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RACER: Ammonia excretion rates of
antarctica zooplankton in winter, with

emphasis on Euphausia superba

MARK E. HUNTLEY, PATRICK J . PERL, STACE BEAULIEU
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La Jolla, California 92093

ALEJANDRO GONZALES

Universidad de Chile
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M. D. G. LOPEZ
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Diliman, Quezon City 1101, Philippines

There exist few measurements of the ammonia excretion rates of
antarctic zooplankton, and those that do exist (e.g., Biggs 1980;
Segawa et al. 1982; Ikeda and Mitchell 1982; Ikeda and Bruce 1986)
were made during spring and summer. Information on winter
ammonia excretion rates of antarctic zooplankton is useful in
ascertaining whether the animals in question exhibit the metabolic
rates characteristic of spring and summer or whether metabolism
has been reduced to conserve energy in what is generally thought
to be a food-poor environment. Winter ammonia excretion rates
comparable to those observed in summer would suggest a contin-
ued level of high metabolic activity in winter and would imply that
the processes of feeding, growth, and reproduction were also high.

This study was conducted as part of the Research on Antarctic
Coastal Ecosystem Rates (RACER) IV winter expedition to the
coastal region of the Antarctic Peninsula from 14 July through 12
August 1992. Stations were visited throughout the Gerlache
Strait at RACER stations previously occupied in the spring and
summer of 1989 and 1991; a number of other stations were also
visited at more southerly locations in the Grandidier Channel and

Crystal Sound. Most of the region was covered with sea ice of
various types (brash, loose or consolidated pancakes, and fast
ice), ranging in thickness from approximately 30 to 150 centime-
ters, and in coverage from 70 to 100 percent.

Live zooplankton were collected in 20-minute vertical tows of a
1-meter ring net equipped with 110-micron mesh and a 15-liter
protected cod end. Animals were sorted to species and stage at
temperatures generally within 1 'C of ambient seawater within 1 to
2 hours after collection and transferred to appropriate experimental
containers. The size range of zooplanktonin these experiments was
considerable, from early-stage copepodites of Metridia gerlachei to
adult Euphausia superba. For this reason, preliminary experiments
were conducted to determine the appropriate combination of
stocking density, container size, and duration of the experiment
that would yield reproducible results without producing experi-
mental artifacts. For example, we conducted an experiment with
Met ridia gerlachei females in which animals were incubated in 430-
milliliter containers in initial densities of 0.06, 0.12, 0.23, 0.47, and
0.70 animals per milliliter for a total period of 24 hours, with 10-
milliliter samples being taken every 2 hours for ammonia analysis.
Ammonia analysis was conducted according to the technique of
Strickland and Parsons (1972).

Analysis of the time series of data showed that, first, the two
lowest densities did not yield detectable ammonia-excretion
rates. Second, animals in the three higher densities continued to
produce ammonia at the same rate for the first 12 hours of the
experiment, after which time, the rate of production decreased.
Third, there was no difference in the individual excretion rate
among the three highest density treatments. For M.gerlachei, we
interpreted these results to indicate that experiments should be
conducted at a stocking density in the range of 0.25 to 0.70 indi-
viduals per milliliter for a period of no more than 12 hours. Sim-
ilar experiments were conducted with other species of zooplank-
ton, including E.superba, Calanoides acutus, and Euchaeta antarctica.

In this paper we report only on the final results of experiments
conducted on E.superba. Preliminary experiments indicated that
excretion rates were linear over a period of 24 hours, and that rates
could be measured for individual krill, ranging in size from 18 to 45
millimeters in body length (tip of rostrum to tip of telson), incu-
bated in 500-milliliter containers. All experiments were conducted
at 0.5 'C in filtered seawater. The difference between initial and
final concentrations of ammonia was considered to be due to
excretion by krill; control jars containing no krill were monitored in
the same fashion to correct for any possible changes in ammonia
concentration not due to krill. When the experiment was corn-

1992 REVIEW
	 183



Euphausia superba
Ammonia excretion rate Euphausia superba

DAILY NITROGEN UTILIZATION

DRY WEIGHT (mg)

I
Z
a)

0.0'
DRY WEIGHT (mg)

V
Z
>-

0

Z
0
rijcc0

0

0.0'

Figure 1. Ammonia excretion rates of Euphausia superba during
winter (micrograms of nitrogen per individual per hour), as a function
of body dry-weight (milligrams). Regression equation for the data is
shown, with "E" being the excretion rate and "DW" the dry weight,
and compared to regressions reported by Ikeda (1984) and Segawa
et al. (1982) for ammonia excretion rates of krill in summer.

pleted, animals were immediately removed and their body length
measured. These same animals were then placed in separate
labelled bags and deep-frozen at -70 'C for later measurement of
body weight in terms of dry weight, carbon, and nitrogen. Because
we returned from the field shortly before writing this manuscript,
the deep-frozen animals have not yet been measured. Therefore,
we estimated body dry weights from length measurements using
the equation provided for all moult stages, based on length mea-
sured from the anterior of the eye to the tip of telson, given in
Appendix 3 of Morris et al. (1988).

Ammonia excretion rates of E.superba, expressed as micro-
grams of ammonia-nitrogen per krill per hour and plotted as a
function of dry-body weight in milligrams (figure 1), do not
appear to be significantly different from rates reported for the
same species in spring and summer (Segawa et al. 1982; Ikeda
1984). A comparison of regression equations indicates that, for
the krill we measured, an individual of 20 millimeters excretes
approximately 0.48 micrograms of nitrogen per hour; Segawa et
al.'s (1982) regression suggests 0.50, and Ikeda's (1984) regression
suggests 0.66 micrograms of nitrogen per hour for an animal of
the same size. For much larger krill, greater than 60 milligrams
dry-weight, the regressions of Segawa et al. (1982) and Ikeda
(1984) suggest rates that are approximately 50 percent greater
than those indicated by our regression. However, some of our
individual measurements in this size range exceed their predic-
tions, suggesting that the rates we measured are not significantly
different from those measured in summer.

Assuming a mean body nitrogen content of 10.1 percent of dry
weight (Ikeda 1984), winter krill collected during the RACER
expedition excreted approximately 0.5 percent body nitrogen per
day, a rate which is unrelated to body size. This compares
favorably with the summertime excretion rate of approximately
0.3 percent body nitrogen per day estimated by Ikeda and Bruce
(1986). Thus, there appears to be no significant difference in
excretion rates of E.superba between summer and winter.

These results further substantiate our conclusion that E.superba
can continue to grow throughout the winter while feeding on a diet
of zooplankton (Nordhausen et al. 1992). Zooplankton that sus-
pend growth during the winter in polar regions typically reduce

Figure 2. Excretion rate of Euphausia superba in winter expressed
as the percentage of body nitrogen utilized daily and plotted as a
function of body dry-weight. Data are the same as those used in
figure 1.

their metabolic rate (Conover and Huntley 1991). E.superba, how-
ever, does not appear to reduce its nitrogen metabolism; from this,
and from observations of continued high respiration rates in winter
(S. Kaupp unpublished data) and the feeding on zooplankton we
observed, we infer that E.superba continues to grow in winter. What
we wish to emphasize, however, is that, whether it feeds on benthk
detritus (Kawaguchi et al. 1986), under-ice algae (Marschall 1988)
or zooplankton (Nordhausen et al. 1992), E.superba appears to
able to find food in almost any southern ocean winter environment
that can be imagined.

We thank the officers and crew of the R/V Nathaniel B. Palm
for their contributions to this research effort, as well as the'

employees of Antarctic Support Associates.Tlis study wa
supported by National Science Foundation grant '1JIP 88-17779 tci
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Attenuation and backscattering of
natural light in the waters of the

Gerlache Strait, Antarctica

MICHEL PANOUSE

Observatoire Oceanologique de Banyuls
Banyuls-sur-Mer, France

Following the previous work of Mitchell and Holm-Hansen
(1991), 20 optical datasets were collected during the 1991-1992
Research on Antarctic Ecosystem Rates (RACER) cruise at various
locations in the Gerlache Strait. The objectives were (1) to provide
reliable in situ measurements to validate the output of the air-
1ome. Polarization and Directionality of the Earth Reflectance
Eemote-sensing system (Frouin et al. this issue) and (2) to check
whether the relationships between water body reflectance and
photosynthetic pigments reported by the aforementioned inves-
igators were applicable.

For this purpose, a MER 1010 underwater spectroradiometer
(Biospherical Instruments) was used, with 12 channels for spec-

tral irradiance (410, 441, 488, 507, 520, 540, 565, 589, 625, 656, 683,
and 694 nanometers) and a 41r scalar irradiance sensor for the
photosynthetically available radiation (PAR). The instrument
was mounted in a specially designed frame enabling the succes-
sive measurements of downwelling irradiance during the down-
cast and upwelling irradiance during the upcast. Raw data were
corrected for the change in surface PAR irradiance between
upcast and downcast and then were smoothed using a 0.5-meter
filter.

From these data, and for each of the 12 wavelengths (wl),
values were computed (see table) for Kd (Wi, z), the diffuse
attenuation coefficient at depth z; Km (wl), the mean diffuse
attenuation coefficient over the photic zone, which is the portion
of water penetrated by sunlight; K10(wl), the mean diffuse attenu-
ation coefficient over the upper 10 meters of water; and R(wi), the
reflectance EU/Ed at the sea surface. These were checked against
chlorophyll a (chl-a) values: respectively Ca(z), the chl-a concen-
tration at depth z; Cm the mean chl-a concentration between 0
and 200 meters; and C 10 , the mean chl-a concentration between 0
and 10 meters.

The results, summarized in the table, show for each parameter
the mean values over the Gerlache Strait, along with the coeffi-
cient of variation as an index of variability. For each group of
optical and pigment parameters, the best fitting model and the

Summary of diffuse attenuation coefficients and surface ref lectances at 12 wavelengths during the 1991 -1 992 RACER cruise.
(See text for explanation of the abbreviations. The letters "s" and "ns" denote significant and non-significant correlation, respectively.)
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410	441	488	507	520	540	565	589	625	656	683	694
Ca	Kd	Kd	Kd	Kd	Kd	Kd	Kd	Kd	Kd	Kd	Kd	Kd
2.62	0.159	0.160	0.121	0.120	0.118	0.118	0.133	0.166	0.327	0.385	0.372	0.377
0.90	0.55	0.65	0.64	0.56	0.47	0.40	0.33	0.25	0.26	0.31	0.52	0.56
1%	S	S	S	S	S	S	S	S	S	S	S	S
Cm	Km	Km	Km	Km	Km	Km	Km	Km	Km	Km	Km	Km
0.60	0.140	0.137	0.105	0.104	0.106	0.108	0.121	0.152	0.275	0.329	0.303	0.290
0.77	0.41	0.48	0.50	0.44	0.38	0.31	0.21	0.17	0.26	0.23	0.27	0.29
1%	S	S	S	S	S	$	S	S	S	S	'is	ns

7	7	10	10	9	9	8	7	4	3	3	3
C10	K10	Ki 0	K10	K10	K10	K10	K10	K10	K10	K10	K10	K10
3.74	0.205	0.216	0.164	0.158	0.148	0.143	0.157	0.191	0.379	0.458	0.553	0.577
0.61	0.46	0.51	0.51	0.46	0.40	0.33	0.27	0.19	0.10	0.09	0.09	0.06
1%	S	S	S	S	S	S	S	S	S	S	ns	ns
C10	A	R	R	A	A	R	R	A	A	R	R	R
3.74	1.98	1.61	2.00	1.91	2.03	2.02	1.70	1.43	0.52	0.04	0.42	0.38
0.61	0.49	0.60	0.45	0.36	0.28	0.35	0.41	0.52	0.74	0.60	0.92	1.00
1%	ns	ns	S	ns	ns	ns	ns	ns	ns	ns	S	S
5%	S	S	S	S	ns	ns	ns	ns	S	ns	S	S
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