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Abstract

This inveétigation has attempted to quantitatively relate larval
herring survival to their morphological condition and food habits as
determined by prey selection and availability over several spawning
seasons, employing portions of the ICNAF larval herring data base.

The laboratory and data processing techniques which we have found
useful in analyzing condition factor measurements and gut content

information on larval sea herring have been outlined here in detail.

Introduction

The Larval Dynamics Investigation of the Northeast Fisheries Center

in Woods Hole, Massachusetts has been invoived in an intensive international,
®

multidisciplinary study of Atlantic herring (C]upea harenqus L.) in the

Georges Bank-Gulf of Maine region to identify and measure the physical and
biological factors influencing Tarval survival during the first six months
of 1ife. Participation by HOAA, National Marine Fisheries Service,
Northeast Fisheries Center, was conducted through a fisheries ecosystem
program called MARMAP (Marine Resources Monitoring, Assessment, and Pre-
diction) (Sherman, 1980). In 1871 a systematic mesoscale sampling of
zoopiankton and ichthyoplankton was initiated over the continental shelf
from Cape Hatteras to Nova Scotia. The field sampling program for this
study, developed through ICNAF (International Commission for the Northwest
Atlantic Fisheries), was designed to detect significant variations in
timing and dispersal of larvae from spawning sites, and in the population
parameters of larval production, growth, and mortality within and among

spawning seasons and areas. A recent analysis of available data



(Lough et al., 1979) for the 1971-77 seasons found no close relationship
between initial production of larvae and recruitment. There is sufficient
evidence available to support the general hypothesis that the size of the
recruited year class of herring is determined sometime during the early
larval period, between spawning in early autumn and survival over-winter
into early spfing. A major hypothesis which we are investigating is that
recruitment is dependent upon over-winter survival of the larvae when food
organfsms are relatively scarce. Starvation and predation (possibly
starvation-linked) have been identified as the major causes of larval
mortality. Theoretical studies of larval fish survival illustrate how
mortality and growth can be 1inked as density dependent processes re-
gulated by food availability.

Many field and laboratory investigations have been undertaken to
examine larval fish feeding. None have successfully produced a pre-
dictive recruitment index, but they have provided some evidence in
support of Cushing's match-mismatch hypothesis of larvae and the pro-
duction cycles of their prey. Due to the complex nature of the processes
being studied, very intensive field and laboratory programs of broad
scope are necessary, encompassing all important aspects of recruitment.
The data bases generated by the ICNAF larval herring surveys are among
the most extensive and complete available sources of information with
which to investigate some of the leading hypotheses of larval survival.

Our main objective is to compare the general morphological "condition"
of larval herring and prey selection based upon their gut contents with

prey availability over several spawning seasons (autumn-winter). This



manual provides a detailed outline of the Taboratory and data processing
methods used in our work which we hope will serve as a useful guideline
for similar studies. We have incorporated existing methods of analysis
with our own ideas as the project developed. Field sampling methods and
a rationale for sample selection and number of larvae processed are re-
viewed briefly. Examples of laboratory forms, data summary sheets and
analyses, and computer routines used are included in the appendices.

Refer to Cohen and Lough (1981) for the completed study.

Methods

I. Field Sampling

The ICNAF larval herring surveys were conducted on a standard grid
of stations 15-20 miles apart (Figure 1), covering the Georges Bank-Gulf
of Maine region at least once a month from September through December
since 1971. February surveys were added in 1974 to examine the over-
winter picture. The Georges Bank-Nantucket Shoais area represents our
most complete time series of data, and since 1975 this area has received
intensive coverage in terms of extrastations, nutrients, chlorophyll,
primary productivity, and hydrography. A complete list of participating
vessels and survey dates can be found in Lough and Bolz (1980). The

fifteen surveys selected for larval herring gut content analysis are as

follows:
Vessel and Cruise No. Date
Cyros 74-04 9/7 - 9/24/74
Prognoz 74-01 10/18 - 10/30/74
Anton Dohrn 74-01 11/16 - 11/23/74
Albatross IV 74-13 12/4 - 12/19/74
Albatross IV 75-02 2/12 - 2/28/75



Vessel and Cruise No. Date
Belogorsk 75-02 9/15 - 10/8/75
Belogorsk 75-03 10/17 - 10/30/75
Anton Dohrn 75-187 11/1 - 11/18/75
Albatross IV 75-14 12/5 - 12/17/75
Albatross IV 76-01 , 2/10 - 2/25/76
Wieczno 76-01 4/9 - 5/4/76
Wieczno 76-03 10/14 - 11/3/76
Anton Dohrn 76-02 11/15 - 11/29/76
Researcher 76-01 11727 - 12/11/76
Mt. Mitchell 77-01 ~ 2/13 - 2/24/77

At each standard station, minimum sampling has included double obli-
que hauls with 61-cm diameter bongo nets (0.505- and 0.333-mm mesh nets)
and temperature-salinity profiles. Since autumn 1974, 20-cm bongos (0.253-
or 0.053- and 0.165-mm mesh nets) were added to the sampling array in
order to collect smaller organisms. A standard haul consisted of lowering
the bongo array at 50 m/min to a maximum depth of 100 m or to within 5 m
of the bottom, and retrieving at 10 m/min while the ship is underWay at
3.5 knots (Posgay and Marak, 1980). Ten minute neuston hduls (1 x2,or
.5 x 1 m rectangular frame fitted with a 0.505-mm mesh net) usually were

made sihu]taneous]y with each bongo haul during the 1974-77 seasons.

II. Laboratory Procedures

A. Sample Selection and Processing Rationale:

Previous studies of larval herring feeding on both sides of the
Atlantic have documented the species and size ranges of selected prey
items, as well as feeding rates and metabolic requirements of the larvae.
We felt that any significant new information relating survival and
feeding conditions of Georges Bank larval herring could only be revealed

by a systematic in-depth study.
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Over 7,000 larvae have been examined to-date for gut contents
and condition for 15 cruises over three spawning seasons, September-
February in 1974 and 1976 and April in 1975. When this task was
initiated in 1976, these three spawning seasons represented our best
coverage of the time series, and preliminary studies by Lough et al.
(1980), and Dubé et al. (1977) indicated differences between the three
seasons in larval production, growth, mortality, potential food organisms,
and environmental conditions. These differences appeared to be accentu-
ated during the winter period, and so our effort was concentrated on the
December and February surveys. Up to 100 larvae per station Were pro-
cessed from the winter cruises in order to detect any differences in prey
selection and physical condition within and among larval concentrations
in the Georges Bank-Nantucket Shoals area. Our decision to undertake such
an extensive analysis was influenced by the low incidence of prey in the
guts and the variability of the condition factor measurements. Processing
of the larger larvae from the winter surveys was more rapid than the
smaller autumn survey larvae because the larger larvae usually fed on
easily identifiable adult copepods, in contrast to the more difficult-to-
identify copepod developmental stages favored by smaller larvae. By
February, larval densities were low (<100 larvae per station, usually 1-10
larvae per station) and larvae were captured at only one-third or less of
the grid stations, so as many larvae as possible were processed to provide

a representative and statistically valid data base.



Over-winter larval survival may have been influenced by biological
and physical coﬁditﬁons the previous autumn, therefore we also needed
to examine feeding and condition of larvae from the 1974, 1975, and
1976 autumns. The high densities of early larvae (>100 per station)
occurring at many more stations than later larvae made processing 100
larvae per station prohibitive in terms of time and resources, and to
do as thorough an analysis on the autumn samples was secondary to the
main over-winter hypothesis. Preliminary work indicated that larvae
of the same size at a given station generally fed on similar numbers
of prey of the same species and size. Therefore, we reduced the number
of larvae examined from the autumn surveys to 30 per station, and
selected only 5 stations per survey located in high density larval
patches across the survey area. Corresponding stations were selected
for fine (0.165 mm) and coarse (00333 mm) mesh zooplankton processing
to assess available prey. These samples were sorted by the Polish
Sorting Center and the Northeast Fisheries Center. We have attempted
to obtain as much significant information as possible from each larva
because once dissected for gut contents, the specimen is essentially

useless for further measurements.

B. Records, Data Sheets and Labeling:

The laboratory data were recorded on standard "Gut Content Data
Record" (GCDR) forms. A copy of this data sheet and instructions for
its completion are presented in Figure 2. This format facilitates data
entry into computer files. Our data were keypunched by the Automated
Data Processing (ADP) group here in Woods Hole, and entered into computer

files at the Woods Hole Oceanographic Institution's (WHOI) Sigma-7



8 June 1979

Figure 2. "Gut Content Data Record" - Data Sheet and Instructions

MARMAP Gut Content Data Record - Fish Larvae (GCDR)

Type of Possible No.

Information Columns of digits Coding Details

Cruise Code No. 1-3 3 First cruise'processed becomes
No. 1 (e.g., 1 = ALBATROSS IV
76-1, 10-25 Feb 1975)

Station No. 4-6 3 Use whole no. for extra
stations prior to OPTSCAN

Haul No. 7, 8 2

Date 9-14 6 GMT - Day (2) Month (2) Year (2)

Time 15-18 4 GMT - Nearest whole minute,
beginning of tow

Latitude 19-22 4 Nearest whole minute, beginning
of tow

Longitude 23-26 4 Nearest whole minute, beginning
of tow

Gear® type

code no. 27 1 Gear type, Code No.
61 cm bongo 1
20 cm bongo 2

1 x 2 m neuston 3

3 x 1 m neuston &
MOCNESS 5

Net mesh type

code no. 28 1 Mesh Code No.
.505 mm 1
2333 mm 2
.253 mm 3
.165 mm 4
.053 mm 5
.202 mm 6

Predator

code no. 29-37 9 MARMAP coding

Predator

specimen no. 38=-41 4 Consecutive no. within a station haul

Predator weight 42-47 6 Dry weight. Nearest 1/100th ng



Figure 2 continued.

Type of ‘ Possible No.
Information Columns of digits Coding Details
Predator length 48-30 3 Standard length, nearest 1/10th mm
Predator skull
width 51-53 3 . Nearest 1/100th mm
Predator maxil-
lary length 54=56 3 Nearest 1/100th m=m
Predator eye
height 57-59 3 Nearest 1/100th mm
Predator head '
height 6062 3 Nearast 1/100th mm
Predator body .
height 63-65 3 Nearest 1/100th mm
Predator pectoral
angle 66-68 3 Nearest whole degree
Predator
‘conditions 69 1 Good, intact specimen = 0

Damaged so that one or more
measurements are missing = 1

Predator diseases 70 ) 1 Presence of parasites in gut:

thriocephalus scorpii
Scolex pleuronmectis
Unidentified cestode
1
1

[ A I

i
& 2
& 3
& 3

~N O BN

2
1, 2&3
*Note position in gut

Predator gut
contents 71 1 Gut empty = 0
Gut with prey remains identifiable
to some taxonomic code = 1
Gut with unidentifiable prey
remains = 2
Gut with identifiable and
unidentifiable prey remains = 3
Gut not examined = 4
Position of prey

in predator gut 72 1 Anterior gut = 1
Mid gut =2
Hind gut = 3
1 &2 = 4
1&3 =5
2 &3 = §
1, 2 &3 =7
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Figure 2 continued.

Type of Possible No.
Information Columns of digits Coding Details
Larval life
stage code no. 78,79 2 See Doyle (1977) for stage
description
Code No.

Stage 10, Substage 11-13
Stage 20, Substage 21-23
Stage 30, Substage 31-33
Stage 40, Substage 41-44

Prey flag 80,81 ‘ 2 Enter 1 for first record of
each larva whether larva is
feeding or not. If prey
jtems are present,number each
additional record for the
same larva consecutively

Prey code no. - 82-85 4 MARMAP coding

If gut is empty, enter 9 in

* column 85.
Prey life stage
code no. 86-88. 3 MARMAP coding
Prey sex 89 1T - MARMAP coding
Male = 1
Female = 2
Immature = 3

Qvigerous female = 4
Prey condition sa 1 Good, intact specimen = O
Fragment(s) = 1
Only one measurement possible = 2
Prey length 91-94 4 Nearest 1/100th mm

Prey width 95-98 4 Nearest 1/100th mm

Type of information not coded for computer entry:

1. Vial no. 4. Prey name
2. Photograph no. 5. Other remarks for predator and prey
3. Gut length 6. Technician's initials



Figure 2 continued.
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MARMAP GUT CONTENT DATA RECORD-FISH LARVAE ( GCOR)

CRUISE STN HAUL DATE (GMT) TIME (GMT) LAT LONG
i l2|slalsle|7!8|slwoln|izlis]ialis|is]i7li8 [is]20]21 |22 23] 24l25]26
GEAR PREDATOR CODE SPECIMEN NOJ GUT LGTH. VIAL NO.
27 |28 2930(31{32(33|34|3536 |37 38 [39(40|41
1121110158016 10] I ——

WEIGHT LENGTR |SKULL W. [MX LGTH |EYE HT. |HEADHT. | BODY HT.|PCTL A
42(43|44|4a5|a8 |47 |48[49(50 (31|52 |53 [sa|55]56|57|53 |59 (606! |52|63|5465]6e8 (67 |68
Clo P | LS PHOTOGRAPH NO.
69|70 |71|72{73|74| 75| 78| 77| 78] 79 ‘ '

-
PF | PREY LIFE ST |S |C | LENGTH N1DTH PREY NAME
go|al |92/ 83| 84| 95|38 87| salas{s0 |9 |92 |93 94| 95/96| 97|98 99| l |

INTTLALS




Computer Center.

Figure 3 presents a summary flow sheet of the laboratory

and data processing methods which will now be described in detail. The

data entries are dicussed in the order in which they appear on the GCDR.

1.

N Oy v BWw N

10.

11.

12,
13.

(Items 12 and 13 are

Cruise Code No.

Station No.
Haul No.
Date

Time

Latitude

Longi tude

Gear Type dee No.

Net Mesh Type Code No.

Predator Code No.

Predator Specimen No.

Gut Length
Vial No.

not keypunched).

Numbers arbitrari]y,assigned.
Information obtained from original
cruise logs or "Station Activities
Summary" (SAS) printouts of cruise
data stored in computer files at the
University of Rhode Island as part of
MARMAP Information System (MIS) (See
sample in Appendix 1).

On GCOR instruction sheet.

On GCDR instruction sheet.

Obtained from standard MARMAP code
system on file in MIS (Appendix 1).
Determined after all larvae at a

station are examined; consecutive

numbers assigned beginning with

feeding larvae.

Measured from pharynx to anus.
Consecutive number of larvae examined

at a station.

Items 1 through 10 are entered on a master copy of the GCDR prior to

processing larvae at a given station, and the GCDR is xeroxed the appro-

priate number of times.



Figure 3.

Flowsheet diagram of methods for processing larval herring gut contents.
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Before proceeding, three labels for each larva should be prepared

as follows:
1. Slide Label Station #
Vial #
2. Vial Cap Label C# \ - Vessel & Cruise #
S# - Station #
V# - Vial #

3. Inside Vial Label Vessel & Gear
Cruise # Mesh Size

Station #

C. Sorting, Measuring, Staging and Dissection:

Herring larval had previously been sorted from the 0.333 and 0.505 mm
mesh bongo samples by the Plankton Sorting and Identification Center in
Szczecin, Poland and the Northeast Fisheries Center, vialed separately by
station, and grouped by cruise. Larvae for this investigation were ran-
domly chosen from these vials of larvae at each of the selected stations.
Each larva was gently straightened out on its side on a flat microscope
slide in a small amount of water to secure it in place and prevent de-
hydration. Dissections, measurements, and routine identifications were
performed using a Wild M5 dissecting microscope. A Zeiss compound micro-
scope was used to identify (if possible) fragments and unknown gut con-
tents; photographs were taken of rare prey items. Damaged areas of herring
larvae or prey items were not measured. In order to achieve consistent
measurements, technicians should practice on extra larvae before beginning

the analyses.
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The remaining information can now be entered on the GCDR's. Refer

to Figure 4 for an illustration of the measurements.

14.

15.

16.

17.
18.
19.
20.

21.

Predator Length

Predator Skull Width

Predator Maxillary
Length

Predator Eye Height

Predator Head Height

Predator Body Height

Predator Pectoral
Angle T

Predator Condition

In preflex larvae measured from tip

of upper jaw to end of notochord, and

in postfiex larvae to end of hypural
plate. Length may be used as indi-
cation of age and in calculations of
biomass and condition factors (Ehrlich
et al., 1976).

Viewed dorsally, widest portion of skulil
measured just posterior to orbital region.
Measured maxillary bone comprising most
of upper jaw forcalculation of mouthgape
(Shirota, 1970).

Measured according to Ehrlich et al.

(1976) for use as indicators of condition.

See GCDR instructions.

Larvae were staged prior to dissection (in all except three winter

surveys, Alb. IV 75-02, Alb. IV 75-14, Alb. IV 76-01) according to proce-

dures described by Doyle (1977), and coded in Item 26 of the GCDR. Summary

diagrams of the major features of each stage are presented in Figure 5.

The gut was teased away from the larval body with minutien insect pins

held in stainiess steel Toop holders.

It was usually possible to dissect

the gut intact, and the larva was then transferred to a labeled vial of 4%

neutral formalin.
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Figure 4. Condition factor measurements recorded from larval sea herring.
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Figure 5. Staging method for larval sea herring according to Doyle (1977).
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A dilute solution of lactic acid and methyl blue was used to clear

and stain the gut and its contents.

Prey items in very young larvae were

often visible immediately through the thin gut walls; older, thicker larval

guts took several hours to clear.

The gut was then slit open by lightly

running the sharp pin point along the length of the gut and folding back

the flaps as it opened.
22.

23.

24.

25.
26.

Predator Diseases

Predator Gut Contents

Position of Prey in
Gut

Larval Life Stage

Prey Flag

Returning to the GCDR:

See GCDR instructions and Rosenthal
(1967) and Dolfus (1956); our identi-
fications were made by B. Haydeh, NMFS,
Woods Hole,

See GCDR instructions. Useful in
selecting feeding versus non-feeding
larvae; analagous to index tabs in a
notebook in computer analysis.

See GCDR instructions.,

Explained previously.
Explained in GCDR instructions; useful
in determining the number of prey per

larva in computer analyses.

Gut contents were now transferred to labeled depression slides con-

taining fresh lactic acid and methyl blue solution.

27.
28.
29.

Prey Code No.

Prey Life Stage

Prey Sex

Codes obtained from MIS listings
(Appendix 1). See Murphy and Cohen
(1979) for summary of literature and
illustrations of developmental stages
of common prey items in Georges Bank-

Gulf of Maine region.
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30. Prey Condition - See GCDR instructions.
31. Prey Length - Cephalosome length of adult and

juvenile copepods; total length of
nauplii excluding caudal armature;
maximum dimension of other items.
32. Prey Width = Maximum width of item.
Prey biomass may be calculated from item 31 based upon information in
the literature. This topic will be discussed in the "General Comments"

section.

III. Data Processing Methods

A. Larval Gut Content and Condition Factor Measurements:

A11 GCDR's were scrutinized for errors and then submitted to our ADP
section for keypunching. Computer 1istings of the 98 column data records
were then compared to the original data sheets, and any additional errors
were corrected before generating permanen? magnetic tapes of these raw
data files. -It is recommended procedure to make backup tape copies of all
files. Initially, cruises were stored in separate files; later it was
found more convenient to combine them into a single file. A sample data
retrieval program is included in Appendix 2. Any variables may be sub-
stituted or added to "year" and "cruise" in the example. Individual
cruises or complete seasons of data were then processed by a routine which
generates a system file for use in programs of the Statistical Package for
the Social Sciences (SPSS) (Nie et al., 1975). Examples of the SPSS routines
used for all our data organization and analyses can be found 1n.Appendix 2.
Additional summary tables, graphs, and cruise piots.presenting some of our

data are included in Appendix 3 (Complete information in Cohen et al., 1980).
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Some additional variables were calculated by computer:

MOUTHGAPE = Maxillary 1ength X V2 (Shirota, 1970)
WGTLEN 1 = g%‘g:;ghfeg'gg% ?m;% (Blaxter, 1965)
EYEHEAD = %ai‘%!g{f—t (Enrlich et al., 1976)
BODYSTOL = Sody height (Ehrlich et al., 1976)

~ Head height
Suggested computer routines, tables, graphs, and plots which we have
found useful in organizing and examining our data are presented below.
The data may be organized by cruise, season, gear type, time of day,
feeding larvae, etc. Additional programs and statistical packages are
available through WHOI on the Sigma-7 combuter (they have recently in-

stalled a new system).

1.  SPSS Routines:
a. Scattergram plots of
(1) Condition factor measurements (normalized by dividing all
non-derived measurements by standard length to remove this
source of variation) plotted in all possible combinations.
(2) Mouthgape versus standard length.
(3) Predator skull width versus standard length.
(4) Prey length versus prey width.
b. Frequency tables and histograms of
(1) Length frequency distributions of feeding larvae and all
larvae by length class (intervals may be 1, 5, 10 mm).
(2) Mean number of prey items per larva over each season and
by Tength class and station.

(3) Percent (%) parasitism occurring in larvae.



c.
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Condescriptive tables

Summaries of basic statistics of all condition factor

measurements.

(1)

(2)
(3)

(4)

(2)

Crosstabs tables of

Diel feeding distribution of each larval length class
using two hour time intervals.

Diel distribution of prey items by larval length class.
Number of larvae in each length class by station (for all
larvae, feeding larvae, and prey items}).

Species and number of parasites by station.

(5) Prey Tength and width by larval Tength class.
Breakdown tables of ¢
(1) Mean prey length and width by predator length class, in-

cluding prey species, stage, and sex.

Mean values of larval condition factors by length class

(for feeding larvae and all Tarvae).

Standard condition factor (WGTLEN 1) and body height/standard
length (BODYSTDL) by larval length class and station (for all
larvae).

Normalized condition factors of non-feeding and feeding larvae
by station.

Mean condition factor values by station (for all larvae).
Mean prey length and width by station including prey

species, stage, and sex.

Mean prey biomass/larva at each station.
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Factor analysis of condition factor variables.

Discriminant analysis using condition factor variables of

(1) Feeding versus non-feeding larvae.
(2) Day versus night caught larvae

(3) Bongo versus neuston samples.

2. Summany Tables:

a. Mean length and width of larval herring prey items by 5-mm
length class. 7

b. Abundance of larval herring prey items by 5-mm length class.

c. Diel distribution (2-hourly) of feeding larval herring by 5-mm
length class over 24 hours and during daylight hours only.

d. Mean values of larval herring condition factor measurements by
5-mm length class.

3. Graphs:

a. Frequency of occurrence plot of mean number of food items per
gut.

b. Plot of prey length (and width) versus predator standard length,

and including regressions of mouthgape versus standard length
and maximum skull width versus standard length, and also including
size frequency distribution histograms of prey items at each

larval standard length (see example in Appendix 3 for clarification).
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4. Cruise plots - Station by station representation of:
a. Stations sampled.
b.‘ Percentage of larval herring feeding per station.
c. Mean number of prey items per larval herring per station.
d. Mean value of larval herring eye height/head height ratios
per station.
e. Mean value of larval herrihg body height/standard length

ratios per station.

B. Zooplankton Data:

The 0.333-mm mesh zooplankton data available from 13 of the 15 cruises
were organized into computer files also on the Woods Hole Oceanographic
Institution's Sigma-7. e

A summary program was written to generate "Fager Tables" for each
cruise which lists:

1. Species name

Mean rank

Dominance and percent dominance at all stations

B W N

Occurrence and percent occurrance at all stations

5. Total number of stations processed

6. Abundance (median, mean, standard deviation) and percent
abundance based on total number of organisms

7. Shannon-Wiener diversity index for each station

8. Equitability for each station

9. Simpson's diversity index for each station
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Another program, FISHMAP, was used to generate cruise plots of:

1. Distribution and abundance of the dominant larval herring

prey species.

2. Distribution and abundance of potential larval predators.

3. Distribution and abundance of zooplankton biomass (using dis-

placement volumes).
These figures and tables will be available in a data report by Cohen and
Lough (1981a).

The 0.165-mm mesh zooplankton data were organized into computer files
on a Hewlett-Packard HP85. A complete analysis of these data will be
available shortly (Davis, 1982). The abundance of major larval prey items
were used to calculate selectivity indices at those stations where infor-
mation on larval gut content was available (Berg, 1979). Comparisons also
were made between plankton supply and gut content in terms of numbers and
biomass (see Cohen and Lough, 1981b for discussion) of prey species for

each length class of larvae.

General Comments

The clarification of the relationship between larval herring survival
and their morphological condition and choice of prey as determined from
gut contents and prey availability over several spawning seasons has been
stated as our principal goal. Some of the problem areas encountered in
this investigation have been explored in the literature. Two major
difficulties in the interpretation of our results arise from the vari-
ability of the condition factor measurements and the low incidence of
feeding compared with previous studies. Two possible explanations of

both results are:
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1. Larvae were damaged during capture by the bongo nets, and

2. Formalin preservation caused shrinkage and loss of gut contents.
An additional explanation for the variability of the measurements is:

3. Postmortem changes occurred before preservation leading to

variable larval shrinkage.

In reference to the first statement, we did find large numbers of
damaged larvae with missing or detached guts; as previously mentioned,
no measurements were taken on obviously damaged areas which should have
reduced this source éf error. There is evidence from recent work at
this laboratory that larval herring captured during slower hauls (1.5
instead of 3.5 knots) sustain less damage. It will be interesting to
determine the variability of these measurements and the percentage of
feeding in a representative sample of larvae from this series of samples
for comparison with the results of the present investigation. Kjelson
et al. (1975) found evidence that menhaden larvae lost significant amounts
of their gut contents during bongo tows. Hay (1979) obtained similar
results with ten-day old herring; his tests on older larvae were incon-
clusive. o

The second explanation offered here has been the subject of seQéré]
investigations. Blaxter (1965) concluded that only ten percent of the
larval herring emptied their guts when preserved in formalin, considerably
lower than losses estimated from net damage. Shrinkage caused by formalin
preservation varies with species and age of fish, but the general consen-
sus is that major dimensional changes occur during the first couple of
days and then continue at a reduced rate over the next two to eight weeks
(Davis, 1977; Sameoto, 1972; Hay, 1979; and Lockwood, 1973). Lockwood

and Daly (1975) note that percentage change in wet weight is much larger
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than percentage change in length but is dependent upon age and species;
they recommend 4% netural formalin and tap water as a preservative.

We waited at least two months after sample preservation before taking
any measurements, and so this source of error should be reduced as well.

Hay (1979), Lockwood and Daly (1975), and Theilacker (1980) observed
that larvae killed during capture (a common occurrence in the bongo nets)
undergo considerable shrinkage before preservation. This factor may be
the most plausible explanation for the variance in our measurements be-
cause we cannot control this effect except by preserving the catch promptly
after collection. In order to minimize damage to the larvae and preserve
moribund larvae more rapidly, Hay recommends tows of shorter duration.

In summary, we have tried to reduce the amount of error in our data
as effectively as possible by omitting measurements on damaged larvae and
by permitting preserved samples to equilibrate for at least two months
prior to taking measurements. Future studies may clarify the effects of
tow speed and duration on condition factor measurements and gut contents.
Zooplankton samples are available with which to assess prey distribution
and abundance, and these results indicate that the Tow incidence of larval
feeding may be, in fact, representative of environmental food levels.

Some of the difficulties encountered in our work with larval herring will
not arise in investigations of other species. Larval herring have a
cylindrical gut which is delicately suspended from their ventral body;

the gut and its contents are therefore easily damaged. Species possessing

coiled guts protected by the body cavity will be more resistent to damage.
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Histological and morphological condition of larvae have been
successfully used as criteria for distinguishing healthy from starved
animals by discriminant analysis (0'Connell, 1976-anchovy larvae; and
Theilacker, 1978-jack mackerel larvae). In our study, discriminant
analysis based upon the ;onditicn factor measurements from several
cruises has been attempted in order to separate feeding from non-feeding
classes of larvae, however, a clear distinction was not obtained. In
order to reduce the number of variables measured, these condition factor
measurements were subjected to factor analysis; due to the variability
of the data this technique was not successful.

The 0.333-mm zooplankton data base is useful in inferring general
pattgrns of larvae prey distribution and abundance but this mesh size
only retains copepods greater than 0.9-1.0 mm cephalothorax length
(Davis, 1980). Most of the prey are smaller than this size. The
0.165-mm mesh net retains prey greater than 0.26-mm cephalothorax
length (Davis, 1980) which includes most-prey species. However, this
serieé of samples was located along a five-station transect across
central Georges Bank for each cruise, and showed very high station-to-
station variability in species abundance making any generalizations
difficult. The individual station data is useful in the calculation of
selectivity indices and the comparisons of available plankton supply
with larval gut content as previously mentioned.

Although our results may not be quantitative enough for use in
bicenergetic models of larval survival, as the one presented in a recent
study by Beyer and Laurence (1978), they provide a sufficient base with

which to compare the diversity and variability of prey selection among
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spawning areas and seasons with general larval condition, and population
growth, mortality, and dispersal in order to suggest possible causes of

larval mortality.
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CODE

002
000
© 009
048
044
045
- 028
052
g20
021

022

023
024
007
058
025
030

040

049
047
034
005
008

029
042
004

- 054

050

051,

026

33 .

003 -
043+

053

032
- 013
Q14
015
. Q16"
~017.
018
019
046
037
039,
027
poleli
-+ 038

012 -

031
o4
" 006
055
010
011

.~ 37 - '
- MARMAP CODES FOR ZOOPLANKTON L.  STAGES
-ALPHABETICAL LISTING-

STAGE CODE STAGE
ACANTHOSOMA {ZOEA) 056 VITELLARIA
ACTINULA 999 UNKNOWN
ADULT 036 ZOEA
ATOKE
AURICULARIA
BIPINNARIA
BRACHIOLARIA
CALYPTOPIS (PROTOZOEA)

COPEPODITE SEX

COPEPODITE I
COPEPODITE II
COPEPODITE III
COPEPODITE IV
COPEPODITE V
CYDIPPID -
CYPHONAUNTES

CYPRIS

CYRTOPIA (POSTLARVA)
DIPLEURULA -
DOLIOLARIA .~ ~
ECHINOPLUTEUS -
ELAPHOCARIS (PROTOZOEA) -
EPHYRA .
EPITOKE

FURCILIA (ZOEA) :

GLAUCOTHOE (POSTLARVA)

= Male
= Female

= Immature

R N e

= Ovigerous O

- POLYP

IMMATURE (SEXUALLY),.or JUVENILE
- INVERT. EGG . .

LARVA

" MANCA' (POSTLARVA) .
- MASTIGOPUS (POSTLARVA)-

MEDUSA. ‘
MEGALOPA (PQSTLARVA)

. METATROCHOPHORE

MYSIS (ZOEA)
NAUPLIUS
NAUPLTUS I -

NAUPLIUSTTI.
~ NAUPLIUS -III..

NAUPLIUS 1V
NAUPLIUS V
NAUPLIUS VI
OPHIOPLUTEUS
PARVA (POSTLARVA;

'PHYLLOSQMA -(ZOEA

PHYSOSOMA
PLANUUA.-.

POSTLARVA "

PROTONYMPHON -
PROTOZOEA

' PUERULUS," NISTG, or’ DLEUDIBACCUS (POSTLARVA)

SCYPHISTOMA

STROBILA -
" TROCHOPHORE
VELIGER
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PREYCODE + STAGE s PREYSEX, PREYCOND »FREYILEN,PREYWID»
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CRY F 3. 0 i i « 3
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T.6F8:0:F3e0sF1000FLoNsFae2osF502,

PREYCODE F 4+ O 8 3A-GS
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THE [NPUT FURMAT PRAVINES FAR 32 VARIABLES.

1T PROVIDES FOR 1 ReCORNS (1CARNSY) PER CASE.
A MAXIMGH OF 43 'CALUNNS! ARE 1SED 6N A RECHBROD,

N AF CASES
IHPUT MEDJUM

IF
IF
IF
13
IF
IF
IF
I
IF
IF
IF
1§32
IF
IF
IrF
IF
1¥
IF
IF
IF
IF
IF
IfF

IF
CaMPUTE
13
IF
IF
IF
13
IF
IF
IF

UNKMNBWN
DC/RCT7514KH

(PREYLEN
(PREYLEN
(PREYLEN
(PREYLEN
(PREYLEN
(PREYLEN
(PREYLEN
(PREYLEN
(PREYLEN
(PREYLEN
{PREYLEN
{PREYLEN
(PREYLEN
(PREYLEN
(PREYLEN
(PREYLEN
(PREYLEN
{PREYLEN
(PREYLEN
(TIME GE

{TIME
(STDLEN
(STOLEN
(STOLEN
(STDLEN
{STDLEN
(STDLEN
{STDLEN
{STDLEN

32 WiLL BE REAN

GV 0 AND LT «t) PPLs}

Gk
GE
GE

. ok

(3
o2
«3

8
b
o7
+8
+9
1.0
1e1
1.2
13
14
1+5
1.6
1.7
1.8

AND L
AND L
AND L

TAND L

AND L
AND L
AND L
AND L
AND |
AND
AND
AND
AND
AND
AND
AND
AND
AND

«2) PPL22
«3) PPL®3
+4) PPLeY
«5) PPL=5
&) PPL%G
o7) PPL®)
v8) PPLs8
«9) PPLE9
1+0) PPL=1D
1s1) PPLatY
1:2) PPLst2
1¢3) PPLet3
te4) PPLatY
1o5) PPLsYS
1e6) PPLaiA
1¢7) PPLet?
1+8) PPLayR
1+9) PPL&19

0000 AMD LE 0200) TTsi
({YIME GT 0200 AND LE 0400) TTe?
(TIME GY 0400 AND LE 0600) TV=3
(TIHME GT 0400 AND LE 0800) TTisu
{TIME GT OROO AND LF 10000) TYeS
{TIME GT §000 AND LE L200) TTa4
(VIME GT 1200 AND LE 1400) TVse7
(TIME GT 1400 AND LE 1600) TTa8
{TIME GT 1600 AND LE 1800) VTw9
(TIME GT 1800 AND LE 2000) TT=1p
(TIME GT 2000 AND LE 2200) TTsty
2200) 17«12
0) LL w0
1 AND LE
10 AND LE
15 AND LE
20 AND LE
26 AND LE
30 AND LE

G7
EuW
Gt
GE
GE
GE
GE
GE
GE

40)

PsPREYLEN®#{00
0 AMD LT «1) PPWel
o1 AND LT +42) PPWsp2

({PREYWID
{PREYWID
(PREYWID
(PREYWID
(PREYWID
(PREYWID
(PREYWID
(PREYWID
(PREYW]D
(PREYWID
(PREYWID
(PREYW]D
(PREYWID
{PREYWID
{PREYWID
(PREYWID
(PREYWID

GY
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE

i2
v 14
et b
18
20
22
2k
26
v28
«30
+32
o34
136
«38
o 40

AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND

LY
LY
Ly
LY
LY
Ly
L
LY
LT
Ly
LT
LY

LT

Ly
Ly

9) Llsl
18) LL =2
19) LL 3
24) Lileb
29) LLaS
39) LLeb
LL =7

«14) PPWa3
e16) PPuny
«14) PPWasS§
«20) PPUs6
«22) PPUa?
24) PPWeB
426} PPus9
»28) PPHsin
«30) PPHsty
032) PPHst2
+34) PPUHet
936) PPHxiy
«38) PPunis
40} PPUHsL6
»452) PPHsy7

6€



CanPUTE
CaMPUTE
CaMPUTE
ConPUTE
CoMPUTE
CaMPLUTE
CemMPUTE
CaMPUTE
CaMPUTE
ComMPUTE
ComMPUTE
CoMPUTE
VAR LABELS

VAR LABELS
VAR LABELS
VAR (.ABELS
VAR LABELS
VAR LABELS

VALUE LABELS

YalUE LABELS

VaLUE LABELS

VALUE LABELS

VALUE LABFLS

VALUE LABFLS

ValL Uk | ABFLS

TFPRE WY WL 4 AR LI *qje Flw=oD
(PREYWEL: GE ol AND LT o46) PPHst9
(PREYWIDTGE o4& AND LT 244) PPue2p
(PREYWIL. GE o4B AMD LT «B0) PPWe2)
(PREYWIR BE <60 AND LT +b2) PPWepa

e S LE 19) PL ey

(P GE 20 AND LF 49) PL s2
(P GE 60 AND LE 109) PL =3
P GE 190 AND LE 159) PLsy

(P GE 160 AND LE 2593 PLs§
3 GE 260 AND LE 459) PLag

P GE 460) PL =7

WOT= L (LGIDIPREDLEND )0 b06600973
DRYWs 302 emGT
MAUTHGAPEsMAX [La (SORT(2) )
EYEREAD=PREDE YE /PREDHEAD
AODYSTOL=PREDBUNY /PREDLEN
WGTLENY» { {DRYW/ (PREDLEN®s3) ) 304000
WEGITLENZe{ (DRYWn (§0085) 3 /{FPRFDLENRoke66))
NPREDSKUL =PREDSKUL /PREDLEN
NMAXELeMAX L /PREDLEN
NPREDHE ADsPREDHEAD /PREDLEN
NPREDBODY aPREDBADY /PREDLEN
NPREDEYE sHREDEYE /PREDLEN
CRU,CRUISE, STAT,STATEANY
STOLEN,LARVAL LENGTH/
PREYLEN:PREY LENGYH/
PREYWIDsPREY WIDTH/
PREYSFXsPREY SEX/
PREDSKUL o SKULL WIDTH/ZMAXIL MAXTILLARY  LENGTH/
PREYCODE,PREY CBDF/
Lt ¢ LARVAL SEZE CLASS
PPL,PREYLENGTH CLASS
PPW, PREY WIDTH CLASS
YT, TIME GHT
PLoPREY LENGTH
PPW (1) 0=e09 (2 eleoll9D (3) 120039
(43 si4°e459 (8) ofbweli?9
(6) ©1B=0399 (7)) 020e0219 (B} «PRPw.239
{9) *24°0259 (10) o26=0279 {31} o2B-e299
(12) e30%+319 (13) 03226339 94D 034>.359
{43) ¢362¢372 {463 3820399 (§7) okDeecki?d
(1B) o42=a839 (19) osthoakS5Y (20) ohbwek7D
(21} o48%.499 (22) +50-+549
17 (1) 0000=0200 (2} 020i=040n (3) O40I=0600
(%) 0601-0800 (5) 0B0I~1000 {63 8p0i=2200
{7) 1201-3400 (8) 1401-0600 (9) 6083800
(10} 1801<2000 11y 2001-2200 ¢42) 22012400
PPL (1) 0we09 (P} oflveld (3} s2velY
() 932039 §5) obvohD (6) o50e5Y (T} obhoebD
{R) o779 {9} oB<=oRY (300 09299 (84} 1eO0efel
(12) fedwfol9 (13 1e2-1eR29 (L4) feelol9
(150 fet=folhD (16} 8054059 (17} Hobhnleb?
(18) 1e7-1679 {190 1+Bs1+R9

LL (0) LENGTH MESSING (1) 1«9 (2) 10~1% ¢3} 16-19 (4) 20-24

{5) 25-29 (6) 30-39 (7) 40p°99
PL (1) 0eD=0:19 (2) 0:2050:43 (3) 0«50=1:09
f4) 110159 (53 10602053 (6) 26024059
(7) 40609099
GEAR (1) BONGY 61 (2) BONGG 20 {§3) NEUSTAN X2
(4) NEUSTON 0.5 X 1§ (5) MBCNESS/
MESH (1) o505MM (2) 233344 () e253MM (&) 16544 (5}
CRUY (1) ALR 1V 76=09s (2) ALB 9V 7Reik,
13) ALB IV 75-025 (4) ALB 1V 7hol3/
PREYCUDE (1) UMNIDENTIFIFED (1003 CHPEPBDA
{1.02) PSEUDBTHLANKS /1.

(A03) CEnTROPA G €5 T, (335) PARACA-ANus B (138D 04 TN A o p

0%



tol) LALANUS Fo@ 770 o e

jﬁ) CENTROPAGES SPP, (109) CENIRuPAGFS Ha

17) CANDACIA AR. ti300) PFLEchnhal a

VALUE LABFLS STAGE (050) INVERT EGG (051) LARVA (013) NAUPLIUS
{999) UNKNAWN 1052) COPEPODITE (nS54) JUVENILE

(000) ADULTY (11) VELIGER/

VALUE LABFLS PREYSEX (1) MALE (P) FEMALE (1) ITHMMATURE/
ASSIGN MISSING NPREDSKUL ,NMAX L, NPRENDHEAN, NPREDBADY,

EYEHEAD) NPREDEYE (=1)
ASSIUN HISSING MOUTHGAPE y BEOYSTDL s DRY W, WGTLENY 4 WGTLEN2 (1)
MISSING VALUES PREYCADE (91, PREYLENID) ,PREYWID(0),PREDHGT (0D,

PREDSKUL (0) s MAXIL LN 2PREDEYE(D) s PRFDHEAD(0) o PREDBBDY (0
PECTORAL(0),  PREDLEN(O)s PREPSTS (o),
PREYFLG(51)/
PRINT FBRMATS PREDLEN (1)/
PREDWGT, PREDSKUL , MAXIL , PREDEYE  PRFDHF AD, PREDBBOY (2) 7/
FREWUENCIFS INTEGER 3 STOLEN(0,99)
READ INPUT DATA

END OF FILE ON F11n06 AFTER 2085 CASES IN SUHFILE HERRING

. » Ot S a e omE om W g P gt o wm P g P ow P s ® W e 9 w B oW T F B P B e > B oH WS " B oW e e P g W e ®E P O W e e W™ e R WS
CREATE MARMAP HERRING PREY FILE (LOUGH) 08/707/78 PAGE 2

FILE HERRING (CREATION DATES 08/07/78) PREY
STOLEN LARVAL LFNGTH

RELATIVE ADJUSTED Cum

ABSBLUTE FREQ FREQ FREQ
CATEGURY LABEL CHDE FREQ (Pcr) {PCT) tPcry
0. 49 2ok pok 2eb
Se 2 o1 o 2eh
be B8 ol Ceg 248
74 19 9 9 3.7
Be 8 " T ek 4ay
9. 4 Y] "2 4.3
10 a6 12 fe2 Seb
il 52 2.5 245 8,14
12, 58 2.8 2.8 10.8
13, 112 5.4 54 16.2
14, 124 5.9 5¢9 2242
15. 173 4.3 8.3 3045
164 258 1244 124 4248
17, 301 1404 1404 657.3

18 2A2 135 13.5 70.8

187



1006,.

6.5

4.7

2.0
1.3
18
o7
03

LR X PEL Y

19, 232
20 135
21 97
22 51
23 LY
24 28
2% ez
260 5
276 7
TATAL 20R5

VALID CASES » 2085

CREATVE MARMAP WERRING PRCY FILE (LOUOGH

100.0

MISSING CASES = 0

B e = P B @ @ om B @ @ Op T o ® ow o om o@ P oo W om W e P e ® g @ e w @ O D D ® O m B @ W W W W WM e B O @moE W ® W B O D B @ S o O

1446

beh

fe3
1ot
)
3

- o wme

1000

sas  FREQUENCIES INTEGER WARKSPACE = 708 WORDS sve

suw TRANGPACE S17F = 1238 WHRDS

SAVE FLE DC/RCI514S

THE S3 SAVED VARJAMLES ARES

SEQNUM SURF ILE CASHAT CRU
PREDCODE SPECNUMB  PREDWGT PREDLEN
PREDIS GUTFLAG PREYPAS RECTVYP
Ty L P PPW
NPREDSKU NMAXIL NPREDHEA NPREDBOD

THE SUBFILES AREoeo

NAME M oF CASES
RC7514S 2085
FInisH

161 COMMAND RECOBRNS READ.

STAT
STOLEN
PREYCOBDE
P
NPREDE YE

HAUL
PREDSKUL
BYAGE
WOT

. 51‘4.

DATE
MAXIL
PREYSEX
DRYW

¥ EMF
PREDEYE
PRFYCOND
MOUTHGAP

0R/07/78

LAT
PREDHEAD
PREYLEN
EYEHEAD

LaNg
PREDARDY
PREYWID
B88DYSYOL

PAGE 3

GE AR
PECTRRAL
PREYFLG
WATLENY

ME G4

PIE ICHND
PR
WATLEN2

A4



13127 AUG 03,779 1Pa068D

.08 723,226007¢ FILEaJHRET, 1Ds16e L §NE=D

Retrieval Run

LIMIT (TIME»7),(CORE,20),(L0,20),(U0,20),(9T21)

LIMIT (ACCOUNT)

_ MESSAGE READ SVC7.

ASSIGN FIDICT o(EiLﬁ DICT,345)s (IN)

ASSIGN FlMSTNFlLEo(DEVILFJQT)o(lN)n(gNtSVC7)I(TRlF5:10)
_AGSIGN FINONREPT, (FU E,YR7475), (OUT) s (SAVE)

RETRIEVE o
SBRT VERSION FO3WHB[ JUN 4 79

__SEQUENTIAL o R
RECORDS N TOURNAMEMT 3 364
NUMBER OF MERGE BUFFERS?S 12

__INTERMEDIATE BUFFER q2E1 3588 ;
RECORDS [NPUTS 3 .
RECBRDS AUTPUTSE 3




0001 A HERRGUT 5 U E
0001 C 01 YEAR EQ 2745275,

AND
END

CODE GENERATIOGN COMPLETE
MANAGE RETRIEVAL PHASE CBMPLETE

Q001 _C g2 CRU EQ = 3ss  Y4y3s 47,3 §32% 55,

PCI.
LIST YR7475

0rRQ GRAN REC LASTY MADIFIED NAME

C 432 707% _ 131303 AUG 79 YRT47S
ve 1 FILES LISTED

END

PC%mPRBQESSlNG TERMINATED

ED

WOCDS HOLE CCEANCGRAPHIC INSTITUTICN




45

see STGma s’sé ctan ITLIASE 7.0 oee 28713778 24GE ¢
Run Name SCATTE20RAM PLATS LARVAL, “ANOCITIEN FACTENS (Eﬂﬂﬁe)
EILE Mare HERR NG PREY
GET FrLE og/RCTs02s

THT NUMSER 25 ACTIVE VARTAGLES RETRISVED S 51
THE SUBFILES ARE,es

NanE N ar Casgs
ACISq2s 1819
SeLglT IF (GUTFILAG €3 o ANC GELR £3 | AND PREOEYE LT J)
SCATTERGRAMN MAMEOMEAG(Os el ) HITw NRAXIL(Qs 21/ .
MNESEOMEAD(G,s1) H1TH NAREQREOY(Qs01)/
NEREDMEADIO, 0t} W{TR EYEHEAD(Qs3)/
NPREOHELADLOs o) WITH PECTERAL{RA, 180)/ .
NPREDHEADIGsol) WITW NPREDEYE(Qsat}/
MPREOWEAQ (D1} NITH NPREDSKUL(0s02)/
STATISTICS Al
® @ e O S g P e s T g P 9O E e T g @D ®® S e e S DO P SIS T 8P PR T ® S 9 S e e % e T PO e e o s G O
SCATTESGeam M _2T% Laguak CIMA(TIO%N FacToRs (38wUS) 98s13/71 Bagg 2
FIE %S08 (CIEATION CATE! Qa/i2/,7%1  PeEY
SCATTERGRAN oF (C%wM) NPREDMEA (ACREI) NmMAXTL
Q1 -k -4 ] -q7 09 et *13 5 "7 *19
19 - 1 1 . «10
H { 4 t
! t 1 4
I 1 1 t
4 t 1 t
Q9 . 14 1 . H
1 { L 4 14
! Yl t L
1 i 4 1
t , s le ! I
g8 - sl s 1 . «38
! 3 3~ » t t
1 . ® ® 9 4 1
! 3 2e 0 [ t
4 ° . e se2e 1 H
wg? & *332%e1 o { . *q?
. t 32 *22e0e t ! -
! s2c38KIn0e t
1 ’ (T 2] .503321 [ 4
L 254398 | { !
0h . 827280 | 4 - s
! 2esazsess | { 4
! seee32822 | . f [
t ¢ 3e33s o | t t
! » 33%0e3 » | { f
L1 B e 3 i t - 203
[ > ee 1 1 t
4 » & @ t { !
! . { 1 I
! . t [ [
O - i 1 - Y-1]
I t [
! {
t t 1 t
1 . ! { . °Qq3
! 1 { {
1 1 { t
t ! t {
I ! r {
Q2 - ¢ 14 - +32
L1 1 1 {
1 I t !
t 1 ! t
1 J4 ! !
M e t ! . *Q1
1 1 1 {
t ! ! {
[ ! 1 t
1 t ! {
g - L { . +Q0
*+a0 07 Qs 06 +08 *10 12 el8 e 18 + 29

STATISTICS

SRANELAT AN (2ye .40992
2 3QUARED « 237200
STGM (P [CanCE « Q0nnl
STO @ 9% 357 « .90673S
INTERCE®Y (a1 « 02080
sLarE (™) + 2 727%e

PLITTED vaLUFSe 221 £XCLUBED YALUESeO MISSING yALUES= 18



% GIGHA  GPSS  =~-=w  RELLAGE T7en wue

RUN NAME . PESCRIPTIVE SIATISTICS
FILE MNAME HERRING PREY
GET FILE fiC751 95

TIHE NUMBER OF ACTIVE VARIABLES RETRIEVED 1S 53

THE SUBFILES AREces

MNANE M OF CASES
RC75149 2085
SELECT IF {GEAR EQ 1)
COMDESCRIFPTIVE STOLEN, PREDSKUL sMAXIL ,
PREDEYE : PREDHEAB , PREDBBHY »
PECTORAL ) PREVLEN, PREYWED
BPTIONS [
STATISTICS $102:55659080,1014

01745779

® m e ® m ® BB ® @ e @ m @ % e m om s e @B ®om o ow ® S @ D oW o= WO e S ow e T e W e O S O o e

DESCRIPTIVE STISHISTICS
FILE RC7514§ (CREATION DATES 08/07/78) PREY

VARDARLE SIDLEN LARVAL LENGTH
MEAN = }6:55203 ST ERE = -92810%0E-018
VARJANCE = (7.,68983 . RamMiE s 27.00000

MAKIMUM = 27.00300
vALID CASES = 2085 MISSING CASES = o
VARTAALE PREDSKUL Winiw
HEAN »  fejR5u12 510 ERR = o 4R16TARE-NZ
VARIANCE o o4 ]62759E-01 NANGE = 1900000
HAX MU = P 400000

VALID CASES = 1953 MISSIMNG CASES = (132

VARJABLE ™AX]L HAXILLARY ~ LENGTI
ME Al T (o863 sTp ERR =  -2040352E-01
VARTANCE = 97993331 RANGE L4 % - 280000

MAXINUI s 4.70000D
VALID CASES = 1901 MISSING CASES = 184
VARIABLF PREDPEYE

MEAN = «7001705 STPp EAR =  .2839358E-02

VARIANCE = «2311738E-01 RANGE = 12032999

MAKIMUN = 1400000
VAL D CASES s §173 11ISSING CASES = 912

vaRipglLe PReDHIAD

§10 bEY
HEN{ B

sTD pEV
MENFMUY

SiD DEV
BENG AU

ST LEV
RN T ULy

03715779

4:205%28
« 0000000

2 0208028%
= +»5000000

5 oBUYEDIN
= o h200000
5 01520040

5 3600000

PAGE

PAGE 2

®

o m ® e =



STATISTICAL PACKAGE FOR THg SOCHaL SCHghCgS.  XgRUX VgRSioN 6,2

RuN NANE CROSSTARS FFEFD'NO LARVAE OVER op HUNRS
(porGo Y :

File MAPg MERRING Fig ¥

6ey Fitg DC/RCISI4S

FILE RCTS514S HAS a5 VARIABLES

THE SUBFILES AFF ..,

MNANE N oF CASES

RC715145 2005
SELECT IF (PRETFLG £Q { AND GEAR KO 1)
CRDS5TABS VARVABLES » 1T (1, 12)/LL (05 10)/

TADLES"LL BY 1T
STMISTICS - ALL
opTI0NS 7
CRossTADS TEGPINO LARVAr OVER 24 HOURS tng

FiLe

LL

“« w a

(B8

jo-14

15719

2024

25-29

RCIS14S  (CREATION DATEY 09/29/77v  pREY

cevuavavaesee TROSSTABULAT (ON aF -
- g8Y Tr Tty any

LaRval s1Tg CLaSS

e« @ v 8 an B M e P e 9 b % P W oW € BB P WY S o9 ow e e w P ou .

LR} )
COUNy
tow pLit
oL PCr 1y, 0 0 9 <0 0
101 pCY 1} [} 21 i 6 1 71 8
-------- P e Y [P
o | 3 9 3 0l 0 ’ 31 0
LENGIH MISSING | Haolie | “na ‘an | ‘on wz-p6 ! ‘00
] Boys | opny |} ‘oo ! oo ! hegp | a9
! +85 | enp ! ‘on ! ‘on | -85 1 con
Y PRSP [ Poeeemns Pevemnann- T
2 ! A ol o! ol {1 2
(R ALL «on | rop o no |} 196 3-72
| S.Rg | enpy ) anpp I ont 24T 1 3330
i 1°13 1 op | ‘no 1 oo | F1 .13
Y T P frommenn Pomoammnn lemomeann fomemenon-
3 1 L ol (I ] 1) 32 1
I 19415 | son | RN RN 13'62 ! -85
1 e5.22 | son U 1ng*ng ¥ toprog | 9.7 + 33-99
I 1268 1t -o0 | +28 ¥ 281 9ot ¥ 56
I R lommmennn fommmmnee fommommnn lommcemen femmmmenn
q I 16 1 1 n il nl 91 4
1 p7.59 | g7z 1 on f on b 19°52 1 Jeal
i 2317 ¢ 1p0rog | can 1 o0} 1957 t 33-3)
1 4451 1 2B 1 ne ) o0 3 peSh °56
P {amemmean | EET foomemnn- lomemenn- R
s 1 1 o | 0t ol vl 0
I 2500 ! sgu ! con | so0 ! 25-g0 ! o
1 j.n% | 00 1 0N 00 | 2-00 ¢ 09
1 24 1 0o | «an | 00 | <28 1 N0
T foconco-mn f-eamnmm foomomann leceannne fommamnann
COLUMN 69 ] | | b 6

101 4¢ 19°44 a2l -208 ] | 52°96 1°69

D D D WS we o S M I e T S D R T e TR GO R Gl R D e D

T+84

1013

........

[~

........

--------

D e D - . - W e S D W TS W D R W Ga ST we
[~}

/24777

Uu/;_'"/T 7

........

--------

3

L N e e e e

1489
T3-87 |
2310 |}
....... _,l

Palip 1

PaGE T2

00007020 0201049 0401 0%0 10017120 1201”140 tAo!-1b0 1601 =190 1808200 2001 220 2201°2%0)

........

........

now
invag

7
1297

235
66-20

[
1863

355
ton'on

Ly



SPAPLEY BCAL U'M:p P T R L A Lo WY MY TN U R

uEaidey g 9593 §008) ,“_q;:

AU Nane Busnxoow¥ LARVAL PHEY (SI2E DISTRIDUTIONS)
{BDNGS

FILE NAME HERRING PREY )

8LV FILE DC/RCTS14S

FILe RCI514G MAS 45 VARIABLES
THE SUBFILES ARE---
NAME N ot LASES

RCP5145 2085
v PRUTCODE ME 3 AND GEAR E@ §9
3§;a§ooiu ( TAPLES « PREVLEM, PREYWID BY PREVCODE

BY STASE BY PREVSEX

ultnkoowéiLhavuL PREY 1SIZE DISTRIBUTIONS)

FiE RC1514%

ICREQTION DATE Y s4/n0/777) iy

o C e e e e = s e e e e e o e e - - DEROREPEEON AT GUNCRRUE AT FONTG .
CRITLRIDN VAR. PREVLEN PrEY LENGTYY )
BKEREY Doy BY PREYCODE  PREY COLT

By STAGE

By PREYSEY PREY SE

VAR ABLE

FOR ENTIRE PupuLATioN

PRE vCODE
STAGE
FREYSEX

STAGE
PREYSEX

STAGE
PPrysex’

PRETCOYE
STRCE
PREYSEX

P REYCODE

§T AGE
PREYSEXN
PlievsEX
PREYSEY

STAGE
PREYSEX
PREYSEA

cong

100
O

50-

vALVE CABEL

COPEPUDA
AbULT

PMVERT EGG

SUM
*89-pY00
2825000
29-52000
2§ -5Z000

« 1 600000
o I p00O0N

COPEFODITE 6-57p000
1AIMA TURE 6570000
GAtANUS § - t - 240000
NaUYL BUS 1 .24 0000
THIATURE 1250000
PSTUDDUAL ANYS M. §1-62000
ADULTY 2% .30000

000000
MLE 2440000
FEMALE 28 - Bboun
COPETODETY 4- 320000
MALE 42 40000
TMHA TUVE Fo 720000

PEAN
+6105516

e R AINYRD
RS TLY
RYYSTIY

o BH0NNOO
e 14 MINCO

YA US/
cRAPURT

o Voo
o L OneHo

o YEUNeoN

NYRATYIH
ERNLE N
EEERERE]
(R YRARNR!
NI RRA]

« 197000
o 7Ot fhofs T

o R NINGD

I ARZANANS raGs

Bisrys27 PAnE

- 17040b]

AT TN T) ]
RUGTATT L]

RIS AT
e 0 PNR

CFAREDD oyl
sRDBEPOY -0
CRIBAINIT

SR §7 0k =gy
o ¥ j BOODE o
e DO, 0F a2
e WD IF =0yl
U R TS Y]

S ANVRIPGNTE -
AT RIS T

R TTR A MR |

YARD ANCE

< ZF0 I79FE -pi

R LY A LN Y]
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Table 1. Cryos

larval length class.
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~ECIE

PREY SIZE DISTRISUTION - LARVAL GUT CONTENTS - S

74-04, 9/7-9/24/74, wmean length and width of larval herring prey items by 5-mm
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Table 16.

Cryos

74-04,

larval length class.

= LARVAL GUT CONTENTS - SPECIES Ciupeso forengus

==

9/7-9/24/74, abundance of M'rvﬂ herring prey items by S-uum
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