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ABSTRACT 

In this ~aper the variation in the catch of larval herring collected 

with 61 cm bongo samplers is analyzed in reference to sampler selectivity 

and larval behavior and distribution. The most obvious discrepancies 

were the relatively high night/day abundance ratio (ca. 7/1) of yolk-sac 

larvae (4-6 mm) and fairly consistent night/day ratio (ca. 2/1) of latger 

larvae (7-30 mm). -An attempt VJas r.1ade to rationalize the consistency 

of the night/day abundance ratios of larger larvae using an algebraic 

model involving reaction distance and escape velocity .. The results 

indicated that 7 mm larvae could avoid the bongo sampler if their reaction 

distance was 8 m and that because escape velocities for nets detectable at 

6 m or more are a small fraction of the towing speed, the increase in 

swimming speed with length is not sufficient to increase daytime avoidance. 

It was tent~tively concluded that the relatively high night/day abundance 

ratio of yolk-sac larvae resulted from diel ~hanges in their vertical 

distribution . 

. A comparison of 0 .. 505 and 0.333 mm mesh catches and of maximum skull 

width measurements with mesh diagonal measurements ,indicated that the 

mi ni mum 1 ength of full retenti on for 0.505 and 0.333 mrn mesh nets v/ere 

12.0 and 7.5 mm respectively. Solely on a basis of skull width larvae as 

small as 8.5 mm could be retained by the 0.505 mm mesh and as sr.lall as 

5.5 mm by the 0.333 JmI mesh. To insure full retention of larvae smaller 

than 7 mm it \'Joul d be necessary to use nets hay; ng a mesh aperture of 

0.253 mm or less. 

On a basis of this evaluation and in consideration of thesarnpling 

objectives, recommendations are made for future studies and for changes in 

sampling strategy to improve abundance estimates. 
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INTRODUCTION 

In 1971 the International Commission for the Northwest Atlantic Fisheries 

(ICNAF) inaug~rated a series of cooperative surveys of larval Atlantic 

herring (Clupea harengus harengus L.) in the Gulf of Maine-Georges Bank 

area. These surveys, ~ncorporating standardized sampling methods and 

stations, have been continued on an annual basis since inception. Vessels 

from six countries have participated and 28 ful1-s,cale surveys have been 

completed as of June 1976. In addition, a number of supplementary coastal 

truises of more limited scope have been undertaken in connection with this 

study. 

The objectives of these surveys were to delimit the major spawning 

grounds and to obtain relative estimates of spa\'/ning stock size and infor

mation on larval drift and dispersal (ICNAF,' 1971 and 1972). It was further 

agreed that, liThe value of these surveys lies in the contribution they can 

make to estimation of adult stock size, to stock identification by following 

larval dispersion, -and to understanding the factors influencing larval 

survival which will effect year-class size. 1I (ICNAF, 1973) 

In recent years considerable study has been made of the design and 

towing characteristics of plankton nets in an effort to improve their 

efficiency in capturing plankton, especially larval fishes. These studies 

have shown that net efficiency in respect toichthyoplankton varies with 

net size (mouth area), filtering ratio (total mesh aperture area/mouth area), 

to\vi ng speed, and mesh s1 ze -and also wi th length and species of larvae and 

time of day. The main causes of variation are escapement or extrusion of 

the smaller larvae through the meshes (Vannucci, 1968) and avoidance of 

the net by the larger larvae (C1utter and Anraku, 1968). In general there 
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is an increase in extrusion and a decrease in avoidance with increasing 

speed of tow and a decrease in avoidance during the night. 

It is most important, therefore, that the sampling gear and 

method of tow be selected with a clear understanding of the research 

objectives and of the limitations the associated sampling variabilities 

impose. In this paper we attempt to evaluate on an ~ posteriori basis 

the effectiveness of the sampling techniques e~ployed to furnish the 

quantitative estimates of abundance necessary to meet the objectives of 

the ICNAF larval herring surveys~ 

FIELD AND LABORATORY METHODS 

Ichthyoplankton samples collected on one cruise of the Delaware r"r 

(U.S.A.), one cruise of the Anton Dohrn (Fed. Rep. of Ger.) and four 

cru i ses of the Alba tros s . .!.Y. (U. s. A.) v/ere used for th is ana 1 ys is. A 

total of 676 stations were occupied on these six cruises. The dates, 

station locations, and distribution of total herring larvai for each 

cruise are shown in Figure 1. 

At each station a 3.5 knot (6.5 km/hour), double-oblique tow was made 

using paired 61 em bongo samplers (Posgay and Marak, 1976) fitted with 0.505 

mm (port) and 0.333 mm (starboard) nylon mesh nets. The 0.505 mm and 0.333 mm 

mesh ~ets were used to sample ichthyoplankton and invertebrate plankton 

respectively. The sampler accessories (flowmeter, time-depth recorder, 

towing wire, and wire depressor) were rigged and of similar specifications 

as described by Posgay and t1arak (1976). To date, all ichthyoplankton 

data genera ted from ICNAF 1 arva 1 herr; ng surveys have. been based on 0.505 

rrrn mesh samples. 

Fig. 1 
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On Delaware II Cruise 71-4 the maximum depth of tow was 200 m or 

. to \'lithin appr'oximate1y 5 m off the bottom in shallov/er areas. The 

net vias dep 1 oy.ed at 50 mimi nand retri evedat 20m/min to 40 m depth. 

The upper 40 m of the water column was sampled in 20~ 2 m interval steps 

of one-minute duration. On Albatross lY. Cruise 71-7 the sampling procedure 

was similar except that the net was retrieved continuously at 10 m/min 

from 40 m to the surface. Ona 11 other cruises the maximum depth of to,,/ 

was 100 ~ or to approximately 5 m off the bottom and the net was deployed 

at 50 m/min and retrieved at 10 m/min. 

All samples used in this study were processed at the NMFS, Northeast 

Fisheries Center, Narragansett Laboratory. Fish eggs and larvae were 

sorted from the total 0.505 mm mesh ,samples and the larvae from each 

sample enumerated by species or to the 10\'Jest taxa possible. For species 

numbering less than 100, all larvae were measured for standard length to 

the nearest 0.1 mm. The larvae were later combined into 1 rrrn and 3 mm 

size groups. In samples containing greater numbers of larvae, a sub

sample of at least 100 specimens was taken for length determinations 

and the total length frequency determined by multiplying the number at 

each length interval by the reciprocal of the aliquot fraction. 

Floy/meter calibration values (m 3 of Vlater strained/revolution) 

\~ere determi ned for each crui se by towi ng the nets .\'Iith open cod ends 

a kno\'In di stance, both \Ali th and aga i nst the current. The floVlmeter 

readings for each tow were converted to m3 of water filtered. These 

va 1 ues for a given crui se .vJere then plotted agai nst the maximum tOVI 

depths and obvious discrepancies in volume values caused by vlindmilling, 

etc., \!Jere corrected on the basi s of average tOVI depth-vol ume fi 1 tered 

values. Larval abundances in terms of numbers per unit of volume and 
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numbers per unit surface area (No/m 3 x maximum depth sampled) were 

then ~etermined for €ach tow. 

The length frequency and abundance data were further allocated 

into day, night, and twilight categories. The times of sunrise and 

sunset for a given date and location Vlere determined from Tide Tables, 

East Coast of North and South America published by the National Ocean 

Survey. Twilight was arbitrarily defined as the four-hour period, one 

hour before and after sunrise and sunset. The number of day~ night, 

and twilight stations for each cruise are listed in Table 5. 

RESULTS 

The length frequencies and mean lengths of larvae for total, day, 

night, and twilight stations for individual and total cruises are given 

in Tables 1, 2,3, and 4. Histograms of the total length frequencies 

based on 3 mm length intervals for all stations and for the three time 

periods are shown in Figure 2. 

.The length frequency distributions and mean lengths varied between 

cruises, but for a given cruise the degree of variation in mean length 

for the three time periods was unexpectedly low. However, due to the 

larg.e number of observati ons an ana lysi s of vari ance on 1 ength for the 

three time peri ods shov/ed the sma 11 di fferences in meah 1 ength to be 

significant for Albatross l.Y. Cruise 74-2 (p=.05) and highly significant 

(p=.OOl) for all other and total cruises. On the basis of previous field 

observations and theoretical studies of net avoidance in relation to time 

of day, we would expect to catch not only more, but appreciably larger 

larvae \'1ith decreasing light intensity. Our data shO\v that the time 

period of maximum mean length of larval herring varied between cruises. 

Tables 
1-4 
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For total cruises, the mean length was greater during the day (15.5 mm) 

than at night andtvlil ight (15.1 mm). The marked dOVln\'lard shift in 

modal length during twilight hours (Figure 2) reflects the high pro

portion of larvae from Anton Dohrn samples during this time period 

(54 percent of the total catch). 

The average abundance of 3 mm length group and total larval herring 

for the three time periods for individual and total cruises and the 

night/day and twilight/day ratios of abundance for total cruises are 

listed in Table 5~ The average abundance values for the three time 

periods for total cruises are plotted in Figure 3. There was appreciable 

variation in the time period of maximum abundance between length groups 

and cruises. This is as would be expected from the contagious distri

bution of larval herring, v/hich Vias more marked for individual length 

groups than for total herring (Figure 1). In addition, the percentage of 

total stations within a given time period in which herring we~e found 

did not vary significantly betvleen day (45%), night (49%), and t\'lilight 

(50%), indicating that if herring were present at any location they were 

caught, but not necessarily in proportion to their absolute numbers. 

Of the 54 length categories (9 length groups"5 cruises) listed 

in Table 5, the catch of larvae was greatest in 55, 26, and 19 percent 

of these categories during the night,t\'1ilight, and daytime periods 

respectively. The total abundance was greatest at night on three cruises 

(A 1 batro'ss l'L Crui ses 72-9, 73-9, and 74-2), greatest at t\'1i 1 i ght on two 

cruises (Delav/are .!l Cruise 71-4 and Albatross .!y. Cruise 71..,7), and 

approximately equal during night and twilight on one cruise (Anton 

Dohrn). For all cruises combined, the catch vIas greatest at night for 

all length groups except 13-15 mm larvae (twilight). The ratio of night/ 

Fi g. 2 
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twilight/day abundances of total larvae for all cruises was approximately 

5/3/2. 

The total night/day abundance ratios ~Jere greater than one for all 

length groups. The night/day ratio was appreciably greater for 4-6 mm 

larvae (ca. 7/1) than for the larger length categories (ca. 2/1). The 

relatively high night/day abundance ratio of 4-6 mm larvae could be due 

to sampling bias resulting from the small number of positive tows 

(5% of night and 4% of day tows), for at-test (Snedecor·and Cochran, 

1967) of 1 oga ri thmi ca lly transformed data for pos i ti ve tOV/S shovl€d that 

the night/day differences in mean abundance values were not significant. 

The total twi1ight/day abundance ratios were greater than one for all 

length groups except 7-9 mmand28-30 mm larvae. For these length 

groups d~y catche~ were slightly greater than twilight catches. 

The total night/day abundance ratios for 1 mm length groups and linear 

regression lines based on these values and on night/day ratio values in the 

catch of Pacific sardine (Sardinops caeru1ea) larvae (Ahlstrom, 1954) are 

plotted inFigur~ 4. The Pacific sardirie data are based on 626, 1.5 knot 

(2.8 km/hour), double-oblique, one-meter 'net (1.0 or 0.7 mm me'sh) toVlS. 

The maximum sampling depth of these collections was apprOXimately 100 m. 

The statistics of a linear regression line fitted to the Pacific sardine 

data shO\tJ an increase in the night/day abundance ratio of 0.7 for each mm 

increase in length. Lenarz (1973) observed similar increases in the ratios 

of ni ght to day catches of Pac; fi c hake (t·1erlucius productus) and northern 

anchovy (Engraulis mordax). A linear regression line based on the Atlantic 

herring data showed no significant variation in the night/day abundance ratio 

values with length (r=.2533). 

To determine if there was any significant loss of herring larvae 

through the 0.505 mm mesh, we compared the 0.505 mm mesh and 0.333 mm 

mesh catches for Albatross IV Cruise 73-9. This comparison is summarized 

Table 5 
Fi g. 3 

Fig. 4 
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in Figure 5. The total catch was slightly greater and the mean length. 

slightly smaller for the 0.333 mm mesh due to the greater numbers of 

7-12 mm larvae. The .333/.505 abundance ratios for '7-9 mm and 10-12 mm 

larvae were 1.7 and 1.4 respectively, although a t-test of logarithmically 

transformed da ta for pas i ti ve tows shov/ed that these di fferences in 

mean abundance values were not significant. For all other length groups 

the abundance values for the two mesh apertures did not differ appreciably 

(Tab 1 e 6). 

DISCUSSION 

In reference to previous observations (e.g., Bridger, 1956), 

the two most obvious discrepancies in the larval herring data are the 

relatively high night/day abundance ratio (ca. 7/1) of yolk-sac larvae 

(4~6 mm) and the fairly consistent night/day ratios (ca. 2/1) of the 

larger larvae (7-30 mm). The observation that larval herring larger 

than 6 mm shO\ved no app-reciable variation innight/d~y abundance ratios 

with length suggests that all larvae above 6 mm are capable of avoiding 

the 61 cm bongo net to an equivalent degree and that this capability 

is dependent to a great extent on light conditions (visibility). 

An algebraic model of net avoidance which takes into account the 

to\lJing speed, net radius and the escape velocity, alarm or reaction 

. distance~ and the initial offset of the larvae has been developed by 

Barkely (1964) and fUrther -extended by Barkely (1972) and ~1urphy and 

Clutter (1972). As Barkely (1972) has pointed out, probabilities of 

certain capture can only be calculated for animals that react individually~ 

Animals within a school react to each others behavior and thus a school is 

more effective than the sum of the individuals in detecting and responding 

Fi g. 5 
Table 6 
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appropriately to the oncoming net. In an attempt to rationalize the 

cons is tency of the day /ni ght abundance ra ti os, \1e deterrni ned theoretica 1 

minimum escape velocities for one meter interval reaction distances using 

equation (2) of Barkely (1972) in which: 

u = e 

j 1 + 

u 

X 2 o 

Where: Ue = minimum escape velocity (cm/sec) 

u = towing speed (cm/sec) = 180 em/sec 

Xo = reaction distance of larva (cm) = 100-1000 cm 

ro = inittal offset of larva from net center (cm) = a 

R = net radius (cm) = 30.5 cm 

In these calculations we have assumed that: 

1. Larva selects the shortest possible escape path (i.e., normal 

to direction of tow). It should be noted here that this ability to take 

well-directed evasive action may be dependent on light conditions. 

2. Larva is located along the axis of tow (initial offset from 

dead center of net is zero). 

3. Reaction distance is essentially constant for all size larvae 

under a given set of light conditions (specific time of day). This 

is probably a valid assumption, for in herring the visual cells are 

comprised of only cones in.the larval stage and rods and associated 

retinomotor responses and schooling behavior do not develop until 

metamorphosis (Blaxter, 1965, 1966, and 1968; Blaxter and Jones, 1967; 

Rosenthal, 1968). 

The calculated minimum escape velocities (ue) are shown in Figure 6. 
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For reaction distances less than 5 m, sVlimming speed is highly critical 

(37.6 em/sec increase in s'dimming speed require'd for a decrease in 

reaction distance from 4 to 1 m). For reaction distances greater than 

5 m, sV/imrning speed is not as critical (3.6 cm/sec increase in sVlirrming 

speed required for a decrease in reaction distance from 10 to 6 m). 

Testi ng of a vo; dance theory requi res some knovJl edge of escape 

velocities as a function of size. We are concerned here with darting 

or burst speeds sustainable over ti~e periods of a few seconds and 

distances up to 100 em or so. The literature on such quantified swimming 

ability for larval fishes is limited" Maximum swirrming velocities of 

larval herring reported by Blaxter'(1962) increased from 3 to 5 

em/sec in 8 mm larvae to 30 em/sec in 20 rrrn larvae and fit vlel1 "lith 

the comm~nly used maximum swirrming velocity of 10 body lengths/sec 

observed by Bainbridge (1960). For larval plaice (Pleuronectes 

platessa) having a mean length of 9.6mm, Ryland (1963) obtai~ed a mean 

darting speed of 10.0 em/sec which corresponds to 10.4 body lengths/sec. 

Hunter (1972) observed maximum burst speeds of very short duration on 

anchovy (Engrau1is mordax) as high as 28 body lengths/sec for 4.2 mm 

larvae and 25 lengths/sec for 12.1 mm larvae, but :the typical average 

burst speeds were close to 15 lengths/sec. For larval 1a~e whitefish 

(Coreqonus clupeaformis) ranging in 1ength from 15 to 28 mm, Hoagman 

(1974) observed maximum burst speeds of 4.4 and 8.2 b6dy lengths/sec 

(me an, 7 .. 6 ) . 

In Figure 6'\'Je have p}otted maximum swirrrning speeds of 5, 10, and 

15 body lengths/sec for 1 mm length values to determine the minimum length 

at which escape is possible for reaction distances of 1 to 10 m. These 

minimum escape length values are listed in Table 7. 

Fig. 6 

Table 7 
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Under the conditions of tow employed in the ICNAF larval herring 

surveys and within the range of maximum swimming speeds considered, 

none of the larvae within the size range sampled could escape at a 

reaction distance of 1 m. At a maximum swimming speed of 5 body 

lengths/sec and a reaction distance of 10 m, the minimum escape length 

is 11 mm. At maximum $vJimmi ng speeds of 10 and 15 body 1 engths/ sec, 

7mm larvae could avoid the 61 cm bongo net if their reaction distances 

were 8 and 5, respectively. 

Considerable laboratory study ~as been made on the visual acuity 

of larval fishes, but these studies have been mainly concerned with 

their ability to find food. Woodhead (1966) has estimated the maximum 

sighting range of fishes under optimal conditions to be less than 15 m. 

Nichol (1963) concluded that in coastal waters (latitude SOON) fish at 

100 m depth could perceive objects from sunrise to sunset on the darkest 

winter day. Murphy and Clutter (1972) noted that the optical characteristics 

of sea water are such that objects become invisible through contrast 

attenuatiun rather than resolution attenuation. If this were so, large 

nets should be sighted at nearly the same distance as smaller nets 

resulting in a dramatic increase in catching efficiency with size of 

net. Their field data clearly show, however, that anchovy larvae 

reacted to the Isaacs- Ki dd m; d"/ater trawl (I KHT) at cons i derab ly , 

greater distances than to the 1 m net. 

A reaction distance of 8 m during daylight hours appears to be 

reasonable and is similar to values detennined by 8arkely (1972) 

for anchovy larvae collected with alO-foot IKHT (ue = 10 BL, Xo = 
8.2 m). The credibility of this reaction distance estimate is enhanced 

when we consider that the av01dance reaction is'most likely initiated 
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by a visual response to the whole bongo net array (including the wire depressor) 

rather than to the individual bongo samplers. B1axter (1968) has suggested 

that because cones are the dominant mode of vision in larval "fishes that 

they are better at perceiving movement than patterns or images. The speed 

of tow~ tow configuration, and dimensions of the sampling gear and associated 

hardware would tend to augment this form of perception~ 

To determine if possibly the towing wire provided advanced warning of 

the approaching net, we made detailed wire profile calibrations in which 

time-depth recorders were placed on the towing wire at distances of 0, 

lO~ and 20 m from the bongo array. A series of standard ICNAF oblique 

plankton tows were made to maximum depths of 50, 75, and 100 m and the 

\'Ii re depth at the three di stance i nterva 1 s detenni ned both at the maxi mum 

depth of. tow and at the midpoint of retrieval. The distance of the wire 

above the net was appreciably less at the midpoint of retrieval than at the 

maximum depth of tow (approximately 1/2), but in all tow situations the 

wire was well above the axis of tow (never less than 2.5 m above at 10 m 

distance and 5.5 m above at 20 m distance). It is unlikely that the 

towing wire provides cues enabling larval fishes to perform directed 

avoidance behavior (increasing reaction distance). 

Because minimum escape velocities of nets detectable at 6 m or 

more are a small fraction of the tow; ng speed, the .; ncreas e in swi mmi ng 

speed with length is not sufficient to appreciably increase daytime 

avoidance. Reaction distance is more critical than s\'Iimming speed and 

we have concluded that thi~ accounts for the faitly constant night/day 

abundance ratios observed for herring larger than 6 mm. 

One rationale for the relatively high night/day abundance ratios 

of 4-6 mm larvae would be a significant increase in the night-time catch 

of invertebrate fauna resulting in increased clogging of the net meshes 

and reduced escapement or extrusion of the smaller herring larvae. To 
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check on this possibility, we determined total plankton displacement 

. vol urnes for Albatross l.:{. Cruise 73-9 samples. The night/day abundance 

ratio of 4-6 mm larvae collected on this cruise vias 12.8 while the night/ 

day ratio of displacement volumes was 1.3. It is improbable, therefore, 

that increased retention due to clogging accounts for the greater night

time catch of the smaller larvae. 

Another possible explanation would be an increase in active escape

ment (in contrast to passive escapement or extrusion) during the daylight 

hours associatedv/ith an increase in the visibility of the meshes. To 

our knowledge, no field or laboratory tests have been conducted to 

determine if in fact there are diel variations in the loss of organisms 

through the meshes of plankton nets, but our intuitive feeling is that 

at high filtration velocities vision plays only a minor role and that 

the loss of organisms is mainly due to extrusion. 

The only other explanation we can think of for this anomaly is 

that the yolk-sac larvae are on or very near the bottom during the day 

and move up into the water column and above the maximum depth sampled 

by the bongo net during the night. To date there have been no published 

field observations in which closing nets were placed at small enough 

intervals to detect such small-scale vertical movements. There are some 

data from laboratory and field observations, however, regarding the vertical 

distribution of early stage herring larvae. 

Blaxter (1973) monitored the movements of herring and plaice larvae 

of different ages from hat~hing to about eight weeks old in a vertical 

tube at varying natural and artificial light intensities. The critical 

natural light intensity for movement to occur was equivalent to that of 

Civil Twilight (0.14 mc). For both herring and plaice, O-day old larvae 

exhibited the least vertical movement and activity, but herring larvae 
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from a fairly early stage undertook vertical migrations in response 

to day/night changes in light intensity. 

Laboratory studies by Seliverstov (1974) showed that: (1) during 

the first 12 hours herring larvae do not respond to light or else have 

"leak negative phototaxis; (2) 48 hours after hatching most larvae were 

able to remain in midwater and possessed strong positive phototaxis; 

(3) eight-day old larvae responded negatively to light by day, but weakly 

positive to light by night. Blaxter and Ehrlich (1974) observed that 

yolk-sac herring larvae have a high initial sinking rate and as yolk is 

absorbed with an accompanying increase in water content, the sinking 

rate decreases and the larvae require progressively less energy to 

maintain position in the water column. 

The .ICES Working Group on North Sea Herring Larval Surveys 

(Anonymous, 1971) recommended that yolk-sac larvae be omitted from 

estimates of larval abundance as they are normally restricted.to a 

narrow depth stratum close to the bottom and not uniformly sampled due 

to considerable variation in the proximity to the bottom sampled 

by different countries. The restricted depth distribution of yolk-sac 

larvae has been further documented by Hood (1975) who showed that over a 

four~year period the most sizeable catches of yolk-sac herring in the 

central and northern North Sea were obtained during tows in which the 

sampling gear reached to within five meters of the sea bed. 

Dive teams of the NMFS Northeast Fisheries Center's Manned Undersea 

Research and Technology (MUST) Investigation documented the presence of 

nevJly hatched herring larvae on the substrate on Jeffreys Ledge, Gulf 

of Maine d~ring the daylight hours in October 1974 (Cooper, et a1, 1975). 

Large numbers of yolk-sac larvae were observed amongst algal clumps in 
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diver-collected substrate samples from depths of 35-40 m. It was concluded 

that newly hatched larvae are retained for several days among algal 

branches during which time the yolk-sac is partially absorbed. 

An examination of Albatross IV Cruise 73-9 maximum tow depth 

data for stations shoa1er than 100 m showed that only 30 percent of the 

tows were made to vMthin 5 m of the bottom and that these tows accounted 

for only four percent of the total catch of yolk-sac larvae. The 

average distance of" the sampling gear from the bottom was 7.7 m (range: 

5-11 m). The relatively high night-time catches of yolk-sac larvae 

were not due to diel variations in the maximum depth of to\'J. We still 

do not have, however, any direct evidence that yolk-sac larvae move off 

the bottom during the night. 

The .0.333 mm and 0.505 mm mesh abundance values given in Figure 5 

indicate that at a towing speed of 3.5 knots: (1) 4-6 mm herring larvae 

are not fully retained by either the 0.333 or 0.505 mm mesh; (2) 7-12 tml 

larvae are more fully retained by the 0.333 mmmesh; and (3) retention of 

larvae larger than 12 mm is similar for both mesh sizes. 

FevJ quantitative studies have been made on the mesh retention of 

fish larvae by plankton gear. The laboratory and field studies of 

Saville (1959) and field observations of Smith, Counts and Clutter 

(1968) indicate that the maximum cross-sectional diameter of an organism 

must be greater than the mesh diagonal if it is to be fully retained. 

The degree of extrusion is strongly dependent on filtration velocity. 

Lenarz (1972) concluded that the mesh IIdiagona1 rule" was too conservative 

for the case of Northern anchovy (Engraulis mordax) larvae sampled with 

slowly towed (1 1/2 knots) nylon nets. The rate of extrusion is also 

contingent on body shape (Vannucci, 1968), so that the loss of fusiform 

larval fish species is less than that of filiform species. 
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In studies of mesh retention of larval fishes, body depth at the 

insertion of the pectoral fin has frequently been used as the critical 

dimension to compare with the mesh diagonal. However, Wood (1972) 

suggested th~t for herring larvae maximum skull width is a more meaning

ful measurement as this is the first part of the body to ossify and 

thus less easily c6mp~essed or crushed. We measured maximum skull 

widths (excluding eye balls) and body depths at the base of the pectorals 

of 200 herring larvae ranging in length from 4.2 to 9.9 mm. The average 

body depth was 0.32 mm and the average' skull width was 0.50 ITm. With 

respect to mesh retention of larval herring "lith;n this size range, 

skull width is the significant dimensi.on. It should be noted here 

that the maximum dimension of recently hatched larvae is the total 

depth (including the yolk-sac), but at a towing speed of 3.5 knots 

the yolk-sac is usually torn off or damage6. 

In Figure 7 we have plotted maximum skull width values against 

standard lengths based on measurements made on 300 larvae ranging in 

length from 4.2 to 15.1 mm. There is a considerable range in skull 

width for larvae of a given length, but a comparison of sk~11 width 

measurements with mesh diagonals indicates that the minimum lengths 

of complete retention for the 0.505 and 0.333 mm mesh nets are 12.0 

and 7.5 mm respectively. ~Je refer to this as a "minimum" retention 

length because at high filtration velocities there would be some 

extrusion of larvae larger than this due to the compressibility of the 

larvae and the flexibility,of the meshes. These retention length values 

agree \'Jell with similar values estimated on a basis of a comparison of 

0.505 and 0.333mm mesh catches (Figure "5). 

Solely on a basis of skull width, larvae as small as 8.5 mm could be 

Fig. 7 
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retained by the 0.505 mm mesh and as small as 5.5 rrrn by the 0.333 mm 

-mesh. These lengths should be considered as IImax imum" retention lengths 

for obviously smaller larvae are in fact retained. In order to insure 

full retention of larvae smaller than 7 mm it \'-lOuld be necessary to use 

netting having a mesh diagonal of 0.36 mm or less (mesh aperture of 

0.253 mmor less). 

CONCLUSIONs 

This study suggests that both avoidance and escapement or extrusion 

are a source of variation in larval herring abundance estimates based on 

samples obtained with the 61 cm bongo sampler fitted with a 0.505 TrnTl 

mesh and ~owed at 3.5 knots. In addition, if in fact yolk-sac larvae are 

normally restricted to a narrow depth stratum tlose to the bottom, further 

bias results from the tow configuration employed in ICNAF surveys (double 

oblique tow to within 5 m of the bottom). 

The retention of smaller larvae is necessary for the delimitation of 

spawning areas and for better estimates of spawning biomass, while the 

capture of larger larvae is essential to the assessment of dispersal and 

to the prediction of recruitment. A dilemma exists regarding future 

sampling strategies for opposing tactics are required to increase retention 

and reduce avoidance. To insure retention of yolk-sac larvae (4-6 mm) 

\'loul d requi re the use of nets havi ng a mesh aperture of 0.253 mm or 1 ess. 

But with nets of this mesh- diameter it ",ould be necessary to reduce the 

towing speed to maintain an adequate filtration efficiency. In addition, 

because yolk-sac larvae appear to be restricted to a narrow depth stratum 

close to the bottom it would be necessary to use conductor cable and a 
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pressure transducer to insure that sampling was carried out to a uniform 

and minimum distance above the sea-bed. Considering the a~ount of data 

already collected and the complications involved in using conductor cable 

and associated electronic equipment, it would seem more reasonable to 

omit yolk-sac larvae from estimates of abundance as is done in the case 

of the ICES surveys. 

The paired 61 cm bongo samplers are about the maximum size of gear that 

can be handled efficiently from most research vessels, so that the only 

way to reduce avoidance would be to increase the towing speed. Taking 

into consideration the generation of acceleration fronts due to net drag 

and the increased extrusion and damage resulting from the additional 

filtration pressure on the 1 arvae ~ it vvoul d appear that 5 knots i sabout 

the maximum speed at which the 0.505 mm mesh bongo sampler can be towed 

effectively. However, at a towing speed of 5 knots avoidance would remain 

(J a major factor in determining sampler selectivity and it would still be 

necessary to correct samples by size and time-or-day so that all information 

could be used in estimating abundance . 

. On a basis of the data analyzed to date and considering the 

possibilities outlined above for changes in sampling techniques, we 

feel that effort should be directed towards improving the biomass estimates 

of the smaller larvae (7 .. 12 mm). An initial step in this direction would 

be to utilize the 0.333 mm mesh samples for ichthyoplankton abundance 

estimates. These samples are currently being processed at the Plankton 

Sorting Center in Szczecin~ Poland. Before optimum sampling and data 

reduction techniques can be ascertained, considerable effort must be 

expended in the analysis of all data collected to date on ICNAF larval 

herring surveys and in conducting special studies of size-specific 

retention, avoidance, and availability rates. 
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4 Table 1. Length frequencies and mean lengths of larval herring, total stations. 
-; 

Length Del. II A Ih. IV Anton .!!lb. IV Alb. IV Alb. IV 
Totul 

r._':l 71-4 71-7 l10hJJl 72-9 73-9 74-2 

L~ 3 10 .9 22 
5 21 12 113 1 ·147 402 

6 1 32 20 179 1 233 

7 2 8'. ') 103 198 
8 '. 2 471 7 113 597 1751' 
9 1 8 811 13 123 956 

10 3 19 1152 33 102 2 1311 
11 9 16 ·28/, lIB 86 513 2524 
12 16 3/4 336 l5fi 156 700 

13 6 :iB (135 109 211 1 1020 
J..!. 10 GS 77.5 77 256 1133 3232 
15 10 64 491 78 435 1 1079 

16 6 11.3 260 123 697 5 123/, 
17 5 255 IHJ 13/~ 609 13 1199 3639 
IS 281 176 130 612 7 1206 

CV') 19 253 IllS 117 516 11 1042 N 
20 173 157 96 716 17 1159 ' 2961 
21 124 4B 87 '186 21 : 766 

22 66 33 67 319 29 51 /* 
23 39 29 52 153 14 287 960 
24 27 6 21 68 37 159 

25 1 7 . 6 18 10 29 71 
26 2 1 15 11. 25 57 161 . 
27 4 5 5 11 14 39 

28 2 5 12 16 35 
29 1 2 9 16 28 81 
30 3 1 2 12 18 

... ..... -
31 1 1 2' 1 5 
32 - 2 2 4 15 ... 
33 2 4 6. ',.., 

Total 13 1648 6095 1521 6122 279 15738 ,-. 
~ 

He~m 13.0 18.0 12.4 16.2 16.6 23.6 15.2 



Table 2. Lcnzth frcqucncic~ ond menn 1en~th5 of larval hcrrinz. day st3tions. 

Ler.sth Ikl. II Alb. IV Anton Alb. IV Alb. IV Alb. IV Total 7l-!.- --.- --;a.-':(j ·-r]-~) - -7471 
1:"'~'7l 71-7 Dohrll 

'. 2 2 

5 () 2 13 30 
6 1 11 3 5 20 

7 29 4 6 39 
8 2 96 2 n 108 280' 
9 1 8 115 2 7 1]) 

10 17 107 1 2/, 1 150 
11 4 11 40 8 22 85 369 
12 21 48 6 59 1]4 

13 10 72 In 63 163 
14 4 I. 97 12 55 172 579 
15 6 10 88 12 128 244 

16 5 16 5:' 22 148 244 
17 5 22 26 I) 'I 186 3 286 783 
18 33 22 50 1/,8 253 

~ 19 34 11. 50 . 96 I. 198 
N 20 16 22 25 713 3 14 /-t 428 

21 15 . 3 21 46 1 86 

22 12 10 25 2 49 
23 4 13 33 1 51 146 
24 5 7 24 10 46 

25 2 3 2 11 18 
26 3 7 7 17 37 
27 1 1 2 

28 2 2 4 8 
29 1 6 7 18 
30 3 3 

I- - 31 1 1 
; 

32 2 1 3 6 . 
33 2 2 

Total 25 243 849 322 1176 61 2676 

HC::ln 14.6 16.5 12.1 17.8 16.7 24.8 15.5 



Table 3. Length frequencies and mean lengths of larval herring. night stations. 

Length Del. II Alb. IV Anton Alb. IV Alb. IV Alb. IV 
C":l 71-4 71-7 Dohrn 72-9 73-9 74-2 Total 

4 3 10 5 18 
.s 12 12 108 1 13) 357 
6 13 17 175 1 206 

7 2 118 I, 95 149 
8 4 369 3 99 475 1400 
9 6(11 8 107 776 

10 1 3 936 29 68 1 1038 
11 4 187 27 53 3/'1 1848 
12 1 6 2/16 131 85 469 

13 1 41 353 83 115 1 594 
14 St. 3/.5 liB 133 535 1705 
15 1 l;8 202 49 225 1 526 

16 108 120 7/1 473 4 779 
17 17LI 90 66 370 9 710 2269 
18 190 107 50 419 6 780 

If) 19 167 95 50 39il 4 714 N 
20 , ~24 102 57 628 '12 923 2258 
21 77 44 51 434 15 621 

22 39 31 '17 293 22 432 
23 2S 29 32 117 10 213 742 
2~ 17 6 12- 1 ') I .• 2~ 97 

25 5 6 12 1 10 40 
26 2 1 12 8 15 38 113 

·27 I, 4 L. 11 12 35 

23 1 2 10 9 22 
29 1 1 <) 7 18 53 
]0 2 1 2 8 13 

31 'I 2 3 
~') ..l_ 1 1 8 

33 ~ 2 2 4 

Tot.ll 10 1093 4010 972 4497 171 10753 

He:m 9.6 18.1 12.0 15.7 16.7 23.1 15.1 



Table 4. Lcngth frequencies and mean lcngths of larval herrinc, twilight stations. 

Length Dc:l. II Alb. IV Anton Alh. IV Alb. IV Alb. IV Total -7~ -'!rl.--9 ----
IT.:-:1 71-7 nol, r .', ")-9 7/1-2 

-------_.-
, 

7- 2 " 

5 'J. t, (, 21 
6 1) 13 

7 31 1 2 34 
8 :1 l :~ (, 25 107 
:) )'-- ) :} 10 I, ~J 

10 2 95 3 10 110 
11 5 1 59 12 11 S8 299 
12 15 7 ',6 21 12 101 

13 5 7 20'7 [3 )) 2(ll) 

II, 6 7 27(, 17 CII :>70 921 
15 3 5 199 11 73. 297 

16 1 19 87 27 77 1 212 
17 57 63 2/, 53 1 198 577 
18 58 1,0 22 f,6 1 167 

'-.0 19 52 31 17 23 3 1;:6 
N 20 33 31 111 11 2 91 277 

21 32 1 15 7 5 60 

'I') 
"-- 15 1 10 2 5 33 
23 10 7 I, 3 24 73 
')1 --.. 5 2 2 7 16 

25 1 3 8 12 
26 :3 3 17 
27 1 1 2 

28 1 1 3 5 
29 3 3 10 
30 1 1 2 

31 1 1 
32 1 
33 

Total 38 310 1236 226 452 47 2309 

}!i!un 12.9 . 18.5 13.7 16.6 15.3 23.5 15.1 
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TASLE 5 • Average abundance (No. / 1000m"') 0 t larval herr1.ng by aay, nlgn 1:» una l.wJ..J..J..glll. J.l.11. J.UU..l.V.1..Uuu.&.. UUU '-v ~u ... \,... ""' ...... ;H. .. .., 

and total night/day and twilight/day abundance ratios. 

Length (mm) 

Cruise Time No. 
4-6 7-9 10-12 13-15 16-18 19-21 22-24 25-27 28-30 Total 

Period S tn. 's 

Day 54 0 0.02 0.08 0.21 0.21 0 0 0 0 0.51 
Del. II Night 46 0 0.14 O.OLI o. OL~ 0 0 0 0 0 0.22 

71-4 'rwi. 22 0 0 1.23 0.78 0.06 0 0 0.06 a 2.12 

Alb. IV 
Day 45 0.03 0.38 1.86 0.90' 2.70 2.46 0.80 0.07 0 9.22 
Night 80 0 0 0.28 3.08 10.16 7.92 1.74 0.24 0.09 23.51 

71-7 Twi. 23 0 0 0.78 1.8/ .. 12.92 11.29 2.88 0 0.20 29.S9 

Anton Day 31 0.84 11~87 9.65 12.87 5.00 1.93 0 0 0 42.01 
Night 62 0.67 25.96 32.98 21.64 7.64 5.82 1.60 0.27 a 96.58 

Dohrn Twi. 21 1.17 6.50 15.66 53 .. 42 14.89 4.93 0.08 0.08 0 96.81 

Alb. IV Day 34 0.17 0.46 0.84 2.38 6.53 5.40 1.69 0.40 0.17 18.14 
Night 7J 0.96 0.38 6.40 L~. 40 4.91 3.93 2.27 . 0.69 0.11 24.12 72-9 
l\li. 18 0 0.62 3.72 4.34 7.56 4.77 1.97 0.32 0.11 23.3/ 

Alb. IV 
Day 29 0.55 1.27 6.41 . 15.08 24.92 13.43 5.01 0.55 0.12 71.84 

! 73-9 
Night 66 . 7.04 7.40 5.07 11.71 31.04 35.90 11.09 0.63 0.52 110.44 
Twi .. 16 0.71 2.10 3.83 19.76 20.45 4.76 0.93 0 0 52.51 

Alb. IV 
Day 15 0 0 0.18 0 0.53 1.40 .2.29 3.34 2.29 10. 71 

74-2 
Night 30 0.14 0 0.06 0.14 1.26 2.06 3.39 2.46 .1.60 11.3E 
Twi. 11 0 0 0 0 0.43 1.45 2.17 2.03 0.72 6.81 

Day 208 0.22 2.08 2.73 4.30 5.81 3.17 1.08 0.28 0.14 19.83 
Night 357 1.56 6.18 8.16 7.49 10.00 10.00 3.27 0.51 0.24 47.41 

Tot31 Twi. III 0.32 1.61 4.51 13.99 . 8. 71 4.19 1.11 0.29 0.12 34.8~ 

Cruises 
N/D Ratio 7.09 2.97 2.99 1.74 1.72 3.15 3.03 1.82 1.71 2.39 
T/D Ratio 1.45 0.77 1.65 3.25 1.50 1.32 1.03 1 .. 04 0.86 l.7E 
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Table 6. Average abundance (No. f1000m 3) of larval herring for O. 505mm and 0.3330.:1 mesh nets 
and 0.333nun mesh/0.505mm mesh abundance ratios, Albatross IV Cruise 73-9. 

- ~ ---~ .-~--
___ I>£.Dg th (mm) 

4 - 6 7 - 9 10 - 12 13 - 15 16 - 18 19 - 21 22 - 24 

.505 r:n Mesh 4.49 5.06 5.13 13.46 28.61 25.63 8.06 

.333 Dil Hesh 3.95 8.62 7.25 15.17 27.81 25.25 8.53 

.333/.505 Ratio 0.88 1.70 1.41 1.13 0.97 0.99 1.06 

25 - 27 TOTAl 

0.52 91. 3~ 

0.54 97.2: 

1.04 1 .. OC 
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TAnLE 7. Hinimum eBcape len~th (mm) for various swit:lming speeds (DL/sec) 
and reaction distances (m). 

Reaction Distance 

1 2 3 4 5 6 7 8 9 10 

5 BL 27.5 22.0 18.0 16.0 14.0 12.0 11.0 

10 BL 27.0 18.0 13.5 11.0 9.0 8.0 7.0 6.0 5.5 

15 BL 18.0 12.0 9.0 7.5 6.0 5 .. 0 4.5 4.0 3.5 
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Figure 1. -- Dates, station locations, and distribution of total herring, 

Albatross IV, Deleware II, and Anton Dohru cruises. 
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Figure 3. 

Figure 4. 

Figure 5. 

twilight stations (* =,less than one). Data are combined in 
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Relationship between average night/day abundance ratio and 

standard length. The lines are least square regressions. 

Total catch, mean length, length frequency (3 mm size groups), 

and average abundance (1 mm size groups) of larval herring for 

0.333 and 0.505 mmmesh nets)~tross IV Cruis,e 73-9 

(* = less than one). 

Figure 6 .. -- Relationships bet1¥een reaction distance (xo) and minimum es cape 

Figure 7. 

velocity (ue) and between larval length and maximuw swimming 

speed for velocity values of 5, 10, ~d 15 body lengths (BL)! 

sec. Values of ue for one meter intervals of Xo are indicated 

by vertical dashed lines. 

Relationship bet1veen standard length and maximum skull width 

for larval herring. The horizontal dashed lines indicate the 
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