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Figure 3. Water-column characteristics at either end of the transect
across the frontal zone, showing profiles of sigma-t (dashed line),
in vivo chlorophyll-a fluorescence in relative units (solid line), and
extracted chlorophyll-a concentrations in milligrams of chloro-
phyll-a per cubic meter (solid circles). A. Station X31, in shelf
waters. B. Station D50, which was close to station X39 and is
shown here because the in situ fluorometer could not be used at
station X39. (m denotes meter.)

nal, this issue). These results will be analyzed with the data
from the other AMLR research components to determine the
significance of these floristic changes in regard to krill distri-
bution and grazing preferences and to the hydrological differ-
ences between the waters on either side of the front.

The continuous measurements on ship intake water were
recorded throughout the entire January-through-March AMLR
cruise. The correlations between biological parameters (phyto-

plankton and krill) and physical factors (shelf break and frontal
zones between water masses) over the entire 5,500-kilometer
cruise track will be analyzed to test the consistency of the
relationships noted in the data of figure 1.

This research was supported by NOAA Cooperative Agree-
ment number NA90AA-H-AF020. We thank the Officers and
Crew of NOAA Ship Surveyor for excellent support during field
operations. Shipboard personnel included Anothony F. Amos
(16 January to 11 February 1991), E. Walter Helbling (16 January
to 17 March 1991), and Osmund Holm-Hansen (16 January to
11 February 1991). We also thank Sergio Rosales (Universidad
Católica de Valparaiso) for his help on board ship.
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AMLR program: Horizontal separation
of larval and adult

Thysanoessa macrura
around Elephant Island, Antarctica,

during the 1991 austral summer

WALTER NORDHAUSEN

Scripps Institution of Oceanography
La Jolla, California 92037-0208

Thysanoessa macrura is the most widely distributed euphau-
siid in antarctic waters, frequently exceeding Euphausia superba
in number (Baker 1954; Daly and Macaulay 1988; Kittel, Witek,
and Czykieta 1985; Kittel and Stepnik 1983; Makarov 1979; Fiat-
kowski 1985; Pires 1986). Few studies, however, have focused
on this species, so much of its ecology is not well known. I
report here on its distribution and abundance in the region of
Elephant Island, including a distinct horizontal separation of

larvae and adults, which was closely related to water-mass
distribution observed by conductivity-temperature-depth
casts.

This study was conducted during leg II of the Antarctic Ma-
rine Living Resources program (AMLR) from 16 February to 17
March 1991. One major objective of AMLR was to correlate the
zooplankton data with data from other components of the pro-
gram, including the hydrography, circulation patterns, phyto-
plankton biomass, and primary production. A total of 56 bongo
net tows were taken during the large survey "D" around Ele-
phant Island and along two transects across the eastern Brans-
field Strait (see Holt, Hewitt, and Rosenberg, Antarctic Journal,
this issue). The samples were obtained with a bongo net of 70
centimeters diameter fitted with 505 and 333 micrometer mesh.
Here I discuss only the samples of the 333-micrometer net. All
tows were fished obliquely to a depth of approximately 160
meters. A General Oceanics flowmeter was used to calculate
the volume of water filtered. All T macrura were counted and
the abundances expressed as individuals per 1,000 cubic me-
ters. T macrura were identified by sex and maturity stage and
measured to the nearest millimeter, from tip of rostrum to
telson (figure 1). All larvae and a subsample of adults were
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Figure 1. Length frequency distribution of Thysanoessa macrura
near Elephant Island based on 56 bongo net tows. (mm denotes
millimeter.)

freeze-dried for a detailed analysis of their lipid content and
lipid composition at Scripps Institution of Oceanography. This
analysis will be done with gas chromatographic and mass spec-
trometric techniques and will be reported at a later time.

The hydrography of the region around the northern Antarctic
Peninsula is complex, but five water masses were identified by
temperature-salinity-diagrams (figure 2). Drake Passage water
in the north was characterized by warm surface water and a
strong subsurface temperature minimum. The Weddell Sea
water in the south of the study area had little vertical structure
with cold surface temperature near 0 °C. The eastern Bransfield
Strait water had a deep temperature near - 1 °C and salinity
of 34.5 parts per thousand. Little evidence of a temperature
minimum and temperatures above 0 °C were characteristic for
the Weddell-Scotia Confluence water. A transition water be-
tween the Drake Passage, the Weddell-Scotia Confluence, and
the eastern Bransfield Strait had a temperature minimum near
0 °C and isopycnal mixing below the temperature minimum
(Amos 1991).

The maximum chlorophyll-a concentrations found on the
AMLR 1991 cruise were measured during the "D" survey dis-
cussed here. The highest chlorophyll-a concentration was

Figure 2. Distribution of Thysanoessa macrura adult (A) and larvae
(B) of the survey "D" and the transect across the Bransfield Strait.
The water masses shown were identified from temperature-salin-
ity-diagrams by Amos (1991). I. Drake Passage water, warm surface
water, strong subsurface temperature minimum. "Winter Water,"
approximately —1 °C, salinity 34.0 parts per thousand. Circumpolar
Deep Water (CDW) near 500 meters. II. A transition water; temper-
ature minimum near 0 °C, isopycnal mixing below temperature
minimum, COW evident at some locations. Ill. Weddell-Scotia Con-
fluence (WSC) water; little evidence of a temperature minimum,
mixing with Type II, no COW, temperature at depth generally
>0 Sc. IV. Eastern Bransfield Strait water; deep temperature near
—1 °C, salinity 34.5 parts per thousand, cooler surface tempera-
tures. V. Weddell Sea water; little vertical structure, cold surface
temperatures (near 0 °C). (Definitions from Amos 1990.)

found northwest of Elephant Island and was dominated by
nanoplankton (<20 micrometer) which accounted for more
than 70 percent of the total chlorophyll-a (Holm-Hansen et al
1991).

1? inacrura was abundant throughout the sampling area. Only
at 2 out of 54 (3.7 percent) stations were no T inacrura found.
Adults were widely distributed except at the northern stations
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in the Drake Passage (figure 2A). The mean abundance of T
inacrura was 74 (standard deviation, 132) individuals per 1,000
cubic meters. Larval mean abundance was 45 (standard devia-
tion, 136) individuals per 1,000 cubic meters; juveniles were
rare with only 0.4 (standard deviation, 1.0) individuals per
1,000 cubic meters. Male T inacrura were represented with 10
(standard deviation, 14) and females with 18 (standard devia-
tion, 20) individuals per 1,000 cubic meters. For comparison,
the mean abundance of E. superba in the same samples was only
5.5 (standard deviation, 12.4) individuals per 1,000 cubic meters
(Loeb 1991). Furthermore gravid E. superba were found at the
beginning of March; no larvae of this species were found. T
inacrura adults were five times more abundant than those of E.
superba. The biomass of the two euphausiid species per 1,000
cubic meters was 0.54 grams of dry weight for T inacrura and
0.67 grams of dry weight for E. superba. The biomass of the
mean abundance was calculated from the length frequency dis-
tribution of the euphausiids and their dry weights (table).

The mean sex ratio of males per female was 0.44 (standard
deviation, 0.35). The mean size of male T inacrura was 18.8
millimeters (standard deviation, 0.9), and the average female
size was 21.3 millimeters (standard deviation, 4.3). The length
frequency distribution expressed as percent of the total is given
in figure 1. T macrura larvae of about 7 millimeters length are
furcilia 6 and made up 18.5 percent of the total population.
Adults showed a bimodal distribution. Females were respon-
sible for the bimodal distribution with a peak at 17 millimeters
and a second one at 21 millimeters, male abundance peaks only
at 18 millimeters. It is not clear if the smaller females had par-
ticipated in the spawning, but they likely belong to year class
two. The larger females may have been 3 years old.

T macrura does not depend on a phytoplankton bloom to gain
the necessary energy for spawning but presumably depends
on lipid reserves accumulated during the previous summer and

Length frequency and biomass of
Thysanoessa macrura and Euphausia superba from bongo nets

NOTE: The dry weights are from Hagen (1988).

Total biomass
Percentage of (in grams of dry

Length	 Dry weight dry weight in weight per 1,000
(in millimeters) Percent (in grams) size category	cubic meters)

Thysanoessa macrura (mean abundance per
1,000 cubic meters = 74)

7-9	26.9	0.0015	0.0390	-
10-13	1.3	0.0028	0.0034	-
14-18	34.3	0.0041	0.1398	-
19-23	32.0	0.0146	0.4661	-
24-28	5.4	0.0157	0.0836	-
29-34	0.1	0 . 0157a	0.0008	-
Total	100.0	-	0.7327	0.54

Euphausia superba (mean abundance per
1,000 cubic meters = 5.5)

20-29	0.4	0.0162	0.0065	-
30-39	12.1	0.0450	0.5445	-
40-49	57.1	0.0997	5.6929	-
20-56	30.4	0.1929	5.8642	-
Total	100.0	-	12.1081	0.66

a No dry weight data were available for this size category. The dry weight
for the next smaller size class is used as a lowest estimate.

perhaps on feeding during the winter. This enables T ,nacrura
to spawn early during the austral summer (Hagen 1988). The
females found were all spent; no eggs, nauplii, metanauplii, or
calyptopis stages were found. The dominant larval stage found
during the survey was furcilia 6. No larvae were younger than
furcilia 5, of which only very few individuals were found. The
development time of T macrura from calyptopis 2 to furcilia 6 is
about 90 days (Nordhausen in press). The cohort centered at
furcilia 6 indicates a distinct spawning period well before the
time of this survey.

The distribution of T macrura larvae was not homogeneous
throughout the study area. Highest larval abundance was
found in the northern part of the study area with 8,500 indi-
viduals per 1,000 cubic meters. This coincided with the water
of Drake Passage (figure 2B). These were the stations with the
highest chlorophyll-a concentrations and were dominated by
nanoplankton (Holm-Hansen et al. 1991). The virtual absence
of larvae of this widely distributed euphausiid over most of the
survey area is striking. I propose an hypothesis based on the
physical circulation of the region. The following description is
from data of the Research on Antarctic Coastal Ecosystem Rates
(RACER) program (1986-1987 and 1989). The abundance of T
macrura in the Gerlache Strait southwest of the AMLR study
site was high from November (1989) to at least the end of De-
cember (1986). In January 1987, high abundances were found
extending from Gerlache Strait into western Bransfield Strait.
In late February and March (1987), the abundance in these areas
had declined dramatically to almost zero. Similar results were
observed in the present study; no larval T macrura in the Brans-
field Strait were found in the second half of February or in early
March. Larvae spawned in the region of Gerlache Strait could
have been advected by a strong current from Gerlache Strait
into Bransfield Strait and continuing northeast, probably out of
the survey area (Nordhausen in press). This current was hy-
pothesized from geostrophic flow calculations (Amos, Jacobs,
and Hu 1990) and observed with Lagrangian drifters (Niiler,
Illeman, and Hu 1990). Drifter tracks gave no indication of mass
transport to the area of high larval abundance observed north-
west of Elephant Island. Thus it is likely that the T inacrura
larvae I observed northwest of Elephant Island belonged to a
different population advected by the Circumpolar Antarctic
Current after being spawned in water of the West Wind Drift.

I thank the National Oceanic and Atmospheric Administra-
tion (NOAA) and the AMLR program for the opportunity to
participate in this cruise. Special thanks are due to V. Loeb for
her help with the zooplankton sampling. I would also like to
thank the officers and crew members of the NOAA Ship Sur-
veyor for their expert support, in particular the Field Operation
Officer and the survey technicians. I wish to thank M. Lavender
for discussions of the hydrographic data. This work was sup-
ported in part by National Science Foundation grant DPP 88-
18899 to Mark Huntley (Scripps Institution of Oceanography)
and NA17FDOO11 to John Wormuth (Texas A&M).
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