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Treviing survey iz presently ome of the maim methods of coumt
for Jjuvemile end groundfish abundence. This method was used for the
first time by W.Hemsen and K.Apstein (Hemsen, Apsteim, 1897) emd
has beer successfully applied since, im particuler for fimdimg
out fish productivity practically in & whole range of areas of the
world oceam. Reviews of the method of direct count may be foumd
in the werks of S.V.Averimtsev (1948), G.I.Momastyrsky (1952),
G.V.Hikolsky (1974), T.F.Dementieva (1976) and ethers.

In spite of the fact that trawlimgs have become the maim
and integral part of fishery studies where bottem species are
concerned, their results are used maimly to solve & limited number
of problems commected with the count of Juveniles, distributiem of
Juveniles amd large fish. The applivation of trawvliang survey fer
evaluation of commercial part of the steck is limited due teo purely
technicel reasons. The main comdition for the use of trawlimg
survey in order to evaluate the cémmercial part of the stock
should be:

1. Symchronous work .

2. Stable distribution of fish during the swrvey.

3¢« Full coverage of the station with trawlings.

4, Availebility of Catchability Rate.

In case these conditioms are observed the method of trawling
survey may be the most exact ome for fimdimg ecut stock abundance.
However, the first conditiom cammot be observed im practice while

the second one is omly an assumption which cannet be proved.

NOTE: FIGURES 1, 3 AND 4 OF THIS PAPER WERE NOT INCLUDED WITH THE MANUSCRIPT. THESE
WILL BE ISSUED AS AN ADDENDUM TO THIS DOCUMENT AS SOON AS THEY ARE RECEIVED.
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Thus, trawling survey on the continental slope and shelf im ‘
southeastern Atlantic (Komarov, 1969} Kudersky, 1973), central
east Atlantic (Schmidt, 1972), noillast Atlantic (Maljkov, Nazarov,
1975) and northwest Atlantic (Zilanov and others, 1976), which
last for hundreds of miles are usually carried out by one or two
scientific research vessels and take several weeks during which
time distribution of fish is comstantly changing.

The surface of the stock station may account for dozens aad
hundreds of square miles, yet trawling operations can be carried
out only at the narrow range of depths limited on the one side
by even bigger depths inaccessible for trawlings and on the other
side (in most areas of commercial fishery of the world ocean) by
shallow areas belonging to coastal comntries. Thus, Moroccan
sardine (Domenevsky, 1971; Furnestin J., Furnestim M.-L., 1970)
moves from coastal ynters to shelf and continental slope omrly
for feeding excursions. One of the stocks or round mackerel im
Central east Atlantic (Bomnet, 1970) is for the most time
dispersed in iid-!htog under big depths and only episodically
concentrates over areas of contimental slope.

To ensure synchronous works there has been applisd - agrial
photography (Golenchemko, 1947, 1950) and lately particularly
hydroacoustic survey (Shherbina, 1971; Berdichevsky and others
1973; Zaferman, Kiselev, 1974; Serebrov and others, 1975;
Ehrenberg, 1972 and others). Application of instrumental metheds
is also limited since they are possible only in areas where one
commercial species dominates (herring, capelin, sprat etc.). Im
this case identification of instrumental readings is carried out
also with the help ot‘control catches with trawls (Shatoba,
Pohiljuk, 1976) or some other fishing gear.

Thus, at present time trawlimg survey (in the accepted versiep
uged as a method of assessment of the commercial stock abundamce
provides results rather distant from realistic amd is applied ' -
mostly for accumulation of biestatistic material.

The following requirements made the foundation of the present
method of assessment of commercial stock on the basis of trawling
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1. Shertest possible duratien of trawlimgs.

2. Full coverage with trawlings of the area im which
distribution ef £ish iz possible at the mement.

3. Carrying out the survey at the moment whem the studied
concontration of fish stays at the depths where travlimg is
possible.

&, The coumt of atock éigrati@a as a wvhole emd of its
parts in particular.

Theory

A typical situstier is atudied:

- the steck censists of several coemcemtratioms;

- The structure of every cemcemtration is kmown (assumpitieni),
gradient of demsity distribution peimts frem the cemtre
to periphery;

- density structure of the concemrtration is imdicated with
distribution of limes of equal demsity (with iseichthyas)
from bmax to bmin and remains unchenged during the
studied period (essumptien 2); '

= travling survey is pessBble omly between isobaths Ki and
B, (2ig. 1a).

The concentratieon migrates at an amgle to the comtimemtal

slope fellewing the trajectory marked im fig.1 with a detted

line amd its positiomr is fixed at five comsecutive moments =

from t; to ts (24g. 1B - 1f). At the mements ty end t5 the
concentrations are situated out of the depths By - Hl¢1g at tz
and Ty there are emly twe lsoichthyas rogilstered withim its
limits - the minim
At t3 mearly the whole cemcemtration (with the exceptiom of its

3 oRe bmin ard the intermédiate ene bint‘

insignificant part in the eastern amd westerm periphkeries) is

situated in the area where trawling ie possible (admitteamse 3).
From the emalysis ef fig., 1b - 1f there may be drawn

a comclusicn that the most relisble assessments of c@m@@éci@l

abundance may be obtaimed omly at the peried t3 = tb@gx s while

at t, and ¢, the result obtained would be smeller tham real aad



at t1 and ts the survey will shew ne f£ish at all.

Censtant survey whem trawlimgs felleow one amother imcessamtly
in order to catch the moment whem concemtrations meve to am
accessible depth cammot be carried eut by a simgle survey vessel
because of the cnourmous time peried needed for this,

The mement can be determimed with the help of Space-Time
Cartogrems (STC) based on the results of cemmercial 2ishery
(Stroganev, 1973). The way these cartegrams are bullt is as follows

The peimts where iseichthyas creoss with the lime whiék traces
the middle of the ramge Hi 5] Hl+?‘(marked in fig. 1b - 1£) are
parked comsecutively on & plame-table built on the pl&n@(f to. By
way of imterpolating there are calculated the peimts ef egual
catches and iseichthyas ere drawn. The obtaimed distributiem is
STC of comcemtration demsity (fig. 1g). Thus, frem STC im f£ig.ig
end baving nmo fig. i1b - 1£, omne should comclude that the survey
should be carried eut exactly at the moment tbmmxo when the

density in the renge H; ¢ H; 4 reaches its maximum.

Izebaths of the continental slope are directed alemg
meridiens orly in some areas of the world oceam., Therefore STC
may be bullt for Irish Shelf, central east and southeast Atlamtic
In this case teo the @r&inate ef STC there is placed the vertical
fram@ of the mavigation chart built in Hercater projectiom. For
the amalysis of kalibut distributiom im the area of Camadiem -
Creenland Cascades im prespevmimg peried there should be built
Longitude - Time Charts (LTC) and om the horizemtal frame there
should be marked depths - isebaths im this area are prastically
parallel to meridienm.

With these cartegrams only there may be obtaimed the
folleving imformation:

- time tbg@x wher the major part of the comcentratien mtays

vithin the depth ramge Hi 4 Hi+13

- latitude (er longitude) positiom of the cogcemtration

and its maximum;
- meridienal migratien speed;
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- forcast for fish distributicm fer which iseichthyas are
extrapelated for 1 - 2 time imtervals (kinematic problem
of Leogreange is to be solved).

When demsity distribution om a cartogram and the ramge of

depths are kmown there may be easily calculated the abumdance
of eack comcemtration amd of the whele stock by mwmerical
integration.

Therefore application of cartograms allows te realize the
last twe requircments stated abeve, 1.e. te count fish migratiem
and to determime the optimum peried ef survey. However it is
imposaible either teo build LTC er te carry out trawling survey of
the stock with the statiem 6f thousand squere miles with the
help of ewem 2 or 3 survey or scientific research vessels.

Even less it is pessible to amswer the first twe reguirements.

Within the beundaries of the statiem, at the time whem steck
density is orn cemmercial level,‘ther@ usually operate commercial
vessels in places whore trawlimg is possible. Every vessel gives
daily reperts in which there are indicated: square, trawling depths
range, daily catches by fish species, hours of trawlimg. By drawing
average for every square there ls calculated delly everage demsity
§f conecentration (im ¢ per hour of trawlinmg), the mesming of which
nakes the basis for buildinmg cartogram o¢f demsity distributiom.

It is obvieus that cartegramsbuilt om the basis of data provided
by a group of commeréiel vessels are more relisble tham these based
on the research vessels®' data, simce the errors im average demsity
are 5 = 10 times smaller im the first case compared to the secend.

Information from the areas where commercial vessels do met
operate should be provided by resemrch vessels which will allow
together with wide applicatiem of curvilimear interpéiation te
build with sufficient precision distribution fields em the planeﬁpt
(or A t).

This way the use of comsiderable volume of commercial fishery
information allows to answer the first two requirements fornuiated
above: survey of each concentration is made during 1 - 3 days
and their expamse is studied with a high number of trawlings.
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The enalysis of edmittances shows that:

1. Prelimimary fixzimg the structnfe of comcentrations
(essumption 1) amd stability (assuﬁption 2) canmot imfluemce the
process of determining the stock as any changes inm demsity withim
the range of depths at which trawlings are made would be f£ixed om
a cartegram. Even with a complete tramsformation of structure
(the change of megative gradiemt to positive) or with stable
distribution 6f fish (gradient is equal to zero) the directiom of
isoichthyas and their meenings would charge, which is geimg to
allow to find out maximum demsity, its stability im particular,

and consequently t% pax®

2. Fisk demsity im the part of comcemtration area (acsumption

3) which at the time tbﬂ‘x is situsted eut of the ramge

(Hio E1¢1) Boax (£ig.14) is close %o boine therefore the resulting
error would be imsignificent compared te other errors, 1ike

for example im case of determining Catchability Rate (g) amd will
not infiluence cemsiderably the fimal result.

The problem of findimg out the stock is formulated invg@ﬂeral

- a8 follows:

ot—its

bgd ‘(1)

1
W-s

where bg is the current meanimg of fish density,

S - station surface.
With menual mumerical imtegration formula (1) will transform te

S
W om eede = b, Sy (2)
g i=9 1

where DL 4 s mean demsity in elementary area Si'

rh of the method (fig.2

Block 1. Treatment of daily data from commercial und'rolcaroh
vessels.

Block %es.Calculation ¢f daily average of fish distribution ﬁsq for
every square.

Block 1b. Determining borders of the trawled ramge of depths for
each square., After calculation of tb (block 4) there is
determined the range of depths dnring tho peried ef
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paxinum demsity of the comcemtratien (Hie Hi-»‘i)’

Blesk 2. Correctien of ceommercial deta with the materials ef
commercial fishery coumecils.

Block 3. Mafking out cartegrams of demsity distributiem.

Bleck 3a. Buildinmg plame-table orn the plame ‘70 ¢ (STC) or ﬁ ¢ (L%C).

Bleck 3b. Harking %qvalma on the plame-table.
Bleck 3¢, Bullding distributicn f£ield fer the domsity ef the

comcentratien by tracimg isoichthyes. Fiskh comcemtratiom
is a positive anomaly of its demsity field therefere

in indefimite cases iseichthyas are traced through
paxizums (but not mimimums) accerdimg te leoglcs of the
situatieon (fish migratiom, biota cemditiems ete.).

Bleck 3d. Idemtificatiem of comcemtratioms by separatien of demsity

- mazimums - auclel of comcemtratioms amd of demsity
Binisums - the berders betwoen them.

Block 4, Determining thm according te the data sbout the chemge
ef domsity im the mucleus ef G¢iery cemcentratiom. At this
instent there sheuld be made a thoreughk emalysis eof
statistiec reliability ef throw-euts.

Block 5. Buildisg diagrems by formula b = £ ( ¥ ): petnts b,
of every cemcertration are commected with a flewimg lime.
The peoints where it crosses with iseichthyas are prejeeted
onte® a vertical axis o6f a pleme-teble, a diagram is
bailt by fermula by, = £ () - medification o2 demsity

elong the cemntimemtal shope during maximum demsity

ef comcentratiens.
Bleck 6. Extroeme iscebaths (Bi = Hy 4 )bm are marked em a large
scale chart to outlime the statien.
Block 7. Frem the diegram b, = £ ( Lpl) (bleck 5) the limes
of minimwn domsity are tramsmitted te the statien -
positien of muclei at the mement tb °
PaX
Bleek 8. Calculatien of comm

ercial stock of the ckmecemtratioms.

Bleck Ba. The area ccecupied by & comcemtratien at the memeat '
tbmx is subdi%®idod into a rusber of subareas situated
along the cemtimemtal slope 1 im preportiem to CAN

D1
The surfaco of each of them is feuwnd.
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Block 8b, Eith the belp of diagram bmax = £ ( qD 1) average domsﬁt§
bﬂ is determimed for each subarea.

Block 8¢c. By formula (2) there is calculated the stock of the
concentratien Wco

Block 9.

i 0f the whole commercial stock abundemes is
nade by simple addimg of the stocks of all thke comecers
trations belemgimg te it.

As an illustratiom of this methed there is studied the
calculation of a part of Labrador stock ef black halibut
sinhardtius hippeglesseidae (Walbaum). In the begimning of

suzmer, following winter spawmimg,concemtrations of mature fish
of this stock move from blig depths to the comtimental slope of
South Labrader. Iam July - Aungust there takes place migration teo
the north , to feeding ereas. Im August migratioms ceme to am emdy
and halibut comcemtrated on the contimemtal s-o-e of morth amd
central Labrador where it feeds om shrimps amnd rcundnese
mecrurus. Concentratiems of the latter are timed to concemtratioms
of feeding zooplamkton which gathers im places of cyclomic eddies
that are formed in the areas of canyoms. Hence, im South Labrader,
at places of halibut comcemtratioms, foellowimg the spawamiag peried
most fish stays at depths imaccessible fer trawling, while im

feeding areas commercial fishery and trawling survey are hampered

by heavy groumd. Therefore survey may be carried out orly during
feeding migration im areas most accessible for trawling during
the period whem migration which follews spawning is over amd
the fiskh is cmmcemtrated om the comtimental slope.

Identification of the Labrader steck ef black halibut,
determining its migratien cycle emd the calculatioms given below
are made by the authors on the basis of the followimg data analysed:

1. Daily cemmercial reperts and the materiaels of cemmercial
fishery Ronncilgféwkﬁ of "Sevryba® {trust which comnducted fishery
off Labrador coasts from 9.07 till 18.08.76.

2. Materials of aplratey BMRTs.

- W Poliarnce Sijemie ™9.07 -~ 18.08.76
- “Suloy® .07 - 18.08.76




- _ " Zarnitsd" October - Hovemberi97®

The total of 2,802 trawlings by commerciel and expleratory

vessels was taken imto account. Calculations were carried cut
by algerhythm given im fig. 2. Peculiarities of its application
for this particular area and object are given belew.
Bleck 3a. Comtimental slope of Labrader is placed at am amgle
to co-ordimates grid (£ig.3). The lengths of its segments
placed between parallels traced through every 20 mim,
are comsecutively tramsferred to the vertical frame of
STC (£ig.4). Therefore vertical latitude frame is
uneven. Horizomtal time frame is built im the scale
1 day of 24 hours = 5 ma,
Block 3c. Imn the northerm part of the area isoichthyas are draws
for every 2 c/hours of trawling, in the cemtral part -
for every 1 and in the southerm part - for every 0.2
c/bour of trawling.
Bleck 3d. On the contimental slope of Labrador thers are
subdivided 12 comncentratiems im halibut steck which are
marked im fig. 4a with figures frem I to XII amd their
pigration is marked with arrows. More exact ideatifica-
tise may be executed on the basis of the amalysis of
space structure of each comcenfration by materisls ef

biclogical emalyses made by rescarch vessels.

Block 4. According to the date of the amalysis of demsity
modification of every concentration in time there is
subdivided the period when it reached its maximum.
These points are marked in fig. 4a with black circles
and comnected with dotted lime AB.

Block 5. Building the diagram of demsity modification alomng
the cortimental slope 1 im relation to latitude 90 .

Block 6. Maximum and minimum isobaths at the period'tbﬂ‘x and
thnin are parked om cemmerciel fishery charts.

Block 7. With the help eof the disgram givem in fig. 4b
concentratiorn areas schematically shown inm fig. 3 are

determined omn commercial fishery schonén.
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Block Ba. The area of cach comcentratiom is subdivided imte
subareas 2-10 miles long. The surface of each of them
iz fouwnd.

Block 8b. With the help of diegram shown in fig.4b mesn density
of fish distribution in subarcas is found.b

Block 8c. Accordimg to data of blocks 8a and 8b commercial
stock of the comcentratiom is foumd. Concentration X

| situated imn gently sleping canyon of Cemtral Labrader
is determimed by the trawling data obtained from
30.07 till 12.08.76 when maxisum density was marked
in neighbouring concemtrations XIII, IX and XI.
Block 9. Abundemce of certain part of the stock end of 12

concentrations belongimg to it are given in s table.
Catchability of trewls g isassumed to be 0,1
according to available literature (Marti, 1936;
Lukashev, 1963, 1972; Ionas, 1967; Matsumigas, Tanaka,
1976; Chumakev, Serebrov, 1978 and others).

As it may be seem im the table, commercisl stock of a
certain part of Labrador pepulation of black halibut dotermimed
by this methed was egual to 281.2 th. tems im Labrader area
in July - August 1976. The size of steck is 45.3 th. .t bigger
than that found by Chumskov and others (1978) for the sa;e period
by method of virtual population (steck 235.9 th, .t) for the
whole population of Labrador, Baffim Leand and west Greenland.

The suggested method of determining commercial stock of
populations has the follswing advantages:

1. Dynemism that allows to count fish migration and to
fix the optimum peried for carrying out the works.

2. Possibility of epplication im practical fishery to makk
prognosis of catches ard distribution of concentratiomns.

In this case the principal block-scheme may have the form
in which the fields of demsity distributiom built by one of the
methods of matkemetical modeling (for exemple by objective amalysis
widely used in met_eorology, physical and biological oceanology).
Integrating the field allows to find out the size of the stock
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and its extrapolatiomn emables to make a short-time pregmesis

of fish distribution which is later corrected according te

oceanojwaphic, biologic amd other data supplied by research

vessels,
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Table 1. Commercial stock of black halibut concentrations of the Labrador
population. July-August 1976.

‘No. of Square Tons x 103 |
|concentration miles
I 78 28.8
II 105 o bs,6
III LS - 16.7
Iv 43 14,5
v 61 17.3
VI G2 | 27.1
VIL 39 6.9
VIII / 157 . 21.6
x 39 3.8
X 127 12.4
XI 495 81.6
- XI1 SR 320 5.9

1632 : 281 200 t
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Fig. 2. Algorhythm of the method of determining commercial stock of migrating population.
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