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Zooplankton-phytoplankton relationships at the Prince Edward
Islands during April/May 1985 and 1986

Time-course  measurements  of  water-column  fluorescence,
zooplankton gur pigment and phytoplankton concentration were
made at the Prince Edward Islands dwring ApriliMay 1985 and
1986. Fluorescence records showed a decrease in pigment levels
during the night. This is particularly marked in the pico- and
nanosize fractions. This, coupled with the zooplankion total gut
pigments suggests that grazing is responsible. The netsize plank-
ton, however, did not show any general trend of diurnal vari-
ations and only very few species in this size class showed a
significant night decrease in the water-column. As the persistent
phytoplankton blooms in the area are mostly composed of net-
plankron, it is suggested thar this rich food source is scarcely
exploited by the pelagic grazers. The possible direct transfer of
primary biomass from the pelagic to the benthic subsystems is
also discussed.

Tvdreeksmetings van waterkolom-fluoressensie, sodplankton-
dermpigment en fitoplanktonkonsentrasie is geneem by die Prins
Edward-eilande gedurende April/Mei 1985 en 1986. Fluoressen-
sierekords het ‘n afname in pigmentvlakke gedurende die nag
getoon.  Dit is veral opvallend in die pico- en nanogrootte
fraksies. Dit, tesame met die totale sodplankton dermpigmente,
stel voor dat beweiding verantwoordelik is. Die netgrootte plank-
ton het egter nie enige algemene neiging tor daaglikse variasies
getoon nie en baie min spesies in hierdie grootteklas het ‘n
beduidende nagrelike afname in die waterkolom getoon. Omdat
die volgehoue fitoplanktonbloei in die gebied meestal saamgestel
is wit netplankton, word voorgestel dat hierdie rvk voedselbron
feitlik nie ontgin word deur pelagiese beweiders nie. Die moont-
like direkie oordrag van primére biomassa vanaf die pelagiese-
na die bentiese substelsels, word ook bespreek,

Introduction

Since the beginning of the investigation on the marine resources
of the Prince Edward Islands (47°S, 38°E), the persistence of
phytoplankton blooms in the shallow inter-island region has been
widely shown (EIl Sayed er al. 1979, Allanson et al. 1985, Boden
1988). The relevance of these blooms is such that the local
primary production rales appear to be an order of magnitude
higher than at the notably rich Antarctic Polar Front (Boden
1988).

As yet, there is however no available information on how and
to what extent this potentially rich food source is utilized by
higher trophic levels.

Some aspects of the interaction between the local community
of pelagic filter feeders and phytoplankton blooms were investi-
gated during the April/May 1985 and 1986 cruises of SA Agulhas
to the Prince Edward archipelago and are presented in this paper.
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Methods

Time-course recording of the fluorescence levels in the water-
column was made at intervals of four hours during the 1985 cruise
by using a Tumer Model 111 fluorometer (Yentsch & Menzel,
1963). Two stations of 30 and 36 hours were occupied: station A,
located over the Natal Bank, and station B, located midway
between Prince Edward and Marion Islands (Fig. 1). Water
samples for fluorescence analysis were collected with 1.7 1 Niskin
bottles at six standard depths, i.e. 0, 10, 20, 30, 40 and 50 m at
station A and 0, 20, 40, 60, 80 and 100 m at station B.

At the same stations and with the same frequency, zooplankton
was collected with a 200 um WP-2 UNESCO net by vertical hauls
from the bottom to the surface.

Gut pigment level for the major groups (copepods, ostracods
and euphausiids) was determined following the method of
Mackas & Bohrer (1976). Six and eight pigment measurements
were made at stations A & B respectively in conjunction with the
determination of fluorescence levels,

Phytoplankton and zooplankton samples were oblained during
the 1986 cruise at two 24 hour stations, D and C, situated north of
Marion Island and between the eastern coast of Marion Island and
the Natal Bank respectively (Fig. 1). At each station, zooplankton
sampling was carried out with the same procedure adopted during
1985, Phytoplankton was obtained by pumping water through a
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Fig. 1. Position of the sampling stations at the Prince Edward Islands.

Stations A and B were occupied during April/May 1985, stations C and D
were occupied during April/May 1986,
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large-scale filtration apparatus (Berman & Kimor 1983) at a flow
rate of about 15 I/m by means of a submersible pump. Phyto-
plankton was retained by three different filtration units of 130, 80
and 22 pm nominal mesh size. The filtration system was operated
at regular intervals of about three hours and water was pumped
from two standard layers, i.e. from 50 m to 25 m and from 25 m to
the surface.

Aliquots of the phytoplankton samples were counted for the
major taxa by means of an inverted microscope after sedimenta-
tion in 10 ml chambers (Hasle 1978).

Fluorescence and phytoplankton data were normalized by the
transformation Log (x + 1) which also provides for zero values
(Cassie 1968). Numerical differences between day and night
samples were tested by the analysis of variance subprogram
ONEWAY of the SPSS statistical package (Nie ef al. 1975). The
pooled variance model was used to test all possible a priori
contrasts between the different groups by the t-statistics.

Results and discussion
Zooplankton gut pigment.

In both years the zooplankton community was largely domi-
nated by copepods (Fig. 2) which constituted about 85 per cent
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Abundance estimates of the four dominant components of the zooplankton community (stations A and B, April/ May 1985; stations C and D, April/
May 1986). Period of darkness is indicated by thickening of the horizontal axis.

and 95 per cent in number of the total catch of 1985 and 1986
respectively (Perissinotto in press). Ostracods and euphausiids
were very poorly represented, each constituting less than three per
cent in both years. The chaetognaths contributed about 12 per
cent of the total in 1985 and two per cent in 1986. However, this
is not a constant structure as the zooplankton community of the
Prince Edward archipelago presents a great diversity with fre-
quent changes in dominance (Allanson et al. 1985, Boden &
Parker 1986). Fluorescence levels, measured in each group of
herbivores during 1983, showed that the ostracods had the highest
pigment content per individual (Fig. 3). However, when consid-
ering the pigment level per unit volume the copepods made the
greatest contribution (Fig. 3).

Strong diurnal feeding rhythms were evident in the copepods
and ostracods at both stations. Diurnal variations were. however,
hardly detectable in the gut pigments of euphausiids (Fig. 3).
Night-time peaks, with maxima recorded between 1800 and 2200
hours, constituted an almost constant pattern, indicating a pos-
sible synchronism in the timing of onset of night feeding in all of
the groups. Al the Prince Edward Islands, intermittent feeding is
expected in the case of strong vertical migrants, like euphausiids
and the copepod Metridia gerlachei (Perissinotio in press), as
they are in contact with their food source only during part of the
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Fig. 3. Variations in total gut pigment levels per individual zooplankier and per unit volume (April/May 1985). Period of darkness is indicated by

thickening of the horizontal axis.
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day. Intermediate or upper-layer migrants, like the bulk of the
copepods, and non-migratory forms, like the ostracods, are how-
ever permanently in contact with their food and a continuous
feeding pattern would be expected. Thus, these results indicate
that the diurnal feeding rhythms of the local zooplankton may not
be related to vertical migratory behaviour, This would support
the hypothesis that vertical migrations and diurnal feeding activ-
ity of zooplankton are distinct processes controlled independ-
ently, although both are probably initiated by critical light levels
(Head er al. 1985).

Table 1
Product-moment correlation matrices of zooplankton gut pigment
versus size fractions of water-column fluorescence. As the comparison
involves only one value per time-point, fluorescence levels were
integrated over the entire water-column sampled. Station A, n = 6;
station B, n = 8. Level of significance: 90 % (*), 95 % (**),

STATION A copepods  ostracods  euphausiids
net (um > 25) -0.443 0.560 0.317
nano (5 < um < 25) 0.298 0.645 * 0.244
pico (0.2 < pm < §) 0.014 0.521 0.345

STATION B copepods ostracods  euphausiids

net (um > 25) 0.550 0.450 0.532

nano (5 <pm < 25) 0.425 0.394 0.080

pico (0.2 < pum < §) 0.296 0.222 ().§B7 **
Table 2

Phytoplankton ANOVA matrix (t-statistics of pooled variance);
contrasts between day and night data from April/May 1986. Level of
significance: 90 % (*), 95 % (**), 99 T (***),

STATION C D

LAYER S0m-surf. 50m-surt.
Chaetoceros atlanticus 0.45 0.50
Chaetoceros affinis 0.57 0.71
Coscinodiscus complex (87 pm) 119 0.24
Coscinodiscus complex (10 pm) 192 % L93*
Rhizosolenia alata 0.48 2.52 W
R. alata f. curvirostris 0.16 0.65
Nitzchia spp. 1.75 1.03
Fragilaria granulata 1.24 0.26
Fragilaria striatula 5.30 #*= 1.09
Gynmmnodinium complex (17 gm) 0.84 2,03 *=*
Gymunodinium complex (45 pm) 0.23 1.64
Corethron crophilum 141 0.89
Pleurosigma complex (40 ym) 0.85 0.98
Pleurosigma complex (90 pm) 1.62 0.51
Pseudoeunotia doliolus 0.23 1.67
Thalassiothrix longissima 0.31 0.72
Dactyliosolen antartica 1.67 1.30
Ceratium spp. 0.90 1.94 *
Dictyocha speculum 0.23 1.57
Gonyaulax complex (36 ym) 0.15 0.39

Phytoplankton and fluorescence

Fluorescence measurements showed that fairly high values are
found from the surface to 50 m. Nano- (5 <pym < 25) and pico-
plankton (0.2 < pm < 5) appeared to show some degree of a
diurnal cycle, with higher values observed during the day (Fig. 4).
The reduction in fluorescence during the night was especially
marked in the 0.2-5 pm fraction at both stations A and B. Con-
versely, the netsize plankton (> 25 pm) did not show any clear
trend of diumal variations. When these results are viewed in
conjunction with the levels of zooplankton gut pigment, it appears

2

as though grazing played an important role in determining such a
pattern.  As the product-moment correlation coefficients show
(Table 1), the only significant relationships between fluorescence
levels and amount of pigment per individual zooplankter was
found for the pico- and nanosize classes. These fractions were
positively correlated with the gut content of euphausiids and
ostracods respectively (Table 1). None of the zooplankton groups
had significant correlations with the fluorescence levels in the
netsize class. This is consistent with the results of the time-
course analysis of the major netplankton taxa encountered during
April/May 1986. Al that time a significant night decrease in
number in the upper watercolumn was observed only for five out
of the twenty phytoplankton groups examined (Table 2),
Specifically, Coscinodiscus complex (10 pm diameter) decreased
both at station C and D, Rhizosolenia alata, Gymnodinium com-
plex (17um diameter) and Ceratium spp. decreased only at station
D while Fragilaria striatula decreased only at station C (Table 2).

The contribution of the pico- and nanoplankton (< 20 pm) to
the phytoplankton biomass of the Prince Edward Islands is quite
low compared to other areas of the Southern Ocean and amounts
to only 21.5 + 6.33 per cent of the total (El Sayed er al. 1979).
Similarly, measurements of size-fractionated primary production
indicate that picoplankton contributes about seven per cent and
nanoplankton about 11 per cent to the total phytoplankton produc-
tion in the area (Boden unpubl.). This is probably related 1o the
fact that the recurrent phytoplankton blooms observed in the
shallow inter-island region of the Prince Edward archipelago are
often composed mostly of the large diatom Rhizosolenia curvata
and the spiny, chain-forming Chaetoceros radicans (Allanson et
al. 1985, Boden 1988). Although some degree of copepod graz-
ing on Chaetoceros has been shown (Schnack 1979), these dia-
toms are usually reported not to be relished by pelagic filter
feeders (Parsons et al. 1967, Hargrave & Geen 1970). The
silicoflagellate, Dictyocha speculum, is frequently found in
bloom stage in these waters. It contains chloroplasts but is
heavily silicified. It is not known to be a staple in zooplankton
diet. It is, however, an important contributor to the local primary
productivity.

The number of observations available for the Prince Edward
Islands is still too limited to draw comprehensive conclusions.
Nevertheless, the fact that during 1985 and 1986 a significant
grazing impact of zooplankton on phytoplankton was detectable
only on the pico- and nanosize fractions, seems to indicate that
the local large autotrophic resource may go almost unexploited by
the pelagic herbivores. If this were the case, the rich phytoplank-
ton blooms could represent a very important transfer of biomass
from the pelagic to the benthic subsystems, thus explaining the
large benthic biomass observed in the saddle between the two
islands (Boden & Parker 1986). The benthic-pelagic coupling
seems to follow a direct pathway as high chlorophyll fluorescence
values were measured at 50 m depth for all phytoplankton frac-
tions (Fig. 4) and the bottom depth is partly above this level,
especially on the Natal Bank (station A). Benthic filter feeders
would then be in a position to utilize the phytoplankton directly.

There is also a possibility that bloom diatoms in the area
undergo a mass sinking into deeper water in a similar fashion to
that described by Bodungen er al. (1986) for the Bransfield Strait
where the sinking was triggered by formation of resting spores.
Resting spores, particularly of Chaetoceros radicans in bloom
stage, have often been found in the phytoplankton of the Prince
Edward Islands (BPB, pers. obs.) and appear to indicate a direct
link between pelagic primary producers and benthic filter-feed-
ers. However, we have no evidence that these spores sink below
the mixed layer and, since C. radicans is an oceanic chaetocenid,
suspect that they may be 'Schwebesporen' (Karsten 1905). The
resting spores of forms such as the coscinodiscoid and naviculoid
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genera almost certainly sink, to remain dormant for a period or to
enter the food chain.

Sinking vegetative cells and detrital organic matter are possi-
bly the more important, direct contributors to the food chain.
Evaluation of the impact of selective zooplankton grazing on
fractionated size classes of phytoplankton by on-board, grazing
experiments on selected, identified zooplankion taxa collected by
bongo-nets were undertaken on a recent Marion Off-shore Eco-
logical Study of the SA Scientific Commitiee for Antarctic Re-
search (MOES 11) - 03/29/89 - 05/08/89. In addition sediment
traps were deployed in strategic positions on the shoal between
Marion and Prince Edward Islands. The results of these investi-
gations are not yet available but will be released as a separate
contribution when they have been evaluated.
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