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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. 
:ooplankton gut pigment and phytoplankton concentration were 
made at the Prince Edward Islands during Aprii!May 1985 and 
/986. Fluorescence records showed a decrease in pigmellf le1·els 
during the night. This is particularly marked in the pico- and 
nanosi:e fractions. This. coupled with the :ooplankton total gllf 
pigments suggests that grazing is responsible. The netsize plank­
ton, howe1•er. did not show any general trend of diurnal mri­
ations and only l'ei:V few species in this size class showed a 
significant night decrease in the water-column. As the persistellf 
phytoplankton blooms in the area are mostly composed of net­
plankton. it is suggested that this rich food source is scarcely 
e-1ploited by the pelagic grazers. The possible direct transfer of 
primOI)' biomass from the pelagic to the benthic subsystems is 
also discussed. 

Tydreeksmetings van waterkolom-jluoressensie, soiiplankton­
dermpigment en fitoplankronkonsemrasie is geneem by die Prins 
£dward-eilande gedurende Aprii!Mei 1985 en 1986. Fluoressen­
siereknrds het ·n afname in pigmentvlakke gedurende die nag 
gemon. Dit is \'era/ op1•allend in die pica- en nanogrootte 
fraksies. Dit. tesame met die totale sooplankton dermpigmente, 
stell'oor dat heweiding l'erantwoordelik is. Die netgrnolte plank­
ton her egrer nie enige a/gemene neiging tot daaglikse 1•ariasies 
gernon nie en baie min spesies in hierdie groottek/as het 'n 
heduidende nagtelike afname in die waterkolom geroon. Omdat 
die mlgehoue fitop/anktonb/oei in die gebied meestal saamgestel 
is uit nerplankton. word I'Oorgeste/ dar hierdie ryk voedselbron 
feit/ik nie omgin word deur pelagiese beweiders nie. Die moom­
like direkte oordrag 1·an primere hiomassa ranaf die pelagiese­
IW die henriese suhstelsels. 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 (El Sayed et al. 1979. Allanson et al. 1985, Boden 
1988). The relevance of these blooms is such that the local 
primary production rates 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 Aprii/May 1985 and 1986 cruises of SA A,~ullws 
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 Turner Model Ill fluorometer (Yentsch & Menz.el, 
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. I). Water 
samples for fluorescence analysis were collected with 1.7 I Niskin 
bonles 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 jlm 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 obtained 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. l ). At each station. zooplankton 
sampling was carried out with the same procedure adopted during 
1985. Phytoplankton was obtained by pumping water through a 

37.400 37 . SI' 

I 

I" 
10"-

O[,.TM COHTQUIIl$ AA£ 
1H ~l"t(S 

37.733 37.900 31.011 

. ..-···· ... 
.... .i ..... ...'\_ 

1060 : 

.-··········· ···········,.. ) 

0 (12oo) B (250)\.. ;' . / . ·. ·. 
.·· 

...... ·· 

1000 

t ............. . ~ ...... . 
·· .. ': ····. 

.. · 200 .··· A(SS) ' 
\~i; : 

·. ·. 

• HAUL liANI< 

c (140) 

.... ·· 
..... ······ 

2oc(. 

.··· 

Jl. l JJ -, 

!" 

E 

.. .. 
8 

.. .. .. 
~ 

J'. \oo 31 . ht 3dlJ 3doo lo.&Ct li.~n 
Fig. I. Position of the sampling stations at the Prince Edward Islands. 
Stations A and B were occupied during Aprii/May 1985. stations C and D 
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S. Afr. J. Antarct. Res., Vol. 19, No. 1, 1989 

STATION A 

1.00 1.0 

too 
a 

·~~ 

jo'b200, 
n.­
UJ)( l 

~% 30 :z: a -.. -.'\y~ _A,, ~ g ~ 
••• ..-· •••• C>"~ : ·. .-- .x:·· 20 0 ~ : • . .,__- -"" '··w .,._ )( : 

'•, Ul 0 - ·o~g :5 :S100 
u-S 

0 0 

U-

.. 30 12 ~..-
'E R w'E 

<CO ,'' U 0 o8 20 / \ / ~ g •o- / \ ,' V'l~ 

I 
u'b ,o \ / ::> ~ ~ 
;i ~ 10 ,/ \ ,' ,' I. ~ )( : 

# • 0 - ... , • 
>- "' ...:.._ / --..._ - ···o' ll. "' • 

• Ill 0 ........ ~ - · ::> 0 cl o-S 0 w..S 

a a a o o o 
M M M M M M 
oD 0 0 ~ Cl) N 
- N 0 0 0 -

LOCAL TIME (hrs.) 

STATION B 

LOO 

0 
M 

~ 

0 

8 
N 

1.0 

g300 ?-- ••. o····-····0, ~% 
~ ~ '• ,' ··, .. ', 30 :I: 0 
0" . ·, ' • o' • \ ~ 0 
0 S! 200 'o. / \ z S2 '1 % I r ~ ~ "-. ____ / / "-../ ~.~ .. 20 ~r~ i 

• 0 0 100 • __ ; 1- )( : 
U C: e ~UI' - m~oo u..S 

0 __.___.__,_ ' __._...__.._.....__._......._.__.__._ . 0 

.:;- 30 
'E 

12 ..­
<'E wo 0 

~a 
00 

.,8~ 
~-
0: )( 
l-Oll 

• VI 0 
o ..S 

8 ~~ 0 
(/)" . . 
::>0' 

I.<~: 
,..o, 

,.0''"'' ............. 

10~ -- ~o-••• 0 ••• -o•',- '···o., 
~ --- . ............_ ... .., ·--·-- ~ --."o 

:I: • 
~..,: 
::> 0 .. 
w-S 0, • • • 1 1 1 1 1 1 I I • 

0 
M 
-.3 
0 

0 
M 
Cl) 

0 

0 
M 

C:! 
0 
M 
oD 

0 
M 
0 
N 

LOCAL TIME (hrs.l 

0 
M 
0 
0 

0 
M 
~ 
0 

0 
M 
Cl) 
0 

0 
M 

C:! 

STATION C 

fE1200 "-

8 
-·-.... 120 <•e , • Xo 

r~ 800 \ ""' _/ • .....-- < g lr S! ', ·-·,........ 80 ~-
w )( 'o---0._ 0 S! 
ll. Ul 1.00 •,0 .--o-----Q-._ >- >< ·3 2 -- 1.0 ':l .. 

- :z:O 

...­
'E 
0 

~g 

I
o....-: uo 
~~ 
0:)( 
.,_UI 
1/)0 

o..S 

0 0 
JOt. • 160 

20~v\. '\ /~~iLO ·-·. ' . ...... , 
10~ ••0 ----0 ---.o' ~20 

-..r~~~~,. .. .-o 
o o o 0 a o o 
M M M M M M M 
0 ~ a:> N 10 0 0 
0 0 0 - - N 0 

LOCAL TIME (hrs.l 

STATION 0 

u-S 

~'i'e 
wo 
uo 
ctO 
v;-r­
::>0 
<­
:I: )( 
ll."' ::> 0 
w.E 

% 1200! ~120 ~% g .......... ~g 
0 --· -· <( 0 

r
~.g aoo -.....-·-.~ 80 a .. .-: 
~ ~ --- 0 S! w )( 

0 
°·--o.. .o 1- x 

n. Ul t. 0 ·o.. •' ·• LO w • o o ... o... ~ ..... __ ... ,.. < "' 
u..s o o£ 
,­
'E 

~g 

1
8~ 
~-0:)( 
1-11> 
VIO oc: 

~~~~--~...~~~~~~-J.Q 

30t---o, _. ~ o 
', ,' u g 

1
60 i'e 

•, \ • -......... .- t.O 5-: 
" o,, ·~o:__ V'l'b 

"'-o/o-· • 20 ~ >< 
• ... 0.... • ::> -. ~ "' 

I 0 
::>0 
w..S 

0 0 
M M 
0 ~ 
0 0 

0 
M 
Cl) 

0 

0 
M 

C:! 
a 
M 

:e 
0 0 
M M 
0 0 
N 0 

LOCAL TIME (hrs I 

'Zl 

Fig. 2. Abundance e~tirnates of the four dominant components of the 700plankton 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. 

large-scale filtration apparatus (Bcrman & Kimor 1983) at a flow 
rate of about 15 1/m by means of a submersible pump. Phyto­
plankton was retained by three different filtration units of 130, 80 
and 22 jlm 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 nonnalized by the 
transformation Log (x + I) which also provides for zero values 
(Cassie 1968). Numerical differences between day and night 
samples were tested by the analysis of variance subprogram 
ONEW AY of the SPSS statistical package (Nie et 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 constiiUted about 85 per ceot 

and 95 per cent in number of the total catch of 1985 and 1986 
respectively (Perissinono 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. thi~ 
is not a constant structure as the zooplankton community of the 
Prince Edward archipelago presents a great divers ity with fre­
quent changes in dominance (AIIanson et al. 1985. Boden & 
Parker 1986). Fluorescence levels. measured in each group of 
herbivores during 1985. showed that the ostracods had the highe~t 
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 variation~ 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 riming of onset of night feeding in all of 
the groups. At the Prince Edward Islands. intennittent feeding b 
expected in the case of strong venical migranL~. like euphausiid~ 
and the copepod Metridia gerlacllei (Perissinotto in press). as 
they are in contact with their food source only during pan of the 
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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. 
:ooplankton gut pigment and phytoplankton concentration were 
made at the Prince Edward Islands during Aprii!May 1985 and 
/986. Fluorescence records showed a decrease in pigmellf le1·els 
during the night. This is particularly marked in the pico- and 
nanosi:e fractions. This. coupled with the :ooplankton total gllf 
pigments suggests that grazing is responsible. The netsize plank­
ton, howe1•er. did not show any general trend of diurnal mri­
ations and only l'ei:V few species in this size class showed a 
significant night decrease in the water-column. As the persistellf 
phytoplankton blooms in the area are mostly composed of net­
plankton. it is suggested that this rich food source is scarcely 
e-1ploited by the pelagic grazers. The possible direct transfer of 
primOI)' biomass from the pelagic to the benthic subsystems is 
also discussed. 

Tydreeksmetings van waterkolom-jluoressensie, soiiplankton­
dermpigment en fitoplankronkonsemrasie is geneem by die Prins 
£dward-eilande gedurende Aprii!Mei 1985 en 1986. Fluoressen­
siereknrds het ·n afname in pigmentvlakke gedurende die nag 
gemon. Dit is \'era/ op1•allend in die pica- en nanogrootte 
fraksies. Dit. tesame met die totale sooplankton dermpigmente, 
stell'oor dat heweiding l'erantwoordelik is. Die netgrnolte plank­
ton her egrer nie enige a/gemene neiging tot daaglikse 1•ariasies 
gernon nie en baie min spesies in hierdie groottek/as het 'n 
heduidende nagtelike afname in die waterkolom geroon. Omdat 
die mlgehoue fitop/anktonb/oei in die gebied meestal saamgestel 
is uit nerplankton. word I'Oorgeste/ dar hierdie ryk voedselbron 
feit/ik nie omgin word deur pelagiese beweiders nie. Die moom­
like direkte oordrag 1·an primere hiomassa ranaf die pelagiese­
IW die henriese suhstelsels. 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 (El Sayed et al. 1979. Allanson et al. 1985, Boden 
1988). The relevance of these blooms is such that the local 
primary production rates 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 Aprii/May 1985 and 1986 cruises of SA A,~ullws 
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 Turner Model Ill fluorometer (Yentsch & Menz.el, 
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. I). Water 
samples for fluorescence analysis were collected with 1.7 I Niskin 
bonles 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 jlm 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 obtained 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. l ). 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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Stations A and B were occupied during Aprii/May 1985. stations C and D 
were occupied during Apri i/May 1986. 

S. Afr. J. Antarct. Res., Vol. 19, No. 1, 1989 

STATION A 

1.00 1.0 

too 
a 

·~~ 

jo'b200, 
n.­
UJ)( l 

~% 30 :z: a -.. -.'\y~ _A,, ~ g ~ 
••• ..-· •••• C>"~ : ·. .-- .x:·· 20 0 ~ : • . .,__- -"" '··w .,._ )( : 

'•, Ul 0 - ·o~g :5 :S100 
u-S 

0 0 

U-

.. 30 12 ~..-
'E R w'E 

<CO ,'' U 0 o8 20 / \ / ~ g •o- / \ ,' V'l~ 

I 
u'b ,o \ / ::> ~ ~ 
;i ~ 10 ,/ \ ,' ,' I. ~ )( : 

# • 0 - ... , • 
>- "' ...:.._ / --..._ - ···o' ll. "' • 

• Ill 0 ........ ~ - · ::> 0 cl o-S 0 w..S 

a a a o o o 
M M M M M M 
oD 0 0 ~ Cl) N 
- N 0 0 0 -

LOCAL TIME (hrs.) 

STATION B 

LOO 

0 
M 

~ 

0 

8 
N 

1.0 

g300 ?-- ••. o····-····0, ~% 
~ ~ '• ,' ··, .. ', 30 :I: 0 
0" . ·, ' • o' • \ ~ 0 
0 S! 200 'o. / \ z S2 '1 % I r ~ ~ "-. ____ / / "-../ ~.~ .. 20 ~r~ i 

• 0 0 100 • __ ; 1- )( : 
U C: e ~UI' - m~oo u..S 

0 __.___.__,_ ' __._...__.._.....__._......._.__.__._ . 0 

.:;- 30 
'E 

12 ..­
<'E wo 0 

~a 
00 

.,8~ 
~-
0: )( 
l-Oll 

• VI 0 
o ..S 

8 ~~ 0 
(/)" . . 
::>0' 

I.<~: 
,..o, 

,.0''"'' ............. 

10~ -- ~o-••• 0 ••• -o•',- '···o., 
~ --- . ............_ ... .., ·--·-- ~ --."o 

:I: • 
~..,: 
::> 0 .. 
w-S 0, • • • 1 1 1 1 1 1 I I • 

0 
M 
-.3 
0 

0 
M 
Cl) 

0 

0 
M 

C:! 
0 
M 
oD 

0 
M 
0 
N 

LOCAL TIME (hrs.l 

0 
M 
0 
0 

0 
M 
~ 
0 

0 
M 
Cl) 
0 

0 
M 

C:! 

STATION C 

fE1200 "-

8 
-·-.... 120 <•e , • Xo 

r~ 800 \ ""' _/ • .....-- < g lr S! ', ·-·,........ 80 ~-
w )( 'o---0._ 0 S! 
ll. Ul 1.00 •,0 .--o-----Q-._ >- >< ·3 2 -- 1.0 ':l .. 

- :z:O 

...­
'E 
0 

~g 

I
o....-: uo 
~~ 
0:)( 
.,_UI 
1/)0 

o..S 

0 0 
JOt. • 160 

20~v\. '\ /~~iLO ·-·. ' . ...... , 
10~ ••0 ----0 ---.o' ~20 

-..r~~~~,. .. .-o 
o o o 0 a o o 
M M M M M M M 
0 ~ a:> N 10 0 0 
0 0 0 - - N 0 

LOCAL TIME (hrs.l 

STATION 0 

u-S 

~'i'e 
wo 
uo 
ctO 
v;-r­
::>0 
<­
:I: )( 
ll."' ::> 0 
w.E 

% 1200! ~120 ~% g .......... ~g 
0 --· -· <( 0 

r
~.g aoo -.....-·-.~ 80 a .. .-: 
~ ~ --- 0 S! w )( 

0 
°·--o.. .o 1- x 

n. Ul t. 0 ·o.. •' ·• LO w • o o ... o... ~ ..... __ ... ,.. < "' 
u..s o o£ 
,­
'E 

~g 

1
8~ 
~-0:)( 
1-11> 
VIO oc: 

~~~~--~...~~~~~~-J.Q 

30t---o, _. ~ o 
', ,' u g 

1
60 i'e 

•, \ • -......... .- t.O 5-: 
" o,, ·~o:__ V'l'b 

"'-o/o-· • 20 ~ >< 
• ... 0.... • ::> -. ~ "' 

I 0 
::>0 
w..S 

0 0 
M M 
0 ~ 
0 0 

0 
M 
Cl) 

0 

0 
M 

C:! 
a 
M 

:e 
0 0 
M M 
0 0 
N 0 

LOCAL TIME (hrs I 

'Zl 

Fig. 2. Abundance e~tirnates of the four dominant components of the 700plankton 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. 

large-scale filtration apparatus (Bcrman & Kimor 1983) at a flow 
rate of about 15 1/m by means of a submersible pump. Phyto­
plankton was retained by three different filtration units of 130, 80 
and 22 jlm 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 nonnalized by the 
transformation Log (x + I) which also provides for zero values 
(Cassie 1968). Numerical differences between day and night 
samples were tested by the analysis of variance subprogram 
ONEW AY of the SPSS statistical package (Nie et 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 constiiUted about 85 per ceot 

and 95 per cent in number of the total catch of 1985 and 1986 
respectively (Perissinono 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. thi~ 
is not a constant structure as the zooplankton community of the 
Prince Edward archipelago presents a great divers ity with fre­
quent changes in dominance (AIIanson et al. 1985. Boden & 
Parker 1986). Fluorescence levels. measured in each group of 
herbivores during 1985. showed that the ostracods had the highe~t 
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 variation~ 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 riming of onset of night feeding in all of 
the groups. At the Prince Edward Islands. intennittent feeding b 
expected in the case of strong venical migranL~. like euphausiid~ 
and the copepod Metridia gerlacllei (Perissinotto in press). as 
they are in contact with their food source only during pan of the 
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thickening of the horizontal axis. 

STATION A 

TIME (hrs) 
18 22 02 05 10 14 18 22 

0

~J~~: J / }: f: 
zar__,_,. . {

1 
.. . I \\ • 

<Of~~~~;,~ .. ··~ 
A >25)Jm 

0

~ · 'fo' · ' _A' ' ;0'?'/, ;' ' ,~ - <0~. . G)' -........,0 . \: 5 2o) · · · · · f i5. 10 10 )0 tS 

~ :J .,--is.....___ -to~ ~ p · \\ • 
oi.O/~lO · ~ -'0 .. ~10~ 

B 250 5)Jm 

c 5 <> 0.2)Jm 

STATION B 

TIME (hrs) 
05 10 14 18 22 02 05 10 1l. 18 

,:j~O':o~~s~L;: .·~~· ~· .. ~ C 
80~)s : 10: }{ ( <'';(": "\: ~~ 

. . . /;-le~ . . . 
A > 25)Jm 

0 
:,0 }•/)'-\~ ··.~~o--:~=-=-r:.""3' ~-r-~...-o-.-, ~T.SIIJ~.......--~ .. ~'-...._~/~~ ~80 lfQ,/-·~ ~~?i .~·~·/··· . 

\ .. ~"~ 
8 25 05}1m 

0 "''' ~)· 10 ~ 1001~ • • • • • ( Quo , · · ,,o./ / 40~1 • • . ·~ ~. -----=----~''c•oo/ • . . . '::..../'~. /- ~-~.0--: 
80~-~o~,o _____!,._ ~ • • 

-........::::::so~ • \ · · . . . . 
c 500.2}1m 

Fig. 4. Time-course depth profile> of the relative fluorescence of three size fractions of phytoplankton (Aprii!May 1985). Period of darknes~ is indicated 
by thickening of the horizontal axi>. 

S. Afr. J. Antarct. Res .. Vol. 19, No. 1, 1989 

day. Intermediate or upper-layer migrants, like the bulk of the 
copepods. and non-migratory forms, like the ostracods. are how­
ever pem1anently 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 et al. 1985). 

Table 1 
Product-moment correlation matrices ofzooplankton gut pigment 

versus si:l:e 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 cope pods ostracods euphausiids 

net (J.Im > 25) -0.443 0.560 0.317 
nano (5 < J.lm < 25) 0.298 0.6-15. 0.244 
pico (0.2 < J.lm < 5) 0.014 0.521 0.345 

STATION B copepods osttacods euphausiid~ 

net (J.Im > 25) 0.550 0.450 0.532 
nano (5 <J.Im < 25) 0.425 0.394 0.080 
pico (0.2 < J.lm < 5) 0.296 -{).222 0.!\87 ** 

Table 2 
Phytoplankton ANOV A matrix (!-statistics of pooled variance); 

contrasts between day and night data from Aprii/May 1986. Level of 
significance: 90 % (*), 95 % (**), 99 % (***). 

STATION c D 
LAYER 50m-surf. 50m-surf. 

Chaetoceros atfamicus 0.45 0.50 
Chaeroceros a.ffinis 0.57 0.71 
Coscinodiscus complex (87 Jlm) 1.19 0.24 
C oscinodiscus complex (I 0 Jlm) 1.92 * 1.93. 
Rhi:osofenia alata 0.48 2.52 *"' 
R. alaraf cun·irosrris 0.16 0.65 
Nit:chia ~pp. 1.75 1.03 
Fragilaria granulata 1.24 0.26 
Fragilaria striatula 5.30 *** 1.09 
Gynmodinium complex ( 17 Jlm) 0.84 2.03 .. 
Gymnodinium complex (45 Jlm) 0.23 1.64 
Coretllron cropllilum 1.41 0.89 
Pleurosiwna complex (40 Jlm) 0.85 0.98 
Pleurosi~?ma complex (90 ,urn) 1.62 0.51 
Pseudoeunotia dofiolus 0.23 1.67 
Thafassiorhrix fongissima 0.31 0.72 
Dacryliosolen antartica 1.67 1.30 
Ceratium spp. 0.90 1.94 * 
Dictyocha speculum 0.23 1.57 
Gonyaulux complex (36 ,urn) 0.15 0.39 

Phytoplankton and fluorescence 
Fluorescence measurements showed that fairly high values are 

found from the surface to 50 m. Nano- (5 <J.lm < 25) and pica­
plankton (0.2 < j.lm < 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 J.lm fraction at both stations A and B. Con­
versely, the netsize plankton (> 25 J.lm) did not show any clear 
trend of diurnal variations. When these results are viewed in 
conjunction with the levels of zooplankton gut pigment, it appears 
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as though grazing played an important role in determining such a 
pattern. As the product-moment correlation coefficients show 
(Table I ). 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 corre lated with the gut content of euphausiids and 
ostracods respectively (Table I). 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. At that time a signilicant 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 j.lm diameter) decreased 
both at station C and D. Rhi:osolenia alata. Gymnodinium com­
plex ( 17tlm diameter) and Ceratium spp. decreased only at station 
D while Fragilaria striatula decreased only at station C (Table 2). 

The contribut ion of the pico- and nanoplankton (< 20 j.lm) 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 et al. 1979). 
Similarly, measurements of sizc-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 to 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 Rhi:osolenia cun·ata 
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 a f. 1967, Hargravc & Gcen 1970). The 
silicoflagellatc, Dicryocha 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 zooplanklon 
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 uncxploited 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 nuorescence 
values were measured at 50 m depth for all phytoplankton frac­
tions (Fig. 4) and the bottom depth is panly above this level. 
especially on the Natal Bank (station A). Benthic filter feeder~ 
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 et al. ( 1986) for the Bransfield Strait 
where the sinking was triggered by formation of resting spores. 
Resting spores, particularly of Clwetoceros 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 chaetocerid. 
suspect thal they may be 'Schwebesporen' (Karsten 1905). The 
resting spores of forms such as the coscinodiscoid and naviculoid 



28 

. 
'0 

·'= 
)( 

~ 

z 
UJ 
I: 
l!J 
a: 
0' 
c: 

-I 
E 
)( 

.... 
z 
t..J 

I: 
l!J 
Cl. 

0' 
::l. 

STATION A 

!'""'·\_./· 
50 

l.O 

20 

... ;;;.·;:·.::·:·:·-::::::::-~······ ···············-·""'''''''''' ............. . 
0 1 t I I --t••--r----------- -• I I I r 

l.O 

30 

20 

10 

0 0 0 
M M M 
ID 0 0 
...- N 0 

, , , 
' 

. 
'• , , . , . 
. . . 

0 0 
M M 
....z <0 
0 0 

0 
M 

~ 

COP£POOA 

OSTAAC004 

0 
M 
ID ..... 

0 
M 
0 
N 

EIJII'IIAUSIACEA -·····-··• 

. ,' 
' .-..•"' I ,, .... -.-

, 

, .. --···' 
, 

,• 
, 

I·---·--0 ..... .. i·········r ......... ;~; .... r .......... , . ........ -.; f 

0 
M 
ID -

0 
M 
0 
N 

0 
M 
0 
0 

0 0 
M M 
~ CX) 

0 0 

0 
M 
N .... 

LOCAL TIME (hrs.) 

0 
M 

~ 

0 

8 
N 

"j 
"0 
.s 
)( 

1-
z ..., 
I: 
l!l 
a: 
Cl 
c: 

.... 
I 
E 
)( 

..... 
z ..., 
I: 
l!l 
Ci: 
Cl 
::l. 

50 

40 

20 

0 

40 

30 

S. Air. T. Antarkt., Deel19, No. 1, 1989 

STATION 8 

·> . ~/ . /. __ _..,...... 

·· ... ""' . 
·-- ... -':::::·;·:±·.:·~ :·:::·~·:·:·:;: ~~:::·::·~·:.: -~·:·:: ·:·: :··~·:·: . 

0 0 
M M 
~ CX) 

0 0 

0 
M 
N .... 

0 0 
M M 
ID 0 
.,... N 

0 
M 
0 
0 

COP£ POOl 

OSTRAC004 

0 0 
M M 
~ <0 
0 0 

(~USIAC£A ........... . 

0 
M 
N 

20,., \, 
.......... 

10 

0 0 
M M 
~ CX) 

0 0 

0 
M 
N 

0 0 
M M 
ID 0 
...- N 

0 
M 
0 
0 

LOCAL TIME (hrs.l 

0 0 
M M 
~ <0 
0 0 

0 ...., 
N 

Fig. 3. Varimions in total gut pigment levels per individual .woplankter and per unit volume (Aprii/May 1985). Period of darkness is indicated by 
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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 pem1anently 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 et al. 1985). 

Table 1 
Product-moment correlation matrices ofzooplankton gut pigment 

versus si:l:e 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 cope pods ostracods euphausiids 

net (J.Im > 25) -0.443 0.560 0.317 
nano (5 < J.lm < 25) 0.298 0.6-15. 0.244 
pico (0.2 < J.lm < 5) 0.014 0.521 0.345 

STATION B copepods osttacods euphausiid~ 

net (J.Im > 25) 0.550 0.450 0.532 
nano (5 <J.Im < 25) 0.425 0.394 0.080 
pico (0.2 < J.lm < 5) 0.296 -{).222 0.!\87 ** 

Table 2 
Phytoplankton ANOV A matrix (!-statistics of pooled variance); 

contrasts between day and night data from Aprii/May 1986. Level of 
significance: 90 % (*), 95 % (**), 99 % (***). 

STATION c D 
LAYER 50m-surf. 50m-surf. 

Chaetoceros atfamicus 0.45 0.50 
Chaeroceros a.ffinis 0.57 0.71 
Coscinodiscus complex (87 Jlm) 1.19 0.24 
C oscinodiscus complex (I 0 Jlm) 1.92 * 1.93. 
Rhi:osofenia alata 0.48 2.52 *"' 
R. alaraf cun·irosrris 0.16 0.65 
Nit:chia ~pp. 1.75 1.03 
Fragilaria granulata 1.24 0.26 
Fragilaria striatula 5.30 *** 1.09 
Gynmodinium complex ( 17 Jlm) 0.84 2.03 .. 
Gymnodinium complex (45 Jlm) 0.23 1.64 
Coretllron cropllilum 1.41 0.89 
Pleurosiwna complex (40 Jlm) 0.85 0.98 
Pleurosi~?ma complex (90 ,urn) 1.62 0.51 
Pseudoeunotia dofiolus 0.23 1.67 
Thafassiorhrix fongissima 0.31 0.72 
Dacryliosolen antartica 1.67 1.30 
Ceratium spp. 0.90 1.94 * 
Dictyocha speculum 0.23 1.57 
Gonyaulux complex (36 ,urn) 0.15 0.39 

Phytoplankton and fluorescence 
Fluorescence measurements showed that fairly high values are 

found from the surface to 50 m. Nano- (5 <J.lm < 25) and pica­
plankton (0.2 < j.lm < 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 J.lm fraction at both stations A and B. Con­
versely, the netsize plankton (> 25 J.lm) did not show any clear 
trend of diurnal variations. When these results are viewed in 
conjunction with the levels of zooplankton gut pigment, it appears 
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as though grazing played an important role in determining such a 
pattern. As the product-moment correlation coefficients show 
(Table I ). 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 corre lated with the gut content of euphausiids and 
ostracods respectively (Table I). 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. At that time a signilicant 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 j.lm diameter) decreased 
both at station C and D. Rhi:osolenia alata. Gymnodinium com­
plex ( 17tlm diameter) and Ceratium spp. decreased only at station 
D while Fragilaria striatula decreased only at station C (Table 2). 

The contribut ion of the pico- and nanoplankton (< 20 j.lm) 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 et al. 1979). 
Similarly, measurements of sizc-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 to 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 Rhi:osolenia cun·ata 
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 a f. 1967, Hargravc & Gcen 1970). The 
silicoflagellatc, Dicryocha 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 zooplanklon 
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 uncxploited 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 nuorescence 
values were measured at 50 m depth for all phytoplankton frac­
tions (Fig. 4) and the bottom depth is panly above this level. 
especially on the Natal Bank (station A). Benthic filter feeder~ 
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 et al. ( 1986) for the Bransfield Strait 
where the sinking was triggered by formation of resting spores. 
Resting spores, particularly of Clwetoceros 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 chaetocerid. 
suspect thal 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 donnan! 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 zooplankton taxa collected by 
bongo-nets were undertaken on a recent Marion Off-shore Eco­
logical Study of the SA Scientific Committee 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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The diet of grey-headed albatrosses Diomedea chrysostoma at 
the Prince Edward Islands 

Eighty-eight food samples were eo/leered jhmt grey-/waded alba­
trosses Diomedea chrysostoma at the Prince Edward Islands. 
Fish and cephalopods were the two main prey components of the 
diet, the former being predominant. lt was nor possible to identify 
most of the fish prey but the most commonly eaten squid were 
Kondakovia longimana and Histioteuthis eltaninae with the mass 
of indil•idual squid l'ary•ing between 13 g and 1 815 g. Whereas 
the diet was similar to that of grey-headed albatrosses at lies 
Cro:er it contrasted with that of birds at Sowh Georgia which had 
a higher proportion of cephalopods and crustaceans in their diet. 
Differences between the cephalopod beaks recorded in casts and 
regurgitations are discussed. 

Ag en ragrig voedselmonsters is van gryskopmalmokke Diomedea 
chrysostoma op die Prins Edward-eilande l'ersamel. Vis was die 
belangrikste komponem l'an die dieet. ge1•olg deur kopporige 
diere. Meeste van die 1•iskos moes ongei'dentifiuerd bly. maar die 
volopste seekatte in die dieer was Kondakovia longimana en 
Histioteuthis eltaninae, met massas war wissel tussen 13 g en 
1 815 g. Alhoewel die dieet soorrgelyk was aan die 1•an gryskop­
malmokke op lies Crozet. het dit ve1·skil van die van voels np Suid­
Georgia deurdat laasgenoemde 'n hoer persentasie koppotiges en 
skaaldiere in hu/ dieet gehad Iter. Verskille russen koppotiges se 
bekke wat in mis en opbraaksels gevind is. word verder bespreek. 

Introduction 

Grey-headed albatrosses Diomedea cltrysostoma occur through­
out the Southern Ocean and breed at a number of sub-Antarctic 
sites including the Prince Edward Islands in the southern Indian 
Ocean (Prince 1980). The breeding and feeding ecology of the 
species has been investigated in detail at South Georgia (Tickell 
1964, Tickell & Pinder 1975, Prince 1980). Weimerskirch et al. 
( 1986) carried out a comparative ecological srudy of albatrosses 
at Ues Crozet, which included some feeding data, and Brooke & 
Klages (1986) collected some data on the squid prey of grey­
headed albatrosses at the Prince Edward Islands. Otherwise, liule 
is known about the species' diet from most of its breeding range. 

This paper presents the results of a study into the diet of grey-
headed albatrosses at the Prince Edward Islands. · 

Methods 

Food samples were collected at Rook 's Bay and Grey-headed 
Albatross Ridge. Marion Island (46°54'S, 37°45'E) in February ­
April 1985 (20 samples) and April 1987 (26 samples) during the 
chick-rearing period. Further samples were collected from birds 
at the Prince Edward Island (46°38'$, 37°57'E) colony in April 
1985 (21 samples) and April 1987 (21 samples). 
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Adult birds were caught with a hook mounted on a long pole 
just as they started feeding a meal to their chick. Inverting the 
bird over a large plastic funnel with a ROlythene bag attached 
normally induced regurgitation of the meal {Prince 1980). At 
South Georgia, Prince ( 1980) found that there was a significant 
difference between the mass of a food sample collected and that 
of the meal fed to a chick. Although this shortfall averaged 15 per 
cent in grey-headed albatrosses, the food samples were still 
thought to be representative of the feeds delivered to chicks. 

Samples collected were weighed on a pan balance. the liquid 
portion drained off and the remaining solids weighed. The solid 
material was then sorted in the laboratory and identifiable mate­
rial weighed and, where relevant, measured (Prince 1980). 
Cephalopod beaks were identified by reference to material held in 
collections at the Port Elizabeth Museum. The lower rostra! 
length of each intact beak was measured and the masses of the 
cephalopods estimated using the regressions given by Clarke 
(1985). 

Results 

Size of samples and liquid proportion 
Slightly more than half of the food material consisted of liquid 

{Table 1) which is a mixture of water and lipids {Clarke & Prince 
1980). Fish and cephalopods were the only significant classes of 
prey in the diet, both in terms of their frequency of occurrence and 
mass (Table 2). 

Fish 
Overall. nearly 60 per cent of the diet. in tenns of mass. 

consisted of fish prey (Table 2). However. if the overall totals are 
broken down by year and by island a different story emerg.:s 
(Table 3). Samples collected at both islands during 1987 and at 
Prince Edward Island during 1985 contain similar ratios of fish 
and cephalopods but samples from Marion Island in 1985 con­
sisted of a much higher proportion of fish (Table 3). 

The flesh of fish in the samples was frequently well digested 

Table 1 
Size of grey-headed albatross food samples and the proportion of 

liquid they contained (n = 88) 

Total Mass (g) 
Liquid (g) 
Solids (g) 
Proportion of liquid(%) 

Mean +S.D. 

343 ± 165 
187 ± 11 9 
155 ± 123 

55.4 ± 26.4 

Range 

35-850 
0-530 

10-575 
0-96.1 


