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Abstract 

The diet composition of the mackerel icefish (Champsocephalus gunnari) caught in 
CCAMLR Subarea 48.3 in late summer from 1994 to 1997 was analysed using frequency 
of occurrence (F%) and dietary coefficient (Q%) methods. Krill (Euphausia superba), 
followed by the amphipod hyperiid Thenzisto gaudichaudii, was the main food item 
around South Georgia and Shag Rocks in the period investigated, except in 1994, when 
the order of importance of these two species in the diet of C. gunnari was reversed. The 
consumption of other prey items such as mysids and Thysanoessa sp., which are known 
to be important alternative food in years of krill scarcity, as well as fish, was only 
occasional or negligible and varied from year to year. The spatial distribution of the 
main prey items in the diet of C. gunnari, as well as of the proportions of stomachs 
with/without food in Subarea 48.3, did not show a consistent pattern from year to year. 
Likewise, in the four surveys by the Dr Eduardo L. Holinberg from 1994 to 1997, high 
proportions of fish had empty stomachs, a phenomenon which could be caused by 
several concurrent factors. The variation of the diet according to the length of C. gt~iznari 
did not reveal any selectivity pattern for any of the prey items. The availability of krill 
in Subarea 48.3 during the period investigated can be defined as low in 1994 (equivalent 
to years of krill scarcity), intermediate in 1995 (below years of historically high 
abundance), and high in 1996 and 1997 (in line with years of high krill abundance). This 
information is well in accord with independent information from acoustic surveys and 
krill-dependent species monitored under the CCAMLR Ecosystem Monitoring Program 
(CEMP). 

Resume 

Dans le present document, les auteurs analysent la composition du regime alimentaire 
du poisson des glaces (Champsocephalus gunizaui) capture dans la sous-zone 48.3 de la 
CCAMLR B la fin de  I'ete, de  1994 B 1997, B partir de  methodes de  frequence 
d'observation (F%) et de coefficient alimentaire (Q%). Le krill (Euphausia superba) etait la 
principale source d'alimentation autour de la Georgie du Sud et des ilots Shag pendant 
la periode etudiee, suivi de l'amphipode hyperiid Theinisto gaudichaudii, sauf en 1994 ou 
l'ordre d'importance de ces deux especes etait inverse dans le regime alimentaire de 
C. gunnari. La consommation d'autres proies telles que des mysides et Thysanoessa sp., 
alimentation de remplacement les annees ou le krill est rare, ainsi que de poissons, 
n'etait qu'occasionnelle ou negligeable et variait d'une annee B une autre. Aucune 
tendance reguliere d'annee en annee dans la sous-zone 48.3 ne decoule de la distribution 
spatiale des principales proies dans le regime alimentaire de C. gunnari, ni de la 
proportion d'estomacs vides/remplis. De plus, dans les quatre campagnes df6valuation 
effectuees par le Dr Eduardo L. Holmberg de 1994 B 1997, une proportion elevee de 
poissons avaient l'estomac vide, phenomene qui pourrait resulter de plusieurs facteurs 
simultanes. La variation du regime alimentaire en fonction de la longueur de C. gunnari 
ne revele pas de tendance de selectivite de l'une des proies. La disponibilite du krill 
dans la sous-zone 48.3 pendant la periode etudi6e peut @tre definie comme etant faible 
en 1994 (equivalente aux annees ou le krill est rare), moyenne en 1995 (inferieure aux 
annees connues pour leur grande abondance) et elevee en 1996 et 1997 (allant de pair 
avec les annees de grande abondance). Ces informations confortent les informations 
independantes fournies par les campagnes d'evaluation acoustique et les suivis des 
especes dependant d u  krill effectues dans le cadre du Programme de contr6le de 
l'ecosysteme de la CCAMLR (CEMP). 

C O C T ~ B  pasmoaa JIen~Hofi pb16b1 (Champsocephalus gunizari), B ~ I J I o B J I ~ H H o ~ ~  B 

nonpafioae 48.3 AHTKOMa B KoHse Kamnoro neTa c 1994 no 1997 r., nccnenosanca 
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C I IOMOQbH)  MeTOAOB, OCHOBaHHblX Ha YaCTOTe BCTpeYaeMOCTA (Fyo) M 

K O ~ + @ I I ~ H ~ H T ~  paqnoHa nmaHEx (Q%). B pafio~ax IOm~ofi r e o p r ~ n  n cKan mar  
nepeoe A BTopoe MecTa B paqMoHe nATaHKx s a ~ x n n  Kptinb (Euphausia superba) a 
~ M @ H I I o ~ ~  Themisto gaudichaudii COOTBeTCTBeHHO B 0  BCe rOgbI HCCJIeAOBaHHR 38 

ACKnIoYeHkleM 1994 I-., KOrAa no BaXHOCTA B PaUHOHe C. gunnari 3TI.1 BkiAbl 

IIOMeHRnACb MeCTaMA. no~pe6JIe~Me ApyrAX O ~ % ~ K T O B  ITATBHMR, TaKMX KBK MH3MA A 

BEAOB pOAa Thysa~zoessa, X B J l 5 I ~ Q A X C X  B ~ X H O ~ ~  aJIb~epHa~llB~0fi n ~ ~ e f i  B roAbl 
Ae@II4PiTa KpMnR, a TaKXe pb16b1, 6b1no cnyYafiHb1~ LInH HAYTOXHbIM A HOCkIIlO 

A ~ M ~ H Y A B ~ I B  xapaKTep a3 roga B rog. B nogpafio~e 48.3 He ~ a 6 n m ~ a n o c b  Yemo 
~b1paXCe~Hofi M ~ X ~ O ~ O B O ~  3aKOHOMePHOCTK IIpOCTpaHCTBeHHOrO paCnp0CTpatreHPlR 
HLI OCHOBHblX O ~ ~ ~ K T O B  IIMTaHAR B PaqIlOHe C. gunnari, HM ~ 0 n e f i  XenygKOB C 

nnue316e3 IIAUM. YeTblpe C'beMKH, BbIIIOJIHeHHble C CYAHa DY Eduardo L. Holmberg C 

1994 no 1997 l?., BblRBMnII 6onbrrrcre n0JIl.r p616 C IIYCTbIMA XenYRKaMH, qTO MOXCeT 
O ~ ~ R C H H T ~ C I I  PRAOM COBIIZiAaIOIJJHX @~KTOPOB.  C O C T ~ B  paQI4OHa C. gunnari B 

3aBHCIIMOCTA OT AnEiHbl He yKa3aJI Ha Cy~eCTBOBaHMe ~a~of i -nK60 CeneKTMBHOCTn 
npa sb16ope pa3na~~b1x O~T,CKTOB nmamx. Hanngne Kpmx B nogpafio~e 48.3 661~10 
HHSKEM B 1994 r.  ( ~ K B M B ~ ~ ~ H T H O  YPOBHIO B rOAbI A ~ @ I I ~ I I T ~  KPMJIR), CPeAHMM B 

1995 r.  ( H H X ~  YpOBHR B rOAb1 HCTOpCIYeCKH B ~ I C O K O ~ ~  YP~cJI~HHocTI.~) II BbICOKkIM B 

1996 Pi 1997 IT. ( I I ~ H ~ ~ A ~ H T ~ ~ ~ H O  Ha TOM Xe YpOBHe, YTO Pi B rOAb1 B ~ I C O K O W  
YHCneHHOCTI.1 KPMJIR). 3Ta E I H @ O ~ M ~ I J M R  XOPOIIIO COrJIaCyeTCX C MH@op~aqkIefi, 
IIoIlyYe~~ofi B pe3yJIbTaTe aKYCTAYeCKIIX C'beMOK M MOHMTOPMHra IIATaIoIQMXCR 
KpMneM BAAOB B paMKaX ~ P O I - P ~ M M ~ I  AHTKOMa no MOHHTOpAHrY 3KOCCICTeMbI 
(CEMP) . 

Resumen 

Se analizo la composicion de la dieta del draco rayado (Champsocephalus gtlnnari), 
capturado en la Subarea 48.3 de la CCRVMA a1 final de 10s veranos de 1994 a 1997, 
mediante 10s metodos de frecuencia de ocurrencia (F%) y coeficiente alimentario (Q%). 
El kril (Euphausia superbn), seguido por el anfipodo hiperido Themisto gaudichaudii, fue el 
componente principal de la dieta de C. gunnari alrededor de Georgia del Sur y de las 
Rocas Cormoran durante el periodo de investigacibn, excepto en el afio 1994, cuando se 
invirtid el orden de importancia de estas dos especies. La ingestion de otras presas tales 
como misidaceos y Tkysnnoessa sp., que se sabe representan una fuente de alimento 
alternativa en afios de escasez de kril, como asi tambien el consumo de peces, fue 
ocasional o insignificante, y vario de un aiio a otro. La distribucion espacial de los 
componentes principales de la dieta de C. gunnari, y la proporcidn de est6magos con 
alimento y vacios en la Subarea 48.3 no mostraron un patr6n definido de un aiio a otro. 
Asimismo, en 10s cuatro estudios efectuados por el Dr Eduardo L. Holmberg desde 1994 
hasta 1997, se observo que una alta proportion de peces tenian estomagos vacios, 
fenomeno que puede atribuirse a una serie de factores que actuan en forma simultanea. 
La variation de la dieta en funcion de la talla de C. gunnari no revel6 un patron de 
selectividad para ninguno de los componentes de la dieta. La disponibilidad de kril en 
la Subarea 48.3 durante el periodo de estudio puede definirse como: baja en 1994 
(equivalente a afios de escasez de kril), intermedia en 1995 (menor que en aAos de gran 
abundancia historica), y alta en 1996 y 1997 (equivalente a aiios de gran abundancia de 
kril). Esta informacion esta de acuerdo con datos independientes provenientes de 
prospecciones aciisticas y de estudios de seguimiento de especies dependientes de kril 
realizados en el marco del Programa de Seguimiento del Ecosistema de la CCRVMA 
(CEMP). 

Keywords: icefish, diet, feeding, krill, South Georgia, CCAMLR 

INTRODUCTION mainly around South Georgia and  Shag Rocks - 
intensively u p  to the end of the 1980s and at lower 

The mackerel icefish (Charnpsocephalus gunnaui) levels up t o  t he  early 1990s (CCAMLR, 1990b, 
is one of the commercially important species of 1997). 
interest to CCAMLR. The fishery for this species 
started in the Atlantic and  the Indian sectors of Severa l  s t u d i e s  h a v e  focused  o n  t h e  d i e t  
the Antarctic in the early 1970s (CCAMLR, 1990a). composition of C. gunnavi (reviewed in  Kozlov et 
In the Atlantic sector, C. gunnari has been caught al., 1988; Kock et al., 1994a). Together with other 
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Table 1: Details of fish samples examined. 

biological and oceanographic information 
(e.g. reproductive aspects, physical-chemical 
parameters), knowledge of the seasonal and 
interannual variation in the feeding patterns of 
C. gunnari may be useful for the interpretation of 
the interannual variability in stock size. In 
addition, the diet composition of C. gunnari can 
be used as an indicator of variability in the 
abundance of krill, which is its main food source 
(Kock et al., 1994a). 

Year/Month 

1994 
(Feb-Mar) 

1995 
(Feb) 

1996 
(Mar-Apr) 

1997 
(Mar-Apr) 

We present here an analysis of the stomach 
contents together with relevant observations 
on the reproductive condition of C. gunnari 
from South Georgia (CCAMLR Subarea 48.3), 
using samples collected during cruises of the 
RV Dr Eduardo L. Holnzberg in late summer from 
1994 to 1997". Earlier studies on this matter 
carried out in Subarea 48.3 are summarised in 
Kock et al. (1994b). 

MATERIALS AND METHODS 

Materials for this study were collected during 
four consecutive surveys of the RV Dr Eduardo L. 
Holmberg in Subarea 48.3 in late summer from 
1994 to 1997. The surveys were organised and 
sponsored by the 'Instituto Antartico Argentino' 
in conjunction with the 'Instituto Nacional de 
Investigacion y Desarrollo Pesquero'. Since the 
ship was not available for the same periods each 
year, there was a maximum difference in starting 
time of 38 days (discussed below). The stomach 
contents of 4 445 specimens of C. gunnari were 
analysed. In addition, gonad maturation stages 
were determined according to a five-point scale 
(Kock and Kellermann, 1991). In larger catches, 
the fish were subsampled to cover all the sizes 
present in the samples; in smaller catches, the 
whole catch was analysed. In order to facilitate 

Area 

Shag Rocks 
South Georgia 

Shag Rocks 
South Georgia 

Shag Rocks 
South Georgia 

Shag Rocks 
South Georgia 

comparisons, information for South Georgia (SG) 
and Shag Rocks (SR) is presented separately and 
in formats compatible with previous studies 
submitted to the CCAMLR Working Group on 
Fish Stock Assessment (WG-FSA). Details of fish 
samples examined are given in Table 1. 

Number of Stomachs 
Examined Empty 

163 73 (45%) 
473 156 (33%) 

249 99 (40%) 
1 070 302 (38%) 

372 211 (57%) 
826 458 (56%) 

320 291 (91%) 
972 397 (41%) 

Number of Stations 
Sampled Processed 

7 7 
54 37 

6 5 
43 32 

7 6 
30 27 

7 7 
3 6 31 

Minimum and maximum sample sizes taken 
for each haul were determined using the 
expression S = dn p q, where p is the proportion to 
be estimated, q = 1 - p, S is the estimated standard 
error of the proportion and n is the sample size. 
A sample size of 6 provides estimates with CVs 
(coefficient of variation) of about 20% or smaller, 
while a sample size of 25 ensures CVs of at least 
10%. We established a maximum n of 50, which 
yields CVs better than 7%. 

Length Range 
(TL in cm) 

18-29 
12-56 

22-36 
11-54 

21-38 
12-54 

18-41 
10-55 

In the 1994 survey, a set of sampling sites was 
selected along random tracks with the aim of 
obtaining even area1 coverages in three depth 
and four geographical strata (see Marschoff et al., 
1994 - Table 2). In the subsequent surveys, 
this set of sampling sites was maintained and 
enlarged on the same basis. Only those samples 
with n > 6 specimens were included in the 
analysis. At least in 60% of the stations in 1995 
(6O0/0), 1996 (61%) and 1997 (61%) n was 225. In 
1994, n in 40% of the stations was 220, mainly due 
to the low abundance of C. gunnari in that year 
(see below). 

Except on a few occasions (four 24-hour 
stations in 1994), catches were obtained during 
daylight, from 0700 to 1900 hours (see details in 
Marschoff et al. 1994, 1995, 1996, 1997). During 
the first leg (February) of the 1994 survey, 
stomach contents were analysed qualitatively on 
board immediately after the catch was taken. On 
the second leg of the 1994 survey and during the 

* Data from the 1994 survey have been partially presented in Barrera-Oro et al. (1997). 

105 
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next three surveys, stomachs were frozen at -30°C 
and later examined at the Instituto Antiirtico 
Argentino. For the aim of this study, the main 
food items were identified and grouped into the 
following categories: krill (Euphausia superba), 
Themisto gaudichaudii, mysids (mostly Antavctomysis 
maxima), Thysanoessa sp. and fish (Channichthyidae, 
Myctophidae). The presence of other taxa (e.g. 
other Euphausia spp.) was negligible (F% < 0.5) 
and therefore the category 'others' is not 
described in detail in this work. 

The diet of C. gunnari was analysed by the 
frequency of occurrence of each prey item, 
expressed as a percentage of all stomachs 
containing food (F%). Except for those stomachs 
with highly digested contents, all stomachs 
collected in the 1994, 1996 and 1997 surveys were 
also analysed using the Hureau method (Hureau, 
1970). According to this method, dietary data are 
expressed in terms of the dietary coefficient 'Q', 
which is the product of the percentage by number 
and the percentage by weight of each prey type. 
Overall, in 6% of the stomachs the material was 
too digested to be identifiable. 

Although the frequency-of-occurrence method 
presents shortcomings and advantages, in general 
this procedure is used because it allows quick 
comparison among the results of similar dietary 
studies (see Kock et al., 1994a). However, this 
method does not discriminate between the 
number or weight of organisms of single prey 
items, indicating only 'presence' or 'absence' and 
therefore is very sensitive to small amounts of 
prey. The coefficient 'Q' gives a more consistent 
measure of the importance of each prey type in 
the diet because it combines numeric and weight 
data. The difficulty with the first method is 
evident in our analysis of data from the 1994 
survey, in which the importance of krill in the diet 
is overestimated by the frequency-of-occurrence 
method, when compared with the dietary 
coefficient 'Q' (Hureau, 1970). 

The index of stomach fullness was evaluated 
according to a five-point scale: 0 (empty), 1 (25% 
full), 2 (50% full), 3 (75% full), 4 (100% full). 

During the four surveys, C. gunnari was caught 
in all the trawls but one around SR. Around SG, 
its frequency of occurrence at the stations 
increased from 72% in 1994 to 84% in 1995,95% in 
1996 and 94% in 1997. In order to estimate the 
relative weight of each size class, all results 
were recalculated for the whole population of 
C. gunnari in the area (Marschoff et al., 1996). 

The length compositions (total length = TL) of 
fish are expressed in l-cm intervals. For the 
analysis of prey in relation to the size of 
C. gunnari, fish were grouped into 3-cm size 
classes. 

RESULTS 

Size Composition 

The length compositions of C. gtlnnari sampled 
during each of the surveys are represented in 
Figure 1. The size range was from 7 to 62 cm. 
Around SG in 1994 and 1995, there were two 
peaks, 14-18/21-25 cm and 13-15/25-28 cm 
respectively, which, according to agellength keys 
elaborated with material from the 1994 and 1995 
surveys, correspond to age groups 1 to 3 years 
(Barrera-Oro et al., 1994, 1995). In 1996 and 1997 
fish between 16 and 20 cm predominated; in 1997 
a peak between 25 and 30 cm was also evident. 
At SR, the range of predominant sizes was 
narrower. It should be noted that in this area at 
depths deeper than 250 m we were unable to find 
suitable grounds for trawling. 

Diet Composition 

The frequency of occurrence (%) of the main 
prey items found in the stomachs of C. gunnari is 
represented in Figure 2, where values are 
weighted to give a total of 100%. Data for SR in 
1997 were not included due to the limited number 
of stomachs containing food. Krill, followed by 
T. gaudichaudii, was the main prey item in all four 
years. Mysids were eaten occasionally in 1995 
around SG (4%) and SR (8%) and in 1996 around 
SR (11%); they occurred in small quantities in 
the rest of the samples (only 1% around SG in 
1994). Fish were more frequently found in 
stomachs around SG in 1994 (7%) and 1997 (6%). 
Thysa~zoessa sp. were eaten around SG occasionally 
(6% in 1997) or in negligible amounts (0.7% in 
1995, 0.5% in 1996). They were frequent prey 
items around SR only in 1995 (35%). 

Occurrence of Krill in the Diet 

For the purpose of interpreting the availability 
of krill in the area based on a dietary analysis of 
C. gunnari by frequency of occurrence, we have 
compared our data to the series of historical data 
(Kock et al., 1994b) (Figure 3). In the 1994 survey 
by RV Dr Eduardo L. Holmberg krill was eaten with 
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frequencies of 66% (43% as the sole prey of 
C. gunnari) at SG and 81% (77% as sole prey) at 
SR, values which fall within the range of krill 
abundance (Figure 2). In 1995 an intermediate 
presence of krill was observed around SG (38% as 
sole prey) and very low levels around SR (13% as 
sole prey). In 1996 and 1997 a high occurrence of 
krill as sole prey was noted in Subarea 48.3 (72% 
and 88% at SG and 81% and 75% at SR 
respectively); this is in line with the years of high 
krill abundance 1975 to 1977, 1985 and 1992 
(65-83%) (Figure 3). 

In order to test the reliability of the results of 
dietary analysis from the RV Dr Eduardo L.  
Holmberg surveys obtained using the frequency- 
of-occurrence method, many stomach samples 
(except in 1995) were also analysed by using the 
Hureau method (Hureau, 1970) (Figure 4). For 
the dataset of 1994, this analysis gave different 
results to those obtained by the first method: the 
dietary coefficient (Q%) showed a greater 
importance of T. gaudichaudii (75-80%) than krill 
(20-25%) in both the SG and SR areas. For the 
datasets of 1996 and 1997, the Hureau method 
(Hureau, 1970) confirmed the results obtained 
by the frequency-of-occurrence method: it 
highlighted the importance of krill in the diet 
(99%) compared to other prey items (e.g. at SG, 
T. gaudichaudii <lO/i, others negligible). 

Spatial Distribution of the 
Main Food Items in the Diet 

The spatial distribution of the main prey items 
in the diet of C. gunnari  in the area of 
investigation is shown in Figure 5. Only stations 
with n > 6 stomachs with food are represented. In 
the four RV Dr Eduardo L. Holmberg surveys, the 
main prey krill and T. gaudichaudii occurred in 
stomachs at most of the stations without a 
definite spatial pattern, except for an apparent 
higher concentration of krill in the southeastern 
part of the SG shelf (south of 54'55's) in February 
1995 and in March/April 1997. At one station in 
this zone in the 1995 survey, a large number 
of Notothenia rossii specimens were caught, most 
of which had preyed intensively on C. gunnari 
(TL = 12-20 cm) and, secondarily, on krill. 
C. gunnari of the same length range were taken in 
the same catch. Their stomachs exhibited a high 
frequency of occurrence of krill (73%), similar to 
that observed in the stomachs of those specimens 
ingested by N. rossii. This fact might also indicate 
that the presence of krill was higher in that 
particular zone. 

Considering the four sampling periods around 
SG, krill and T. gaudichaudii were seldom found as 
sole prey items (1-3 and 1-2 stations respectively). 
As expected, there was interannual spatial 
variation in the occurrence of other less-important 
food items: e.g. the fairly uniform distribution of 
mysids around SG only in February 1995 and the 
higher occurrence of Thysanoessa sp. in the 
northeastern and eastern portions of the shelf in 
March/April1997 (Figure 5). 

Feeding Intensity 

Evaluation of stomach fullness showed 
high proportions of empty stomachs in the 
four RV Dr Eduardo L. Holmberg surveys from 
1994 to 1997 (Figure 6). In 1996 and 1997, these 
proportions were the highest of the series (41-56% 
at SG; 57-91% at SR). The association of sampling 
time and fish size with the proportion of empty 
stomachs in these two surveys was tested using 
the Spearman rank coefficient. Sampling times 
covered the period from 0700 to 1900 hours and 
the association was studied on a haul-by-haul 
basis. Fish lengths were grouped in 3-cm 
intervals, and the proportion of empty stomachs 
was calculated for each length, taking into 
account the weighting system used to calculate 
length distributions. These two association 
coefficients were not significant in both years 
(Table 2). 

Table 2: Spearman association coefficients (r) 
between sam ling time/fish size and the 
proportion o?empty stomachs in 1996 and 
1997. 

In general, this study shows more food 
available around SG (fewer empty stomachs, 
higher degrees of stomach fullness: 24) ,  except in 
1996 (Figure 6). In that year, food availability 
may have been homogeneous in the whole area, 
since the profiles of the proportions of degrees 0 4  
were parallel around SG and SR. 

Year 

1996 

1997 

The spatial distribution of the proportions of 
stomachs with/without food in the area of 
investigation did not show a consistent pattern 
from year to year (Figure 7). In February/March 
1994, a sequence of six stations with lower 

Sampling Time 

r = -0.11 
P > 0.05 

R = -0.13 
P > 0.4 

Fish Size 

r = -0.44 
P > 0.2 

R = -0.11 
P > 0.5 
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proportions of empty stomachs (<22%) compared 
to the average value (33%) was observed in 
the northern shelf of SG (around 37"00'S, 
54"OO'W). In February 1995, the distribution of 
empty stomachs around SG did not show a 
definite pattern, with values about average 
(except in isolated cases). In March/April of 1996 
and 1997 empty stomachs predominated in the 
north-western region of the SG shelf (around 
54"05'S, 38"30'W in 1996 and 54"101S, 39"OO'W in 
1997). In March/April1997 empty stomachs were 
also predominant in the south of the region 
(around 55"00'S, 37"OO'W) and highly so at SR 
(91% on average) (Figure 7). 

Variation of Diet with Fish Length 

In general, variation in the diet with respect to 
the length of C. gunnari around SG did not show a 
pattern for any of the prey items (Figure 8). In 
March/April of 1996 and 1997, which according 
to this study were years of high krill abundance, 
the preference for this item by all fish length 
groups was evident (Figure 8). 

Reproductive Condition 

The reproductive condition of C. gunnari was 
analysed for the 1994 (Macchi and Barrera-Oro, 
1995, discussed below) and 1996 RV Dr Eduardo 
L. Holmberg surveys. In 1996, the survey was 
carried out in March/April, well within the 
spawning months of C. gunnari (March to May), 
when the greatest availability of food is necessary 
for final ovarian maturation. The proportion of 
1996 spawners, represented by fish with ovaries 
in advanced, total and post-spawning maturity 
stages, was high, representing 56% of the total 
number of fish sampled and 79% of mature fish. 
In the same year, no significant association 
was found between the proportion of empty 
stomachs (56%) and ovarian maturation stages 
(r = 0.82, P = 0.09). About 60% of the fish in total 
spawning or spent condition (stages IV and V) 
exhibited empty stomachs. 

DISCUSSION 

Analysis of the length compositions of 
C. gunnari shows that, in comparison to data from 
the 1991 and 1992 surveys (no data available for 
1993) (Kock et al., 1994a), a higher proportion of 
small fish (ranges 12-20 cm/l-2 years) was found 
in the catches during the RV Dr Eduardo 
L. Holmberg surveys over the whole sampling 
period from 1994 to 1997 (Figure 1). 

Although other methods of diet analysis have 
been recently proposed in the literature (i.e. 
logistic regression, Stefansson and Palsson (1997)), 
we preferred to use a methodological approach 
which enabled us to compare our data with 
historical datasets. 

Our results of diet composition analysis of 
C. gunnari using the frequency-of-occurrence 
method are compared with analogous data from 
previous surveys in the region (1967-1994), 
reported and compiled by Kock et al. (199410) 
(Figure 3). As in the historical data series, krill 
and T. gaudichaudii constituted the main food 
items in all four years, showing interannual 
variation in their importance in the diet (Figure 2). 
Mysids were eaten only occasionally in 1995 and 
1996, whereas they were virtually absent in the 
stomachs in the rest of the samples. Likewise, an 
unusually 'high' proportion of fish was found to 
be a food item around SG in 1994 and 1997. 
Euphausiids of the genus Thysanoessa, known to 
be an important alternative food in years of krill 
scarcity, were found in the stomachs of C. gunnari 
around SG in small (1997) or negligible quantities 
(1995, 1996) and were a frequent prey item only 
around SR in 1995. 

The results of dietary analysis (by F%) of the 
1994 RV Dr Eduardo L. Holmberg survey are in 
contrast to those obtained approximately one 
month earlier (January/February 1994) in the 
same area during the RV Cordella survey (Kock et 
al., 1994b), where krill was very scarce in the 
stomachs (6-8% at SG and SR), being virtually 
replaced by T. gaudichaudii (69% at SG, 56% at SR), 
mysids (24% at SG) and Thysanoessa sp. (40% 
at SR). Furthermore, according to those data the 
occurrence of krill in the diet of C. gt~nnari was the 
lowest registered for cruises carried out over the 
last 30 years, even lower than in 1977/78 and 
1991, years of krill 'shortage' (Figures 2 and 3) 
(Kock et al., 1994b; this study). 

During the RV Cordella survey, the sample 
size ( n  L 30) and sampling density were larger 
than during the RV Dr Eduardo L. Holmberg 
1994 survey. However, it is unlikely that the 
discrepancies regarding the occurrence of krill 
and other prey (e.g. mysids at SG) between the 
two surveys are due only to methodological 
differences (Kock et al., 1994b). 

The difference found between the two 1994 
cruises concerning the frequency of occurrence of 
krill in the diet of C. gunnari may be related to a 
slight increase in dispersed krill, which might 
have occurred in the four-week period between 
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surveys. During the 1994 RV Dr Eduardo 
L. Holrnberg survey, a change was detected in 
surface temperature around South Georgia of 
about -0.5 to -l.O°C over a period of 20 days. Such 
a change can only be explained by water 
movements, and not by cooling of local water 
masses which could have favoured the entrance 
of krill into the region investigated. 

The occurrence of the main prey items around 
SG did not show a variation pattern associated 
with the length of C. gunnari (Figure 8). This 
agrees with the results of Kock et al. (1994a) for 
1985,1991 and 1992. The clear preference for krill 
by all the fish length groups in 1996 and 1997, 
years of high krill abundance, supports earlier 
findings by Kock et al. (1994a) that variation in 
diet composition is mainly influenced by prey 
availability and is not due to size selectivity. 

High proportions of empty stomachs were 
found in the four RV Dr Eduardo L. Holrnberg 
surveys from 1994 to 1997 (Figure 6). The 
historical range for the period December to 
February is 10 to 20% (Kozlov et al., 1988). 
Moreover, our values for empty stomachs for 1996 
and 1997 (41-56% at SG; 57-91% at SR) are in line 
with or even higher than those reported for 1991 
(40-50%, Kock et al., 1994a) and 1994 (40-60%, 
Kock et al., 1994b; 33-45'33, this study) when krill 
was scarce. This seems to be in disagreement 
with our results of dietary analysis for 1996 and 
1997, which indicate that a lot of krill was 
available for C. gunnari. This could be related to 
the fact that when krill are abundant they form 
dense but spatially separated aggregations, 
resulting in non-uniform krill availability. 

It was also observed that in 1996 and 1997, the 
association of sampling time and fish size with the 
proportion of empty stomachs was not significant 
(Table 2). The possibility that a fraction of the fish 
caught regurgitates due  to abrupt pressure 
changes during net hauling operations was 
considered, but this effect should also have been 
observed in previous surveys. 

The reproductive success of C. guiznari off 
South Georgia could be closely related to the 
availability of krill, its main food source (Kock et 
al., 1994a). This suggestion is based on the high 
proportion of sexually mature fish (up to 60%, in 
comparison to historical values of 15-20%) that 
did not spawn at South Georgia in the 1991 
summer season, in concurrence with a 
low density of krill in the area (Everson et al., 
1991). A similar situation was observed in 1994: a 

histological analysis of the gonadal development 
in C. gzinnari from specimens collected during the 
RV Dr Edzinrdo L. Holrnberg survey in 1994 showed 
that 41% of the mature females exhibited ovaries 
in a pre-reproductive regression stage and it was 
consequently suggested that a high proportion of 
the sampled population did not spawn in that 
season (Macchi and Barrera-Oro, 1995). The 
regression stage is also called 'atresia' and has 
been previously reported by Everson et al. (1991), 
who indicated the macroscopical resemblance of 
this condition to a normal stage 2. The apparent 
reproductive failure of C. gunnari in the area 
agrees well with the results obtained from the 
dietary analysis, indicating a low abundance of 
krill around South Georgia during the 1994 
summer season. 

The high proportion of 1996 spawners (nearly 
80% of mature fish) is in the range known for 
years of high food availability (75-85%), in 
contrast to the low values reported for 1991 and 
1994 when there was a shortage of krill (40% and 
59% respectively, see Everson et al., 1991; Macchi 
and Barrera-Oro, 1995). These facts support the 
hypothesis that krill was abundant in the area in 
the 1996 summer season, and the high proportion 
of empty stomachs found (56%) might be also 
related to factors other than seasonal food 
availability, such as the reproductive stage (Kock, 
1981, fide Kock et al., 1994a). We found no 
statistically significant association at the 5% level 
between the proportion of empty stomachs and 
the ovarian maturation stages. However, the low 
value of the test probability (r = 0.82, P = 0.09) 
suggests the existence of an underlying biological 
relationship. The assumption that C. guiznari stop 
feeding during spawning (as does, for example, 
Dissostichus eleginoides) was also considered: 63% 
of the fish in total spawning or spent condition 
had not eaten, but these represented only 19% of 
all the empty stomachs found. 

Around the SG shelf, aggregations of krill have 
usually been found in years of high krill 
abundance (e.g. 1985 and 1992); this phenomenon 
is reflected in the spatial variation of the diet of 
C. gunnari (Kock et al., 1994a). During the 1994 
RV Dr Eduardo L.  Holrnberg survey no such 
aggregations were detected by acoustic methods 
(120 kHz), a result in agreement with density 
estimates for the area in the same season (Brierley 
and Watkins, 1995). Likewise, the information 
derived from krill-dependent species such as 
gentoo penguins (Pygoscelis papua) and fur seals 
(Arctocephalus gazella) under the CCAMLR 
Ecosystem Monitoring Program (CEMP), also 
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indicated that in the 1993/94 season krill 
availability around SG was very low (SC-CAMLR, 
1995). A similar situation is reported in Kock et 
al. (1994a) for the 1977/78 and 1991 seasons, when 
the occurrence of krill in the diet of C. guizizari 
was very low. These years have been reported as 
krill scarce, which had a detrimental effect on 
krill-eating predators such as the black-browed 
albatross (Diomedea melanophris), macaroni 
penguin (Eudyptes chrysolophus), gentoo penguin 
and fur seal (Kock et a1.,1994a). 

Fairly large numbers of krill aggregations 
were observed by hydroacoustic means during 
the RV Dr Eduardo L. Holmberg surveys from 1995 
to 1997, which is  in agreement wi th  other 
information available on krill abundance, 
obtained using hydroacoustics, as well as 
predator data (SC-CAMLR, 1995, 1996, 1997). In 
1994/95 the indices of reproductive success in 
gentoo penguins and fur seals indicated normal 
krill availability, contrasting with the previous 
season. In 1995/96 krill density estimates were 
much higher than those obtained in 1994 and are 
reflected in the improved breeding success of 
predators. In 1996/97 predator reproductive 
success was the best in the last four years, while 
krill biomass densities were comparable with 
those in the previous year and were relatively 
high for the region. 

The results of the study of C. gunnari diet and 
the evidence obtained from the analysis of the 
ovarian maturation stages provide an insight into 
the interannual variation of krill availability in 
Subarea 48.3 over the period investigated. In 
February/March 1994 krill abundance was low, 
equivalent to those years of krill scarcity. In 
February 1995 krill availability was somewhat 
below the years of high abundance, but certainly 
above the 1994 level. In March/April of 1996 and 
1997 krill was available in large quantities, in line 
with the years of high krill abundance, but a large 
proportion of fish exhibited empty stomachs at 
levels even higher than those reported for years 
of krill shortage. This last finding might be 
caused by several concurrent factors. The 
interannual variation in the consumption of other 
less-important prey such as T. gaudichatidii, 
Thysanoessa sp., mysids and fish is related to the 
abundance of krill in the area. During the period 
studied, information on krill availability derived 
from the stomach contents of C. gunnari is well in 
accord with independent information from 
acoustic surveys and krill-dependent species 
monitored under CEMP. 

While food availability studies are probably 
not able to predict the strength of any particular 
fish species year class, they are a valuable tool for 
understanding the biological phenomena 
underlying the highly variable dynamics of the 
C. gunnari population. 
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Total length (cm) 

Cl Shag Rocks South Georgia 

Figure 1: Length-frequency distribution of Champsocephalus gunnari around South Georgia and Shag Rocks, 
1994 to 1997. 
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Shag Rocks South Georgia 

Krill T. gaudichaudii 
Fish Mysids 
Thysanoesa sp. 

Figure 2: Frequency of occurrence (F%) of prey items in the diet of Chan~psocephalus 
gunnari around South Georgia and Shag Rocks from 1994 to 1997. 
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Month 2-3 2-3 3 4  12-1 2-3 3-5 1-2 3-4 4-5 1 1-2 1-2 1 1-2 

Year 67 69 70 75/76 76 77 78 78 81 85 85 91 92 94 

E. superba 0 T. gaudichaudii Mysidacea 

Figure 3: Frequency of occurrence (F%) of the main prey items (krill, Theinisto gat~dicka~ldii and mysids) in the diet 
of Champsoceplzalus gunnari around South Georgia from 1965 to 1994. Reproduced from Kock et al. 
(1994b - Figure 7); source in Kock et al. (1994a - Figure lb). The number of stomachs analysed is given 
above each histogram. 
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Shag Rocks South Georgia 

Krill T. gaudichaudii 
Fish Mysids 
Thysanoessa sp. 

Figure 4: Comparative analysis of the diet of Champsocepkalus gunnari by frequency 
of occurrence (F%) and dietary coefficient (Q%) in 1994,1996 and 1997. 
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Figure 5: Spatial distribution of the diet composition (in F%) of Charnpsocephalt~s gunnavi around South Georgia 
and Shag Rocks from 1994 to 1997. 
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Figure 5 (continued) 
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1994 

Stomach fullness (5-point scale) 

Shag Rocks 0 South Georgia 

Figure 6: Index of stomach fullness in Champsocephalus gunnari around South Georgia 
and Shag Rocks from 1994 to 1997. 
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Figure 7: Spatial distribution of the stations from 1994 to 1997, showing proportions of stomacl~s with and 
without food. 
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Figure 7 (continued) 
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Fish length (cm) 
Thysanoessa sp. T. gaudichaudii 

[a Krill Mysids 
Fish 

Figure 8: Variation in the diet in relation to the length of Chatnpsocepkalz~s gunnnri around South Georgia 
from 1994 to 1997. 
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