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Introduction

On 3 September 2002, in response to a concern raised by a member of the fishing industry, the trawl
cables (‘warps’) on the NOAA Ship ALBATROSS IV were inspected and found to have inaccurate
50-meter markings. That is, the marks were not exactly at true 50-meter intervals over the first
1,000 meters of the warps. The difference in marks from the true values ranged between less than
1 inch to 38.4 inches. Also, some of the marks were not evenly matched between the port and
starboard cables. The cables were mismarked by the vendor upon installation in February 2000 and
were used in eight bottom trawl surveys beginning with Winter 2000 and ending with Spring 2002.
Thus, at times during these surveys, more cable may have been deployed on one side of the bottom
trawl than on the other. The difference between the two warps is a matter of inches at shallower
fishing depths but increases as more cable is set out. For example, when 100 meters (328 feet) of
cable are deployed, the warp lengths differ by about 1 inch; when 300 meters (984 feet) are let out,
the warp lengths differ by about 6 feet. Approximately 75% of the sampling tows accomplished in
the bottom trawl surveys use 300 meters or less of cable.

Due to the warp offsets, the survey trawl gear may have fished differently during the eight bottom
surveys than during previous surveys, and this may have affected survey catch rates and related
survey data used in stock assessments. To evaluate the possible impacts of the warp offsets, data
from the last two year’s of surveys are being reanalyzed by species, geographic area and depth to
detect any changes in catchability that may have occurred . Additionally, the survey results are
being compared to the results from other trawl surveys (e.g., Canadian Georges Bank bottom trawl
surveys; NMFS sea scallop surveys) conducted during the winter 2000-spring 2002 time period.
The sensitivity of groundfish stock assessment results to possible changes in survey catch per tow
indices that may have been induced by the warp offsets is also being examined by arbitrarily
increasing the catches in the eight surveys by 10%, 25% and 100%, redoing the assessments and
then determining the improvement, if any, in the fits of the assessment models. All of the above
analyses will be summarized in the Report of the Groundfish Assessment Review Meeting (GARM)
that will be available and distributed at the end of October 2002.

During 25-27 September, a series of field experiments using different starboard and port trawl warp
offsets (0, 2, 4,6, 12 and 18 feet) was conducted in Southern New England waters aboard the NOAA
Ship ALBATROSS IV using underwater video cameras and trawl sensors to observe and document
the performance of the ‘Yankee 36' survey trawl gear. The objectives of this work were to:
(1) provide initial qualitative observations of the effects of differential offset warps on net geometry
and fishing gear performance; and (2) provide a quantitative evaluation of the effects of offset
warps on net wingspread, door spread, and head rope height. Six commercial fishing industry
representatives served as members of the scientific crew aboard the ALBATROSS IV during the
3-day field investigation and directly observed all operations.

Planning activity for the Workshop on Trawl Warp Effects on Fishing Gear Performance began
in mid-September 2002 when about 30 fishing industry representatives and outside technical experts
were contacted about their availability to participate in a 2-day workshop to evaluate the
information on trawl warps that was presently available and the information likely to be available
from the ALBATROSS IV field experiments. By bringing together a broad cross section of expertise
from fishermen, gear specialists and other scientists at the Workshop, it was envisaged that the
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Workshop could, in a collaborative and constructive fashion, review and discuss the video and
sensor gear performance data obtained during the ALBATROSS IV cruise and develop a written
consensus on the trawl warp offset situation and on any research work required to further resolve
this matter.

Based on an overwhelming favorable response from the individuals contacted, invitations for the
Workshop were sent out (via email) in late September to 37 Workshop Participants (19 industry
representatives; 8 outside technical experts; 2 ‘other’ individuals; and 8 staff from the Northeast
Fisheries Science Center). Included with the invitation was the Workshop Agenda (Appendix 1)
and a brief document describing effective elements for consensus building (Appendix 2).

As noted in the Agenda, the objectives of the Workshop on Trawl Warp Effects on Fishing Gear
Performance were to:

(1) evaluate world-wide experience and expertise in the issue of trawl warp length
offsets and their effects on trawl performance;

(2) review the results of experimental manipulation of trawl warp lengths
conducted aboard the NOAA R/V Albatross IV during 25-27 September;

(3) based on the above, consider the likely impacts of trawl warp offsets as
measured on Albatross IV in terms of trawl geometry and consider the
implications for survey catches;

(4) develop appropriate research plans for further evaluation of the issue, if
deemed necessary; and

(5) provide a written consensus report regarding trawl warp offset issues.

The Workshop was sponsored by the NMFS Northeast Fisheries Science Center (NEFSC) and held
at the Marine Biological Laboratory in Woods Hole, Massachusetts during 2-3 October 2002.
Dr. Fredric M. Serchuk (Chief, Resource Evaluation and Assessment Division, NEFSC) served as
Chairman of the Workshop.

A total of 85 participants attended the Workshop (Appendix 3) with affiliations from a wide variety
of fishing industry, academic, science, conservation, management, government and stakeholder
organizations.

Prior to the start of the first session of the Workshop at 9:00 AM on Wednesday, October 2™,
participants could view an actual “Yankee 36" trawl used in NEFSC bottom trawl surveys on display
in the courtyard adjacent to the Whitman Auditorium (the venue for the Workshop).



Workshop, First Day, 9:00 AM - 12:30 PM, 2 October (Whitman Auditorium)

Dr. Wendy Gabriel (Chief, Fisheries and Ecosystem Monitoring and Analysis Division, NEFSC)
opened the Workshop by welcoming all of the participants and presenting background information
on the survey trawl warp offset issue. She also outlined the Workshop process and the expected
short-term and long-term products (Appendix 4). She observed that the Workshop participants
possessed considerable experience and expertise, and expressed her desire that the discussions and
interactions during the next two days would be open, candid and constructive. To this end, she gave
a short presentation on “Successful Ground Rules for New Groups” (Appendix 4) which concluded
by noting that (1) None of us is as smart as all of us; and (2) We all need to build for the future.

Dr. Gabriel then asked each participant to identify themselves and provide a brief description of their
expertise and particular interest in the Workshop. She then introduced Dr. Fred Serchuk, the
Workshop Chairman.

Dr. Serchuk welcomed the participants on behalf of the Northeast Fisheries Science Center and said
it was an honor to serve as the Workshop Chairman. He indicated his intention that the Workshop
would be conducted in an honest, transparent, and civil manner. He encouraged all attendees to
contribute positively to the discussions and offer their thoughts and ideas in a helpful, enlightening
manner. He explained that anyone wishing to make a comment or intervention during the Workshop
would be able to do so by simply raising their hand and then be recognized by the Chair.

Dr. Serchuk viewed the Workshop as an opportunity for scientists and fishermen to constructively
collaborate in identifying, tackling and resolving some difficult problems, as well as a springboard
for future cooperative interactions between NMFS and the fishing industry, and other stakeholders.
He indicated that he was optimistic that the Workshop would reach a consensus regarding the
various trawl warp offset issues based on the willingness and determination of virtually all the
participants to work towards a common goal. The success of the Workshop, he noted, depended on
such synergy.

The Chairman then gave a short presentation reviewing the Workshop objectives (i.e., terms of
reference) and the Workshop agenda (Appendix 5). He informed the Workshop that a website had
been established (http://www.nefsc.noaa.gov/survey_gear) providing background information and
data on the trawl warp offset and survey gear performance situation, and that the consensus of the
Workshop would be placed on this website after the end of the meeting. As well, he noted that the
Report of the Workshop - when finalized - would also be placed on the website.

The Chairman briefly reviewed a number of administrative and logical issues pertaining to the
Workshop and encouraged participants who had not yet signed-in at the Workshop Registration desk
to do so and obtain a Workshop booklet. The booklet (and accompanying inserts at the Registration
desk) included the Workshop Agenda, the elements (behaviors) for consensus building and various
data summaries relating to: (a) the trawl warp offset and amounts of wire out at stations and depths
fished in the spring 2002 NEFSC bottom trawl survey (Appendix 6); (b) the wire out/depth scope
values used at depths from 18-366 meters in all NEFSC bottom trawl surveys using the ‘36 Yankee’
trawl (Appendix 7); (c) the cumulative distributions of cod, haddock and yellowtail flounder catches
in the 2001 autumn and 2002 spring NEFSC bottom trawl surveys in relation to water depth and
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trawl warp offset values (Appendix 8); (d) a trigonometric calculation/depiction of how much the
front profile of the ‘36 Yankee’ net would be expected to change based on 6 foot and 12 foot trawl
warp offsets (Appendix 9); and (e) the construction specifications of the NEFSC standard
‘36 Yankee’ bottom survey trawl (Appendix 10). Also contained within the booklet was a 9/30/02
email letter from Gary Loverich (Senior Engineer, Applied Fish Gear Technology, Bainbridge
Island, WA) offering his comments to the Workshop on warp differential and trawl performance
issues (Appendix 11). Gary had received an invitation to the Workshop but could not attend.

The Chairman then introduced Dr. Joe DeAlteris (Professor, Department of Fisheries and
Aquaculture, Univ of Rhode Island, Kingston, RI) and invited him to present a review of worldwide
experiences with trawl warp offsets to the Workshop. The Chairman noted that Dr. DeAlteris was
exceptionally qualified to provide such a review as he has been actively involved with fisheries gear
and harvesting technology research in New England for the past two decades, and was extremely
familiar with regional fisheries management and conservation issues.

Dr. DeAlteris expressed his appreciation for being asked to review the state of knowledge worldwide
on the effects of trawl warp offsets at the Workshop. He indicated that he would also be providing
information on several related topics including: (1) factors affecting trawl survey variability;
(2) bottom trawl systems and the effects of warp offsets; (3) a summary of the scientific literature
on warp length offsets; and (4) the advice and experience of national and international fisheries
technology researchers who had been canvassed for their views on the effects of trawl warp offsets.
Dr. DeAlteris indicated that he had brought with him a scale model of a ‘36 Yankee’ survey trawl
(which was positioned on one of the walls of the Auditorium) which could be used to illustrate
various offsets and net configuration effects. He noted that a copy of his PowerPoint presentation
(Appendix 12) was included in the Workshop booklet, along with the cruise announcement/ report
of the R/V John N. Cobb which had conducted a field study of differential trawl warp offsets in
autumn 1971 (Appendix 13) and an excerpt of a chapter “Effect of Difference in Warp Length on
the Working of a Trawl” from a book by V.P. Kondratev entitled “Modeling Commercial Fishing
Gear by the Method of Analog Mechanisms” (Appendix 14).

A summary of Dr. DeAlteris’ presentation to the Workshop “Factors Affecting the Performance
of a Survey Bottom Trawl” is as follows:

A survey bottom trawl is a funnel shaped net towed behind a research vessel, and is designed to sample
demersal fish on the seabed. The survey trawl is an adaptation of a bottom trawl that is used in
commercial fishing, except that the net is usually smaller than that used in a commercial application
and it has a smaller mesh size or small mesh liner so as to retain smaller fish. The trawl mouth is
opened horizontally by otter boards and vertically by floats on the headrope. A survey trawl is
designed to collect a representative sample of the fishery resources on the seabed at a particular
location. Additionally if the survey trawl is operated in a consistent manner, the results of a survey can
be considered a relative index of fishery resources abundance with time.

The data collected in trawl surveys is characteristically highly variable. Measurement variability is due
to variability in trawl performance. Fishery resources are contagiously distributed on the seabed,
resulting in spatial variability in the data. Finally, environmental variability affects both trawl
performance and spatial distributions of fish. Bottom trawl performance can be measured in terms of
catch efficiency (catchability) and trawl system geometry. While trawl system geometry (otter board
spread, wing spread, and vertical opening of the trawl mouth) is important to monitor, it is the catch



retained in the codend that is used in the stock assessments; and therefore catch efficiency must be
maintained at a constant level.

The bottom trawl system consists of the following components: towing vessel, towing warp, otter
boards, ground gear and net bridles, net headrope, footrope/sweep, and webbing. The bottom trawl
system can be considered to be a system of flexible lines that transfer towing force from the vessel to
the webbing in the net. A feedback system also exists to balance forces that are temporarily
unbalanced, adjusting warp caternaries, otter board angle of attack, and headrope and footrope/sweep
caternaries. A balanced survey bottom trawl is towed using warps of equal length, so as to balance the
loads on the otterboards and on the net frame.

The purpose of this report is to present the results of a literature search and canvass of outside experts
on the effect of an offset in the length of a towing warp of the performance of a survey bottom trawl. It
was recently discovered that one of the towing warps on the R/V Albatross IV was incorrectly marked.
The error ranged from 0 feet at 0 meter warp length, to about 9 feet at about 900 meter warp length.
This resulted is a warp offset that varied with station depth and the resulting warp length.
Approximately 75% of the survey tows conducted by the R/V Albatross IV in the typical groundfish
survey in the New England and Mid-Atlantic regions use warp lengths of 600 meters, or less, and
therefore the offset was 6 feet or less. The survey trawl used for the New England and Mid-Atlantic
groundfish survey is a Yankee 36 trawl, (60 foot headrope and 80 foot sweep), and the net is equipped
with 30 foot bridles and a roller sweep so as the allow access to a wide variety of habitats.

The results of the literature search conducted by Claire Steimle at the NMFS Sandy Hook NIJ
Laboratory identified over 100 potential citations, however most were not relevant to the subject.
Several papers addressed general questions regarding survey trawl performance, but only one section in
a single book addressed the specific question of the effect of a trawl warp length offset. In a Canadian
publication on Bottom Trawl Surveys (Doubleday and Rivard, 1981), several chapters considered
sampling techniques, and factors that contribute to variability in the data. Several authors in the book
refer to survey trawls as a “quantitative sampling tool” that must be calibrated. The authors note that
measurement variability must be reduced if the precision of survey results are to be increased.
Additionally, they state that it is impossible to separate variability due to fish distributions from
measurement error. Two other references DeAlteris et al. (1989) and Lauth et al. (1998) considered a
wide variety of factors that could affect the performance of a survey trawl. Both papers investigated
catch efficiency and trawl geometry, as measures of trawl performance, and the treatments include
differences in rigging, towing scope, towing speed, and even net design. Interestingly both papers
conclude that while most of the treatments considered affected trawl geometry, few of the treatments
affected catch efficiency. Finally, in a translation of the Russian book entitled, Modeling of
Commercial Fishing Gear by Analog Mechanisms, by Kondratev (1973), the author addresses the
question: “When a trawl breaks down, fishermen usually first verify the warps. Can we justify such
demands on the warps, and the associated loss of fishing time to re-measure the warp?” To answer the
question, model and full-scale tests were made on a 96 foot trawl. The results of the model
experiments indicated that the trawl mouth geometry is only measurably affected when the difference
in the warp exceeds 20% of the length of the headrope. The results of full-scale experiments on the
IRB-99 indicate that with a difference warp length up to 15 % of the headrope length, the distance
between the trawl boards and the catch efficiency did not change appreciably. On the Yankee 36 trawl
a warp offset of 15% of the headrope is 9 feet, and a warp offset of 20% of the headrope is 12 feet.

The canvass of outside experts initiated by Henry Milliken of the NEFSC, NMFS, and continued by
me, resulted in more that 75 individuals being contacted. Most indicated no experience with the warp
offset issue. Several indicated opinions based on experience with model nets. However, both Dr. Lee
Alverson of NRC consultants, formerly with NMFS and Gary Loverich of Ocean Spar, formerly of
NETS and NMFS had participated in fishing experiments aboard the R/V Cobb on the west coast in the
1970s. Based on that experience Dr. Alverson stated that he believed an offset up to 6 feet would have
minimal impact on catch. Gary Loverich proposed that we must consider the warp offset in the context
of the entire length of the ground gear and sweep. He estimated that a 6 foot warp length offset on the



Yankee 36 survey trawl was 4.4% of the total length of the ground gear and sweep, and that based on
his experience including model testing, an offset up to 5.0% would not result in a catch reduction. He
also noted that auto-trawl winches often result in a 1-2% offset in warp length in order to match warp
tension, and that other operational factors may also result in a skewed net.

Thus, I conclude based on my review of the literature and my canvass of outside experts, that a trawl
warp offset is another source of measurement error. The magnitude of the error is a function of the
relative magnitude of the warp offset to the length of the headrope or ground gear and sweep. While
trawl geometric performance is probably more measurably affected by a warp length offset, the effects
on catch performance (efficiency or catchability) are more subtle, and more difficult to measure due to
the inherent variability in catch performance. Therefore, I believe that warp length offsets up to 6 feet
may affect catch performance, but the effect is minimal, and will be difficult to measure. Further, I
believe that warp offsets greater than 6 feet become increasingly problematic in terms of catch
efficiency, but again they may also be difficult to measure.

Literature cited:

DeAlteris, Recksiek, and others. 1989. Comparison of the performance of two bottom sampling trawls.
Trans. Amer. Fish. Soc. 118:119-130.

Doubleday and Rivard. 1981. Bottom trawl surveys. Ca. Spec. Pub. 58. 273p.

Kondratev. 1973. Modeling of commercial fishing gear by the method of analog mechanisms.
Translated from Russian.

Lauth, Syrjala, and McEntire 1998. Effects of gear modifications on the geometric performance and
catching efficiency of the west coast upper continental slope ground fish survey trawl. Marine
Fisheries Review. 60: 1-26.

Summary of Discussion on: Factors Affecting the Performance of a Survey Bottom Trawl

Joe DeAlteris emphasized that there are two distinct aspects to evaluating effects of the warp
offset: (1) effects on gear geometry and (2) effects on catch efficiency. Several examples from
the literature show that changes in gear configuration affect gear geometry, but most treatments
did not affect catch efficiency. Several participants pointed out that although effects on catch
efficiency have not been demonstrated, they must exist but are difficult to see due to inherent
variability in trawl performance and fish availability. Two points of view were expressed:
(1) if you can’t demonstrate a difference, then the effect is not a concern (2) just because you
can’t measure it doesn’t mean it isn’t real, and this simply means you need a large number of
replicates to demonstrate the effect.

The point was raised that the issue at hand is evaluation of how the warp offset has affected
performance of the gear relative to its standard configuration, not the overall question of the
efficiency of the gear. Baseline data exist on configuration and performance measures such as
bottom contact time, and can be used to help with the evaluation. Sampling gear for the new
NOAA research vessel (launch expected in 5 years) will be designed with industry input.



There was extensive discussion of how warp offsets may affect other aspects of gear
configuration and/or interact with gear deployment protocols (e.g. scope ratio). Concerns were
raised over impacts on door offset, angle of attack and net elevation, and how these might
magnify an effect of warp distortion. Relatively subtle effects may be important, e.g., if a door is
offset, the silt cloud raised may not meet the wing and herding fish may escape through the
opening, similar to effects of a cross-current. These factors need to be considered in studies to
evaluate a warp offset effect.

The issue of differential species- and size-dependent effects was discussed. Species with
different behavior (e.g. bottom-hugging tendencies, tendency to be herded) will be affected
differently. Smaller fish may escape under an elevated sweep more readily than larger fish of the
same species. Experiments and analyses need to consider individual species as well as the
aggregate catch, and evaluate effects on species size composition estimates.

Questions were raised concerning general protocols within NEFSC for monitoring gear
condition and maintaining gear, and whether there have been similar problems in the past that
were never discovered. NMFS personnel indicated that fishermen working on board survey
ships and land-based gear experts visually inspect the gear and replace parts as they wear out.
The survey vessel always carries an extra set of doors in case replacement is needed during a
survey. Historical protocols for measuring warps are being documented. Concerns that one
warp may become 