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Abstract 

This investigation 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 involved in an intensive international, 

multidisciplinary study of Atlantic herring (Clupea harengus Lo) in the 

Georges Bank-Gulf of Maine region to identify and measure the physical and 

biological factors influencing larval surv';val during the first six months 

of life. Participation by NOAA, National r,1arine Fisheries Service, 

Northeast Fisheries Center, was conducted through a fisheries ecosystem 

program called MARMAP (Marine Resources Monitoring, Assessment, and Pre

diction) (Sherman, 1980). In 1971 a systematic mesoscale sampling of 

zooplankton 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 
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(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 detennined sometime during the early 

larval period, between spawning in early autumn and survival over-winter 

into early spring. A major hypothesis which we are investigating is that 

recruitment is dependent upon over-winter survival of the larvae when food 

organisms 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 

marta 1 i ty and growth can be 1 inked as dens i ty dependent processes re

gulated by food availability. 

Many fi e 1 d and 1 abora tory invest; ga t; ons 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 1 a rva 1 herri ng and prey se 1 ect; on based upon thei r gut contents wi th 

prey availability over several spawning seasons (autumn-winter), This 
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manual provides a detailed outline of the laboratory 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 n.umber of larvae processed are re ao 

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 t~aine 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 Shoals area represents our 

most complete time series of dat.a, and since 1975 this area has received 

i ntens i ve coverage in terms of extra s ta ti ons, nutri ents, ch 1 orophyll , 

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. 

Cyros 74 .... 04 
Prognoz 74-01 
Anton Dohrn 74-01 
Albatross IV 74-13 
Albatross IV 75-02 

Date 

9/7 - 9/24/74 
10/18 - 10/30/74 
11/16 - 11/23/74 
12/4 - 12/19/74 
2/12 - 2/28/75 



Vessel and Cruise No. 

Belogorsk 75-02 
Belogorsk 75-03 
Anton Dohrn 75-187 
Albatross IV 75-14 
Albatross IV 76-01 
Wieczno 76-01 
Wieczno 76-03 
Anton Dohrn 76-02 
Researcher 76-01 
Mt. Mitchell 77-01 

4 

Date 

9/15 - 10/8/75 
10/17 - 10/30/75 
11/1 - 11/18/75 
12/5 - 12/17/75 
2/10 - 2/25/76 
4/9 - 5/4/76 

10/14 - 11/3/76 
11/15 - 11/29/76 
11/27 - 12/11/76 
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 hauls (1 x 2, or 

.5 x 1 m rectangul ar frame fi tted wi th a 0 .505-mm mesh net) us ua lly were 

made simultaneously with each bongo haul during the 1974-77 seasons. 

II. Laboratory Procedures 

A. Sample Selection and Process~ng 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 Dube et al. (1977) indicated differences between the three 

seasons ; n 1 arva 1 product; on, growth, mortal i ty, potent; a 1 food organ; sms, 

and environmental condltions. These differences appeared to be accentu-

a ted duri ng the wi nter peri od, and so our effort was concentra ted on the 

Decewber 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 influence.d by the low incidence of prey in "the 

guts and the variability of the condition factor measureme~ts. Processing 

of the 1 arger 1 arvae from the wi nter surveys was more rapi d 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 gr; d s tati ons, so as many 1 arvae as poss i b 1 e were processed to provi de 

a representative and statistically valid data base. 
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Over-winter larval survival may have been influenced by biological 

and physical conditions the previous autumn, therefore we also needed 

to examine feeding and condition of larvae from the 1974, 1975 9 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 s 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 (0.333 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. 

8. Records, Data Sheets and Labeling: 

The laboratory data were recorded on standard "Gut Content Oata 

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

MARMAP Gut Content Data Record - Fish Larvae (GeDR) 

Type of 
Information 

Cruise Code No. 

Station No. 

Haul No. 

Date 

Time 

Latitude 

Longitu~e 

Gea~type 

code no. 

Net mesh type 
code no. 

Predator 
code no. 

Predator 
specimen no. 

Predator weight 

Columns 

1-3 

4-6 

7, 8 

9-14 

15-18 

19-22 

23-26 

27 

28 

29-37 

38-41 

42-47 

Possible No. 
oi digits 

3 

3 

2 

6 

4 

4 

4 

1 

1 

9 

4 

6 

Coding Details 

First cruise processed becomes 
No.1 (eGg., 1 = ALBATROSS IV 
76-1, 10-25 Feb 1976) 

Use whole no. for extra 
stations prior to OPTSCAN 

GMT - Day (2) Month (2) Year (2) 

GMT - Nearest whole minute, 
beginning of tow 

~earest whole minute, beginning 
of tow 

Nearest- whole minute, beginning 
of tow 

Gear type / Code No. 

61 cm bongo 1 
20 ~ bongo 2 
1 x .2 m neuston 3 
~ x 1 m neuston 4 
MOGNESS 5 

Mesh 

.505 mm 

.333 rom 

.253 mm 

.165 mm 

.053 mm 

.202 mm 

!1..t\RMAE coding 

Code No. 

1 
2 
3 
4 
5 
6 

Consecutive no. \vithin a station haul 

Dry weight. Nearest l/lOOth mg 
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Figure 2 conti nued~ 

Type of 
Information 

Predator length 

Predator skull 
width 

Predator maxil .... 
lary length 

Predator eye 
h-eight 

Predator head 
height 

Predator body 
height 

Predator pectoral 
angle 

Predator 
. conditions 

Predator diseases 

Pr·edator gut 
contents 

Position of prey 

Columns 

48-50 

51-53 

54 ... 56 

57-59 

60-62 

63-65 

66-68 

69 

70 

71 

in predator gut 72 

9 

Possible No. 
of digits Coding Details 

3 Standard length, nearest l!lOth mm 

3 ' Nearest 1/l00th mm 

3 Nearest l/lOOth mm 

3 Nearest l/lOOth mID 

3 Nearest 1/100th mm 

3 Nearest 1/100th mm 

3 Nearest whole degree 

1 Good, intact specimen == 0 
Damaged so that one or more 
measurements are missing := 1 

1 

1 

Presence of parasites in gut: 

1 := Bothrioce~halus scor~ii 

2 := Scolex 21eurgDectis 
3 := Unidentified cestode 
4 := 1 & 2 
5 := 1 & 3 
6 := 2 & 3 
7 == 1, 2 & 3 

*Note position in gut 

Gut empty == 0 
Gut with prey remains identifiable 

to some taxonomic code := 1 

1 

Gut with unidentifiable prey 
remains :!l 2 

Gut with identifiable and 
unidentifiable prey remains 

Gut not examined = 4 

Anterior gut == 1 
Mid gut := 2 
Hind gut :: 3 
1 & 2 := 4 
1 & 3 := 5 
2 & 3 ::: 6 
1, 2 & 3 ::: 7 

:::!l 3 



Figure 2 continued. 

Type of 
Information Columns 

Larva 1 1 ife 
stage code no. 78,79 

Prey flag 

Prey code no. 82-85 

, 
Prey life stage 
code no. 86-88. 

Prey sex 89 

Prey condition 90 

Prey length 9'1-94 

Prey width .95 .. 913 

10 

Possible No. 
of digits 

2 

2 

4 

3 

1 . 

4 

4 

. 

Coding Details 

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 

Enter 1 for first record of 
each larva whether larva is 
feeding or not. If prey 
items are present,number each 
additional record for the 
same larva consecutively 

MARMAP coding 
If gut ;s empty, enter 9 in 
col urnn a.S . 

MARMAP coding 

MARMAP coding 

Male = 1 
Femal e = 2 
Immature = 3 
Ovi gerous fema 1 e = 4 

Good, intact specimen = a 
Fragment(s) = 1 
Only one measurement possible 

Nearest l/lOOth mm 

Nearest l/lOOth mm 

= 2 

Type of i nforma ti on not coded for computer entry: 

1 . Vi a 1 no. 
2. Photograph no. 
3. Gut length 

4. Prey name 
S. Other remarks for predator and prey 
6. Technician's initials 
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Figure 2 continued. 

MARMAP GUT CONTENT DATA RECORD-FISH LARVAE (GCDR) 

CRUiSe: ~:rT N HAUL DATE (GMT) TIME (GMT) 

I 2, 3 4 5\6 7 a 9\10 II 12 13 14 15 16 11\19 

I I I 

~ 
OJ 

PRE DATa R cooe: S PEe IMEN NO. 

38 39 40 41 29 :30 31 32 3'3 34 35 36 37 

I 2 r a 5 0 6 0 I 

WEIGHT LENGTH SKULL W. MX LGiH EYE Hr. 

LAT LONG 

19 20121 \ 22 23\24\25126 

I 

I I I I I I 

GUT LGTH. ViA L NO. 

H EA D HT. 80 0 '( Hi. per L ..l 

42
1
43 44 45 46 47 48 49 50 51 !i2 53 54\55 56 57 581S9 60 61 \ 62 63164165 6S\61 Is a 

I I I I t 1 I I I 

c 0 G P I \ 
LS PH OTO G RA PH NO. 

69 70 71 72 7"3 74 75 76 77 78 19 I I 1 I I 

I-- \ J I J 1 

PF PREY LI FE ST. S C LENGTH 'NIOTH PREY NAME 

82.J 83\ 84j 85 86 i 87\88 91 \92. 93194 95\ 96 1 97 991 J I l i I 
I 

1 80 81 89 SO 98 I 

I I I 
I 1 I I j I I I I I 

i 

I I I 
\ I I 

I \ 

\ ! 
I 

I , ! i 

\ 1 
I I ! I i I 
I ; ! I 

! I I 
1 I 

I 

I I I ! I 
I i l I I 
I I I I 

i i 

I \ 
i 

I 

I I ! I 

I 

I I I \ 

I 

! I I 

\ I I i 
, , : 

I ! 

I \ 
I I i 

\ I l 1 ! 
I I I ! 

I 
I i i i 

\ 
I 

\ \ I \ I I I ! 

1 I I I \ 

i 
\ \ 

i 
\ I I ! I 

It'-1ITIALS ----
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Computer Center. Fi gure 3 presents a summary flow sheet of the 1 aboratory 

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. Cruise Code No. 

2. Stati on No. 

3. Haul No. 

4. Date 

5. Time 

6. Lati tude 

7. Longitude 

8. Gear Type Code No. 

9. Net Mesh Type Cod§ No. 

10. Predator Code No. 

11. Predator Specimen No. 

12. Gut Length 

13. Vial No. 

- Numbers arbitrarily assigned. 

- Information obtained from original 

cruise logs or "Station Activities 

Summa ry" (SAS) pri ntouts of crui se 

data stored in computer files at the 

University of Rhode Island as part of 

MARMAP Information System (MIS) (See 

sample in Appendix 1). 

- On GCDR instruction sheet. 

- On GCDR ins tructi on sheet. 

- Obtained from standard MA~~AP 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 

a t a s ta ti on . 

(Items 12 and 13 are not keypunched). 

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

proces s i n9 1 a rvae a t a gi ven s ta ti on, and the GCDR is xeroxed the ,appro

priate number of times. 
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Before proceeding, three labels for each larva should be prepared 

as follows: 

1. Sl ide Label 

2. Vial Cap Label 

3. Inside Vial Label 

Station # 

Vial # 

(]D# - Vessel & Cruise # 
S# - Station # 
V# - Vial # 

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 Cent!r, 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

s cope was used to i dent; fy (i f poss i b 1 e) fragments and unknown gut con

tents; photographs were taken of rare prey items. Damaged areas of herri n9 

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. Predator Length 

15. Predator Skull Width 

16. Predator Maxillary 
Length 

17e Predator Eye Height 

18. Predator Head Height 

19. Predator Body Height 

20. Predator Pectoral 
Angle ~ . 

21. Predator Condition 

- In preflex larvae measured from tip 

of upper jaw to end of notochord, and 

in postflex 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 o~ 1976). 

- Viewed dorsally, widest portion of skull 

measured just posterior to orbital region. 

Measured maxillary bone comprising most 

of upper jaw for calculation 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 stainless steel loop 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 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 vi sib 1 e immedi ate ly th rough the thi n gut wall s; 01 der, thi cker 1 arva 1 

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. Returning to the GCDR: 

22.. Preda tor Di seases· 

23. Predator Gut Contents 

24. Position of Prey in 
Gut 

25. Larval Life Stage 

26. Prey Fl ag 

- See GCDR instructions and Rosenthal 

(1967) and Dolfus (1956); our identi-

fications were made by B. Hayden, 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. Prey Code No. 

28. Prey Life Stage 

29. 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 

31. Prey Length 

- See GCDR instructions. 

- 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 fram item 31 based upon information in 

the literature. This topic will be discussed in the 18General Cormnents" 

section. 

I I I. Oa ta Process ;ng Methods 

As Larval Gut Content and Condi tion Factor r~easurements: 

All GCORls were scrutinized for errors and then submitted to our ADP 

section for keypunching. Computer listings of the 98 co.lumn data records 

were then compared to the original data sheets, and any additional errors 

were corrected before generati.ng permanent magnet; c 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 "yearll and "cruise ll 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 in Appendix 2. 

Additional summary tables, graphs, and cruise plots 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 length x 1:2 (Shi rota, 1970) 

WGTLEN 1 (Blaxter, 1965) 

EYEHEAD _ Eate height 
- Head hei gh t (Ehrlich et a 1 • , 1976 ) 

BODYSTDL _ Bod~ height 
- Head height (Ehrlich et a 1 . , 1976) 

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 computer (they have recently in

stalled a new system). 

1. SPSS Routines: 

a. Scattergram plots of 

(1) Condition factor measurements (normalized by dividing all 

non-deri ved meas uremen ts by s tanda rd 1 ength to remove thj s 

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. Freguency 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 length class and station. 

(3) Percent (%) parasitism occurring in larvae. 
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c. Condescriptive tables 

Summaries of basic statistics of all condition factor 

measurements. 

d. Cross tabs tab 1 es of 

(1) Diel feeding distribution of each larval length class 

using two hour time intervals. 

(2) Diel distribution of prey items by larval length class. 

(3) Number of larvae in each length class by station (for all 

1 arvae, feeding 1 arvae, and prey i terns) . 

(4) Species and number of parasites by station. 

(5) Prey length and width by larval length class. 

eo Breakdown tables of 

(1) Mean prey length and width by predator length class~ in= 

eluding prey species, stage, and sex. 

(2) Mean values of larval condition factors by length class 

(for feeding larvae and all iarvae). 

(3) Standard condition factor (WGTlEN 1) and body height/standard 

length (BODYSTDL) by larval length class and station (for all 

1 arvae) . 

(4) Normalized condition factors of non-feeding and feeding larvae 

by station. 

(5) Mean condition factor values by station (for all larvae). 

(6) Mean prey 1 ength and wi dth by s ta ti on inc 1 udi ng prey 

species, stage, and sex. 

(7) Mean prey biomass/larva at each station. 
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f. Factor ana lys is of condi ti on factor vari ab 1 es . 

g. Discriminant analysis using condition factor variables of 

(1) Feeding versus non-feeding larvae. 

(2) Day versus night caught larvae 

(3) Bongo ve rs us neus ton s amp 1 es . 

2. Summary Tables: 

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

length class. 

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 val'ues 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). 



23 

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. 

de Mean value of larval herring eye height/head height ratios 

per station. 

90 Mean value of larval herring body height/standard length 

ratios per station. 

B. Zooplankton Data: 

The O.333-mm mesh zooplankton data available from 13 of the 15 cruises 

were organized into computer files also on the Woods Hole Oceanographic 

Institutionls Sigma-7. 

A summary program was written to generate "Fager Tabl es II for each 

crui sewhi ch lists: 

1. Species name 

2. Mean rank 

3. Dominance and percent dominance at all stations 

4. Occurrence and percent occurrance at all stations 

5. Total number of stations processed 

6. Abundance (media.n, 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 crui se 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 O.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 indic'es at those stations where infor

mation on larval gut content was availabl~ (Berg, 1979). Comparisons also 

were made between plankton supply and gut c.ontent 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 clarific.ation of the relationship between larval herring survival 

and their morphological condition and choice of prey as determined from 

gut contents and prey avai 1 abi 1 i ty over several spawn; ng 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 resul ts are: 
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10 Larvae were dama.ged duri ng capture by the bongo nets, and 

20 Formalin preservation caused shrinkage and loss of gut contents. 

An add; ti ona 1 expl anati on for the vari abi 1; ty of the measurements is: 

3. Postmortem changes occurred before preservation leading to 

variable larval shrinkage. 

In reference to the fi rst statement, we di d fi nd 1 arge 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 of errore 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 alo (1975) found evidence that menhaden larvae lost significant amounts 

of their gut contents during bongo tows. ~ay (1979) obtained similar 

results with ten-day old herring; his tests on older larvae were incon-

cl us i ve. 
.. J 

The second explanation offered here has been the subject of several 

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% netur?l formalin and. tap water as a preservative. 

We waited at least two months after sample preservati·on 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 oc.currence ;n the bongo nets) 

undergo cons; derab 1 e shri nkage before preservati on.. Th i s 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 recorrmends 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 low incidence of larval 

feed; ng may be, in fact, representa ti ve of en v; ronmenta 1 food 1 eve 1 s . 

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 ana.lysis (OIConnell, 1976 ... anchovy larvae; and 

Theilacker, I97a-jack mackerel larvae). In our study, discriminant 

analysis based upon the condition 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 obtainedo In 

order to reduce the number of variab 1 as measured, these cond; ti on factor 

measurements were subjected to factor analysis; due to the variability 

of the data this technique was not successful. 

The O.333-mm zooplankton data base is useful in inferring general 

patt~rns of larvae prey distribution and abundance but this mesh size 

only retains copepods greater than 009-1.0 mm cephalotho'rax length 

(Davis, 1980). Most of the prey are smaller than this size. The 

O.165-mm mesh net retains prey greater than Oo26-mm cephalothorax 

length (Davis, 1980) which includes most-prey species. However, this 

series 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 

bioenergetic models of larval survival, as the one presented in a recent 

study by Beyer and Laurence (1978), they provide a sufficient base with 

whi ch to compare the di versi ty and var; abi 1 i ty of prey se 1 ect; on 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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ACANTHuRUS CAERULfUS 
4CANl HURI,.,S CHI RUI{GUS 
A ( A N 1 1-1 (j R U S H £ PAT L S 
ACH IRUS 
A c tI lit U ~ INS (~ I P TlI S 
ACH ,,~us L [NEATUS 
ACKIRUS MI\CUlA1US 
ACHlI<Uf) PAUlIS1ANlJS 
A(lPENSfH 
AC I PEN~FR OXYtHtYNCHUS 
At I PlNSU-,t V OAF 
ACIPfNSERiFORMfS 
AOJOHvX 

MI\ RC It 1 2 tl 1919 

w 
m 

/ 



CODE 
03s-
002 
000 

. 009 
048 
044 
045 

. 028 
052 
Q20 
021 
022 
023 
024 
007 

. 058 
025 

'.030 
040 
049 
047 
034 
005 
008 

"029 
042 
004 
054 
050 

" 05l.' 
O?6' '. 
J33. 
.0.03 
044:' 
053' 
032 

~ ,013' 
'. ,.Q14·, 
· ... o,.s.· 
. OlS' 
·.0·i7. 
018 
019 
046 
037 
039 
"(jzt" 
.·Ooi 

" 038 
012 ". 

. 031 
041 

, '006 
055 
010 
011 ' 

~, 37 
MA~1AP CODES FOR ZOOPLANKTON L~ ,STAGES 

-ALPHABETICAL LISTING-
STAGE 

ACANTHOSOr·1j\ (ZOEA) 
ACTINULA 
ADULT 
ATOKE 
AURICULARIA 
BIPINNARIA 
BRACHIOLARIA 
CALYPTOPIS (PROTOZOEA) 
COPEPOOITE 
COPEPOOITE I 
COPEPODITE II 
COPEPOOITE III 
COPEPODITE IV 
COPEPODITE V 

CODE 
05b 
999 
036 

SEX 

1 = Male 

2 = Female 

3 = Immature 

STAGE 
VITELLARIA 
UNKNOWN 
ZOEA 

CYDIPPID . 
CYPHONAUNTES 4 = Ovigerous 0 

+ 
CYP~IS ' 
CYRTOPIA (POSTLARVA) 
DIPLEURULA . 
DOLIOLARIA 
ECHINOPLUTEUS 
ELAPHOCARIS (PROTOZOEA) 
EPHYRA 
EPITOKE 
FURCILIA (ZOEA) 
GLAUCOTHOE (POSTLARVA) 
POLYP 
I~1HATURE (SEXUALLY)'- or JUVENILE 

", INVERT. EGG. : 
LARVA 

'. MANC~" (POSTLARVA') , 
: " ·MASTIGOPUS' (PO$TLARVA)
, HEDUSA 

r·1EGALOPA . (.POSTLAR\lA) 
. 'METATROCHOPHQRE 

HYS IS ·.(·ZOEA.) 
NAUPL,IUS" . 
NAUPL:ltJ.S 1". 

'NAUPL tuS':' -r I ~ . 
NAUPLIUS·JIl. 

, NAUPL IUS IV " -
NAU?LIUS V 
NAUPLIUS VI 
OPHIOPLUTEUS 
PARVA (POSTLARVA) 

. PHYL.L~SQHA '(ZO~) 
PHYSOSOMA·.~· " 
PLANiJtA.~. ',' , 
.pOSTLARV.~· . -
PROTQNYt,.1PHON .. 
PROTOZOEA ' . 
. PUERULUS·,. NISTO, O~ .. P~EUDfBAC~US '( POSTLARVA) 
SCYPH ISTOMA' 
.STROBILA ". 

, ·TROCHOPHORE 
VELIGER 



Run to create system file 

I~IIN NAMF: 
FILl "8M1[ 

" A ~ D A I'l F l PH 

INPUT rORHAT 

eFXx[rH FflRHAT 

C~E A Tf t-p'lh1AP &~f HI? I NO r~EV fiLE C Loum. B 
HH~r? I NG PRe:: 'If 
lRUDSfAT_HAUL'DATE,lIHt,LA'#L'~O~G~AR.HESW, 
p~EDGODE. SPE (NUt\8, PRfOWfnV &I f)~(lDl~.N9 5 TOlFi\!8 PAEOSt<Ul" 
MAXll,PREUEVf.,rR£P~fADsP~fOBQOY,r£CT"RAl, 
PREDCf)""f). Pf?EP. S D mHft-M~8 PRf.YP6~B 'P.'~S"'G BUt1fU", 
PR[Y[DDE.STAGE.PREYSEX$PREY[O~D,fq£VlENvPPEYWID, 

VAR I ABlrS' PO~ITlftN"A~lE 

'IIARIAAlF fflHMAT RfCfHW COLUMNS 

CRU F J. 0 .. J 
Sf AT F ]. 0 It ... 6 
HAUL F ? 0 7 .. 8 
D~ rt F 6- 0 Sf ... Pt 
TIME. r:: 4. 0 15 ... 18 
l Ai r 4- 0 19 .. 22 
lONG F 't. 0 21 ... 26 
6E:;\~ F· t 0 0 27 "" 2.7 
t1ESI-, F 1 • 0 28 ... ~I 

T29,Fq.o,f~.06T4~,F6a2,r3etjT~tbF2s0,T516f3.2. 

r~E:I)Cf)DE. r 9· 0 2q ... J7 
SPE(NUt\f3 r 4- 0 38 '" 41 
PElf DW(H r: 6" ? 1;t .. ~1 
PH[OLP~ r 3· 1 46 "SO 
STOL[JI.! F' ;>. 0 40 

.,! ~" fPREOSKUl r 3. 2 51 .. 53 
T5M.F3.?HF3.28r3~2Dr-J.2,F3aOg 

t1Al<ll • 3- ? 5 Ii- .. S'&. 
Pf([Of.'tF: F' 3· 2 $1 .. ~'l 
PREourAO F 3. ? bO .. c,.;R., 
Pr.i(O~ooy a:- 3. 2 '3 .. &5" 
PECTtIPAl F 3- 0 , g, .. &3 

T ,~'l uf t .. ()af'U ~O§Fj GO,Fi eO,11i 9 fJ...Otl1'io Jf)'OJ 

f.iREI)(Qt-Jn ~ 1 • 0 ~, - ~~ 
Pl'EOIS r 1 • 0 ,0 - 70 
nUTH.Ml r 1 • 0 11 ~ '11 
PRI::Vt'65 F , . 0 I~ -1J.. 
P"flHf6- f a. 0 A 1~ -1't 
,,, i;-HL 6- f I· o I \lo-~, 

T "6).. f" .() 8 fa. 0 II f i 008 r t .0. F 41'82 B f 8t" 2, 

P~EY(O()F g:- 4· 0 9,~-q,S' 
STAGE F ). 0 'A b - ~'6 
FPr"sex r 1 • 0 <[,'l - 'b't 
PPE."V(OHD r •• 0 ~~ - ~'\ 
PI?£VlfN F 4. ? '\ () -" 3> 
"j1F YW II) r ~ . ? "\4 -"~1 

O~/Ol/1~ P~Gf 

w 
co 

.?; 
Id 
(l) 

::t 
p. ...,. 
X 
N 



JHf INPUT r URtlAT PWWIOUi FfH~ J? V4~1t\6lrS. ~2 WilL UE REM) 
IT PRtlVIf>ES fOR t KE(O~nS ,'CAlms" frRCAsr. 

A HA.l(iMliH OF "1 'CUlljMNri' .. Rf. USED eN 0\ RECURU. 

N flF r.Asr,:; 
INPUT MEDIUM 
If 
IF 
If 
If 
If 
IF 
IF 
IF 
IF 
If 
If 
If 
IF 
IF 
IF 
IF 
IF 
IF 
If 
..... 
IF 
If 
IF 
IF 
If 
If 
IF 
IF 
If 
If 
IF 
IF 
IF 
IF 
IF 
IF 
If' 
IF 
IF 
caMPUTE 
IF 
If 
If: 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
IF 
If 
If 
If 
IF 

UN\< t-JO\~N 
OC/RC7S1'tH 

CPREYl.EN Gr 0 AUO LT .1' PPl-l 
CP~fYlEN Gl tl ANO LT .2' PPL.a 
CPREYl.EN GE -2 A~O LT .1' PPLP] 
IPRfYLEN Of -3 ANO LT .4. PPL.~ 
CPHEYLEN Gf _4 AND LT .5. PPL-5 
CPRfYLEN Gl .5 ANO LT .6. PPL-6 
'PRfYLE~ OE -6 AND IT ,1' PPL~1 
(PRfVLE~ OE .1 A~O IT .a, PPL'8 
CPRfYLE~ 6E .8 ANO If ,q, PPLag 
CPREYLEN fiE .9 ANO LT t.O, PPL.,O 
,PREYlEN OE t.O AND LT ,.t, PPL,lt 
CPPEVLEH OE 1.1 AND IT ',2' pPL,t2 
CP~EYLEN Gf 1.2 AND LT t.l' PPL.11 
(PRfYlEH OE t.3 AND LT t.~' PPL,I. 
(PHfYlEN Gf l.~ AND LT t.5' PPL'I~ 
CPREYLEN OE 1.S AND IT ,,6' PPL.I~ 
cPRfYLEN OE 1.6 AND LT 1.1' PPL.11 
cPH£VlEN Ol 1.7 AND ~T ,.a, PPL-IR 
cPREVl.EN Of 1.8 AND LT 1.9' PPL_I9 
CTIHf OE 0000 AND LE 0200' TT't 

ClIME OT O?OO AND Lf. O~OO, T'.~ 
CTIME GT 0400 AND LE 0600' fT.] 

(TIHE aT O~OO AND LE oaoo, TT.~ 
CTIME 6T O~OO AND LF 10000' TT,5 

CTIME OT 1000 AND LE 1200' rT~6 
(TIME OT 1200 AND lE t~oo, 'T.1 

CTIME oT 1400 AND lE t600' ,r-8 
CTIHE Gt 1600 ANO LE 1800' Tl_9 
(TIME OT 1800 AND l£ 2000' TT.to 

CTIHE aT ?OOO ANO LE ?2oo. ".It 
CTIME aT 2200, 'T~l? 

.STOLEN EU 0' LL 10' 
(STOLEN O[ 1 AND LE 9' 
(STOLEN Gf to AND LE t~' 
CSTOLE~ Of 15 AND LE 19' 
(STOLEN GE 20 AND LE 2~) 
(STOLEN Of 25 AND L£ ~9) 
(STOLEN Of 30 ANO L£ 3~) 
(STOLEN Gf Ito, 
PIIPREVl.fN 1t100 

LL-l 
LL -2 
Lt.. .3 
LL," 
LL.5 
LL.6 
LL ., 

CPREYWIO 6T a AND LT .t' PPW.l 
fPR[VWIO OE -I AND LT .12' Ppw.~ 
CPREYWIO Of -12 AND LT .l~' PPw.] 
'fR£vwlO Of .t4 AND IT .16) PPWp4 
CtlRf,vwln fiE -16 AND LT .tll' PPw.s 
(PRfVWID Of -18 AND LT .20' PPWa6 
CPREYWIO O£ -20 AND LT .22' PPW.7 
CPRfywlD OE .?2 AND LT .24' PPW.8 
CPREywlO OE -24 AND LT .26) PPW,9 
cPRF.vwlO fiE .26 AND LT .28' PPW.ln 
CPHEywlO OE .28 AND IT .30) PPW.lt 
CPREywlO OE .lO AND IT .3~, PPW.l~ 
(PREywlO OE .32 AND LT ,3~. PPW.ll 
(PH£YWIO fi£ .3~ AND IT .36. PPW~I~ 
CPREywlO GE .36 AND L~ .38) PPW,15 
CPR£YWID G£ -38 ANO LT .~O. PPW.'6 
(PREywIO OE .40 ,ND IT '~2' PPWa11 



1f 
IF 
If 
If' 
IF 
IF 
IF 

. I r 
IF 
IF 
IF 
DF 
(611PUTr 
CaHPUTF 
CfH1PUl£ 
(aMPUl!:' 
COMPUTf 
Cf)MPUTf 
COMPUTf 
(OIiPUTf. 
CtH1PUfE 
CtliMPUlF. 
CGMPUT£ 
COMPUTE 
\JI-R l"SEl9 

\JAR lAO£lS 
\JAR lABELS 
VAR lA8ElS 
\JAR lABEts 
VAR lA-eftS 
VALUE LABELS 

It''t~t;.J~l\·) ut.. Ui~ IQr<iUl I!-Ii • .,,,,~ IfU(j'l1~Q(jJ> 

CI'~FVWI'" bE 04'6 .NO LV .'t6' PPWe;'~ 
CPfU~:V~4If)' (1l '1f6 ANp f,,! ,~~~ PPw .. ao 
d!Rf¥f4JL" u~ e%8 ~NP ... ' .60) Pf,lW;~l 
CP~EywIO 6~ ;~~ ~NO ~, ;~~, pr".~a 
, r . l£ • ~» Pl. "t 
cP Of ?o AND lr 49. Pl &2 
4P Gt:: 50 ANI) t£ 109» Pl. 1JJ1 
CP GE lao ANO lE 15Q, PL.~ 
CP D[ abO ANO L£ 25q& PL~5 
(P Of 260 AND L[ '5Q» PL~' 
C P Gt:: ,. 60' ft. 15 1 
waT·'ClGlo(P~[OlEN')~~o~6n.5.11 

I)R'(W"'lOlllllwGT 
MftUIH6APr-HA XiL-CSQRIC2'. 
EYEHEAO-PNEDEVE/PHEDHEAD 
RODYS'Dl8PRfOUUDY/P~EOLfN 
WGrLEN1·C«ORYW/«P~EOL£N~~])!'·'OOO 
wOllfN2.«fORYW~d~O.~5»»I«PRrDlfN •• _.66)' 

NPR(OSKUlS PRE' DSKUL IPRrOlf.~ 
NMAXll8HA~IL/PR[OlfN 
NPREDHlAOsPREOHEAD/PREOlEN 

NP~EDaijDY1!lPRlDM60Y/PREOLEN 
NPREDEYE·~REOEYf/PR£DlEN 

CRU"CRURSFI S'Ar,~lAiUiNI 
STDLEN,lARVAL LENUTHI 

PR[YLfNIPREY LENGTHI 
PRfYWIDIPHEY WIDTHI 
PRfYSfX,PREV SEXI 
PREDSKUL.SKUtL WIOTH/HAXlL8HAXILLARY 

PR[YCODE,PREY C60fl 
Ll,LARVAL SIZE CLASS 

PPL,PHEYLENGIH CLASS 
PPW.PREY WIDTH (LASS 

T T h T B ~f 6tH 
Pl,PRlY lENGTH 

LfNGT~1 

PPW «1» 0-.09 «2D tl=~tt9 43) .U2m.tl9 
c~, ~,%~.t59 45& ~t6~9l19 
(6) e18·8~99 ") @20oe21g C8) .~~~.239 
(9, .2~@'259 «to» .26~'2'9 Cit) .~e~.29~ 
It?) .)0-.319 el3' e32®d319 «t~~ ~3~·.359 
't5» .J6·.11? «16' .38~®199 417' .40.0~1~ 

(18) .~2·G~39 «t9b O_4D@~59 c~o, .~6p.419 
C2tl .~8·.~99 (22)> ~50·.5i9 

'1 cta OOOO~o2DO 82& n2o~~o'on 61' n'O'~0600 
C., 06nl~0600 .5' n80U~lo00 (6& ~001~'200 

«7> 1201-1~OO .a) 1~Ql~1600 d9b i60i~i8oo 
(In) lB01~2000 Cl1' ?,OO'~2200 .'2' 2201Q2~OO 

PPL C 1» 0 .... 09 C?) Cll"',19 «3' .2..,.29 
(~, .]·.39 «5» ".ft~9 «6) ~5~e59 41~ 06D.69 
4ft) .1~.19 '9' .8~oR9 aiD» e9-m99 ~'t' 1@0 ••• 1 
'12' 18t~1.t9 (a3» t.2.'.29 «l~D '.~~10]~ 
Cl5, 194-1849 «168 1.5.t$~9 «11, ,.6.1.69 
ca8) 1.1~la19 C'9b ,.8.t,89 

LL CO) LENGTH M~SSUNG (" , .. 9 C2b 10.,1" «la 15"'19 PH 20 .. 21t 
,5) 25~2~ (6' 30 e ]'.) (1) ~O~99 

PL C1» o.o~O&l9 «2) O~2npO*~g dl' O.50ml.09 
«~) 1.10-1.59 (5' ge60.2e5~ 16' 2.60.~.59 

(1) 46e60 .. 9.99 
Of &'P Cl, tiflNGtt 61 f 2» BflNr16 20 CH NfUSiHN pea 

CAt) NEus16N 0.5 )( t «~, 916CNESS/ 
MESH «It lI'i05MM on -313"1H C'U 11251MH .,., ~lb5'1'1 (5) II051HH 

CHU cta ALR IV 76-nts «28 ALa 1V 1fi.l'D 
13' ALii IV 75"0?, Pt» alB 8\1 716.dll 

PPfYCUDE Cl~ UNIOENTDFnfO .toO, C~PfPODA 
(101) PS'~DothLn~~s M. , 

(~ /) "1) C f III ~r ~ 0 H) (,. £. S J, (13 'i) r l\ ~ A( t. '- AN t\ .s f· (, 3 ~ ) 0 , 1 ~Ib {II Ii ~ F, 



poq f~LHHf~ f'< "f" ", .. ':' "'" .!" 

"1~. C[NTROP~nES SPP. ,'Oq, (ENTR"PAGfS H, 
'11'17" tAftb~CiA H-<'" Ci3011',PF.LECVphhAI 

VALUE LAB~L~ STAGE 1~50) INVtRT EGB C05,. LARVA 'Ot3' NAUPLIUS 
1999l UNI(N""~N '052' (OP£.P60 I rE (nfi4' JUVE"I I LE 

(000)> AOUtT C1 11 VEL I nE~1 
VALUl LA6fLS PHEYSEX (I) MALE C?) FEMALE '1. IMMA'UR~I 
ARSI6~ "I~SINO NPREOSKUL,NMAXIL.~PREnHfAO,~PP£O"ROV, 

EYEHEAO,NP~fOEV£ ,-,. 
ASSIUN HISSING MOUTh6APf,U6QYSTOL,OHVW,WGtlfNl,W6TLEN2 C.l' 
HISSING VALUES p~fY(nOEC9),PREVLEN(O"PRfYwID40),PREO~GT'O', 

PRtoS~UL(0)'MAXIL.O),P~EOEV£'o',PRrOH[AOCO"PREDU80Y'Oa, 
PECHHUL(o). PREOLUHo" P"£PSl-6- (0» 
PRE Yf t,6 p. t , 1 

PRINT F6RHATS PREOLEN (t'l 
PRfOwGT,PREnSKUL,MAXIL,PREPEYE,PRFOHFAO,PRED860Y C2. 1 

fRfUUFNCI~S INTEO(H. STDLE NCO,99, 
RFAO INPUT OATA 

ENI) ijf fllf 6N fl1 n 6 AFTfR 2085 CASES IN sUI:.iFILl HrrmlNG 
• ~ ••• - • ~ - - " - • w·· - ~ - • • • - - • • • • • - • - ••••• - ••••• - •••••••• _ •••••• _ •••• 

CRfATE: MARHAP ~£RR'NIJ PREY FILE CUWOH) 08/01178 PAGE 2 

fiLE HfRHING (CQEATION DATE I 08/01178) Pl-tEY 

STOLEN L"HVAL lFNlHH 

IlELATIVE AOJUSTFD CUM 
A~SfjLUTE FH[Q FAro FRro 

CATEGtiRV LA.UfL CODE FRfQ (peT, ,PCT' (Pcr, 

o. 49 2." t'.,. 2.ft 

5. 2 .i d &?,. 

6. ft .It .,. 2." 

7. 19 .9 .9 3., 

8. B .1+ .,. .... 
9, It .2 'I» It.] 

to. ?6 1.2 i'''' 5,6 

• t • 52 2.5 ~.5 8., 
12. 58 2.8 2-8 10.8 

13. 112 5.4 5." 16.? 

t4. 12~ 5.9 5.9 22.? 

,5. 17) a.) 8'3 30.5 

16. 258 12, .. 12." ,.2.8 

11. l01 1't ... 1 .. • .. 67.l 

PI- ?fl2 13.5 13-5 10.8 



( " " 

~, " '21i 10q'" 1(1.{.- it~4' 

20. 115 6.5 6-5 87,9 

2,1. 91 Iif.1 ,·7 92.(.. 

~2. ~H 2 .. 10 ?,. 95,0 

2Je 42 2.0 2"0 911)0 

2ft. ?8 a .. 3 1-3 98" .. 

2!h ?2 1 ,. • I • , 99.,. 

26. 5 .,? -~ 99., 

21, 7 03 ,,~ tOO.n 
...... -. 

HHAl 201'5 ~OO.O HUleO 

• _ _ • _ _ _ _ _ _ m ~ e • ~ _ _ _ • _ _ _ • _ • • _ _ • _ _ _ m m = • _ _ _ • • • - _ _ _ • ~ = • _ _ _ • • _ _ ~ • _ _ _ D 

[REATE HARHAP HE~~fNO PR€y rILE (l6UGH. 

SAVE rILE 

THE 53 SAVED VARIAHLrs A~EB 

SEf.lNUI1 
PRfOC60E 
PR[DIS 
1"1" 
NPHEOSKU 

SUBFllE 
5Pf(NUHA 
GUlF-lAG 
II 
NHAXDl 

(ASHen 
PR£O~Oi 
PREYP"S 
P 
NPREOHfA 

N~Hf N OF CASES 

RC151~S ~OR5 
fiNISH 

OC/I1C151,*5 

(RU 
PRF.:OlEN 
REClYP 
ppw 
NPRF.:OUtJl) 

STAT 
STOLEN 
PREY(OOE 
Pl 
NPHEOEYE 

HAUL 
PRF.:OSf(Ul 
STAGt: 
WGr 

DAVE 
HA)(Hl 
PREVSEX 
ORY": 

lH1f 
PRfO£Yf: 
PRF.VC«liNO 
HOUiHGAP 

08/07/78 PAGE 1 

LAT 
PREm~E~D 
PR[VlEN 
[Y[HEAD 

lfDl\ftG 
P~K;:08~O'" 
PREYWRD 
600VSTOl 

GEAR 
P[CiARAl 
PREVrlG 
WOTLEN! 

t1~~ .• 
P~f)C8~,) 
PPL 
W!HL.P·,t2 

.~ 
N 



13127 AUG 03,'79 JOa0680 
_._ . ____ JQ.~._ l.Z.3.!.2 260.L.z_!...J"jll.~ JHRE_IL.JJl!.l.Q!_kl1i[· f) _______ _ 

LIMIT (TIMEI7),(COR~,20),(LOI20,,(U6,?O),(9Tlt' 
L .,11 T ,ACCOUNT) 
MESSAGE READ SVC7. 

----·---A 5 S I UN F-i' 6 -)" C Tl, ( F"lC[·-;o I c r", :;J 45'--;(I·N·, 
ASSIGN FIMSTRFILE,(D(VICE,9T),(IN),(SNISVC7),CTRlfS,lO) 

____ ._~SSl (i!~£.J!~~NJlEtlLiULELYB1.ufiltllHt1.l.Ll_ali~J _____ _ 
RETRIEVE - ~ 
SBRT VE~SION F03WH6t JUN 4 79 

__________ .~EQUE~TIAlt _________________ _ 
UECORUS IN TOURNAME"-IT: 36'. 
NUMBER OF MERGE HUFFFRS: 12 

____ . ___ L~lf:R!1.E:l~J_l\ T E f-3t.JF F E ~_~S.L..I~Z=_:E::....:I~ ___ -=-3...::::.5..;;:;.8-=.:.8 ________ _ 
RECOROS INPUTI 3 
RECHRDS HUTPUTI 3 

Retrieval Run 

•. _-- --'-------. ---

---------.----------------~--~----------------------------------

---_._----- .-._._--------- -------------------------_._-

--------------_.- -------------------

---_._----------- -------- ------ ---------

----------1 

.-

._-->---.., 

----_. -------



0001 A HERRGUT SUE 
0001 C 01 ~ EQ =7~~s15, A~O 

___ QUQ1_C 02 ~ EQ iii 3, B 4J:!I 17,31 63AJ II! _5_5~, _______________ ENO 
ceDE GENERATION CHHPlETE 
MANAGE RETRIEVAL PHASE COMPLETE 

____ ECl ________ _ 
LIST YR1475 
6RU GRAN REC lAST MODIFIED NAME 

____ C ______ ~_~2 70....--.7 _____ 't,------,,-1112O :3 AUCJ~ VR11f75 ____________ _ 
. •• 1 FILES LISTfD 

END 
_______ eCl __ eB_D(EQS.J~OjERM' NATl.LL-_-____________________ . ___ _ 

EIJD 

-----------------------_._--------------

----~--------------------------------------- --------~-----
..p. 

----------

-------~------------------------



~1Jt'f "'AI'If: 
FyU 'U~ 
(J!T f'fU 

45 

5CAT~~'~ ~~T! ~~~A~ ~OtT!~~ FAC~~~S te~Q~) 
H!~~,NG my 

OC/"':"1!02'5 

~ HU~!. !~ ACTf V! ~4.rA~'5 R!T"t£~!O is 51 

1M! SU'~t~ ~ ••• 

,...-fIIIt /II efI' t:..U1 

~75otS lIt' 

g!:~ra rJ' 
SeA "eMIt.,. 

. . . . . . . . . . . . . 

(aUT"'AIi e:a 0 4I0I0 G!4" t~ 1 AND "REO~ I.I,J) 
IolP1It(O"':-'OC 0 •• 1I '''(fw Ioff"IAlCtt.lO •• Z.' 
~etgNt4u(O~.11 ~TT~ ~.-toeeoYro#ot'l 
~~'U'O •• tl ~ITM ~~W!4g(O'1'1 
H~to~AO(O~.lJ WITW ~Ci'.AL('Oll~~'1 
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TabJe J. Cryos 74-04. 9/7-9/24/74, 
Jarva) length class. 

mean length and width of larval herring prey Items by 5-01n 
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fable 16. Cryos 14-04J 9/7-9/24/74. 
~~ry~J ~ eng ~~ f 1 a~~~' 

abundance of larva] herring prey items by 5-mm 
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Table 31. Cryos 74-04. 9/7-9/24/74. 
length class. 

diel distribution of feeding larval herr1ng by 5-Rm 
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Sample Graphs 
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