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On 28 January 1989, the Argentine supply ship Bahia Paraiso
ran aground in the vicinity of Palmer Station (Anvers Island),
spilling over 150,000 gallons of fuel (Kennicutt et al. 1990). In
connection with this accident, a quick-response team spon-
sored by the U.S. National Science Foundation was formed to
evaluate the impact of the resulting oil spill.

Preliminary results showed that the intertidal zone was one
of the most affected, but the information was inconclusive due
to the lack of pre-spill baseline quantitative data (Kennicutt et
al. 1990). Surveys initiated in 1989 were continued in the fall
of 1990 with a series of investigations in Arthur Harbor. Our
objective was to study, under experimental laboratory condi-
tions, the evolution of oxygen in a microalgal upper intertidal
assemblage dominated by the filamentous Chlorophyta liros-
pora penicilliformis. This species was described as one of the
most abundant in terms of coverage and biomass in the upper
levels of the intertidal zone of King George Island by Ramirez
and Villouta (1984). This research is focused on the comparison
of the area affected by the Bahia Paraiso oil spill with nearby
sites around Palmer Station.

Sampling covered 10 of the 21 sites sampled in Arthur Har-
bor during the 1989 season for limpet, macroalgae, and hy-
drocarbon analysis (figure). Oxygen evolution was measured
in the laboratory by means of the dark-light bottle technique,
using an oxygen probe (YSI model 58) with high sensibility
membranes. Algae were separated from the rock beds by
scraping. The material was homogenized by agitation and sub-
sequently filtered through a 400-millimeter Nitex mesh. In vivo
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Location of the intertidal sites sampled in the vicinity of Palmer
Station.

Evolution of dissolved oxygen (micrograms of 02 X 10 per
micrograms of chlorophyll a per hour) normalized to chlorophyll

a (corrected by phaeopigments) for the areas surveyed

Net oxygen
production (NOP)	Oxygen consumption (OC)

Sampling	 Standard	 Standard
site	Average deviation	Average deviation NOP/OC

2	3.54	1.43	3.02	1.40	1.17
5	2.09	0.38	1.06	0.15	1.97
7	 2.18	0.50	1.49	0.77	1.46

11	2.87	0.56	0.91	0.19	3.15
13	2.72	0.31	1.26	0.30	2.16
14	3.35	0.82	2.06	0.67	1.63
15	5.31	1.26	0.62	0.27	8.56
16	3.24	0.10	0.62	0.35	5.23
17	4.74	0.06	0.87	0.26	5.45
18	1.54	0.84	1.38	0.13	1.12

observations were made with the aid of epifluorescent mi-
croscopy to determine species composition and the physio-
logical condition of the microalgae. Three replicates of each
sample were incubated for 4 hours in a cold room in BOD
bottles filled with filtered seawater at aproximately 2 °C and
exposed to a light intensity of 75 microeinsteins per square
centimeter per second using Grolux Culture tubes. Sites were
compared by means of a one-way ANOVA analysis. Chloro-
phyll a corrected for phaeopigments was measured spectro-
photometrically (Strickland and Parsons 1972); chlorophyll
equations were corrected according to Jeffrey and Humprey
(1975). Water subsamples from the BOD bottles were taken at
the beginning and at the end of each experiment and frozen
immediately at -30 °C for nutrient data. (These samples are
presently under analysis in Buenos Aires.)

Significant differences between sites were observed in ox-
ygen produced (P<0.01), as well as in respiration rates (P<0.05).
Maximun rates of oxygen production were found in Hermit
and Limitrophe islands (sites 15 and 17, respectively), while
minimum values were recorded in Laggard Island (site 18;
table). Likewise, sites 15 and 17 showed the highest oxygen-
produced/oxygen-consumed ratio (table). This would indicate
a relatively low level of heterotrophic activity in comparison
with the other sites (with the exception of site 16, which pre-
sented values similar to those of site 17). Comparison of the
results from the area of the Bahia Paraiso wreckage (site 11, De
Laca Island) with those from the other sampling sites (with
the exception of the above-mentioned places) yielded no dif-
ferences, either in the behavior of dissolved oxygen nor in the
species composition. Our results suggest that differences be-
tween the islands surveyed could stem from sources of vari-
ability other than the hydrocarbons released during and after
the accident. Further research must be performed in the in-
tertidal zone of Arthur Harbor to assess the long-term effects
of the Bahia Paraiso oil spill.
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Tintinnid cytoplasmic
volume and biomass
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In recent years, increasing attention has been given to the
role of microzooplankton in the transfer of matter and energy
in antarctic food webs; studies on this subject are presently
underway at selected locales of the Antarctic (Putt and Stoecker
1989). In this respect, tintinnids (planktonic ciliates provided
with a chitinous shell) represent a very significant component,
both in terms of numbers and in terms of biomass (Boltovskoy,
Alder, and Spinelli 1989; Garrison and Gowing in press). As-
sessment of the trophic impact of microzooplankters requires
information on the biomass (expressed as, for example, organic
carbon) of the consumers. For the tintinnids, these estimates
have traditionally been based on measurements of the organ-
isms' shells and subsequent calculation of their respective vol-
umes; protoplasmic volumes, in turn, have usually been
estimated as 40-60 percent of the volume of the shell and a
conversion factor of 0.11 is used to transform plasma volume
(in cubic micrometers) into picograms of organic carbon (Edler
1979). This technique, however, has been criticized because
plasma volumes show significant changes after fixation
(Brownlee 1982), and especially because 40-60 percent cell-
occupancy overestimates actual plasma volumes considerably

(Gilron and Lynn 1989). To check the above assumptions, ob-
servations, measurements, and photographs were made of live
specimens of 7 tintinnid species collected around Palmer Sta-
tion (64°47'S 64°06'W) during March-April 1990. These taxa
represent approximately 70 percent of the total recorded for
the southern ocean. The table shows that, in effect, actual cell-
occupancy is very significantly lower than previously as-
sumed, varying between 12 and 54 percent, with an average
of 27 percent. In consequence, protoplasmic biomass values
are actually less than half of those derived on the basis of the
traditionally used method. These estimates are useful when
detailed biomass data are needed furnishing precise infor-
mation on actual cytoplasmic biomass, yet total tintinnid car-
bon is partitioned between that contained in the cell and lorical
(i.e., shell) carbon. Verity and Langdon (1984) carried out
chemical analyses of whole tintinnid specimens finding a highly
significant correlation between lorica volume and organic car-
bon contents. Applying their equation to our data yields the
figures shown in the table (column F), which indicate that the
40-60 percent cell-occupancy figure is an adequate indicator of
total tintinnid carbon (rather than cytoplasmic carbon only; the
60 percent value overestimates total carbon by just 20 percent).

In connection with the above studies, tintinnids were cultured
experimentally in the lab under different conditions of feeding
(37, 65, 45, and 80 micrograms of chlorophyll a per liter), tem-
perature (-2, 0, and 2 °C), and illumination (300, 75, 1 mi-
croeinsteins per square centimeter per second, and total darkness).
Light proved to be of great importance for the survival of the
ciliates: highest light intensities were unfit for tintinnid growth,
while the lowest ones and total darkness yielded high survival
rates). Interestingly, these results are in agreement with previous
findings (Boltovskoy et al. 1989; Alder and Boltovskoy in press),

Estimates of tintinnid volume and biomass

Tintinnid species

Cymatocylis vanhoeffeni
Cymatocylis flava
Cymatocylis drygalskii
Cymatocylis affinisiconvallaria
Cymatocylis antarctica
Laackmanniella naviculaefera
Codonellopsis balechi

A	 C

	

2,924,582	31.00	99,728

	

1,105,392	17.76	21,595

	

1,033,278	31.20	35,462

	

599,806	23.57	15,551

	

171,050	11.76	2,213

	

147,024	33.48	5,415

	

69,394	12.70	969

D

193,022
72,956
68,196
39,587
11,289
9,704
4,580

G

	

155,447	64:36

	

59,030	37:63

	

55,208	64:36

	

32,234	48:52

	

9,510	23:77

	

8,237	66:34

	

4,122	24:76

E

51.7
29.6
52.0
39.3
19.6
55.8
21.2

Average	 864,361	23	 25,848	57,048	38	 46,256	47:53

Column heads are: A. Lorica volume (in cubic micrometers); B. Cell-occupancy (in percentage); C. Plasma biomass estimate based on column B (in
picograms of carbon); D. Plasma biomass estimate assuming 60 percent cell occupancy (in picograms of carbon); E. Percentage difference, column
C vs. column D; F. Total biomass estimate based on Verity and Lagdon (1984) (in picograms of carbon); G. Percentage relationship of plasma carbon
vs. lorica carbon.
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