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Abstract 

During the cruise of the RV Vozrozhdenie (VNIRO, USSR) in 
March/April 1990 an integrated study survey was conducted in the 
Southern Atlantic along two meridional transects at 17° and 200W in the 
latitudes from 37°30' to 55°30'S. The survey was mainly focussed on 
studies of distribution of adult and pre-spawning Electrona carlsbergi 
and also on searching for possibl~ spawning areas of the species. 
During the survey the following zones within the study area were 
identified as having different vertical structures of water masses: 
Subtropical Zone, Subtropical Frontal Zone, Sub-Antarctic Zone, Polar 
Frontal Zone and Antarctic Zone. Samples of E. carlsbergi were 
analysed by length composition, sex ratio and maturity stages in 
relation to the location where samples had been taken. The following 
division of the E. carlsbergi area of habitat was suggested after the 
analysis: feeding area - Polar Frontal Zone; reproduction area -
Sub-Antarctic Zone and Subtropical Frontal Zone. The centre of the 
species' area of habitat is in the Sub-Antarctic Zone because the greatest 
range of fish length and stages of gonad maturity has been observed in 
this zone. 

Resume 

Au cours de la campagne du navire de rechercheVozrozhdenie (VNIRO, 
URSS) en mars/avriI1990, une campagne d'etude integree fut effectuee 
dans l'Atlantique sud, le long de deux transects meridiens a 17° et 
200W, entre les latitudes de 37°30' et 55°30'S. La campagne d'etude 
etait principalement axee sur un examen de la repartition d'Electrona 
carlsbergi adulte et en etat de preponte ainsi que sur la recherche des 
frayeres potentielles de l'espece. Durant la campagne d'etude, les 
zones suivantes, possedant chacune une differente structure verticale 
des masses d'eau, ont ete identifiees dans l'aire etudiee: la zone 
subtropicale, la zone frontale subtropicale, la zone subantarctique, la 
zone frontale polaire et la zone antarctique. Des echantillons 
d'E. carlsbergi ont ete analyses en matiere de composition en 
longueurs, sex ratio et stade de maturite, relativement a la position de 
leur prelevement. Apres analyse, la division suivante de l'habitat 
d'E. carlsbergi a ete proposee: aire d'alimentation - zone frontale 
polaire; aire de reproduction - zone subantarctique et zone frontale 
subtropicale. Le centre de l'aire d'habitation de l'espece est presume 
etre dans la zone subantarctique, le plus grand even tail de longueurs et 
de stades de maturite des gonades ayant ete observe dans cette zone. 
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Pe310Me 

B XO,l(e petica HHC B03PO>Kl1eHHe (BHHPO, CCCP) B MapTe -

anpeJIe 1990 r. B IO)I{HOM ceKTope ATJIaHTl-iKI-i 6bIJIa BbInOJIHeHa 

KOMnJIeKCHaSI CbeMKa B,l(OJIb ,l(BYX Mepl-i,l(l-iOHaJIbHbIX pa3pe30B 

Me)l{,l(Y 17° I-i 2003.,l(. I-i 37°30'-SS030'IO.w. OCHOBHOti u;eJIblO 

CbeMKI-i 6bIJIO 1-i3YlIeHl-ie pacnpe,l(eJIeHl-iSI B3POCJIbIX I-i 

npe,l(HepeCToBbIX oco6eti BI-i,l(a Electrona carlsbergi, a TaK)I{e 

nOl-iCK B03MO)l{HbIX HepecToBbIX YlIacTKoB 3Toro BI-i,l(a. B XO,l(e 

CbeMKI-i B 1-i3YlIaeMoM patio He 6bIJII-i BbI,l(eJIeHbI CJIe,l(YIOIQl-ie 

30HbI, xapaKTepl-i3YIOIQl-ieCSI Pa3JIl-illHoti BepTl-iKaJIbHoti 

CTPYKTypOti BO,l(HbIX Macc: cy6TpOnl-illeCKaSI 30Ha, 

cy6TpOnl-illeCKaSI <PPOHTaJIbHaSI 30Ha, cy6aHTapKTl-illeCKaSI 

30Ha, nOJISIpHaSI <PPOHTaJIbHaSI 30Ha I-i aHTapKTl-illeCKaSI 30Ha. 

BbIJI BbInOJIHeH aHaJIl-i3 pa3MepHOro I-i nOJIOBOrO COCTaBa I-i 

CTa,l(l-iti nOJIOB03peJIOCTI-i oco6eti E. carlsbergi B 3aBl-iCl-iMOCTI-i 

OT MeCTa c60pa npo6. B pe3YJIbTaTe aHaJIl-i3a 6bIJIO 

npe,l(JIO)l{eHO CJIe,l(YIOIQee ,l(eJIeHl-ie apeaJIa pacnpOCTpaHeHl-iSI 

BI-i,l(a E. carlsbergi: patioH KOpMJIeHl-iSI nOJISIpHaSI 

<ppOHTaJIbHaSI 30Ha, patioH BOCnpOl-i3BO,l(CTBa 

cy6aHTapKTl-illeCKaSI 30Ha I-i cy6Tponl-illeCKaSI <PPOHTaJIbHaSI 

30Ha. UeHTpaJIbHoti lIaCTblO apeaJIa pacnpOCTpaHeHl-iSI 3Toro 

BI-i,l(a SIBJISIeTCSI cy6aHTapKTl-illeCKaSI 30Ha. B 3TOti 30He 

Ha6JIIO,l(aJICSI Hal-i6oJIee Wl-iPOKl-iti ,l(l-iana30H pa3MepOB I-i CTa,l(l-iti 

nOJIOB03peJIOCTI-i. 

Resumen 

Durante el crucero del Br Vozrozhdenie (VNIRO, URSS) en marzo/abril 
de 1990, se efectuo una prospeccion de estudio integrado en el 
Athintico austral, a 10 largo de dos transectos en los meridianos 17° y 
200W Y entre las latitudes 37°30' y 55°30'S. La prospeccion estuvo 
enfocada en el estudio de la distribucion de Electrona carlsbergi en los 
estados adulto y previo al desove, y en la determinacion de las posibles 
zonas de freza de la especie. Durante este estudio se establecieron 
zonas con distintos perfiles de masas de agua, dividiendose estas en: 
Subtropical, Frente Subtropical, Subantartica, Frente Polar y Antartica. 
Se analizo la composicion por tallas, la proporcion de sexos y estados 
de madurez de E. carlsbergi en funcion dellugar de recoleccion de las 
muestras. Posteriormente, una vez analizados los datos, se propuso la 
siguiente division del area en donde predomina la especie: area de 
alimentacion - Zona del Frente Polar; area de reproduccion - Zonas 
Subant3.rtica y Subtropical. Se cree que el area de mayor concentracion 
de la especie es la zona subantartica, ya que fue en esa area en donde se 
observo la mayor gama de tallas de peces as! como individuos en 
distintas fases de maduracion gonadal. 



1. AIMS AND TASKS 

The search for new fishing grounds and target species in recent years has opened up 
great opportunities for exploiting mesopelagic fish of the Southern Ocean (Lubimova et al., 
1983 a, b). One of the most promising of these is Electrona carlsbergi (Myctophidae). In the 
southern summer this species forms dense and fairly stable feeding concentrations near the 
southern boundary of the Polar Frontal Zone (PFZ). To date the basic distribution patterns, 
behaviour, timing and size of concentrations have been determined for this species in the PFZ 
waters in relation to environmental conditions (Maslennikov et al., 1990). However, the 
question of the functional division of E. carlsbergi's habitat is as yet unresolved. This is 
because only juvenile specimens typically inhabit the PFZ area where integrated studies of this 
species have been concentrated over a number of years (Kozlov and Zemsky, 1988). During 
the fifteenth cruise of RV Vozrozhdenie in 1989, the VNIRO conducted integrated studies in the 
central part of the Atlantic sector of the Southern Ocean on distribution of adult and 
pre-spawning fish and possible spawning areas. 

2. MATERIALS AND METHODS 

From 20 March to 10 April 1989, two longitudinal transects were made along 17° and 
200W in the latitudinal band between 37°30' and 55°30'S. The choice of these two meridians 
was dictated by the theory that the reproductive part of the E. carlsbergi distribution area 
coincides with the thalassic bathyal, in particular central oceanic ridges. It is assumed that 
dynamic conditions favourable for spawning occur in ridge areas, due to powerful meandering 
currents and an increased level of gyre activity. Therefore we attempted as far as possible to 
approximate the transects, for the most part in their northern sections, to the crest of the South 
Atlantic Ridge (Figure 1). A small-scale survey of the area bounded by 40°00' to 42°30'S and 
16°00' to 17°00'W was also carried out. The distance between stations on the transects was 
30 miles (each 30' of latitude and longitude in the small-scale survey area). Echosounding was 
used in the upper 1 000 m layer using the Neil Brown Mark IIIB system. Methodologies 
contained in the following works were used to define the boundaries of the frontal zones: 
Antipov et al., 1987; Belkin et al., 1988; Deacon, 1982. 

Over the period of research 26 hauls were performed using a midwater cable trawl with 
a mouth opening of 3 600 m2• Trawling speed was usually 3 to 3.5 knots; with a trawling 
duration of 1 hour. 

Because of the known relationship between the distribution of E. carlsbergi and the 
Intermediate Antarctic Water Mass (Krefft, 1974) and also of the sub-Antarctic nature of the 
species, trawling depth to the north of the PFZ gradually increased from 140 to 600 m, which 
corresponds to the depth of the nucleus of this water mass in its northern sector. The depth of 
this nucleus (interim minimum salinity) was determined using data obtained from hydrological 
stations. Trawling stations were as far as possible spread evenly over the transects, depending 
on changes in vertical water structure (Figure 2). As a result, trawling was carried out whether 
readings from hydrological gear were available or not. 

3. DISCUSSION OF RESULTS 

3.1. Latitudinal Zonation Along Transects 17° and 200W 

Along the transects (Figures 3 and 4) we identified the following latitudinal zones from 
north to south (Figure 5): Subtropical Zone (STZ), Subtropical Frontal Zone (STFZ), 
Sub-Antarctic Zone (SAZ), Polar Frontal Zone (PFZ) and Antarctic Zone (AZ). The discovery in 
the central part of the South Atlantic, of a fairly broad S TFZ bounded by two 
temperature/salinity fronts, together with analogous results obtained in the southern part of the 
Pacific Ocean (Belkin et al., 1988; Kryukov and Sapozhnikov, 1987) off the southern coast of 
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Africa (Lutjeharms and Valentine, 1984; Lutj eharms , 1985; Lutjeharms and Foldvik, 1986) 
points at circumpolar distribution of STFZ (with the natural exception of Drake Passage). By 
comparison with current knowledge of this little-explored region (CHfford, 1983; Deacon, 
1982; Gordon and Molinelli, 1982; Valentine and Lutjeharms, 1983), on our transects the 
Subtropical Front (S1F, or the northern boundary of the STFZ) is located slightly further to the 
north, while the PFZ is much further to the south. 

The northern boundary of the STFZ passed between 38° and 39°S and the southern 
boundary between 41°30' and 42°S at 200W and between 42°30' and 43°S at 17°W. Moreover, 
an anticyclonic meandering current on the southern boundary of the STFZ (or a gyre formed in 
this frontal area) has been identified along the transect of 200W at 44° to 45°S. 

The northern boundary of the PFZ (Sub-Antarctic Front) at 200W was located between 
48° and 48°30'S. At 17°W this boundary was crossed three times (at 46°30' to 47°,47°30' to 
48° and 48°30' to 49°S) due to the meandering of the current. 

The relatively extended nature of the meandering boundary of the PFZ (Polar Front) 
along the transect of 200W (beginning from 54°S) was detected only at 52° to 53°S. At 17°W 
the southern boundary of the PFZ passed between 54°30' and 55°S. However, water structure 
typical for this front was noted over a series of stations made right up to 50030'S. Therefore, 
considerable disruptions were detected along the longitudinal transects. This is connected with 
the strong meandering streams of the Antarctic Circumpolar Current (ACC) interacting with the 
South Atlantic Ridge. 

3.2 Functional Division of the Area of Habitat of E. carlsbergi 

More than 28 fish species of the Myctophidae family were taken in the course of 
trawling. E. carlsbergi was the most common species, being encountered in 20 of the 26 hauls. 
It was found in the catches of two hauls in the Antarctic Zone, four hauls in the PFZ, seven 
hauls in the SAZ, and seven hauls in the STFZ. The species was not encountered in the 
Subtropical Zone. Catch locations for E. carlsbergi are shown in Figure 6. Analysis of 
E. carlsbergi size composition and biological condition was performed with the boundaries of 
identified latitudinal zones kept in mind. 

Size characteristics of E. carlsber~i. More than 2000 specimens were measured along 
the transects. Data on changes in E. carlsbergi size (length) in relation to latitudinal zonation 
gives the following picture: 

in the AZ 
in thePFZ 
in the SAZ 
in the STFZ -

from 7.5 to 9.0 cm., M=8.06 cm, N=206; 
from 7.0 to 9.5 cm., M=8.20 cm, N=613; 
from 7.0 to 10.5 cm., M=8.6 cm, N=828; 
from 7.5 to 10.5 cm., M=8.73 cm, N=425. 

The greatest length range was in the SAZ, while the highest modal length was in the 
STFZ. Minimal changes in length were noted in the PFZ and AZ, while the smallest modal 
lengths were also typical for these zones. In other words, an increase in the modal length 
occurs from south to north with the maximum variation in length being in the SAZ and the 
maximum length of adult specimens in the STFZ. 

Maturation of E. carlsber~i. When examining the biological characteristics of the 
species, it should be noted that during our survey the change in maturation of male and female 
gonads was found to be related to the latitude of a place where the specimens were caught. 
This is the first time such information has been obtained and it deserves more detailed 
examination than other biological parameters. 
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During studies along the transects more than 800 specimens of E. carlsbergi underwent 
biological analysis. Figure 7 shows that fish with gonads only at the second stage of 
development are usually present in the AZ and PFZ. Specimens with both second stage and 
more mature gonads (up to fifth stage) are found in the SAZ. Moreover, within this zone the 
proportion of gonads at later stages of maturity increases from south to north. Only second and 
third stage gonads, almost in equal numbers, occur in the southern part of the S AZ 
(haul No. 58). Females with fourth and fifth stage gonads appear in the central part of the 
SAZ, while the number of fish with second stage gonads gradually decreases. Thus, the central 
part of the SAZ may be considered the main distribution area of maturing fish with gonads at the 
third stage of maturity. To the north of 45°S (possibly due to the influence of meandering 
currents/gyres in the STFZ), only individual specimens having second stage gonads are 
encountered, while adult fish with fourth and fifth stage gonads are the most common. The 
northern part of the SAZ is chiefly an area of pre-spawning specimens. The STFZ is dominated 
by fish of fifth stage gonad maturity and, as such, may be seen as a zone of distribution of 
adults capable of spawning. Maturing specimens with gonads still far from the spawning stage 
are encountered individually in this zone (e.g., one specimen with third stage gonads was 
found in haul No. 50). 

In addition to the analysis of E. carlsbergi maturity in relation to the boundaries of 
latitudinal zones, we have taken another approach to presenting the data being analysed 
(see Figure 8). Representative hauls are represented on the horizontal axis, however only the 
absolute shift of trawling position from south to north, not the sequence of hauls, was taken 
into consideration. The number of fish at one or another stage of maturity (as a percentage of 
the total number), used as the basis for bioanalysis of each catch, is presented on the vertical 
axis. This method made it possible to identify three areas (zones) along the horizontal axis; a 
zone where only females at the second stage of maturity are .present; a zone containing fish at 
various stages of maturity (from second to fifth) and a zone where fish at the fifth stage of 
maturity predominate. If one takes into account the zones in which the trawling was carried out 
it becomes clear that the first zone corresponds to the PFZ, the second to the SAZ, and the third 
to the STFZ. 

Figure 9 shows the percentages of males and females of E. carlsbergi at different stages 
of maturity by latitudinal zones. All males and females analysed in the AZ and PFZ turned out to 
be at Stage Il of maturity. The following percentages were obtained for the SAZ: females 
found at various stages of maturity, from Stages IT to V, with the latter dominating significantly 
(Stage Il - 7%, Stage III - 18%, Stage IV - 8%, Stage V - 67%); males were mainly Stage IT, 
males at Stage V were absent (Stage Il - 53%, Stage ITI - 33%, Stage IV - 14%). The situation 
is considerably different in the STFZ (males: Stage III - 1 %, Stage IV - 1 %, Stage V - 99%; 
females: Stage ITI - 36%, Stage IV - 62%, Stage V - 3%). In this zone both males and females 
at Stage Il of maturity were present; the overwhelming majority of females had gonads at Stage 
V of maturity as did some males. Furthermore, there was only a small number of females at the 
Stage III of maturity. It must also be noted that, unlike females, males in the STFZ appear at the 
Stages III and IV as well as Stage V. Moreover, these types of specimens are extremely 
abundant. 

In our opinion, all the above data on the different maturity stages of E. carlsbergi 
gonads for males and females prove that the STFZ is the part of the distribution area of habitat of 
this species in which reproduction takes place. . 

Having analysed the combined percentages of males and females at different stages of 
maturity by latitudinal zones, we will now examine the change in the ratio of gonad maturity in 
relation to change in male and female size. 

Only females at Stage Il (7.5 to 9.0 cm length) are encountered in the AZ (Figure 10). 
Although the condition of female gonads was similar in the PFZ, there was a notably wider 
range of length - from 7.0 to 9.5 cm. The largest range of size for females is in the SAZ (from 
7.0 to 11.0 cm), where fish of all maturity stages are encountered. The greatest variety of 
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maturity stages was among specimens from 7.5 to 9.0 cm. Stage V of maturity begins to be 
identifiable in females from 8.0 cm long. For females 8.5 cm long, Stage V was found in 55% 
of specimens, and for females 10.0 cm and longer, in 100%. Large females from 8.5 to 10.5 
cm are common in the STFZ where a distinct predominance of Stage V was noted for females of 
all sizes. 

On the whole a similar picture emerges in respect of the change in percentages of male 
E. carlsbergi at different stages of maturity by latitudinal zones in relation to length 
(Figure 11). Males from 7.5 to 8.5 cm at Stage IT are typical of the AZ. Only males at Stage IT 
were found in the PFZ, however their size range was larger from 7.0 to 9.0 cm. The widest 
size range occurs in the SAZ (6.5 to 10.5 cm). All maturity stages except for the fifth are 
common in this zone, with males from 8.0 to 9.5 cm long commanding the greatest diversity of 
maturity stages. Males reach fullest maturity (Stage IV accounts for 22%) at 8.5 cm, while the 
gonads of 9.5 cm and longer specimens are exclusively at the Stage IV. Males at Stage IT were 
not detected in the STFZ where the range of change in size, only 1.5 cm, is generally smaller 
(from 8.0 to 9.5), however, most specimens tend towards the upper end of the range. Stage IV 
of maturity begins when males attain 8.0 cm and is dominant from 8.5 cm (58%, 65% and 84% 
for fish of 8.5,9.0 and 9.5 cm length respectively). Stage V of maturity was noted for males 
9.0 cm in length. The largest percentage of Stage V of maturity (6%) among examined fish 
was observed at 9.5 cm, which is the maximum length in this zone. 

It should be noted that only juvenile specimens of E. carlsbergi appeared in catches in 
the two southern zones (AZ and PFZ). Figure 12 shows the dynamics of change in sexual 
maturity of E. carlsbergi females at different lengths. Both juvenile and adult females are 
present in the SAZ. Adult specimens were noted at over 7.0 cm in length (15%), and from 7.5 
to 11.0 cm practically all females had mature gonads. Only juvenile females from 8.0 to 10.5 
cm were typical of the STFZ. 

E. carlsbergi sex ratios in different latitudinal zones were the following: 

AZ 
PFZ 
SAZ 
STFZ 

males - 54% 
males - 49% 
males - 46% 
males - 51% 

females - 46% 
females - 51 % 
females -'54% 
females - 49% 

Figure 13 shows E. carlsbergi sex ratios by zones in relation to fish length. In the AZ 
males are predominant from 7.0 to 8.0 cm (7.5 cm - 67%, 8.0 cm - 62%). For specimens over 
8.0 cm the sex ratio is almost equivalent with females being slightly dominant (53%) and for 
fish over 8.5 cm females account for 100%. In the PFZ a predominance of males was observed 
in specimens from 7.0 to 8.0 cm (67, 63, 67%); from 8.5 to 9.0 cm females begin to dominate 
and account for 100% at 9.0 cm and longer. The SAZ has a more complex sex ratio, where 
males of 7.0 to 8.0 cm in length are dominant, accounting for 93% of specimens at 8.0 cm. At 
8.5 cm the situation is more even (48% males, 52% females) although the proportion of 
females thereafter increases, reaching 100% at 10.5 cm and longer. It must be noted that large 
males are typical of this area, accounting for 25% at 10.0 cm. For specimens from 7.5 to 
9.0 cm in the STFZ a gradually decreasing predominance of males was observed (lOO, 88, 
66%). At lengths over 9.0 cm females become predominant, overwhelmingly so at lengths 
over 10.5 cm. 

E. carlsbergi weight. feeding and fat reserves. Weight of the species under 
investigation also changes by latitudinal zones. To the north, a trend was observed towards an 
increase in weight from 7.3 g in the PFZ to 11.2 g in the STFZ. Mean weight in the SAZ was 
9.1 g. This tendency held true for weight analysis of males and females made separately. 
Males weighed 7.4 g in the PFZ, 8.5 g in the SAZ and 9.9 g in the STFZ. Correspondingly, 
females weighed 8.4, 10.2 and 10.7 g. 
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Feeding intensity also changes between the southern and northern areas. A decrease in 
feeding activity was observed between the PFZ and the STFZ, i.e. away from the main feeding 
area. The mean index of stomach fullness in the PFZ was 1.18, 1.01 in the SAZ and 0.96 in the 
STFZ. 

Visually determined fat content was also subject to change depending on the latitude of 
the area where the fish was taken. It was 1.47 in the PFZ, 1.16 in the SAZ and 0.82 in the 
STFZ. 

4. CONCLUSION 

(i) After research carried out from March to April 1989 in the central part of the Atlantic 
sector of the Southern Ocean the following zones with different water structures were 
identified (from north to south): Subtropical Zone, Subtropic Frontal Zone, 
Sub-Antarctic Zone, Polar Frontal Zone and the Antarctic Zone. 

(ii) On longitudinal transects along 17° and 200W significant disruptions to latitudinal 
zonation due to strong meandering of the ACC and its interaction with the South Atlantic 
Ridge were identified. Thus, our data do not support the generally-held view that the 
ridge does not affect the dynamics of the ACC. 

(ill) E. carlsbergi is closely linked with the Antarctic Intermediate Water Mass. This is 
supported by the increase in depth from south to north of water layers where the 
samples are taken. E. carlsbergi is a typical representative of mesopelagic ichthyofauna 
in the PFZ, SAZ and STFZ. The northern boundary of the STFZ limits the penetration of 
E. carlsbergi into the north. The species is not found in the Subtropical zone. 

(iv) Analysis of E. carlsbergi length in relation to the latitude of catch location provided a 
picture contrary to the generally accepted biological law that the length and mass of 
living organisms increases from north to south. We have established that smaller fish 
inhabit the PFZ, the maximum range of body length is typical for the Sub-Antarctic and 
the largest body lengths are found in the STFZ. The above law obviously only applies 
when there is an even distribution of all species functional activities throughout the entire 
area in which the species exists, i.e. feeding and reproduction have to take place in all 
latitudinal zones. Considering the increase in body length from south to north (from the 
PFZ to the STFZ) our investigations show an exception to this biological law in 
connexion with the species' feeding activities on the southern periphery of its habitat and 
spawning in the northern part. 

(v) Analysis of E. carlsbergi distribution at various stages of maturity shows that (a) only 
fish at Stage lIT of maturity occur in the PFZ; (b) SAZ is a zone of distribution mainly for 
fish at the Stages ITI and IV-V (southern and northern parts of the zone respectively); 
and (c) STFZ is primarily a zone of distribution for spawning fish. 

(vi) The onset of sexual maturity of E. carlsbergi in the SAZ is observed at a length of over 
7.0 cm, and at length over 7.5 cm all fish are mature. Adult females in the STFZ are 
noted at a length of over 8.0 cm. 

(vii) Stage V of maturity is observed in the SAZ among E. carlsbergi females 8.0 cm and 
longer, reaching 100% at 10.0 cm. Stage V of maturity is observed among females of 
all sizes in the STFZ (8.5 to 10.5 cm). 

(viii) E. carlsbergi feeding intensity decreases between the PFZ in the south and the STFZ in 
the north, i.e. between feeding and spawning areas. 
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(ix) Analysis of our data makes it possible to propose the following functional division of 
the E. carlsbergi area of habitat: PFZ - feeding area, SAZ and STFZ - reproduction area. 
Moreover, the SAZ is the centre of the species' habitat because it is precisely in this zone 
that the greatest range of lengths among specimens and females at all stages of maturity 
are observed. 
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Figure 1: Locations of hydrological stations and bottom topography (GEBCO, 1984). 
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Figure 3: Temperature (a) and salinity (b) along the 17°W transect 
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Figure 4: Temperature (a) and salinity (b) along the 200W transect. 
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Figure 5: Boundaries of latitudinal zones: STZ - Subtropical zone; STZF - Subtropical Frontal 
zone; SAZ - Sub-Antarctic zone; PFZ - Polar Frontal zone; AZ - Antarctic zone. 

384 



45-

50-

55-

)lE - E. car- 1 sber-9 i 

25" 

Figure 6: Distribution of E. carlsbergi catches along longitudinal transects. 

• 
* 

non-representative hauls, 
catches containing E. carlsbergi. 

385 



_ . 
. <:: ';.: . "'::' .. :':::\'::. 

45" 

... :', 

.. . : ..... 
. ,',' -.:.:::' ....... , .... ',.. . .... 

. . . ' .. ' :', ~ :-:':::j .'::',': ::. >'.::" 
',." .,: .. :: ..... : " ..... ) .... ' .. : 

-1 

• -2 
. ':;." 

55" 0 -3 
0-4 
0-5 

25" 

Figure 7: Distribution of female E. carlsbergi at various stages of maturity. 1 -
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PHCYHOK 2: 

PHCYHOK 3: 

PHCYHOK 4: 

Liste des figures 

Emplacement des stations hydrologiques et relief du fond marin (GEBCO, 
1984). 

Emplacement des stations de chalutage. 

Temperature (a) et salinite (b) le long du transect de 17°W. 

Temperature (a) et salinite (b) le long du transect de 200W. 

Limites des zones latitudinales : STZ - zone subtropicale; STZF - zone frontale 
subtropicale; SAZ - zone subantarctique; 
PFZ - zone frontale polaire; AZ - zone antarctique. 

Repartition des captures dIE. carlsbergi le long de transects longitudinaux. 
• traits de chalut atypiques, 
* captures contenant E. carlsbergi. 

Repartition des femelles dIE. carlsbergi a divers stades de maturite. 
1 - traits de chalut atypiques; 2,3,4,5 - femelles aux stades de maturite IT, lIT, 
IV, V respectivement. 

Pourcentages, dans les captures par chalutage, de males et femelles 
dIE. carlsbergi a differents stades de maturite. 

Pourcentages, par zone latitudinale, de males et femelles dIE. carlsbergi a 
differents stades de maturite. 

Pourcentages, par zone latitudinale et longueur, aux differents stades de 
maturite dIE. carlsbergi. femelle. 

Pourcentages, par zone latitudinale et longueur, aux differents stades de 
maturite dIE. carlsbergi male. 

Commencement de la maturite sexuelle chez les femelles dIE. carlsbergi a 
differentes longueurs. 

Sex ratio dIE. carlsbergi a differentes longueurs. 

CnHCOK PHCYHKOB 

MeCTono~o~eHHe rH~pO~OrHqeCKHX cTaH~HH H Tonorpa~H~ ~Ha 
(GEBCO, 1984). 

MeCTa BbmO~HeHH~ Tpa~eHHH. 

TeMnepaTypa (a) H co~eHOCTb (b) no pa.3pe3Y B~O~b 17° 3.~. 

TeMnepaTypa (a) H co~eHOCTb (b) no pa.3pe3Y B~O~b 20° 3.~. 
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PHCYHOK 5: 

PHCYHOK 6: 

PHCYHOK 7: 

PHCYHOK 8: 

rpaHH~bl mHpoTHblX 30H: CT3 - cy6TpOnH1.J:ecKa~ 30Ha; CT<l>3 -

cy6TpOnH1.J:ecKa~ <ppoHTaJIbHa~ 30Ha; CA3 - cy6aHTapKTHqeCKa~ 30Ha; 

II<l>3 - nOJI~pHa~ <ppoHTaJIbHa~ 30Ha; A3 - aHTapKTHqeCKa~ 30Ha. 

Pacnpe.lleJIeHHe YJIOBOB E. carlsbergi B.lIOJIb 

pa3pe30B. 

• HeTHnHqHble TpaJIeHH~ 

* YJIOBbl, cO.llep)l{~He E. carlsbergi. 

MepH.lIHOHaJIbHblX 

Pacnpe.lleJIeHHe caMOK E. carlsbergi Ha pa3HblX CTa.llH~X 
nOJIOB03peJIOCTH. 1 - HeTHnHqHble TpaJIeHH~; 2,3,4,5 - caMKH Ha 

CTa.llH~X IT, Ill, IV H V COOTBeTCTBeHHO. 

IIpo~eHTHoe COOTHomeHHe cO.llep)l{aHH~ caM~oB H caMOK E. carlsbergi 
Ha Pa3JIHqHbIX CTa.llH~X nOJIOB03peJIOCTH B TpaJIOBblX YJIOBax. 

PHCYHOK 9: IIpo~eHTHoe COOTHomeHHe caM~OB H caMOK E. carlsbergi Ha 

Pa3JIHqHbIX CTa.llH~X nOJIOB03peJIOCTH no mHpOTHblM 30HaM. 

PHCYHOK 10: IIpo~eHTHoe cO.llep)l{aHHe caMOK E. carlsbergi Ha Pa3JIHQHbIX CTa.llH~X 
nOJIOB03peJIOCTH no mHpOTHblM 30HaM B cpaBHeHHH C .lIJIHHoti. 

PHCYHOK 11: IIpo~eHTHoe COOTHomeHHe caM~OB E. carlsbergi Ha Pa3JIHQHbIX 

CTa.llH~X nOJIOB03peJIOCTH no mHpOTHblM 30HaM B cpaBHeHHH C 

.lIJIHHOti. 

PHCYHOK 12: HaQaJIo nOJIOBOrO c03peBaHH~ caMOK E. carlsbergi B npH .lIOCTH)I{eHHH 

Pa3JIHQHoti .lIJIHHbl. 

PHCYHOK 13: IIpo~eHTHoe COOTHomeHHe nOJIOBblX rpynn E. carlsbergi . npH 
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Figura4: 

Figura 5: 

Figura 6: 
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Pa3JIHQHOti .lIJIHHe. 

Lista de las figuras 

Situaci6n de las estaciones hidrol6gicas y topografla del fondo (GEBCO, 1984). 

Situaci6n de las estaciones en donde se realizaron los arrastres de fondo. 

Temperatura (a) y salinidad (b) a 10 largo del transecto 17°W. 

Temperatura (a) y salinidad (b) a 10 largo del transecto 20oW. 

Limites de zonas latitudinales: STZ - Zona Subtropical; STZF - Zona del 
Frente Subtropical; SAZ - Zona Subantrutica; PFZ - Zona del Frente Polar; 
AZ - Zona Antartica 

Distribuci6n de las capturas de E. carlsbergi a 10 largo de transectos 
longitudinales. 
• lances no representativos, 
* capturas que inc1uyen E. carlsbergi. 



Figura 7: 

Figura 8: 

Figura 9: 

Figura 10: 

Figura 11: 

Figura 12: 

Figura 13: 

Distribuci6n de hembras de E. carlsbergi en distintas fases de madurez. 
1 - arrastres no representativos; 2, 3, 4, 5 - hembras en estado I1, Ill, IV, Y V 
de maduraci6n, respectivamente. 

Porcentajes de hembras y machos de E. carlsbergi en distintas fases de 
madurez, de las capturas por arrastre. 

Porcentajes de hembras y machos de E. carlsbergi en distintas fases de 
madurez, por zonas latitudinales. 

Porcentajes de las hembras de E. carlsbergi en distintas fases de madurez, por 
zonas latitudinales y talla. 

Porcentajes de las hembras de E. carlsbergi en distintas fases de madurez, por 
zonas latitudinales y talla. 

Inicio de la madurez sexual enE. carlsbergi hembras en funci6n de la talIa. 

Proporci6n de sexos de E. carlsbergi en funci6n de la talIa. 
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