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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. 

Resume 

Les valeurs elevees du coefficient de variation de la biomasse du 
poisson des glaces (Champsocephalus gunnari) calculee a partir des 
donnees des campagnes d'evaluation par chalutages sur le plateau de 
Georgie du Sud (Parkes et al., 1989) mettent en question le 
raisonnement selon lequelles chalutages doivent etre effectues jour et 
nuit et demandent une clarification des techniques utilisees. La presente 
etude, dont l'objectif est !'analyse des donnees sur les migrations 
verticales quotidiennes du poisson des glaces, repose sur les donnees 
fournies par les navires de recherche ayant effectue des prelevements 
dans les concentrations de type commercial de C. gunnari. pendant les 
annees d'abondance de l'espece (1982/83, 1983/84 et 1986/87). La 
capture par heure de peche est analysee en fonction de l'heure a laquelle 
elle a ete realisee. 11 est tenu compte a la fois des captures par 
chalutages de fond et des captures pelagiques. Ce document examine 
egalement 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 nycthemerales de C. gunnari sur le plateau de Georgie 
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du Sud presentent de nettes tendances. Pendant la journee, les 
poissons se rassemblent pres du fond, dans des concentrations de 5 a 
7 m d'epaisseur. La nuit, les poissons se dispersent et frequentent les 
couches superieures, d'une profondeur de 50 a 60 m. Le principal pie 
d'alimentation des poissons a egalement ete observe de nuit. La peche 
au chalut de fond pendant cette periode s'est soldee par des captures 
pratiquement nulles. Les informations obtenues .sur les migrations 
verticales de C. gunnari peuvent servir a clarifier les techniques 
d'evaluation des stocks utilisees. Depuis plusieurs annees, les 
scientifiques d'AtlantNIRO ont pour principe de ne mener d'evaluations 
par chalutages de C. gunnari que de jour. 

Pe3IOMe 

BbiCOKHe KOocpqmu,HeHTbl BapHaU,HH, noJiyl.leHHbie npH 
pacl.leTaX 61-WMaCCbl lllYKOBH,l(HOH 6eJioKpOBKH (Champso­
cephalus gunnari) no pe3yJibTaTaM TpaJioBbiX cbeMoK Ha rneJibcpe 
ocTposa I0:>KHa51 reoprH51 (Parkes et al., 1989), cTaB5IT no.l( 
COMHeHHe npaBOMepHOCTb KpyrJIOCYTOl.IHbiX yl.leTHbiX pa60T H 
Tpe6yiOT coseprneHCTBOBaHH51 MeTo.l(HKH. UeJibiO .l(aHHoi:f 
pa60Tbi 5IBJI5IeTC51 aHaJIH3 ,l(aHHbiX no BepTHKaJibHbiM 
MHrpaU,H5IM lllYKOBH,l(HOH 6eJIOKpOBKH. B pa6oTe HCnOJib30BaHbl 
,l{aHHbie Hayl.IHO-HCCJie,l(OBaTeJibCKHX cy ,l(OB, o6JiaBJIHBaBIIIHX 
npOMbiCJIOBbie CKOnJieHH51 C. gunnari B f'O,l(bl C BbiCOKOH 
l.IHCJieHHOCTbiO 3TOf'O BH,l(a (1982/83, 1983/84 H 1986/87 rr.) 
AHaJIH3HpoBaJIHCb yJioBbi 3a 1.1ac TpaJieHH51, noJiyl.leHHbie B 
Tel.leHHe CYTOK KaK ,l(OHHbiMH, TaK H pa3HOr Jiy6HHHbiMH 
TpaJiaMH. IIpHBO.l(5ITC51 TaK:>Ke MaTepHaJibi Kpyr JiocyTol.IHbiX 
f'H.l(pOaKyCTHl.leCKHX Ha6JIIO,l(eHHH 3a BepTHKaJibHbiMH 
MHrpaU,H.5IMH C. gunnari, a TaK:>Ke ,l(aHHbie cyTOl.IHbiX CTaHU,HH 
no nHTaHHIO pbi6bi. IIo pe3yJibTaTaM Ha6JIIO.l(eHHi1 Ha rneJibcpe 
OCTpOBa I0)1{Ha51 reoprH51 ycTaHOBJieHO HaJIHl.IHe 
BepTHKaJibHbiX MHrpaU,HH C. gunnari B Tel.leHHe cyTOK. B 
cseT Jioe speM51 pbi6a HaXO.l(HTC51 y rpyHTa. BepTHKaJibHoe 
pa3BHTHe CKOnJieHHH COCTaBJI5IeT 5-7 MeTpOB. HOl.lbiO OHH 
pacceHBaiOTC51 H MHrpHpyeT B TOJIIIlY BO,l(bl, ,l(OCTHf'a51 
10pH30HTOB 50-60 M. liHK nHTaHH51 npHXO,l(HJIC51 Ha HOl.IHbie 
tiaCbi. B 3TO BpeM51 pbi6a npaKTHl.leCKH He o6JiaBJIHBaJiaCb 
,l{OHHbiM TpaJIOM. I1HcpOpMaU,H51 0 BepTHKaJibHbiX MHrpaU,H5IX 
C. gunnari MO)I{eT 6biTb noJie3Ha .l(JI51 yTo1.1HeHH51 MeTO.l(HKH 
TpaJIOBbiX cbeMOK. B Tel.leHHe HeCKOJibKHX JieT ATJiaHTHHPO 
IIpOBO,l(HT TpaJIOBbie CbeMKH TOJibKO B CBeTJIOe BpeM51 CYTOK. 

Resumen 

Los altos valores del coeficiente de variaci6n de la estimaci6n de 
biomasa de draco rayado (Champsocephalus gunnari) calculada de los 
datos de las prospecciones de arrastre realizadas en la plataforma del 
archipielago de Georgia del Sur (Parkes et al., 1989), cuestionan el 
fundamento sobre el cual se basa la realizaci6n de arrastres continuados 
y destacan la necesidad de especificar las tecnicas utilizadas. El 
objetivo de este estudio es el amllisis de datos de la migraci6n vertical 
del draco rayado. El estudio emple6 los datos de los buques de 
investigaci6n que pescaron concentraciones comerciales de C. gunnari 



en aiios 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 dfa en la cual se realizaron los lances, considenindose las 
capturas con redes de arrastre de fondo y pehigicas. Este documento 
incluye tambien la informaci6n obtenida de las observaciones 
hidroacusticas continuas de la migraci6n vertical de C. gunnari y de la 
alimentaci6n de los peces. En la zona de la plataforma de Georgia del 
Sur se observ6 un patr6n de migraci6n vertical diaria de C. gunnari. 
Durante el dfa los peces se concentraron cerea del fondo en cardillnenes 
de 5 a 7 m de espesor. En la noche los peces se dispersaron, 
desplazandose a las capas mas superficiales, hasta una distancia 
aproximada de 50 a 60 m de la superficie. El maximo de actividad de 
alimentaci6n se observ6 durante la noche, y por consiguiente la pesca 
con redes de arrastre de fondo durante este periodo fue casi nula. La 
informaci6n obtenida de la migraci6n vertical de C. gunnari podria ser 
utilizada para especificar las tecnicas de prospecci6n para evaluar el 
estado de las poblaciones. Por muchos aiios los investigadores del 
AtlantNIRO han adoptado la practica de efectuar prospecciones de 
arrastre de C. gunnari durante el dfa solamente. 

1. IN1RODUCTION 

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 ice fish 
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 mid water 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. 
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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: Catches of Champsocephalus gunnari (tonnes per hour of fishing) from the South Georgia shelf at various times of the day (n =number 
of hauls). 

Cruise date and 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 
Apri11983 

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 , 

Table 2: 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 2054 '-------_1686 2997 
L__ ·- 200_ ·- 300 

- -····- - ------- ··--- ··--



tjh 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 2 4 6 8 10 12 14 16 18 20 22 24 
Time of day, h 

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. 

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 over the South Georgia shelf on 
12 October 1983, 01:00 to 02:00 hr local time. 

50 
'·: J. 

lOO 

150 

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: 

Tableau2: 

Figure 1: 

Figure2: 

Figure 3: 

Figure4: 

Figure 5: 

Liste des tableaux 

Captures de C. gunnari a divers moments de la journee (tonnes par heure de 
peche) sur le plateau de Georgie du Sud (n = nombre de traits). 

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

Liste des figures 

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

Distribution verticale des concentrations pechees de C. gunnari (A) et captures 
au chalut pelagique par heure de peche (B) en janvier 1983. 
1 - Limite superieure de profondeur des captures; 
2 - Limite inferieure de profondeur des captures. 

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

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

Enregistrement par echo-sondeur des concentrations de C. gunnari sur le 
plateau de Georgie du Sud le 12 octobre 1983, de llh10 a llh45, heure 
locale. 

CnucoK Ta6JIH~ 

Y JIOBbi C. gunnari Ha weJibcpe ocTposa I0>KHa5.1 reoprH5.1 B TelleHHe 

CYTOK, TOHHbl 3a llaC TpaJieHH5.1. (n = KOJIHlleCTBO TpaJieHHH) 

Y JIOBbi C. gunnari (Kr/qac) Ha cesepo-3ana,Z:\e weJibcpa ocTposa I0>KHa5.1 

reoprH5.1. 

CnucoK pucyHKOB 

PHCYHOK 1: Y JIOBbl C. gunnari ,Z:\OHHbiM TpaJIOM B TelleHHe CYTOK, TOHHbl 3a llaC 

TpaJieHH5.1. 

PHCYHOK 2: BaTHMeTpHlleCKOe pacnpe,Z:\eJieHHe CKOnJieHHH (A) H yJIOBbl C. gunnari 
3a llaC TpaJieHH5.1 (B) pa3HOr Jiy6HHHbiM TpaJIOM (5.1HBapb, 1983 r.). 
1 - sepXH5.15.1 rpaHH~a yJioBoB. 

2 - HH>KH5.15.1 rpaHH~a y JIOBOB. 

PucyHoK 3: 3xorpaMMa cKonJieHHH C. gunnari Ha weJibcpe ocTposa I0>KHa5.1 

reoprH5.1 12 OKT5.16p5.1 1983 r., 01:00 - 02:00 qaca. 
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PHCYHOK 4: 3xorpaMMa CKOnJieHHH C. gunnari Ha WeJib<fle OCTpOBa IO:>KHa5.l 
reoprH5.l 12 OKT5.16p5.1 1983 r., 06:00 - 07:00 qacos. 

PHcyHoK 5: 3xorpaMMa cKonJieHHH C. gunnari Ha weJib<fle ocTposa IO:>KHa5.l 
reoprH5.l 3 OKT5I6p5I 1983 r., 11:10 - 11:45 qaca. 

Tabla 1: 

Tabla2: 

Figura 1: 

Figura2: 

Figura 3: 

Figura4: 

Figura 5: 
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Lista de las tablas 

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

Distribuci6n vertical de las concentraciones en donde se captur6 C. gunnari (A) 
y capturas por hora de pesca (B) con redes de arrastre pehigico 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). 


