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ABSTRACT

In this paper 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 discrepahcies
were the relatively high night/day abundance ratio (ca. 7/1) of yolk-sac
larvae (4-6 mm) and fairly consistént night/day ratio (ca. 2/1) of 1érger
larvae (7-30 mm). ~Anvattempt was made to rationalize the consiétency
of the night/day abundance ratios of larger larvae using an algebraic
mdde? involving reaction distance and escape velocity. The resu]té
indicated that 7 mm larvae could avoid the bongo samp]er-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 tentatively conc]udedvthat the relatively high night/day abundance
ratio of yolk-sac larvae resulted from diel changes 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
minimum length of full retention for 0.505 and 0.333 mm mesh nets were
12.0 and 7;5 mm respective]y; ASo]e]y on a basis‘of skull width larvae as
small as 8.5 mm could be retained by the 0.505 mm mesh and as small as
5.5 mm by the 0.333 mm mesh. To insure full retention of larvae smaller
fhan 7 mm it would be necessary to use nets having a mesh aperture of
0.253 mm or. less.

On a basis of this evaluation and in consideration of the sampling
objectives, recommendations are made for future studies and for changes in

sampling strategy to improve abundance estimates.



“INTRODUCTION

In 1971 the International Commission for the Northwest Atlantic Fishériés
(ICNAF)finaugU%ated a series of cooperative surveys of larval Atlantic

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

area. These surveyé, incorporating standardized sampling methods and
stations, have been continued on an annual basis since inception. Vessels
from six countries have participated and 28 full-scale surveys have been
completed as of June 1976. In addition, a number of supplementary coastal
¢cruises of hore Timited 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 spawning stock size and infor-
mation on larval drift and dispersal (ICNAF, 1971 and,1972); It was further
agreed that, "The value of these surveys 1ies in the contribution they can
make to estimation of adult stock size, to stock identification by folToWing
larval disﬁersion,~and to understanding tﬁe~factors influencing larval
survival which will effect year-class size." (ICHAF, 1973)‘

In recent years considerable study has been made of the design gnd
towing characteristics of plankton nets in an effort to improve their
efficiency in capturing plankton, especially larval fishes. Thesé studies

'have shown that net efficiency in respect to ichthyoplankton varies with

net size (mouth area), filtering ratio (total mesh aperture area/mouth area),
towing speed, and mesh size and also with length and species of larvae and
time of day. The main causes of variation are~éscapement or extrusion of
the smaller larvae through the meshes (Vaﬁnucci, 1968) and avoidance of

the net by the larger larvae (Clutter and Anraku, 1968). In general there
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is an 1ncrease in extrusion aﬁd a decrease in avoidance with increasing
speed of tow and a decrease in avoidance durin§ the night;

It is most important, therefore, that the sampling gear and
method of tow be selected with a clear undefstanding of the research
objectives and of the Timitations the associated sampTing variabilities
impose. In this papef we attempt to évaluate on an a posteriori basis
the effectiveness‘of the sampling techniques employed to furnish the
guantitative estimétes of abundance necessary to meet the objeétives of

the ICNAF Tarval herring surveys.
FIELD AND LABORATORY METHODS

Ichthyoplankton samples collected on onevcruise of the Delaware IT
'(U,S.A.), one cruise of the Anton Dohrn (Fed. Rep. of Ger.) and four
cruises of the A]batross‘ly‘(U.S.A.)'were‘used for this analysis. A
total of 676 stations were occupied on'thesé six cruises. The dates,
station locations, and distribution of total herring larvae for each
cruise are shown in Figure 1. . Fig.
At each station a 3.5 knot (6.5 km/héur), double-oblique tow was made
using paired 61 cm bongo samplers (Posgay and Marak, f976)‘f1ttéd with 0.505
mm (port) and 0.333 mm (starboard) nylon mesh nets. The 0.505 mm and 0.333 mm
mesh nets were used to samplé ichthyoplankton and invertebrate plankton
respectively. Thé sampler accessories (flowmeter, time-depth recorder,
towing wire, and wire depressor) were rigged and of similar spetifications
as described by Posgay and Marak (1976). To date, 511 ichthyoplankton
data generated from ICNAF larval herring surveys have been based on 0.505

mm mesh samples.



On Delaware IT Cruise 71-4 the maximum depth of tow was 200 m or
- to within approximately 5 m off the bottom in shallower areas. The
net was deployed at 50 m/min and retrieved at 20 m/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 IV 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. On all other cruises the maximum depth of tow
was 100 m or to approximateTy'S m off the bottom and the ﬁet was deployed
at 50 m/min and retrieved at 10 m/min. |

A1l 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 Tarvae from each
sample enumerated by species or td the Towest taxa possibie, For species
numbering less than 100, all larvae were measurea for standard 1ength to
the néarest 0.1 mm. Thé Jarvae were later combined into 1 mm and 3 mm
size groups. In samples cdntaining 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 numbér at
each length interval by the reéiproca] of the aifquot fraction.

Flowmeter calibration values (m3 of water strained/revolution)
were determined for each cruise by towing the nets with open cod ends
a known distance, both with and against the current. The flowmeter
- readings for each tow were converted to m3 of water filtered. These
values fof a given cruise were then plotted against the maximum tow
depths and obvious discrepancies in volume Values caused by windmilling,
etc., were corrected on the basis of average tow depth-volume fiitered

values. Larval abundances in terms of numbers per unit of volume and



numbers per unit surface area (No/m® x maximum depth samp]ed) were
‘then:determined for each tow.

The length frequency and abundance data were erther allocated
into day, night, and twilight categories. The times of sunrise and
sunset for a given date ahd location were determined from Tide Tables,
East Coast of Horth and South America published by the Mational 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 ]éngths‘of larvae for total, day,
' night; and twilight stations for individua] and total cruises.are given
in Tables 1, 2, 3, and 4. Histograms Of»the total length frequencies
bésed 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 degreé of variQtion in mean length
for the three tiﬁe'periods was unexbected]y Tow. However, due to the
large number of,observations an analysis of variance on length for the

thfee time periods showed the small differences in mean length to be

significant for Albatross IV Cruise 74-2 (p=.05) and highly significant
(p=.001) 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 with decreasing light intensity. Our data show 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 1éngth was greater during the day (15.5 mm)
than at night and twilight (15.1 mm). The marked downward 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). Fig.

The averagevabundance of 3 mm length group'and total larval herring
for the three time periods for individual and total cruises and the |
nighf/day and twilight/day ratios of abundance for total cruises are
listed in Table 5. The average abundance va]ues‘for the three’time
periods for total cruises are plotted in Figure 3. There was appreciable
variation in the time period of makimum abundance between length groups
and cruises. This is as would be expected from the contagious distri-
.butfon of larval herring, which was more marked for individual length
groups than fOr‘tota] herring (Figure 1). In addition, the percentage of
total stations within a given time period in which herring were found
did not vary significantly between day (45%), night (49%), and twilight
(50%), indicating that if herring were pkesent,at any location they were~
caught, but not necessarily in proportion to their absolute numbers.

Of the 54 1éngth'categories (9 length groups,-6 cruises) listed
in Table 5, the catch of larvae was greatestyin 55, 26; and 19 percent
of these categories during the night, twilight, and daytime periods
respectively. = The total abundance was greatest at niéht on three cruises
(Albatross l!_Crufses 72-9, 73-9, and 74-2), greatest at twilight on two
cruises (Delaware IT Cruise 71-4 and Albatross 1V Cruise 71-7), and
approximately equal during night and twilight on one cruise (Agggg
Qgﬁ[g). vFor all cruises,combined,‘the catch was gfeatest at night for

all length groups except 13-15 mm larvae (twilight). The ratio of night/
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twilight/day abundances of total larvae for all cruises'was approximately g§b1e35

5/3/2. | o
The total night/day abundance ratios were 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 a t-test (Snedecor and Cochran,

1967) of logarithmically transformed data for pogitive tows showed that

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

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

Tength groups except 7-9 mm and 28-30 mm larvae. For these length

groups day catches were slightly greater than tﬁilight catches. |
The total night/day abundance ratios for 1 mm length groups and 1inear‘

regressionjlines based on these values and on'night/day ratio values in the

bcatch of Pacific sardine (Sardinops caerulea) larvae (Ahlstrom, 1954) are

plotted in Figure 4. The Pacific sardine data are based on 626, 1.5 knot
(2.8 km/hour), double-oblique, one-meter net (1.0 or 0.7 mm mesh) tows.

The maximum sampling depth of these collections was approximately 100 m.
The statistics of a linear regression line fitted to the Pacific sardine
data show an increase in the nﬁgﬁt/day abundance ratio of 0.7 for each mm
increase in length. Lenarz (1973) observed similar increases in the ratios

of night to day catches of Pacific hake (Merlucius productus) and northern

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

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

values with length (r=.2533). o o Fig. 4
To determine if there was any significant loss of herring larvae

through the 0.505 ﬁm mésh,-we compared the 0.505 mm mesh and 0.333 mm

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



‘1n Figure 5. The total catch was slightly greater and the mean length

- slightly sha]]er for the 0.333 mm mesh due to the greatervnumbers 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 data for positive tows showed that these differences in

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

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

(Table 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 showed,nO‘appreciable variation in ‘night/day 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 capabiWity
is dependent to a great extent On Tight conditions (visibility).

An algebraic model of net avoidance which takes into account the
towing speed, net radius and the escape VeTocity, alarm or reaction
- distance, andvthe initial offset of the larvae has been devé1oped by
Barkely (1964) and further .extended by Barkély (1972) and Murphy and
Clutter (1972). As Barkely (1972) has pointed out, probabi]itieS’of'
certain capture can only be’ca1cu1ated for animals that react individually.
Animals wﬁthin a school react to each others behavior and thus a school is

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

Fig. 5
Table 6



appropriately to the oncoming net. In an attempt to rationalize the
consistency of the day/night abundance ratios, we determined theoretical
minimum escape velocities for one meter interval reaction distances using

equation (2) of Barke?yv(1972) in which:

- 4]
4// T+ %2
. (R - Y‘o)z
Where: ue = minimum escape velocity (cm/sec)
U = towing speed (cm/sec) = 180 cm/sec
Xo = reaction distance of larva (cm) = 100-1000 cm
ro = 1initial offset of larva from net center (cm) = 0
R = net radius (cm) = 30.5 cm
In these ca]cu]afion5~we have assumed that: e

1. Larva se]ects the shortest possib1e 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 (injtiaW offset from
dead center of net is zero). ‘

3. Reaction distancevis essentially constant for all size larvae
under a giQen set of Tight'conditions (specifﬁc 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 (ug) are shown in Figure 6.
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For reaction distances less than 5 m, swimming speed is highly critical
(37.6 cm/sec increase in swimming speed required for a decrease in
reaction distance from 4 to 1 m). For reaction distances greater than
5m, sWimming'speed is not as critical (3.6 cm/sec increase in swimming
speed required for a decrease in reaction distance from 10 to 6 m).
Testing of avoidance theory requires some knowlédge of escape
velocities as a function of size. We are concerned here with darting

or burst speeds sustainable over time periods of a few seconds and

distances up to 100 cm or so. The 1iterature_on such quantified swimming

ability for larval fishes is limited. Maximum swimming velocities of
larval herring reported by Blaxter (1962) increased from 3 td 5
cm/sec in 8 mm larvae to 30 cm/sec in 20 mm larvae and fit well with
the commonly used maximum swimming velocity of 10»body lengths/sec

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

platessa) having a mean length of 9.6 mm, Ryland (1963) obtained a mean
darting speed of 10.0 cm/sec which corresponds to 10.4 body lengths/sec.
Hunter (1972) observed maximum burst speeds of very short duration on

anchovy (Engraulis 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 lake whitefish

(Coregonus clupeaformis) ranging in length from 15 to 28 mm,'Hoagman
(1974) observed maximum burst speeds of 4.4 and 8.2 body 1engths/sec
(mean, 7.6). '

In Figure 6-we have plotted maximum'SWimming 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 1arva]lherring
surveys and within the range of maximum swimming speeds considered,
none of the larvae withfn the size range sampled could éscape at a
reaction dﬁsfaﬁce 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 maximhm swimming speeds of 10 and 15 body lengths/sec, |
7lmm larvae could avoid the 61 cm bongo net if their reaction distances
were 8 and 5, respective?y.' |

Considerable laboratory study has been made on thé'visua1 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 conditiéns to be less than 15 m.
~Nichol (1963) concluded that in coastal waters (latitude 50°N) 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 objeéts become invisible through contrast
attenuation rather than resolution attenuation. If thi§ were so, 1arge.
nets should be sighted at nearly the same distance as smalief nets
resulting in a dramatic increase in catching efficiency with size of
net. Their field data clearly show, however, that anchovy farvae
reacted to the Isaacs-Kidd midwater trawl (IKMT) at considerablyl
greater distances than to the 1 m net. | |

A reactfon distance of 8 m dﬁring daylight hours appears to bé
reasonable and is similar to values determined by Barkely (1972)‘
for anchovy larvae collected with a 10-foot IKMT (ug = 10 BL, xq =
8.2 m). ‘The credibility of this reacﬁidn distance estimate is enhanced

when we consider that the avoidance reaction is most likely initiated
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by a visual response to the whole bongo net array (including the wire erressor)
. rather than to the individual bongo samplers. Blaxter (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 p]éced on the towing wire at distances of 0,

10, 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
wire depth at the three distance intervals determined both at the maximum
depth of tow and at the midpoint of retrieval. The distahce 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‘weTT'abbve 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 uniikely that the

towing wire provides cues enabling larval fishetho perform directed
avoidance behavior (increasing reaction distancej.

Because minimum escape veiocities of nets detectable at}6 m or
1more are a small fraction of the towing‘sbeed, the ‘increase in swimming
speed with 1ength is not sufficient to appreciably increase daytime
~avoidance. Reaction distance is more critical than swimming speed and
we have conc]uded that this accounts for the fairly 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

- volumes for Albatross IV Cruise 73-9 samples. The night/day abundance
ratio of 4-6 mm larvae collected on this cruise was 12.8 whiie the night/
day ratio of displacement volumes was 1.3. It is improbable, therefore,
that increased retention due to clogging accounts for thé greater night-
time catch of the smaller larvae.

Another possible explanation would be an increase in active escape-
ment (in contrést'to passive escapement or extrusioh) during the daylight
hours associated with an increase in the visibiTity of the meéhes. To
our knowledge, no field or laboratory tests have been.conducted to
determine if in fact there are diel variationsvin'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 rd]e and that
the 1oss of organisms is ma1n]y due to extrusion. |

The only other explanation we can think of for thws anomaly 1is
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 thebe have‘been no pubiished
field observatibns in which closing nets were p]aéed 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 hatching to about eight weeks’old in a vertical
tube at-varying:natural and artifiéial 1i§ht intensities. The critical
natural light intensify for movement to occur was equiva1Ent to that of
Civil Twilight (0.14 mc). For both herring and plaice, O-day old larvae

exhibitedkthe least vertical movement and activity, but herring larvae
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from a fairly early stage undeftook vertical migrationé in response
to day/night changes in 1ight intensity.

Laboratory studies by Seliverstov (1974) showed that: (1) during
the first 12 hours herring larvae do not respond to light or else have
weak negative phototaxis; (2) 48 hours after hatchihg 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 wéak]y
positive to 1ight'by night. Blaxter and Ehrlich (1974) observed that
yolk-sac herring larvae have a high initial sinking rate and as’yo1k is
absorbed with an accompanying increase in water content, the sinking

rate deéreases and the larvae réquire 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
estimatés of larval abuhdance 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~thé bottom sampléd
by different countries. The restricted depth distribution of yolk-sac
]ar?ae has been further documented by Wood (1975) who showed that over a
four-year period the most sfzeab?e 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 seé bed. |

Dive teams o% the NMFS Northeast Fisheries Center's Manned Undersea
Research and Technology (MUST) Investigation documented the presence of
- newly hatched herring larvae on the substrate on Jeffreys Ledge, Gulf
of Maine during the daylight hours in October 1974 (Cooper, et al, 1975).

Large numbers of yolk-sac larvae were observed amongst algal clumps in
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diver-collected substrate sampies from depths of 35-40vm. It was concluded
that newjy 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 stétions shoaler than 100 m showed that only 30 percent of the
tows were made to witﬁin 5 m of the bottom and that these tows accounted
for only four percent of the toial catch of yolk-sac larvae. The |
average distance of the sampling geér from the bottom was 7.7 m (range:
5-11 m). Thevreiatively high night-time catches of yolk-sac larvae
were not due to diel variations in the maximum depth of tow. We still
do not have, however, any direct eﬁidence that yo]k?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 ful]y retained by either the 0.333 or 0.505 mm mesh; (2) 7-12 mm
larvae are more fully retained by the 0.333 mm mesh; and (3) retention of
larvae 1argér than 12 mm is similar for both mesh sizes..

- Few 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 organiém
must be greater than the mesh diagonal if it is to be‘fu11y retained.

The degree of extfusion is strongly dependent on'fi1tration velocity.
Lenarz (1972) concluded that the mesh "diégona? 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 that for herring 1arvaé maximum skull width is a more meaning-
ful measurement as this is the first part of the body to ossify and
thus less easily cdmpressed or crushed. We measured maximum skull
widths (éxc1ud1ng 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 aver@gé skull width was 0.50 mm. With
respect to’mesh retention of larval herring within this size range,
skull width is the significant dimension. 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 damaged.

In Figure 7 we have plotted maximum skull width values against
standard lengths based on measurements made on 300 larvae ranging in
1ength~fr6m 4.2 to 15.1 mm. There is a considerable range in skull
width for larvae of a given length, but a comparison of skull width
measurements with mesh diagonals indicates that‘thé minimum lengths
of complete retention for the 0.505 and 0.333 mm mesh nefs ére 12.0
and 7.5 mm respectively. We refer to this as a "minimum" retention
length beéauSe at high fi]tration velocities there would be some
extrusion of»]drvae larger than this due to the compressibility of the
larvae and the flexibility of the meshes. These retention length values
agree well with similar values esfimated on a basis of a comparison of -
0.505 and 0.333 mm mesh catches (Figure 5). : | Fig.

Solely on a basis of skull width, larvae as small as 8.5 mm could be
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‘retained by the 0.505 mm mesh and as small as 5.5 mm by the 0.333 mm
‘mesh. These 1ehgths should be considered as "maximum" retention lengths
for obviously smaller larvae are in fact retained, In order to insure
full retention of 1arvaé smaller than 7 mm it would be necessary to use

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

0.253 mm or 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 mm
meéh and .towed at 3.5 knots. 1In addition, if in fact yolkésac larvae are
norma]iy restricted to a narrow depth stratum close to the bottom, fﬁrther
bias results from the tow configuration employed in ICNAF surveys (double
oblique tow tkoithin~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 asseésment of dispersal’and
.to the prediction df 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)
would require the use of nets having a mesh aperture of 0.253 mm or less.
But with nets of this mesh- diameter it would 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 carrieﬁ out to a uniform
and minimum distance above the sea-bed. Considering the amount 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 géar 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 larvae, it would appear that 5 knots is about
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
a major factor in determining sampler selectivity and it would still be
necessary to correct samples by size and time-oféday 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 bé~directed towards improving the biomass estimates
of the smaller 1ar9ae (7-12 mm). An initial step in this direction would
be to utilize the 0.333 mm mesh samples for ichthyoplénkton‘abundance
estimates. TheseAsamples 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
herrihg surveys and in conducting speciél studies of size-specific

retention, avoidance, and availability rates.
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Table 1. Length frequéncies and mean lengths of larval herring, total stations.

Alb, 1V

Length Del. IT Alb. TV Anton Alb. TV Alb. IV
e 71-4 71-7 Dohrn 72-9 73-9 74-2 Total
4 - - 3 10 9 - 22
5 - - 21 12 113 1 147 402
6 - 1 32 20 179 1 233
7 2 - 84 9 103 - 198
8 4 2 471 7 113 - 597 1751
9 1 8 811 13 123 - 956
10 3 19 1152 33 102 2 1311
11 9 16 284 118 86 - 513 2524
12 16 34 336 158 156 - 700
13 6 58 635 109 211 1 1020
14 10 65 725 77 256 - 1133 3232
15 <10 64 491, 78 435 1 1079
16 6 143 26C 123 697 5 1234
17 5 255 1383 134 609 13 1199 3639
18 .- 261 176 130 612 7 1206
19 - 253 145 117 516 11 1042
20 - 173 157 96 716 17 1159 2967
21 - 124 48 87 486 21 1766
22 — 66 33 67 319 29 514
23 - 39 . 29 52 153 14 287 960
24 - 27 6 21 68 a7 159
25 1 7 6 18 10 29 71
26 - 2 1 15 14 25 57 167
27 - 4 5 5 11 14 39
28 - 2 - 5 12 16 3s
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 73 1648 6095 1521 6122 279 15738

{ean 13.0 18.0 12,4 16.2 16.6 23.6 15.2




Table 2. Length frequencics and wmean lengths of larval herring, day stations.

24

Lengch Del. II Alb. TV Anton Adb. IV Alb. IV Alb. IV Total
frtbe] 71-4 71-7 Dolirn 72-9 73-9 T4=2
li - - - - 2 - 2
5 - - 6 - 2 - 8 30
6 _ - 1 11 3 5 - 20
7 - - 29 4 6 - 39
8 - 2 96 2 8 - 108 280
9 1 8 115 2 7 - 133 -
10 - 17 107 1 24 1 150
11 4 11 40 8 22 - 85 369
12 - 21 48 6 59 - 134
13 - 10 72 18 63 ' - 163
14 4 4 97 o 55 - 172 579
15 .6 10 88 12 © 128 - 244
16 5 16 55 22 148 - a4
17 5 22 26 44 . 186 3 286 783
18 - 33 22 50 148 .- 253
19 - 34 14 50 - 96 4 198
20 - 16 22 25 78 .3 14 428
21 ' 15 - 3 21 46 1 86
22 - 12 - 10 25 2 49
23 - 4 - 13 33 1 sl 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
31 - - - - - 1 1
32 - - - 2 - 1 3 6
33 - - - - 2 2
Total 25 243 849 322 1176 61 2676

Mean 14.6 16.5 12.1 17.8 16,7 24.8 15.5
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Length frequencies and mean lengths of larval herring, night stations.

Table 3.
Lengch Del. IT Alb. IV Auton Alb. TV Alb. IV Alb. IV Total
ma 71-4 71-7 Dohirn 72-9 73-9 74-2 ota
4 - - 3 10 5 - 18
s - - 12 12 108 1 133 357
6 - - 13 17 175 1 206
7 2 - 48 4 95 - 149
8 4 - 369 3 99 - 475 1400
9 - - 661 8 107 - 776
10 1 3 936 29 68 1 1038
11 - 4 187 27 53 - 341 1848
12 1 6 266 131 85 - 469
13 1 41 353 83 115 1 594
14 - 54 345 48 133 - 585 1705
15 1 48 202 49 225 1 526
16 - 108 120 74 473 4 779
17 - - 174 90 66 370 9 710 2269
18 - 190 107 58 419 6 780
19 - 167 95 50 393 4 714
20 - 124 102 57 628 ‘12 923 2258
21 - 77 4 51 434 15 621
22 - 39 31 47 293 22 432
23 - 25 29 32 117 0 213 742
24 - 17 6 12 42 20 97
25 - 5 6 12 7 10 40
26 - 2 1 12 8 15 38 113
27 - 4 4 4 11 12 3
28 - 1 - 2 10 9 22
29 - 1 - 1 9 7 18 53
30 - 2 - 1 2 8 13
31 - 1 - 2 - - 3
32 - - - - - 1 1 8
33 - - - - 2 2 4
Total 10 1093 4010 972 4497 171 10753
Mean 9.6 18.1 12.0 15.7 16.7 23,1 15.1

o
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Table 4, Length f‘rcquencics and mecan lengths of larval herring, twilight stations,

S Alb. IV

Length: Del., TI Alb. IV Anton ; Alb. 1V Alb. 1V Total
ma 71-4 71-17 Dohirs 72-9 13-9 74-2
! - - - - 2 - 2
5 - - 2 - 4 - .6 21
6 - - 13 - - - 13
7 - - 31 1 2 - 34
8 - - 17 2 6 - 25 107
3 - - 35 3 10 - 45
10 2 - 95 3 10 - 110
11 5 1 59 12 11 - 88 299
12 15 7 46 21 12 - 101
13 5 7 207 ¢ 13 - 260
14 6 7 ) 2/‘) 17 G4 - 370 627
15 3 5 199 17 73. - 297
16 1 19 87 27 77 1 212
17 - 57 63 24 53 1 198 577
18 - 58 40 22 46 1 167
4
19 - 52 31 17 23 3 126
20 - 33 31 14 11 2 91 277
21 - 32 1 15 7 5 60
22 - 15 1 10 2 5 33
23 - 10 - 7 4 3 24 73
24 - 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
Mean 12.9 " 18.5 13.7 16.6 15.3 23.5 15.1
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1ASLEL D. Average apundance (No./luUum™ ) OL Larval nerring Dy day, N1gnhrt, and LwWlLIplL LOUL LAlUlviddal Glu Luldd wiuaoeo
and total night/day and twilight/day abundance ratios.
Lcﬁgth (nm)

Time No. ' -
- - - - - - - - 28-30 Total

Cruise Poricd Stavs 4-6 7-9 10-12  13-15  16-18  19-21  22-24  25-2] o
Day 54 0 0.02 0.08 0.21 0.21 0 0 0 0 0.5]
Del. II Night 46 0 0.14 0.04 0.04 0 0 0 0 0 0.2:
71-4 Tui. 22 0 0 1.23 0.78 0.06 0 0 0.06 0 2.1:
Alb. TV Day 45 0.03 0.38 1.86 0.90°  2.70 2.46 0.80 0.07 0 9.2:
: Night 80 0 0 0.28 3.08  10.16 7.92 1.74 0.24  0.09  23.5]
-7 Twi. 23 0 0 0.78  1.84  12.92  11.29  2.88 O 0.20  29.8¢
i Day 31 0.84  11.87 9.65  12.87  5.00 1.93 0 0 0 42.01
nton Night 62 0.67  25.96 32.98  21.64 7.64 5.82 1.60 0.27 0 96.5¢
Dohin Tvi. 21 1.17 6.50 15.66  53.42  .14.89 4.93 0.08 0.08 0 96.81
R Day 34 0.17 0.46 0.84 2.38 6.53 5.40 1.69 0.40  0.17  18.1!
= Night 73, 0.96 0.38 6.40 4.40 4.91 3.93 2.27  .0.69  0.11  24.12
Twoi. 18 0 0.62 3.72 4.34 7.56 4.77 1.97 0.32  0.11  23.37
Alb. TV Day 29 0.55 1.27 6.41 15.08  24.92 13,43 5.01  0.55  0.12  71.84
s Night 66 . 7.04 7.40 5.07  11.71L  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
A1b. TV Day 15 0 0 0.18 0 0.53 1.40  .2.29 3.34  2.29  10.71
3 Night 30 0.14 0 0.06 0.14 1.26 2.06 3.39 2.46  1.60  11.3¢
. Tui. 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
Total Twi. 111 1 0.32 1.61 4.51 13,99  8.71 4.19 1.11 0.29  0.12 34,84

ca |

- Crulses  0p Racio 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 1.7€
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Table 6. Average abundance (No./1000m>) of larval herring for 0.505mm and 0.333mm mesh nets
and 0.333mm mesh/0.505mm mesh abundance ratios, Albatross IV Cruilse 73-9.

Length (mm)

4-6  7-9  lo-12 13- 16 -~ 18 19 - 21 22 - 24 25 -2]  TOTA
.505 = Mesh 4.49  5.06 5.13 13.46 28..61 25.63 8.06 0.52 91.3
.333 tn Mesh 3.95 8.62 7.25 115,17 27.81  25.25 8.53 0.54 97.2
.333/.505 Ratio L os 170 1.41 113 0.97 0.9 1.06 1.04 1.0
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TADLE 7. Minimum escapc length (mm) for various swirming speeds (BL/sec)
and reaction distances (m). .

Reaction Distance

53 -~ - - 27,5 22.0 18.0  16.0 14.6 12.0 11.0

10 BL

27.0 18.0 13.5 11.0 8.0 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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twilight stations (* = less than one). Data are combined in
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(# = less than one).
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velocity (u,) and between larval length and maximum swimming
speed for velocity values of 5, 10, and lS‘body lengths (BL)/
sec. Values of u, for one meter intervals of x, are indicated
by vertical dashed lines.
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