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ABSTRACT

ABSTRACT

Mesozooplankton community structure and grazing impact in the Polar Frontd Zone
(PFZ) of the Southern Ocean were investigated during two cruises of the South African
Nationd Antarctic Programme (SANAP), the Marion Offshore Ecosystem Varidility Study |

& Il (MOEVS).

During the firg cruise (MOEVS I), a mesoscde oceanographic grid survey was
conducted in the upstiream region of the Prince Edward Idands (PEIl) in austrd autumn (April)
2001. Meozooplankton samples, collected usng a Bongo net (fitted with 200 and 3007 m
mesh nets) a depths between 200 and 300 m, were separated into three size fractions: 200
500 ?m; 500-1000 ?m; 10002000 ?m by reverse filtration. Totd surface (depth <5 m)
chlorophyll-a  (chka) concentration (measured  fluorometricaly) during the sudy ranged
beween 011 and 034 ?g |1 and was adways dominated by picophytoplankton (<20 2m).
Totd mesozooplankton abundance and biomess during the survey ranged between 49 and
1512 ind. m™ and between 0.7 and 25 mg Dwt. ni®, respectively. Throughout the survey, the
200500 ?m dass numeicdly dominaed the mesozooplankton community, comprisng an
average of ~ 69% (SD = ? 12.3%). The dominant species in the 200-500 ?m gSize fraction
were the copepods Oithona similis, Calanus simillimusand Metridia lucens and the pteropod,
Limacina retroversa. However, in tems of biomass the 1000-2000 ?m group was
predominant, with dry weight vaues condituting an average of ~ 66% (SD = ? 10.2%).
Biomass was dominated by carnivorous zogplankton, particularly the eupheusids, Euphausia
vallentini and Thysanoessa vicina and the chaetognaths, Sagitta gazellae and Eukrohnia
hamata. Three didinct groupings of dations were identified by multivarigte andysis The
different daion groupings identified reflect changes in the reative contributions of the

dominant species rather than different species assemblages.




ABSTRACT

During the second cruise (MOEVS II), conducted in April 2002 (audra autumn),
mesozooplankton community sructure and grazing impact were investigated at 13 dations in
the west Indian sector of the PFZ. Totd integrated chl-a biomass ranged between 11.17 and
2834 mg chl-a m? and was adways dominated by nano- and picophytoplankton (<20 pm).
Throughout the study, smdl copepods, mainly Oithona similis and Ctenocalanus vanus,
numericaly dominaied the mesozooplankton community comprisng up to 85% (range 30 to
85%) of the total abundance. Grazing activity of the four most abundant copepods ©. smilis,
C. vanus, Calanus simillimus and Clausocalanus spp.), which comprised up to 93% of totd
mesozooplankton abundance, was investigated using the gut fluorescent technique. Results of
gut fluorescence andyses indicated that C. simillimus, Clausocalanus spp. and Ctenocalanus
vanus exhibited did variability in gut pigments, with maximum vaues a various sages of the
night. In contrast, O. smilis did not demondrate did variaion in gut pigmet contents
Ingestion rates of the four copepods ranged from 2323 to 146202 ng (pigm) ind™ day”,
depending on the species  The combined grazing impact of the four copepods, ranged
between 1 and 36% of the phytoplankton standing stock per day, with the highest daily impect
(~ 35.86%) occurring & daions in the vicinity of the Antarctic Polar Front. Among the
copepods, O. dmilis and C. vanus were genedly the most important consumers of
phytoplankton biomass, together they were responsble for up to 89% (range 15 to 8%%) of
the totd daly grazing impact. Carbon specific ingesion rates of the copepods varied between

42 and 320% body carbon per day, depending on the pecies.

The sudy highlights the importance of smdl copepods in tems of both ther
ggnificant contribution to totd mesozooplankton numbers and ther grazing impact on the

phytoplankton standing stocks in the PFZ during audtral autumn.
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PREFACE

PREFACE
Thiswork has been divided into two investigaions
1. The mesozooplankton community structure survey, conducted during the firsd Marion
Offshore Ecosystem Variability Study (MOEVS ), April 2001.
2. The mesozooplankton grazing study, conducted during the second Marion Offshore

Ecosystem Variability Study (MOEVS II), April 2002.

Work from the fird invedtigation hes been published in Polar Biology - Bernard KS,

Froneman PW (2002) Mesozooplankton community structure in the Southern Ocean upstream

of the Prince Edward Idands. Polar Biol 25; 597-604.

Work from the second invedigetion is in press in Pola Biology — Bernard KS,

Froneman PW (in press) Mesozooplankton community structure and grazing impact in the

Polar Fronta Zone of the south Indian Ocean during austral autumn 2002. Polar Biol

viii
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CHAPTER ONE GENERAL INTRODUCTION

CHAPTER ONE: GENERAL INTRODUCTION

1.1. THE GLOBAL CARBON CYCLE: THE ROLE OF THE OCEANS

Increasing anthropogenic emissions of the greenhouse gases, such as carbon dioxide
(COy), methane (CH4) and nitrous oxide (N2O), and ther role in globd warming are currently
cause for great concern (Siegenthder & Sarmiento 1993). The world's oceans act as a carbon
pump by transporting carbon from the surface waters to the ocean bottom, through both
physco-chemicd (solubility pump) and biological (biologicadl pump) processes (Longhurst
1991). The oceans represent the largest carbon reservoirs on earth, containing ~ 95% of the
totd drculding cabon within the biogphere, thereby controlling amospheric CO;

concentrations (Siegenthder & Sarmiento 1993).

The bidlogicd pump involves the production of paticulate and dissolved organic
cabon (POC and DOC respectivdly) by marine organisms through the processes of:
photosynthesis by phytoplankton; the sinking of dead/senescent cdls and animd deris, and
the grazing and migratory behaviour of zooplankton (Fig. 1.1.) (Longhurst 1991; Fortier et d.
199%4; Fakowski et d. 1998). The overd| effect of these biological processes is a reduction in
the partid pressure of carbon dioxide (COy) in surface waters, thereby resulting in the draw-
down of amaospheric CO, dong a concentration gradient from the amosphere to the surface
water (Longhurst 1991; Siegenthder & Sarmiento 1993). The rate of oceanic uptake of
carbon via the biologicd pump is determined by the rate and magnitude of the downward flux
of POC and DOC from surface waters to depth (Longhurst & Harrison 1989; Longhurst
1991). Within the biologicd pump, the snking of dead/senescent phytoplankton cdls (von
Bodungen e d. 1986) and the feeding activity (herbivory or camnivory) of zooplankton

(Longhurst & Harrison 1989; Longhurst 1991) represent the mgor pathways for the transfer
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of cabon to depth. The contribution of dead/senescent cdls to totd carbon flux is thought,
however, only to be subgtantid in arees of dense phytoplankton blooms (Pekhomov et d.
2002) or during ice-melt, when agee trapped in sea ice is rdeased en mass in summer as the
ice mdts (Fischer et d. 1988). Active grazing by zooplankton is, therefore, regarded as the
most important mechanism for transporting carbon from the surface waters to depth

(Longhurdt 1991, Fortier et d. 1994).

The separation of phytogenic carbon between the two mgor pelagic food webs,
namely the “microbid” and the “classcd” food webs, determines the amount of carbon flux
to depth, and thus the efficiency of the biologicad pump (Sher & Sherr 1988; Longhurst 1991,
Fortier et d. 1994; Froneman 1995). Macrozooplankton (>2000 ?m) produce large, dense
feecd pdlets which have a rdativdy high carbon content and ae fas-snking (Fortier et d.
1994). For example, sdp (tunicate) faecd pellets have a sinking rate of up to 2700 m d*
(Fortier et d. (1994) and a cabon content of up to 37% (Bruland & Silver 1981).
Macrozooplankton dso undergo extensve did verticd migrations, which further contributes
to carbon flux through respiration and egestion a depth (Fig. 1.1) (Longhurst 1991; Fortier et
d. 1994). In contragt, mesozooplankton (200-2000 ?m) produce redivdy smdl, dow-
snking faecd pellets, with sinking rates of ~ 100 m d* (Fortier et d. 1994). In addition,
copepods demondrate coprophagy  (reingesion of faecd pdlets) and  coprohexy
(digntegration of faecd pelets), thereby greetly reducing the amount of faecd materid that
reeches the ocean bottom (Paffenhtfer & Knowles 1979; Lampitt et d. 1990; Noji & 4d.
1991). Mesozooplankton do, however, undergo did verticd migrations and in this way

enhance their contribution to carbon flux through respiration and egestion a depth (Fig. 1.1.).
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The microbid loop, comprisng microheterotrophs (<200 ?m), phytoplankton and
becteria, contribute little to carbon flux. They generdly produce mini-faecad pellets which
reman in suspenson for extended periods resulting in the mgority of the carbon in the pelets
being decomposed/ recyded by bacterioplankton in the euphotic zone (Azam e d. 1983). In
addition, microheterotrophs generdly have high asamilation effidencies, which result in
feecd pelets with a low cabon content.  Findly, microheterotrophs do not undertake
extensve de migrations, gill further redricting their role in the trangport of carbon to depth

(Fig. 1.1).

It can be assumed, therefore, that in regions where macrozooplankton represent the
mos important consumers of phytoplankton, the efficiency of the biologicd pump will be
high (Fortier e d. 1994). Cabon flux is reduced in regions where mesozooplankton
represent the dominant consumers of phytoplankton production, and in a sysem dominaed
by microheterotrophs, it would be minima (Fahnensid e d. 1995). The partitioning of
cabon between lage intermediate and smdl heterotrophs is largely determined by the sze
dructure of the phytoplankton assemblages. A notable exception is tunicaies, which are able
to consume paticles in the sze range 02 to 200 ?m (Fortier & a. 1994; Dubischar &
Bathmann 1997, Pakhomov e d. 2002). Severd dudies in the Southern Ocean have
demondrated that microheterotrophs represent the dominant consumers of  phytoplankton
production in regions where smdl picophytoplankton (045 — 20 ?m) dominae totd
chlorophyll-a (chl-a) (Garison e d. 1993, Lutjehams e d. 1994; Burkill e d. 1995
Froneman 1995; Froneman & d. 1996; Froneman & Perissinotto 1996; Froneman et d. 1997).
Omnivorous and herbivorous macrozooplankton, eg. eupheusids contribute the most to totd
grazing impact in regions where microphytoplankton (>20 ?m) dominate totd chl-a (Gurney

et d. 2002; Pakhomov et d. 2002). Under circumstances where nanophytoplankton dominate
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totd chla, patitioning between the microheterotrophs and metazoans (mainly crustaceans) is

broadly smilar.

The sze dructure of phytoplankton cels in the Southern Ocean is highly seasond
(Laubscher et d. 1993). During the winter months, when there is a high degree of ingability
in the wae ocoumn and low lignt avalability, pico- and nanophytoplankton typicdly
dominate totd chl-a (Jacques 1989; Laubscher et d. 1993; Ansorge et d. 1999; Froneman et
d. 1999). Micro and mesozooplankton represent the dominant phytoplankton grazers during
winter and it is likdy that the carbon flux to depth would be minimd during this period
(Froneman 1995; Froneman & Perissnotto 1996; Froneman et d. 1996; Pakhomov e 4.
19974). In contragt, during austrd summer, the better light environment and reduced mixing
(less wind activity), favour microphytoplankton, which make a more subgantid contribution
to totd chl-a during this period. This is paticulaly true for those regions characterised by
high water column gability, sich as the waters surrounding oceanic idands, the vicinity of the
fronts, the Margind Ice Zone and the neritic waters of Antarctica (see below). Since
mecrozooplankton are efficent grazers of microphytoplankton, these will be regions of
enhanced cabon flux. Daa on the zooplankton community dructure and grazing impects,
dthough important in improving our undersanding of trophic interactions, ae thus dso
fundamentd to an underganding of the role of zooplankton in the oceanic carbon cyce

(Froneman et a. 2000; Pakhomov et d. 2000).

1.2. THE SOUTHERN OCEAN: THE LARGEST CONTINUOUS BODY OF WATER ON EARTH
The Southern Oceen, covering an expanse of ~ 38 million km? of open ocean, is the
largest continuous body of water on Eath, and is therefore likdy to play a mgor role in the

globd cabon cycde (Tomczak & Godfrey 1994). The Southern Ocean is made up of the
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southern regions of the Indian, Pecific and Atlantic Oceans and includes the Ross, Wedddl
and Bdlingshausen Seas among others.  The southern boundary of the Southern Ocean is
reoresented by the Antactic continent and the northern  boundary, dthough not
geographicdly fixed, coincides with the location of the Subtropicd Convergence (STC)
(Lutieharms 1985). Two magor currents exist within the Southern Ocean, the “East Wind
Drift", a narrow current bordering the Antarctic continent, and the “West Wind Drift”,

commonly referred to as the Antarctic Circumpolar Current (ACC) (Deacon 1937).

The ACC is made up of a saries of cores of varying intensties (Nowlin e d. 1977,
Hoffman & Whitworth 1985). The Polar Fronta Zone (PFZ), Stuated within the ACC, is
bounded by two high-speed cores, namdy the Sub-Antarctic Front (SAF), to the north, and
the Antarctic Polar Front (APF), to the south (Emery 1977; Hoffman 1985) (Fig. 1.3).
Together these fronts are respongble for gpproximaidy 75% of the barodlinic transport within
the ACC (Nowlin & Klink 1986). The two fronts are generdly conddered to be regions of
seep meidiond gradients of temperature, sdinity and nutrients (Emery 1977; Deacon 1982;
Lutjeharms 1985; Nowlin & Klinck 1986) and, therefore, represent important biogeographic
boundaries to the didribution of planktonic species (Backus 1985, Boden & d. 1988,
Pakhomov et d. 1994; Froneman et d. 1995b; Taling e d. 1995, Pakhomov & Froneman

1999).

1.3. THE POLAR FRONTAL ZONE

The PFZ is a trandtion zone in which the surface waters are gradudly dtered from the
warmer Sub-Antarctic Surface Waters (SASW) north of the SAF, to the colder Antarctic
Surface Waters (AASW) south of the APF (Belkin & Gordon 1996; Ansorge et a. 1999;

Froneman et d. 1999). The pogtion of the PFZ varies with time (Hoffman & Whitworth
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1985) and is dsrongly affected by the loca bathymetry (Nowlin & Klink 1986, Ansorge et d.
1999). The boundaries of the PFZ, the SAF and APF, demondrate a high degree of
mesoscde  vaiability (Luteharms & Vdentine 1984; Lutjehams 1990), including eddies
(Bryden 1983; Ansorge e d. 1999; Froneman e d. 1999) and meanders in both fronts
(Legeckis 1977; Lutjeharms 1990; Ansorge et d. 1999; Froneman e d. 1999). These
mesoscale features result in increased mixing of SASW and AASW within the PFZ, with
foreign bodies of water intruding from the north and south as extensons o the SAF and APF,

respectively (Perissnotto et a. 2000).

1.4. PHYTOPLANKTON IN THE PFZ

Phytoplankton biomass and productivity in the PFZ are cdosdy corrdated and exhibit
a grong degree of spatid and tempord variability (Laubscher et d. 1993). The open waters
of the PFZ typicdly exhibit low productivity yea-round, with chl-a concentrations ranging
from 012 to 042 mg (chl-a) m® (Smith & Nelson 1985; El-Sayed 1983; Jacques 1989,
Laubscher et d. 1993; Froneman et d. 2001, Froneman e d. 2002b) and productivity ranging
between 0.1 and 03 mg C m? day’ (El-Sayed 1988; Jacques 1989; Comiso e d. 1993;
Sullivan et d. 1993; Froneman e d. 2001). Enhanced leves of phytoplankton biomass (>1.5
mg Chl-a m®) and productivity (>1 g C m? day') have, however, been documented during
audrd soring and summer in the vicinity of the mgor oceanic fronts (Allanson e d. 1981,
Lutjeharms et d. 1985; El-Sayed 1988; Jacques 1983; Laubscher e d. 1993; Bradford-Grieve
et d. 1997; Froneman e d. 1999, Froneman et d. 2001) and in the waters surrounding
several sub-Antarctic oceanic idands (Perissinotto & Duncombe Rae 1990; ElSayed & Jitts
1973, Manddli & Burkholder 1966). Periodic phytoplankton blooms have dso been recorded
in the open waters of the PFZ (Froneman e d. 1995b). The factors responsible for an

increese in phytoplankton biomass and productivity in these regions include increased water-
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column gability (Jecques 1989; Laubscher e d. 1993; Bdain 1999), the avalability of trace
metals (de Baar e d. 1995; Peakhomov & Froneman 1999), meacronutrient availability
(Jacques 1983; El-Sayed 1988; Pakhomov & Froneman 1999) and seawater temperature

(Neori & Holm-Hansen 1982; Laubscher et d. 1993; Froneman et d. 2001).

Phytoplankton community sze dgructure in the PFZ exhibits diginct spatid and
tempord vaiability and is generdly drongly linked to phytoplankton biomass and production
(Laubscher e d. 1993; Froneman e d. 2001). In regions of enhanced phytoplankton biomass
and productivity, (eg. fronta regions and the waters surrounding oceanic idands), large
microphytoplankton meke a subdantid contribution or dominate totd phytoplankton biomass
(EFSayed 1988; Jacques 1989; Laubscher et d. 1993, Froneman & Pakhomov 2000;
Froneman e d. 2001). In contrast, in the open waters of the PFZ where phytoplankton
biomass and productivity are generdly low, smdl nano- and picophytoplankton dominete chl-
a biomass and production (Jacques 1989; Laubscher et d. 1993). The predominance of smdl
phytoplankton cdls in the open waers of the PFZ is thought to be due to a combination of
low mecronutrient avalablity and the high wind adtivities in the region, resulting in deep
mixed layer depths (Laubscher et d. 1993, Bdain 1999, Froneman e d. 2001). Such
conditions ae paticulaly suited to the production of smdl pico- and nanophytoplankton
cdls, which, due to ther large surface arear volume ratio, are capable of usng availdble light

and nutrients more efficiently than their larger counterparts (Fogg 1991).

It is important to note tha during winter, when wind dress is high, production is
dmog entirdy dominated by picophytoplankton throughout the PFZ (Ansorge et d. 1999;
Froneman e d. 1999). Microphytoplankton assemblages are generdly dominated by colonid

and chan-forming diatoms, such as Chaetoceros spp. (Priddle 1990).  Nanophytoplankton
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condst mogly of unicdlular green flagdlates and smdl diatoms (Jacques & Panouse 1991).
Picophytoplankton communities are comprised of cyanobacteria and green flagdlates (Knox

1994).

15. ZOOPLANKTON IN THE PFZ
1.5.1 COMMUNITY STRUCTURE

Most research on the zooplankton communities of the Southern Ocean and the grazing
impacts of such communities has been redricted to regions of enhanced productivity and
zooplankton biomess (eg. Siegd & Patkowski 1990; Tuker & Burton 1990; BoysertEnnen
et d. 1991; Perissnotto & McQuaid 1992; Siegd et d. 1992, Hopkins et d. 1993; Pakhomov
1993; Hose 1994; Pekhomov et d. 1994; Pekhomov & Perissnotto 1997; Bathmann et d.
1993; Froneman et d. 1997, Perissnotto 1992; Atkinson 1994; Ward et d. 1995; Atkinson et
d. 1996; Pakhomov e d. 1997; Froneman & Peissnotto 1996; Dubischar & Bathmann

1997).

The zooplankton community in the PFZ @pecificdly in the region of the sub-Antarctic
Prince Edward Idands, see Fig. 1.3) has been described on severd occasons (Grindley &
Lane 1979; Miller 1982; Boden & Parker 1986; Boden 1988; Perissnotto 1992; Froneman &
Pakhomov 1998; Ansorge e d. 1999; Froneman et d. 1999; Pakhomov & Froneman 1999;
Pakhomov e d. 2000 a, b; Peissnotto & d. 2000; Hunt & d. 2001; Dubischar e d. in
press). The results of these dudies have demondrated that zooplankton abundance and
biomass ae highly vaiddle reflecting the variable oceanogrgphic environment (Teble 1.1
and references therein). Deacon (1983) suggests that the varying intendties of the SAF and
APF may result in an increase in the interchange of Antarctic Surface Water (AASW) and

Sub-Antardic Surface Water (SASW), within the PFZ. The tempora variability in the




CHAPTER ONE GENERAL INTRODUCTION

oceanogragphic conditions in the PFZ is reflected in the zooplankton community. Species of
ether sub-tropicd (eg. Ctenocalanus vanus; Pleuromamma abdominalis), sub-Antarctic (e.g.
Metridia lucens; Scolecithricella minor; Calanus simillimus) or Antarctic (eg. Oithona
frigida; Rhincalanus gigas; Limacina spp.; Clausocalanus laticeps origin may predominate
locdly within the region (Ansorge et al. 1999; Froneman et al. 1999; Pakhomov & Froneman
1999). The contribution of Antarctic and sub-Antarctic species is determined largdy by ther
postion within the PFZ; doser to the APF the zooplankton community is well represented by
Antarctic species, while sub-Antarctic species typicdly dominate in the vidnity of the SAF

(Ansorge et d. 1999; Froneman et d. 1999; Pakhomov & Froneman 1999).

Previous dudies indicate that mesozooplankton, comprisng manly  copepods
(induding Calanus simillimus, Rhincalanus gigas, Metridia spp., Oithona spp., Calanoides
$p. and Clausocalanus spp.), dominate the zooplankton community in the PFZ in terms of
both aundance and biomass. Among the larger zooplankton (>2000 ?m), chaetognaths
(Eukrohnia hamata and Sagitta gazellae), amphipods Themisto gaudichaudi), euphaudids
(Euphausia vallentini, E. longirostris Nematocelis megal opsand Thysanoessa macrura) and
tunicates (Salpa thompsoni and Phrononema segentaria) numericadly dominate (Ansorge et
d. 1999; Froneman et d. 1999; Pakhomov & Froneman 1999; Pakhomov & Froneman 2000).
However, the contribution of these larger zooplankton to total zooplankton abundance and
biomass is gengdly <10% (Pekhomov et d. 1994; Froneman e d. 1999; Pakhomov &
Froneman 1999). Exceptions occur during intense active swaming of euphaudids,
amphipods and cheetognaths. Under these conditions, the contribution of the larger
zooplankton to total zooplankton biomass can be as high as 60% (Pakhomov & Froneman

1999).
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In teems of gpatid varidion, enhanced zooplankton abundance and biomass vaues
have been documented in the vicinity of the fronts (the APF and SAF) and in the waters
surrounding the sub-Antarctic idands (Froneman & Pekhomov 1998; Ansorge e d. 1999;
Froneman e d. 1999; Pekhomov & Froneman 1999; Pekhomov et d. 2000 a b). The
elevated zooplankton biomass' abundance vaues in such regions are presumed to be the result
of the high food avaldability (chl-a) generdly recorded in these areas.  Species composition
generdly varies because of differing levels of abundances and biomasses of eurytypic species
(Vervoort 1951; Foxton 1966; Park 1980; Deacon 1982) rather than the presence or absence
of denotypic species (Fasham & Angd 1975; Backus 1985; Gibbons 1997). There ae,
unfortunately, limited seasond dudies in the PFZ.  Preiminary data suggest, however, that a
srong seasond patern in zooplankton biomass exigts, with maximum vaues in summer and

minimum vauesin winter (Pakhomov et a. 2000b; Hunt et d. 2001)

Unfortunately, studies in the PFZ have employed sampling gear with a mesh sze >300
?m. According to Gdlienne & Robins (2001), this mesh sze undersamples mesozooplankton
numbers by up to 99%, while biomass vaues are underestimated by gpproximatedy 50%. The
amdl, highly abundant cydopoid copepods (eg. Oithona spp.) are very rardly retained by this
mesh sze, and juveniles of larger species may adso pass through 300 ?m nets (Gdlienne &
Robins 2001). Recent dudies in the PFZ (Dubischar et d. in press), employing a Multinet
with a mesh ¢ 100 ?m, edimated abundance vaues (of copepods only) to range between 21
000 and 97 000 ind. m? with Oithona similis generaly contributing >70% of the totd
numbers (Table 1.1) (Dubischar e d. in press). This finding is in agreement with Schnack et
d. (1985 who found tha cycopoid copepods (incduding O. gmilis axd Oncaea spp.) may
account for between 40 — 80% of totd copepod numbers in Antarctic waters (Bellingshausen

and Scotia Seas). Based on these findings, it is likdy that a Sgnificant component of the
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mesozooplankton community has not been investigaied in the PFZ due to the sampling gear

employed.

1.5.2. FEEDING ECOLOGY

Zooplankton play an essentid role in the cabon cycle of the Antarctic marine
ecosysem, forming a link between the primary producers and the higher trophic consumers,
such as fish, seabirds and whales (Swadling et d. 1997). It is therefore important to gain an
underganding of the zooplankton grazing potentid. Numerous grazing sudies have been
conducted within the Southern Ocean (Table 1.2). Many of these dudies have, however,
been influenced in a combination of the following ways.

) they have been redricted to the High Antarctic region of the Southern
Ocean (eg. Schnack 1985; Atkinson & Shreeve 1995; Pakhomov et d.
1997);

2 dudies have focussed largdy on the larger zooplankton species, such as
Euphausia superba, Calanus propinquus Calanoides acutus, Rhincalanus
gigas Metridia gerlachei and Salpa thompsoni (eg. Conover & Huntley
1991; Atkinson e d. 1992 a b; Lopez & Huntley 1995 Dubischar &
Bathmann 1997; Li et d. 2001);

) invedigations have largdy been redricted to the augrd summer months

(eg. Atkinson 1996; Froneman et d. 2000; HernandezLedn et d. 2000).

There have been very few grazing studies conducted in the PFZ, and those that have
been undertaken were limited to euphausids (Euphausia vallentini, E. longrostris, E. superba
and Nematocelis megalops see Perissinotto 1992; Froneman et d. 2000; Gurney et d. 2002)

and the larger copepods (Rhincalanus gigas Metridia gerlachei, Calanoides acutus, Calanus
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propinquus and C. simillimus, see Perissnotto 1992; Froneman et d. 2000). Data on the

grazing impact of smdler copepods on the phytoplankton of the PFZ are thus lacking.

Research conducted on smdl zooplankton suggests that the mass-gpecific ingestion
raes of smdl copepods (200-500 ?m) are greater than those of larger zooplankton species
(>500 ?m), with cycopoid copepods ingesting around 200% of their body carbon per day
(eg. Swadling et d. 1997). In contradt, the euphausid Euphausia superba is esimated to
consume between 0.02 and 28% of ther body carbon per day (Pekhomov et d. 2002 and
references therein). HernandezLeon et d. (2000) showed that about 60 — 80% of totd
mesozooplankton (200—1400 ?m) ingestion was due to the smdler organisms (200-500 ?m),
comprisng mainly copepods. In the research presented by Swadling et d. (1997), cyclopoid
copepods  (paticulaly Oncaea curvata, Oithona similis and cydopoid nauplii) dways
accounted for the greatest proportion of totad grazing. These results suggest that, dthough
large species (copepods, amphipods and euphaudids) may dominate the biomass, the
numericaly dominant smdler species may contribute more to grazing pressure and thus to
carbon turnover within the PFZ. Indeed, Mordes e d. (1991) found that dally consumption
of phytoplankton by the smal mesozooplankton fraction (200500 ?m) was up to 4x tha of
the medium sze fraction (500-1000 ?m) and up to 11x tha of the Brge sze dass (1000-2000

?m).

These findings suggest thet the atention of grazing sudies needs to be refocussed on
seasond  invedtigations of the feeding ecology of smdler zooplankton species (copepods) in
the open waes of the Southern Ocean. In this way, we will gan a more accurate

understanding of the ecological role that zooplankton play in the Southern Ocean.
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1.5.3. PREDATION

Smdl copepods, dthough possbly very important grazers of  phytoplankton
production in the PFZ (see 1.4.2. above), ae likdy to contribute very little to vertical carbon
flux (Fortier et d. 1994; ds0 see 1.1. The Global Carbon Cycle above). However, predation
of mesozooplankton by large camnivorous zooplankton in the PFZ is now farly wdl-
documented (see for example Froneman et d. 1998; Pakhomov et d. 1999; Froneman et 4.

2000; Froneman et a. 20023) and may represent an important source of carbon flux to depth.

Five mgor groups of carnivorous macrozooplankton occur in the PFZ; decapods,
amphipods, gdatinous zooplankton, euphausids and cheetognaths, as wdl as  nektonic
myctophid fishes (Froneman et d. 1998, Froneman & Pakhomov 1998; Pakhomov e 4.
1999; Froneman e d. 2000; Froneman et d. 20028). The combined impact of these predators
on meozooplankton danding sock within the PFZ ranges from 05 to 44% per day
(Pakhomov et d. 1999; Froneman et d. 20028). The dominant predators in the west Indian
sector of the PFZ include the cheetognaths (Eukrohnia hamata and Sagitta gazellae),
euphaudids (Thysanoessa macrura, Nematocelis megalopsand Euphausia longirostris) and
amphipods (Themisto gaudichaudi) (Pekhomov et d. 1999; Froneman et d. 20023).
Froneman et d. (20029 edtimated the total daily predation rate of chagtognaths to range from
011 to 1809 mg Dwit. m? day™* and that of the euphausiids to range from 0 to 105.9 mg Dwt.
m? day’. Myctophid mesopelagic fishes (eg. Electrona carlsberg) and the swarming
hyperiid amphipod T. gaudichaudi) are aso important predators in the Southern Ocean, and
ae cgpable of contralling the mesozooplankton danding sock (Pekhomov et d. 1996

Froneman et a. 20023).

Gut content andyses of the dominant carnivorous macrozooplankton indicate that the
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maor predators of the PFZ are opportunistic, generdly consuming the numericaly dominant
mesozooplanktonic  groups  within  the region, induding the copepods, Oithona similis,
Clausocalanus spp. and Metridia lucens (Froneman et d. 1998; Pakhomov e d. 1999
Froneman e d. 2000). The presence of carnivorous macrozooplankton is thus likdy to

enhance the efficiency of the biologica pump in the PFZ.

15 AimMs
The main ams of this sudy were as follows
?? To describe the mesozooplankton community in the west Indian sector of the Polar
Frontal Zone, and to relate changes in structure to the physica environment.
?? To edimate the feeding ecology of the dominant components of the mesozooplankton

community.

The study was conducted during two cruises of the South African Nationd Antarctic
Programme (SANAP), during April 2001 and 2002, in the southwest Indian Ocean (Fig.

1.3).

14
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Figure 1.2. A map of the Southern Ocean, showing the Margina Ice Zone (MIZ) and the oceanic frontal systems, the Antarctic Polar Front (APF); Sub-Antarctic Front
(SAF); and Sub-Tropica Convergence (STC) (Hunt 2001).

16
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Table 1.1. Mean abundance and biomass vaues (with ether range or standard deviation, depending on what was
provided) of mesozooplankton in the Polar Fronta Zone, within the generd study areaiindicat edin Hg.
1.3. ND =no data

Period Abundance (ind. m™) Biomass (mg Dwt. m ) Average Net,mesh  Source
Mean  Range/Standard Mean Range/Standard sampling (?m)
Deviation Deviation depth (m)
March, 2137 4004850 172  8.7-284 0-130 WP-2, ? Grindley &
1976 Lane, 1979
November, 1715 1575-1854 248  146-349 0-68 WP-2, ? Grindley &
1976 Lane, 1979
May, 1983 255 2-5% 201 1353 0-100 N70V, Boden &
200 Parker, 1986
April, 1985 190 150-229 237 1740 0-300 Bongpo, Perissinatto,
200 1992
May, 1987 ND ND 400 ND 0250 WP-2, ? Boden, 1988
April/May, ND ND 7.7 104-62.70 0-300 Bongo, Ansorge et
1989 300 d,. 1999
April, 1989 160 130-191 45 32.3-56.8 0-300 Bongo, Perissinotto,
300 1992
April, 1989 ND ND 0.14 0.05-03 0-300 Bongo, Perissnotto et
300 d., 2001
Feb/March, 2% 16-47 802 43115 0-200 Bongo, Pakhomov et
1994 300 d., 1997
Feb/March, b ND 41 ND 0-200 WP-2, Pakhomov et
194 200 a., 1997
April/May, % 5-192 28 0.67.75 0-300 Bongo, Froneman &
19%6 300 Pakhomov,
1998
April/May, ND 10-490 ND <4-63 0-300 Bongo, Pakhomov et
1989 300 d.2000a
April/May,  ND 7-274 ND  0.6-159 0300 Bongpo, Pakhomov et
1997 300 d.2000a
Jen/Feb, 84.2 47.8-128.7 472 216915 0-300 Bongo, Pakhomov et
1993 300 d. 2000 b
April/May, 73 43 75 43 0-300 Bongo, Hunt et al.,
1997 300 2001
April/May, ND ND 32 0.33-15.69 0-300 Bongo, Froneman et
1997 300 a., 199
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Table 1.2. Comparison of grazing studies conducted in the Southern Ocean, with reference to region, season,
species (Szerange in brackets) and percentage phytoplankton biomass (% PB) and phytoplankton

production (% PP) consumed per day. Small = 200-500 ?m; medium = 500-800 ?m; large = >800 ?m.

Author Region Seeson Species(Szerange) % PB % PP
Schnack Antarctica Summer Copepodids (smal); ND ND
(1985) Euphausia superba, Metridia
gerlache, Calanoides acutus,
Rhincalanus gigas, Calanus
propinquus (medium — large)
Conover & Polar Sees Year C. propinquus, C. acutus, R ND ND
Huntely (1991) round gigas, M. gerlachel (medium
—large)
Atkinson et al. South Georgia Summer C. acutus, Calanus Ssmillimus, ND ND
(1992 a& b) (Antarctica) C. propinquus, R. gigas
(medium —large)
Perissinotto Prince Edward Autumn C. smillimus, Clausocalanus 24 (49 - 46 (88
(1992) Idands (sub- brevipes, M. gerlache, 47.7) —-813)
Antarctic) Euphausavallentini,
Conchoeciaspp., Limacina
Spp. (medium — large)
Atkinson & Belingshausen Sea Spring Oithona spp. (small); R gigas, 0.09 104
Shreeve (1995) (Antarctica) M. gerlache, C. propinquus, (00064 - (0012 —
C. acutus (lage) 031 29)
Lopez & Antarctica Summer M. gerlachei (large) ND ND
Huntely (1995)
Atkinson Near South Summer Qithona spp. (smdl); C. ND ND
(19%) Georgia (Open smillimus, Metridia spp.,
ocean Polar Fronta Pseudocalanusspp.,
Zone) Clausocalanus laticeps,
Metridia lucens, Neocalanus
tonsus, Pleuromamma robusta
(medium —large)
Atkinson et d. South Georgia Summer Copepodites of small spp. ND ND
(1996) (Antarctica) (smdl); C. acutus, C.
propinquus, C. smillimus, M.
lucens, R gigas, M. gerlache,
P. robusta (medium—large)
Dubischar & Atlantic Sector Summer C. acutus, C. propinquus, R ND ND
Bathmann gigas, Salpa thompsoni (large)
(1997)
Pakhomov & Sub-Tropical Winter Small copepods (smdl); R. 8 (08 — 75(20 —
Perissinotto Convergence(and gigas, Calanusspp., 18) 165)
(1997) south) Pleuromammaspp., Metridia
spp., Euphausia spp.,
Limacina spp. (medium —
large)
Pakhomov et South Georgia Summer Small copepods, cyclopoid 4 O5 - 36 (6 -
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d. (1997)

Swading et d.
(1997)

Razoulset d.
(1998)

Froneman et
d. (2000)

Herndndez-
Lednetd.
(2000)

Li et d. (2001)

(Antarctica)

Antarctic coastal
waters

Kerguden Idand
(Sub-Antarctic)

PFZ (Atlantic
Sector)

Brandfidd Strait

(Antarctica)

PrydzB ay
(Antarctica)

Summer

Year
round

Summer

Summer

Summer

copepods (small); pteropods, 9 102)
R gigas, C. acutus, C.

smillimus, Thysanoessa spp.,

Euphausafrigida, E.

triacantha (medium—large)

Oncaea curvata, Oithona ND 23 (09
smilis, nauplii (small); —4.4)
Sephoslongipes,

Paralabidocera antarctica,

harpacticoids (medium);

Calanoides acutus(lage)

Qithona spp. (smdl); C. ND ND
smillimus, Metridia spp., C.

acutus, R gigas (medium —

large)

R gigas M. gerlachd, C. 124 (39 665 (53

acutus, Thysanoessa macrura, -18.3) -89
C. propinquus, E. superba, C.

smillimus, Thysanoessa spp.

(medium —large)

Smadl, medium and large pp. ND ND

(names not provided)

C. acutus, M. gerlachei (large) 015 8 (38 —
(<01 - 125)
0.4)
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CHAPTER TWO: MATERIALSAND METHODS

For darity, this study has been divided into two mgor investigations. The firg was an
andyss of the mesozooplankton community structure, conducted during the fird Marion
Offshore Ecosysem Variability Study (MOEVS 1), in April 2001. The second investigation
was a dudy of the feeding ecology of the dominant mesozooplankton species, conducted
during the second Marion Offshore Ecosystem Vaiability Study (MOEVS 1), in April 2002.
Both studies were conducted as a part of the South African Nationd Antarctic Programme

(SANAP).

2.1. MARION OFFSHORE ECOSYSTEM VARIABILITY STUDY | — APRIL 2001
2.1.1. SURVEYDETAILS

The MOEVS | survey condged of a grid of 5 north-south transects extending across
the PFZ, between 49%55 and 46°35S and between 33° and 38°E upstream of the Prince
Edward Idands (Fig. 21). Along each transect, 10 hydrographic dations, 25 nauticad miles
goat, were occupied. At these dations, seasurface temperature and size-ffractionated
chlorophyll-a (chl-a) concentrations were recorded. Sea surface temperature readings were
taken using the ship's temperature sensor, cdibrated with a Crawford bucket (Crawford
1972). At every second daion (50 nautica mile intervas), mesozooplankton samples were
collected (Fig. 2.1.). The surface podtion of the SAF during the survey was determined from

the pogition of the 7 °C surface isotherm (Fig. 2.1.) (Froneman et d. 1999).

2.1.2. CHLOROPHYLL-A
Surface Sze-fractionated chl-a concentrations were determined by gently passng (<5
cn Hg) 250 ml of surface seawater, obtained from a shipboard pump, through a serid

filtration unit, separating the chl-a into pice (<2.0 ?m), nano- (20 - 20 ?m) and micro (>20
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?m) sze fractions. Chla concentrations were determined fluorometricaly (Turner Designs

10 AU) after 24 hours of extraction in 90% acetone (Holm-Hansen & Riemann 1978).

2.1.3. ZOOPLANKTON SAMPLING

Mesozooplankton samples were collected usng a Bongo net fitted with 200 ?m and
30 ?m mesh nets  The Bongo net was fitted with a Universd Underwater Unit (U?,
Robertson et d. 1981), which monitored temperaiure and depth throughout the tow. An
electronic flow meter was used to cdculate the volume of waer filtered during esch tow.

Tows were conducted to a depth of 200 m a night and 300 m during the day, in order to
compensate for did verticd migration. Towing speeds during the survey ranged between 0.4

and 1.9 knats. The samples collected were fixed in 6% buffered formdin (hexamine).

2.1.4. ZOOPLANKTON COMMUNITY STRUCTURE

In order to determine Sze-fractionated abundances, sub-samples (ranging from 1/32 to
1256 of the totd sample) of the 200 ?m net sample from each dation were separated by
reverse filtration into three Sze categories (2000500 ?m; 500-1000 ?m; 1000-2000 ?m),
according to the method of HerndndezLedn et d. (1999, 2000). The species composition and
numbers of zooplankton in esch Sze class were then recorded, and abundances were
expressed as number of individuds per cubic metre (ind. n¥).  Species were identified using
the keys of Boltovskoy (1999). Szefractionated biomass was determined using 1/8 sub-
samples from each dation, separated by reverse filtration into the same three Sze categories,
retained on preweighed GF/F filters and oven-dried a 60 °C for 24 to 36 hours, ater which
the filters were re-weighed. Dry weights were determined by subtracting the find weights
from the initid weghts. Biomass vaues were expressed as milligrams of dry weight per

cubic meter (mg Dwt. mi°).
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2.1.5. ZOOPLANKTON NUMERICAL ANALYS'S

In order to compare mesozooplankton communities a the vaious ddions
hierarchical cluder andyss (gtype) and multidimensond scding were used in conjunction
with the Bray-Curtis dmilaity index (Plymouth Routines in  Multivariate Ecologica
Research, PRIMER, computer package; Clarke & Warwick 1994). Species abundance data
were log trandformed [logio (X+1)] in order to reduce bias due to highly abundant species
(Legendre & Legendre 1983). The PRIMER program, ANOSIM, a multivariate analogue of a
oneway ANOVA (Clarke & Warwick 1994), was used according to the procedure described
by Fdd & d. (1982), to test the sSgnificance leveds and sources of difference between
zooplankton assemblages associated with the different groupings identified in the hierarchicd
cduger andyss. Cluger andyss provided medy a daa summary, indicaing community
dructure patterns, but not those species responsible for such patterns. The PRIMER program,
SIMPER (Clarke & Warwick 1994), was used to determine the percentage contribution of
catan species to withingroup sSmilarity. This andyss was based on dation abundance
levds. For the purpose of this sudy, species responsble for up to 80% of the smilarity
measured were used in the andyss, as these species contributed the most to each messure.
Mackas (1984) found that SIMPER andlyss was well suited to mesoscade surveys where
differences in zooplankton communities were largdy the result of varigble abundance and

biomass vaues, asisthe case in the PFZ, rather than differences in species composition.

2.1.6. STATISTICAL ANALYSS
Pearson's Corrdation anadyss was used to determine the reationships between the

physco-chemicd (temperature and <dinity) and  biologicad  (chl-a) parameters  and

24



CHAPTER TWO: M ATERIALSAND M ETHODS

mesozooplankton abundance and  biomass. All  vadues were corrected following the

Bonferroni adjustment.

2.2. MARION OFFSHORE ECOSYSTEM VARIABILITY STUDY Il — APRIL 2002
2.2.1. SURVEYDETAILS

Integrated chl-a, mesozooplankton abundance and copepod grazing were estimated a
13 dations in the wes-Indian sector of the Southern Oceen, during the second Marion
Offshore Ecosystem Varigbility Study (MOEVS I1) conducted in April 2002 (Fig. 22). Sub-
surface (200 m) temperatures were recorded with a Nel Brown MK |1l conductivity,
temperature and depth (CTD) probe.  Grazing activity of the numericaly dominant copepods

was investigated using the gut fluorescence technique (Mackas & Bohrer 1976).

2.2.2. INTEGRATED CHLOROPHYL L-A

Seawaer samples were collected a 5 depths (0, 20, 50, 75 and 100 m) usng a 12 x 8L
Niskin bottle rosette attached to the Nell Brown MK [II CTD probe. Chl-a concentrations at
each depth were determined from a 250 ml seawater sample obtained from the rosette bottle
and filtered (vacuum <5 cm Hg) through a GF/C filter. Filters were then placed in 8 ml of
90% acetone and stored a — 20 T for 24 hours. After certrifugation (5000 rpm) the chl-a
concentration was meesured usng a Turner Designs 10AU Huorometer, according to the
method of Holm-Hansen & Riemann (1978). Chl-a concentrations were integrated for the top
100 m of the water column by trgpezoidd integration (Froneman et d. 2002b) and were

expressed as milligrams of chi-a pigment per square meter [mg (pigm) m=).
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2.2.3. ZOOPLANKTON COMMUNITY STRUCTURE

Mesozooplankton samples were collected by verticd tows usng a WP-2 net fitted
with a 200 ?m mesh and al5 | codend. Sampling depths were determined by employing the
following equation (see Sameoto et d. 2000):

Zf =wire out / cosangle of wire

Nets were rased a speeds ranging between 015 and 023 m s®.  Tows were
conducted to a depth of between 229 to 243 m during the day and 142 to 156 m a night.
Volume filtered during each tow was cdculaed by multiplying mouth area of the net by
depth of tow. Samples were immediatdly fixed in 6% buffered formain (hexamine). In the
laboratory, samples were sorted and andysed for taxonomic identification and numerica
abundance (Boltovskoy 1999).  Zooplankton abundance was expressed as individuds per
cubic metre (ind. m®) for comparison with MOEVS | vdues and as individuds per square
metre (ind. m? in order to cdculate the grazing impact on integrated chl-a.  Biomass was
determined usng 1/8 sub-samples from each dation, retained on preweighed GHF filters and
oven-dried a 60 °C for 24 to 36 hours, after which filters were reweighed. Dry weights were
determined by subtracting the find weights from the initid weights  Biomass vaues were

expressed as milligrams of dry weight per cubic meter (mg Dwt. m?).

2.2.4. ZOOPLANKTON FEEDING ECOLOGY

The feeding rates of the four most abundant copepods (Calanus simillimus,
Clausocalanus spp., Ctenocalanus vanus and Oithona similis), which formed up to 93% of
totd mesozooplankton abundance, were invedigaed usng the gut fluorescence technique

(Mackas & Bohrer 1976).
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In order to asess variability in feeding activity, animas were collected a 5 to 7 hour
intervas over 24 hours usng the sampling gear described above.  Samples were immediately
aneeshetised in a olution of soda seawae (L5, viv; Mordes e d. 1991), before being
filtered (vacuum <1 cm Hg) onto GF/C filters, placed in petri dishes and frozen for later
andyss. In the laboratory, filters were thawed and individuds of the copepod species quickly
sorted under low lignt conditions usng a Nikon dissection microscope, operated a 100X
megnification.  Once aufficient individuas were collected for each species (10 individuds of
Calanus simillimus 20 - 25 individuds of Clausocalanus p,; 25 individuds of
Ctenocalanus vanus; and 30 - 40 individuds of Oithona similis) they were placed n plagtic
centrifuge tubes (10 ml) with 8 ml of 90% acetone and sored @ — 20 ZC for 24 hours. It must
be noted at this point, that only adults and copepodites of the sdected species were chosen.
After centrifugation (5000 rpm) the pigment content of the acetone extract was measured,
before and after acidification, usng a Turner Designs 10AU Fuorometer (Mackas & Bohrer
1976). Pigment contents were expressed as chl-a equivaents per individud [ng (pigm) indY]
and cdculated according to the method of Strickland & Parsons (1968), as modified by

Conover et d. (1986).

In order to cdculate the gut evacuation rate (k, h?), freshly caught zooplankton were
gently placed into a 20 | plagic bucket filled with filtered seawater (0.2 ?m) to which non
fluorescent charcoa powder was added (Perissnotto 1992; Perissinotto & Pakhomov 1996).
Experiments were carried out on deck a ambient seawater temperatures [EIORIMGCHIDIS)-
Sub-samples of zooplankton were collected according to the procedure described above,
every 10 minutes for the first hour and every 20 minutes theresfter.  Animas were then stored

as decribed @ove. The totd incubation time was 2 hours. The gut evacudion raie was
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derived from the dope of the regresson of the naurd logarithm of gut pigments vs. time

(Dam & Peterson 1988).

Daly ingesion rates [I, ng (pigm) ind* day’] were estimated using the following

equation (Perissinotto 1992):
| = kG/(:0)

Where k is the gut evacuation rate (h%), G is an integrated vaue (over 24 hours) of gut
pigment contents [ng (pigm) ind’] and b? is a nondimensond index of pigment destruction.
Due to the difficulty of separating different copepod species, an average vdue of 30% gut
pigment destruction was assumed for al copepods (Dam & Peerson 1988).  Community
grazing impact was then expressed as a percentage of the integrated phytoplankton standing
sock consumed per day. To edimate community grazing impact, abundance deata of the four
copepod species were combined with individud ingetion rates.  Grazing impact was then

expressad as the percentage integrated chl-a biomass consumed per day.

Carbon specific daly rations, expressed as percentage body carbon consumed per day,
were cdculaed by deermining the dry weight of individud copepods and assuming a carbon
content of 40% dry weight and a chl-a: cabon raio of 50 (Atkinson 1994). In order to
cdculate individud dry weghts, 10 to 20 individuds of each species were placed on pre
weighed GF/C filters and oventdried a 60 2C for 36 hours. Dry weights of species were then
cdculated by aubtracting the initid weight of the filter from the find. Weghts were

determined using a Sartorius microbaance with a precision of 0.01 mg.
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2.2.5. STATISTICAL ANALYS'S

Regresson andyss was used to test for correations between mesozooplankton
abundance and integrated chl-a, between mesozooplankton biomass and integrated chl-a and
between copepod grazing and integrated chl-a.  Independent t-tests were used to test for did
vaiaions in gut pigment content for each of the four copepod species invedtigated. Anayses

were conducted using the satistical computer package, SigmaPlot (Jandd Scientific).
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Figure 2.1. Mesozooplankton sampling stations occupied during the firss Marion Offshore Eosystem Variability
Study (MOEVS |, April 2001) superimposed on surface temperature isotherms.  The thickened isotherm
represents the surface expression of the Sub-Antarctic Front (SAF).
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Figure 2.2. Grazing dations occupied during the second Marion Offshore Ecosystem Variability Study (MOEVS

I, April 2002) superimposed on sub-surface (200 m) temperature isotherms.  The thickened isotherms
represent the Antarctic Polar Front (APF) and the southern Sub-Antarctic Front (SSAF).
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CHAPTER THREE: RESULTS

31. MARION OFFSHORE ECOSY STEM VARIABILITY STUDY | - APRIL 2001
3.1.1. OCEANOGRAPHY

Surface temperaiure readings collected during the survey indicate that between 33°
and 35°30E, the Sub-Antarctic Front (SAF) lay a ~ 47°25S (Fig. 21.). At ~ 35°30E the SAF
veered northwards to 47°S, possbly the result of topogrgphicd deflection updream of the
area of invedtigation (Fig. 21.). South of the SAF, there was a gradud decresse in water

temperature from north to south.

3.1.2. CHLOROPHYLL-A

Totd chlorophyll-a  (chl-a) concentrations exhibited no dear gpatid paiterns
throughout the investigation, with values ranging from 0.11 to 0.34 ?g I* (Table 3.1). Pico
(<20 ?m) and nanophytoplankton (2020 ?m) dominated totad chl-a, contributing up to 98%
of the totd (Fg 3.1). An exception was recorded a dation SD 09, where
microphytoplankton (>20 ?m) contributed over 50% of the total (Fig. 3.1). Two other
dations, SD 02 and SD 11, had rdaivey high microphytoplankton concentrations,
contributing 35% and 41% of the totd pigment, respectivdy. In generd, however,

microphytoplankton contributed <20% of thetotd chl-a (Fig. 3.1.).

3.1.3. ZOOPLANKTON ABUNDANCEAND SPECIESCOMPOS TION

Tota mesozooplankton abundance was gresiest in the south-western sector of the grid,
south of the SAF, with abundances ranging from 367 to 1512 ind. n® (meen ~ 858 ind. nt)
(Table 3.1.). The zooplankton abundances in the warmer waters to the north of the SAF were

sgnificantly  lower (One Way Andyss of Vaiawce P <005), ranging from
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49 to 287 ind. m* (Table 31). The southreastern section of the grid had intermediate
abundance vaues ranging from 104 to 428 ind. m™ Totd mesozooplankton abundance was
not sgnificantly corrdaied to dther chl-a (Pearson’s Corrdatiion Andyss r = 0.2; P >0.05)

or temperature (r= 0.624; P >0.05).

Throughout the invedtigaion, the smdlet sze dass (200-500 ?m) had the highest
abundance vaues (Fig. 3.2), comprishg an average of 69% (SD = = 123%) of 4l
mesozooplankton counted. Exceptions were noted & Sx dations a which the dominant sze
class was the 500-1000 ?m group (Fig. 3.2). Generdly, however, the intermediate sze
fraction comprised <25% of tota zooplankton counts. The contribution of the 1000-2000 ?m

gze dassto tota zooplankton counts was dways <18%.

The 200500 ?m dze fraction was dominated by the cyclopoid copepod, Oithona
similis which comprised an average of 59% (SD = ? 104%) of totd mesozooplankton
counts. Also wel-represented in this fraction were the smdl individuds of the pteropod
Limacina retroversa and the cdanoid copepods Ctenocalanus vanus (stages 1V and V),
Metridia lucens (stages Ill and IV) and Clausocalanus brevipes. The contribution of these
species was, however, dways <10% of totd mesozooplankton counted in the 200-500 ?m
Sze cdass. The 500-1000 ?m fraction comprissd manly of adult sages of Ctenocalanus
vanus, M. lucens (stages Il - V), Calanus simillimus (adults and stages IV and V) and L.
retroversa. Collectivdly, these species accounted for between 63 and 78% of zooplankton
within the 5001000 ?m fraction. Also found in this fraction were adult O. smilis,
Pleuromamma abdominalis and M. lucens The combined contribution of these species to

totd mesozooplankton counted was, however, dways <5%. Fndly, the 1000-2000 ?m

fraction was dominated dmogt entirdy by euphausid furcilia and chaetognaths (Eukrohnia
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hamata and Sagitta gazellag. See Fig. 3.3. for the contribution of the seven most aundant

speci es/'taxa throughout the investigation.

3.1.4. ZOOPLANKTON BIOMASS

In congruence with the totd abundance vaues, totad mesozooplankton biomass was
greatest @ ddions located in the southrwestern sector of the grid and ranged from 5.68 to
2572 mg Dwt m® (Table 31). With one exception, station SD 13, the lowest
mesozooplankton biomass (range between 0.71 and 565 mg Dwt. m3) was recorded at
dations north of the SAF (Table 3.1). At ddions in the south-eastern sector of the grid
survey, average totd mesozooplankton biomass was 7.73 mg Dwt. m® (range from 4.92 to
12.74 mg Dwt. m?). Tota mesozooplankton biomass was not significantly correlated to chl-a
(r = 0.3; P >0.05), but was sgnificantly corrdaed to temperature (r = 0.728; n = 25; P <0.05).
In contragt to the Szefractionated abundance vaues, the 1000-2000 ?m sSize class generdly
yielded the highest biomass vdues (Fig. 34.), condituting on average 66% (SD = ??210.2%)
of the total mesozooplankton biomass. Exceptions were recorded at gaions SD 07 and SD 14
where the 500-1000 ?m fraction dominated totd mesozooplankton biomass. The 500-1000
?m dze dass was the second largest contributor to totd mesozooplankton biomass
comprising between 9 and 68% (mean = 24%) of totd mesozooplankton biomass. The
contribution of the 200-500 ?m Sze class to totd mesozooplankton biomass was aways
<15%. Exceptions were recorded at stations SD 07 and SD 15 where the 200-500 ?m size

fraction comprised 18 and 34% of total biomass, respectively (Fig. 3.4.).

3.1.5. NUMERICAL ANALYS'S
Three didinct, dgnificantly different groupings of mesozooplankton (P >0.05;

ANOSIM, PRIMER) were identified during the survey (Fig. 35.). The average aundances
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of the most numerous zooplankton species accounted for as much as 80% of the sSmilarity
within the groupings identified with the hierarchica cduger andyss (Table 32). The firg
zooplankton group comprised those dations found north of, or in the immediae proximity of,
the SAF (Fig. 36.). This group is therefore, desgnated the Sub-Antarctic Zone Group
(SAZG). The SAZG was characterised by the presence of warmer water zooplankton species,
induding Clausocalanus brevipes and Pleuromamma abdominalis (Boltovskoy 1999) (Table
3.2). The remaning two groupings, desgnaied groups 2 and 3, were not redricted to any
specific water mass or hydrologica festure.  Group 2 was characterised by the presence of
Antarctic zooplankton species, such as Oithona frigida, Rhincalanus gigas and Limacina
retroversa (Boltovskoy 1999) (Table 3.2). Group 3 comprised a combination of species both
Antarctic and sub-Antarctic in origin (Table 3.2.), with C. brevipes from the warmer waters,
and L. retroversa from the colder waters. The main reason for the differences between the
three groupings was not the presencelabsence of certain species, but rather the reative

contributions of different zooplankton species to the groups.

3.2. MARION OFFSHORE ECOSYSTEM VARIABILITY STUDY Il - APRIL 2002
3.2.1. GENERAL OCEANOGRAPHY

Reaults of the hydrographic survey indicate that within the region of invedtigation, two
oceanographic fronts were encountered, the Antarctic Polar Front (APF) and the southern
branch of the Sub-Antarctic Front (SSAF). The podtions of both fronts were identified
according to sub-surface features.  The APF lay within a narrow band, centred around
0A5'S (Froneman e d. 2002b). In contrest, the SSAF gppeared to demondrate substantial
meandering, which appears to be the result of topographic steering through the Andrew Ban

Fracture Zone (Froneman et d. 2002b) (Fig. 2.2.).
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3.2.2. INTEGRATED CHL-A
Totd integrated chl-a vaues during the sudy ranged from 11.17 to 28.34 mg (pigm)
m? (Fig. 3.7). There were no spatid trends observed for the integrated chl-a concentration

during the invedtigation (Fg. 3.7.).

3.2.3. ZOOPLANKTON COMMUNITY STRUCTURE

Totd  mesozooplankton  abundances during the  invedigation varied  from
414 to 1372 ind. m? (Table 3.3) (integrated vaues ranged from 3732 to 74667 ind. m?
Table 34). The main pesks in zooplankton abundance (up to 75 000 ind. n¥) were recorded
a gations (SD 17, 23 and 41) occupied in the vicinity of the APF (Fig. 3.8.), while the lowest
vaues were recorded in the PFZ waters, north of the APF. The copepods, Calanus
simillimus, Clausocalanus spp., Ctenocalanus vanus and Oithona similis dominated totd
mesozooplankton numbers throughout the survey, contributing up to 93% of the totd
abundance (Table 34.; Fig. 38). Other copepods recorded include Rhincalanus gigas,
Paraeuchaeta biloba, Scolecithricella minor, Oncaea antarctica and Pleuromamma
abdominalis The contribution of these species to totd mesozooplankton abundance was,
however, dways <2%. Among the copepods, O. smilis axd C. vanus, were the most
numerous, together contributing up to 85% (range 30 to 85%) of the totd mesozooplankton

abundances.

Among the larger zooplankton, the chaetognaths, Eukrohnia hamata and Sagitta
gazellag and the amphipod, Themisto gaudichaudi numericdly dominated (Table 34.). The
contribution of these gpecies to totd abundance was, however, generdly <10%. Exceptions
were recorded at dtations SD 15, 36 and 60 where the combined contribution of chagtogneths

and amphipods was up to 28% of the totd abundance (range 15 — 28%). There was no
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dgnificant  corrdlation  between totd mesozooplankton abundance and  integrated  chl-a

biomass (r = 0.128; P>0.05).

Totad mesozooplankton biomess during the invedtigation ranged from 131 to 33.22
mg Dwt. m® (Teble 33). The greatest mesozooplankton biomass (33.22 mg Dwt. m®)
occurred a dation SD 15, which corresponds to the unusudly high numbers of amphipods
obsarved a this dation (Table 3.3; Fig. 38). The lowest biomass vaues were observed in
the PFZ waters north of the APF. There was no dgnificant correlation between total

mesozooplankton biomass and integrated chl-a (r = 0.136; P >0.05).

3.2.4. ZOOPLANKTON FEEDING ECOLOGY

Of the four ©pepod species investigated, Calanus simillimus Clausocalanus spp. and
Ctenocalanus vanus exhibited did vaidion in ther feeding behaviour (P <0.05 for dl three
goecies, t-ted), with maximum gut pigment content values a 21h00 and 04h00 (locd time)
for C. smillimus a 21h00, 04h00 and 09h00 (locd time) for Clausocalanus spp. and at
21h00 (locd time) for Ctenocalanus vanus (Fig. 3.9.). Oithona similis showed no sgnificant
difference in gut pigment content over 24 hours (P >0.05, ttest) (Fig. 3.9). With the
exception of Calanus simillimus negative linear models provided the begt fit to the dedine in
gut pigment contents for the gut evacuation expeiments (Table 35). For C. smillimus, a
negative exponentiad modd provided the best fit (Tade 3.5.). Gut evacuation rates (k) ranged
from 0318 to 1428 h' (Table 35). Average individud ingestion rates were highest for C.
smillimus & ~ 61861 ng (pigm) ind™ day® (range 24133 — 1462.02; SD = 312.78) ad
lowest for O. similis & ~ 3937 ng (pigm) ind* day* (range 2323 — 61.60; SD = 9.81).

Average ingesion raies for Ctenocalanus vanus and Clausocalanus spp. were
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~ 8134 ng (pigm) ind* day' (range 6202 - 10452 SD = 1662) and

12366 ng (pigm) ind ™ day™ (range 55.79 — 397.31; SD = 86.52), respectively (Table 35)).

The combined grazing impact of the four copepod species ranged from 1 to 36% of
the phytoplankton standing stock per day (Table 3.6). Generdly, the highest impact occurred
a ddions in the vicinity of the APF.  An exception was recorded at station SD 13, located in
the PFZ, where the second highest grazing impact during the entire study was recorded. With
three exceptions (ations SD 11, 13 and 39), copepods <1000 ?m (Oithona similis and
Ctenocalanus vanus) represented the most important consumers of phytoplankton biomass

(Table 36.). Collectively, these species were responsible for up to 91% (range 15 to 91%) of
the phytoplankton grazing per day. There was no sgnificant corrdaion between copepod

grazing and integrated chl-a biomass (r = 0.384; P >0.05).

The average individud dry weights of the copepods ranged from 154 to 925 2g,
depending on the species (Table 35.), it must be noted a this point, that dry mass vaues for
Oithona similis were obtained from Atkinson (1996). The mass specific ingestion rates of the

four copepods ranged from 42 to 320% of body carbon per day, depending on the species

(Table 35). Genadly, the highest mass gpecific ingestion rates were obtained for the
smdler copepods Qithona similis and Ctenocalanus vanus), where >100% body carbon was
consumed per day. For the larger copepods Calanus simillimus and Clausocalanus spp.),

carbon derived from phytoplankton generdly contributed <90% of body carbon.
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Figure 3.1. Sizefractionated chlorophyll-a concentrations a the mesozooplankton sampling stations, occupied during the firs Marion Offshore Ecosystems Variahility Study
(MOEVSI), April 2001. White = picophytoplankton; grey = nanophytoplankton; black = microphytoplankton.
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Table3.1. Total chlorophyll-a concentration (?g I™), mesozooplankton abundance (ind. m %) and biomass(mg
Dwit. m's) vaues a dations occupied during the first Marion Offshore Ecosystem Variability Study
(MOEVSI), April 2001.

Station number Tota chlorophyll-a Total mesozooplankton Total mesozooplankton
(291 abundance (ind. m ) biomass (mg Dwt. m™)

SD01 0122 7463
SD02 0.139 1222 25.717
SD 03 0.113 1063 11.726
SD04 0.201 251 2727
SD 05 0.197 49 2172
SD 06 0.231 86 0.707
SD 07 0.289 118 0831
SD 08 0.156 66 2339
SD 09 0.248 1512 25197
SD 10 0.144 14 6.752
SD11 0.180 24 10.139
SD12 0124 848 16.809
SD 13 0.193 103 6.649
SD14 0.184 120 1771
SD15 0.338 287 1877
SD 16 0.208 > 6.937
SD17 0.187 130 4.848
SD18 0.143 366 6.122
SD 19 0.187 312 5584
SD 20 0.208 367 6.325
SD21 0.226 219 5677
SD 22 0.151 253 11.243
SD 23 0.149 29 12.741
SD24 0.146 428 6.026
SD 25 0.136 424 4919
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Table 3.2. Average abundances of the eight most abundant mesozoopl ankton species accounting for up to 80%
of the similarity within each grouping identified with the cluster analysis. Data obtained during the first

Marion Offshore Ecosystem Variahility Study (MOEVS|), April 2001.

SUBANTARCTICZONE GROUP 2 GROUP 3

GROUP(SAZG) 78.89% similarity 71.88% similarity
69.00% similarity

Species Average Species Average Spedies Average

abundance abundance abundance
(ind. m) (ind.m™3 @ind. m®)

Oithona smilis 55.37 O. smilis 219.23 O.similis 45,50

Ctenocalanus 3135 L. retroversa 108.37 L. retroversa 41.72

vanus

Clausocalanus 4.05 C. vanus 93.94 C.vanus 21.80

brevipes

Metridia lucens 1344 Calanus 47.04 C.simillimus 49

smillimus

Limacina 2.27 M. lucens 17.55 M. lucens 415

retroversa

Eukrohnia 2.16 E. hamata 16.89 C. brevipes 6.11

hamata

Pleuromamma 175 Oithona frigida 13.83 E. hamata 641

abdominalis

Scolecithricdla 117 Rhincalanus 10.42 S minor 216

minor gigas
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Table 3.3. Total mesozooplankton abundance (ind. m'3) and biomass (mg Dwit. m'3) vauesat grazing stations
during the second Marion Offshore Ecosystem Variahility Study (MOEV S|1), conducted in April 2002.

Stetion Tota abundance (ind. m') Total biomass (mg Dwt. m )
SD11 431.15 542
SD 13 461.01 8.38
SD 15 45257 3322
SD 17 229.27 319
SD 19 869.42 1395
SD 23 137293 512
SD 36 91.98 1.80
SD 39 41.35 131
SD41 252.24 231
SD 43 155.80 3.66
SD 60 180.12 592
SD 62 42.82 348
SD 65 188.28 357
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Table 3.4. Numerica abundance (ind. m'z) of sdlected mesozooplankton species at grazing stations occupied during the second Marion Offshore Variability Ecosystem Study

(MOEVSII), April 2002.

Taxon Station number

D1 D13 SD15 SD17 SD19 SD23 SD36 SD39  SD41 SD43 D60 SD62 D65
Copepoda
Calanus smillimus 4746.6 9596.2 1785.9 10785 567.4 1526.8 4491 6591 10035 59.8 1347.8 4140 989
Clausocalanus spp. 7069 6209 1674 764.4 409.8 3562.5 80.2 2129 13189 1496 10783 4731 3337
Ctenocalanus vanus 13129 9032 669.7 133836 51062 213750 3850 5678 14623 16905 28155 5322 12607
Qithona gmilis 6295.2 7394.7 113290  6079.0 6587.7 401326 27749 12776 18264.1 13464 39237 8279 3967.6
Chaetognatha
Sagjitta gazdllae 337 56.4 - - - - 1764 101 287 - 89.9 - 124
Eukrohnia hamata 8753 3387 55.8 - 94.6 290.8 15880 913 372.7 224 22464 34.8 86.5
Amphipoda
Themisto gaudichaudi 84.2 21732 30415 245 204.9 1454 281 15.2 215 94 1797 14.8 124
Total 165200 277160 202862 229187 157127 746670 64240 373l5 251238 39046 154178 39547 8006.2
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Table 3.5. Cofficient of variance for gut evacuation rr;teveiue(r2 values; P<0.05in al cases), gut evacuation rate (k, hY), average daily ingestion rates [ng (pigm) ind™*day’
J] and carbon specific ingestion rates of selected copepod species during the second Marion Offshore Variability Ecosystem Study (MOEV S ), April 2002. Vaues
in brackets are standard deviation.

Average daily ingestion rate Individual dry weight Carbon ration
Taxon r’ k() [ng(pigm)ind" day™] (29 (% body C day™)
Calanussimillimus 023 0318 61861 (31278) 925 (12.87) 85 (42.2)
Clausocalanus spp. 00213 0444  12366(8652) 36.8 (1369) 420(294)
Ctenocalanus vanus 02297 1428  8L34(1662) 6.1 (0.65) 166.7 (34.)
Oithona similis 0.3741 0.768 39.37 (9.81) 1.54 (Atkinson 1996) 319.6 (79.6)
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Table 3.6. Integrated phytoplankton biomass, zooplankton ingestion rates and grazing impact at grazing stations occupied during the second Marion Offshore Variability
Ecosystem Study (MOEV S 11), April 2002.

Phytoplankton biomass Daily ingegtion rates [mg (pigm) m ] Daily grazing impact
Station [mg (Chl-3g) m'z] % phytoplankton biomass
Calanussimillimus  Clausocalanus spp. Ctenocalanus vanus Qithona amilis

D11 12.75 133 0.06 022 0.27 1859

D13 117 2.7 0.05 0.15 0.32 2879

D15 12.99 0.5 001 0.11 0.49 859

D17 10.57 0.3 0.06 222 0.26 2694

D19 20.31 0.16 0.03 0.85 0.28 6.52

D23 16.7 0.43 0.28 355 173 3586

DB 2834 0.13 001 0.06 0.12 112

D39 16.54 0.19 0.02 0.09 0.06 212

D41 14.06 0.28 0.1 0.24 0.79 10.08

D43 1754 0.02 001 0.28 0.06 209

D60 13.38 0.38 0.08 047 0.17 822

D62 13.29 0.12 004 0.09 004 2.09

D65 11.77 0.03 0.03 021 0.17 3.69
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4.1. MARION OFFSHORE ECOSYSTEM VARIABILITY STUDY | - APRIL 2001
The position of the surface expresson of the Sub-Antarctic Front (SAF) between 47 ?
ad 4725? S is in agreement with previous investigations (Lutiehams & Vdentine 1984;

Ansorge et d. 1999; Froneman et d. 1999; Pakhomov et d. 2000 ).

In contrast to the mgority of previous sudies conducted in the Polar Frontd Zone

(PFZ) during austrd summer and autumn (Froneman et d. 19953, b; Pakhomov & Froneman
1999), no enhancement of chlorophyll-a (chl-a) concentration was found a dations occupied
in the region of the SAF. This result is, however, in agreement with Froneman & d. (1999),
highlighting the variability in the bidlogy of the region. Genadly, pico (0.45-20 ?m) and
nanophytoplankton  (26-20 ?m) dominated tota chia throughout the survey, which is
condgent with previous invedigaions conducted in the PFZ during different seasons
(Jacques 1989; Laubscher et d. 1993; Froneman & d. 2001). The predominance of pico- and
nanophytoplankton appears to be rdated to high wind activity and low macro-nutrient
concentrations, which favour the growth of smdl phytoplankton cells (Laubscher e d. 1993;
Froneman et d. 2001). Exceptions were recorded in the southern vicinity of the SAF, where
microphytoplankton  (>20 ?m) dominaed totd chl-a, a finding common to may
invedigetions in the region (eg. E-Sayed 1988; Jacques 1989; Laubscher e d. 1993,
Froneman & Pakhomov 2000; Froneman e d. 2001). Since microphytoplankton dominated
in the vicnity of the front, one would expect the region to exhibit devated levels of
phytoplankton biomass (Allanson e d. 1981, Laubscher et d. 1993; Froneman et d. 2001),

this, however, was not the case and may be the result of zooplankton grazing.
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The edimaies of mesozooplankton aundance and biomass during this dudy are
subgantidly higher than those reported in previous studies conducted in both the inshore and
off-chore environments of the Prince Edwards Idands (PEI) during austrd autumn (Allanson
et d. 1985 Foneman & Pakhomov 1998; Pakhomov & Froneman 1999; Pakhomov et dA.
1998; Froneman & d. 1999). For example, Hunt et d. (2001), summarisng data collected
ove the period 1996 to 1999, edimated tha zooplankton abundances ranged between 57.48
and 13992 ind. m* and biomass between 4.23 and 10.33 mg Dwt. m° (Table 4.1.). During
the present study, mesozooplankton abundances ranged between 49 and 1512 ind. m® and
biomass between 5.68 and 2572 mg Dwt. m® (Table 41).  Although differences in the
results between the various studies may reflect inter-annud variability, it is more likdy that
the higher biomass and abundance vaues recorded here can be related to the sampling gear
employed (Table 4.1). Previous dudies employed Bongo nets fitted with 300 and 500 ?m
nets that would not have sampled the smaler copepods or the early deveopmentd stages of
mesozooplankton species effidently (Gdlienne & Robins 2001). Indeed, during this sudy,
the smdl copepod Oithona similis (which would have been mised by the coarser mesh sizes
of previous surveys) contributed most to the totd mesozooplankton numbers a dl dations,
condiituting, on average, 59% of the totd. It should be noted, however, tha the zooplankton
abundance and biomass recorded during the present study are themsdves likdy to have been
underestimated, as a recent sudy conducted by Gdlienne & Robins (2001) suggess thet a
mesh sze of 200 ?m may result in an underestimaion of up to 70% of the smdler

mesozooplankton biomass.

Totd abundance and biomass edimates showed smilar spatid trends, with the
grestest values occurring in the colder waters south of the SAF and the lowest vaues north of

the front where warmer waters were encountered. Intermediate vaues in both abundance and
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biomass were recorded in the trangtion zone between the cold and warm waters.  Similar
paterns in  zooplankton abundance and biomess have been obsarved during previous
investigations in the PFZ (Froneman & Pakhomov 1998; Ansorge et d. 1999; Froneman e 4A.
1999, Pekhomov & Froneman 2000; Pekhomov et d. 2000 a b). The mesozooplankton
gpecies compostion comprised mainly the copepods, Calanus simillimus, Metridia lucens,
Oithona similis and Ctenocalanus sp., the pteropod Limacina spp., and odracods. Asis
typicd for the PFZ, the community Structure conssted of a mixture of species of sub
Tropicd, sub-Antarctic and Antarctic origins (Ansorge e d. 1999; Froneman et d. 1999;
Pakhomov & Froneman 1999). A didinct shift in mesozooplankton species compsition was
obsarved across the SAF, complementing previous dudies that highlight the importance of
this front as a biogeographicd boundary to the didribution of plankton species (Froneman e
d. 19953, b; Pakhomov & McQuad 1996). The mgor differences between the communities
were due to the relative abundances of species, rather than the presence/absence of stenotypic
zooplankton.  Copepods were, by far, the most numerous of dl mesozooplankton groups,
comprisng up to 89%% of totd numbers, a finding which is common to many invedigations in
a vaiey of oceanic regions (eg. Conover & Huntley 1991; Pakhomov & Perissnotto 1997,
Froneman & Pakhomov 1998; Voronina 1998; Pekhomov & Froneman 1999; Pakhomov et

d. 2000a; Aud & Hagen 2002).

The 200500 ?m dze fraction dominated totd mesozooplankton numbers  throughout
the survey, with the cydopoid copepod, Oithona similis, beng the most abundant species.
Farly recent evidence, noting the numerica dominance of smdl copepod species (particularly
the cydopoid species) in many oceanic environments, supports this finding (eg. Tumer &
Dagg 1983; Turner 1994; Atkinson 1996; Errhif e d. 1997, Gdlienne & Robins 2001; Aud

& Hagen 2002; Dubischar et d. in press). Totd mesozooplankton biomass was, on te other
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hand, dominated by the 1000-2000 ?m fraction. This finding, dthough not dways observed
in the Southern Ocean (eg. Henandez-Ledn et d. 1999; Pakhomov e d. 2000a), is in

agreement with many previous invedigations in the region (BradfordGrieve e d. 199G;

Pakhomov et d. 1999; Hernandez-Ledn et d. 2000).

Pakhomov et d. (1999) showed tha the zooplankton biomass in the region between
the SAF and the Subtropicd Convergence (STC) was dominated by carnivores, comprisng
chagtognaths, amphipods and euphausids Andyss of the zooplankton community
compogtion within the 10002000 ?m Sze dass during the present investigation agreed with
this observation; with chagtognahs and euphausids numericdly dominating the samples It
appears therefore, that the zooplankton community encountered during this survey was
gmilar in compodtion to that recorded in the region between the SAF and STC in audrd
summer 1993 (Pekhomov e d. 1999). This result is hardly surprisng, as the PFZ is
conddered as a trandtion zone between the Antarctic and the sub-Antarctic Zones.
According to Pekhomov et d. (1999), the high abundances of predators found between the
SAF and STC reflect relative gtability in food resources. Edtimates of the predation impact of
canivorous zooplankton on the mesozooplankton in the PFZ during autumn range between 5
and >100% of the danding sock (Froneman e d. 1998; Froneman & Pakhomov 1998;
Pakhomov et d. 1999; Froneman & d. 2000; Froneman e d. 2002a). Gut content analyses
indicate that amdl copepods, paticulaly Oithona, Clausocalanus and Calanus spp., are the
man prey items in the guts of the dominant carnivorous zooplankton in the PFZ (Fronemen et
d. 2002b). These data suggest that the size structure of the mesozooplankton in the PFZ is
likdy to be deemined by the predatory effects of the large number of carnivorous

zooplankton in the region.
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4.2. MARION OFFSHORE ECOSYSTEM VARIABILITY STUDY |l - APRIL 2002

It has been documented during previous ocesnographic invedtigations that complex
fracture zones in the southwest Indian Ridge dgnificantly affect the flow of the Antarctic
Circumpolar Current (ACC) (Hoffmann 1985; Pollard & Read 2001; Pak et d. 2001).
During the present study, the Andrew Ban Fracture Zone (507S, 307%E) functioned as an
important choke point to the flow of the ACC, reaulting in the convergence of the Antarctic
Polar Front (APF) and the southern branch of the SAF (SSAF). East of 327, the APF/SSAF
separated, with the APF meandering eastwards across the Enderby Plain, while the SSAF was

deflected northwards where it converged with the SAF at ~ 48?S (Froneman et . 2002b).

The vdues of integrated phytoplankton biomass obtained during the present dudy are
in the same range as previous investigations conducted in the Polar Fronta Zone (PFZ) during
audrd autumn (Pakhomov & Froneman 1999, and references therein). Integrated chl-a
values ranged from 1117 — 2834 mg (pigm) m? and showed no particular spatid trends
Surprisingly, no erhancement of chl-a biomass was recorded in the vicinity of the SSAF or
APF.  The absence of a pesk in chl-a concentrations in the vicinity of these two fronts
highlights the tempord variability in the biology of the Southern Ocean, or dterndively, may
reflect the grazing activity of the herbivorous zooplankton in the region.  Throughout the
invedigation, picc and nanophytoplankton (<20 ?m) dominated total integrated chl-a
biomass (Froneman e d. 2002b). This finding is in agreement with previous Sudies
conducted in the PFZ during austra autumn (Bernard & Froneman 2002; Gurney e d. 2002)
and can be rdaed to the high wind activity and low macronutrient concentrations in the
region, which favour the production of smdl phytoplankion cdls (Laubscher e d. 1993;

Froneman et d. 2001).
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Abundances and biomass of mesozooplankton during the invedtigation ranged from
4135 to 137293 ind. m* and from 1.31 to 3322 mg Dwt. m™ respectivdy (Table 4.1..
These vaues are in agreement with those obtained during the MOEVS | cruise.  The highest
concentrations  of mesozooplankton were generdly obsarved a dations near the APF,
supporting  previous findings that biologicd enhancement occurs close to oceanic  fronts
(Pakhomov & Perissnotto 1997; Smetacek et d. 1997; Froneman e d 2000). The devated
zooplankton abundances recorded in the region of the APF support recent suggestions thet the
front represents an important feeding ground for the top predators found on the Prince Edward
Idands (Ne e da. 2001). The lowest abundances of mesozooplankton were observed within
the trandtiona waters of the PFZ. Totd mesozooplankton biomass vaues were dso very
smilar to those obtained during MOEVS |, ranging from 1.31 to 3322 mg Dwt. m® (Table
4.1.). Pedks in biomass did not, however, correspond to pesks in abundance. This is probably
due to the fact that smaler copepods with low biomasses contributed most to total abundance.
The grestes biomass was observed a dation SD 15, where very high numbers of the
amphipod Themisto gaudichaudi were recorded. The lowest biomass vaues were observed
north of the APF, corresponding to the low abundances in that region. Of interest is the fact
that the dation with the highest abundance (SD 23) exhibited a below -average biomass, due

to the predominance of Ctenocalanus vanusand Oithona similis

The species compostion of the mesozooplankton community and the numerica
dominance of the smdl cdanoid copepods, Calanus simillimus, Clausocalanus sp.,
Ctenocalanus vanus and the cydopoid copepod, Oithona similis, during MOEVS Il are in
agreement with the findings of MOEVS I, (Bernard & Froneman 2002; see dso section 3.1.
above). It should be noted that estimaes of zooplankton abundance should be regarded with

caution, as the sampling gear employed is likdy to have underestimated the contribution of
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smdler copepods and copepodite dages, particulaly Oithona spp., to totd mesozooplankton
abundance (Gdlienne & Robins 2001). Swams of predatory zooplankton, comprising the
amphipod Themisto gaudichaudi and the chagtognaths Eukrohnia hamata and Sagitta
gazellag were occasondly observed during the study. Recent dudies indicate that these
carnivores prey preferentidly on the dominant copepods in the PFZ (Fronemen e d. 1998;
Froneman & Pakhomov 1998; Pekhomov e a. 1999; Froneman et d. 2000; Froneman et d.
20029). It is therefore, likey that the presence of such predetors, dthough patchy, will play
an important role in gructuring the locd mesozooplankton community of the PFZ (see dso

section 4.1. above).

The gut evacudion rates (k, ') and average daily ingestion rates of the four copepod
species invedtigated during this study ae smilar to etimates for the same species or
copepods of dmilar 9ze obtaned in previous Sudies (see Table 4.2. and references therein).
As expected, the largest of the four copepods Calanus simillimus, exhibited the highest
average daly ingestion rate [~ 61861 ng (pigm) ind? day?], while Oithona similis, the
smallest, showed the lowest average daily ingestion rate [~ 39.37 ng (pigm.) ind® day™.
Cabon derived from the consumption of phytoplankton was equivdent to between 42 and
320% body carbon per day, depending on species. The mass specific carbon ingestion rates
reported here are subdtantidly higher than those reported in other regions of the Southern
Ocean (Atkinson 1994, 1996, Swadling et d. 1997). Andyss of the literature indicates that
copepods preferentidly consume partides in the nano- (2 to 20 ?m) sSze class (Fortier e 4al.
1994). Throughout the present dudy, picoc and nanophytoplankton dominated totd chl-a
concentrations.  The high mass specific ingestion rates of the four copepod species therefore
probably reflect the favourable size dructure of the phytoplankton community. The high

cabon specific ingestion rates of the four copepods messured during the study suggest thet
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cabon deived from the consumption of phytoplankton was sufficient to meet ther basic
metabolic requirements.  The need for a contribution from dternaive carbon sources (eg.
protozooplankton and faecd materid) to the totd daly cabon ration of the four copepod
gpecies gppears, therefore, to be minima. However, the posshility cannot be excluded thet
dternative sources of cabon ae consumed during ausrd  summer, when large

microphytoplankton tend to dominate tota chl-a (Froneman et al. 2001).

The combined daly grazing impact of the four copepod species which comprised up
to 93% of the totd mesozooplankton abundance, ranged between 1 and 36% of the
phytoplankton biomass (Table 4.1.). Thee edimates are within the range previoudy reported
for the PFZ during the same season (Perissinotto 1992). On the other hand, the estimates of
grazing impact presented here are subgtantidly higher then those caried out in the same
region in audra summer, where the zooplankton community impact was equivdent to <10%
of the phytoplankton biomass (Dubischar & Bahmann 1997; Froneman et d 2000). Studies
conducted in the PFZ during austrd summer indicate that microphytoplankton (>20 ?m),
comprisng mainly chain forming diatoms of the genus Chaetoceros may contribute up to
40% of totd phytoplankton biomass (Froneman et d. 2001). The lower grazing impact of the
copepods during summer probably reflects the ingbility of smdl copepods to feed on large
microphytoplankton (Fortier et a. 1994). These data suggest that a seasond pattern in the
grazing impact of copepods exigs within the PFZ, with maximum raes recorded during
winter when amdl phytoplankton cdls dominate totd chl-a. The levds of grazing by the
copepods presented here are in the range reported for other regions of the Southern Ocean
(Atkinson & Shreeve 1995; Pakhomov & Perissinotto 1997; Pakhomov et d. 1997; Froneman

et dl. 2000).




CHAPTER FOUR: DISCUSSION

Table4.1. Comparison of average abundance and biomass values from investigations employing 300 ?m and

200 ?m mesh nets.
Net, mesh Mean abundance Mean biomass Source
(?m) (range/standard deviation) (range/tandard deviation)
300 ND 7.7 (1.0462.70) Ansorge et d. 1999
300 160(130-191) 44.5(32.3-56.8) Perissinotto 1992
300 ND 0.14(0.05-0.3) Perissinotto et a. 2001
300 96 (25-192) 2.8(06-7.75) Froneman & Pakhomov 1998
300 (10-490 (<4-63) Pakhomov et d. 2000 a
300 (7-274) (0.6-15.9) Pakhomov et d. 2000 a
300 73 (43) 75(4.3) Hunt et a. 2001
300 ND 3.2(0.33-15.69) Froneman et d. 1999
300 153(72) 80(2.4) Hunt et a. 2001
300 73(73) 10.3(11.7) Hunt et a. 2001
300 65 (25) 87(55) Hunt et al. 2001
300 97 (31 12.0(4.6) Hunt et a. 2001
200 385(49-1512) 80 (0.71-25.72) MOEVSI
200 367 (41-1373) 7.03(1.31-33.22) MOEVSII




Table 4.2. Etimates of gut evacuation rates (K, h"l) and ingestion rates (IR) of salected copepod species
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compared with results from the present study (MOEV SII, April 2002).

Source Size/lspecies k (") IR (ng.ind day ) Sesson
Perissinotto (1992) Calanus smillimus 1.96 ND Autumn
Clausocalanusbrevipes 141 ND
Pakhomov et d. (1997) C. smillimus ND 2132 Summer
Pakhomov & Perissinotto Calanusspp. 3674 383.6 Winter

(1997)
Small copepods 4573 ND
Metridiaspp. 1289 1150

Froneman et d. (2000) Calanus propinquus 1020 ND Summer
C. smillimus 2359 ND

Atkinson (1996) Oithonaspp. 146 ND Summer
C. smillimus 107 ND
Clausocalanus|aticeps 0.856 ND
Metridia lucens 0.46 ND

Atkinson et d. (1992 b) C. smillimus 112 82 Summer
Calanoidesacutus 256 775

MOEVSII C. smillimus 0.318 618.61 Autumn
Clausocalanusspp. 0444 123.66
Ctenocalanus vanus 1428 8L34
Oithonasimilis 0.768 39.37
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In the Pola Fontd Zone (PFZ), during austrd autumn of 2001 and 2002,
phytoplankton biomass (ch-a) was generdly low, ranging between 011 and 034 ?g It
(surface chl-a) and between 11.17 and 28.34 mg n¥ (integrated chl-a). During both periods,
the phytoplankton community was dominated by pico- (045-2.0 ?m) and nanophytoplankton
(20-20 ?m), which formed up to 95% of the totd phytoplankton biomass.  Exceptions
exiged in the vicnity of the Sub-Antarctic Front (SAF) and the Antarctic Polar Front (APF),
where microphytoplankton (>20 ?m) comprised a sgnificant proportion (up to 35%) of totd
pigment. The dominance of microphytoplankton in these regions did not aways correspond
with enhanced phytoplankton biomass, which probably reflects grazing by zooplankton
assemblages within these regions.  Indeed, it is worth noting that the highest zooplankton

grazing impact during 2002 was recorded at Sations occypied in the vicinity of the APF.

During both invedigations (MOEVS | and Il), the totd mesozooplankton abundance
and biomass vadues were highly vaiable, ranging from 41 to 1512 ind. m* and from 0.7 to
332 mg Dwt. m3, respectively, this range, however, did not change substantialy from one
year to the next. Elevated vaues of both aundance and biomass were observed in the
vicinity of the SAF and APF, highlighting the importance of these regions as aess of
enhanced biological  productivity. Sze-fradionated dudies of the mesozooplankton
community gructure, conducted during the MOEVS | study (April 2001), indicated that the
200500 ?m fraction dominated totd mesozooplankton numbers, comprisng gpproximatey
69% (SD ? 123%) of the totd. This dze dass consged primarily of smal copepods,
paticulaly the cydopoid, Oithona similis In contrast, totd mesozooplankton biomass was

dominated by the 10002000 ?m fraction, contributing an average of 66% (? 10.2%) to the
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totd dry weight. Carnivorous zooplankton, mainly chagtognaths (Eukrohnia hamata and
Sagitta gazellae), euphaudids Euphausia vallentini, Thysanoessa vicina and E. longirostris)
and amphipods (Themisto gaudichaudi) dominate this Sze class The predominance of
canivores within the 1000-2000 ?m Sze dass suggeds that these organiams are likdy to play
an important role in gructuring the mesozooplankton community of the region. Indeed, it has
previoudy been documented that these predators feed on the mog  abundant
mesozooplanktonic  species in the PFZ (Pakhomov et d. 1999; Froneman e d. 2002a),

consuming up to 44% of the mesozooplankton standing stock per day.

The results of the grazing dudies of the four dominant copepod species (Calanus
smillimus, Clausocalanus spp., Ctenocalanus vanus and Oithona similis) within the PFZ
during the MOEVS Il study suggess that these species have a dgnificant impact on the
phytoplankton biomass in the region. Together, they were cgpable of removing up to 36% (1
— 36%) of the phytoplankton danding stock per day, with the highest grazing impact
occurring in the vicinity of the APF. Among the four copepods, C. vanus and O. smilis were
reponsible for the mgority (up to 89%) of the tota daly grazing impact. Carbon specific
ingestion raes of these two copepods (>100% body carbon per day) suggested that both
species were consuming  suffident  phytoplankton-derived carbon to meat ther daly

metabolic requirements.

5.1. FUTURE RESEARCH INITIATIVES

5.1.1. Indirect evidence suggests that the numericdly dominant mesozooplankton
(smal copepods) exhibit a seasond grazing impaect, with the srongest feeding effects being
recorded during winter (Perissinotto 1992) and the weskest during summer (Pekhomov &t d.

1997; Froneman et d. 2000). Since few grazing dudies have been conducted on the smal
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copepods in the PFZ during audtra soring, summer and winter, it would be essentid to
undertake investigations during these periods in order to assess the seasond vaiaion in

grazing pressure.

5.1.2. It has been suggested tha dternative carbon sources (eg. protozoans and
microheterotrophs) play an important role in the diet of smdl copepods during the warmer
months in the Southern Ocean, when microphytoplankton dominate totad chl-a (Atkinson
19%6). It is likdy, therefore, that the smdl copepods in the PFZ might dso consume
dternative sources of carbon during austrd summer.  Future research should thus am to
asess the seasond role of dternative sources of carbon (protozooplankton) in the diets of the

small copepods in other regions of the Southern Ocean, particularly the PFZ.

5.1.3. Predaion of mesozooplankton by omnivorous meacrozooplankton  (eg.
euphaudids) gopears dso to exhibit seasond variaion (Gurney e d. 2002). It is likdy bat
during austrd autumn and winter, when gmdl phytoplankton cdls  dominate,
mecrozooplankton prey preferentidly on  mesozooplankton. During audrd going and
summer, when microphytoplankton meke a more subgtantid contribution to totd chl-a
concentration, the hebivorous feeding mode is likdy to prevall. Thus, seasond
invedigations need to be conducted in order to examine the effect of predaors on the

mesozooplankton community structure of the PFZ.

51.4. It can be assumed, when mesozooplankton represent the most important
consumers of phytoplankton, that the trandfer of carbon to depth is rdaively inefficient
(Fortier et d. 1994). However, predaory macrozooplankton feeding on mesozooplankton is

likdy to enhance the locd efficency of the biologicd pump. During peiods when
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meacrozooplankton represent the dominant grazers of phytoplankton, the rddive efficiency of
the biologicd pump within the PFZ will probably be subgtantidly enhanced. It is, therefore,
important that seesond dudies examining the vertica flux of carbon in the PFZ be undertaken

to assess the role of this region in the Southern Ocean carbon cycle.
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APPENDIX

APPENDI X

Table A.1. Speciesligt for the Marion Offshore Ecosystem Variability Study I, April 2001.

Spediesor taxa Species or taxa

Copepoda (Calanoida) Copepoda (Cyclopoida)
Rhincalanus gigas Oithona similis
Subeucalanus longiceps Oithona frigida
Candacia maxima Copepoda (Harpacticoida)
Candaciaspp. Microsatellarosea
Microcalanus spp. Copepoda (Poecilostomatoida)
Calanoides acutus Oncaea antarctica
Calocalanus spp. Ostracoda

Gagtanus minor Appendicularia

Metridia lucens Pteropoda

Paraeuchaeta biloba Limacina spp.
Paraeuchagta exigua Tunicata

Paraeuchaeta spp. Salpathompsoni
Heterorhabdus austrinus Nauplii

Adtideus spp. Chaetognatha
Clausocalanus laticeps Sagitta gazdlae
Ctenocalanusspp. Eukrohnia hamata

Pleuromamma abdominalis
Pleuromamma gracilis
Scaphocalanus spp.
Scoledithricdla minor
Racovitzanusspp.

Eukrohnia marri
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Table A.2. Mesozooplankton sampling stations during the Marion Offshore Ecosystem Variability Study |, April

2001.
Sation Date Time (GMT) Latitude Longitude Depth of tow
(South) (East)
SD01 18 April 2001 07h15 49:53 32:56 300m
SD 02 18 April 2001 13h55 49:.05 33:.00 300m
SD03 18 April 2001 18h20 48:15 33:00 200m
SD4 18 April 2001 22h35 47:25 32:59 200m
SD 05 19 April 2001 02h58 46:35 32:59 200m
SD 06 19 April 2001 07h06 46:34 3414 300m
SD 07 19 April 2001 11h18 47:25 34:15 300m
SD 08 19 April 2001 15h30 4814 34:15 200 m
SD 09 19 April 2001 20h09 49:05 34:15 200m
SD 10 22 April 2001 12h17 49:54 34:15 300m
SD11 22 April 2001 17h23 49:54 35:30 200m
D12 22 April 2001 22h26 49.04 35:29 200m
SD13 23 April 2001 03h04 48:15 35:30 200m
SD14 23 April 2001 07h01 47:24 35:30 300m
SD15 23 April 2001 11h00 46:34 35:29 300m
SD 16 23 April 2001 15h25 46:34 36:44 200m
SD17 23 April 2001 20h14 47:24 36:45 200m
SD18 24 April 2001 00h35 48:14 36:44 200 m
SD 19 24 April 2001 04h57 49:.04 36:44 300m
SD 20 24 April 2001 09h58 49:55 36:46 300m
SD21 24 April 2001 13h43 49:54 38:00 300m
SD 22 24 April 2001 17h57 49:.04 37:59 200m
SD23 25 April 2001 00h55 48:15 38:00 200m
SD24 25 April 2001 07h37 47:25 38:00 300m
D25 25 April 2001 11h48 46:34 37:59 300m
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Table A.3. Specieslist for the Marion Offshore Ecosydem Variahility Study 1, April 2002.

Spediesor taxa Species or taxa
Copepoda (Calancida) Caopepoda (Poecil ostomatoida)
Rhincalanus gigas Oncaea antarctica
Eucalanus longiceps Ostracoda

Eucalanus sandli Polychaeta

Calanus smillimus Appendicularia
Candaciaspp. Pteropoda
Calanoides acutus Limacina spp.
Metridia lucens Nauplii

Haloptilus oxycephalus Chaetognatha
Paraeuchaeta biloba Sagitta gazdlae
Paraeuchaeta spp. Eukrohnia hamata
Heterorhabdus austrinus Euphausids
Adtideus armatus Euphausa longirostris
Clausocalanus laticeps Euphausa vallentini
Clausocalanus brevipes Thysanoessa vicina
Ctenocalanus vanus Euphaudid furcilia
Pleuromamma abdominalis Amphipoda
Racovitzanusspp. Themisto gaudichaudi
Sooledithricdla minor Cyllopuslucasi
Copepoda (Cyclopoida) Tunicata

Oithona similis Salpathompsoni
QOithona frigida
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Table A.4. Grazing study stations during the Marion Offshore Ecosystem Variability Study |1, April 2002.

Sation Date Time (GMT) Laitude Longitude
(South) (East)
P11 08 April 2002 01h25 49:45 29:30
SD 13 08 April 2002 07h15 50:15 29:29
SD 15 08 April 2002 13h20 50:49 29:31
SD 17 08 April 2002 16h13 51:15 29:30
SD 19 08 April 2002 20h25 51:45 29:29
SD 23 09 April 2002 06h00 51:17 30:00
SD 36 11 April 2002 115 4931 30:44
SD 39 12 April 2002 05h11 50:14 30:47
SD41 12 April 2002 10h05 50:45 30:45
SD 43 12 April 2002 15h13 51:14 30:45
SD 60 14 April 2002 06h00 4858 32:18
SD 62 14 April 2002 11h19 4927 3212
SD 65 14 April 2002 18h6 50:14 32:16




