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Abstract 

Trends in mean length and maturity stage of Patagonian toothfish (Dissostichus 
eleginoides) were examined using data from approximately 7000 fish sampled by 
observers from the 1998 fishery around South Georgia and Shag Rocks (Subarea 48.3). 
D. eleginoides were distributed down the shelf slope with an approximately linear 
relationship existing between depth and fish length. A statistically significant pattern of 
changing mean length at depth with month was detected, suggesting movement of 
animals both up and down slope at particular times of year. Months with a high mean 
length at depth are May and August, and with a low mean length at depth - April and 
July. Examination of maturity data suggests that in addition to a major spawning event 
in late July/August, there may be a small spawning event in April/May. Detailed 
examination of maturity-at-depth data suggests that mature males move down slope 
and females move up slope to meet at breeding areas defined by slope position 
(between 800 and 1200 m depth) and not by geographical position. Pre-spawning 
animals appear to be distributed all around the South Georgia and Shag Rocks shelf 
slopes. Spent animals of both sexes appear to move up slope to shallower water, and 
are concentrated to the northeast of Shag Rocks. Few spent fish were found around 
South Georgia. This concentration of large post-spawning fish may have some 
implications for the management of the fishery. 

Resume 

Les tendances des longueurs moyennes et des stades de maturite de la legine australe 
(Dissostichus eleginoides) sont examinees en utilisant les donnees d'environ 7000 poissons 
echantillonnes par des observateurs de la pitcherie de 1998 autour de la Georgie du Sud 
et des ilots Shag (sous-zone 48.3). Sur la pente du plateau frequente par D. eleginoides, 
on note une relation presque lineaire entre la profondeur et la longueur des poissons. 
Une caracteristique importante sur le plan statistique est decelee dans le changement de 
la longueur moyenne en fonction de la profondeur et du mois, ce qui suggere que les 
poissons se deplacent tant vers le haut que vers le bas de la pente B divers moments de 
l'annee. La longueur moyenne en profondeur est elevee en mai et aofit, et faible en avril 
et juillet. L'examen des donnees de maturite suggere qu'outre la principale periode de 
frai, fin juillet/aofit, une ponte secondaire pourrait avoir lieu en avril/mai. L'examen 
approfondi des donnees de maturite selon la profondeur laisse entendre que les m2les 
matures descendent le long de la pente et que les femelles la remontent pour se 
rencontrer dans des secteurs de reproduction definis selon la position sur la pente (entre 
800 et 1200 m de profondeur) et non la position geographique. Les poissons en Ptat de 
preponte semblent @tre disperses sur les accores, tout autour de la Georgie du Sud et des 
ilots Shag. Apres le frai, les poissons des deux sexes semblent remonter la pente vers 
des eaux moins profondes, et se concentrer au nord-est des ilots Shag. Tres peu ont et6 
rencontres autour de la Georgie du Sud. Cette concentration de poissons de grande 
taille ayant pass6 le stade du frai pourrait avoir des consequences pour la gestion de la 
p6cherie. 

B 3~0fi CTaTbe aHaJlI13MPYK)TCR CTanIlll 3peJloCTI1 I1 TeHneHULlM B ll3MeHeHHll cpen~efi 
,qnxmbI naTaroHcKoro KnbIKaYa (Dissostichus eleginoides) Ha ocHosaHm AaHHbIx no 
npuMepHo 7000 oco6efi, O T O ~ P ~ H H ~ I X  ~ a 6 n m n a ~ e n s r ~ ~  B 1998 r.  B xone npoMbIcna y 
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FOXHOE r e o p r m  M cKan m a r  (ITonpafio~ 48.3). O c o 6 ~  D. elegirzoides 6b1na 
paCIIpOCTpaHeHb1 BHk13 IIO CKnOHy IIIenb@a, IIpMYeM CyIIJeCTBOBana IIpMMepHO 
~ H H ~ E H ~ %  3aBMCMMOCTb MeXAy r n y 6 ~ a o E  H A ~ M H o ~ ~  pb16b1. Ebln OTMeYeH 
CTaTMCTHYeCKM 3HaYMMblfi XapaKTep M3MeHeHMII Cpen~efi AnHHbI no r n y 6 k 1 ~ a ~  B 

3aBMCMMOCTM OT MeCRUa, YTO rOBOPIlT 0 IIepeABKXeHHH pb16b1 BBepX M BHM7 IIo 
CKnoHy B 3aBIICIIMOCTII OT BpeMeHIl rOna. Mecxllb~ C 6onbruofi C p e ~ ~ e f i  ~ n k i ~ o f i  Ha 
rny6M~e 6 b 1 n ~  Mafi M aBryCT, a C He3~aYMTenb~0fi - aIIpenb M HEOnb. M3yYeHMe 
AaHHbrx o nonoeospenoc~a roeopm o TOM, YTO B AononHeHne K OCHOBHOM~ nepr?oAy 
HepeCTa B KOHQe MIOJIS I /~B~~CT~ MOXeT IIPOMCXOAHTb Me~bLIIllg IIO M ~ c L I I T ~ ~ ~  HepeCT 
B anpenel~ae. g e ~ a n b ~ b ~ f i  a ~ a n ~ s  naHHbIx no cTeneHH spenoc~a B B~BMCHMOCTA OT 

rJIy6kf~b1 HaBOQMT Ha MbICnb, YTO IIOJIOB03penble CaMQbl ABHXYTCII BHM3 n0 CKnOHY, 
a CaMKM - BBepX IIO CKnOHy, YT06bl BCTpeTHTbCR B MeCTaX HepeCTa, OIIpeAeneHHbIX 
pacnonoxeHneM cKnoHa ( ~ e x n y  800 H 1200 M rnyfiti~br), a He r e o r p a @ a u e c ~ a ~  
nonomeHMeM. r I p e A c ~ a ~ n s r e ~ c ~ ,  YTO npenHepecToBbIe o c o 6 ~  pacnpocTpaHeHb1 Ha 
ncex ~ e n b @ o ~ b r x  cKnoHax Wm~of i  reoprm a cKan LUar. O ~ ~ e p e c ~ ~ e ~ ~ ? e c x  caMubr 
M CaMKH IIepeMerUaIOTCR BBepX no CKnOHy B 6onee MenKMe BOAbI Ei KOHQeHTPHPYEOTCR 
K ce~epo-BOCTOK~ OT man  mar.  Y W ~ H 0 f i  r e o p r ~ a  6b1no ~ a f i ~ e ~ o  oveHb Mano 
OTHepeCTHBUlMXCZ oco6eB. T a ~ o e  KOHueHTpHpoBaHHoe PaCIIpeAeneHHe KPYMHbIX 
IIOCneHepeCTOBbIX oco6eit MOXeT CKa3aTbCR Ha YHpaBneHHH 3THM npOMbICn0M. 

Resumen 

Las tendencias en el largo promedio y en 10s estadios de madurez del bacalao de 
profundidad (Dissostichus eleginoides) fueron examinados utilizando 10s datos de unos 
7000 peces muestreados por 10s observadores durante la pesqueria efectuada en 1998 
alrededor de Georgia del Sur y de las rocas Cormoran (Subarea 48.3). El stock de 
D. eleginoides se distribuyo a 10 largo de la pendiente, y se observo una relacion casi 
lineal entre la profundidad y el largo del pez. Se detect6 un patron estadisticamente 
significativo de cambio en el largo promedio con la profundidad y el mes, indicando 
que 10s peces se desplazan hacia arriba y abajo en la pendiente en temporadas 
especificas durante el aiio. En may0 y agosto el largo promedio aumenta a mayor 
profundidad mientras que en abril y julio la relacion es inversamente proporcional. Del 
examen de 10s datos de madurez se infiere que en julio/agosto ocurre un gran desove y 
posiblemente se da uno menor en abril/mayo. El examen detallado de 10s datos de 
madurez en funcion de la profundidad sugiere que 10s machos maduros descienden por 
la pendiente y las hembras se desplazan hacia arriba para juntarse en las zonas de 
reproduccion definidas mas bien por la profundidad de la pendiente (entre 800 y 
1200 m de profundidad) que por la ubicaci6n geografica. Los animales en estado de 
predesove aparentemente estan distribuidos alrededor de las pendientes de las 
plataformas de Georgia del Sur y de las rocas Cormoran. Los animales de ambos sexos 
que ya han desovado parecen desplazarse hacia aguas menos profundas y se concentran 
a1 noreste de las rocas Cormoriin. Se encontraron pocos peces que ya habian desovado 
alrededor de Georgia del Sur. Esta concentraci6n de peces de gran tamafio en la etapa 
posterior a1 desove puede tener algunas consecuencias para la ordenaci6n de la 
pesqueria. 

Keywords: Patagonian toothfish, Dissostichus eleginoides, maturity, spawning, 
South Georgia, Shag Rocks, depth distribution, CCAMLR 

INTRODUCTION 

The  b io logy  of Pa t agon ian  too thf i sh  
(Dissostichus eleginoides) is relatively well known. 
The fish are  distributed o n  continental shelves 
and shelf slopes around South America and on a 
number of sub-Antarctic islands. In all areas fish 
increase i n  s ize  w i t h  d e p t h  (South  Georg ia :  
Zh ivov  a n d  Kr ivoruchko,  1990; Kerguelen :  
Duhamel, 1991; Chile: Moreno, 1991). Spawning 
is thought to take place in deep waters, with eggs 
rising into the upper 500 m of the water column 

over the shelf slope region (Evseenko et al, 1995). 
Around South Georgia the spawning period is 
generally considered to be in the winter months, 

from June to September (Konforkin and  Kozlov, 

1992; Evseenko e t  al., 1995),  similar t o  that  i n  

Chilean waters (July t o  August;  Moreno et  al., 

1997)  a n d  a r o u n d  Kergue l en  ( a r o u n d  June ;  

Duhamel, 1991). This differs somewhat from the 

da t a  reported b y  d e  Clers e t  al .  (1996)  which  

ind ica tes  s p a w n i n g  o n  t h e  ea s t e rn  e d g e  of 
Burdwood Bank from September to November. 
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Table 1: Number of fish sampled for maturityby month. 

The longline fishery for D. eleginoides is the 
principal finfish fishery around the South Georgia 
and Shag Rocks shelf. When this fishery started 
in 1989, fishing was conducted year round 
(CCAMLR, 1998). However, following concern 
about the incidental mortality of seabirds caught 
on longlines, the fishing season was restricted to 
the winter period when the abundance of seabirds 
around South Georgia is low, and when longlines 
may be set during the hours of darkness when 
seabirds are not as active as during daylight 
(CCAMLR, 1994, paragraph 8.27). In 1998 the 
season was from 1 April to 31 August. 

South Georgia 
Shag Rocks 

Given that the fishery is now constrained to 
the time when D. eleginoides are known to spawn, 
there might be some concern that there exists 
potential for targeting spawning concentrations. 
Catches appear to be distributed on the shelf 
slope all around South Georgia and Shag Rocks, 
and so far there has been no suggestion of a 
massive concentration of effort in one small area. 
However, the fishery is developing rapidly and 
vessels are targeting fish of some specific size 
categories to meet market requirements. Detailed 
information on D. eleginoides spawning behaviour 
is not available. Consequently, we used data 
from observers in the 1998 commercial fishery to 
examine the distribution of D. eleginoides in time, 
space and over a wide depth range, both prior to 
and during the major winter spawning period. 

METHODS 

April 

736 
1 021 

Data were analysed from eight UK observers 
on four vessels (referred to below as vessels A 
to D) in Subarea 48.3 in the 1998 season. The 
vessels were chosen to provide the most complete 
coverage of all areas and days fished (April to 
August inclusive), and together accounted for 
47% of the catch of the 11 vessels that took part in 
the fishery. Most of the catch of these vessels each 
month was taken around Shag Rocks (70 to 80% 
of catches in April, June and August, and 55% of 
catches in May), except in July when 73% of the 
catch was taken around South Georgia. Each 
vessel undertook between two and three cruises 
to Subarea 48.3 over the fishing season, the inter- 
cruise time consisting of about a week's return to 

port for landing the catch. Two observers were 
present on each vessel, one observing the first 
cruise and the other observing the second (and 
third) cruises. The choice of vessels was also 
influenced by the need to provide sufficient 
overlap between fishing periods so that 
Generalised Linear Models (GLMs) would be able 
to satisfactorily estimate the effects of various 
factors. 

May 
844 

1 153 

Observations were made in accordance with 
the CCAMLR Scheme of International Scientific 
Observation (CCAMLR, 1999). A sampling 
protocol was adopted in which samples were 
taken at random over the duration of line haul. 
The expected duration of line haul was divided 
into hourly or half-hourly periods, two periods 
being chosen at random for sampling the catch 
and two for recording events on deck. Some 
flexibility was required with this system as fishing 
operations were not identical on all vessels. 
Table 1 presents the total number of animals 
sampled. 

Data for analyses involving depth as a 
parameter were limited to sets where the 
difference between the shallowest and deepest 
part of the set was 5200 m. Mean depth referred 
to below is the mid-point of this range. Mean 
length of all D. eleginoides measured by the 
observer was calculated for each haul, and an 
array of mean length by haul, area, depth and 
vessel was produced. In order to produce contour 
plots of maturity stage by depth and time the 
proportion of animals of a given maturity stage 
(stages described in Kock and Kellermann, 1991) 
was calculated for half-month periods during the 
season for each vessel, by 250 m depth range and 
by area (Shag Rocks or South Georgia). Although 
some depth ranges and periods were represented 
by only a few fish, the average sample size 
per grouping was 33. Because individual fish 
length data may be collected by observers in a 
non-random way, the maturity data were 
corrected by first producing proportional 
maturity over the aforementioned groupings 
and by length, and then multiplying by the 
random length-frequency data to give a corrected 
proportion of each maturity stage. For this 
exercise, length bins of 5 cm were used. 

June 
446 
475 

July 

1 326 
366 

- 
August 

212 
658 
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The proportion in any sex and maturity group 
(by vessel, depth range, half-month and area) 
was multiplied by the average CPUE (numbers/ 
1 000 hooks) by all four vessels in that depth 
range, half-month period and area to produce 
estimates of number density of all maturity 
stages. Data were treated similarly for the maps 
of maturity density, except that no restriction was 
placed on the depth range of a longline set. To 
increase sample size, the raw proportion data 
were used, and assumed to be representative 
over the two-month time frame. Catch, effort 
and maturity data were calculated for each 
0.25" latitude and 0.5" longitude, and combined to 
give number density. 

Analysis proceeded through fitting Generalised 
Additive Models (GAMs) and GLMs to the data 
in S-plus statistical software (Venables and 
Ripley, 1994). Mean length data were modelled 
using a gausian error model and the proportion of 
animals of a given maturity stage was modelled 
using a binomial error model with a logit link 
function. Month, call sign and area were factors, 
depth was a continuous variable. 

RESULTS 

Length 

In addition to month, vessel, depth and area, 
the models could have a number of secondary 
factors such as hook/longline type and observer. 
It was assumed, however, that these secondary 
factors would be closely linked, and difficult to 
distinguish from, vessel. For instance, although a 
linear model does identify observer as being 
important, it is much less significant than depth, 
area, month and vessel. The difficulty is that 
observers are never on the same vessel simul- 
taneously. In 1998 the changeover between 
observers occurred on all vessels around June, so 
there is very little crossover for the estimation of 
observer effect. 

The results are shown in Figure 1 and Table 2. 
Significant explanatory variables were mean 
depth, month and vessel. There is no evidence 
from the GAM that the relationship between 
mean length and depth is anything other than 
linear over the main fishing depths, though the 
relationship appears to depart slightly from linear 
at depths greater than 1 500 m. The GAM appears 
to show a regular decline in mean length in June 
and July but the GLM demonstrates that this is 
generally not significant. The decline in mean 
length is only significant in June. In the general 

and Shag Rocks cases only the increase in mean 
length with depth is significant for May and 
August. It is clear, however, that the two peaks in 
May and August are general features, which 
implies either the arrival of large animals or the 
departure of small animals at all depths. 

The slopes of the relationship between mean 
length and depth are similar for both Shag Rocks 
and South Georgia (Table 2) but there is a 
significant difference between intercepts. Fish 
seem to be slightly larger at Shag Rocks than at 
South Georgia at the same depth. Figure 2 
demonstrates the relationship between month 
and mean depth seen in the GAM results. The 
smoothed line falls mostly below the fitted linear 
relationship in June and July. There is a 
substantial departure from the assumed linear 
form of the relationship between depth and mean 
length in August, when the mean length at 
shallow depths is greater than expected. The data 
for April are very noisy, which presumably masks 
the effect seen in the GAM. 

Plots of mean length by depth and time are 
shown in Figure 3. For this purpose mean length 
was calculated for each 250 m depth range, by 
half-month periods, for each vessel. The increases 
in mean length at depth in May and August can 
be seen. The pattern is not quite as simple as is 
suggested by Table 1, however, because there are 
obviously differences between South Georgia and 
Shag Rocks. At the latter, there appear to be two 
movements of smaller fish down slope starting in 
late May and again in July in addition to the 
movements of larger fish to shallow waters in 
May and August. At South Georgia this down 
slope movement appears to be smaller from June 
onwards. These plots do mask the movements of 
individual fish, however, in that each point is a 
mean length, taken to represent the length- 
frequency distribution that actually exists. 

Maturity 

In 1998 the breeding period, as evidenced by a 
large increase in spent animals (maturity stage 5) 
in catches, was August (Figure 4). Throughout 
July there appeared to be an increase in the 
proportion of animals of maturity stage 4. There 
was also some indication of an early breeding 
period around early May. It is worth noting the 
very high proportion of spent females in catches 
in August, and the declining proportion of 
maturity stage 3 animals through July and 
August. 



Table 2: Results of three linear models of mean length of fish in each haul (cm), against mean depth (m), month, area and vessel. The value, standard error 
and significance (t-test) of each coefficient is given. Only longlines set with a depth range of 200 m were used. The linear models are of the form 

n~eanf isk  length (cm)  = a + b*D + c,,, + d, + e, 

where a is the intercept given in the table, b is the coefficient of depth, D is the depth in metres, c,,, is the coefficient for the month m, d,. is the 
coefficient for the area r (if area is included as a factor in the model) and e ,  is the coefficient for the vessel s.  Coefficients for month 4, area Soutlz 
Geov in and Vessel A are zero. Thus the mean length predicted by the linear model of all areas (column 1) for fish at Shag Rocks at 1 000 m in 
montf5, Vessel A is 67.3294 + 0.0193'1 000 + 5.5768 + 4.1182 - 0 = 96.32 cm. This can be compared with the plots of mean length with depth 
given in Figure 2. An anova of the All Areas model is given at the foot of the table. 

All Areas 

n = 84 
Coefficient Value SE Pr(> I t l ) 

(Intercept) 67.3294 1.9606 0.0000 
Depth 0.0193 0.0014 0.0000 
Month 5 5.5768 1.2824 0.0000 
Month 6 3.5919 1.4877 0.0164 
Month 7 2.1483 1.2980 0.0990 
Month 8 4.0064 1.4092 0.0048 
Area Shag Rocks 4.1182 1.1307 0.0003 
Vessel B -1.6553 1.0502 0.1161 
Vessel C -2.4853 1.3797 0.0727 
Vessel D -5.5186 1.3430 0.0001 

Shag Rocks Only 

n = 428 
Coefficient Value SE Pr(> I t l ) 

(Intercept) 71.7685 2.0321 0.0000 
Depth 0.0196 0.0018 0.0000 
Month 5 4.9889 1.7608 0.0053 
Month 6 3.0442 2.0448 0.1387 
Month 7 1.2835 2.5146 0.6105 
Mont11 8 4.5649 1.7914 0.0119 
Vessel B -1.9166 1.6919 0.2592 
Vessel C -3.8938 2.6609 0.1456 
Vessel D -5.9459 1.8952 0.0021 

South Georgia Only 

n = 298 
Coefficient Value SE Pr(> I t  l) 

(Intercept) 65.4930 3.8108 0.0000 
Depth 0.0200 0.0028 0.0000 
Month 5 7.1142 2.2225 0.0017 
Month6 4.9317 2.3771 0.0399 
Month 7 3.0235 1.8201 0.0990 
Month 8 2.7669 2.6660 0.3012 
Vessel B -1.8542 1.4986 0.2181 
Vessel C -1.7221 1.6798 0.3071 
Vessel D -2.6875 2.8256 0.3432 

ANOVA of the All Areas model 
Terms added sequentially (first to last) 

Depth 
Month 
Area 
Vessel 
Residuals 

Df 

1 
4 
1 
3 

288 

SumofSq 

11 690.17 
1 100.06 

270.97 
867.67 

14 017.03 

Mean Sq 

11 690.17 
275.02 
270.97 
289.22 
48.67 

F Value 

240.1915 
5.6506 
5.5674 
5.9425 

Pr(F) 

0.00000000 
0.00021624 
0.01896529 
0.00060522 



Agnew et al. 

Table 3: Proportional maturity, 1998. Chi-squared probabilities showing significance 
of various factors in an anova of binomial Generalised Linear Models (depth 
fitted as a continuous variable). 

A more detailed investigation of maturity 
reveals that depth and month are both important 
in determining the proportion of the population 
in one of various maturity stages (Table 3). 
Month appears to be an important factor for 
males but not for females. Depth is an important 
factor for animals of maturity stage 1; as one 
would expect, they are restricted to shallow 
depths. Depth would appear to be important for 
maturity stage 4 females, and area for maturity 
stage 5 males. 

Females: 
Month 4 Df 
Depth 1 
Vessel 3 
Area 2 

Males: 
Month 4 
Depth 1 
Vessel 3 
Area 2 

The distribution of maturity stages 3 to 5 by 
depth and by area is shown in Figures 5(a) 
and 5(b). Caution must be taken in interpreting 
the South Georgia data since sampling was not as 
intensive in this area and some of the grid is 
poorly filled (Figure 6). 

Maturity Stage 
1 2 3 4 5 7, 

0.3091 0.1823 0.2527 0.4328 0.0617 
0.0022 0.7701 0.9128 0.0019 0.4552 
0.2131 0.0025 0.7923 0.3442 0.8133 
0.3197 0.9185 0.8780 0.5555 0.1943 

0.4431 0.3811 0.0001 0.0107 0.0221 
0.0031 0.9560 0.1966 0.2155 0.8625 
0.2193 0.5256 0.1192 0.0717 0.2994 
0.0307 0.7581 0.8993 0.6650 0.0384 

For females at South Georgia there is a 
concentration of maturity stage 3 and 4 fish at 
about 1 200 m in May, which presumably gives 
rise to the small numbers of maturity stage 5 fish 
seen at the same time and depth. Around Shag 
Rocks, maturity stage 4 animals concentrate at 
1 100 to 1 200 m in July and there is evidence that 
they move there mostly from greater depths, as 
well as developing from maturity stage 3 animals 
which are mostly around the 800 m depth in 
April. There is no evidence of female spawning 
around Shag Rocks earlier than late July 
(Figure 5a). In both areas, post-spawning animals 
are present over the whole depth range, but 
appear to be particularly concentrated at 
shallower depths. 

There seem to be two major concentrations of 
male animals of maturity stage 4 in both areas at 
around 1 400 m in April/May and at 800 m in 
June/July (Figure 5b). Both concentrations show 
strong down-slope diagonals, evidence of a 
depth-related movement (but see the above caveat 

about the sample grid). Once again post- 
spawning males are particularly concentrated at 
shallower depths, mostly around Shag Rocks 
(Figure 5b). 

Figures 7(a) and 7(b) clearly demonstrate the 
uneven distribution of post-spawning animals. In 
these figures the number density of maturity 
stages is plotted by 0.25" of longitude by 0.5" of 
latitude. While maturity stage 5 animals are 
found around South Georgia, the highest 
densities are concentrated to the southwest of 
Shag Rocks in May (the high density of spent 
males in Figure 7a) and to the northeast of Shag 
Rocks in August. This is in contrast to the 
distribution of maturity stage 4 animals, which 
appear to be more evenly distributed between the 
two areas. Once again some caution must be 
exercised in drawing conclusions from these data 
since sampling around South Georgia, especially 
in August, was not very extensive. This was due 
to the abovementioned distribution of effort of the 
vessels. However, even with this low level of 
effort 214 fish were sampled around South 
Georgia, only 14 of which were maturity stage 5 
females and only four were stage 5 males. 
Conversely, around Shag Rocks, of 659 fish 
sampled, 143 were maturity stage 5 females and 
105 were stage 5 males. Of approximately equal 
numbers of fish sampled in each area over the 
course of the season (3 564 around South Georgia, 
3 673 around Shag Rocks), 4.5% and 5.7% were 
female maturity stage 5 and male stage 5 
respectively around Shag Rocks, but only 
1.7% and 1.6% were female and male stage 5 
respectively around South Georgia. 

DISCUSSION 

That D. eleginoides are distributed down the 
shelf slope in relation to their size is not a new 
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finding (Zhivov and Krivoruchko, 1990; 
Konforkin and Kozlov, 1992; see Moreno et al., 
1997 for a review). However, the very close linear 
relationship shown in Figure 1 is somewhat 
surprising. When examined in detail (Figure 2), 
the strong linear relationship holds up even when 
there is other evidence of large movements of 
animals both up and down slope. The distribution 
of these fish is obviously very strongly controlled 
by depth. 

Caution must be exercised when conducting 
examinations of distributional changes using 
maturity, because changes in apparent distribution 
may, of course, simply be a result of progression 
between maturity stages. Some caution must also 
be exercised when looking at maturity stage 3 and 
4 animals, when there may be some difficulty in 
obtaining consistent staging by all observers on 
what is a subjective classification (SC-CAMLR, 
1997, paragraph 3.33). However, combining data 
from many observers should eliminate most of 
this problem. 

Spawning behaviour is probably variable from 
year to year, but in 1998 there seem to have been 
two spawning events. The first was in late April/ 
May and the second, a major spawning event, in 
late July/August. Everson and Murray (1998) 
suggest that breeding in 1997 appears to have 
been delayed, probably taking place in August 
rather than late July, and without a May 
spawning event. Observations conducted by us 
in the 1998 season indicate that fish in the last 
stages of maturity 4, almost in a 'ripe running' 
condition, were found throughout August. 

The picture that emerges is of a species 
with distinct spawning times (at least two in 
Subarea 48.3) and a high degree of mobility 
between these times. The major spawning time is 
late July and August. Our data suggest that 
D. eleginoides form spawning groupings at 
between 800 and 1 200 m depth. Zhivov and 
Krivoruchko (1990) suggest that animals spawn at 
shallower depths than this, but their sampling 
was by trawl and thus restricted to shallower 
depths, and it is also not clear whether they 
recorded spawning or just the presence of spent 
animals. The September 1997 UK trawl survey 
(Everson, 1997) did record some maturity stage 5 
females, also at much shallower depths than the 
longline fishery. 

Prior to spawning, animals move to the 
spawning depth, dispersing immediately 
afterwards, mostly up slope. It is well known that 
males mature at smaller sizes, and younger ages, 

than females (first maturity for males is usually at 
age 4, females at age 10; Moreno, 1998). The size 
at 50% maturity (L50'x,) in 1998 calculated from our 
data was 75 cm for males and 101 cm for females. 
It is thus quite reasonable that, given the strong 
linear relationship between size and depth, 
mature females should be more prevalent at 
deeper depths than mature males (as Figure 5). 
Consequently, females should migrate up slope to 
breed, in contrast to males, which should migrate 
down slope. What is unexpected is the subsequent 
up slope movement of both sexes. This causes the 
rise in the mean length at depth in May and 
August (Figure l), and the presence of large fish 
at shallow depths (Figure 2). 

Late maturity (maturity stage 4) animals are 
found on all shelf slopes around South Georgia 
and Shag Rocks (Figure 7b). In 1998 high 
concentrations of post-spawning animals were 
only seen around Shag Rocks, although they were 
not absent from South Georgia. This distribution 
could have been due to delayed spawning around 
South Georgia in comparison to Shag Rocks, low 
levels of effort leading to restricted sampling 
around South Georgia, or movement of animals to 
shallow Shag Rocks areas immediately post- 
spawning. Although almost no sampling was 
possible on the northwest South Georgia shelf 
edge (Figure 7b), we do not believe that sampling 
alone was responsible for the observed effect, 
since, despite the low level of effort, 214 fish were 
examined from South Georgia in August. 
Without sampling in September at depth around 
South Georgia it is not possible to distinguish 
between the delayed spawning and post- 
spawning migration hypotheses. 

There exists the possibility that spawning itself 
is primarily taking place at Shag Rocks, but in this 
case one would expect to see a progressive 
movement of maturity stage 4 animals from South 
Georgia to Shag Rocks throughout July and very 
high densities of pre-spawning animals there. In 
this study that was not observed, and it seems 
more likely, therefore, that spawning is taking 
place over most of the shelf area rather than in 
one particular area. D. eleginoides eggs have been 
found in waters up  to 500 km beyond the 
continental shelf edge, to the north of South 
Georgia and Shag Rocks between 32" and 40°W 
(Evseenko et al., 1995). This suggests drift away 
from their spawning positions. Given the nature 
of the currents in this area, these eggs could have 
originated from either Shag Rocks or the western 
part of the South Georgia shelf slope, and from 
either the north or the south of the shelf. 
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If animals do form spawning or post-spawning 
aggregations at predictable times, then this might 
have management implications. It is not clear 
from the data presented here whether the 
concentration of maturity stage 5 (spent) animals 
at Shag Rocks, both in May and August, was the 
result of a spawning concentration or a post- 
spawning migration. What is certain is that the 
high densities of post-spawning fish seen in the 
area of 40.5-42"W and 53.25-53.75"s did produce 
some of the highest catch rates of the season (up to 
0.5 kg/hook compared with the average for the 
season of about 0.25 kg/hook at Shag Rocks and 
0.22 kg/hook at South Georgia) and did attract a 
concentration of fishing effort in the area (64% of 
the August catch by these four vessels was taken in 
that small area to the northeast of Shag Rocks). 
If the animals are simply post-spawning then 
this is likely to have very little impact on the 
stock. The possibility of there being areas of 
high concentration of animals, however, does 
emphasise the need to spread effort over the whole 
of the fishing season. 

CONCLUSION 
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Month 
Mean depth 

Area Vessel 

Figure 1: Generalised Additive Model functions fitted to Dissostichus eleginoides mean length with a spline- 
smoothed function of mean depth and factors for month, area and vessel: 1996 (top), 1997 (middle) 
and 1998 (bottom). The y-axis is the fitted function. Standard errors are plotted. Mean depth is the 
mid-depth of longlines, and the data were restricted to longlines set within a depth range of 200 m. 

Mean depth (m) 

Figure 2: Plot of mean length (cm) against depth (m) for each month at Shag Rocks, with the 
calculated Generalised Linear Model parameters (see Table 2) as a dashed line, and a 
loess (locally weighted regression) smoothed fit as a solid line. 



Depth distribution and spawning pattern of D. eleginoides 

South Georgia 

Shag Rocks 

Figure 3: Contour plot of mean length of Dissostichus eleginoides by depth and month in 
1998. On the x-axis the tic mark is the start (first) of the month, the y-axis is 
increasing depth (m), contours of mean length are marked in centimetres. 
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m m m m m m m m m m  
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Figure 4: Proportions of animals of different maturity. Maturity stages are shown on the right. 
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Females 1998 Shag Rocks: maturity stage 4 

5 6 7 8 

Month 

Figure 5(a): Contour plots of number density (number/l 000 hooks) of females of different maturity stages. 
maturity stage 5. The month labels are positioned on the first of the month. 

Females 1998 South Georgia: maturity stage 5 
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Females 1998 Shag Rocks: maturity stage 5 

5 6 7 8 

Month 

Contours are two units apart except for South Georgia, 



Males 1998 South Georgia: maturity stage 3 Males 1998 South Georgia: maturity stage 4 
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Figure 5(b): Contour plots of number density of males of different maturity stages. 
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Sampling grid, South Georgia 
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Sampling grid, Shag Rocks 

Figure 6: Sampling grids available for the production of Figure 5 contour plots. 
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Figure 7: Number density of Dissosl icht~s  eleginoides 
maturity stages 4 and 5 in (a) May/June and 
(b) July/August.  100, 200, 500, l 000 and 
3 000 m depth contours are shown. At each 
position, bars for females extend above the 
horizontal line and for males, extend below it. 

Number density, maturity stages 4 and 5 (nl l  000 hooks) 
female (upper), male (lower) 

Maturity stage 4 
Maturity stage 5 
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Liste des tableaux 

Tableau 1: Nombre de poisso~is 6chantillonnes par mois en vue de determiner le stade de maturite. 

Tableau 2: Resultats de trois rnodeles lineaires de la longueur moyenne des poissons dans chaque trait (cm), en 
fonction de la profondeur moyenne (m), du mois, du secteur et du navire. Pour chaque coefficient, 
la valeur, l'erreur standard et la signification (test t )  sont donnes. Seules les poses de palangres dont 
l'intervalle de profondeur ne depasse pas 200 m sont utilisees. Les modeles lineaires ont la forme 
suivante 

louzgueur nzoyenne des poissons ( cm)  = a + b"D + c,,, + d,. + e, 

ou a est le point d'intersection donne dans le tableau, b est le coefficient de profondeur, D est la 
profondeur en mi.tres, c,,, est le coefficient du mois m, d, est le coefficient de la region r (si la region 
est l'un des facteurs du modhie) et e, est le coefficient du navire S .  Les coefficients du mois 4, de la 
region de Gtorgie du Sud et du navire A sont zero. Ainsi, la longueur moyenne prevue par le modgle 
lineaire de toutes les regions (colonne 1) pour les poissons des ilots Shag a 1 000 m de profondeur 
pendant le mois 5, pour le Navire A est 67,3294 + 0,0193*1 000 + 5,5768 + 4,1182 - 0 = 96,32 cm. Ceci 
peut @tre compare a la courbe de la longueur moyenne selon la profondeur illustree B la figure 2. 
Une analyse de variance du modele portant sur toutes les regions figure au bas du tableau. 

Tableau 3: Maturite proportionnelle, 1998. Probabilites par le test khi au carre indiquant la signification de 
divers facteurs dans une analyse de variance de modeles lineaires genkralises bin6miaux (longueur 
ajustee en tant que variable continue). 

Liste des figures 

Figure 1: Fonctions du modele additif generalise ajustees 5 la longueur moyenne de D. eleginoides avec une 
fonction cubique de lissage de la profondeur moyenne et les facteurs pour le mois, le secteur et le 
navire : 1996 (en haut), 1997 (au milieu) et 1998 (en bas). L'axe des ordonnees correspond a la 
fonction ajustee. Les erreurs standard sont portees sur la courbe. La profondeur moyenne est le 
point situe mi-profondeur des palangres, et les donnees ne portent que sur les poses de palangres 
dont l'intervalle de profondeur ne depasse pas 200 m. 

Figure 2: Courbe de la longueur moyenne (cm) en fonction de la profondeur (m) pour chaque mois aux ilots 
Shag. Les parametres calcul6s du modele lineaire generalise (cf. tableau 2) sont representes par des 
tirets, et un ajustement lisse par regression ponderee localement, par un trait plein. 

Figure 3: Courbes de niveau de la longueur moyenne de D. eleginoides selon la profondeur et le mois en 1998. 
En abscisse, l'encoche represente le debut (lCr) du mois, I'ordonnee donne la profondeur croissante 
(m), les delimitations de longueurs moyennes sont marquees en centimetres. 

Figure 4: Proportions d'individus des differents stades de maturite. Ces stades sont indiquks B droite. 

Figure 5 a): Courbes de niveau de la densite en nombre (nombre/l 000 hame~ons) des femelles de divers stades 
de maturite. I1 existe une courbe toutes les deux unites, sauf en ce qui concerne le stade de 
maturite 5 en Georgie du Sud. Le numero du mois figure a l'emplacement du lcr du mois. 

Figure 5 b): Courbes de niveau de la densite en nombre des miiles de divers stades de maturite. 

Figure 6: Grilles d'echantillonnage disponible pour la production des courbes de la figure 5 

Figure 7: Densite en nombre de Dissostichtis eleginoides des stades de maturite 4 et 5 en a) mai/juin et 
b) juillet/aotit. Les isobathes donnes correspondent 2 100, 200, 500, 1 000 et 3 000 m. A chaque 
emplacement, les barres correspondant aux femelles depassent au-dessus de la ligne horizontale, 
celles des mdles dkpassent en dessous. 
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CTaHAapTHaR oura6sa Pl YpOBeHb 3HaYIIMOCTLI (KpIITep~lfi C T ~ H ) A ~ H T ~ )  KaXAOrO IIOKa3aTenR. 
~ C I I O J I ~ ~ O B ~ J I M C ~  TOJIbKO AaHHble no XpyCaM, IlOCTaBJIeHHbIM B ~ J ~ Y ~ U H H O M  ALlalIa3OHe 200 M. 
@YHKQIIR B OCHOBe nllHefiHb1~ ~0neJIefi: 

~pedH5l~  aJL~~CZpbl6bl ( C M )  = a f b*D f C,, f d, f e, 

rAe U - IlpllBOAMMOe B Ta6n~qe 3HaqeHAe nOCTORHHOr0 YneHa, b - KO~@@HI~M~HT rny6MHb1, D - 
rny6naa B M, c ,  - K O ~ @ @ H ~ M ~ H T  Anx Mecaqa m, d, - ~ o s @ @ a q a e ~ ~  AnsI paiio~a r (ecna pafioa 
BXOAHT KaK OAMH 113 IIapaMeTpOB M O A ~ ~ M )  H e ,  - K O ~ @ @ H ~ H ~ H T  AJIX CyAHa S. K O ~ @ @ H Q H ~ H T ~ I  AnR 
Mecxqa 4, paikoaa ~ O X H ~ R  reopzun (South Georgia) a C ~ ~ H U  A (Vessel A) p a s m  Hynm. T ~ K M M  
06pa30~,  IIonyYeHHaR IIO ~ E I H ~ ~ % H O ~  MOAenll BCeX p a f i 0 ~ 0 ~  CpeAHRR AJIMHa pb16b1 (cToJI~~LI I) y 
cKan mar Ha r n y 6 ~ a e  1000 M, ~ e c a q  5, cya~lo A cocTaBnaeT: 67,3294 + 0,0193*1000 + 5,5768 + 
4,1182 - 0 = 96,32 CM. M o w ~ o  CpaBHPiTb 3T0 3HaYeHHe C ~ P ~ @ H K ~ M H  ll3MeHeHAR Cpe~Hefi AJIllHbI 

IlO r n y 6 a ~ e  (pkic. 2). ~Hcnepcao~~blik aHaJIti3 MOAenU BCeX ~ ~ I % O H O B  IIPHBOAMTCR BHLI3y ~a6nHqbl. 

PMCYHOK 1: ( D Y H K ~ H H  0 6 0 6 ~ e H ~ o f i  ~ A ~ ~ M T M B H O ~ ~  MOAenA, BbIpaBHeHHbIe OTHOCMTenbHO CpegHefi AJIIlHbI 

Dissostichus elegiizoides c noMoupm cnnafi~osofi cma>icaeamqeii @ Y H K ~ H H  c p e ~ ~ e f i  AnaHbI M 

Q a s ~ o p o s  nnx Mecxqa, paiio~a a cyaaa: 1996 (sepx~xx), 1997 ( c p e ~ ~ m )  a 1998 (HAXHRR) rr. 
O C ~  y - n0~06pZl~~a5I @YHKQHX. nOKa3aHb1 TaKXe CTaHAapTHbIe O ~ M ~ K H .  C ~ ~ A H R X  rnyfiaaa - 
CpeJ(H5IR rny6IIHa RpyCOB; HCIIOJIb3OBaHbI TOJIbKO HaHHble AJIR RpyCOB, IlOCTaBneHHbIX B 

r n y f i a ~ ~ o ~  ~ a a n a s o ~ e  200 M. 

PUCYHOK 2: rpa@l?K Cpe~Hefi AJIkiHbI (CM) no r n y 6 ~ ~ e  (M) 3a KaX~blfi MeCRq y CKan mar; paCCqHTaHHbIe 
napaMeTpbI 0 6 0 6 ~ e H ~ o f i  nI4HefiH08 MOAeJIl? (CM. ~ a 6 n .  2) IlOKa3aHbI ~ ~ H K T H ~ H O ~ ~  JIPIHPieik, 
crnamemax noKanbHo B ~ B ~ I I I ~ H H ~ R  perpeccm (LOESS) - cnnouraofi nsaaeii. 

PMCYHOK 3: K O H T Y P H ~ I ~ ~  r p a a a ~  a 3 ~ e ~ e ~ a x  cpenaefi AnaHbr Dissostichus eleginoides no r n y 6 a ~ e  a Mecxuy B 

1998 r. Ha ocu X r anov~oB o 6 o s ~ a u e ~ o  Havano (nepeoe vucno) KaxAoro Mecxqa; ocb y - 
HapacTalowax my6aea (M); CpeAHxx Anma noMevewa B CM. 

PUCYHOK 7: ~ ~ O T H O C T ~  oco6efi Dissostichus eleginoides c~a,qaii s p e n o c ~ n  4 a 5 B (a) ~ a e / u m ~ e  u 
(b) ?ilone/aBryc~e. rI[0Ka3aHbl A306a~bl 100, 200, 500, 1000 A 3000 M. YaCTb c~on6qos  BbIIIIe 
T O ~ M ~ O H T ~ ~ ~ H O ~  JIHHHkI OTHOCHTCX K CaMKaM, HHXe - K CaMuaM. 

Lista de las tablas 

Tabla 1: Numero de peces muestreados a1 mes para determinar la madurez. 

Tabla 2: Resultados de tres modelos lineales de la talla promedio de peces de cada lance (cm), en funcion de 
la profundidad promedio (m), mes, area y barco. Se da el valor, el error tipico y la significacion 
(pruebat-) de cada coeficiente. Solo se utilizaron palangres calados en un interval0 de profundidad 
de 200 m. La formula de los modelos lineales es: 
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largo promedio del pez (cm) = a + b*D + c,,, + d, + e, 

donde a es la intersection dada en la tabla, b es el coeficiente de profundidad, D es la profundidad en 
metros, c,, es el coeficiente para el mes m, d, es el coeficiente para el drea Y (si se incluye el area como 
un factor en el modelo) y e, es el coeficiente para el barco S.  Los coeficientes para el mes 4, area de 
Georgia del SUY y Barco A son iguales a cero. Asi, la longitud promedio predicha por el modelo lineal 
para todas las areas (columna 1) para los peces de las rocas Cormoran a 1 000 m de profundidad en 
el mes 5, Barco A es 67,3294 + 0,0193*1 000 + 5,5768 + 4,1182 - 0 = 96,32 cm. Esto se puede comparar 
con 10s graficos de la longitud promedio en funci6n de la profundidad dados en la figura 2. AI pie 
de la tabla se presenta un anslisis anova del modelo para todas las Breas. 

Tabla 3: Madurez proporcional, 1998. Probabilidades del ji cuadrado que muestran la significacicin 
estadistica de varios factores en un anova de modelos binomiales lineales generalizados (ajuste de la 
profundidad como una variable continua). 

Lista de las figuras 

Figura 1: Funciones aditivas del modelo generalizado ajustadas al largo promedio de Dissostichtis eleginoides 
mediante una funcion cfibica de la profundidad promedio y de 10s factores relativos a1 mes, area y 
barco: 1996 (superior), 1997 (mediana) y 1998 (inferior). El eje 'y' representa la funcion ajustada. Se 
han graficado los errores tipicos. La profundidad promedio es la profundidad media de los 
palangres y 10s datos se limitaron a los palangres calados dentro de un rango de profundidad de 
200 m. 

Figura 2: Grafico de la longitud promedio (cm) en funcion de la profundidad (m) para cada mes en las rocas 
Cormoran, con 10s parametros del modelo lineal generalizado representados con una linea 
entrecortada (ver tabla 2), y un ajuste loessico (regresion ponderada por region) como una linea 
continua. 

Figura 3: Grafico de la profundidad promedio de Dissosfichzts eleginoides acotado por la profundidad y mes en 
1998. En el eje 'X' el tic representa el primer dia del mes, el eje 'y' muestra el aumento de la 
profundidad (m), 10s contornos de la longitud promedio se marcan en centimetros. 

Figura 4: Proporci6n de peces en distintos estadios de madurez. Los estadios de madurez se muestran a la 
derecha. 

Figura 5(a): Graficos acotados de la densidad numerica (nilmero/l 000 anzuelos) de hembras en distintos 
estados de madurez. Los contornos estan separados por dos unidades excepto por Georgia del Sur, 
estado de madurez 5. Los meses se muestran en el primer dia del mes. 

Figura 5(b): Los graficos acotados de la densidad numerica de 10s machos en distintos estados de madurez. 

Figura 6: Cuadriculas de muestreo disponibles para la elaboracion de los grificos acotados de la figura 5. 

Figura 7: Densidad numerica de Dissostickus eleginoides en 10s estados de madurez 4 y 5 en (a) mayo/junio y 
(b) junio/agosto. Se muestran las isobatas de 100, 200, 500,l 000 y 3 000 m de profundidad. En 
cada posicion la barra por sobre la linea horizontal representa a las hembras y aquella por debajo 
representa a los machos. 


