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Abstract Antarctic fishes were sampled with 41 midwater
and 6 benthic trawls during the 1999–2000 austral
summer in the eastern Ross Sea. The oceanic pelagic
assemblage (0–1,000 m) contained Electrona antarctica,
Gymnoscopelus opisthopterus, Bathylagus antarcticus,
Cyclothone kobayashii and Notolepis coatsi. These were
replaced over the shelf by notothenioids, primarily Ple-
uragramma antarcticum. Pelagic biomass was low and
concentrated below 500 m. The demersal assemblage
was characteristic of East Antarctica and included seven
species each of Artedidraconidae, Bathydraconidae and
Channichthyidae, ten species of Nototheniidae, and
three species each of Rajidae and Zoarcidae. Common
species were Trematomus eulepidotus (36.5%), T. scotti
(32.0%), Prionodraco evansii (4.9%), T. loennbergii
(4.7%) and Chaenodraco wilsoni (4.3%). Diversity indi-
ces were highest for tows from 450 to 517 m (H¢=1.90–
2.35). Benthic biomass ranged from 0.7 to 3.5 t km�2. It
was generally higher in tows from 450 to 517 m (0.9–
2.0 t km�2) although the highest biomass occurred at an
inner-shelf station (238 m) due to large catches of
T. eulepidotus, T. scotti and P. evansii.

Introduction

Pelagic and demersal fish assemblages are an important
part of coastal marine ecosystems. The offshore pelagial

in Antarctica is dominated by a few fish families
(Bathylagidae, Gonostomatidae, Myctophidae and
Paralepididae) with faunal diversity decreasing south
from the Antarctic Polar Front to the continent (Ever-
son 1984; Kock 1992; Kellermann 1996). South of the
Polar Front, the majority of meso- and bathypelagic
fishes have circum-Antarctic distributions (McGinnis
1982; Gon and Heemstra 1990). Taken collectively, the
fishes are significant contributors to the pelagic biomass
and are important trophic elements, both as predators
and prey (Rowedder 1979; Hopkins and Torres 1989;
Lancraft et al. 1989, 1991; Duhamel 1998). Over the
continental slope and shelf, notothenioids dominate the
ichthyofauna (DeWitt 1970). Most members of this
group are primarily benthic as adults but some species
have become pelagic to varying degrees (Andriashev
1970; Eastman 1991, 1993). Larval and juvenile noto-
thenioids are part of the coastal pelagic ecosystem and
some species occur to a lesser extent in oceanic waters
(Kellermann and Kock 1984; Kellermann and Sló-
sarczyk 1984; Williams 1985; Tabeta and Komaki 1986).
The only wholly pelagic notothenioid genus known to
occur regularly in oceanic waters as an adult is Diss-
ostichus (Andriashev 1964; Yukhov 1971; Kock 1992).

Studies on the composition and distribution of
coastal assemblages led to the zoogeographic classifica-
tion of Antarctic fish into East Antarctic and West
Antarctic Provinces (see reviews by Andriashev 1965,
1987; DeWitt 1971). More recently, Kock (1992) pro-
posed a modified classification scheme with the intent of
incorporating both the oceanic and coastal fish fauna. In
his scheme, the West Antarctic Province (as well as the
South Georgia Province of the Glacial Subregion and all
of the Kerguelen Subregion) is designated the Seasonal
Pack-Ice Zone, and the East Antarctic Province is des-
ignated the High-Antarctic Zone. For either scheme,
data on species distribution and abundance provide the
basis for characterizing regional assemblages and
delineating zoogeographic boundaries.

Over the past two decades, our understanding of
Antarctic fish biology and ecology has steadily increased
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through new literature on pelagic and benthic ichthyo-
fauna (Daniels and Lipps 1982; Kock et al. 1984;
Hubold and Ekau 1987; Williams 1988; Ekau 1990;
Hureau et al. 1990; Piatkowski et al. 1990; White and
Piatkowski 1993; Zimmerman 1997; Duhamel 1998;
Eastman and Hubold 1999; Vacchi et al. 1999; Ruhl
et al. 2003) and new species (DeWitt and Hureau 1979;
Stein and Tomkins 1989; Miya 1994; Skóra 1995;
Balushkin and Eakin 1998; Eakin and Balushkin 1998,
2000; Eakin and Eastman 1998; Balushkin 1999;
Eastman and Eakin 1999; Chernova and Eastman 2001).
However, except for range information on Dissostichus
mawsoni (Andriashev 1964; Yukhov 1971), there are no
fish data from the eastern Ross Sea region. This area is
far removed from any permanent scientific research
stations and has high year-round ice cover (Gloersen
et al. 1992), making ichthyological sampling quite
difficult. Regardless of the zoogeographical scheme or
terminology one chooses, the eastern Ross Sea area is
one of potential faunal transition and, in the words of
Andriashev (1987), has been ‘‘mare incognito’’ for fishes.

Materials and methods

As part of the Antarctic pack-ice seal (APIS) study
within the eastern Ross Sea, (68–79�S, 128–179�W), we
conducted midwater and benthic trawling on board the
RVIB Nathaniel B. Palmer during the 1999–2000
austral summer (NBP99-09, December 1999–February
2000). Midwater sampling was done using three dif-
ferent trawls: (1) a 4-m2 mouth area, five-net MOC-
NESS trawl with 4-mm mesh nets and 1-mm-mesh
cod-end bags; (2) a 9-m2 mouth area Tucker trawl
with a 4-mm-mesh main net tapering to a 1-mm-mesh
tail section and terminating in a jug-type cod-end with
a 1-mm mesh liner; and (3) a 14-m footrope-length
balloon fish trawl (Pierce and Mahmoudi 2001) with a
9 m effective mouth width and 3 m height. The net
consisted of a 10-cm-mesh front section, a 5-cm-mesh
mid-section and terminating in a 3.8-cm-mesh end
section fitted with a 0.6-cm-mesh liner. The net was
spread using two 1.2·1.8 m steel ‘‘V’’ doors and fish-
ing depth limited by adjusting the towing point on the
yoke. Half-meter, 163-m-mesh plankton nets were
nested inside the MOCNESS and Tucker nets (any fish
collected were added to the totals for the main net).
Volume filtered was estimated using both TSK dial-
type flowmeters (MOCNESS and Tucker nets) and
General Oceanics torpedo-type flowmeters (nested
plankton nets). No flow volumes were recorded for the
fish trawl. MOCNESS tows were over both 0–500 and
0–1,000 m depth ranges; Tucker and pelagic fish trawls
were towed obliquely over 0–500 m. Trawling depth
for both the Tucker and fish trawls was estimated
from the amount of wire out and wire angle and re-
corded with a time-depth recorder. Benthic sampling
was done using the fish trawl with bottom time rang-
ing from 10 to 15 min. Trawling speed was 2.0–2.5

knots for all MOCNESS, Tucker and bottom tows.
Midwater tows with the fish trawl were done at 3.0–3.4
knots. Sampling took place in three different coastal
zones: (1) offshore, water depths >2,500 m; (2) con-
tinental slope, water depths �500–2,000 m; and (3)
continental shelf, water depths £ 500 m. Ice cover
varied from �2/10 to 10/10 within each zone
throughout the sampling period.

Fresh specimens were identified, counted, and mea-
sured, then either preserved in 10% formalin or frozen.
When not determined directly after capture, wet weight
was calculated from length-weight regressions or esti-
mated from preserved specimen weights (assuming a
20% loss from fresh weight). In cases where large
numbers of individuals were collected, a sub-sample was
kept and the remainder weighed, measured, and dis-
carded. Species identifications were based on taxonomic
keys in Gon and Heemstra (1990), supplemented with
works by Miya (1994), Schneppenheim et al. (1994),
Balushkin and Eakin (1998), Eastman and Eakin (1999,
2000), and La Mesa et al. (2002).

Integrated abundance (number m-2) for each species
in the water column was calculated as number per vol-
ume filtered multiplied by the vertical range (in meters)
of the tow, then summing all tows vertically. Integrated
biomass (g WW m�2) was calculated following the
same protocol. This procedure was used for the 0–500
and 0–1,000 m depth ranges for zone 1 and the 0–500 m
depth range for zones 2 and 3. For bottom tows, inte-
grated abundance and biomass for each species was
determined by dividing the number or weight value by
each tow’s swept area (km2). Swept area was estimated
by multiplying towing speed (in knots, where 1
knot=1,850.7 m h�1) · time on bottom (in hours) ·
effective mouth width (in meters) (Sparre et al. 1989).
Following Eastman and Hubold (1999), we considered
species numerically dominant if they comprised ‡5% of
the catch. Diversity (H¢, Shannon and Weaver 1949),
evenness (J¢, Pielou 1966) and species’ richness (SR,
Margalef 1958) indices were calculated for all bottom
trawls. Hydrographic data were collected from CTD
casts taken near our trawling locations.

Results

General overview

Temperature profiles within each zone showed little
variability (Jacobs et al. 2002). Representative CTD
traces of temperature for the three zones are shown in
Fig. 1. For zone 1, a roughly isothermal surface layer
with temperatures of �1.4 to �1.8�C extended to be-
tween 50 and 150 m. Temperatures increased rapidly
over the next 200 m, reaching a maximum of 1.6–1.8�C,
then gradually decreased with depth to approximately
1.5�C at 500 m and 1.0�C at 1,000 m. For zone 2, the
only significant changes were a deepening of the surface
layer to around 250–380 m and a depression of the
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temperature maximum to 400–500 m. For zone 3, sur-
face temperatures extended to below 400 m. Bottom
temperatures at our benthic trawling sites ranged from
0.5 to �1.7�C. Complete hydrographic results for the
present study area can be found in Jacobs et al. (2002).

Trawl information and locations are shown in Table 1
andFig. 2.Wedid 22MOCNESS trawls (18 in zone 1, 4 in
zone 2), 14 Tucker trawls (6 in zone 1, 3 in zone 2, 5 in zone
3) and 11 fish trawls (3 in zone 1, 1 in zone 2, 7 in zone 3).
Fish were caught in 30 of the 47 tows (64%). Forty-one
pelagic tows were done within all three zones while six
bottom tows were done in zone 3. For abundance and
biomass analyses, the bottom tows were combined into a
shallow group (238–277 m depth, three tows) and a deep
group (450–517 m depth, three tows). One bottom tow
(no. 5) resulted in a severely damaged net, near the end of
the tow and toward the front of the net, with no sample
loss evident. A replacement fish trawl net was used for
subsequent tows. The short time period spent on the
bottom significantly reduced our incidence of major net
damage, yet still resulted in considerable numbers of
specimens collected.

Pelagic collections

Twenty-five of 41 pelagic tows and 4 of 6 bottom tows
yielded 756 specimens of pelagic fishes, 70 from zone 1 (8

species), 46 from zone 2 (2 species) and 640 from zone 3
(2 species). Five common mesopelagic species were
represented (Bathylagus antarcticus, Cyclothone kobay-
ashii, Electrona antarctica, Gymnoscopelus opisthopterus
and Notolepis coatsi), as well as four notothenioids
(Aethotaxis mitopteryx, Pagothenia brachysoma,
Pleuragramma antarcticum and Racovitzia glacialis)
(Table 2). Within zone 1, 44 of 55 specimens collected in
MOCNESS tows were caught between 500 and 1,000 m
and only 4 were caught shallower than 200 m. One 41-
mm SL P. brachysoma was collected in a 0- to 50-m net,
one 64-mm SL R. glacialis was collected in a 0- to 100-m
net and 2 P. antarcticum (59, 66 mm SL) were collected
in a 100- to 200-m net. Fifteen specimens were collected
in zone 1 in 0- to 500-m oblique tows so their exact depth
of capture is uncertain. This group included one B.
antarcticus (138 mm SL), four E. antarctica (46–79 mm
SL), two juvenile N. coatsi (46, 71 mm SL) and eight
larval N. coatsi (7–13 mm SL). In light of the discrete-
depth MOCNESS collections, if we consider that only
the larval N. coatsi might have been caught shallower
than 200 m, then 12 specimens (17%) were collected
from 0 to 200 m, 14 specimens (20%) from 200 to 500 m
and 44 specimens (63%) from 500 to 1,000 m.

Moving across the continental slope toward the shelf,
the five mesopelagic species quickly disappeared from
our net samples. One Gymnoscopelus opisthopterus and
45 Pleuragramma antarcticum were caught in zone 2

Fig. 1 Representative traces
of temperature versus depth
for the three coastal zones
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while the nototheniids Aethotaxis mitopteryx and
P. antarcticum were the sole pelagic representatives over
the shelf. A single A. mitopteryx and 511 of the 639
P. antarcticum collected from zone 3 were captured in
bottom trawls but it is likely that all of these specimens
were caught in the water column, consistent with a pe-
lagic lifestyle (DeWitt et al. 1990). With the exception of
one 27-mm SL individual (Tucker trawl no. 6, zone 3),
all of the P. antarcticum specimens caught with pelagic
nets from all 3 zones were from 47–78 mm SL (2y;
Hubold 1985) while the specimens caught in the benthic
tows were larger, ranging from 61 to 202 mm SL (‡2y).

Integrated abundance and biomass values for the 0–
500 m (all zones) and 0–1,000 m (zone 1 only) layers are
shown in Table 3. Values per m2 for both zone 2 and
zone 3 are either overestimated or incalculable since

some or all of the specimens from these areas were
collected with the fish trawl from which there are no
volume-filtered data.

Benthic collections

Six bottom tows collected 1985 fish representing 6
families and 37 species (Table 4). Four common noto-
thenioid families represented the overwhelming majority
(98.8%) of the catch, with seven species each of
Artedidraconidae, Bathydraconidae and Channichthyi-
dae, and ten species of Nototheniidae. Three species
each of Rajidae and Zoarcidae were also collected.
Trematomus eulepidotus and T. scotti were most
abundant, composing 36.5 and 32.0% of the total catch,

Table 1 Trawl data (NBP
cruise 99-09) (Trawl type:
M MOCNESS, T Tucker trawl,
F Fish trawl, B bottom tow;
coastal zones: 1 offshore,
2 slope, 3 shelf)

Trawl
(type-no.)

Date
(local)

Time
(local, hours)

Latitude
(�S)

Longitude
(�W)

Coastal
zone

Trawl
depth (m)

M-1 29 Dec 1999 1530 71�19¢ 172�32¢ 1 500
T-1 29 Dec 1999 2140 71�18¢ 172�07¢ 1 512
F-1 31 Dec 1999 2015 72�41¢ 165�24¢ 1 650
M-2 2 Jan 2000 1740 75�05¢ 162�25¢ 1 1,002
M-3 3 Jan 2000 1845 75�42¢ 157�56¢ 1 519
M-4 4 Jan 2000 0200 75�54¢ 157�56¢ 1 508
M-5 4 Jan 2000 0941 76�05¢ 157�46¢ 1 500
M-6 5 Jan 2000 0629 76�19¢ 158�20¢ 2 505
M-7 5 Jan 2000 1012 76�14¢ 158�07¢ 2 498
M-8 5 Jan 2000 1245 76�19¢ 158�05¢ 2 500
M-9 6 Jan 2000 0204 76�26¢ 158�02¢ 2 501
F-2 7 Jan 2000 0005 76�42¢ 153�04¢ 3 550
T-2 7 Jan 2000 0302 76�40¢ 152�47¢ 3 451
T-3 7 Jan 2000 2148 75�40¢ 150�35¢ 2 513
F-3 8 Jan 2000 1845 74�49¢ 144�40¢ 2 500
F-4B 9 Jan 2000 1952 74�13¢ 138�46¢ 3 517
F-5B 10 Jan 2000 2210 74�20¢ 135�40¢ 3 450
T-4 11 Jan 2000 0315 74�22¢ 135�41¢ 3 304
T-5 12 Jan 2000 1738 72�45¢ 132�47¢ 1 684
T-6 13 Jan 2000 0355 73�16¢ 131�50¢ 2 508
F-6B 13 Jan 2000 1940 73�20¢ 131�22¢ 3 456
F-7B 15 Jan 2000 0136 73�24¢ 127�51¢ 3 277
T-7 16 Jan 2000 0753 73�05¢ 129�49¢ 3 103
T-8 16 Jan 2000 0838 73�04¢ 129�53¢ 3 396
T-9 16 Jan 2000 1823 73�01¢ 129�43¢ 2 505
T-10 16 Jan 2000 2048 72�52¢ 130�00¢ 1 499
T-11 17 Jan 2000 1954 71�55¢ 132�03¢ 1 501
T-12 18 Jan 2000 2006 70�35¢ 134�08¢ 1 497
F-8 19 Jan 2000 1808 69�45¢ 135�35¢ 1 900
T-13 20 Jan 2000 2105 68�15¢ 138�10¢ 1 497
M-10 21 Jan 2000 1822 67�26¢ 139�21¢ 1 1,019
M-11 23 Jan 2000 0022 69�05¢ 144�44¢ 1 1,001
M-12 23 Jan 2000 2126 70�06¢ 143�29¢ 1 1,001
M-13 24 Jan 2000 1941 71�20¢ 142�08¢ 1 1,001
M-14 26 Jan 2000 0024 72�44¢ 140�52¢ 1 518
M-15 28 Jan 2000 2145 74�59¢ 145�37¢ 1 1,001
T-14 29 Jan 2000 0235 75�03¢ 145�28¢ 3 207
F-9B 29 Jan 2000 0340 75�03¢ 145�27¢ 3 238
M-16 30 Jan 2000 2255 71�46¢ 150�02¢ 1 997
M-17 1 Feb 2000 2205 70�42¢ 154�23¢ 1 1,001
M-18 4 Feb 2000 0040 73�08¢ 158�08¢ 1 1,002
M-19 4 Feb 2000 2330 74�17¢ 157�24¢ 1 1,001
M-20 5 Feb 2000 0341 74�20¢ 157�29¢ 1 162
M-21 5 Feb 2000 2250 74�51¢ 156�38¢ 1 1,000
F-10 6 Feb 2000 0327 74�51¢ 157�06¢ 1 200
M-22 6 Feb 2000 2026 75�14¢ 155�35¢ 1 1,002
F-11B 7 Feb 2000 1500 77�04¢ 157�46¢ 3 240
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respectively. Both these species occurred in all six trawls,
however their high frequency of occurrence values are
mainly due to single catches of many individuals. Three
other species, P. evansii (4.9%), T. loennbergii (4.7%)
and C. wilsoni (4.3%), occurred at abundances just un-
der the 5% dominance criterion. The moderately high
abundance of those three species was mainly due to
single large catches as well, particularly for P. evansii
and C. wilsoni. The effect of large single species’ catches
is evident in the diversity indices for each trawl (Ta-
ble 5), especially for trawl no. 9 where P. evansii, T.
eulepidotus and T. scotti account for 90% of the catch,
with T. eulepidotus alone responsible for 58% of the
total.

In overall benthic biomass, Trematomus eulepidotus
(47.9%) and T. scotti (10.0%) again composed the

largest percentage, followed by Chaenodraco wilsoni
(8.0%), Bathyraja maccaini (4.0%), Chionodraco hama-
tus (3.7%), T. loennbergii (3.4%) and Neopagetopsis
ionah (3.1%). Integrated abundance and biomass values
for the benthic fish are shown in Table 6. Sampling
coverage was roughly equivalent for the three shallow
and three deep tows with slightly more individuals and
biomass collected shallow. Both the Artedidraconidae
and Channichthyidae were more abundant, more spec-
iose, and had greater biomass in the deeper tows. The
Bathydraconidae were more abundant in the shallow
tows, principally as a consequence of the large catch of
Prionodraco evansii in tow no. 9. For this family, the
deeper tows were slightly more speciose while biomass
was evenly distributed. The family Nototheniidae dom-
inated in terms of numbers (79%) and biomass (67%)
and were well represented in both the shallow and deep
tows. Numbers of species and individuals, as well as
total biomass, were greater in the shallow group of tows.
The Rajidae were a minor component of the total catch,

Fig. 2 Cruise track and trawl locations (NBP cruise 99-09) (M
MOCNESS, T Trucker trawl, F Fish trawl, B bottom tow). Inserts
are slope crossings; contour intervals are 250 m with the 500-m
isobath shown as a darkened line
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Table 2 Pelagic fish abundance, size range, and biomass by trawl and coastal zone

Family
Genus
species

Trawl Zone 1

M1 M2 M4 M12 M13 M14 M15 M16 M17 M18 M19 M21 M22 T11

Bathydraconidae
Racovitzia
glacialis

No. 1
SL (cm) 6.4
WW (g) 1.2

Bathylagidae
Bathylagus
antarcticus

No. 1 3 3 5
SL (cm) 6.3 3.9–6.7 4.9–5.4 4.0–9.3
WW (g) 1.2 2.3 2.4 12.1

Gonostomatidae
Cyclothone
kobayashii

No. 2 1 1 1 2
SL (cm) 3.6–4.1 4.4 4.3 3.6 4.4–4.5
WW (g) 0.6 0.4 0.4 0.3 0.9

Myctophidae
Electrona
antarctica

No. 1 1 6 4 1 1 1 2 3
SL (cm) 3.8 6.7 2.6–5.2 2.7–8.8 3.7 2.6 3 2.6–5.0 4.9–7.9
WW (g) 0.7 4.3 3.4 11.6 0.7 0.2 1.2 1.8 11.2

Gymnoscopelus
opisthopterus

No. 1 1 1
SL (cm) 11.5 3.7 7.5
WW (g) 9.7 0.7 2.7

Nototheniidae
Aethotaxis
mitopteryx

No.
SL (cm)
WW (g)

Pagothenia
brachysoma

No. 1
SL (cm) 4.3
WW (g) 2.0

Pleuragramma
antarcticum

No. 4
SL (cm) 5.6–6.6
WW (g) 5.0

Paralepididae
Notolepis coatsi No. 1 4 3 1 1

SL (cm) 7.7 6.2–8.6 6.1–10.4 7.2 7.7
WW (g) 0.6 1.9 2.7 0.4 0.9

Total No. 1 3 4 13 4 1 2 1 6 3 5 3 9 3
WW (g) 0.7 6.1 5.0 15.6 11.6 2.0 1.4 0.2 5.5 3.5 3.5 2.4 14.8 11.2

Table 3 Integrated abundance and biomass for pelagic fish in the three coastal zones. Volumes filtered are totals from MOCNESS and

FamilyGenus species Zone 1, 0-500 m layer (vol. filtered:100,739 m3) Zone 1, 0-1,000 m layer (vol. filtered:150,387 m3)

No. No./m2 WW(g) WW(g)/m2 No. No./m2 WW(g)

Bathydraconidae
Racovitzia glacialis 1 0.005 1.2 0.006 1 0.007 1.2
Nototheniidae
Aethotaxis mitopteryx
Pagothenia brachysoma 1 0.005 2.0 0.010 1 0.007 2.0
Pleuragramma antarcticum 4 0.020 5.0 0.025 4 0.027 5.0
Bathylagidae
Bathylagus antarcticus 2a 0.010 24.5 0.122 13a 0.086 41.5
Gonostomatidae
Cyclothone kobayashii 7 0.047 2.5
Myctophidae
Electrona antarctica 7 0.035 15.4 0.076 21 0.140 37.0
Gymnoscopelus opisthopterus 3 0.020 14.4
Paralepididae
Notolepis coatsi 11 0.055 1.0 0.005 20 0.133 7.1
Total 24 0.129 49.1 0.244 70 0.465 110.7

aOne specimen (23.5 g WW) caught in 0- to 500-m oblique fish trawl (w/a dip to �900 m due to ice problems), abundance slightly
b15 specimens caught in a 0- to 500-m oblique fish trawl, abundance overestimated
cAll specimens caught in 0- to 500-m oblique fish trawl
dAll specimens caught with fish trawl, 128 in 0- to 500-m oblique tows, 512 in bottom tows
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Zone 2 Zone 3 Total

T12 T13 F8 M6 M8 T3 T6 F3 T2 T4 F2 F4B F6B F7 F11B

1
6.4
1

1 13
13.8 3.9–13.8
23.5 41.5

7
3.6–4.5
2.6

1 21
4.6 2.6–8.8
1.6 36.7

3 6
15.6–16.5 3.7–16.5
91.1 105.5

1 1
27.1 27.1
327.7 327.7

1
4.3
2.0

10 4 13 1 15 5 18 105 81 36 31 363 686
5.3–6.8 5.6–6.6 4.7–6.3 2.7 4.9–6.7 5.4–6.8 5.1–6.8 4.9–7.8 8.0–13.1 9.4–12.1 8.4–10.3 5.4–18.0 2.7–18.0
12.2 5.2 10.4 0.1 16.4 6.4 18.9 137.0 513.0 144.8 133.8 953.0 1372.0

1 9 20
7.3 0.7–4.6 0.7–10.4
0.5 0.1 7.1
2 9 1 10 4 13 1 18 5 18 105 82 36 31 363 756
2.1 0.1 23.5 12.2 5.2 10.4 0.1 107.5 6.4 18.9 137.0 840.7 144.8 133.8 953.0 1896.3

Tucker trawls only (NA not available)

Zone 2, 0–500 m layer (vol. filtered: 32,374 m3) Zone 3, 0–500 m layer (vol. filtered:19,633 m3)

WW(g)/m2 No. No./m2 WW(g) WW(g)/m2 No. No./m2 WW(g) WW(g)/m2

0.008

1d NA 327.7 N/A
0.013
0.033 43b 0.664 44.3 0.684 639d NA 1907 N/A

0.276

0.017

0.246
0.096 3c NA 91.1 NA

0.047
0.736 46 0.664 135.4 0.684 640 2,234.7

overestimated

150,387 m3)
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their only notable contribution was in trawl no. 9 where
one large Bathyraja maccaini accounted for 10% of the
biomass for that tow. Zoarcids were only collected in the
three deep trawls, with the majority of individuals (55%)
in the deepest tow. Total benthic biomass ranged from
0.7 to 3.5 t km2 in the shallow tows and from 0.9 to
2.0 t km2 in the deep tows (Table 4).

Discussion

Pelagic assemblage

The five non-notothenioid species collected in this study
(Electrona antarctica, Gymnoscopelus opisthopterus,

Bathylagus antarcticus, Cyclothone kobayashii and Not-
olepis coatsi) are typical of a high-Antarctic oceanic
assemblage. Notably absent were G. braueri and C.
microdon, two common circum-Antarctic mesopelagic
species (Hulley et al. 1989; Lancraft et al. 1989, 1991;
White and Piatkowski 1993; Piatkowski et al. 1994).
Low diversity in the pelagic fish fauna is expected for a
High-Antarctic area (Kock 1992; Kellermann 1996), and
even with the large number of midwater tows, the
number of pelagic specimens caught in the eastern Ross
Sea and their total biomass were quite low. Quantitative
comparisons are limited due to the lack of similar data.
E. antarctica, Gymnoscopelus spp. and B. antarcticus
were collected routinely in the Indian and Atlantic sec-
tors (Prydz Bay region, Hulley et al. 1989) but no

Table 4 Benthic fish abundance, size range, and biomass for each of the six bottom tows

Family Genus species Trawl no. (depth)/Swept area (km2)

F4 (517 m)/0.00535 F5 (450 m)/0.00428 F6 (456 m)/0.00724

No. SL (cm) WW (g) No. SL (cm) WW (g) No. SL (cm) WW (g)

Artedidraconidae
Artedidraco loennbergi 1 8.7 7.2 5 6.7–8.4 25.7 1 8.2 6.2
A. orianae
A. skottsbergi
Dolloidraco longedorsalis 17 5.0–11.0 103.6 3 4.3–7.1 9.3 25 6.9–8.2 174.5
Histiodraco velifer 4 5.6–7.8 21.8 1 6.4 3.6 1 11.0 24.4
Pogonophryne marmorata 1 14.0 38.2
P. scotti 1 17.7 169.4 3 5.2–6.7 10.1 10 6.1–17.5 206.9
Bathydraconidae
Bathydraco macrolepis 4 9.5–12.4 24.4 1 17.0 31.8
B. marri 11 11.6–15.6 117.6
Cygnodraco mawsoni
Gerlachea australis 2 19.0–20.0 60.0 8 9.4–23.5 196.7
Gymnodraco acuticeps
Prionodraco evansii 1 11.9 11.3
Racovitzia glacialis 6 11.0–23.0 209.2 7 13.2–25.8 385.4 18 7.7–23.9 726.0
Channichthyidae
Chaenodraco wilsoni 8 14.1–24.0 322.3 9 20.3–25.0 768.3 68 9.6–23.4 3,433.9
Chionodraco hamatus 9 12.1–27.0 602.9 2 17.2–29.8 261.4 7 11.4–22.1 307.2
C. myersi 4 12.6–29.0 287.9 5 17.8–22.5 241.2 10 10.2–19.8 336.7
Cryodraco antarcticus 4 21.8–24.0 218.7 2 15.5–35.0 308.9 1 20.0 37.3
Neopagetopsis ionah 3 37.5–42.4 1,769.0
Pagetopsis macropterus 3 11.4–11.6 40.4
Pagetopsis maculatus 4 12.3–17.6 134.4
Nototheniidae
Lepidonotothen squamifrons 4 13.5–15.6 138.2
Trematomus eulepidotus 2 21.4–24.0 441.0 71 11.8–24.4 3,574.0 63 6.5–22.1 2,287.0
T. hansoni
T. lepidorhinus
T. loennbergii 51 7.0–21.7 1,068.0 2 10.8–14.3 45.2 17 10.2–17.7 633.0
T. newnesi
T. nicolai
T. pennellii
T. scotti 20 4.2–12.0 336.4 43 4.6–14.2 769.0 273 4.5–16.6 2,749.0
T. tokarevi 14 11.0–20.0 505.9 22 13.6–16.6 1,077.0
Rajidae
Bathyraja eatoni
B.maccaini
Bathyraja sp.a 1 16.4 23.4 1 53.0
Zoarcidae
Lycodichthys dearborni 6 15.4–20.0 147.2
Ophthalmolycus amberensis 3 18.3–19.8 91.0 4 17.0–21.6 118.8 3 10.9–21.7 97.7
Pachycara brachycephalum 2 13.4–21.9 63.7 2 17.2—22.9 91.5
Total 159 4,704.0 168 8,476.0 547 12,763.8

a Bathyraja sp. cf. Stehmann and Bürkel (1990)
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abundance data were reported. High numbers of E.
antarctica, G. opisthopterus, and B. antarcticus were
collected over the continental slope in the eastern
Weddell Sea (Hubold and Ekau 1987) using a 100-m2

krill trawl, but the total catch was expressed only in
terms of fishing time. In another eastern Weddell Sea
study (White and Piatkowski 1993), larvae and juvenile
specimens of E. antarctica, G. opisthopterus, B. antarc-
ticus and N. coatsi were common, with numerical
abundances reported per 1,000 m3 of volume filtered but
only for those nets in which these fish were present. The
only data available for direct comparison come from
studies at the marginal ice zone in the southern Scotia
Sea/northern Weddell Sea (Lancraft et al. 1989, 1991).
Abundance (and biomass) for juvenile and adult

E. antarctica, Gymnoscopelus spp., B. antarcticus, N.
coatsi and C. microdon integrated over the 1,000-m
water column from those studies ranged from 60–102
ind. 100 m�2 (325–435 gWW 100 m�2) compared to 43
ind. 100 m�2 and 74 g WW 100 m�2 for this study.

The occurrence of juvenile Pleuragramma antarcti-
cum, Pagothenia brachysoma and Racovitzia glacialis in
the oceanic surface layers is consistent with previous
observations. Juveniles of several notothenioid species
have been found from various regions off the shelf,
most often associated with krill (Rembizewski et al.
1978; Slósarczyk and Rembizewski 1982; Slósarczyk
1983; Kellermann and Kock 1984; Hubold 1985). Of
the six specimens caught offshore in this study, only
Pagothenia brachysoma was with concentrations of

All trawls

F7 (277 m)/0.00661 F9 (238 m)/0.00654 F11 (240 m)/0.00419

No. SL (cm) WW (g) No. SL (cm) WW (g) No. SL (cm) WW (g) No. SL (cm) WW (g)

7 6.7–8.4 39.1
1 9.0 11.4 1 0.1 11.4

7 5.0–9.3 30.5 2 6.3–7.6 8.0 9 5.0–9.3 38.5
45 4.3–11.0 287.4
6 5.6–11.0 49.8
1 14.0 38.2

1 19.9 136.0 1 23.0 421.2 16 5.2–19.9 943.6

5 9.5–17.0 56.2
11 11.6–15.6 117.6

2 22.2–36.7 261.5 2 22.2–36.7 261.5
10 9.4–23.5 256.7

4 22.0–32.5 796.0 4 22.0–32.5 796.0
96 6.0–12.5 606.0 1 7.0 1.4 98 7.0–12.5 618.7

2 9.2–10.9 51.7 33 7.7–25.8 1,372.3

85 9.6–25.0 4,524.5
4 21.3–28.1 569.5 2 25.0–31.7 372.1 24 11.4–31.7 2,113.1
1 27.2 148.6 20 10.2–29.0 1,014.4

1 15.3 12.9 8 15.3–35.0 577.8
3 37.5–42.4 1,769.0

2 15.3–22.0 161.9 5 11.4–22.0 202.3
4 12.3–17.6 134.4

4 13.5–15.6 138.2
30 13.7–26.5 2,608.0 452 10.1–21.5 16,103.0 107 8.2–16.8 2,041.0 725 6.5–26.5 27,054.0
1 19.8 131.0 3 8.4–12.1 47.9 2 6.9–22.8 207.6 6 6.9–22.8 386.5

7 6.1–8.4 44.6 7 6.1–8.4 44.6
24 7.6–10.8 151.5 94 7.0–21.7 1,897.7

15 7.1–12.0 131.5 15 7.1–12.0 131.5
1 16.7 116.0 1 16.7 116.0

5 15.4–21.8 528.3 34 7.1–15.0 447.2 39 7.1–21.8 975.5
21 3.9–8.9 80.1 160 3.9–15.0 1,134.0 119 4.4–11.5 580.4 636 3.9–16.6 5,648.9

1 9.3 8.7 37 9.3–20.0 1,591.6

1 341.0 1 341.0
1 37.1 2268.0 1 37.1 2,268.0

2 76.4

6 15.4–20.0 147.2
10 10.9–21.7 307.5
4 13.4–22.9 155.2

66 4,474.4 786 22,688.6 259 3,395.5 1,985 56,502.3
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Euphausia superba (0.1–0.7 ind. m�3). The four juvenile
(2y) P. antarcticum were from the thermocline (70–
200 m) with only a few adult E. crystallorophias that
also occurred in nets sampling the overlying 0–50 m
and 50–100 m layers (0.1–0.5 ind. m3). Juvenile Ple-
uragramma antarcticum, however, are not solely
dependent on krill since they feed on a variety of prey
other than euphausiids (DeWitt and Hopkins 1977;
Kellermann 1986). Neither the specific net in which the
juvenile R. glacialis was collected nor the nets sam-
pling the over- and underlying layers contained any
notable abundance of micronekton species. This sug-
gests that either the association of juvenile nototheni-
oids with krill in oceanic waters may not be absolute
for all species, or if it is, then our nets failed to sample
the accompanying krill aggregation.

The horizontal distribution pattern of pelagic species
in this study mirrors that observed by DeWitt (1970) in
the eastern Ross Sea and by Hubold and Ekau (1987)
and White and Piatkowski (1993) in the Weddell Sea:
typical oceanic mesopelagic species disappear across the
slope and are replaced by Pleuragramma antarcticum on
the shelf. As noted in the earlier studies, the faunal
change coincides with the deepening of the cold Ant-
arctic Surface Water layer as one moves onto the shelf.
Although P. antarcticum was the only fish collected in
our pelagic trawls over the shelf, the inclusion of
Aethotaxis mitopteryx in the pelagic assemblage is jus-
tifiable based on both reported catch records (Hureau
1985; Kunzmann and Zimmermann 1992; White and
Piatkowski 1993) and physiological data (DeVries and
Eastman 1981; Eastman 1981, 1985; Eastman and DeV-
ries 1982). Individuals of other species may have been
caught in the water column by our benthic tows since the
net was open to and from the bottom. Adult Tremato-
mus newnesi have been reported from pelagic, cryopel-
agic, and benthic habitats (Andriashev 1965, 1970;
DeVries and Eastman 1981; Tomo 1981). T. eulepidotus,
T. lepidorhinus, and T. loennbergii are considered epi-
benthic (Ekau 1991; Eastman 1993), the diet of
T. eulepidotus at least consisting primarily of euphausi-
ids and pelagic amphipods (Permitin and Tarverdieva
1978; Kock et al. 1984; Roshchin 1991). Adult Gerlachea
australis are reported to feed primarily on pelagic hy-
periids and euphausiids (Kock et al. 1984; Gon and
Heemstra 1990) and many channichthyids also make

regular pelagic feeding excursions (Kock 1992; Eastman
1993). In particular, adult specimens of Chionodraco
myersi and C. hamatus have been collected in the Wed-
dell Sea (Plötz et al. 2001) and adult Neopagetopsis ionah
have been collected considerably off the bottom from
several locations (Permitin 1969, 1970; DeWitt 1970;
Hubold and Ekau 1987). While the occurrence of these
species in the water column, whether merely episodic or
more regular, does not alter the numerical predomi-
nance of P. antarcticum in coastal pelagic assemblages, it
does underscore their potentially important contribution
to the total pelagic biomass.

The paucity of specimens in the upper 500 m is likely
a consequence of the overall low fish density within the
study area and the season. Of the five oceanic species
collected, Electrona antarctica and Notolepis coatsi are
commonly found in the upper 500 m while Bathylagus
antarcticus, Cyclothone kobayashii and Gymnoscopelus
opisthopterus are more common in deeper water (Hulley
1981; Hulley et al. 1989; Lancraft et al. 1989, 1991).
Additionally, except for C. kobayashii, the oceanic spe-
cies collected are all vertical migrators (Torres and So-
mero 1988; Lancraft et al. 1989, 1991), and thus their
vertical distribution may be deepened by the extended
daylength of the Antarctic summer.

Benthic assemblage

The benthic trawls conducted in this study provided the
first collections of coastal fishes from the eastern Ross
Sea and, while limited in number, all six tows sampled
characteristic bottom habitats at typical shelf depths.
We caught 38 species (excluding Aethotaxis mitopteryx
and Pleuragramma antarcticum) representing 6 families,
numbers quite similar to those of previous studies from
other Antarctic regions (Iwami and Abe 1981; Ekau
1990; Zimmermann 1997; Eastman and Hubold 1999).
Ninety percent of the species we caught have either
established or suspected circum-Antarctic distributions
(Anderson 1990; DeWitt et al. 1990; Eakin 1990; Gon
1990; Iwami and Kock 1990; Stehmann and Bürkel
1990). The artedidraconids, Artedidraco orianae and
Histiodraco velifer, the bathydraconid, Bathydraco
macrolepis and the nototheniid, Trematomus nicolai
are relatively uncommon and have only been collected

Table 5 Diversity indices for benthic fish from six bottom tows. Values in parentheses include Aethotaxis mitopteryx and Pleuragramma
antarcticum when collected. Trawls arranged from shallow to deep

Trawl no. F9 F11 F7 F5 F6 F4
Bottom depth (m) 238 240 277 450 456 517
Swept area (km2) 0.006544 0.004195 0.006607 0.004279 0.007236 0.005349

Species per trawl 15 9 (10) 9 (10) 17 21 (22) 19 (21)
Specimens per trawl 786 259 (622) 66 (97) 168 547 (583) 159 (241)
Shannon’s diversity [H’¢=�

P
p ln p] 1.31 1.12 (1.15) 1.45 (1.61) 1.90 1.84 (1.96) 2.35 (2.21)

Pielou’s evenness [J’¢=H’¢ ln (no. spp.)�1 ] 0.48 0.51 (0.50) 0.66 (0.70) 0.67 0.61 (0.63) 0.80 (0.73)
Margalef’s species richness [SR = (no. spp.�1)
ln (no. indiv.�1)�1 ]

2.10 1.44 (1.40) 1.91 (1.97) 3.12 3.17 (3.30) 3.55 (3.65)
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from East Antarctica, and the zoarcid, Lycodichthys
dearborni is only known from McMurdo Sound and the
western Ross Sea (Anderson 1990; Eastman and Hubold
1999).

The predominance of the nototheniid genus Tremat-
omus together with a large contingent of artedidraco-
nids, bathydraconids and channichthyids is indicative of
an East Antarctic assemblage (Kock 1992; Eastman
1993). The absence of genera such as Notothenia,
Champsocephalus, Chaenocephalus, and Harpagifer also

suggests that there were no discernible faunal contribu-
tions from West Antarctica in the eastern Ross Sea. In
fact, the benthic assemblage from our study area
essentially duplicates that found by Eastman and
Hubold (1999) in the western Ross Sea. Thirty-two of
the 46 species caught in the western Ross Sea were also
caught in our study, with 10 of the remaining 14 species
(Paraliparis spp., Trematomus bernacchii, Artedidraco
glareobarbatus, A. shackletoni, Pogonophryne spp.,
Akarotaxis nudiceps and Dacodraco hunteri) from depths

Table 6 Integrated abundance and biomass for benthic fish collected in zone 3

FamilyGenus species Three shallow bottom (238–277 m)
(swept area: 17,340 m2)

Three deep bottom (450–517 m)
(swept area: 16,870 m2)

All trawls (swept area: 34,210 m2)

No. No./km2 WW (g) WW(g)/km2 No. No./km2 WW (g) WW(g)/km2 No. No./km2 WW (g) WW(g)/km2

Artedidraconidae
Artedidraco loennbergi 0 0 0 7 415 39 2,318 7 205 39 1,143 0
Artedidraco orianae 1 58 11 640 0 0 0 0 1 29 11 324
Artedidraco skottsbergi 9 519 39 2,220 0 0 0 0 9 263 39 1,125
Dolloidraco longedorsalis 0 0 0 0 45 2,667 287 17,036 45 1,315 287 8,401
Histiodraco velifer 0 0 0 0 6 356 51 2,999 6 175 51 1,491
Pogonophryne marmorata 0 0 0 0 1 59 38 2,264 1 29 38 1,117
Pogonophryne scotti 2 115 557 32,134 14 830 387 22,928 16 468 944 27,594
Total Artedidraconi 12 692 607 34,994 73 4,327 802 47,546 85 2,485 1409 41,196
Bathydraconidae
Bathydraco macrolepis 0 0 0 0 5 296 56 3,331 5 146 56 1,643
Bathydraco marri 0 0 0 0 11 652 118 6,971 11 322 118 3,438
Cygnodraco mawsoni 2 115 262 15,081 0 0 0 0 2 58 262 7,644
Gerlachea australis 0 0 0 0 10 593 257 15,234 10 292 257 7,512
Gymnodraco acuticeps 4 231 796 45,917 0 0 0 0 4 117 796 23,274
Prionodraco evansii 97 5,594 607 35,029 1 59 11 670 98 2,865 619 18,085
Racovitzia glacialis 2 115 52 2,982 31 1,838 1,321 78,281 33 965 1,372 40,114
Total Bathydraconidae 105 6,055 1,717 99,008 58 3,438 1,763 104,487 163 4,765 3,480 101,710
Channichthyidae
Chaenodraco wilsoni 0 0 0 0 85 5,039 4,525 268,198 85 2,485 4,525 132,257
Chionodraco hamatus 6 346 942 54,302 18 1,067 1,172 69,443 24 702 2,113 61,768
Chionodraco myersi 1 58 149 8,570 19 1,126 866 51,322 20 585 1,014 29,652
Cryodraco antarcticus 1 58 13 744 7 415 565 33,485 8 234 578 16,890
Neopagetopsis ionah 0 0 0 0 3 178 1,769 104,861 3 88 1,769 51,710
Pagetopsis macropterus 2 115 162 9,337 3 178 40 2,395 5 146 202 5,913
Pagetopsis maculatus 0 0 0 0 4 237 134 7,943 4 117 134 3,917
TotalChannichthyidae 10 577 1,265 72,953 139 8,239 9,070 537,647 149 4,355 10,335 302,108
Nototheniidae
Lepidonotothen squamifrons 0 0 0 0 4 237 138 8,180 4 117 138 4,034
Trematomus eulepidotus 589 33,968 20,752 1,196,770 136 8,062 6,302 373,563 725 21,193 27,054 790,821
Trematomus hansoni 6 346 387 22,318 0 0 0 0 6 175 387 11,312
Trematomus lepidorhinus 7 404 45 2,572 0 0 0 0 7 205 45 1,304
Trematomus loennbergii 24 1,384 152 8,737 70 4,149 1,746 103,497 94 2,748 1,898 55,481
Trematomus newnesi 15 865 132 7,584 0 0 0 0 15 438 132 3,844
Trematomus nicolai 1 58 116 6,690 0 0 0 0 1 29 116 3,391
Trematomus pennellii 39 2,249 976 56,257 0 0 0 0 39 1,140 976 28,515
Trematomus scotti 300 17,301 1,795 103,489 336 19,917 3,854 228,453 636 18,591 5,649 165,127
Trematomus tokarevi 1 58 9 502 36 2,134 1,583 93,835 37 1,082 1,592 46,536
TotalNototheniidae 982 56,632.0 24,361.3 1,404,919.2 582 34,499.1 13,623 807,528.1 1,564 45,717.6 37,985.6 1,110,365.3
Rajidae
Bathyraja eatoni 1 58 341 19,666 0 0 0 0 1 29 341 9,968
Bathyraja maccaini 1 58 2,268 130,796 0 0 0 0 1 29 2,268 66,296
Bathyraja sp.a 0 0 0 0 2 119 76 4,529 2 58 76 2,233
Total Rajidae 2 115 2,609 150,461 2 119 76 4,529 4 117 2,685 78,498
Zoarcidae
Lycodichthys dearborni 0 0 0 0 6 356 147 8,726 6 175 147 4,303
Ophthalmolycus amberensis 0 0 0 0 10 593 308 18,228 10 292 308 8,989
Pachycara brachycephalum 0 0 0 0 4 237 155 9,200 4 117 155 4,537
Total Zoarcidae 0 0 0 0 20 1,186 610 36,153 20 585 610 17,828
Total 1,111 30,559 874 25,944 1,985 56,505

a Bathyraja sp. cf. Stehmann and Bürkel (1990)
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shallower or deeper than we sampled. At comparable
depths, they caught four species absent from our sam-
ples (Muraenolepis microps, Ophthalmolycus bothrio-
cephalus, Pogonophryne cerebropogon and Vomeridens
infuscipinnis). Excluding the pelagic Aethotaxis mitop-
teryx and cryopelagic Pagothenia brachysoma, we
caught six species not present in their samples (Chae-
nodraco wilsoni, Lepidonotothen squamifrons, T. hansoni,
T. newnesi, T. nicolai, and T. tokarevi).

Abundance values were often influenced by large
single catches of particular species. This was the case for
Chaenodraco wilsoni, Prionodraco evansii, Trematomus
eulepidotus and T. scotti in the present study, for
T. scotti in the western Ross Sea study (Eastman and
Hubold 1999) and for several species from studies in the
Weddell Sea (Kock et al. 1984; Ekau 1990). Isolated
aggregations of particular species underscore the vari-
able nature of benthic assemblages and may reflect real
preferences by species in response to local hydrographic,
habitat or trophic conditions (Ekau 1990; Ekau and
Gutt 1991; Gutt and Ekau 1996; Brenner et al. 2001).
Differences in species composition with depth in our
study are generally consistent with findings from the
western Ross Sea (Eastman and Hubold 1999) and
Weddell Sea (Ekau 1990).

With one exception, all diversity indices were higher
in the three deep tows (Table 5). Diversity and evenness
values for these deep tows are similar to high-end values
reported from the Scotia Sea islands (Targett 1981),
Antarctic Peninsula (Daniels and Lipps 1982), Weddell
Sea (Hubold 1991), Lazarev Sea (Zimmermann 1997),
and western Ross Sea (Eastman and Hubold 1999). Our
deep tows were done at typical mid-shelf depths and fell
within the 300- to 600-m depth range found to contain
the highest biomass and species diversity (DeWitt 1971;
Andriashev 1987).

Considering the variable nature of benthic communi-
ties, it is doubtful that the slightly higher biomass esti-
mates in the present study area reflect a significant
increase over otherEastAntarctic shelf regions.However,
it is interesting to note that biomass estimates for East
Antarctica in general tend to be higher for areas with
narrow shelves (e.g., Vestkapp region of Weddell Sea,
Lazarev Sea, present study area) than areas with wide
shelves (e.g., Gould Bay region of Weddell Sea, western
Ross Sea). Whether or not this is the case, one thing is for
certain: the biomass of benthic fish on the shelf in the
eastern Ross Sea contrasts sharply with that observed for
the water column, both on and off the shelf. Conse-
quently, for predators capable of foraging deep enough,
benthic fish assemblages provide an abundant food
source.
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Plötz J, Bornemann H, Knust R, Schröder A, Bester M (2001)
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