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Total-lipid and lipid-class composition were determined by
gas-liquid chromatography and combined gas chromatogra-
phy/mass spectrometry for the major mesopelagic vertebrate

Table 1. Lipids of antarctic fish from Croker Passage

Sample	 T" HCb WE- TG 	PL"

Bathylagus antarcticus H82 V t 13.1 <BL	7.3 59.3 33.4
F	51.1	<BL	5.1 60.7 34.2
1 23.2 _h - -

Electrona antarctica H82	51.1	3.9 45.4	8.2 42.5
Electrona antarctica H83	61.3	0.1 60.0 25.5 14.4
Electrona antarctica H83'	Vi	63.3	0.1 41.1 48.3 10.5

F	46.6	0.1	61.8 18.3 19.8
L	65.8	0.2 57.2 19.7 22.9
1 56.6 - - - -

Electrona antarctica H83	V	-	-	43.9 43.8 -
F	66.1 <0.1 34.7 27.4 37.9
T 73.2 - - - -

Electrona carisbergi H82	37.4 <0.1	6.7 75.3 17.9

Gymnoscopelus nicholsi	V	41.3 <0.1	3.8 78.9 17.3
F	62.7	0.2 19.6 74.8	5.4
L	84.7	0.3 45.6 52.4	1.7
S	69.9	0.1	0.9 50.5 48.5
T 72.8 <0.1 - - -

Pleuragramma antarcticum	V i 73.4 <0.1	2.4 77.7	1.9
F	45.6 <0.1 48.1 44.7	7.2
L	42.9 <0.1 23.2 67.8	9.0
T 47.7 - - - -

P antarcticum larvae	 11.8	41.0	4.2 22.1 32.7

Protomyctophum bolini H82	26.1	29.7	5.4 63.4	1.5

Protomyctophum bolini H82 i V i 33.4 <0.1	4.7 62.5 32.8
F	26.5 <0.1	7.7 82.3 10.0
L 26.9 <BL <BL <BL -
T 29.2 - - - -

" "T" denotes total lipid (percentage of dry weight).
b "HC" denotes hydrocarbons (percentage of T).
"WE" denotes wax esters (percentage of T,).
d "TG" denotes triglycerides (percentage of I).

"PL" denotes phospholipids (percentage of T).
"V' denotes viscera; "F" denotes flesh; "L" denotes lipid sacs; "T" de-
notes total fish; "5" denotes skeleton.
"BL" denotes blank.

""-" denotes samples not analyzed.
Includes gut contents.
Duplicate entries denote separate fish analyzed.

biomass species in the Croker Passage off the Antarctic Penin-
sula. Samples were collected by T. L. Hopkins and B. H. Robison
in February 1982 and during March and April of 1983 using a
discrete depth Tucker trawl. Samples collected in 1982 were
labelled "H82," all other samples were collected in 1983. The
major biomass species were Pleuragramma antarcticum and Elec-
trona antarctica. Selected fish were dissected to produce: a vis-
cera fraction; a flesh fraction, including the skeleton; and the
lipid-sac fraction, when present.

Total extractable lipid content, expressed as percentage of dry
weight, ranged from 11.8 percent in Pleuragrainma antarcticum
larvae to 73.2 percent in Elect rona antarctica (table 1). Whole fish,
with a mean lipid level of 40.3 ± 19.7 percent, contained larger
amounts of lipid than did the zooplankton species analyzed
(23.0 ± 15.8 percent). Midwater myctophid fish showed no
obvious difference in lipid content with latitudinal distribution.
Cold-temperate species contained 26-56 percent lipid (Ne-
venzel et al. 1969; Childress and Nygaard 1973). Lipid values of
Protomyctophum bolini (26.1 percent) and Elect rona antarctica (51.1
percent and 61.3 percent) analyzed in this study fell within this
range. Bathylagus milleri, a temperate species congeneric to B.
antarcticus, contained 28.5 percent lipid (Childress and Nygaard
1973), compared to 23.2 percent found in the antarctic species.

Hydrocarbons generally constituted less than 1 percent of the
total lipids in the fish studied, although Elect rona antarctica H82
(at 3.9 percent), Protomyctophum bolini H82 (at 29.7 percent), and
Pleuragramma antarcticum larvae H82 (at 41.0 percent) contained
unusually high levels. No polycyclic aromatic hydrocarbons
were detected. The ratio of odd carbon chain-length alkanes (0)
to even chain-length (E) abundances was calculated. Eighty
percent of the fish studied had o/E values less than one, indicat-
ing a predominance of even chain-length alkanes (table 2). Only
E. antarctica H82 contained hydrocarbons with an 0/E value
greater than one.

Analysis of total lipid distribution in three different body
fractions revealed lipid partitioning in mesopelagic fish. All five
species of fish examined stored a higher percentage of their
body lipid in flesh than in viscera (table 3, column A). This is in
contrast to some temperate cartilagenous fish which store the
majority of their body lipids in their livers (Van Vleet et al., in
press). Subcutaneous lipid sacs in Elect rona antarctica and Gym-

Table 2. Hydrocarbons of antarctic mesopelagic fish

Sample-Vertebrata	Br" C:0 C:1 c C:2d 5/IJ O:E

Electrona antarctica H82	16.0 26.4 2.5	0.1	7.0 1.1
Electrona antarctica H83	65.0	0.7 0.0	1.2	0.6 0.4
Electrona carisbergi H82	52.4	0.8 0.0	0.0 _h 0.4
Pleuragramma antarcticum	1.3 31.0 7.3 <0.1	4.3 0.9

larvae
Protomyctophum bolini H82	1.0 35.7 08	0.0 47.3 0.9

"Br" denotes branched hydrocarbons (percentage of total
hydrocarbons).

b C:O denotes saturated hydrocarbons (percentage of total
hydrocarbons).
"C:1" denotes monounsaturated hydrocarbons (percentage of total
hydrocarbons).

d "C:2" denotes phytadienes (percentage of total hydrocarbons).
"S/U" denotes saturated/unsaturated hydrocarbons.
"O/E" denotes odd/even hydrocarbons.

denotes no unsaturated hydrocarbons detected.
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noscopelus nichcolsi stored the highest proportion of total body
lipid in these fish, whereas Pleura gramma antarcticum and Pro-
tomyctophum bolini contained more lipid intramuscularly than
subcutaneously. E. antarctica, P. antarcticum, and P. bolini had
higher percent lipid in their viscera (table 3, column B), but
more total lipid in their flesh. Internal organs of P. antarcticum
were coated with lipid deposits not noticeable in E. antarctica or
P. bolini (Robison personal communication). Flesh lipid content

Table 3. Lipid partitioning in antarctic mesopelagic fish

Sample	 A	B'

Bathylagus antarcticus	 VC	 41.6	13.1
F	58.4	51.1

Electrona antarctica	 V	14.7	63.3
F	38.0	46.6
L	47.3	65.8

Gymnoscopelus nicholsi	V	3.7	41.4
F	26.7	62.7
L	55.4	84.7
S	14.1	69.9

Pleuragramma antarcticum	V	15.2	73.4
F	62.9	45.6
L	21.9	42.9

Protomyctophum bolini	V	44.0	33.4
F	50.4	26.5
L	5.6	>26.9

a "A" denotes percentage of the total body lipid found in given tissue.
b "B" denotes lipids as a percentage of dry weight of given tissue.

"V" denotes viscera; "F" denotes flesh; "L" denotes lipid sacs; "S 11

 skeleton.

of Bathylagus antarcticus and Gymnoscopelus nicholsi exceeded
visceral lipid content per gram of tissue.

In Pleuragramma antarcticum, visceral lipid stores were tn-
acylglycerols, intramuscular stores were wax esters, and sub-
cutaneous lipid sac deposits were a mixture of the two lipid
constituents (table 3). Since wax esters are less dense than
triacyiglycerols (density of 0.86 versus 0.93 at 00 C), wax esters
may be stored intramuscularly to offset the high density of the
muscle tissue. Wax esters were also stored in the large sub-
cutaneous lipid sacs in E. antarctica, possibly for increased
buoyancy.

Our data gave little support to the hypothesis that low tem-
peratures lead to an increase in muscle lipid content, as evi-
denced by a noticeable increase in muscle phospholipid
content. Only two of the five species analyzed for flesh lipid
content, Bathylagus antarcticus and Electrona antarctica, had
phospholipid levels over 30 percent, whereas total flesh lipid
was very high (ranging from 27-66 percent of the dry weight
extracted). This suggests that higher lipid contents result from
intramuscular fat accumulation in mesopelagic fish rather than
an increase in phospholipid membrane tissue.

This work was supported by National Science Foundation
grant DPP 80-23961.
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Studies on the metabolism of mesopelagic micronekton have
demonstrated a marked decline in species' metabolic rates with
increasing depth of occurrence (Childress 1971-a, 1975; Smith
and Hessler 1974; Childress and Somero 1979; Gordon, Belman,
and Chow 1976; Torres, Belman, and Childress 1979; Smith and
Layer 1981). However, all previous investigations on the metab-
olism of deep-living (200-2,000 meters) micronekton have con-

cerned species living in the waters of the California Borderland,
a system with a thermally stratified water column where dif-
ferences in temperature between 0 and 1,000 meters are as great
as 13°C. Because of this fact, it has been impossible to separate
the effects of temperature from the effect of species depth of
occurrence on the observed decline in metabolic rates. The
southern ocean provides a natural experimental system because
it has a small temperature change (2-3°C depending on location
and season) between the surface and 1,000 meters, allowing us
to sort out the influence of temperature on the decline of respi-
ration rate with depth. As part of the AMERIEZ expedition (Ant-
arctic Marine Ecosystem Research at the Ice-Edge Zone) to the
Scotia Sea in November-December 1983, we determined the
metabolic rates of over 20 species of mesopelagic micronekton,
including most of the dominant fishes and crustaceans living
between 0 and 1,000 meters. In this paper, we present data on
the metabolic rates of two dominant antarctic fish species, com-
pare them with similar species found off California and briefly
discuss some of the implications of the data.

All specimens were collected using a 9-square-meter-mouth
area, mouth-closing Tucker trawl equipped with a thermal-
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