approaches unbiasedness more quickly than the binomial MLE as the dispersion 
parameter increases. 
 
3.1.3  Species-specific beta-binomial model 
 
As might be expected, the beta-binomial MLE performed best with respect to biases of the 
calibration factor and variance estimator, minimum variance, and confidence interval coverage 
for most species in either season (Tables 5 to 10).  In the spring-based simulations, the beta-
binomial MLE of the calibration factor had minimum bias and variance and the corresponding 
variance estimator had minimum bias for all species.  For silver hake, scup, and windowpane, the 
independent negative binomial model had slightly less bias of the 95% confidence interval 
coverage, but the bias of the coverage using the beta-binomial model was negligible.  Estimation 
was generally poor for Atlantic halibut, because so few fish were caught as exhibited by the 
mean catches of the Albatross IV. 
 
In the fall-based simulations, the beta-binomial MLE of the calibration factor also had minimum 
bias and variance for all species.  Only for Atlantic halibut was there less bias of an alternative 
variance estimator (for ratio estimator).  For yellowtail flounder there was slightly less bias of the 
confidence interval coverage using the independent negative binomial model and the ratio 
estimator approach had slightly less bias of confidence interval coverage for goosefish.  
However, the bias of the coverage using the beta-binomial model was negligible in either case.  
Atlantic halibut and goosefish were the least prevalent of the 21 species in the fall. 
 
3.1.4  Over-dispersed beta-negative multinomial model 
 
When the variance structure of the data departs from that of the beta-binomial model, the 
statistical behavior of the beta-binomial MLE appeared acceptable.  We simulated data using 
parameters estimated from the data on Acadian redfish from the calibration study, and the bias of 
the MLE and the corresponding variance estimator were negligible (Tables 11 and 12).  At the 
lowest values of 1φ  the extra variability was largest and model departure was strongest, but there 
was no apparent trend of increased bias or poorer confidence interval coverage at these values. 
 
3.2  Count-based calibration factors 
 
During the calibration study, we observed catches by either the Albatross IV or Henry B. Bigelow 
for over 300 species or species groups (Table 13).  The beta-binomial model makes use of data 
from any station where there was some catch, but the frequency of stations where there was 
some catch as well as the average number caught per station plays an important role in how 
strong the inferences are for the relative efficiency, or calibration factor, of a given species. For 
example, over all 636 stations, there were only two where sand tiger sharks were caught and at 
both of those stations only the Albatross IV caught them (SVSPP = 12, Table 14).  This is an 
extreme case, but for species with low frequencies of occurrence and low numbers caught per 
tow, estimation is not likely possible and even when it is, the obtained estimates will likely be 
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substantially biased.  Similarly, the ability to make reliable estimates separately for the spring 
and fall survey will be hampered when there is low frequency of stations where a species is 
caught in one season.  Because virtually no bluefish were caught during the spring portion of the 
calibration study (SVSPP = 135, Table 15), but were much more frequently caught during the 
fall, estimation of a spring-specific calibration factor will be difficult and estimation of a fall-
specific calibration factor will likely be feasible. The total amount of information was increased 
for some species by the incorporation of site-specific stations and if the calibration factor is 
constant across station types, this will improve precision of the calibration factor estimator.  For 
Atlantic cod, (SVSPP = 73), there were 41 stations where fish were caught during the spring, 46 
where fish were caught in the fall and 82 where they were caught during the site-specific portion 
of the study.  In this case, the precision of the calibration factor estimator across all stations is 
increased due to the site-specific stations.  However, if there is evidence that the calibration 
factor is different for these stations, we must estimate separate calibration factors for different 
portions of the study. 
 
The mean number caught will also affect the precision of the calibration factor estimates.  For 
example, goosefish (SVSPP = 197) were caught at 294 of the 636 stations (Table 14), but the 
mean catch per station was less than one (Table 16).  Mean catches with each type of station will 
also be important for precise estimates of calibration factors for different seasons of the survey or 
for site-specific stations (Tables 17 to 19). 
 
We showed with the simulation exercises that even when the catch by the Henry B. Bigelow is 
binomial distributed (conditional on the total catch) a beta-binomial MLE still performs well, but 
the converse was not true.  When we fit binomial models assuming a constant calibration factor 
across all stations, there were 96 species (groups) where, based on the Pearson 2χ  test, there was 
no statistical evidence that the binomial model was inadequate (Table 20).  However, only five 
of these species groups were observed at 20 or more stations and they were all incompletely 
classified groups (e.g., Ling Unclassified., SVSPP = 87) except Atlantic angel shark (SVSPP = 
16), cusk (SVSPP = 84), and Northern Puffer (SVSPP = 196).  Further, species (groups) were 
adequately fit by the binomial model when calibration factors were assumed different for the 
survey and site-specific stations, and also assumed different for the fall and spring survey 
stations.  Although, the binomial model may be appropriate for these species, the beta-binomial 
model will also give reliable results and is less restrictive in assumptions. 
 
We can also see why the binomial is not an adequate fit for most species by observing how the 
proportions of catches by the Henry B. Bigelow at a station vary with respect to the total catch at 
the station (Figure 11).  When there is binomial variability in the data, the variability in the 
proportion decreases rapidly as the total catch increases.  For those species plotted and most 
other species observed in the calibration experiment, more than 5% of the points lie outside the 
range of proportions expected under the binomial model, particularly at larger total catches. 
 
Another important determiner of whether we might use an estimator that assumes the catches at 
each station are independent and negative binomial distributed is whether the tows at each station 
are correlated.  If the catches arise from a negative multinomial or beta-negative multinomial 
they are implicitly positively correlated.  However, if the catches are independent, we saw that 
some estimators other than the independent negative binomial MLE, can give substantially 


 11







biased inferences. 
 
When measuring correlation via Kendall's τ  test over all 636 stations, we found that, among 
species with enough information, paired tows were significantly positively correlated for all but 
49 species or species groups (Table 16).  Furthermore, there were fewer than 20 stations where 
individuals were observed for all but three of the 49 species, many of the species are actually 
incompletely classified species groups (e.g., Unclassified cancer crab), and none of the 49 
species (groups) are of primary interest (i.e., commercially important).  Note also that there was 
no significant negative correlation of the paired tows for any of the species (groups).  Correlation 
tests were also performed for subsets of stations in the spring survey (Table 17), fall survey 
(Table 18), and the site-specific portion of the calibration study (Table 19).  Among spring 
stations, Atlantic menhaden (SVSPP = 36) was the only species of primary interest not 
significantly correlated, but it was observed at only 4 stations.  Among the fall survey stations, 
striped bass (SVSPP = 139) and Atlantic wolffish (SVSPP = 192) were the species of primary 
interest which were not significantly correlated, but these species were observed at only 5 and 6 
stations, respectively.  Finally, among stations in the site-specific portion of the calibration study, 
Atlantic halibut (SVSPP = 101) was the only species of primary interest that was not 
significantly correlated, but it was observed at only 5 stations. 
 
We evaluate the goodness-of-fit of the beta-binomial models using likelihood ratio tests and 
AIC .  Likelihood ratio tests require that models be nested so there is some limitation on which 
models can be tested.  We perform six tests for each species (group) where the calibration factor 
or dispersion parameter differs (test statistics are in Table 21 and p-values are in Table 22).  For 
example, there is no statistical evidence that calibration factors differ between survey and site-
specific stations (


c


1,1M  to 2,1M , see Table 3 for model definitions), for Atlantic cod (SVSPP = 
73), nor is there any evidence that there are differences in the dispersion parameter φ  ( 1,1M  to 


1,2M ) between the types of stations.  In fact, there is no evidence of differences in either 
parameter between seasonal surveys.  On the other hand, there is statistical evidence for different 
dispersion parameters in different seasons of the survey for winter skate (SVSPP = 23).  In all, 
there was statistical evidence of differences in either the calibration factor or dispersion 
parameter between seasonal surveys or between survey and site-specific stations for 71 species 
(groups) that were encountered during the calibration study.  Note that even though some tests 
were significant, it is important to take into consideration the number of stations where the 
species were observed. 
 
When we use AIC adjusted for sample size (AIC c ), we can compare non-nested models, but the 
degree to which the AIC values must differ for one to consider one model or the other better is 
subjective.  Also, the model determined best using the lowest AIC value may not correspond to 
the best model using a likelihood ratio test.  However, the tests often agree.  For example, the 
AIC values for the model fits for Atlantic cod (SVSPP = 73) (Table 23) indicate that the model 
with constant calibration factor and dispersion parameter is best, just as the likelihood ratio tests.  
Of the 188 species groups where it was possible to fit models and calculate AIC c  values, the 
simplest model was best for 111 of them. 
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The calibration factor MLEs for all beta-binomial models are presented in Tables 24 to 38.  
Where species in Table 13 are absent, there were insufficient observations or reliable estimation 
was not obtained.  Estimates of calibration factors for site-specific stations under some models 
are not provided because of redundancy with other simpler models.  For example, the calibration 
factors for site-specific stations under model 3,1M  are the same as those under model 2,1M . 
 
3.2.1  Analyses of Henry B. Bigelow Gear Effects 
 
In the analyses of associations of gear effects with the calibration factor, there was no evidence 
of association for most of the tow attributes across the species we investigated (Table 39).  For 
Acadian redfish, Atlantic herring, and pollock there was a significant association with tow 
distance and for summer and yellowtail flounder there was a significant association with net 
opening.  Note that there were 48 statistical test performed here and 5 (∼ 10%) were significant. 
 
3.3  Calibration factors for total biomass 
 
As described in Sections 2.2.7 and 2.5, our methodology for estimating a calibration factor for 
total biomass was to multiply calibration factors for counts and mean fish weight.  We used the 
beta-binomial MLEs for the calibration factor for counts and for the MLEs of the mean weight 
calibration factor we assumed the total biomass from a tow as a gamma random variable. 
 
Ultimately, the best combination of models for the counts- and biomass-based calibration factors 
is determined using goodness-of-fit criteria and use the products of those estimators for that of 
the total biomass per tow.  For example, if it is determined that the beta-binomial model with 
calibration factors differing by survey season and the gamma model for mean weight per fish 
with constant calibration factor are best, then the calibration factors for total biomass during the 
fall survey would use the product of the fall-specific counts-based calibration factor and the 
constant mean weight calibration factor. 
 
Note that the ratio of mean fish weights will be the opposite of the ratio of expected catches in 
counts when one vessel catches more, but smaller fish than the other.  In such cases, the 
calibration factor for total biomass per tow will be less than that for total count per tow.  Whether 
we might expect this can be determined by looking at the arithmetic mean catches per vessel and 
mean fish weights per vessel (Tables 40 to 43).  For example, the mean catch in biomass for 
Atlantic cod (SVSPP = 73) over 636 stations is higher for the Henry B. Bigelow, but the mean 
fish weight is higher for the Albatross IV.  This is a common occurrence for the predominant 
species. 
 
3.3.1  Gamma mean weight models 
 
There is no evidence for parameters to differ between survey and site-specific stations or 
between fall and spring survey stations for 26 species (groups) including the rosette skate 
(SVSPP = 25) based on likelihood ratio tests (Tables 44 and 45).  There is evidence for 
parameters to differ only between survey and site-specific stations for 16 species (groups) 
including smooth dogfish (SVSPP = 13), little and thorny skates (SVSPP = 26 and 28), white 
hake (SVSPP = 76) and Atlantic halibut (SVSPP = 101).  There is evidence for parameters to 
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also differ between fall and spring survey stations for 95 species (groups) including spiny 
dogfish (SVSPP = 15), several of the skates and flounders.  Similar inferences can be drawn 
from AIC  values (Table 46). c


 
The calibration factor MLEs from all gamma models are presented in Tables 47 to 51.  Where 
species are absent, there were insufficient observations or reliable estimation was not obtained.  
Estimates of calibration factors for site-specific stations under some models are not provided 
because of redundancy with other simpler models. 
 
4  Recommendations 
 
During an 11-14 August 2009 meeting at the NEFSC, a panel of independent scientists (Panel) 
reviewed these analyses and made recommendations about when estimation of calibration factors 
should be performed and, if it is performed, what type of estimators to use.  They suggested to 
not attempt estimation of calibration factors if there are less than 30 sets of paired tows where 
both the Albatross IV and Henry B. Bigelow caught some fish of a given species due to the 
resulting estimates being unreliable.  They made the same recommendation for estimation of 
season-specific (i.e., spring or fall) calibration factors.  When there are 30-50 sets of paired tows 
where both vessels had some catch, then they recommended using the estimate derived from the 
beta-binomial model if the estimate derived from the ratio estimator was either approximately 
equal or greater than the beta-binomial estimate.  The Panel suggested that the estimates were 
approximately equal if the beta-binomial estimate was inside of the 95% confidence interval of 
the ratio estimate.  This implies that they recommend to use the ratio estimate only if the beta-
binomial estimate was greater than the upper end of the confidence interval of the ratio estimate.  
However, whatever estimator is chosen should be used with caution.  This same recommendation 
applies for season-specific estimation.  If there are greater than 50 sets of tows where both 
vessels had some catch (possibly by season), the same criterion for using either the ratio or beta-
binomial estimators holds, but the Panel deemed the resulting estimates to be reliable. 
 
It is important to note that the number of stations where a species was observed as well as the 
total number of individuals observed both provide statistical information to the estimation of the 
calibration factor for a given species.  To avoid unreliable estimates, the Panel recommended to 
only use estimates for species with sufficient numbers of stations where it was observed by both 
vessels. However, this recommendation imperfectly protects against unreliable estimates because 
of the two sources of statistical information.  Consider two extreme hypothetical example data 
situations.  In the first, a species is observed by both vessels at only 25 stations, but there are 
greater than 1000 total fish caught at each station. In the second, another species is observed by 
both vessels at 35 stations, but no more than 10 total fish are observed at each station.  Based on 
the Panel recommendations , estimation would not be advised in the former example, but would 
be in the latter although there is arguably more information in the former.  The problem is further 
complicated by how variable the ratio is from station to station, but this attribute of information 
at multiple levels is common to any hierarchical random effects model. 
 
The Panel did not make any recommendations on the efficacy of the approach we used to 
estimate biomass-based calibration factors, but we suggest using the their recommendations for 
determining a numbers-based estimator for the respective component of the biomass-based 
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estimator (see eq. 5).  The Panel recommendations on sufficient numbers of  stations for 
estimating mean weight calibration factors 


A B+ +
ˆwρ .  That is, only use estimates for species with ≥30 


 total stations and only use season-specific estimates when there are 30  stations 
among each set of survey stations. 


A B+ + ≥ A B+ +


 
Only 47 species were observed by both vessels ( )A B+ +  at ≥30 stations  and of those 19 were 
observed by both vessels at 30 stations during each of the fall and spring surveys (Table 52).  
Of the 28 species that only had sufficient numbers of 


≥
A B+ +  stations by combining both seasonal 


sets of survey stations, the ratio estimate is recommended only for scup (SVSPP = 143) (Table 
53).  Of the 19 species where there were sufficient A B+ +  stations during each seasonal set of 
survey stations, the ratio estimate is recommended for little skate (SVSPP = 26), haddock 
(SVSPP = 74), and four-spot flounder (SVSPP = 104) in the spring (Table 54) and for winter 
skate (SVSPP = 23), spotted hake (SVSPP = 78), four-spot flounder (SVSPP = 104), windopane 
(SVSPP = 108), and longfin squid (SVSPP = 503) in the fall (Table 55). 
 
The estimator for the biomass-based calibration factor in eq. 5 requires the estimators of both the 
numbers-based  and mean weight calibration factors.  For species that only had sufficient 
numbers of  stations by combining both seasonal sets of survey stations, the estimates of 
the mean weight calibration factor are obtained from fitting model 


A B+ +


1M  where the gamma 
distribution is assumed (Table 48) which are multiplied with the numbers-based calibration 
factor estimates in Table 53 to obtain the biomass-based calibration factor estimates (Table 56). 
For species where there were sufficient A B+ +  stations during each seasonal set of survey 
stations, the season-specific estimates of the mean weight calibration factor are obtained from 
fitting model 3M  where the gamma distribution is assumed (Tables 51 and 52). The season-
specific mean weight calibration factor estimates are multiplied by the season-specific numbers-
based calibration factor estimates in Tables 54 and 55 to obtain the season-specific estimates of 
the biomass-based calibration factor (Tables 57 and 58). 
 
5  Discussion 
 
When the catches are positively correlated, we found that the ratio estimator and the beta-
binomial MLE both perform well.  In the data we observed from the calibration experiment, 
there was significant and positive correlation of all species that were frequently caught.  The 
negative multinomial or beta-negative multinomial models can account for this positive 
correlation and the beta-binomial MLE performs well when the data arise from either model.  
However, there was evidence of greater than binomial dispersion for virtually all species.  The 
beta-binomial MLE or ratio or quasi-likelihood estimators would be preferred in this case to 
account for the variability.  The Panel recommended the ratio estimator in certain circumstances, 
but there is no associated probability model. When the beta-binomial model is used, the 
calibration data can be incorporated into likelihood-based assessment models because there is an 
associated probability model. 
 
Assessing goodness-of-fit with the Pearson 2χ  statistic should be considered qualitative.  The 
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use of the Pearson 2χ  statistic when parameters are estimated by maximum likelihood is not 
actually asymptotically 2χ  distributed with n p−  degrees of freedom (Chernoff and Lehmann 
1954), and that of the generalized Pearson 2χ  statistic (eq. 6) is probably not either.  However, 
the bias of the resulting inferences may not be badly biased and the Pearson goodness-of-fit tests 
are only one measure to guide us in determining whether a model is adequate.  The likelihood 
ratio tests and AIC  values will also inform on which model within a set is preferable. c


 
Using the binomial or beta-binomial models for the counts-based calibration factor estimation is 
a natural way to use data where one of the tows at a given station catches zero individuals.  
However, it is important to emphasize that stations where no fish are caught with either vessel 
have no effect on estimation (see Appendix F).  As such, we need not be concerned with 
constraining our inferences for a given species to data from the spatial ranges where they occur.  
Furthermore, our treatment of the calibration factor for total biomass as the product of factors for 
counts and weight per fish avoids having to deal with delta distributions for zero tows and 
continuous positive data.  The expected catch in counts assigns probability to zero catches and as 
such averages over zero as well as positive tows. 
 
Note that while we did explore potential effects of tow performance on the calibration factors, 
there is no accounting for differences between survey strata in our estimates.  We may know that 
there are differences in expected catches and perhaps catchability across strata, but unless there 
are differences in the ratio of Henry B. Bigelow to Albatross IV catches across strata, inclusion of 
strata as a factor in the model will not affect the estimation of the calibration factor.  
Furthermore, with the few tows per stratum and even fewer informative observations for each 
species, we would generally have no power to detect stratum differences and would need many 
more observations per stratum to estimate the stratum effects. 
 
Cadigan et al. (2006) and Cadigan and Dowden (2010) found generalized linear models with 
mixed effects (GLMMs) to adequately capture variation in the catchabilities across stations or 
the variability of fish densities between tows at a given station.  Cadigan and Dowden (2010) 
suggest that when the two tows at a given station are independent negative binomial random 
variables where densities are independent gamma random variables and tows are independent 
Poisson random variables conditional on the densities, the binomial GLMM approach will work 
well in estimating calibration factors.  The GLMM approach is analogous to the beta-binomial 
model for the calibration factor in that the beta distribution incorporated variability in the 
proportion caught by one of the two vessels just as the normal random effects in the GLMM do.  
We found that the beta-binomial MLE did not perform well with respect to bias and confidence 
interval coverage when we simulated independent negative binomial data with  less than 5 and 
mean catches per tow of the Albatross IV were less than 5 per tow even when the number of 
stations was as high as 250 (


r


= 1.5ρ ).  However, the GLMM MLEs may in fact perform 
differently than the the beta-binomial MLEs. 
 
Given that a beta-binomial model or a binomial GLMM could be used to estimate calibration 
factors, there are differences in the ease with which the two estimation approaches could be 
integrated with likelihood-based stock assessment methods that require the calibration factor 
estimates (and account for their uncertainty).  There are a variety of fitting procedures for 
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GLMMs, but generally the marginal likelihood is not maximized because analytic integration is 
not possible.  Cadigan and Dowden (2010) do obtain MLEs from the marginal model using SAS, 
but numerical methods are used to maximize the marginal likelihood.  In contrast, the beta-
binomial probability model can be easily coded in various software that have optimization 
capabilities such as AD Model Builder (ADMB 2009) and therefore can be combined with 
likelihoods for stock assessments that must make use of survey data. 
 
The primary focus of this work was development of a rigorous procedure for estimating 
calibration factors for various assessed species.  However, we have not addressed how the 
resulting estimates are applied.  The calibration factor as parameterized here is the efficiency of 
the Henry B. Bigelow relative to that of the Albatross IV, but in the near-term, we will scale 
catches of the Henry B. Bigelow to the lengthy time series of Albatross IV data.  As such, we will 
be interested in the inverse of the calibration factor as parameterized here.  This requires a simple 
transformation.  Because of the logit link we use here, all estimated parameters are in the log 
space of the calibration factor.  So, that = exp( )ρ θ  and the estimator of the inverse is 


*
= 1/ = exp( )ρ ρ −θ .  By standard application of the delta-method, the corresponding standard 


error is  


 
*


2
( )( ) = SESE .ρρ
ρ


 


 
6  Future Work 
 
Because the mean catches of the Henry B. Bigelow relative to those of the Albatross IV appear to 
depend on the size structure of the population being sampled for many species, calibration 
factors that are not a function of size may be unreliable when applied in the future to survey 
catches that sample different size structures due to a strong recruitment, rebuilding, or increased 
selective fishing pressure.  For species where there is evidence of changes of the calibration 
factor with length, it would appear that application of length-specific calibration factors would be 
more appropriate than constant calibration factors. The Panel recommended estimation of length-
based calibration factors when possible, but what complicates the matter is that the criterion the 
Panel advised for determining whether to use ratio or beta-binomial estimators does not seem to 
apply when length is incorporated.  For some functional relationship of length and calibration 
factor, the recommendation to use the ratio estimator when the beta-binomial estimate is greater 
than ratio estimate may result in different estimators applied for certain length intervals of the 
same species.  Furthermore, the ratio estimator is based on a linear relationship between the 
catches of the two vessels and it is unclear how to apply this when the functional relationship is 
non-linear. Preliminary work with beta-binomial models that incorporate length has been 
performed for a few species, but further analyses with a variety of functional forms for the 
relationship of length to the calibration factor is advised. 
 
A difference in average weight per fish between the two vessels for a given species is likely due 
to differences in selectivity of the two vessels. An alternative approach from eq. 5 for biomass-
based calibration is to use the numbers-based calibration with length incorporated along with a 
length-weight relationship.  The estimated biomass index for the Bigelow based on the albatross 
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data would be 
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where  is the number in length class l per tow for the Albatross IV, ˆ
Al


N ˆlρ  is the estimated 
calibration factor for length class l, and  is the estimated mean weight of a fish in length class 
l from the length-weight relationship. 


ˆ lw


 
There is also a need to develop a method for estimating calibration factors for species that did 
not have sufficient numbers of stations where both vessels had non-zero tows for estimation of 
calibration factors (as recommended by the review panel).  A promising idea proposed by the 
review panel is to use Bayesian hierarchical models to estimate average and species-specific 
calibration factors for similar species. 
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Appendix  
 
A  Independent Poisson MLE 
 
When that catches of the Albatross IV and Henry B. Bigelow at each station are independent and 
Poisson distributed with means =A i iq D μ  and iρμ , the log-likelihood over all  stations is  S
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B  Conditional Distributions 


 
When two random variables, iX  and jX , are independent and Poisson distributed with means 


iμ  and jμ , the distribution of either conditional on the total =i jX X X+  is binomial.  This can 
be shown by factorization,  
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Similarly, when two random variables are jointly negative multinomial distributed, the 
conditional distribution is binomial,  
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 where the marginal distribution of the total is negative binomial. 
 


C  Negative multinomial MLE 
 


Assuming that  are independent negative multinomial random variables 
with probability function eq. 7, the log-likelihood over all  stations  
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and doing the same for Aμ ,  
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and after substitution, we obtain = /Bi AiN Nρ ∑ ∑ . 
 


D  Conditional Binomial MLE 
 


Assuming that  are independent and binomial distributed 1, ,BN N… BS ( , )iBin N p , the MLE of  
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because of the invariance property of MLEs (Casella and Berger 2002). 
 


E  Independent Negative Binomial MLE 
 


When that catches of the Albatross IV and Henry B. Bigelow at each station are independent and 
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Poisson distributed with means =A Ai iq D μ  and =B Bi Biq D Dρ  and densities for each tow are 
independent and Gamma distributed , the catches are independent negative 
binomial random variables.  The likelihood for data at station i  is  
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and doing the same for ρ ,  
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F  A Beta-negative multinomial model 


 
Assume two random variables ( , )i jx x  are jointly negative multinomially distributed,  
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where iπ  is the probability of outcome  given outcomes i  or i j  occur.  Substituting,  
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After integrating out the random variable iπ , the marginal distribution of ( , )i jx x  is  
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where  and we see that the conditional distribution of = in x x+ j ix  given the total n  is beta-
binomially distributed.  Notice that when ,  = 0n
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so that the likelihood components of stations where both tows have no catches have no effect on 
the maximum likelihood estimator.  Note also that when ,  = in x
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which does vary with parameter values  so stations where only one tow is positive will have 
an effect on the maximum likelihood estimator. 


,a b


 
F.1  Mean and variance of a beta-binomial random variable 


 
When  


 ( , )ip Beta μ φ∼  
and  


 | , ( , )i i i i iX p N Bin N p∼  
The marginal expectation of iX  is  
 ( | ) = [ ( | , )] = ( ) =i i p X i i i p i i iE X N E E X N p E N p N μ  
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and the marginal variance is  
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Table 1.  Values of dispersion parameter ( r ), number of station ( S ), and mean catch by the 
Albatross IV ( Aμ ) used in negative multinomial and independent negative binomial simulation 
studies. 


  
 r  S  Aμ  


 0.1 50 0.005
0.5 75 0.050
1.0 100 0.250
5.0 150 0.500


10.0 200 2.500
100.0 250 5.000
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Table 2.  For each species, the seasonal beta-negative multinomial parameters used in simulations.  Calibration factors ( ρ ) are given 
from fitting beta-binomial models whereas others are moment-based estimates from the data. 
 


Species ,s Aμ  sρ  sr  sφ  ,f Aμ  fρ  fr  fφ  
  
Acadian Redfish 20.9632 1.2915 0.0136 1.2201 37.4143 1.4192 0.0457 2.4969
American Plaice 1.2947 2.0743 0.1409 1.5399 4.7291 2.1595 0.0413 2.8002
Atlantic Cod 1.0158 1.8236 0.0824 1.3401 0.4064 2.6798 0.0381 0.5757
Atlantic Halibut 0.0316 1.5001 0.0553 0.1021 0.0637 0.6418 0.0239 0.3584
Atlantic Herring 22.8263 2.2866 0.178 0.7277 9.2351 2.0007 0.0748 2.1295
Atlantic Mackerel 23.9368 1.3897 0.0165 0.6924 1.0478 1.7043 0.0765 0.1875
Black Sea Bass 0.3053 2.1231 0.0391 0.1208 1.5498 4.9769 0.0204 1.1444
Butterfish 73.9737 1.487 0.0172 1.1346 149.4661 1.935 0.0645 1.455
Goosefish 0.1316 9.1589 0.2819 0.5843 0.3147 6.3214 0.2505 1.9639
Haddock 16.0947 1.6241 0.0297 1.3051 9.2908 1.8157 0.0217 1.3391
Ocean Pout 0.4684 5.07 0.1517 0.4507 1.3068 3.6197 0.0125 0.6943
Pollock 0.4789 0.7153 0.0732 0.5468 0.2829 0.7938 0.0378 0.6944
Red Hake 5.4579 3.9591 0.1119 1.4205 6.0677 2.6615 0.1109 1.8878
Scup 5.0158 3.2815 0.048 0.4282 127.5498 2.8003 0.0603 2.3028
Silver Hake 22.4895 6.2826 0.0961 4.4796 28.1076 4.3549 0.2148 2.197
Spiny Dogfish 63.6053 1.2024 0.2269 2.3089 26.8884 1.204 0.0364 1.7292
Summer Flounder 0.7 3.2258 0.2895 1.6082 1.2351 2.4052 0.153 2.4288
White Hake 1.9158 2.4625 0.0319 1.1008 2.1594 2.153 0.1493 2.228
Windowpane 0.8421 3.3112 0.1527 1.7724 1.7928 2.6963 0.0588 1.7644
Winter Flounder 2.3053 2.6603 0.0407 0.8473 1.7649 2.6443 0.0429 1.8121
Witch Flounder 0.9526 2.7918 0.0839 2.2089 0.5657 3.2563 0.0924 2.8052
Yellowtail Flounder 3.6947 2.3472 0.0916 1.4951 5.8685 2.3663 0.0427 1.78
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Table 3.  Fitted beta-binomial models for counts. 
 
Models No. ρ  parameters No. φ  parameters Definitions 
    


1,1M  1 1 Constant ρ  and φ  


2,1M  2 1 ρ  differs by station type (Survey or Site-specific), φ  is constant 


1,2M  1 2 φ  differs by station type (Survey or Site-specific), ρ  is constant 


2,2M  2 2 ρ  and φ  differ by station type (Survey or Site-specific) 


3,1M  3 1 ρ  differs by station type and survey season, φ  is constant 


1,3M  1 3 φ  differs by station type and survey season, ρ  is constant 


3,2M  3 2 ρ  differs by station type and survey season, φ  differs by station type 


2,3M  2 3 φ  differs by station type and survey season, ρ  differs by station type 


3,3M  3 3 ρ  and φ  differ by station type and survey season 
    
 
Table 4.  Fitted gamma models for mean fish weight. 
 
Models No. parameters Definitions 
   


1M  4 Parameters differ by vessel  
2M  8 Parameters differ by vessel and station type 
3M  12 Parameters differ by vessel, station type, and season 


   
 







 


 28


Table 5.  For each species and season (s or f), the biases of all ratio estimators ( )1ρ  and the beta-


binomial MLE ( )2ρ . 
 


Species Bias ( ),1ˆsρ Bias ( ),2ˆsρ Bias ( ),1ˆ fρ  Bias ( ),2ˆ fρ


  
Acadian Redfish 0.0727 0.0233 0.0629 0.0157
American Plaice 0.0815 0.0244 0.0825 0.0255
Atlantic Cod 0.3217 0.0975 0.3197 0.103
Atlantic Halibut 410> 410> 0.3824 0.1736
Atlantic Herring 0.0405 0.0073 0.0516 0.0114
Atlantic Mackerel 0.1418 0.0238 0.1316 0.0411
Black Sea Bass 0.8593 0.2271 0.8245 0.1982
Butterfish 0.054 0.0068 0.084 0.0126
Goosefish 0.0727 0.0484 0.0615 0.0431
Haddock 0.218 0.0395 0.2688 0.0511
Ocean Pout 1.4768 0.4107 410>  410>
Pollock 0.1826 0.0877 0.1534 0.0697
Red Hake 0.0488 0.0137 0.03 0.008
Scup 0.0822 0.0165 0.0928 0.0136
Silver Hake 0.0456 0.0165 0.0451 0.0143
Spiny Dogfish 0.0975 0.0175 0.109 0.0177
Summer Flounder 0.0259 0.0116 0.031 0.0147
White Hake 0.0269 0.0166 0.0348 0.0176
Windowpane 0.0964 0.0385 0.0984 0.0391
Winter Flounder 0.1308 0.0543 0.1438 0.0653
Witch Flounder 0.063 0.0391 0.0503 0.0285
Yellowtail Flounder 0.1476 0.0434 0.1304 0.0303
  
 
 
Table 6.  For each species and season (s or f), the variances of all ratio estimators ( )1ρ  and the 


beta-binomial MLE ( )2ρ . 
 


Species ( ),1ˆsV ρ ( ),2ˆsV ρ ( ),1ˆ fV ρ  ( ),2ˆ fV ρ


  
Acadian Redfish 0.2456 0.0431 0.2479 0.0443
American Plaice 0.6908 0.1572 0.7903 0.1516
Atlantic Cod 7.1679 1.5182 6.8862 1.4713
Atlantic Halibut   1.0722 0.3736
Atlantic Herring 0.3672 0.0757 0.3888 0.0892
Atlantic Mackerel 0.997 0.1911 1.0473 0.2424
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Black Sea Bass 163.4615 16.9755 130.7198 13.9961
Butterfish 0.5395 0.0707 0.6133 0.0703
Goosefish 3.8436 2.2388 3.678 2.435
Haddock 2.1952 0.2472 2.6182 0.2364
Ocean Pout 615.7584 384.2595   
Pollock 0.4119 0.1643 0.3146 0.112
Red Hake 0.5863 0.1516 0.5201 0.1425
Scup 1.006 0.1495 1.0193 0.1476
Silver Hake 1.0644 0.2555 0.9608 0.2419
Spiny Dogfish 0.3038 0.0434 1.2118 0.1775
Summer Flounder 0.2534 0.1278 0.3097 0.1458
White Hake 0.2394 0.0943 0.2347 0.0938
Windowpane 1.2326 0.3569 1.2709 0.3281
Winter Flounder 1.8283 0.4633 1.6913 0.4311
Witch Flounder 0.9585 0.4937 0.8296 0.4435
Yellowtail Flounder 1.3484 0.256 1.3092 0.2486
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Table 7.  For each species, the bias of variance estimators for the ratio estimator ( )1ρ , binomial MLE ( )2ρ , quasi-likelihood estimator 


( )3ρ , beta-binomial MLE ( )4ρ , and independent negative binomial MLE ( )5ρ  in spring-based simulations. 
 


Species ( )1
ˆ ˆBias V ρ⎡ ⎤⎣ ⎦ ( )2


ˆ ˆBias V ρ⎡ ⎤⎣ ⎦ ( )3
ˆ ˆBias V ρ⎡ ⎤⎣ ⎦ ( )4


ˆ ˆBias V ρ⎡ ⎤⎣ ⎦ ( )5
ˆ ˆBias V ρ⎡ ⎤⎣ ⎦


 
Acadian Redfish -0.0272 -0.245 -0.2029 -0.0016 0.2269
American Plaice -0.1249 -0.6811 -0.5362 -0.0029 0.5908
Atlantic Cod -2.1047 -6.5056 -2.9847 -0.0802 -0.7357
Atlantic Halibut      
Atlantic Herring -0.0427 -0.3637 -0.2868 0.0065 0.1861
Atlantic Mackerel -0.114 -0.9557 -0.6051 0.0164 -0.0888
Black Sea Bass -71.2842 -151.664 64.6317 -2.7723 -32.5204
Butterfish -0.0994 -0.5393 -0.4571 -0.0038 0.0479
Goosefish -0.4865 -2.9496 -1.7467 -0.0554 -0.9534
Haddock -0.5965 -2.1857 -1.612 -0.0171 0.7658
Ocean Pout -215.138 -324.377 169.6793 -130.738 390.9883
Pollock -0.1077 -0.3507 -0.2189 -0.0383 0.0395
Red Hake -0.0763 -0.5777 -0.4408 -0.007 0.1257
Scup -0.1676 -1.0055 -0.8453 -0.0116 0.3905
Silver Hake -0.1643 -1.0601 -0.814 -0.0142 -0.054
Spiny Dogfish -0.0503 -0.3031 -0.25 0.0002 0.1781
Summer Flounder 0.0111 -0.2221 -0.1401 0.007 0.1673
White Hake -0.0217 -0.2243 -0.1599 -0.0016 0.0975
Windowpane -0.1979 -1.193 -0.8686 -0.0236 0.3806
Winter Flounder -0.3999 -1.7774 -1.3019 -0.0476 0.5278
Witch Flounder -0.0882 -0.8161 -0.5354 -0.0132 0.4827
Yellowtail Flounder -0.2162 -1.3361 -1.0259 -0.0184 0.5071
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Table 8.  For each species, the bias of variance estimators for the ratio estimator ( )1ρ , binomial MLE ( )2ρ , quasi-likelihood estimator 


( )3ρ , beta-binomial MLE ( )4ρ , and independent negative binomial MLE ( )5ρ  in fall-based simulations. 
 


Species ( )1
ˆ ˆBias V ρ⎡ ⎤⎣ ⎦ ( )2


ˆ ˆBias V ρ⎡ ⎤⎣ ⎦ ( )3
ˆ ˆBias V ρ⎡ ⎤⎣ ⎦ ( )4


ˆ ˆBias V ρ⎡ ⎤⎣ ⎦ ( )5
ˆ ˆBias V ρ⎡ ⎤⎣ ⎦


 
Acadian Redfish -0.0459 -0.2474 -0.2067 -0.004 0.2108
American Plaice -0.2067 -0.7804 -0.6267 0.0035 0.5145
Atlantic Cod -1.9914 -6.2291 -2.8297 0.0294 -0.6313
Atlantic Halibut 0.1844 -0.396 0.632 0.2081 0.6606
Atlantic Herring -0.065 -0.3851 -0.3052 -0.0061 0.1797
Atlantic Mackerel -0.1692 -1.0064 -0.6519 -0.0198 -0.1451
Black Sea Bass -53.6051 -121.47 13.2424 -1.7477 -25.0105
Butterfish -0.1289 -0.6131 -0.5232 -0.0025 0.0441
Goosefish -0.4666 -2.8123 -1.6878 -0.2734 -0.876
Haddock -0.7463 -2.6076 -1.9441 -0.0042 0.6473
Ocean Pout      
Pollock -0.0364 -0.2688 -0.148 -0.0007 0.0987
Red Hake -0.0322 -0.5119 -0.3835 -0.0001 0.1609
Scup -0.1275 -1.0188 -0.853 -0.0114 0.337
Silver Hake -0.0792 -0.9566 -0.7154 -0.0021 0.0487
Spiny Dogfish -0.1888 -1.2088 -0.9607 -0.0028 0.1275
Summer Flounder -0.0336 -0.277 -0.1909 -0.0074 0.124
White Hake -0.0136 -0.2194 -0.1536 -0.0003 0.1078
Windowpane -0.2131 -1.2301 -0.8936 0.0084 0.3746
Winter Flounder -0.2839 -1.642 -1.1738 -0.0126 0.6725
Witch Flounder -0.0168 -0.696 -0.4336 0.0157 0.5507
Yellowtail Flounder -0.2481 -1.2983 -1.0139 -0.0197 0.4783
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Table 9.  For each species, the 95% confidence interval coverage for the ratio estimator ( )1ρ , binomial MLE ( )2ρ , quasi-likelihood 


estimator ( )3ρ , beta-binomial MLE ( )4ρ , and independent negative binomial MLE ( )5ρ  in spring-based simulations. 
 


Species ( )1ˆCI Coverage ρ ( )2ˆCI Coverage ρ ( )3ˆCI Coverage ρ ( )4ˆCI Coverage ρ ( )5ˆCI Coverage ρ
 
Acadian Redfish 0.897 0.075 0.572 0.94 0.972
American Plaice 0.871 0.193 0.611 0.938 0.976
Atlantic Cod 0.881 0.309 0.795 0.933 0.912
Atlantic Halibut 0.837 0.732 0.84 0.89 0.854
Atlantic Herring 0.899 0.152 0.632 0.961 0.973
Atlantic Mackerel 0.913 0.278 0.781 0.944 0.926
Black Sea Bass 0.862 0.123 0.769 0.938 0.915
Butterfish 0.878 0.043 0.522 0.94 0.935
Goosefish 0.924 0.642 0.86 0.945 0.921
Haddock 0.841 0.079 0.608 0.935 0.932
Ocean Pout 0.818 0.113 0.727 0.921 0.882
Pollock 0.869 0.501 0.811 0.929 0.914
Red Hake 0.932 0.177 0.642 0.948 0.963
Scup 0.898 0.029 0.529 0.935 0.945
Silver Hake 0.935 0.092 0.66 0.937 0.954
Spiny Dogfish 0.863 0.075 0.571 0.952 0.963
Summer Flounder 0.937 0.503 0.806 0.954 0.977
White Hake 0.921 0.383 0.742 0.945 0.975
Windowpane 0.896 0.246 0.693 0.935 0.946
Winter Flounder 0.893 0.212 0.688 0.948 0.958
Witch Flounder 0.916 0.513 0.811 0.941 0.964
Yellowtail Flounder 0.904 0.113 0.613 0.952 0.969
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Table 10.  For each species, the 95% confidence interval coverage for for the ratio estimator ( )1ρ , binomial MLE ( )2ρ , quasi-


likelihood estimator ( )3ρ , beta-binomial MLE ( )4ρ , and independent negative binomial MLE ( )5ρ  in fall-based simulations. 
 


Species ( )1ˆCI Coverage ρ ( )2ˆCI Coverage ρ ( )3ˆCI Coverage ρ ( )4ˆCI Coverage ρ ( )5ˆCI Coverage ρ
 
Acadian Redfish 0.884 0.078 0.564 0.935 0.965
American Plaice 0.86 0.14 0.606 0.948 0.967
Atlantic Cod 0.891 0.349 0.795 0.944 0.917
Atlantic Halibut 0.801 0.715 0.798 0.859 0.824
Atlantic Herring 0.912 0.137 0.634 0.936 0.969
Atlantic Mackerel 0.912 0.272 0.782 0.947 0.919
Black Sea Bass 0.867 0.11 0.773 0.938 0.922
Butterfish 0.887 0.033 0.542 0.948 0.944
Goosefish 0.933 0.653 0.846 0.927 0.917
Haddock 0.853 0.076 0.601 0.948 0.932
Ocean Pout 0.813 0.106 0.745 0.935 0.9
Pollock 0.859 0.504 0.798 0.917 0.897
Red Hake 0.914 0.196 0.672 0.951 0.961
Scup 0.9 0.031 0.543 0.944 0.931
Silver Hake 0.927 0.108 0.675 0.953 0.953
Spiny Dogfish 0.904 0.09 0.58 0.95 0.943
Summer Flounder 0.919 0.488 0.784 0.947 0.971
White Hake 0.929 0.387 0.752 0.948 0.973
Windowpane 0.894 0.247 0.728 0.952 0.956
Winter Flounder 0.906 0.236 0.708 0.954 0.959
Witch Flounder 0.934 0.522 0.824 0.949 0.978
Yellowtail Flounder 0.892 0.154 0.617 0.937 0.96
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Table 11.  Relative bias and variance of the beta-binomial MLE and expected value of the 
variance estimator and coverage of constructed confidence intervals at a range of “extra” 
dispersion 1φ  (see Section 2.3.4).  Assumed calibration factor is estimated from spring 
survey calibration data for Acadian Redfish. 
 


1φ  ( )ˆRelative Bias ρ ( )ˆV ρ ( )ˆ ˆE V ρ⎡ ⎤⎣ ⎦  ( )ˆCI Coverage ρ


  
10 0.018 0.056 0.050 0.927


100 0.016 0.041 0.042 0.947
1000 0.010 0.039 0.040 0.944


10000 0.003 0.038 0.039 0.954
100000 0.011 0.041 0.040 0.948


  
 
Table 12.  Relative bias and variance of the beta-binomial MLE and expected value of the 
variance estimator and coverage of constructed confidence intervals at a range of “extra” 
dispersion 1φ  (see Section 2.3.4).  Assumed calibration factor is estimated from fall 
survey calibration data for Acadian Redfish. 


 
1φ  ( )ˆRelative Bias ρ ( )ˆV ρ ( )ˆ ˆE V ρ⎡ ⎤⎣ ⎦  ( )ˆCI Coverage ρ


  
10 0.019 0.046 0.051 0.961


100 0.014 0.042 0.042 0.946
1000 0.016 0.040 0.041 0.953


10000 0.015 0.041 0.040 0.945
100000 0.010 0.040 0.040 0.943


  
 
Table  13.  Species observed during the calibration experiment. 
 
 Scientific Name Common Name SVSPP
  
  Sebastes fasciatus Acadian Redfish 155
 Alectis ciliaris African Pompano 568
 Alosa pseudoharengus Alewife 33
 Aspidophoroides monopterygius Alligatorfish 165
 Anguilla rostrata American Eel 384
 Homarus americanus American Lobster 301
 Hippoglossoides platessoides American Plaice 102
 Alosa sapidissima American Shad 35
 Peristedion miniatum Armored Searobin 173
 Squatina dumeril Atlantic Angel Shark 16
 Argentina silus Atlantic Argentine 46
 Dibranchus atlanticus Atlantic Batfish 199
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 Lolliguncula brevis Atlantic Brief Squid 504
 Chloroscombrus chrysurus Atlantic Bumper 573
 Gadus morhua Atlantic Cod 73
 Micropogonias undulatus Atlantic Croaker 136
 Trichiurus lepturus Atlantic Cutlassfish 126
 Cypselurus melanurus Atlantic Flyingfish 465
 Myxine glutinosa Atlantic Hagfish 1
 Hippoglossus hippoglossus Atlantic Halibut 101
 Clupea harengus Atlantic Herring 32
 Scomber scombrus Atlantic Mackerel 121
 Brevoortia tyrannus Atlantic Menhaden 36
 Porichthys plectrodon Atlantic Midshipman 444
 Selene setapinnis Atlantic Moonfish 132
 Strongylura marina Atlantic Needlefish 471
 Cancer irroratus Atlantic Rock Crab 313
 Scomberesox saurus Atlantic Saury 205
 Liparis atlanticus Atlantic Seasnail 170
 Rhizoprionodon terraenovae Atlantic Sharpnose Shark 360
 Menidia menidia Atlantic Silverside 113
 Melanostigma atlanticum Atlantic Soft Pout 262
 Chaetodipterus faber Atlantic Spadefish 659
 Acipenser oxyrhynchus Atlantic Sturgeon 380
 Opisthonema oglinum Atlantic Thread Herring 428
 Torpedo nobiliana Atlantic Torpedo 21
 Anarhichas lupus Atlantic Wolffish 192
 Diodon holocanthus Balloonfish 849
 Larimus fasciatus Banded Drum 651
 Seriola zonata Banded Rudderfish 204
 Ophidion holbrooki Bank Cusk-eel 459
 Centropristis ocyurus Bank Sea Bass 526
 Scorpaena brasiliensis Barbfish 754
 Dipturus laevis Barndoor Skate 22
 Paralepidae Barracudina Unclassified 896
 Ogcocephalidae Batfish Unclassified 452
 Bathynectes longispina Bathyal Swimming Crab 517
 Anchoa mitchilli Bay Anchovy 43
 Polymixia lowei Beardfish 263
 Priacanthus arenatus Bigeye 134
 Cubiceps pauciradiatus Bigeye Cigarfish 876
 Selar crumenophthalmus Bigeye Scad 209
 Centroscyllium fabricii Black Dogfish 7
 Centropristis striata Black Sea Bass 141
 Helicolenus dactylopterus Blackbelly Rosefish 156
 Synagrops bellus Blackmouth Bass 114
 Prionotus rubio Blackwing Searobin 768
 Ophidion grayi Blotched Cusk-eel 458
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 Portunus spinimanus Blotched Swimming Crab 516
 Callinectes sapidus Blue Crab 314
 Caranx crysos Blue Runner 129
 Alosa aestivalis Blueback Herring 34
 Pomatomus saltatrix Bluefish 135
 Caulolatilus microps Blueline Tilefish 621
 Fistularia tabacaria Bluespotted Cornetfish 120
 Prionotus roseus Bluespotted Searobin 766
 Sphoeroides pachygaster Blunthead Puffer 880
 Dasyatis say Bluntnose Stingray 18
 Stomias boa Boa Dragonfish 228
 Sepiolidae Bobtail Unclassified 506
 Sphyrna tiburo Bonnethead Shark 364
 Calappidae Box Crab Unclassified 339
 Sicyonia brevirostris Brown Rock Shrimp 316
 Zenopsis conchifera Buckler Dory 112
 Cookeolus japonicus Bulleye 616
 Myliobatis freminvillei Bullnose Ray 19
 Peprilus triacanthus Butterfish 131
 Hepatus epheliticus Calico Box Crab 327
 Cancridae Cancer Crab Unclassified 311
 Scyliorhinus retifer Chain Dogfish 14
 Scomber japonicus Chub Mackerel 124
 Raja eglanteria Clearnose Skate 24
 Ovalipes stephensoni Coarsehand Lady Crab 321
 Rachycentron canadum Cobia 563
 Octopus vulgaris Common Octopus 511
 Promethichthys prometheus Conejo 127
 Conger oceanicus Conger Eel 63
 Congridae Conger Eel Unclassified 390
 Fistularia sp Cornetfish Unclassified 490
 Rhinoptera bonasus Cownose Ray 270
 Caranx hippos Crevalle Jack 570
 Tautogolabrus adspersus Cunner 176
 Brosme brosme Cusk 84
 Ophidiidae Cusk-eel Unclassified 461
 Lumpenus maculatus Daubed Shanny 183
 Antigonia capros Deepbody Boarfish 158
 Aluterus heudeloti Dotterel Filefish 830
 Sciaenidae Drum Unclassified 858
 Syacium papillosum Dusky Flounder 793
 Carcharhinus obscurus Dusky Shark 3
 Upeneus parvus Dwarf Goatfish 657
 Anguilliformes Eel Unclassified 60
 Etropus sp Etropus Unclassified 794
 Lepophidium profundorum Fawn Cusk-eel 194
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 Trachinotus carolinus Florida Pompano 579
 Dactylopterus volitans Flying Gurnard 175
 Enchelyopus cimbrius Fourbeard Rockling 83
 Paralichthys oblongus Fourspot Flounder 104
 Mycteroperca microlepis Gag 541
 Galatheidae Galatheid Unclassified 319
 Acanthocarpus alexandri Gladiator Box Crab 604
 Priacanthus cruentatus Glasseye Snapper 556
 Gobiidae Goby Unclassified 739
 Lophius americanus Goosefish 197
 Etropus rimosus Gray Flounder 786
 Balistes capriscus Gray Triggerfish 202
 Seriola dumerili Greater Amberjack 203
 Reinhardtius hippoglossoides Greenland Halibut 99
 Macrouridae Grenadier Unclassified 90
 Myoxocephalus aenaeus Grubby 166
 Citharichthys arctifrons Gulf Stream Flounder 109
 Melanogrammus aeglefinus Haddock 74
 Peprilus alepidotus Harvestfish 749
 Sternoptychidae Hatchetfish Unclassified 252
 Clupeidae Herring Unclassified 30
 Trinectes maculatus Hogchoker 118
 Artediellus sp Hookear Sculpin Unclassified 159
 Bellator militaris Horned Searobin 762
 Citharichthys cornutus Horned Whiff 780
 Limulus polyphemus Horseshoe Crab 318
 Synodus foetens Inshore Lizardfish 435
 Equetus lanceolatus Jackknife-fish 648
 Cancer borealis Jonah Crab 312
 Synagrops spinosus Keelcheek Bass 137
 Scomberomorus cavalla King Mackerel 744
 Ovalipes ocellatus Lady Crab 322
 Kathetostoma albigutta Lancer Stargazer 726
 Myctophidae Lanternfish Unclassified 56
 Bothidae Lefteye Flounder Unclassified 795
 Prionotus scitulus Leopard Searobin 769
 Hippocampus erectus Lined Seahorse 492
 Urophycis sp Ling Unclassified 87
 Leucoraja erinacea Little Skate 26
 Synodontidae Lizardfish Unclassified 852
 Caretta caretta Loggerhead Seaturtle 950
 Urophycis chesteri Longfin Hake 79
 Loligo pealeii Longfin Squid 503
 Myoxocephalus octodecemspinosus Longhorn Sculpin 163
 Ogcocephalus corniger Longnose Batfish 206
 Parasudis truculenta Longnose Greeneye 242
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 Pontinus longispinis Longspine Scorpionfish 154
 Macrorhamphosus scolopax Longspine Snipefish 111
 Selene vomer Lookdown 133
 Cyclopterus lumpus Lumpfish 168
 Cyclopteridae Lumpfish Snailfish Unclassified 249
 Scombridae Mackerel And Tuna Unclassified 860
 Decapterus macarellus Mackerel Scad 208
 Stomatopoda Mantis Shrimp Unclassified 323
 Sphoeroides dorsalis Marbled Puffer 843
 Ophichthus cruentifer Margined Snake Eel 65
 Nezumia bairdi Marlin-spike 91
 Gerreidae Mojarra Unclassified 625
 Ophidion selenops Mooneye Cusk-eel 869
 Muraenidae Moray Unclassified 388
 Lepophidium jeannae Mottled Cusk-eel 457
 Triglops murrayi Moustache Sculpin 161
 Epinephelus striatus Nassau Grouper 538
 Menticirrhus saxatilis Northern Kingfish 146
 Syngnathus fuscus Northern Pipefish 116
 Sphoeroides maculatus Northern Puffer 196
 Ammodytes dubius Northern Sand Lance 181
 Prionotus carolinus Northern Searobin 171
 Sphyraena borealis Northern Sennet 694
 Illex illecebrosus Northern Shortfin Squid 502
 Astroscopus guttatus Northern Stargazer 179
 Lithodes maja Northern Stone Crab 324
 Macrozoarces americanus Ocean Pout 193
 Octopoda Octopus Unclassified 510
 Merluccius albidus Offshore Hake 69
 Synodus poeyi Offshore Lizardfish 437
 Aluterus schoepfi Orange Filefish 832
 Ophichthus puncticeps Palespotted Eel 396
 Halieutichthys aculeatus Pancake Batfish 449
 Carapus bermudensis Pearlfish 462
 Orthopristis chrysoptera Pigfish 142
 Lagodon rhomboides Pinfish 640
 Syngnathidae Pipefish Seahorse Unclassified 421
 Monacanthus hispidus Planehead Filefish 201
 Otophidium omostigmum Polka-dot Cusk-eel 186
 Pollachius virens Pollock 75
 Tetraodontidae Puffer Unclassified 861
 Ulvaria subbifurcata Radiated Shanny 184
 Fistularia petimba Red Cornetfish 489
 Geryon quinquedens Red Deepsea Crab 310
 Sciaenops ocellatus Red Drum 654
 Mullus auratus Red Goatfish 187
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 Urophycis chuss Red Hake 77
 Synodus synodus Red Lizardfish 438
 Chaunax stigmaeus Redeye Gaper 862
 Remora remora Remora 567
 Scyllarides nodifer Ridged Slipper Lobster 302
 Pleuronectidae Righteye Flounder Unclassified 773
 Pholis gunnellus Rock Gunnel 180
 Centropristis philadelphica Rock Sea Bass 527
 Leucoraja garmani Rosette Skate 25
 Trachurus lathami Rough Scad 212
 Ogcocephalus parvus Roughback Batfish 451
 Dasyatis centroura Roughtail Stingray 4
 Etrumeus teres Round Herring 31
 Decapterus punctatus Round Scad 211
 Pleoticus robustus Royal Red Shrimp 910
 Abralia veranyi Ruppell’s Abralia 509
 Serranus notospilus Saddle Bass 551
 Diplectrum formosum Sand Perch 530
 Carcharias taurus Sand Tiger 12
 Carcharhinus plumbeus Sandbar Shark 9
 Scorpaenidae Scorpionfish And Rockfish 


Unclassified 759
 Aluterus scriptus Scrawled Filefish 833
 Cottidae Sculpin Unclassified 160
 Stenotomus chrysops Scup 143
 Petromyzon marinus Sea Lamprey 2
 Hemitripterus americanus Sea Raven 164
 Placopecten magellanicus Sea Scallop 401
 Triglidae Searobin Unclassified 174
 Echeneis naucrates Sharksucker 564
 Archosargus probatocephalus Sheepshead 631
 Stoloteuthis leucoptera Shield Bobtail 508
 Pristigenys alta Short Bigeye 557
 Bellator brachychir Shortfin Searobin 760
 Chlorophthalmus agassizi Shortnose Greeneye 232
 Penaeus sp Shrimp (pink,brown,white) 307
 Crustacea shrimp Shrimp Unclassified 305
 Engraulis eurystole Silver Anchovy 865
 Merluccius bilinearis Silver Hake 72
 Eucinostomus gula Silver Jenny 599
 Bairdiella chrysoura Silver Perch 148
 Ariomma bondi Silver Rag 213
 Cynoscion nothus Silver Seatrout 646
 Hyporhamphus unifasciatus Silverstripe Halfbeak 66
 Benthodesmus simonyi Simonys Frostfish 239
 Antennarius radiosus Singlespot Frogfish 446
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 Peristedion gracile Slender Searobin 763
 Nemichthys scolopaceus Slender Snipe Eel 67
 Etropus microstomus Smallmouth Flounder 117
 Gymnura micrura Smooth Butterfly Ray 376
 Mustelus canis Smooth Dogfish 13
 Lagocephalus laevigatus Smooth Puffer 195
 Malacoraja senta Smooth Skate 27
 Ophichthidae Snake Eel Unclassified 425
 Trachinocephalus myops Snakefish 439
 Chionoecetes opilio Snow Crab 325
 Myliobatis goodei Southern Eagle Ray 378
 Paralichthys lethostigma Southern Flounder 789
 Menticirrhus americanus Southern Kingfish 652
 Dasyatis americana Southern Stingray 29
 Scomberomorus maculatus Spanish Mackerel 745
 Sardinella aurita Spanish Sardine 429
 Majidae Spider Crab Unclassified 317
 Gymnura altavela Spiny Butterfly Ray 375
 Squalus acanthias Spiny Dogfish 15
 Prionotus alatus Spiny Searobin 764
 Bathypolypus arcticus Spoonarm Octopus 512
 Leiostomus xanthurus Spot 149
 Foetorepus agassizi Spotfin Dragonet 735
 Urophycis regia Spotted Hake 78
 Xenolepidichthys dalgleishi Spotted Tinselfish 617
 Cephalopoda Squid, Cuttlefish, And Octopod 


Unclassified 501
 Uranoscopidae Stargazer Unclassified 857
 Hemanthias aureorubens Streamer Bass 546
 Bellator egretta Streamer Searobin 761
 Argentina striata Striated Argentine 856
 Anchoa hepsetus Striped Anchovy 44
 Morone saxatilis Striped Bass 139
 Chilomycterus schoepfi Striped Burrfish 198
 Ophidion marginatum Striped Cusk-eel 188
 Haemulon striatum Striped Grunt 878
 Prionotus evolans Striped Searobin 172
 Paralichthys dentatus Summer Flounder 103
 Portunidae Swimming Crab Unclassified 320
 Xiphias gladius Swordfish 700
 Serranus phoebe Tattler 552
 Tautoga onitis Tautog 177
 Amblyraja radiata Thorny Skate 28
 Gasterosteus aculeatus Threespine Stickleback 115
 Lopholatilus chamaeleonticeps Tilefish 151
 Haemulon aurolineatum Tomtate 627
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 Symphurus sp Tonguefish Unclassified 221
 Balistidae Triggerfish Filefish Unclassified 820
 Bothus robinsi Twospot Flounder 873
 Rhomboplites aurorubens Vermilion Snapper 596
 Chauliodus sloani Viperfish 240
 Cynoscion regalis Weakfish 145
 Maurolicus weitzmani Weitzmans Pearlsides 229
 Citharichthys sp Whiff Unclassified 866
 Arctozenus rissoi White Barracudina 246
 Urophycis tenuis White Hake 76
 Scophthalmus aquosus Windowpane 108
 Pseudopleuronectes americanus Winter Flounder 106
 Leucoraja ocellata Winter Skate 23
 Glyptocephalus cynoglossus Witch Flounder 107
 Lycenchelys verrilli Wolf Eelpout 190
 Cryptacanthodes maculatus Wrymouth 191
 Limanda ferruginea Yellowtail Flounder 105
  


 
 
Table 14.  For each species, the numbers of total stations where both vessels had catches 
( )A B+ + , only the Albatross had catch ( )0A B+ , only the Bigelow had catch ( )0A B+ , and 


neither vessel had catch ( )0 0A B . 
 


SVSPP  A B+ +  0A B+  0A B+   0 0A B  
  


1 10 20 26 580
2 0 0 1 635
3 0 0 4 632
4 10 4 11 611
7 0 1 0 635
9 0 4 3 629


12 0 2 0 634
13 56 15 25 540
14 17 5 22 592
15 342 39 52 203
16 10 4 10 612
18 12 7 8 609
19 14 5 5 612
21 0 6 4 626
22 56 13 101 466
23 177 11 104 344
24 48 2 52 534
25 12 2 19 603
26 252 3 137 244
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27 50 6 75 505
28 49 5 61 521
29 2 6 0 628
30 0 4 0 632
31 33 7 19 577
32 198 32 76 330
33 93 34 43 466
34 49 30 37 520
35 25 20 47 544
36 2 5 11 618
43 21 29 5 581
44 22 11 17 586
46 1 6 12 617
56 20 10 6 600
60 0 10 2 624
63 0 1 0 635
65 0 3 0 633
66 0 1 0 635
67 0 0 1 635
69 7 1 4 624
72 407 11 81 137
73 94 20 55 467
74 160 20 27 429
75 29 29 15 563
76 128 16 56 436
77 283 18 95 240
78 161 13 92 370
79 6 4 18 608
83 13 8 50 565
84 4 5 15 612
87 0 10 10 616
90 1 4 14 617
91 2 0 5 629
99 1 2 5 628


101 5 10 7 614
102 152 12 45 427
103 146 13 53 424
104 192 10 112 322
105 143 14 46 433
106 131 15 38 452
107 78 7 92 459
108 108 7 82 439
109 106 6 122 402
111 0 2 2 632
112 9 1 6 620
113 2 3 1 630
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114 1 6 0 629
115 1 2 0 633
116 0 2 2 632
117 13 11 31 581
118 0 0 1 635
120 0 0 2 634
121 61 34 42 499
124 1 3 5 627
126 2 3 9 622
127 0 1 1 634
129 13 7 8 608
131 278 31 78 249
132 7 12 17 600
133 0 0 3 633
134 0 1 0 635
135 53 20 24 539
136 42 5 6 583
137 0 2 1 633
139 6 13 9 608
141 45 20 63 508
142 5 4 8 619
143 104 9 39 484
145 37 8 11 580
146 5 5 15 611
148 2 0 2 632
149 47 3 8 578
151 1 1 4 630
154 0 1 1 634
155 117 8 18 493
156 27 10 28 571
158 4 0 8 624
159 3 2 10 621
160 0 1 2 633
161 15 4 14 603
163 167 5 61 403
164 96 41 84 415
165 16 8 38 574
166 0 0 8 628
168 4 6 22 604
170 0 9 2 625
171 82 12 90 452
172 29 6 31 570
173 4 3 12 617
174 1 6 17 612
175 0 0 2 634
176 7 5 11 613
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177 1 3 3 629
179 1 6 7 622
180 0 3 1 632
181 40 66 32 498
183 0 4 0 632
184 0 2 1 633
186 1 0 1 634
187 1 0 4 631
188 3 2 14 617
190 0 1 1 634
191 1 5 13 617
192 3 2 14 617
193 100 21 125 390
194 28 6 12 590
195 0 0 1 635
196 11 1 22 602
197 76 9 209 342
198 2 4 6 624
199 0 0 1 635
201 3 10 6 617
202 0 3 11 622
203 0 2 0 634
204 0 4 6 626
205 0 1 14 621
206 0 0 1 635
208 0 1 2 633
209 11 6 8 611
211 10 11 12 603
212 12 20 13 591
213 0 1 2 633
221 2 15 12 607
228 0 0 1 635
229 6 11 9 610
232 7 3 4 622
239 0 0 2 634
240 0 1 0 635
242 1 4 2 629
246 0 0 2 634
249 0 0 1 635
252 1 1 1 633
262 1 4 0 631
263 1 3 8 624
270 2 5 1 628
301 116 49 94 377
302 2 0 0 634
305 0 0 1 635
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307 16 5 27 588
310 3 2 11 620
311 0 2 5 629
312 29 31 87 489
313 87 28 91 430
314 0 2 10 624
316 4 2 14 616
317 5 17 40 574
318 10 6 31 589
319 10 3 13 610
320 9 2 25 600
321 3 8 12 613
322 14 6 35 581
323 0 1 9 626
324 4 5 10 617
325 0 2 8 626
327 0 1 0 635
339 0 1 1 634
360 9 9 0 618
364 0 0 1 635
375 10 4 6 616
376 7 1 4 624
378 0 0 2 634
380 0 2 1 633
384 0 0 1 635
388 0 0 2 634
390 4 6 21 605
396 0 0 2 634
401 204 12 99 321
421 0 8 22 606
425 0 3 3 630
428 13 0 18 605
429 6 3 7 620
435 16 3 18 599
437 0 2 0 634
438 0 1 0 635
439 7 1 2 626
444 1 0 1 634
446 0 0 1 635
449 1 1 1 633
451 0 1 2 633
452 0 0 5 631
457 0 0 2 634
458 0 1 1 634
459 0 2 1 633
461 0 5 3 628







 


 46


462 0 1 0 635
465 2 0 0 634
471 0 0 2 634
489 2 4 10 620
490 0 1 3 632
492 0 1 0 635
501 1 6 5 624
502 195 39 98 304
503 346 13 63 214
504 3 2 3 628
506 14 5 58 559
508 0 0 1 635
509 0 0 5 631
510 0 0 3 633
511 0 0 2 634
512 34 14 58 530
516 0 1 1 634
517 0 1 3 632
526 0 0 1 635
527 0 0 1 635
530 1 0 3 632
538 0 0 1 635
541 0 0 2 634
546 0 0 2 634
551 0 0 1 635
552 0 1 1 634
556 0 1 0 635
557 0 1 0 635
563 1 2 1 632
564 0 0 1 635
567 0 3 2 631
568 0 2 1 633
570 1 2 2 631
573 2 1 3 630
579 0 1 0 635
596 0 2 1 633
599 0 5 0 631
604 2 2 2 630
616 0 1 2 633
617 0 0 1 635
621 0 0 1 635
625 0 1 1 634
627 0 4 0 632
631 0 1 3 632
640 10 11 0 615
646 0 4 0 632
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648 0 0 1 635
651 13 6 2 615
652 18 3 11 604
654 0 1 0 635
657 0 2 7 627
659 3 4 1 628
694 4 5 9 618
700 0 1 0 635
726 1 0 1 634
735 1 2 5 628
739 0 3 0 633
744 0 3 0 633
745 7 2 7 620
749 0 0 1 635
754 0 1 1 634
759 2 7 8 619
760 0 0 1 635
761 0 0 2 634
762 0 2 0 634
763 0 0 2 634
764 0 1 3 632
766 0 1 0 635
768 0 2 2 632
769 0 2 0 634
773 0 1 5 630
780 0 1 0 635
786 0 1 0 635
789 0 0 1 635
793 4 1 7 624
794 0 1 0 635
795 4 12 22 598
820 2 1 8 625
830 0 0 3 633
832 0 2 0 634
833 0 2 0 634
843 0 2 0 634
849 0 0 1 635
852 1 3 4 628
856 0 1 1 634
857 0 0 2 634
858 0 0 1 635
860 0 0 1 635
861 0 0 2 634
862 0 0 1 635
865 1 7 1 627
866 0 2 2 632
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869 0 1 0 635
873 0 0 1 635
876 0 0 3 633
878 0 0 1 635
880 0 0 1 635
896 3 4 0 629
910 1 0 2 633
950 1 0 3 632
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Table 15.  For each species, the numbers of stations where both vessels had catches ( )A B+ + , only the Albatross had catch ( )0A B+ , 


only the Bigelow had catch ( )0A B+ , and neither vessel had catch ( )0 0A B  among the spring and  fall survey and site-specific stations. 
 


 Spring  Fall  Site-
Specific


 SVSPP A B+ +  0A B+  0A B+ 0 0A B A B+ + 0A B+ 0A B+  0 0A B A B+ + 0A B+ 0A B+ 0 0A B


    
1 1 2 6 181 4 11 9 227 5 7 11 172
2 0 0 1 189 0 0 0 251 0 0 0 195
3 0 0 4 186 0 0 0 251 0 0 0 195
4 3 1 1 185 7 3 10 231 0 0 0 195
7 0 0 0 190 0 1 0 250 0 0 0 195
9 0 0 2 188 0 4 1 246 0 0 0 195


12 0 2 0 188 0 0 0 251 0 0 0 195
13 11 1 8 170 32 10 12 197 13 4 5 173
14 6 1 12 171 6 4 8 233 5 0 2 188
15 113 18 15 44 85 15 18 133 144 6 19 26
16 5 1 4 180 5 3 6 237 0 0 0 195
18 0 3 1 186 12 4 7 228 0 0 0 195
19 1 0 0 189 13 5 5 228 0 0 0 195
21 0 1 2 187 0 1 2 248 0 4 0 191
22 11 5 16 158 20 7 37 187 25 1 48 121
23 50 5 47 88 53 2 19 177 74 4 38 79
24 21 1 24 144 27 0 28 196 0 1 0 194
25 3 1 10 176 9 1 9 232 0 0 0 195
26 76 2 44 68 81 0 52 118 95 1 41 58
27 12 3 13 162 13 2 31 205 25 1 31 138
28 10 2 12 166 9 2 24 216 30 1 25 139
29 2 2 0 186 0 4 0 247 0 0 0 195
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30 0 1 0 189 0 0 0 251 0 3 0 192
31 2 1 0 187 30 6 19 196 1 0 0 194
32 69 11 34 76 54 3 14 180 75 18 28 74
33 48 10 12 120 20 1 6 224 25 23 25 122
34 31 8 18 133 5 3 4 239 13 19 15 148
35 12 7 16 155 7 2 7 235 6 11 24 154
36 0 2 2 186 2 2 9 238 0 1 0 194
43 8 7 0 175 13 14 4 220 0 8 1 186
44 0 4 0 186 22 7 17 205 0 0 0 195
46 0 6 3 181 1 0 7 243 0 0 2 193
56 6 4 3 177 13 1 3 234 1 5 0 189
60 0 8 0 182 0 0 1 250 0 2 1 192
63 0 1 0 189 0 0 0 251 0 0 0 195
65 0 0 0 190 0 3 0 248 0 0 0 195
66 0 0 0 190 0 1 0 250 0 0 0 195
67 0 0 0 190 0 0 1 250 0 0 0 195
69 2 0 1 187 5 1 3 242 0 0 0 195
72 99 1 36 54 140 7 33 71 168 3 12 12
73 27 3 16 144 22 7 12 210 45 10 27 113
74 33 7 8 142 42 6 12 191 85 7 7 96
75 8 6 1 175 11 8 3 229 10 15 11 159
76 26 4 10 150 55 3 24 169 47 9 22 117
77 62 6 37 85 101 7 21 122 120 5 37 33
78 59 2 34 95 73 3 39 136 29 8 19 139
79 3 0 3 184 2 4 9 236 1 0 6 188
83 6 2 8 174 2 4 20 225 5 2 22 166
84 1 1 4 184 2 3 4 242 1 1 7 186
87 0 2 0 188 0 6 7 238 0 2 3 190
90 1 1 9 179 0 3 5 243 0 0 0 195
91 0 0 0 190 2 0 5 244 0 0 0 195
99 1 0 4 185 0 2 1 248 0 0 0 195
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101 2 3 3 182 3 4 2 242 0 3 2 190
102 31 5 19 135 45 3 15 188 76 4 11 104
103 51 5 23 111 63 4 8 176 32 4 22 137
104 45 3 24 118 77 4 52 118 70 3 36 86
105 39 4 19 128 38 5 10 198 66 5 17 107
106 23 4 12 151 49 3 11 188 59 8 15 113
107 28 1 29 132 31 1 21 198 19 5 42 129
108 43 4 29 114 44 2 36 169 21 1 17 156
109 29 3 43 115 34 3 38 176 43 0 41 111
111 0 0 1 189 0 2 1 248 0 0 0 195
112 2 0 0 188 6 0 6 239 1 1 0 193
113 2 2 1 185 0 0 0 251 0 1 0 194
114 1 0 0 189 0 6 0 245 0 0 0 195
115 0 0 0 190 1 2 0 248 0 0 0 195
116 0 0 2 188 0 0 0 251 0 2 0 193
117 10 7 14 159 2 3 15 231 1 1 2 191
118 0 0 1 189 0 0 0 251 0 0 0 195
120 0 0 1 189 0 0 1 250 0 0 0 195
121 34 12 10 134 11 8 21 211 16 14 11 154
124 0 0 0 190 1 3 5 242 0 0 0 195
126 2 0 1 187 0 3 8 240 0 0 0 195
127 0 0 1 189 0 1 0 250 0 0 0 195
129 0 0 0 190 13 7 8 223 0 0 0 195
131 54 11 15 110 149 9 39 54 75 11 24 85
132 0 0 0 190 7 12 15 217 0 0 2 193
133 0 0 0 190 0 0 3 248 0 0 0 195
134 0 0 0 190 0 1 0 250 0 0 0 195
135 2 1 3 184 46 12 16 177 5 7 5 178
136 5 4 0 181 37 1 6 207 0 0 0 195
137 0 0 0 190 0 2 1 248 0 0 0 195
139 4 3 3 180 0 2 3 246 2 8 3 182
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141 7 9 18 156 23 2 24 202 15 9 21 150
142 0 1 1 188 5 3 7 236 0 0 0 195
143 13 3 12 162 59 2 11 179 32 4 16 143
145 6 1 3 180 31 7 8 205 0 0 0 195
146 0 4 2 184 5 1 13 232 0 0 0 195
148 2 0 1 187 0 0 1 250 0 0 0 195
149 5 2 2 181 42 1 6 202 0 0 0 195
151 0 0 0 190 0 1 1 249 1 0 3 191
154 0 1 1 188 0 0 0 251 0 0 0 195
155 20 3 4 163 50 2 5 194 47 3 9 136
156 16 3 11 160 7 4 13 227 4 3 4 184
158 2 0 3 185 2 0 3 246 0 0 2 193
159 0 0 0 190 2 2 5 242 1 0 5 189
160 0 1 2 187 0 0 0 251 0 0 0 195
161 3 2 3 182 6 1 3 241 6 1 8 180
163 48 0 14 128 41 3 22 185 78 2 25 90
164 28 9 20 133 30 11 25 185 38 21 39 97
165 1 6 3 180 8 0 6 237 7 2 29 157
166 0 0 0 190 0 0 8 243 0 0 0 195
168 0 0 5 185 4 3 14 230 0 3 3 189
170 0 0 2 188 0 9 0 242 0 0 0 195
171 23 1 38 128 30 9 25 187 29 2 27 137
172 8 2 9 171 16 2 18 215 5 2 4 184
173 4 1 5 180 0 2 6 243 0 0 1 194
174 1 4 1 184 0 2 16 233 0 0 0 195
175 0 0 0 190 0 0 2 249 0 0 0 195
176 0 0 3 187 5 0 6 240 2 5 2 186
177 0 0 1 189 1 0 2 248 0 3 0 192
179 0 0 2 188 1 6 5 239 0 0 0 195
180 0 1 0 189 0 1 1 249 0 1 0 194
181 10 24 5 151 10 14 7 220 20 28 20 127
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183 0 0 0 190 0 3 0 248 0 1 0 194
184 0 1 0 189 0 1 1 249 0 0 0 195
186 0 0 0 190 1 0 1 249 0 0 0 195
187 0 0 0 190 1 0 4 246 0 0 0 195
188 0 1 1 188 3 1 13 234 0 0 0 195
190 0 1 0 189 0 0 0 251 0 0 1 194
191 0 1 7 182 1 1 5 244 0 3 1 191
192 0 0 1 189 0 2 4 245 3 0 9 183
193 32 7 32 119 23 6 34 188 45 8 59 83
194 7 2 5 176 14 1 6 230 7 3 1 184
195 0 0 0 190 0 0 1 250 0 0 0 195
196 1 1 3 185 9 0 18 224 1 0 1 193
197 17 3 48 122 35 2 79 135 24 4 82 85
198 0 0 0 190 2 4 6 239 0 0 0 195
199 0 0 1 189 0 0 0 251 0 0 0 195
201 0 1 1 188 3 9 5 234 0 0 0 195
202 0 1 0 189 0 2 11 238 0 0 0 195
203 0 0 0 190 0 2 0 249 0 0 0 195
204 0 0 0 190 0 4 6 241 0 0 0 195
205 0 0 0 190 0 1 10 240 0 0 4 191
206 0 0 1 189 0 0 0 251 0 0 0 195
208 0 0 1 189 0 1 1 249 0 0 0 195
209 0 0 0 190 11 6 8 226 0 0 0 195
211 0 1 0 189 10 7 12 222 0 3 0 192
212 0 7 0 183 12 4 13 222 0 9 0 186
213 0 0 0 190 0 1 2 248 0 0 0 195
221 1 8 3 178 1 7 9 234 0 0 0 195
228 0 0 0 190 0 0 1 250 0 0 0 195
229 0 3 1 186 2 4 0 245 4 4 8 179
232 3 1 0 186 4 2 4 241 0 0 0 195
239 0 0 2 188 0 0 0 251 0 0 0 195
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240 0 0 0 190 0 1 0 250 0 0 0 195
242 1 2 1 186 0 2 0 249 0 0 1 194
246 0 0 0 190 0 0 2 249 0 0 0 195
249 0 0 0 190 0 0 0 251 0 0 1 194
252 0 0 0 190 1 1 1 248 0 0 0 195
262 0 1 0 189 1 3 0 247 0 0 0 195
263 0 2 2 186 1 1 6 243 0 0 0 195
270 0 0 0 190 2 5 1 243 0 0 0 195
301 32 7 22 129 57 15 33 146 27 27 39 102
302 0 0 0 190 2 0 0 249 0 0 0 195
305 0 0 0 190 0 0 1 250 0 0 0 195
307 7 3 6 174 9 2 21 219 0 0 0 195
310 1 1 3 185 2 1 5 243 0 0 3 192
311 0 0 4 186 0 2 1 248 0 0 0 195
312 1 10 17 162 21 14 42 174 7 7 28 153
313 34 13 29 114 39 12 34 166 14 3 28 150
314 0 0 0 190 0 2 10 239 0 0 0 195
316 2 0 2 186 2 2 11 236 0 0 1 194
317 1 7 15 167 4 3 22 222 0 7 3 185
318 6 2 15 167 4 4 16 227 0 0 0 195
319 7 1 4 178 3 2 5 241 0 0 4 191
320 0 2 14 174 9 0 10 232 0 0 1 194
321 0 3 4 183 3 5 8 235 0 0 0 195
322 0 3 6 181 14 3 29 205 0 0 0 195
323 0 0 1 189 0 1 8 242 0 0 0 195
324 0 1 0 189 3 1 4 243 1 3 6 185
325 0 0 2 188 0 2 5 244 0 0 1 194
327 0 1 0 189 0 0 0 251 0 0 0 195
339 0 1 1 188 0 0 0 251 0 0 0 195
360 0 2 0 188 9 7 0 235 0 0 0 195
364 0 0 0 190 0 0 1 250 0 0 0 195
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375 2 2 1 185 8 2 5 236 0 0 0 195
376 1 0 0 189 6 1 4 240 0 0 0 195
378 0 0 2 188 0 0 0 251 0 0 0 195
380 0 1 1 188 0 0 0 251 0 1 0 194
384 0 0 1 189 0 0 0 251 0 0 0 195
388 0 0 1 189 0 0 1 250 0 0 0 195
390 0 1 6 183 4 5 5 237 0 0 10 185
396 0 0 0 190 0 0 2 249 0 0 0 195
401 52 3 37 98 80 6 25 140 72 3 37 83
421 0 4 5 181 0 4 17 230 0 0 0 195
425 0 2 1 187 0 1 2 248 0 0 0 195
428 0 0 0 190 13 0 18 220 0 0 0 195
429 0 0 0 190 6 3 7 235 0 0 0 195
435 3 2 2 183 13 0 16 222 0 1 0 194
437 0 1 0 189 0 1 0 250 0 0 0 195
438 0 1 0 189 0 0 0 251 0 0 0 195
439 2 0 0 188 5 1 2 243 0 0 0 195
444 0 0 0 190 1 0 1 249 0 0 0 195
446 0 0 1 189 0 0 0 251 0 0 0 195
449 1 0 1 188 0 1 0 250 0 0 0 195
451 0 0 2 188 0 1 0 250 0 0 0 195
452 0 0 0 190 0 0 4 247 0 0 1 194
457 0 0 1 189 0 0 1 250 0 0 0 195
458 0 0 0 190 0 1 1 249 0 0 0 195
459 0 0 1 189 0 2 0 249 0 0 0 195
461 0 1 1 188 0 4 2 245 0 0 0 195
462 0 0 0 190 0 1 0 250 0 0 0 195
465 0 0 0 190 2 0 0 249 0 0 0 195
471 0 0 0 190 0 0 2 249 0 0 0 195
489 1 2 0 187 1 2 10 238 0 0 0 195
490 0 0 1 189 0 1 2 248 0 0 0 195
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492 0 0 0 190 0 1 0 250 0 0 0 195
501 0 2 0 188 1 4 5 241 0 0 0 195
502 19 2 14 155 93 18 41 99 83 19 43 50
503 74 1 21 94 165 6 19 61 107 6 23 59
504 2 1 0 187 1 1 3 246 0 0 0 195
506 13 1 23 153 1 0 18 232 0 4 17 174
508 0 0 0 190 0 0 1 250 0 0 0 195
509 0 0 2 188 0 0 3 248 0 0 0 195
510 0 0 2 188 0 0 1 250 0 0 0 195
511 0 0 0 190 0 0 1 250 0 0 1 194
512 13 3 5 169 19 5 23 204 2 6 30 157
516 0 1 1 188 0 0 0 251 0 0 0 195
517 0 1 0 189 0 0 0 251 0 0 3 192
526 0 0 0 190 0 0 1 250 0 0 0 195
527 0 0 1 189 0 0 0 251 0 0 0 195
530 1 0 0 189 0 0 3 248 0 0 0 195
538 0 0 0 190 0 0 1 250 0 0 0 195
541 0 0 0 190 0 0 2 249 0 0 0 195
546 0 0 0 190 0 0 2 249 0 0 0 195
551 0 0 1 189 0 0 0 251 0 0 0 195
552 0 0 0 190 0 1 1 249 0 0 0 195
556 0 0 0 190 0 1 0 250 0 0 0 195
557 0 0 0 190 0 1 0 250 0 0 0 195
563 0 0 0 190 1 2 1 247 0 0 0 195
564 0 0 1 189 0 0 0 251 0 0 0 195
567 0 0 0 190 0 3 2 246 0 0 0 195
568 0 0 0 190 0 2 1 248 0 0 0 195
570 0 0 0 190 1 2 2 246 0 0 0 195
573 0 0 0 190 2 1 3 245 0 0 0 195
579 0 0 0 190 0 1 0 250 0 0 0 195
596 0 0 1 189 0 2 0 249 0 0 0 195
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599 0 0 0 190 0 5 0 246 0 0 0 195
604 0 0 1 189 0 1 0 250 2 1 1 191
616 0 0 0 190 0 0 2 249 0 1 0 194
617 0 0 0 190 0 0 1 250 0 0 0 195
621 0 0 1 189 0 0 0 251 0 0 0 195
625 0 0 0 190 0 1 1 249 0 0 0 195
627 0 0 0 190 0 4 0 247 0 0 0 195
631 0 1 2 187 0 0 1 250 0 0 0 195
640 1 1 0 188 9 10 0 232 0 0 0 195
646 0 0 0 190 0 4 0 247 0 0 0 195
648 0 0 0 190 0 0 1 250 0 0 0 195
651 1 2 0 187 12 4 2 233 0 0 0 195
652 3 2 2 183 15 1 9 226 0 0 0 195
654 0 0 0 190 0 1 0 250 0 0 0 195
657 0 0 0 190 0 2 7 242 0 0 0 195
659 1 0 0 189 2 4 1 244 0 0 0 195
694 0 0 0 190 4 5 9 233 0 0 0 195
700 0 0 0 190 0 1 0 250 0 0 0 195
726 0 0 1 189 1 0 0 250 0 0 0 195
735 1 1 1 187 0 1 0 250 0 0 4 191
739 0 3 0 187 0 0 0 251 0 0 0 195
744 0 0 0 190 0 3 0 248 0 0 0 195
745 0 0 0 190 7 2 7 235 0 0 0 195
749 0 0 0 190 0 0 1 250 0 0 0 195
754 0 0 1 189 0 1 0 250 0 0 0 195
759 1 3 4 182 1 4 4 242 0 0 0 195
760 0 0 1 189 0 0 0 251 0 0 0 195
761 0 0 2 188 0 0 0 251 0 0 0 195
762 0 0 0 190 0 2 0 249 0 0 0 195
763 0 0 2 188 0 0 0 251 0 0 0 195
764 0 0 3 187 0 1 0 250 0 0 0 195
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766 0 0 0 190 0 1 0 250 0 0 0 195
768 0 2 1 187 0 0 1 250 0 0 0 195
769 0 1 0 189 0 1 0 250 0 0 0 195
773 0 0 2 188 0 1 3 247 0 0 0 195
780 0 1 0 189 0 0 0 251 0 0 0 195
786 0 0 0 190 0 1 0 250 0 0 0 195
789 0 0 0 190 0 0 1 250 0 0 0 195
793 0 1 4 185 4 0 3 244 0 0 0 195
794 0 0 0 190 0 1 0 250 0 0 0 195
795 0 6 4 180 4 2 17 228 0 4 1 190
820 0 0 0 190 2 1 7 241 0 0 1 194
830 0 0 0 190 0 0 3 248 0 0 0 195
832 0 0 0 190 0 2 0 249 0 0 0 195
833 0 0 0 190 0 2 0 249 0 0 0 195
843 0 1 0 189 0 1 0 250 0 0 0 195
849 0 0 0 190 0 0 1 250 0 0 0 195
852 0 1 4 185 1 2 0 248 0 0 0 195
856 0 0 1 189 0 1 0 250 0 0 0 195
857 0 0 1 189 0 0 1 250 0 0 0 195
858 0 0 0 190 0 0 1 250 0 0 0 195
860 0 0 0 190 0 0 1 250 0 0 0 195
861 0 0 0 190 0 0 2 249 0 0 0 195
862 0 0 0 190 0 0 1 250 0 0 0 195
865 0 0 0 190 1 7 1 242 0 0 0 195
866 0 0 1 189 0 2 1 248 0 0 0 195
869 0 0 0 190 0 1 0 250 0 0 0 195
873 0 0 0 190 0 0 1 250 0 0 0 195
876 0 0 0 190 0 0 3 248 0 0 0 195
878 0 0 0 190 0 0 1 250 0 0 0 195
880 0 0 1 189 0 0 0 251 0 0 0 195
896 0 1 0 189 3 3 0 245 0 0 0 195
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910 1 0 0 189 0 0 2 249 0 0 0 195
950 1 0 2 187 0 0 1 250 0 0 0 195
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Table 16.  Species code, vessel-specific mean catches (counts) and correlation estimate (Kendall’s τ ) and corresponding p-value for 
species with some catch on either vessel at all stations. Correlation is inestimable when there was no catch by one of the vessels. 
 


 SVSPP Mean Albatross Catch/Tow (Count) Mean Bigelow Catch/Tow (Count) Correlation p-value
 


1  0.0755  0.1274  0.2640 4< 10−


2  0.0000  0.0016
3  0.0000  0.0094
4  0.1148  0.1541  0.5752 4< 10−


7  0.0016  0.0000
9  0.0063  0.0126 4| |< 10x −  0.8902


12  0.0047  0.0000
13  0.9104  0.9701  0.7012 4< 10−


14  0.1022  0.6903  0.5645 4< 10−


15  50.4387  67.2469  0.8139 4< 10−


16  0.0440  0.1038  0.5891 4< 10−


18  0.1321  0.1824  0.6054 4< 10−


19  0.1399  0.1903  0.7300 4< 10−


21  0.0094  0.0063 4| |< 10x −  0.8449
22  0.4906  1.6604  0.4972 4< 10−


23  3.9811  13.6132  0.6810 4< 10−


24  0.2767  1.7594  0.6606 4< 10−


25  0.0739  0.2987  0.5706 4< 10−


26  9.3538  44.0440  0.6866 4< 10−


27  0.4119  1.3821  0.5626 4< 10−


28  0.3239  1.2469  0.6039 4< 10−


29  0.0157  0.0063  0.4963 4< 10−


30  0.0189  0.0000
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31 107.2720  71.8491  0.6926 4< 10−


32  14.6509  70.2783  0.6686 4< 10−


33  3.6478  6.7406  0.6468 4< 10−


34  1.1053  3.9560  0.5320 4< 10−


35  0.2296  0.4182  0.3872 4< 10−


36  0.0220  0.1258  0.1994 4< 10−


43 389.2233  18.6321  0.5693 4< 10−


44  14.3679  16.7469  0.5916 4< 10−


46  0.1462  0.1682  0.0891  0.0240
56  5.3884  2.4151  0.7021 4< 10−


60  0.0220  0.0031 4| |< 10x −  0.8580
63  0.0016  0.0000
65  0.0063  0.0000
66  0.0063  0.0000
67  0.0000  0.0016
69  0.0362  0.1053  0.7418 4< 10−


72  32.6588 192.2862  0.7717 4< 10−


73  1.1038  2.6242  0.6706 4< 10−


74  23.6682  33.4088  0.8403 4< 10−


75  0.3994  3.7044  0.5402 4< 10−


76  2.1384  4.4434  0.7141 4< 10−


77  7.6950  26.9340  0.7034 4< 10−


78  9.3774  26.6808  0.7024 4< 10−


79  0.0283  0.3381  0.3729 4< 10−


83  0.0472  0.3066  0.3354 4< 10−


84  0.0142  0.0566  0.2937 4< 10−


87  0.1368  0.0550 4| |< 10x −  0.6873
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90  0.0142  0.1053  0.1032  0.0089
91  0.0031  0.0566  0.5314 4< 10−


99  0.0047  0.0142  0.2315 4< 10−


101  0.0425  0.0472  0.3597 4< 10−


102  4.1887  8.8208  0.8116 4< 10−


103  1.1698  2.4717  0.7633 4< 10−


104  4.9984  13.9355  0.7186 4< 10−


105  5.0755  11.0377  0.7892 4< 10−


106  1.8553  4.3035  0.7681 4< 10−


107  0.6053  1.8459  0.6213 4< 10−


108  1.1682  2.5959  0.6782 4< 10−


109  2.9701  32.6509  0.6167 4< 10−


111  0.0031  0.0047 4| |< 10x −  0.9366
112  0.0283  0.0991  0.7324 4< 10−


113  0.1352  0.0519  0.5160 4< 10−


114  0.0283  0.0440  0.3786 4< 10−


115  0.0047  0.0016  0.5764 4< 10−


116  0.0031  0.0031 4| |< 10x −  0.9366
117  0.3192  0.8742  0.3801 4< 10−


118  0.0000  0.0031
120  0.0000  0.0031
121  9.2296  23.7217  0.5665 4< 10−


124  0.5849  0.0126  0.1992 4< 10−


126  0.0755  0.0991  0.2644 4< 10−


127  0.0063  0.0016 4| |< 10x −  0.9683
129  0.6305  0.3019  0.6281 4< 10−
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131 120.9497 183.5000  0.7046 4< 10−


132  0.2138  0.1509  0.3102 4< 10−


133  0.0000  0.0079
134  0.0016  0.0000
135  1.6903  2.1840  0.6683 4< 10−


136  35.3176  35.0629  0.8661 4< 10−


137  0.0031  0.0047 4| |< 10x −  0.9552
139  0.1730  0.1132  0.3430 4< 10−


141  0.8223  2.4214  0.4959 4< 10−


142  0.0881  0.2862  0.4557 4< 10−


143  58.9387 100.5110  0.7888 4< 10−


145  5.9041  14.0236  0.7832 4< 10−


146  0.0236  0.1761  0.3406 4< 10−


148  0.0047  0.0236  0.7043 4< 10−


149  26.7704  60.6557  0.8826 4< 10−


151  0.0031  0.0157  0.3126 4< 10−


154  0.0016  0.0063 4| |< 10x −  0.9683
155  33.9528  44.9953  0.8689 4< 10−


156  0.8632  2.3774  0.5846 4< 10−


158  0.0094  0.1132  0.5731 4< 10−


159  0.0173  0.1006  0.3664 4< 10−


160  0.0016  0.0267 4| |< 10x −  0.9552
161  0.1887  1.1572  0.6272 4< 10−


163  4.4450  15.3286  0.8038 4< 10−


164  0.7453  1.3884  0.5120 4< 10−


165  0.0896  0.5252  0.4168 4< 10−
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166  0.0000  0.0142
168  0.0283  0.0629  0.2330 4< 10−


170  0.0975  0.0079 4| |< 10x −  0.8654
171  3.5063  14.5000  0.6156 4< 10−


172  0.3475  1.1981  0.6153 4< 10−


173  0.0613  0.1572  0.3718 4< 10−


174  0.0362  0.8978  0.0738  0.0607
175  0.0000  0.0031
176  0.0393  0.1101  0.4645 4< 10−


177  0.0110  0.0126  0.2464 4< 10−


179  0.0157  0.0157  0.1219  0.0021
180  0.0047  0.0016 4| |< 10x −  0.9451
181  9.0786  24.5566  0.3815 4< 10−


183  0.1447  0.0000
184  0.0031  0.0031 4| |< 10x −  0.9552
186  0.0016  0.0031  0.7065 4< 10−


187  0.0016  0.0142  0.4459 4< 10−


188  0.0110  0.1148  0.3173 4< 10−


190  0.0016  0.0016 4| |< 10x −  0.9683
191  0.0110  0.0440  0.0976  0.0136
192  0.0157  0.0377  0.3166 4< 10−


193  0.8585  3.4921  0.5079 4< 10−


194  0.6305  1.6384  0.7475 4< 10−


195  0.0000  0.0016
196  0.0770  0.2987  0.5500 4< 10−


197  0.2484  1.5991  0.3916 4< 10−


198  0.0110  0.0173  0.2842 4< 10−
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199  0.0000  0.0110
201  0.0613  0.0975  0.2685 4< 10−


202  0.0063  0.0299 4| |< 10x −  0.8180
203  0.0063  0.0000
204  0.0079  0.0519 4| |< 10x −  0.8449
205  0.0016  0.1808 4| |< 10x −  0.8808
206  0.0000  0.0031
208  0.0063  0.0047 4| |< 10x −  0.9552
209  0.4355  0.1840  0.5937 4< 10−


211  1.4072  1.7296  0.4500 4< 10−


212  0.7783  1.0047  0.4063 4< 10−


213  0.0016  0.0094 4| |< 10x −  0.9552
221  0.0755  0.0660  0.1079  0.0061
228  0.0000  0.0031
229  1.4041  0.2296  0.3587 4< 10−


232  0.1305  0.1824  0.6575 4< 10−


239  0.0000  0.0031
240  0.0079  0.0000
242  0.0566  0.0739  0.2521 4< 10−


246  0.0000  0.0094
249  0.0000  0.0031
252  0.0047  0.0362  0.4996 4< 10−


262  0.0330  0.0016  0.4467 4< 10−


263  0.0079  0.1148  0.1602  0.0001
270  0.0126  0.0770  0.4313 4< 10−


301  1.0393  1.5802  0.5258 4< 10−


302  0.0110  0.0110  1.0000 4< 10−
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305  0.0000  0.0063
307  0.4874  3.0487  0.5089 4< 10−


310  0.0142  0.0865  0.3553 4< 10−


311  0.0047  0.1619 4| |< 10x −  0.8997
312  0.1415  0.4811  0.2483 4< 10−


313  0.6038  2.7972  0.5227 4< 10−


314  0.0031  0.0220 4| |< 10x −  0.8580
316  0.0173  1.3365  0.3762 4< 10−


317  0.0472  0.2075  0.1202  0.0021
318  0.0613  0.3066  0.3752 4< 10−


319  0.1038  1.7862  0.5685 4< 10−


320  0.2956  2.8270  0.4597 4< 10−


321  0.0236  0.2893  0.2208 4< 10−


322  1.8381  6.6855  0.4231 4< 10−


323  0.0016  0.0267 4| |< 10x −  0.9046
324  0.0173  0.0362  0.3439 4< 10−


325  0.0047  0.0409 4| |< 10x −  0.8731
327  0.0016  0.0000
339  0.0016  0.0016 4| |< 10x −  0.9683
360  0.1258  0.0519  0.7030 4< 10−


364  0.0000  0.0016
375  0.1164  0.0928  0.6627 4< 10−


376  0.0346  0.1336  0.7416 4< 10−


378  0.0000  0.0031
380  0.0079  0.0016 4| |< 10x −  0.9552
384  0.0000  0.0063
388  0.0000  0.0063
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390  0.0189  0.0566  0.2380 4< 10−


396  0.0000  0.0063
401  24.5975  76.6887  0.7096 4< 10−


421  0.0220  0.0770 4| |< 10x −  0.5904
425  0.0047  0.0063 4| |< 10x −  0.9049
428  0.6132  3.0425  0.6417 4< 10−


429  0.3239  0.2547  0.5459 4< 10−


435  0.1761  0.6164  0.6171 4< 10−


437  0.0079  0.0000
438  0.0031  0.0000
439  0.1038  0.5110  0.8221 4< 10−


444  0.0031  0.0142  0.7074 4< 10−


446  0.0000  0.0016
449  0.0063  0.0126  0.4990 4< 10−


451  0.0031  0.0094 4| |< 10x −  0.9552
452  0.0000  0.0126
457  0.0000  0.0204
458  0.0031  0.0016 4| |< 10x −  0.9683
459  0.0063  0.0016 4| |< 10x −  0.9552
461  0.0110  0.0535 4| |< 10x −  0.8773
462  0.0016  0.0000
465  0.0031  0.0031  1.0000 4< 10−


471  0.0000  0.0204
489  0.0157  0.0425  0.2274 4< 10−


490  0.0016  0.0063 4| |< 10x −  0.9451
492  0.0016  0.0000
501  0.0582  0.0173  0.1432  0.0003
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502  7.9921  10.7406  0.6033 4< 10−


503 282.7091 312.3553  0.7995 4< 10−


504  0.0582  0.0409  0.5449 4< 10−


506  0.0770  1.5676  0.3628 4< 10−


508  0.0000  0.0016
509  0.0000  0.1808
510  0.0000  0.0094
511  0.0000  0.0031
512  0.2909  0.5063  0.4567 4< 10−


516  0.0157  0.0016 4| |< 10x −  0.9683
517  0.0016  0.0079 4| |< 10x −  0.9451
526  0.0000  0.0079
527  0.0000  0.0204
530  0.0016  0.0110  0.4991 4< 10−


538  0.0000  0.0016
541  0.0000  0.0031
546  0.0000  0.0047
551  0.0000  0.0016
552  0.0016  0.0031 4| |< 10x −  0.9683
556  0.0016  0.0000
557  0.0016  0.0000
563  0.0047  0.0031  0.4060 4< 10−


564  0.0000  0.0016
567  0.0047  0.0031 4| |< 10x −  0.9224
568  0.0031  0.0016 4| |< 10x −  0.9552
570  0.0047  0.0063  0.3311 4< 10−


573  0.1887  0.0456  0.5157 4< 10−


579  0.0016  0.0000
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596  0.0047  0.0016 4| |< 10x −  0.9552
599  0.0110  0.0000
604  0.0063  0.0126  0.4959 4< 10−


616  0.0031  0.0031 4| |< 10x −  0.9552
617  0.0000  0.0016
621  0.0000  0.0047
625  0.0016  0.0016 4| |< 10x −  0.9683
627  0.0204  0.0000
631  0.0031  0.0047 4| |< 10x −  0.9451
640  0.3019  1.6808  0.6850 4< 10−


646  0.0126  0.0000
648  0.0000  0.0016
651  0.5204  1.5173  0.7553 4< 10−


652  1.3679  2.5660  0.7201 4< 10−


654  0.0016  0.0000
657  0.0031  0.0220 4| |< 10x −  0.8813
659  0.0566  0.0094  0.5607 4< 10−


694  0.0236  0.0503  0.3550 4< 10−


700  0.0016  0.0000
726  0.0063  0.0079  0.7074 4< 10−


735  0.0063  0.0456  0.2309 4< 10−


739  0.0047  0.0000
744  0.0047  0.0000
745  0.1965  0.2044  0.6199 4< 10−


749  0.0000  0.0047
754  0.0016  0.0079 4| |< 10x −  0.9683
759  0.0314  0.0865  0.2003 4< 10−
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760  0.0000  0.0031
761  0.0000  0.0063
762  0.0173  0.0000
763  0.0000  0.0047
764  0.0031  0.0173 4| |< 10x −  0.9451
766  0.0016  0.0000
768  0.0204  0.0204 4| |< 10x −  0.9366
769  0.0063  0.0000
773  0.0016  0.0456 4| |< 10x −  0.9291
780  0.0047  0.0000
786  0.0016  0.0000
789  0.0000  0.0016
793  0.0220  0.1840  0.5352 4< 10−


794  0.0299  0.0000
795  0.1085  0.5031  0.1736 4< 10−


820  0.0063  0.0629  0.3606 4< 10−


830  0.0000  0.0157
832  0.0031  0.0000
833  0.0063  0.0000
843  0.0047  0.0000
849  0.0000  0.0016
852  0.2909  0.1195  0.2200 4< 10−


856  0.0016  0.0079 4| |< 10x −  0.9683
857  0.0000  0.0047
858  0.0000  0.0314
860  0.0000  0.0016
861  0.0000  0.0047
862  0.0000  0.0016
865  8.9623  0.3585  0.2437 4< 10−
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866  0.0047  0.0094 4| |< 10x −  0.9366
869  0.0016  0.0000
873  0.0000  0.0031
876  0.0000  0.0063
878  0.0000  0.0031
880  0.0000  0.0016
896  0.0330  0.0142  0.6522 4< 10−


910  0.0943  0.0456  0.5778 4< 10−


950  0.0031  0.0079  0.5009 4< 10−


 
 
Table 17.  Species code, vessel-specific mean catches (counts) and correlation estimate (Kendall’s τ ) and corresponding p-value for 
species with some catch on either vessel at stations within the spring survey. Correlation is inestimable when there was no catch by 
one of the vessels. 
 


SVSPP Mean Albatross Catch/Tow (Count) Mean Bigelow Catch/Tow (Count) Correlation p-value
 


1  0.0263  0.1737  0.2037  0.0048
2  0.0000  0.0053
3  0.0000  0.0316
4  0.2000  0.2316  0.7480 4< 10−


9  0.0000  0.0368
12  0.0158  0.0000
13  1.0000  1.1737  0.7156 4< 10−


14  0.0947  0.4579  0.5025 4< 10−


15  63.6053  93.1053  0.8050 4< 10−


16  0.0947  0.2158  0.6695 4< 10−


18  0.0368  0.0105 4| |< 10x −  0.8992
19  0.0053  0.0053  1.0000 4< 10−
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21  0.0053  0.0105 4| |< 10x −  0.9179
22  0.7211  1.6316  0.4879 4< 10−


23  4.2737  19.5526  0.5179 4< 10−


24  0.2053  1.7526  0.6391 4< 10−


25  0.1263  0.3895  0.4035 4< 10−


26  19.1000  58.8263  0.6964 4< 10−


27  0.8474  1.1421  0.5946 4< 10−


28  0.1526  0.6316  0.6019 4< 10−


29  0.0211  0.0211  0.7024 4< 10−


30  0.0053  0.0000
31  0.3368  0.0684  0.8089 4< 10−


32  22.8263  94.8947  0.5341 4< 10−


33  7.3842  16.0000  0.7637 4< 10−


34  1.7158  8.0895  0.6348 4< 10−


35  0.2737  0.3632  0.4645 4< 10−


36  0.0316  0.0105 4| |< 10x −  0.8837
43  48.6053  10.9737  0.7266 4< 10−


44  0.9789  0.0000
46  0.4842  0.0158 4| |< 10x −  0.7532
56  2.8789  0.3895  0.6159 4< 10−


60  0.0632  0.0000
63  0.0053  0.0000
69  0.0316  0.1158  0.8176 4< 10−


72  22.4895 187.9737  0.7680 4< 10−


73  1.0158  2.2158  0.7066 4< 10−


74  16.0947  15.6368  0.7981 4< 10−


75  0.4789  0.5316  0.6752 4< 10−
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76  1.9158  4.3684  0.7406 4< 10−


77  5.4579  23.9316  0.6817 4< 10−


78  16.1579  54.6789  0.7148 4< 10−


79  0.0316  0.1789  0.6989 4< 10−


83  0.0684  0.2579  0.5567 4< 10−


84  0.0105  0.0632  0.3108 4< 10−


87  0.0474  0.0000
90  0.0211  0.2105  0.2067  0.0041
99  0.0053  0.0316  0.4510 4< 10−


101  0.0316  0.0474  0.3880 4< 10−


102  1.2947  2.7105  0.7064 4< 10−


103  0.7000  2.2579  0.7029 4< 10−


104  5.1684  16.0158  0.7394 4< 10−


105  3.6947  7.7211  0.7377 4< 10−


106  2.3053  3.7000  0.7220 4< 10−


107  0.9526  2.3579  0.6600 4< 10−


108  0.8421  2.6105  0.6755 4< 10−


109  1.0579  14.8842  0.5478 4< 10−


111  0.0000  0.0105
112  0.0105  0.0158  0.9987 4< 10−


113  0.4421  0.1737  0.5766 4< 10−


114  0.0263  0.1474  1.0000 4< 10−


116  0.0000  0.0105
117  1.0000  1.6737  0.4661 4< 10−


118  0.0000  0.0105
120  0.0000  0.0053
121  23.9368  74.9947  0.7075 4< 10−
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126  0.2263  0.1474  0.8161 4< 10−


127  0.0000  0.0053
131  73.9737 117.6789  0.7254 4< 10−


135  0.0158  0.1000  0.5075 4< 10−


136  18.2263  6.2737  0.7396 4< 10−


139  0.3579  0.3000  0.5590 4< 10−


141  0.3053  1.0632  0.3005 4< 10−


142  0.0053  0.0211 4| |< 10x −  0.9420
143  5.0158  6.8789  0.6123 4< 10−


145  2.0263  25.4158  0.7480 4< 10−


146  0.0316  0.0316 4| |< 10x −  0.8353
148  0.0158  0.0421  0.8132 4< 10−


149  0.9842  28.0421  0.6990 4< 10−


154  0.0053  0.0211 4| |< 10x −  0.9420
155  20.9632  32.3000  0.8350 4< 10−


156  2.0263  4.5684  0.6974 4< 10−


158  0.0211  0.2474  0.6286 4< 10−


160  0.0053  0.0895 4| |< 10x −  0.9179
161  0.1789  0.9211  0.5436 4< 10−


163  4.3421  14.4263  0.8498 4< 10−


164  0.7895  1.1526  0.6003 4< 10−


165  0.1263  0.0632  0.1698  0.0187
168  0.0000  0.0263
170  0.0000  0.0263
171  3.5421  10.1947  0.5950 4< 10−


172  0.2684  2.2000  0.6049 4< 10−
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173  0.1474  0.3368  0.5912 4< 10−


174  0.1000  0.1105  0.3118 4< 10−


176  0.0000  0.0263
177  0.0000  0.0053
179  0.0000  0.0158
180  0.0053  0.0000
181  6.3263  0.3263  0.3725 4< 10−


184  0.0053  0.0000
188  0.0053  0.0053 4| |< 10x −  0.9420
190  0.0053  0.0000
191  0.0053  0.0895 4| |< 10x −  0.8450
192  0.0000  0.0158
193  0.4684  3.5105  0.5425 4< 10−


194  0.6737  1.0105  0.6600 4< 10−


196  0.0105  0.0579  0.3486 4< 10−


197  0.1316  1.2053  0.4048 4< 10−


199  0.0000  0.0368
201  0.0053  0.0053 4| |< 10x −  0.9420
202  0.0105  0.0000
206  0.0000  0.0105
208  0.0000  0.0105
211  0.0053  0.0000
212  0.0632  0.0000
221  0.0737  0.0526  0.1428  0.0472
229  1.1684  0.5105 4| |< 10x −  0.8992
232  0.2632  0.4211  0.8580 4< 10−


239  0.0000  0.0105
242  0.0158  0.2421  0.3979 4< 10−
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262  0.0053  0.0000
263  0.0158  0.0263 4| |< 10x −  0.8837
301  0.9842  1.1579  0.6330 4< 10−


307  0.6211  1.2053  0.5822 4< 10−


310  0.0158  0.0895  0.3463 4< 10−


311  0.0000  0.5316
312  0.0632  0.2421 4| |< 10x −  0.9203
313  0.8684  3.8158  0.5096 4< 10−


316  0.0316  0.7526  0.7080 4< 10−


317  0.0737  0.1526  0.0400  0.5760
318  0.1579  0.5842  0.4386 4< 10−


319  0.2316  4.3789  0.7437 4< 10−


320  0.0105  2.3368 4| |< 10x −  0.6895
321  0.0211  0.0368 4| |< 10x −  0.7985
322  0.0211  0.0579 4| |< 10x −  0.7532
323  0.0000  0.0263
324  0.0053  0.0000
325  0.0000  0.0421
327  0.0053  0.0000
339  0.0053  0.0053 4| |< 10x −  0.9420
360  0.0263  0.0000
375  0.0895  0.0158  0.5642 4< 10−


376  0.0053  0.0053  1.0000 4< 10−


378  0.0000  0.0105
380  0.0211  0.0053 4| |< 10x −  0.9420
384  0.0000  0.0211
388  0.0000  0.0053
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390  0.0158  0.0421 4| |< 10x −  0.8567
401  18.6158  86.4526  0.6824 4< 10−


421  0.0263  0.0263 4| |< 10x −  0.7403
425  0.0105  0.0053 4| |< 10x −  0.9179
435  0.2053  0.4526  0.5913 4< 10−


437  0.0211  0.0000
438  0.0105  0.0000
439  0.0158  0.1632  0.9947 4< 10−


446  0.0000  0.0053
449  0.0105  0.0421  0.7080 4< 10−


451  0.0000  0.0316
457  0.0000  0.0053
459  0.0000  0.0053
461  0.0053  0.0053 4| |< 10x −  0.9420
489  0.0263  0.0211  0.5763 4< 10−


490  0.0000  0.0105
501  0.0842  0.0000
502  0.9947  2.1368  0.6961 4< 10−


503 181.9263 271.0368  0.8039 4< 10−


504  0.1842  0.0895  0.8132 4< 10−


506  0.2316  4.8421  0.5643 4< 10−


509  0.0000  0.4053
510  0.0000  0.0263
512  0.3579  0.4789  0.7377 4< 10−


516  0.0526  0.0053 4| |< 10x −  0.9420
517  0.0053  0.0000
527  0.0000  0.0684
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530  0.0053  0.0105  1.0000 4< 10−


551  0.0000  0.0053
564  0.0000  0.0053
596  0.0000  0.0053
604  0.0000  0.0053
621  0.0000  0.0158
631  0.0105  0.0105 4| |< 10x −  0.9179
640  0.1421  5.1895  0.7080 4< 10−


651  0.7789  0.0263  0.5728 4< 10−


652  0.0737  0.5105  0.5938 4< 10−


659  0.0053  0.0053  1.0000 4< 10−


726  0.0000  0.0105
735  0.0158  0.0263  0.4934 4< 10−


739  0.0158  0.0000
754  0.0000  0.0263
759  0.0211  0.2105  0.2087  0.0039
760  0.0000  0.0105
761  0.0000  0.0211
763  0.0000  0.0158
764  0.0000  0.0579
768  0.0684  0.0632 4| |< 10x −  0.9179
769  0.0105  0.0000
773  0.0000  0.1000
780  0.0158  0.0000
793  0.0053  0.3053 4| |< 10x −  0.8834
795  0.0421  0.2632 4| |< 10x −  0.7159
843  0.0053  0.0000
852  0.0105  0.0737 4| |< 10x −  0.8834
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856  0.0000  0.0263
857  0.0000  0.0053
866  0.0000  0.0263
880  0.0000  0.0053
896  0.0053  0.0000
910  0.3158  0.1368  1.0000 4< 10−


950  0.0105  0.0211  0.5794 4< 10−


 
 
 
Table 18.  Species code, vessel-specific mean catches (counts) and correlation estimate (Kendall’s τ ) and corresponding p-value for 
species with some catch on either vessel at stations within the fall survey. Correlation is inestimable when there was no catch by one 
of the vessels. 
 


SVSPP Mean Albatross Catch/Tow (Count) Mean Bigelow Catch/Tow (Count) Correlation p-value
 


1  0.0996  0.0598  0.2398  0.0001
4  0.1394  0.2151  0.5182 4< 10−


7  0.0040  0.0000
9  0.0159  0.0040 4| |< 10x −  0.8987


13  1.1952  1.2390  0.6800 4< 10−


14  0.1235  1.0279  0.4907 4< 10−


15  26.8884  38.8406  0.7896 4< 10−


16  0.0398  0.0996  0.5174 4< 10−


18  0.3068  0.4542  0.6665 4< 10−


19  0.3506  0.4781  0.7067 4< 10−


21  0.0040  0.0080 4| |< 10x −  0.9286
22  0.4701  1.8884  0.4720 4< 10−
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23  3.4661  9.0438  0.8062 4< 10−


24  0.5418  3.1315  0.6766 4< 10−


25  0.0916  0.4622  0.6669 4< 10−


26  3.1434  31.2789  0.7024 4< 10−


27  0.1116  0.7251  0.4576 4< 10−


28  0.0717  0.4821  0.4374 4< 10−


29  0.0239  0.0000
31 271.5418 182.0000  0.6423 4< 10−


32  9.2351  21.1355  0.8385 4< 10−


33  1.4382  2.8167  0.8399 4< 10−


34  0.0757  0.1514  0.5792 4< 10−


35  0.2072  0.4064  0.6139 4< 10−


36  0.0239  0.3108  0.2881 4< 10−


43 932.3147  38.8964  0.5898 4< 10−


44  35.6653  42.4343  0.6048 4< 10−


46  0.0040  0.0916  0.3394 4< 10−


56  11.2191  5.8207  0.8582 4< 10−


60  0.0000  0.0040
65  0.0159  0.0000
66  0.0159  0.0000
67  0.0000  0.0040
69  0.0677  0.1793  0.7112 4< 10−


72  28.1076 156.4223  0.8040 4< 10−


73  0.4064  1.5817  0.6732 4< 10−


74  9.2908  16.3665  0.7922 4< 10−


75  0.2829  0.3108  0.6584 4< 10−


76  2.1594  4.2151  0.7455 4< 10−
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77  6.0677  20.6016  0.7504 4< 10−


78  9.6414  22.3586  0.7244 4< 10−


79  0.0438  0.6733  0.2264  0.0003
83  0.0239  0.2590  0.1466  0.0185
84  0.0199  0.0319  0.3489 4< 10−


87  0.2470  0.0837 4| |< 10x −  0.6752
90  0.0199  0.1076 4| |< 10x −  0.8042
91  0.0080  0.1434  0.5265 4< 10−


99  0.0080  0.0120 4| |< 10x −  0.9286
101  0.0637  0.0438  0.4970 4< 10−


102  4.7291  10.3227  0.8243 4< 10−


103  1.2351  2.9641  0.8431 4< 10−


104  4.4223  10.4183  0.6878 4< 10−


105  5.8685  14.0956  0.8234 4< 10−


106  1.7649  4.6853  0.8177 4< 10−


107  0.5657  1.9323  0.7393 4< 10−


108  1.7928  3.6653  0.6616 4< 10−


109  2.5139  15.1434  0.6104 4< 10−


111  0.0080  0.0040 4| |< 10x −  0.9286
112  0.0518  0.1833  0.7053 4< 10−


114  0.0518  0.0000
115  0.0120  0.0040  0.5750 4< 10−


117  0.0239  0.7888  0.1946  0.0018
120  0.0000  0.0040
121  1.0478  0.6016  0.3892 4< 10−


124  1.4821  0.0319  0.1915  0.0023
126  0.0199  0.1394 4| |< 10x −  0.7524
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127  0.0159  0.0000
129  1.5976  0.7649  0.6180 4< 10−


131 149.4661 318.8845  0.6950 4< 10−


132  0.5418  0.3745  0.2983 4< 10−


133  0.0000  0.0199
134  0.0040  0.0000
135  4.1753  5.4064  0.6849 4< 10−


136  75.6932  84.0956  0.8714 4< 10−


137  0.0080  0.0120 4| |< 10x −  0.9286
139  0.0120  0.0120 4| |< 10x −  0.8761
141  1.5498  4.2789  0.6355 4< 10−


142  0.2191  0.7092  0.4960 4< 10−


143 127.5498 216.7410  0.8601 4< 10−


145  13.4263  16.2948  0.7739 4< 10−


146  0.0359  0.4223  0.4650 4< 10−


148  0.0000  0.0279
149  67.0876 132.4661  0.8919 4< 10−


151  0.0040  0.0120 4| |< 10x −  0.9496
155  37.4143  50.4940  0.9024 4< 10−


156  0.6016  2.4622  0.4578 4< 10−


158  0.0080  0.0438  0.6269 4< 10−


159  0.0398  0.0996  0.3672 4< 10−


161  0.2749  1.2829  0.7481 4< 10−


163  3.9402  12.0518  0.7655 4< 10−


164  0.7928  1.6135  0.5644 4< 10−


165  0.0837  0.1992  0.7498 4< 10−


166  0.0000  0.0359
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168  0.0598  0.1275  0.3335 4< 10−


170  0.2470  0.0000
171  5.0199  22.9681  0.6083 4< 10−


172  0.6056  1.2072  0.6156 4< 10−


173  0.0438  0.1394 4| |< 10x −  0.8245
174  0.0159  2.1912 4| |< 10x −  0.7118
175  0.0000  0.0080
176  0.0478  0.1036  0.6600 4< 10−


177  0.0080  0.0279  0.5789 4< 10−


179  0.0398  0.0279  0.1287  0.0408
180  0.0040  0.0040 4| |< 10x −  0.9496
181  0.6534  0.2191  0.4550 4< 10−


183  0.3625  0.0000
184  0.0040  0.0080 4| |< 10x −  0.9496
186  0.0040  0.0080  0.7057 4< 10−


187  0.0040  0.0359  0.4440 4< 10−


188  0.0239  0.2869  0.3589 4< 10−


191  0.0120  0.0398  0.2832 4< 10−


192  0.0239  0.0159 4| |< 10x −  0.8569
193  1.3068  3.3466  0.5034 4< 10−


194  0.8287  2.8685  0.7950 4< 10−


195  0.0000  0.0040
196  0.1793  0.7052  0.5783 4< 10−


197  0.3147  1.7131  0.4496 4< 10−


198  0.0279  0.0438  0.2772 4< 10−


201  0.1514  0.2430  0.2868 4< 10−
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202  0.0080  0.0757 4| |< 10x −  0.7617
203  0.0159  0.0000
204  0.0199  0.1315 4| |< 10x −  0.7529
205  0.0040  0.4143 4| |< 10x −  0.8386
208  0.0159  0.0040 4| |< 10x −  0.9496
209  1.1036  0.4661  0.5645 4< 10−


211  3.5418  4.3825  0.4816 4< 10−


212  1.6892  2.5458  0.5750 4< 10−


213  0.0040  0.0239 4| |< 10x −  0.9286
221  0.1355  0.1275  0.0794  0.2039
228  0.0000  0.0080
229  2.5418  0.0239  0.5750 4< 10−


232  0.1315  0.1434  0.5582 4< 10−


240  0.0199  0.0000
242  0.1315  0.0000
246  0.0000  0.0239
252  0.0120  0.0916  0.4990 4< 10−


262  0.0797  0.0040  0.4977 4< 10−


263  0.0080  0.2709  0.2621 4< 10−


270  0.0319  0.1952  0.4233 4< 10−


301  1.4622  2.4502  0.6198 4< 10−


302  0.0279  0.0279  1.0000 4< 10−


305  0.0000  0.0159
307  0.7649  6.8127  0.4636 4< 10−


310  0.0239  0.1394  0.4343 4< 10−


311  0.0120  0.0080 4| |< 10x −  0.9286
312  0.1873  0.5737  0.3129 4< 10−
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313  0.7012  3.1474  0.5605 4< 10−


314  0.0080  0.0558 4| |< 10x −  0.7729
316  0.0199  2.7968  0.2516  0.0001
317  0.0319  0.3944  0.2637 4< 10−


318  0.0359  0.3347  0.2955 4< 10−


319  0.0876  1.1673  0.4546 4< 10−


320  0.7410  5.3904  0.6813 4< 10−


321  0.0438  0.7052  0.2999 4< 10−


322  4.6414  16.8964  0.4677 4< 10−


323  0.0040  0.0478 4| |< 10x −  0.8560
324  0.0239  0.0598  0.5530 4< 10−


325  0.0120  0.0598 4| |< 10x −  0.8399
360  0.2988  0.1315  0.7406 4< 10−


364  0.0000  0.0040
375  0.2271  0.2231  0.6991 4< 10−


376  0.0837  0.3347  0.7068 4< 10−


388  0.0000  0.0120
390  0.0359  0.0558  0.4287 4< 10−


396  0.0000  0.0159
401  43.6693 105.7291  0.7828 4< 10−


421  0.0359  0.1753 4| |< 10x −  0.5878
425  0.0040  0.0120 4| |< 10x −  0.9286
428  1.5538  7.7092  0.6324 4< 10−


429  0.8207  0.6454  0.5320 4< 10−


435  0.2869  1.2191  0.6480 4< 10−


437  0.0040  0.0000
439  0.2510  1.1713  0.7661 4< 10−
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444  0.0080  0.0359  0.7078 4< 10−


449  0.0080  0.0000
451  0.0080  0.0000
452  0.0000  0.0279
457  0.0000  0.0478
458  0.0080  0.0040 4| |< 10x −  0.9496
459  0.0159  0.0000
461  0.0239  0.1315 4| |< 10x −  0.8569
462  0.0040  0.0000
465  0.0080  0.0080  1.0000 4< 10−


471  0.0000  0.0518
489  0.0199  0.0916  0.1592  0.0112
490  0.0040  0.0080 4| |< 10x −  0.9286
492  0.0040  0.0000
501  0.0837  0.0438  0.1588  0.0115
502  6.7968  11.9044  0.5900 4< 10−


503 376.6335 316.3984  0.7953 4< 10−


504  0.0080  0.0359  0.3456 4< 10−


506  0.0040  0.1394  0.2120  0.0007
508  0.0000  0.0040
509  0.0000  0.1514
510  0.0000  0.0040
511  0.0000  0.0040
512  0.4263  0.5936  0.5180 4< 10−


526  0.0000  0.0199
530  0.0000  0.0199
538  0.0000  0.0040
541  0.0000  0.0080
546  0.0000  0.0120
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552  0.0040  0.0080 4| |< 10x −  0.9496
556  0.0040  0.0000
557  0.0040  0.0000
563  0.0120  0.0080  0.4025 4< 10−


567  0.0120  0.0080 4| |< 10x −  0.8761
568  0.0080  0.0040 4| |< 10x −  0.9286
570  0.0120  0.0159  0.3275 4< 10−


573  0.4781  0.1155  0.5147 4< 10−


579  0.0040  0.0000
596  0.0120  0.0000
599  0.0279  0.0000
604  0.0040  0.0000
616  0.0000  0.0080
617  0.0000  0.0040
625  0.0040  0.0040 4| |< 10x −  0.9496
627  0.0518  0.0000
631  0.0000  0.0040
640  0.6574  0.3307  0.6780 4< 10−


646  0.0319  0.0000
648  0.0000  0.0040
651  0.7291  3.8247  0.7696 4< 10−


652  3.4104  6.1155  0.7489 4< 10−


654  0.0040  0.0000
657  0.0080  0.0558 4| |< 10x −  0.8103
659  0.1394  0.0199  0.4603 4< 10−


694  0.0598  0.1275  0.3316 4< 10−


700  0.0040  0.0000
726  0.0159  0.0120  1.0000 4< 10−
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735  0.0040  0.0000
744  0.0120  0.0000
745  0.4980  0.5179  0.6140 4< 10−


749  0.0000  0.0120
754  0.0040  0.0000
759  0.0637  0.0598  0.1874  0.0029
762  0.0438  0.0000
764  0.0080  0.0000
766  0.0040  0.0000
768  0.0000  0.0040
769  0.0080  0.0000
773  0.0040  0.0398 4| |< 10x −  0.9124
786  0.0040  0.0000
789  0.0000  0.0040
793  0.0518  0.2351  0.7534 4< 10−


794  0.0757  0.0000
795  0.1474  1.0159  0.3436 4< 10−


820  0.0159  0.1554  0.3736 4< 10−


830  0.0000  0.0398
832  0.0080  0.0000
833  0.0159  0.0000
843  0.0080  0.0000
849  0.0000  0.0040
852  0.7291  0.2470  0.5785 4< 10−


856  0.0040  0.0000
857  0.0000  0.0080
858  0.0000  0.0797
860  0.0000  0.0040
861  0.0000  0.0120
862  0.0000  0.0040
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865  22.7092  0.9084  0.2339  0.0002
866  0.0120  0.0040 4| |< 10x −  0.9286
869  0.0040  0.0000
873  0.0000  0.0080
876  0.0000  0.0159
878  0.0000  0.0080
896  0.0797  0.0359  0.7000 4< 10−


910  0.0000  0.0120
950  0.0000  0.0040


 
 
Table 19.  Species code, vessel-specific mean catches (counts) and correlation estimate (Kendall’s τ ) and corresponding p-value for 
species with some catch on either vessel at stations within the site-specific set. Correlation is inestimable when there was no catch by 
one of the vessels. 
 


SVSPP Mean Albatross Catch/Tow (Count) Mean Bigelow Catch/Tow (Count) Correlation p-value
 


1  0.0923  0.1692  0.3126 4< 10−


13  0.4564  0.4256  0.7231 4< 10−


14  0.0821  0.4821  0.8415 4< 10−


15  67.9231  78.6154  0.8024 4< 10−


21  0.0205  0.0000
22  0.2923  1.3949  0.5466 4< 10−


23  4.3590  13.7077  0.6551 4< 10−


24  0.0051  0.0000
26  7.8513  46.0718  0.6490 4< 10−


27  0.3744  2.4615  0.6158 4< 10−


28  0.8154  2.8308  0.6531 4< 10−


30  0.0564  0.0000
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31  0.0205  0.0051  1.0000 4< 10−


32  13.6564 109.5487  0.6125 4< 10−


33  2.8513  2.7692  0.3475 4< 10−


34  1.8359  4.8256  0.3198 4< 10−


35  0.2154  0.4872  0.1591  0.0215
36  0.0103  0.0000
43  22.0513  0.0103 4| |< 10x −  0.8362
46  0.0000  0.4154
56  0.3282  0.0051  0.4111 4< 10−


60  0.0103  0.0051 4| |< 10x −  0.9189
72  48.4256 242.6513  0.6439 4< 10−


73  2.0872  4.3641  0.6263 4< 10−


74  49.5538  72.6615  0.8641 4< 10−


75  0.4718  11.1641  0.3753 4< 10−


76  2.3282  4.8103  0.6517 4< 10−


77  11.9692  38.0103  0.6269 4< 10−


78  2.4308  4.9641  0.6343 4< 10−


79  0.0051  0.0615  0.3621 4< 10−


83  0.0564  0.4154  0.3399 4< 10−


84  0.0103  0.0821  0.2437  0.0007
87  0.0821  0.0718 4| |< 10x −  0.8593


101  0.0256  0.0513 4| |< 10x −  0.8593
102  6.3128  12.8410  0.8368 4< 10−


103  1.5436  2.0462  0.6988 4< 10−


104  5.5744  16.4359  0.7435 4< 10−


105  5.4000  10.3333  0.7821 4< 10−
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106  1.5333  4.4000  0.7320 4< 10−


107  0.3179  1.2359  0.4363 4< 10−


108  0.6821  1.2051  0.7072 4< 10−


109  5.4205  72.4974  0.6928 4< 10−


111  0.0000  0.0000
112  0.0154  0.0718  0.7080 4< 10−


113  0.0103  0.0000
116  0.0103  0.0000
117  0.0359  0.2051  0.4056 4< 10−


121  5.4308  3.5231  0.5073 4< 10−


131 130.0154  73.3692  0.6657 4< 10−


132  0.0000  0.0103
135  0.1231  0.0667  0.4233 4< 10−


139  0.2000  0.0615  0.2621  0.0002
141  0.3897  1.3538  0.4645 4< 10−


143  23.1641  42.1333  0.7391 4< 10−


151  0.0051  0.0359  0.4977 4< 10−


155  42.1538  50.2872  0.8476 4< 10−


156  0.0667  0.1333  0.5110 4< 10−


158  0.0000  0.0718
159  0.0051  0.2000  0.4077 4< 10−


161  0.0872  1.2256  0.5799 4< 10−


163  5.1949  20.4256  0.7645 4< 10−


164  0.6410  1.3282  0.3711 4< 10−


165  0.0615  1.3949  0.3436 4< 10−


168  0.0154  0.0154 4| |< 10x −  0.8277
171  1.5231  7.7949  0.6753 4< 10−
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172  0.0923  0.2103  0.6221 4< 10−


173  0.0000  0.0051
176  0.0667  0.2000  0.3659 4< 10−


177  0.0256  0.0000
180  0.0051  0.0000
181  22.6051  79.4923  0.3366 4< 10−


183  0.0051  0.0000
190  0.0000  0.0051
191  0.0154  0.0051 4| |< 10x −  0.9005
192  0.0205  0.0872  0.4912 4< 10−


193  0.6615  3.6615  0.4500 4< 10−


194  0.3333  0.6667  0.7740 4< 10−


196  0.0103  0.0103  0.7053 4< 10−


197  0.2769  1.8359  0.2951 4< 10−


205  0.0000  0.0564
211  0.0256  0.0000
212  0.3026  0.0000
229  0.1692  0.2205  0.3788 4< 10−


242  0.0000  0.0051
249  0.0000  0.0103
301  0.5487  0.8718  0.2755 4< 10−


310  0.0000  0.0154
312  0.1590  0.5949  0.2450  0.0004
313  0.2205  1.3538  0.4602 4< 10−


316  0.0000  0.0256
317  0.0410  0.0205 4| |< 10x −  0.7369
319  0.0000  0.0564
320  0.0000  0.0051
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324  0.0205  0.0410  0.1652  0.0211
325  0.0000  0.0154
380  0.0051  0.0000
390  0.0000  0.0718
401  5.8769  29.7949  0.6177 4< 10−


435  0.0051  0.0000
452  0.0000  0.0051
502  16.3487  17.6256  0.4910 4< 10−


503 260.0103 347.4103  0.7770 4< 10−


506  0.0205  0.2154 4| |< 10x −  0.5338
511  0.0000  0.0051
512  0.0513  0.4205  0.0526  0.4506
517  0.0000  0.0256
604  0.0154  0.0359  0.6563 4< 10−


616  0.0103  0.0000
735  0.0000  0.1231
795  0.1231  0.0769 4| |< 10x −  0.8849
820  0.0000  0.0051


 
 
Table 20.  Pearson statistics ( 2χ ), degrees of freedom and p-values for models where the calibration factor is constant across all 
stations (1), differs between survey and site-specific stations (2) and differs also between spring and fall survey stations (3), by species 
(SVSPP code).  Fit was not possible where values are missing. 
 


 SVSPP 2
1χ  df 1 p-value 2


2χ df 2  p-value 2
3χ df 3 p-value


   
1 96.604  55 3< 10− 96.376  54 3< 10− 91.93  53 0.001
2   
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3 3< 10−   3 1 3< 10−  3 1 3< 10−  3 1
4 40.3  24 0.02 40.3  24 0.02 40.254  23 0.014
7   
9 12  6 0.062 12  6 0.062 5  5 0.416


12 3< 10−   1 1 3< 10−  1 1 3< 10−  1 1
13 276.44  95 3< 10− 275.755  94 3< 10− 274.863  93 3< 10−


14 135.999  43 3< 10− 137.274  42 3< 10− 136.306  41 3< 10−


15 8438.133 432 3< 10− 8225.917 431 3< 10− 8226.246 430 3< 10−


16 34.995  23 0.052 34.995  23 0.052 35.032  22 0.038
18 65.842  26 3< 10− 65.842  26 3< 10− 64.18  25 3< 10−


19 43.703  23 0.006 43.703  23 0.006 43.675  22 0.004
21 10  9 0.35 6  8 0.647 6  7 0.54
22 298.301 169 3< 10− 290.471 168 3< 10− 272.65 167 3< 10−


23 2000.41 291 3< 10− 1995.686 290 3< 10− 1994.656 289 3< 10−


24 152.925 101 0.001 147.172 100 0.002 142.342  99 0.003
25 74.351  32 3< 10− 74.351  32 3< 10− 65.622  31 3< 10−


26 3645.53 391 3< 10− 3545.796 390 3< 10− 2751.042 389 3< 10−


27 379.931 130 3< 10− 309.628 129 3< 10− 282.997 128 3< 10−


28 277.949 114 3< 10− 275.1 113 3< 10− 275.411 112 3< 10−


29 7.875  7 0.344 7.875  7 0.344 3  6 0.809
30 3< 10−   3 1 3< 10−  2 1 3< 10−  2 1
31 83192.639  58 3< 10− 83191.193  57 3< 10− 83186.073  56 3< 10−


32 26061.294 305 3< 10− 23549.922 304 3< 10− 24339.587 303 3< 10−


33 2190.522 169 3< 10− 2022.513 168 3< 10− 2024.969 167 3< 10−


34 1848.233 115 3< 10− 1677.303 114 3< 10− 1667.301 113 3< 10−


35 225.657  91 3< 10− 228.549  90 3< 10− 226.741  89 3< 10−


36 71.91  17 3< 10− 67.313  16 3< 10− 49.785  15 3< 10−


43 27613.313  54 3< 10− 31236.506  53 3< 10− 23423.574  52 3< 10−
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44 9161.84  49 3< 10− 9161.84  49 3< 10− 8958  48 3< 10−


46 197.99  18 3< 10− 116.072  17 3< 10− 106.478  16 3< 10−


56 704.067  35 3< 10− 673.535  34 3< 10− 609.192  33 3< 10−


60 16  11 0.141 16  10 0.1 3  9 0.964
63   
65 3< 10−   2 1 3< 10−  2 1 3< 10−  2 1
66   
67   
69 17.927  11 0.083 17.927  11 0.083 17.042  10 0.073
72 19828.498 498 3< 10− 18327.911 497 3< 10− 17797.58 496 3< 10−


73 586.431 168 3< 10− 579.719 167 3< 10− 559.861 166 3< 10−


74 3082.248 206 3< 10− 3052.61 205 3< 10− 2810.314 204 3< 10−


75 1683.217  72 3< 10− 1327.236  71 3< 10− 1327.254  70 3< 10−


76 564.113 199 3< 10− 564.063 198 3< 10− 559.429 197 3< 10−


77 3169.155 395 3< 10− 3152.517 394 3< 10− 3131.217 393 3< 10−


78 3669.174 265 3< 10− 3597.615 264 3< 10− 3498.908 263 3< 10−


79 103.437  27 3< 10− 103.438  26 3< 10− 112.524  25 3< 10−


83 93.527  70 0.032 92.583  69 0.031 99.617  68 0.007
84 27.924  23 0.219 26.558  22 0.228 24.951  21 0.249
87 122  19 3< 10− 122  18 3< 10− 113  17 3< 10−


90 68.018  18 3< 10− 68.018  18 3< 10− 65.917  17 3< 10−


91 11.259  6 0.081 11.259  6 0.081 11.259  6 0.081
99 8.444  7 0.295 8.444  7 0.295 6.556  6 0.364


101 34.404  21 0.033 34.415  20 0.023 33.621  19 0.02
102 476.392 208 3< 10− 473.431 207 3< 10− 472.61 206 3< 10−


103 359.448 211 3< 10− 317.785 210 3< 10− 312.274 209 3< 10−


104 1045.414 313 3< 10− 1039.5 312 3< 10− 1012.401 311 3< 10−


105 1223.931 202 3< 10− 1208.361 201 3< 10− 1182.781 200 3< 10−
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106 835.128 183 3< 10− 815.344 182 3< 10− 774.103 181 3< 10−


107 329.152 176 3< 10− 334.659 175 3< 10− 328.76 174 3< 10−


108 315.833 196 3< 10− 311.534 195 3< 10− 298.998 194 3< 10−


109 4081.08 233 3< 10− 3513.821 232 3< 10− 3202.809 231 3< 10−


111 5  3 0.172 5  3 0.172 3  2 0.223
112 12.642  15 0.63 12.869  14 0.537 12.3  13 0.503
113 11.103  5 0.049 10.216  4 0.037 10.216  4 0.037
114 28.189  6 3< 10− 28.189  6 3< 10− 3< 10−  5 1
115 1.333  2 0.513 1.333  2 0.513 1.333  2 0.513
116 4  3 0.261 3< 10−  2 1 3< 10−  2 1
117 361.189  54 3< 10− 354.403  53 3< 10− 349.263  52 3< 10−


118   
120 3< 10−   1 1 3< 10−  1 1
121 6071.332 136 3< 10− 5252.101 135 3< 10− 4940.281 134 3< 10−


124 304.522  8 3< 10− 304.522  8 3< 10− 304.522  8 3< 10−


126 53.547  13 3< 10− 53.547  13 3< 10− 51.961  12 3< 10−


127 5  1 0.025 5  1 0.025
129 169.304  27 3< 10− 169.304  27 3< 10− 169.304  27 3< 10−


131 69746.255 386 3< 10− 61038.763 385 3< 10− 60799.583 384 3< 10−


132 55.468  35 0.015 52.807  34 0.021 52.807  34 0.021
133 3< 10−   2 1 3< 10−  2 1 3< 10−  2 1
134   
135 699.195  96 3< 10− 694.947  95 3< 10− 691.144  94 3< 10−


136 12449.17  52 3< 10− 12449.17  52 3< 10− 11440.32  51 3< 10−


137 5  2 0.082 5  2 0.082 5  2 0.082
139 53.368  27 0.002 53.48  26 0.001 53.402  25 0.001
141 439.34 127 3< 10− 439.637 126 3< 10− 440.452 125 3< 10−


142 94.319  16 3< 10− 94.319  16 3< 10− 94.638  15 3< 10−
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143 13812.288 151 3< 10− 13809.742 150 3< 10− 13734.673 149 3< 10−


145 3855.54  55 3< 10− 3855.54  55 3< 10− 1609.882  54 3< 10−


146 69.994  24 3< 10− 69.994  24 3< 10− 44.687  23 0.004
148 3.6  3 0.308 3.6  3 0.308 0.917  2 0.632
149 12598.487  57 3< 10− 12598.487  57 3< 10− 10893.39  56 3< 10−


151 7.2  5 0.206 5.905  4 0.206 5.905  4 0.206
154 5  1 0.025 5  1 0.025 5  1 0.025
155 9880.919 142 3< 10− 9777.169 141 3< 10− 9746.724 140 3< 10−


156 319.077  64 3< 10− 316.438  63 3< 10− 301.032  62 3< 10−


158 20.346  11 0.041 15.816  10 0.105 15.054  9 0.089
159 39.615  14 3< 10− 19.755  13 0.101 19.755  13 0.101
160 18  2 3< 10− 18  2 3< 10− 18  2 3< 10−


161 113.146  32 3< 10− 130.593  31 3< 10− 131.024  30 3< 10−


163 979.994 232 3< 10− 977.044 231 3< 10− 975.249 230 3< 10−


164 334.031 220 3< 10− 335.356 219 3< 10− 329.243 218 3< 10−


165 240.72  61 3< 10− 186.473  60 3< 10− 178.414  59 3< 10−


166 3< 10−   7 1 3< 10−  7 1 3< 10−  7 1
168 36.78  31 0.219 35.873  30 0.212 32.099  29 0.316
170 67  10 3< 10− 67  10 3< 10− 3< 10−  9 1
171 1458.659 183 3< 10− 1431.149 182 3< 10− 1401.417 181 3< 10−


172 344.439  65 3< 10− 344.574  64 3< 10− 293.617  63 3< 10−


173 53.779  18 3< 10− 53.152  17 3< 10− 56.75  16 3< 10−


174 403.335  23 3< 10− 403.335  23 3< 10− 565.542  22 3< 10−


175 3< 10−   1 1 3< 10−  1 1 3< 10−  1 1
176 44.128  22 0.003 44.104  21 0.002 40.72  20 0.004
177 9.26  6 0.159 1.071  5 0.957 0.735  4 0.947
179 18  13 0.158 18  13 0.158 14.936  12 0.245
180 4  3 0.261 3  2 0.223 2  1 0.157
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181 15907.991 137 3< 10− 14697.432 136 3< 10− 14638.856 135 3< 10−


183 3< 10−   3 1 3< 10−  2 1 3< 10−  2 1
184 4  2 0.135 4  2 0.135 3  1 0.083
186 0.75  1 0.386 0.75  1 0.386 0.75  1 0.386
187 2.593  4 0.628 2.593  4 0.628 2.593  4 0.628
188 30.781  18 0.031 30.781  18 0.031 24.655  17 0.103
190 2  1 0.157  
191 29.792  18 0.04 27.585  17 0.05 30.306  16 0.016
192 23.403  18 0.176 19.732  17 0.288 16.732  16 0.403
193 519.838 245 3< 10− 515.081 244 3< 10− 491.234 243 3< 10−


194 235.754  45 3< 10− 233.27  44 3< 10− 197.226  43 3< 10−


195   
196 29.872  33 0.624 27.468  32 0.695 28.273  31 0.607
197 349.998 293 0.012 350.14 292 0.011 346.759 291 0.014
198 10.145  11 0.517 10.145  11 0.517 10.145  11 0.517
199   
201 36.256  18 0.007 36.256  18 0.007 36.111  17 0.004
202 23  13 0.042 23  13 0.042 21  12 0.05
203 3< 10−   1 1 3< 10−  1 1 3< 10−  1 1
204 38  9 3< 10− 38  9 3< 10− 38  9 3< 10−


205 116  14 3< 10− 105  13 3< 10− 105  13 3< 10−


206   
208 7  2 0.03 7  2 0.03 5  1 0.025
209 301.412  24 3< 10− 301.412  24 3< 10− 301.412  24 3< 10−


211 1253.417  32 3< 10− 1247.984  31 3< 10− 1246.896  30 3< 10−


212 259.634  44 3< 10− 182.922  43 3< 10− 166.04  42 3< 10−


213 7  2 0.03 7  2 0.03 7  2 0.03
221 81.526  28 3< 10− 81.526  28 3< 10− 81.423  27 3< 10−


228   
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229 932.209  25 3< 10− 951.354  24 3< 10− 413.769  23 3< 10−


232 133.587  13 3< 10− 133.587  13 3< 10− 133.085  12 3< 10−


239 3< 10−   1 1 3< 10−  1 1 3< 10−  1 1
240   
242 80.964  6 3< 10− 79.97  5 3< 10− 40.301  4 3< 10−


246 3< 10−   1 1 3< 10−  1 1 3< 10−  1 1
249   
252 8.711  2 0.013 8.711  2 0.013 8.711  2 0.013
262 3.562  4 0.469 3.562  4 0.469 3.36  3 0.339
263 61.837  11 3< 10− 61.837  11 3< 10− 43.062  10 3< 10−


270 43.379  7 3< 10− 43.379  7 3< 10− 43.379  7 3< 10−


301 416.314 258 3< 10− 416.883 257 3< 10− 408.233 256 3< 10−


302 0.311  1 0.577 0.311  1 0.577 0.311  1 0.577
305 730  4 3< 10− 730  4 3< 10− 730  4 3< 10−


307 782.815  47 3< 10− 782.815  47 3< 10− 675.747  46 3< 10−


310 22.916  15 0.086 21.525  14 0.089 21.407  13 0.065
311 106  6 3< 10− 106  6 3< 10− 5  5 0.416
312 267.672 146 3< 10− 268.568 145 3< 10− 270.567 144 3< 10−


313 732.208 205 3< 10− 729.584 204 3< 10− 729.722 203 3< 10−


314 16  11 0.141 16  11 0.141 16  11 0.141
316 309.424  19 3< 10− 307.586  18 3< 10− 469.146  17 3< 10−


317 127.301  61 3< 10− 120.166  60 3< 10− 107.917  59 3< 10−


318 77.994  46 0.002 77.994  46 0.002 81.615  45 0.001
319 336.45  25 3< 10− 332.911  24 3< 10− 292.915  23 3< 10−


320 258.308  35 3< 10− 258.087  34 3< 10− 591.452  33 3< 10−


321 144.965  22 3< 10− 144.965  22 3< 10− 130.635  21 3< 10−


322 196.532  54 3< 10− 196.532  54 3< 10− 194.043  53 3< 10−


323 18  9 0.035 18  9 0.035 13  8 0.112
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324 22.349  18 0.217 22.3  17 0.173 20.705  16 0.19
325 29  9 0.001 26  8 0.001 18  7 0.012
327   
339 2  1 0.157 2  1 0.157 2  1 0.157
360 21.667  17 0.198 21.667  17 0.198 19.009  16 0.268
364   
375 32.148  19 0.03 32.148  19 0.03 28.427  18 0.056
376 26.238  11 0.006 26.238  11 0.006 25.681  10 0.004
378 3< 10−   1 1 3< 10−  1 1 3< 10−  1 1
380 6  2 0.05 5  1 0.025 5  1 0.025
384   
388 3< 10−   1 1 3< 10−  1 1
390 33.778  30 0.29 22.323  29 0.807 22.804  28 0.743
396 3< 10−   1 1 3< 10−  1 1 3< 10−  1 1
401 19805.17 314 3< 10− 19755.5 313 3< 10− 19126.509 312 3< 10−


421 63  29 3< 10− 63  29 3< 10− 63  28 3< 10−


425 7  5 0.221 7  5 0.221 7  4 0.136
428 976.015  30 3< 10− 976.015  30 3< 10− 976.015  30 3< 10−


429 213.691  15 3< 10− 213.691  15 3< 10− 213.691  15 3< 10−


435 163.539  36 3< 10− 160.833  35 3< 10− 148.967  34 3< 10−


437 3< 10−   1 1 3< 10−  1 1
438   
439 18.05  9 0.035 18.05  9 0.035 17.282  8 0.027
444 0.244  1 0.621 0.244  1 0.621 0.244  1 0.621
446   
449 5  2 0.082 5  2 0.082 0.278  1 0.598
451 8  2 0.018 8  2 0.018 3< 10−  1 1
452 3< 10−   4 1 3< 10−  3 1 3< 10−  3 1
457 3< 10−   1 1 3< 10−  1 1
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458 3  1 0.083 3  1 0.083 3  1 0.083
459 5  2 0.082 5  2 0.082 3< 10−  1 1
461 41  7 3< 10− 41  7 3< 10− 41  6 3< 10−


462   
465 3< 10−   1 1 3< 10−  1 1 3< 10−  1 1
471 3< 10−   1 1 3< 10−  1 1 3< 10−  1 1
489 26.183  15 0.036 26.183  15 0.036 26.146  14 0.025
490 5  3 0.172 5  3 0.172 3  2 0.223
492   
501 45.17  11 3< 10− 45.17  11 3< 10− 29.784  10 0.001
502 4949.499 331 3< 10− 4825.26 330 3< 10− 4815.348 329 3< 10−


503 72363.507 421 3< 10− 71017.381 420 3< 10− 67451.348 419 3< 10−


504 26.969  7 3< 10− 26.969  7 3< 10− 21.86  6 0.001
506 169.91  76 3< 10− 135.75  75 3< 10− 140.935  74 3< 10−


508   
509 3< 10−   4 1 3< 10−  4 1 3< 10−  3 1
510 3< 10−   2 1 3< 10−  2 1 3< 10−  1 1
511 3< 10−   1 1  
512 231.145 105 3< 10− 232.068 104 3< 10− 232.119 103 3< 10−


516 11  1 0.001 11  1 0.001 11  1 0.001
517 6  3 0.112 3< 10−  2 1 3< 10−  2 1
526   
527   
530 1.905  3 0.592 1.905  3 0.592 3< 10−  2 1
538   
541 3< 10−   1 1 3< 10−  1 1 3< 10−  1 1
546 3< 10−   1 1 3< 10−  1 1 3< 10−  1 1
551   
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552 3  1 0.083 3  1 0.083 3  1 0.083
556   
557   
563 2.917  3 0.405 2.917  3 0.405 2.917  3 0.405
564   
567 5  4 0.287 5  4 0.287 5  4 0.287
568 3  2 0.223 3  2 0.223 3  2 0.223
570 4.278  4 0.37 4.278  4 0.37 4.278  4 0.37
573 32.215  5 3< 10− 32.215  5 3< 10− 32.215  5 3< 10−


579   
596 4  2 0.135 4  2 0.135 3< 10−  1 1
599 3< 10−   4 1 3< 10−  4 1 3< 10−  4 1
604 6.75  5 0.24 6.444  4 0.168 4.444  3 0.217
616 4  2 0.135 3< 10−  1 1 3< 10−  1 1
617   
621   
625 2  1 0.157 2  1 0.157 2  1 0.157
627 3< 10−   3 1 3< 10−  3 1 3< 10−  3 1
631 5  3 0.172 5  3 0.172 4  2 0.135
640 820.876  20 3< 10− 820.876  20 3< 10− 469.69  19 3< 10−


646 3< 10−   3 1 3< 10−  3 1 3< 10−  3 1
648   
651 893.729  20 3< 10− 893.729  20 3< 10− 656.527  19 3< 10−


652 613.91  31 3< 10− 613.91  31 3< 10− 607.332  30 3< 10−


654   
657 16  8 0.042 16  8 0.042 16  8 0.042
659 19.769  7 0.006 19.769  7 0.006 19.683  6 0.003
694 34.268  17 0.008 34.268  17 0.008 34.268  17 0.008
700   
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726 2.057  1 0.151 2.057  1 0.151
735 25.49  7 0.001 5.76  6 0.451 4.587  5 0.468
739 3< 10−   2 1 3< 10−  2 1 3< 10−  2 1
744 3< 10−   2 1 3< 10−  2 1 3< 10−  2 1
745 77.683  15 3< 10− 77.683  15 3< 10− 77.683  15 3< 10−


749   
754 6  1 0.014 6  1 0.014
759 62.128  16 3< 10− 62.128  16 3< 10− 57.137  15 3< 10−


760   
761 3< 10−   1 1 3< 10−  1 1 3< 10−  1 1
762 3< 10−   1 1 3< 10−  1 1 3< 10−  1 1
763 3< 10−   1 1 3< 10−  1 1 3< 10−  1 1
764 13  3 0.005 13  3 0.005 3< 10−  2 1
766   
768 26  3 3< 10− 26  3 3< 10− 25  2 3< 10−


769 3< 10−   1 1 3< 10−  1 1
773 30  5 3< 10− 30  5 3< 10− 11  4 0.027
780   
786   
789   
793 30.612  11 0.001 30.612  11 0.001 66.237  10 3< 10−


794   
795 235.281  37 3< 10− 188.806  36 3< 10− 186.301  35 3< 10−


820 24.47  10 0.006 23.87  9 0.005 23.87  9 0.005
830 3< 10−   2 1 3< 10−  2 1 3< 10−  2 1
832 3< 10−   1 1 3< 10−  1 1 3< 10−  1 1
833 3< 10−   1 1 3< 10−  1 1 3< 10−  1 1
843 3< 10−   1 1 3< 10−  1 1
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849   
852 57.107  7 3< 10− 57.107  7 3< 10− 38.364  6 3< 10−


856 6  1 0.014 6  1 0.014
857 3< 10−   1 1 3< 10−  1 1
858   
860   
861 3< 10−   1 1 3< 10−  1 1 3< 10−  1 1
862   
865 5877.3  8 3< 10− 5877.3  8 3< 10− 5877.3  8 3< 10−


866 9  3 0.029 9  3 0.029 4  2 0.135
869   
873   
876 3< 10−   2 1 3< 10−  2 1 3< 10−  2 1
878   
880   
896 13.81  6 0.032 13.81  6 0.032 13.114  5 0.022
910 6.423  2 0.04 6.423  2 0.04 3< 10−  1 1
950 2.1  3 0.552 2.1  3 0.552 1.5  2 0.472


   
 
Table 21.  Likelihood ratio test statistics comparing beta-binomial models in Table 3, by species (SVSPP code).  Tests were not 
possible where values are missing.  Species for which no tests were possible are omitted. 
 


 SVSPP 1,1M  to 2,1M  1,1M  to 1,2M 1,1M  to 3,1M 1,1M  to 1,3M 2,2M  to 3,2M 2,2M  to 2,3M
  


1  0.362  0.711  4.814  1.522  3.826  1.102
4 3< 10−  3< 10−  1.456  3.907  1.456  3.907
9 3< 10−  3< 10−  4.557 3< 10−  4.557 3< 10−


13  2.671  1.094  5.152  1.471  2.397  0.566
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14  0.027  0.901  2.577  0.920  2.544  0.026
15  2.111  0.102  2.111  0.285  0.001  0.220
16 3< 10−  3< 10−  0.012  1.210  0.012  1.211
18 3< 10−  3< 10−  3.186  4.550  3.186  4.551
19 3< 10−  3< 10−  0.014  0.187  0.014  0.190
21  5.822 3< 10−  5.822 3< 10− 3< 10− 3< 10−


22  0.506  4.138  2.402  5.152  1.513  0.788
23  0.222  0.016  2.857 12.553  2.635 12.367
24  4.090 3< 10−  4.863  6.354  0.773
25 3< 10−  3< 10−  0.362 10.543  0.362 10.544
26  1.555  0.047 12.222  3.606 10.559  2.632
27  0.757  6.093  7.074  6.526  4.529  0.078
28  0.301  1.785  2.319  2.645  2.311  0.597
29 3< 10−  3< 10−  4.558  0.726  4.558  0.726
31  0.170  1.051  1.384  1.154  1.202  0.097
32  1.263  0.192  5.829 37.510  4.580 36.766
33  4.147 40.085  5.633 40.337  3.100  0.064
34  2.252 17.292  2.351 17.865  0.159  0.680
35  0.868  9.276  0.908  9.306  0.073  0.046
36  2.929  0.438  4.969  1.741  2.040  1.553
43  6.042  9.084  6.102 16.266  0.077  7.011
44 3< 10−  3< 10− 12.189  4.407 12.184  4.403
46  2.146  0.280 10.075  2.749  7.930  2.247
56  9.286  3.562 12.710  4.208  3.262  1.024
60  0.715 3< 10−  6.994 3< 10−  6.279 3< 10−


69 3< 10−  3< 10−  0.182  0.816  0.182  0.817
72  0.071 10.780 11.155 12.548 13.040  1.243
73  0.168  0.017  1.036  1.307  0.942  1.642
74  8.981  1.937  9.539  2.770  0.494  0.619
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75  0.772  0.616  0.774  4.284  0.004  3.606
76  0.040  0.002  0.620  0.561  0.592  0.532
77  0.465  0.201  7.320  0.330  6.950  0.190
78 14.539  2.651 14.681  2.716  0.163  0.031
79  0.662  0.230  0.797  4.169  0.101  3.703
83  0.347  0.201  4.534  1.300  4.276  2.136
84  1.575  0.001  3.672  0.001
87  0.268 3< 10−  3.051 3< 10−  2.783 3< 10−


90 3< 10−  3< 10−  1.117  1.341  1.117  1.342
91 3< 10−  3< 10− 3< 10− 3< 10− 3< 10− 3< 10−


99 3< 10−  3< 10−  1.042  1.278  1.042  1.278
101  0.002  6.071  0.582  6.147  1.431  0.103
102  1.895  4.943  2.064  5.356  0.112  0.451
103 16.927  0.637 19.089  3.923  2.055  5.454
104  0.318  1.465  3.547  1.622  2.724  0.271
105  3.269  0.027  3.529 12.459  0.258 14.039
106  1.291  3.796  1.327  4.636  0.068  0.893
107  1.562  3.929  1.863  3.934  0.464 3< 10−


108  0.732  0.535  2.137  6.307  1.174  6.333
109  4.201  6.405 13.218 13.070  6.152  0.822
111 3< 10−  3< 10−


112  0.271  0.001  1.013  0.001  0.741 3< 10−


113  0.868  0.389  0.868  0.390 3< 10− 3< 10−


114 3< 10−  3< 10−  0.457  0.457
116  3< 10−


117  0.002  0.163  6.433  4.049  6.307  3.971
121  3.244  0.135  3.840  7.705  0.567  8.434
124 3< 10−  3< 10− 3< 10− 3< 10− 3< 10− 3< 10−


126 3< 10−  3< 10−  0.477  5.369  0.477  5.369
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129 3< 10−  3< 10− 3< 10− 3< 10− 3< 10− 3< 10−


131 15.293  5.953 16.923  6.724  1.760  1.034
132  2.715 3< 10−  2.716 3< 10− 3< 10− 3< 10−


135  1.684  0.281  3.427  0.346  1.695  0.036
136 3< 10−  3< 10−  5.853  0.357  5.853  0.357
139  1.652  3.302  1.715  4.470  0.044  1.229
141  2.080  2.260  5.674  2.625  3.323  0.428
142 3< 10−  3< 10−  0.015  0.690  0.015  0.691
143  6.439  3.700  9.432 12.617  2.787  8.559
145 3< 10−  3< 10−  0.148  0.098  0.148  0.098
146 3< 10−  3< 10−  6.941  3.507  6.941  3.507
148 3< 10−  3< 10−


149 3< 10−  3< 10−  1.180  2.624  1.180  2.624
151  0.286  0.805  0.286  0.805 3< 10− 3< 10−


155  0.564  0.462  0.659  0.698  0.085  0.244
156  0.885  0.086  2.614  4.659  1.805  4.212
158  2.325  1.818  2.694  2.423  0.369  0.624
159  2.230  0.008  2.230  0.008 3< 10− 3< 10−


161  2.485  2.598  3.584  2.884  1.428  0.278
163  1.185  7.681  1.813  7.681  0.975  0.003
164  0.002  0.478  2.699  0.492  3.113  0.012
165 11.934  0.370 17.491  6.799  5.283  4.625
168  1.697 3< 10−  4.573 3< 10−  2.876 3< 10−


170 3< 10−  3< 10− 3< 10− 3< 10−


171  0.006 14.357  4.743 19.544  4.599  4.116
172  1.386  3.725  1.387  4.309  0.005  0.672
173  0.604 3< 10−  0.887 11.494  0.284 11.601
174 3< 10−  3< 10− 10.261  3.784 10.261  3.783
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176  3.382 3< 10−  5.914  1.195  2.637  0.800
177  9.943  2.627 10.416  2.627
179 3< 10−  3< 10−  3.306  0.377  3.306  0.377
180  0.679 3< 10−


181  7.396  2.592 10.716  5.715  5.130  2.084
187 3< 10−  3< 10− 3< 10− 3< 10−


188 3< 10−  3< 10−  2.396 3< 10−  2.396 3< 10−


191  5.245 3< 10−  6.085  2.100  0.840  1.555
192  0.508  6.318  2.564  6.319  0.738 3< 10−


193  0.080  2.253  1.762  2.516  1.061  0.118
194  0.891  0.702  3.402  0.702  2.294  0.031
196  1.748  0.001  1.943  0.001  0.195  0.001
197  0.260  0.154  0.779  2.948  0.570  2.603
198 3< 10−  3< 10− 3< 10− 3< 10− 3< 10− 3< 10−


201 3< 10−  3< 10−  0.044 3< 10−  0.044 3< 10−


202 3< 10−  3< 10−  3.386 3< 10−  3.386 3< 10−


204 3< 10−  3< 10− 3< 10− 3< 10− 3< 10− 3< 10−


205  0.646 3< 10−  0.646 3< 10− 3< 10− 3< 10−


209 3< 10−  3< 10− 3< 10− 3< 10− 3< 10− 3< 10−


211  4.897  0.573  6.444  0.573  1.546 3< 10−


212 16.981  4.133 32.366  5.997 15.385  2.355
221 3< 10−  3< 10−  1.922  0.572  1.922  0.572
229  7.297  2.766  7.533  4.817  0.100  5.737
232 3< 10−  3< 10−  0.319  0.018  0.319  0.018
242  2.238 3< 10−  4.950  0.979  2.711  0.712
262 3< 10−  3< 10−  0.105 3< 10−


263 3< 10−  3< 10−  1.484  0.841  1.484  0.840
270 3< 10−  3< 10− 3< 10− 3< 10− 3< 10− 3< 10−
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301  0.164  1.209  0.164  1.242  0.002  0.022
305 3< 10−  3< 10− 3< 10− 3< 10−


307 3< 10−  3< 10−  4.767  0.294  4.767  0.294
310  0.934 3< 10−  0.934  0.990  0.002  1.077
311 3< 10−  3< 10−  4.557 3< 10−  4.557 3< 10−


312  1.549  3.249  1.549  9.349  0.003  6.245
313  2.771  0.123  5.236  1.272  2.397  1.458
314 3< 10−  3< 10− 3< 10− 3< 10− 3< 10− 3< 10−


316  0.526  0.304  1.254  4.164  0.729  3.869
317  8.553  0.874 10.871  1.367  2.515  0.903
318 3< 10−  3< 10−  0.116  0.212  0.116  0.212
319  2.997  1.127  3.011  9.847  0.013  7.919
320  0.261 3< 10−  4.593  8.760  4.331  8.840
321 3< 10−  3< 10−  0.127  1.039  0.127  1.039
322 3< 10−  3< 10−  1.647  2.800  1.647  2.801
323 3< 10−  3< 10−  0.222 3< 10−  0.223 3< 10−


324  0.005  0.243  2.378  0.244  2.348 3< 10−


325  0.473 3< 10−  1.633 3< 10−  1.159 3< 10−


360 3< 10−  3< 10−  2.910  1.548  2.910  1.547
375 3< 10−  3< 10−  6.327  4.371  6.327  4.371
376 3< 10−  3< 10−  0.663  0.333  0.663  0.333
390  9.360  2.001 10.588  8.374  1.228  5.804
401  0.363  2.760  3.918  7.597  3.665  4.671
421 3< 10−  3< 10−  1.979 3< 10−  1.979 3< 10−


425 3< 10−  3< 10−  0.680 3< 10−  0.680 3< 10−


428 3< 10−  3< 10− 3< 10− 3< 10− 3< 10− 3< 10−


429 3< 10−  3< 10− 3< 10− 3< 10− 3< 10− 3< 10−


435  3.363 3< 10−  7.451  1.254  4.090  1.417
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439 3< 10−  3< 10−  1.991  1.605  1.992  1.606
461 3< 10−  3< 10−  0.174 3< 10−  0.174 3< 10−


489 3< 10−  3< 10−  4.679  1.442  4.679  1.441
490 3< 10−  3< 10−


501 3< 10−  3< 10−  3.377  0.707  3.377  0.707
502  4.036  0.725  7.215  1.991  3.283  1.714
503  2.023  0.145  4.986  4.023  2.942  3.673
504 3< 10−  3< 10−  2.875 3< 10−  2.875 3< 10−


506  0.664  2.981  1.446  3.182  0.727  0.129
512 10.519  5.484 11.767  7.580  1.240  2.293
517  3< 10−


530 3< 10−  3< 10−


563 3< 10−  3< 10−


567 3< 10−  3< 10− 3< 10− 3< 10−


570 3< 10−  3< 10− 3< 10− 3< 10−


573 3< 10−  3< 10− 3< 10− 3< 10− 3< 10− 3< 10−


604  0.253 3< 10−  3.025 3< 10−  2.772 3< 10−


631 3< 10−  3< 10−


640 3< 10−  3< 10−  1.313  6.431  1.313  6.431
651 3< 10−  3< 10−  3.490  0.758  3.490  0.758
652 3< 10−  3< 10−  3.187  0.021  3.187  0.021
657 3< 10−  3< 10− 3< 10− 3< 10− 3< 10− 3< 10−


659 3< 10−  3< 10−  1.004  0.997  1.004  0.998
694 3< 10−  3< 10− 3< 10− 3< 10− 3< 10− 3< 10−


735  6.204  2.050  7.651  2.051  1.446 3< 10−


745 3< 10−  3< 10− 3< 10− 3< 10− 3< 10− 3< 10−


759 3< 10−  3< 10−  0.377  0.002  0.377  0.002
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764 3< 10−  3< 10−


768 3< 10−  3< 10−


773 3< 10−  3< 10−  0.908 3< 10−  0.908 3< 10−


793 3< 10−  3< 10−  3.873  8.977  3.873  8.976
795  5.825  2.365 10.752  4.811  5.003  2.594
820  0.310 3< 10−  0.310 3< 10− 3< 10− 3< 10−


852 3< 10−  3< 10−  4.414  1.123  4.414  1.123
865 3< 10−  3< 10− 3< 10− 3< 10− 3< 10− 3< 10−


866 3< 10−  3< 10−


896 3< 10−  3< 10−  0.593 3< 10−  0.593 3< 10−


950 3< 10−  3< 10−


  
 
 
Table 22.  P-values for likelihood ratio test statistics comparing beta-binomial models in Table 3, by species (SVSPP code).  Tests 
were not possible where values are missing.  Species for which no tests were possible are omitted. 
 


SVSPP 1,1M  to 2,1M  1,1M  to 1,2M 1,1M  to 3,1M 1,1M  to 1,3M 2,2M  to 3,2M 2,2M  to 2,3M
  


1 0.5474 0.3991 0.0901 0.4672 0.0505 0.2938
4 1.0000 1.0000 0.4829 0.1418 0.2276 0.0481
9 1.0000 1.0000 0.1024 1.0000 0.0328 1.0000


13 0.1022 0.2956 0.0761 0.4793 0.1216 0.4519
14 0.8695 0.3425 0.2757 0.6313 0.1107 0.8719
15 0.1462 0.7494 0.3480 0.8672 0.9748 0.6390
16 1.0000 1.0000 0.9940 0.5461 0.9128 0.2711
18 1.0000 1.0000 0.2033 0.1028 0.0743 0.0329
19 1.0000 1.0000 0.9930 0.9107 0.9058 0.6629
21 0.0158 1.0000 0.0544 1.0000 1.0000 1.0000
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22 0.4769 0.0419 0.3009 0.0761 0.2187 0.3747
23 0.6375 0.8993 0.2397 0.0019 0.1045 0.0004
24 0.0431 1.0000 0.0879 0.0417 0.3793
25 1.0000 1.0000 0.8344 0.0051 0.5474 0.0012
26 0.2124 0.8284 0.0022 0.1648 0.0012 0.1047
27 0.3843 0.0136 0.0291 0.0383 0.0333 0.7800
28 0.5833 0.1815 0.3136 0.2665 0.1285 0.4397
29 1.0000 1.0000 0.1024 0.6956 0.0328 0.3942
31 0.6801 0.3053 0.5006 0.5616 0.2729 0.7555
32 0.2611 0.6613 0.0542 4< 10− 0.0323 4< 10−


33 0.0417 4< 10− 0.0598 4< 10− 0.0783 0.8003
34 0.1334 4< 10− 0.3087 0.0001 0.6901 0.4096
35 0.3515 0.0023 0.6351 0.0095 0.7870 0.8302
36 0.0870 0.5081 0.0834 0.4187 0.1532 0.2127
43 0.0140 0.0026 0.0473 0.0003 0.7814 0.0081
44 1.0000 1.0000 0.0023 0.1104 0.0005 0.0359
46 0.1429 0.5967 0.0065 0.2530 0.0049 0.1339
56 0.0023 0.0591 0.0017 0.1220 0.0709 0.3116
60 0.3978 1.0000 0.0303 1.0000 0.0122 1.0000
69 1.0000 1.0000 0.9130 0.6650 0.6697 0.3661
72 0.7899 0.0010 0.0038 0.0019 0.0003 0.2649
73 0.6819 0.8963 0.5957 0.5202 0.3318 0.2001
74 0.0027 0.1640 0.0085 0.2503 0.4821 0.4314
75 0.3796 0.4325 0.6791 0.1174 0.9496 0.0576
76 0.8415 0.9643 0.7334 0.7554 0.4416 0.4658
77 0.4953 0.6539 0.0257 0.8479 0.0084 0.6629
78 0.0001 0.1035 0.0006 0.2572 0.6864 0.8602
79 0.4159 0.6315 0.6713 0.1244 0.7506 0.0543
83 0.5558 0.6539 0.1036 0.5220 0.0387 0.1439
84 0.2095 0.9748 0.1595 0.9995
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87 0.6047 1.0000 0.2175 1.0000 0.0953 1.0000
90 1.0000 1.0000 0.5721 0.5115 0.2906 0.2467
91 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
99 1.0000 1.0000 0.5939 0.5278 0.3074 0.2583


101 0.9643 0.0137 0.7475 0.0463 0.2316 0.7483
102 0.1686 0.0262 0.3563 0.0687 0.7379 0.5019
103 4< 10−  0.4248 0.0001 0.1406 0.1517 0.0195
104 0.5728 0.2261 0.1697 0.4444 0.0989 0.6027
105 0.0706 0.8695 0.1713 0.0020 0.6115 0.0002
106 0.2559 0.0514 0.5150 0.0985 0.7943 0.3447
107 0.2114 0.0475 0.3940 0.1399 0.4958 1.0000
108 0.3922 0.4645 0.3435 0.0427 0.2786 0.0119
109 0.0404 0.0114 0.0013 0.0015 0.0131 0.3646
111 1.0000 1.0000
112 0.6027 0.9748 0.6026 0.9995 0.3893 1.0000
113 0.3515 0.5328 0.6479 0.8228 1.0000 1.0000
114 1.0000 1.0000 0.7957 0.4990
116  1.0000
117 0.9643 0.6864 0.0401 0.1321 0.0120 0.0463
121 0.0717 0.7133 0.1466 0.0212 0.4515 0.0037
124 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
126 1.0000 1.0000 0.7878 0.0683 0.4898 0.0205
129 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
131 0.0001 0.0147 0.0002 0.0347 0.1846 0.3092
132 0.0994 1.0000 0.2572 1.0000 1.0000 1.0000
135 0.1944 0.5960 0.1802 0.8411 0.1929 0.8495
136 1.0000 1.0000 0.0536 0.8365 0.0156 0.5502
139 0.1987 0.0692 0.4242 0.1070 0.8339 0.2676
141 0.1492 0.1328 0.0586 0.2691 0.0683 0.5130
142 1.0000 1.0000 0.9925 0.7082 0.9025 0.4058
143 0.0112 0.0544 0.0090 0.0018 0.0950 0.0034
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145 1.0000 1.0000 0.9287 0.9522 0.7005 0.7542
146 1.0000 1.0000 0.0311 0.1732 0.0084 0.0611
148 1.0000 1.0000
149 1.0000 1.0000 0.5543 0.2693 0.2774 0.1053
151 0.5928 0.3696 0.8668 0.6686 1.0000 1.0000
155 0.4527 0.4967 0.7193 0.7054 0.7706 0.6213
156 0.3468 0.7693 0.2706 0.0973 0.1791 0.0401
158 0.1273 0.1776 0.2600 0.2978 0.5435 0.4296
159 0.1354 0.9287 0.3279 0.9960 1.0000 1.0000
161 0.1149 0.1070 0.1666 0.2365 0.2321 0.5980
163 0.2763 0.0056 0.4039 0.0215 0.3234 0.9563
164 0.9643 0.4893 0.2594 0.7819 0.0777 0.9128
165 0.0006 0.5430 0.0002 0.0334 0.0215 0.0315
168 0.1927 1.0000 0.1016 1.0000 0.0899 1.0000
170 1.0000 1.0000 1.0000 1.0000
171 0.9383 0.0002 0.0933 0.0001 0.0320 0.0425
172 0.2391 0.0536 0.4998 0.1160 0.9436 0.4124
173 0.4371 1.0000 0.6418 0.0032 0.5941 0.0007
174 1.0000 1.0000 0.0059 0.1508 0.0014 0.0518
176 0.0659 1.0000 0.0520 0.5502 0.1044 0.3711
177 0.0016 0.1051 0.0055 0.2689
179 1.0000 1.0000 0.1915 0.8282 0.0690 0.5392
180 0.4099 1.0000
181 0.0065 0.1074 0.0047 0.0574 0.0235 0.1488
187 1.0000 1.0000 1.0000 1.0000
188 1.0000 1.0000 0.3018 1.0000 0.1216 1.0000
191 0.0220 1.0000 0.0477 0.3499 0.3594 0.2124
192 0.4760 0.0120 0.2775 0.0424 0.3903 1.0000
193 0.7773 0.1334 0.4144 0.2842 0.3030 0.7312
194 0.3452 0.4021 0.1825 0.7040 0.1299 0.8602
196 0.1861 0.9748 0.3785 0.9995 0.6588 0.9748
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197 0.6101 0.6947 0.6774 0.2290 0.4503 0.1067
198 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
201 1.0000 1.0000 0.9782 1.0000 0.8339 1.0000
202 1.0000 1.0000 0.1840 1.0000 0.0658 1.0000
204 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
205 0.4215 1.0000 0.7240 1.0000 1.0000 1.0000
209 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
211 0.0269 0.4491 0.0399 0.7509 0.2137 1.0000
212 4< 10−  0.0421 4< 10− 0.0499 0.0001 0.1249
221 1.0000 1.0000 0.3825 0.7513 0.1656 0.4495
229 0.0069 0.0963 0.0231 0.0900 0.7518 0.0166
232 1.0000 1.0000 0.8526 0.9910 0.5722 0.8933
242 0.1347 1.0000 0.0842 0.6129 0.0997 0.3988
262 1.0000 1.0000 0.9489 1.0000
263 1.0000 1.0000 0.4762 0.6567 0.2231 0.3594
270 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
301 0.6855 0.2715 0.9213 0.5374 0.9643 0.8821
305 1.0000 1.0000 1.0000 1.0000
307 1.0000 1.0000 0.0922 0.8633 0.0290 0.5877
310 0.3338 1.0000 0.6269 0.6096 0.9643 0.2994
311 1.0000 1.0000 0.1024 1.0000 0.0328 1.0000
312 0.2133 0.0715 0.4609 0.0093 0.9563 0.0125
313 0.0960 0.7258 0.0729 0.5294 0.1216 0.2272
314 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
316 0.4683 0.5814 0.5342 0.1247 0.3932 0.0492
317 0.0034 0.3499 0.0044 0.5048 0.1128 0.3420
318 1.0000 1.0000 0.9436 0.8994 0.7334 0.6452
319 0.0834 0.2884 0.2219 0.0073 0.9092 0.0049
320 0.6094 1.0000 0.1006 0.0125 0.0374 0.0029
321 1.0000 1.0000 0.9385 0.5948 0.7216 0.3081
322 1.0000 1.0000 0.4389 0.2466 0.1994 0.0942
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323 1.0000 1.0000 0.8949 1.0000 0.6368 1.0000
324 0.9436 0.6220 0.3045 0.8851 0.1254 1.0000
325 0.4916 1.0000 0.4420 1.0000 0.2817 1.0000
360 1.0000 1.0000 0.2334 0.4612 0.0880 0.2136
375 1.0000 1.0000 0.0423 0.1124 0.0119 0.0366
376 1.0000 1.0000 0.7178 0.8466 0.4155 0.5639
390 0.0022 0.1572 0.0050 0.0152 0.2678 0.0160
401 0.5468 0.0966 0.1410 0.0224 0.0556 0.0307
421 1.0000 1.0000 0.3718 1.0000 0.1595 1.0000
425 1.0000 1.0000 0.7118 1.0000 0.4096 1.0000
428 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
429 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
435 0.0667 1.0000 0.0241 0.5342 0.0431 0.2339
439 1.0000 1.0000 0.3695 0.4482 0.1581 0.2051
461 1.0000 1.0000 0.9167 1.0000 0.6766 1.0000
489 1.0000 1.0000 0.0964 0.4863 0.0305 0.2300
490 1.0000 1.0000
501 1.0000 1.0000 0.1848 0.7022 0.0661 0.4004
502 0.0445 0.3945 0.0271 0.3695 0.0700 0.1905
503 0.1549 0.7034 0.0827 0.1338 0.0863 0.0553
504 1.0000 1.0000 0.2375 1.0000 0.0900 1.0000
506 0.4152 0.0842 0.4853 0.2037 0.3939 0.7195
512 0.0012 0.0192 0.0028 0.0226 0.2655 0.1300
517  1.0000
530 1.0000 1.0000
563 1.0000 1.0000
567 1.0000 1.0000 1.0000 1.0000
570 1.0000 1.0000 1.0000 1.0000
573 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
604 0.6150 1.0000 0.2204 1.0000 0.0959 1.0000
631 1.0000 1.0000
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640 1.0000 1.0000 0.5187 0.0401 0.2519 0.0112
651 1.0000 1.0000 0.1746 0.6845 0.0617 0.3840
652 1.0000 1.0000 0.2032 0.9896 0.0742 0.8848
657 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
659 1.0000 1.0000 0.6053 0.6074 0.3163 0.3178
694 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
735 0.0127 0.1522 0.0218 0.3586 0.2292 1.0000
745 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
759 1.0000 1.0000 0.8282 0.9990 0.5392 0.9643
764 1.0000 1.0000
768 1.0000 1.0000
773 1.0000 1.0000 0.6351 1.0000 0.3406 1.0000
793 1.0000 1.0000 0.1442 0.0112 0.0491 0.0027
795 0.0158 0.1241 0.0046 0.0902 0.0253 0.1073
820 0.5777 1.0000 0.8564 1.0000 1.0000 1.0000
852 1.0000 1.0000 0.1100 0.5704 0.0356 0.2893
865 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
866 1.0000 1.0000
896 1.0000 1.0000 0.7434 1.0000 0.4413 1.0000
950 1.0000 1.0000


  
 
Table 23.  AIC c  values for each of the beta-binomial models in Table 3, by species (SVSPP code).  Where values are missing either 
fits were not possible or AIC c  values were infinite. Species for which values are missing for all models are omitted. 
 


 SVSPP 1,1M  2,1M 1,2M 2,2M 3,1M  1,3M 3,2M 2,3M 3,3M
   


1  114.90  116.77  116.42  118.29  114.64  117.93  116.88  119.60  118.79
4  77.15  79.75  79.75  82.61  81.15  78.70  84.31  81.86  84.01
9  16.56  23.56  23.56  37.56  33.00  37.56  75.00  79.56
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13  357.51  356.97  358.55  356.91  356.67  360.35  356.74  358.57  358.47
14  122.83  125.11  124.24  126.62  124.99  126.65  126.63  129.15  129.09
15 2777.43 2777.35 2779.36 2779.24 2779.39 2781.21 2781.29 2781.07 2783.12
16  59.71  62.34  62.34  65.25  65.24  64.04  68.46  67.27  70.82
18  97.26  99.80  99.80  102.57  99.39  98.02  102.43  101.06  102.61
19  87.81  90.44  90.44  93.34  93.33  93.15  96.55  96.38  99.97
21  19.17  17.64  23.46  23.64  23.64  29.46  32.64  32.64  47.64
22  372.69  374.26  370.63  371.91  374.46  371.71  372.52  373.24  373.34
23 1230.70 1232.52 1232.73 1234.58 1231.94 1222.25 1234.01 1224.28 1225.65
24  257.67  255.71  259.80  257.87  257.10  255.61  259.31  253.99
25  84.20  86.63  86.63  89.23  88.87  78.68  91.66  81.48  84.44
26 1934.20 1934.67 1936.18 1936.60 1926.05 1934.66 1928.09 1936.02 1921.06
27  339.78  341.12  335.78  335.58  336.93  337.48  333.22  337.67  334.86
28  318.99  320.80  319.31  320.54  320.93  320.60  320.41  322.13  322.58
29  17.89  23.49  23.49  32.82  28.27  32.10  46.93  50.76  102.93
31  414.32  416.37  415.49  415.80  417.46  417.69  416.99  418.10  419.04
32 1739.59 1740.37 1741.44 1742.41 1737.85 1706.17 1739.90 1707.71 1709.29
33  792.60  790.53  754.59  751.13  791.14  756.43  750.15  753.19  752.30
34  435.42  435.27  420.23  417.92  437.32  421.81  419.95  419.42  421.62
35  222.36  223.63  215.22  216.86  225.78  217.38  219.03  219.05  221.26
36  40.60  40.59  43.08  43.95  41.91  45.14  45.84  46.32  49.13
43  370.83  367.03  363.99  365.82  369.30  359.14  368.17  361.24  361.48
44  345.54  347.81  347.81  350.18  337.99  345.77  340.47  348.25  343.05
46  36.45  37.16  39.02  40.41  32.48  39.81  36.24  41.93  37.34
56  187.60  180.70  186.43  179.43  179.82  188.32  178.88  181.11  181.76
60  16.15  19.10  19.81  23.81  17.53  24.53  23.82  30.10  32.62
69  42.98  46.65  46.65  51.36  51.18  50.55  57.47  56.83  65.31
72 3419.72 3421.68 3410.97 3410.13 3412.62 3411.23 3399.13 3410.92 3401.08
73  580.18  582.09  582.24  584.14  583.32  583.05  585.32  584.62  584.74
74 1348.04 1341.12 1348.16 1342.36 1342.64 1349.41 1343.96 1343.84 1345.61
75  223.92  225.33  225.48  227.17  227.57  224.06  229.48  225.87  228.21
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76  856.03  858.05  858.09  860.13  859.55  859.61  861.64  861.70  863.45
77 2032.02 2033.59 2033.85 2035.56 2028.77 2035.76 2030.66 2037.42 2032.49
78 1387.93 1375.44 1387.33 1375.09 1377.36 1389.32 1377.00 1377.13 1379.09
79  65.06  66.92  67.35  68.83  69.52  66.15  71.72  68.12  70.32
83  113.67  115.51  115.65  117.65  113.57  116.80  115.69  117.83  118.00
84  38.79  39.84  41.41  42.74  40.65  44.32  47.48
87  32.43  34.96  35.23  38.13  35.34  38.39  38.96  41.74  43.14
90  32.83  35.68  35.68  38.93  37.82  37.59  41.57  41.35  44.04
91  17.41  24.41  24.41  38.41  38.41  38.41  80.41  80.41


101  53.18  55.88  49.82  52.74  58.32  52.76  54.71  56.03  58.41
102  914.28  914.44  911.39  911.25  916.35  913.06  913.24  912.90  914.90
103  693.97  679.10  695.39  680.16  679.02  694.18  680.21  676.81  674.96
104 1329.30 1331.02 1329.87 1331.54 1329.84 1331.77 1330.88 1333.33 1332.86
105  981.71  980.50  983.75  982.58  982.33  973.40  984.43  970.65  972.77
106  735.16  735.94  733.43  735.24  737.99  734.68  737.28  736.46  738.59
107  471.24  471.75  469.38  470.56  473.54  471.47  472.22  472.68  474.36
108  600.35  601.68  601.87  602.47  602.36  598.19  603.41  598.25  599.13
109  973.97  971.82  969.62  946.68  964.88  965.02  942.61  947.94  934.53
111  21.55  
112  36.97  39.77  40.04  43.41  42.67  43.68  47.03  47.77  52.36
113  30.50  39.63  40.11  69.63  69.63  70.11
114  19.32  26.32  26.32  40.32   39.86  81.86
116  21.55  
117  169.67  171.90  171.74  173.92  167.80  170.19  170.04  172.38  172.00
121  594.74  593.58  596.69  595.64  595.11  591.25  597.23  589.36  591.18
124  25.58  30.38  30.38  37.58  37.58  37.58  49.58  49.58  73.58
126  39.52  42.83  42.83  46.87  46.39  41.50  51.45  46.56  52.18
129  112.93  115.45  115.45  118.19  118.19  118.19  121.18  121.18  124.45
131 2763.83 2750.57 2759.91 2747.94 2750.98 2761.18 2748.23 2748.96 2748.68
132  87.58  87.25  89.97  89.79  89.79  92.51  92.50  92.50  95.40
135  388.00  388.45  389.85  389.75  388.88  391.96  390.28  391.94  391.70
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136  526.28  528.53  528.53  530.87  525.02  530.51  527.46  532.95  529.94
139  70.83  71.70  70.05  71.51  74.38  71.62  74.45  73.27  76.14
141  371.86  371.88  371.70  372.93  370.42  373.46  371.78  374.67  372.16
142  61.46  64.45  64.45  67.94  67.92  67.25  72.04  71.37  76.09
143 1180.02 1175.66 1178.40 1174.66 1174.78 1171.60 1174.01 1168.24 1170.20
145  375.70  377.93  377.93  380.25  380.10  380.15  382.52  382.57  384.83
146  57.53  60.13  60.13  62.99  56.05  59.48  59.20  62.64  55.38
148  24.37  
149  572.99  575.22  575.22  577.53  576.35  574.91  578.75  577.30  578.67
151  16.62  26.33  25.81  54.60  56.33  55.81
155 1160.11 1161.63 1161.73 1163.39 1163.65 1163.61 1165.46 1165.30 1167.34
156  248.75  250.07  250.86  252.07  250.61  248.57  252.61  250.21  252.16
158  26.52  27.86  28.36  32.57  32.20  32.47  38.49  38.23  46.88
159  34.86  35.81  38.03  37.73  39.63  41.85  42.39  42.39  48.22
161  116.50  116.44  116.33  118.30  117.94  118.64  119.67  120.82  122.60
163 1102.68 1103.54 1097.05 1098.72 1104.99 1099.12 1099.83 1100.80 1101.94
164  591.27  593.32  592.85  594.92  592.70  594.91  593.90  597.00  596.01
165  134.53  124.80  136.37  126.74  121.54  132.23  123.82  124.48  121.95
166   
168  54.68  55.42  57.12  58.05  55.17  59.74  58.00  60.87  61.05
170  15.93  19.86  19.86  25.10   25.10  32.43
171  692.18  694.24  679.89  678.89  691.60  676.79  676.40  676.88  669.44
172  214.62  215.43  213.10  214.46  217.70  214.78  216.80  216.13  218.53
173  51.63  53.88  54.48  57.14  56.85  46.25  60.61  49.29  53.57
174  45.75  48.37  48.37  51.28  41.02  47.50  44.25  50.72  44.21
176  58.00  57.29  60.67  59.80  57.71  62.43  60.47  62.30  64.19
177  20.86  17.92  25.24  31.45  39.24  73.45  73.92
179  28.48  31.79  31.79  35.83  32.52  35.45  37.58  40.51  44.08
180  20.50  
181  507.05  501.74  506.55  498.00  500.55  505.55  495.02  498.07  497.02
187  14.30  34.30  34.30  
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188  30.56  33.41  33.41  36.67  34.27  36.67  38.03  40.43
191  32.64  30.25  35.49  33.50  32.66  36.65  36.42  35.71  39.76
192  32.79  35.13  29.32  32.31  36.33  32.58  35.33  36.06  39.71
193  641.49  643.46  641.29  642.52  643.85  643.09  643.54  644.49  645.12
194  215.85  217.25  217.44  219.32  217.14  219.84  219.55  221.81  222.16
196  70.30  70.96  72.71  73.54  73.35  75.29  76.11  76.31  79.08
197  465.14  466.92  467.03  468.87  468.46  466.29  470.37  468.34  468.50
198  22.59  26.26  26.26  30.97  30.97  30.97  37.25  37.25  46.05
201  45.28  48.13  48.13  51.39  51.35  51.39  55.11  55.15  59.49
202  19.64  22.95  22.95  26.99  23.61  26.99  28.66  32.05  35.16
204  19.18  23.46  23.46  29.46  29.46  29.46  38.46  38.46  53.46
205  12.35  14.88  15.53  18.70  18.70  19.35  23.37  23.37  29.20
209  97.90  100.50  100.50  103.36  103.36  103.36  106.52  106.52  110.03
211  131.08  128.61  132.94  131.21  129.67  135.54  132.46  134.01  135.47
212  167.78  153.10  165.95  155.51  140.13  166.50  142.67  155.70  145.34
221  58.83  61.33  61.33  64.04  62.11  63.46  65.06  66.41  67.72
229  84.48  79.75  84.28  81.26  82.33  85.04  84.25  78.61  79.68
232  60.60  63.91  63.91  67.95  67.63  67.93  72.69  72.99  79.17
242  21.58  26.34  28.58  40.34  37.63  41.60  79.63  81.63
262  14.91  34.91  34.91  
263  25.94  29.61  29.61  34.32  32.84  33.48  39.12  39.77  45.52
270  25.46  31.06  31.06  40.39  40.39  40.39  59.06  59.06  115.06
301  705.92  707.80  706.75  708.56  709.86  708.78  710.64  710.62  712.71
305  15.00  35.00  35.00  
307  189.19  191.47  191.47  193.86  189.09  193.56  191.59  196.06  193.98
310  31.37  33.51  34.45  37.15  37.15  37.09  41.51  40.44  45.36
311  15.38  22.38  22.38  36.38  31.82  36.38  73.82  78.38
312  281.82  282.36  280.66  282.28  284.47  276.67  284.42  278.18  279.38
313  606.45  605.74  608.39  607.62  605.36  609.32  607.33  608.26  609.11
314  16.15  19.81  19.81  24.53  24.53  24.53  30.81  30.81  39.61
316  48.41  50.68  50.90  53.85  53.12  50.21  56.74  53.60  57.47
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317  106.88  100.54  108.22  101.79  100.51  110.01  101.65  103.26  102.11
318  90.45  92.73  92.73  95.13  95.01  94.91  97.52  97.42  99.63
319  98.87  98.44  100.31  101.26  101.24  94.41  104.34  96.43  95.63
320  90.51  92.64  92.90  95.18  90.85  86.68  93.56  89.05  91.77
321  53.00  55.66  55.66  58.62  58.49  57.58  61.80  60.89  64.37
322  147.97  150.21  150.21  152.54  150.89  149.74  153.32  152.16  152.05
323  12.22  16.50  16.50  22.50  22.28  22.50  31.28  31.50  46.28
324  38.23  41.07  40.83  44.09  41.96  44.09  45.50  47.85  49.89
325  15.72  19.54  20.01  25.53  24.38  26.01  33.38  34.53  48.38
360  53.43  56.35  56.35  59.71  56.80  58.16  60.72  62.09  65.36
375  63.48  66.27  66.27  69.44  63.11  65.07  66.73  68.69  70.68
376  41.49  45.15  45.15  49.87  49.20  49.53  55.49  55.82  63.98
390  48.66  41.76  49.12  44.41  43.18  45.40  46.05  41.47  42.90
401 1838.10 1839.77 1837.37 1838.00 1838.27 1834.59 1836.40 1835.40 1836.06
421  39.24  41.72  41.72  44.40  42.42  44.40  45.32  47.29  48.47
425  16.32  26.32  26.32  56.32  55.64  56.32
428  140.51  142.97  142.97  145.62  145.62  145.62  148.48  148.48  151.58
429  72.82  75.90  75.90  79.53  79.53  79.53  83.90  83.90  89.23
435  123.41  122.42  125.78  124.94  120.85  127.05  123.54  126.21  124.22
439  44.27  48.56  48.56  54.56  52.57  52.96  61.57  61.96  76.57
461  16.99  22.59  22.59  31.92  31.74  31.92  50.41  50.59  106.41
489  34.62  37.70  37.70  41.33  36.65  39.89  41.02  44.25  45.87
490  20.50  
501  28.02  31.68  31.68  36.40  33.02  35.69  39.31  41.98  48.11
502 1488.38 1486.38 1489.69 1487.79 1485.25 1490.47 1486.57 1488.14 1485.95
503 3712.51 3712.51 3714.39 3714.45 3711.59 3712.55 3713.56 3712.83 3712.88
504  33.77  39.37  39.37  48.70  45.83  48.70  64.50  67.37  120.08
506  114.00  115.50  113.19  111.46  116.95  115.21  113.02  113.62  115.38
512  277.49  269.09  274.13  269.93  270.00  274.19  270.89  269.84  270.83
517  20.50  
530  19.83  
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563  21.34  
567  16.73  36.73  36.73  
570  17.36  37.36  37.36  
573  29.37  39.37  39.37  69.37  69.37  69.37
604  19.66  29.41  29.66  59.41  56.63  59.66
631  20.50  
640  87.00  89.74  89.74  92.83  91.52  86.40  95.02  89.90  93.69
651  126.60  129.34  129.34  132.43  128.94  131.67  132.44  135.17  136.41
652  155.22  157.66  157.66  160.29  157.10  160.26  159.92  163.09  162.36
657  15.54  20.33  20.33  27.53  27.53  27.53  39.53  39.53  63.53
659  27.00  32.60  32.60  41.94  40.93  40.94  59.60  59.60  114.83
694  44.22  47.13  47.13  50.49  50.49  50.49  54.42  54.42  59.05
735  21.13  20.52  24.68  29.85  28.41  34.01  47.08  48.52  103.07
745  64.22  67.30  67.30  70.94  70.94  70.94  75.30  75.30  80.64
759  40.89  43.88  43.88  47.37  46.99  47.37  51.11  51.49  56.02
764  20.50  
768  21.55  
773  13.41  23.41  23.41  53.41  52.50  53.41
793  36.70  40.37  40.37  45.08  41.21  36.11  47.50  42.39  51.18
795  90.57  87.11  90.57  87.56  84.69  90.63  85.22  87.63  82.26
820  22.73  26.35  26.66  31.59  31.59  31.90  38.92  38.92  49.92
852  31.90  37.50  37.50  46.83  42.42  45.71  61.09  64.38  115.11
865  23.99  28.79  28.79  35.99  35.99  35.99  47.99  47.99  71.99
866  21.55  
896  23.15  30.15  30.15  44.15  43.56  44.15  85.56  86.15
950  20.79  
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Table 24.  Using model 1,1M , species-specific MLEs of ρ  across all stations, standard 
errors, and 95% confidence intervals. 
 
 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ


  
1  1.2322  0.2969  0.7684  1.9758
2 4> 10 4> 10 410−≤  ∞
3 4> 10 4> 10 410−≤  ∞
4  1.4985  0.4214  0.8635  2.6004
9  0.7501  0.5729  0.1679  3.3513


12 410−≤ 410−≤ 410−≤  ∞
13  1.1608  0.1531  0.8963  1.5032
14  3.8402  0.9052  2.4194  6.0954
15  1.1468  0.0441  1.0636  1.2365
16  2.1824  0.6598  1.2067  3.9473
18  1.2321  0.3273  0.7320  2.0739
19  1.1805  0.2467  0.7838  1.7781
21  0.6667  0.4303  0.1881  2.3624
22  4.4400  0.5205  3.5286  5.5868
23  3.4900  0.2537  3.0266  4.0244
24  6.6893  0.8389  5.2315  8.5533
25  5.2109  1.4221  3.0521  8.8965
26  7.3697  0.4777  6.4904  8.3681
27  4.3842  0.6272  3.3122  5.8033
28  3.7919  0.5399  2.8685  5.0126
29  0.2818  0.2192  0.0613  1.2944
30 410−≤ 410−≤ 410−≤  410−≤
31  1.2274  0.2520  0.8208  1.8355
32  2.0874  0.1704  1.7787  2.4496
33  1.3233  0.1416  1.0729  1.6320
34  1.2897  0.1926  0.9624  1.7282
35  1.7433  0.3167  1.2210  2.4889
36  2.1895  1.0470  0.8576  5.5896
43  0.2249  0.0622  0.1308  0.3869
44  1.4283  0.3338  0.9034  2.2581
46  1.8681  0.8754  0.7456  4.6805
56  0.5047  0.1294  0.3052  0.8343
60  0.2000  0.1549  0.0438  0.9128
66 410−≤ 410−≤ 410−≤  ∞
67 4> 10 4> 10 410−≤  ∞
69  2.8538  0.8149  1.6307  4.9943
72  4.7147  0.2077  4.3247  5.1399
73  1.9873  0.1939  1.6415  2.4061
74  1.4242  0.0876  1.2624  1.6067
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75  0.8571  0.1624  0.5913  1.2425
76  2.2354  0.1726  1.9214  2.6008
77  3.2003  0.1791  2.8679  3.5712
78  3.1566  0.2517  2.6999  3.6906
79  4.7378  2.0737  2.0092  11.1721
83  6.3766  1.3652  4.1913  9.7013
84  3.9994  1.4911  1.9259  8.3051
87  1.0000  0.4472  0.4162  2.4025
90  3.3747  1.7821  1.1988  9.5001
91  10.2786  9.4943  1.6814  62.8323
99  2.9994  2.0001  0.8117  11.0829


101  0.8423  0.3126  0.4070  1.7431
102  1.9955  0.0970  1.8142  2.1949
103  2.2908  0.1572  2.0026  2.6205
104  3.8084  0.2225  3.3963  4.2704
105  2.0432  0.1401  1.7863  2.3370
106  2.4900  0.2101  2.1104  2.9378
107  3.2572  0.3358  2.6612  3.9866
108  2.8183  0.2369  2.3902  3.3230
109  8.2489  0.9877  6.5235  10.4308
111  1.0000  1.0000  0.1409  7.0993
112  3.4992  0.9362  2.0712  5.9118
113  0.2503  0.1324  0.0887  0.7058
114  0.1358  0.1442  0.0170  1.0882
115  0.3333  0.3849  0.0347  3.2044
116  1.0000  1.0000  0.1409  7.0991
117  2.7758  0.7238  1.6651  4.6275
118 4> 10 4> 10 410−≤  ∞
120 4> 10 4> 10 4> 10  4> 10
121  1.1878  0.1565  0.9175  1.5379
124  1.2918  0.8551  0.3530  4.7275
126  2.4954  1.3282  0.8791  7.0829
127  0.9999  1.4141  0.0625  15.9872
129  1.0890  0.2913  0.6446  1.8397
131  1.4941  0.0990  1.3121  1.7013
132  1.0762  0.3246  0.5958  1.9438
135  1.1598  0.1654  0.8770  1.5337
136  1.1336  0.2035  0.7973  1.6117
137  0.5000  0.6124  0.0453  5.5144
139  0.7087  0.2314  0.3737  1.3440
141  3.4160  0.4993  2.5651  4.5491
142  1.9531  0.8441  0.8372  4.5564
143  2.5607  0.2612  2.0967  3.1275
145  1.5768  0.2674  1.1309  2.1985
146  3.6389  1.6300  1.5125  8.7551
148  4.9267  3.3291  1.3103  18.5243
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149  1.5409  0.2468  1.1258  2.1090
151  4.9995  3.8729  1.0953  22.8204
154  1.0001  1.4144  0.0625  15.9909
155  1.4564  0.1301  1.2224  1.7351
156  2.7353  0.4936  1.9205  3.8959
158  9.2696  5.4027  2.9576  29.0519
159  4.6531  2.5234  1.6074  13.4698
160  2.0005  2.4502  0.1814  22.0650
161  3.7642  1.1101  2.1117  6.7095
163  3.4854  0.2086  3.0997  3.9191
164  1.8022  0.1581  1.5174  2.1403
165  3.5375  0.8631  2.1928  5.7067
166 4> 10 4> 10 410−≤  ∞
168  2.6803  0.9567  1.3315  5.3951
170  0.2222  0.1737  0.0480  1.0285
171  4.4943  0.5016  3.6112  5.5933
172  2.9504  0.5584  2.0361  4.2754
173  2.9054  1.2899  1.2170  6.9360
174  2.8400  1.2947  1.1621  6.9402
175 4> 10 4> 10 4> 10  4> 10
176  1.9732  0.6832  1.0011  3.8894
177  0.9903  0.6570  0.2698  3.6347
179  1.1116  0.5726  0.4050  3.0509
180  0.3333  0.3849  0.0347  3.2045
181  0.5702  0.0866  0.4235  0.7679
183 410−≤ 410−≤ 410−≤  ∞
184  0.5000  0.6124  0.0453  5.5144
186  2.0001  2.4497  0.1814  22.0586
187  9.0005  9.4880  1.1401  71.0516
188  10.4282  4.1277  4.8005  22.6534
190  1.0000  1.4142  0.0625  15.9875
191  2.6835  1.3551  0.9974  7.2200
192  3.4329  1.7145  1.2898  9.1366
193  4.5752  0.4496  3.7736  5.5471
194  1.9195  0.3522  1.3397  2.7503
195 4> 10 4> 10 410−≤  ∞
196  3.8790  0.6259  2.8272  5.3219
197  7.1295  0.7930  5.7329  8.8663
198  1.5714  0.7598  0.6092  4.0538
199 4> 10 4> 10 410−≤  ∞
201  0.7521  0.3131  0.3326  1.7006
202  3.6669  2.3884  1.0230  13.1441
203 410−≤ 410−≤ 410−≤  ∞
204  1.5001  0.9683  0.4233  5.3157
205  14.0010  14.4930  1.8410  106.4807
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206 4> 10 4> 10 410−≤  ∞
208  2.0001  2.4497  0.1814  22.0586
209  1.0141  0.3264  0.5396  1.9057
211  0.9725  0.2912  0.5408  1.7491
212  0.8078  0.2091  0.4864  1.3416
213  2.0005  2.4502  0.1814  22.0650
221  0.8259  0.2974  0.4077  1.6729
228 4> 10 4> 10 410−≤  ∞
229  0.7481  0.2666  0.3721  1.5043
232  1.0983  0.4574  0.4855  2.4841
239 4> 10 4> 10 4> 10  4> 10
240 410−≤ 410−≤ 410−≤  ∞
242  0.5872  0.4280  0.1407  2.4505
249 4> 10 4> 10 410−≤  ∞
252  7.6654  4.7071  2.3006  25.5404
262  0.0518  0.0670  0.0041  0.6542
263  2.8746  1.8594  0.8091  10.2131
270  0.5823  0.4199  0.1417  2.3930
301  1.5535  0.1219  1.3321  1.8117
302  1.0001  0.5346  0.3508  2.8513
305  0.2500  0.2795  0.0279  2.2367
307  4.1846  1.2110  2.3731  7.3788
310  6.1094  2.2024  3.0140  12.3837
311  2.5001  2.0917  0.4850  12.8862
312  2.7312  0.4419  1.9890  3.7503
313  3.1676  0.3577  2.5387  3.9523
314  5.0005  3.8735  1.0956  22.8235
316  8.8558  5.9730  2.3611  33.2157
317  2.4204  0.6483  1.4318  4.0914
318  5.1172  1.3670  3.0314  8.6382
319  4.1710  1.6033  1.9635  8.8602
320  7.1897  2.4718  3.6649  14.1042
321  1.7587  0.7404  0.7707  4.0136
322  6.0729  1.9070  3.2817  11.2381
323  9.0030  9.4914  1.1403  71.0825
324  2.0091  0.8168  0.9056  4.4572
325  4.0001  3.1624  0.8494  18.8369
339  1.0000  1.4142  0.0625  15.9875
360  0.3713  0.1125  0.2051  0.6724
364 4> 10 4> 10 410−≤  ∞
375  0.9149  0.2594  0.5248  1.5950
376  3.1310  1.2429  1.4381  6.8167
378 4> 10 4> 10 4> 10  4> 10
380  0.4999  0.6123  0.0453  5.5136
384 4> 10 4> 10 410−≤  ∞
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388 4> 10 4> 10 410−≤  ∞
390  3.0362  1.0851  1.5071  6.1168
401  3.2200  0.2451  2.7737  3.7382
421  2.7500  1.1354  1.2244  6.1769
425  1.0001  0.8166  0.2018  4.9550
428  6.1064  1.9969  3.2168  11.5916
429  1.4494  0.6128  0.6329  3.3195
435  4.2511  1.1329  2.5215  7.1671
437 410−≤ 410−≤ 410−≤  ∞
438 410−≤ 410−≤ 410−≤  ∞
439  4.9243  0.6659  3.7777  6.4188
444  4.4998  3.5178  0.9722  20.8274
446 4> 10 4> 10 410−≤  ∞
449  1.5032  1.5792  0.1918  11.7827
451  1.9999  2.4493  0.1813  22.0548
452 4> 10 4> 10 410−≤  ∞
457 4> 10 4> 10 410−≤  ∞
458  0.9999  1.4141  0.0625  15.9872
459  0.4999  0.6123  0.0453  5.5137
461  0.6000  0.4382  0.1434  2.5107
465  1.0000  1.0000  0.1409  7.0991
471 4> 10 4> 10 410−≤  ∞
489  2.3763  1.1903  0.8903  6.3426
490  3.0008  3.4653  0.3121  28.8533
501  0.7829  0.4404  0.2599  2.3581
502  1.3797  0.1028  1.1922  1.5966
503  1.6904  0.0891  1.5244  1.8743
504  1.2073  0.6873  0.3956  3.6849
506  14.8378  3.7327  9.0622  24.2944
508 4> 10 4> 10 410−≤  ∞
509 4> 10 4> 10 410−≤  ∞
510 4> 10 4> 10 410−≤  ∞
511 4> 10 4> 10 4> 10  4> 10
512  2.3088  0.3840  1.6666  3.1985
516  0.9999  1.4141  0.0625  15.9872
517  3.0008  3.4653  0.3121  28.8533
526 4> 10 4> 10 410−≤  ∞
527 4> 10 4> 10 410−≤  ∞
530  7.0005  7.4843  0.8612  56.9065
538 4> 10 4> 10 410−≤  ∞
541 4> 10 4> 10 4> 10  4> 10
546 4> 10 4> 10 410−≤  ∞
551 4> 10 4> 10 410−≤  ∞
552  1.0001  1.4144  0.0625  15.9909
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563  0.6665  0.6085  0.1114  3.9891
564 4> 10 4> 10 410−≤  ∞
567  0.6667  0.6086  0.1114  3.9898
568  0.5000  0.6124  0.0453  5.5141
570  1.3332  1.0183  0.2984  5.9573
573  1.3696  0.9565  0.3484  5.3832
596  0.4999  0.6123  0.0453  5.5137
599 410−≤ 410−≤ 410−≤  ∞
604  1.8375  1.4197  0.4042  8.3535
616  2.0000  2.4496  0.1813  22.0581
617 4> 10 4> 10 410−≤  ∞
621 4> 10 4> 10 410−≤  ∞
625  1.0000  1.4142  0.0625  15.9875
627 410−≤ 410−≤ 410−≤  ∞
631  2.9995  3.4635  0.3120  28.8347
640  0.3803  0.1362  0.1885  0.7672
646 410−≤ 410−≤ 410−≤  ∞
648 4> 10 4> 10 410−≤  ∞
651  0.8322  0.2710  0.4396  1.5753
652  4.0496  1.1238  2.3506  6.9764
657  3.5003  2.8066  0.7271  16.8506
659  0.2643  0.1778  0.0708  0.9876
694  1.7475  0.7513  0.7524  4.0587
726  1.2503  0.8393  0.3354  4.6604
735  2.6024  1.9370  0.6051  11.1929
745  1.7651  0.6354  0.8716  3.5743
749 4> 10 4> 10 410−≤  ∞
754  1.0002  1.4145  0.0626  15.9913
759  1.2310  0.5690  0.4976  3.0457
760 4> 10 4> 10 410−≤  ∞
761 4> 10 4> 10 410−≤  ∞
762 410−≤ 410−≤ 410−≤  ∞
763 4> 10 4> 10 410−≤  ∞
764  3.0005  3.4648  0.3121  28.8481
768  1.0000  1.0000  0.1409  7.0990
769 410−≤ 410−≤ 410−≤  ∞
773  4.9999  5.4771  0.5841  42.7967
780 410−≤ 410−≤ 410−≤  410−≤
789 4> 10 4> 10 410−≤  ∞
793  5.5069  2.9200  1.9479  15.5686
794 410−≤ 410−≤ 410−≤  ∞
795  1.9051  0.6208  1.0059  3.6080
820  6.1960  4.5595  1.4647  26.2114
830 4> 10 4> 10 410−≤  ∞
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833 410−≤ 410−≤ 410−≤  ∞
843 410−≤ 410−≤ 410−≤  ∞
849 4> 10 4> 10 410−≤  ∞
852  1.1757  0.7891  0.3155  4.3816
856  1.0002  1.4145  0.0626  15.9913
857 4> 10 4> 10 410−≤  ∞
858 4> 10 4> 10 410−≤  ∞
860 4> 10 4> 10 410−≤  ∞
861 4> 10 4> 10 410−≤  ∞
862 4> 10 4> 10 410−≤  ∞
865  0.2083  0.1681  0.0428  1.0127
866  1.0000  1.0000  0.1409  7.0992
873 4> 10 4> 10 410−≤  ∞
876 4> 10 4> 10 410−≤  ∞
878 4> 10 4> 10 410−≤  ∞
880 4> 10 4> 10 410−≤  ∞
896  0.3276  0.2102  0.0932  1.1523
910  1.9645  2.4968  0.1627  23.7195
950  2.5007  2.0932  0.4848  12.8986


  
 
Table 25.  Using model 1,2M , species-specific MLEs of ρ  across all stations, standard 
errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1  1.2575  0.3041  0.7828  2.0199
13  1.1246  0.1522  0.8626  1.4663
14  3.8051  0.9034  2.3893  6.0599
15  1.1446  0.0446  1.0605  1.2353
21  0.6667  0.4303  0.1881  2.3624
22  4.4560  0.5118  3.5578  5.5809
23  3.4882  0.2539  3.0243  4.0231
26  7.3585  0.4797  6.4760  8.3613
27  4.7626  0.6650  3.6224  6.2618
28  3.9302  0.5639  2.9668  5.2065
31  1.2013  0.2494  0.7997  1.8046
32  2.0865  0.1703  1.7780  2.4484
33  1.5303  0.1415  1.2767  1.8344
34  1.4156  0.2079  1.0615  1.8879
35  1.6278  0.2884  1.1502  2.3037
36  2.2712  1.0991  0.8797  5.8638
43  0.2405  0.0643  0.1425  0.4060
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46  1.8300  0.8580  0.7301  4.5871
56  0.5603  0.1409  0.3422  0.9173
60  0.2000  0.1549  0.0438  0.9128
72  4.7802  0.2053  4.3943  5.1999
73  1.9882  0.1940  1.6420  2.4073
74  1.3906  0.0874  1.2294  1.5730
75  0.8448  0.1600  0.5828  1.2244
76  2.2359  0.1727  1.9218  2.6013
77  3.1986  0.1791  2.8663  3.5696
78  3.2643  0.2644  2.7852  3.8258
79  4.8385  2.1452  2.0292  11.5372
83  6.4280  1.3558  4.2515  9.7186
84  3.9997  1.4908  1.9265  8.3040
87  1.0000  0.4472  0.4162  2.4025


101  0.8653  0.2836  0.4552  1.6451
102  2.0160  0.0934  1.8411  2.2076
103  2.3581  0.1799  2.0306  2.7385
104  3.8205  0.2223  3.4088  4.2820
105  2.0396  0.1413  1.7806  2.3363
106  2.5135  0.2079  2.1372  2.9559
107  3.1793  0.3223  2.6064  3.8782
108  2.7845  0.2407  2.3506  3.2986
109  9.5952  1.2805  7.3868  12.4638
112  3.4998  0.9350  2.0731  5.9082
113  0.2628  0.1359  0.0954  0.7242
116  1.0000  1.0000  0.1409  7.0991
117  2.8155  0.7459  1.6751  4.7321
121  1.1963  0.1592  0.9216  1.5529
131  1.5599  0.1058  1.3658  1.7816
135  1.1475  0.1657  0.8646  1.5230
139  0.7928  0.1320  0.5720  1.0988
141  3.3542  0.4821  2.5307  4.4457
143  2.4153  0.2545  1.9645  2.9694
151  4.0003  3.1627  0.8494  18.8392
155  1.4525  0.1295  1.2196  1.7298
156  2.7406  0.4943  1.9246  3.9027
158  7.6845  4.3550  2.5306  23.3354
159  4.5587  2.6471  1.4608  14.2266
161  3.8150  1.0781  2.1925  6.6380
163  3.4274  0.1952  3.0654  3.8322
164  1.7959  0.1568  1.5134  2.1310
165  3.3155  0.8711  1.9811  5.5487
171  4.9355  0.5067  4.0359  6.0357
172  2.8409  0.4882  2.0285  3.9786
176  1.9715  0.6930  0.9899  3.9264
177  1.5995  0.9123  0.5230  4.8919
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181  0.5290  0.0851  0.3859  0.7251
183 410−≤ 410−≤ 410−≤  410−≤
190  1.0000  1.4142  0.0625  15.9875
191  2.6835  1.3551  0.9974  7.2200
192  3.6675  1.6895  1.4868  9.0466
193  4.6496  0.4521  3.8429  5.6258
194  1.9101  0.3506  1.3330  2.7371
196  3.8781  0.6224  2.8314  5.3118
197  7.1262  0.7943  5.7277  8.8661
205  14.0054  14.4995  1.8411  106.5430
211  0.9846  0.2945  0.5478  1.7696
212  0.8902  0.2301  0.5364  1.4776
229  0.8418  0.2973  0.4213  1.6821
242  0.5872  0.4280  0.1407  2.4505
249 4> 10 4> 10 410−≤  ∞
301  1.5493  0.1210  1.3294  1.8057
310  6.1095 410−≤  6.1095  6.1095
312  2.7694  0.4465  2.0191  3.7986
313  3.1593  0.3569  2.5319  3.9423
316  8.7109  5.8083  2.3577  32.1834
317  2.4589  0.6631  1.4495  4.1715
319  4.0350  1.5361  1.9134  8.5091
324  2.0055  0.8197  0.9002  4.4682
325  4.0001  3.1624  0.8494  18.8369
380  0.4999  0.6123  0.0453  5.5140
390  2.7291  0.9670  1.3628  5.4653
401  3.2613  0.2478  2.8100  3.7850
452 4> 10 4> 10 410−≤  ∞
502  1.3938  0.1050  1.2025  1.6155
503  1.6867  0.0894  1.5204  1.8713
506  13.8006  3.5581  8.3260  22.8749
511 4> 10  6240.5157 4> 10  4> 10
512  2.0878  0.3473  1.5070  2.8925
735  2.1937  1.4619  0.5942  8.0988
795  2.0704  0.7004  1.0669  4.0181


  
 
Table 26.  Using model 1,3M , species-specific MLEs of ρ  across all stations, standard 
errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1  1.1988  0.2972 0.7374  1.9490
13  1.1384  0.1546 0.8723  1.4855
14  3.7842  0.9126 2.3588  6.0710
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15  1.1453  0.0446 1.0611  1.2360
22  4.5248  0.5162 3.6181  5.6587
23  3.4108  0.2403 2.9709  3.9158
24  7.2411  0.8702 5.7215  9.1642
26  7.6632  0.5167 6.7145  8.7459
27  4.8539  0.6869 3.6781  6.4055
28  3.8526  0.5529 2.9081  5.1040
30 410−≤ 410−≤ 410−≤  ∞
31  1.1959  0.2490 0.7952  1.7985
32  2.0290  0.1521 1.7517  2.3501
33  1.5164  0.1424 1.2614  1.8230
34  1.4243  0.2088 1.0685  1.8985
35  1.6238  0.2884 1.1465  2.2998
36  2.6399  1.3843 0.9446  7.3778
43  0.2144  0.0562 0.1282  0.3584
46  2.1374  1.0451 0.8197  5.5730
56  0.6012  0.1571 0.3603  1.0033
60  0.2000  0.1549 0.0438  0.9128
72  4.7309  0.2054 4.3449  5.1512
73  2.0447  0.2057 1.6789  2.4903
74  1.3893  0.0868 1.2292  1.5703
75  0.8506  0.1564 0.5932  1.2195
76  2.2158  0.1727 1.9019  2.5815
77  3.1891  0.1805 2.8543  3.5632
78  3.2609  0.2642 2.7821  3.8221
79  5.0128  1.6730 2.6061  9.6421
83  5.4618  1.3138 3.4087  8.7516
84  3.9998  1.4908 1.9266  8.3041
87  1.0000  0.4472 0.4162  2.4025


101  0.8957  0.2950 0.4698  1.7080
102  2.0177  0.0935 1.8426  2.2095
103  2.4645  0.1928 2.1142  2.8728
104  3.8008  0.2265 3.3817  4.2717
105  2.1283  0.1365 1.8769  2.4134
106  2.5229  0.2090 2.1448  2.9678
107  3.1833  0.3275 2.6019  3.8946
108  2.9121  0.2435 2.4718  3.4308
109 11.1100  1.4865 8.5472  14.4412
112  3.4997  0.9347 2.0735  5.9070
113  0.2629  0.1359 0.0954  0.7241
117  2.4745  0.6254 1.5079  4.0607
121  1.2583  0.1672 0.9698  1.6327
131  1.5661  0.1064 1.3708  1.7893
135  1.1426  0.1658 0.8598  1.5184
139  0.8026  0.1340 0.5786  1.1134
141  3.3707  0.4861 2.5408  4.4717
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143  2.4031  0.2460 1.9661  2.9371
155  1.4513  0.1292 1.2189  1.7280
156  2.5123  0.4321 1.7934  3.5195
158  7.4134  4.2160 2.4318  22.5993
161  3.8494  1.1481 2.1455  6.9067
163  3.4275  0.1972 3.0621  3.8366
164  1.7899  0.1643 1.4951  2.1427
165  3.4925  0.8934 2.1155  5.7660
171  5.0921  0.5057 4.1914  6.1864
172  2.8697  0.4965 2.0444  4.0282
173  2.3671  0.5165 1.5434  3.6303
176  1.8732  0.6561 0.9428  3.7216
177  1.5997  0.9123 0.5231  4.8917
180  0.3333  0.3849 0.0347  3.2045
181  0.5390  0.0857 0.3948  0.7360
190  1.0000  1.4142 0.0625  15.9875
191  2.4766  1.1856 0.9691  6.3290
192  3.6669  1.6890 1.4867  9.0440
193  4.6975  0.4661 3.8673  5.7058
194  1.9107  0.3748 1.3009  2.8064
196  3.8785  0.6242 2.8294  5.3168
197  7.4825  0.8184 6.0388  9.2714
212  0.9347  0.2422 0.5625  1.5533
229  0.7933  0.2889 0.3885  1.6196
242  0.7188  0.5403 0.1647  3.1368
301  1.5467  0.1217 1.3256  1.8047
312  2.6929  0.4247 1.9768  3.6683
313  3.0912  0.3541 2.4696  3.8692
316  8.3020  4.6552 2.7662  24.9161
317  2.5338  0.7021 1.4721  4.3614
319  7.2220  2.4994 3.6650  14.2312
324  2.0055  0.8197 0.9001  4.4680
325  4.0001  3.1624 0.8494  18.8368
390  3.0000  1.0955 1.4666  6.1368
401  3.2370  0.2442 2.7921  3.7527
502  1.4075  0.1064 1.2136  1.6322
503  1.6771  0.0885 1.5124  1.8599
506 13.4977  3.5423 8.0699  22.5760
512  2.0599  0.3409 1.4893  2.8490
604  1.8378  1.4203 0.4041  8.3583
735  2.1943  1.4622 0.5944  8.1003
795  2.1189  0.7252 1.0833  4.1444
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Table 27.  Using model 2,1M , species-specific MLEs of ρ  for survey stations, standard 
errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1  1.0886  0.3439 0.5861  2.0219
13  1.2948  0.1910 0.9697  1.7290
14  3.9143  1.0316 2.3352  6.5612
15  1.2024  0.0604 1.0896  1.3269
21  1.9999  1.7319 0.3663  10.9185
22  4.1640  0.6086 3.1268  5.5453
23  3.5880  0.3374 2.9841  4.3141
24  6.7813  0.8549 5.2967  8.6819
26  6.9673  0.5429 5.9805  8.1170
27  3.9068  0.7449 2.6886  5.6770
28  4.1600  0.9275 2.6873  6.4398
30 410−≤ 410−≤ 410−≤  ∞
31  1.2426  0.2579 0.8273  1.8664
32  2.2375  0.2297 1.8297  2.7363
33  1.5539  0.2049 1.1999  2.0122
34  1.5276  0.2867 1.0574  2.2067
35  1.5180  0.3521 0.9635  2.3916
36  2.7073  1.3802 0.9968  7.3532
43  0.2678  0.0751 0.1546  0.4639
46  1.5454  0.7472 0.5991  3.9867
56  0.6447  0.1702 0.3843  1.0815
60  0.1250  0.1326 0.0156  0.9994
72  4.7571  0.2636 4.2674  5.3029
73  2.0640  0.2780 1.5851  2.6877
74  1.7453  0.1587 1.4604  2.0858
75  0.7414  0.1876 0.4515  1.2175
76  2.2614  0.2181 1.8718  2.7320
77  3.1016  0.2241 2.6920  3.5734
78  3.6445  0.3199 3.0685  4.3286
79  3.9921  1.9300 1.5477  10.2972
83  5.7478  1.5890 3.3434  9.8813
84  2.8570  1.2550 1.2078  6.7581
87  0.8750  0.4528 0.3173  2.4128


101  0.8362  0.3420 0.3752  1.8638
102  2.1315  0.1466 1.8627  2.4390
103  2.7064  0.2070 2.3296  3.1440
104  3.7154  0.2697 3.2226  4.2835
105  2.2838  0.2114 1.9049  2.7382
106  2.7003  0.3000 2.1720  3.3571
107  3.0146  0.3561 2.3916  3.8000
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108  2.9122  0.2698 2.4286  3.4921
109  7.0872  0.9633 5.4298  9.2505
112  3.2669  0.9642 1.8319  5.8260
113  0.2781  0.1425 0.1018  0.7593
116 4> 10 4> 10 410−≤  ∞
117  2.7839  0.7488 1.6432  4.7163
121  1.3805  0.2150 1.0173  1.8734
131  1.7568  0.1361 1.5093  2.0449
132  0.9828  0.3000 0.5403  1.7877
135  1.2431  0.1887 0.9232  1.6739
139  1.0113  0.4315 0.4382  2.3339
141  3.9306  0.6912 2.7847  5.5481
143  3.0387  0.3695 2.3943  3.8564
151  2.9955  3.4604 0.3113  28.8253
155  1.3779  0.1592 1.0987  1.7282
156  2.9266  0.5691 1.9992  4.2844
158  7.1025  4.1497 2.2599  22.3221
159  2.9386  1.6246 0.9944  8.6842
161  2.7643  0.9626 1.3969  5.4701
163  3.2967  0.2564 2.8306  3.8396
164  1.7964  0.2008 1.4430  2.2362
165  1.5230  0.4834 0.8175  2.8371
168  3.3396  1.3870 1.4797  7.5373
171  4.4705  0.5855 3.4584  5.7788
172  3.2518  0.6785 2.1603  4.8947
173  2.7581  1.2374 1.1448  6.6448
176  3.3221  1.6328 1.2678  8.7049
177  3.9999  3.1622 0.8494  18.8361
180  0.4999  0.6123 0.0453  5.5135
181  0.3743  0.0828 0.2426  0.5774
183 410−≤ 410−≤ 410−≤  410−≤
190 410−≤  0.0003 410−≤  ∞
191  5.4659  3.6414 1.4812  20.1710
192  2.0738  1.6897 0.4200  10.2399
193  4.4718  0.5681 3.4862  5.7361
194  2.0967  0.4330 1.3988  3.1427
196  4.0007  0.6561 2.9011  5.5173
197  6.8419  0.9339 5.2359  8.9404
205  10.0038  10.4938 1.2802  78.1733
211  1.1362  0.3540 0.6169  2.0925
212  1.2306  0.3379 0.7185  2.1078
229  0.1925  0.1298 0.0513  0.7217
242  0.3910  0.3265 0.0761  2.0087
301  1.5835  0.1450 1.3233  1.8948
310  5.7774  2.0898 2.8434  11.7390
312  2.4324  0.4489 1.6941  3.4925
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313  2.9316  0.3573 2.3086  3.7226
316  8.3082  5.6199 2.2066  31.2815
317  3.5000  1.0883 1.9028  6.4377
319  3.5567  1.4257 1.6213  7.8027
320  7.0855  2.4473 3.6006  13.9435
324  2.0591  1.0932 0.7274  5.8290
325  3.5003  2.8066 0.7271  16.8501
380  0.9999  1.4140 0.0625  15.9860
390  1.8202  0.6854 0.8702  3.8073
401  3.3220  0.3068 2.7720  3.9813
435  4.5055  1.2097 2.6619  7.6259
452 4> 10 4> 10 410−≤  ∞
502  1.5709  0.1552 1.2942  1.9066
503  1.7770  0.1128 1.5691  2.0124
506  16.0921  4.2691 9.5675  27.0664
511 4> 10 4> 10 410−≤  ∞
512  1.6897  0.3096 1.1799  2.4199
517 410−≤  0.0003 410−≤  ∞
604  1.0003  1.4146 0.0626  15.9917
616 4> 10 4> 10 410−≤  ∞
735  0.8528  0.7820 0.1413  5.1454
795  2.6526  0.9761 1.2896  5.4562
820  5.7227  4.3044 1.3103  24.9941


  
 
Table 28.  Using model 2,1M , species-specific MLEs of ρ  for site-specific stations, 
standard errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1  1.4605  0.5446 0.7033  3.0331
13  0.7652  0.2180 0.4377  1.3375
14  3.5936  1.6670 1.4477  8.9203
15  1.0737  0.0634 0.9564  1.2053
21 410−≤  0.0021 410−≤  4> 10
22  4.9438  0.9620 3.3762  7.2392
23  3.3523  0.3729 2.6955  4.1691
24  0.0010  0.0323 410−≤  4> 10
26  8.1255  0.8364 6.6409  9.9419
27  4.9953  1.0483 3.3107  7.5369
28  3.5606  0.6466 2.4943  5.0827
31  0.6974  0.9604 0.0469  10.3674
32  1.8741  0.2351 1.4657  2.3964
33  0.9847  0.1758 0.6940  1.3972
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34  0.9639  0.2363 0.5962  1.5585
35  2.1479  0.6272 1.2119  3.8068
36  0.0003  0.0148 410−≤  4> 10
43  0.0357  0.0373 0.0046  0.2775
46 4> 10 4> 10 410−≤  4> 10
56  0.0535  0.0560 0.0069  0.4167
60  0.4999  0.6123 0.0453  5.5137
72  4.6542  0.3044 4.0942  5.2907
73  1.9087  0.2641 1.4553  2.5033
74  1.2119  0.0973 1.0353  1.4185
75  1.0323  0.2911 0.5940  1.7941
76  2.1903  0.2794 1.7057  2.8125
77  3.3394  0.2815 2.8309  3.9393
78  1.7055  0.2884 1.2244  2.3756
79  9.4392  10.0298 1.1762  75.7527
83  7.4341  2.5934 3.7522  14.7289
84  7.9989  5.9996 1.8390  34.7922
87  1.5001  1.3694 0.2506  8.9773


101  0.8709  0.7551 0.1592  4.7638
102  1.8651  0.1285 1.6295  2.1346
103  1.4348  0.1711 1.1357  1.8125
104  3.9791  0.3900 3.2836  4.8219
105  1.7864  0.1782 1.4692  2.1722
106  2.2458  0.2769 1.7637  2.8597
107  4.0449  0.8382 2.6947  6.0715
108  2.4202  0.4654 1.6601  3.5281
109  10.7295  1.9201 7.5552  15.2373
112  4.6638  2.9679 1.3399  16.2339
113 410−≤  0.0089 410−≤  4> 10
116 410−≤ 410−≤ 410−≤  ∞
117  2.6761  2.3222 0.4885  14.6597
121  0.8142  0.2012 0.5016  1.3214
131  0.9788  0.1213 0.7678  1.2479
132  2923.6576 4> 10 410−≤  4> 10
135  0.7057  0.2893 0.3160  1.5762
139  0.4311  0.2252 0.1549  1.2001
141  2.6252  0.5993 1.6781  4.1067
143  1.7608  0.3027 1.2571  2.4662
151  6.9944  7.4765 0.8608  56.8352
155  1.5782  0.2206 1.2000  2.0756
156  1.8377  0.8249 0.7624  4.4295
158 4> 10 4> 10 410−≤  4> 10
159  16.1549  18.4740 1.7175  151.9503
161  6.0584  2.6311 2.5864  14.1913
163  3.7535  0.3428 3.1383  4.4893
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164  1.8116  0.2539 1.3766  2.3842
165  7.9858  2.9810 3.8422  16.5983
168  1.0000  0.8165 0.2018  4.9545
171  4.5496  0.8731 3.1233  6.6271
172  1.8243  0.7952 0.7763  4.2870
173  1804.4300 4> 10 410−≤  4> 10
176  0.8517  0.5136 0.2612  2.7772
177 410−≤  0.0016 410−≤  4> 10
180 410−≤  0.0110 410−≤  4> 10
181  0.8577  0.1792 0.5694  1.2918
190 4> 10 4> 10 410−≤  ∞
191  0.3333  0.3849 0.0347  3.2045
192  4.4118  2.8055 1.2686  15.3426
193  4.7113  0.6747 3.5584  6.2379
194  1.4083  0.5282 0.6752  2.9374
196  0.9993  0.9993 0.1407  7.0946
197  7.7013  1.4705 5.2971  11.1969
205 4> 10 4> 10 410−≤  4> 10
211  0.0002  0.0080 410−≤  4> 10
212 410−≤  0.0022 410−≤  4> 10
229  1.5392  0.6924 0.6374  3.7172
242  3755.7482 4> 10 410−≤  4> 10
301  1.4737  0.2246 1.0932  1.9866
310 4> 10 4> 10 410−≤  4> 10
312  3.7417  1.1553 2.0429  6.8533
313  4.6673  1.2572 2.7529  7.9131
316  4723.7681 4> 10 410−≤  4> 10
317  0.4338  0.2974 0.1131  1.6630
319 4> 10 4> 10 410−≤  4> 10
320  1626.0345 4> 10 410−≤  4> 10
324  1.9422  1.2026 0.5771  6.5369
325  8212.8934 4> 10 410−≤  4> 10
380 410−≤  0.0067 410−≤  4> 10
390 4> 10 4> 10 410−≤  4> 10
401  3.0341  0.3758 2.3801  3.8678
435  0.0004  0.0202 410−≤  4> 10
452 4> 10 4> 10 410−≤  ∞
502  1.1601  0.1307 0.9303  1.4467
503  1.5124  0.1415 1.2590  1.8167
506  9.8158  5.1927 3.4804  27.6836
511 4> 10 4> 10 410−≤  ∞
512  6.1816  2.3945 2.8932  13.2077
517 4> 10 4> 10 410−≤  ∞
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604  2.3128  1.8504 0.4821  11.0960
616 410−≤  0.0002 410−≤  ∞
735 4> 10 4> 10 410−≤  4> 10
795  0.2171  0.2419 0.0244  1.9285
820  3696.6591 4> 10 410−≤  4> 10


  
 
Table 29.  Using model 2,2M , species-specific MLEs of ρ  for survey stations, standard 
errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1  1.0903  0.3482  0.5830  2.0390
13  1.2987  0.1976  0.9638  1.7499
14  3.6878  1.0479  2.1130  6.4364
15  1.2018  0.0611  1.0878  1.3277
22  4.0253  0.6458  2.9393  5.5126
23  3.5867  0.3416  2.9759  4.3229
26  6.9268  0.5578  5.9154  8.1111
27  3.7486  0.7631  2.5153  5.5864
28  4.5617  0.9546  3.0269  6.8747
30 410−≤ 410−≤ 410−≤  ∞
31  1.2447  0.2586  0.8283  1.8703
32  2.2343  0.2342  1.8195  2.7439
33  1.7099  0.1747  1.3995  2.0891
34  1.7485  0.3058  1.2410  2.4635
35  1.4797  0.3203  0.9682  2.2616
36  2.7076  1.3804  0.9969  7.3542
43  0.2552  0.0717  0.1472  0.4426
46  1.5455  0.7473  0.5991  3.9870
56  0.6546  0.1741  0.3887  1.1024
60  0.1250  0.1326  0.0156  0.9994
72  5.0293  0.2600  4.5448  5.5656
73  2.0726  0.2797  1.5909  2.7002
74  1.7279  0.1650  1.4330  2.0835
75  0.7495  0.1879  0.4585  1.2252
76  2.2618  0.2181  1.8723  2.7323
77  3.1137  0.2280  2.6975  3.5942
78  3.7055  0.3195  3.1293  4.3878
79  3.6960  1.8041  1.4198  9.6210
83  5.9135  1.6631  3.4076  10.2622
84  2.8534  1.2795  1.1849  6.8714
87  0.8750  0.4529  0.3173  2.4130


101  0.8989  0.3058  0.4614  1.7511
102  2.1222  0.1232  1.8940  2.3779
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103  2.6948  0.2111  2.3113  3.1419
104  3.7074  0.2789  3.1991  4.2965
105  2.2850  0.2118  1.9054  2.7403
106  2.6285  0.3086  2.0881  3.3086
107  3.0262  0.3398  2.4283  3.7712
108  2.9161  0.2764  2.4217  3.5114
109  6.0086  0.9025  4.4764  8.0653
112  3.2666  0.9641  1.8318  5.8254
113  0.2781  0.1425  0.1018  0.7593
116 4> 10 4> 10 410−≤  ∞
117  2.7583  0.7449  1.6248  4.6828
121  1.3837  0.2153  1.0200  1.8770
131  1.7936  0.1366  1.5449  2.0824
135  1.2408  0.1896  0.9196  1.6741
139  0.8451  0.1483  0.5992  1.1920
141  3.7657  0.7029  2.6120  5.4291
143  2.9307  0.3747  2.2811  3.7652
151  0.9998  1.4141  0.0625  15.9873
155  1.3853  0.1571  1.1091  1.7302
156  2.9449  0.5672  2.0189  4.2954
158  7.1033  4.1502  2.2601  22.3245
159  2.7087  1.6550  0.8179  8.9709
161  3.2281  1.2028  1.5553  6.7003
163  3.3466  0.2275  2.9291  3.8234
164  1.8026  0.1961  1.4564  2.2310
165  1.5050  0.4876  0.7975  2.8401
171  4.1209  0.5897  3.1130  5.4552
172  3.1963  0.6803  2.1060  4.8510
176  3.3100  1.5876  1.2929  8.4739
180  0.5000  0.6124  0.0453  5.5139
181  0.2994  0.0719  0.1870  0.4795
192  2.5001  2.0918  0.4850  12.8866
193  4.2589  0.5833  3.2562  5.5704
194  2.0687  0.4403  1.3630  3.1396
196  4.0016  0.6598  2.8965  5.5282
197  6.8685  0.9348  5.2603  8.9683
205  10.0026  10.4919  1.2802  78.1552
211  1.1363  0.3540  0.6170  2.0927
212  1.2308  0.3379  0.7186  2.1081
229  0.2356  0.1638  0.0603  0.9201
301  1.5835  0.1416  1.3290  1.8869
310  5.7734  2.1062  2.8243  11.8020
312  2.5902  0.4853  1.7941  3.7395
313  2.9050  0.3610  2.2771  3.7062
316  8.3089  5.6204  2.2068  31.2842
317  3.5762  1.1167  1.9392  6.5951
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319  3.5568  1.4257  1.6213  7.8027
324  2.0097  1.1025  0.6858  5.8896
325  3.5001  2.8064  0.7271  16.8488
380  0.9997  1.4138  0.0625  15.9836
390  1.8198  0.6852  0.8700  3.8065
401  3.4690  0.3172  2.8997  4.1499
452 4> 10 4> 10 410−≤  ∞
502  1.5774  0.1540  1.3027  1.9101
503  1.7744  0.1134  1.5654  2.0112
506  16.5083  4.2477  9.9698  27.3352
512  1.6890  0.3064  1.1836  2.4101
517 410−≤  0.0002 410−≤  ∞
604  1.0001  1.4144  0.0626  15.9897
616 4> 10 4> 10 4> 10  4> 10
735  0.8526  0.7819  0.1413  5.1445
795  2.8696  1.0949  1.3584  6.0618
820  5.7230  4.3046  1.3103  24.9956


  
 
Table 30.  Using model 2,2M , species-specific MLEs of ρ  for site-specific stations, 
standard errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1  1.5154  0.5558  0.7384  3.1099
13  0.7256  0.1805  0.4456  1.1816
14  4.0905  1.7579  1.7618  9.4970
15  1.0722  0.0625  0.9563  1.2021
22  4.9664  0.8477  3.5543  6.9395
23  3.3560  0.3775  2.6920  4.1838
26  8.2314  0.8904  6.6589  10.1753
27  5.7054  1.0407  3.9905  8.1575
28  3.4715  0.6600  2.3917  5.0389
31  0.2501  0.2797  0.0279  2.2390
32  1.8788  0.2450  1.4551  2.4258
33  1.0129  0.1983  0.6901  1.4867
34  0.9087  0.2322  0.5507  1.4994
35  1.9479  0.5902  1.0756  3.5277
36 410−≤  0.0113 410−≤  4> 10
43  0.1249  0.1325  0.0156  0.9992
46  6316.5928 4> 10 410−≤  4> 10
56  0.0156  0.0157  0.0022  0.1127
60  0.5001  0.6124  0.0453  5.5145
72  4.3095  0.3257  3.7162  4.9976
73  1.9000  0.2682  1.4408  2.5054
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74  1.2191  0.0942  1.0478  1.4183
75  0.9967  0.2892  0.5644  1.7601
76  2.1878  0.2826  1.6984  2.8182
77  3.3235  0.2884  2.8036  3.9397
78  1.6758  0.3069  1.1704  2.3995
79  11.9936  12.4873  1.5585  92.2965
83  7.4165  2.6972  3.6361  15.1272
84  8.0008  6.0010  1.8394  34.8000
87  1.5000  1.3693  0.2506  8.9772


101  0.6671  0.6090  0.1115  3.9921
102  1.8387  0.1419  1.5806  2.1389
103  1.3894  0.1518  1.1215  1.7212
104  3.9910  0.3672  3.3325  4.7796
105  1.7850  0.1800  1.4649  2.1751
106  2.4050  0.2844  1.9076  3.0323
107  3.8429  0.8662  2.4705  5.9777
108  2.2225  0.4236  1.5297  3.2289
109  18.6461  2.9282  13.7061  25.3666
112  4.6662  2.9692  1.3407  16.2403
113  0.0002  0.0086 410−≤  4> 10
116 410−≤ 410−≤ 410−≤  ∞
117  4.6608  5.7317  0.4185  51.9073
121  0.8183  0.2042  0.5018  1.3344
131  1.0094  0.1316  0.7818  1.3034
135  0.6351  0.2605  0.2843  1.4188
139  0.4508  0.2430  0.1567  1.2968
141  2.8575  0.6440  1.8371  4.4446
143  1.7890  0.2751  1.3236  2.4182
151  6.9994  7.4827  0.8612  56.8895
155  1.5677  0.2254  1.1827  2.0781
156  1.6955  0.8500  0.6348  4.5290
158 4> 10 4> 10 410−≤  4> 10
159  38.9813  39.4957  5.3508  283.9814
161  5.2320  2.5582  2.0066  13.6418
163  3.6171  0.3688  2.9619  4.4172
164  1.7839  0.2611  1.3390  2.3765
165  8.7534  3.4884  4.0083  19.1158
171  5.8456  0.7992  4.4714  7.6420
172  2.2776  0.6442  1.3083  3.9648
176  0.7271  0.4672  0.2063  2.5621
180 410−≤ 410−≤ 410−≤  410−≤
181  0.8503  0.1795  0.5621  1.2861
192  4.2512  2.3634  1.4299  12.6391
193  5.0794  0.6856  3.8988  6.6175
194  1.5240  0.5681  0.7339  3.1643
196  1.0001  1.0001  0.1409  7.1002
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197  7.6611  1.4871  5.2368  11.2079
205 4> 10 4> 10 410−≤  4> 10
211 410−≤  0.0032 410−≤  4> 10
212 410−≤  0.0021 410−≤  4> 10
229  1.5453  0.6814  0.6511  3.6674
301  1.4421  0.2334  1.0501  1.9806
312  3.3537  1.0835  1.7803  6.3173
313  4.8913  1.3928  2.7993  8.5467
316  2901.8474 4> 10 410−≤  4> 10
317  0.4287  0.2958  0.1109  1.6576
319 4> 10 4> 10 410−≤  4> 10
324  1.9995  1.2246  0.6020  6.6411
325 4> 10 4> 10 410−≤  4> 10
380 410−≤  0.0102 410−≤  4> 10
390 4> 10 4> 10 410−≤  4> 10
401  2.8596  0.3815  2.2017  3.7141
452 4> 10 410−≤ 4> 10  4> 10
502  1.1678  0.1340  0.9325  1.4624
503  1.5138  0.1402  1.2624  1.8152
506  4.2507  2.3624  1.4302  12.6335
512  5.0029  2.1106  2.1883  11.4375
517 4> 10 4> 10 410−≤  ∞
604  2.3182  1.8531  0.4839  11.1068
616 410−≤ 410−≤ 410−≤  410−≤
735 4> 10 4> 10 410−≤  4> 10
795  0.2500  0.2795  0.0279  2.2366
820  4835.5047  0.0030  4835.4988  4835.5106


  
 
Table 31.  Using model 2,3M , species-specific MLEs of ρ  for survey stations, standard 
errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1  0.9871  0.3277 0.5150  1.8920
13  1.3173  0.1989 0.9799  1.7709
14  3.6532  1.0621 2.0664  6.4586
15  1.2029  0.0611 1.0890  1.3288
21  2.0000  1.7320 0.3663  10.9191
22  4.1564  0.6635 3.0397  5.6832
23  3.4475  0.3119 2.8873  4.1162
26  7.3294  0.6327 6.1885  8.6806
27  3.8272  0.8287 2.5036  5.8505
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28  4.3799  0.9293 2.8898  6.6384
31  1.2394  0.2582 0.8239  1.8643
32  2.1085  0.1941 1.7605  2.5253
33  1.6995  0.1784 1.3834  2.0879
34  1.7594  0.3046 1.2531  2.4702
35  1.4735  0.3194 0.9635  2.2534
36  3.2894  1.8500 1.0924  9.9049
43  0.2242  0.0619 0.1306  0.3851
46  1.8110  0.9118 0.6750  4.8585
56  0.7150  0.1949 0.4192  1.2198
60  0.1250  0.1326 0.0156  0.9994
72  4.9633  0.2625 4.4745  5.5054
73  2.2044  0.3131 1.6688  2.9119
74  1.7161  0.1629 1.4247  2.0671
75  0.7659  0.1842 0.4781  1.2271
76  2.2320  0.2183 1.8427  2.7037
77  3.0935  0.2307 2.6728  3.5804
78  3.7024  0.3197 3.1260  4.3851
79  4.4067  1.5244 2.2370  8.6811
83  4.3602  1.3385 2.3889  7.9581
87  0.8749  0.4528 0.3173  2.4127


101  0.9375  0.3361 0.4643  1.8929
102  2.1242  0.1227 1.8968  2.3788
103  2.8296  0.2165 2.4355  3.2875
104  3.6648  0.2874 3.1427  4.2736
105  2.3619  0.1791 2.0357  2.7403
106  2.6496  0.3120 2.1035  3.3374
107  3.0254  0.3462 2.4176  3.7860
108  3.0597  0.2763 2.5635  3.6521
109  6.4960  1.1397 4.6057  9.1620
112  3.2665  0.9643 1.8314  5.8259
113  0.2781  0.1425 0.1018  0.7592
117  2.4163  0.6209 1.4602  3.9984
121  1.4778  0.2265 1.0944  1.9955
131  1.8041  0.1377 1.5535  2.0951
135  1.2360  0.1903 0.9141  1.6712
139  0.8572  0.1509 0.6071  1.2104
141  3.8049  0.7159 2.6315  5.5017
143  2.8645  0.3523 2.2508  3.6454
155  1.3838  0.1565 1.1087  1.7273
156  2.6519  0.4923 1.8430  3.8158
158  6.8330  3.9789 2.1824  21.3933
161  3.2171  1.2304 1.5203  6.8078
163  3.3438  0.2307 2.9209  3.8280
164  1.7937  0.2115 1.4236  2.2600
165  1.7789  0.5575 0.9625  3.2879
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168  3.3396  1.3870 1.4797  7.5373
171  4.4256  0.6207 3.3620  5.8257
172  3.2533  0.6986 2.1358  4.9556
176  3.0539  1.4609 1.1958  7.7992
180  0.5000  0.6123 0.0453  5.5139
181  0.3190  0.0754 0.2006  0.5071
192  2.5000  2.0917 0.4850  12.8858
193  4.3134  0.6149 3.2620  5.7038
194  2.1042  0.4915 1.3312  3.3260
196  4.0008  0.6612 2.8938  5.5312
197  7.4026  0.9773 5.7148  9.5887
212  1.3032  0.3565 0.7623  2.2278
229  0.0542  0.0542 0.0076  0.3844
301  1.5808  0.1427 1.3245  1.8867
310  5.2043  2.0332 2.4200  11.1919
312  2.5044  0.4557 1.7531  3.5776
313  2.8228  0.3555 2.2054  3.6131
316  8.0203  4.5566 2.6339  24.4222
317  3.8289  1.2618 2.0070  7.3046
319  6.7709  2.4966 3.2869  13.9479
320  5.3122  1.6307 2.9106  9.6956
325  3.5001  2.8060 0.7272  16.8459
390  2.0023  0.7757 0.9370  4.2786
401  3.4273  0.3106 2.8695  4.0935
435  4.9773  1.3337 2.9438  8.4154
502  1.6042  0.1566 1.3249  1.9424
503  1.7590  0.1120 1.5526  1.9928
506 16.2796  4.2581 9.7499  27.1822
512  1.6655  0.2993 1.1711  2.3686
517 410−≤  0.0002 410−≤  ∞
604  1.0001  1.4144 0.0626  15.9897
735  0.8526  0.7819 0.1413  5.1446
795  2.9767  1.1551 1.3913  6.3685


  
 
Table 32.  Using model 2,3M , species-specific MLEs of ρ  for site-specific stations, 
standard errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1  1.5154  0.5558  0.7384  3.1099
13  0.7256  0.1805  0.4456  1.1816
14  4.0905  1.7579  1.7618  9.4969
15  1.0722  0.0625  0.9563  1.2021
21 410−≤  0.0006 410−≤  ∞
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22  4.9666  0.8477  3.5545  6.9397
23  3.3547  0.3773  2.6909  4.1821
26  8.2299  0.8902  6.6577  10.1733
27  5.7053  1.0405  3.9906  8.1568
28  3.4718  0.6600  2.3918  5.0393
30 410−≤ 410−≤ 410−≤  410−≤
31  0.2500  0.2796  0.0279  2.2378
32  1.8788  0.2450  1.4551  2.4258
33  1.0131  0.1984  0.6902  1.4870
34  0.9087  0.2322  0.5507  1.4994
35  1.9479  0.5902  1.0756  3.5277
36  0.0002  0.0134 410−≤  4> 10
43  0.1248  0.1325  0.0156  0.9991
46 4> 10 4> 10 410−≤  4> 10
56  0.0156  0.0158  0.0022  0.1127
60  0.5000  0.6124  0.0453  5.5141
72  4.3110  0.3259  3.7173  4.9995
73  1.9001  0.2682  1.4409  2.5055
74  1.2186  0.0941  1.0474  1.4179
75  0.9967  0.2892  0.5644  1.7601
76  2.1877  0.2827  1.6983  2.8182
77  3.3243  0.2886  2.8042  3.9408
78  1.6758  0.3069  1.1704  2.3994
79  11.9981  12.4887  1.5600  92.2818
83  7.4162  2.6977  3.6354  15.1289
87  1.4999  1.3692  0.2506  8.9761


101  0.6666  0.6085  0.1114  3.9893
102  1.8388  0.1419  1.5807  2.1391
103  1.3894  0.1518  1.1215  1.7212
104  3.9909  0.3672  3.3324  4.7794
105  1.7850  0.1800  1.4649  2.1750
106  2.4046  0.2843  1.9072  3.0318
107  3.8430  0.8663  2.4705  5.9778
108  2.2205  0.4230  1.5286  3.2255
109  18.6487  2.9289  13.7076  25.3709
112  4.6659  2.9696  1.3403  16.2433
113 410−≤  0.0131 410−≤  4> 10
117  4.6638  5.7318  0.4194  51.8631
121  0.8183  0.2042  0.5018  1.3344
131  1.0094  0.1316  0.7818  1.3033
135  0.6351  0.2605  0.2843  1.4188
139  0.4507  0.2430  0.1567  1.2965
141  2.8572  0.6440  1.8369  4.4443
143  1.7889  0.2750  1.3235  2.4180
155  1.5677  0.2254  1.1827  2.0780
156  1.6954  0.8499  0.6347  4.5288
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158 4> 10 4> 10 410−≤  4> 10
161  5.2320  2.5582  2.0066  13.6418
163  3.6168  0.3688  2.9616  4.4168
164  1.7837  0.2610  1.3389  2.3763
165  8.7532  3.4882  4.0082  19.1152
168  1.0000  0.8165  0.2018  4.9545
171  5.8454  0.7992  4.4714  7.6418
172  2.2775  0.6443  1.3082  3.9650
176  0.7270  0.4672  0.2063  2.5620
181  0.8503  0.1795  0.5621  1.2861
192  4.2503  2.3626  1.4297  12.6352
193  5.0793  0.6856  3.8986  6.6175
194  1.5239  0.5681  0.7339  3.1642
196  1.0000  1.0000  0.1409  7.0994
197  7.6604  1.4869  5.2363  11.2066
212 410−≤  0.0008 410−≤  4> 10
229  1.5456  0.6816  0.6512  3.6681
301  1.4421  0.2334  1.0501  1.9805
310 4> 10 4> 10 410−≤  4> 10
312  3.3536  1.0835  1.7803  6.3171
313  4.8912  1.3928  2.7993  8.5466
316  3753.8213 4> 10 410−≤  4> 10
317  0.4285  0.2957  0.1108  1.6572
319 4> 10 4> 10 410−≤  4> 10
320 4> 10 4> 10 4> 10  4> 10
325 4> 10 4> 10 410−≤  ∞
390 4> 10 4> 10 410−≤  4> 10
401  2.8596  0.3815  2.2017  3.7141
502  1.1678  0.1340  0.9325  1.4624
503  1.5138  0.1403  1.2624  1.8152
506  4.2542  2.3649  1.4310  12.6473
512  5.0030  2.1107  2.1884  11.4377
517 4> 10 4> 10 410−≤  ∞
604  2.3204  1.8543  0.4845  11.1117
735 4> 10 4> 10 410−≤  4> 10
795  0.2500  0.2795  0.0279  2.2366


  
 
Table 33.  Using model 3,1M , species-specific MLEs of ρ  for spring stations, standard 
errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1  3.4615  2.3237 0.9287  12.9024
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13  1.8793  0.5396 1.0706  3.2991
14  5.9494  2.3698 2.7254  12.9874
15  1.2016  0.0780 1.0580  1.3646
21  1.9998  2.4492 0.1813  22.0530
22  3.1732  0.7442 2.0038  5.0250
23  4.1615  0.5583 3.1993  5.4130
24  7.8159  1.6312 5.1919  11.7660
26  5.4162  0.5575 4.4267  6.6268
27  2.2912  0.5905 1.3826  3.7971
28  3.0008  0.9186 1.6470  5.4676
31  0.4876  0.4335 0.0854  2.7850
32  2.6812  0.3593 2.0618  3.4866
33  1.4049  0.2176 1.0371  1.9031
34  1.5673  0.3208 1.0493  2.3410
35  1.4695  0.4154 0.8445  2.5573
36  0.7220  0.7273 0.1002  5.2005
43  0.2904  0.1253 0.1247  0.6764
46  0.3784  0.2869 0.0856  1.6725
56  0.3561  0.1463 0.1591  0.7968
60 410−≤  0.0013 410−≤  4> 10
72  5.8881  0.5157 4.9594  6.9908
73  1.8402  0.3308 1.2937  2.6175
74  1.6210  0.2167 1.2473  2.1066
75  0.7508  0.2988 0.3442  1.6378
76  2.5154  0.4304 1.7988  3.5176
77  3.8838  0.4484 3.0972  4.8701
78  3.7782  0.4887 2.9322  4.8683
79  3.3041  2.2928 0.8480  12.8741
83  3.5609  1.2696 1.7705  7.1621
84  5.9992  4.5822 1.3426  26.8069
87 410−≤  0.0053 410−≤  4> 10


101  1.1920  0.7331 0.3571  3.9790
102  2.0552  0.2295 1.6512  2.5581
103  3.0920  0.3712 2.4437  3.9123
104  4.3764  0.5209 3.4657  5.5264
105  2.3991  0.3232 1.8424  3.1241
106  2.7749  0.5028 1.9453  3.9581
107  2.8177  0.4747 2.0254  3.9200
108  3.2754  0.4480 2.5052  4.2824
109  10.5022  2.0681 7.1394  15.4488
112  1.4998  1.3692 0.2506  8.9761
113  0.2781  0.1425 0.1019  0.7592
117  1.8525  0.5515 1.0335  3.3202
121  1.2641  0.2447 0.8649  1.8474
131  1.5044  0.2154 1.1364  1.9917
135  2.9439  2.0462 0.7538  11.4968
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139  0.9538  0.4646 0.3671  2.4781
141  2.5700  0.6977 1.5096  4.3753
143  4.4997  1.2074 2.6594  7.6134
155  1.3046  0.2774 0.8599  1.9791
156  2.4168  0.5656 1.5277  3.8233
158  9.3589  7.0039 2.1588  40.5729
161  1.8773  0.9282 0.7123  4.9476
163  3.4899  0.3727 2.8309  4.3024
164  1.4857  0.2321 1.0938  2.0180
165  0.5288  0.2960 0.1765  1.5842
168 4> 10 4> 10 410−≤  4> 10
171  6.1442  1.2716 4.0955  9.2177
172  3.2164  1.1529 1.5931  6.4937
173  2.3303  1.2589 0.8083  6.7184
176 4> 10 4> 10 410−≤  4> 10
177 4> 10 4> 10 410−≤  ∞
180 410−≤  0.0031 410−≤  4> 10
181  0.2600  0.0801 0.1422  0.4754
191  11.0461  12.4466 1.2136  100.5373
192  4380.3170 4> 10 410−≤  4> 10
193  5.1802  0.8888 3.7008  7.2508
194  1.3530  0.4417 0.7135  2.5656
196  5.4982  4.2265 1.2187  24.8051
197  7.8345  1.8573 4.9228  12.4683
211 410−≤  0.0108 410−≤  4> 10
212 410−≤  0.0034 410−≤  4> 10
229  0.3139  0.3582 0.0335  2.9388
242  0.9135  0.8797 0.1384  6.0311
301  1.5872  0.2437 1.1748  2.1445
310  5.6520  3.6789 1.5781  20.2422
312  2.4280  0.9055 1.1690  5.0429
313  3.5202  0.5966 2.5253  4.9071
316  4.7509  4.2637 0.8182  27.5863
317  2.1415  0.9094 0.9317  4.9223
319  3.6697  1.7895 1.4111  9.5435
320  22.2164  17.0038 4.9567  99.5769
324  0.0002  0.0137 410−≤  4> 10
325 4> 10 4> 10 410−≤  ∞
380  1.0000  1.4142 0.0625  15.9873
390  4.4187  4.5965 0.5752  33.9425
401  4.0429  0.5758 3.0582  5.3448
435  1.6870  0.8578 0.6227  4.5702
502  2.3091  0.5629 1.4320  3.7236
503  2.0817  0.2355 1.6678  2.5984
506  14.8223  4.3057 8.3879  26.1926
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512  1.2817  0.3905 0.7054  2.3288
517 410−≤ 410−≤ 410−≤  ∞
604  4319.0840 4> 10 410−≤  4> 10
735  1.3422  1.2872 0.2049  8.7932
795  0.8230  0.5344 0.2305  2.9386


  
 
Table 34.  Using model 3,1M , species-specific MLEs of ρ  for fall stations, standard 
errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1  0.7152  0.2647 0.3463  1.4772
13  1.1183  0.1935 0.7966  1.5698
14  2.6378  0.9259 1.3258  5.2482
15  1.2038  0.0956 1.0302  1.4066
21  1.9989  2.4479 0.1813  22.0393
22  4.8174  0.8876 3.3572  6.9126
23  3.0823  0.3999 2.3903  3.9747
24  6.2209  0.9634 4.5923  8.4271
26  8.8305  0.9709 7.1186  10.9540
27  5.9995  1.6300 3.5225  10.2183
28  5.6101  1.8069 2.9841  10.5470
31  1.3128  0.2809 0.8631  1.9970
32  1.7427  0.2659 1.2922  2.3503
33  1.9920  0.4884 1.2320  3.2209
34  1.3356  0.6187 0.5387  3.3114
35  1.6219  0.6581 0.7323  3.5924
36  4.4228  2.8900 1.2288  15.9185
43  0.2566  0.0848 0.1343  0.4905
46  9.6702  10.3854 1.1784  79.3580
56  0.9096  0.2887 0.4883  1.6942
60 6526.9166 4> 10 410−≤  4> 10
72  4.1137  0.2822 3.5962  4.7057
73  2.3623  0.4699 1.5996  3.4886
74  1.8564  0.2287 1.4581  2.3635
75  0.7351  0.2403 0.3874  1.3951
76  2.1503  0.2489 1.7139  2.6979
77  2.6685  0.2411 2.2354  3.1855
78  3.5425  0.4111 2.8218  4.4473
79  4.4903  2.6192 1.4315  14.0857
83  10.4195  4.6165 4.3723  24.8306
84  1.5999  0.9121 0.5234  4.8906
87  1.1666  0.6490 0.3921  3.4711


101  0.6338  0.3490 0.2154  1.8651
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102  2.1788  0.1905 1.8358  2.5861
103  2.4647  0.2416 2.0339  2.9868
104  3.3437  0.3017 2.8018  3.9905
105  2.1832  0.2782 1.7007  2.8027
106  2.6574  0.3703 2.0223  3.4919
107  3.2093  0.5297 2.3223  4.4351
108  2.6227  0.3250 2.0571  3.3438
109  4.9299  0.8267 3.5489  6.8482
112  3.5383  1.1116 1.9115  6.5493
117  7.6014  3.9646 2.7348  21.1276
121  1.6357  0.4459 0.9587  2.7909
131  1.8673  0.1704 1.5615  2.2331
135  1.1872  0.1838 0.8764  1.6082
139  1.2270  1.0916 0.2146  7.0167
141  4.9430  1.0697 3.2344  7.5543
143  2.7417  0.3658 2.1109  3.5610
155  1.4094  0.1936 1.0767  1.8449
156  4.0336  1.2868 2.1584  7.5377
158  4.8879  3.8832 1.0301  23.1933
161  3.6428  1.5844 1.5531  8.5439
163  3.0862  0.3469 2.4761  3.8468
164  2.1446  0.3328 1.5822  2.9069
165  2.6150  1.0549 1.1860  5.7658
168  2.6859  1.1284 1.1789  6.1194
171  3.5221  0.5834 2.5457  4.8730
172  3.2690  0.8286 1.9892  5.3723
173  3.8480  3.0752 0.8035  18.4285
176  2.5488  1.2776 0.9542  6.8076
177  3.4997  2.8060 0.7270  16.8465
180  1.0000  1.4142 0.0625  15.9869
181  0.5720  0.1786 0.3101  1.0550
191  3.2737  2.6205 0.6818  15.7184
192  1.1149  0.9861 0.1970  6.3105
193  3.7422  0.6735 2.6298  5.3251
194  2.6662  0.6696 1.6298  4.3619
196  3.9342  0.6587 2.8336  5.4621
197  6.3752  1.0518 4.6139  8.8090
211  1.1975  0.3791 0.6438  2.2271
212  1.8350  0.5456 1.0246  3.2865
229  0.1562  0.1281 0.0313  0.7789
242 410−≤  0.0046 410−≤  4> 10
301  1.5809  0.1812 1.2629  1.9790
310  5.8329  2.5868 2.4456  13.9117
312  2.4354  0.5064 1.6201  3.6608
313  2.4750  0.3954 1.8096  3.3849
316  11.1618  8.6813 2.4305  51.2590
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317  5.4526  2.4524 2.2582  13.1658
319  3.4061  1.8843 1.1517  10.0731
320  4.7958  1.7008 2.3933  9.6102
324  2.5263  1.4082 0.8473  7.5327
325  2.5000  2.0917 0.4850  12.8859
380  0.0156  522.2008 410−≤  ∞
390  1.3425  0.6323 0.5334  3.3791
401  2.8893  0.3375 2.2981  3.6326
435  5.9084  1.8036 3.2481  10.7475
502  1.4485  0.1566 1.1719  1.7903
503  1.6492  0.1260 1.4199  1.9156
506  33.9728  34.4932 4.6440  248.5260
512  1.9669  0.4560 1.2487  3.0982
604  0.0003  0.0184 410−≤  4> 10
735  0.0003  0.0171 410−≤  4> 10
795  4.5406  2.1579 1.7889  11.5253


  
 
Table 35.  Using model 3,2M , species-specific MLEs of ρ  for spring stations, standard 
errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1  3.2972  2.2577 0.8616  12.6181
13  1.9001  0.5648 1.0612  3.4024
14  5.6961  2.3594 2.5293  12.8280
15  1.2004  0.0789 1.0553  1.3655
21  2.0002  2.4498 0.1814  22.0595
22  3.1118  0.7902 1.8917  5.1188
23  4.1636  0.5617 3.1962  5.4238
26  5.4207  0.5591 4.4284  6.6352
27  2.3298  0.6551 1.3427  4.0427
28  3.3869  0.9515 1.9529  5.8739
31  0.4896  0.4358 0.0856  2.8020
32  2.6914  0.3676 2.0593  3.5176
33  1.5233  0.1815 1.2061  1.9240
34  1.8006  0.3417 1.2413  2.6120
35  1.4193  0.3756 0.8449  2.3840
36  0.7214  0.7268 0.1002  5.1963
43  0.2793  0.1201 0.1202  0.6489
46  0.3784  0.2869 0.0856  1.6725
56  0.3645  0.1511 0.1618  0.8212
60 410−≤  0.0014 410−≤  4> 10
72  6.2444  0.5052 5.3287  7.3173
73  1.8446  0.3271 1.3031  2.6113
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74  1.6072  0.2245 1.2223  2.1132
75  0.7641  0.3011 0.3530  1.6542
76  2.5200  0.4308 1.8025  3.5230
77  3.9074  0.4512 3.1159  4.8998
78  3.8466  0.4890 2.9984  4.9349
79  3.1375  2.2024 0.7927  12.4190
83  3.7172  1.3467 1.8274  7.5611
87 410−≤  0.0026 410−≤  4> 10


101  1.4986  0.7910 0.5326  4.2169
102  2.0665  0.2028 1.7050  2.5047
103  3.0739  0.3753 2.4198  3.9049
104  4.3406  0.5344 3.4101  5.5251
105  2.3995  0.3228 1.8433  3.1235
106  2.7320  0.5173 1.8850  3.9596
107  2.7927  0.4460 2.0421  3.8191
108  3.2553  0.4549 2.4754  4.2809
109  8.5204  1.7967 5.6360  12.8810
112  1.5000  1.3693 0.2506  8.9770
113  0.2781  0.1425 0.1019  0.7592
117  1.8438  0.5513 1.0262  3.3129
121  1.2689  0.2464 0.8673  1.8565
131  1.5331  0.2143 1.1657  2.0163
135  2.9095  2.0261 0.7432  11.3911
139  0.8383  0.1507 0.5893  1.1923
141  2.5005  0.6985 1.4462  4.3233
143  4.3157  1.1837 2.5211  7.3878
155  1.3162  0.2752 0.8737  1.9828
156  2.4270  0.5609 1.5430  3.8174
158  9.3589  7.0036 2.1589  40.5705
161  2.2246  1.0786 0.8601  5.7541
163  3.5604  0.3318 2.9661  4.2737
164  1.4803  0.2215 1.1040  1.9849
165  0.5296  0.2998 0.1747  1.6061
168 4> 10 4> 10 410−≤  4> 10
171  5.7145  1.2496 3.7226  8.7722
172  3.1237  1.1360 1.5314  6.3713
176 4> 10 4> 10 410−≤  4> 10
177 4> 10 4> 10 410−≤  ∞
180 410−≤  0.0055 410−≤  4> 10
181  0.1854  0.0608 0.0975  0.3525
192 4> 10 4> 10 410−≤  4> 10
193  4.8345  0.8902 3.3698  6.9357
194  1.3541  0.4494 0.7065  2.5950
196  5.4998  4.2278 1.2190  24.8135
197  7.9241  1.8841 4.9723  12.6282
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211 410−≤  0.0020 410−≤  ∞
212 410−≤  0.0020 410−≤  4> 10
229  0.3200  0.3680 0.0336  3.0487
242  0.9136  0.8798 0.1384  6.0318
301  1.5758  0.2368 1.1737  2.1156
312  2.6392  0.9838 1.2711  5.4797
313  3.4896  0.6001 2.4912  4.8883
316  4.7511  4.2639 0.8182  27.5871
317  2.1519  0.9078 0.9413  4.9194
319  3.6694  1.7893 1.4110  9.5426
324 410−≤  0.0065 410−≤  4> 10
325 4> 10 4> 10 410−≤  4> 10
390  4.4190  4.5968 0.5752  33.9459
401  4.2136  0.5887 3.2043  5.5408
502  2.3240  0.5605 1.4485  3.7285
503  2.0791  0.2362 1.6640  2.5976
506  15.3293  4.2834 8.8649  26.5077
512  1.2865  0.3876 0.7127  2.3221
604 4> 10 4> 10 410−≤  4> 10
735  1.3423  1.2873 0.2049  8.7937
795  0.8916  0.5838 0.2471  3.2173


  
 
Table 36.  Using model 3,2M , species-specific MLEs of ρ  for fall stations, standard 
errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1  0.7316  0.2752 0.3500  1.5293
13  1.1207  0.1995 0.7906  1.5888
14  2.4609  0.9108 1.1914  5.0831
15  1.2039  0.0966 1.0287  1.4090
21  1.9999  2.4493 0.1813  22.0548
22  4.6412  0.9277 3.1369  6.8670
23  3.0837  0.4033 2.3865  3.9846
26  8.8539  0.9945 7.1043  11.0343
27  5.5167  1.5729 3.1549  9.6465
28  6.2139  1.8928 3.4204  11.2888
31  1.3146  0.2816 0.8639  2.0005
32  1.7458  0.2668 1.2939  2.3554
33  2.2508  0.4256 1.5537  3.2606
34  1.4943  0.6404 0.6452  3.4612
35  1.6068  0.6026 0.7704  3.3511
36  4.4225  2.8899 1.2287  15.9179
43  0.2433  0.0804 0.1273  0.4650
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46  9.6667  10.3801 1.1783  79.3053
56  0.9185  0.2940 0.4904  1.7201
60 7348.6825 4> 10 410−≤  4> 10
72  4.3746  0.2752 3.8671  4.9488
73  2.3908  0.4772 1.6168  3.5355
74  1.8352  0.2360 1.4263  2.3614
75  0.7399  0.2390 0.3928  1.3937
76  2.1509  0.2479 1.7161  2.6960
77  2.6843  0.2433 2.2474  3.2061
78  3.5947  0.4093 2.8758  4.4935
79  4.0957  2.4152 1.2894  13.0102
83  10.7460  4.7465 4.5214  25.5402
87  1.1667  0.6491 0.3921  3.4717


101  0.6868  0.2702 0.3177  1.4848
102  2.1528  0.1562 1.8675  2.4817
103  2.4549  0.2468 2.0158  2.9897
104  3.3587  0.3122 2.7993  4.0299
105  2.1846  0.2794 1.7002  2.8070
106  2.5688  0.3768 1.9269  3.4245
107  3.2573  0.5107 2.3955  4.4292
108  2.6432  0.3363 2.0598  3.3918
109  4.4469  0.8123 3.1086  6.3613
112  3.5385  1.1117 1.9116  6.5500
113  0.0230  1091.7639 410−≤  ∞
117  7.4929  3.9193 2.6879  20.8875
121  1.6324  0.4446 0.9572  2.7840
131  1.9089  0.1711 1.6014  2.2754
135  1.1852  0.1848 0.8731  1.6089
139  0.9994  0.8160 0.2017  4.9514
141  4.7596  1.0788 3.0523  7.4218
143  2.6480  0.3707 2.0126  3.4839
155  1.4148  0.1904 1.0867  1.8419
156  4.0781  1.2900 2.1938  7.5808
158  4.8871  3.8824 1.0300  23.1877
161  4.3714  1.8374 1.9179  9.9633
163  3.1147  0.3048 2.5711  3.7732
164  2.1716  0.3244 1.6204  2.9103
165  2.5921  1.0582 1.1646  5.7697
168  2.6857  1.1283 1.1789  6.1187
171  3.2088  0.5795 2.2522  4.5717
172  3.2327  0.8342 1.9495  5.3607
176  2.5442  1.2298 0.9865  6.5613
177  3.4999  2.8062 0.7270  16.8479
180  0.9999  1.4140 0.0625  15.9856
181  0.4858  0.1500 0.2653  0.8896
192  2.0001  1.7322 0.3663  10.9204
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193  3.6943  0.6979 2.5512  5.3497
194  2.6348  0.6796 1.5893  4.3683
196  3.9337  0.6575 2.8348  5.4585
197  6.3833  1.0451 4.6312  8.7984
211  1.1983  0.3794 0.6443  2.2288
212  1.8349  0.5456 1.0245  3.2862
229  0.2025  0.1736 0.0378  1.0863
242 410−≤  0.0046 410−≤  4> 10
301  1.5878  0.1776 1.2753  1.9769
312  2.5763  0.5371 1.7122  3.8765
313  2.4611  0.3966 1.7946  3.3751
316  11.1606  8.6802 2.4303  51.2519
317  5.7183  2.6031 2.3430  13.9556
319  3.4061  1.8843 1.1517  10.0730
324  2.4947  1.4298 0.8113  7.6713
325  2.5000  2.0917 0.4850  12.8859
390  1.3424  0.6322 0.5334  3.3789
401  3.0249  0.3469 2.4159  3.7874
502  1.4549  0.1551 1.1805  1.7930
503  1.6471  0.1265 1.4168  1.9147
506  34.1334  34.6491 4.6678  249.5989
512  1.9624  0.4509 1.2509  3.0786
604 410−≤  0.0083 410−≤  4> 10
735  0.0003  0.0175 410−≤  4> 10
795  4.9241  2.3841 1.9063  12.7192


  
 
Table 37.  Using model 3,3M , species-specific MLEs of ρ  for spring stations, standard 
errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1  2.8608  2.0304  0.7118  11.4975
13  1.8505  0.5173  1.0698  3.2007
14  5.9391  2.4168  2.6751  13.1857
15  1.2022  0.0777  1.0591  1.3647
21  1.9999  2.4493  0.1813  22.0546
22  2.9580  0.8306  1.7061  5.1287
23  3.8220  0.5790  2.8402  5.1432
26  5.1269  0.5933  4.0865  6.4322
27  2.3152  0.6706  1.3123  4.0844
28  3.4404  0.9729  1.9764  5.9886
31  0.4219  0.3779  0.0729  2.4414
32  2.2870  0.3352  1.7160  3.0480
33  1.5226  0.1823  1.2042  1.9253
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34  1.7838  0.3421  1.2250  2.5977
35  1.4109  0.3710  0.8426  2.3623
36  1.0000  1.0000  0.1409  7.0990
43  0.1397  0.0557  0.0639  0.3053
46  0.4999  0.3535  0.1250  1.9990
56  0.3729  0.1826  0.1429  0.9735
60 410−≤  0.0003 410−≤  ∞
72  6.2829  0.5166  5.3477  7.3815
73  1.8237  0.3440  1.2601  2.6395
74  1.6242  0.2162  1.2513  2.1083
75  0.7154  0.2947  0.3191  1.6039
76  2.4621  0.4548  1.7142  3.5364
77  3.9588  0.4600  3.1526  4.9712
78  3.8388  0.5004  2.9733  4.9562
79  5.6666  2.5095  2.3788  13.4982
83  3.5674  1.3137  1.7334  7.3417
84  5.9998  4.5825  1.3428  26.8077
87 410−≤  0.0046 410−≤  4> 10


101  1.5001  0.7907  0.5339  4.2151
102  2.0744  0.1880  1.7367  2.4776
103  3.2255  0.3202  2.6552  3.9184
104  4.3138  0.5467  3.3650  5.5301
105  2.3470  0.3558  1.7437  3.1589
106  2.6603  0.5376  1.7903  3.9531
107  2.7920  0.4468  2.0403  3.8206
108  3.3110  0.3875  2.6323  4.1647
109  13.6362  2.9164  8.9669  20.7369
112  1.5000  1.3693  0.2506  8.9770
113  0.2781  0.1425  0.1019  0.7592
117  1.8790  0.5552  1.0530  3.3531
121  1.3900  0.2568  0.9677  1.9967
131  1.4873  0.2195  1.1137  1.9862
135  6.3031  4.2225  1.6957  23.4302
139  0.8382  0.1506  0.5894  1.1921
141  2.1230  0.6841  1.1289  3.9923
143  3.2797  1.0660  1.7345  6.2015
155  1.2914  0.2848  0.8382  1.9897
156  2.4734  0.5127  1.6475  3.7132
158  8.5437  6.9046  1.7529  41.6433
161  2.0466  1.1724  0.6659  6.2901
163  3.5603  0.3325  2.9648  4.2754
164  1.4811  0.2231  1.1025  1.9897
165  0.5536  0.3447  0.1634  1.8760
171  6.5218  1.2372  4.4966  9.4591
172  3.4168  1.2391  1.6786  6.9552
173  2.2859  0.5182  1.4658  3.5648
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176 4> 10 4> 10 410−≤  4> 10
177 4> 10 4> 10 410−≤  4> 10
180 410−≤  0.0090 410−≤  4> 10
181  0.1982  0.0718  0.0975  0.4032
191  7.0020  7.4864  0.8613  56.9255
192  8531.3091 4> 10 410−≤  4> 10
193  5.0708  0.9632  3.4945  7.3581
194  1.3561  0.4620  0.6956  2.6440
196  5.5000  4.2279  1.2191  24.8139
197  9.1588  1.9292  6.0610  13.8399
212 410−≤  0.0022 410−≤  4> 10
229  0.3333  0.3849  0.0347  3.2044
242  0.9135  0.8797  0.1384  6.0316
301  1.5709  0.2363  1.1698  2.1095
310  2.9884  2.7498  0.4922  18.1422
312  1.7653  0.6882  0.8222  3.7903
313  3.3425  0.6397  2.2970  4.8638
316  11.0932  8.8249  2.3329  52.7485
317  2.0735  0.8970  0.8881  4.8412
319  9.8997  3.4832  4.9674  19.7293
324 410−≤  0.0055 410−≤  4> 10
325 4> 10 4> 10 410−≤  4> 10
390  5.9988  6.4789  0.7223  49.8191
401  3.9653  0.6027  2.9437  5.3415
502  2.3699  0.5140  1.5493  3.6252
503  2.0342  0.2454  1.6059  2.5769
506  15.3243  4.2855  8.8581  26.5109
512  1.3137  0.3598  0.7680  2.2470
604 4> 10  162.2621 4> 10  4> 10
795  0.6664  0.4302  0.1880  2.3616


  
 
Table 38.  Using model 3,3M , species-specific MLEs of ρ  for fall stations, standard 
errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1  0.6950  0.2636 0.3304  1.4618
13  1.1217  0.2036 0.7859  1.6010
14  2.3272  0.9230 1.0697  5.0632
15  1.2041  0.0988 1.0252  1.4142
21  1.9998  2.4492 0.1813  22.0537
22  4.8087  0.8990 3.3334  6.9368
23  3.2596  0.3616 2.6226  4.0513
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26  9.8461  1.0220 8.0337  12.0675
27  5.8405  1.6760 3.3280  10.2497
28  6.0872  1.9646 3.2337  11.4587
31  1.3166  0.2823 0.8648  2.0044
32  2.0004  0.2356 1.5880  2.5198
33  2.2538  0.4238 1.5590  3.2582
34  1.6540  0.6771 0.7415  3.6896
35  1.6097  0.6110 0.7650  3.3871
36  5.2643  3.6160 1.3698  20.2311
43  0.3130  0.1072 0.1600  0.6125
46  19.3589  24.6500 1.5960  234.8158
56  0.9153  0.2937 0.4880  1.7168
60 5769.0540 4> 10 410−≤  4> 10
72  4.3543  0.2848 3.8303  4.9499
73  2.6801  0.4994 1.8601  3.8615
74  1.8158  0.2433 1.3964  2.3611
75  0.7936  0.2337 0.4457  1.4133
76  2.1533  0.2430 1.7261  2.6863
77  2.6621  0.2493 2.2157  3.1983
78  3.5995  0.4136 2.8737  4.5087
79  2.6645  1.5171 0.8729  8.1335
83  10.8322  4.6433 4.6757  25.0952
84  1.5998  0.9157 0.5210  4.9120
87  1.1666  0.6490 0.3921  3.4713


101  0.6416  0.3091 0.2495  1.6497
102  2.1595  0.1635 1.8617  2.5050
103  2.4054  0.2634 1.9408  2.9813
104  3.3516  0.3081 2.7989  4.0133
105  2.3664  0.2069 1.9937  2.8087
106  2.6440  0.3833 1.9901  3.5128
107  3.2565  0.5127 2.3919  4.4336
108  2.6965  0.3802 2.0453  3.5549
109  4.0346  0.7872 2.7525  5.9138
112  3.5384  1.1118 1.9114  6.5504
117  5.5658  3.4267 1.6652  18.6029
121  1.7046  0.4837 0.9775  2.9726
131  1.9352  0.1717 1.6262  2.3028
135  1.1841  0.1853 0.8712  1.6092
139  1.5000  1.3697 0.2505  8.9814
141  4.9773  1.0940 3.2352  7.6574
143  2.8004  0.3726 2.1575  3.6349
155  1.4189  0.1874 1.0952  1.8381
156  3.3421  1.2684 1.5884  7.0319
158  5.5003  4.2283 1.2191  24.8167
161  4.5732  1.9563 1.9774  10.5767
163  3.1141  0.3044 2.5711  3.7717
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164  2.1762  0.3262 1.6222  2.9195
165  2.6998  1.0147 1.2925  5.6396
171  2.8000  0.5634 1.8874  4.1538
172  3.1678  0.8410 1.8826  5.3303
173  2.9981  2.4476 0.6053  14.8507
176  2.5434  1.2293 0.9863  6.5588
177  3.5000  2.8063 0.7271  16.8484
180  0.9996  1.4137 0.0625  15.9819
181  0.4688  0.1485 0.2520  0.8720
191  3.3488  2.5625 0.7474  15.0048
192  2.0008  1.7329 0.3664  10.9255
193  3.6198  0.7206 2.4504  5.3475
194  2.6614  0.6894 1.6018  4.4219
196  3.9339  0.6593 2.8325  5.4638
197  6.3228  1.0693 4.5389  8.8078
212  1.8341  0.5453 1.0241  3.2847
229  0.0269  0.0232 0.0049  0.1462
242 410−≤  0.0078 410−≤  4> 10
301  1.5863  0.1787 1.2720  1.9783
310  5.8334  2.5777 2.4535  13.8692
312  2.7398  0.5568 1.8397  4.0803
313  2.5113  0.4079 1.8266  3.4528
316  6.0918  4.3666 1.4949  24.8251
317  7.1695  3.5321 2.7299  18.8293
319  2.2604  1.3280 0.7146  7.1497
324  2.4946  1.4298 0.8112  7.6711
325  2.5001  2.0917 0.4850  12.8861
390  1.5554  0.6645 0.6732  3.5935
401  3.1657  0.3580 2.5364  3.9512
502  1.4481  0.1569 1.1710  1.7908
503  1.6636  0.1242 1.4372  1.9257
506  34.4235  36.8451 4.2245  280.5019
512  1.9724  0.4687 1.2381  3.1423
604 410−≤  0.0009 410−≤   247.0034
795  6.8297  3.5406 2.4725  18.8657


  
 
Table 39.  Tests of relationships of Henry B. Bigelow gear covariates with calibration 
factor assuming beta-binomial models. 
 
  Tow Distance Net Opening Door Spread Wing Spread
  
Acadian Redfish 
  Coefficient -6.6084 -0.0226 -0.0673  0.0091
  St. Error  2.8213  0.0178  0.0659  0.1669
  z-value -2.3423 -1.2724 -1.0210  0.0547
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  p-value  0.0192  0.2032  0.3073  0.9564
  
American Plaice 
  Coefficient  0.0533  0.0133 -0.0020 -0.1114
  St. Error  1.3036  0.0094  0.0221  0.0612
  z-value  0.0409  1.4267 -0.0910 -1.8188
  p-value  0.9674  0.1537  0.9275  0.0689
  
Atlantic Cod 
  Coefficient -0.0140 -0.0059  0.0315  0.0782
  St. Error  3.3034  0.0185  0.0460  0.0910
  z-value -0.0043 -0.3210  0.6846  0.8592
  p-value  0.9966  0.7482  0.4936  0.3902
  
Atlantic Herring 
  Coefficient  6.2133  0.0359 -0.0272  0.0543
  St. Error  2.7625  0.0192  0.0287  0.0999
  z-value  2.2491  1.8629 -0.9501  0.5431
  p-value  0.0245  0.0625  0.3420  0.5871
  
Atlantic Mackerel 
  Coefficient  1.4955  0.0086  0.0132 -0.0250
  St. Error  4.7622  0.0292  0.0501  0.2091
  z-value  0.3140  0.2965  0.2627 -0.1198
  p-value  0.7535  0.7668  0.7928  0.9047
  
Pollock 
  Coefficient 12.1796  0.0242 -0.0482 -0.0607
  St. Error  6.0137  0.0351  0.0911  0.2072
  z-value  2.0253  0.6899 -0.5294 -0.2931
  p-value  0.0428  0.4902  0.5965  0.7694
  
Red Hake 
  Coefficient  0.3072 -0.0158 -0.0520 -0.0287
  St. Error  1.9508  0.0138  0.0329  0.1053
  z-value  0.1575 -1.1477 -1.5833 -0.2726
  p-value  0.8749  0.2511  0.1134  0.7851
  
Summer Flounder 
  Coefficient  2.9659  0.0453  0.0164 -0.2111
  St. Error  2.3606  0.0182  0.0371  0.1419
  z-value  1.2564  2.4854  0.4432 -1.4872
  p-value  0.2090  0.0129  0.6576  0.1370
  
White Hake 
  Coefficient -2.9794 -0.0036 -0.1134  0.0689
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  St. Error  2.6702  0.0163  0.0597  0.1631
  z-value -1.1158 -0.2231 -1.9004  0.4223
  p-value  0.2645  0.8235  0.0574  0.6728
  
Windowpane 
  Coefficient -2.5849 -0.0059  0.0062 -0.0961
  St. Error  2.3045  0.0172  0.0340  0.0951
  z-value -1.1217 -0.3451  0.1836 -1.0102
  p-value  0.2620  0.7300  0.8543  0.3124
  
Winter Skate 
  Coefficient -4.0194 -0.0139  0.0446 -0.1102
  St. Error  2.3553  0.0160  0.0327  0.1027
  z-value -1.7065 -0.8709  1.3662 -1.0726
  p-value  0.0879  0.3838  0.1719  0.2834
  
Yellowtail Flounder 
  Coefficient  0.3625 -0.0450 -0.0146  0.1554
  St. Error  2.2580  0.0117  0.0389  0.0835
  z-value  0.1605 -3.8559 -0.3758  1.8606
  p-value  0.8725  0.0001  0.7071  0.0628
  


 
Table 40.   Species code, vessel-specific mean catches ( )vW and mean fish weights ( )vw  


over all survey and site-specific stations. 
 


 SVSPP AW BW Aw  Bw
  


1  0.0046  0.0098  0.0605  0.0770
2  0.0000 40 < < 10x −   0.0150
3  0.0000  0.0283   2.9950
4  0.6392  1.2095  5.5685  7.8496
7 40 < < 10x −  0.0000  0.0060 
9  0.1860  0.0849  29.5750  6.7525


12  0.2163  0.0000  45.8467 
13  2.5640  2.5477  2.8164  2.6262
14  0.0210  0.0833  0.2052  0.1206
15  82.0444 105.3431  1.6266  1.5665
16  0.2218  0.6032  5.0383  5.8123
18  1.1041  0.8583  8.3593  4.7059
19  0.7168  0.5594  5.1223  2.9402
21  0.0648  0.0666  6.8667  10.5880
22  1.2199  3.4048  2.4867  2.0506
23  8.8696  27.4859  2.2279  2.0191
24  0.3617  2.1375  1.3069  1.2149
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25  0.0087  0.0601  0.1179  0.2012
26  4.4920  19.9635  0.4802  0.4533
27  0.1636  0.5571  0.3971  0.4031
28  0.2729  1.0046  0.8425  0.8057
29  0.0827  0.0131  5.2580  2.0900
30 40 < < 10x −  0.0000  0.0012 
31  1.7656  1.3522  0.0165  0.0188
32  1.3049  7.6232  0.0891  0.1085
33  0.3289  0.5054  0.0902  0.0750
34  0.0435  0.2560  0.0394  0.0647
35  0.0712  0.0556  0.3101  0.1329
36  0.0062  0.0352  0.2829  0.2800
43  0.3969  0.0303  0.0010  0.0016
44  0.0950  0.1530  0.0066  0.0091
46  0.0015  0.0030  0.0100  0.0179
56  0.0105  0.0071  0.0019  0.0029
60  0.0003  0.0002  0.0141  0.0585
63 40 < < 10x −  0.0000  0.0590 
65  0.0002  0.0000  0.0258 
66  0.0003  0.0000  0.0525 
67  0.0000 40 < < 10x −   0.0060
69  0.0067  0.0215  0.1845  0.2043
72  2.3373  11.7000  0.0716  0.0608
73  2.0224  3.8245  1.8323  1.4574
74  26.3929  35.7918  1.1151  1.0713
75  0.8446  1.4715  2.1147  0.3972
76  1.2384  2.4038  0.5792  0.5410
77  1.0219  3.5728  0.1328  0.1327
78  0.3967  1.0222  0.0423  0.0383
79  0.0018  0.0125  0.0643  0.0371
83  0.0023  0.0161  0.0491  0.0525
84  0.0186  0.0516  1.3128  0.9108
87  0.0003 40 < < 10x −  0.0024  0.0018
90  0.0002  0.0031  0.0144  0.0294
91  0.0002  0.0017  0.0545  0.0296
99  0.0014  0.0025  0.2963  0.1778


101  0.0772  0.1112  1.8189  2.3580
102  0.7723  1.3060  0.1844  0.1481
103  0.9754  2.0314  0.8338  0.8218
104  0.8698  2.2902  0.1740  0.1643
105  1.8534  3.9790  0.3652  0.3605
106  1.1304  2.1964  0.6093  0.5104
107  0.1384  0.4219  0.2286  0.2286
108  0.2347  0.4723  0.2009  0.1819
109  0.0343  0.5651  0.0116  0.0173
111 40 < < 10x − 40 < < 10x −  0.0095  0.0067
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112  0.0073  0.0211  0.2579  0.2127
113  0.0005  0.0003  0.0036  0.0064
114  0.0003  0.0007  0.0104  0.0159
115 40 < < 10x − 40 < < 10x −  0.0013  0.0020
116 40 < < 10x − 40 < < 10x −  0.0010  0.0030
117  0.0006  0.0069  0.0017  0.0079
118  0.0000  0.0002   0.0725
120  0.0000  0.0004   0.1350
121  0.9814  1.8438  0.1063  0.0777
124  0.0642  0.0011  0.1097  0.0871
126  0.0020  0.0270  0.0268  0.2722
127  0.0002 40 < < 10x −  0.0260  0.0600
129  0.0258  0.0131  0.0410  0.0433
131  2.1148  4.3396  0.0175  0.0236
132  0.0252  0.0183  0.1180  0.1212
133  0.0000  0.0007   0.0868
134  0.0015  0.0000  0.9270 
135  0.5918  0.4385  0.3501  0.2008
136  4.3283  4.2651  0.1226  0.1216
137  0.0001 40 < < 10x −  0.0365  0.0033
139  0.6724  0.4913  3.8878  4.3401
141  0.1046  0.2548  0.1272  0.1052
142  0.0027  0.0124  0.0311  0.0432
143  2.2873  3.0803  0.0388  0.0306
145  0.4972  1.4937  0.0842  0.1065
146  0.0048  0.0335  0.2019  0.1900
148  0.0002  0.0009  0.0523  0.0373
149  1.8537  4.1853  0.0692  0.0690
151  0.0010  0.0069  0.3330  0.4400
154 40 < < 10x −  0.0009  0.0030  0.1463
155  10.4352  11.3076  0.3073  0.2513
156  0.1081  0.2110  0.1252  0.0887
158  0.0004  0.0036  0.0435  0.0322
159 40 < < 10x −  0.0003  0.0031  0.0031
160 40 < < 10x −  0.0001  0.0020  0.0050
161  0.0016  0.0087  0.0086  0.0075
163  0.7454  2.2352  0.1677  0.1458
164  0.5221  0.7307  0.7006  0.5263
165  0.0001  0.0012  0.0013  0.0023
166  0.0000 40 < < 10x −   0.0066
168  0.0419  0.0555  1.4806  0.8818
170 40 < < 10x − 40 < < 10x −  0.0004  0.0050
171  0.2608  0.7822  0.0744  0.0539
172  0.0870  0.1731  0.2502  0.1445
173  0.0083  0.0194  0.1356  0.1232
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174 40 < < 10x −  0.0166  0.0012  0.0185
175  0.0000 40 < < 10x −   0.0030
176  0.0195  0.0396  0.4956  0.3599
177  0.0264  0.0111  2.4029  0.8862
179  0.0122  0.0198  0.7775  1.2615
180 40 < < 10x − 40 < < 10x −  0.0063  0.0030
181  0.0529  0.0554  0.0058  0.0023
183  0.0002  0.0000  0.0013 
184 40 < < 10x − 40 < < 10x −  0.0150  0.0265
186 40 < < 10x − 40 < < 10x −  0.0160  0.0110
187 40 < < 10x −  0.0004  0.0390  0.0311
188  0.0004  0.0033  0.0391  0.0284
190 40 < < 10x − 40 < < 10x −  0.0030  0.0040
191  0.0059  0.0051  0.5319  0.1163
192  0.0105  0.0458  0.6693  1.2140
193  0.2399  0.8347  0.2794  0.2390
194  0.0163  0.0563  0.0259  0.0344
195  0.0000 40 < < 10x −   0.0020
196  0.0030  0.0117  0.0391  0.0392
197  0.4121  2.9995  1.6587  1.8758
198  0.0024  0.0026  0.2164  0.1529
199  0.0000 40 < < 10x −   0.0036
201  0.0015  0.0029  0.0246  0.0293
202  0.0017  0.0074  0.2772  0.2488
203  0.0029  0.0000  0.4600 
204  0.0014  0.0105  0.1778  0.2028
205  0.0001  0.0093  0.0640  0.0514
206  0.0000  0.0001   0.0350
208 40 < < 10x − 40 < < 10x −  0.0017  0.0043
209  0.0140  0.0072  0.0322  0.0391
211  0.0320  0.0488  0.0227  0.0282
212  0.0155  0.0246  0.0200  0.0245
213 40 < < 10x − 40 < < 10x −  0.0480  0.0080
221  0.0002  0.0021  0.0032  0.0319
228  0.0000 40 < < 10x −   0.0090
229  0.0013  0.0004  0.0009  0.0018
232  0.0005  0.0009  0.0041  0.0051
239  0.0000 40 < < 10x −   0.0150
240 40 < < 10x −  0.0000  0.0058 
242  0.0002  0.0004  0.0032  0.0054
246  0.0000  0.0001   0.0118
249  0.0000 40 < < 10x −   0.0150
252 40 < < 10x −  0.0001  0.0030  0.0037
262 40 < < 10x − 40 < < 10x −  0.0025  0.0040
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263 40 < < 10x −  0.0021  0.0078  0.0186
270  0.0660  0.3792  5.2450  4.9212
301  1.3081  1.7425  1.2586  1.1027
302 40 < < 10x − 40 < < 10x −  0.0010  0.0021
307  0.0074  0.0184  0.0152  0.0060
310  0.0039  0.0214  0.2754  0.2474
311 40 < < 10x −  0.0019  0.0010  0.0119
312  0.0163  0.0749  0.1152  0.1557
313  0.0129  0.0606  0.0214  0.0216
314  0.0004  0.0028  0.1175  0.1262
316  0.0039  0.0106  0.2230  0.0079
317  0.0015  0.0038  0.0316  0.0182
318  0.0665  0.4986  1.0843  1.6264
319  0.0002  0.0055  0.0016  0.0031
320  0.0019  0.0167  0.0065  0.0059
321  0.0010  0.0101  0.0415  0.0349
322  0.0037  0.0341  0.0020  0.0051
323 40 < < 10x −  0.0004  0.0120  0.0163
324  0.0024  0.0069  0.1402  0.1901
325  0.0005  0.0066  0.1080  0.1622
327 40 < < 10x −  0.0000  0.0040 
339 40 < < 10x − 40 < < 10x −  0.0090  0.0500
360  0.3066  0.1359  2.4374  2.6191
364  0.0000  0.0057   3.6400
375  1.5375  1.0493  13.2143  11.3108
376  0.1130  0.4316  3.2663  3.2295
378  0.0000  0.0722   22.9600
380  0.1417  0.0126  18.0240  7.9900
384  0.0000  0.0008   0.1325
388  0.0000  0.0007   0.1058
390  0.0021  0.0106  0.1099  0.1877
396  0.0000  0.0008   0.1232
401  1.5619  3.5634  0.0635  0.0465
421 40 < < 10x −  0.0002  0.0013  0.0028
425  0.0001 40 < < 10x −  0.0260  0.0110
428  0.0278  0.1543  0.0453  0.0507
429  0.0042  0.0044  0.0130  0.0172
435  0.0073  0.0451  0.0416  0.0731
437 40 < < 10x −  0.0000  0.0122 
438 40 < < 10x −  0.0000  0.0040 
439  0.0060  0.0278  0.0579  0.0545
444  0.0001  0.0006  0.0370  0.0397
446  0.0000 40 < < 10x −   0.0010
449 40 < < 10x − 40 < < 10x −  0.0032  0.0062
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451 40 < < 10x − 40 < < 10x −  0.0005  0.0050
452  0.0000  0.0001   0.0084
457  0.0000  0.0012   0.0577
458 40 < < 10x − 40 < < 10x −  0.0070  0.0060
459  0.0003 40 < < 10x −  0.0508  0.0200
461 40 < < 10x −  0.0014  0.0036  0.0259
462 40 < < 10x −  0.0000  0.0020 
465 40 < < 10x − 40 < < 10x −  0.0160  0.0315
471  0.0000  0.0012   0.0569
489  0.0047  0.0047  0.2996  0.1096
490 40 < < 10x − 40 < < 10x −  0.0170  0.0070
492 40 < < 10x −  0.0000  0.0010 
501  0.0002  0.0005  0.0027  0.0273
502  0.4253  0.5843  0.0532  0.0544
503  3.6981  5.5323  0.0131  0.0177
504  0.0003  0.0002  0.0050  0.0058
506  0.0005  0.0101  0.0064  0.0064
508  0.0000 40 < < 10x −   0.0070
509  0.0000  0.0007   0.0038
510  0.0000  0.0014   0.1433
511  0.0000 40 < < 10x −   0.0310
512  0.0071  0.0118  0.0244  0.0234
516  0.0001 40 < < 10x −  0.0070  0.0400
517 40 < < 10x −  0.0004  0.0010  0.0492
526  0.0000  0.0002   0.0208
527  0.0000  0.0007   0.0362
530  0.0004  0.0010  0.2450  0.0901
538  0.0000  0.0002   0.1300
541  0.0000  0.0002   0.0565
546  0.0000  0.0005   0.1090
551  0.0000 40 < < 10x −   0.0050
552 40 < < 10x − 40 < < 10x −  0.0010  0.0105
556 40 < < 10x −  0.0000  0.0010 
557 40 < < 10x −  0.0000  0.0020 
563  0.0538  0.0450  11.4067  14.3050
564  0.0000  0.0005   0.3000
567  0.0006  0.0002  0.1377  0.0625
568  0.0003  0.0003  0.1040  0.2000
570  0.0006  0.0009  0.1223  0.1400
573  0.0104  0.0024  0.0549  0.0517
579  0.0002  0.0000  0.1000 
596  0.0002 40 < < 10x −  0.0337  0.0300
599 40 < < 10x −  0.0000  0.0089 
604  0.0001  0.0003  0.0213  0.0273
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616 40 < < 10x −  0.0001  0.0015  0.0415
617  0.0000 40 < < 10x −   0.0010
621  0.0000  0.0113   2.3933
625 40 < < 10x − 40 < < 10x −  0.0140  0.0010
627  0.0005  0.0000  0.0222 
631  0.0111  0.0132  3.5300  2.8067
640  0.0154  0.0134  0.0511  0.0080
646  0.0013  0.0000  0.1042 
648  0.0000 40 < < 10x −   0.0080
651  0.0460  0.1153  0.0883  0.0760
652  0.1702  0.3117  0.1244  0.1215
654  0.0157  0.0000  9.9800 
657 40 < < 10x −  0.0004  0.0185  0.0164
659  0.0113  0.0014  0.2002  0.1492
694  0.0014  0.0027  0.0610  0.0531
700  0.0023  0.0000  1.4600 
726  0.0002  0.0005  0.0392  0.0590
735  0.0003  0.0030  0.0510  0.0655
739 40 < < 10x −  0.0000  0.0010 
744  0.0102  0.0000  2.1533 
745  0.0480  0.0563  0.2441  0.2754
749  0.0000  0.0008   0.1600
754 40 < < 10x −  0.0001  0.0180  0.0160
759  0.0010  0.0013  0.0303  0.0153
760  0.0000 40 < < 10x −   0.0025
761  0.0000 40 < < 10x −   0.0150
762 40 < < 10x −  0.0000  0.0057 
763  0.0000 40 < < 10x −   0.0050
764 40 < < 10x −  0.0004  0.0060  0.0250
766 40 < < 10x −  0.0000  0.0030 
768 40 < < 10x −  0.0006  0.0035  0.0315
769  0.0002  0.0000  0.0398 
773 40 < < 10x −  0.0002  0.0010  0.0040
780 40 < < 10x −  0.0000  0.0027 
786 40 < < 10x −  0.0000  0.0070 
789  0.0000  0.0002   0.1340
793  0.0020  0.0171  0.0904  0.0929
794 40 < < 10x −  0.0000  0.0009 
795  0.0001  0.0052  0.0011  0.0103
820  0.0002  0.0022  0.0310  0.0350
830  0.0000  0.0006   0.0365
832  0.0002  0.0000  0.0495 
833  0.0003  0.0000  0.0415 
843  0.0003  0.0000  0.0620 
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849  0.0000 40 < < 10x −   0.0120
852  0.0007  0.0008  0.0023  0.0071
856 40 < < 10x −  0.0001  0.0040  0.0140
857  0.0000  0.0034   0.7233
858  0.0000  0.0041   0.1305
860  0.0000  0.0028   1.8000
861  0.0000  0.0002   0.0513
862  0.0000 40 < < 10x −   0.0170
865  0.0110  0.0029  0.0012  0.0080
866 40 < < 10x −  0.0001  0.0053  0.0108
869 40 < < 10x −  0.0000  0.0030 
873  0.0000  0.0002   0.0550
876  0.0000  0.0001   0.0198
878  0.0000 40 < < 10x −   0.0075
880  0.0000 40 < < 10x −   0.0100
896  0.0004  0.0002  0.0118  0.0128
910  0.0006  0.0004  0.0063  0.0095
950  0.1887  0.4736  60.0000  60.2400


  
 
Table 41.   Species code, vessel-specific mean catches ( )vW and mean fish weights ( )vw  


over all spring survey stations. Species not caught and weighed by either vessel are 
omitted. 
 


 SVSPP AW BW Aw  Bw
  


1  0.0009  0.0092  0.0324  0.0530
2  0.0000 40 < < 10x −   0.0150
3  0.0000  0.0946   2.9950
4  0.9306  1.0322  4.6532  4.4573
9  0.0000  0.2306   6.2600


12  0.7239  0.0000  45.8467 
13  2.7053  3.2185  2.7053  2.7422
14  0.0232  0.1176  0.2444  0.2569
15 111.3772 158.1095  1.7511  1.6982
16  0.3667  0.6903  3.8711  3.1988
18  0.3339  0.1194  9.0629  11.3400
19  0.0038  0.0019  0.7200  0.3600
21  0.0343  0.1862  6.5200  17.6850
22  1.7924  2.2944  2.4858  1.4062
23  7.1234  31.7072  1.6668  1.6216
24  0.3179  2.5099  1.5487  1.4321
25  0.0141  0.0834  0.1118  0.2141
26  9.1400  25.4598  0.4785  0.4328
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27  0.3044  0.5439  0.3592  0.4763
28  0.1859  0.7348  1.2180  1.1635
29  0.1033  0.0440  4.9050  2.0900
30 40 < < 10x −  0.0000  0.0010 
31  0.0095  0.0017  0.0283  0.0250
32  0.9136  8.9585  0.0400  0.0944
33  0.4419  0.8686  0.0598  0.0543
34  0.0819  0.3421  0.0478  0.0423
35  0.0748  0.0534  0.2734  0.1470
36  0.0096  0.0018  0.3033  0.1700
43  0.0726  0.0235  0.0015  0.0021
44  0.0148  0.0000  0.0152 
46  0.0047  0.0001  0.0098  0.0067
56  0.0043  0.0008  0.0015  0.0021
60  0.0009  0.0000  0.0140 
63  0.0003  0.0000  0.0590 
69  0.0047  0.0206  0.1500  0.1777
72  1.2831  7.8710  0.0571  0.0419
73  1.9642  4.0931  1.9337  1.8472
74  14.1351  12.4165  0.8782  0.7941
75  1.2083  1.2824  2.5229  2.4124
76  1.0440  2.2806  0.5449  0.5221
77  0.6433  2.6447  0.1179  0.1105
78  0.2750  0.8442  0.0170  0.0154
79  0.0020  0.0061  0.0627  0.0341
83  0.0022  0.0115  0.0325  0.0445
84  0.0247  0.0313  2.3500  0.4958
87 40 < < 10x −  0.0000  0.0006 
90  0.0004  0.0058  0.0192  0.0275
99  0.0001  0.0083  0.0210  0.2617


101  0.0555  0.1644  1.7567  3.4700
102  0.2532  0.5347  0.1956  0.1973
103  0.6332  1.9411  0.9045  0.8597
104  0.7662  2.3373  0.1482  0.1459
105  1.2770  2.5520  0.3456  0.3305
106  1.6436  1.4531  0.7130  0.3927
107  0.1966  0.4306  0.2063  0.1826
108  0.1793  0.5151  0.2129  0.1973
109  0.0136  0.2075  0.0128  0.0139
111  0.0000 40 < < 10x −   0.0075
112  0.0033  0.0025  0.3100  0.1583
113  0.0016  0.0011  0.0037  0.0064
114  0.0005  0.0023  0.0206  0.0159
116  0.0000 40 < < 10x −   0.0030
117  0.0013  0.0106  0.0013  0.0063
118  0.0000  0.0008   0.0725
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120  0.0000  0.0010   0.1900
121  2.3939  5.6868  0.1000  0.0758
126  0.0024  0.0029  0.0106  0.0195
127  0.0000  0.0003   0.0600
131  1.7376  4.3799  0.0235  0.0372
135  0.0362  0.1883  2.2933  1.8832
136  1.9832  0.6243  0.1088  0.0995
139  1.3725  1.2561  3.8350  4.1868
141  0.0597  0.3277  0.1956  0.3082
142  0.0003  0.0010  0.0510  0.0462
143  0.7071  0.4957  0.1410  0.0721
145  0.1790  3.2618  0.0883  0.1283
146  0.0064  0.0060  0.2042  0.1892
148  0.0008  0.0025  0.0523  0.0600
149  0.0431  1.9744  0.0438  0.0704
154 40 < < 10x −  0.0031  0.0030  0.1463
155  7.6420  10.5762  0.3645  0.3274
156  0.2989  0.4181  0.1475  0.0915
158  0.0005  0.0098  0.0215  0.0395
160 40 < < 10x −  0.0004  0.0020  0.0050
161  0.0011  0.0062  0.0062  0.0067
163  0.7497  2.0888  0.1727  0.1448
164  0.7342  0.8013  0.9300  0.6952
165  0.0001  0.0002  0.0010  0.0032
168  0.0000  0.0168   0.6390
170  0.0000  0.0001   0.0050
171  0.3345  0.7423  0.0944  0.0728
172  0.0728  0.2097  0.2712  0.0953
173  0.0199  0.0460  0.1350  0.1367
174  0.0001  0.0003  0.0013  0.0026
176  0.0000  0.0022   0.0820
177  0.0000  0.0054   1.0200
179  0.0000  0.0259   1.6383
180 40 < < 10x −  0.0000  0.0040 
181  0.0606  0.0046  0.0096  0.0140
184 40 < < 10x −  0.0000  0.0060 
188 40 < < 10x −  0.0002  0.0040  0.0350
190 40 < < 10x −  0.0000  0.0030 
191  0.0005  0.0072  0.1000  0.0806
192  0.0000  0.0122   0.7733
193  0.2567  0.9661  0.5480  0.2752
194  0.0183  0.0349  0.0272  0.0345
196  0.0004  0.0016  0.0400  0.0282
197  0.1917  2.7266  1.4572  2.2622
199  0.0000  0.0001   0.0036
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201 40 < < 10x − 40 < < 10x −  0.0060  0.0150
202  0.0015  0.0000  0.1465 
206  0.0000  0.0004   0.0350
208  0.0000 40 < < 10x −   0.0050
211 40 < < 10x −  0.0000  0.0030 
212  0.0001  0.0000  0.0022 
221  0.0002  0.0018  0.0022  0.0345
229  0.0012  0.0010  0.0010  0.0020
232  0.0014  0.0017  0.0052  0.0039
239  0.0000  0.0002   0.0150
242 40 < < 10x −  0.0013  0.0053  0.0053
262 40 < < 10x −  0.0000  0.0010 
263 40 < < 10x −  0.0006  0.0050  0.0220
301  1.3818  1.3164  1.4040  1.1369
307  0.0110  0.0072  0.0178  0.0059
310  0.0059  0.0256  0.3763  0.2859
311  0.0000  0.0065   0.0121
312  0.0080  0.0404  0.1271  0.1671
313  0.0119  0.0605  0.0137  0.0159
316 40 < < 10x −  0.0023  0.0027  0.0030
317  0.0029  0.0049  0.0392  0.0319
318  0.1396  0.9037  0.8840  1.5469
319  0.0004  0.0097  0.0016  0.0022
320 40 < < 10x −  0.0143  0.0015  0.0061
321  0.0008  0.0010  0.0360  0.0273
322  0.0003  0.0005  0.0135  0.0086
323  0.0000  0.0005   0.0200
324  0.0017  0.0000  0.3240 
325  0.0000  0.0070   0.1663
327 40 < < 10x −  0.0000  0.0040 
339 40 < < 10x −  0.0003  0.0090  0.0500
360  0.0559  0.0000  2.1240 
375  2.4036  0.0271  26.8635  1.7133
376  0.0034  0.0010  0.6400  0.1950
378  0.0000  0.2417   22.9600
380  0.3375  0.0421  16.0300  7.9900
384  0.0000  0.0028   0.1325
388  0.0000  0.0007   0.1250
390  0.0006  0.0044  0.0400  0.1050
401  1.3737  2.9768  0.0738  0.0344
421 40 < < 10x − 40 < < 10x −  0.0010  0.0034
425  0.0003 40 < < 10x −  0.0280  0.0150
435  0.0099  0.0367  0.0483  0.0812
437  0.0002  0.0000  0.0095 
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438 40 < < 10x −  0.0000  0.0040 
439  0.0008  0.0117  0.0513  0.0718
446  0.0000 40 < < 10x −   0.0010
449 40 < < 10x −  0.0003  0.0055  0.0062
451  0.0000  0.0002   0.0050
457  0.0000  0.0003   0.0500
459  0.0000  0.0001   0.0200
461 40 < < 10x − 40 < < 10x −  0.0010  0.0150
489  0.0122  0.0082  0.4640  0.3875
490  0.0000 40 < < 10x −   0.0050
501  0.0003  0.0000  0.0032 
502  0.0253  0.0604  0.0254  0.0283
503  1.8441  3.8634  0.0101  0.0143
504  0.0009  0.0005  0.0050  0.0059
506  0.0014  0.0306  0.0061  0.0063
509  0.0000  0.0015   0.0038
510  0.0000  0.0003   0.0120
512  0.0085  0.0115  0.0238  0.0240
516  0.0004  0.0002  0.0070  0.0400
517 40 < < 10x −  0.0000  0.0010 
527  0.0000  0.0025   0.0362
530  0.0013  0.0012  0.2450  0.1125
551  0.0000 40 < < 10x −   0.0050
564  0.0000  0.0016   0.3000
596  0.0000  0.0002   0.0300
604  0.0000  0.0003   0.0500
621  0.0000  0.0378   2.3933
631  0.0372  0.0434  3.5300  4.1250
640  0.0042  0.0203  0.0296  0.0039
651  0.0520  0.0008  0.0668  0.0290
652  0.0130  0.0373  0.1769  0.0730
659  0.0002  0.0007  0.0430  0.1250
726  0.0000  0.0010   0.0950
735  0.0008  0.0012  0.0510  0.0440
739 40 < < 10x −  0.0000  0.0010 
754  0.0000  0.0004   0.0160
759 40 < < 10x −  0.0029  0.0015  0.0139
760  0.0000 40 < < 10x −   0.0025
761  0.0000  0.0003   0.0150
763  0.0000 40 < < 10x −   0.0050
764  0.0000  0.0014   0.0250
768  0.0002  0.0019  0.0035  0.0308
769 40 < < 10x −  0.0000  0.0075 
773  0.0000  0.0006   0.0058
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780 40 < < 10x −  0.0000  0.0027 
793  0.0005  0.0339  0.0910  0.1111
795 40 < < 10x −  0.0029  0.0011  0.0109
843  0.0003  0.0000  0.0600 
852 40 < < 10x −  0.0009  0.0050  0.0129
856  0.0000  0.0004   0.0140
857  0.0000  0.0061   1.1500
866  0.0000  0.0003   0.0110
880  0.0000 40 < < 10x −   0.0100
896 40 < < 10x −  0.0000  0.0100 
910  0.0020  0.0013  0.0063  0.0092
950  0.6316  1.1579  60.0000  55.0000


  
 
Table 42.   Species code, vessel-specific mean catches ( )vW and mean fish weights ( )vw  


over all fall survey stations. Species not caught and weighed by either vessel are omitted. 
 


 SVSPP AW BW Aw  Bw
  


1  0.0060  0.0053  0.0601  0.0891
4  0.9151  2.2834  6.5623 10.6137
7 40 < < 10x −  0.0000  0.0060 
9  0.4713  0.0406 29.5750 10.2000


13  3.4020  3.0877  2.8463  2.4920
14  0.0232  0.0569  0.1877  0.0554
15 30.4859 44.2472  1.1338  1.1392
16  0.2844  1.0058  7.1392 10.0984
18  2.5448  2.0845  8.2953  4.5896
19  1.8134  1.4159  5.1724  2.9617
21  0.0029  0.0278  0.7200  3.4910
22  1.0375  3.8492  2.2069  2.0383
23 10.2822 22.2387  2.9665  2.4590
24  0.6690  3.5162  1.2347  1.1229
25  0.0114  0.0892  0.1243  0.1929
26  1.5556 13.8563  0.4949  0.4430
27  0.0412  0.2999  0.3693  0.4135
28  0.1106  0.5468  1.5420  1.1342
29  0.1313  0.0000  5.4933 
31  4.4661  3.4247  0.0164  0.0188
32  1.2795  2.8548  0.1385  0.1351
33  0.2134  0.3639  0.1484  0.1292
34  0.0058  0.0120  0.0762  0.0796
35  0.0914  0.0620  0.4412  0.1525
36  0.0062  0.0879  0.2600  0.2829







 176


43  0.9090  0.0590  0.0010  0.0015
44  0.2296  0.3876  0.0064  0.0091
46  0.0001  0.0057  0.0280  0.0625
56  0.0229  0.0173  0.0020  0.0030
60  0.0000  0.0004   0.1070
65  0.0004  0.0000  0.0258 
66  0.0008  0.0000  0.0525 
67  0.0000 40 < < 10x −   0.0060
69  0.0133  0.0390  0.1967  0.2173
72  2.2965 12.7646  0.0817  0.0816
73  0.8068  2.1512  1.9853  1.3601
74 10.1132 14.6056  1.0885  0.8924
75  0.8502  0.4128  3.0056  1.3283
76  1.5635  2.5055  0.7240  0.5944
77  0.7625  2.9176  0.1257  0.1416
78  0.6706  1.6126  0.0696  0.0721
79  0.0029  0.0245  0.0668  0.0364
83  0.0014  0.0142  0.0578  0.0548
84  0.0195  0.0274  0.9790  0.8600
87  0.0007  0.0002  0.0029  0.0018
90  0.0002  0.0035  0.0106  0.0321
91  0.0004  0.0043  0.0545  0.0296
99  0.0035  0.0001  0.4340  0.0100


101  0.1471  0.0997  2.3081  2.2755
102  0.7295  1.2478  0.1543  0.1209
103  0.9870  2.1082  0.7992  0.7112
104  0.8270  1.7786  0.1870  0.1707
105  2.2040  5.3736  0.3756  0.3812
106  0.9503  2.4633  0.5384  0.5258
107  0.1256  0.4320  0.2220  0.2236
108  0.3076  0.5848  0.1716  0.1595
109  0.0180  0.2368  0.0072  0.0156
111 40 < < 10x − 40 < < 10x −  0.0095  0.0050
112  0.0148  0.0400  0.2850  0.2184
114  0.0003  0.0000  0.0065 
115 40 < < 10x − 40 < < 10x −  0.0013  0.0020
117  0.0002  0.0071  0.0068  0.0090
120  0.0000  0.0003   0.0800
121  0.2044  0.1074  0.1951  0.1785
124  0.1626  0.0028  0.1097  0.0871
126  0.0033  0.0661  0.1660  0.4743
127  0.0004  0.0000  0.0260 
129  0.0654  0.0332  0.0410  0.0433
131  2.6094  5.2008  0.0175  0.0163
132  0.0639  0.0463  0.1180  0.1237
133  0.0000  0.0017   0.0868
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134  0.0037  0.0000  0.9270 
135  1.3341  0.8003  0.3195  0.1480
136  9.4662 10.3346  0.1251  0.1229
137  0.0003 40 < < 10x −  0.0365  0.0033
139  0.0456  0.0414  3.8133  3.4667
141  0.1593  0.2697  0.1028  0.0630
142  0.0067  0.0306  0.0308  0.0432
143  4.3545  6.1633  0.0341  0.0284
145  1.1244  1.3159  0.0837  0.0808
146  0.0072  0.0802  0.2004  0.1900
148  0.0000  0.0003   0.0114
149  4.6644  9.1104  0.0695  0.0688
151  0.0017  0.0030  0.4200  0.2533
154  0.0000  0.0000  
155 10.3366 10.8363  0.2763  0.2146
156  0.0392  0.1954  0.0652  0.0794
158  0.0007  0.0006  0.0875  0.0145
159  0.0001  0.0004  0.0031  0.0043
161  0.0019  0.0075  0.0070  0.0059
163  0.6575  1.7893  0.1669  0.1485
164  0.4352  0.7361  0.5489  0.4562
165  0.0001  0.0006  0.0013  0.0028
166  0.0000  0.0002   0.0066
168  0.0919  0.1273  1.5378  0.9987
170 40 < < 10x −  0.0000  0.0004 
171  0.3383  1.1967  0.0674  0.0521
172  0.1597  0.2623  0.2638  0.2172
173  0.0060  0.0137  0.1370  0.0982
174 40 < < 10x −  0.0418  0.0005  0.0191
175  0.0000 40 < < 10x −   0.0030
176  0.0327  0.0460  0.6833  0.4437
177  0.0159  0.0242  1.9900  0.8671
179  0.0310  0.0307  0.7775  1.1000
180 40 < < 10x − 40 < < 10x −  0.0060  0.0030
181  0.0036  0.0006  0.0054  0.0028
183  0.0005  0.0000  0.0013 
184 40 < < 10x −  0.0002  0.0240  0.0265
186 40 < < 10x − 40 < < 10x −  0.0160  0.0110
187  0.0002  0.0011  0.0390  0.0311
188  0.0011  0.0081  0.0450  0.0283
191  0.0076  0.0067  0.6370  0.1688
192  0.0168  0.0133  0.7033  0.8362
193  0.2296  0.6585  0.1757  0.1968
194  0.0218  0.1021  0.0263  0.0356
195  0.0000 40 < < 10x −   0.0020
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196  0.0073  0.0284  0.0408  0.0403
197  0.4542  2.1153  1.4432  1.2347
198  0.0060  0.0067  0.2164  0.1529
201  0.0038  0.0072  0.0251  0.0295
202  0.0033  0.0188  0.4080  0.2488
203  0.0073  0.0000  0.4600 
204  0.0035  0.0267  0.1778  0.2028
205  0.0003  0.0225  0.0640  0.0544
208 40 < < 10x − 40 < < 10x −  0.0018  0.0030
209  0.0355  0.0182  0.0322  0.0391
211  0.0809  0.1236  0.0229  0.0282
212  0.0387  0.0623  0.0229  0.0245
213  0.0002  0.0002  0.0480  0.0080
221  0.0005  0.0040  0.0036  0.0311
228  0.0000 40 < < 10x −   0.0090
229  0.0022 40 < < 10x −  0.0009  0.0013
232  0.0003  0.0011  0.0025  0.0078
240  0.0001  0.0000  0.0058 
242  0.0004  0.0000  0.0030 
246  0.0000  0.0003   0.0118
252 40 < < 10x −  0.0003  0.0030  0.0037
262  0.0002 40 < < 10x −  0.0026  0.0040
263 40 < < 10x −  0.0050  0.0120  0.0183
270  0.1672  0.9607  5.2450  4.9212
301  1.7286  2.5105  1.1823  1.0246
302 40 < < 10x − 40 < < 10x −  0.0010  0.0021
307  0.0104  0.0412  0.0136  0.0060
310  0.0054  0.0339  0.2250  0.2434
311 40 < < 10x − 40 < < 10x −  0.0010  0.0015
312  0.0186  0.0761  0.0991  0.1327
313  0.0184  0.0817  0.0263  0.0259
314  0.0009  0.0070  0.1175  0.1262
316  0.0097  0.0250  0.4874  0.0089
317  0.0010  0.0057  0.0320  0.0144
318  0.0628  0.5794  1.7520  1.7313
319  0.0001  0.0062  0.0016  0.0053
320  0.0048  0.0315  0.0065  0.0058
321  0.0019  0.0248  0.0435  0.0352
322  0.0092  0.0859  0.0020  0.0051
323 40 < < 10x −  0.0007  0.0120  0.0148
324  0.0036  0.0074  0.1508  0.1230
325  0.0013  0.0089  0.1080  0.1491
360  0.7346  0.3443  2.4583  2.6191
364  0.0000  0.0145   3.6400
375  2.0764  2.6382  9.1435 11.8250
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376  0.2837  1.0929  3.3914  3.2656
388  0.0000  0.0012   0.0993
390  0.0048  0.0097  0.1332  0.1740
396  0.0000  0.0020   0.1233
401  2.4987  6.0219  0.0572  0.0570
421 40 < < 10x −  0.0005  0.0014  0.0028
425 40 < < 10x −  0.0001  0.0220  0.0097
428  0.0704  0.3911  0.0453  0.0507
429  0.0107  0.0111  0.0130  0.0172
435  0.0108  0.0863  0.0377  0.0708
437 40 < < 10x −  0.0000  0.0230 
439  0.0146  0.0617  0.0583  0.0526
444  0.0003  0.0014  0.0370  0.0397
449 40 < < 10x −  0.0000  0.0010 
451 40 < < 10x −  0.0000  0.0005 
452  0.0000  0.0003   0.0094
457  0.0000  0.0028   0.0583
458 40 < < 10x − 40 < < 10x −  0.0070  0.0060
459  0.0008  0.0000  0.0508 
461 40 < < 10x −  0.0034  0.0040  0.0262
462 40 < < 10x −  0.0000  0.0020 
465  0.0001  0.0003  0.0160  0.0315
471  0.0000  0.0029   0.0569
489  0.0027  0.0056  0.1352  0.0612
490 40 < < 10x − 40 < < 10x −  0.0170  0.0090
492 40 < < 10x −  0.0000  0.0010 
501  0.0002  0.0012  0.0024  0.0273
502  0.6584  0.9496  0.0969  0.0798
503  5.1090  6.0577  0.0136  0.0191
504 40 < < 10x −  0.0002  0.0050  0.0056
506 40 < < 10x −  0.0012  0.0010  0.0087
508  0.0000 40 < < 10x −   0.0070
509  0.0000  0.0006   0.0040
510  0.0000  0.0032   0.8000
511  0.0000 40 < < 10x −   0.0060
512  0.0105  0.0144  0.0246  0.0242
526  0.0000  0.0004   0.0208
530  0.0000  0.0016   0.0812
538  0.0000  0.0005   0.1300
541  0.0000  0.0005   0.0565
546  0.0000  0.0013   0.1090
552 40 < < 10x − 40 < < 10x −  0.0010  0.0105
556 40 < < 10x −  0.0000  0.0010 
557 40 < < 10x −  0.0000  0.0020 
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563  0.1363  0.1140 11.4067 14.3050
567  0.0016  0.0005  0.1377  0.0625
568  0.0008  0.0008  0.1040  0.2000
570  0.0015  0.0022  0.1223  0.1400
573  0.0263  0.0060  0.0549  0.0517
579  0.0004  0.0000  0.1000 
596  0.0004  0.0000  0.0337 
599  0.0002  0.0000  0.0089 
604 40 < < 10x −  0.0000  0.0010 
616  0.0000  0.0003   0.0415
617  0.0000 40 < < 10x −   0.0010
625 40 < < 10x − 40 < < 10x −  0.0140  0.0010
627  0.0011  0.0000  0.0222 
631  0.0000  0.0007   0.1700
640  0.0359  0.0186  0.0546  0.0562
646  0.0033  0.0000  0.1042 
648  0.0000 40 < < 10x −   0.0080
651  0.0771  0.2916  0.1058  0.0762
652  0.4213  0.7615  0.1235  0.1245
654  0.0398  0.0000  9.9800 
657  0.0001  0.0009  0.0185  0.0164
659  0.0285  0.0031  0.2047  0.1540
694  0.0036  0.0068  0.0610  0.0531
700  0.0058  0.0000  1.4600 
726  0.0006  0.0004  0.0392  0.0350
735  0.0002  0.0000  0.0510 
744  0.0257  0.0000  2.1533 
745  0.1216  0.1426  0.2441  0.2754
749  0.0000  0.0019   0.1600
754 40 < < 10x −  0.0000  0.0180 
759  0.0024  0.0011  0.0375  0.0190
762  0.0003  0.0000  0.0057 
764 40 < < 10x −  0.0000  0.0060 
766 40 < < 10x −  0.0000  0.0030 
768  0.0000  0.0002   0.0400
769  0.0006  0.0000  0.0720 
773 40 < < 10x − 40 < < 10x −  0.0010  0.0005
786 40 < < 10x −  0.0000  0.0070 
789  0.0000  0.0005   0.1340
793  0.0047  0.0176  0.0903  0.0751
794 40 < < 10x −  0.0000  0.0009 
795  0.0002  0.0108  0.0013  0.0107
820  0.0005  0.0056  0.0310  0.0358
830  0.0000  0.0015   0.0365
832  0.0004  0.0000  0.0495 
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833  0.0007  0.0000  0.0415 
843  0.0005  0.0000  0.0630 
849  0.0000 40 < < 10x −   0.0120
852  0.0017  0.0014  0.0023  0.0058
856 40 < < 10x −  0.0000  0.0040 
857  0.0000  0.0041   0.5100
858  0.0000  0.0104   0.1305
860  0.0000  0.0072   1.8000
861  0.0000  0.0006   0.0513
862  0.0000 40 < < 10x −   0.0170
865  0.0280  0.0072  0.0012  0.0080
866 40 < < 10x − 40 < < 10x −  0.0053  0.0100
869 40 < < 10x −  0.0000  0.0030 
873  0.0000  0.0004   0.0550
876  0.0000  0.0003   0.0198
878  0.0000 40 < < 10x −   0.0075
896  0.0009  0.0005  0.0119  0.0128
910  0.0000  0.0001   0.0117
950  0.0000  0.3235  81.2000


  
 
Table 43.   Species code, vessel-specific mean catches ( )vW and mean fish weights ( )vw  


over all site-specific stations. Species not caught and weighed by either vessel are 
omitted. 
 


 SVSPP AW BW Aw  Bw
  


1  0.0064  0.0161  0.0690  0.0954
13  1.3476  1.1991  2.9526  2.8172
14  0.0160  0.0837  0.1950  0.1737
15 119.8289 132.5712  1.7642  1.6863
21  0.1742  0.0000  8.4900 
22  0.8969  3.9146  3.0682  2.8064
23  8.7529  30.1270  2.0080  2.1978
24  0.0087  0.0000  1.7000 
26  3.7429  22.4693  0.4767  0.4877
27  0.1840  0.9009  0.4915  0.3660
28  0.5665  1.8567  0.6948  0.6559
30 40 < < 10x −  0.0000  0.0012 
31  0.0008  0.0002  0.0400  0.0370
32  1.7190  12.4600  0.1259  0.1137
33  0.3673  0.3336  0.1288  0.1205
34  0.0547  0.4861  0.0298  0.1007
35  0.0416  0.0495  0.1932  0.1016
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36  0.0030  0.0000  0.2900 
43  0.0536 40 < < 10x −  0.0024  0.0025
46  0.0000  0.0024   0.0057
56  0.0005 40 < < 10x −  0.0016  0.0020
60  0.0002 40 < < 10x −  0.0150  0.0100
72  3.4168  14.0604  0.0706  0.0579
73  3.6439  5.7167  1.7458  1.3099
74  59.2915  85.8382  1.1965  1.1813
75  0.4829  3.0186  1.0236  0.2704
76  1.0096  2.3930  0.4336  0.4975
77  1.7246  5.3207  0.1441  0.1400
78  0.1628  0.4358  0.0670  0.0878
79  0.0002  0.0034  0.0460  0.0554
83  0.0036  0.0231  0.0640  0.0556
84  0.0114  0.1024  1.1100  1.2475
87 40 < < 10x −  0.0001  0.0012  0.0018


101  0.0084  0.0743  0.3280  1.4480
102  1.3331  2.1326  0.2112  0.1661
103  1.2939  2.0204  0.8383  0.9874
104  1.0258  2.9029  0.1840  0.1766
105  1.9637  3.5742  0.3636  0.3459
106  0.8622  2.5772  0.5623  0.5857
107  0.0981  0.4006  0.3086  0.3242
108  0.1949  0.2857  0.2857  0.2371
109  0.0756  1.3360  0.0139  0.0184
112  0.0016  0.0148  0.1060  0.2057
113 40 < < 10x −  0.0000  0.0025 
116 40 < < 10x −  0.0000  0.0010 
117  0.0004  0.0029  0.0101  0.0142
121  0.6053  0.3343  0.1115  0.0949
131  1.8459  3.1918  0.0142  0.0435
132  0.0000 40 < < 10x −   0.0020
135  0.1777  0.2165  1.4442  3.2469
139  0.7971  0.3253  3.9856  5.2867
141  0.0778  0.1647  0.1997  0.1216
143  1.1660  1.6302  0.0503  0.0387
151  0.0013  0.0187  0.2460  0.5200
155  13.2837  12.6268  0.3151  0.2511
156  0.0108  0.0293  0.1615  0.2194
158  0.0000  0.0015   0.0214
159 40 < < 10x −  0.0005  0.0030  0.0024
161  0.0017  0.0126  0.0196  0.0103
163  0.8545  2.9519  0.1645  0.1445
164  0.4274  0.6550  0.6667  0.4932
165  0.0001  0.0030  0.0019  0.0022
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168  0.0184  0.0006  1.1943  0.0397
171  0.0892  0.2877  0.0586  0.0369
172  0.0071  0.0227  0.0766  0.1078
173  0.0000  0.0007   0.1400
176  0.0215  0.0679  0.3222  0.3397
177  0.0658  0.0000  2.5680 
180 40 < < 10x −  0.0000  0.0090 
181  0.1090  0.1753  0.0048  0.0022
183 40 < < 10x −  0.0000  0.0010 
190  0.0000 40 < < 10x −   0.0040
191  0.0088  0.0010  0.5707  0.1990
192  0.0127  0.1204  0.6183  1.3806
193  0.2367  0.9335  0.3579  0.2549
194  0.0073  0.0182  0.0218  0.0273
196 40 < < 10x − 40 < < 10x −  0.0005  0.0010
197  0.5725  4.4034  2.0674  2.3985
205  0.0000  0.0013   0.0226
211 40 < < 10x −  0.0000  0.0014 
212  0.0007  0.0000  0.0024 
229  0.0003  0.0004  0.0015  0.0016
242  0.0000 40 < < 10x −   0.0090
249  0.0000  0.0002   0.0150
301  0.6948  1.1691  1.2663  1.3410
310  0.0000  0.0012   0.0760
312  0.0215  0.1069  0.1350  0.1796
313  0.0067  0.0334  0.0306  0.0247
316  0.0000 40 < < 10x −   0.0024
317  0.0007  0.0003  0.0178  0.0137
319  0.0000  0.0003   0.0059
320  0.0000 40 < < 10x −   0.0020
324  0.0016  0.0130  0.0782  0.3159
325  0.0000  0.0033   0.2170
380  0.1333  0.0000  26.0000 
390  0.0000  0.0179   0.2487
401  0.5396  0.9704  0.0918  0.0326
435  0.0003  0.0000  0.0620 
452  0.0000 40 < < 10x −   0.0010
502  0.5149  0.6245  0.0315  0.0354
503  3.6884  6.4819  0.0142  0.0187
506  0.0002  0.0014  0.0105  0.0067
511  0.0000  0.0003   0.0560
512  0.0014  0.0089  0.0269  0.0211
517  0.0000  0.0013   0.0492
604  0.0004  0.0009  0.0280  0.0240
616 40 < < 10x −  0.0000  0.0015 
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735  0.0000  0.0086   0.0700
795 40 < < 10x −  0.0002  0.0008  0.0030
820  0.0000 40 < < 10x −   0.0010


  
 
Table 44.   Likelihood ratio test statistics comparing weight models in Table 4 where the 
weights are assumed to be gamma random variables, by species (SVSPP code).  Tests 
were not possible where values are missing.  Species where all tests were not possible are 
omitted. 
 


 SVSPP 1M  to 2M 2M  to 3M
 


1  16.388  25.658
2  0.012  0.174
3 3< 10−


4 3< 10−  6.553
7  3.527 3< 10−


9 3< 10−  27.301
12 3< 10−


13  84.522  3.528
14  28.733  91.025
15 331.916 103.216
16  16.994
18  29.857
19 3< 10−  53.487
21  9.371  46.846
22  41.575  20.938
23  73.854  86.413
24  24.771  23.413
25 3< 10−  3.011
26  41.613  8.399
27  10.505  14.793
28  36.512  3.457
29 3< 10−  1.473
30  24.368  0.633
31 839.900
32 426.488 397.384
33 144.616  76.246
34  63.926  30.881
35  15.722  20.106
36  23.892  10.362
43  71.543  71.916
44  30.683
46  23.080  43.490
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56  47.496  13.935
60  49.487
63  0.422
65 3< 10− 3< 10−


66  0.924  0.014
67  3.527 3< 10−


69 3< 10−  62.245
72  12.262 170.961
73  10.534  12.636
74  55.501  35.207
75 111.725  17.051
76  25.047  4.734
77  56.020  78.562
78 133.953 627.414
79  35.143  2.203
83  12.571  5.697
84  7.680  12.524
87  5.374  13.660
90 3< 10−  9.658
91 3< 10− 3< 10−


99  49.304
101  15.247  3.498
102  78.461  92.536
103  44.664  31.533
104  65.211  27.593
105  5.823  64.136
106  13.254  21.346
107  80.063  12.555
108  31.631  32.624
109  38.136  38.440
111  39.194
112  37.313  20.641
113  28.055
114  28.738
115  1.061
116  1.026
117  47.825  25.389
118 3< 10−  0.328
120 3< 10−  42.778
121  44.150 158.787
124 3< 10−


126 3< 10−  49.792
127  8.241
129 3< 10−


131 276.361 111.293
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132  65.272  4.182
133 3< 10− 3< 10−


134 3< 10−


135 118.725  51.201
136  52.511
137  2.206
139  5.223  10.413
141  31.310  79.331
142 3< 10−  53.753
143  13.790 102.668
145 3< 10−  63.181
146  18.767
148  32.161
149  61.717
151  57.051  10.963
154  35.908
155  5.563  75.088
156  36.635  19.406
158  3.336  18.936
159  38.785
160  1.971
161  34.162  6.908
163  36.006  3.625
164  53.657  88.248
165  17.918  16.714
166 3< 10− 3< 10−


168  5.978  1.387
170 3< 10−


171 127.770  32.949
172  21.736  35.351
173  28.052  1.741
174 3< 10−  66.821
175 3< 10−


176  4.335  3.599
177  24.940  27.852
179 3< 10−  4.482
180  25.207  45.960
181 174.132  54.337
183  22.466  1.733
184  53.774
186  0.425
187  1.929
188 3< 10−  59.675
190  1.660
191  26.458  41.244







 187


192  5.442  25.861
193  22.261  76.680
194  42.306  3.093
195  0.012 3< 10−


196  87.484  8.198
197  63.434  55.682
198 3< 10− 3< 10−


199  1.973
201  56.565
202 3< 10−  27.720
203 3< 10− 3< 10−


204 3< 10−


205  26.101
206 3< 10−


208  1.721  45.174
209 3< 10−


211  16.220  30.237
212  63.446  36.059
213  0.168
221 3< 10−  17.810
228 3< 10−


229  14.927  34.618
232  19.230
239 3< 10−


240 3< 10−


242  34.511  1.613
246 3< 10− 3< 10−


249  1.594 3< 10−


252 3< 10− 3< 10−


262  27.023
263 3< 10−  6.473
270 3< 10−


301  77.470  35.507
307  21.399
310  2.102  7.836
311  1.544
312  7.420  4.578
313  25.730  41.647
314 3< 10−


316  27.089  33.591
317  2.909  8.939
318  7.527
319  20.462  17.917
320  29.210  6.300
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321 3< 10−  6.550
322  46.784
323  0.601  20.513
324  10.933  24.410
325  26.380  7.029
327  1.988
339  10.491
360  0.516
364 3< 10−


375  21.545
376  57.865
378 3< 10−


380  11.557  26.990
384  0.422
388  38.764
390  5.296  32.291
396 3< 10−


401  50.198  60.001
421  4.628
425 3< 10−  71.837
428 3< 10−


429 3< 10−


435  29.738  3.630
437  50.107
438  2.539
439 3< 10−  10.161
444  1.656
446  2.549
449 3< 10−  45.538
451  21.586
452  28.344  1.321
457 3< 10−  26.673
458  1.550  0.422
459  2.674  0.166
461 3< 10−  54.477
462  0.012 3< 10−


465 3< 10−


471 3< 10− 3< 10−


489  40.659
490  0.187  27.973
492  2.549 3< 10−


501 3< 10−  2.882
502 353.926 133.193
503  38.777  23.038
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504 3< 10−  1.042
506  4.967  37.938
508  0.594 3< 10−


509  2.669
510 3< 10−  42.498
511  43.905 3< 10−


512  4.531  8.799
516  1.000
526  0.910 3< 10−


527 3< 10−


530  0.276  25.368
538  2.619 3< 10−


541 3< 10−


546 3< 10− 3< 10−


551 3< 10−  1.266
552  2.117  0.539
556  2.549 3< 10−


557  0.012 3< 10−


563 3< 10− 3< 10−


564  1.089  2.965
567 3< 10−


568 3< 10−


570 3< 10−


573 3< 10−


579 3< 10− 3< 10−


596  0.670
599 3< 10−


604  61.102  1.018
617  2.549 3< 10−


625  9.752
627 3< 10− 3< 10−


631  0.450  40.322
640 3< 10− 122.923
646 3< 10−


648 3< 10−


651 3< 10−  48.632
652 3< 10−  11.461
654  0.613
659  53.302
694 3< 10− 3< 10−


700  1.105 3< 10−


726  0.964  43.771
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735  11.045  20.716
739  9.680
744 3< 10−


745 3< 10− 3< 10−


749  0.062
754  3.574
759  28.093
760  0.812  0.594
762 3< 10−


763  18.875
766  1.178 3< 10−


768  44.458
769 3< 10−  48.424
773  10.631
780  2.438
786  0.594 3< 10−


789 3< 10−


793  28.940
794 3< 10−


795  33.488  22.718
820  29.562  0.556
830 3< 10−


832 3< 10− 3< 10−


833 3< 10−


843 3< 10−  35.408
849  1.234 3< 10−


852 3< 10−  43.277
856  5.400
857 3< 10−  45.039
858 3< 10−


860 3< 10−


861 3< 10− 3< 10−


862  1.148 3< 10−


865 3< 10−


866 3< 10−  36.433
869  1.178 3< 10−


873  0.766
876 3< 10− 3< 10−


880  1.365
896 3< 10−  24.063
910  0.834  24.282
950  32.430
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Table 46.   P-values for likelihood ratio test statistics comparing weight models in Table 
4 where the weights are assumed to be gamma random variables, by species (SVSPP 
code). Tests were not possible where values are missing.  Species where all tests were not 
possible are omitted. 
 


 SVSPP 1M  to 2M 2M  to 3M
 


1 0.0025 4< 10−


2 1.0000 0.9964
3 1.0000
4 1.0000 0.1615
7 0.4738 1.0000
9 1.0000 4< 10−


12 1.0000
13 4< 10− 0.4736
14 4< 10− 4< 10−


15 4< 10− 4< 10−


16 0.0019
18 4< 10−


19 1.0000 4< 10−


21 0.0525 4< 10−


22 4< 10− 0.0003
23 4< 10− 4< 10−


24 0.0001 0.0001
25 1.0000 0.5560
26 4< 10− 0.0780
27 0.0327 0.0052
28 4< 10− 0.4844
29 1.0000 0.8314
30 0.0001 0.9593
31 4< 10−


32 4< 10− 4< 10−


33 4< 10− 4< 10−


34 4< 10− 4< 10−


35 0.0034 0.0005
36 0.0001 0.0348
43 4< 10− 4< 10−


44 4< 10−


46 0.0001 4< 10−


56 4< 10− 0.0075
60 4< 10−


63 0.9806







 192


65 1.0000 1.0000
66 0.9211 1.0000
67 0.4738 1.0000
69 1.0000 4< 10−


72 0.0155 4< 10−


73 0.0323 0.0132
74 4< 10− 4< 10−


75 4< 10− 0.0019
76 4< 10− 0.3157
77 4< 10− 4< 10−


78 4< 10− 4< 10−


79 4< 10− 0.6985
83 0.0136 0.2229
84 0.1040 0.0139
87 0.2510 0.0085
90 1.0000 0.0466
91 1.0000 1.0000
99 4< 10−


101 0.0042 0.4782
102 4< 10− 4< 10−


103 4< 10− 4< 10−


104 4< 10− 4< 10−


105 0.2128 4< 10−


106 0.0101 0.0003
107 4< 10− 0.0137
108 4< 10− 4< 10−


109 4< 10− 4< 10−


111 4< 10−


112 4< 10− 0.0004
113 4< 10−


114 4< 10−


115 0.9004
116 0.9058
117 4< 10− 4< 10−


118 1.0000 0.9879
120 1.0000 4< 10−


121 4< 10− 4< 10−


124 1.0000
126 1.0000 4< 10−


127 0.0831
129 1.0000
131 4< 10− 4< 10−
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132 4< 10− 0.3819
133 1.0000 1.0000
134 1.0000
135 4< 10− 4< 10−


136 4< 10−


137 0.6979
139 0.2652 0.0340
141 4< 10− 4< 10−


142 1.0000 4< 10−


143 0.0080 4< 10−


145 1.0000 4< 10−


146 0.0009
148 4< 10−


149 4< 10−


151 4< 10− 0.0270
154 4< 10−


155 0.2342 4< 10−


156 4< 10− 0.0007
158 0.5032 0.0008
159 4< 10−


160 0.7411
161 4< 10− 0.1408
163 4< 10− 0.4591
164 4< 10− 4< 10−


165 0.0013 0.0022
166 1.0000 1.0000
168 0.2008 0.8465
170 1.0000
171 4< 10− 4< 10−


172 0.0002 4< 10−


173 4< 10− 0.7833
174 1.0000 4< 10−


175 1.0000
176 0.3626 0.4630
177 0.0001 4< 10−


179 1.0000 0.3447
180 4< 10− 4< 10−


181 4< 10− 4< 10−


183 0.0002 0.7847
184 4< 10−


186 0.9804
187 0.7488
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188 1.0000 4< 10−


190 0.7980
191 4< 10− 4< 10−


192 0.2449 4< 10−


193 0.0002 4< 10−


194 4< 10− 0.5424
195 1.0000 1.0000
196 4< 10− 0.0846
197 4< 10− 4< 10−


198 1.0000 1.0000
199 0.7407
201 4< 10−


202 1.0000 4< 10−


203 1.0000 1.0000
204 1.0000
205 4< 10−


206 1.0000
208 0.7869 4< 10−


209 1.0000
211 0.0027 4< 10−


212 4< 10− 4< 10−


213 0.9967
221 1.0000 0.0013
228 1.0000
229 0.0049 4< 10−


232 0.0007
239 1.0000
240 1.0000
242 4< 10− 0.8065
246 1.0000 1.0000
249 0.8099 1.0000
252 1.0000 1.0000
262 4< 10−


263 1.0000 0.1665
270 1.0000
301 4< 10− 4< 10−


307 0.0003
310 0.7170 0.0978
311 0.8188
312 0.1153 0.3334
313 4< 10− 4< 10−


314 1.0000
316 4< 10− 4< 10−
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317 0.5732 0.0626
318 0.1105
319 0.0004 0.0013
320 4< 10− 0.1778
321 1.0000 0.1617
322 4< 10−


323 0.9630 0.0004
324 0.0273 0.0001
325 4< 10− 0.1344
327 0.7380
339 0.0329
360 0.9719
364 1.0000
375 0.0002
376 4< 10−


378 1.0000
380 0.0210 4< 10−


384 0.9806
388 4< 10−


390 0.2583 4< 10−


396 1.0000
401 4< 10− 4< 10−


421 0.3276
425 1.0000 4< 10−


428 1.0000
429 1.0000
435 4< 10− 0.4584
437 4< 10−


438 0.6377
439 1.0000 0.0378
444 0.7987
446 0.6359
449 1.0000 4< 10−


451 0.0002
452 4< 10− 0.8578
457 1.0000 4< 10−


458 0.8177 0.9806
459 0.6138 0.9967
461 1.0000 4< 10−


462 1.0000 1.0000
465 1.0000
471 1.0000 1.0000
489 4< 10−


490 0.9959 4< 10−
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492 0.6359 1.0000
501 1.0000 0.5778
502 4< 10− 4< 10−


503 4< 10− 0.0001
504 1.0000 0.9034
506 0.2907 4< 10−


508 0.9637 1.0000
509 0.6147
510 1.0000 4< 10−


511 4< 10− 1.0000
512 0.3389 0.0663
516 0.9098
526 0.9231 1.0000
527 1.0000
530 0.9913 4< 10−


538 0.6235 1.0000
541 1.0000
546 1.0000 1.0000
551 1.0000 0.8671
552 0.7142 0.9696
556 0.6359 1.0000
557 1.0000 1.0000
563 1.0000 1.0000
564 0.8960 0.5637
567 1.0000
568 1.0000
570 1.0000
573 1.0000
579 1.0000 1.0000
596 0.9550
599 1.0000
604 4< 10− 0.9071
617 0.6359 1.0000
625 0.0448
627 1.0000 1.0000
631 0.9782 4< 10−


640 1.0000 4< 10−


646 1.0000
648 1.0000
651 1.0000 4< 10−


652 1.0000 0.0218
654 0.9616
659 4< 10−


694 1.0000 1.0000
700 0.8935 1.0000
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726 0.9152 4< 10−


735 0.0261 0.0004
739 0.0462
744 1.0000
745 1.0000 1.0000
749 0.9995
754 0.4667
759 4< 10−


760 0.9368 0.9637
762 1.0000
763 0.0008
766 0.8817 1.0000
768 4< 10−


769 1.0000 4< 10−


773 0.0310
780 0.6558
786 0.9637 1.0000
789 1.0000
793 4< 10−


794 1.0000
795 4< 10− 0.0001
820 4< 10− 0.9678
830 1.0000
832 1.0000 1.0000
833 1.0000
843 1.0000 4< 10−


849 0.8725 1.0000
852 1.0000 4< 10−


856 0.2487
857 1.0000 4< 10−


858 1.0000
860 1.0000
861 1.0000 1.0000
862 0.8866 1.0000
865 1.0000
866 1.0000 4< 10−


869 0.8817 1.0000
873 0.9429
876 1.0000 1.0000
880 0.8503
896 1.0000 0.0001
910 0.9338 0.0001
950 4< 10−
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Table 46.  AIC c  values for each of the weight models in Table 4 where the weights are 
assumed to be gamma random variables, by species (SVSPP code).  Fit was not possible 
where values are missing.  Species where all values are missing are omitted. 
 


 SVSPP 1M 2M 3M
 


1 -174.75 -181.26 -195.56
4  345.96  358.17  368.26
9  86.38


13 1048.44  972.66  978.37
14  183.21  164.53  85.24
15 7638.55 7314.77 7219.78
16  264.60  276.98  277.09
18  341.02  352.65  337.99
19  315.72  327.47  289.50
21  75.79  210.42
22 1458.34 1425.25 1413.11
23 3631.18 3565.56 3487.51
24  598.32  582.30  568.14
25  43.66  54.66  65.40
26 3703.83 3670.38 3670.25
27  496.49  494.59  488.82
28  761.00  733.17  738.85
29  64.82  208.82
31  230.02  979.04  149.35
32 2372.60 1954.32 1565.29
33  902.17  765.96  698.40
34  252.66  197.40  175.65
35  -0.37  -7.11  -17.55
36  8.80  3.33  32.45
43  114.22  52.27  -8.85
44  99.15  108.84  89.15
46  1.89  -2.77  -6.78
56 -309.65 -346.87 -348.61
60  -68.08  -67.29
69  15.08  34.62  17.98
72 4991.19 4987.04 4824.27
73 1678.23 1676.11 1672.16
74 3060.67 3013.46 2986.73
75  696.75  594.16  587.07
76 1890.77 1874.05 1877.85
77 1922.28 1874.42 1804.11
78 1940.02 1814.32 1195.31
79  -51.97  -74.73  -59.84
83 -258.20 -261.36 -256.58
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84  75.73  81.89  90.59
87 -161.50 -148.45 -122.63
90  -71.10  -52.68  -22.85
91  -6.67


101  148.18  147.11  165.90
102 1293.68 1223.52 1139.47
103 1617.82 1581.46 1558.42
104 1113.87 1056.87 1037.62
105 1049.78 1052.26  996.64
106 1463.99 1459.08 1446.29
107  537.50  465.87  462.02
108  409.72  386.44  362.40
109 -137.73 -167.55 -197.48
112  14.24  -8.08  -3.72
113  -43.70
114  -46.39
117 -336.52 -374.54 -388.70
121  768.17  732.57  582.71
124  -3.63  140.37
126  47.97  72.91  114.55
129  -45.42  -34.03  -19.39
131 3514.68 3246.48 3143.45
132 -172.19 -226.27 -216.29
135 1042.95  932.97  891.03
136  744.33  753.56  711.18
139  218.90  226.06  232.74
141  278.09  255.42  185.16
142  -30.22  -13.49  -35.66
143 1498.71 1493.35 1399.38
145  436.16  445.42  392.43
146  18.20  31.46  32.19
148  31.67
149  627.68  636.78  584.95
151  29.19
155 1751.05 1753.90 1687.50
156  242.37  215.01  205.82
158  -36.66  -15.06  57.43
159 -145.25 -163.11 -108.68
161 -187.40 -210.80 -204.48
163 1214.86 1187.12 1191.93
164 1046.66 1001.35  921.66
165 -690.79 -699.17 -705.17
166  -41.88
168  66.20  72.27  87.11
170  -96.90  -23.57
171  325.86  206.50  182.22
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172  217.61  205.11  179.88
173  -19.87  -31.85  -4.68
174  -68.55  -53.55  -95.37
176  69.26  78.18  94.08
177  35.45
179  39.58  67.58  203.10
181 -360.58 -526.09 -571.39
187  -10.95
188 -110.42  -93.70 -121.78
191  -4.06  -12.09  -13.85
192  66.39  77.67  83.40
193  828.12  814.17  746.00
194 -162.91 -195.58 -187.78
196  -91.79 -168.27 -162.72
197 1896.20 1841.05 1793.85
198  1.92  34.28  325.48
201  -98.75  -82.02 -107.00
202  14.69  47.05  310.53
204  -8.55  135.45
205  -52.32  -50.42  90.35
209 -101.20  -89.16  -72.93
211  -58.22  -63.25  -79.33
212 -193.66 -246.87 -270.84
221 -188.20 -175.19 -174.22
229 -276.75 -278.90 -295.35
232 -122.14 -104.64  -88.87
242  -39.02
262  -39.34
263  -47.30  -8.30
270  82.25  226.25
301 1595.87 1526.69 1499.65
307 -116.95 -107.01 -116.91
310  8.01  25.45  63.21
311  -77.06
312 -114.99 -113.78 -109.31
313 -842.50 -859.86 -892.90
314  -21.35  28.94
316  -92.46 -104.05 -110.88
317 -273.52 -266.59 -264.24
318  226.28  236.51  241.07
319 -143.41 -151.83 -153.52
320 -224.26 -242.47 -235.02
321  -76.17  -61.61  -44.63
322  197.89  207.66  172.05
323  -77.27  66.13
324  -12.42  -7.29  -2.78
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325  3.04  120.66
360  146.15  160.33  182.11
375  292.16  305.42  303.37
376  134.48  154.03  141.76
390  -30.41  -23.50  -39.15
401 2210.98 2168.99 2117.32
421 -248.00 -234.74 -219.88
425  0.22
428  68.82  79.91  93.86
429  -57.43  -40.71  -9.12
435  3.65  -15.65  -6.75
439  -10.01  12.66  70.49
461  -34.75
489  -6.90  14.03  27.77
501  -68.84  -29.84
502  777.84  432.12  307.26
503 4668.43 4637.79 4622.98
504  -66.20  7.13
506 -590.22 -585.90 -613.59
512 -612.92 -608.65 -608.09
570  16.93
573  -26.97
604  -21.47
640  12.91  25.92  -78.22
651  48.60  60.98  29.44
652  111.53  122.15  123.61
657  -42.30
659  10.77  84.10
694  -81.89  -65.17  -33.58
735  -29.00
745  32.51  48.57  77.48
759  -92.10  -72.56  -55.05
773  -28.83
780 
793  -3.12  21.82  84.31
795 -193.10 -215.30 -223.62
820  -27.34  -17.90
852  -16.58
865  -14.53  129.47
896  -63.49  80.51


 
 
Table 47.  Using model 1M , species-specific gamma MLEs of mean weight ρ  across all 
stations, standard errors, and 95% confidence intervals. 
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 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1  1.2716  0.1512  1.0074  1.6053
4  1.4097  0.3599  0.8547  2.3250
9  0.2283  0.1237  0.0790  0.6601


13  0.9325  0.0918  0.7689  1.1309
14  0.5879  0.1074  0.4110  0.8409
15  0.9630  0.0276  0.9104  1.0187
16  1.1536  0.3238  0.6655  1.9999
18  0.5630  0.1668  0.3150  1.0061
19  0.5740  0.1585  0.3341  0.9862
21  1.5412  1.0539  0.4034  5.8877
22  0.8246  0.0952  0.6577  1.0339
23  0.9075  0.0385  0.8350  0.9863
24  0.9253  0.0390  0.8519  1.0049
25  1.7063  0.4272  1.0445  2.7873
26  0.9438  0.0232  0.8994  0.9905
27  1.0149  0.1079  0.8240  1.2499
28  0.9563  0.1234  0.7427  1.2315
29  0.3975  0.1463  0.1932  0.8176
31  1.1434  0.0430  1.0622  1.2307
32  1.2179  0.0940  1.0468  1.4168
33  0.8316  0.0716  0.7024  0.9846
34  1.6434  0.2078  1.2826  2.1057
35  0.4286  0.0590  0.3272  0.5615
36  0.9901  0.1464  0.7410  1.3228
43  1.5959  0.1412  1.3418  1.8982
44  1.3809  0.1175  1.1687  1.6316
46  1.7944  1.1794  0.4948  6.5072
56  1.5057  0.0815  1.3540  1.6743
60  4.1366  3.4820  0.7946  21.5346
69  1.1073  0.1859  0.7968  1.5389
72  0.8495  0.0401  0.7744  0.9318
73  0.7950  0.0588  0.6877  0.9191
74  0.9607  0.0359  0.8928  1.0338
75  0.1879  0.0295  0.1381  0.2557
76  0.9341  0.0829  0.7850  1.1115
77  0.9989  0.0431  0.9178  1.0871
78  0.9057  0.0843  0.7546  1.0871
79  0.5769  0.1666  0.3276  1.0160
83  1.0700  0.1532  0.8082  1.4167
84  0.6938  0.2070  0.3866  1.2451
87  0.7639  0.1732  0.4898  1.1915
90  2.0332  0.4910  1.2666  3.2639
91  0.5438  0.1797  0.2846  1.0393
99  0.5999  0.5281  0.1069  3.3682
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101  1.2964  0.5038  0.6053  2.7767
102  0.8032  0.0404  0.7277  0.8865
103  0.9857  0.0583  0.8778  1.1067
104  0.9444  0.0286  0.8900  1.0022
105  0.9872  0.0239  0.9415  1.0351
106  0.8377  0.0541  0.7381  0.9507
107  1.0000  0.0844  0.8475  1.1800
108  0.9056  0.0552  0.8036  1.0205
109  1.4788  0.1168  1.2668  1.7263
112  0.8246  0.4209  0.3032  2.2426
113  1.7541  0.1426  1.4957  2.0570
114  1.7843  0.7332  0.7974  3.9925
117  4.4955  0.7684  3.2157  6.2846
121  0.7309  0.0368  0.6622  0.8068
124  0.7943  0.1494  0.5494  1.1484
126 10.1510  6.0528  3.1547  32.6634
129  1.0582  0.1111  0.8614  1.3000
131  1.3524  0.0819  1.2011  1.5228
132  1.0271  0.2968  0.5830  1.8097
135  0.5733  0.1017  0.4049  0.8116
136  0.9925  0.0727  0.8598  1.1458
139  1.1163  0.1437  0.8675  1.4366
141  0.8275  0.1093  0.6388  1.0719
142  1.3885  0.2009  1.0457  1.8437
143  0.7897  0.0500  0.6974  0.8941
145  1.2648  0.0910  1.0984  1.4563
146  0.9407  0.2436  0.5663  1.5628
148  0.7134  0.3249  0.2922  1.7419
149  0.9965  0.0497  0.9037  1.0988
151  1.3213  0.3750  0.7576  2.3045
155  0.8177  0.0406  0.7418  0.9012
156  0.7088  0.1224  0.5053  0.9943
158  0.7391  0.3008  0.3329  1.6412
159  1.0161  0.1354  0.7825  1.3194
161  0.8765  0.1221  0.6671  1.1516
163  0.8695  0.0385  0.7972  0.9484
164  0.7513  0.0838  0.6038  0.9348
165  1.7736  0.1975  1.4259  2.2061
168  0.5957  0.2674  0.2471  1.4359
170 14.0903  5.0075  7.0213  28.2763
171  0.7252  0.0614  0.6142  0.8562
172  0.5773  0.0926  0.4215  0.7907
173  0.9089  0.2121  0.5752  1.4362
174 15.7228  3.9758  9.5782  25.8092
176  0.7263  0.2375  0.3826  1.3787
177  0.3688  0.1170  0.1981  0.6867







 204


179  1.6226  0.4471  0.9455  2.7844
181  0.3866  0.0255  0.3396  0.4400
187  0.8008  0.1012  0.6251  1.0258
188  0.7258  0.2158  0.4053  1.2999
191  0.2187  0.1048  0.0855  0.5597
192  1.8131  1.0290  0.5961  5.5145
193  0.8549  0.0674  0.7326  0.9977
194  1.3291  0.0801  1.1811  1.4957
196  1.0019  0.2510  0.6131  1.6372
197  1.1308  0.1540  0.8658  1.4768
198  0.7065  0.3742  0.2502  1.9949
201  1.1924  0.2397  0.8042  1.7681
202  0.8973  0.7038  0.1929  4.1740
204  1.1405  0.1359  0.9030  1.4406
205  0.8164  0.0759  0.6804  0.9796
209  1.2157  0.1000  1.0347  1.4283
211  1.2415  0.1574  0.9683  1.5918
212  1.2250  0.1259  1.0015  1.4984
221  9.9371  1.7639  7.0172  14.0719
229  1.9723  0.1440  1.7094  2.2757
232  1.2469  0.2373  0.8587  1.8107
242  1.6918  0.2737  1.2320  2.3231
262  1.5775  0.2213  1.1983  2.0768
263  2.3817  0.8435  1.1897  4.7681
270  0.9383  0.3810  0.4234  2.0796
301  0.8762  0.0523  0.7794  0.9850
307  1.6242  0.3865  1.0187  2.5895
310  0.8981  0.2909  0.4761  1.6943
311 11.7242  1.6723  8.8648  15.5058
312  1.3512  0.1890  1.0272  1.7774
313  1.0131  0.1110  0.8173  1.2559
314  1.0742  0.1786  0.7754  1.4879
316  2.6322  0.5193  1.7880  3.8748
317  0.5772  0.1874  0.3054  1.0908
318  1.4999  0.2172  1.1293  1.9920
319  1.9402  0.4200  1.2693  2.9657
320  0.9148  0.0795  0.7715  1.0847
321  0.8356  0.1504  0.5873  1.1890
322  2.5196  0.6228  1.5521  4.0902
323  1.3032  0.1617  1.0218  1.6621
324  1.3560  0.4477  0.7099  2.5901
325  1.5021  0.5879  0.6975  3.2348
360  1.0745  0.1545  0.8106  1.4244
375  0.8559  0.2492  0.4837  1.5146
376  0.9887  0.2835  0.5637  1.7342
390  1.7079  0.6062  0.8518  3.4244
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401  0.7317  0.0360  0.6645  0.8058
421  2.1905  0.5664  1.3196  3.6362
425  0.4231  0.1671  0.1951  0.9173
428  1.1191  0.1621  0.8425  1.4865
429  1.3209  0.2000  0.9817  1.7772
435  1.7575  0.4070  1.1163  2.7671
439  0.9402  0.1709  0.6584  1.3425
461  7.2471  2.6351  3.5535  14.7797
489  0.3657  0.1906  0.1317  1.0157
501  9.9912  4.6088  4.0455  24.6754
502  1.0215  0.0578  0.9142  1.1414
503  1.2904  0.0611  1.1760  1.4158
504  1.1539  0.2022  0.8185  1.6267
506  1.0059  0.0887  0.8462  1.1957
512  0.8987  0.0726  0.7671  1.0528
530  0.4739  0.2555  0.1647  1.3635
563  1.2541  0.3667  0.7071  2.2243
567  0.4540  0.5455  0.0431  4.7850
570  1.1444  0.2363  0.7636  1.7152
573  0.9416  0.0425  0.8618  1.0287
604  1.2823  0.7343  0.4174  3.9395
640  0.1559  0.0403  0.0939  0.2587
651  0.8601  0.0715  0.7309  1.0123
652  0.9765  0.0548  0.8748  1.0900
657  0.8880  0.1821  0.5941  1.3274
659  0.7450  0.1859  0.4568  1.2149
694  0.8709  0.1052  0.6872  1.1037
735  1.2847  0.1117  1.0833  1.5234
745  1.1283  0.0850  0.9734  1.3078
759  0.5040  0.2244  0.2106  1.2062
773  4.0399  1.8065  1.6817  9.7049
793  1.0286  0.2788  0.6047  1.7495
795  9.2615  1.7883  6.3433  13.5220
820  1.1279  0.8920  0.2394  5.3137
852  3.0712  0.7770  1.8705  5.0425
865  6.4699  0.3864  5.7552  7.2733
896  1.0863  0.2290  0.7186  1.6421


  
 
Table 48.  Using model 2M , species-specific gamma MLEs of mean weight ρ  for survey 
stations, standard errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1  1.1595 0.1860 0.8467  1.5879
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13  0.9305 0.1111 0.7363  1.1759
14  0.5091 0.1140 0.3282  0.7898
15  0.9804 0.0430 0.8996  1.0685
22  0.7588 0.1117 0.5687  1.0126
23  0.8307 0.0481 0.7416  0.9306
26  0.9077 0.0287 0.8531  0.9657
27  1.2412 0.1704 0.9483  1.6245
28  0.8560 0.2325 0.5027  1.4576
32  1.3943 0.1582 1.1163  1.7414
33  0.8776 0.0992 0.7031  1.0953
34  0.8757 0.1328 0.6505  1.1788
35  0.4207 0.0631 0.3135  0.5645
43  1.6385 0.0883 1.4743  1.8210
56  1.5013 0.0745 1.3621  1.6547
60  7.7380 4.0240 2.7924 21.4426
72  0.8644 0.0563 0.7609  0.9821
73  0.8254 0.0858 0.6732  1.0120
74  0.8782 0.0577 0.7721  0.9989
75  0.7095 0.1485 0.4708  1.0692
76  0.8628 0.1013 0.6854  1.0860
77  1.0372 0.0681 0.9121  1.1796
78  0.8792 0.0918 0.7165  1.0788
79  0.5634 0.0645 0.4502  0.7052
83  1.2438 0.2445 0.8462  1.8284
84  0.4680 0.1718 0.2279  0.9610
87  0.6907 0.1553 0.4445  1.0733


101  1.3037 0.4608 0.6521  2.6063
102  0.8276 0.0646 0.7101  0.9646
103  0.9214 0.0712 0.7919  1.0722
104  0.9323 0.0393 0.8584  1.0125
105  1.0013 0.0304 0.9433  1.0628
106  0.7613 0.0622 0.6487  0.8935
107  0.9562 0.0993 0.7802  1.1720
108  0.9472 0.0632 0.8311  1.0795
109  1.6693 0.1950 1.3277  2.0987
112  1.2553 0.6152 0.4804  3.2802
117  5.0851 0.7834 3.7598  6.8775
121  0.7310 0.0442 0.6493  0.8231
131  1.0928 0.0603 0.9808  1.2175
135  0.5289 0.0983 0.3675  0.7613
139  1.0826 0.1664 0.8010  1.4633
141  0.8869 0.1439 0.6453  1.2191
143  0.7915 0.0514 0.6970  0.8989
155  0.8310 0.0509 0.7370  0.9369
156  0.6954 0.1320 0.4794  1.0088
159  1.3640 0.1300 1.1316  1.6442
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161  0.9143 0.1111 0.7205  1.1603
163  0.8655 0.0383 0.7936  0.9440
164  0.7578 0.1166 0.5604  1.0246
165  2.5475 0.3768 1.9064  3.4042
168  0.6178 0.2660 0.2657  1.4365
171  0.7461 0.0792 0.6059  0.9187
172  0.5517 0.0939 0.3952  0.7701
176  0.5639 0.2245 0.2584  1.2305
181  0.9614 0.1747 0.6733  1.3727
191  0.2471 0.2048 0.0487  1.2539
192  1.1507 1.3000 0.1257 10.5337
193  0.9070 0.0921 0.7434  1.1067
194  1.3276 0.0953 1.1533  1.5282
196  1.0305 0.1696 0.7463  1.4229
197  1.1004 0.1992 0.7717  1.5691
229  2.1249 0.2011 1.7652  2.5580
301  0.8386 0.0624 0.7248  0.9703
312  1.3453 0.2287 0.9640  1.8773
313  1.0454 0.1289 0.8209  1.3312
317  0.5017 0.1816 0.2469  1.0198
324  0.7006 0.3017 0.3012  1.6293
401  0.7892 0.0431 0.7091  0.8782
502  0.8201 0.0622 0.7068  0.9517
503  1.3618 0.0829 1.2087  1.5343
506  1.0649 0.0927 0.8978  1.2630
512  0.9167 0.0804 0.7719  1.0887
795  8.2106 1.2395 6.1077 11.0374


  
 
Table 49.  Using model 2M , species-specific gamma MLEs of mean weight ρ  for site-
specific stations, standard errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1 1.3830 0.2101 1.0268  1.8627
13 0.9538 0.0575 0.8476  1.0735
14 0.8909 0.0804 0.7465  1.0632
15 0.9556 0.0211 0.9152  0.9978
22 0.9147 0.1683 0.6377  1.3120
23 1.0945 0.0611 0.9811  1.2210
26 1.0231 0.0384 0.9505  1.1012
27 0.7446 0.1247 0.5362  1.0338
28 0.9441 0.1199 0.7360  1.2109
32 0.9036 0.0258 0.8544  0.9556
33 0.9350 0.0903 0.7737  1.1298
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34 3.3814 0.6079 2.3772  4.8097
35 0.5258 0.1363 0.3163  0.8740
43 1.0277 0.0559 0.9237  1.1433
56 1.2433 0.0555 1.1391  1.3570
60 0.6488 0.5865 0.1103  3.8163
72 0.8212 0.0551 0.7200  0.9367
73 0.7503 0.0788 0.6108  0.9217
74 0.9874 0.0389 0.9140  1.0666
75 0.2642 0.0507 0.1813  0.3849
76 1.1472 0.1443 0.8966  1.4679
77 0.9715 0.0484 0.8811  1.0712
78 1.3111 0.2215 0.9415  1.8257
79 1.1904 0.2300 0.8152  1.7384
83 0.8692 0.1050 0.6860  1.1013
84 1.1239 0.3645 0.5952  2.1224
87 1.5041 0.6734 0.6255  3.6169


101 4.4154 4.2090 0.6816 28.6010
102 0.7864 0.0406 0.7107  0.8703
103 1.1779 0.0867 1.0198  1.3606
104 0.9597 0.0335 0.8963  1.0277
105 0.9512 0.0389 0.8779  1.0306
106 1.0416 0.1124 0.8430  1.2870
107 1.0504 0.0973 0.8761  1.2595
108 0.8298 0.0984 0.6577  1.0470
109 1.3220 0.1340 1.0838  1.6125
112 1.9566 0.2401 1.5384  2.4885
117 1.4025 0.4769 0.7202  2.7311
121 0.8512 0.0775 0.7121  1.0175
131 3.0651 0.4575 2.2877  4.1066
135 2.2484 0.4203 1.5586  3.2433
139 1.3264 0.2517 0.9144  1.9241
141 0.6091 0.1299 0.4011  0.9251
143 0.7681 0.1447 0.5309  1.1112
155 0.7968 0.0676 0.6748  0.9408
156 1.3584 0.5227 0.6390  2.8876
159 0.7938 0.0607 0.6834  0.9220
161 0.5253 0.1029 0.3578  0.7712
163 0.8786 0.0753 0.7428  1.0392
164 0.7397 0.1081 0.5555  0.9849
165 1.1316 0.1479 0.8760  1.4619
168 0.0332 0.0425 0.0027  0.4089
171 0.6299 0.0664 0.5123  0.7744
172 1.4075 0.4648 0.7369  2.6885
176 1.0543 0.4623 0.4464  2.4901
181 0.4572 0.0398 0.3854  0.5423
191 0.3360 0.1539 0.1370  0.8243
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192 2.2330 1.1800 0.7927  6.2905
193 0.7114 0.0889 0.5568  0.9089
194 1.2532 0.0612 1.1388  1.3790
196 2.0000 410−≤ 1.9999  2.0001
197 1.1601 0.2111 0.8121  1.6573
229 1.0591 0.1558 0.7937  1.4131
301 1.0590 0.0892 0.8978  1.2491
312 1.3310 0.3169 0.8346  2.1225
313 0.8066 0.1730 0.5297  1.2281
317 0.7746 0.6275 0.1583  3.7895
324 4.0373 1.4353 2.0113  8.1042
401 0.3547 0.0465 0.2743  0.4586
502 1.1222 0.0566 1.0166  1.2388
503 1.1429 0.0798 0.9967  1.3105
506 0.6395 0.1632 0.3878  1.0545
512 0.7829 0.1660 0.5167  1.1864
795 3.7239 0.5476 2.7914  4.9680


  
 
Table 50.  Using model 3M , species-specific gamma MLEs of mean weight ρ  for spring 
stations, standard errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1  1.6367 0.2678 1.1878  2.2554
13  1.0135 0.1725 0.7261  1.4148
14  1.0509 0.0970 0.8770  1.2595
15  0.9698 0.0439 0.8874  1.0598
22  0.5657 0.1487 0.3380  0.9469
23  0.9729 0.0629 0.8571  1.1044
26  0.9044 0.0351 0.8381  0.9760
27  1.3259 0.1877 1.0046  1.7500
28  0.9552 0.2770 0.5411  1.6863
31  0.8813 0.0441 0.7989  0.9721
32  2.3586 0.3877 1.7090  3.2552
33  0.9069 0.1134 0.7098  1.1587
34  0.8856 0.1472 0.6394  1.2265
35  0.5378 0.1074 0.3636  0.7955
43  1.4334 0.0974 1.2546  1.6376
56  1.4288 0.2218 1.0540  1.9369
72  0.7307 0.0826 0.5855  0.9118
73  0.9553 0.1350 0.7242  1.2600
74  0.9041 0.0617 0.7910  1.0335
75  0.9562 0.1623 0.6855  1.3337
76  0.9580 0.1608 0.6894  1.3313
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77  0.9376 0.0913 0.7748  1.1347
78  0.9073 0.1377 0.6739  1.2216
79  0.5605 0.3615 0.1583  1.9844
83  1.3705 0.3457 0.8359  2.2470
84  0.2110 0.0508 0.1316  0.3383


101  1.9752 1.1747 0.6157  6.3366
102  1.0085 0.0986 0.8327  1.2214
103  0.9505 0.0995 0.7741  1.1670
104  0.9844 0.0509 0.8895  1.0895
105  0.9563 0.0336 0.8927  1.0244
106  0.5508 0.0789 0.4160  0.7294
107  0.8851 0.1001 0.7092  1.1046
108  0.9269 0.1326 0.7002  1.2269
109  0.9618 0.1380 0.7261  1.2741
112  0.5129 0.0728 0.3884  0.6774
117  4.9618 0.7963 3.6227  6.7959
121  0.7582 0.0530 0.6611  0.8696
131  1.5840 0.1530 1.3109  1.9141
135  0.8211 0.2908 0.4102  1.6439
139  1.0918 0.1985 0.7645  1.5591
141  1.5754 0.5293 0.8155  3.0434
143  0.5108 0.1162 0.3271  0.7976
155  0.8982 0.0475 0.8098  0.9962
156  0.6204 0.1616 0.3723  1.0338
161  1.0782 0.2487 0.6861  1.6944
163  0.8386 0.0505 0.7453  0.9436
164  0.7475 0.0949 0.5829  0.9586
165  3.1670 0.7010 2.0523  4.8873
171  0.7709 0.1034 0.5927  1.0027
172  0.3515 0.1046 0.1961  0.6298
181  1.4626 0.3048 0.9721  2.2005
191  0.7908 0.0849 0.6407  0.9761
193  0.5022 0.0915 0.3514  0.7177
194  1.2684 0.1411 1.0199  1.5776
196  0.7302 0.5384 0.1721  3.0982
197  1.5525 0.3125 1.0463  2.3035
229  1.8750 0.0524 1.7749  1.9806
301  0.8098 0.0763 0.6732  0.9740
312  1.3146 0.5650 0.5662  3.0525
313  1.1559 0.2319 0.7801  1.7128
317  0.8099 0.4227 0.2912  2.2527
401  0.4666 0.0433 0.3890  0.5597
502  1.1126 0.1088 0.9184  1.3477
503  1.4062 0.1482 1.1438  1.7288
506  1.0315 0.0748 0.8948  1.1890
512  1.0091 0.1224 0.7956  1.2800
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795  9.6864 1.3900 7.3116 12.8325
  


 
Table 51.  Using model 3M , species-specific gamma MLEs of mean weight ρ  for fall 
stations, standard errors, and 95% confidence intervals. 
 


 SVSPP ρ ( )SE ρ ( )LCI ρ  ( )UCI ρ
  


1 1.4836 0.2459 1.0721  2.0529
13 0.8755 0.1408 0.6389  1.1999
14 0.2949 0.0938 0.1581  0.5501
15 1.0047 0.0774 0.8639  1.1684
22 0.9236 0.1592 0.6589  1.2947
23 0.8333 0.0680 0.7101  0.9780
26 0.8952 0.0520 0.7988  1.0032
27 1.1197 0.3637 0.5924  2.1165
28 0.7356 0.3606 0.2814  1.9227
31 1.1438 0.0186 1.1079  1.1808
32 0.9749 0.0305 0.9169  1.0367
33 0.8710 0.1224 0.6613  1.1472
34 1.0439 0.2858 0.6104  1.7851
35 0.3457 0.0781 0.2220  0.5382
43 1.5422 0.0682 1.4141  1.6818
56 1.4545 0.1087 1.2564  1.6838
72 0.9988 0.0679 0.8742  1.1411
73 0.6851 0.1029 0.5103  0.9196
74 0.8198 0.0840 0.6706  1.0023
75 0.4419 0.1594 0.2180  0.8960
76 0.8209 0.1298 0.6022  1.1191
77 1.1269 0.0940 0.9570  1.3271
78 1.0370 0.0487 0.9459  1.1369
79 0.5447 0.1517 0.3155  0.9402
83 0.9468 0.2420 0.5737  1.5625
84 0.8785 0.3974 0.3619  2.1321


101 0.9859 0.3834 0.4600  2.1129
102 0.7836 0.0816 0.6390  0.9609
103 0.8900 0.0980 0.7173  1.1043
104 0.9131 0.0553 0.8108  1.0282
105 1.0151 0.0461 0.9287  1.1095
106 0.9764 0.0918 0.8121  1.1741
107 1.0070 0.1772 0.7132  1.4217
108 0.9299 0.0564 0.8256  1.0473
109 2.1856 0.3564 1.5877  3.0086
112 0.7870 0.4747 0.2413  2.5667
117 1.3186 0.4398 0.6857  2.5353
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121 0.9150 0.0736 0.7815  1.0714
131 0.9342 0.0574 0.8282  1.0538
135 0.4633 0.0860 0.3219  0.6666
139 0.9090 0.1680 0.6328  1.3057
141 0.6133 0.1041 0.4397  0.8553
143 0.8329 0.0529 0.7355  0.9433
155 0.7767 0.0612 0.6656  0.9063
156 1.2175 0.2654 0.7943  1.8664
161 0.8390 0.1118 0.6461  1.0894
163 0.8898 0.0574 0.7841  1.0097
164 0.8311 0.2028 0.5151  1.3408
165 2.1936 0.5267 1.3701  3.5120
171 0.7731 0.1139 0.5791  1.0320
172 0.8238 0.1500 0.5765  1.1772
181 0.5108 0.0983 0.3504  0.7448
193 1.1196 0.0930 0.9514  1.3175
194 1.3538 0.1265 1.1272  1.6259
196 0.9800 0.1344 0.7491  1.2822
197 0.8556 0.2074 0.5321  1.3758
229 2.1931 0.0850 2.0327  2.3661
301 0.8667 0.0866 0.7125  1.0541
312 1.3387 0.2399 0.9422  1.9021
313 0.9873 0.1317 0.7601  1.2824
317 0.4511 0.2201 0.1733  1.1740
401 0.9954 0.0599 0.8847  1.1200
502 0.8234 0.0649 0.7056  0.9609
503 1.4115 0.1038 1.2221  1.6303
506 8.6615 1.2916 6.4664 11.6017
512 0.8616 0.1048 0.6788  1.0937
795 8.0468 1.7837 5.2113 12.4251


  
 
Table 52.  For each species, the numbers of total stations and stations during the spring 
and fall surveys where both vessels had catches ( )A B+ + . Species not present were 
observed by both vessels at fewer than 30 total stations. 
 
 Species SVSPP Total Stations Spring Stations Fall Stations
  
Smooth Dogfish 13 56 11 32 
Spiny Dogfish 15 342 113 85 
Barndoor Skate 22 56 11 20 
Winter Skate 23 177 50 53 
Clearnose Skate 24 48 21 27 
Little Skate 26 252 76 81 
Smooth Skate 27 50 12 13 
Thorny Skate 28 49 10 9 
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Round Herring 31 33 2 30 
Atlantic Herring 32 198 69 54 
Alewife 33 93 48 20 
Blueback Herring 34 49 31 5 
Silver Hake 72 407 99 140 
Atlantic Cod 73 94 27 22 
Haddock 74 160 33 42 
White Hake 76 128 26 55 
Red Hake 77 283 62 101 
Spotted Hake 78 161 59 73 
American Plaice 102 152 31 45 
Summer Flounder 103 146 51 63 
Fourspot Flounder 104 192 45 77 
Yellowtail Flounder 105 143 39 38 
Winter Flounder 106 131 23 49 
Witch Flounder 107 78 28 31 
Windowpane 108 108 43 44 
Gulf Stream Flounder 109 106 29 34 
Atlantic Mackerel 121 61 34 11 
Butterfish 131 278 54 149 
Bluefish 135 53 2 46 
Atlantic Croaker 136 42 5 37 
Black Sea Bass 141 45 7 23 
Scup 143 104 13 59 
Weakfish 145 37 6 31 
Spot 149 47 5 42 
Acadian Redfish 155 117 20 50 
Longhorn Sculpin 163 167 48 41 
Sea Raven 164 96 28 30 
Northern Searobin 171 82 23 30 
Northern Sand Lance 181 40 10 10 
Ocean Pout 193 100 32 23 
Goosefish 197 76 17 35 
American Lobster 301 116 32 57 
Atlantic Rock Crab 313 87 34 39 
Sea Scallop 401 204 52 80 
Northern Shortfin Squid 502 195 19 93 
Longfin Squid 503 346 74 165 
Spoonarm Octopus 512 34 13 19 
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Table 53.  For each species, the recommended type of estimator, resulting estimate, 
standard error based on data collected at all stations. These species were observed by 
both vessels at ≥ 30 total stations but <30 stations in either the fall or spring set of survey 
stations. 
 
Species SVSPP Estimator ρ  ( )SE ρ
   
Smooth Dogfish 13 Beta-binomial 1.161 0.153
Barndoor Skate 22 Beta-binomial 4.440 0.520
Clearnose Skate 24 Beta-binomial 6.689 0.839
Smooth Skate 27 Beta-binomial 4.384 0.627
Thorny Skate 28 Beta-binomial 3.792 0.540
Round Herring 31 Beta-binomial 1.227 0.252
Alewife 33 Beta-binomial 1.323 0.142
Blueback Herring 34 Beta-binomial 1.290 0.193
Atlantic Cod 73 Beta-binomial 1.987 0.194
White Hake 76 Beta-binomial 2.235 0.173
Winter Flounder 106 Beta-binomial 2.490 0.210
Witch Flounder 107 Beta-binomial 3.257 0.336
Gulf Stream Flounder 109 Beta-binomial 8.249 0.988
Atlantic Mackerel 121 Beta-binomial 1.188 0.157
Bluefish 135 Beta-binomial 1.160 0.165
Atlantic Croaker 136 Beta-binomial 1.134 0.204
Black Sea Bass 141 Beta-binomial 3.416 0.499
Scup 143 Ratio 1.705 0.198
Weakfish 145 Beta-binomial 1.577 0.267
Spot 149 Beta-binomial 1.541 0.247
Acadian Redfish 155 Beta-binomial 1.456 0.130
Sea Raven 164 Beta-binomial 1.802 0.158
Northern Searobin 171 Beta-binomial 4.494 0.502
Northern Sand Lance 181 Beta-binomial 0.570 0.087
Ocean Pout 193 Beta-binomial 4.575 0.450
Goosefish 197 Beta-binomial 7.129 0.793
Northern Shortfin Squid 502 Beta-binomial 1.380 0.103
Spoonarm Octopus 512 Beta-binomial 2.309 0.384
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Table 54.  For each species, the recommended type of estimator, resulting estimate, 
standard error and confidence intervals based on data collected at spring survey stations. 
These species were observed by both vessels at ≥  30 stations in each of the spring and 
fall survey sets. 
 
Species SVSPP Estimator ρ  ( )SE ρ
   
Spiny Dogfish 15 Beta-binomial 1.202 0.078
Winter Skate 23 Beta-binomial 3.822 0.579
Little Skate 26 Ratio 3.080 0.328
Atlantic Herring 32 Beta-binomial 2.287 0.335
Silver Hake 72 Beta-binomial 6.283 0.517
Haddock 74 Ratio 0.972 0.252
Red Hake 77 Beta-binomial 3.959 0.460
Spotted Hake 78 Beta-binomial 3.839 0.500
American Plaice 102 Beta-binomial 2.074 0.188
Summer Flounder 103 Beta-binomial 3.226 0.320
Fourspot Flounder 104 Ratio 3.099 0.457
Yellowtail Flounder 105 Beta-binomial 2.347 0.356
Windowpane 108 Beta-binomial 3.311 0.388
Butterfish 131 Beta-binomial 1.487 0.220
Longhorn Sculpin 163 Beta-binomial 3.560 0.332
American Lobster 301 Beta-binomial 1.571 0.236
Atlantic Rock Crab 313 Beta-binomial 3.343 0.640
Sea Scallop 401 Beta-binomial 3.965 0.603
Longfin Squid 503 Beta-binomial 2.034 0.245
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Table 55.  For each species, the recommended type of estimator, resulting estimate, 
standard error and confidence intervals based on data collected at fall survey stations. 
These species were observed by both vessels at ≥  30 stations in each of the spring and 
fall survey sets. 
 
Species SVSPP Estimator ρ  ( )SE ρ
   
Spiny Dogfish 15 Beta-binomial 1.204 0.099
Winter Skate 23 Ratio 2.609 0.324
Little Skate 26 Beta-binomial 9.846 1.022
Atlantic Herring 32 Beta-binomial 2.000 0.236
Silver Hake 72 Beta-binomial 4.354 0.285
Haddock 74 Beta-binomial 1.816 0.243
Red Hake 77 Beta-binomial 2.662 0.249
Spotted Hake 78 Ratio 2.319 0.261
American Plaice 102 Beta-binomial 2.160 0.164
Summer Flounder 103 Beta-binomial 2.405 0.263
Fourspot Flounder 104 Ratio 2.356 0.221
Yellowtail Flounder 105 Beta-binomial 2.366 0.207
Windowpane 108 Ratio 2.044 0.200
Butterfish 131 Beta-binomial 1.935 0.172
Longhorn Sculpin 163 Beta-binomial 3.114 0.304
American Lobster 301 Beta-binomial 1.586 0.179
Atlantic Rock Crab 313 Beta-binomial 2.511 0.408
Sea Scallop 401 Beta-binomial 3.166 0.358
Longfin Squid 503 Ratio 0.840 0.112
   


 







Table 56.  Estimates and standard errors of the mean weight- and biomass-based 
calibration factors for either spring or fall surveys. These species were observed by both 
vessels at 30 total stations but <30 stations in either the fall or spring set of survey 
stations. 


≥


 
Species SVSPP ˆwρ ( )ˆwSE ρ ˆWρ  ( )ˆWSE ρ
  
Smooth Dogfish 13 0.932 0.092 1.082 0.177
Barndoor Skate 22 0.825 0.095 3.661 0.511
Clearnose Skate 24 0.925 0.039 6.189 0.813
Smooth Skate 27 1.015 0.108 4.450 0.668
Thorny Skate 28 0.956 0.123 3.626 0.576
Round Herring 31 1.143 0.043 1.403 0.273
Alewife 33 0.832 0.072 1.100 0.153
Blueback Herring 34 1.643 0.208 2.120 0.339
Atlantic Cod 73 0.795 0.059 1.580 0.191
White Hake 76 0.934 0.083 2.088 0.207
Winter Flounder 106 0.838 0.054 2.086 0.210
Witch Flounder 107 1.000 0.084 3.257 0.368
Gulf Stream Flounder 109 1.479 0.117 12.199 1.242
Atlantic Mackerel 121 0.731 0.037 0.868 0.140
Bluefish 135 0.573 0.102 0.665 0.165
Atlantic Croaker 136 0.993 0.073 1.125 0.217
Black Sea Bass 141 0.828 0.109 2.827 0.494
Scup 143 0.790 0.050 1.347 0.188
Weakfish 145 1.265 0.091 1.994 0.321
Spot 149 0.996 0.050 1.535 0.254
Acadian Redfish 155 0.818 0.041 1.191 0.127
Sea Raven 164 0.751 0.084 1.354 0.177
Northern Searobin 171 0.725 0.061 3.259 0.446
Northern Sand Lance 181 0.387 0.026 0.220 0.057
Ocean Pout 193 0.855 0.067 3.912 0.439
Goosefish 197 1.131 0.154 8.062 0.930
Northern Shortfin Squid 502 1.021 0.058 1.409 0.124
Spoonarm Octopus 512 0.899 0.073 2.075 0.379
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Table 57.  Estimates and standard errors of the mean weight- and biomass-based 
calibration factors for spring survey stations. These species were observed by both 
vessels at  30 stations in each of the spring and fall survey sets. ≥
 
Species SVSPP ˆwρ ( )ˆwSE ρ ˆWρ  ( )ˆWSE ρ
  
Spiny Dogfish 15 0.970 0.044 1.166 0.090
Winter Skate 23 0.973 0.063 3.718 0.583
Little Skate 26 0.904 0.035 2.786 0.318
Atlantic Herring 32 2.359 0.388 5.394 0.769
Silver Hake 72 0.731 0.083 4.591 0.486
Haddock 74 0.904 0.062 0.878 0.247
Red Hake 77 0.938 0.091 3.712 0.479
Spotted Hake 78 0.907 0.138 3.483 0.543
American Plaice 102 1.008 0.099 2.092 0.235
Summer Flounder 103 0.950 0.100 3.066 0.358
Fourspot Flounder 104 0.984 0.051 3.050 0.462
Yellowtail Flounder 105 0.956 0.034 2.244 0.351
Windowpane 108 0.927 0.133 3.069 0.441
Butterfish 131 1.584 0.153 2.356 0.332
Longhorn Sculpin 163 0.839 0.050 2.986 0.319
American Lobster 301 0.810 0.076 1.272 0.232
Atlantic Rock Crab 313 1.156 0.232 3.864 0.794
Sea Scallop 401 0.467 0.043 1.850 0.420
Longfin Squid 503 1.406 0.148 2.861 0.358
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Table 58.  Estimates and standard errors of the mean weight- and biomass-based 
calibration factors for fall survey stations. These species were observed by both vessels at 


 30 stations in each of the spring and fall survey sets. ≥
 
Species SVSPP ˆwρ ( )ˆwSE ρ ˆWρ  ( )ˆWSE ρ
  
Spiny Dogfish 15 1.005 0.077 1.210 0.130
Winter Skate 23 0.833 0.068 2.174 0.314
Little Skate 26 0.895 0.052 8.814 0.979
Atlantic Herring 32 0.975 0.031 1.950 0.237
Silver Hake 72 0.999 0.068 4.349 0.317
Haddock 74 0.820 0.084 1.489 0.247
Red Hake 77 1.127 0.094 3.000 0.305
Spotted Hake 78 1.037 0.049 2.405 0.276
American Plaice 102 0.784 0.082 1.692 0.187
Summer Flounder 103 0.890 0.098 2.141 0.290
Fourspot Flounder 104 0.913 0.055 2.151 0.227
Yellowtail Flounder 105 1.015 0.046 2.402 0.220
Windowpane 108 0.930 0.056 1.901 0.209
Butterfish 131 0.934 0.057 1.808 0.184
Longhorn Sculpin 163 0.890 0.057 2.771 0.304
American Lobster 301 0.867 0.087 1.375 0.198
Atlantic Rock Crab 313 0.987 0.132 2.479 0.453
Sea Scallop 401 0.995 0.060 3.151 0.372
Longfin Squid 503 1.412 0.104 1.186 0.163
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Figure 1.  Relationship of probability of estimation to expected catch, number of stations, 
and negative binomial dispersion parameter r for each of the calibration factor estimators 
when tow data at each station have joint negative multinomial distribution.  Values have 
been jittered to allow better visibility. 
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Figure 2.  Relationship of relative bias to expected catch, number of stations, and 
negative binomial dispersion parameter r for each of the calibration factor estimators 
when tow data at each station have joint negative multinomial distribution.  Values have 
been jittered to allow better visibility. 
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Figure 3.  Relationship of coefficient of variation to expected catch, number of stations, 
and negative binomial dispersion parameter r for each of the calibration factor estimators 
when tow data at each station have joint negative multinomial distribution.  Values have 
been jittered to allow better visibility. 
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Figure 4.  Relationship of relative bias of the variance estimator to expected catch, 
number of stations, and negative binomial dispersion parameter r for each of the 
calibration factor estimators when tow data at each station have joint negative 
multinomial distribution.  Values have been jittered to allow better visibility. 
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Figure 5.  Relationship of 95% confidence interval coverage to expected catch, number of 
stations, and negative binomial dispersion parameter r for each of the calibration factor 
estimators when tow data at each station have joint negative multinomial distribution.  
Values have been jittered to allow better visibility. 
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Figure 6.  Relationship of probability of estimation to expected catch, number of stations, 
and negative binomial dispersion parameter r for each of the calibration factor estimators 
when tow data at each station have independent negative binomial distributions.  Values 
have been jittered to allow better visibility. 
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Figure 7.  Relationship of relative bias to expected catch, number of stations, and 
negative binomial dispersion parameter r for each of the calibration factor estimators 
when tow data at each station have independent negative binomial distributions.  Values 
have been jittered to allow better visibility. 
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Figure 8.  Relationship of coefficient of variation to expected catch, number of stations, 
and negative binomial dispersion parameter r for each of the calibration factor estimators 
when tow data at each station have independent negative binomial distributions.  Values 
have been jittered to allow better visibility. 
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Figure 9.  Relationship of relative bias of the variance estimator to expected catch, 
number of stations, and negative binomial dispersion parameter r for each of the 
calibration factor estimators when tow data at each station have independent negative 
binomial distributions.  Values have been jittered to allow better visibility. 
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Figure 10.  Relationship of 95% confidence interval coverage to expected catch, number 
of stations, and negative binomial dispersion parameter r for each of the calibration factor 
estimators when tow data at each station have independent negative binomial 
distributions.  Values have been jittered to allow better visibility. 
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Figure 11.  Proportion of total catch at each station caught by the Henry B. Bigelow for 
spring (+), fall (open circle), and site-specific (triangle) stations.  The beta-binomial MLE 
and ratio estimate of the expected proportion caught by the Henry B. Bigelow are 
represented by the dashed and dotted lines where as the line of equivalent capture by the 
Henry B. Bigelow and Albatross IV (p = 0.5) is given by the solid line.  Bold lines 
represent the 0.95 probability range of proportions under a binomial model with 
probability equal to that estimated by the ratio-type estimator and n given by the total 
catch at the station. 
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Abstract – Atlantic herring (Clupea harengus) in the offshore regions of the Gulf of Maine migrate each fall from
their feeding grounds to the northern portion of Georges Bank to spawn. The Northeast Fisheries Science Center’s
(NEFSC) herring acoustic survey has taken advantage of this behavior by conducting systematic surveys of the pre-
spawning fish each year since 1999. Multi-frequency acoustic and midwater trawl data were collected along transects
oriented perpendicular to bathymetric contours. Acoustic backscatter was analyzed to describe the aggregative patterns
(e.g., size, location in the water column, and spatial and temporal distribution) of Atlantic herring during these surveys
and regression trees were used to examine the aggregation characteristics. The positional variables of distance to
spawning grounds and vertical location in the water column were the primary characteristics for describing pre-
spawning aggregations. Secondary to these were the temporal variables of diel and survey timing, and the
morphological characteristic of aggregation area. Lower numbers of aggregations were observed close to the herring
spawning grounds but with higher acoustic energy than larger numbers of aggregations observed further from the
spawning grounds but smaller in size and lower in acoustic energy. Most aggregations were in the lower portion of the
water column, but those that were in the upper portion of the water column had higher acoustic energy. Consistently
throughout the decade, 90% or more of herring aggregations were located within 40 nautical miles of their spawning
grounds. The regression tree method provided valuable insight to the data series where it highlighted spatial and
temporal patterns and was an effective way to quantitatively summarize relationships.


Key words: Herring school / Acoustic baskscatter survey / Regression tree

1 Introduction


Atlantic herring (Clupea harengus) in the Gulf of Maine-
Georges Bank regions are predominately fall spawners (Reid
et al. 1999; Stephenson et al. 2009), where they overwinter
south of the Gulf of Maine, spend the summer feeding in the
Gulf of Maine and spawn on sites in the Georges Bank and
inshore regions in the fall (Tupper et al. 1998). Herring in the
Gulf of Maine-Georges Bank regions have been assessed as a
complexof two(StevensonandScott2005)or threecomponents
(Overholtz 2002; Bakun et al. 2009): Gulf of Maine, Nantucket
Shoals, and Georges Bank. In 1998 the Northeast Fisheries Sci-
enceCenterbegananannualacousticandmidwater trawlsurvey
to study herring found on or near Georges Bank during the fall
spawning period (Jech et al. 2000). The survey assumes these


a Corresponding author: Michael.Jech@noaa.gov

Article published

herringareonlyspawningonGeorgesBankand takesadvantage
of their philopatric/homing behavior (Secor et al. 2009;
Stephenson et al. 2009) by conducting a systematic survey of
the fish that are congregating just north of Georges Bank pre-
paring to spawn on the Bank (Overholtz et al. 2006).


During the first three years of the survey, herring abundance
appeared to be at near historic levels (Overholtz et al. 2006).
From 2002–2008, biomass estimates from the acoustic survey
showed a substantial decline, and recently an upsurge in bio-
mass (NEFSC unpublished data) in 2009 and 2010. In light of
this trend and the overall requirement for on-going evaluation
of the survey to ensure that it is accurate and representative, the
acoustic data were analyzed to characterize the aggregative pat-
terns within and among spawning seasons.


Acoustic characterizationof the spatialpatternsof schooling
species has been done for decades for descriptive and compar-
ative analyses (Cushing 1973; Gerlotto and Paramo 2003;
Gerlotto et al. 2010) and more recently to classify species (e.g.,

by EDP Sciences
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Barange 1994; Reid et al. 2000; Reid 2000; Lawson et al. 2001;
Cabreira et al. 2009; Korneliussen et al. 2009; Paramo et al.
2010; Gong et al. 2010; Jech 2011). The use of school descrip-
tors has been successful for quantifying behavioral (see review
by Fréon and Misund 1999) changes or stability, ontogenetic
shifts in distributions (Nakamura and Hamano 2009), and
responses to fishing pressure (Óskarsson et al. 2009; Wheeler
et al. 2009), temporallyandspatially,withinandamongspecies.
In this paper “school” refers to an “acoustically unresolved,
multiple fish aggregation” (Kieser et al. 1993) and includes
schools and shoals (sensu Pitcher and Parrish 1993), patches


Figure 1. Survey area in the Gulf of Maine and Georges Bank regions of
Hague Line is the maritime boundary between the United States and Ca
“envelopes” of the surveys conducted in 2000 and 2008 are displayed. S

(sensu Nero and Magnuson 1989), and aggregations. Atlantic
herring are a schooling species (Skaret et al. 2003; Vabø and
Skaret 2008), therefore characterization of their aggregative
patterns and spatial distribution over the decade of surveys
may be indicative of whether there have been changes (e.g.,
Óskarsson and Taggart 2009) in their underlying behavior
and may shed light on their spawning stock dynamics (e.g.,
Overholtz 2002; Woillez et al. 2007; Óskarsson et al. 2009).


Regression trees (De’ath and Fabricius 2000; Fernandes
2009; Robotham et al. 2011) were used to examine the aggre-
gation patterns of pre-spawning Atlantic herring in the Georges


the northwest Atlantic off the northeast coast of the United States. The
nada. The 90, 100, and 200-m bathymetric contour are displayed. The
urvey codes “Prlll (B)” and “Prlll (S)” are defined in Table 1.
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Bank region from 1999 to 2010. In this study, classification is
not the goal, as the aggregations are known to be herring (e.g.,
Jech and Michaels 2006), but a spatial and temporal examina-
tion of morphological, positional, and energetic metrics (Reid
2000)wasconducted toelucidatehowstableherringpre-spawn-
ing behavior was in relation to the survey timing and spatial
extent.


2 Methods and materials


Acoustic and biological data were collected from 1999 to
2010 during the NEFSC’s annual Atlantic herring acoustic sur-
vey in the Gulf of Maine and Georges Bank regions (Fig. 1) on
the NOAA FRV Delaware II. During 1999 through 2001, dif-
ferent survey designs were completed to investigate an efficient
and practical survey of the offshore component of the Atlantic
herring population (Overholtz et al. 2006). During these years,
the majority of effort was expended completing transects, and
multiple surveys were fulfilled. After 2001, a systematic paral-
lel-transect survey design was selected with greater areal
coverage and more sampling; hence fewer surveys were com-
pleted within each year (Table 1). With the exception of 2007,
all surveys were conducted within the six-week time frame of
September through mid-October. Due to mechanical issues with
the vessel, the survey in 2007 was conducted during the last two
weeks of October. For the parallel transect designs, transect
spacingwas10nauticalmiles (nmi) forall surveysexceptduring
2002, 2009 and 2010, which had a transect spacing of 8 nmi.
Only those data collected during surveys that covered the north-
ern flank of Georges Bank and the Great South Channel (Fig. 1)
were used. Nautical area scattering coefficients (NASC,
m2 nmi–2; MacLennan et al. 2002) were generated by vertically
integrating throughout the water column and horizontally


Table 1. Survey timing and type. Each survey is listed for the week th
random-parallel, and “zigzg” denotes a zigzag transect design. The lette
tree analysis.


Year
Sept.


1st week
Sept.


2nd week
Sept.


3rd week
Sep


4th w


1999


2000 prlll (B) rndpl (E) zigzg


2001 prlll (G) rndpl


2002 prlll (J)


2003 prlll (K) prlll (L)


2004 prlll (N)


2005 prlll (P)


2006 prlll (Q)


2007


2008 prlll (S)


2009


2010

averaging into 0.5 nmi elementary distance sampling units
(EDSU). The end-points of each transect within each survey
were input to ArcGIS (v10.0, Environmental Systems Research
Institute, Inc., Redlands, CA, USA, www.esri.com) to calculate
survey area.


Multi-frequency acoustic data were collected with a Simrad
EK500scientificechosounder (1999–2008)andaSimradEK60
scientific echo sounder (2009 – to present) (Bodholt et al. 1989;
Andersen 2001). Data collected during 1999–2004 are detailed
in Jech and Michaels (2006). Data collected during 2005–2008
with the EK500 are identical to Jech and Michaels (2006). In
2009, the EK500 echo sounder was replaced by three EK60
General Purpose Transceivers (GPT) operating at 18, 38, and
120 kHz. The hull-mounted transducers were those used with
the EK500. The primary data analyzed in this paper are the
38-kHz data and details of the other frequencies are found in
Jech and Michaels (2006). A keel-mounted 38-kHz (ES38-12;
12o beam width as measured by the manufacturer at the half-
power points) split-beam transducer was used. For the EK500,
frequencies were transmitted simultaneously at a rate of 1 ping
per 2 seconds. For the EK60, frequencies were transmitted
simultaneously at a rate of 1 ping per 1 second. Pulse duration
for the 38-kHz echo sounders was 1 ms. The echo sounders were
calibrated prior to each survey, and often were calibrated during
and/or immediately following the survey period using the stand-
ard target method (Foote et al. 1987). A 60-mm diameter Cu
sphere was used to calibrate the 38-kHz echo sounder.


Multi-frequency volume backscatter (Sv, dB·re 1 m–1) data
were post-processed and classified as described in Jech and
Michaels (2006) using Myrix Echoview software (v4.9+; GPO
Box 1387 Hobart, Tasmania, Australia, www.echoview.com).
Briefly, echograms were scrutinized to remove acoustic and
electrical noise, erroneous seafloor detections, data shallower


at it occurred. “prlll” denotes a systematic-parallel, “rndpl” denotes a
r in parentheses is the transect series code generated by the regression-


t.
eek


Oct.
1st week


Oct.
2nd week


Oct.
3rd week


Oct.
4th week


prlll (A)


(F) prlll (C), prlll (D)


(H) zigzg (I)


prlll (M)


prlll (O)


prlll (R)


prlll (T)


prlll (U)



www.esri.com

www.echoview.com
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than 10 m, and data deeper than 0.5 m above the sea floor. The
indices of the echogram pixels that contained Sv values greater
than –66 dB in all three frequencies were then mapped to the
38-kHz echogram, that echogram was used to visually classify
Atlantic herring, and finally 38-kHz Sv classified as herring was
used for school detection. A High Speed Midwater Rope Trawl
(HSMRT) was used during 1999–2007 (Jech and Michaels
2006) and an Irish Herring Midwater Trawl (IHMT) was used
during 2008–2010, to collect biological samples and verify spe-
cies composition of acoustic backscatter. Trawl locations, tow
depths, and towdurationswerechosenonanadhocbasis to sam-
ple Atlantic herring aggregations as well as unknown
backscatter. The trawl catch was separated by species and proc-
essed according to NEFSC trawl survey protocols (Azarovitz
1981). In addition, Conductivity-Temperature-Depth (CTD)
profiles were obtained at the beginning and end of each transect
and prior to each trawl haul.


During normal operations, transects were disjoint in time
due to CTD, trawling, and other activities. At the completion
of these activities transects resumed at the location where they
were suspended. Data other than those collected along transects,
where a transect was defined as steaming in a constant direction
at 10 ± 2 knots, were eliminated from analysis by removing the
Sv data from the data files prior to input to Echoview. This “snip-
ping” was done using a Perl (www.perl.org) program that read
the Simrad data, extracted the appropriate data, and wrote a file
in Simrad EK500 or ER60 format. In Echoview, each transect
comprised a separate “EV” file and data were spatially contin-
uous, but had gaps in time.


Echoview’s school detection algorithm was applied to the
transect-based, herring-classified 38-kHz echograms. The
school detection parameters were set as: minimum total school
length (4.0 m), minimum total school height (4.0 m), minimum
candidate length (1.0 m), minimum candidate height (2.0 m),
maximum vertical linking distance (2.0 m), and maximum hor-
izontal linking distance (20.0 m). The distance mode and
horizontal distance was set to “GPS distance (m)”. Because a
minimum aggregation size was not known a priori, these param-
eters were selected to detect a wide range of aggregation sizes
and not exclude small patches (e.g., Fréon et al. 1996; Lawson
et al. 2001; Fernandes 2009; Nakamura and Hamano 2009). The
positional variables of geographic location and centroid depth
(m) in the water column; the morphological variables of area
(m2), length (m), perimeter (m), thickness (height) (m), and
image compactness; and seabed depth (m) at the aggregation’s
midpoint were calculated in Echoview. In addition to the spatial
variables, the energetic variables (all in dB) of mean volume
backscatter,meanamplitude,coefficientofvariation,horizontal
roughness coefficient, and vertical roughness coefficient were
calculated for each patch. The area, length, perimeter, thickness,
mean amplitude, and mean volume backscatter were corrected
for beam-width effects, if necessary, in Echoview. All analyses
used the beam-width corrected values. The Nbi parameter
(Diner 2001) was calculated and data with Nbi values less than
1.5 were not used in the analyses.

In this study, only four characteristics of the aggregations
were analyzed: size, acoustic intensity, vertical location, and
areal location. These four variables were selected as they char-
acterize the primary spatial patterns of pre-spawning herring.
Area (m2) was used as the measure of aggregation size. Mean
Sv ( ) was used as the acoustic intensity. The distance of the
midpointof theaggregationabove thebottomrelative to the total
water column depth defined the relative altitude and was used
as a measure of the vertical location (altitude index in Lawson
et al. (2001)).Arelativealtitudeofone indicated theaggregation
was on the sea floor and a value of zero indicated the aggregation
was on the surface. The shortest distance between the midpoint
of the aggregation and the 90-m bathymetric contour was used
as a measure of the areal location. The 90-m bathymetric con-
tour was used to define the northern edge of Georges Bank
(Fig. 1). Because the herring are spawning on Georges Bank,
distance relative to the 90-m contour was used to indicate the
distance from their spawning grounds. Locations north of the
90-m contour were denoted as positive distances and locations
south of the contour were denoted as negative distances. The
90-m bathymetric contour was generated in ESRI ArcView (v3;
Environmental Systems Research Institute, Inc., Redlands, CA,
USA) from United States Geological Survey (USGS) data of the
Gulf of Maine. The “nncross” function in R’s (R Development
Team, 2009) “spatstat” package (http://www.spatstat.org/
spatstat) was used to calculate the shortest distance (i.e., nearest
neighbor) between the midpoint of each aggregation and the
90-m contour.


The date and time of the midpoint of each aggregation was
used to categorize into four categories: day, night, dawn, and
dusk. Dawn was defined as between nautical twilight and one
hour after sunrise. Dusk was defined as one hour before sunset
to nautical twilight. One hour should sufficiently encompass the
dark/light transition (e.g., Richards et al. 1991). Sunrise, sunset,
and nautical twilight times for September and October were
obtained from the U.S. Naval Observatory Astronomical Appli-
cations Department, for the Boston, MA, USA location.


Comparisons were made within years and among years.
Within-year comparisons were made for data collected in 2000,
2001 and 2003 (Table 1). These comparisons were made to
examine potential timing of herring spawning on Georges Bank.
Among-year comparisons were made to investigate inter-
annual differences and longer-term trends. To compare among
years, the data were grouped into the first two weeks of Sept.,
the last two weeks of Sept., and anytime in Oct. (Table 1).
Because only two surveys were conducted during the first two
weeks of Sept., a between-year analysis was not done separately
for these data, and these surveys were incorporated in other anal-
yses. Data collected during the last two weeks of Sept. (group 2)
were compared from 2000 to 2010, excluding 2007. Compari-
sons in October (group 3) were done for 1999–2001, 2003–
2004, and 2007. Box plots were generated for each survey,
whichdisplayed themedian,25thand75thpercentile (lowerand
upper ranges of the “box”), 1.5 × inter-quartile-range (lower and
upper extents of the “whiskers”), and outliers. The mean for


Sv
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each survey was also calculated and displayed on the box plots.
The“rpart”functioninR’s(RDevelopmentTeam,2009)“rpart”
package (http://mayoresearch.mayo.edu/mayo/research/
biostat/splusfunctions.cfm) was used to generate a regression
tree. Regression trees are a useful tool for quantitative explora-
tion of large data sets with multiple variables (De’ath and
Fabricius 2000; De’ath 2007; Fernandes 2009). For these data,
the response variable was and explanatory variables were:
aggregation area; relative altitude; distance to 90-m bathymetric
contour; survey code, which is a category that combines year
and timing; and day, night, dawn, dusk categories. The splitting
rule “anova” was used to group explanatory variables, and the
complexity parameter was set to 0.03.


3 Results


Survey coverage generally increased from 1999 to 2010
(Figs. 1 and 2). The areal coverage for each survey tended to


Sv


Figure 2. Cumulative distance travelled during surveys (left ordinates in p
A and B), the cumulative distance of Atlantic herring encountered (left or
to total distance traveled during each survey (right ordinates in panels
parentheses match the survey codes in Table 1. Panels A and C correspond
to group 3 (October) surveys.

correspond to the cumulative distance traveled with the excep-
tion of the zig-zag transects in 2000 (2000-zigzg (F)) and 2001
(2001-zigzg (I)), and the systematic parallel surveys in 2002,
2009, and 2010 where the transect spacing was only 8 nmi. Prior
to 2003, survey coverage was greater during Sept. than in Oct.,
but from 2004 to 2010, survey coverage was similar between
Sept. and Oct. (Figs. 2A and 2B). Survey coverage was fairly
consistent from 2003 to 2010 for surveys in Sept. and October
with 800–900 nmi of transects and 8–9 × 103 nmi2 of areal
coverage.


The encounter rate of herring (cumulative nautical miles of
herring divided by the cumulative distance traveled) had a
greateroverall range for transects conducted inSept. than inOct.
with rates ranging from almost 0.1 to nearly 0.7 in Sept.
(Fig. 2C) and from 0.3 to 0.6 in Oct. (Fig. 2D). During Sept.
2000 and 2001, the encounter rate jittered between 0.4 and 0.6,
whereas in Oct. 1999–2001, the encounter rate monotonically
increased from about 0.33 to 0.6. There was a sharp decline in


anels A and B), areal coverage of each survey (right ordinates in panels
dinates in panels C and D), and the ratio of cumulative herring distance
C and D). The abscissa labels denote each survey and the letters in


to group 2 (last two weeks of September) and panels B and D correspond
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encounter rate from 2001 to 2003 for surveys conducted in both
Sept. and Oct. During Sept., the encounter rate remained low
in 2004, had a sharp increase in 2005, and dipped to its lowest
level of 0.1 in 2006. During Oct., encounter rates were fairly
consistent with rates between 0.4 and 0.5 for 2004 and 2007.
The encounter rate increased for surveys conducted in Sept.
between 2008 and 2010, with the highest rate of 0.66 in 2010.


Within-year comparisons of mean volume backscatter,
(for each aggregation), showed little difference in acoustic
intensity for surveys in 2000 and 2001, but showed a decreasing
trend in acoustic intensity for surveys conducted in 2003
(Fig. 3). For all surveys, the mean was similar to the median and
all outliers occurred at higher values of . The central values
(mean and median) were consistently about –60 dB for 2000


Sv


Sv


Figure 3. Box plots for the mean volume backscattering strength ( ) of A
panel), and 2003 (lower panel). The median (horizontal line within the
1.5×Inter-quartile-range (lower and upper extents of the “whiskers”), an
Abscissa labels are the survey code (letter in parentheses) matching the
schools) are listed for each survey.


Sv

and 2001, but decreased from approximately –50 dB for the sur-
vey conducted in early Sept., 2003, to about –60 dB in early
Oct., 2003. The numbers of detected aggregations ranged by a
factor of 2 to 4 for all three years, with no consistent pattern of
increasing or decreasing detections within years. For the sur-
veys in 2000 and 2001, remained constant even though the
numbers of detected aggregations ranged by a factor of 2 to 3.
In contrast, the numbers of detected aggregations were overall
lower and the numbers of aggregations increased while
decreased in 2003.


When all surveys were combined, aggregation split into
four main categories based on spatial and morphological char-
acteristics. The primary split was based on distance to the
90-m bathymetric contour, where aggregations that were within


Sv


Sv


Sv


tlantic herring for surveys conducted in 2000 (top panel), 2001 (middle
box), 25th and 75th percentile (upper and lower extents of the box),
d outliers (open circles). The mean is denoted by the plus symbol (+).
survey codes in Figures 4, 6, and 7. The sample sizes (N = number of
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2.4 nmi or were to the south of the 90-m contour had high
values (–54.4 dB) but lower number of aggregations (n = 1268)
(Fig. 4). The secondary split was based on relative altitude,
where aggregations that were further to the north than 2.4 nmi
from the 90-m contour and in the top 38% of the water column
had highest overall values (–53.9 dB), but lowest numbers
of aggregations (n = 566). The final split was based on aggre-
gation area, where aggregations that were further to the north
than 2.4 nmi from the 90-m contour, in the lower 62% of the
water column, and with areas less than 246 m2 had lowest
values (–60.4 dB) but greatest numbers of aggregations (n =
6106). Aggregations that were further to the north than 2.4 nmi
from the 90-m contour, in the lower 62% of the water column,
but with areas greater than 246 m2, had medium values
(–57.8 dB) and numbers of aggregations (n = 4543).


For surveys conducted during the latter half of September
(group2), aggregationshadfairly stable andaggregationarea
with more variability observed in location off the bottom and
distance to the 90-m bathymetric contour (Fig. 5). These obser-
vations are supported by the regression analysis where
aggregation split into five main categories based on spatial
characteristics (first two splits) and on temporal characteristics
(final two splits) (Fig. 6). The primary split was based on dis-
tance to the 90-m bathymetric contour, where aggregations that
were within 5.3 nmi or were to the south of the bathymetric con-
tour had high values (–55.5 dB). The secondary split was
based on relative altitude, where aggregations that were further
than 5.3 nmi to the north of the 90-m contour and in the top 40%
of thewatercolumnhadhighest values (–53.3dB),but lowest
numbers of aggregations (n = 264). The third split was based
on diel timing, where aggregations that were further than


Sv


Sv


Sv


Sv


Sv


Sv


Sv


Sv


Figure 4. Regression tree analysis of aggregation mean volume backsca
to 2010. Explanatory variables were survey timing (denoted by the Surve
relative altitude, and distance to the 90-m bathymetric contour. Non-te
that determined the split. Terminal nodes (leaves) are labeled with the m
“SurveyCode” is given in Table 1.

5.3 nmi to the north of the 90-m contour, in the lower 60% of
the water column, and observed during night and dawn had low-
est values (–60.8 dB) but greatest numbers of aggregations
(n = 2321). Aggregations that were further than 5.3 nmi to the
north of the 90-m contour, in the lower 60% of the water column,
and observed during day and dusk split on survey timing where
surveys conducted in 2002–2006, 2009, and 2010 had higher


values (–55.1dB)but lowernumberofaggregations (n=767)
than those conducted in 2000, 2001, and 2008 ( = –59.4 dB
and n = 2267 aggregations).


For surveys conducted during October (group 3), aggrega-
tions had fairly stable and aggregation size with more
variability observed in location off the bottom and distance to
the 90-m bathymetric contour (Fig. 7). These observations are
supported by the regression analysis where aggregation split
into four main categories based on spatial and morphological
characteristics (Fig. 8). The primary split was based on distance
to the 90-m bathymetric contour, where aggregations that were
within 1.7 nmi or were to the south of the 90-m contour had high-
est value (–54.8 dB) but lower number of aggregations (n =
440). The secondary split was based on relative altitude, where
aggregations that were further to the north than 1.7 nmi from
the 90-m contour and in the top 42% of the water column had
high values (–55.8 dB), but lowest numbers of aggregations
(n = 419). The final split was based on aggregation area, where
aggregations that were further to the north than 1.7 nmi from
the 90-m contour, in the lower 58% of the water column, and
with areas less than 338 m2 had lowest values (–60.6 dB)
but greatest numbers of aggregations (n = 2528). Aggregations
that were further to the north than 1.7 nmi from the 90-m con-
tour, in the lower58%of thewatercolumn,butwithareasgreater


Sv


Sv
Sv


Sv


Sv


Sv


Sv


Sv


tter ( ) for all Atlantic herring acoustic surveys conducted from 1999
y Code), daylight category (dawn, day, dusk, night), aggregation area,


rminal nodes are labeled with the explanatory variable and the values
ean and the number of aggregations (observations) in that group.
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than 338 m2, had medium values (–58.1 dB) and numbers
of aggregations (n = 1361).


The cumulative distribution of aggregation location relative
to the 90-m bathymetric contour among all surveys showed no
discernable trend relative to survey timing (Fig. 9). Greater than
97% of the herring aggregations were detected within 60 nau-
tical miles of the 90-m contour for all surveys from 1999 to 2010
regardless of survey timing. Additionally, 90% of the herring
aggregations were detected within 40 nautical miles of the
90-m contour for all surveys except in 2007. In 2007, the major-
ity of the herring aggregations were located between 10 and


Sv


Figure 5. Box plots for the mean volume backscattering strength ( ) (t
gation (3rd panel), and distance to the 90-m bathymetric contour (lower pa
(horizontal line within the box), 25th and 75th percentile (upper and lowe
of the “whiskers”), and outliers (open circles). The mean is denoted by th
in parentheses) matching the survey codes in Table 1. The sample sizes


Sv

50 nautical miles from the contour (Figs. 7 and 9). Interpretation
of the distance to the 90-m bathymetric contour must be made
with care because the northern extent of the survey area
increased from 1999 to 2002, where it remained fairly consistent
until 2009. In addition, as the number of detected herring aggre-
gations increased, the cumulative amount of herring increased
(Fig. 10B) as well as the herring encounter rate (i.e., the number
of EDSU’s with herring) but only up to about 1 000 aggregation
detections (Fig. 10A). After about 1 000 aggregations, the
encounter rate of herring leveled off and was relatively stable
even with two to three times as many aggregations detected.


op panel), aggregation area (2nd panel), relative altitude of each aggre-
nel) for surveys conducted in September from 2000 to 2010. The median
r extents of the box), 1.5×Inter-quartile-range (lower and upper extents
e plus symbol (+). Abscissa labels are the year and survey code (letter
(N = number of schools) are listed for each survey.
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4 Discussion


The regression tree method provided valuable insight to the
twelve-year data series. In this case, the trees were generated
to explore the data, rather than as a classification method as has
been done in other studies (e.g., Fernandes 2009; Robotham
et al. 2011). Using acoustic energy (Sv) as a response variable,
the splitting and clustering primarily involved spatial (location
relative to Georges Bank and the herring spawning grounds and
altitude) variables, and secondarily temporal (diel and survey
timing) variables. This suggests some level of constancy among
surveysandyears for theaggregativebehaviorof thepre-spawn-
ing herring. For example, among all surveys, the majority of the
highest Sv values were found close to, or south of, the 90-m
bathymetric contour, which is closest to or on their spawning
grounds. This is consistent with other studies where positional
variables have been included for classifying schools to species
(e.g., Haralabous and Georgakarakos 1996; Lefeuvre et al.
2000; Lawson et al. 2001; Cabreira et al. 2009; Korneliussen
et al. 2009). The regression trees highlight areas to focus in-
depth analyses or new studies. For example, the herring surveys
have been conducted around the clock, but during the latter half
ofSeptember,which is theprimarysurvey time, thedatadidsplit
on day-night-dawn-dusk categories. Determining whether diel
cycles introduce any bias in the surveys will require further
investigation of the data.


There were consistencies in the data, regardless of how the
data were grouped. For example, the positional variables of dis-
tance to spawning grounds and vertical location in the water
column were the primary characteristics for describing pre-
spawning aggregations among all years and within season
grouping. Secondary to these were the temporal variables of diel
and survey timing, and the morphological characteristic of


Figure 6. Regression tree analysis of aggregation mean volume backsca
from 2000 to 2010. Explanatory variables were survey timing (denoted b
gation area, relative altitude, and distance to the 90-m bathymetric cont
the values that determined the split. Terminal nodes (leaves) are labeled
in that group. “SurveyCode” is given in Table 1.

aggregation area. In general, lower numbers of aggregations
were observed close to the herring spawning grounds but with
higher acoustic energy than larger numbers of aggregations
observed further from the spawning grounds but were smaller
in size and lower in acoustic energy. Most aggregations were
in the lower portion of the water column, but those that were in
the upper portion of the water column had higher acoustic
energy. These suggest inter-annual and some intra-seasonal
consistency of the spatial distribution of herring aggregations
during the overall survey period.


Intuitively, the number of detected aggregations should cor-
respond to the cumulative amount of herring encountered, and
one would expect that the number of schools could be used as
an index of abundance as has been suggested for other schooling
species (e.g., Petitgas and Levenez 1996; Petitgas et al. 2003;
Fablet et al. 2009). For the pre-spawning herring on Georges
Bank, there was a correspondence between the number of
detected aggregations and the cumulative sA, where increased
herring abundance related to greater numbers of herring aggre-
gations. This suggests that the number of aggregations can be
used as a proxy or index of herring abundance.


Interestingly though, the encounter rate of herring along
transects may not be indicative of the number of aggregations
andthe totalabundanceofherringwithin thesurveyarea.Firstly,
the encounter rate has a large dynamic range with respect to the
number of aggregations – e.g., when there were less than
500 aggregationsdetectedper survey, theherringencounter rate
ranged from about 12 to 55%. Secondly, when high numbers
of aggregations were detected, the encounter rate was essen-
tially level. Below about 1 000 aggregations per survey, the
encounter rate increased as the number of aggregations
increased. Above this number of aggregations (the upper


tter ( ) for Atlantic herring acoustic surveys conducted in September
y the Survey Code), daylight category (dawn, day, dusk, night), aggre-
our. Non-terminal nodes are labeled with the explanatory variable and
with the mean and the number of aggregations (n = observations)
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two-thirdsof thenumberofaggregations) theencounter ratewas
essentially level. The encounter rate is the number of EDSU’s
with herring relative to the total number of EDSU’s in a survey,
so a level encounter rate with increasing numbers of detected
aggregations suggests the horizontal aspects of the aggregations
are smaller than the EDSU, i.e., more aggregations can fit within
one EDSU, and/or the aggregations are using more of the water
column, i.e., multiple aggregations are vertically distributed
within an EDSU. Thus, it appears that the encounter rate is not


Figure 7. Box plots for the mean volume backscattering strength ( ) (t
gation (3rd panel), and distance to the 90-m bathymetric contour (lower p
(horizontal line within the box), 25th and 75th percentile (upper and lowe
of the “whiskers”), and outliers (open circles). The mean is denoted by th
in parentheses) matching the survey codes in Table 1. The sample sizes


Sv

an appropriate index for the overall abundance of pre-spawning
herring on Georges Bank because it can underestimate high
abundance levels. The reasons for the plateau in encounter rate
are speculative. One possibility is some kind of density-depend-
ent effect on the aggregative behavior of the herring. In this case,
as the abundance increases from low to mid levels the herring
increase their spatial extent, but at the mid to highest levels of
abundance, it appears that the herring do not expand their spatial
extent. This corresponds to Overholtz (2002), at least at the


op panel), aggregation area (2nd panel), relative altitude of each aggre-
anel) for surveys conducted in October from 1999 to 2007. The median
r extents of the box), 1.5 × Inter-quartile-range (lower and upper extents
e plus symbol (+). Abscissa labels are the year and survey code (letter
(N = number of schools) are listed for each survey.
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lower abundance levels, where he showed range contraction
when the herring were apparently extirpated in the 1970s and
range expansion when abundance increased – although it is dif-
ficult to determine whether the spatial extent plateaued at high
abundance levels in the 1990s. The plateau may however be in
contrast to Petitgas and Levenez (1996) who suggested that the
number of schools per EDSU remained constant with abun-
dance, suggesting a density independence – although they may
have not observed abundance levels similar to those here for
Atlantic herring. Those surveys with large numbers of aggre-
gations are not distinguishable from the other surveys based on
aggregation size, location in the water column, or distance to
Georges Bank, so it appears that these spatial attributes are not
sufficient to explain the plateau in encounter rate.


While the number of detected aggregations varied by over
an order of magnitude over the past decade, the spatial size of
aggregations did not change to the same degree and did not show
similar temporal trends. For example, even though the aggre-
gation sizes ranged over orders of magnitude within a survey,
the central tendency of aggregation size (e.g., median and mean)
was consistent over the years and surveys, regardless of the
number of detected aggregations. In addition, aggregation area
was only a tertiary splitting variable for the regression trees. The
aggregation size of pre-spawning herring is comparable to those
observed in other species (e.g., Fréon et al. 1996), as is the range
in sizes (e.g., Fréon and Misund 1999). The observation that
aggregation size is fairly constant over years suggests the pre-
spawning aggregative herring behavior remains consistent
regardless of the state of the population abundance and spatial
extent. This is in contrast to Overholtz (2002) who from bottom
trawl data suggested school size increased as abundance
increased, but it corresponds to acoustic observations of schools
where it appears that while “the schools have no regular


Figure 8. Regression tree analysis of aggregation mean volume backscatt
1999 to 2010. Explanatory variables were survey timing (denoted by the
area, relative altitude, and distance to the 90-m bathymetric contour. Non
that determined the split. Terminal nodes (leaves) are labeled with the me

morphology, schools are consistent structures that maintain
some permanent feature and shape” (Gerlotto and Paramo
2003).


In addition to aggregation size, mean acoustic energy also
remained fairly constant over the years. During October sur-
veys, the mean Sv of the aggregations remained fairly constant.
During September surveys, of the aggregations increased as
the number of detected aggregations decreased from 2000 to
2004, but this trend did not hold as the mean intensity decreased
with decreasing numbers of detected aggregations from 2005
to 2008, and then increased with increasing numbers of detected
aggregations in 2009 and 2010. While the range of mean Sv was
nearly 8 dB, the constancy of the mean values is consistent with
empirical evidence that fish maintain an inter-fish distance (i.e.,
packing density) regardless of school size (Pitcher 2001).


Although the size and energetic characteristics of the pre-
spawning herring aggregations were similar over the past dec-
ade, the number of detected aggregations changed considerably.
Reasons for the observed changes in detected aggregations and
corresponding lower abundance are speculative at this time. The
acoustic survey of Atlantic herring is predicated on the assump-
tion that all the herring that will spawn on Georges Bank are
present in the survey area when the survey is conducted. This
is based on the idea that herring have fidelity to a spawning
ground (Stephenson et al. 2009) and there is temporal constancy
to that spawning ground (Óskarsson and Taggart 2009). How-
ever, while the timing of the survey has remained fairly
consistent over the years due to the logistics of vessel scheduling
(with the exception of 2007); the spawning period may have
changed systematically or randomly, which could affect the
overall susceptibility of herring to be counted (i.e., catchability).
Óskarsson and Taggart (2009) observed a 30-day window in
which Icelandic herring spawned. While a two to three-week


Sv


er ( ) for Atlantic herring acoustic surveys conducted in October from
Survey Code), daylight category (dawn, day, dusk, night), aggregation
-terminal nodes are labeled with the explanatory variable and the values
an and the number of aggregations (n = observations) in that group.
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period to survey the Georges Bank herring appears to be suffi-
cient to account for any major change in timing, further analysis
will be required to determine if there is a bias to the acoustic
estimates.


As the herring migrate to Georges Bank to spawn, they do
not appear to spawn immediately upon arrival to Georges Bank.
The herring arrive to the northern edge of Georges Bank where
they develop their gonads for spawning and at some time later,
something triggers them to migrate up to spawn in the shallow
areas on Georges Bank. Because the herring spawn on the
shallows of Georges Bank and are not feeding (NEFSC unpub-
lished data; e.g., Skaret et al. 2003), their spatial arrangement
should be related mostly in proximity to Georges Bank and that
as more herring arrive to spawn, herring abundance, and possi-
bly density, should increase as the herring get closer to their
spawning grounds. For these data, aggregations closest to the


Figure 9. Cumulative distributions of the locations of aggregations
relative to the 90-m bathymetric contour for surveys conducted in Sep-
tember (panel A) and October (panel B). The distributions were nor-
malized to the maximum value within each survey so that the
maximum value for all surveys is one. Legends show the year and sur-
vey code (letter in parentheses) matching the survey codes in Table 1.

90-m bathymetric contour had highest as well as the largest
school sizes, which support the idea that the herring are more
abundant and aggregating more densely closer to their spawning
grounds. This trend was consistent over the years where 90%
or more of aggregations were located within 40 nautical miles
and nearlyall within 60 nautical miles of the contour. Theexcep-
tion to this was in 2007 where a greater proportion of
aggregations were found further from the 90-m bathymetric
contourwhen thesurveywasconducted in lateOctober. It ispos-
sible the herring were already vacating the area when the survey
was conducted, although the number of aggregations detected,
aggregation size, and relative altitude were not different than in
other years. Thus, it appears that if the timing of spawning had
changed over the years, it did not affect the spatial distribution
of the herring in any consistent manner. The 90-m contour


Sv


Figure 10. The ratio of the number of EDSU’s with herring to the total
number of EDSU’s in a survey versus the number of herring aggrega-
tions (A) and the cumulative herring sA (m2 nmi–2) versus the number
of herring aggregations for each survey (B). The symbol labels match
the survey codes in Table 1.
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appears to be appropriate as a measure of proximity to spawning
areas on Georges Bank and possibly near Cape Cod (e.g., Harris
and Stokesbury 2010), but may not be for the Great South
Channel (GSC). For these analyses, as far as is currently known,
there are no spawning sites in the GSC and distance to the con-
tour in this area is probably not meaningful in terms of relation
to spawning.


In general, the majority of pre-spawning herring occupied
the lower 10–20% of the water column and was found in the
180 to 200 m depth layer. During the pre-spawning period, the
herring are not feeding and are not exhibiting the extensive diur-
nal vertical migrations that they can during other times of the
year. This behavior does not preclude the herring from excur-
sions into the upper water column, but the numbers of
aggregations in the upper water column are substantially less
than closer to the bottom. Although fewer in number, herring
aggregations in the upper water column had high mean Sv val-
ues, suggesting the herring are aggregating more densely in the
upper water column, or that the herring target strengths, and
hence increased Sv, are larger due to either larger herring or that
the swimbladder is inflated more at shallower depths. Because
the herring spawn in depths of 20–50 m, it is interesting that they
“queue” to spawn in deeper water. For these Georges Bank her-
ring, their vertical distribution may be squeezed from the bottom
(sensu Skaret et al. 2003) and the top by predators such as cod,
tuna, sharks, and marine mammals, forcing them into a depth
layer that is consistent over the years, but not optimal for reach-
ing their spawning grounds.
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1.0 OVERVIEW 
Since 1963, the Northeast Fisheries Science Center (NEFSC) has conducted standardized 
bottom trawl surveys (BTS) along the Northeastern continental shelf of the United States.  
The Ecosystems Surveys Branch (ESB) is responsible for implementation of NEFSC 
BTS operations.  Using the NOAA Ship Albatross IV as the primary research vessel and 
a standardized Yankee 36 survey bottom trawl as the primary sampling gear, these 
multispecies bottom trawl surveys targeted demersal fish and invertebrate species in the 
area comprising the Western Scotian Shelf of the Gulf of Maine, south to Cape Lookout, 
North Carolina.  With the decommissioning of the Albatross IV in 2008, the NEFSC 
transitioned to the NOAA Ship Henry B. Bigelow as their primary research vessel, 
utilizing a standardized 3-bridle, 4-seam survey bottom trawl rigged with a rockhopper 
sweep as the primary sampling gear.  An extensive calibration study was conducted in 
2008 to evaluate relative catchabilities and estimate calibration coefficients between the 
two trawling systems to allow comparability of historical and future datasets.  These 
protocols are intended for use as a reference manual to ensure survey standardization and 
aid in the training of new personnel. 
 


1.1   Sampling Design 
The NEFSC BTS employs a stratified random sampling design.  The area of 
operation is divided into strata based primarily on depth and secondarily by 
latitude generally related to fish distribution (appendix 1).  Locations of trawl 
stations are randomly selected within each stratum prior to each cruise.  The 
number of stations within each stratum is generally proportional to the area of the 
stratum but also includes consideration of the overall variability in multispecies 
distribution among strata.    Generally, a minimum of three stations are planned 
within each stratum and a minimum of two stations must be successfully sampled 
in each stratum to obtain an estimate of variability.  Random sampling within 
each stratum produces unbiased abundance indices with measurable statistical 
precision.  Abundance estimates obtained from this survey are relative abundance 
indices rather than absolute abundance indices because catch efficiency of the 
sampling gear is less than 100%.  Relative abundance indices are comparable 
through time because survey catchability is held constant through standardization 
of gear, vessel and methodology.  
 
1.2   Closed, Management & Conservation Areas 
Vessel command must be cognizant of areas closed to fishing, fishery 
management areas and conservation areas.  However, NEFSC research vessels are 
permitted to survey in most areas closed to fishing activities for conservation and 
management purposes.  Notable exceptions to this are deepwater coral 
conservation areas in U.S. and Canadian waters.  Survey stations are not plotted in 
coral conservation areas.  Closed area boundaries do not constitute strata 
boundaries, unless otherwise noted.  ESB will notify the vessel of any known 
modifications to closed, management and conservation areas prior to the cruise as 
necessary.  Specific geographic information and details regarding such areas can 
be found in appendix 2. 
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2.0 PRE-DEPARTURE 
Communication between ESB, vessel command and the Chief Bosun are critical to 
maximize efficiency of the organization and planning of all NEFSC BTS cruises.  The 
vessel shall be made available for loading survey equipment prior to the scheduled 
departure.  Delivery of any gear requiring the vessel’s heavy lifting equipment will be 
done in coordination between ESB and the Chief Bosun.   
 


2.1 Cruise Scheduling 
Cruise schedules are distributed through the NEFSC vessel coordinator and are 
organized by fiscal year and vessel.  The schedules are set in advance through 
agreement by NOAA’s Office of Marine and Aviation Operations (OMAO) and 
the NEFSC.  Published cruise schedules will be made available prior to the start 
of the fiscal year. 
 
2.2 Canadian License 
A license to operate in Canadian waters must be obtained by the NEFSC Vessel 
Coordinator, and transferred to the Commanding Officer (CO) of the vessel.  
Access to Canadian territorial waters is not permitted without this paperwork 
physically present aboard the vessel. 
 
2.3 Cruise Instructions 
Official Cruise Instructions will be submitted by the ESB to the NEFSC Vessel 
Coordinator three months prior to the ship’s scheduled departure.  The Cruise 
Instructions will contain the necessary authorities mandating the cruise, will 
outline cruise objectives, itinerary, methods, administrative requirements and 
requested vessel support. 
 
2.4 Cruise Staffing 
ESB will coordinate scientific staffing for all NEFSC BTS cruises.  A list of the 
scientific roster will be submitted to vessel command no later than one week prior 
to the departure of each cruise leg.  Scientific staff must have medical clearance 
from the Health Services office of OMAO to be eligible to sail. ESB is 
responsible for obtaining security and foreign national clearances required for 
scientific participants.  The vessel command is responsible for identifying any 
health or security related issues (e.g. missing paperwork or approvals) to the ESB 
cruise staffing coordinator a minimum of 48 hours prior to the schedule cruise 
departure. 


 
2.5 Scientific Equipment 


2.5.1 Sampling Gear 
The ESB will provide the necessary scientific sampling gear to the vessel 
along with detailed sampling gear plans.  All sampling gear provided to 
the vessel shall be in standard condition and configuration as certified by 
the detailed ESB survey gear inspection process.  Specific BTS sampling 
gear includes trawl nets, sweeps, doors, rigging, cod-ends, cod-end liners 
and supplemental repair materials.  Sampling gear will be maintained and 
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repaired by the vessel, as practical, during the course of the survey.  
Bottom trawl survey gear is detailed in appendix 3. 
 
2.5.2 FSCS Equipment & Scientific Supplies 
Fisheries Scientific Computer System (FSCS) equipment is owned and 
maintained by both the vessel and ESB.  For the current equipment supply, 
the vessel is responsible for maintenance and setup of the monitors, large 
catch scale, three fish-meter scales and the flow scale.  Additionally, the 
vessel is responsible for the wiring of all FSCS hardware, including fish-
meters, small scales, barcode readers and printers, to the computer and 
networking with the FSCS server and SCS.  ESB is responsible for the 
maintenance and setup of the fish-meters, small scales, barcode readers 
and printers.  Additionally, ESB is responsible for the staging of all FSCS 
hardware and supplies for all cruises requiring the use of FSCS. 


 
2.6 Trawl Winches & Towing Warps 
The vessel’s auto-trawl system will be operated in tension based mode during all 
NEFSC bottom trawl survey trawling operations.  The NEFSC BTS requires 
redundant measurement of tension during all NEFSC survey bottom-trawling 
operations.  The vessel is required to arrange for a winch technical representative 
to calibrate the auto-trawl system prior to each bottom trawl survey cruise season.  
Both the winch calculated tensions, based on system pressures, and turning block 
load cells should be calibrated simultaneously to ensure each measuring device is 
calibrated to an equal magnitude.  Proper calibration requires that full ship power 
be available during the procedure so that the system can be operated in 
“AUTOTRAWL MODE”.  Additionally, the settings of all programmable winch 
parameters shall be standardized and recorded during each calibration procedure.  
Refer to appendix 4 for the auto-trawl calibration procedure. 
Per the current national protocol for trawl surveys, physical markings need not be 
inserted into the warps if an auto-trawl system is employed.  However, the 
protocols do require redundant measurement of warp length.  The vessel’s trawl 
warp measuring systems are required to be operational during all NEFSC BTS 
operations.   


 
2.7 Station Selection 
No later than two weeks prior to a cruise, ESB will provide the vessel with a list 
of the randomly preselected station locations for the entire survey.  ESB will 
submit electronic files containing the complete list of stations with their positions 
and strata boundaries in a format that conforms to the vessel’s current navigation 
software.  The vessel must give advance notice regarding any changes in their 
navigation software.  In the event of such a change, the vessel will be responsible 
for determining the new system requirements and reporting these to ESB.  In 
addition, stations at which plankton sampling is planned will be reported to the 
vessel.  Vessel command and/or Navigation Officer shall plot and examine the 
station locations, and identify any stations that are problematic for the vessel in 
terms of depth, obstructions or other issues.  Any stations identified as 
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problematic should be brought to the attention of the Chief Scientist to discuss 
alternative locations or operational procedures prior to departure.  Specific 
sampling problems and requirements may necessitate the planning of additional 
stations during the actual operation of the cruise (e.g., special deep-water, 
experimental or targeted non-random stations).   
 


2.7.1 Planned Cruise Track 
On the day of sailing, the Chief Scientist will produce a partial cruise track 
list that determines the order at which preselected stations will be 
occupied, considering navigational and operational concerns, after 
consulting with vessel command.  The planned cruise track will be 
updated by the Chief Scientist and provided to vessel command as 
necessary throughout the cruise.  Unanticipated issues, such as weather, 
may occur during the cruise forcing modification to the planned cruise 
track.  The Chief Scientist will consult with vessel command to determine 
the most efficient and productive alternate plan for the continuation of the 
cruise. 


 
3.0 SURVEY OPERATIONS 
Each randomly pre-selected station location is defined by a single latitude and longitude 
point.  A 1nm radius around the point defines the area in which survey operations shall 
commence.  Upon arrival on station, the officer on deck (OOD) shall assess conditions at 
the station including depth contours, vessel traffic, navigational hazards, fixed fishing 
gear and sea conditions, then determine the specific location at which the trawl will be 
towed.  A standard survey station consists of a hydrographic profile by CTD cast, a 
plankton sample by bongo net tow (occurs at a subset of stations) and a bottom trawl 
haul.  A standard bottom trawl haul is 20 minutes duration (on-bottom) and is towed at 
3.0kts speed over ground (measured by DGPS).  A standard trawl haul begins when the 
trawl first touches bottom, as determined by the winch operator via trawl mensuration 
equipment, and ends when the winches are reengaged at haul back. 


 
3.1  Oceanographic Sampling 
Conductivity, temperature and depth (CTD) sampling will occur at all station 
locations.  The purpose of the CTD sampling on the survey is to collect 
hydrographic profile data that are representative of the trawl sample location.  To 
meet this purpose, the CTD should be deployed to within 5 meters of the bottom 
and in close proximity to trawl sampling.  A trawl mounted temperature sensor 
ensures that temperature data are collected from the same depth and location as 
the trawl is towed.  The CTD should be deployed at the most logistically feasible 
location to achieve close proximity to the trawl location and efforts shall be made 
to execute a CTD cast as close to the actual trawl location without significantly 
compromising operational efficiency. 
Close proximity is defined as: 


Within 3 hours of the start of a trawl sample (“Start Trawl”); 
AND 
Within 3.0 nautical miles of the mid-point of the on-bottom tow path; 
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If the CTD sample is not proximate to the trawl sample or the CTD operator loses 
signal or is otherwise unable to collect CTD data, the cast will be repeated, with 
exception only from the Chief Scientist of the cruise.  If the CTD is unable to 
collect data, the Watch Chief should be notified and apprised of the amount of 
time necessary for repairs.  The Chief Scientist or Watch Chief will then 
determine if the repeat CTD cast will occur before or after the trawl is conducted.  
Under no circumstances shall the pressure rating of the CTD be exceeded 
(standard CTD pressure rating is 600m). 
 


3.1.1 Plankton Sampling 
At a subset of the preselected stations, bongo tows will be conducted to 
survey plankton and larval fish resources.  For stations at which plankton 
sampling is planned, a bongo net tow will occur in tandem with the CTD 
cast.  The maximum depth rating for the bongo net is 200m.  If the bottom 
depth of the station is greater than 210m, a dedicated CTD cast will be 
made to within 5m of the bottom, but no deeper than 500m.   


 
3.2 Determination of Tow Path and Direction 
Maintaining consistent depth contour is the main concern in determining the 
survey tow path and direction.  For much of the survey region, mainly the 
southern portion, finding consistent depth contours is not problematic.  If multiple 
tow directions achieve consistent depth, the default tow direction is toward the 
next planned station. 
Consistent depth is defined as: 
At Mean Bottom Depths Less than 50m: 
Mean Bottom Depth for the Tow Duration within ±5m of Set Depth 
At Mean Bottom Depths 50m and greater: 
Mean Bottom Depth for the Tow Duration within ±10% of Set Depth 
 
The OOD is encouraged to scout an optimal tow path.  It is acceptable to make 
gentle course changes resulting in a non-linear tow to achieve a viable tow path.  
All tows shall be planned to be 20 min on-bottom duration.   
 


3.2.1 Factors Affecting Tow Path and Direction 
a. Hazards or obstructions.  Prior to arrival, the vessel command will 


identify any obstructions or navigational hazards that may affect tow 
direction, location or duration.  Efforts shall be made to avoid towing 
in areas of known ship wrecks.  If hazards or obstructions preclude the 
station from being performed within the 1nm radius of the randomly 
selected location, then the Chief Scientist or the Watch Chief must be 
informed prior to the decision regarding the vessel’s next actions for 
sampling the station. 


b. Conditions at the station.  Conditions at the station may affect tow 
direction.  These include the presence of fixed fishing gear, vessel 
traffic, sonar targets indicating significant bottom obstructions, 
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weather and sea surface conditions.  In some cases, i.e. the presence of 
fixed gear or significant sonar targets, the vessel may be required to 
scout a towable path. 


c. Stratum boundaries.  Stratum boundaries shall not be crossed during a 
tow unless all other options for tow direction are exhausted.  Greater 
than 75% of the on-bottom tow distance must be within the initial 
stratum for the tow to be considered valid. 


d. Presence of Protected Species. Refer to appendix 5 regarding 
procedures for scouting the area prior to gear deployment and actions 
to be taken if protected species are detected in the sampling area.   


e. Bottom Currents.  The design of the NEFSC BTS attempts to 
randomize tow direction relative to current direction.  The trawl gear 
shall be set initially according to the specified protocol for 
determination of tow direction without concern for bottom currents.  
The vessel’s auto-trawl system can partially compensate for bottom 
currents, however, experience with this trawl gear has shown 
performance issues when towing in areas of strong currents.  This 
includes lengthy settling times and loss of bottom contact towing into 
the current direction and variable door spreads when towing with the 
current direction.  If such performance issues arise during a tow and it 
is expected that the tow will not be considered valid, the tow may be 
aborted.  The Chief Scientist makes the decision to abort a tow based 
on trawl performance characteristics.  The repeat tow shall be 
conducted in a manner to minimize negative impacts on trawl 
performance as follows: 
i. The vessel’s Acoustic Doppler Current Profiler (ADCP) may be 


used to aid the decision regarding the repeat tow direction. 
ii. The repeat tow must still adhere to the tow depth tolerance 


protocols.  Towing in the opposite direction of the original tow 
may represent a viable option to maintain the depth contour of the 
original planned tow path.   


iii. If towing in the opposite direction is not thought to be a prudent 
method to minimize current impacts on trawl performance, the 
course of the repeat tow path should be altered by approximately 
30° to offset the magnitude of the current flow relative to trawl 
direction.  30° is a suggested course change.  The altered course 
tow path must still adhere to the tow depth tolerance protocols.  
The ADCP may be a useful tool to determine the actual course 
change in such situations. 


iv. In situations of lengthy settling times or difficulty maintaining 
bottom contact due to strong currents, the repeat tow may be 
conducted on the original tow path with additional wire length.  
Adjustments to wire length shall not occur during the standard 
timed tow duration.  The increased wire length shall occur during 
the repeat tow.  The Chief Scientist and Winch Operator shall 
determine the appropriate amount of wire increase.  The increased 
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wire length shall not exceed:  At Depths Less Than 100m: 20% 
more than the designated wire out listed on the Standard NEFSC 
Scope Table; At Depths 100m and Greater: 50m more than the 
designated wire out listed on the Standard NEFSC Scope Table. 


v. During periods of increased sea state, vessel traffic or inconsistent 
bottom morphology, the given methods to minimize current 
impacts on trawl performance may not be achievable.  In such 
circumstances the station location shall be moved according to the 
protocols outlined in section 3.3 Moving preselected station 
locations. 
 


3.2.2 Deepwater Continental Shelf Edge Strata Sampling 
Depth was one defining factor in determining strata boundaries.  Once the 
strata boundaries were defined, areas within a particular stratum that are 
shallower or deeper than the given depth range (due to holes or humps) are 
still considered representative of that stratum, regardless of depth.  This 
occurs often in the Gulf of Maine.  For the offshore strata on the 
continental shelf edge from eastern Georges Bank to Cape Hatteras, the 
stratum boundary lines are intended to define the 110m, 183m and 366m 
depth contours.  Since available bathymetry data were limited in these 
regions at the time that survey stratification was completed (1962-1963), 
the currently defined locations of the stratum boundary lines may not 
actually represent the true depth contours in these strata.  To ensure 
sampling occurs at the intended depths of these strata, the sampling 
protocols must be altered at the continental shelf edge strata from Georges 
Bank south to Cape Hatteras.  Gulf of Maine strata will follow the 
protocols outlined in section 3.2. 
a. For offshore shelf edge strata defined by the 110m – 183m contours: 


i. Begin operations within a 1nm radius of the randomly 
preselected station location. 


ii. Search within a 3nm radius for a viable tow path that 
achieves consistent depth within the given depth zone of 
the stratum (110m-183m).  Consistent depth is defined in 
section 3.2. 


iii. If no operable tow path is found within the given depth 
range after 1 hour, the OOD will navigate from the original 
1nm radius perpendicular to the existing depth contours 
until reaching an area within the given depth range of the 
stratum. 


iv. During such occurrences, strata boundaries are treated as 
follows: boundaries that were intended to delineate depth 
contours may be ignored; boundaries that were intended to 
create latitudinal/longitudinal separation between similar 
depth zones are to be observed.  In situations where the 
resulting towable zone lies outside both boundaries, then 
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the latitudinal/longitudinal boundaries should be treated as 
extending out linearly as far as necessary. 


b. For offshore shelf edge strata defined by the >183m-366m contours: 
i. Begin operations within a 1nm radius of the randomly 


preselected station location. 
ii. Search within a 3nm radius for a viable tow path that 


achieves consistent depth within the given depth zones of 
that stratum.  Consistent depth is defined in section 3.2. 


iii. If no operable tow path is found after 1 hour, the tow 
location shall be moved using the following methodology: 


1) The Chief Scientist will subdivide the stratum into 
four distinct depth ranges: 184m-229, 230m-274m, 
275-320m, and 321m-366m. 


2) The Chief Scientist will randomly select one of the 
four subdivided depth zones.  (NOTE: for 
subsequent tows in any stratum, the Chief Scientist 
will select one depth range from any of the four 
subdivided depth ranges to ensure random sampling 
with replacement.) 


3) The OOD will navigate perpendicular to the 
existing depth contours from the 1nm radius of the 
preselected station location until reaching an area 
within the targeted depth zone selected by the Chief 
Scientist. 


iv. During such occurrences, strata boundaries are treated as 
follows: boundaries that were intended to delineate depth 
contours may be ignored; boundaries that were intended to 
create latitudinal/longitudinal separation between similar 
depth zones are to be kept intact.  In situations where the 
resulting towable zone lies outside both boundaries, then 
the latitudinal/longitudinal boundaries should be treated as 
extending out linearly as far as necessary. 


v. Subsequent tows within a stratum will follow the same 
methodology of initially searching for an operable tow path 
within a 1nm radius of the preselected station location.  
When necessary, as dictated by the protocols outlined 
above, the Chief Scientist will select one depth range from 
any of the four subdivided depth ranges to ensure random 
sampling with replacement. 


 
3.3 Moving Preselected Station Locations 
Efforts shall be made to sample the station within a 1nm radius of the preselected 
location in accordance with the criteria of determination of tow path and 
direction.  A tow is considered to be within the 1nm radius if ANY portion of the 
on-bottom tow distance occurs within a 1nm radius of the preselected location. 
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a. If no operable tow path is found after approximately 30 minutes of 
searching, the radius will be expanded to 3nm and the OOD shall 
notify the Chief Scientist or Watch Chief.  If any portion of the on-
bottom tow distance occurs within the 3nm radius, it is considered to 
be within the 3nm radius.   


b. If no viable tow path is found after approximately 1 hour, an alternate 
random tow location will be identified by the Chief Scientist or Watch 
Chief.   


c. Alternate random tow locations will be preselected for all strata by 
ESB personnel prior to the cruise.  The number of alternate random 
tows per strata will be equal to the number of original random tows per 
strata. 


d. The Chief Scientist or Watch Chief shall select the alternate location 
that is either closest in proximity to the current location of the vessel 
OR the most advantageous to the planned cruise track.   


e. Alternate locations must be within the same stratum as the original 
preselected tow location and adhere to the tow direction and proximity 
protocols. 


 
3.4 Standardized Trawling Procedures 
A standard trawl haul is 20 minutes duration at a designated speed over ground of 
3.0kts (measured by DGPS).  A standard trawl haul begins when the trawl first 
touches bottom, as determined by trawl mensuration equipment, and ends when 
the winches are reengaged at haul back.  Fundamental activities associated with 
bottom trawling operations are time-stamped and recorded in the FSCS Operation 
Event Logger (FSCS OEL) by the OOD.  Accurate recording of these event times 
is critical to the data quality of the survey.  These time-stamps, commonly termed 
button presses, dictate streamed data capture periods and are used to calculate 
summary statistics relative to gear and vessel performance during a tow and are 
used to validate standard survey tows.  Refer to section 4.0 Data Collection for 
more detail regarding event logging. 


 
3.4.1 Setting the Trawl 
a. The FSCS OEL shall be opened and be ready to begin data collection 


prior to setting the trawl.  The OOD will select the pre-planned trawl 
site location in FSCS OEL and start the operation.  


b. The vessel shall set the course in accordance with the planned tow 
direction, leaving enough room for streaming the net so that the trawl 
does not over or undershoot the planned tow path. 


c. The OOD should check for vessel traffic and fixed gear to ensure it is 
safe to deploy the trawl.  Vessel maneuvers are done at the discretion 
of the OOD and Chief Bosun/Lead Fisherman to facilitate gear 
deployment.   


d. The vessel shall maintain a speed of approximately 3.0kts to begin 
streaming the net.  Once the vessel is at speed, the OOD shall notify 
the winch operator to stream the net.  The “Stream Net” FSCS OEL 
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button shall be pressed upon initialization of the deck crew streaming 
the net.  Speed may be altered to facilitate streaming the net. 


e. The winch operator and deck crew shall monitor the gear during 
deployment to avoid snags and other potential damage to the gear.  
The winch operator and deck crew shall ensure the gear is streamed in 
the proper configuration, all floats clear the webbing and there are no 
twists in the rigging. 


f. Once the net is fully streamed the vessel speed will be increased to 
5.5kts for wire payout. 


g. The Setdepth reading will be taken from the EK60 18 kHz transducer 
at the point at which the net is fully streamed, the vessel speed is 
5.5kts and the gear must be deployed in order to sample the planned 
towpath.  In the event the EK60 18kHz transducer is not functioning, 
the EK60 38 kHz transducer will be used. 


h. The designated wire out will be determined based upon the Setdepth 
reading and the standardized scope table (appendix 6).  **If a planned 
tow path has been scouted, the designated wire out will be determined 
by the MEDIAN depth over the planned on-bottom tow distance. 


i. The winch operator shall deploy the gear with the winches in ‘Auto 
Pay Out’ mode.  The ‘Auto Pay Out’ mode on the auto-trawl winch 
system shall be set at 50-100 meters per minute.  See appendix 4 for 
details regarding trawl winch settings. 


j. Vessel speed shall be decreased to the standard tow speed over ground 
of 3.0kts by the time the last 50-m of cable is being deployed.  The 
winch operator shall inform the OOD at the point when the last 50-m 
is reached. 


k. Upon completion of wire payout, the winch operator shall engage the 
‘AUTOTRAWL MODE’.   


 
3.4.2 Standardized Towing 
a. The winch operator will determine the start of the timed tow based 


upon trawl sensor data, which shall be monitored from a display at the 
winch console.  The trawl sensors will be used to determine when the 
trawl sweep has settled on the bottom.  Upon determination of bottom 
contact the winch operator shall inform the OOD.  The OOD shall then 
immediately press the “Start Trawl” FSCS OEL button, thus beginning 
the standard timed tow duration. 


b. The vessel speed will be maintained at 3.0kts over ground for the 
duration of the tow. 


c. The tow duration will be exactly 20 minutes from the time the “Start 
Trawl” button is pushed. Tows shall always be planned for the full 20 
minute duration.   


d. The winch operator is responsible for monitoring the gear and its 
performance (trawl mensuration data) throughout the tow duration. 


e. At exactly 20 minutes, the OOD will inform the winch operator to haul 
back the net. 
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3.4.3 Haul Back 
a. Haul back shall commence with the winch operator stopping 


‘AUTOTRAWL MODE’ and engaging ‘HAUL MODE’ on the auto-
trawl system, at which time the OOD shall press the “Haul Back” 
FSCS OEL button.  The ‘HAUL MODE’ on the auto-trawl winch 
system shall be set at 50-100 meters per minute.     


b. Vessel speed during haul back shall be approximately 3.0kts.  The 
exact haul back speed may vary depending on catch size or sea 
conditions and may be increased to avoid vessel traffic or other 
navigational hazards.  Caution shall be used when increasing speed 
greater than 5kts as this may cause damage to gear in tow behind the 
vessel. 


c. Upon reaching the last 50 meters of wire out, the winch operator shall 
inform the OOD. 


d. Upon completion of wire retrieval, the doors shall be secured and the 
net shall be brought aboard the vessel.  The OOD will press the “Net 
On Deck” FSCS OEL button when the cod-end is fully on deck. 


 
3.4.4 Trawl On-Deck Post Tow 
a. Catch will be emptied into the hopper by the vessel crew.  When 


necessary, extremely large catches will be emptied on deck. 
b. The vessel crew shall shake the trawl and pick through the trawl to 


remove all organisms caught in the meshes of the body of the net and 
caught in the cod-end liner.  These organisms must be given to the 
scientific party for sampling.  This activity shall be given a high 
priority by the deck crew, with the principal goal to avoid 
contamination of the trawl by specimens captured previously, retained 
in the trawl, and then washed down into a subsequent catch. 


c. Vessel crew must inspect the survey gear for any damage and notify 
the Watch Chief or Chief Scientist of any damage and/or malfunction 
observed. 


d. The Chief Bosun/Lead Fisherman shall notify the Watch Chief or 
Chief Scientist of any repairs made to the survey gear.  Notifications 
shall be as descriptive as possible.  The Watch Chief will record all 
survey gear damage/malfunction detail in the Tow Evaluation 
software. 


e. The vessel crew shall visually inspect the shine pattern of the trawl 
doors to ensure that the doors did not collapse during the tow. 


f. The vessel crew shall secure the survey gear; re-tie the cod-end and 
liner in preparation for the next station. 


g. Once the survey gear and crane have been secured and the OOD is 
ready to move on to the next station location, the OOD will press the 
“Crane Secure” FSCS OEL button.  The OOD will then press the 
“Stop the Operation” FSCS OEL button to exit the FSCS OEL 
program. 
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3.5 Survey Tow Evaluation and Validation 
All standard survey tows are evaluated by Tow Evaluation software immediately 
post tow and are validated based on four codes, Type, Operational, Gear and 
Acquisition (T.O.G.A.).  T.O.G.A. is a detailed analysis of survey trawl and 
vessel performance during each tow, utilizing available data from trawl 
mensuration systems and vessel sensors routinely logged by SCS.  Tolerance 
limits and optimal values were calculated from data collected during the NEFSC 
calibration experiments.  These tolerance limits are intended to promote 
consistency of trawl geometry and towing procedure to validate comparison of the 
collected trawl survey data with results from the calibration experiments.  Refer to 
appendix 7 for additional details regarding tow validation and T.O.G.A. 


 
3.5.1 Repeating Tows 
Any decision to repeat a tow must involve the Chief Scientist or Watch 
Chief and the OOD and should consider the following factors: 
a. The probability of the same or greater damage to the gear occurring.  If 


probability is high, the station location should be moved. 
b. Whether or not the catch is a representative sample or if the 


damage/malfunction significantly altered catch efficiency. 
c. The tow duration at the time the damage or malfunction occurred.  If 


the damage/malfunction was known to have occurred after 16-min tow 
duration and not significantly alter catch efficiency, the tow should be 
considered valid and the damage coded accordingly.   


d. The current progress of the cruise as a whole (when time remaining in 
the cruise threatens the completion of the entire survey area). 


e. If the OOD has any concerns regarding the Chief Scientist’s decision, 
the CO should be consulted for discussion with the Chief Scientist.   


 
Invalid tows for which the decision has been made to repeat, the catch will 
still be sampled by the scientific party at the discretion of the Watch Chief 
or Chief Scientist. 


 
3.6 Intercepted Fixed Gear 
Survey operations regularly occur in the vicinity of fixed fishing gear.  Care 
should be taken to avoid interacting with fishing gear via searching and scouting 
when planning a tow path.  When possible, any fixed gear entangled in the survey 
gear shall be retained by the deck crew.  It is understood that fixed gear 
interceptions often represent safety hazards; however, in keeping with safety, 
effort should be made to gain as much information as possible on the extent of the 
intercepted gear, amount of damage, its status as actively fished or abandoned, its 
effect on trawl performance, and any indications of ownership such as registration 
numbers.  The Chief Bosun/Lead Fisherman shall report this information to the 
Watch Chief and to the OOD.  The OOD shall record all available information 
regarding the vessel’s location and activities during the gear interaction in the 
FSCS OEL bridge comments.  The Watch Chief shall record all available 
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information from any retained gear and detail all information regarding the gear 
interaction’s effects on trawl performance in the Tow Evaluation software.  ESB 
staff is responsible for notifying shore based personnel of fixed fishing gear 
interactions.  ESB shore based personnel are responsible for handling all tort 
claim activities. 
 
3.7 Cessation of Operations Due to Weather or Sea Surface Conditions 
Survey operations should cease anytime at which the CO, OOD or Chief Scientist 
believe the safety of personnel or the vessel is compromised.  In certain instances, 
trawl performance is significantly affected prior to any safety concerns of the 
vessel.  Survey operations should be ceased at any point at which the Chief 
Scientist, Watch Chief or Winch Operator believe trawl performance is 
significantly altered due to weather or sea conditions.  During marginal weather 
conditions, bottom trawl performance should be closely monitored utilizing net 
sensors and T.O.G.A summaries.   


 
4.0 DATA COLLECTION 
Bottom trawl survey data are collected in a standard format using standard procedures to 
ensure accuracy and comparability of survey data throughout the time-series.  The Chief 
Scientist and the Fisheries Scientific Computer System (FSCS) Administrator have the 
primary responsibility to ensure the proper collection of data during the cruise.  All 
station data are collected using sensor input from the Scientific Computer System (SCS) 
as well as metadata input by the OOD through the FSCS OEL.  FSCS OEL incorporates 
SCS station data which are linked to all collected biological data.  Oceanographic data 
are recorded in a separate database and are linked to the station and biological database.  
Data linkage is necessary for data integrity. 
 


4.1 FSCS OEL Station Data Collection 
The vessel’s non-biological sensor data are recorded continuously throughout the 
cruise by the vessel’s Scientific Computer System (SCS) and loaded, in real-time, 
to an Oracle database through the FSCS OEL application.  A subset of sensor data 
relevant to the standard survey tow are logged at specific time intervals, recorded 
via button presses that log events representing standardized towing operations (i.e. 
start of timed tow; haul back).  These data are stored in an Oracle database and 
are referenced by the site and operation.  The FSCS OEL data collection format is 
standardized and shall not be altered in any way without agreement from ESB 
personnel. 
 


4.1.1 Bridge Responsibilities 
During standardized trawling operations, the OOD is responsible for 
executing the FSCS OEL Bottom Trawl Operations event.  At each 
sampling site, this includes launching the FSCS OEL program, entering all 
necessary data and pressing all required event buttons.  FSCS OEL data 
are used to validate all standard survey tows for the timed tow duration, 
based on event button presses (Start Trawl to Haul Back).  Accurate 
timing of event button presses is critical to the quality of collected SCS 
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sensor data and proper evaluation of standard survey tows.  
Communication between the OOD, Chief Scientist and Watch Chief prior 
to conducting survey operations is encouraged to eliminate sources of 
error.  The Watch Chief and/or Chief Scientist must be notified of all 
errors associated with FSCS OEL data collection.  If errors occur with 
pressing of event buttons, (i.e. button pressed more than once or button 
press does not represent actual event occurrence), efforts shall be made to 
document the time of the actual event occurrence and the Watch Chief 
shall be notified of the error.  Additionally, the OOD shall detail all errors 
in the FSCS OEL “Comment”, when applicable. 


 
4.1.2 FSCS OEL Bottom Trawl Operations 
The sequence of Bottom Trawl Operations event logging shall be as 
follows: 
a. Open FSCS OEL:  The OOD will open the program and enter the 


necessary information, including Vessel, Cruise, Operation Type, 
Project and Site. 


b. Start Operation:  Launch the program. 
c. Bridge Officer:  Select the current OOD by clicking “Bridge Officer=” 


on the right side of the screen. 
d. Weather:  The OOD shall input the wave height, swell direction and 


swell height by clicking each one on the right side of the screen. 
e. Comment:  Enter all comments relative to the current operation, when 


applicable.  Multiple comments may be entered. 
f. Stream Net:  Time-stamp indicating the gear is being set into the 


water.  This begins the streamed data collection into the Oracle 
database. 


g. Start Trawl:  Time-stamp indicating the trawl sweep has settled on the 
bottom, as determined by the Winch Operator’s interpretation of trawl 
mensuration equipment.  This begins the timed tow duration.  This 
button may be pressed more than one time, when necessary, to capture 
the accurate start of the timed tow duration; i.e. the button was initially 
pressed too early. 


h. Hang:  Time-stamp indicating the moment survey gear has hung on the 
bottom or encountered an obstruction, when applicable.  This button 
may be pressed multiple times during a tow when necessary. 


i. Haul Back:  Time-stamp indicating the moment at which the winches 
are reengaged to retrieve the gear.  This ends the timed tow duration.  
This button may be pressed more than one time, when necessary, to 
capture the accurate haul back time; i.e. the button was initially 
pressed too early.  Start Trawl must be pressed prior to Haul Back. 


j. Net On Deck:  Time-stamp indicating the gear has been retrieved and 
the cod-end is on deck.  This ends the streamed data collection into the 
Oracle database. 


k. Crane Secure:  Time-stamp indicating the back deck crane is secured. 
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l. Stop Operation:  End data collection for the Bottom Trawl Operations 
event. 


m. Exit OEL:  Exit the program.  Stop Operation must be pressed prior to 
Exit OEL. 


 
 
4.2 Biological Data Collection 
All biological data are collected using the Fisheries Scientific Computer System 
(FSCS). 
 


4.2.1 Catch Processing 
Catch processing will occur under the supervision and direction of the 
Watch Chief.  The following basic operations shall occur: 
a. Calibration of scales.  At the start of each watch the electronic scales 


shall be calibrated.  During a watch, additional calibrations may occur 
under the direction of the Watch Chief if external conditions cause a 
scale to fluctuate significantly. 


b. Sorting.  Sorting will precede all biological sampling, except in special 
cases where sub-sampling methods are utilized.  The majority of catch 
will be sorted to species and in some cases to sex within a species. 


c. Weighing.  All sorted species will be weighed using calibrated scales. 
d. Measuring.  All sorted species will be measured, either totally, or 


partially using sub-sampling methods. 
e. Special sampling.  Selected special samples beyond weighing and 


measuring may take place through the authority of the Chief Scientist 
via approved requests from the ESB Chief.  The primary vehicle for 
these requests will be, but is not limited to, the ESB Sampling Request 
Booklet and associated protocol sampling tables in FSCS. 


f. Disposing of catch.  The catch will be disposed of under the 
supervision of the Watch Chief.  Catch disposal shall occur only after 
all pertinent data has been collected and/or verified.  No catch will be 
disposed of while a net is in the water to ensure that previously 
sampled organisms are not recaptured at subsequent stations.  In 
certain cases the disposal of the catch may be restricted, and in these 
instances the Chief Scientist will consult with the vessel command on 
how to adjust procedures. 


g. Protected Species.  Protected species will be handled according to 
NOAA and/or NEFSC protocols. 


 
 
5.0 POST-CRUISE ACTIVITIES 


5.1 Vessel Cleanup 
At the end of each cruise leg, all scientific areas (lab space, ready room, lounge, 
hopper, offices and berthing) shall be cleaned by the scientific party.  The 
scientific party shall clean all scientific equipment as well, including all FSCS 
hardware, measuring devices and scales. 
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5.2 Sample Offload 
Scientific samples will be organized and inventoried at the end of each cruise leg.  
Samples will be offloaded from the vessel at the discretion of ESB staff.  Any 
offloading requiring the use of vessel equipment, such as cranes, will be 
coordinated between the Chief Scientist and the Chief Bosun. 
 
5.3 Data Offload 
The FSCS Administrator will create a copy of all necessary data collected after 
each cruise leg and is responsible for transport of these data from the vessel to the 
lab. 
 
5.4 Equipment Offload 
Offload of survey trawl gear will be coordinated between the ESB warehouse 
staff and the vessel’s Chief Bosun.  Gear offload may occur between survey legs 
to maximize available storage space.  Scientific equipment, such as FSCS 
hardware, will remain on the vessel until the end of the cruise season (unless 
damaged or otherwise necessary). 
 
5.5 Post-Cruise Meeting 
Upon completion of each cruise leg, a post-cruise meeting will be held and 
attended by the vessel’s officers, Chief Scientist, Chief Bosun, members of the 
scientific party, the NEFSC vessel coordinator and the Port Captain to review the 
cruise.  Concerns regarding safety, efficiency, and suggestions for improvements 
for future cruises should be discussed.  Minutes of the post-cruise meeting will be 
distributed to all participants via email and to the CO.MOC.Atlantic@noaa.gov 
and ChiefOps.MOA@noaa.gov.  The Port Captain, if attending, is responsible for 
recording and distributing the minutes.  In his/her absence, the Operations Officer 
shall be responsible for the minutes. 
 
5.6 Cruise Evaluation Forms 
Within 60 days of the completion of each cruise leg, a Ship Operation Evaluation 
form is to be completed by the Chief Scientist.  The preferred method of 
transmittal of this form is via email to OMAO.Customer.Satisfaction@noaa.gov . 
If email is not an option, a hard copy may be forwarded to: 
Director, NOAA Marine and Aviation Operations 


 NOAA Office of Marine and Aviation Operations 
 8403 Colesville Road, Suite 500 
 Silver Spring, MD  20910 
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1.0 Introduction 


 


The panel was convened to provide a review of the calibration analyses 


carried out on the data collected during the 2008 pair tow experiment 


involving the FSV Henry B Bigelow and R/V Albatross IV. The terms of 


reference (Appendix 1) were to review and evaluate the suite of statistical 


methods used to derive calibration factors by species before they are applied 


in a stock assessment context.  


 


The panel carried out this review and addressed all items in the terms of 


reference for which analyses were available and where time permitted. The 


review was based on several working papers prepared by the NMFS staff and 


the presentations given by them on days 1 and 2. 


 


 The panel acknowledges the comprehensive testing, planning, and 


standardization of trawl gears and vessels, and field data collection conducted 


in the preceding years leading up to and including the 2008 calibration 


experiments. 


 


The panel further acknowledges the comprehensive suite of rigorous statistical 


methods employed to estimate the calibration factors for the 636 paired tows 


by the R/Vs Albatross IV and Henry B. Bigelow.  Below is the panel’s 


review, prepared with full agreement by the entire panel, of the analyses used 


in the derivation of calibration estimators.  


 


2.0 Synthesis 


 


The panel reviewed the calibration statistics of both Ratio and Beta-binomial 


estimators along with individual length frequencies (where available) and 


plots of empirical and beta-binomial based log-p estimators at length for 


several (18) species, but not all of the 38 species on the FMPs list. The 


objective was to develop specific protocols for guidance in the selection and 


use of appropriate estimators based upon the amount of data available and the 


relative performance of the two candidate estimators. The protocols were then 


tested by the panel on 2 candidate species to see how well they performed. 
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2.1 Protocols 


 


2.1.1   In the case where Ratio estimator = Beta-binomial estimator or 


where there was little difference in both estimators based upon the 


confidence intervals of  the ratio estimates, the panel recommends the 


use of the Beta-binomial estimator. This estimator exhibited superior 


performance in simulation studies. However, the panel further 


recommends that length should be added to the Beta-binomial model 


as a continuous covariate to incorporate length based conversions 


where appropriate. 


 


Example 1: cases where length is influencing the relationship such as: 


yellowtail flounder, American plaice, and winter flounder. 


 


Example 2: cases where length and season are influencing the 


relationship such as: window pane and summer flounders 


 


Example 3: cases where length and season are not influencing the 


relationship such as: bluefish, butterfish, haddock, black sea bass, 


white hake and winter skate
1
 


 


2.1.2   In the case where Ratio estimator >Beta-binomial estimator, typical 


of situations where large catches were primarily taken by the Bigelow 


because of patchiness/density characteristic (spatial heterogeneity) of 


some schooling pelagic fish the panel recommends using the Beta-


binomial estimator  because it is less influenced by a few large 


catches by one vessel ( i.e., a large catch is treated like a small catch) 


when compared to the ratio estimator. Examples are silver hake (also 


influenced by season), herring and spiny dogfish 


 


2.1.3 In the case where Ratio estimator < Beta-Binomial estimator,  


typical of situations where both vessels take large catches at the same 


time and the Bigelow is also taking a lot of small catches that the 


Albatross is missing entirely. Such situations are over-influencing the 


Beta-binomial estimator. Examples are: Little skate (causing a 


seasonal difference), scup (no small fish less than 5 cm in fall 


compared to spring, i.e., spring-spatial heterogeneity in catches) and 


redfish (only a marginal difference). Here the panel recommends using  


 


                                                 
1
 There may be an identification issue between small winter and little skates which are 


influencing the numbers in the catches. 
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the ratio estimator because large catches contain more information 


about calibration factor. 


 


 


2.2 General protocol guidelines: 


 


2.2.1 If there are less than 30 ++  total occurrences do not attempt any 


conversion. 


 


2.2.2 If there are less than 30 ++  in any one seasonal occurrences in the 


catches seasonal conversion are not appropriate. 


 


2.2.3 If there are 31-50 ++ occurrences in any one season consider a 


conversion only if one is required but proceed with caution. 


 


2.2.4 If the catches by both vessels were very low then any derived 


conversion factor would be an unreliable estimate. Examples are: 


pollock (driven by one large catch), striped bass, Atlantic halibut, 


Atlantic hagfish, cusk, and Atlantic wolffish.  







Independent Panel Review  


of the NMFS Vessel Calibration Analyses for  


FSV Henry B Bigelow and R/V Albatross IV 


August 11-14, 2009 


Chair’s Consensus Report 


 4 


 


 


 


3.0 Review of the Terms of Reference:  


Evaluate the methodology for estimation of conversion factors for catch rates 


between the FRV Henry Bigelow and NOAA Ship Albatross IV in terms of: 


 


ToR (a.) Statistical appropriateness  


• What constitutes a sufficient estimate of calibration 


effects in terms of precision, bias and other properties?  


• (See also g.) below.) 


 


Panel Response 


The performance of the estimators was tested in simulation studies and 


analyses of the calibration data. The panel used these results among others 


(see Synthesis report above) to develop protocols for integrating the data to 


respond to ToR “g” below: 


 


ToR (b.) Number of treatment effects to be considered (e.g., time of 


day, depth)  


• Are region-specific estimates feasible and/or necessary?  


 


Panel Response 


No information/analyses were presented at the workshop for evaluation. 


 


ToR (c.) Evaluation of calibration implications (if any) of paired tows 


collected as part of the shadow survey with those based on regional 


site specific stations.   


 


Panel Response 


It was difficult to evaluate these regional site specific stations because they 


were not always treated separately from the shadow surveys in the analyses 


presented, e.g. calibration estimates, and the fall shadow and November site 


length compositions. The panel agreed with the concern expressed by NMFS 


that site specific stations sampled in June might differ from the spring survey. 


However, the panel felt that site specific stations should have been separated 


from survey stations for both spring and fall in the analyses to provide more 


observations on how the estimators were performing.  
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ToR (d.) Treatment of matched tows and performance of alternative 


estimators when one vessel catches a given species but the other does 


not. (Consider application of zero-inflated, and other mixture 


distributions for estimation) (See also ToR g. below.)  


 


Panel Response 


The panel recommends additional evaluation of model representation of zero 


frequencies through the use of simulation based model assessment. This 


involves the use of parametric bootstrap procedures to generate a reference 


distribution against which to compare the frequencies of observed and 


expected zero observations under the assumed calibration model.  


 


ToR (e.)  Performance of alternative estimators for species with low 


encounter rates and/or groups of species with potentially similar 


catchabilities (e.g. flounders, gadids, etc.) 


 


 


Panel Response 


A potential strategy for further methodological development (hierarchical 


framework for model development and validation) was suggested that could 


address these issues. Due to shortage of time NMFS directed the panel to 


provide immediate advice on the use of calibration factors in upcoming fall 


assessments. However, the panel still recommends that the hierarchical 


approach be considered in post workshop analyses. 


 


ToR (f.)  Estimators of length-specific conversion factors 


• What are appropriate criteria for application?  


 


Panel Response 


This issue is addressed in the synthesis report of the panel above. 
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ToR (g.) For each estimator, develop measures of uncertainty and 


advise on limits of applicability 


i. For which species are there insufficient data for any 


calibration?  


ii. For species to be assessed this fall (butterfish, spiny 


dogfish), and that have typically relied on spring survey 


indices, what short-term solutions should be 


implemented to use the spring 2009 data collected by 


the Bigelow?  


iii. For which species is the current proposed methodology 


adequate?  


iv. For which species does the proposed methodology 


require adjustment, and what is required?   


v. What approaches are appropriate to deal with species or 


groups with insufficient information:  ignore the 


potential difference, use a mixed category approach, or 


other approaches?  


vi. Recommend approaches for dealing with uncertainty in 


back-transformations from Bigelow values to Albatross 


“equivalents.”  Is a Taylor series expansion 


appropriate?    (This will be most relevant for 


assessment applications in the next 10 or so years.)   


Panel Response 


These issues, other than item vi, are addressed in detail in the protocols listed 


in the synthesis report  above. Time was not available to address item vi. 


 


ToR (h.) Develop recommendations for ongoing research to improve 


estimation for specific species groups (e.g. flatfish, pelagics) and 


potential effects of bottom type.   


 


Panel Response 


Time was not available to address this issue.  


 


4.0 Other analysis not in the ToR but presented at the workshop 


 


Analysis of age frequency and size at age data. 


 


Panel Response 


The panel suggests that the use of a multinomial model would be appropriate 


for testing of age frequencies differences between the two vessels using  
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proportions in the analysis. In addition an equivalence testing model should be 


used to examine differences in mean length at age between the two vessels. 


Especially useful when small sample sizes increase the probably of accepting 


the null hypothesis of no difference. The equivalence model tests the null 


hypothesis that the mean length at age from the two vessels are different; by 


rejecting it then conclude the alternate hypothesis that they are the same. 


 







Independent Panel Review  


of the NMFS Vessel Calibration Analyses for  


FSV Henry B Bigelow and R/V Albatross IV 


August 11-14, 2009 


Chair’s Consensus Report 


 8 


 


 


Appendix I:  Terms of Reference for Vessel Calibration Analysis Review 


11-13 August 2009. 


 


 


Background:  In the spring of 2009, the FRV Henry B. Bigelow replaced the 


NOAA Ship Albatross IV as the primary vessel platform for conducting the 


Northeast Fisheries Science Center’s (NEFSC) research bottom trawl surveys.  


In addition to the change in research vessel platforms, the Center also 


implemented a new fishing system designed in conjunction with fishery 


stakeholders, and made key changes to survey protocols including tow 


duration and towing speed.  In preparation, Center staff designed a series of 


experiments to estimate conversion factors for catch rates between the two 


vessels.  The experimental designs were reviewed by a panel of experts 25-27 


April 2007, and experiments were conducted in the Spring and Autumn of 


2008.  Details are provided in NEFSC CRD 07-12 Proposed Vessel 


Calibration Studies for NOAA Ship Henry B. Bigelow  (August 2007). Initial 


logistical constraints imposed by the limited overlap in time of service by the 


two vessels were considered in the experimental design; but additional 


logistical constraints emerged as the experiments proceeded, which affected 


the type and amount of data originally anticipated.   Data collected through the 


experiments are currently being analyzed and a suite of statistical methods are 


being developed and implemented.  Review of the analytic products is 


required before final conversion factors are applied in a stock assessment 


context.  


 


Terms of Reference:  


 


Evaluate the methodology for estimation of conversion factors for catch rates 


between the FRV Henry Bigelow and NOAA Ship  Albatross IV in terms of  


 


 a.) Statistical appropriateness  


• What constitutes a sufficient estimate of calibration 


effects in terms of precision, bias and other properties?  


• (See also g.) below.) 


 


b.) Number of treatment effects to be considered (e.g., time of day, 


depth)  


• Are region-specific estimates feasible and/or necessary?  
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c.) Evaluation of calibration implications (if any) of paired tows 


collected as part of the shadow survey with those based on regional 


site specific stations.   


 


d.) Treatment of matched tows and performance of alternative 


estimators when one vessel catches a given species but the other does 


not. (Consider application of zero-inflated, and other mixture 


distributions for estimation) (See also g.) below.)  


 


e.)  Performance of alternative estimators for species with low 


encounter rates and/or groups of species with potentially similar 


catchabilities (e.g. flounders, gadids, etc.) 


 


f.)  Estimators of length-specific conversion factors 


• What are appropriate criteria for application?  


 


g.) For each estimator, develop measures of uncertainty and advise on 


limits of applicability 


• For which species are there insufficient data for any 


calibration?  


• For species to be assessed this fall (butterfish, spiny 


dogfish), and that have typically relied on spring survey 


indices, what short-term solutions should be 


implemented to use the spring 2009 data collected by 


the Bigelow?  


• For which species is the current proposed methodology 


adequate?  


• For which species does the proposed methodology 


require adjustment, and what is required?  


• What approaches are appropriate to deal with species or 


groups with insufficient information:  ignore the 


potential difference, use a mixed category approach, or 


other approaches?   


• Recommend approaches for dealing with uncertainty in 


back-transformations from Bigelow values to Albatross 


“equivalents.”  Is a Taylor series expansion 


appropriate?    (This will be most relevant for 


assessment applications in the next 10 or so years.)   


 


h.) Develop recommendations for ongoing research to improve 


estimation for specific species groups (eg flatfish, pelagics) and 


potential effects of bottom type.   
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If time becomes limiting, priority consideration should be given to species 


managed under Fishery Mangement Plans (FMPs) where NEFSC trawl survey 


data are included in stock assessments.  


       


 








A multifrequency method to classify and evaluate
fisheries acoustics data


J. Michael Jech and William L. Michaels


Abstract: Acoustic surveys have been conducted on Georges Bank from 1998 to present to estimate Atlantic herring
(Clupea harengus) population abundance. Acoustic data were collected with a 12 or 18, 38, and 120 kHz Simrad
EK500 scientific echo sounder. A pelagic trawl and underwater video images were used to collect biological informa-
tion and to verify the species composition of acoustic backscatter. A multifrequency classification method was devel-
oped to improve the efficiency and accuracy of classifying species from acoustic echograms. In this method, a volume
backscatter (Sv) threshold was applied equivalently to all echograms, and then a composite echogram was created based
on which frequencies had Sv greater than or less than the Sv threshold. The results of this method were compared with
the standard method of visually scrutinizing regions, and metrics were developed to evaluate the accuracy of classifica-
tion algorithms relative to current methods, as well as to assess the effects of classification methods on population
abundance estimates. In general, this method matched visually scrutinized Atlantic herring regions, but with consistent
biases in classifying 38 kHz backscatter. The metrics highlighted spatial and temporal changes in the acoustic land-
scape, which may be indicative of intra- and inter-annual biological changes.


Résumé : Des inventaires acoustiques sur le banc Georges de 1998 à aujourd’hui cherchent à estimer l’abondance de
la population de harengs de l’Atlantique (Clupea harengus). Les données acoustiques ont été recueillies à l’aide d’une
écho-sonde scientifique Simrad EK500 de 12 ou 18, 38 et 120 kHz. Un chalut pélagique et des images vidéo sous-
marines ont servi à amasser des renseignements biologiques et à vérifier la composition spécifique de la rétrodiffusion
acoustique. Nous avons mis au point une méthode de classification à fréquences multiples pour améliorer l’efficacité et
la précision de la classification des espèces à partir des échogrammes acoustiques. Dans cette méthode, un seuil de
volume de rétrodiffusion (Sv) est appliqué de façon équivalente à tous les échogrammes et un échogramme composite
est créé à partir des fréquences qui ont des Sv plus grands ou plus faibles que le seuil de Sv. Nous avons comparé les
résultats de cette méthode à la méthode standard qui consiste à scruter visuellement les régions et nous avons mis au
point des métriques pour évaluer la précision des algorithmes de classification par rapport aux méthodes courantes ainsi
que pour déterminer les effets des méthodes de classification sur les estimations d’abondance de la population. En gé-
néral, notre méthode se compare à celle de l’examen visuel des régions contenant des harengs, mais avec des déforma-
tions uniformes dans la classification des rétrodiffusions de 38 kHz. Les métriques mettent en lumière les changements
spatiaux et temporels du paysage acoustique, qui peuvent peut-être représenter des changements biologiques intra- et
inter-annuels.


[Traduit par la Rédaction] Jech and Michaels 2235


Introduction


Identification of acoustic backscatter to taxa is one of the
grand challenges of fisheries acoustics (MacLennan and
Holliday 1996). In this paper, identification is defined as the
objective determination of acoustic backscatter to genus or
species, whereas classification is defined as the less rigorous
product of objectively categorizing acoustic backscatter to
some anatomical feature or lower-level taxon. For example,
acoustic backscatter may be classified or categorized as fish
with a gas-filled swimbladder or as non-gas-bearing zoo-
plankton, but the species comprising either group may only
be broadly known. Interpretation of acoustic data currently


involves verification of backscatter in conjunction with vi-
sual scrutiny of echograms (Reid et al. 1998). Scrutinization
is the process of visually interpreting an echogram and se-
lecting and allocating backscatter to a species. Verification
of acoustic backscatter primarily involves physical capture
with nets and, to a lesser extent, optical imaging. Visual in-
terpretation of echograms is highly dependent on the experi-
ence of the person scrutinizing the data, and consequently,
biases are difficult to quantify. Objective identification or
classification methods are preferable to subjective methods
because objective classification can be applied as data are
collected; biases due to personal experience are minimized
or eliminated; objective methods can be transferred among
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surveys without transferring “experienced” specialists; data
analyses are more efficient, timely, less sensitive to subjec-
tive interpretation, and potentially more accurate; error and
bias are more amenable to quantification; and spatial and
temporal distributions and changes in these distributions can
be efficiently characterized.


The dependence of backscatter by zooplankton and fish
on acoustic frequency and size of the animal has long been
recognized (e.g., Anderson 1950; Haslett 1965) and has been
used to separate size classes (McNaught 1969; Holliday
1977) or classify or identify organisms (Zakharia and Sessa-
rego 1982). Utilizing this frequency dependence for remotely
estimating organism size or identifying species requires a
wide acoustic bandwidth. Widening the frequency band-
width can be achieved with broadband signals and (or)
multiple, narrowband echo sounders (multifrequency).
Broadband signals transmit and receive continuous energy
over a broad (greater than 10% of the center frequency) fre-
quency range. Broadband methods have been used to mea-
sure spectral responses from individuals (Kjærgaard et al.
1990; Reeder et al. 2004), compare spectra among different
species (Simmonds and Armstrong 1990), and differentiate
species using neural networks (Simmonds et al. 1996).
These methods have had some success in the laboratory but
have had limited application to fisheries surveys (Zakharia et
al. 1996). A drawback to broadband technology is that the
energy per frequency is lower than with narrowband sys-
tems, so that the detection of targets at the ranges required
for most fisheries assessments is limited.


Alternatively, multiple narrowband frequencies (multi-
frequency) can be used to widen the acoustic bandwidth.
The two common methods of analyzing multifrequency data
are an inverse approach (Holliday 1977) and the difference
in mean volume backscattering strength (∆MVBS) (Madu-
reira et al. 1993) or “dB differencing” (Higgenbottom et al.
2000). These techniques have been used to separate fish with
gas-filled swimbladders from fish with no swimbladder
(Kirkegaard and Lassen 1990) and swimbladder-bearing fish
from zooplankton (Sætersdal et al. 1982; Cochrane et al.
1991; Kang et al. 2002), to generate size-based estimates of
zooplankton (Greenlaw and Johnson 1983; Holliday and
Pieper 1995; Mitson et al. 1996), to estimate swimbladder
sizes (Holliday 1972; Kalish et al. 1986), and to discriminate
squid from other targets (Goss et al. 1998). The nearly ubiq-
uitous availability of two or three narrowband echo sounders
on fisheries research vessels has driven the use of the
∆MVBS method, and it is becoming a standard technique
for separating gas-bearing organisms from those without a
gas-bearing organ (e.g., Korneliussen and Ona 2002, 2003)
and in ecological studies (Simard and Lavoie 1999;
Swartzman et al. 1999).


The ∆MVBS method uses ratios of volume backscatter
(sv(f) (m2·m–3)) or, in the logarithmic domain, the difference
between Sv(f) (dB) values, where f denotes the frequency de-
pendence. The general success of this method to discrimi-
nate zooplankton and fish is apparent when the frequency-
dependent backscatter for gas-bearing organisms versus
those organisms without a gas-bearing feature is compared.
However, the ∆MVBS method uses the ratio of two frequen-
cies regardless of how many frequencies are available. When


three or more frequencies are available, ratios of two fre-
quencies are compared with other ratios of two frequencies.
Comparing ratios of ratios is a cumbersome method to ana-
lyze data from three or more frequencies. In this paper, a
method is presented that incorporates information from mul-
tiple frequencies to investigate the potential for classifying
Atlantic herring (Clupea harengus) in the Northwest Atlan-
tic. This method is evaluated by comparison with visually
scrutinized data, and the benefits and limitations of this
method for surveys are discussed.


Materials and methods


Data were collected during the Northeast Fisheries Sci-
ence Center’s (NEFSC) annual Atlantic herring acoustical
survey. These surveys consisted of systematic parallel or zig-
zag transects conducted during September and October in
the Gulf of Maine and Georges Bank regions (Fig. 1). The
primary survey is designed to survey the offshore component
of the Atlantic herring population, which migrates to Geor-
ges Bank in the fall to spawn.


Acoustic data
Acoustic data were collected from 1995 to 2004 on the


NOAA R/V Delaware II with a Simrad EK500 scientific
echo sounder (Simrad, Horton, Norway). Before 1999, acous-
tic data were collected as part of pilot projects to investigate
the potential for using acoustic methods to estimate abun-
dance and biomass of pelagic species. During 1999–2001,
the EK500 operated a hull-mounted, single-beam, 12 kHz
transducer (model 12-16) and hull-mounted 38 kHz (ES38-
12) and 120 kHz (ES120-7) split-beam transducers. From
2002 to present, the 12 kHz transducer was replaced with an
18 kHz (ES18) split-beam transducer. Beam widths, as mea-
sured by the manufacturer at the half-power points, were
16°, 12°, 12°, and 7° for the 12, 18, 38, and 120 kHz trans-
ducers, respectively. The 38 and 120 kHz transducers were
located on the keel, with the 120 kHz transducer 1.24 m aft
of the 38 kHz transducer. The 12 and 18 kHz transducers
were located 2.97 m forward and 0.66 m to the port of the
38 kHz transducer. Each frequency was transmitted simulta-
neously at a rate of 1 ping per 2 s. Pulse durations were
1 ms for the 38 and 120 kHz echo sounders, 3 ms for the
12 kHz echo sounder, and 2 ms for the 18 kHz echo sounder.
Although it may be advantageous to maintain consistent
pulse durations among all frequencies, the signal to noise ra-
tio for the 12 and 18 kHz systems was unacceptable at
shorter pulse durations. The 18, 38, and 120 kHz systems
were calibrated before each survey and often were calibrated
during and (or) immediately after the survey period using
the standard target method (Foote et al. 1987). The 12 kHz
system was successfully calibrated in 1999 and 2001. Target
strength and volume backscatter calibration gains varied less
than 0.5 dB for the 12 and 18 kHz systems, 0.3 dB for the
38 kHz system, and 0.8 dB for the 120 kHz system over the
period from 1999 to 2004.


Acoustic signals were processed by the EK500 by applying
20logR time-varying gain, frequency-dependent absorption
coefficients, and calibration gains. A –90 dB Sv threshold was
set during data collection. These data were vertically inte-
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grated at 0.5 m intervals (1999 and 2000) or 1 m intervals
(2001–2004) for volume backscatter (Sv (dB·m–3)). Volume
backscatter data collected in 1999 and 2000 were transferred
via Ethernet to a UNIX workstation in Simrad’s BI500 data
format. Volume backscatter data collected from 2001 to 2004
were transferred via Ethernet to a personal computer (PC)
and logged with SonarData’s Echolog software (SonarData
Pty Ltd., Hobart, Tasmania).


Volume backscatter data were postprocessed using Sonar-
Data’s Echoview software. Data shallower than 10 m were
removed from analyses to eliminate the transmit pulse and


reduce backscatter by surface bubbles. Data deeper than
0.5 m above the seafloor echo were removed from analyses.
The seafloor echo was selected using Echoview’s “Maxi-
mum Sv with backstep” algorithm, where the backstep was
set at 0.5 m. The bottom detection was then visually in-
spected and corrected if necessary.


Volume backscatter data were horizontally averaged over
0.5 nautical miles (nmi) for measures of areal backscatter
(sA (m2·nmi–2)). This equivalent sampling distance unit
(ESDU) was based on analyses of Atlantic herring abun-
dance and biomass estimates using traditional statistics and
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Fig. 1. Systematic parallel acoustic survey conducted on Georges Bank during 18–26 September 2002. Areal backscatter (sA) values at
38 kHz are based on volume backscatter allocated to Atlantic herring (Clupea harengus).







geostatistical methods and was determined to be optimal for
deriving abundance and biomass estimates of Atlantic her-
ring during the annual surveys (William Overholtz, NEFSC,
166 Water Street, Woods Hole, MA 02543, USA, personal
communication).


During postprocessing, an Sv threshold of –66 dB was ap-
plied equivalently to all echograms and all frequencies. This
threshold was determined by analyzing a subset of data col-
lected in 1999. Data were selected from transects where the
greatest concentrations of Atlantic herring were observed.
Total water-column sA and sA apportioned to herring were
calculated at 0.5 nmi intervals for Sv thresholds ranging from
–91 to –43 dB in 6 dB steps. The mean sA was calculated at
each Sv threshold and then normalized to the maximum
mean value (Fig. 2a). Mean water-column sA and herring sA
decreased slightly for Sv thresholds from –91 to –70 dB. For
thresholds above –70 dB, mean water-column sA deviated
from the maximum at a greater rate than did the mean her-
ring sA. The mean water-column sA was reduced to 91% of
the maximum at an Sv threshold of –61 dB, whereas mean
herring sA was only reduced to 97% of the maximum. The
final choice of –66 dB as the postprocessing Sv threshold
was based on these results and the qualitative ability to visu-
ally select Atlantic herring.


Acoustic backscatter attributed to Atlantic herring was vi-
sually selected (i.e., “scrutinized”) in near-real time during
the surveys. Selection of Atlantic herring was accomplished
through experience and examination of trawl catches. Two
sets of areal backscatter values were exported from Echo-
view and imported into an Oracle® database: sA for the en-
tire water column and sA apportioned to Atlantic herring.


Biological data
A high-speed midwater rope trawl (HSMRT) was used to


collect biological samples and verify species composition of
acoustic backscatter. This trawl was designed for fishing at
relatively high speeds (4–5 knots) with minimal drag. Its
symmetrical four-seam box design had 53.1 m footrope,
headrope, and breast lines, providing a mouth opening of
roughly 300–350 m2 when fishing. The trawl was rigged
with four 54.8 m bridles and 1.8 m2 US Jet double-foiled
suberkrub-type doors with double door weights. Optimal tow
configuration was set to a total (forward and aft sections)
setback of 2.5 m with 275 kg tom weights for each side. A
Simrad FS903 third-wire trawl monitoring system was used
to determine net configuration while towing and to estimate
the catch amount to collect a representative sample of the
organisms comprising acoustic backscatter.


Trawl locations, tow depths, and tow durations were cho-
sen on an ad hoc basis to sample Atlantic herring aggrega-
tions, as well as unknown backscatter. Because tow duration
was not standardized, trawl catches were not used for abun-
dance estimates. Trawl catch data were recorded, audited,
and archived using the Fisheries Scientific Computer System
(FSCS). FSCS has been developed within NOAA Fisheries
as an electronic on-board data entry system. Catch data are
imported to an Oracle® database for data auditing and ar-
chiving. The trawl catch was separated by species, and the
total weight of each species was recorded. Fork lengths to
the nearest centimetre were recorded for a sample of 100–


150 fish for all species, except Atlantic herring. A sample of
100–150 Atlantic herring was randomly selected and indi-
vidual fork lengths to the nearest millimetre and individual
weights to the nearest gram were recorded. A subsample of
one herring per centimetre interval was selected for mea-
surements of sex, maturity, stomach contents, and otolith ex-
traction for age estimation.


Other data
Conductivity–temperature–depth (CTD) profiles were ob-


tained at the beginning and end of each transect and before
each trawl haul. The on-board data recording and entry sys-
tem, Scientific Computer System (SCS), was used to record
time series of time (GMT), geographic position, and the
EK500 vessel log, as well as electronically enter events such
as the beginning and end of transects and deployments. This
event log was audited and imported to an Oracle® database.
The event log, biological data, and acoustic data are all
linked within Oracle®.
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Fig. 2. Mean 38 kHz areal backscatter (sA) integrated throughout
the entire water column (sA(WC), +), in visually selected herring
regions (sA(AHV), �), in cells where all three frequencies were
present throughout the water column (sA(WC123), �), and in
cells where all three frequencies were present within visually se-
lected herring regions (sA(AH123), �) as a function of 38 kHz
volume backscatter (Sv) threshold. Data presented in (a) were
collected in September 1999 and data presented in (b) were col-
lected in September 2003 along the transect shown in Fig. 8.
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Classification method
A method is introduced that records whether the Sv in an


echogram “cell” (1 m or 0.5 m vertical by 1 ping horizontal)
is greater than the Sv threshold and then codes each cell de-
pending on which frequencies are greater than the Sv thresh-
old (“present”) or less than the Sv threshold (“absent”). The
number of present or absent combinations can be calculated
from Pascal’s triangle. For three frequencies, there are eight
possible outcomes: - - -, 1- -, 12-, 123, 1-3, -2-, -23, and - -
3, where “1” denotes the presence of 12 or 18 kHz Sv, “2”
denotes the presence of 38 kHz Sv, “3” denotes the presence
of 120 kHz Sv, and “-” denotes the absence of a frequency. A
series of virtual echograms was created in Echoview
(Higgenbottom et al. 2000) and the final result of the classi-
fication was applied to the 38 kHz Sv data.


Through experience with visually scrutinizing echograms
and examining trawl catches, backscatter by Atlantic herring
appeared to correspond closely with Sv that was present in
all three frequencies (code value “123”). Overall, Atlantic
herring dominated (>90% by number or weight) pelagic
trawl catches within 10–15 nmi of Georges Bank. For the
entire survey area on Georges Bank (Fig. 1), Atlantic her-
ring, silver hake (Merluccius bilinearis), and Acadian red-
fish (Sebastes fasciatus) typically comprised 95% or greater
of the trawl catches. Therefore, those cells where all three
frequencies are present were hypothesized to be Atlantic
herring.


Thirty-eight kHz sA values were exported from Echoview
and imported to an Oracle® database for analysis. The fol-
lowing data categories were used for analysis: sA values for
the entire water column (sA(WC)); sA values for visually se-
lected Atlantic herring regions (sA(AHV)); sA values for the
entire water column where Sv was present in all three fre-
quencies (sA(WC123)); and sA values within visually selected
Atlantic herring regions where Sv was present in all three
frequencies (sA(AH123)). Only sA values along systematic
zigzag (1999) or parallel (2000–2004) transects were se-
lected for analysis and sA values during deployments, tran-
sits, and crossover transects were excluded (Table 1).


Analysis and comparisons
Objective classification methods require evaluation of the


accuracy and precision of the method and consideration of


how the method affects long-term time series of population
estimates. Evaluating the accuracy of classification methods
in situ is often very difficult because of the limited ability at
sea to accurately verify all acoustic backscatter. For these
analyses, the classification method is compared with the de
facto standard of visually scrutinizing echograms.


To assess whether the frequency combination where all
three frequencies were present corresponded to the visually
selected Atlantic herring regions (AHV), the number of visu-
ally selected Atlantic herring regions was compared with the
number of these regions containing Sv where all three fre-
quencies were present (AH123).


To evaluate which frequency combinations, if any, were
more prevalent in visually selected Atlantic herring regions
(AHV) relative to the water column, the proportion of cells
for each frequency combination (FC) within Atlantic herring
regions (pAH V


(FC)) was compared with the proportion in the
water column (pWC(FC)):


(1) P
p


p
( )


( )


( )
FC


FC


FC
AH


WC


V=


where pAH V
(FC) was the number of cells for each frequency


combination within visually selected Atlantic herring regions
divided by the total number of cells within those regions,
and pWC(FC) was the number of cells for each frequency
combination in the water column divided by the total num-
ber of cells. Water-column cells comprised all cells except
those within Atlantic herring regions along the entire survey.
Values of P(FC) greater than one indicate a greater propor-
tion of that frequency combination within visually selected
regions, values less than one indicate a greater proportion of
that frequency combination in the water column, and values
of one indicate equivalent proportions.


This classification method is dependent on the Sv thresh-
old used to postprocess the echograms. If the Sv threshold is
set such that all cells have volume backscatter greater than
the threshold, then the entire water column will be classified
homogeneously. Conversely, setting a high Sv threshold will
eliminate all volume backscatter. Similar to the Sv-threshold
analysis in 1999, data collected along a transect during
21 September 2003 were analyzed to examine the effects of
Sv threshold on the classification method; sA(WC), sA(AHV),
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Survey
year Begin date End date


No. of
transects Survey design


1999a 25 September 27 September 13 Systematic zigzag
1999b 27 September 28 September 13 Systematic zigzag
2000a 11 September 16 September 17 Systematic parallel
2000b 04 October 06 October 7 Systematic parallel
2000c 06 October 08 October 7 Systematic parallel
2001 18 September 23 September 18 Systematic parallel
2002 18 September 26 September 22 Systematic parallel
2003a 04 September 10 September 18 Systematic parallel
2003b 18 September 24 September 18 Systematic parallel
2003c 03 October 10 October 18 Systematic parallel
2004 21 September 27 September 17 Systematic parallel


Table 1. Year, beginning and end dates, number of transects in each survey, and the survey de-
sign for Atlantic herring (Clupea harengus) acoustic surveys in the Georges Bank region.







sA(WC123), and sA(AH123) were averaged over 0.5 nmi
intervals for Sv thresholds ranging from –90 to –42 dB in
6 dB steps. The mean sA was calculated at each Sv threshold
and then normalized to the maximum mean value.


Areal backscatter values are used for abundance estimates.
Three comparisons of sA values were done. For these com-


parisons, water-column cells comprised all echogram cells,
including those within Atlantic herring regions. The first
comparison was the ratio of sA(AH123) to (sA(AHV). This ra-
tio provides a metric of the proportion of backscatter objec-
tively classified as Atlantic herring relative to the
backscatter visually allocated to herring:
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Fig. 3. Echograms of three frequency (12, 38, and 120 kHz) data (lower three panels) and corresponding composite echogram (top panel)
from the classification method. In the composite echogram, volume backscatter cells are color-coded based on the frequency combinations,
where “1”, “2”, or “3” denotes the presence of 12, 38, or 120 kHz Sv values, respectively, and “–” denotes the absence of a frequency.
The cyan color represents all three frequencies greater than the Sv threshold, and these cells are hypothesized to represent Atlantic herring
(Clupea harengus). Note that color in the composite echogram does not represent magnitude. nmi, nautical mile.
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where the summation is over the entire survey. This ratio can
be used to quantify a change in abundance indices when us-
ing the objective method.


The second comparison was the ratio of sA(WC123) to
sA(WC). This ratio provides a metric of the total water-
column backscatter relative to the backscatter objectively
classified as Atlantic herring:
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where the summation is over the entire survey. This ratio
measures the proportion of backscatter within the water col-
umn that can be potentially classified as Atlantic herring.


The third comparison provides a metric of sA(AHV) rela-
tive to sA(WC123):
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where the summation is over the entire survey. This ratio
measures the proportion of backscatter in the water column
that could be objectively classified as Atlantic herring to that
backscatter visually allocated.


Results


Mean water-column sA (sA(WC)) and visually apportioned
herring sA (sA(AHV)) decreased slightly for Sv thresholds less
than –72 dB for data collected in 2003 (Fig. 2b). For thresh-
olds above –70 dB, mean sA(WC) deviated from the maxi-
mum at a greater rate than did the mean sA(AHV) and at a
greater rate than in 1999 (Fig. 2a). The mean sA(WC) was re-
duced to 75% of the maximum at an Sv threshold of –60 dB,
whereas mean sA(AHV) was only reduced to 94% of the max-
imum. For backscatter where all three frequencies were above
the Sv threshold, mean sA(WC123) and sA(AH123) were insen-


sitive to Sv threshold at thresholds less than –66 dB. At
thresholds greater than –66 dB, similar to results in 1999, the
mean sA(WC123) deviated from the maximum at a greater rate
than did the mean sA(AH123). At thresholds less than –60 dB,
mean sA(AH123) was less sensitive to the Sv threshold than
was the mean sA(AHV), whereas for thresholds above –60 dB,
the opposite trend occurred.


Conventional echograms commonly display Sv in color,
where color is used to represent backscattering intensity. For
this method Sv(f) frequency combinations are visualized by
color coding each frequency combination and displaying the
results as an echogram (Fig. 3). The use of color is a power-
ful tool to display data, to highlight features, and to interpret
the data (Swartzman et al. 1999; Kloser et al. 2002; Towler
et al. 2003). For these data, cyan represents Sv data where all
three frequencies were greater than the Sv threshold. This
frequency combination is hypothesized to be representative
of Atlantic herring.


To evaluate whether visually selected Atlantic herring re-
gions were objectively categorized as Atlantic herring, the
number of visually selected regions were compared with the
number of regions that contained Sv where all three frequen-
cies were present. Every visually selected Atlantic herring
region, with the exception of one region selected in 2003,
contained cells with Sv where all frequencies were greater
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Survey
No. of visually
selected regions


No. of regions with all
three frequencies present


1999a 14 14
1999b 14 14
2000a 25 25
2000b 19 19
2000c 16 16
2001 29 29
2002 25 25
2003a 28 27*
2003b 57 57
2003c 39 39
2004 30 30


Note: With the exception of one region in survey 2003a (indicated by *),
all visually selected regions had Sv values that had all three frequencies
present. The sA for the single region in survey 2003a was 27 m2·nmi–2.


Table 2. Number of regions visually selected and the number of
visually selected regions with cells where all three frequencies
were present.


Fig. 4. The proportion of each frequency combination within vi-
sually selected Atlantic herring (Clupea harengus) regions rela-
tive to the proportion of frequency combinations in the water
column. Each point represents the cumulative proportion for each
survey. Frequency combinations are coded as “1”, “2”, or “3”
where each value denotes the presence of 12 or 18, 38, or
120 kHz Sv, respectively, and “–” denotes the absence of a fre-
quency. Values greater than 1 represent a greater proportion of a
frequency combination within regions relative to the water col-
umn. Values less than 1 represent a smaller proportion of a fre-
quency combination within regions relative to the water column,
and a value of 1 represents equivalent proportions between re-
gions and the water column.







than the Sv threshold (Table 2). The single region in 2003
was a small aggregation, horizontal dimension less than
0.5 nmi, with an sA of 27 m2·nmi–2.


In general, the proportion of each frequency combination
relative to the other combinations within Atlantic herring re-
gions was greater than the proportion of each corresponding
frequency combination in the water column (Fig. 4). For the
frequency combination where all frequencies were less than
the Sv threshold, the proportion of empty cells was greater in
the water column than in scrutinized regions. However, this
comparison is biased because scrutinized regions were cre-
ated to minimize the number of empty cells. Three frequency
combinations (12 or 18 and 38 kHz (frequency combination
code “12-”), 12 or 18, 38, and 120 kHz (“123”), and 12 or
18 and 120 kHz (“1-3”)) had greater proportions within
scrutinized Atlantic herring regions for all surveys, whereas
the other frequency combinations were not consistently
greater or less than the proportion of those combinations in
the water column.


Within regions scrutinized for Atlantic herring, 38 kHz sA
derived from Sv cells with all three frequencies greater than
the Sv threshold was 5%–13% lower than the 38 kHz sA
from corresponding visually selected regions (Fig. 5). The
ratio sA(AH123) to sA(AHV) varied between 93% and 95%
for surveys conducted in September, whereas the three sur-
veys conducted in October had the lowest ratios (2000b,
89%; 2000c, 87%; 2003c, 90%).


Water-column 38 kHz sA values derived from Sv cells with
all three frequencies greater than the Sv threshold (sA(WC123))
were 88% to 64% of the 38 kHz water-column sA (sA(WC))
(Fig. 6). The ratio of sA(WC123) to sA(WC) showed a de-
creasing trend from 1999 to 2004.


The sA values from scrutinized Atlantic herring regions
relative to water-column cells where all three frequencies
were greater than the Sv threshold (sA(AHV) to sA(WC123))
ranged from 100% to 20% (Fig. 7). Ratios of sA(AHV) to
sA(WC123) were considerably lower during 2000, ranging
from 20% to 31% in 2000 versus 75% to 100% during the
other years. There appears to be a disjunct in these ratio val-
ues between 2001 and 2002, where sA(AHV):sA(WC123) val-
ues were near 100% during 1999 and 2001 and in the 70%–
90% range during 2002–2004.


Discussion


The Sv threshold used in this analysis is that used for esti-
mating Atlantic herring abundance at the Northeast Fisheries
Science Center and was chosen as a compromise between
the ability to visually scrutinize echograms for Atlantic her-
ring and minimizing the effect of Sv threshold on areal back-
scatter and the resulting abundance estimates. The
classification method was less sensitive to Sv threshold at
lower thresholds than was visually scrutinizing the data.
This suggests that echogram cells where all three frequen-
cies are above the threshold dominate the total backscatter.
Interestingly, at higher thresholds, the classification method
was more sensitive to Sv threshold. The overall response (a
flat response and then a relatively sharp drop) of the classifi-
cation method to Sv threshold suggests that an objective clas-
sification method could be used to select an optimal Sv
threshold.


The acoustic data were neither spatially smoothed (e.g.,
Korneliussen and Ona 2003) nor corrected for beam-width
or pulse-duration effects (e.g., Diner 2001). During these
surveys, the herring are queuing to spawn on Georges Bank
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Fig. 6. Ratio of 38 kHz areal backscatter based on volume back-
scatter where all three frequencies were present throughout the
water column (sA(WC123)) to 38 kHz areal backscatter through-
out the water column (sA(WC)) for each survey.


Fig. 5. Ratio of 38 kHz areal backscatter based on 38 kHz vol-
ume backscatter where all three frequencies were present within
visually selected herring regions (sA(AH123)) to the 38 kHz areal
backscatter based on volume backscatter within visually selected
regions (sA(AHV)) for each survey.







and are observed in fairly large and continuous aggregations.
The spatial extent of the aggregations along the transects
tends to be on the order of miles, which is much larger than
the beam-width dimensions. Corrections described by Diner
(2001) were applied to a subset of the data to determine
whether these corrections should be applied to the data be-
fore applying the classification method. Corrections ranged
from 0.1 to 0.4 dB and thus were deemed negligible for
these data. During other surveys at other times and loca-
tions, Atlantic herring are observed in smaller aggregations
and smoothing and other corrections may be required.


Through experience in scrutinizing multifrequency data
collected during the Atlantic herring surveys, it was hypoth-
esized that echogram cells that had Sv greater than the
threshold for all three frequencies could be classified as At-
lantic herring. In support of this hypothesis, essentially every
scrutinized region contained cells that met this criterion. In
addition, the proportion of cells with all three frequencies
greater than the Sv threshold was consistently greater in
scrutinized regions than in the water column. However, all
frequency combinations occurred in scrutinized regions and
the frequency combination of all three frequencies greater
than the Sv threshold did occur, sometimes in significant
magnitude, outside of scrutinized regions. Examination of
trawl catches showed that the backscatter outside of scruti-
nized regions was not attributable to Atlantic herring, thus
demonstrating that this method is not sufficient for identifi-
cation of Atlantic herring alone. However, it does appear
that this method may be used to discriminate between gas-
bearing organisms, such as swimbladder-bearing fish, and
non-gas-bearing organisms, such as euphausiids or shrimp.


At present, this method must be used in a supervised
mode where the classification is applied to the echograms
and then the data are scrutinized. This two-step process
changes the scrutinize paradigm from asking “what is?” to
“what is not?” For our Atlantic herring surveys, the objec-
tive method effectively classifies a subset of the total back-
scatter as potentially herring, and then the scrutinizer selects
from only that subset. This allows the scrutinizer to focus on
a smaller set of data and may enhance the efficiency of scru-
tinizing echograms.


When utilizing multiple frequencies, the choice of fre-
quencies is potentially more important than the number of
frequencies (Horne and Jech 1999). Our results suggest that
incorporating 12 or 18 kHz data is valuable for classifying
swimbladder-bearing fish. There were consistently higher
proportions of the frequency combinations that included the
lower frequency within visually scrutinized regions than in
the water column. This result is consistent with acoustic
scattering theory where zooplankton are in the Rayleigh
scattering region at the lower frequencies and thus are less
sensitive to detection by the 12 or 18 kHz echo sounders.


When new classification schemes, whether they are sub-
jective or objective, are applied to acoustic data that are used
for long-term abundance indices, the effects of that method
must be quantified relative to the index. Evaluating the accu-
racy in situ of acoustic classification or identification algo-
rithms is difficult because of size-selectivity and catchability
biases of physical capture gear, spatial and temporal dis-
placement between acoustic sampling and verification sam-
pling, and other limitations in verification methods. For
these analyses, the classification method was compared with
the standard method of visually scrutinizing echograms. Al-
though this does not directly address the accuracy of the
objective method, it does provide a means to quantify the ef-
fects of a new classification scheme on a long-term index.
For these Atlantic herring surveys, areal backscatter was
consistently 5%–10% lower using the multifrequency algo-
rithm presented here than when the data were scrutinized.
The cause of this reduction is not known, but it is most
likely due to eliminating Sv from scatterers other than
swimbladder-bearing fish. It is interesting to note that at the
scale of a survey, the cumulative effect of this scattering is
small relative to the scattering by swimbladder-bearing fish.
The ultimate issue of whether to adjust estimates from prior
surveys (in this case decreasing estimates by 5%–10%) or
adjust future estimates (increasing estimates by 5%–10%)
remains. This choice will be dictated by the confidence in
the classification method and the long-term effects on the
population assessments and must be made in cooperation
with the fisheries managers.


An advantage to objective classification or identification
methods is that real-time interpretation can be used to direct
sampling. Although the method presented did not entirely
succeed at identifying Atlantic herring, it did provide in-
sights to the acoustic landscape. When viewing composite
echograms for these surveys, spatial patterns (i.e., color-
coded frequency combinations) emerged that were attribut-
able to Atlantic herring, but other patterns were observed,
the origins of which can only be speculated on at this time.
These patterns could be used to select times, locations, and
types of gear to optimally sample the backscatter, which
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Fig. 7. Ratio of 38 kHz areal backscatter based on volume back-
scatter within visually selected herring regions (sA(AHV)) to
38 kHz areal backscatter based on volume backscatter where all
three frequencies were present throughout the water column
(sA(WC123)) for each survey.







would reduce the uncertainty in acoustic classification and
ultimately improve abundance estimates.


Metrics developed to evaluate classification methods may
also have utility for monitoring interannual changes in back-
scatter patterns, which may be indicative of biological or
ecosystem changes. A dramatic change in the ratio of 38 kHz
backscatter within scrutinized regions to backscatter in the
water column was observed in surveys conducted in 2000.
During the three surveys conducted in 2000, the level of
38 kHz backscatter was considerably greater in the water
column relative to the level of backscatter in scrutinized re-
gions than in the other years. The cause of this change is un-
known, but inspection of the echograms during this year
showed high backscatter within the top 20 m of the surface,
and it is thought that this backscatter may be due to siphono-
phores or possibly other small gas-bearing fish or organisms.
Only a few trawls were directed at this layer and the trawl
was not optimized for towing near the surface. However, no
Atlantic herring were captured in these tows, and during
these surveys, siphonophores were observed on the trawls, as
well as on other instrumentation, such as the CTD and video
towbody, when they were brought on board. Other inter-
annual changes in backscatter patterns were a decreasing
trend in the ratio of water-column 38 kHz sA from cells
where all three frequencies were greater than the Sv thresh-
old to all other sA and, between 2001 and 2002, a drop in the
ratios of 38 kHz sA within scrutinized regions to sA in the
water column. Again the causes of these changes are un-
known but may be indicative of biological changes in this
area.


This classification method highlighted spatial distributions
of backscatter patterns and changes in these patterns may be
indicative of biological changes. For example, a composite
echogram using the classification method for a transect con-
ducted during daylight on 21 September 2003 is illustrated
in Fig. 8. This transect was oriented north to south and dif-
ferent backscatter patterns are observed along the transect.
The primary concentration of Atlantic herring is located at


the base of the slope (near the 60 nmi mark). Backscatter
represented by red (backscatter dominated by 120 kHz) is
believed to be euphausiids (Euphausia sp.), and the small
yellow (backscatter dominated by 38 and 120 kHz) aggrega-
tions (between 40 and 50 nmi marks) are believed to be ei-
ther shrimp (Pandalus sp. or Penaeus sp.) or euphausiids.
Backscatter patterns observed near the surface were espe-
cially interesting where 18 kHz backscatter dominated north
of Georges Bank (between 0 and 50 nmi) then changed to
backscatter dominated by all three frequencies (between 50
and 65 nmi) and then to backscatter dominated by 38 kHz
(between 65 and 80 nmi) over Georges Bank. The organisms
or mix of organisms causing these patterns can only be spec-
ulated on at this time, but this emphasizes the need for mul-
tiple types of sampling gear during acoustic surveys.


This paper presents a classification method and metrics to
evaluate the performance of an objective method relative to
prior methods. These metrics have the additional benefit of
being able to monitor changes in the acoustic landscape,
which may be indicative of changes in the ecosystem. As
fisheries management moves toward ecosystem-based as-
sessments (e.g., NOAA 2004), the need to measure and
monitor multiple species and trophic levels will require ob-
jective and timely data processing. Multifrequency acoustics
address several data needs for ecosystem-based management
such as quantifying the spatial and temporal distributions of
living marine resources and measuring multiple size and
trophic levels. Objective methods to classify or remotely
identify living marine resources and metrics to evaluate
these methods, such as those presented here, are needed for
producing timely abundance estimates and will lead to an
improved understanding of the aquatic environment.
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Fig. 8. Composite echogram of 18, 38, and 120 kHz data collected along a transect conducted during 21 September 2003 (0950–2010
GMT). The transect is oriented north to south (left to right). In the composite echogram, volume backscatter cells are color-coded
based on the frequency combinations, where “1”, “2”, or “3” denotes the presence of 18, 38, or 120 kHz Sv values, and “–” denotes
the absence of a frequency. The grey band at the surface designates the upper 10 m of the water column, which was not used in the
analyses. The image is vertically distorted to highlight details of the backscattering patterns. The purple “streaks” throughout the water
column are 18 kHz noise, most likely caused by cavitation at the transducer. nmi, nautical miles.
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Title 50: Wildlife and Fisheries 
PART 648—FISHERIES OF THE NORTHEASTERN UNITED STATES  
Subpart F—Management Measures for the NE Multispecies and Monkfish Fisheries  


§ 648.81   NE multispecies closed areas 
and measures to protect EFH. 
(a) Closed Area I. (1) No fishing vessel or person on a fishing vessel may enter, fish, or 
be in the area known as Closed Area I (copies of a chart depicting this area are available 
from the Regional Administrator upon request), as defined by straight lines connecting 
the following points in the order stated, except as specified in paragraphs (a)(2) and (i) of 
this section: 


Closed Area I 


Point N. lat. W. long. 
CI1 41°30' 69°23' 
CI2 40°45' 68°45' 
CI3 40°45' 68°30' 
CI4 41°30' 68°30' 
CI1 41°30' 69°23' 


(2) Unless otherwise restricted under the EFH Closure(s) specified in paragraph (h) of 
this section, paragraph (a)(1) of this section does not apply to persons on fishing vessels 
or fishing vessels: 


(i) Fishing with or using pot gear designed and used to take lobsters, or pot gear designed 
and used to take hagfish, provided that there is no retention of regulated species and no 
other gear on board capable of catching NE multispecies; 


(ii) Fishing with or using pelagic longline gear or pelagic hook-and-line gear, or harpoon 
gear, provided that there is no retention of regulated species, and provided that there is no 
other gear on board capable of catching NE multispecies; 


(iii) Fishing with pelagic midwater trawl gear, consistent with §648.80(d), provided that 
the Regional Administrator shall review information pertaining to the bycatch of 
regulated NE multispecies and, if the Regional Administrator determines, on the basis of 
sea sampling data or other credible information for this fishery, that the bycatch of 
regulated multispecies exceeds, or is likely to exceed, 1 percent of herring and mackerel 
harvested, by weight, in the fishery or by any individual fishing operation, the Regional 
Administrator may place restrictions and conditions in the letter of authorization for any 



http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr;sid=be40106bc6166fac59f989ebe066c84c;rgn=div5;view=text;node=50%3A8.0.1.1.6;idno=50;cc=ecfr�

http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr;sid=be40106bc6166fac59f989ebe066c84c;rgn=div6;view=text;node=50%3A8.0.1.1.6.6;idno=50;cc=ecfr�





 


 


or all individual fishing operations or, after consulting with the Council, suspend or 
prohibit any or all midwater trawl activities in the closed areas; 


(iv) Fishing with tuna purse seine gear, provided that there is no retention of NE 
multispecies, and provided there is no other gear on board gear capable of catching NE 
multispecies. If the Regional Administrator determines through credible information, that 
tuna purse seine vessels are adversely affecting habitat or NE multispecies stocks, the 
Regional Administrator may, through notice action, consistent with the Administrative 
Procedure Act, prohibit individual purse seine vessels or all purse seine vessels from the 
area; or 


(v) Fishing in a SAP, in accordance with the provisions of §648.85(b). 


(vi) Fishing for scallops within the Closed Area I Access Area defined in §648.59(b)(3) 
during the season specified in §648.59(b)(4), and pursuant to the provisions specified in 
§648.60. 


(b) Closed Area II. (1) No fishing vessel or person on a fishing vessel may enter, fish, or 
be in the area known as Closed Area II (copies of a chart depicting this area are available 
from the Regional Administrator upon request), as defined by straight lines connecting 
the following points in the order stated, except as specified in paragraph (b)(2) of this 
section: 


Closed Area II 


Point N. lat. W. long. 
C1I1 41°00' 67°20' 
C1I2 41°00' 66°35.8' 
G5 41°18.6' 66°24.8'1 
C1I3 42°22' 67°20'1 
C1I1 41°00' 67°20'1 


1


(2) Unless otherwise restricted under the EFH Closure(s) specified in paragraph (h) of 
this section, paragraph (b)(1) of this section does not apply to persons on fishing vessels 
or fishing vessels— 


The U.S.-Canada Maritime Boundary. 


(i) Fishing with gears as described in paragraphs (a)(2)(i) through (iii), and (a)(2)(v) of 
this section; 


(ii) Fishing with tuna purse seine gear outside of the portion of CA II known as the 
Habitat Area of Particular Concern, as described in paragraph (h)(1)(v) of this section; 







 


 


(iii) Fishing in the CA II Yellowtail Flounder SAP or the Eastern U.S./Canada Haddock 
SAP Pilot Program as specified at §648.85(b)(3)(ii) or (b)(8)(ii), respectively; or 


(iv) Transiting the area, provided the vessel's fishing gear is stowed in accordance with 
the provisions of §648.23(b); and 


(A) The operator has determined, and a preponderance of available evidence indicates, 
that there is a compelling safety reason; or 


(B) The vessel has declared into the Eastern U.S./Canada Area as specified in 
§648.85(a)(3)(ii) and is transiting CA II in accordance with the provisions of 
§648.85(a)(3)(vii). 


(v) Fishing for scallops within the Closed Area II Access Area defined in §648.59(c)(3), 
during the season specified in §648.59(c)(4), and pursuant to the provisions specified in 
§648.60. 


(c) Nantucket Lightship Closed Area. (1) No fishing vessel or person on a fishing vessel 
may enter, fish, or be in the area known as the Nantucket Lightship Closed Area (copies 
of a chart depicting this area are available from the Regional Administrator upon 
request), as defined by straight lines connecting the following points in the order stated, 
except as specified in paragraphs (c)(2) and (i) of this section: 


Nantucket Lightship Closed Area 


Point N. lat. W. long. 
G10 40°50' 69°00' 
CN1 40°20' 69°00' 
CN2 40°20' 70°20' 
CN3 40°5O' 70°20' 
G10 40°50' 69°00' 


(2) Unless otherwise restricted under the EFH Closure(s) specified in paragraph (h) of 
this section, paragraph (c)(1) of this section does not apply to persons on fishing vessels 
or fishing vessels: 


(i) Fishing with gears as described in paragraph (a)(2) of this section; or 


(ii) Classified as charter, party or recreational vessel, provided that: 


(A) If the vessel is a party or charter vessel, it has a letter of authorization issued by the 
Regional Administrator on board, which is valid from the date of issuance through a 
minimum duration of 7 days; 







 


 


(B) With the exception of tuna, fish harvested or possessed by the vessel are not sold or 
intended for trade, barter or sale, regardless of where the regulated species are caught; 
and 


(C) The vessel has no gear other than rod and reel or handline gear on board. 


(D) The vessel does not fish outside the Nantucket Lightship Closed Area during the 
period specified by the letter of authorization; or 


(iii) Fishing with or using dredge gear designed and used to take surfclams or ocean 
quahogs, provided that there is no retention of regulated species and no other gear on 
board capable of catching NE multispecies. 


(iv) Fishing for scallops within the Nantucket Lightship Access Area defined in 
§648.59(d)(3), during the season specified in §648.59(d)(4), and pursuant to the 
provisions specified in §648.60. 


(d) Cashes Ledge Closure Area. (1) No fishing vessel or person on a fishing vessel may 
enter, fish in, or be in, and no fishing gear capable of catching NE multispecies, unless 
otherwise allowed in this part, may be in, or on board a vessel in the area known as the 
Cashes Ledge Closure Area, as defined by straight lines connecting the following points 
in the order stated, except as specified in paragraphs (d)(2) and (i) of this section (a chart 
depicting this area is available from the Regional Administrator upon request): 


Cashes Ledge Closure Area 


Point N. lat. W. long. 
CL1 43°07' 69°02' 
CL2 42°49.5' 68°46' 
CL3 42°46.5' 68°50.5' 
CL4 42°43.5' 68°58.5' 
CL5 42°42.5' 69°17.5' 
CL6 42°49.5' 69°26' 
CL1 43°07' 69°02' 


(2) Unless otherwise restricted under the EFH Closure(s) specified in paragraph (h) of 
this section, paragraph (d)(1) of this section does not apply to persons on fishing vessels 
or fishing vessels that meet the criteria in paragraphs (f)(2)(ii) and (iii) of this section. 


(e) Western GOM Closure Area. (1) No fishing vessel or person on a fishing vessel may 
enter, fish in, or be in, and no fishing gear capable of catching NE multispecies, unless 
otherwise allowed in this part, may be in, or on board a vessel in, the area known as the 
Western GOM Closure Area, as defined by straight lines connecting the following points 
in the order stated, except as specified in paragraphs (e)(2) and (i) of this section: 







 


 


Western GOM Closure Area


Point 


1 


N. lat. W. long. 
WGM1 42°15' 70°15' 
WGM2 42°15' 69°55' 
WGM3 43°15' 69°55' 
WGM4 43°15' 70°15' 
WGM1 42°15' 70°15' 


1


(2) Unless otherwise restricted under paragraph (h) of this section, paragraph (e)(1) of 
this section does not apply to persons on fishing vessels or fishing vessels that meet the 
criteria in paragraphs (f)(2)(ii) and (iii) of this section consistent with the requirements 
specified under §648.80(a)(5). 


A chart depicting this area is available from the Regional Administrator upon request. 
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Components of the Trawl 
 
 


Trawl 
− 4 seam & 3 bridle 
− 400 x 12cm 4800cm 
− Footrope = 2700cm 
− Headrope = 2424cm (including wing end extensions and shackles) 


 
Twine Size and Thickness 


− 12cm (kc), 4mm regular, dark green, braided polyethylene 
in top & bottom wings in 1st bottom belly 
in bunts   in 1st & 2nd side panels 
 


− 6cm (kc), 2.5mm regular, dark green, braided polyethylene 
in square   in 2nd belly aft to codend 
in 3rd & 4th side panels 


 
Section Joining Twine 


− 12cm mesh sections joined by double 2.5mm Orange P.E. 
− 6cm mesh sections joined by single 2.5mm Orange P.E. 
− 12cm mesh to 6cm mesh joined by single 2.5mm Orange P.E. 
− Selvedge joined to wing sections by single 4mm dark green, braided, P.E. 


 
Selvedge 


− Selvedge will be cut from 12.0cm (kc), double 4mm dark green, braided 
polyethylene, Euroline with yellow tracer 


− 8 meshes deep on the bottom wing bars 
− 5 meshes deep on the top wing bars 
− 5.5 meshes deep across forward square 
− 5.5 meshes deep across forward 1st side panel 
− 2.5 meshes deep across forward 1st bottom belly 
− All jibs (top, bottom and side) 


 
Gores 


− 4 full meshes will be put into each gore 
− Port Top= Orange 2.5mm P.E. & White #48 nylon 
− Port Bottom= Double Orange 2.5mm P.E. 
− Starboard Top= Green 2.5mm P.E. & White #48 nylon 
− Starboard Bottom= Double Green 2.5mm P.E. 
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Hanging Lines 
Hung using #96/108 white nylon twine 
 


Headrope 
− ¾” combination rope, IWRC, polypropylene clad with stainless steel core 
− ¾” stainless steel heavy wire rope thimbles 
− Top Wing End Extensions: ½” stainless steel wire & ½” stainless steel heavy wire 


rope thimbles 
− Headrope is 2058cm eye to eye 
− The headrope eye, the top jib end meshes and the upper wing end eye are all put 


in a ¾” Blue Line bow shackle with the 174cm headrope extension of ½” s.s. wire 
coming from it 


− The headrope extension of ½” s.s. wire is 174cm 
− The total headrope length from eye to eye is 2424cm, including port & starboard 


¾” bow shackles (9”) and 174cm, ½” s.s. wire, extensions 
− A ½” hammerlock goes on the end of the 174cm extension 
− 3 Nokalon #508, 8” center hole, orange trawl floats go on each 174cm extension 


separated by 4”x ½” rubber cookies 
 
Wing End (Up & Down Lines) 
− 5/8” combination wire rope, IWRC, polypropylene clad with stainless steel core 
− 5/8” stainless steel HWR thimbles 
− The upper wing end is 552cm eye to eye 
− The lower wing end is 460.5cm eye to eye 
− The top jib eye goes into the ¾” Blue Line bow shackle on the top 
− The two side panel eyes and the middle jib end meshes are put into a ¾” Blue 


Line bow shackle with the middle extension coming from it 
− The middle extension is made of 5/8” s.s. wire with 5/8” s.s. HWR thimbles.  It is 


133 cm - 9cm (3/4” bow shackle) = 124cm eye to eye 
− The lower wing end eye and lower jib end meshes are put into a 3/4” Blue Line 


bow shackle 
− A 5/8” hammerlock goes on the end of both the middle and lower 124cm 


extensions 
 
Floats 


− 60 Nokalon #508, 8” center hole, orange trawl floats 
− The floats are mounted vertically in two 30-float strings, with the first float of 


each string starting 50cm from the center of the headrope 
− Float line is made of ¾” polysteel blue, with orange tracer, float rope 
− The first 24 floats are mounted at 25cm on center and the remaining 6 floats are 


mounted at 50cm on center 
− 3 floats are put onto each port & starboard top wing end extensions 
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Tailpiece 
− Tailpiece diameter is 216 meshes x 16 meshes deep, of 6.0cm, 2.5mm  
− 32 rings 10 meshes down; for attachment to codend.  Rings attached 3:1 with 


10cm bar length using 8mm nylon twind 
− 31 rings 3.5” plastic, 1 ring at top center 3/8” x 3” stainless steel 


 
Codend 


− Same webbing as selvedge, 12.0cm (kc), double 4mm P.E. Euroline 
− 100 meshes in diameter & 75 meshes deep, from 2 panels of 54 mesh x 75 mesh 
− 4 meshes in each gore, 2 from each webbing panel on both sides 
− The codend utilizes 1” diameter gore ropes, with 4 meshes each side in the gore 


 Gore ropes are to have eyes spliced on forward and aft ends 
 Forward End- 14cm inside eye length.  Aft End- 10cm inside eye length 
 At the aft end, the gore rope eye should be flush with the rings; at the 


forward trawl end, the gore rope should extend 70cm (includes 14cm eye) 
− 32 total zipper rings at forward trawl end to attach codend to tailpiece.  31 3.5” 


plastic rings, 1 stainless steel ring at top center 3/8”x 3” 
− 50 puckering rings total at terminus, attached 2:1.  5/16” x 2.5” stainless steel 
− Codend zipper line made from ½” polydacron rope, 650cm length 
− NO SPLITTING RINGS.  The splitting strap will be attached by rope beckets  


 Rope beckets are 5/8” Samson, 200cm length.  Attached 20 meshes from 
aft on each side 


 
Codend Ring Attachments 


Codend rings are attached on the forward and aft sections by 8mm nylon twine 
The forward trawl end ring attachment:   


First row is 1:1 all the way around (108 meshes), 10cm bar length. 
Second row is sewn with the following pattern, 10cm bar length: 
Beginning at the TOP CENTER:   
Five times » 2:1, 2:1, 1:1/ One time » 2:1, 2:1/ Ten times » 2:1, 2:1, 1:1/   
One time » 2:1, 2:1/ Five times » 2:1, 2:1, 1:1 
Third row is 1:1 all the way around (64 meshes), 15cm bar length to 
accommodate the rings.  Rings attached 2 meshes per ring.  32 total rings. 


The aft ring end attachment; Puckering Rings:  50, 5/16” x 2.5” stainless steel rings.  
Rings sewn on 2:1 with 8cm bar length 
 
Chafing Mat 


− 25L x 30W 
− 6.0” kc, nylon  
− Sewn at 33 mesh from aft, on underside of cod end 
− Seized on sides, each 7 meshes, using #8 nylon 
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Bull Rope & Splitting Strap 
− Bull rope made from 1-1/8” x 140’, 8 strand PE, Samson “Ultra Blue” braided.  


8cm eye on one end only   
− Bull rope eye connects to splitting strap eyes via ¾” stainless steel, pear shaped, 


opening link 
− Splitting strap made from 1” x 25’ Tenex braided.  740cm eye to eye.  Each eye is 


8cm 
 
Bolschline (Rubberline): 3 Piece 


− 2436cm total length outside eye to outside eye (including hammerlocks, 6cm 
each) 


− 5/8” stainless steel wire. 
− Center Section: 842cm outside eye to outside eye 
− Wing Sections: 791cm outside eye to outside eye 
− 2-3/8” spacer cookies cover wire.  4” cookies cover sockets 
− 198 2-hole orange hangers total; center 76; wings 61 
− 1 link of 5/8” trawlex chain used as hangers to pass traveler through, spaced 60cm 
− 40 chain-link hangers total; center 14; wings 13 
− 2, 5/8” Crosby hammerlocks connect 3 piece bolschline sections 
− 5/8” Esco sockets swaged on each end of bolschline sections 
− 10, 5/8” wire clamps total; center 6; wings 2 
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Hanging Information


Twine Size- 12.0cm (knot center-knot center) 4mm Euroline, dark green, braided polyethylene.
Selvedge/Jibs are 12.0cm (kc-kc) double 4mm Euroline.


Bars hung at 105%


BOTTOM
24 ROUND MESHES @ 6cm = 138cm
in 23 spaces 
6,  1B1M  @  10cm                 =  60cm
9,  2B1M  @  16cm                 =  144cm
12 BUNT BARS @ 105%       = 151cm
48 WING BARS @ 105%       = 605cm
14.5 JIB BARS + ½ @ 105%  = 189cm
TOTAL WEBBING                 = 2436cm
EXTENSION                           = 133cm [124cm E.T.E (5/8" s.s. wire) + 9cm (3/4" Bow
shackle)]


TOTAL FOOTROPE               = 2702cm (see bolschline drawing for details)


TOP
28 ROUND MESHES @ 6cm = 162cm
in 27 spaces 
6,  1B1M  @  10cm                =  60cm
9,  2B1M  @  16cm                =  144cm
36 WING BARS  @ 105%     = 454cm
22.5 JIB BARS + ½ @ 105% = 290cm
TOTAL WEBBING                = 2058cm
EXTENSION                          = 183cm [174cm E.T.E (1/2" s.s. wire) + 9cm (3/4" Bow shackle)]


TOTAL HEADROPE             = 2424cm


WIND ENDS
LOWER
BOTTOM - 14.5 JIB BARS + ½ @ 1.025  = 184.5cm
SIDE- 22.5 JIB BARS + ½ @ 1.0               = 276cm
TOTAL                                                        = 460.5cm


UPPER
TOP -  22.5 JIBBARS + ½ @ 1.0 = 276
SIDE - 22.5 JIBBARS + ½ @ 1.0 = 276
TOTAL                                          = 552cm
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Tailpiece Rings Detail 
 
32 rings total (31 plastic 3.5”, 1 steel @ top center 3/8” x 3”) 
Attached using 8mm nylon twine. 10 meshes down.  
Tied on every other mesh with 10cm bar length 
Start on first mesh next to gore (either side).  3 nylon, 10cm mesh to 1 ring.  16 rings top 
and bottom. 
 


 
 
 


 


19







Forward Trawl End 
Zipper Rings Detail 
 
32 rings total (31 plastic 3.5”, 1 steel @ top center 3/8” x 3”) 
Attached using 8mm nylon twine 
 
FIRST ROW:  1:1 all the way around (108 meshes), 10cm bar length 
 
SECOND ROW:  10cm bar length, following pattern: 
Begin @ Top Center 


2:1, 2:1, 1:1 Five Times 
2:1, 2:1 One Time 
2:1, 2:1, 1:1 Ten Times 
2:1, 2:1 One Time 
2:1, 2:1, 1:1 Five Times 
 


THIRD ROW:  15 cm bar length (to accommodate ring) 
1:1 all the way around (64 meshes) 
2 nylon, 15cm meshes to 1 ring 
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Aft Codend Puckering Rings 
 
50 stainless steel rings.  5/16” x 2.5” 
Rings sewn on 2:1, 8cm bar length 
 
 


 
 
 
 
 


 


21







22







23







24







25







26







27







28





		4SeamTrawlPlanREVISED.pdf

		12cmWebbingPlan.pdf

		4seam 6cm webbing planREVISED16meshtailpieceJune09.pdf

		Hanging Information.pdf

		Selvedge&Hdrp&WingHang.pdf

		4seam Side View.pdf

		4seam float arrangement.pdf

		4seamCodend.pdf

		WingEndExtensionDetail.pdf










Rockhopper Sweep Details


Center Section


) 890cm Eye to Eye.
) 3/4" 6 x 25 IWRC stainless steel wire.
) 3/4" ESCO stainless steel sockets.


) Drop Chains:
) 60cm drop chain spacing.
) 1st and last drop chains are 25cm from inside of socket eye.
) 15 drop chains total in center section.
) Drop chains are comprised of 2-links of 5/8" long link trawlex, with 1 5/8"


headless shackle.


) Total Center section has 14 sections, plus 2 end sections.


) 5/8" Wire clamps in every 3rd section, 4 clamps total.
) 1st and last clamps spaced 175cm from inside the eyes.
) Inner 2 clamps spaced 180cm from 1st and last and from each other.


) Discs
) Rockhopper Discs


) 30, 16" x 1", 2.5" thick (±0.5") Rockhopper discs, total in center
section.


) 2 rockhoppers per 60cm section.
) 1 rockhopper on each end section.
) Concave side of rockhoppers are to face towards the center.


) Floppy Discs
) 116, 16" x 1" Floppy discs, total in center section.
) 8 floppy discs per 60cm section.
) 2 floppy discs on each end section.


) Filler Rubber
) 5" x 1" filler rubber, tread cut.  Fill in all gaps between floppy


discs and rockhopper discs.
) 6" x 2-3/8" filler rubber, tread cut.  Used on end sections to cover


the sockets.


) Lead Weight
) 100 lbs total.
) 80, 1-1/4 lbs lead weights are to be spaced evenly throughout the center


section of the sweep.
) Leads spaced evenly in between the first and last rockhoppers.  No lead on


end sections.







Wing Sections


) 820cm Eye to Eye.
) 3/4" 6 x 25 stainless steel IWRC wire.
) 3/4" ESCO stainless steel sockets.
) 1, 5" x 2-3/8" x 1/2" stainless steel washer, first item on 1st end section over the


socket.
) 5/8" Hammerlocks connect wing sections to the center section.


) Drop Chains
) 60cm drop chain spacing.
) 1st drop chain is 25cm from inside of socket eye.
) Last end drop chain is 135cm from inside of socket eye.
) 12 drop chains total in wing sections.
) Drop chains are comprised of 2-links of 5/8" long link Trawlex, with 1


5/8" headless shackle.


) Each wing section has 11, 60cm sections and 2 end sections.
) 1st end section, towards the center, is 25cm from inside eye to the first


drop chain and is comprised of 1 14" rockhopper, 1 14" floppy, and 6"
filler rubber covers the socket.


) Last end section, on the wing end, is 135cm from the last drop chain to
inside the eye and is comprised of 4 14" rockhopper, 7 14" floppy discs, 1
5/8" wire clamp between the 20th and 27th rockhoppers, and 30cm of 6"
filler rubber from the 27th rockhopper out to the end over the socket.


) Each wing section has 4 5/8" wire clamps total.
) 1st clamp goes between the 4th and 5th drop chains.
) 2nd clamp goes between the 7th and 8th drop chains.
) 3rd clamp goes between the 10th and 11th drop chains.
) 4th clamp goes on the last end section, between the 25th and 26th


rockhoppers.







) Discs
) Rockhopper Discs


) 27, 14" x 1", 2.5" thick (±0.5") Rockhopper discs, total in each
wing section.


) 2 rockhoppers per 60cm section.
) 1 rockhopper on 1st end section towards the center.
) 4 rockhoppers on the last end section.
) Concave side of rockhoppers are to face towards the center.


) Floppy Discs
) 52, 14" x 1" Floppy discs, total in each wing section.
) 4 floppy discs per 60cm section.
) 1 floppy disc on 1st end section
) 7 floppy discs on last end section.


) Filler Rubber
) 5" x 1" filler rubber, tread cut.  Fill in all gaps between floppy


discs and rockhopper discs, between 1st and 27th rockhoppers.
) 6" x 2-3/8" filler rubber, tread cut.  Used on end sections to cover


the sockets.  35cm on last end section from the 27th rockhopper out
over the socket.  On the 1st end section, cover the socket area after
the 5" steel washer.


) Lead Weight
) 30 lbs total on each wing section.
) 24, 1-1/4 lbs lead weights are to be spaced evenly between the 20th and


27th rockhoppers.













