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Abstract To date, studies of food overlap in Antarctic

fish have been performed on a mixture of late juvenile and

adult stages, leaving the young immature specimens

(TL B 10 cm) practically unexplored. We studied diet

overlap and potential competition among early juvenile

individuals in a coastal notothenioid community at Potter

Cove, by analysing the stomach contents of 225 fish of 5

species collected in the summer of 2009–2010. We used

frequency of occurrence (F %) and the coefficient ‘‘Q’’ for

diet evaluation and the method of Tyler and the similarity

index ‘‘S’’ for food overlap. Amphipods of the suborder

Gammaridea were the main (Q [ 2.900) and most frequent

(% F) prey for all species, although Notothenia coriiceps

also consumed gastropods of the family Littorinidae,

mostly Laevilitorina antarctica. Secondary prey were algae

for Notothenia rossii and N. coriiceps, calanoid (pelagic)

and harpacticoid (benthic) copepods for Trematomus

newnesi and the latter copepods and isopods of the family

Munnidae for Lepidonotothen nudifrons. The reoccurrence

of prey among fish species was 39.6 % and food overlap

between 90 % of species pairs was under 58 %. Because

similarly low values of diet overlap were reported for

intermediate/advanced juveniles and adults of the same

species at the same site, we conclude that there is no dif-

ference in the degree of interspecific food overlap and

therefore potential competition between the immature and

mature fraction of the fish community. Food competition is

avoided by resource partitioning along a depth gradient or

by different prey species.

Keywords Juvenile fish � Food competition � Trophic

ecology � Antarctic ecosystem

Introduction

As both predators and prey, fish occupy the intermediate

trophic level in the food webs of the Southern Ocean (Kock

et al. 2012). The dominant and endemic coastal demersal

group, the Antarctic Notothenioidei, are the main predators

of benthos, feeding on virtually all the organisms present

below their own trophic level from algae to fish, as well as

on zooplankton in the water column (Barrera-Oro 2002).

They have developed a wide range of feeding strategies,

which allow them to utilise food resources in a variety of

habitats (Gröhsler 1994), thus reducing dietary overlap. As

food overlap may be reflected in competition under con-

ditions of limited resource availability (Odum 1971), the

utilisation of such strategies may help to diminish inter-

specific competition.

Studies of food overlap in Antarctic fish are limited. A

few studies are focused on pairs of species in the Ross Sea

(Vacchi et al. 1994; La Mesa et al. 1997) and the South

Shetland Islands (Moreno and Bahamonde 1975), while

others analyse food overlap between multiple species in

fish assemblages of the western Antarctic Peninsula and the

South Shetlands (Rakusa-Suszczewski and Piasek 1973;

E. Moreira (&) � M. Juáres � E. Barrera-Oro
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Daniels 1982; Barrera-Oro 2003), the South Orkney Islands

(Targett 1981) and the Weddell Sea (Schwarzbach 1988).

However, all of these investigations focus on advanced

juveniles and adult specimens of notothenioid species,

thus, leaving the early juvenile stage, e.g. smaller than

10 cm in total length, practically unexplored. The feeding

habits/dietary composition of a fish species may vary

during ontogeny. Thus, in a fish assemblage, the degree of

interspecific food overlap and therefore potential compe-

tition at young stages may differ from that at maturity.

The ecosystem of Potter Cove, in the South Shetland

Islands, has been well studied in the framework of multi-

disciplinary scientific programs (Wiencke et al. 1998,

2008). The waters of the cove are usually calm and ice-free

most of the year, and the fauna associated with the algal

beds is rich and diverse (Quartino and Boraso de Zaixso

2008). Fish, particularly early stages of notothenioids, live

permanently around macroalgae substrates, where they

obtain food and are protected from potential predators

(Barrera-Oro and Piacentino 2007; Barrera-Oro and Winter

2008).

Our collection of immature specimens of several noto-

thenioid species at Potter Cove allowed us to evaluate food

overlap and potential competition among early juveniles of

the fish community. These data are compared with those of

intermediate/late juvenile and adult stages of the same

species from the same site and from other areas.

Materials and methods

Two hundred and twenty-five notothenioid specimens were

collected at Potter Cove, King George/25 de Mayo Island,

close to the Argentine scientific station ‘‘Carlini’’ (formerly

known as ‘‘Jubany’’, 62�140S and 58�400W) from Decem-

ber 2009 to February 2010 (Fig. 1). Detailed information of

the biota and abiotic features of this site is given in Casaux

et al. (1990). For sampling, two different types of gear were

operated from rubber boats preferably where the seabed

was a uniform rocky bottom covered mainly with red and

brown macroalgae: (1) A bottom trawl net (mouth 1 m2,

length 2 m and mesh 4 mm) was deployed at day and night

for 15–30 min at depths of 4–30 m (average, 12 m); (2)

Trammel nets (length 15 m, width 1.5 m, inner mesh

2.5 cm, outer mesh 12 cm) were fixed to rocks and set on

the bottom at depths of 5–40 m (average, 14 m) from 16 to

24 h (Fig. 1). Further data on the fish species examined are

summarised in Table 1. Fish nomenclature follows Gon

and Heemstra (1990).

Total and standard length to the nearest 0.1 cm below,

weight in g and sex of fish were recorded. The gonad stage

was determined according to the scale in Kock and Kel-

lermann (1991). The stomachs were removed and frozen at

-20 �C for subsequent analysis at the laboratory in the

Museum of Natural Sciences ‘‘Bernardino Rivadavia’’.

The diet analysis was conducted using the frequency of

occurrence of each prey item, expressed as a percentage of

all stomachs containing food (F %) and the dietary coeffi-

cient ‘‘Q’’, which is the product of the percentage by number

and the percentage by weight of each prey type (Hureau

1970). This reduces biases due to the use of numeric or

gravimetric methods. The Q index arbitrarily separates prey

into three categories, defined main (Q [ 200), secondary

(200[ Q [ 20) or occasional food (Q \ 20). To estimate

the percentage by number of algae, the number of algae

species present in each stomach content was considered as

the number of specimens represented in the sample.

The stomach fullness was estimated using a 5-point

scale: 0 (empty), 1 (1/4 full), 2 (1/2 full), 3 (3/4 full), 4

(full). Likewise, the degree of digestion of prey was eval-

uated as 0 (undigested), 1 (partially digested), and 2 (fully

digested).

Dietary overlap between species was analysed following

Tyler (1972), where the reoccurrence of prey or percentage

overlap among predator species is the number of reoccur-

rences of prey among predators divided by the number of

South Shetland Islands

Bransfield Strait

62°S 60°W

64°S

60°W 55°W

0 1

km

King George / 25 de Mayo 
Island  

Deception Island  

Joinville Island  

Glacier

Carlini Station

Potter Cove

Potter Cove

a b

Fig. 1 a The South Shetland Islands, showing the location of Potter Cove. b Sampling sites in the cove (dot and shaded line)
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possible reoccurrences (Table 2). Thus, one reoccurrence

means that a prey taxon occurs in two predator species. The

total number of potential reoccurrences is the number of

predators minus one, multiplied by the number of prey.

Prey overlap between fish species pairs was described

by the dietary similarity index ‘‘S’’ (Linton et al. 1981):

S ¼ 100 ð1� 0:5
X

Pxi � Pyi

�� ��Þ

where Pxi and Pyi are the proportions of prey i in the diets

of fish species x and y, respectively. S ranges from 0, if no

prey is shared, to 100, if the diet of two fish species is

identical. S was estimated by considering the contribution

of the different prey to the diet by weight.

Finally, dietary diversity was express by the number of

taxa P present in the stomach contents and feeding niche

breadth of the species was calculating using dietary

diversity Index H0:

H ¼ �
X

i pi log pið Þ

where pi is the percentage by number of the ith prey

(Shanon and Weaver 1949).

Results

Size and sex composition

Size and sex proportions of the species investigated are

reported in Table 1. All the fish were sexually immature, at

stages I (immature) and II (maturing virgin) of gonad

development. Notothenia coriiceps and Notohenia rossii

had the greatest size range (6.3–19.9 cm) and Lepidonot-

othen nudifrons and Harpagifer antarcticus the smallest

ones (3.4–8.7 cm), whereas Trematomus newnesi were of

intermediate sizes (6.7–13.5 cm).

Diet composition

In general, the degree of prey digestion and stomach full-

ness were similar for the five species studied. On average,

83 % of the stomachs examined contained food in good

condition (stages 0 and 1), thus not preventing identifica-

tion of the contents, while identification was not possible in

the remaining 17 % of the samples (stage 2).

Complete data on the trophic spectrum of juvenile

specimens of the fish assemblage and on dietary overlap

using Tyler’s method are shown in Table 2. The diet

diversity was higher in N. coriiceps (H0 = 1.09, P = 29)

and N. rossii (H0 = 0.85, P = 27) and more limited in the

remaining species. Diversity values calculated for each

species are given at the bottom of Table 2. From the eleven

taxonomic groups represented in the diet, only a few rep-

resented important food items. The main and most frequent

prey for all fish species investigated were demersal-benthic

amphipods, predominantly of the suborder Gammaridea

(Q [ 2,900, F % [ 36 %) and gastropods (mostly Laevil-

itorina antarctica) for N. coriiceps. Secondary preys were

algae for N. rossii and N. coriiceps, calanoid (pelagic) and

harpacticoid (benthic) copepods for T. newnesi and harp-

acticoid copepods and isopods of the family Munnidae for

L. nudifrons. Other taxa such as polychaetes, tanaidaceans,

ostracods, chitons, bivalves and krill (Euphausia superba),

were occasional food items and many of them were of

negligible importance (Q \ 0.1, F % \ 8). Among the

gammarideans, Gammarellidae, Eusiridae and Iphimedii-

dae were the best represented families, specifically Gon-

dogeneia sp. Oradarea sp. and Gondogeneia antarctica,

the dominant species. Among the algae, Desmarestia sp.

and Palmaria sp. were the most important food items.

A comparison of prey consumed by the fish species at

Potter Cove between early juveniles from this study and

intermediate/advanced juveniles and adults reported else-

where (Casaux et al. 1990; Casaux 1998) is summarised in

Fig. 2. Gammaridean amphipods constituted the main food

in all fish sizes. Small prey, such as copepods and gastro-

pods, were main and secondary food in smaller fish of some

species, whereas they were not consumed by the larger sizes

of fish. Conversely, the larger prey, such as krill (*5 cm

TL) and fish, were absent or insignificant in the stomachs of

smaller fish (Fig. 2a) but were secondary or occasional food

for intermediate and larger sizes of some species (Fig. 2b).

Table 1 Data for fish processed in this study

Species Total length (cm) No. of stomachs Proportion

of sexes

Maturity stage

Mean ± SD Range With food Empty M/F

N. rossii 13.22 ± 3.50 7.80 -19.10 67 0 0.35 I–II

L. nudifrons 5.60 ± 1.21 4.20–8.70 24 1 0.79 I

N. coriiceps 13.58 ± 4.39 6.30–19.90 30 1 0.19 I–II

T. newnesi 9.02 ± 1.84 6.70–13.50 82 3 1.18 I–II

H. antarcticus 5.44 ± 1.77 3.40–8.60 22 1 0.53 I
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No ontogenetic shift in diet was found in H. antarcticus, a

small species where the difference in the size range between

juveniles (3.40–8.60 cm, Table 1) and mature specimens

(6.5–11 cm, Casaux 1998) was negligible.

Feeding intensity

Stomach fullness indicates high feeding intensity in all

species investigated, 69–88 % of stomachs being full or

nearly full (degrees 3–4), whereas only 0–4 % of stomachs

were completely empty (Table 1; Fig. 3).

Dietary overlap

The reoccurrence of prey among fish species was 39.6 %

(Table 2). The gammarideans Gondogeneia sp. and

Oradarea sp. and harpacticoid copepods were the most

important (main and secondary food) reoccurring prey.
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L. nudifrons (42-87mm)
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Fig. 2 Comparative analysis of the main taxonomic groups repre-

sented in the diets of a notothenioid fish assemblage throughout

ontogeny at Potter Cove. a small/young juveniles (this study);

b advanced juveniles–adults (Casaux et al. 1990). The gap in the Y-
axis denotes a change of scale in the values of the prey ‘‘amphipods’’
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Occasional but full reoccurrent food items were gam-

marideans of family Stenothoidae and algae of genus

Desmarestia sp.

The food overlap between pairs of fish based on the

index ‘‘S’’ is showed in Table 3. The diet similarity

between 90 % of species is lower than 58 %. The highest

value of prey overlap was recorded between H. antarcticus

and L. nudifrons (67 %), whereas the lowest were between

N. coriiceps and the species L. nudifrons (28 %) and T.

newnesi (34 %).

Discussion

The early juvenile size ranges of fish species of this study

are complementary to those of intermediate/advanced

juveniles and adults caught with trammel nets (Casaux

et al. 1990) and by hand in tide pools (only H. antarcticus,

Casaux 1998) in Potter Cove.

The young specimens of the notothenioid assemblage in

Potter Cove are demersal, preying chiefly on gammaridean

amphipods and other invertebrates of the benthic commu-

nity associated with macroalgae beds. These findings par-

tially agree with previous observations on the diet of

juvenile N. rossii and T. newnesi from the same site

(Barrera- Oro and Piacentino 2007; Barrera-Oro and

Winter 2008). High algae densities not only offer food but

also protection from higher predators such as penguins and

mammals. Unlike late juveniles and adults (Casaux et al.

1990), in the early stages of the fish species analysed in this

work, no evidence of vertical migration in the water col-

umn for feeding on pelagic organisms was found in the

early stages of species analysed in this work, except in T.

newnesi, which preyed on calanoid copepods secondarily

and on krill and ostracods in negligible amounts. However,

the vertical distribution of krill in inshore shallow waters

such as Potter Cove can reach the bottom in summer,

making it accessible also too demersal-benthic species,

without the implicitness of significant movements of krill

predators along the water column (Everson 1977; Takah-

ashi and Iwami 1997; Eastman and Barrera-Oro 2010;

among others).

It has been demonstrated that algae are consumed delib-

erately (Barrera-Oro and Casaux 1990) and actively selected

by fish (Iken et al. 1997). The dietary coefficient Q under-

estimates algae as they are counted as single individual in

each stomach, despite they often occupy a large volume

(Casaux et al. 1990). Nevertheless, some algae species (e.g.

Desmarestia sp. and Palmaria sp.) may become main food

items for N. rossii and N. coriiceps, as evidenced by fre-

quency of occurrence (F % [ 20, Table 2).

A diet comparison for some notothenioid species from

Potter Cove between small sizes of early juvenile speci-

mens from this study and larger sizes of intermediate/

advanced juveniles and adults reported in previous inves-

tigations shows that, as it is common in Antarctic fish,

variation of diet during ontogeny mainly concerns different

sizes of the same taxa of prey (Fig. 2). This contributes to

intraspecific trophic segregation.

During the sampling period, there was a high avail-

ability of food (Fig. 3), in agreement with previous studies

on trophic ecology of fish from the same area also carried

out in summer (reviewed in Barrera-Oro and Casaux 2008).

This stage of ‘‘unrestricted access to prey’’ may contribute

to reduction in the interspecific competition for food.

Unlike krill availability, which is mainly restricted to

summer, gammarideans are available in Potter Cove all

year round (Casaux et al. 1990). Therefore, it is to be

expected that food overlapping and potential competition

among the early stages of notothenioids did not change

substantially throughout the year. In this regard, it will be

mandatory to extend sampling beyond the summer months.

The proportional food overlap (according to Tyler’s

method) among young specimens in Potter Cove was low

(\40 %) with some gammaridean and harpacticoid cope-

pods as the most important (higher Q) reocurrent prey

N. rossii L. nudifrons N. coriiceps

T. newnesi H. antarcticus 0

1

2

3

4

Fig. 3 Index of stomach

fullness in early juvenile

notothenioids at Potter Cove in

summer season 2009–10.

0 = empty, 1 = 25 % full,

2 = 50 % full, 3 = 75 % full,

4 = 100 % full
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(Table 2). Likewise, the S index value from the compara-

tive dietary analysis at the lowest possible taxonomic level

was low between most of species pairs (\58 %) and

slightly higher between H. antarcticus and L. nudifrons

(67 %). The two latter species showed a narrower diet,

based chiefly on gammarideans. They also share a specific

common habitat in Potter Cove: H. antarticus occurs under

rocks on muddy bottoms at 3–6 m depth, and occasionally

in tide pools and also, as does L. nudifrons, at the entrance

of the cove at least down to 25 m depth. These two factors

could contribute to the higher diet overlap found between

the two species.

Comparison of present results with those obtained pre-

viously at the same site shows no different in the degree of

interspecific food overlap and potential competition

between early juveniles (this work) and advanced juve-

niles/mature specimens (Barrera-Oro 2003) in an inshore

fish community such as Potter Cove. In the previous study,

values of prey reocurrences among fish predators and S

index between most species pairs were also low, 33 % and

\50 % respectively. The low dietary overlap was

explained by resource partitioning among generalised and

specialised feeders along a depth gradient or by different

prey species, with no evidence of food competition, as

similarly found for young notothenioids in this study.

Similar findings on the absence of substantial food com-

petition and its possible causes in other fish assemblages,

although not specific to the early juvenile community, have

been reported for other Antarctic (Targett 1981; Daniels

1982; Schwarzbach 1988; Gon and Mostert 1992; Vacchi

et al. 1994; La Mesa et al. 1997) and Arctic (Tyler 1972;

Arntz 1980; Atkinson and Percy 1992; Klemetsen 1993;

Murie 1995; Hoines and Bergstad 2002; among others)

ecosystems.

Although there are no previous studies of this kind for

comparison, our results from Potter Cove may be repre-

sentative of the levels of interspecific dietary overlap and

potential competition among early juvenile notothenioids

in other Antarctic nearshore fish assemblages.
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