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Abstract The presence of the two morphs, “typical” and
“large mouth”, in the Antarctic fish species Trematomus
newnesi (Perciformes, Notothenioidei) was recorded for the
first time in nearshore waters of the South Shetland Islands
(Potter Cove) and western Antarctic Peninsula (Petermann
Island). The two morphs were distinguishable in specimens
of 60-241 mm total length (TL); about 30% of the speci-
mens constituted intermediate forms. In addition to the pre-
viously known characters separating the morphs, we found
that the “relative size of the eye” can also be used to iden-
tify smaller and larger fish of the typical morph. The eco-
logical significance of the two morphs remains unclear.
Ratios of diagnostic characters for identification of the spe-
cies at two size ranges (60131 and 132-241 mm TL) are
provided.
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Introduction

Discontinuous phenotypes in a population constitute the
greatest variability in most species. When all members of a
local population are products of the same gene pool and
members of a single taxonomic unit, the existence of mor-
phologically different individuals reflects intraspecific vari-
ation (Mayr and Ashlock 1991).

Ichthyological research on trophic polymorphism indi-
cates that the differences between morphs are associated
with food and habitat (Smith and Skulason 1996). In gen-
eral, morphs differ in size and shape of body, head, fins or
other characters. This widespread evolutionary phenome-
non is known for fish in different fresh water and marine
environments. Examples include river cichlids Cichlasoma
spp. in Cuatro Ciénagas, Mexico (Sage and Selander 1975;
Dunnigan etal. 1994); cichlids in Lake Tanganyika
(Koblmiiller et al. 2004); Arctic charr Salvelinus alpinus in
lakes of Iceland and Northern Norway (Peres-Neto and
Magnan 2004); Scandinavian white fish Coregonus spp. in
nine Norwegian lakes (Whiteley 2007) and serranid marine
fish Hypoplectrus spp. in Puerto Rico, U.S. Virgin Islands,
Curacao, Honduras and Belize (Whiteman et al. 2007).

The first case of phenotypic plasticity in Antarctic fish
was described by Eastman and DeVries (1997) for the spe-
cies Trematomus newnesi Boulenger 1902 from McMurdo
Sound, documenting differences between the “typical
morph” and a “large mouth morph”. T. newnesi is a coastal
circumpolar Antarctic fish of the family Nototheniidae
(Perciformes, Notothenioidei), widely distributed in waters
of the southern Scotia Arc (South Orkney Islands and South
Shetland Islands), the West Antarctic Peninsula and the
High Antarctic Zone (Gon and Heemstra 1990). Although
its depth distribution may reach 400 m (Tiedtke and Kock
1989), it is more abundant in shallow inshore waters in the
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range 20-50 m, primarily on rocky bottoms with macroal-
gae beds (Moreno et al. 1982; Barrera-Oro 2002).

The main differences between the two morphs recognised
by Eastman and DeVries (1997) are the wide and U-shaped
head in the large mouth morph and the more tapered and
V-shaped head in the typical morph. According to Eastman
and DeVries (1997), the holotype described by Boulenger
(1902) was the typical morph and the form exemplified in
Fischer and Hureau (1985) and DeWitt et al. (1990) corre-
sponds to the large mouth morph. Further descriptions of
polymorphism in Antarctic fish are scarce and are found in
other members of the genus Trematomus: two colour morphs
of T. bernacchii (white blotch and brown) in McMurdo
Sound (Bernardi and Goswami 1997) and morphism in chro-
mosome number and morphology in 7. eulepidotus and
T. hansoni (Ozouf-Costaz et al. 1997; Pisano et al. 1998).

Until 1990 the maximum total length (TL) known for
T. newnesi was 200 mm (Gon and Heemstra 1990). More
recent studies reported larger values, occasionally in the
range 230-250 mm TL (Vacchi and La Mesa 1995; La
Mesa et al. 2000; Casaux et al. 2003). The sample from
McMurdo Sound, where the two morphs in question were
found, included specimens from 113 mm to a maximum
size of 280 mm TL (Eastman and DeVries 1997).

In Potter Cove, South Shetland Islands, several ichthyo-
logical studies have been carried out by means of trammel
nets with mesh sizes that allowed capture of specimens
over 150 mm TL (reviewed in Barrera-Oro and Casaux
2008). Recently, the scope of research at this locality was
expanded by the use of bottom trawling with nets of smaller
mesh capable of sampling earlier life history stages of fish,
including 7. newnesi, down to approximately 40 mm TL
(Barrera-Oro and Piacentino 2007).

Through analysis of 7. newnesi specimens collected
mostly at Potter Cove, the primary aim of this study is to
report on the occurrence of the typical and large mouth mor-
phs for first time, and in smaller specimens (>60 mm TL), in
the South Shetland Islands and western Antarctic Peninsula
region (Fig. 1). Furthermore, we found that the character
“eye diameter” sometimes separates the two morphs.
Because analysis of morphometric measurements throughout
ontogeny is a useful tool in taxonomic studies, our second
objective is to provide new diagnostic characters for two size
ranges of 7. newnesi to aid in its identification.

Materials and methods

Samples of 7. newnesi were obtained primarily at Potter
Cove, King George Island, South Shetland Islands, close to
the scientific station Jubany (62°14'S; 58°40'W) by means
of a bottom trawl (mouth 1 m?, length 2 m, mesh 4 mm) and
trammel nets (length 25 m, inner mesh 25 mm) at 840 m
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Fig. 1 Map of the Antarctic Peninsula showing the sampling sites:
Potter Cove and Petermann Island

depth. The abiotic features and biotic components of this
area are described in Casaux et al. (1990). In addition, five
individuals (Museo Argentino de Ciencias Naturales B.
Rivadavia 5729) from Petermann Island, western Antarctic
Peninsula, were also analysed. Some specimens (n =29)
were preserved in collection (MACN 9225 and MACN
9226). The sampling data and fish examined are summarised
in Table 1, with measurements following Hubbs and Lagler
(1958). Wilcoxon Matched-Pairs non-parametric test was
used to test the null hypothesis that there were no differences
in relative measurements between the two size classes.
Within the size range of the fish collected for study of onto-
genetic variation, many length intervals were not well repre-
sented or even absent (e.g., seven 1 cm length classes with
N < 3). Hence it was not possible, for instance, to recognise
gradual ontogenetic variation of selected characters and to
divide the whole sample into several, well represented, length
classes that putatively represent different cohorts. Instead,
we arbitrarily separated the fish sample in two main size
ranges: specimens within the size ranges of 60—131 mm TL
[13-32 mm head length (HL)] and 132-241 mm TL (33-59
mm HL) are defined as of small and large fish, respectively.
To analyse the degree of allometry, the allometric
growth function (y = ax?) was fitted to the values of some
morphometric characters (with x being the HLs). Values of
b<1 and b>1 indicate negative and positive allometry,
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Table 1 Details of sampling and fish examined

Locality Date Gear No. of fish Size range (TL, mm)
Potter Cove February 1997 Trammel net 22 134-220
Potter Cove Dec. 2004 to Feb. 2005 Bottom trawl 100 60-154
Potter Cove Dec. 2005 to Mar. 2006 Bottom trawl 53 40-126
Petermann I. Dec. 1967 to Feb. 1968 Trammel net 5 181-215

respectively. Values of b that are not significantly different
from 1 indicate isometric growth.

The specimens investigated were collected during four
intervals over the past 38-39 years and it was our original
intent to study only ontogenetic morphometric variation in
this species. However, upon learning of the existence of
phenotypic plasticity or morphism in 7. newnesi (Eastman
and DeVries 1997) and recognising that this phenomenon
was also present in our samples, we retrospectively
expanded the scope of our study to include a documentation
of the incidence of the various morphs. Thus the size of the
sample we employed for the analysis of morphometric vari-
ation was larger (180 specimens) than that used for the
study of the morphism component (70 specimens). This is
because the specimens from the earlier collections were not
preserved in a museum collection and thus could not be
examined for morphism.

Results

Identification of morphs

Of the total fish examined for identification of morphs
(n=170), 41% corresponded to the typical morph, 29% to

the large mouth and the remaining 30% were intermediate
forms (Fig. 2).

a b

Typical morph

Large mouth morph Dorsal view

215 mm TL
Lateral view

201mm TL

195 mm TL

Fig. 2 Photographs of Trematomus newnesi showing distinct
morphologies in similarly sized fish. a large mouth morph with compar-
atively large mouth and small eyes and U-shaped head; b typical morph
with comparatively small mouth and large eyes and V-shaped head

Morphometric measurements

Ratios of fish length and HL to a number of common diag-
nostic characters for both small and large specimens of
T. newnesi are shown in Table 2. Values are expressed as
ratios instead of relative sizes (as shown in Figs. 3, 4, 5, 6),
to make them directly comparable with those characters
described in the literature for the diagnosis of species of
genus Trematomus (Dewitt et al. 1990).

Ontogenetic growth patterns

In T. newnesi the growth pattern is isometric for some char-
acters. Their relative sizes varied from 29.16 to 43.33% for
HL/SL from 37.93 to 59.61% for the length of snout to anal
fin origin/SL and from 37.67 to 69.39% for the length of
anal fin origin to caudal fin base/SL.

The growth pattern is also isometric (Table 3) for rela-
tive upper jaw length (Fig. 3b), relative mandible length
(Fig. 4b) and relative gape width (Fig. 5b). The values for
small and large fish ranged from 37.54 to 57.77% and from
42.85 to 58.82%, respectively, for relative upper jaw
length; from 30.67 to 44.44% and from 36.4 to 48.6%,
respectively, for relative mandible length from 28.33 to
45.18% and from 32.08 to 50.98%, respectively, for rela-
tive gape width. For relative mandible length and relative
gape width, two discrete morphologies were observed
(Figs. 4a, 5a). Eye diameter shows a slight negatively allo-
metric growth (Table 3), with percentage ratios of 21.82—
33.33% in small fish and 19.04-30.77% in large fish
(Fig. 6b). The growth pattern is positively allometric for
interorbital width/HL and for body depth/SL. The relative
interorbital widths range from 18.75 to 31.81% in small fish
and from 22.8 to 34.61% in large fish. For relative body
depth, the values range from 16.36 to 24.77% in small fish
and from 18.93 to 49.56% in large fish.

Discussion

The two distinct morphs described by Eastman and
DeVries (1997) were also identified by external characters
within the fish collected in the South Shetland Islands/west-
ern Antarctic Peninsula region (mainly at Potter Cove),
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Table 2 Morphometric ratios of standard length (SL) and head length (HL) to a number of morphological characters in small and large specimens

of Trematomus newnesi

Morphometric ratios n  Small fish n  Large fish D
(48-110 mm SL; 60-131 mm TL) (111-201 mm SL; 132-241 mm TL)
Range Mean SD Range Mean SD
HL/eye diameter 94 2.7-4.0 3.49 0.29 33 3752 4.20 0.42 0.000*
HL/upper jaw length 94 1.7-29 2.37 0.18 33 1.729 2.11 0.21 0.000*
HL/gape width 94 22-35 2.73 0.27 33 19-33 2.43 0.35 0.000*
HL/mandible length 94 2.3-32 2.69 0.21 33 2.0-26 2.44 0.21 0.000*
HL/interorbital width 94 3.1-5.1 4.03 0.37 33 2.843 3.47 0.36 0.000*
SL/head length 94 3.0-43 3.63 0.34 33 3242 3.50 0.24 0.306
SL/length of snout to anal fin origin 57 1.5-2.5 2.04 0.24 26 1.8-2.6 2.04 0.20 0.242
SL/length of anal fin origin 57 1.5-2.7 2.06 0.27 26 1.8-2.6 2.09 0.17 0.227
to caudal fin base
SL/body depth 94 4.0-6.1 4.76 0.51 33 2.0-53 4.14 0.43 0.003*
SD standard deviation. p level determined by Wilcoxon Matched Pairs Test. Significance at * p < 0.05
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Fig. 3 a Histogram showing frequencies of relative upper jaw lengths
(%) of T. newnesi; b Plot of relative upper jaw lengths (%) in relation
to head lengths (mm) for small and large specimens

including smaller fish (from 60 mm TL), which were not
present in the sample from McMurdo Sound (113-280 mm
TL). This indicates that this phenomenon is evident in
juveniles and is not confined to later periods of ontogeny.
In dorsal and ventral views, the head was more pointed,
V-shaped in the typical morph and more wide, U-shaped
and darker in the large mouth morph. In addition to this

@ Springer

Head length (mm)

Fig. 4 a Histogram showing frequencies of relative mandible lengths
(%) of T. newnesi; b Plot of relative mandible lengths (%) in relation
to head lengths (mm) for small and large specimens

distinct colouration and morphology of the head, originally
pointed out by Eastman and DeVries (1997), we observed
that the pigmentation of the head and body was orange-
brownish in the typical morph and dark grey in the large
mouth morph (Fig. 2). We also noted that the relative size
of the eye was, in some cases (n = 21) with the reservations
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Fig. 6 a Histogram showing frequencies of relative eye diameter (%)
of T. newnesi; b Plot of relative eye diameters (%) in relation to head
lengths (mm) for small and large specimens

noted below, a useful new character in separating morphs,
with a larger eye diameter in the typical morph and smaller
in the large mouth morph (Fig. 2). Nevertheless, despite the

Table 3 Allometric parameters for relationship of morphometric
characters with head length (HL)

Characters n a b r )4

Eye diameter/HL 150  0.568  0.765  0.950 0.000*
Gape width/HL 150  0.244  1.140  0.955 0.000*
Upper jaw/HL 126 0286  1.333  0.966 0.000*
Mandible length/HL 140  0.259  1.124  0.962 0.000*

n number of individuals, a constant of allometric equation, b allometric
coefficient; 7% determination coefficient. Significance at *p < 0.005

general validity of these characters, approximately 30% of
the T. newnesi specimens analysed were intermediate
forms, which could not be assigned to any of the morphs
regardless of size. This could be a reflection of the variabil-
ity of the phenotypic characters analysed. Intermediate
morphs have also been collected recently in McMurdo
Sound (J. T. Eastman, personal communication).

In the present study we observed, within fish of the
same length interval, variability in eye diameter and pro-
jection of the maxillary relative to the eye. Many smaller
and larger specimens had a larger eye diameter and the
maxillary projected in some cases beyond the anterior
one-third of the eye. This could be due to heterochrony,
because this pattern remained constant with increasing
fish size. Similar variability was also observed by Boulenger
(1902) and by Eastman and DeVries (1997) for sizes of
116-239 mm SL.

Based on morphology and measurements Eastman and
DeVries (1997) suggested that the large mouth morph
could be more benthic than the typical semipelagic morph,
as a response to a different diet. Two studies on the diet of
T. newnesi have been carried out at Potter Cove. The most
recent showed that early juvenile stages (4—-154 mm TL)
fed on a few benthic-demersal taxonomic groups associated
with algae communities, with no differences in feeding hab-
its between fish sizes (Barrera-Oro and Piacentino 2007). In
the earlier study, larger juveniles and adult fish (123-
233 mm TL) preyed on both benthic-demersal and pelagic
organisms, becoming secondary plankton/water-column
feeders (Casaux etal. 1990). These studies did not give
conclusive evidence for niche diversification, since the die-
tary analysis was carried out over the total fish sample with-
out separation of the two distinct morphs. The information
in Barrera-Oro and Piacentino (2007) does not support this
hypothesis because either differences in habitat or diet
between juvenile fish was found in a sample that was com-
posed of specimens of both morphs. We share the view of
Eastman and DeVries (1997) on the need to clarify this
hypothesis by a representative trophic analysis. Thus this
phenotypic polymorphism is not yet a documented example
of trophic polymorphism.
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It is necessary to make clear that our samples were not
processed to see strict morphometric differences between
the two morphs (except for a comparison between eye sizes
of a limited number of fish), but to see ontogenetic changes
of T. newnesi without separation into morphs (see
“Material and methods”). Hence, Figs.3, 4, 5, 6 and
Tables 2, 3 refer to morphometric differences between the
two size ranges of the species and not to differences
between the morphs.

In the morphometric analysis of T. newnesi the ratios of
the diagnostic characters used for taxonomic identification
(Table 2) extend the range of values given in the literature for
nototheniids in general (DeWitt et al. 1990). Although it was
not possible to divide the whole sample into several length
classes and gradually follow the ontogenetic variation in the
selected characters, the data presented for two main size
ranges reflect size-related changes in growth of the species.

The joint analysis of mandible length, gape width and
upper jaw length with increasing fish size indicate that the
gape of the mouth was determined by the last character.
Upper jaw lengths are proportionally larger in smaller spec-
imens (Fig. 3b) allowing for a larger mouth opening, up to
a position of the maxillary perpendicular to the dentary.
This morphology was not observed in fish larger than
132 mm TL and could be interpreted as an adaptation in
smaller fish for an effective ambush feeding on some rela-
tively large prey, such as amphipods and krill (Barrera-Oro
and Piacentino 2007).

Likewise, the characters mandible length and gape width
in relation to HL separate the investigated specimens in a
nearly bimodal fashion (each mode putatively being repre-
sentative of a different morph) (Figs. 4a, Sa, respectively),
similarly to the description in Eastman and DeVries (1997)
for the relative upper jaw length and gape width of T. new-
nesi from McMurdo Sound. Because 7. newnesi is a poly-
morphic species with intermediate morphs, some characters
did not exhibit a clear bimodal distribution, as was the case
in our data for upper jaw length and eye diameter (Figs. 3a,
6a, respectively). Quantification and further analysis of the
occurrence of the typical and large mouth morphs of
T. newnesi at Potter Cove will be the aim of a future work.
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