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INTRODUCTION

Larval herring surveys have been conducted by the Northeast Fisheries
Center in the Georges Bank - Gulf of Maine area since 1971 in order to in-
vestigate the physical and biological factors influencing larval survival
and, ultimately, recruitment into the fishery. 	 The major program objectives
and field sampling techniques have been developed through ICNAF (International
Commission for the Northwest Atlantic Fisheries), and are more fully described
in Lough and Bolz (1980).

Starvation and predation are generally acknowledged as major causes of
larval fish mortality (Hunter, 1976). There is some evidence that the size
of the recruited year class of fall spawned larval herring is dependent upon
overwinter survival when food organisms are scarce in this area (Sherman,
1971; Dubs et al., 1977; Lough, 1976; Graham and Davis, 1971; and Chenoweth,
1970). There have been many investigations into larval fish feeding which
have provided evidence for a linkage between larval survival and the production
cycle of their prey organisms. The major objective of our study is to examine
the interrelations among larval herring survival, feeding, and morphological
condition during the first six months of life.	 In this report the basic larval
herring gut content and morphological condition data are presented on an
individual cruise basis, for the 1974, 1975, and 1976 spawning seasons. These
data are still undergoing extensive analyses which will be interpreted more
fully, along with the corresponding information on the distribution and
abundance of larval herring prey and predators in the environment, in future
reports by Cohen et al. (1980, and Cohen and Lough (1980a).

METHODS

1. Field Sampling 

Cruise tracks and dates for each survey conducted in the 1968-1978
ICNAF time series are presented along with' details of the sampling methods
in Lough and Bolz (1980). Our efforts have been focused on the following
15 cruises:

Vessel Cruise No. 	 §Mr1/1.11E1511
Caos 74-04
Prognoz 74-01

3. A. Dohrn 74-01
,4. Albatross IV 74-13
5. Albatross IV 75-02

9/07 - 9/24/74
10/18 -10/30/74
11/16 -11/23/74
12/04 -12/19/74
2/12 - 2/28/75

1NEFC Woods Hole Lab. Ref. Doc. No. 80-23



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

9/25 -10/08/75
10/17 -10/30/75
11/01 -11/18/75
12/05 -12/17/75
2/10 - 2/25/76
4/09 - 5/04/76

10/14 -11/03/76
11/15 -11/29/76
11/27 -12/11/76
2/13 - 2/24/77

Beginning in 1971, the. ICNAF surveys were conducted on a standard grid
of stations 15-20 miles apart, attempting to cover the entire region approxi.
mately once a month from September/October through December. February surveys
were added in 1974, and since the 1975 season sampling effort has been concen-
trated on the Georges Bank - Nantucket Shoals spawning areas. A double oblique
bongo haul (61-cm diameter frame with .333 and .505-mm mesh nets, and starting
in fall 1974, also a 20-cm diameter frame with .053 or .253, and .165-mm mesh
nets) was made at each station. A 10-minute neuston haul (1x2, or .5x1 m
rectangular frame with a .505-mm mesh net) also was made at most standard
stations during the 1974-1977 seasons. During a standard bongo haul the
sampling array was lowered at 50 m/min to a depth of 100 m or within 5 m of
the bottom and retrieved at 10 m/min at a ship speed of 3.5 knots.

Laboratory and Data Processing Methods.

A complete description of the laboratory and data processing methods
has been outlined in Cohen and Lough (1979). Over 7,000 larval herring have
been processed from the 15 survey cruises covering three spawning seasons
(September/October through February, and through April in 1976). A series
of measurements (standard length, head height, eye height, body height,
maxillary length, pectoral angle, and skull width) were taken on a subsample
of larvae in order to estimate the approximate age, various condition factors,
and mouthgape. Larvae were staged according to Doyle (1977) and then processed
for gut content and noted for incidence of parasites. Prey items were identi-
fied as specifically as possible based on the available literature (Murphy
and Cohen, 1978) and measured for a length-weight conversion for eventual
use in biomass estimates of prey consumed (Cohen and Lough, 1980b). An
attempt was made to correct the environmental abundance estimates of prey
items collected by .053, .165, .333, and .505-mm mesh bongo nets for losses
due to extrusion and -avoidance (Cohen, 1980; Davis, 1980), so that these
data and the larval gut content information could be used in the calculation of
selectivity indices (Cohen et al., 1980). This information will also be used
to investigate the relationship between prey density and larval growth and
survival examined in a recent paper by Werner and Blaxter (1980).

All the data were processed using statistical and organizational routines
from "Statistical Package for the Social Sciences" (Nie et al., 1975) in use
on the Sigma-7 computer of the Woods Hole Oceanographic Institution.

Presentation of Data 

The e larval herring gut content and morphological condition data for
the three spawning seasons are presented in this report for each individual
survey cruise in the following breakdown of tables and figures:

A. Tables

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

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

Diel distribution (2-hourly) of feeding larval herring
by 5-mm length class.

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



B. Figures (individual cruise plots)

1 . Percentage of larval herring feeding per station.

Mean number of prey items per larval herring per station.

Mean value of larval herring eye height/head height • ratios
per station.

4. Mean value of larval herring body height/standard length
ratios per station.

SUMMARY OF RESULTS

The dominant prey items of herring larvae over the three seasons
studied were adults and developmental stages of the following copepods
ranked by the approximate frequency with which they were selected as prey:

Pseudocalanus sp.
Paracalanus 221yus
Centro ages 
2912222121 hamatus

5. Oithona spp.
6. Calanus finmarchicus

The larvae feed more intensively on copepod nauplii early in the season
when they are small, and gradually shift to a higher proportion of copepodites
and adults in their diet later on in the season. 	 Larvae commonly contained
1 to 5 organisms in their hind guts; on several occasions large numbers of
copepod eggs (up to 60 per larva) were found throughout the length of the
gut. In December 1974, both species of Centropages were common as prey, but
in December of 1975 and 1976 their occurrence in the larval guts decreased
markedly and Pseudocalanus sp. 	 and Paracalanus amus became dominant.
There is some evidence that this change in diet • may reflect a change in compo-
sition of the zooplankton available, according to Sherman et al. (1978), who
found a decrease in the percentage of Centro 	 typicus adults, and an in-
crease in Pseudocalanus sp.	 adults on Georges Bank in autumn f of 1975
compared to autumn of 1974.

In our study the highest incidences of feeding occurred during December.
1975 (28.04%), April 1976 (37.97%), and February 1977(29.01%). In all the
other surveys percentage of larvae feeding ranged between 5-18%, except in
September 1975 when no larvae were 	 examined with food in their guts. These
percentages are somewhat low compared to other studies of larval herring feed-
ing reported:

Author 

Sherman and Honey (1970):
Rudakova (1971):

Bainbridge and Forsythe (1971):
Bjorke (1971):
Bowers and Williamson (1951) :

Schnack (1972) : North Sea
Baltic Sea
Firth of Schlei

Bhattacharyya (1957):

Feeding incidence

57%
1961-morning maximum=38.6%
1967-day maximum=40.8%

evening maximum=55%
sunset maximum=70%

51%
Yolksac larvae=28%
Post /arvae=60-70%

50%

100%

35.2%

Percentages varied with the time of day, age of larvae, depth of of sampling,
geographic area, and season. Most other studies have observed a diurnal feed-
ing pattern. In our study, feeding incidence usually appeared to increase
around sunset for all three seasons. We were not able to estimate the degree
of digestion of the gut contents as other authors have done (Schnack, 1972,
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and Bhattacharyya, 1957) in order to calculate the length of time food was
in the gut, and obtain a better estimate of the time when feeding occurred.

The morphological measurements were used to calculate several measures
of larval condition based on the indices described in Ehrlich et al. (1976).
Cruise plots of the eye height/head height and body height/standard length
ratios show same indication that larvae retained on the shoal spawning grounds
located in the highest larval density centers were more robust than larvae
outside these areas. The multivariate techniques of factor and discriminant
analyses were used to try to separate robust from starving larvae based on
their morphological measurements and feeding incidence, however, neither
technique was successful because of various problems encountered in analyzing
this data set which are discussed in Cohen and Lough (1979).
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Table 1. Albatross IV 75-02, 2/12-2/28/75, mean length and width of larval herring prey items by 5-mn
larval length class.
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