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ABSTRACT

itesults of ecological surveys of the Beotian Shelf carried

out in June-August 1988 and aimed at exploraition of environmental

conditions influencing silver hake distribution are presented.
The gurveys were carried out by the Soviet ship "Strelnya™ in
accordance with the USSR-Canada program of fisheries resezrch.
The program involved meteorological, hydrologicsl, hydrochemiecal,
hydrobiological and ichthyolopgical observations. Two surveys

of the shelfl sleope, one survey covering the entire shelf and

8 surveys of small shelf locations during the 'patch" study were
made during the cruise. Silver hske distribution wasz compared
with the water temperature field geostrophic circulation,
dissolved oxygen, phosphote and zooplanktonic food distribution.
liydrological conditions favourable to formation of feeding and
pregpawning aggregations were distinguished. Among those were
the near-bottom temperature of 7-9°C, dynamic heterogeneities
along the ”shelfuslbpe” front, the zone of riszing water and
regions with increased phosphate content. The distribution of
zéoplanktenic food patches was found not always to be consistent
with lecalization of cilver hake sggregations. Possible ressons

for this are considered.

INTRODUCTION

The silver heke is the main commercisl fish in the licenced
Soviet fishery on the 3cotian Shelf. A narrow band of the outer
gshelf edge 100 m deep and deeper and the continental slope
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bétween 55° and 65°W are alloted for fishing operations.

The fishery is baged on feeding and prespswvning silver hake
aggregations which are formed in the fishing groung in.Aprilq
August. With the onset of massive spawning (June-August),
the silver hske shoals migrate to the challow waters and become
inaccessible to fishing. Under such conditions, even small-acale
spatial changes of the silver - hake biotope may éxert conzide-
reble influence on the distribution of the latter and, conse-
quently, on the fighery success. The USSH-Canada program is aimed
at identificatiocn of environmental factors responsible for the
gilver hoke distribution, monitoring of most important of thege,
gaining data for constructing prognostic models and develépment
of recommendations for optimum hake fishery. The resesrch work
employed the following hypolheses:

1. the gilver hake abundance and the area of its sgpregations

in the fishing.ground depend ' on its stock size;

2. formation of silver hake aggregations on the slope during
the feeding period in April-June depends on opbimum
temperature conditions arising under the influence of
hydrclogical front "ghelf-glope”. Near-bottom temperature
gradient ranging from 6° to 10°C can be considered as
the index of such conditions;

3. stability of aggregotionz depends on the distribution
of food organisms, Tood composition and quantity in space;

4. quantity and distribution of food on the slope are
dependent on the extent of cold end warm water adveciion
onto the slope, fluctuations of hydrological front "shelf-
slope" and peculiarities of mezosgcale circulation on
the sglope;

5. dates of the silver hake spawning migration from the slope
to shallow walers are governed by two factors at least:
rates of gonad maturation and water temperatures on the
slope and spavming grounds in the shallow vaters.

To verify these hypotheses, the resesrch was suppiemented

by the study of meteorclogical, oceanographic and h&drochemical
parameters and zooplankton aend silver hake sampling Jduring
ecological surveys of the shelf area and shelf siope and patch

gurveys (field observations).




In this paper the results of the first stage of the regenrch
carried oult by the Soviet ship "Strelnya' in June-Augusi 1988

are congidered.
MATERIALS AND METHODS

Hcological surveys were caxrried cut during prespawning and
spavning periocds. Twoe surveya of the slope between 59° and
649V (June and Julyi, one surfey of the Scotian ghelfl (August)
and eight surveys of three shelf slope localicns were made.
gurvey schemes are shown.in figs. 1A, 44, 7 and 18,
Meteorological observations were made by traditional
teéhniques using aneroid barometer, paychrometer and anemometer.
Oceanographic measurements and water sampling from standard
horizons were made by Wansen boltles and deepwater thermometers.
- The salinomeler was used to determine the salinity, the

phosphate content was determined by means of the photoelectro-

calorimeter and the dizsolved oxygen content by fthe Winkler's
method.

The data on 1he pheosphate and dissolved oxygen content wele
added to the.complex of obgervations intended for the watexr
indication in the three - layered structure of the ghell waters
and indentification of the upwelling zones.

The plankton was sampled with the bongo plankton-sampler
(smaller model) at the ship's speed of 3.5 knotbs by oblique
sampling from the bottom to the surface in the layer of 0-200 m.

The zooplankton sample processing was limited by estimating
the macrogooplankion biomass represented by the following

species; IBuphsusiidee, Hyperiidae, Sagitia 8p., Metridia lucens,

Calanus finmerchicug and Gopepoda. Distribution charts were

plotted for the totol biomsss of the above-stated species, for

Buphausgiidae biomasg and Calanus . finmarchicus biomass. These

charts were then compared with the silver hake distribution.

To sample the adult silver hake, s bottom trawl DT-TV 30/36
wag used for regeurch haulings of 30 minute duration. Catch
precessing involved massive mesgurements and biological analyses
of the gilver hake including sampling for feeding studies. The
results of the analysis of the silver héke stomach content

collected on beoard "Strelnya" will be presented individusliy.
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Dedily catch gtatistics wag used to have an idea of the distri-

: bution of the &ilver hake commercial aggregations.
RESULTS

Ocesnographic conditicns and silver hake disitribution
The analyeis of the silver hake disbribution relative tp

ocesnographic conditions, which encompass water temperature fields,
phosphote and dissolved oxygen content and circulabion pattern.

showed that gilver hake sgpregotions were férmed in the shelf
glope areas wilh the near-bottom temperature of 7-9°C along

the boundary between the cold intermediate léyer and near-bottom
warm glope watersg in the zone of the temperature and dynamic
gradient.

Thus the comnercial silver hake apggregations fighed by the
fleet in the lirst half ol June actually represented a single
big patch on the shelf slope between 61° end 63°W (fig. 1B)

~in the hydrological‘front zone with the near-boftom temperature
of 7.2-9.5°C. The srea was noted lTor the approach of a warm
meander or eddy with the temperature of 10-12°C to the slope
which resulted in the increase of the temperature gredient in
the 100-200 m layer (fig. 1C). The rize of the water on the alope
can be casily seen Trem the horizontal and vertical distribution
of phosphates and dissolved oxygen (figg. 24, B and 3). The areas
of increased phosphate conient end lower dissoclved oxygen indices
coincide with the locabtion of the ailver hake aggregation.

On the geostrophic circuletion chart {(fig. 2C), the commercial
silver hake patch was located in the dynemic front zone between
the above - shell south-wegt oriented fléw and offgzhore north-
east oriented flow of the slope waters. The presence of a cycionic
eddy there was indicative of the development of upwelling pro-
cesses on the slope. _

Oceancographic conditions of the gilver hake distribution
during the second ecological survey dated 3-16 July were actually
identical to those obgerved during the June survey though commer-
cial sggregations did not form a single patch by that time and
repregented & few separate patches scattered above the glope
(fig. 40). Thé distribution of the research catches (fig.4B)
taken both insgide and outside the alloted fishing srea coincided

with the commercial silver hake patch distribution. The tempera-
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ture, hydrochemical snd dynomic characteristics of the waters
arolnd these patches were similar to those observed dufing the
first survey (figs. 4¢, 5 and 6). The gilver hake sbundance
and density on the slope decreased due fo migretion to the Sable
Island shellow waters in the end of June.

During the scological survey carried out on 12-29 August,
the obaervation complex involved the same charscteristics as during
the slope survey (fig. 7). Only research catches yieided some
data on the silver hake distribution in August &s no supplemen-
tory information wag available due to0 .cegsation of the commércial
fishery in mid-July. In fig. 8 showing the distribution of
the research silver hake catches, two areas with the lsrgest catch
values can be distinguished. The first aree is located between
62° and 63°V and shows three stations with relatively high
calches taken on the glope, on western extremity of Imerald Bank
end in the Emerald Deep. The second area is located between

60° and 61°30% and also shows three stetions with high catches

" taken on the shelf slope, on the Sable Island shozl and north-

westward of it. The near-bottom water temperature in these areas
fluctuated between 6.7 and 9.1°C. Lorge catches were timed to
the hydrologlecal front "shelf-glope", to the boundary beiween
the intermediate cold layer and warm bottom water and to the areas
with warm nesr-bottom waters 100 m deep and deeper (fig. 9).
Relative to phosphate and dissolved oxygen distribution, the lar-
gest silver hake catches were asscciated with the areas of
increased phosphate and decreased dissolved oxygen content
(figs. 10 and 11). As ie evident from fig. 12 showing geostrophic
circulation, these catches were timed to the dynamic front
on the slepe and the periphery snd center of mezoscale anticyclonic
eddies.

Silver hake and zooplanktonic food distribution

Large zooplenkton makes up & considerable proportion in
the gilver hake diet forming at the ssme time the food base
for some other figh gpecies also eaten by the silver,hake.‘So
it can be asgumed that there exists a relationship of the disfrim
bution of the latter snd the zoopienktonic food distribution.

Ag it has already been noted, the distridbution of three macro-
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zooplonkton components, namely, the summed biomass of six largest

and mosi abundant species, the Calsnusg finmarchicus biomass

and the Eﬁphausiidae biomoss were congidered to make the compare-
tive analysgis.

From the comparison of the zooplankton distribution and the
distribution of commercisl aggregations and research catches it
can be inferred that in mony cases the sreas of commercisl
aggregations and large resesrch cotches coincided with the areas
of the zooplanktonic food concentretion of large density. During
the June glope survey, the silver hoke commercial aggregation.

was obgerved mostly "to greeze" on a dense zooplanktonic patch

(> %500 mg/m3) represented mainly by Calanus finmerchicus (fig. 13).

However no such coincidence wag recorded ag to Huphaugiidae.
On the July chert of the silver hake commercial aggregation

distribution four zones of %he fishing area can be identified

which coincided with the zonesg of high zooplankton density

(> 1000 mg/mj) wnile the largest silver hake aggregation wag

timed to the zooplankion petch with the biomsgs exceeding
10000 mg/m3 and reaching the moximum value of 23700 mg/m3 in the
center (fig. 14). As ig evident from the figure, Fupheusiidae

predominated in the patch, and Calsnus finmarchicus made up the

bulk of the zooplankten in the rest of the survey area.

The comparison of the zooplanktonic food distribution field
and the regearch catch size in August {figse. 15-17) showed that
larger silver hake catches were moinly taken in the areas with
larger zcoplasnkton biomsss (> 1000 mg/mB). Such zooplankton
concentrations occupied cover half of the ghelfl area (fig. 15).

As before, Calanus finmerchicug and luphausiidee were predomi-

nant. Maximum concentrations of these species were observed near
the slope south-westward of Sable Island { > 50000 mg/ﬁB) and in
the eastern poart of the area under investigation (20000 mg/mB).
it shoulﬁ be noted that only in the first and oﬂly cage the
largest silver hake catch was taken in the area of meximum
concentraetion of Ruphsusiidae. The peculiarity of distribution
of these forms in Augusi was manifested in that theif larger
concentrations occufred over the cuter shelf edge and in

the inshore zone. Duphaugiidee were not common in the central




port of the shelf. Unlike Euphausiidae, Calanus f. formed lerge

concentrations on the shelf and in the inshore zone ¢ccurring

in insignificant numbers on the alope in the front ares.

The August survey demonstrated that sometimes large silver hake
catches were taken at low concentrations of the zooplanktonic

food (for exemple, the slope part at 62°%) and, on the contrary,
the silver hake was not available in the catches despite large zoo-
plenkton concentrations (eastern extremity of the survey area).

In such cases, specific oceanographic conditionz were the mein
faector governing the silver hake distribution. A'l&rge silver

hake catch in the first case was taken along the hydrological
front &t the temperature range typicel of the silver hake. In
the‘second case, the area of large zooplankton concentration wss
occupied with cold waters of the intermediate layer usually |
avoided by the silver hake (fig. 9). The absence of the zooplank-
tonic food in the silver hake habitot can be expleined by the

fact that it may be eaten out by the silver hake or the other

fish. Besides, ss circulation exeris o girong influence on . .
the zooplankton drift and fthe distribution of the latter is
characterized by patchiness of distrihution, food patches and
gilver hake aggregations do not always coincide. Thus the review
of the results of the snalyeis of the silver hake, zoéplanktonic
Tood and oceanographic characteristic distribution shows that

some of the above-gtated hypotheses sre 9orraborated. Indeed,

the feeding and prespawvning silver hoke aggrepgstions are -

formed in the gradient zone at the temperature of 7-9°C along

the boundary between warm slope waters and cold intermediste

layer. The existence of the dynamic front along the slope and upwel-
ling processes promote Tormation of the zooplanktonic food
"patches” there and associated sgilver hake aggregations. The July
and August surveys showed that compared to June, the silver

hake concentrations on the slope sharply decreased and the silver
hake moved to the shelf parts having charcteristic temperature

and dynamic conditions. In 1988, the spawning silver hake migration
began late in June-early in July end was maily caused by masgsive

trangition of the females to the gpawming stage.
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"Poteh" studies

Two approaches can be used to make obsgervations of eﬁvironmental
conditions responsible for formation and dispersion of s commer-
cial aggregation. The observation can be started either in
the srea devoid of ony aggregestion and then record its appearance
there or find the orea with an sggregation and carry out surveys
of that ares until the aggregation moves away or disperses.

We preferred the second option, as prior to the heginning of the
works in June we hnd possessed the information on the distribu-
tion of the areas with commercial silver hake aggregations, where
the fleet had operated. "Pateh" studies were made in three slope
parts {fig. 18). The area of esch was 25 x 30 miles. Three
transects in normal to the slope with the In-beitween distance

of 10-15 miles were made in eoch area. Four gitations 7-10 miles
apart were occupied along each transect. The areas with silver
.heke apggregations were selected based on the information provided
by the Iishing fleei or on the research trawling data for the‘
previous slope survey;

Carrying oul of asg many surveysg of the gelected area as
possible is the main condition of the "patch" study. This allows
for continuous control of the change and succession of situstions
in the enviromment and of the distribution of the object of
interegst. To meet this condition, quick-opersiing oceanogrephic
ingtruments are required, which, unfortunately, are missing on
board our ships. The complex of "patch" observations was limited
by the water temperature messurements using the thermohathygraph
and deep-water thermometers (sometimes disposable XBTs were
used), and zooplankton sampling with small bongo model. The du-

ration of one survey was 1.5-2 days.

Three successive surveys of the first area were made from
19 to 24 June. By the moment of the first survey plarnned for
19-20 Jume, two silver hake aggregations fished by - commercial
ships werc deteéted in‘the survey area on the slope (fig. 19.1).
Daily catches amounted to 29-47 tons. Both aggregatiéns were
located in the thermal front zone with the near-bottom temperature

of 8-9°C. During the first survey, the front passsed in parallel




to the glope. The larger silver hake aggregetion occupied the
gouth-wegtern engle of the survey area, and the smaller one kepi
to the mid-shelf.

During the second survey on 21-22 June, the temperature front
outline chonged having curved shorewards {fig. 19.2). At that
time the temperature gradient intensified in the western and
castern parts of the survey area and weakened in the center.
Simultaneocusly the size and density of the western sggregation
increased, and the sgecond opggregation moved eastwords, where
intengification of the tempersture gradient was recorded.

During the third survey on 22-24 June (fig. 19.3), the tempe-
rature front resumed 1ts position parallel to the slope, which
resulted in equalizing the tempearture gradient.along the entire
slepe section. At that time no commercial gilver hake aggregations
weré observed in the survey area. Possible explanations can be
that they either moved outside the survey area or were fished
by the fleet. Thua, as ncoted sbove, it was another manifestation
of a qualitative correlation hetween the distribution of the sil-
ver hakg aggregations and the temperature front "shelf-slope".

¥hen 3 situations of the zooplankton distribution are compared
(figs. 19.4-19.12), the Tollowing peculiarities become evident.
The analysis of the distribution of the fotal seston biomass
(figs. 19.4-6) during the three surveys shows that the biomass
increased during the second survey againgt the initial gituation
due to more dense patches in the west and east of the survey
area. This might have favoured the incresse of the hake patch
during that period in the gouth-western corner and promoted
the movement of the gecond silver halke patch to the east. If

then the distribution of Calanus fimmarchicus (figs. 19.7-9)

and Buphaugiidee {figs. 19.10-12) is considered, it will be obvious
that the density of the rmooplankitonic food in the west increoased
mainly due teo appearsnce there of the Euphausiidae patch, and

the increased density in the east was due to appearance of the
Calanus f. patch, Unfortunatelyvthe picture of the zpoplankton
distribution during the third survey is incomplete because of
undersampling during the third survey in the western part of

the survey area, Strengthening of the wind prevented completion
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of the‘s&mpling prégram. What can be noted ig that considerable
zooplankton density at that time in the esstern part of the area
persisted due to Calanug f., To summarize the situation observed
in the first survey ares, we can state that the pericd from

19 %Yo 24 June was noted for deformstion of the temperature front
with intensification of the temperature gradient in the periphery,
where one silver heke patch increased in size, and the other
moved from the center to the periphery. Thesge processes were
sccompanied by the rize of the‘zooplanktonic food density due to
appearance of the Euphausiidee patch in the west and Celanug f.
patch in the east. Proceeding from the fact that the-temperature
conditions and high density of the zooplenktonic food during

the third survey persisted at leagt in the eastern part, it can
be assumed that the eastern silver hake patch was rather fished

byAcommercial ships than moved outside the survey area.

The second survey area gelected for "petch" study also had
a commercial silver hake aggregation located on the slope west-
ward of the Tirst survey srea (fig. 20). According to catch
stations, the silver hake catches fluctuated from 16 10 53 tons
zbrhaﬁingday. From 24 to 28 June, we managed tolmake only two
succesgive surveys of the aresz. The compasrigon of two successive
situations disposed considerable diffcrences between them. The
temperaturé gradient on the slope was more intensive during
the first survey (fig. 20.17). At the temperature front, namelf,
at the point where the aggregation was recorded on the slope, &
small shelf-oriented mesnder was formed. During the reiterated
survey {fig. 20.2), the ftemperaturs gradient at ithe front appeared
to be weakened, the meander degtructed, the size of the silver hake
aggregation reduced and its density decreased. The comparison
of the zooplanktonic food and silver hake distribution (fig.20.3-7)
did not reveal any significant correlation between the two.
In the first sitwation, the silver hake sggregation did not
coincide with the patch of maximum zooplankton density represented
mainly by Calanus f. Theclosest to the silver hake aggregation
was the Euéhausiidae patch, but even that patch wag located
somewhat northwards of the aggregation (fig. 20.7). The second.

gituation i=s a little bit obscure, for five stations feiled to
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yield the =zooplankton data. Strengthening of the wind. to wind
force 6 prevented from wooplankton sampling at these stations.
Nevertheless, the aveilable Tigures of the zooplankton distribution
during the second survey suggest that the food base did not im-
prove during that period (26-28 June), which might have caused
diminution of the gilver hake aggrepgation. The strenghening of
the wind wag eviden®ly responsible for changes of temperature
and feeding conditicns in the second situation. To summarice
the situation ohserved during the second survey, we can again
state the existence of a-qualitative relationship of the silver
hoke distribubion nnd temperature conditions on the slope. To
have a more general .ides of the reasons that contributed to
Tormation of oggregations on the slope, the analysis of the
silver hake feeding musgt be made, for it ic a factor having a
direct influence on its distribution during the feeding and
prespawning periods. .

A series of murveys in the third ares, locdted viithin approxi-
metely the same limits aos the previous survey area, was carried
oull from 27 July to 10 August with a forced weck's time interval
Trom 30 July to Auguét. The correlation between the silver hake
distribution and temperalure conditions was most obvious during
thia period. The =ilver hoke distribution plotted in figs.21.1-3
wasg baced on halfl hourly research catech data. The gilver heoke aggre-
gation in the scuith-eastern corner of the slope area,where the
maxinum catch conntibuted 150 kg, can be seen. During the fivst
survey, the increcsed temperature gradient in the 100-200 m layer
resulted from intrusion of the tongue of cold waters of the inter-
mediate loyer to warm slope waters and conditioned formation of
the gilver hake concentration on the glope. I the boundary of
this tongue ig timed to position of the 5°C isotherm, i% will be
secen Tthat it cccupied a considerable part of the area having in-
truded from the nerth-casl, where the water temperature was below
4°C. During the next surveys, the advection of theso cold weters
weakened, the sres limited by the 5°C isotherm reduced and ihe
temperaturé increased. This resultedjnAweahaﬁngcffheteﬁperature
gradient o thedope and =imultmears diminution of the sggregation.The mawich
cabches were very small and did not exceed 10 kg, Large catches

(100 kg and greater) teken in the northern part of the area,
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in the shallow waters, are worth noting. They come from the silver
halke gpawming ground, where the bulk of the aggregation migrated
to in the end of June. Due %o technical reasons, the trawling at
this station was not made during the first survey, howéver, we
strongly believe that the spawning aggregation ocecurred there
at that time ag well.

The situations with the zcoplanktonic feod distribution
(figs. 21.4-12) were identical to those observed during the second
survey, namely, the zooplgnktxldgnsity was the lowest in the
glope area occupied by the gilver hake aggregation. This peculiari-
ty was typical of all the fhree surveys and concerned both the
geston biomaesgs distribution and the distribution cof Calanus gig—

merchicus and Fuphoaugiidae. This lack of coincidence may have

two expleonations:either the silver hake fed on the fish (includ-
ing small silver haoke) or the survey speed lagged behind the speed
ol change of situations bf the zooplankton digtribution. To make
these speeds meet, fizrstly it is necessary to resort to more
efficient survey methods with the use of hydrographic probes and
plankton semplers of MOCHESS and BIONLSS type. Secondly, to
provide a regular control of the silver halke aggregation dynamics
the tetal amount of works during the survey mugt be divided
between two ships having placed, say, control of the silver hake
agegregation on one of them. The analysis of samples for gilver
hake feeding studies (Vinogradev, verbal communication) shows
that the silver hake ceaught during the third survey fed on
Buphausiidae though the distribution of the latter refutes this.

Thug an aszsumplion on the lack of correspondence between the speed

of the survey and the speed of gpatial variability of plenkton

fields secms to'be more realistic.
DISCUSSION

When swmsrizing the results of the 1988 summer experiment
on the study of the silver hoke distribution conditions, i.e.
the envirommental factors contributing to formation and dispersicn
{movement) of its aggregations, it can be inferred that the
silver hake strictly keeps to oceanographic conditions typical
of its habitatr Thegse conditions are formed on the shéif glope

in frontal zone "shelf-slope™ at increased temperature gradients
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with the near-bottom temperature of 7-9°C. The silver hake

also forms aggregations on the shelf in places accessible to
near-bottom warm walters with the above-sitated tempersture range
(depths over 120 m) where they border upon cold intermediate
layer., The analysis of hydrochemical indices shows that mos%
likely locations for aggrepation formation are fthose rich in
nutrients and having minimum disscolved oxygen content; Mutrient
content is & more convincing index of the two. As is evident
from compariscn of the silver hake distribution and the dynamic
structure of the slope watersg, the silver hake aggregatioﬁs
occupy a narrow hand between twoc opposite directed flo%s; above-
shelf south-west oriented and offshore north-east oriented flows.
The ghelf slope situated between these main flows ig & quasi-
statioﬁary zone generating mezoscale cyclonic eddies, i.e. the
zoné of rising walters. This peculiarity becomes still more impor-
tant during the spring-summer increase of the zooplanktonic feod
and related formation of feeding silver hake aggregations on

the slope. The August survey shows that, fthe silver hake aggrega-

tions on the slope arc associoted with the houndaries of the

warm water advecltion in the deepwater part of the shelf and with
.heated waters of the upper layer in the spsvming grdund weghward
of Sable Island.

The enalysio of‘locations of fields of the zooplanktonic

food and silver hake aggrepgalions very often revealed the lack of
correspondence. Thisg correspondence was & more ususl case during
the surveys of the glope and shelf, but was almegt lacking during
the "palch" studies. One of the reasons for this may be ineffi-

- cilency of "patch" studies when only one ship is used under
rapidly changing environmental conditions. In this context, it
would have been desgsirable to uge quick—operating_oceanographic
instruments at the next research stage, ond to divide the obser-

vation series belween the Soviet gnd Canadisn ships.
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Distribution of silver hake commercial aggregations, near-bottom
water temperature and zooplanktonic food biomass from the results of
three surveys of the first area on 19-24 June 1988,

{1-3 - near-bottom temperature and commercial aggregations; 4-6 -
seston biomass; 7-9 - Calanus finmarchicus biomass; 10-12 -

Euphausiidae biomass.]
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Distribution of commercial silver hake aggregations, near-bottom
water temperature and zooplanktonic food biomass from the results of

.three surveys of the third area on 27 July-10 August 1988.

[1-3 - near-bottom temperature and research catches; 4-6 - seston
blomass; 7-9 - Calanus finmarchicus biomass; 10-12 - Euphausiidae
biomass.]
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