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Abstract

The paper contains the results of the instrument estimste of
abundance and biomass of capelin concentrations off South Labrador
and over the North Newfoundland Bank in October 1675.The capelin
biomass in these areas is 0.98 million tons.The removal does mot
exceed 50% ( Ou4 = 0.45 million toms ) of the above biomass.

Introduction

The work was msde on the recommgndation of the Standing
Commitiee on Research and Statistice ( STACRES ) of the Intermational
Commission for the North West Atlantic Fisheries ( ICNAF,Ann, Meet.
January,1975 ).

The instrument estimate of capelin abundance end biomass in
divisions 27 and 3K was carried out October 21 - 27 1975 by
R/V " Odissey ", During this period the capelin winter alowly moving
concentrations ere formed up and replenished with recruits.

A similar survey was made in divisions 27 and 3K in the fall
1974.1It showed the minimum a'uundax;ce yaccording to the most cautious

eatimate,to be of the order of 41.33 million tons ( Serebrov,

Material and metheds

The theory of the methods to carry out the abundance surveys
with the use of hydroacoustic equipment and underwater photography
and thelr practical application are to be found in the papera of
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a nupber of authors ( Zaferman,1972;Kiselev,Pruskanev,Shcherbino,
1962; Serebrov,1974;Seliverstov,Zaferman,1974;Serebrov,Bakanev,
Kovalev,1975; Truskenov, Shcherbino,1963,1966 ).

For acoustic investigations echo sounder Simrad EEK - 3B was
used.

On the basis of the informetion from the commercial vessels
were established the general cepelin distributicn snd relstive
density of capelin concentrations.Having done that we worked out
the route of R/V " Odissey ™ the tracks of tha echo survey running
in latitudinel direction at a distance not nearer than 20 miles from
the Cansdian coast up to depths of 280 - 300 m east of which there
wore no capelin concentrations,The. distance between the tracks over
denze concentrations was ‘10 mliles, over scattered concentrations -
30 miles.

The volume of schools was determined from the formulat

Vaon = ( =2 ) Db, where (1)

L- horisocntal length of a school -

Z ~ beam width alongshlips at average depth of a achool

D = beam width athwartships

b - height of a school ‘

The speclfic volume of sehools per sqﬁare mile was calculated
from the formulat Von ‘
vsp= : 8‘ , where (2)
S - investigated area per unit time ( 15 minutes ).The area

was determined from the formula: B= ¢ * g, where ¢ - distance
covered by the ship,e = beam width in miles at the depth of
a school.
Then the specific density of a fish concentration waa found 3
Rep> Vep ° P, where (3)

/O~ absolute average density of capelin schools in specimens

per cubic metre as determined from photos.

For undarwa‘ter‘_photography the automatic camera " Triton ™ was
used { Serebrov,‘lé?‘l—; Seliverstov,Zaferman,1974 );

During the investigations in the fall 1974 the tamera was fixed
on the trawl ( Serebrov,Bakanev,Kovaler,1975 );In 1975 it was lowered
into the school on a cable with the help of a hydrological winch,
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The displacement of the reamearch vessel was what dictated
the method of the underwater photography;ln 1974 the photography was
carried out from B/V "Protsion " of 800 tons displacement,Because of
the ship's roll and pitch the camera fixed on a ceble made vertical
Jerks and frightened away the fish.The displacement of R/V ™ Odissey™
( 3 000 tons ) makes it poassible in fair weather to lower the camera
into fish schools on a cable;

The scale of photograplv, the volume of photographed space and
the absolute demaity of fish concentrations were determined by well
tested methods ( Pruskanov,Zaferman,1973;Fruskanov,Shcherbino,1963,
1966 ).

The ascale of photography was determined from the formulas

i

M where (4)
¥ - average length of a f£ish from the ¢atch in mm

1l - length of the farthest fish in the negative in mm
The volume of the photographed space was determined from

the formula: V= _ 1 p o p.y y)3 whore Cs)
¥ - camera focal distance equal to 28.5 mm
n - water refraction index equal to 1.34
K - nondimensional coefficient equal to 0.27

The absolute density of the schools is the quotient obtained
by deviding the number of fish on the photo ( m )by the volume ( V )

P= - (6)

The value o:E"Ir ﬁ was calculated for each photo.The average
density of schools was determined separately for the day-time and
for the night-time,

The number of figh per unit volume in the day-iime and in the
night-time was found toc be different ( table 1 ).In the day-time
the achools of a greater density kept near the bottom but at night
they swam up to the surface and scattered partially.Po determine
a quantitative estimate of the ratio between the densities of

schools in the day-time and in the night-time was carried out

the survey of the experimental area of 100 square miles.The survey
was made: 1) by acoustic method coupled with underwater photography
2) by acoustic method using echo sounder " Simrad EE-38 "

with echo integrator.
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The second method is not a method to estimate the abundance
which was developed by Midttun and Nakken ( Midttun and Raklten,1971 )
The echo integrator was used only to obtain the total sum of echo
signels in the experimental area which then was compared with
the data obtained by the first method ( table 2 ).

From table 2 it can be seen that the number of fish registered
in the experimental area during the night-time ia 2+3 times less
than that registered in the day-time.A similar phenomenon was noted
alse in 1974 ( Serebrov,Bakanev,Kovalev,1975 ).As the interval
between the day and night surveys was only 2 hours, the fish moved
relatively slowly ( ro shift was noted in the poaition of boundaries
of concentrations ) and the experimental area was 100 square miles
the decrease in the number of fish in the night-time can not be
explained by its migration beyond the boundaries of the experimental
area.The echo integrator alsc indicstes the decrease in the number of

fish in the night-time this decrease being practically that obtained
by photogrammetry.

Control trawlings in the eurface layer showed that in the night-
time a certain part of the fish were distributed st a depth of 0-5
metres and were out of the range of the echo sounders whose
transducers were mounted in the bottom of the ship.

Therefore,when processing the data obtained in the night-time
the specific abundsnce of fish determined during 15 minutes was
multiplied by a correction coefficient 2.3.

The wvalues of Qsp obtained for 15 minutes were averaged and
entered upon the route map and through them were drawn the lines of
equal specific density of fish ( Fig.1 ) according to the following

gradationss
zone 1 - {1
zone 2 - 1.1 - 10,0

zone 3 - 40,1 - 25.0
zone 4 - 25.1 = 50,0
zone 5 - 50,1 =-100.0
zone § =»100.1

x 10° spec./mile®
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Por each xone the average specific abundance of fish per sgare
mile was calculated ( Qqy,’-Then the total asbundance of fish in the
zone was determined i N= Qgy.* B, where (7))

S, — area of the zome

By taking a sample of fish from a.cabtch and deviding the welght of
the sample by the number of fish in it the average welght of 1 apecimen
was determined.In divisions 2J and 3K it was found to be 21.5 grams.
The total biomsss of fish in each zone was calculated from the formulas

W=N ‘mn where (8)
m - average weight of 1 specimen.
The estimetes of abundance and biomase are shown in table 3.

Discussion of results and conclusion

In the fall 1974 it was determined that the abundance of capelin
in 27 and 3K was of the order of 43681.8 * 10%specimens and the
biomass 1.3 million tona ( Serebrov, Bakanev,Kovalev,1975 ),

In the fall 1975 the capelin abundance in these divisions was
45665.7 * 10® specimens and biomass 0.98 million tons,

That the abundance increases while the stock biomsss shows
a decrease is explained by a mass appearance in divisions 2J and 3K
of the recruits of the 1973 year-class which,apparently,is as strong
as that of 1969,The 1969 year-class appeared in these divisions at
the age 2+ and in the fall 1971 made up more than 50% of the atock,
The 1973 year-class in 1975 gslso comprised more than 50% of the capelin
stock.The reduction in average age of the stock both in 1971 and in
1975 has led to the decrease in the average weight of 1 specimen (Fig2)

In 1971 the capelin stock was made up of the fish not older than
3 years ( 97% - 2J and 96% -~ 3K ),The intermstionsl capelin fishery
in division 27 was initiated omly in 1972 when only 18 000 tons were
taken and there wee no inshore fishery at all.In division 3K up to
1972 existed only a small inshore fishery with the annual cateh 1leaa
then 1 000 tons.In the southern divisions ( 3LECP, ) up to 19
the removal did not exceed 2 000 - 3 Q00 tons ( ICHAY,Summ, Doc.?75/5 ).
From this it follows that in 1971 the age structure of the stock
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practically did not suffer the effect of fishing.Therefore,we can
think that the chief cawse of the decrease of the atock biomass while
its sbundance increases is natural alternation of strong and poor Year-
claases,

If we accept the hypothesis that at the end of the winter
the cepelin migrate from divisions 2J and 3K to spawn off the eastern
coset of Labrador and Newfoundland ( 3 LOPB) as well as in division
3N ( Serebrov,Bakanev,Kovalev,1975 ) theh the estimate of the biomass
made in the fall 1974 ( 1.3 million tons ) was & clear cut
underestimate.Assuming that the intermational gueta for divisions
(3 I.NOI’S) was taken ( 200 000 tons ) then only in the international
waters were 4.25 million tons of the capelin which were migrating
from divisions 27 and 3E.From this quantity,after the closure of
the fishery,on a comparatively small spawning ground in the Boutheast
Shoal were 1.05 million tons ( Seliverstov,Kovalev,in press ).From
the fishery literature it is lkmown that main capelin spawning grounds
are located off the eastern and south-sastern coast of the Avalon
peninsula and the eastern coast of Newfoundland where several local
cepelin stocks were identified according to seasonal distribution
( Templeman,1948;Campbell,Winters,1973;Winters,1975 ).

Proceeding from this the actual capelin stock in divisions 2J
and 3K must be several times greater.The instrument survey with
underwater photography gives the underestimated sbundanece and biomasg.
The cause of it are peculiarities #f capelin vertical diurnsl
migrations.In the night-time as it has been mentioned above,some part
of the fish rise to the surface and above the -transducers of echo
sounders.As a result,some part of the fish are not registered and
the night survey always yields & lesser abundance and biomass thsn
the day-time survey.

In the day~time part of the fish keep in the middle layers and
over the bottom while the other part sink directly to the bottom.

The latter part of the fish are very poorly registered by

the eche sounder.hccording to reports of B/V " Persey III ™ and
scouting vessels it is not infrequently that in the fell up to 0.5 -
1.5 tons of capelin are taken with a bottom trawl in the areas where
no capelin have been recorded in the body of water and near the bottom.
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Detober 21 - 27 1975 R/V * Odlssey ™ carried out the capelin abundance
survey, the minimum distance from the Canadian coast being nop less
than 20 miles,The scouting vessels reported that the dense recordings

of capelin concentrations had alseo occurred west of the surveyed area

up to the fishing zone of Canada,Judging by the distribution part of
the fish at the time of the survey were also im the fishing zone of
Canada.

From the above it follows that 0.98 million tons determined in
the fall 1975 are but a part of the stock in divisions 2J and 3K.

The consumption of capelin by predators and the estimates of
capelin stocks made by many authors ( Campbell,Winters,1973;Dragesund,
Monstad,1973;Gulimov,Kovalev,1975; Nakken, Dommasnes,1975; Fonomarenko,V,
Ponomarenko,I,1975;5eliverstov,1975;5eliverstov,Kovalev ~ in press -
Serebrov, Bakanev,EKovalev,1975;Winters,1975 ) both for the Barents Sea
and for the Lebrador and Newfoundland waters are presented in table 4.

For the Barents Sea the size of the capelin spawning stock as
determined in the fall by the acoustic method ( Nakken,Dommasnes,1975 )
in % ceses out of 4 ( table 4 ) exceeded but little the removal of
capelin in pre-spawning and spawning period of the succesalve year and
the annual totel removal was often greater than the size of
the spawning stock.For exsmple,in the fall 1971 the mature cepelin
stock was 1.7 million tons.The total catch for the Barents Sea in 1972
was 1,6 million tons { Seliverstov,1975 );In the fall 1973 the stock
was 1,0 = 1,5 million tons ( table 5 ) but only Noxrway alone took in
1974 1,03 million tons (Norges fiskerier,1974 );

With a such stock:removal ratio when 70% - 80 % of the removal
are made up of the pre-spawning and spawning capelin the abundance of
the capelin stock in the Barents Ses had to sharply reduce.But nothing
of the kind took place.Hence it follows that so far one hss not
sgcceeded in obtaining the absolute size of the spawning stock by
acoustic methods.

Mathematical models give considerably greater eatimates of
the mature capelin abundance ( table 4 ),Fishing mortality in 1972 -
1974 calculated on the basis of these eatimates did not exceed 15 ~ 25%
and for a speciea with a monocyelic spawning and a short life span
was very low ( Prokborov,1965; Tyurin,1963; Templeman,1948 ).
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The biomass of capelin consumed by predators is calculated for
the Barents Sea for the periocd 1971 - 1973 but for the Norph-West
Atlantic it was calculated not for s definite period but "™ on
the average for the last years " ( Ponomarenko,V, and Ponbnaronko,l.,
1975iWinters,1975 ).

The amounts of capelin consumed by predators in the former amd in
the latter areas are comparable and sre of the order of 4 — S million
tons( table 4 ); But the estimates of the abundance of cod as the chief
predator differ greatly and so do the removals ~ while the stock of
cod in the Newfoundland and Labrador wsters is greater than in the
Barents Sea the removal of cod in the former area is relatively leas
than in the latter ( Anon,1975;Campbell,Winters,1973;Ponomarenko,V.
and Fonomarenko,I,,1975;5tat.Bull, ,1972,1974,1975;Winters, 1975 ).

The catches and sbundance estimates are shown in table 5,

In divisions 2HJ - BKLNQPB in 1966 - 1969 the cod stock was on
the average 2.95 million tons,The amount of capelin consumed by cod
annually ranged from 1,47 to 2.95 million tons.G.H Winters ( 1975 )
indicates that from 1955 - 1957 to 1964 ~ 1968 the stock of cod was
decreaéing.ﬂut the amount of capelin consumed by the cod was caleulated
for the estimated biomass of cod of 6.21 million tons and this
ultimately gave the quantity of the eaten out capelin of 3.97 million
tona.

Apparently,the estimated cod atock in divisions ZHT - BKLIGPB
was extremely large.It cén be seen when comparing the estimates of
cod stocks in the Barents Sea and in the Lebrador end Newfoundland
waters with removals in these areaa ( table 5 ).

Apart from the fact that the stockiremoval ratio for the Barents
Sea and that for the North - Westerm Atlamtic are different which does
not make it possible to decide which of the two methods to calculate
the consumption of the capelin by cod should be preferred the both
methods have no correction for the removal of cod { predators ) which
brings about the decrease in the quantity of eaten out capelin,

When the predator press diminishes because of the decrease in
the abundance of predators due to natural causes or the fishing
the intensity of food chains also decreases. A certain portion of

food objects remsin unconsumed.As a result, we have not only
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" a surplus " biomass as in the case of the capelin ( Winters,1975 )
but aleo sn additional recruitment to the spawning population
enhancing the stock's reproductive capacity what 1éada Yo the
increase of the stock as a whole.@,Ulltang ( 1974 ) indicated that
in the lasf yoars in the Barents Sea appeared & number of extremely
strong cepelin year-classes,The data o; the internmstiomnal surveys
of the 0 - group fish confirm this conclusion - in 1971 =1975
appeared 4 strong and 1 average year-classes ( Anon.,1974,1975 ).
#.Ulltang expleins the appearance of strong year-classes by the stock's
reaction to the intensive removal. At the same time the rate of
growth of the capelin decreased because of the extremely great
abundance of the stock.

The hypothesis of P.Ulltang is not without foundation for
the decrease in the rate of growth of the specimens balonging to
the strong year-claeses and a general decrease in the rate of growth
when the abundance of the stock increases is a widespread phenomenon
and is associated with the limiting effect of the nutrient base
( Nikolsky,1974 ),However,the incresse in the abundance is
assoclated not only with the compensating reaction of the stock to
the removal but also with the decrease in the press of the chief
predator.

The decrease in the cod stocks in recent years in the Labrador
and Newfoundland waters as reflected by the increasing limitation of
the removal of cod ( ICNAF,Ann.Meet.May - June,1975 )ia a factor
contributing to the increase of capelin stocks in the above areas.

Paking into consideration that the capelin abundance survey
in divisions 20 and 3K gave clear cut underestimates of the sbundance

using the experience gained in the exploitation of the capelin stock
of the Barents Sea we can say with maximum caution that the removal
in the above divisions does not exceed 50% ( 0.4 ~ 0.45 million toms )
of the actually determined biomass ( 0.98 million tons ) which is not
an excessive figure for & speclies with a short life span and

a monoeyclic spawning.
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Table 1. Average density of capelin concentrations

- -~ — == f o ———— Fm———— = - - —— == -
total ;Num'ber of ;total number Specimens per
tine pumber of ‘ photos with of fish on 1 cubic metre
: photos . figh ; photos :
Day 226 24 216 1,188
Night 278 34 212 0,873
Total 504 o8 428 1,032

— - e e o . o A e o am -
e et i

Table 2. Capelin abundence in the experimental area
obtained by echo survey snd echo integrator readings

- o o g —m = e = I._--—-ﬂ-—_n—-—u-—-—_--‘n_---..-.—--—.,—- ————————
[

! Integrator

: Period of EHunber Specific: Specifir, Total

. : . volume :abu.ndan, a(nbungance Total E‘Re;-;:.‘:ing
Time . observations of ; of Q) reading

: :obaer-: achools :Spec.1 6Sper.: 106 s in ym [mm/min

vationa( V ) cper mi :

S S R a3 108m2 _ _ i _ _i___i___.
Day 13°0-181° 24 18,8 20,3 487,5 area 12,3
Night 20°0-02% 15 13,2 14,2 212,8 1557 7,4
Dey /night 1,4 1,4 2,3 2,4 IL,6
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Table 3. Abundance and biomass of capelin (2J-3K)

------- L iadiai i e
Gradation s of :Average thres of : Total :Average Potal
density in abundanceiconeentra-g abundance gweight of:: bicmass
Spec./m12 x 106 : Spec.li2 ttions in : Spec. 1‘106:‘1 Spec. in tons

§x106 gmia(S)é(H) §ingrans§(')
(Q gy : (=)
< I 2,8 I442,4 1153,9 24809

1,1-10,0 5,6 661,7 3706,5 79669

10,1-25,40 20,2 443,9 8966,8 2L,0 192786

25,1-60,0 40,1 25,6 8645,6 185880

50,1-109,0 85,1 48,2 4101,8 38189

> 100,1 346,5 95,1 I9092,1 410481
2866,9 45665,7 981814
Table 4. Estimate of adult capelin stock and its biomass consumed by
predators {in million tons)
T 7 T Barents Sea - “Newfoundlend snd Lebrador
: Method ! Method
Year :_1 2 : 3 : 1 2 3
:Blo :Sub : Bio :Blo
: Biomass :Div. . mass ,area mass .Div. .mass
243 =>=1,2-
19'?1 I]l? 5’7 5|07 N “13:7
1972 3,7 6,2 5,19 3LNOP 0,8 - >1,3~-
~14,7
- 6,92 M- >1,7=
1973 1I1,0-1,5 4,5 22 1800
273 1,3 -"- >1,I1-
1974 0,75 3 ’ _12:3
1975 ¥ I,06 ? 2J3KLNOP,3.97
1975 27 3K 0,98 1,25

Note: 1 = instrument ,2 - mathematical, 3 - consumption of capelin by
predators.Methods 1 and 2 were used to determine the adult stock
with the exception of divisions 31'..15[0?a in 1972.Method 3 gives
the weight of capelin consumed by predators

* . @aslculated without reference to a definite yesr.Capelin stock
" which remains after part of the stock has been consumed by

predatora. Al4
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Table 5. Stock and removal of cod in the Barents Sea and in the North -
West Atlantic in 1971 - 1973 (million tons)

— e w mmp e A e et e o e e o o e e ump it e o e o Emm wm R o il e el — —m —w vm mmb e

Ares : 1971 : 1972 1973

Barents Sea ( Subarea I, 1,41 1,11 I.61

Div.Ila,IIDb ) 0,7 0,57 0,8
North - West Atlantic 6,21(2,95) 6,21(2,95) 6.21;2,952*/

0,65 0,63 0,50

{ 287 = BBI.NOPE)

e ey e e s S s o e M s N R e e e S M et = e e o e wl i o b v o mm wm e

Note snumerator — stock,denominator - re;noval
* _ 6,21 ( Winters,1975 );2.95 ( Campbell,Winters,1973 ).
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Fig.1. Capelin abundance survey October 21 - 27 ,1975,
1 - less than 1 10° Spec./m1?

2~ 1.1 10° ~ 10 ,10° spec./m1?
3 =10,1* 10° - 25 *10° spec./m12
4 -25.1* 10° = 50 *10® gpec./mi®
5 -50,1 *10% —100 *10° spec./mi?

6 -more than 100,41 "106 S;peu:/mi2
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