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Abstract Aethotaxis mitopteryx is a nototheniid spe-
cies with a circum-Antarctic distribution in the South-
ern Ocean. We present new locality records, buoyancy
measurements, and morphometric data on five A.
mitopteryx specimens collected from the Bransfield
Strait. Our analyses demonstrate that A. mitopteryx is
neutrally buoyant. This result lends additional support
to the hypothesis that neutral buoyancy has a single
evolutionary origin in Notothenioidei. Food items in
these specimens consisted entirely of krill (Euphausia
sp.), and all specimens were sexually immature. We
present morphometric data from these five specimens
and compare to the holotype specimen, which is the
only A. mitopteryx specimen collected in the Ross Sea.

Introduction
The ecological diversity of the Antarctic notothenioid

radiation is characterized by utilization of water col-
umn habitats via the reduction of buoyancy (Eastman
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1993, 2005). Two notothenioid species, Pleuragramma
antarcticum and Dissostichus mawsoni, are neutrally
buoyant as adults, meaning they have negligible weight
in seawater (DeVries and Eastman 1978; Eastman and
DeVries 1981a; Near et al. 2003). Buoyancy has never
been measured on fresh specimens of Aethotaxis
mitopteryx; however, the species is thought to exhibit
neutral buoyancy based on a reduced ossification of the
skeleton and a high lipid content (Eastman and DeV-
ries 1982; Hagen et al. 2000).

Additional evidence that A. mitopteryx is neutrally
buoyant comes from the estimated phylogenetic rela-
tionships of notothenioids. Both morphological and
molecular phylogenetic analyses indicate that the two
confirmed neutrally buoyant nototheniid species (Diss-
ostichus mawsoni and Pleuragramma antarcticum) are
in a clade along with A. mitopteryx, D. eleginoides, and
Gvozdarus svetovidovi (Balushkin 2000; Near et al.
2004), which indicates that neutral buoyancy has a sin-
gle evolutionary origin in notothenioids (Fig. 1).

In this report we present buoyancy measurements
for five specimens of the relatively rare A. mitopteryx
that were captured at three different sampling stations
in the Bransfield Strait near the western coast of the
Trinity Peninsula. We also compare meristic and mor-
phometric data from these five specimens to the holo-
type specimen of A. mitopteryx from the Ross Sea
(DeWitt 1962).

Materials and methods
Specimens of A. mitopteryx were collected in the

Bransfield Strait in February and March 2006. These
collections were made during a demersal finfish trawl
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Fig. 1 Phylogenetic relationships of neutrally buoyant notothe-
nioid species inferred from both molecular and morphological da-
ta. Gvozdarus svetovidovi was not included in molecular
phylogenetic analyses. Buoyancy measurements are unavailable
for species marked with an asterisk

survey aboard the R/V Yuzhmorgeologiya conducted
by the US Antarctic Marine Living Resources
(AMLR) Program to characterize demersal finfish bio-
mass, species composition, and spatial distribution for
use towards management of finfish resources by Com-
mission for the Conservation of Antarctic Marine Liv-
ing Resources (CCAMLR). Sampling was conducted
using a two warp commercial bottom trawl with an
average mouth width of 17.0 m and height of 10.0 m;
the trawl was deployed with 1ton vented V-doors.
Each trawl sample lasted approximately 25-30 min.
Immediately after emptying the contents of the
trawl, A. mitopteryx specimens were placed in seawater
between 0.9-1.4°C and then anesthetized using MS-
222. All specimens were assigned field numbers
(YFTC: Yale Fish Tissue Collection). Buoyancy of
each specimen was measured using methods outlined
in Eastman and DeVries (1982) and Near et al. (2003).
Anesthetized specimens were photographed using a
small “squeeze tank” that was constructed with 0.5 cm
thick window glass and silicone aquarium sealant. The
dimensions of the assembled tank were approximately
40.0 x 29.5 x 6.0 cm® (height/width/depth). A piece of
window glass with polished edges measuring 0.3 cm
thick and 39.0 x 31.0 cm? served as a press plate. When
photographing a specimen, the tank was filled with dis-
tilled water and the specimen was placed in the tank
and positioned between the press plate and front pane
of the squeeze tank. A Nikon Coolpix 4300 was
mounted on a tripod and standard indoor florescent
lighting was used to illuminate the squeeze tank. Col-
our fidelity was assured by setting the camera to the
auto-white-balance mode. A light blue matte poster
board was placed behind the squeeze tank and a black
poster board measuring 45.0 x 38.0 cm® was used as a
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shield for the camera by cutting a hole in the center to
fit the lens.

After measuring buoyancy and taking photographs,
we dissected each specimen to determine sex, a five-
point qualitative sexual maturity score (Everson 1977),
and characterization of stomach contents. Tissue biop-
sies were collected for future genetic analysis. Speci-
mens were fixed in 10% buffered formalin (treating
saturated formaldehyde as 100%) for approximately
7 days, washed in fresh water for 2 days, and trans-
ferred to 70% ethanol for long-term preservation. All
specimens were deposited in the Yale Peabody
Museum of Natural History Fish Collection (Moore
and Boardman 1991).

Meristic and morphometric data were collected
from the left side of specimens following protocols out-
lined in Hubbs and Lagler (1958), except that the
length of the upper lateral line was determined by not-
ing where it terminated relative to the second dorsal
fin. Four morphometric characters were examined, and
all were expressed as ratios of SL. The meristic and
morphometric data from these specimens were com-
pared to counts and measurements reported for the
holotype specimen in DeWitt (1962), and to data pre-
sented in Kotlyar (1978), Miller (1993), and DeWitt
et al. (1990).

Results and discussion

Five specimens of A. mitopteryx were collected at three
trawling stations in the Bransfield Strait (Table 1;
Fig. 2). Aethotaxis mitopteryx exhibits a circum-Ant-
arctic distribution, with the species being reported
from the Ross Sea (DeWitt 1962; Donnelly et al. 2004),
the Weddell Sea (Hubold and Ekau 1987; Ekau 1990),
Lazarev Sea (Kunzmann and Zimmermann 1992; Tru-
nov 1999), South Sandwich Islands (Permitin 1969),
South Shetland Islands (Kotlyar 1978; Takahashi and
Iwami 1997), South Orkney Islands (Permitin 1966),
Prydz Bay, and Gunnerus Ridge (Gerasimchuk and
Piotrovskiy 1980). Our collections add new distribu-
tional records for this species along the western side

Table 1 Data for trawling stations where Aethotaxis mitopteryx
was collected

Station Midpoint ~ Midpoint Mean Date
latitude longitude depth (m)

8 63°14.67'S  59°26.48'W 755 21 Feb 2006

36 62°20.86'S  56°00.20'W 352 25 Feb 2006

94 62°40.64'S  57°42.63'W 730 15 Mar 2006
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Fig. 2 Collection localities of
Aethotaxis mitopteryx in the
2006 survey of the Bransfield
Strait-Trinity Peninsula area
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of the Trinity Peninsula within the Bransfield Strait
(Fig. 2).

All specimens had noticeable pigmentation in the
dorsal, anal, pelvic, and caudal fins (Fig. 3). The oral
cavity of these specimens was nearly black due to
heavy pigmentation contributed by melanophores, and
there was extensive melanism of the peritoneum, stom-
ach and digestive tract (Eastman and DeVries 1997).
Three of the specimens were male, one was female,
and the sex of the smallest specimen was indeterminate
(Table 2). The body, fin rays, and membranes between
fin spines were heavily peppered with melanophores.
The coloration of the body was a light iridescent vio-
let—gray (Fig.3). All specimens contained immature

Fig. 3 Photograph of an anesthetized Aethotaxis mitopteryx
specimen YFTC 7984, YPM 15249 collected on 15 March 2006 at
a depth of 730 m. The standard length is 16.8 cm

|
61.5 60.5 59.5

58.5 575 565 555 545 535
Longitude

gonads. Three of the five specimens had food items in
their stomachs that were composed entirely of krill
(Euphausia sp.).

Each of the five Bransfield Strait A. mitopteryx spec-
imens weighed 0 g in water (Table 2), which confirms
the hypothesis that A. mitopteryx is neutrally buoyant
(Eastman and DeVries 1982; Eastman 1993). The dem-
onstration of neutral buoyancy (Table 2), the presence
of the species in deep water, a diet composed of krill
(Takahashi and Iwami 1997), and ecomorphological
analyses (Klingenberg and Ekau 1996) all indicate that
A. mitopteryx is probably a permanent inhabitant of
pelagic habitats.

Meristic and morphometric data for the five specimens
and the holotype specimen from DeWitt (1962) are
presented in Table 3. There was strong similarity in
meristic characters between the Bransfield Strait

Table 2 Standard length (SL), weight in air (W,,,), weight in wa-
ter (W), and buoyancy (% B) for Aethotaxis mitopteryx spec-
imens

Specimen  Catalogue Station SL W, W ... %B
number (cm) () (2)
YFTC7768 YPM 15247 8 148 314 0.0 0
YFTC7821 YPM 15248 36 151 324 0.0 0
YFTC 7984 YPM 15249 94 16.8 43.7 0.0 0
YFTC 7985 YPM 15249 94 159 434 00 0
YFTC 7986 YPM 15249 94 184 592 0.0 0
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Table 3 Morphometric data for Bransfield Strait Aethotaxis mitopteryx specimens

Specimen Station Sex SL (cm) DI DII Anal Pectoral HL/SL IOD/SL BD/SL ED/SL
Rays Rays
YFTC 7768 8 ? 14.8 6 34 31 27 0.260 0.061 0.143 0.063
YFTC 7821 36 F 151 7 33 31 28 0.230 0.058 0.140 0.054
YFTC 7984 94 M 16.8 7 32 31 29 0.232 0.057 0.137 0.059
YFTC 7985 94 M 15.9 8 32 28 26 0.268 0.060 0.161 0.068
YFTC 7986 94 M 18.4 9 33 30 26 0.245 0.059 0.145 0.060
Holotype F 35.7 7 34 30 27 or 28 0.294 0.068 0.210 0.063

Characters include standard length (SL), number of spines in first dorsal fin (DI), number of rays in second dorsal fin (DII), ratio of
head length (HL) to SL, ratio of interorbital distance (IOD) to SL, ratio of body depth (BD) to SL, and ratio of eye diameter (ED) to
SL. Data from the holotype specimen as presented in DeWitt (1962) is given in bold

specimens and the holotype (Table 3). Prior to this study
the reported range of first dorsal fin spines was 7-8 (Kotl-
yar 1978; Gerasimchuk and Piotrovskiy 1980; DeWitt
et al. 1990; Miller 1993); however, the range among our
five specimens was 6-9 (Table 3). All other meristic char-
acter values agreed closely between the Bransfield Strait
specimens and the holotype, as well as the reported
ranges for these characters (DeWitt et al. 1990; Miller
1993). Three of the four morphometric characters agreed
closely with the holotype, but body depth was lower in
the Bransfield Strait specimens (Table 3). An upper lat-
eral line was either absent or weakly discernable in three
of the five specimens (YFTC 7768, YFTC 7821, and
YFTC 7986). In the other two specimens the upper lat-
eral line extended to the 10th (YFTC 7984) and 15th ray
of the second dorsal fin (YFTC 7985).

With the confirmation of A. mitopteryx as a neutrally
buoyant notothenioid species, we provide additional
support for the hypothesis that evolution of this charac-
ter in notothenioids had a single origin (Balushkin 2000;
Near etal. 2004). Based on the phylogeny (Fig. 1),
reduced ossification of the skeleton, and patterns of
habitat and resource use, we predict that both D. elegi-
noides and Gvozdarus svetovidovi are neutrally buoy-
ant. Eastman (2005) argues that the close phylogenetic
relationships of these species do not require a single
evolutionary origin of neutral buoyancy in nototheni-
oids, because these species employ different morpho-
logical mechanisms of buoyancy reduction. However,
A. mitopteryx, P. antarcticum, and D. mawsoni share in
common the phenotypes of reduced skeletal ossification
and substantial accumulation of somatic lipids (DeVries
and Eastman 1978; Eastman and DeVries 1981b;
Eastman 1988, 2005), traits that facilitate neutral buoy-
ancy. Based on the phylogeny, we hypothesize that the
diversification of the neutrally buoyant notothenioid
clade involved an ancestral condition of subcutaneous
lipid deposits, as seen in D. mawsoni, and the evolution
of a more derived condition of intramuscular lipid
deposits seen in P. antarcticum (DeVries and Eastman
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1978; Eastman and DeVries 1981a, 1982). The fact that
there is variability in the morphological mechanisms of
neutral buoyancy among the species in this clade is not
justification to reject the hypothesis of a single origin of
neutral buoyancy, since character diversification can
result in the variation observed among species in the
traits associated with neutral buoyancy.
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