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Abstract

High values of coefficient of variation resulting from the calculation of
mackerel icefish biomass (Champsocephalus gunnari) from trawl
survey data on the South Georgia shelf (Parkes et al., 1989) challenge
the rationale for round-the-clock trawling and call for clarification of the
techniques used. The objective of the present study is to analyse data
on daily vertical migrations of mackerel icefish. The study used data
from research vessels which had been fishing for commercial
concentrations of C. gunnari in years of high abundance of the species
(1982/83, 1983/84 and 1986/87). Catch-per-hour of fishing was
analysed by the time of day. Catches made by both bottom trawls and
midwater trawls were taken into account. Information from the
round-the-clock hydroacoustic observations on vertical migrations of
C. gunnari as well as from observations on fish feeding is also
considered in the paper. A distinct pattern of daily vertical migrations
of C. gunnari was observed on the South Georgia shelf. During the
day, fish concentrate near the bottom in concentrations 5 to 7 m thick.
At night, fish disperse and migrate to the upper layers 50 to 60 m
beneath the surface. The main peak of fish feeding activity was also
observed at night. Fishing during this period with bottom trawls had
yielded almost no catches at all. The information obtained on vertical
migrations of C. gunnari may be used for clarification of survey
techniques used in stock assessment. For a number of years scientists
of AtlantNIRO have been conducting trawl surveys for C. gunnari
during daylight hours only.

Résumé

Les valeurs élevées du coefficient de variation de la biomasse du
poisson des glaces (Champsocephalus gunnari) calculée a partir des
données des campagnes d'évaluation par chalutages sur le plateau de
Géorgie du Sud (Parkes er al., 1989) mettent en question le
raisonnement selon lequel les chalutages doivent étre effectués jour et
nuit et demandent une clarification des techniques utilisées. La présente
étude, dont 1'objectif est 'analyse des données sur les migrations
verticales quotidiennes du poisson des glaces, repose sur les données
fournies par les navires de recherche ayant effectué des prélevements
dans les concentrations de type commercial de C. gunnari. pendant les
années d'abondance de I'espece (1982/83, 1983/84 et 1986/87). La
capture par heure de péche est analysée en fonction de I'heure a laquelle
elle a été réalisée. Il est tenu compte a la fois des captures par
chalutages de fond et des captures pélagiques. Ce document examine
également les informations provenant tant des observations
hydroacoustiques continues sur les migrations verticales de C. gunnari
que des observations sur le comportement alimentaire de ce poisson.
Les migrations nycthémérales de C. gunnari sur le plateau de Géorgie
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du Sud présentent de nettes tendances. Pendant la journée, les
poissons se rassemblent prés du fond, dans des concentrations de 5 a
7 m d'épaisseur. La nuit, les poissons se dispersent et fréquentent les
couches supérieures, d'une profondeur de 50 a2 60 m. Le principal pic
d'alimentation des poissons a également ét€ observé de nuit. La péche
au chalut de fond pendant cette période s'est soldée par des captures
pratiquement nulles. Les informations obtenues sur les migrations
verticales de C. gunnari peuvent servir a clarifier les techniques
d'évaluation des stocks utilisées. Depuis plusieurs années, les
scientifiques d'AtlantNIRO ont pour principe de ne mener d'évaluations
par chalutages de C. gunnari que de jour.

PeswoMe

Boicokue  KoapduLMeHTb  BapUalUM, IOJyueHHble IpH
pacuetax 6uoMacchl WMYyKOBUAHOH 6enokpoBku (Champso-
cephalus gunnari) no pesyJbTaTaM TPaJOBBIX CbEMOK Ha, meJibde
ocrtpoBa IOxHass Teoprust (Parkes et al., 1989), crarar noa
COMHEHHE NPaBOMEPHOCTb KPYIJIOCY TOUHBIX yUeTHbIX paboT U
TPebylT COBEPLEHCTROBAHUS MeToAukHd. Ilesblo AaHHOM
paboThl  SIBJASIETCS] aHaJU3 JaHHBIX 1O  BepPTHKaJbHbBIM
MUrpaLMsiM MyKOBUAHOI 6€JJ0KPOBKU, B paboTe UCIOJ/b30BaHbI
AaHHble HAayUYHO-UCCJeJOBATEJNbCKHX CYZAOB, OGJABJUBABIIMX
MPOMBICJIOBblE  CKOMJIeHUss C. gunnari B roAnl C BBICOKOH
YUHCJIEHHOCTbK 3TOro BUAa (1982/83, 1983/84 u 1986/87 rr.)
AHaJIM3UpPOBAJIMCh YJIOBbI 3a UaC TpaJeHUs], MOJiyueHHble B
TE€UeHHe CYTOK KaK JAOHHBIMU, TakK U pPasHOTJIyGHHHBIMH
TpaJaMu, IIpUBOASATCSA TakXe MaTepHaJibl KpyrJocyTOUHBIX
Fr’UAPOaKyCTUUECKUX HabJ AeHnui 3a BEPTHKaJbHbBIMU
MurpauussmMu C. gunnari, a TakXe JaHHble CYTOUHBIX CTaHLIHUI
Mo nurtaHuw pbibol. IIo pesy/sbTaTaM HabJAWAEHUI Ha meJbde
OCTpPORA I0xHast I'eoprus yCTaHOBJIEHO HaJlMuyue
BEPTUKaJIbHBIX MMUrpauuii C. gunnari B TeueHUe CyTOK. B
CBeTJIoO€ BpeMs pblba HaXOAUTCS] Yy TIPYyHTa. BepTuKaJjbHOE
pa3BUTHE CKONJIEHUI cocTaBJjdeT 5-7 MeTpoB, Houblw oOHU
paccenuBalTCs U  MUTPUPYeT B TOJIY BOJb, JAOCTUras
ropusoHToB 30-60 M. IIMK NMUTaHUSA NPUXOAWUJICS Ha HOUHBIE
yachl, B 5TOo BpeMs pbifa NpakTHUUecKU He o6JIaB/MBaJaCh
AOHHBIM TpaJoM. HHpopManuss o BepTUKaJbHBIX MUrpaldsIxX
C. gunnari MOXeT 6BITb TMOJIe3HA AJsi YTOUHEHUS] MeETOAUKU
TPAJIOBbIX CbeMOK. B TeueHHe HecKoJbKUX JeT AraaHTHHPO
MPOBOAUT TPAJIOBbIE Cb&MKH TOJIbKO B CBETJIOE BPEMS CYTOK,

Resumen

Los altos valores del coeficiente de variacion de la estimacién de
biomasa de draco rayado (Champsocephalus gunnari) calculada de los
datos de las prospecciones de arrastre realizadas en la plataforma del
archipiélago de Georgia del Sur (Parkes et al., 1989), cuestionan el
fundamento sobre el cual se basa la realizacién de arrastres continuados
y destacan la necesidad de especificar las técnicas utilizadas. El
objetivo de este estudio es el andlisis de datos de la migracion vertical
del draco rayado. El estudio empled los datos de los buques de
investigacién que pescaron concentraciones comerciales de C. gunnari




en afios de gran abundancia de esta especie (1982/83, 1983/84 y
1986/87). La captura por hora de pesca fue analizada de acuerdo a la
hora del dia en la cual se realizaron los lances, considerindose las
capturas con redes de arrastre de fondo y peldgicas. Este documento
incluye también la informacién obtenida de las observaciones
hidroactsticas continuas de la migracién vertical de C. gunnari y de la
alimentacién de los peces. En la zona de la plataforma de Georgia del
Sur se observé un patrén de migracién vertical diaria de C. gunnari.
Durante el dia los peces se concentraron cerca del fondo en cardiimenes
de 5 a 7 m de espesor. En la noche los peces se dispersaron,
desplazdndose a las capas mds superficiales, hasta una distancia
aproximada de 50 a 60 m de la superficie. El mdximo de actividad de
alimentacion se observé durante la noche, y por consiguiente la pesca
con redes de arrastre de fondo durante este periodo fue casi nula. La
informacién obtenida de la migracién vertical de C. gunnari podria ser
utilizada para especificar las técnicas de prospeccién para evaluar el
estado de las poblaciones. Por muchos afios los investigadores del
AtlantNIRO han adoptado la préctica de efectuar prospecciones de
arrastre de C. gunnari durante el dfa solamente.

1. INTRODUCTION

Scientists of several nations have in recent years carried out stock assessment studies of
channichthyids and nototheniids in shelf waters of the South Georgia by means of trawl
surveys. The assessment methodology suggested by Saville (1977) and widely used by
Polish, Spanish, British and American scientists includes round-the-clock trawl surveys.
However, availability of mackerel icefish, the main target species on the South Georgia shelf,
varied considerably throughout the day. Taking into account this biological characteristic
AtlantNIRO conducted trawl surveys only during daylight hours.

High values of coefficient of variation resulted from the calculation of mackerel icefish
biomass (Champsocephalus gunnari) from trawl survey data (Parkes et al., 1989) challenge the
rationale for round-the-clock trawling and call for improvement of techniques in order to obtain
reliable estimates.

The objective of the present study is to analyse data on daily vertical migrations of
mackerel icefish. Results of the study may then be used in improving trawl survey techniques.

2. MATERIALS AND METHODS

The study used data obtained from research vessels which had been fishing for
commercial concentrations of C. gunnari in years of high abundance (1982/83, 1983/84 and
1986/87). Catch-per-hour of fishing was analysed by time of day. Catches made by both
bottom and midwater trawls were taken into account.

Average trawling depth for midwater trawls was measured at the level of the trawl
head-rope.

Information from the round-the-clock hydroacoustic observations on vertical migrations
of C. gunnari as well as observations on fish feeding characteristics is also considered in this

paper.




3. RESULTS

Table 1 presents catch data obtained from research vessels fishing for commercial
concentrations of C. gunnari on the South Georgia shelf. The highest catches were obtained
during daylight hours (08:00 to 16:00 hr). With the onset of dusk (17:00 to 19:00 hr) fish
begin migrating to the upper layers and the size of catches decreases abruptly from 13-14 to
2-8 tonnes per hour of fishing. At night, catches were usually 2.0 to 2.6 tonnes per hour of
fishing. At sunrise, fish migrate to the bottom layers and catches again start to increase. The
pattern of catch distribution for bottom trawls at various times of the day was found to be
identical for all periods of observation. The combined catch distribution data for all three
research cruises are presented in Figure 1. The abrupt decrease in catches during evening hours
and the gradual increase of catches in the morning indicates that fish migrate more rapidly to the
surface layers than to the bottom layers.

An echo sounder was used to search for fish concentrations when fishing with midwater
trawls. Trawls were set at depths where concentration of fish was the highest. Therefore we
did not observe any substantial differences in catches according to the time of day, although the
highest catches were taken at sunrise and the lowest catches during the first half of the night
(Table 1, Figure 2B). From the catch data of midwater trawls it was found that fish
concentrations were situated near the bottom or at 10 to 30 m above the bottom during daylight
hours (09:00 to 17:00 hr). Fish were found dispersed throughout the water column at night
when catches were taken at depths between 60 to 180 m.

Daily vertical distribution of C. gunnari was also studied during a census trawl survey
by RV Gizhiga in May 1984. Catches by bottom trawls demonstrated the same vertical
distribution pattern of C. gunnari although abundance was low during that season. C. gunnari
feeding was also examined. Two peaks of feeding activity were observed. Feeding was most
intensive (first peak) during the night when fish concentrations moved out of the bottom layers
and dispersed. Bottom trawling during this period yielded almost no catches at all. The second
peak from 11:00 to 16:00 hr was observed only during cloudy days when fish partially
migrated to the upper layers and catches were low.

Hydroacoustic observations on C. gunnari vertical distribution were carried out in
October 1983. At night (01:00-02:00 hr), concentrations of fish were recorded at 50 to 60 m
from the surface in waters from 100 to 200m deep (Figure 3). At sunrise (06:00-07:00 hr),
fish were concentrated near the bottom. Concentrations were from 5 to 15 m thick (Figure 4).
During the daylight hours (11:10-11:45 hr) fish remained close to the bottom where
concentrations were 5 to 7 m thick (Figure 5).

4. CONCLUSION

Trawl surveys and hydroacoustic observations have demonstrated that C. gunnari
completes vertical migrations on a daily basis. During daylight hours fish remained near the
bottom in concentrations of 5 to 7 m thick. At night, fish dispersed and migrated to the upper
layers 50 to 60 m beneath the surface. Migration is more rapid in the evening than in the
morning.

The results obtained should be used for improving trawl survey techniques for
C. gunnari stock assessment. For a number of years scientists of AtlantNIRO have been
conducting trawl surveys for C. gunnari only during daylight hours.
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Table 1: Cfag:hl;als of Champsocephalus gunnari (tonnes per hour of fishing) from the South Georgia shelf at various times of the day (n = number
of hauls).
Cruise dateand  Trawl Time of day
vessel name type
00-02 | 02-04 | 04-06 | 06-08 | 08-10 | 10-12 | 12-14 | 14-16 | 16-18 | 18-20 | 20-22 | 22-24
April 1983
_BMRT  Bottom| 1.2 4.6 2.6 6.0 11.8 11.1 13.7 8.9 4.1 8.8 1.9 1.7
Pioner Latvii n=3 | n=4 | n=4 | n=10| n=9 | n=9 | n=8 | n=5| n=8 | n=8 | n=3 | n=3
April-May 1983
BMRT Bottom | 4.8 2.4 2.8 6.1 4.6 11.1 6.8 14.1 2.2 2.8 2.0 2.3
E. Krivosheev n=11| n=10]| n=8 | n=11 | n=11| n=13|n=11 | n=13| n=4 | n=6 | n=4 | n=10
November 1986
BMRT Bottom| 1.5 0.7 7.7 3.6 7.6 4.9 6.6 4.4 2.4 4.1 1.4 0.9
Atlant n=3 | n=2 | n=1] n=5| n=4 | n=6 | n=6 | n=5| n=4 | n=4 | n=2 | n=2
January 1983
BMRT Mid- 5.3 3.8 9.6 5.1 5.7 5.5 3.6 7.1 - 7.5 0.9 2.6
Salekhard water | n=4 | n=7 | n=4 | n=6 | n=4 | n=4 | n=2 | n=4 n=4 | n=2 | n=2
Table2:  Catches of Champsocephalus gunnari (kg per hour of fishing) from the north-western part of the South Georgia shelf.
Time of the day | 07:00-09:00 09:00-10:00 10:00-12:00 12:00-14:00 16:00-19:00 19:00-21:00
Mean catch 2122 2 054 4 686 2997 200 300
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Figure 1: Bottom trawl catches of C. gunnari at various times of the day (tonnes per hour of
fishing).
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Figure 2: Vertical distribution of fished concentrations of C. gunnari (A) and catches per hour
of fishing (B) by a midwater trawl in January 1983.
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1 - The upper depth limit of catches;
2 - The lower depth limit of catches.
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Figure 3: Echo sounder record of C. gunnari concentrations bver the South Georgia shelf on
12 October 1983, 01:00 to 02:00 hr local time.
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Figure 4: Echo sounder record of C. gunnari concentrations over the South Georgia shelf on
12 October 1983, 06:00 to 07:00 hr local time.
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Figure 5: Echo sounder record of C. gunnari concentrations over the South Georgia shelf on
12 October 1983, 11:10 to 11:45 hr local time.
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Tableau 1;

Tableau 2;

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Figure 5:

Tabauua 1;

Tabauia 2:

PucyHoK 1:

PucyHoK 2:

PucyHok 3:

Liste des tableaux

Captures de C. gunnari 2 divers moments de la journée (tonnes par heure de
péche) sur le plateau de Géorgie du Sud (n = nombre de traits).

Captures de C. gunnari (kg par heure de péche) dans le secteur nord-ouest du
plateau de Géorgie du Sud.

Liste des figures

Captures par chalutages de fond de C. gunnari a divers moments de la journée
(tonnes par heure de péche).

Distribution verticale des concentrations péchées de C. gunnari (A) et captures
au chalut pélagique par heure de péche (B) en janvier 1983,

1 - Limite supérieure de profondeur des captures;

2 - Limite inférieure de profondeur des captures.

Enregistrement par écho-sondeur des concentrations de C. gunnari sur le
plateau de Géorgie du Sud le 12 octobre 1983, de 01h00 a 02h00, heure
locale.

Enregistrement par écho-sondeur des concentrations de C. gunnari sur le
plateau de Géorgie du Sud le 12 octobre 1983, de 06h00 a 07h00, heure
locale.

Enregistrement par écho-sondeur des concentrations de C. gunnari sur le

plateau de Géorgie du Sud le 12 octobre 1983, de 11h10 & 11h45, heure
locale.

CIHUCOK TabJIML,

Vaoewsl C. gunnari Ha wenabde ocTpoBa I0xHas I'eoprusi B TeueHue
CYTOK, TOHHBI 32 Uac TpaJieHus. (N = KOJIMUECTRBO TPaJeHUI)

Vaoswl C. gunnari (Kr/uac) Ha ceBepo-3amnaje lejbda ocTpoBa HkHas
I'eoprus,
CncoK pUCYHKOB

Vaorel C. gunnari AOHHBIM TPaJIOM B Te€U€HUE CYTOK, TOHHBI 32 Hac
TpaJIeHUS,

BaTuMeTpUueckoe pacrpeesenue ckonaenuit (A) u yaon C. gunnari
3a yac TpaJieHus (B) pasHoryy6MHHbBIM TpaJioM (siHBapb, 1983 r.).

1 - BepXHsist rpaHULIA YJIOBOB,

2 - HUXHsId rpaHulia YJIOBOB,

dxorpaMMa ckomnJenuit C. gunnari Ha mejbde ocTpoBa I0XKHas
T'eoprus 12 oktsa6ps 1983 r., 01:00 - 02:00 yaca.
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PUCYHOK 4:

PucyHok 5:

Tabla 1;

Tabla 2:

Figura 1:

Figura 2:

Figura 3:

Figura 4:

Figura 5:
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3xorpaMMa ckonJsenuit C. gunnari Ha wesabde ocTpoBa lOXHasi
I'eoprusa 12 okrsi6psa 1983 r., 06:00 - 07:00 yacos,

3xorpamma ckonJenuit C. gunnari Ha menabde ocTpoBa IOXKHasi
I'eoprusi 3 okTs16ps1 1983 r,, 11:10 - 11:45 yaca.

Lista de las tablas

Capturas de C. gunnari (toneladas por hora de pesca) de la plataforma de
Georgia del Sur a distintas horas del dfa (n=nimero de lances).

Capturas de C. gunnari (kg por hora de pesca) de la zona noroeste de la
plataforma de Georgia del Sur.

Lista de las figuras

Capturas por arrastre de fondo de C. gunnari a distintas horas del dia
(toneladas por hora de pesca).

Distribucién vertical de las concentraciones en donde se captur6 C. gunnari (A)
y capturas por hora de pesca (B) con redes de arrastre peldgico en enero de
1983.

1- Profundidad minima de pesca;

2- Profundidad maxima de pesca.

Ecograma de las concentraciones de C. gunnari sobre la plataforma de Georgia
del Sur (12 de octubre de 1983; 1:00 a 2:00 hora local).

Ecograma de las concentraciones de C. gunnari sobre la plataforma de Georgia
del Sur (12 de octubre de 1983; 6:00 a 7:00 hora local).

Ecograma de las concentraciones de C. gunnari sobre la plataforma de Georgia
del Sur (12 de octubre de 1983; 11:10 a 11:45 hora local).




