
ACTA I CHTHYO L OGICA ET PISCATORIA 

Vol. XXVI, Fasc. 2 Szczecin 1996 

Andrzej KOMPOWSKI, Carlos ROJAS 

Fish biology 

VERTICAL DISTRIBUTION, AGE AND GROWTH RATE 
OF MURAENOLEPJS MARMORATUS GUNTHER, 1880 
(GADIFORMES, MURAENOLEPIDAE) IN THE AREA 

OF SOUTH GEORGIA (ANTARCTICA) 

ROZMIESZCZENIE PION OWE, WIEK I SZYBKOSC WZROSTU 
MURAENOLEPIS MARMORATUS GUNTHER, 1880 

(GADIFORMES, MURAENOLEPIDAE) W REJONIE 
GEORGil P OLUD NIOW EJ (ANTARKTYKA) 

Department of Biological Marine Resources, Agricultuml University of Szczecin, Poland 

The abundance of Muarenolepis marmoratus increases 
with depth. In December 1987 and January 1988 in bottom 
trawl catches prevailed 19-23-cm-long specimens, belonging to 
the age groups V and VI. Growth rate was expressed with use 
of von Bertalanffy's growth equation with the parameters: 

L., = 48.21 cm; K= 0.1188; t0 = 0.1939year. 

INTRODUCTION 

Abundant literature concerning Antarctic fishes deals mainly with the species which 

until recently were commercially very important-first of all the families of Nototheniidae 

and Channichthyidae. Still very little is known about the taxonomy, geographical distribu

tion or life history of the family Muraenolepidae, belonging to the order Gadiformes. 

The family comprises only one genus, i.e. Muraenolepis, Gunther, 1880, with four species: 

M marmoratus Gunther, 1880,M. microps Lonnberg, 1905, M orangiensis Vaillant, 1907, 

and M microcephalus Norman, 1937. According to many researchers, the status of these 

species is not very certain, and some revision of this is required (e.g. Torno and Hureau 

1985; Chiu and Markle 1990; Cohen 1990; Howes 1990). Morphometric features, widely 

recognised as diagnostic for identifying these species, are oflittle use due to their high vari

ability, what was shown(for the South Georgia region) byKompowski and Rojas 1993: 

The research on the family Mureanolepidae done so far-apart from some morpho

logical descriptions of the species (inter altere L5nnberg 1905; Nonnan 1937a, b, 1938; 

Torno and Hureau 1985; Gon, 1988; Gon and Klages 1988; Chiu and Markle 1990; 
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Cohen 1990; Miller 1993)-concemed: reproduction and fecundity (Permitin 1973), the · 

occurrence and development of eggs and larvae (Efremenko 1983); feeding and food 

(Permitin and Tarverdeva 1972; Cechun 1984; Kompowski 1993); cranial osteology 

(Howes 1990) and diagnostic features of Muraenolepis caught off South Georgia 

(Kompowski and Rojas 1993). Moreover, in different papers there are many references 

concerning mainly the distribution of larvae from the family in question, or the occurrence 

of adult specimens in catches or in the food of other species. 

The aim of this paper is to provide some additional information about the genus 

Muraenolepis, which has resulted from the studies of vertical distribution, length, and age 

composition and growth rate of the species appearing near South Georgia and identified

because of long lateral line reaching far beyond anus-as Muraenolepis marmoratus 

Gunther, 1880. 

MATERIAL AND JMETHODS 

The fish for the present study were caught with a bottom trawl in the shelf waters of 

South Georgia during the research expedition of RV "Profesor Siedlecki" which took place 

from 18 December 1987 till 8 January 1988. The places of catches were equally distributed 

throughout the shelf of the island (see Kompowski 1993). 

Total lengths of 1184 individuals (TL) was measured to the nearest mm. The fish were 

then allocated to 1 -cm length classes, the value of length being approximated up or down to 

the nearest integral number of centimetres. In order to study the vertical distribution of the 

species, the material caught was divided into three zones, according to the depth of haul: 

less than 150 m, 150 to 250 m, and more than 250 m. The data as to the depth and time of 

each haul were taken from the vessel's log-book. The weights of the fish caught in a par

ticular depth zone were reconstructed with use of length frequency distribution and length

weight relationship. 

Out of the catch, 524 individuals were taken at random, and their otoliths, collected 

for age determination, were stored dry in paper bags. The total weight of each individual 

was determined to the nearest gram, with use of a rolling-proof scale aboard the ship. 

Apart from this, 20 individuals from this tritr-as well as further 68 individuals caught 

in the same way during another trip of RV "Profesor Siedlecki", which took place in the 

first half of 1989--were brought frozen to Poland. These samples were, among others, used 

for the determination of the relationship between total length (TL) and standard length 

(SL-the distance between the end of snout and the end of hypural plate), as well as for 

comparative vertebrae-otoliths age readings. The vertebrae, taken both from the anterior 

and from the posterior parts of spines, were bleached in solution ofH202 and stored dry in 

paper bags. 
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The otoliths were measured to the nearest 0.01 mm, according to the scheme given by 

Hecht (1987), with use of a micrometric screw-equipped microscope. The regression curve, 

expressing the otolith-total fish length relationship, was adjusted to average fish lengths 

within each otolith length group every 0.1 mm, and the otoliths length measurements were 

approximated up or down to the nearest 0.1 mm. 

The otoliths and vertebrae were examined for age under a binocular microscope on 

black background; the otoliths were placed in a few drops of glycerol. 

Table 1 

Number of measurements and examinations 

Number of individuals 
Type of examination examined in season 

1987/88 1988/89 Total 

Measurements of total length 1184 68 1252 
Measurements of standard length 20 64 84 
Measurements of weight 295 - 295

Measurements of otolith length 155 + 154 - -

Age determinations from otoliths 524 57 581 
Age determination from vertebrae - 68 68 

RESULTS 

The growth rate is 

presented by von Ber

talanffy's equation, ac

cording to the method 

described by Beverton 

and Holt (1957). 

The list of the re

search works carried out 

is presented in Tab. 1. 

Ve r ti c a l  di s t ri b u ti o n  a n d  l e ngt h o f  Muraenolepis mar m o ratus 

in th e a r e a  o f  So u t h  G e o r gia 

As from 18 December 1987, until 8 January 1988, RV "Profesor Siedlecki" made 133 

bottom trawl hauls in the area of South Georgia. M marmoratus appeared in almost every 

haul, though in small quantities. Altogether, 1184 individuals were caught, weighing 

148 274 g, which made about 0.5% of the total weight of all species caught. 

Table2 

Occurrence of Muraenolepis marmoratus in different depth 

zones around South Georgia-expressed as a number of 

individuals and their weight caught per trawling hour 

De )th zone in m Total 
< 150 150-250 >250 

Fishing effort 
19+15 37+00 15+50 72+05 

(trawling hours+minutes 
Number of specimens 

66 681 437 1 184 
caught 

Fish weight (g) 6 839 98 429 43 006 148 274 
Number of specimens 

3.43 18.41 27.60 16.43 
caught per trawling hour 

g/trawling hour 355 2 660 2 716 2 057 

M marmoratus was 

unevenly distributed, ap

pearing most frequently in 

the deepest zones, i.e. 

below 250 m, and the 

abundance of the species, 

expressed in weight of 

fish in grams caught 

during a one-hour haul, 

was the highest in the 

same zone (2716 g) as 

well as in the zone be-
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tween 150 and 250 m (2660 g), whereas within the uppermost depth zone, less than 150 m, 

there was only 335 g per hour (Tab. 2). 
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Fig. I. Length distribution of Muraenolepis marmoratus caught 
at different depth zones of the South Georgia shelf 

The length of the 

caught fish was between 

7 and 45 cm. In the deep

est zone, below 250 m, 

the range was 15-39 cm 

with clear prevalence of 

fish 19-25 cm long, 

which made altogether 

76.5%. The modal length 

was 20 cm (Fig. 1). 

Between 150 and 

250 m the length range 

was the widest of all 

(7-45 cm), with fish 

19-35 cm long prevail

ing, and no modal length

among them could be

distinguished (Fig. 1 ).

Within the upper

most zone (less than

150 m) the fish measured 

from 9 to 39 cm. The 

length frequency curve 

showed several maxima 

within this range (Fig. 1 ), though the small number of samples caught does not allow to 

draw any conclusions from the maxima. 

Apparently 2/3 of the fish were immature. Therefore, due to gonad immaturity, accu

rate sex determination and sexual maturity assessment was not always possible for an un

aided eye observation. Within the length class of24 cm about half were matured-thus this 

length can be preliminarily considered as the length of maturation. 

Ag e a nd g r owth r a t e  

Otoliths 

The otoliths of the studied species are oval or triangular plates, with individual vari

ability in shape. The diversity consists mainly in different development of excisura ostii 

(terminology according to Hecht 1987) and in various otolith length-width ratio. Differ-
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en.ces in length between the right and left otolith of the same fish are also quite often no

ticed. On average though. there is no directed asymmetry of the lengths of the organs, 

which was confirmed by the studies of the relationship between the lengths of the otoliths 

and the total lengt.lis of the individuals measuring 88--440 mm (Fig. 2). This relationship, 

which according to Hecht (1987), was expressed in a power equation, appeared to be virtu

ally identical for left and right otoliths, amounting respectively: 

TL = 19.406·0LI .780
; r = 0.985; n = 155; and 

TL = 19.623·0L1.773
; r = 0.983; n = 154; 

TL = fish total length in mm, OL = otolith length in mm. 

Right otolith --
TL = 19.406·0L1 ·780

r =0.985 
n=155 

Leftotoliths ---- +
TL = 19.623· OL1 ·773

r = 0. 983 

n = 154 

2 3 4 

·� .
. 

Otolith . length (mml 
5 6 

Fig. 2. Relationship between otolith length (OL) and total 
length (TL) of Muraenolepis marmoratus from the 
South Georgia region 

The external, con

cave surface of the oto

liths was entirely unread

able, whereas on the inter

nal surface, some concen

tric, alternating opaque 

and hyaline zones were 

visible. On the analogy 

of other fish species, also 

the Antarctic ones, it has 

been assu.."lled that a pair 

of such opaque and hya

line zones (i.e. annulus) 

represents one year of age 

(Fig. 3). On the edge of 

most otoliths hyaline 

zones were completely 

formed; some otoliths, 

especially the ones of 

young fish, showed addi

tional narrow opaque in

crements. The otoliths of 

vast majority, i.e. 515 out 

of 524 examined individu

als, were readable, and 

their i..terpretation caused 

no difficulties. 
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A B 

Fig. 3. Otoliths of Muraenolepis marmoratus caught in the South Georgia shelf waters in 
the first decade of February 1989; A-TL = 21.3 cm; age 5 years; B-TL = 11.0 cm; 
age2 years 

Vertebrae 

Both anterior and posterior vertebra of M marmoratus has its trunk biconcave, with 

a quite large aperture. When dipped in water, the oral or caudal surface of the trunk shows 

Fig. 4. uoss-section o anterior vertebra of Muraenolepis 
marmoratus caught in the South Gorgia shelf 
waters in the first decade of February 1989; 
TL = 34.0 cm; age 8 years 

opaque and hyaline zones, which 

can be seen for a few minutes 

under a binocular microscope. 

The number of the zones is gen

erally equal to the number 

counted on the otolith of the 

particular individual (Tab. 3). 

After 3-5 minutes the vertebrae 

absorbed water and became en

tirely hyaline and illegfble. 

In general, the legibility of 

the vertebrae was much worse 

and reading was more difficult 

comparing to the otoliths 

(Fig. 4), due to circular cracks 

which appeared because of dry-

ing up. 
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Table3 

Age readings of Muraenolepis marmoratus from the South Georgia shelf 

by means of otoliths and vertebrae 

Total Age readin!?S (vears) Seq. Total Age readines (vears) 
length Otoliths Vertebrae No. length Otoliths Vertebrae 
(cm) Anterior Posterior (cm) Anterior Posterior 
14.2 - 3 3 35 24.1 6 6 6 
1 ,;: "J � A 4 36 24.6 6 ;;. 6 .L.Jo"'-' ..., V 

15.5 - 4 4 37 24.6 - 6 6 
18.6 5 5 5 38 24.7 6 6 6 
19.0 - 4 4 39 25.3 6 6 6 
19.0 5 5 5 40 25.3 - 6 6 
19.4 5 5 5 41 25.8 - 6 6 
19.7 5 5 5 42 26.1 6 6 6 
19.8 5 5 5 43 26.1 7 7 6 
20.0 5 5 5 44 26.3 5 5 5 
20.3 6 6 6 45 26.9 6 6 6 
20.4 5 5 5 46 27.0 10 9 9 
20.5 5 5 5 47 27.0 7 7 7 
20.5 5 5 5 48 27.2 6 6 6 
20.8 6 5 5 49 27.5 7 6 6 
20.8 5 5 5 50 27.7 6 6 6 
21.0 5 5 5 51 27.8 7 6 6 
21.0 5 6 6 52 28.2 7 

I
7 I 7 

21.2 5 5 5 53 28.2 8 8 8 
21.2 6 5 5 54 28.2 7 7 7 
21.3 5 5 5 55 28.6 - 6 6 
21.3 - 5 5 56 29.0 7 7 7 
21.4 5 5 5 57 29.0 8 8 8 
21.5 5 5 5 58 29.3 10 10 10 
22.5 5 5 5 59 29.3 - 10 9 
22.5 5 5 5 60 29.5 7? 7 7 
22.5 6 6 6 61 29.8 9 10 10 
22.6 6 6 6 62 30.8 7 7 7 
22.8 6 6 6 63 32.0 ? 10 10 
22.8 6 6 6 64 34.0 - 8 7 
23.1 6 6 6 65 34.9 8 8? 8? 
23.5 6 6 6 66 35.0 9 8 9 
23.6 5 6 6 67 37.1 13 11 11 
23.7 8 6 6 68 37.6 9 9 9 

Age composition of catch 

At the end of December 1987 and in the beginning of January 1988 fish of the age 

groups II-XII appeared in the catch. The most numerous were the fish belonging to the 

groups V, 34.9%, and VI, 27.7%, (Tab. 4). The fish belonging to the age groups VII-IX 

made 27 .2% of the catch. What should be noticed, the groups II and Ill composed a very 

small part and the group I was completely absent. 
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Tabie4 

Age composition of Muraenolepis marmoratus caught in the South Georgia shelf waters in 1987 /88 

Ai!e groups Total 
II III IV V VI Vll vm IX X XI XII 

% 0.4 1.0 5.4 34.9 25.7 13.5 8.2 5.5 3.3 1.1 1.0 100.0 

n* 5 12 63 407 300 158 96 64 39 13 12 1169 

* Number of specimens in age groups after converting age readings into weight.

Length growth rate 

Some authors measure the Antarctic fishes according to standard length (SL), the 

majority however use total length (TL). In order to make the growth rate comparable in 

terms of both kinds oflength, the relationship between TL and SL was determined, with use 

of the material of84 individuals of M marmoratus, measuring from 142 to 376 mm of total 

length. For this range of length the relation is approximately rectilinear and can be expressed 

as the following equation: 

SL = 0.948·TL + 1.116; r = 0.999; or 

TL = l.055·SL - 1.177; (SL and TL in mm). 

The mean lengths of M marmoratus within each age group are shown in Tab. 5. Be

cause of the small number of fish belonging to the age groups II and III, the mean lengths 

presented should be treated as provisional. The wide length range of fish in the same age is 

what should be stressed, especially in the groups VII-IX. 

On the base of the average lengths of the age groups from Tab. 5, the following pa

rameters ofvon Bertalanffy's growth equation were derived: Loo
= 48.21 cm; K = 0.1188; 

to = 0.1939. In the same table the theoretical lengths in particular age groups are presented, 

calculated with use ofvon Bertalanffy's equation with the above parameters. These theo

retical lengths match the empirical data quite well. 

Length-weight relationship and weight growth rate 

Length-weight relationship is presented as the power equation: 

W= 0.00775·TL3
·
00234

; r = 0.95023; n = 295; 

where: W = fish total weight (g); TL = total length ( cm). The length range of the fish used 

for the above was 8.8 cm to 44.0 cm; the weight between 4.4 g and 780.0 g. 

Substituting TLs with the theoretical lengths in the particular age groups, the theoreti

cal weights were calculated for the individuals of the studied species in the subsequent years 

of life (Tab. 5). 



Parameter 

Mean length in the age groups of Muraenolepis marmoratus in the South Georgia shelf waters in 1987/8.8 

(TL-cm) and theoretical length and weight according to the von Bertalanffy's formula 

Age groups 

II III IV V VI VII VIII IX X 

Mean length of age groups [cm] 9.4 12.7 18.2 20.6 23.8 27.1 29.7 31.5 32.7 
± O' - 3.7 2.0 1.7 2.3 3.0 3.1 3.4 2.9 
Range 9-11 10-19 15-22 16-25 19-31 21-34 23-39 25-39 27-38
Number of age readings 3 4 28 169 122 75 50 32 19
Theoretical length [cm] 9.3 13.7 17.6 21.0 24.1 26.8 29.2 31.3 33.2 
Theoretical wei!!ht r g] 9.3 20.0 42.2 72.3 108.6 149.7 193.9 239.6 285.9 

Table5 

XI XII 

34.8 36.3 

3.4 3.7 

31-44 33-41 

8 5 

34.9 36.4 

331.6 376.3 
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DISCUSSION 

Any comparisons of our results with the observations of other authors is difficult due 

to the uncertain status of the species belonging to the family Muraenolepidae. Earlier 

sources (e.g. Norman 1938; Andriashev, 1965; Permitin 1977; Howes 1990) state that in 

the area of South Georgia there is only one species, i.e. M microps. Torno and Hureau 

( 1985), are the first authors to state that there exists also M microcephalus in the area. 

Balguerias (1989), in the report from a research trip during 1986/87, mentions two Mu

raenolepis species being caught off the island, M microps and M orangiensis. Cohen 

(1990), reports about two other species, M microps and M microcephalus. Chiu and Mar

kle (1990), on the contrary, state that as much as three species live in waters around the is

land: M microps, M marmoratus and M microcephalus; the same is reported by Miller 

(1993). What can be clearly seen, all the authors agree as to the presence of M microps. 

None of the cited authors though, who report seeing more than one Muraenolepis species 

in the area, provide any results of feature studies that might justify such opinion. Moreover, 

none of them is critical to earlier opinions about geographical distribution of Muraenolepis. 

According to the cited sources, one might presume that all four species of the family, rec

ognised so far, coexist in the area of South Georgia. Our studies though (Kompowski and 

Rojas 1993) lead to the conclusion that there lives only one species-identical to that previ

ously recognised as M microps. Long lateral line suggests that it is M marmoratus. Should 

we suppose that our hypothesis is true, and all the previous reports and references pertain to 

one and the same species, we can than draw comparisons. 

The abundance of M marmoratus was increasing with depth during the research pe

riod of Antarctic summer 1997-1988. It is compliant with the observations made by Bal

guerias (1989), in the same area during the Antarctic summer 1986-1987. His observations 

concern two species distinguished by him: M microps and M orangiensis. 

The relationship between fish total length and otolith length estimated in this work 

differs from that given by Hecht (1987), who reports the relationship for M microps 

from the South Georgia area (for both left and right otoliths together) as follows: 

TL = 28.21 ·0L1 .60
• It is also a power type relationship, however, the differences can arise 

from much smaller volume of material studied by Hecht ( otoliths measurements from 

47 individuals of total length 157-390 mm). 

No studies of age or growth rate of Muraenolepidae have been carried out so fur

except for Permitin's (1973), who-studying fecundity and reproductive biology of various 

species of the area-estimated also age of some individuals of M microps, using otoliths 

but giving no details of that. He reports only that males of this species mature at the length 

of21-27 cm, at the age of3-5 years, and that females at 16-19 cm, with three annuli on the 

otoliths, were still immature. However, larger females, more than 30 cm long and more than 
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4 years old, had their gonads well developed. At this point it is worth to mention that 

Permitin's observations on gonad development and maturation converge with our initial ob

servations. 

North (1988 a), ascertained that hyaline otolith zones of t._h.e Antarctic fishes start to 

deposit in July and August and are clearly visible on the edge of most otoliths from August 

till September. This meet our observations, as the otolith of all the fish examined-caught 

during Antarctic summer (December-January)-had a hyaline zone fully formed on the 

edge, and smaller individuals had also some narrow opaque increments. 

The reason for the age-group I absence and a small part of the groups II and ill in the 

catch is that the larvae and postlarvae ofMuraenolepidae (the groups O and I) remain in the 

pelagial (Efremenko 1983; North 1988 b) thus were unavailable for the bottom trawl used 

by RV ''Profesor Siedlecki". The selectivity of the trawl is an explanation for the small catch 

of the groups II and III. The smallest individuals caught were 88 mm and 93 mm of total 

length. There were two distinct hyaline zones on their otoliths, so they were estimated to be 

within the group II. Bearing in mind that spawning of Muraenolepis probably fall at the end 

of Antarctic winter (Permitin 1973; Efremenko 1983), it should be accepted that the actual 

age of the fish was approximately 2.5 years, 3.5 years and so forth. 

According to Taylor (1958), L,,, should be fitted in such a way that Lmax (maximum 

length observed for the species) amounts to about 95% of the Leo (see also Ekau 1988). 

Maximum reported length of Muraenolepis (M microps) was 46 cm in the area of South 

Georgia (Permitin 1973), only 1 cm more than the largest individual of our studies. 

Our Loo = 48.21 cm conforms Taylor's criterion, as Lmax = 46 cm is 95.42% of the Loo. 

CONCLUSIONS 

1. The maximum abundance of Muraenolepis marmoratus in the region of South Georgia

in australian summer 1987/88 was observed at depths >250 m: 2 716 g per trawling

hour-as compared with 335 g per trawling hour at the depth zone <150 m.

2. In bottom trawl catches occurred 7-45 m long specimens; 19-23 cm long specimens

prevailed.

3. The relationship between otolith length (OL, mm) and total length (TL, mm) of Mu

raenolepis marmoratus were for right and left otoliths respectively: TL = 19.406-0LJ .780
; 

r = 0.985; n = 159 and TL = 19.623·0Lt .773
; r = 0.983; n = 154.

4. The otoliths were better for age readings than the vertebrae and their interpretation was

relatively easy.

5. Specimens of TI-XII age groups occurred in the catches; V and VI age groups were

most abundant.
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6. Growth rate was expressed with the von Bertalanffy's growth equation with the pa

rameters: L., = 48.21 cm; K= 0.1188; to= 0.1939 year.
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Andrzej KOMPOWSKI, Carlos ROJAS

ROZMIESZCZENIE PIONOWE, WIEK I S2YBKOSC WZROSTU MURAENOLEPIS
MARMORATUS GUNTER, 1880 (GADIFORMES, MURAENOLEPIDAE) 

W REJONIE GEORGII POLUDNIOWEJ (ANTARKTYKA) 

STRESZCZENIE 

Latem antarktycznym 1987/88 najobfitsze wystwowanie Muraenolepis marmoratus w rejonie 
Georgii Poludniowtj zaobserwowano na gl'2bokosciach >250 m: 2716 g/godz. zaci� - w por6w
naniu z 335 g/godz. zacil;\gll w strefie <150 m (Tab. 2). W polowach wlokiem dennym wystwowaly 
osobniki o dlugosci cal:kowitej 7-45 cm. Najliczniejsze byly ryby o dlugosci 19-23 cm {Fig. 1). 

Zaleznosc mi� dlugosci� otolitu (OL-mm.) i dlugosci� calkowiui:Muraenolepis marmora
tus (TL-mm) wynosila odpowiednio dla.Jrawego i lewego otolitu (Fig. 2): TL = 19.406·0L1·780;
r = 0.985; n = 159 oraz TL = 19.623·0L1. ; r = 0.983; n = 154. 

Do odczyt6w wieku lepiej nadaj� si� otolity niz kr@ (Fig. 3 i 4, Tab. 3). Odczyty wieku 
z otolit6w s� latwe, a ich interpretacja nie przedstawia wi�kszych problem6w. W polowach wlokiem 
dennych wystwowaly osobniki z II-XII grup wieku; najliczniejsze byly ryby z V i VI grupy wieku 
(Tab. 4). 



62 Andrzej Kompowski, Carlos Rojas 

Srednie dlugosci osobnik6w w grupach wieku (Tab. 5) obrazuja._ szybkosc wzrostu Muraenole
pis marmoratus w rejonie Georgii Poludniowej. Szybkosc t� mozna r6wniez przedstawic przy po
mocy r6wnania von Bertalanffy'ego z nast�uj�cymi parametrami: L"' = 48,21 cm; K = 0,1188, 
to = 0,1939 roku. 

Zaleznosc mi�dzy dlugoscia._ calkowit� (TL-cm) i masa._ (W-g) mozna wyrazic wzorem 
W = 0,00775·TL3•00234• 
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