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The neutral lipid content of microalgae can vary with en-
vironmental conditions making it a potential indicator of the
physiological state of these organisms. Lipid storage is often
observed in microalgae during nutrient limitation (Fogg 1956;
Hellebust and Lewin 1977) and may occur in organisms sub-
jected to low temperature (Smith and Morris 1980). Lipid drop-
lets have been shown to accumulate in polar-ice microalgae
toward the end of the spring bloom (Apollonio 1965) which may
reflect nutrient limitation (McConville 1985). Palmisano and
Sullivan (1982) found enhanced lipid levels in cultures of three
sea-ice diatoms subjected to a simulated summer-to-winter
transition in which temperature and light were decreased. We
present data on variability in neutral lipid content among indi-
vidual species and natural assemblages of a number of surface
melt-pool and bottom-ice microalgal communities in McMurdo
Sound during the 1986 austral summer.

Microalgae and associated ice were slowly melted in What-
man GFIC filtered seawater to avoid osmotic stress to the algae
before lipid analysis. The dye nile red, a vital stain selective for
cytoplasmic neutral lipid droplets (Greenspan, Mayer, and
Fowler 1985), was added to a 5-milliliter aliquot of the suspen-
sion to give a final concentration of 1 microgram per milliliter.
The fluorescence of the cell suspension was measured 3 min-

utes after nile red addition with a specrophotofluorometer. (The
excitation wavelength was 475 nanometers, and emission wave-
length was 580 nanometers.) These wavelengths optimized de-
tection of nile red fluorescence while minimizing the inter-
ference from chlorophyll a autofluorescence. The relationship
between nile red fluorescence and lipid equivalents was deter-
mined by comparison with fluorescence of a triolein (C57H1406)
standard treated in a fashion identical to the cell suspension.
Results are expressed as equivalents of triolein per unit chlo-
rophyll a, particulate carbon, or particulate nitrogen. Nor-
malization of triolein equivalents to these cellular constituents
allowed comparisons to be made between samples and
provided a relative index which was used to assess the phys-
iological state of the organisms. Lipid droplets of individual
species were observed qualitatively with an epifluorescent mi-
croscope fitted with filters covering the wavelengths given
above for the spectrophotofluorometer.

The table presents specific lipid content of microalgae associ-
ated with congelation ice, surface melt pools, and bottom-ice
platelets, the latter of which had floated to the surface at the
edge of the annual ice. The highest lipid levels occurred in
diatom communities dominated by Nit zschia stellata and other
Nitzschia species. Of these, the virtually unialgal population of
N. stellata collected in Wohlschlag Bay had the highest lipid
content in terms of chlorophyll content. Epifluorescent micro-
scope observations of nile red stained cells revealed that N.
stellata contained a greater volume of cytoplasmic lipid than
other species (figure 1). In contrast, communities dominated by
Amphiprora spp. displayed relatively few cytoplasmic lipid drop-
lets (figure 2), a qualitative observation confirmed by the lower
lipid-to-chlorophyll, lipid-to-particulate-carbon, and lipid-to-
particulate-nitrogen ratios in communities dominated by this
genus.

As with congelation-ice communities, the surface pools con-
taining Nztzschia sp. had the highest specific neutral lipid con-
tent. Epifluorescent microscopy showed that Navicula glaciei,
collected from a surface pool near Dunlop Island, also con-
tained a relatively large amount of cytoplasmic neutral lipid.
The lowest neutral lipid levels were measured in surface com-
munities dominated by microalgae other than diatoms. Of
these, the unidentified dinoflagellate collected in a surface melt
pool at the base of iceberg 2 (table) had the lowest neutral lipid
content with respect to cellular carbon and nitrogen. Lipid
levels in platelet ice microalgae were similar to those in other
Nitzschia-dominated communities.

That Nitzschia spp. and Navicula glaciei consistently displayed
higher specific lipid levels with respect to other diatom and non-
diatom dominated communities may be a species-specific trait
or it may indicate senescence of this organism at the time of
sampling. Palmisano and Sullivan (1982) showed that clones of
Nitzschia cylindrus cultured from antarctic sea ice had enhanced
cellular lipid levels when the organisms were subjected to de-
creasing temperature and light in a simulated summer-to-
winter transition. Decreasing light and temperature cannot,
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Neutral lipid content of organisms collected from various locations in McMurdo Sound during 1986.

Ratios

	

Lipid to	Lipid to

	

particulate	particulate

	

carbon	nitrogen	Numerically dominant organism

	

-	Nitzschia stellata

	

-	Nitzschia stellata, Amphiprora spp.

	

31.5
	 617.2	Nitzschia stellata, Amphiprora spp.

	

-	Nitzschia sp., Rhizosolenia sp.

	

25.7
	 547.3	Nitzschia sp., Rhizosolenia sp.

	

7.6
	 102.3	Amphiprora spp., N. stellata

	

6.7
	

88.5	Amphiprora spp., N. stellata

	

25.9
	

184.9	Nitzschia sp., Chaetocerous sp.

	

10.1
	

50.2	Unknown dinoflagellate

	

17.4
	 124.1	Phaeocystis sp.

	

39.0
	 264.5	Navicula glaciei, Nitzschia sp.

	

20.3
	

269.2	Nitzschia spp.

Lipid to
Location
	 Date	chlorophyll

Congelation ice-core samples
Wohlschlag Bay	 28 Nov.	5,741
Tent Island
	

29 Nov.	2,895
Tent Island
	

8 Dec.	2,899
Erebus Ice Tongue
	 29 Nov.	1,722

Erebus Ice Tongue	 8 Dec.	2,967
Iceberg 1
	

2 Dec.	393
Iceberg 2
	

2 Dec.	543

Surface melt pools
Iceberg 1 
	

2 Dec.	2,935
Iceberg 2
	

6Dec.	-
Iceberg 3
	

6 Dec.	124
Dunlop Island
	

6 Dec.	3,909

Ice-edge platelet microalgae
Ice edge
	 2 Dec.	2,618

a All icebergs were located on the western side of McMurdo Sound between Dunlop Island and Marble Point.
I Dashes indicate 'no data available."

Figure 1. Epitluorescent photomicrograph of nile red stained
Nitzschia stellata. The light spheres are neutral lipid droplets.

however, explain why the lipid level is relatively high in surface
melt pool populations of Nitzschia and Navicula which are ex-
posed to relatively high sunlight and variable low temperatures.
It would seem that differences in lipid content between Nit zschia
and Navicula, and Amphiprora are species-specific. However,
until we can measure microenvironmental conditions in which
the organisms grow, and measure lipid production under such
conditions in pure cultures of these organisms, this point re-
mains unresolved.

During our studies of antarctic sea-ice microalgae, we have
applied a number of techniques to examine the physiological
state of the organisms. The use of the dye nile red offered a
technique with which we examined neutral lipid content of
individual microalgal species within a community. The small
set of data presented here indicates that distinct differences do
occur between species. Future studies in which the neutral lipid
level of individual species is followed over the sea-ice microalgal

Figure 2. Epifluorescent photomicrograph of nile red stained
Amphiprora sp. The light spheres are neutral lipid droplets.

growing season should provide useful new information on the
spatial and temporal heterogeneity which we observe within
antarctic sea-ice microalgae.
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cluded that it was probably more reliable in view of the potential
underestimate induced by the ammonium uptake meth-
odology used. The mean f-ratio was 0.65, indicating that a
majority of the primary productivity could be exported from the
euphotic zone in the form of higher trophic level biomass or
sinking particles.

Other studies have also measured the amount of new produc-
tion in the southern ocean. Olson (1980) and Gilbert, Biggs, and
McCarthy (1982) found f-ratios between 0.30 and 0.55; however,
ROnner, Sörensson, and Holm-Hansen (1983) found f-ratios to
average approximately 0.15. Because these studies have been
varied in both their spatial and temporal sampling patterns, it is
difficult to generalize about the degree of new production in the
southern ocean.

In 1983 we measured carbon and nitrogen (nitrate and am-
monium) uptake as part of the AMERIEZ project. We calculated
the f-ratios (see table) for selected stations with the two methods

One of the hypotheses that the AMERIEZ (Antarctic Marine
Ecosystem Research at the Ice-Edge Zone) program was de-
signed to test was that the marginal ice zone in the southern
ocean was a site of enhanced primary productivity and a source
of concentrated, high-quality food for herbivorous organisms.
An assumption within this hypothesis is that a significant frac-
tion of the primary productivity is based on nitrate rather than
ammonium. Nitrate-based productivity (so-called new produc-
tion: Eppley and Peterson 1979) is available for export from the
euphotic zone, either by transformation into higher trophic
level biomass or by particle flux to subeuphotic depths. In
contrast, regenerated production depends primarily on am-
monium which results from heterotrophic metabolism within
the ocean's surface layer, and this material cannot be removed
without altering the presumed steady-state standing stocks
within the euphotic zone.

In a study of the Ross Sea ice edge, Nelson and Smith (1986)
calculated the f-ratio (i.e., the ratio of nitrate-based productivity
to the total [nitrate- plus ammonium-based] productivity) for 15
stations, each of which had estimates of nitrate and ammonium
uptake for six depths. In addition, because their ammonium
uptake experiments were performed at ammonium con-
centrations significantly above ambient levels, they concluded
that their measured ammonium uptake rates were overesti-
mates and that the f-ratios calculated were therefore underesti-
mates. A second method of calculating new production was
proposed and compared to the usual procedure. This method
converted the carbon uptake measurements by using the ob-
served carbon/nitrogen value and estimating the total nitro-
genous uptake. The f-ratio was then computed from the ratio of
the nitrate uptake to the estimate of total nitrogen uptake calcu-
lated from carbon removal data. In general, the latter method
gave slightly higher f-ratios, and Nelson and Smith (1986) con-

New production values for selected stations occupied during
AMERIEz-1983. The samples reported here were taken from the

surface, and hence nutrient uptake should have been saturated
with respect to light. Methods were those reported in Nelson and

Smith (1986).

Station	 New	 New
number	 production 	 production 

4	 .151	 .644
8	 .723	 .677

10	 .479	 .537
12	 .182	 .432
14	 .478	 .556
17	 .368	 .571
18	 .459	 .600
21	 .747	 .559
23	 .353	 .491
25	 .489	 .505
27	 .647	 .504
29	 .681	 .514
31	 1.117	 .576
33	 .516	 .358
36	 .961	 .505
38	 .962	 .449
40	 .565	 .500
42	 .581	 .476

Mean	 .581	 .525

a Determined as the ratio of nitrate uptake to nitrogenous uptake as
estimated from carbon uptake and the carbon/nitrogen ratio (Nelson
and Smith 1986).

b Determined as the ratio of nitrate uptake to total (nitrate + ammonium)
nitrogen uptake.
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