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Abstract

The trophodynamics of the numerically dominant euphausiid species within a region of high
mesoscale oceanographic variability in the southwest Indian sector of the Antarctic Polar
Frontal Zone (PFZ) were investigated during the austral autumns April/May) of 2004 and

2005.

During the 2004 survey, sub-surface (200 m) temperature profiles indicated that an intense
frontal feature, formed by the convergence of the Sub-Antarctic Front (SAF) and the
Antarctic Polar Front (APF) bisected the survey area into two distinct zones, the Sub-
Antarctic Zone (SAZ) and the Antarctic Zone (AAZ). Total integrated chlorophidhl-a)
biomass was typical for the region (< 25 mg &hi¥?), and was dominated by
picophytoplankton. Total euphausiid abundance and biomass ranged from 0.1 to 3*1 ind m
and 0.1 to 8.1 mg dwt Th respectively, and did not differ significantly between the stations
occupied in the SAZ and AAZ (p > 0.05). The multivariate analysis identified two interacting
mechanisms controlling the distribution patterns, abundance and biomass of the various
euphausiid species, namely (1) diel changes in abundance and biomass, (2) and restricted
distribution patterns associated with the different water masses. Ingestion rates were
determined for five euphausiid speciEstriacantha was found to have the highest daily
ingestion rate ranging from 1 226.1 to 6 029.1 ng pigriidiidwhile the lowest daily

ingestion rates were observed in the juveniigsanoessa specieg6.4 to 943.0 ng pigm ind

'd™1). The total grazing impact of the selected euphausiids ranged from < 0.1 to 20.1 ug pigm
m2d?, corresponding to < 0.15 % of the areal atiomass. The daily ration estimates of
autotrophic carbon for the euphausiids suggested that phytoplankton represented a minor
component in their diets, with only the sub-adilvallentini consuming sufficient

phytoplankton to meet their daily carbon requirements.

Xl



Abstract

A cyclonic cold-core eddy spawned from the region of the APF located in the southwest
Indian sector of the PFZ was the dominant feature during the 2005 survey. The total areal
chl-a biomass throughout the region was low, ranging between 5.6 and 11.4 angiéhl-

and was significantly higher within the core of the eddy compared to the surrounding waters
(p < 0.05). RMT-8 and WP-2 total euphausiid abundance and biomass estimates were high,
and ranged from 0.004 to 0.36 ind®mnd 0.065 to 1.21 mg dwtinand from 0.01 to 18.2

ind m* and 0.01 to 15.7 mg dwt respectively. A distinct spatial pattern in the euphausiid
community was evident with the Antarctic speclegphausia frigida, E. triacantha andE.

superba predominating within the core of the eddy, while the PFZ waters were characterized
by the sub-Antarctic species, longirostris, Stylocheiron maximum, Nematoscelis megal ops
andThysanoessa gregaria. The eddy edge acted as a transition zone where species from both
regions co-occurred. Within the survey area the combined ingestion rate of the six
numerically dominant euphausiid species ranged between 0.02 andy5&n nm*d?,

which corresponded to a loss of between < 0.001 and 0.11 % of the availadbl@arhbss.

E. triacantha and juvenileT. macura were identified as the dominant grazers. There was no
apparent spatial pattern in the grazing activity of the euphausiids within the region of
investigation. The average daily rations of the euphausiids examined were < 2 % of their
body carbon. The low daily ration of the euphausiids could be ascribed to the predominance
of small picophytoplankton in the region of investigation, which are too small to be grazed
efficiently by larger zooplankton. The marked spatial patterns in species composition and the
elevated abundance and biomass of euphausiids, suggest that the mesoscale eddies contribute
to the spatial and temporal heterogeneity of the planktonic community of the PFZ and may

represent important foraging regions for many of the apex predators within the region.

XV
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Chapter 1: Introduction

General introduction

The biological pump

The world oceans, due to their large size, are thought to play a critical role in regulating the
global carbon cycle (Siegenthaler and Sarmiento, 1993). Carbon taken up in the surface
waters by phytoplankton is transported to the bottom of the ocean by the biological and
solubility pumps (Longhurst, 1991; Le Fewtal, 1998). Although the solubility pump (the
transport of carbon to depth via rapidly sinking surface water) is thought to represent the
major source of carbon flux, it is limited to regions of downwelling at oceanic fronts and
close to the poles, where formation of dense fast sinking water, such as Antarctic Bottom

Water and North Atlantic Deep Water occurs (Le Fetral, 1998).

The biological pump involves the production and export of dissolved and particulate organic
carbon to depth through the processes of photosynthesis by phytoplankton, the sinking of
dead and senescent phytoplankton and the grazing and migratory behaviour of zooplankton
(Longhurst, 1991; Fortiezt al., 1994). The sinking of dead or senescent phytoplankton cells

is thought to contribute to vertical carbon flux in areas of high productivity, including the
oceanic fronts, the marginal ice zone and the waters surrounding the oceanic islands
(Longhurst, 1991). Within the open waters of the ocean, the active grazing of phytoplankton
by larger zooplankton is considered the most important mechanism for transporting carbon to

depth (Longhurst, 1991; Fortiet al, 1994; Le Fevret al, 1998).
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The efficiency of the biological pump is determined by the rate at which carbon is transferred
from the surface waters to depth, generally below the pycnocline (Longhurst, 1991 ;dtortier
al., 1994; Le Fevret al, 1998).Biogenic carbon within the oceans can be grouped into three
pools according to the amount of time that the carbon is removed form the atmosphere (Fig

1.1) (Fortieret al, 1994).

Figure 1.1: Schematic flow diagram reflecting selected pathways of carbot
through the oceanic food webs of the Southern Ocean. The major sources of
carbon flux and the partitioning of carbon amongst the different carbon pools
are indicated. MLD = mixed layer depth, EuZ = euphotic zone

The short-lived (< 18 years) carbon pool transits mainly through small phytoplankton cells
(< 5um) and the microbial food web (Longhurst, 1991; Foeieal, 1994). Long-lived

organic carbon (I0to 17 years) flows through large phytoplankton cells (@n% and the
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associated primary and secondary consumers (i.e. macrozooplankton and fish and birds) that
make up the classical oceanic food web (Fodieal., 1994). The carbon incorporated into

the sequestered carbon pool (3 §6ars) can take on various forms, including organic

remains buried in the sediment and inorganic deposits of biological origin such as coral reefs
(Fortieret al,, 1994). In the microbial loop, cycling of organic material is finite because all

the organisms involved rematerialize the organic carbon obtained from the local primary
production of pico- and nano sized phytoplankton cells (Fig 1.1) (Le Eeate 1998). As a

result, the export of biogenic carbon to depth and larger organisms is restricted to meso- (200
— 2000um) and macrozooplankton (> 200fn) feeding on the heterotrophic components of

the microbial loop, i.e. microzooplankton (Le Feetel, 1998).

In the classical food web, large phytoplankton cells are actively grazed by meso- and
macrozooplankton, which are in turn are food for apex predators such as birds, fish, seals and
whales (Le Fevret al, 1998). Under conditions where the classical food web predominates,
flux of biogenic carbon to depth is expected to be high due to the relatively faster sinking
rates of the large phytoplankton cells together with the extensive vertical migrations that the
macrozooplankton undertake and the production of large fecal pellets with quick sinking rates
(Fortieret al, 1994; Le Fevret al, 1998). Accordingly the partitioning of available carbon
between the different size classes of phytoplankton and more importantly the associated food
webs that these carbon sources support, plays an integral role in determining efficiency of the
biological pump (Fig 1.1) (Longhurst, 1991; Fortral, 1994; Le Fevret al, 1998;

Froneman; 1995).
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Physical structure of the Southern Ocean

Within the Southern Ocean, frontal boundaries separate distinct physical environments and
planktonic assemblages (Deacon, 1982; Fronezhah, 1995; Pakhomov and McQuaid,

1996; Pakhomowet al, 2000). At the northern limit of the Southern Ocean lies the sub-
Tropical Convergence (STC). South of the STC, the Antarctic Circumpolar Current (ACC)
flows eastward unabated around the globe (Deacon, 1982t@isi1995). The ACC itself

can be divided into regions of intensified flow, or current cores, associated with three major
frontal systems, the sub-Antarctic Front (SAF), the Antarctic Polar Front (APF) and the
Southern ACC front (Deacon, 1982- although SF referred to as Weddell-Scotia Froat; Orsi
al., 1995). From a biological perspective the fronts are of particular importance because they
often represent biogeographic boundaries to the distribution of plankton species and are
associated with elevated productivity and biological activity that is reflected in the biomass of
all the trophic levels of the pelagic food web (Pakhomov and McQuaid, 1996; Pakabmov

al., 2000). In contrast, the regions between the fronts are characterized by reduced flow, with
episodic mesoscale disturbances including eddies and meanders generated from the frontal
regions, creating a highly dynamic oceanographic environment (Ansorge and Lutjeharms,

2002; Reactt al, 2002; Ansorge and Lutjeharms, 2003; Ansazgal, 2004).

Antarctic Polar Frontal Zone (PFZ)

The PFZ is an inter-frontal region within the ACC, and is bounded by the SAF to the north

and the APF to the south (Deacon, 1982; érsil, 1995). The PFZ is characteristic of a

transition zone blending water masses and plankton from the sub-Antarctic waters to the
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north with the Antarctic water to the south (Ansorge and Lutjeharms, 2003; Artaige

2004).

Antarctica

45"

4E°

-50°

30" 35" 407

Figure 1.2: A~ Map showing the bathymetry — 3000 m) of the Indian sector of t
Southern Ocean. B — Location of the Prince Edward Islands in relation to the South
West Indian Ridge.
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It has long been established that the path of the ACC is strongly influenced by prominent
topographic features, including the Southwest Indian Ridge (SWIR) (Fig 1.2) and the Pacific-
Antarctic Ridge (Gordoet al, 1978; Deacon, 1979; Ot al, 1995). Not only is the ACC
topographically steered around or between fracture zones in the ridges, the disturbance in
flow caused by the currents intensification, and the bunching of the SAF and APF, results in
the formation of meanders and eddies in the lee of the ridges (Pollard and Read, 2001;
Ansorge and Lutjeharms, 2003). Downstream of the SWIR the position of the SAF and the
APF are particularly variable, often merging into a single feature for short periods (Read and
Pollard, 1993; Park and Gamberoni, 1995; Ansorge and Lutjeharms, 2003; Asisakge

2004). Recent hydrographic and altimetric studies have provided evidence that this region
represents an area of enhanced eddy, both cyclonic (cold-core) and anti-cyclonic (warm-
core), formation (Ansorge and Lutjeharms, 2003; Ansetgd, 2004). Once formed the
cyclonic eddies originating from the APF and anti-cyclonic eddies originating from the SAF

are advected into the PFZ (Ansorge and Lutjeharms, 2003).

Productivity in the Southern Ocean

Within the open waters of the Southern Ocean the Antarctic paradox exists whereby
productivity is greatly reduced in relation to the availability of major plant nutrients (8trass
al., 2002). A number of potentially interacting factors are thought to contribute to the
apparent pattern, including light limited phytoplankton growth due to wind induced deep
mixing (Falkowskiet al,, 1998), low concentrations of trace metals such as iron (Btogk
2000;Strasset al, 2002), as well as zooplankton grazing (Dubischar and Bathmann, 1997).
On the other hand, the elevated levels of phytoplankton biomass in the fronts of the ACC

have been attributed to advection and accumulation of phytoplankton cells in the region of
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the front (Pollarcet al, 1995), isopycnal advection of nutrients into the surface waters
(Garconret al, 2001), and increased water column stability (Steass, 2002). As with

frontal regions, oceanic eddies are associated with upwelling of nutrients along sloping
isopycnal surfaces, termed “eddy pumping” (Falkovweskil, 1991; McGillicuddy Jret al.,

1998; Garcoret al, 2001;Uz et al, 2001). The geostrophic flow patterns within eddies and
fronts share a number of common properties and as a result it is thought that the eddies may
demonstrate higher levels of production compared to the surrounding watere{Bead

2002). Although oceanic eddies have been observed on a number of occasions in the
Southern Ocean (Petersenal, 1982; Gouretski and Danilov, 1993; Reddl., 2002;

Ansorge and Lutjeharms, 2003) the controls of productivity within the cold and warm core

features has not been satisfactorily addressed.

Plankton of the Polar Frontal Zone

The PFZ is characterized by low levels of chlorophyll biomass (generally < 25 ragriél-

and zooplankton communities that display a high degree of spatial and temporal variability in
biomass and species composition, which is inherently linked to the mesoscale disturbances in
the frontal jets that delineate the region (Perissinotto, 1992; Pakhomov and McQuaid, 1996;
Froneman and Pakhomov, 1998; Ansoegal, 1999; Hunet al, 2001; Bernard and

Froneman, 2005). The representative plankton community of the PFZ is not endemic to the
region with sub-tropical, sub-Antarctic and Antarctic species of origin being present at any
one time (Froset al, 1976; Lutieharms and Vallentine, 1984; Allansbial, 1985;

Perissinotto and Boden, 1989; Froneman and Ansorge, 1998; Froneman and Pakhomov,
1998; Pakhomov and Froneman, 1999). In general, small phytoplankton cells, the pico- and

nanophytoplankton (< 20 um), predominate throughout the PFZ (80 — 90 % of total surface
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chl-a), which can be attributed to the persistence of a wind induced deep mixed layer depth,
restricting microphytoplankton growth rates and increasing the relative contribution of small
cells to the total phytoplankton community (Atkinson, 1996; Fronezhah, 1999; Straset

al., 2002; Bernard and Froneman, 2003; Bernard and Froneman, 2005). The occurrence of
large phytoplankton cells (> 20 um) is spatially and temporally limited to regions where
nutrient upwelling and a shallowing of the mixed layer depth create more favorable
conditions for growth, such as the frontal systems that delimit the PFZ and in the vicinity of
the oceanic islands which demonstrate the so called “island mass effect” (Deacon, 1982;
Perissinotto and Duncombe Rae, 1990; Pakhomov and Froneman, 2000; Pa&halmov
2000). In these regions, the large cells can contribute in excess of 50 % to the total surface
phytoplankton concentration (Pakhomehal, 1997; Perissinottet al., 1997; Fronemaet

al., 1999).

The mesozooplankton, comprising mainly copepods, pteropods and chaetognaths, are
numerically and by biomass the dominant component of the zooplankton assemblage within
the PFZ (Pakhomost al., 2000; Bernard and Froneman, 2005). Although the
macrozooplankton and micronekton in general contribute little to the total zooplankton
abundance (generally <10 %; Pakhomov and Froneman, 1999), by virtue of their size their
contribution to the total zooplankton biomass can often be considerable (Pakhomov and
Froneman, 1999; Pakhomov and Froneman, 2000). This, for example is particularly evident
in the frontal regions where the contribution of macrozooplankton (mainly euphausiids) and
micronekton to the total zooplankton biomass ranges between 30 and 40 %, while in the open
waters of the PFZ macrozooplankton and micronekton generally contribute < 20 % to the
total zooplankton biomass (Pakhonehal, 1999; Pakhomov and Froneman, 2000;

Pakhomo\et al.,, 2000).
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Euphausiids

Euphausiids are considered to be an integral component of the macrozooplankton community
of the PFZ and indeed the Southern Ocean (Pakhomov and Froneman, 1996t blgsie
2000;Pakhomov and Froneman, 2000; Fiséal, 2004). A considerable number of
publications have addressed various aspects of euphausiid trophodynamics within the more
productive regions of the Southern Ocean, particularly around the oceanic islands such as
South Georgia (Wardt al, 2003;Pakhomo\et al, 1994) and the Prince Edward Islands
(Perissinotto, 1992; Gurney al, 2002; Hunt and Pakhomov, 2003), the marginal ice zone
(Perissinotteet al, 1997) and the waters off the Antarctica (Pakhomov and Perissinotto,

1996; Hosieet al, 2000; Fisheet al, 2004; Pakhomogt al, 2004). Only recently have

studies begun to investigate the role of euphausiids in the less productive open waters of the
Southern Ocean (see for example, Pakhomov and Froneman, 2004), while no research has
specifically addressed the trophodynamics of euphausiids in the mesoscale oceanographic
features, such as meanders in the fronts of the ACC and the eddies that propagate into the

inter-frontal regions.

As with the majority of zooplankton in the Southern Ocean, the horizontal distribution
patterns of euphausiids is related to the presence of strong biogeographic boundaries
represented by the main frontal features, most notably the APF (Mauchline and Fisher, 1969;
Deacon, 1982; Pakhomet al, 2000). The view that the PFZ represents a transition zone
between the water masses and plankton communities of the sub-Antarctic and Antarctic
waters is again reflected in the euphausiid community with species of sub-tropical, sub-
Antarctic and Antarctic origin co-occurring at any one time (Pakhomov and Froneman, 2000;

Gurneyet al, 2002; Hunt and Pakhomov, 2003). Thus although the euphausiid community
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within the PFZ is generally dominated Byphausia vallentin{Stebbing, 1990) and
Thysanoéssa vicingdansen, 1911) and/ar. macura(GO Sars, 1883), species suctiEas
longirostris (Hansen, 1908). similis(GO Sars, 1883)[. gregaria(GO Sars, 1883),
Nematoscelis megalof§&O Sars 1883) ardtylocheiron maximurfHansen, 1908)
periodically occur at high densities within the region (Fig 1.3) (Froneshah 1999;
Pakhomov and Froneman, 2000; Gureegl, 2002).Similarly, the abundance and biomass
estimates of euphausiids within the PFZ displays a high degree of spatidl £ 5.9 ind r;
Fronemaret al, 2002) and temporal (199%-0.6 ind n¥, 1998 =c. 2.2 ind n¥; Gurney,

2000) variability.

Figure 1.3: Sketches of the dinant species of euphausiid found in the Inc
sector of the Antarctic Polar Frontal Zone (After Badieal, 1990).
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Most euphausiids are thought to be opportunistic omnivores (Mauchline and Fisher, 1969;
Pilditch and McClatchie, 1994) and are the key prey items for many of the top marine
predators, such as birds, seals, whales, fish and squid (Btain1990; Cooper and

Brown, 1990; Kear, 1992; Perissinotto and McQuaid, 1992; &adt, 1994, Watanuket

al., 1994). Euphausiids are maxillary feeders and make use of highly setose mouthparts as
well as the first and second thoracic limbs, together termed the feeding basket, to collect food
particles, drawn toward the animal by feeding currents created by the pleopods (Mauchline
and Fisher, 1969). It is possible to infer food preferences by the structure of the mouth parts
of different species of euphausiid, with species in the gendétapgifausieandThysanoéssa

being characterized by heavily setose mouthparts and therefore suited to filter feeding
(Mauchline, 1967; Mauchline and Fisher, 1969). On the other hand mouthparts of species in
the genera dilematoscelisandStylocheirorare less setose and thus not as well adapted to

filter feeding (Mauchline, 1967; Mauchline and Fisher, 1969). In addition species in the
generalhysanoéssdNematosceliandStylocheirorhave greatly elongated second thoracic

limbs together with bilobed eyes, and it has been suggested that these modifications are for a

carnivorous feeding mode (Mauchline, 1980).

The ingestion rates of euphausiids show a high degree of seasonal and inter-species
variability, ranging between 0.15 and 12 &pigm ind'd™, while the grazing impact on the
phytoplankton biomass seldom exceeds 5 % (Table 1.1) (Pakhomov and Perissinotto, 1996;
Pakhomo\et al, 1997;Perissinottet al, 1997;Perissinottet al, 2001; Gurnet al, 2002;
Pakhomo\et al, 2004; Pakhomov and Froneman, 2004). Feeding studies have shown that
phytoplankton rarely constitutes a major component in the diet of euphausiids in the PFZ (< 5

% of body carbon per day), due partly to the unfavorable size structure of phytoplankton

11
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(pico- and nanophytoplankton), which predominates within the region (Perissinotto, 1992;

Pakhomo\et al, 1997; Gurnet al, 2002; Pakhomov and Froneman, 2004).

Table 1.1: Estimates of euphausiid ingestion rates and grazing impacts taken from the literature for selected
regions in the Southern Ocean. Asterix (*) = grazing impact under swarm conditions.

Chl-abiomass Euphausiid ingestioc Grazing impact

rate

Author (mg chtam?) (mg pigm n¥d™) % Species
Pakhomov and Perissinot 0.002 -0.28, mav .
1996 90.0 - 520.0 / 5 0p* E. crystallorophias
Pakhomovet al, 1997 32.8-333.2 0.09 - 0.324 0.08 - 1.2 Macantha, £ fgida,

ysanoessa spp

Perissinotteet al, 1997 / / 0.01-2.68 E. superba
Pakhomov and Froneman, 20.0 - 53.9 / 0.02-0.61 Thysanogssand
2004 Euphausia spp

On the other hand, under conditions where large microphytoplankton contribute most to the
total areal biomass, euphausiids suck .asuperbaandE. vallentiniadults and juveniles

appear to be able to meet their daily food requirements on an autotrophic diet (5 — 45 % of
body carbon per day) (Perissinoétbal, 1997; Gurnet al, 2002; Pakhomogt al, 2004).
These findings are supported by isotope analysis, which show juizeniédlentinito be

mainly herbivorous, while the diets of adklt vallentiniandE. longirostrisappear to contain

a significant heterotrophic component (Gureéwl, 2001).

Islands and Predators

Within the Southern Ocean numerous isolated oceanic islands are seasonally home to several

million marine foraging top predators, including penguins, flying seabirds and several species

of piniped (Ridoux, 1988; Pakhomov and Froneman, 1999). The Prince Edward Island (PEI)

archipelago, consisting of Marion and Prince Edward, are situated downstream from the

12
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SWIR (Fig 1.1B) at the northern border of a region of high mesoscale oceanographic
variability in the PFZ. A number of past studies have identified the inter-island region
(Allansonet al, 1985; Boden, 1988; Perissinotto and Duncombe Rae, 1990), as well as the
SAF and APF to the north and south of the islands (Pakhetraly 2000; Perissinottet al,
2000), as important foraging grounds for top predators on the islands due to the elevated
zooplankton and nekton stocks within the regions. Recently, eddies spawned from the APF
and the SAF have drawn attention for their possible role of advecting large volumes of
plankton biomass from the region of the fronts to the PEI. Indeed, these features have been
identified as foraging grounds for grey-headed Albatross that nest on the islands éNell
2001).As yet no research has investigated the biological characteristics of these features in

relation to the surrounding water mass in the PFZ.

Motivations and aims

Euphausiids have been identified as key components of the zooplankton assemblages of the
PFZ. Furthermore they not only appear to be an important food source for many marine and
terrestrial predators, they also have the ability to feed on the basal trophic level, the
phytoplankton, in the pelagic food web of the Southern Ocean. This has a number of
important implications, firstly it creates an efficient means of carbon transfer to the apex
predators, and in addition it has the potential to enhance the localized efficiency of the
biological pump, as euphausiid are microphagous, produce fast sinking fecal material and

undertake extensive diel vertical migrations.

Meanders in fronts and eddies appear to have the ability to enhance productivity on a local

scale. Thus, in a region where productivity is limited, such as the PFZ, these features may

13
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represent localized “oases” that not only contribute to the habitat and species heterogeneity,

but also have the potential to augment carbon transfer to predators and flux to depth.

This thesis provides a report on various aspects of the population structure, distribution
patterns and feeding biology of the dominant component of the macrozooplankton
community, the euphausiids, together with the chlorophgihd oceanographic
environments encountered during two surveys of the South African National Antarctic

Program (SANAP) conducted during the austral autumns of 2004 and 2005.

The main aims of the research are to:

1 — Determine the influence of mesoscale oceanographic variability in the form of meanders
and eddies on the species distribution patterns of the numerically dominant euphausiids
within the PFZ.

2 — To investigate the herbivorous feeding dynamics of the numerically dominant euphausiids

recorded within the regions of mesoscale oceanographic variability.

Analytical techniques

Environmental parameters

For the purpose of this study, univariate and multivariate analytical methods were employed
to determine the extent to which samples differed in terms of (1) total euphausiid abundance

and biomass and (2) euphausiid species composition and species-specific abundance and

14
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biomass. For the statistical analysis two grouping parameters were placed on the euphausiid
data. Samples were grouped according to (1) their geographic location within the different
water masses encountered during the two surveys, and (2) whether the samples were

collected during the daytime or the nighttime.

The present study was conducted in a region of high mesoscale oceanographic variability in
the PFZ, which is known to be a strong biogeographic boundary to many of the plankton
species, including euphausiids (Deacon, 1982; Pakhomov and McQuaid, 1996). Moreover
euphausiids are known to undertake extended diel vertical migrations, which significantly
affect the observed distribution patterns in the oceanic environment (Mauchline and Fisher,
1969; Mauchline, 1980; Vinogradov, 1997). Although it is possible that a number of

variables, including physiological restrictions and biological interactions, which could
influence the distribution patterns of euphausiids at a local scale may have been overlooked,
the parameters selected, namely region and period, appear to be dominant factors affecting
patterns in plankton abundance and biomass on a broad scale, and are thus deemed suitable

and sufficient to meet the aims of this study stipulated above.

Multivariate analyses are an effective method of extracting valuable biological information
from complex data sets and are widely used to investigate the distribution patterns of
plankton in the Southern Ocean (Atkinsgral, 1990; Fronemaat al, 1999;Pakhomo\et

al., 2000; Hunet al, 2002;Wardet al, 2003; Warcet al, 2004; Bernard and Froneman,

2005). Multivariate analyses base their comparisons of two or more samples on the extent to
which the samples share particular species at similar levels of abundance and/or biomass
(Clarke and Warwick, 1994). This allows a matrix of similarity coefficients to be constructed

that can either be clustered in the form of a dendogram or mapped in the form of an
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ordination plot which reflect the relative dissimilarity of species composition (Clarke and
Warwick, 1994). Following this, differences between site and conditions can be identified
using “non-classical hypothesis testing” as it is invalid to make the standard assumption of
normality when performing a multivariate analysis (see Clarke and Warwick, 1994 for

detailed description of the statistical methods involved in multivariate analyses).

Euphausiid ingestion rates and grazing impact

At present there are a number of methods available that allow the ingestion rates of
zooplankton to be estimated. These include gut fluorescence (Mackas and Bohrer, 1976;
Conoveret al, 1986), fecal pellet production (Clargeal, 1988; Dillinget al,, 1998),

radioactive tracer (Ellis and Small, 1989) amditro incubation (Stuart, 1986) techniques.

The gut fluorescence technique is a quick and inexpensive method of accurately estimating
the gut evacuation rate of herbivorous and omnivorous species of zooplankton (Batnstedt
al., 2000). In addition it has been widely used on many species of euphausiid, inEluding
superba(Perissinotteet al, 1997; Pakhomov and Froneman, 2004; PakhaehaV, 2004),

E. vallentini(Perissinotto, 1992; Gurney al, 2002),E. longirostrisandN. megalops

(Gurneyet al., 2002), as well a&. triacantha T. macuraandE. frigida (Pakhomo\et al.,

1997; Pakhomov and Froneman, 2004). The gut fluorescence technique further allows the
grazing impact and daily ration of autotrophic carbon of the selected zooplankton species to
be calculated (Gurnest al., 2002), thus providing valuable information on the contribution

of autotrophic food to the diets of the species.
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A limitation of the gut fluorescence technique is that the method only addresses the
herbivorous component in the diet of zooplankton. As a result, the method often draws
criticism when investigating the feeding patterns of omnivorous zooplankton, such as
euphausiids. In these situations it is recommended that a combination of analytical techniques
be used to investigate the feeding biology of zooplankton, one that investigates the
herbivorous component (i.e. gut fluorescence) and the other the carnivorous component (i.e.
in vitro incubations) of the diets (Bamstedtal, 2000). However, as the major goal of the
feeding study was to investigate the contribution of phytoplankton to the diets of the

euphausiids, it was decided that the gut fluorescence technigque was sufficient alone.
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Chapter 2: Methods

Marion Offshore Ecological Variability Survey (MOEVS)

MOEVS was a suite of biological and oceanographic surveys (2002 — 2005) designed to
investigate the various processes that influence the delivery of food (mainly
macrozooplankton and micronekton) to the large numbers of top predators that inhabit

the Prince Edward Islands.

Survey details

This study was conducted as a part of the MOEVS IV and V surveys, carried out on

board theRV SA Agulhai the austral autumns 2004 and 2005, respectively. During

both cruises altimetry data (TOPEX/Poseidon) were used to identify regions of high
mesoscale oceanographic variability if the form of negative sea-surface height anomalies
in the Polar Frontal Zone (PFZ), upstream of the Prince Edward Islands (PEI). Both
surveys were conducted in the vicinity of the Southwest Indian Ridge (SWIR) between
30° and 35° E and 47° and 50° S (Fig. 1.2, 3.1 and 4.1). The survey areas were designed
around star shaped grids with transects cutting through the anomalies and into the
surrounding water masses. Along each transect, stations were occupied every 20 nautical
miles. At each station the physical environment, integrated chloroplgfita), size

fractionated chk and zooplankton community structure were investigated. In addition
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the grazing activity of the numerically dominant species of euphausiid was assessed at

selected stations.

Environmental variables

Conductivity, Temperature and Depth (CTD) profiles were collected using a Neil Brown
MK 11l probe at each station, to a depth of 1000 m. At each station integrated chl-
concentrations were determined for the upper 100 m of the water column. For this
purpose 250 mL seawater samples, collected from 5 standard depths (0, 5, 20, 50, 100 m)
using the Niskin bottles attached to the CTD probe, were gently filtered (< 5 cm Hg)
through GF/F filter paper. Glal was then extracted in 8 ml of 90 % acetone and stored at

— 20 °C in the dark for 24 hours (h). Following centrifugation (5000 rpma chl
concentrations were measured before and after acidification using a Turner designs 10AU
Fluorometer, after the method of Holm-Hansen and Riemann (1978). The integrated chl

a concentration for the top 100 m of the water column was then calculated by trapezoidal
integration and expressed as mga&hh?. Surface size fractionated eaktoncentrations

were determined by filtering a 250 mL surface seawater sample through a serial filtration
unit, that separated the phytoplankton into pico- (U, nano- (2.0 — 20.0m) and
microphytoplankton (> 2Qm) size fractions. The cfal concentrations were then

calculated as described above and expressed as pd.¢hl-
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Euphausiid community structure

During MOEVS IV euphausiid samples were collected using a Bongo net (Mouth area:
0.25 m?, mesh sizes = 200 and 300 pm) to which a Universal Underwater &)nit (U
Robertsoret al. 1981) was attached to monitor the depth and temperature throughout the
tow. The Bongo nets were fitted with two L PVC cod-ends to limit the damage to the
euphausiids. Towing speed varied from 0.8 — 2.5 knots, while the duration of each tow
varied from 15 to 25 minutes. Oblique tows were conducted to 300 m during the daytime
while at nighttime the net was restricted to the top 200 m of the water column. This
sampling method was employed to account for diel vertical migrations that zooplankton
undertake (Gurnegt al,, 2002; Bernard and Froneman, 2005). Due to software problems
that prevented the use of an electronic flow meter, the volume of water sampled during
each tow was calculated by multiplying the mouth area of the net (6)25/the

duration and speed of the tow. In addition to the Bongo net tows, 8 Rectangular Mid-
water Trawl (RMT-8, mouth area: &nmesh size: 0.45 cm) tows were conducted to

collect specimens for the euphausiid feeding experiments.

During MOEVS V two nets were employed to sample the euphausiid community
structure within the region of investigation. Juvenile and sub-adult stages of the
euphausiid species were collected using a WP-2 net fitted with a PVC cod-end (Mouth
area: 0.25 m?, mesh diameter: 300) towed vertically from a depth of 200 m during the
night and 300 m during the day, to account for diel vertical migrations (Gatraty

2002; Bernard and Froneman, 2005). The larger developmental stages and adult
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euphausiids were collected using an open and closing RMT-8 (mouth area: 8.0 m2, mesh
size: 0.45 cm) fitted with a fine mesh cod-end, towed obliquely between 500 — 5 m at
each station. A Universal Underwater Unit(Robertsoret al, 1981) was attached to

the net to monitor the temperature and depth throughout the tow.

During both cruises samples collected were preserved in 6 % buffered (hexamine)
formalin for later analysis in the laboratory. Species-specific abundance (individ®als m
and biomass (mg dry weight ¥nwere then calculated using whole samples (where n <
100) or sub-samples: {/3, when n > 100). The euphausiid species were identified,
according to the keys of Boden (1951), Badteal. (1990) and Gibbonet al. (1999),

sexed by the presence or absence of a petasmae on the first and second pleopods, and
their carapace length (CL) measured under a Nikkon dissecting microscope (50 x
magnification) fitted with a macrometer. To calculate the biomass, CL to dry weight
regression formulae (see below) were applied to the CL data for the dominant euphausiid
species. For the least abundant species all individuals were weighed (Sauter

microbalance) after oven drying at 60 °C for 24 h.

Morphometric analysis

The morphometric analysis was carried out in order to determine the relationships
between carapace length (CL) and dry weight of the dominant species of euphausiid

collect during both the MOEVS IV and V cruises. Due to the brittle nature of the rostral

spine in certain species of euphausiid (Mauchline and Fisher, 1969; &aiter1 990)
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two measures of carapace length were collected. The first measure of CL was defined as
the region from the anterior tip of the rostrum to the dorsal posterior margin of the
carapace, and is the measure of CL that was used during this study. The second measure
(CL2) excluded the rostral spine and was defined as the region between the post-ocular
(anterior) margin of the carapace to the dorsal posterior margin of the carapace.

Individual dry weight was measured after oven drying at 60 °C for > 24 h. Following this,
regression analyses (Sigma Stat, version 1.0) were preformed on the data to calculate the
significance of the relationships and the regression equations. The results of the

morphometric analysis can be found in ‘Appendix 1'.

Statistical analysis

The total euphausiid abundance and biomass data were analyzed using factorial design
and one-way analyses of variance (ANOVA), followed by post-hoc tests (Fishers LSD)
employing the statistical analysis program, Statistica (version 6.0). Where necessary the
data were first log transformed to meet the assumptions of parametric statistics, namely
normality and equality of variance. The degree of association betwearbicmass and

total euphausiid and species specific abundance and biomass was assessed using non-

parametric Spearman Rank correlation analyses (Statistica version 6.0).

Multivariate analysis was performed using the Plymouth Routines In Marine Multivariate

Ecological Research (PRIMER) computer package (Clarke and Warwick, 1994), after the

method of Fielcet al. (1982). To assess if there were any significant spatial patterns in
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euphausiid abundance and species composition, hierarchical cluster analysis (g-type) and
non-metric multidimensional scaling (MDS) were employed with the Bray-Curtis

similarity index (Bernard and Froneman, 2002; Hetral, 2002;Pakhomov and

Froneman, 2004). For this purpose the abundance and biomass data were log transformed
[logio(x+1)] to weight the contribution of common and rare species (Legendre and
Lengendre, 1983). To test for the significance levels and sources of difference between
thea priori determined euphausiid groupings, the non-parametric two-way crossed
analysis of similarity (ANOSIM) was employed. The euphausiid species that contributed
most to the intra-group similarity and inter-group dissimilarity were then determined

using the PRIMER program SIMPER (Similarity percentages).

Although comparisons between the samples collected during the daytime and nighttime
periods may be confounded due to the sampling procedure implemented for the WP-2
and Bongo nets, by taking the time of sampling (period) and region into account in the
statistical analyses, the effect of period and sampling strategy on the population structure

of the euphausiids can be separated from the effect of region.

Euphausiid ingestion rates and grazing impact

The gut pigment concentrations (ng pigm fhdf euphausiids from selected stations
during the MOEVS IV and V surveys were calculated using the fluorescence technique
(Mackas and Boher, 1976; Conowtral, 1896). The euphausiids were grouped into
three size classes, with juveniles, sub-adults and adults being studied separately.

Immediately after capture the animals were placed in test tubes with 8 mL 90 % acetone
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and stored at — 20 °C for 24 h. For the juvenile and sub-adult euphausiid stages, 2 — 10
individuals were combined per tube, while the gut pigments of single adult euphausiids
were extracted. For each station 3 — 10 replicates per species were analyzed. Following
this, chta and phaeopigments were measured before and after acidification using a
Turner 10AU fluorometer, as described above. The gut pigment cor@m®(e then
calculated according to Strickland and Parsons (1968) modified by Caataalef1986),

and expressed as ng pigmnd

In order to assess the diel variability in gut pigment content a single 24 h station was
occupied during both the 2004 and 2005 surveys. Over this period, Bongo, WP-2 and
RMT-8 net tows were conducted every four hours, and where possible euphausiid were

removed and their gut pigment content measured as described above.

Gut evacuation rat&) experiments were performed on the numerically dominant species
of euphausiid. Freshly caught individuals were placed in 20 L plastic containers filled

with 0.2um filtered seawater, to which non-fluorescent charcoal particles were added to
stimulate continuous feeding (Willason and Cox, 1987; Perissinotto and Pakhomov,
1996). The incubations were carried out on deck during the nighttime to simulate ambient
light and temperature conditions. The experiments were run for'2 to @eriods with 3

— 5 individuals being removed every 10 minutes for the first hour and every 20 min
thereafter and their gut pigments extracted. Gut evacuation katé$ were then

derived from the slope of the regression of the natural logarithm of gut pigments versus

time (Dam and Peterson, 1988). Where possible, the gut evacuation experiments were
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terminated when the change in gut pigment over the change in time was greater than 2
(Perissinotto and Pakhomov, 1996). Although there is little consensus on the duration of
gut evacuation rate experiments (see for example Dam and Peterson, 1988; Beterson
al., 1990; Atkinson, 1996), the model formulated by Perissinotto and Pakhomov (1996)
represents a non-subjective cut off point for zooplankton under continuous feeding
conditions. In addition it has been widely applied to euphausiid gut evacuation rate
experiments (Perissinotad al, 1997;Gurneet al, 2002; Pakhomov and Froneman,

2004; Pakhomoret al.,, 2004).

Two-compartment pigment budget experiments were run in an attempt to determine the
gut pigment degradation efficiency of the selected euphausiid species (Mayzaud and
Razouls, 1992; Perissinotto, 1992). The animals were first starved for 24 hum 0.2

filtered seawater containing charcoal powder. A one-liter sample of natural seawater was
then split between two 500 mL incubation bottles. A single euphausiid was placed into
the treatment bottle, while the other acted as the control. The experiments were run for 2
h under ambient light and temperature conditions. Subsequent to this &he chl-
concentration of the water from the treatment and control bottles and the gut pigment
content of the euphausiid were measured using the fluorescence techniques already
described. In addition the background fluorescence of the remaining euphausiids that
were starved for 24 h was measured. The pigment degradaifiavas then calculated

using the equation:

(%) = ((Gt‘ Pb%j_l x100
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whereGt is the gut pigment content after timyé&b is the background fluorescence per
individual, andP is the total amount of pigment ingested, calculated from the difference
in chl-a concentration between the control and treatment bottles. Any loss of pigment was

assumed to be the result of gut pigment destruction.

The daily ingestion rates, (ng pigm ind'd™) were estimated using the equation:

=1}

WhereG is the gut pigment content integrated over 24 h (ng pigi) jdlis the gut
evacuation rate constant'jh andb’ is the non-dimensional index of pigment loss during
digestion (Mayzaud and Razouls, 1992; Perissinotto, 1992; Pakhomov and Froneman,

2004).

The euphausiid community and species-specific ingestion rates were estimated by
combining the abundance data (ind)mwith the individual ingestion rates for each

species and expressedu@spigm m’d™. The total euphausiid grazing impact was then
calculated by expressing the community ingestion rate as a percentage of the total areal
chl-a biomass. The daily rations of autotrophic carbon were calculated by converting the
individual daily pigment ingested to carbon ingested assuming a carboraoatiol of

50:1 (Atkinson, 1996). Although a number of carbon to chlorophyll ratios for the
Southern Ocean are available (C = 86€Rl Heweset al,, 1990; C = 37.5x pigment (chl-

a + phaeopigments) — Pakhometval, 2004), the ration of 50:1 is the most widely used
allowing for comparisons between this study and past work (see for example Pakhomov

et al, 1997; Gurnegt al, 2002; Pakhomov and Froneman, 2004; Bernard and

26



Chapter 2: Methods

Froneman, 2005). A carbon to dry weight ratio of 0.45:1 was assumed to calculate the
carbon content of the selected euphausiid species (Ikeda and Mitchell, 1982; Ikeda and
Bruce, 1986). The contribution of autotrophic carbon to the daily carbon requirements

was then calculated and expressed as a percentage of the individual’'s body carbon.
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Chapter 3:

Marion Offshore Ecological Variability Survey |V

Results

Physical environment

Analysis of the sub-surface (200 m) temperature data indicated that an intense frontal feature,
thought to be the product of the convergence of the SAF and APF, bisected the survey region

into two distinct zones (Fig 1).

Figure 3.1: Sub-surface (200 m) temperature (°C) contour plot of the MOEVS IV survey area. The position of

the biological stations occupied in the SAZ and AAZ are indicated. SAF = sub-Antarctic Front, APF

= Antarctic Polar Front
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The zone to the northwest of the front was characterized by warm (4 — 8 ~Gitsuibtic

water, while the zone to the southeast of the front was characterized by cold (< 2.0 °C)
Antarctic surface water (Ansorgeal. 2004). For the purpose of further analysis the

biological stations occupied to the northwest of the front are considered to lie within the sub-
Antarctic zone (SAZ), while the stations occupied to the southeast are positioned within the

Antarctic zone (AAZ) waters.

Chlorophyll-a

The areal (integrated) chlconcentrations were determined at 23 stations, with thirteen
stations being occupied in the AAZ and ten in the SAZ. Throughout the survey area areal chl
a biomass ranged between 4.2 and 22.8 mgchf (mean + SD = 13.2 + 4.3 mg chlm?)

(Fig 3.2 B). Total surface clal varied between < 0.1 and g chta L™ (0.1 + 0.03ug chl-a

L™ (Fig 3.2 A). Both measures of chldiffered little between the stations occupied in the
waters of the AAZ and SAZ (Mann-Whitney U test, p > 0.05 in both cases).
Picophytoplankton (<2.0 um) were the dominant component of the phytoplankton
community contributing from 52 to 87 % (mean = SD = 65 *+ 11 %) to the total surfaae chl-
concentration. The nanophytoplankton (2.0-20.0 um) contributed on average 27 % (SD = +
18 %), while the microphytoplankton (>20 um) contributed little (<10 %) to the total surface

chl-a concentration (Fig 3.2 A).
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Figure 3.2: A- Contribution of the pic-, nan- and microphytoplekton to the total surfac
chl-a concentration within the AAZ and SAZ regions of the MOEVS IV survey
area. B — Mean (+ SD) areal chbiomass (mg chém™?) recorded in the different
regions of the survey area.

Euphausiid size composition

Euphausiids were grouped according to their mean carapace length (CL) into juvenile (CL <
2.0 mm), sukadult (CL 2.0 — 4.0 mm) and adult (CL > 4.0 mm) size classes (Mauchline and
Fisher, 1969). The size constraints were fitted according to the maximum recorded lengths of

the dominant species of euphausiid, naniélysanoessa species ané. vallentini, taken
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from previous publications (Mauchline, 1969; Bakeal., 1990). The results indicate that
the populations oE. similis, E. triacantha (Holt and Tattersall, 1906, longirostris, N.
megalops andT. gregaria were predominantly adult individuals, while the populations.of
vallentini, E. frigida (Hansen, 1911 ard maximum fell into the sukadult size class (Table
3.1). Two distinct cohorts dfhysanoessa species were identified with one cohort being

identified as sub-adults and the other juveniles.

Table 3.1: Mean (+ SD) carapace length (nand dry weight (mg) for all the species of euphat
recorded during the MOEVS IV survey.

Carapace length (mm) Dry weight (mg)

Species n Mean SD min max mean SD

E. vallentini 123 3.50 1.09 176 7.04 231 0.76
E. similis 14 5.17 1.00 296 7.20 6.67 1.29
E. triacantha 11 7.46 207 256 800 20.39 5.66
E. longirostris 18 6.75 099 440 809 1576 2.17
E. frigida 9 3.22 0.63 256 4.32 215 042

T.spp.(sub-adults) 166 289 045 200 424 177 0.28
T.spp.(uveniles) 345 161 0.27 0.80 1.92 1.01 0.17

S maximum 33 2.27 0.87 0.80 4.16 1.66 0.63
N. megalops 23 551 062 436 637 761 0.86
T. gregaria 9 4.36 1.00 2.80 5.60 2.16 0.50

Euphausiid community structure

A total of 15 bongo tows were conducted within the region of investigation, with eight
located in the AAZ and seven in the SAZ (Fig 1). A total of nine species of euphausiid were
recorded within the survey area (Table 2), with the tobalrdlance and iBmass being
dominated by juvenile and swulult stages of th€hysanoessa speciesT. macrura andT.

vicina (mean £ SD = A: 66.4 =+ 34.4 %, B: 51.4 + 36.5 %) and to a lesser extent sub-adult

Euphausia vallentini (A: 14.3 + 14.6 %, B: 19.6 £ 22.0 %). Larger size classes of the
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euphausiids recorded, nam@&ylongirostris, E. triacantha, E. smilis andNematoscelis
megalops, contributed considerably less to the total abundance (< 5 %) and biomass (<20 %)

(Table 3.2).

Univariate analysis

Diel changes in total euphausiid abundance and biomass were significant in both the SAZ and
AAZ (Mann-Whitney U test, p< 0.05, Z > 2.5 in both cases). The total euphausiid abundance
and biomass did not differ significantly between the stations occupied in the SAZ and the

AAZ (Factorial ANOVA, p > 0.05 in both cases). Throughout the region of investigation

total euphausiid abundance and biomass ranged between 0.1 and I*aind @l and 1.2

mg dwt m® during the daytime and 0.2 and 3.1 ind and 1.2 and 8.1 mg dwthaluring the
nighttime. Total euphausiid biomass interacted significantly with time of day and zone
(Factorial ANOVA, p < 0.05, F = 11.7), reflecting an influx of large euphausiids, incliding
triacantha andE. frigida, into the surface waters of the AAZ during the nighttime (Table

3.2).

Multivariate analysis

The juvenile and sub-adult stages of Thgsanoessa spp. were excluded from the
multivariate analysis as the data likely represented a combinatiomatrura andT. vicina
individuals. The abundance and biomass estimatélysanoessa spp. did not differ
significantly between the stations occupied in the AAZ and SAZ waters Mann-Whitney U

test, p > 0.05).
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Table 3.2; Aundance (ind i) and Bomass (mg dwt i) estimates for all euphausiids recorded with the Bongo net in the AAZ and SAZ regions of the survey area

during the MOEVS |V survey.

Species
E. vallentini E. similis E. triacantha E. longirostris E. frigida
station A B A B A B A B A B
B00256 13:56 0 0 0 0 0.007 0.005 0 0 0 0
B00236 19:58 0.454 0.992 0 0 0.038 0.230 0 0 0 0
B00229 9:20 0.056 0.057 0 0 0.003 0.003 0 0 0 0
AAZ B00234 9:18 0 0 0 0 0 0 0 0 0 0
B00240 15:03 0 0 0 0 0 0 0 0 0 0
B00243 8:27 0.019 0.017 0 0 0 0 0 0 0 0
B00228 4:16 0.477 0.917 0 0 0.007 0.121 0 0 0 0
B00231 20:11 1.165 5.244 0 0 0.416 0.509 0 0 0.749 1.669
B00239 10:20 0.025 0.055 0 0 0 0 0 0 0 0
B00244 13:20 0 0 0 0 0 0 0 0 0 0
B00248 10:31 0 0 0 0 0 0 0.068 1.148 0 0
SAZ B00237 0:37 0.218 0.561 0.011 0.105 0 0 0.034 0.660 0 0
B00238 5:36 0.176 0.180 0.006 0.078 0 0 0.004 0.015 0 0
B00241 22:54 0.085 0.155 0.038 0.245 0.008 0.123 0.023 0.115 0 0
B00242 3:34 0.377 0.308 0.094 0.408 0 0 0.007 0.021 0 0
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Table 3.2: continued

Species
Thysanoessa spp S maximum N. megalops T. gregaria Total
Region Station Time A B A B A B A B A B
B00256 13:56 0.174 0.114 0 0 0 0 0 0 o0.181 0.119
B00236 19:58 0.940 0.485 0 0 0 0 0 0 1432 1.708
B00229 9:20 0.140 0.091 0 0 0 0 0 0 0.199 0.151
AAZ B00234 9:18 0.568 0.313 0 0 0 0 0 0 0.568 0.313
B00240 15:03 0.420 0.143 0.025 0.026 0 0 0 0 0.446 0.168
B00243 8:27 0.465 0.165 0.019 0.006 0 0 0 0 0.503 0.187
B00228 4:16 1.179 0.954 0 0 0 0 0 0 1.663 1.992
B00231 20:11 0.499 0.398 0 0 0 0 0.083 0.234 2.913 8.054
B00239 10:20 0.072 0.033 0.016 0.010 0.042 0.285 0.012 0.044.168 0.427
B00244 13:20 1.269 0.431 0.167 0.045 0 0 0 0 1.436 0.476
B00248 10:31 0 0 0.065 0.050 0 0 0 0 0.133 1.198
SAZ B00237 0:37 2.290 0.942 0 0 0 0 0 0 2554 2.267
B00238 5:36 1.464 0.798 0.078 0.013 0 0 0.037 0.0991.764 1.183
B00241 22:54 0.006 0.003 0 0 0.070 0.710 0.012 0.0130.241 1.364
B00242 3:34 2.585 1.113 0 0 0.027 0.218 0.013 0.0353.103 2.103
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The results from the multivariate analysis performed on the abundance and biomass data
were very similar and as a result only the abundance results are presented below. Results
from the clustering and ordination analysis identified three distinct groups of stations

separating at approximately 30 % similarity (Fig 3.3 A, B).
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Figure 3.4: Results from the cluster (A) and ordination (B) analysis performed on the euphausiid abundance data
collected with the Bongo net during the MOEVS IV survey. 1 = AAZ group; 2 = SAZ group; 3 =
daytime group.
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Two groupings, consisting of nighttime stations, were geographically consistent with the
distribution of the SAZ and AAZ water masses. The third station grouping consisted of
daytime stations from both the SAZ and AAZ. The results of the two-way crossed ANOSIM
identified significant differences between the stations occupied in the SAZ and the AAZ (p <

0.05, R = 0.5) and the daytime and nighttime stations (p < 0.05, R = 0.4).

Table 3.3: Average abundances (ind)mf the predominant euphausiid species within the waters of the AAZ
and SAZ identified by the similarity percentages procedure SIMPER. Values in parentheses indicate
the % contribution to the within group similarity. The dash indicates that the species did not contribute
to the within group similarity.

Average abundance of individuals’m

Species AAZ SAZ

E. triacantha 0.06 (18.4) —
Thysanoessa spp. 0.55 (62.4) 1.10 (27.7)
E. vallentini 0.27 (17.1) 0.13 (15.9)
E. longirostris — 0.02 (18.6)
S, maximum — 0.05 (15.4)
E. similis — 0.02 (9.3)
T. gregaria — 0.01 (8.8)

The similarity percentage procedure (SIMPER) was used to determine which species
contributed to the similarities and differences between the SAZ and AAZ groupings (Table
3.3). In order to demonstrate the prevalence oThysanoessa spp. within the survey region

all species of euphausiid were included in the SIMPER analysis. Few similarities in
taxonomic composition existed between the SAZ and AAZ stations, withTaydgnoessa

spp. anck. vallentini contributing significantly (> 15 %) to the within group similarity in

both regions. The SAZ appeared more specious than the AAZ with six species of euphausiid
contributing to the total within group similarity of 54.2, while only three species accounted

for the within group similarity of 62.8 in the AAZ (Table 3.3).
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Ingestion rates

Ingestion rates were calculated Er vallentini (subadults) E. similisand theThysanoessa
spp (juveniles and subdults), while diel patterns in gut pigment concentrations were

determined for the above mentioned species as welllasgirostris andE. triacantha.

Differences between the day and nighttime gut pigment contents were only signifidant for
vallentini subadults (Mann-Whitney U test, p < 0.05, U = 49.0) &ndmilis (p < 0.05, U =
60.0), with the nighttime measurements being higher than the daytime values (Fig 3.4). A
total of six gut evacuation rate experiments were conducted on three species of euphausiid
(Fig 3.5), with the gut evacuation rate constéhtgnging between 0.55 and 0.94 h

corresponding to a gut passage tiftg 0f between 1.83 and 1.06 h, respectively.
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Figure 3.4: Diel variation in gut pigment content (ng pigm‘jnaf the selected species of euphausiid recorded
during the MOEVS IV survey. The thickening of the x-axis indicates period of darkness.
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No gut evacuation rate experiments were preformes. tongirostris andE. triacantha. As

a consequendevalues of 0.75 ffor E. longirostrisand 1.10 H for E. triacantha,

determined during the MOEVS V survey from the same geographic region, were employed.
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Figure 3.5: Dynamics of the decline in gut pigment, together with the results of the negative exponential
regression analyses for the selected species of euphausiid analyzed during MOEVS V. The gut
evacuation ratekf and gut passage timiJ are provided for each species.

Gut pigment destruction levels were determinecEforallentini sub-adults (mean £SD =

52.8 +16.6 %, n = 5. similis (56.8 = 9.8 %, n = 3. longirostris (70.0 £ 15.2 %, n = 3)
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and juvenile and sub-addihysanoessa spp. (50.3 £ 19.2 %, n = 7). No gut pigment
destruction level was calculated fertriacantha, as a result a 23.1 % pigment degradation

level was assumed (see chapter 4).

Daily individual ingestion rates for the selected species of euphausiid ranged between 7.85
and 228.83 ng pigm in@i™” for juvenileT. macura, and 1 226.07 and 6 029.05 ng pigm ind

d™ for E. triacantha (Table 3.4) E. vallentini andE. similis exhibited individual ingestion

rates of between 65.4 and 3 005.5 ng pigritdffdand 366.1 and 4 316.7 ng pigm Tai,
respectively (Table 3.4). The individual daily ingestion rate calculated for the sub-adult

Thysanoessa spp. ranged between 111.46 and 1 144.64 ng piglihd

Table 3.4: Individual ingestion rates (ng pigm 1dd) for the numerically dominant species of euphausiid
recorded in the different regions of the survey area during the MOEVS |V survey. The asterix (*)
identifies samples collected with the RMT-8 net.

Species
Region Station  E.vallentini  E. similis T. spp T. spp. E. longirostris  E. triacantha
(sub-adults) (sub-adults) (juveniles)
B00235* 3005.51 6029.05
B00245* 643.43 1226.07
AAZ B00246* 1296.63 4711.51
B00256 15.29
B00234 228.83
B00237 65.37 111.46 498.85
B00238 4316.72 234.16 13.54 847.76
B00239 551.72 32.93
SAZ B00241 366.09 876.76 784.68 5077.41
B00244 7.85
B00248 194.39
B00249* 969.57 1144.64
B00250* 1129.95 1882.35 1483.79
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Grazing impact

The total euphausiid grazing impact recorded during the study ranged from 0.04 tpd20.09
pigm m?d™, equivalent to < 0.15 % of the areal ethiomass (Table 3.5). There were no
significant differences in the euphausiid community grazing levels and grazing impact
between the SAZ and AAZ waters (Mann-Whitney U test, p > 0.05 in both cases). The
juvenile and sub-adukhysanoessa spp. anck. vallentini accounted for the majority of the

grazing activity (> 60 %) throughout the survey area.

Table 3.5: Euphausiid community ingestion rates (pg pigid’nand the total grazing impact of the dominant
species of euphausiid recorded in the different regions of the survey area during the MOEVS IV

survey.
AAZ SAZ
mean SD mean SD
Euphausiid community ingestion rate
pg pigm nfd* 2.36 3.01 2.14 2.98
pg C néd* 117.97 3.01 106.91 148.78
Chl-a biomass (mg ) 10.96 2.45 12.72 5.10
% of chl-a biomass 0.02 0.02 0.02 0.02
% Contribution to grazing impact
Thysanoessa spp. (juveniles) 31.4 39.2 43.2 44.4
E. vallentini (sub-adulty 33.5 41.3 22.3 30.9
E. triacantha 35.1 41.3 4.5 9.8
E. similis 15.4 27.3
E. longirostris 14.6 30.3

The dry weight used to determine the daily rations of the selected species of euphausiid was
determined from the carapace lengths of the euphausiids used for the gut pigment analysis.
The daily ration estimates for the different size classes dtysanoessa spp ranged

between 1.01 and 10.36 % body carbon (mean = 5.28 + 3.91 %) for thdidtgdand

between 0.13 and 3.74 % body carbon (mean = 1.34 + 1.66 %) for the juveniles (Table 3.6).
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E. vallentini subadults had a mean daily ration estimate equivalent to 5.29 + 4.75 % of their
body carbon content. The daily ration estimates€farmilis andE. triacantha ranged
between 0.61 and 7.19 % and 0.90 and 4.42 % body carbon, respectively. Finally the daily

ration estimates foE. longirostris corresponded to < 1 % of its body carbon content (Table

3.6).

Table 3.6: Mean ingestion rates (ug Cidd) and daily ration estimates for the selected species of euphausiid
used for the grazing experiment during the MOEVS IV survey.

Ingestion rate Daily ration
(ug C Ind'd?) (% Body carbon indd™)
DW‘ 1 mean SD mean SD min max
(mg ind”)

E . longirostris 14.02 45.19 20.77 0.72 0.33 0.40 1.18
E. triacantha 15.17 195.96 98.57 3.12 1.54 0.90 4.42
E. vallentini 2.58 43.86  54.09 5.29 4.75 0.28 12.94
(sub-adults)

E. similis 6.67 63.49 73.27 2.47 2.47 0.61 7.19
T. mactra 1.23 29.19 21.60 5.28 3.91 1.01 10.36
(sub-adults)
T. macura 0.68 4.11 5.06 1.34 1.66 0.13 3.74
(juveniles)
Discussion

Oceanographic environment

It has long been established that the path of the Antarctic Circumpolar Current (ACC) is
strongly influenced by prominent bottom topographic features, including the Southwest
Indian Ridge (SWIR) (Gordoet al. 1978, Deacon 1979, Omtial. 1995). Not only is the

ACC topographically steered around or between fracture zones in the SWIR, the disturbance

in flow caused by the currents intensification, and the bunching of the SAF and APF, results
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in the formation of meanders and eddies in the lee of the ridges (Pollard and Read 2001,
Ansorge and Lutjeharms 2003). As the survey region was situated just downstream from the
SWIR it is likely that the confluence of the SAF and APF observed during this study resulted

from the interaction between the ACC and the SWIR (Ansetrgke 2004).

Chlorophyll-a

The open waters of the PFZ are generally characterized by low levels of ai@alaniass,

for example phytoplankton seldom reach densities greater than 25 mgéhkwhile the

pico- and nanophytoplankton dominate the phytoplankton assemblage (Perissinotto 1992,
Atkinson 1996, Fronemaat al. 1999, Pakhomost al. 2000, Bernard and Froneman 2003,
Pakhomov and Froneman 2004). The&lelvironment encountered during the present study
is thus typical for the region of investigation. On the other hand the fronts of the ACC are
often associated with elevated productivity ascribed to increased water column stability
(Strasst al. 2002), advection and accumulation of phytoplankton cells in the region of the
front (Pollardet al. 1995) and isopycnal advection of nutrients into the surface waters
(Garconet al. 2001). In contrast, the front encountered during the present survey was not
associated with high cla-biomass. The absence of a localized ecological response by the
phytoplankton may reflect the continuous wind activity that typifies the PFZ during the
autumn and winter months, resulting in a deeper mixed layer depth. Alternatively, low
concentrations of trace metals, such as iron, may have limited the growth of the
phytoplankton throughout the survey area (Betyd. 2000). Trace metals, such as iron, are
essential for phytoplankton growth and occur at very low concentrations in the open waters of

the Southern Ocean, including the PFZ (Betydl. 2000).
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Euphausiid population characteristics

The bulk of the research effort on euphausiids within the PFZ has been limited to waters
surrounding the oceanic islands, such as the Prince Edward Island (PEI) archipelago
(Perissinotto, 1992; Fronemanhal., 2002; Gurneyet al., 2002; Hunt and Pakhomov, 2003).
As a result, little is known of euphausiids ecological role within the pelagic ecosystems of

Antarctic Polar Frontal Zone.

During the present study, the total euphausiid abundance estimates were within the range
reported for the PFZ on a number of occasions using similar sampling gear during the same
season (Fronemaat al., 1999; Fronemast al., 2002;Hunt and Pakhomov, 2003). It is

generally accepted that larger nets are more efficient at catching large zooplankton than
smaller nets. From the analysis of the carapace lengths of the euphausiids, it is apparent that
the juvenile and subdult stages ofhysanoessa spp. ancE. vallentini, dominated the

euphausiid community. The adult stages of the larger species of euphausiid were poorly
represented. This was most evident from the daytime samples, where the euphausiid species
that were predominantly adults, suchEasriacantha, E. longirostris andE. similis, were

almost always abserthese species are known to undertake extended vertical migrations,
occupying a depth of between 250 — 500 m during the day light hours (Mauchline and Fisher
1969). Consequently the majority of the populations would not have been sampled during this
period, as the net tows were restricted to the top 300 m of the water column. During the
nighttime period the abundance estimates of the various euphausiid species were within the
range previously reported using a variety of net types (Froneinaan2000, Hosiet al.

2000, Hunt and Pakhomov 2003, Fiskeal, 2004).
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In terms of abundance, euphausiids represented a minor component of the zooplankton
community during the present survey contributing < 10 % (0.2 — 7.2 %) to the total
zooplankton abundance. However, the importance of euphausiids within the open waters of
the PFZ is emphasized when one looks at the biomass data where euphausiids often
contributed > 50 % (5.7 — 89.8 %) to the total zooplankton biomass (see Bernard and

Froneman 2005).

Although the total number of euphausiids differed little between the SAZ waters to the
northwest (1.34 + 0.1.21 ind fhand the AAZ waters to the southeast (0.99 + 0.95 i m

of the front, the species composition demonstrated marked differences. The Antarctic species
E. frigida andE. triacantha (Mauchline and Fisher 1969, Deacon 1982) were restricted to the
waters of the AAZ, while the waters of the SAZ were characterizél &wilis, E.

longirostris, N. megalops andT. gregaria, all of which are of sub-Antarctic origin

(Mauchline and Fisher 1969). Juvenile and sub-adwyianoessa spp. anckE. vallentini

occurred at high densities in both the SAZ and AAZEAsallentini is considered to be sub-
Antarctic in origin (Mauchline and Fisher 1969), the cross frontal distribution pattern
suggests that the front was not a biogeographic boundary to all the species of euphausiid
recordedE. vallentini is known to exhibit shallow vertical distribution pattern (Mauchline

and Fisher 1969) and as a result may have been exposed to stronger mixing and advection

forces caused by Ekman transport and wind driven inertial currents (Macka2005).

Euphausiid grazing

Among the euphausiids examined during this stidyallentini andE. similis showed

pronounced diel patterns in gut pigment content, suggesting that these species show increased
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grazing activity during the nighttime (Fig 3.5). It is probable that this pattern is associated

with the diel vertical migrations displayed by these euphausiids (Getraky 2002;

Pakhomov and Froneman, 2004) with the daytime period being occupied at a depth below the
chl-a maximum. There was little variability between the daytime and nighttime gut pigment
contents of th@hysanoessa spp. (juveniles and stddults) possibly reflecting a continuous

feeding behaviour.

The estimated gut evacuation rateEotallentini (0.94 h') during this study, is greater than
that reported by Perissinotto (1992), 0.59-0.81vvhile within the upper range of what
Gurneyet al. (2002) reported, 0.45-0.99" hwithin the same geographic region. Similarly,
the gut evacuation rates fohysanoessa spp subadults(0.86 h') and juveniles (0.77h

were similar to previous findings (Pakhomaial., 1997;Pakhomov and Froneman, 2004).

Gut pigment destruction efficiency in various species of euphausiid, although variable, tend
to be greater than 50 % of the total pigment ingested (Perissinotto, 1992; Perissinotto and
Pakhomov, 1996; Gurney al., 2002; Pakhomov and Froneman, 2004). The mean gut
pigment destruction levels reported Ervallentini (52.8 £ 16.6 %)E. similis(56.8 + 9.8 %)

and the suadult (57.2 £ 13.6 %) and juvenile (44.9 + 18.6Plysanoessa spp are thus, not
atypical from previous findings. The gut pigment destruction levels reportéd for

longirostris (70.2 + 15.1 %) are in the upper range reported for euphausiid in the literature
(Perissinotto, 1992; Perissinotto and Pakhomov, 1996; Getaty 2002; Pakhomov and
Froneman, 2004). Variability in gut pigment destruction effeciency of zooplankton are
thought to reflect a variety of factors including feeding history, prey type, quality of food and

temperature (Frost, 1972; Dagg and Walser, 1987).
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In agreement with previous studies conducted within the open waters of the PFZ, the
cumulative grazing impact of the euphausiid species investigated during this study
corresponded to < 0.15 % of the arealzbiomass (Pakhomov and Froneman 2004). In

recent years it has become increasingly evident that euphausiid play a relatively minor role in
the removal of autotrophic carbon from the surface waters of the Southern Ocean, with the
notable exception df. superba during phytoplankton bloom conditions (Perissin@ttal.

1997). A number of factors could contribute to the low grazing impact of euphausiid within

the region. Euphausiids in the PFZ seldom occur in high enough densities for their grazing
activity to significantly impact the phytoplankton biomass, and when swarms of euphausiids
do occur in the region, the spatial extent is generally limited and the resultant grazing impact
is restricted to a local scale and does not reflect the pattern in the PFZ as a whole. In addition,
a number of authors have suggested that the low grazing impact of euphausiids in the PFZ
can be attributed to the unfavourable size structure of the phytoplankton assemblage that
predominates within the region (Perissinotto 1992, Guehaly 2002). Thus, the low grazing
impact of the selected euphausiids examined during this study could reflect the predominance
of picophytoplankton throughout the region of investigation, which is not efficiently filtered

by euphausiids (Perissinotto 1992). It is worth noting that the results of a study conducted in
parallel to this investigation showed that the grazing impact of the five numerically dominant
mesozooplankton species, comprising 79 % of the total mesozooplankton community, ranged
between 0.125 and 2.828 mg pignt,ror between 1 and 29 % of the availableapker day
(Bernard and Froneman 2005). The high grazing impact of the mesozooplankton during this
period was largely attributed to the grazing activity of the pterdgoaicina retroversa,

which has been shown to feed efficiently on picophytoplankton @iaji 1997). These

findings suggest that the bulk of the-ehinay not have been available for the euphausiid

community, and reaffirms the understanding that the mesozooplankton are the dominant link
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between autotrophic production and the pelagic food webs of the PFZ during the

unproductive autumn period.

The contribution of phytoplankton to the daily carbon requirements of euphausiids,
particularlyE. superba, has received considerable scientific attention (Perissinotto and
Pakhomov 1996, Atkinson and Snyder 1997, Perissimbtio 1997, Rosst al. 1998,

Gurneyet al. 2002). Past research has demonstrated that for Antarctic krill to meet their basic
daily metabolic requirements, they must consume between 0.8 and 2.8 % of their body
carbon per day (Clarket al. 1988, Huntleyet al. 1994). On the other hand, Perissincdtal.

(1997) suggested that when the energetic costs of growth, molting and reproduction are taken
into account, the daily ration & superba would generally range between 5 and 15 % of the
body carbon during the summer months. As this study was conducted during austral autumn
when the reproductive demand and growth is reduced, it is assumed a daily ration estimate of
between 5 and 10 % would be sufficient to meet the euphausiid energetic demands.
Considering this, it is apparent that only the-adhilt Thysanoessa spp. ande. vallentini

would have been able to meet their energetic demands on a herbivorous diet. Assuming that
smaller size classes of euphausiids are able to filter out small phytoplankton cells more
efficiently than large euphausiids it is possible that the pico- and nanophytoplankton which
predominated throughout the region of investigation would have been available to the
juvenile and swadult stages of the euphausiids encountered. On the other hand, the daily
ration estimates fd. triacantha (3.12 + 1.54 % body carbon‘plandE. similis (2.47 + 2.47

% body carbond) suggest that these species would have been principally omnivorous

during the study period, as their daily ration estimates of autotrophic carbon would have been

insufficient to meet their daily food requirements. Equally the low daily ration estimates for
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E. longirostris suggest that it would have had to make use of alternative carbon sources, e.g.

protozooplankton or mesozooplankton, to meet their daily food requirements.

Conclusions

Although the observed distribution pattern in total euphausiid abundance and biomass
showed no significant variability between the sub-Antarctic and Frontal regions, the species
specific distribution patterns were marked, and suggested that the frontal feature formed by
the convergence of the SAF and APF acted as an biogeographic boundary to the distribution
of euphausiids. Indeed the sub-Antarctic euphauEiidsnilis, E. longirostris andN.

megalops were restricted to the sub-Antarctic waters of the survey region, while the Antarctic
specie<k. triacantha andE. frigida were only recorded in the frontal and Antarctic waters.

On the other hand, cross frontal distribution patterns were displayed by the dominant

components of the euphausiid commurniityysanoessa spp andE. vallentini.

The results from the grazing studies suggest that only the subFagsihoessa sppandE.

vallentini would have been able to meet their theoretical daily food requirements on an
autotrophic diet. The low daily ration estimates for the adult euphausiids appears to be related
to the unfavourable size structure of the phytoplankton assemblage, and suggests that their
diet would have been supplemented by an heterotrophic food source during the survey.
Finally the grazing impact of euphausiids on the phytoplankton was negligible, generally

corresponding to < 0.15 % of the total areal phytoplankton biomass.
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Chapter 4.

Marion Offshore Ecological Variability Survey V

Results

Physical environment

The physical oceanographic data within the region of investigation correlated strongly with
the altimetry data, with a negative anomaly or cyclonic cold-core eddy being situated to the

north of the APF, within the PFZ between 48° and 50° S and 31° and 36° E (Fig 4.1).

Temperature [°C] @ Depth [m]=200

® Eddy core

Fal
&
2 Ne

- / \ | S
50°S / H— L (9 ™

Ocean Dat:

31°E 32°E 33°E 34°E 35°E 36°E

Figure 4.1: Su-surface (200 m) temperature (°C) contour plot of the MOEVS V survey
The position of the biological stations occupied in the Core of the eddy, the Edge
of the eddy and the PFZ waters are indicated.
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From the subsurface temperature data (200, 300, 400 m) the region of investigation could
broadly be divided into three distinct zones. The water mass in the core of the eddy was
typical of the Antarctic Zone with a subsurface (200 m depth) minimum of < 2.0 °C, while
the surrounding water was typical of the PFZ, 4 — 6 °C (Ansorge and Lutjeharms, 2002). A
transition zone between the Core and the PFZ, the eddy Edge, was identified as the region
where the subsurface temperature expression lay between 2.75 and 3.75 °C. A total of 29
biological stations were occupied within the vicinity of the feature, with 8 occupied in the
Core of the eddy, 11 along the Edge of the eddy, and 10 within the PFZ waters. Throughout
the results and discussion the data will be discussed in relation to the Core, Edge and PFZ

regions of the survey area.

Chlorophyll-a

Surface chk concentrations were very low throughout the region, and showed no distinct
spatial pattern between the three zones (One way ANOVA, p>0.05). The highest meean chl-
concentration was recorded at the Edge of the feature (0.10 pd@®-a L™), while the

Core and the PFZ regions had almost identical meaa ohkcentrations (0.09 + 0.Qd4 chl-
aL™) (Fig 4.2A). The percentage contribution of the pico-, nano- and microphytoplankton
size classes to the total surface @howed no distinct spatial pattern between the different
zones (p > 0.05). Total surface ehtoncentration at all the stations, was dominated by the
nano- (2 — 2Qum) and picophytoplankton (<i#n) size classes, contributing on average
between 50 — 60 % and 35 — 45 % of the total, respectively (Fig 4.2A). The
microphytoplankton size fraction (> 20n) always contributed less than 5 % of the total

pigment
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Figure 4.2: A— Contribution of the pic-, nan- and microphyoplankton to the tot:
surface chla concentration within the Core (C), Edge (E) and PFZ (P)
regions of the MOEVS V survey area. B — Mean (+ SD) areah tiidmass
(mg chla m?) recorded in the different regions of the survey area.

Integrated chh concentrations (Fig 4.2B) showed a marked spatial pattern with the Core

region being characterized by significantly higheralkbncentrations (mean = 9.26 +1.62

mg chl-a nf) than the Edge (mean = 6.83 + 1.52 mgaht’) and PFZ (mean = 7.52 + 1.87

mg chla m?) waters (One-way ANOVA, df = (2, 26), F = 4.96, p < 0.05).
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Euphausiid size composition

Euphausiids were grouped according to their mean carapace length (CL) into juvenile (CL <
2.0 mm), sub-adult (CL 2.0 — 5.0 mm) and adult (CL > 4.0 mm) classes (Mauchline and
Fisher, 1969). The results from the euphausiids collected with the RMT-8 net indicated that
the individuals from the populations Bf vallentini, E. triacantha, E. longirostris andS.

maximum were predominantly adult (i.e. CL > 4.0 mm). The mean carapace lengdths of

macura andE. frigida fell within the range stipulated for sub-adults (Table 4.1).

Table 4.1: Mean (x SD) carapace length (mm) and dry weight (mg) of the numerically dominant species of
euphausiid encountered during MOEVS V — RMT-8 data.

Carapace length (mm) Dry weight (mg)
n mean SD min max mean SD
E. vallentini 716 4.47 0.80 2.24 7.76 4.73 0.85
E. frigida 456 3.02 0.81 0.64 6.32 1.86 0.50
E. triacantha 317 6.78 1.74 2.48 9.20 15.34 3.94
E. longirostris 285 7.68 0.65 6.00 9.93 21.32 1.80
S maximum 170 5.92 1.75 2.40 10.65 5.33 1.58
T. macura 172 2.55 2.19 1.20 9.60 1.53 1.31

The populations of euphausiid sampled with the WP-2 net were considerably smaller than
those collected with the RMT-8 net, with the majority of individuals from the populations of
E. longirostris, S maximum andE. vallentini falling within the adult size class (Table 4.2).

The mean carapace lengthsofriacantha andE. frigida fell within the sub-adult size class.

The mean CL of th&. macura was < 2.00 mm, and as a result they were categorized as
juveniles.The broad size range of all the dominant species of euphausiid from both the WP-2
and RMT-8 nets, exceja. longirostris, suggests that more than one cohort was present in the

different populations during the 2005 survey (Table 4.1 and 4.2).
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Table 4.2: Mean (x SD) carapace length (mm) and dry weight (mg) of the numerically dominant species of
euphausiid encountered during MOEVS V — WP-2 data.

Carapace length (mm) Dry weight (mg)
n mean SD min max mean SD
E. vallentini 51 4.07 1.00 1.36 6.00 3.84 0.94
E. frigida 135 2.47 0.31 1.44 3.44 1.24 0.16
E. triacantha 3 3.74 1.27 2.64 5.12 4.30 1.46
E. longirostris 14 7.64 0.88 6.00 9.68 21.05 2.42
S maximum 3 5.04 2.01 3.76 7.36 4.02 1.60
T. macura 474 1.77 0.58 0.96 6.41 1.01 0.36

Euphausiid community structure

RMT-8

A total of 26 RMT-8 tows were conducted within the region of investigation, with the
average tow filtering. 9000 n?. Nine species of euphausiid were recorded within the survey
area, with six specie&(phausia vallentini, E. frigida, E. triacantha, E. longirostris,

Stylocheiron maximum and Thysanoessa macura) consistently contributing > 95 % to the

total euphausiid abundance and biomass (Fig 4.3B, D). The species present varied between
the different zones identified during the study. Two species of Antarctic euph&ilisiid,

frigida andE. superba (Dana, 1850), were found in the Core of the eddy, but were absent
from the PFZ. A number of euphausiid species of sub-Antarctic origin that occurred in the
PFZ waters were not recorded in the core of the feature, n&mielygirostris, S. maximum,

T. gregaria andNematoscelis megalops (Table 4.3). The Antarctic and sub-Antarctic
euphausiid species recorded co-occurred within the Edge region of the eddy, aithough

superba andT. gregaria were absent.
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Figure 4.3: Mean (+ SD) total euphausiid daytime and nighttime abundance (A) and biomass (C) values,
together with the % contribution of the dominant euphausiid species (B, D) collected with the RMT-
8 sampling gear, within the Core, Edge and PFZ regions of the MOEVS V survey area.
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Throughout the region of investigation total euphausiid abundance and biomass from the
RMT-8 samples ranged between 0.004 and 0.091 fhdnd 0.054 and 0.769 mg dwtm
during the daytime, and 0.019 and 0.364 intland 0.123 and 1.211 mg dwtrduring the

nighttime (Table 4.3).

Univariate analysis

The total euphausiid abundance (A) and biomass (B) data {tagsformed) collected with

the RMT-8 net showed no significant interaction effect between zone and time of day
(Factorial ANOVA, p > 0.05 in both cases). Total euphausiid abundance and biomass did not
differ significantly between the Core, Edge and PFZ waters (p > 0.05 in both cases) (Fig
4.3A, C). While diel variability was marked (A: df = (1, 20), F = 13.587, p < 0.05; B: df = (1,
20), F =10.47, p < 0.05) with the nighttime total euphausiid abundance and biomass recorded
in the Core of the eddy (A = 0.12 + 0.16 ind,nB = 0.47 + 0.50 mg dwt /) being

significantly greater than the daytime values recorded in the Core (A = 0.02 + 0.0%,iBd m

= 0.10 + 0.06 mg dwt ). Similarly and the nighttime abundance estimates from the Edge of
the eddy (0.08 + 0.03 ind Hhwere significantly greater than that recorded during the

daytime at the Edge (0.02 + 0.01 iné)nFishers LSD, p < 0.05 in all cases). Of the species
that occurred in all the regions investigated, nargetyiacantha, E. vallentini andT.

macura, only the abundance data fartriacantha showed a marked interaction between

zone and time of day (df = (3, 20), F = 3.91, p < 0.05). In addition the nighttime abundance of
E. triacantha in the Core of the eddy (0.010 + 0.004 ind)rwas significantly greater than

that recorded in the PFZ (0.004 + 0.004 ind) mvaters (df = (2, 20), F = 3.94, p < 0.05).

While E. vallentini andE. triacantha showed significant diel patterns in abundance and

biomass (Fishers LSD, p < 0.05 in both cases).
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Table 4.3; Adundance (ind i) and Bomass (mg dwt i) estimates for all euphausiids recorded with the RMT-8 net within the different regions of the survey area
during the MOEVS V survey.

Species
E. vallentini E. frigida E. triacantha E. longirostris S maximum

Zone Station Time A B A B A B A B A B
B00267 17:38 0.017 0.051 0 0 0.002 0.012 0 0 0 0
B00273 2:19 0.046 0.117 0 0 0.008 0.069 0 0 0 0
B00274 8:59 0.001 0.001 0.007 0.020 0.003 0.046 0 0 0 0

Core B00276 21:12 0.007 0.047 0.028 0.062 0.008 0.130 0 0 0 0
B00277 3:08 0.002 0.016 0.309 0.844 0.015 0.259 0 0 0 0
B00284 14:11 0 0 0.009 0.028 0.002 0.028 0 0 0 0
B00285 18:10 0.002 0.014 0.008 0.022 0.008 0.148 0 0 0 0
B00286 22:06 0.008 0.032 0.011 0.054 0.008 0.110 0 0 0 0
B00262 9:43 0.011 0.042 0 0 0.005 0.037 0.004 0.079 0.004 0.045
B00263 14:24 0 0.003 0 0 0.002 0.043 0.008 0.168 0.002 0.033
B00264 21.07 0.075 0.324 0 0 0.006 0.075 0.012 0.238 0.008 0.100
B00270 11:43 0.001 0.003 0 0 0.003 0.040 0.002 0.062 0.001 0.009

Edge B00278 7:38 0.003 0.007 0.005 0.025 0.008 0.105 0.001 0.020 0.001 0.016
B00279 12:38 0 0 <0.001 0.001 0.004 0.069 0.002 0.033 0.001 0.015
B00280 17:34 0.021 0.276 0 0 0.007 0.073 0.001 0.020 <0.001 0.003
B00282 4:18 0.030 0.125 0.002 0.001 0.007 0.091 0.007 0.138 0.005 0.063
B00283 9:10 0.004 0.013 0.003 0.008 0.004 0.031 0.001 0.025 0 0
B00259 8:51 <0.001 0.002 0 0 <0.001 0.002 0.003 0.043 0.001 0.007

B00260 19:58 0.007 0.030
B00261 2:08 0.075 0.373
B00265 7:50 0.012 0.027
PFZ B00272 21:03 0.010 0.049
B00288 747 0.008 0.029
B00290 16:55 0.055 0.220
B00291 12:00 0.002 0.004
B00295 2:01 0.041 0.215

0.001 0.003 0.002 0.042 0.003 0.033
0.003 0.022 0.023 0.475 0.008 0.092
0 0 0.013 0.203 0.001 0.211
0.003 0.050 0.007 0.132 0.006 0.064
0.003 0.035 0.010 0.188 0.002 0.031
0.004 0.033 0.017 0.384 0.011 0.127
0.002 0.039 0.007 0.131 0.002 0.016
0.010 0.156 0.003 0.052 0.001 0.008

O OO0 O0Ooo oo
O OO O oo oo
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Table 4.3: continued

Species
T. macura N. megalops T. gregaria E. superba Total
Zone Station Time A B A B A B A B A B
B00267 17:38 0.002 0.003 0 0 0 0 0 0 0.021 0.065
B00273 2:19 0.001 0.001 0 0 0 0 0 0 0.054 0.187
B00274 8:59 0.001 0.009 0 0 0 0 0 0 0.013 0.076
Core B00276 21:12 0.001 0.001 0 0 0 0 <0.001 0.044 0.043 0.283
B00277 3:08 0.036 0.050 0 0 0 0 0.001 0.042 0.364 1.211
B00284 14:11 0.002 0.017 0 0 0 0 0 0 0.013 0.074
B00285 18:10 0.014 0.010 0 0 0 0 0 0 0.032 0.194
B00286 22:06 0.002 0.003 0 0 0 0 0 0 0.029 0.199
B00262 9:43 0.001 0.002 0 0 0 0 0 0 0.025 0.204
B00263 14:24 0 0 0 0 0 0 0 0 0.012 0.246
B00264 21:07 0.002 0.002 0 0 0 0 0 0 0.103 0.738
B00270 11:43  <0.001 <0.001 0 0 0 0 0 0 0.007 0.114
Edge B00278 7:38 0 0 0 0 0 0 0 0 0.017 0.173
B00279 12:38 0 0 <0.001 0.002 0 0 0 0 0.008 0.120
B00280 17:34  <0.001 <0.001 0 0 0 0 0 0 0.029 0.374
B00282 4:18 0.003 0.003 0.001 0.011 0 0 0 0 0.056 0.433
B00283 9:10 0.001 <0.001 0 0 0 0 0 0 0.012 0.077
B00259 8:51 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0 0 0.004 0.054
B00260 19:58 0.002 0.001 0.002 0.015 <0.001 <0.001 0 0 0.019 0.123
B00261 2:08 0 0 0 0 0.001 <0.001 0 0 0.110 0.963
B00265 7:50 <0.001 <0.001 <0.001 0.004 0.001 <0.001 0 0 0.029 0.446
PFz B00272 21:03 0.005 0.004 0 0 0 0 0 0 0.030 0.298
B00288 7:47 0 0 0 0 0 0 0 0 0.023 0.282
B00290 16:55 0.003 0.006 0 0 0 0 0 0 0.091 0.769
B00291 12:00 0.003 0.001 0 0 0 0 0 0 0.016 0.191
B00295 2:01 0.008 0.007 0 0 0 0 0 0 0.062 0.438
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The results of the Spearman Rank correlation analysis agreed with the distribution patterns of
the specific species of euphausiid and areahdiibmass between the different regions

identified. The abundance and biomasg.dtigida were found to have a significant positive
correlation to the distribution of the integrated atidiomass (A: R = 0.45, t = 2.45, p <0.05;

B: R=0.43,t=2.32, p < 0.05). While the abundance and biomass estimates of

longirostris (A: R =-0.38,t=-2.03, p=0.05; B: R=0.40,t=2.12, p < 0.05and

maximum (A: R =-0.50, t = 2.45, p < 0.05; B: R =-0.42,t =-2.28, p < 0.05) displayed a

significant negative relationship with the integratedahlomass.

WP-2

A total of 28 WP-2 tows were conducted within the region of investigation. Eight species of
euphausiid were recorded, largely reflecting the same species composition as the RMT-8
data. An exception was presentedebguperba, which was absent from the WP-2 net

samples. Similarly the larger species of euphaukiidr{acantha, E. longirostrisandS.

maximum) were absent from the majority of the samples collected (Table 4.4). Daytime
abundance and biomass was dominated by juvenile and sub-adult stageacnia

contributing > 95 % of the total at most stations (Fig 4.4B, D). The nighttime samples
showed an increase in the contributiorico¥allentini andE. frigida, which together witA'.
macura accounted for more than 90 % of the total abundance and 80 % of the total biomass
(Fig 4.4B, D). The distribution patterns of euphausiids obtained with the WP-2 net were
similar to those of the RMT-8, with. frigida only occurring in the Core of the eddy, while

E. longirostris, N. megalops andT. gregaria were only recorded at stations occupied within
PFZ and Edge waters. Stations occupied at the Edge of the eddy were again characterized by

the presence of Antarctic and sub-Antarctic euphausiid species (Table 4.4).
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Table 4.4: Adundance (ind i) and Bomass (mg dwt i) estimates for all euphausiids recorded with the WP-2 net within the different regions of the survey area during

the MOEVS V survey.

Species
E. vallentini E. frigida E. triacantha E. longirostris S maximum
Zone Station Time A B A B A B A B A B
B00273 2:19 0.480 3.426 5.920 6.345 0 0 0 0 0.040 0.022
B00274 8:59 0 0 0.027 0.020 0 0 0 0 0 0
B00276 21:12 0 0 3.840 3.891 0 0 0 0 0 0
Core  B00277 3:08 0 0 2.240 2.538 0 0 0 0 0 0
B00284 14:11 0 0 0 0 0 0 0 0 0 0
B00285 18:10 0 0 0.160 0.222 0 0 0 0 0 0
B00286 22:06 0 0 0.640 0.689 0 0 0 0 0 0
B00262 9:43 0 0 0 0 0 0 0 0 0 0
B00263 14:24 0 0 0 0 0 0 0 0 0 0
B00264 21:07 1.840 6.753 0 0 0 0 0.040 0.312 0 0
B00268 1:08 0 0 0.800 0.606 0 0 0 0 0 0
B00269 6:31 0.080 0.087 0 0 0 0 0 0 0 0
Edge B00270 11:43 0 0 0 0 0 0 0 0 0 0
B00278 7:38 0 0 0.013 0.008 0 0 0 0 0 0
B00279 12:38 0 0 0 0 0 0 0 0 0.040 0.002
B00280 17:34 0.039 0.048 0 0 0 0 0 0 0 0
B00282 4:18 0.140 0.196 0 0 0.020 0.066 0 0 0 0
B00283 9:10 0 0 0 0 0 0 0 0 0 0
B00259 8:51 0 0 0 0 0 0 0 0 0 0
B00260 19:58 0.070 0.248 0 0 0 0 0.180 3.311 0 0
B00261 2:08 0.220 0.636 0 0 0 0 0.080 1.718 0 0
B00265 7:50 0 0 0 0 0 0 0 0 0 0
PEZ B00272 21:03 0.160 0.301 0 0 0 0 0 0 0.040 0.218
B00275 16:32 0 0 0 0 0 0 0 0 0 0
B00288 747 0 0 0 0 0 0 0 0 0 0
B00290 16:55 0 0 0 0 0 0 0 0 0 0
B00291 12:00 0 0 0 0 0 0 0 0 0 0
B00295 2:01 0.060 0.218 0 0 0.060 0.221 0 0 0.020 0.037
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Table 4.4: continued

Species
T. macura N. megalops T. gregaria Total
Zone Station Time A B A B A B A B
B00273 2:19 11.840 5.374 0 0 0 0 18.240 15.167
B00274 8:59 0.147 0.050 0 0 0 0 0.173 0.070
B00276 21:12 2.160 1.608 0 0 0 0 6.240 5.499
Core  B00277 3:08 0.020 0.370 0 0 0 0 2.880 2.908
B00284 14:11 0.013 0.010 0 0 0 0 0.013 0.010
B00285 18:10 7.680 6.180 0 0 0 0 7.840 6.403
B00286 22:06 3.680 2.754 0 0 0 0 4.800 3.443
B00262 9:43 0.413 0.464 0 0 0 0 0.413 0.464
B00263 14:24 3.840 1.523 0 0 0 0 3.840 1.523
B00264 21:07 2.880 1.823 0 0 0 0 4.760 8.888
B00268 1:08 0.320 0.112 0 0 0 0 1.120 0.718
B00269 6:31 1.080 0.576 0 0 0 0 1.160 0.663
Edge B00270 11:43 0.027 0.013 0 0 0 0 0.027 0.013
B00278 7:38 0.507 0.362 0 0 0 0 0.520 0.370
B00279 12:38 0.187 0.100 0 0 0 0 0.227 0.102
B00280 17:34 0.787 0.312 0 0 0 0 0.826 0.360
B00282 4:18 0.240 0.119 0 0 0 0 0.420 0.380
B00283 9:10 0.107 0.063 0 0 0 0 0.107 0.063
B00259 8:51 0.640 0.087 0 0 0 0 0.640 0.087
B00260 19:58 1.950 0.956 0.160 1.606 0.020 0.056 2.380 6.176
B00261 2:08 0.260 0.120 0 0 0 0 0.560 2.474
B00265 7:50 0.080 0.138 0 0 0 0 0.080 0.138
PEZ B00272 21:03 1.480 0.606 0 0 0 0 1.680 1.126
B00275 16:32 0.027 0.003 0 0 0 0 0.027 0.003
B00288 7:47 0.133 0.093 0 0 0 0 0.133 0.093
B00290 16:55 0.053 0.015 0 0 0 0 0.053 0.015
B00291 12:00 0.107 0.036 0 0 0 0 0.107 0.036
B00295 2:01 0.660 0.371 0 0 0 0 0.800 0.846
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Univariate analysis

Total euphausiid abundance and biomass collected with the WP-2 net ranged between 0.013
and 3.840 ind Mand 0.010 and 1.523 mg dwtrduring the daytime, and between 0.420

and 18.240 ind mand 0.380 and 15.167 mg dwtrmuring the nighttime. The Core region

had the highest abundance and biomass, with nighttime mean values of 8.04 + 684 ind m
and 6.75 + 5.72 mg dwt farespectively (Fig 4.4A, C). The Edge (mean: 1.87 + 1.96 iAid m
2.66 + 4.15 mg dwt i) and the PFZ (mean: 1.31 + 0.76 ind,r8.66 + 2.45 mg dwt i)

waters were characterized by considerably lower abundance and biomass values (Table 4.4,

Fig 4.4A, C).

As with the RMT-8 data, the total abundance (A) and biomass (B) datat(gsformed)
collected with the WP-2 net showed no significant interaction effect of zone and time of day
(Factorial ANOVA, p > 0.05 in both cases). A strong diel pattern in abundance and biomass
was evident, with the nighttime total euphausiid abundance and biomass from the Core of the
eddy (A = 8.04 + 6.94 ind thand B = 6.75 + 5.72 mg dwt #hand PFZ (A = 1.31 + 0.76 ind

m* and B = 2.66 + 2.45 mg dwffhwaters being significantly greater than that recorded
during the daytime (Core: A = 2.68 + 4.47 ind and B = 2.16 + 3.67 mg dwt mPFZ: A =

0.17 £0.23 ind M and B = 0.06 + 0.05 mg dwt(Fishers LSD, p < 0.05 in all cases). The
pattern appears to be the result of an influx of larger species of euphausiid, Bafrigiga,

E. vallentini andE. longirostris, into the surface waters at night (Table 4.4, Fig 4.4C, D). The
abundance of the dominant species of euphausiid recorded in the WP-2 net,Tnamely

macura, showed no significant interaction between zone and time of day (p > 0.05).

61



Chapter 4: MOEVSV

>

Abundance (ind r'n3)

ug]

Contribution %

@]

Biomass (mg dwt r'n3)

W)

Contribution %

Figure 4.4: Mean (+ SD) total euphausiid daytime and nighttime abundance (A) and biomass (C) values,
together with the % contribution of the dominant euphausiid species (B, D) collected with the WP-2
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sampling gear, within the Core, Edge and PFZ regions of the MOEVS V survey area.
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There were no significant correlations between the abundance and biomass estimates of
euphausiid from the WP-2 net and any of the measures afadricentration recorded

during the survey (Spearman Rank correlation: p > 0.05 in all cases).

Multivariate analysis

For the multivariate analysis of the RMT-8 data, the day and nighttime samples were
combined. The results of the two-way crossed analysis of similarity (ANOSIM) performed on
the abundance and biomass data showed a significant difference between the different zones
for both the daytime and nighttime samples (A: R = 0.30, p <0.05, and B: R = 0.38,

p < 0.05). The pairwise test revealed significant separation between the Core and the Edge
groups (A: R =0.40, p<0.05, and B: R =0.42, p < 0.05) and the Core group and the PFZ
group (A: R =0.48, p <0.05, and B: R =0.62, p <0.05). The analysis was, however, unable
to distinguish between the Edge group and the PFZ group for both abundance (R = 0.08,

p > 0.05) and biomass (R = 0.15, p > 0.05). The test for differences between the daytime and
nighttime groups showed a significant difference for the abundance data (R = 0.27, p < 0.05),
but not for the biomass data (R = 0.15, p > 0.05). The result of the cluster analysis on the
abundance data indicated three groups separatt@at%o similarity level (Fig 4.5A).

Group Al consisted of an even mixture of stations from the Edge of the eddy and PFZ
waters, while the stations from the Core of the eddy were predominant in Group A3 (Fig
4.5A). The ordination analysis produced similar results (Fig 4.5B), showing a strong
separation between the stations occupied in the Core of the eddy and PFZ waters. The results
from the cluster analysis on the biomass data appear relatively complex (Fig 4.6A), and
reflect the interactive effects of period and zone on the euphausiid species composition and

biomass.
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Figure 4.5: Results from the cluster (A) and ordination (B) analysis performed on the euphausiid abundance data
collected with the RMT-8 net during the MOEVS V survey. Al = Edge and PFZ group; A2 = Core,
Edge and PFZ group; A3 = Core group.
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Figure 4.6: Results from the cluster (A) and ordination (B) analysis performed on the euphausiid biomass data
collected with the RMT-8 net during the MOEVS V survey.
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This complex pattern is resolved, to a large degree, in the MDS plot, with the stations
occupied in the Core of the eddy and the PFZ water showing the greatest separation (Fig
4.6B). The location of the Edge samples in between the Core and PFZ samples in the MDS
plot, further suggests that this region acts as a transition zone between the Core of the eddy

and the surrounding water mass (Fig 4.6B).

Table 4.5: Contribution (%) of the dominant species of euphausiid to the within group similarity for the RMT-8
Abundance and Biomass data from the different regions of the MOEVS V survey area. Results
acquired from the PRIMER program SIMPER.

Species
T.macura E. frigida E.triacantha E. vallentini E.longirostris S. maximum
Core A 11.77 38.03 28.99 21.19
B 12.5 70.86 12.5
A 42.03 24.24 19.4 10.07
Edge B 55.01 9.41 27.37
PE7 A 8.19 39.65 33.87 12.31
B 13.52 15.8 54.81 15.31

The similarity percentages procedure (SIMPER) showed relatively low within group
similarities for both the abundance and biomass data, with the samples in the Core of the
eddy showing a 35 % and 43 % similarity level in the species of euphausiid present,
respectively. The stations occupied in the Edge of the eddy and the PFZ waters showed a
41 % and a 43 % species similarity level for the abundance data, and a 52 % and 44 %
species similarity level for the biomass data, respectively. The within group similarity
showed a succession of dominant species from the Core to the PFZ waters (Table 4.5). In
terms of abundancg. frigida (contribution to the within group similarity = 38 %) was the
most important species in the Core of the e@idyriacantha (42 %) contributed most to the
within group similarity at the Edge of the eddy, wtitlevallentini (40 %) was the dominant

species in the PFZ waters. In terms of species contribution to the biomass of euphausiids
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within the different zonek. triacantha contributed most in the Core (71 %) and Edge (55 %)
regions of the eddy, while. longirostris contributed most within the water of the PFZ (55

%).

Due to the strong diel variability in abundance and biomass of the euphausiids collected with
the WP-2 net, only the nighttime samples were used for the multivariate analyses. The one-
way analysis of similarities (ANOSIM) was used to determine whether the predetermined
groupings (Core, Edge and PFZ) placed on the data agreed with the observed distribution
patterns of the euphausiids. The test for differences between groups was significant for both
abundance (R = 0.3, p < 0.05) and biomass (R = 0.4, p < 0.05). The pairwise tests produced
similar results for abundance and biomass with only the Core and PFZ groups demonstrating
a significant separation (A: R =0.71, p < 0.05; B: R = 0.97, p < 0.05). The degree of
separation between the Core and the Edge group, and the Edge and the PFZ group was

insignificant for the abundance and biomass data (p > 0.05 in all cases).

The ordination analysis and cluster analysis showed a similar pattern with three groups
separating at the 45 % similarity level for abundance and biomass (Fig 4.7, 4.8). Groups A3
and B3 were dominated by stations within the Core of the eddy for both abundance and
biomass, respectively. The remaining groups consisted of a mixture of Edge and PFZ stations
(Fig 4.7, 4.8). For the abundance data the stations within the Core and the PFZ both had a
within group similarity ofc. 55 %, while the edge region had a lower similaritg.d35 %

(SIMPER).
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Figure 4.7: Results from the cluster (A) and ordination (B) analysis performed on the euphausiid abundance data
collected with the WP-2 net during the MOEVS V survey. Al, A2 = PFZ and Edge group; A3 =
Core group.
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For the biomass results, the Core of the eddy had the highest within group similarity level of
61 %, while the similarity levels for the Edge ( 21 %) and the PFZ (3 %) were considerably
lower. E. frigida (A = 62 %, B = 64 %) andl. macura (A = 38 %, B = 36 %) accounted for

all the similarity within the Core group, whil&, macura (A = 87 %, B 75 %) ané.

vallentini (A =13 %, B = 25 %) were responsible for the similarity in the Edge region of the
eddy. The PFZ region was dominatedTbynacura (A = 81 %, B = 42 %) an#. vallentini

(A =16 %, B = 39 %) for both abundance and biomass, althBulgingirostris did

contribute substantially to the within group similarity for the biomass data (17 %).

Ingestion rates

Only the numerically dominant euphausiid species (listed above) were used for the
calculation of ingestion rates and grazing impact. Although all species showed pronounced
variability in gut pigment levels over a 24 h period (Fig 4.9), differences between daytime
and nighttime pigment contents were only significantHovallentini (Mann-Whitney U test,

U = 145.0, p < 0.001). Ten gut evacuation rate experiments were performed on 5 of the
numerically dominant euphausiid species, with the gut evacuation rate cokstanyiag
between 0.40 and 1.69 [{Fig 4.10). Due to its scarcity at the stations where feeding
experiments were conducted, kigalue was determined f@&:. frigida during the study. As a
result a value of 0.29'determined by Pakhomov and Froneman (2004) in the Atlantic

sector of the PFZ was employed.

Gut pigment destruction rates were determinedfaallentini (mean: 47.5 + 28.1 %, n = 4),
E. triacantha (mean: 23.1 + 13.5 %, n = &, longirostris (mean: 29 + 3.8 %, n = 3) afd

macura juveniles (mean: 44.9 + 18.6 %, n = 3). No gut pigment destruction rates were

70



Euphausiid population structure and grazing in the PFZ

determined foE. frigida andS. maximum. As a result values of 35.8 % (Pakhomov and

Froneman, 2004) and 50 % of the total pigment ingested were assumed, respectively.
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Figure 4.9: Diel variation in gut pigment content (rigm inc™) of the selected species of euphat
during the MOVES V survey. The thickening of thaxisindicates period of darkness.

Ingestion rates were determined using nmeaalues obtained for each species (Fig 4.E0).
triacantha and to a lesser extelt longirostris had the highest daily ingestion rates of the
euphausiids studied (Table 4.6), consuming between 717.1 — 6332.2 ng pigrhand

208.3 — 1655.2 ng pigm iffd™, respectively. The lowest daily ingestion rates were recorded
for E. frigida, ranging between 18.5 and 41.1 ng pigni‘aitl Daily ingestion rates fdE.

vallentini were low, ranging between 30.6 and 977.9 ng pigriidnd
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Figure 4.10: Dynamics of the decline in gut pigment, together with the results of the negative exponential

regression analyses for the selected species of euphausiid analysed during MOEVS V. The gut
evacuation ratekf and gut passage timiJ are provided for each species.
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Table 4.6: Individual ingestion rates (ng pigmtdd) of the dominant euphausiid species recorded in the
different regions of the survey area during the MOEVS V survey.

Species
Zone Station E. longirostris E. triacantha E. vallentini S maximum E.frigida  T. macura (juv)
B00273 137.2 17.7
Core B00277 28.5
B00285 717.1 139.8 8.6
B00286 2239.8 351.7 18.5
B00262 373.1 6250.4 39.3 303.1
B00263 8.9
B00264 1470.9 102.4 105.9
Edge B00268 38.4
B00278 732.3 1560.6 96.8 93.2 41.1
B00279 1655.2
B00280 1953.9 977.9 14.0
B00283 100.6
B00260 208.3 53.6 262.0 6.2
B00261 425.9 6332.2 172.0
PE7 B00265 57.2
B00272 1187.9 2225.0 834.0 31.8
B00290 320.9
B00291 270.7 30.6

Grazing impact

To calculate the euphausiid community ingestion rates, RMT-8 abundance datZ)(ind m

were applied to the individual ingestion rates calculate&.foongirostris, E. triacantha, E.

vallentini, S maximum andE. frigida. The abundance data from the WP-2 net were applied to
the individual ingestion rate @t macura (juveniles). Community ingestion rates ranged

between 0.02 and 5.3% pigm m?d™, with the highest community ingestion rates recorded

at the stations occupied in the Core of the eddy (mean: 1.71 4d pigm m’d™) (Table

4.7). The euphausiid community ingestion rate was lowest at the stations occupied in the PFZ

waters (mean: 0.76 + 0.68 pigm n¥d™). A mean community ingestion rate of 1.09 + 1.45

73



Chapter 4: MOEVSV

Table 4.7: Euphausiid community ingestion rates (pg pigrdnand the total grazing impact of the dominant
species of euphausiid recorded in the different regions of the survey area during the MOEVS V

survey.
Core Edge PFz
mean SD mean SD mean SD
Euphausiid community ingestion rate
ug pigm md* 1.71 1.74 1.09 1.45 0.76 0.69
ng C m?d* 85.45 87.19 54.54 72.66 38.17 34.48
Chl-a biomass (mg pigmfh  9.26 1.62 6.83 1.52 7.52 1.87
Grazing impact (%) 0.02 0.02 0.02 0.03 0.01 0.01
% Contribution to grazing impact
E. longirostris 4.3 4.4 17.3 15.5
E. triacantha 43.9 31.7 30.3 25.1 23.6 18.9
E. vallentini 4.5 8.8 6.0 15.1 8.8 9.4
S maximum 0.7 0.8 2.4 2.9
E. frigida 2.7 5.5 0.1 0.1
T. macura (juv) 48.9 38.2 58.5 33.3 47.9 28.4

ug pigm mzd*

T

T

Core  Edge PFzZ

Figure 4.11: Mean (x SD) euphausiid community ingestion ragepigm
m?d™) for the Core, Edge and PFZ regions of the MOEVS V
survey area.

74



Euphausiid population structure and grazing in the PFZ

ug pigm mfd™* was recorded within the edge of the eddy (Table 4.7). There were no
significant spatial patterns in the euphausiid community grazing rates during the study (Fig

4.11) (Kruskal-Wallis ANOVA, p > 0.05).

The combined grazing impact of the euphausiids was very low, with the total euphausiid
grazing impact never exceeding 0.2 % (range = < 0.001 — 0.11 %) of the total aeeal chl-
biomass. The combined grazing impact was similar between the Core and the Bdge,

%, while lowest in the PFZ waters (0.01 £ 0.01 %) (Table 4.7). Again there was no
significant difference between the grazing impacts of the six dominant species of euphausiid
in the different zones (p > 0.05). In terms of the percentage lwbimass consumed,

macura (juv) andE. triacantha were the dominant grazers, accountingcfd4.1 + 31.3 and

36.9 + 23.9 % of the total euphausiid grazing activity, respectively (Table 4.7).

Table 4.8: Mean ingestion rates (ug Cidd) and daily ration estimates for the selected species of euphausiid
used for the grazing experiment during the MOEVS V survey.

Ingestion rate Daily ration

(ug C Ind'd™) (% Body carbon indd™)
Dwt (mg) mean SD mean SD min max
E. longirostris 20.28 34.67 27.07 0.38 0.30 0.11 0.91
E. triacantha 17.82 142.19 109.17 1.77 1.36 0.45 3.95
E. vallentini 3.97 13.34 16.47 0.75 0.92 0.09 2.73
S. maximum 10.50 8.82 6.66 0.19 0.14 0.03 0.34
E. frigida 4.57 1.47 0.57 0.07 0.03 0.05 0.10
T. macura (juv) 0.72 1.99 1.98 0.62 0.62 0.10 1.65

The dry weight estimates from the CL'’s of the euphausiids used in the gut pigment analysis
were used to calculate the body carbon content of the selected euphausiids. Due the lack of
any significant spatial variability in grazing activity, the species-specific ingestion rates from

the Core, Edge and PFZ regions were combined to calculate the autotrophic daily ration
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estimates of the selected euphausiids (Table B.8&).acantha had the highest daily ration
estimate, with an autotrophic carbon ingestion rate equivalent to between 0.45 and 3.95 %
(mean = 1.77 + 1.36 %) of their body carbon content (Table 4.8). The remaining species of
euphausiid, namell. longirostris, E. vallentini, S. maximum, E. frigida andT. macura

(juveniles) had very low daily ration estimates, equivalent to < 1 % of their body carbon

content (Table 4.8).

Discussion

Physical environment

The water column characteristics of the cold-core feature investigated during this study
suggest that the eddy would have originated at the APF (Ansorge and Lutjeharms, 2003).
Recent observations by Ansorge and Lutjeharms (2003) suggest that the mesoscale
turbulence generated by the interaction of the ACC with the South-West Indian Ridge result
in large eddies being formed. These eddies are subsequently advected into the PFZ where
they contribute to the mesoscale variability in the oceanographic environment (Ansorge and
Lutjeharms, 2003). To date, no biological studies have been conducted in the vicinity of these

features.

Chlorophyll-a

The surface and integrated ehtoncentrations recorded during this study were lower than

that previously reported for this region during austral autumn (Getra¢y 2002; Bernard
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and Froneman, 2003; Ansorgteal., 2004). This aside, the marked increase in area chl

biomass within the Core of the eddy suggests that the feature showed enhanced accumulation
of areal chla biomass. Previous studies have shown that the Core region of an eddy is
associated with the highest @ntoncentrations and biomass (Garebal., 2001). Reasons

for this have been ascribed mainly to factors that increase the nutrient concentrations within
the eddy environment, including elevated nutrient concentrations at the eddies origin (Garcon

et al., 2001) and eddy pumping (Falkowskal., 1991; McGillicuddy Jret al., 1998).

Trends in euphausiid population characteristics

The total abundance and biomass of euphausiids recorded within the three regions of the
survey area using the RMT-8 net are considerably greater than what has previously been
reported for the Indian sector of the PFZ using the same sampling gear (Pakhomov and
Froneman, 2000). Indeed, the estimates of abundance and biomass fall within the upper range
of what has previously been reported for the entire macroplankton and micronekton
assemblage in the PFZ (Pakhomov and Froneman, 2000). Furthermore, the euphausiid
abundance estimates are within the range of the total macrozooplankton community of the
Northwest Weddell Sea, except when large swarnis afperba were encountered

(MOCNESS, Fisheet al., 2004). Similarly the Core abundance estimatds @fiacantha, E.

frigida andT. macura are considerably greater than summer estimates from the region to the
east of Prydz Bay for the same species (RMT-8, Haisie 2000). The results from the WP-

2 data show a similar trend, with the total euphausiid abundance estimates, particularly in the
Core of the feature, falling within the total macrozooplankton range reported for the PFZ
(Bongo net, Fronemaat al., 1999;Fronemaret al., 2002). Also, the WP-2 abundanced of

macura, reported here, are comparablérhysanoessa species recorded during the summer
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months in the Scotia Sea (Waetdhl., 2004). A number of studies have demonstrated that the
APF is characterized by elevated abundance and biomass of macrozooplankton and
micronekton (Pakhomoet al., 1999; Pakhomov and Froneman, 2000; Pakhaahalv,

2000). The elevated abundance and biomass of euphausiids in the Core of the eddy could

therefore be related to the fact that the feature appeared to have originated from the APF.

Past studies on zooplankton dynamics within eddies and the surrounding waters have shown
that distinct community assemblages exist within the distinguishable regions of the features,
and that these communities change as the eddy ages, reflecting entrainment of zooplankton
species that show seasonal variability in abundances and different communities associated
with different zoogeographic regions (Mackas and Galbraith, 2002; Endo and Wiebe, 2005;
Mackaset al., 2005). Both the RMT-8 and WP-2 data sets showed distinct spatial patterns in
euphausiid population characteristics associated with pheri determined regions. The
euphausiids of the PFZ region were typical of those previously recorded in the PFZ during
the same season (Pakhomov and Froneman, 2000; Froeeaha2002; Gurneyt al.,

2002; Hunt and Pakhomov, 2003). On the other hand, the euphausiids of the Core region
comprised mainly of vagrantg.(triacantha, E. superba andE. frigida) that are rarely

recorded within the PFZ (Pakhomov and Froneman, 2000; Froretralan2002; Gurnet

al., 2002; Hunt and Pakhomov, 2003), and are typically associated with the region to the
south of the APEMauchline and Fisher, 1969; Deacon, 1982). Mackas and Galbraith (2002)
suggested that the zooplankton found in the Core of an eddy reflect the area where the eddy
formed. The presence of Antarctic species, and the characteristics of the seawater within the
Core of this eddy, suggests that the feature was formed in the region of the APF and that eddy

was able to retain, to some degree, the euphausiid species that were distinctive of the front.
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The multivariate analysis conducted on the RMT-8 and WP-2 data sets were in general
agreement. In both cases ANOSIM suggested that although the separation, in terms of
community structure and abundance estimates, between the PFZ region and the Edge region
were blurred, the Core region was in fact a separate entity to its surrounding waters,
particularly the PFZ. The absence of any distinct differences between the PFZ and the eddy
Edge can be attributed to the fact that the eddy edge represents a transition zone between the
cold-core feature and the surrounding waters (Maekals, 2005). OnlyE. vallentini andT.

macura were recorded in each of the zones for both the WP-2 and RMT-8 datscura is

known to occur in the Antarctic Polar Frontal Zone (Pakhomov and Froneman, 2000;
Fronemaret al., 2002) and within Antarctic waters (Mauchline and Fisher, 1969; Pakhomov

et al., 1999; Pakhomost al., 2000; Fisheet al., 2004). On the other hanH, vallentini is

usually only associated with the PFZ (Mauchline and Fisher, 1969). The presence of this
species in the Core of the eddy suggests that it is likely to have been entrained into the feature
once it had been spawned from the region of the front. While the opposite could be proposed
for E. triacantha, whose presence in the PFZ could reflect the loss of individuals from the

eddy (Table 4.3, Figure 5.3). It is possible that the deep vertical distribution patkern of
triacantha reduced its exposure to surface wind driven inertial currents and ekman transport,

allowing the species to retain its position in the eddy (Maekals, 2005).

Correlations between zooplankton densities and phytoplankton biomass have been reported
on a number of occasions, and have been attributed to aggregation of zooplankton around
rich feeding grounds (Pakhomov and McQuaid, 1996; Pakhetray, 2000;Gurneyet al.,

2002). Although it is possible that the correlations between bidmass andt. frigida

(positive correlation)E. longirostris andS. maximum (negative correlation) from the RMT-8

data are linked to feeding habits of the specific species, it is likely that the associations are
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not causative and merely reflect the predominanée fsfgida within the Core of the eddy,
where the highest (p < 0.05) areal aliomass was recorded, and the restricted distributions
of E. longirostrisandS. maximumto the PFZ and Edge regions that were characterized by
reduced areal cld-biomass. This result again reaffirms the role of the Edge region of the

eddy as a biological boundary to selected species of euphausiid.

Euphausiid grazing

The gut pigment contents of all species of euphausiid analyzed were very low, with the
exception oE. triacantha, and fell below the range of previous findings for the same species
(Gurneyet al., 2002; Pakhomov and Froneman, 20@4jliel pattern in gut pigment content

was only evident foE. vallentini, while the gut pigment concentrationstofiongirostris, E.
triacantha, E. frigida, T. macura andS. maximum varied to a greater or lesser degree
throughout the 24 hour period. Diel variability in gut pigment concentrations of euphausiids
has been reported by a number of authors (Guetray, 2002; Pakhomov and Froneman,

2004), and can been attributed to the diel vertical migrations undertaken by the zooplankton.
The absence of clear trends in gut pigment is thought to be a result of a continuous feeding

behaviour (Gurnewt al., 2002).

A number of studies have calculated gut evacuation rates and gut pigment degradation
coefficients fork. vallentini andE. longirostris (Gurneyet al., 2002) ancE. triacantha andT.
macura (Pakhomov and Froneman, 2004). Of these, only the gut evacuationTate of
macura, k = 0.55 i (Pakhomov and Froneman, 2004), showed considerable deviation of
from that reported her&,= 0.95 i. The gut evacuation rates reportedSomaximum are

the first reported for this region.
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Various factors are though to contribute to the variability in gut pigment destruction rates
commonly observed for zooplankton, including the degree of starvation or the level of
feeding activity (Head, 1992), prey type and trophic history (Mayzaud and Rayzouls, 1992).
Past studies have reported fairly high pigment degradation rates for euphausiids, > 50 %
(Perissinotto, 1992; Perissinotto and Pakhomov, 1996; Perissahaitp2001; Gurnet al.,

2002). Although there was considerable variability in the estimates, the mean gut pigment
destruction rate estimates reported here were generally < 50 % of the total pigment ingested.
Due to the fact that the starvation and acclimation period for the various species was
standardized, coupled with the fact that the euphausiids were incubated at similar food
concentrations, the observed variability in gut pigment destruction rates can likely be

attributed to the condition of the individual experimental animals.

The individual ingestion rates of the selected euphausiid species during this investigation
were below or within the lower range of ingestion rgieviously reported for the same

species within the PFZ and indeed in other regions of the Southern Ocean (see for example:
Perissinotto, 1992; Pakhometal., 1997; Gurnewt al., 2002; Pakhomov and Froneman,
2004). Perissinotto (1992) demonstrated that the sub-Antarctic euphaasuasentini and

T. vicina, actively select food particles in the micro- (20 — 268 and to a lesser extent
nanophytoplankton (2 — 20m) size classes. During the present study, the tota chl-
concentrations were dominated by picophytoplankton, which are generally considered to be
too small to be grazed efficiently by the large euphausiid species (febeierl994). The

low chl-a biomass together with the unfavourable size structure of the phytoplankton
community within the region of investigation may have accounted for the low ingestion rates

and grazing impact of the numerically dominant euphausiids. Although euphausiid grazing
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impact seldom exceeds 5 % of the total areabdsibmass (see table 1.1), the values
reported here (< 0.15 %) fall well below the range of values presented in the literature
(Perissinotto, 1992; Pakhometal., 1997; Perissinottet al., 1997; Pakhomov and

Froneman, 2004).

It is generally assumed that for krill to meet their daily basic metabolic and energetic costs
during the summer months, they need to consume between 5 and 15 % of their body carbon
weight in food (Clarkest al., 1988; Huntlyet al., 1994; Perissinottet al., 1997). As this

study was conducted during the austral autumn, when reproductive demand and growth is
reduced, it is assumed that the daily ration of the euphausiids should range between 5 and 10
% of their body carbon. The mean daily rations of all the species of euphausiid examined
were generally equivalent to < 2 % of body carbon. The low daily ration of autotrophic

carbon reported fd® maximum (0.03 — 0.3 %) is not surprising as it demonstrates
morphological adaptations for carnivory (Mauchline and Fisher 1969). The daily rations
reported folE. vallentini (0.09 — 2.73 %) anB. longirostris (0.1 — 0.9 %) from this study are
considerably lower than what has previously been reported for these species within the PFZ
during autumn (Gurnest al., 2002). It is worth noting that during the study conducted by
Gurneyet al. (2002) the total chd concentrations were more than double that recorded

during the present study, and the nano- and microphytoplankton size classes contributed most
to the total chla concentration. Thus the higher daily rations reported by Guatrady(2002)

may be attributed to a more favourable phytoplankton community structure that was
encountered during their study. Due to the low daily ration estimates recorded during this
study, it is proposed that the selected euphausiid species examined would have had to make
use of alternate food sources, such as protozooplankton and mesozooplankton to meet their

daily carbon requirements.
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Conclusion

The results reported here indicate that the abundance and biomass estimates of the
euphausiids associated with the cold-core eddy were considerably greater than previously
reported for the PFZ during austral autumn (Pakhomov and Froneman, 2000; Freneman

al., 1999), and indeed are comparable to the more productive regions of the Southern Ocean,
e.g. the NW Weddell Sea, the Scotia Sea and Prydz Bay, during summereftabsizg000;

Fisheret al., 2004; Warckt al., 2004).

The ability of the eddy investigated during this study to transport large numbers of vagrant
species into the PFZ(triacantha, E. frigida andE. superba) suggests that these features
contribute to the spatial heterogeneity of the zooplankton community composition within the
PFZ. In addition, the elevated euphausiid abundance and biomass values within the feature
suggest that eddies generated by the interaction of the ACC with the South-west Indian ridge
may represent important foraging grounds for the apex predators found on the various

oceanic islands in the PFZ.

The results from the grazing studies suggest that all of the euphausiid species examined
would have had to make use of alternate carbon sources to meet their daily energetic
demands. The observed pattern appears to be related to the low biomass and unfavorable size
structure of the phytoplankton assemblage that is a characteristic of the PFZ during the

unproductive autumn and winter months.
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Summary and conclusions

The results of this study indicate that the region where the ACC interacts with the Southwest
Indian Ridge is characterized by extreme spatial and inter-annual mesoscale variability in

both physico-chemical and biological variables. During 2004, the frontal systems that delimit
the PFZ converged to form a single intense feature, which separated the area of investigation
into two distinct regions. During 2005 a cyclonic geostrophic circulation cell, consisting of a

core of Antarctic surface water, was nested within the waters of the PFZ.

Thetotal surface chlorophyll-a concentrations and areal chl-a biomass encountered during
the survey conducted during 2004 (0.03to 0.26 pg chl-a L ™; 4.15to 22.18 mg chl-a m?,
respectively) were considerably greater than that recorded in 2005 (0.06 to 0.14 ug chl-a L™;
4.13to 11.37 mg chl-a m™, respectively). The elevated phytoplankton biomass that was
observed in the core of the cold-core eddy investigated during 2005 can be ascribed to the
fact that the feature was spawned from the APF which is well documented to be an area of
elevated bhiological activity. Assuming that these features are also formed during summer, it
is not unreasonable to suggest that during more favourable growth conditions, these features

will produce a more substantial chl-a response.

During both surveys it was evident that the distributions of certain species of sub-Antarctic
and Antarctic euphausiids were limited by biogeographic boundaries in the form of the
frontal feature encountered during the 2004 survey, and the eddy in 2005. Although the
euphausiid species composition was similar between the two surveys, the Core of the eddy

encountered during 2005 had a greater representation of Antarctic species, with the notable
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inclusion of E. superba. Indeed this result represents the most northerly record of this species
in the Indian sector of the Southern Ocean (Mauchline and Fisher, 1969; Mauchline, 1980;
Deacon, 1982; Baker et al., 1990). Moreover the abundance and biomass estimates recorded
in the Core of the eddy (A = 0.01 to 18.24ind m*, and B = 0.01 to 15.17 mg dwt m™), were
twice as high as those recorded throughout the 2004 survey (A = 0.16 to 3.10 ind m™, and B
= 0.15 to 8.05 mg dwt m™) (comparing Bongo and WP-2 net samples). The eddies ability to
maintain, to some degree, the euphausiid populations from the APF and transport the elevated
abundances and biomass into the PFZ not only increased the species heterogeneity in the
region, but also suggests that these features may represent important foraging grounds for top
predators found on the Prince Edward Islands. Similarly the front encountered in 2004 was
characterized by elevated biomass estimates of euphausiids compared to the surrounding
waters, suggesting that it may also represent an important foraging ground. These findings
are supported by observations of grey-headed albatross and satellite tracking of elephant
seals, which demonstrated that the predators often linger within the areas of mesoscale

oceanographic variability inthe PFZ (Nell et al., 2001, M. Bester, pers comm.).

The results from the grazing experiments conducted during both 2004 and 2005 agreed with
the bulk of the literature on euphausiid feeding behaviour, which suggests that phytoplankton
represent aminor component in the diets of euphausiids in the open waters of the PFZ, during
the austral autumn and winter. It islikely that the low chl-a biomass and the predominance of
the small phytoplankton, particularly picophytoplankton throughout both regions of
investigation played a major role in the observed low ingestion rates and daily ration
estimates of the selected species of euphausiid. Although the daily ration estimates for the
majority of the species used in the feeding experiments were insufficient to meet their daily

carbon requirements (< 5 %), exceptions were noted with the smaller size classes of
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euphausiid, such as the sub-adult E. vallentini and Thysanoessa spp. (MOEVS1V), which
had daily rations of autotrophic carbon sufficient to meet their theoretical daily carbon
demands (> 5 % of their body carbon content). Interestingly E. triacantha, one of the larger
species of euphausiid encountered during both surveys, was characterized by having
relatively high ingestion rates (717.1 to 6332.2 ng pigm ind™*d™) and daily ration estimates
(0.45to 4.42 %). The feeding basket of E. triacantha is known to be more highly setose than
that for example E. longirostris, and thus could account for the observed high gut pigment

concentrations (Mauchline, 1967; Mauchline and Fisher, 1969).

Seasonality within the Southern Ocean is marked, with the summer months seeing an influx
of millions of top predators into the region to exploit the greatly elevated macrozooplankton
and micronekton stocks (Pakhomov and Froneman, 1999). The current study was conducted
during the unproductive autumn months and as a result the data presented is expected to
reflect the basal level of phytoplankton concentrations, euphausiid abundance and biomass
and grazing activity for the region. Nonetheless this data characterizes important aspects of
the ecological response by euphausiids to the presence of mesoscale oceanographic features
inthe ACC. Although it appearsthat aresponse reflecting elevated euphausiid abundance and
biomass in the regions of mesoscale variability occurs, the feeding by euphausiids on
autotrophic production is limited due to the low biomass and unfavourable size structure of
the phytoplankton assemblage, that characterizes the PFZ during the autumn and winter
months. The next step would be to observe the response of the phytoplankton and in turn the
euphausiids and other zooplankton populations within the mesoscale features during the

productive summer months.

86



Euphausiid population structure and grazing in the PFZ

References Cited

Allanson, B. R., Boden, B. P., Parker, L. and Duncombe Rae, C. (1985) A contribution to the
Oceanography of the Prince Edward IslandsAftarctic Nutrient Cycles and Food
Webs. Siegfried W. R., Condy, P. R. and Laws, R. M. (Eds.) Springer-Verlag Berlin

Heidelberg, pp 38 — 45

Ansorge, |. J. and Lutjeharms, J. R. E. (2002) The hydrography and dynamics of the ocean
environment of the Prince Edward Islands (Southern Océdaurnal of Marine

Systems, 37, 107 — 127

Ansorge, |. J. and Lutjeharms, J. R. E. (2003) Eddies originating at the South-West Indian

Ridge.Journal of Marine Systems, 39, 1 — 18

Ansorge, I. J., Froneman, P. W., Pakhomov, E. A., Lutjeharms, J. R. E., Perissinotto, R. and
Ballegooyen, R. C. van (1999) Physical-biological coupling in the waters surrounding

the Prince Edward Islands (Southern Ocedolar Biology, 21, 135 — 145

Ansorge, I. J., Froneman, P. W., Lutjeharms, J. R. E., Bernard, K., Bernard, A., Lange, L.,
Luk&as, D., Backeburg, B., Blake, J., Bland, S., Burls, N., Davies-Coleman, M.,
Gerber, R., Gildenhuys, S., Hayes-Foley, P., Ludford, A., Manzoni, T., Robertson, E.,
Southey, D., Swart, S., Van Rensburg, D. and Wynne, S. (2004) An interdisciplinary
cruise dedicated to understanding ocean eddies upstream of the Prince Edward

Islands.South African Journal of Science, 100, 1 — 4

87



References cited

Atkinson, A. (1996) Subantarctic copepods in an oceanic, low chlorophyll environment:
ciliate predation, food selectivity and impact on prey populatidiasine Ecol ogical

Progress Series, 130, 85 — 96

Atkinson, A. and Snyder, R. (1997) Krill-copepod interactions at South Georgia, Antarctica,

I. Omnivory byEuphausia Superba. Marine Ecological Progress Series, 160, 63 — 79

Atkinson, A., Ward, P., Peck, J. M. and Murray, A. W. A. (1990) Mesoscale distribution of

zooplankton around South Geordizeep-Sea Research, 37, 1213 — 127

Baker, A. de C., Boden, B. P. and Brinton, E. (1990) A practical guide to the euphausiids if

the world. British Museum (Natural History), London.

Bamstedt U, Gifford DJ, Irigoien X, Atkinson A, Roman M (2000) Feeding. In: Harris RP,
Wiebe PH, Lenz J, Skjoldal HR, Huntley M (Eds) ICES Zooplankton methodology

manual. Academic Press. UK, pp. 230 — 231

Bernard, K. S. and Froneman, P. W. (2002) Mesozooplankton community structure in the

Southern Ocean upstream of the Prince Edward Isl&otts. Biology, 25, 597 — 604

Bernard, K. S. and Froneman, P. W. (2003) Mesozooplankton community structure and
grazing impact in the Polar Frontal Zone of the south Indian Ocean during austral

autumn 2002Polar Biology, 26, 268 — 275

Bernard, K.S. and Froneman, P. W. (2005) Mesozooplankton community structure and
grazing impact in the west-Indian sector of the Polar Frontal zone, Southern Ocean,

during austral autumn 200Rolar Biology, 28, 594 — 606

88



Euphausiid population structure and grazing in the PFZ

Boden, B. P. (1951) The euphausiid crustaceans of Southern African Weaesactions of

the Royal Society of South Africa, 34, 181 — 243

Boden, B. P. (1988) Observations of the island mass effect in the Prince Edward Archipelago.

Polar Biology, 5, 81 — 93

Bost, C. A., Koubbi, P., Genevois, F., Ruchon, L. and Ridoux, V. (1994) Gentoo penguin
Pygoscelis papua diet as an indicator of plankton availability in the Kerguelen

Islands.Polar Biology, 14, 147 — 153

Boyd, P. W., Watson A. J., Law, C. S., Abraham, E. R., Trull, T., Murdoch, R., Bakker, D.C.
E., Bowie, A. R., Buessler, K. O., Chang, H., Charette, M., Croot, P., Downing, K.,
Frew, R., Gall, M., Hadfield, M., Hall. J., Harvey, M., Jameson, G., LaRoche, J.,
Liddicoat, M., Ling, R., Maldonado, M. T., McKay, R. M., Nodder, S., Pickmere, S.,
Pridmore, R., Rintoul, S., Safi, K., Sutton, P., Strzepek, R., Tanneberger, K., Turner,
S., Waite, A. and Zeidis, J. (2000) A mesoscale phytoplankton bloom in the polar

Southern Ocean stimulated by iron fertilizatiblature, 407, 695 — 702

Brown, C. R., Klages, N. T. and Adams, N. J. (1990) Short and medium-term variation in the
diets of penguins at Marion Islarbuth African Journal of Antarctic Research, 20,

13-20

Clarke, A., Quetin, L. B. and Ross, R. M. (1988) Laboratory and field estimates of the rate of
fecal pellet production by Antarctic krilEuphausia superba. Marine Biology, 98,

557 — 563

Clarke, K. R. and Warwick, R. M. (1994) Change in marine communities: an approach to

statistical analysis and interpretation. Environmental Research Council, Cambridge

89



References cited

Conover, R. J., Durvasula, R., Roy, S. and Wang, R. (1986) Probable loss of chlorophyll-
derived pigments during passage through the gut of zooplankton, and some of the

consequencesimnology and Oceanography, 31, 878 — 887

Cooper, J. and Brown, C. R. (1990) Ornithological research at the sub-Antarctic Prince
Edward Islands: a review of achieveme®zith African Journal Antarctic Research,

20,40 - 57

Dag, M. J. and Walser, W. E. Jr. (1987) Ingestion, gut passage and egestion by the copepod,
Neocalanus plumchurus, in the laboratory and in the subarctic Pacific Ocean.

Limnology and Oceanography, 32, 178 — 188.

Dam HG, Peterson WT (1988) The effect of temperature on the gut clearance rate constant of
planktonic copepodsgournal of Experimental Marine Biology and Ecology, 123, 1 —

14

Deacon, G. E. R., (1979) The Weddell Gybeep-Sea Research, 26, 981 — 995

Deacon, G. E. R. (1982) Physical and Biological zonation in the Southern OeepsSea

Research, 29, 1 — 15

Dilling, L., Wilson, J., Steinberg, D. and Alldredge, A. (1998) Feeding by the euphausiid
Euphausia pacifica and the copepo@alanus pacificus on marine snowMarine

Ecological Progress Series, 170, 89 — 201

Dubischar CD, Bathmann UV (1997) Grazing impact of copepods and salps on
phytoplankton in the Atlantic sector of the Southern OcBagp-Sea Research 11,

44, 415 - 433

90



Euphausiid population structure and grazing in the PFZ

Ellis, S. G. and Small, L. F. (1989) Comparison of gut evacuation rates of feeding and non-

feedingCalamus mar shallae. Marine Biology, 103, 75 — 81

Endo, Y. and Wiebe, P. H. (2005) Euphausiid distribution, abundance and succession in a

North Atlantic warm-core ring 82Blournal of Plankton Research, 27, 175 — 188

Falkowski, P. G., Ziemann, D., Kolber, Z. and Bienfang, P. K. (1991) Role of eddy pumping

in enhancing primary production in the oceldature, 352, 55 — 58

Falkowski, P. G., Barber, R. T. and Smetacek, V. (1998) Biogeochemical Controls and

Feedbacks on Ocean Primary Productimence, 281, 200 — 206

Field, J. G., Clarke, K. R. and Warwick, R. M. (1982) A practical strategy for analyzing multi

species distribution patterndarine Ecological Progress series, 8, 37 — 52

Fisher, E. C., Kaufmann, R. S. and Smith K. L. Jr. (2004) Variability of epipelagic
macrozooplankton/micronekton community structure in the NW Weddell Sea,

Antarctica (1995 — 1996Marine Biology, 144, 345 — 360

Fortier, L., Le Fereve, J. and Legendre, L. (1994) Export of biogenic carbon to fish and the
deep ocean: the role of large planktonic macrophagasial of Plankton Research,

16, 809 — 839

Froneman, P. W. (1995) The role of microzooplankton in carbon cycling in the Southern

Ocean. PhD thesis. Rhodes University, Grahamstown

Froneman, P. W. and Ansorge, I. J. (1998) The third Marion Island Oceanographic study
(MIOS IlI) conducted during April/May 199&outh African Journal of Science, 94,

437 - 439

91



References cited

Froneman, P. W. and Pakhomov, E. A. (1998) Biogeographic study of the plankton
communities of the Prince Edward Islandsurnal of Plankton Research, 20, 653 —

669

Froneman, P. W., McQuaid, C. D. and Perissinotto, R. (1995) Biogeographic structure of the
microphytoplankton assemblages of the south Atlantic and Southern Ocean during

austral summerlournal of Plankton Research, 17, 1791 — 1802

Froneman, P. W., Ansorge, I. J., Pakhomov, E. A. and Lutjeharms, J. R. E. (1999) Plankton
community structure in the physical environment surrounding the Prince Edward

Islands (Southern Oceanfolar Biology, 22, 145 — 155

Froneman, P. W., Pakhomov, E. A., Gurney, L. J. and Hunt, B. P. V. (2002) Predation impact
of carnivorous macrozooplankton in the vicinity of the Prince Edward Island
archipelago (Southern Ocean) in austral autumn 198& Sea Research 11, 49,

3243 - 3254

Frost, B. W. (1972) Effects of size and concentration of food particles on the feeding
behaviour of the marine planktonic copep@dianus pacificus. Limnology and

Oceanography, 17, 805 — 815.

Frost, P. G. H., Grindley, J. R. and Wildrgide, T. H. (1976) Report of South African
participation in crews MDO8 of MS Marion Dufresne, March/April 193@ith

African Journal of Antarctic Research, 6, 28 — 29

Garcon, V. C., Oschlies, A., Doney, S. C., McGillicuddy, D. and Waniek, J. (2001) The role
of mesoscale variability on the plankton dynamics in the North AtldDéep-Sea

Research 11, 48, 2199 — 2226

92



Euphausiid population structure and grazing in the PFZ

Gibbons, M. J., Spiridonov, A. and Tarling, G. A. (1999) Euphausiacea. In: Boltovskoy D
(ed) South Atlantic Zooplankton. Backhuys Publishers, Leiden, The Netherlands, pp

1241 -1279

Gordon, A. L., Monelli, E. and Baker, T. (1978) Large-scale dynamic topography of the

Southern Oceadournal of Geophysical Research, 87, 3023 — 3032

Gouretski, V. V. and Danilov, A, I. (1993) Characteristics of warm rings in the African sector

of the Antarctic Circumpolar CurreriDeep-Sea Research, 41, 1131 — 1157

Gurney, L. H. (2000) Feeding Biology of three euphausiid species in the vicinity of the
Prince Edward Archipelago (Southern Oce&thD Thesis. Rhodes University,

Grahamstown.

Gurney, L. J., Froneman, P. W., Pakhomov, E. A. and McQuaid, C. D. (2001) Trophic
positions of three euphausiid species from the Prince Edward Islands (Southern
Ocean): implications for the pelagic food web structiitarine Ecological Progress

Series, 217, 167 — 174

Gurney, L. J., Froneman, P. W., Pakhomov, E. A. and McQuaid, C. D. (2002) Diel feeding
patterns and daily ration estimates of three sub-Antarctic euphausiids in the vicinity of

the Prince Edward Islands (Southern OceBegp-Sea Research 11, 49, 3207 — 3227

Head, E. J. H. (1992) Gut pigment accumulation and destruction by arctic copeypdas

andin situ. Marine Biology, 112, 583 — 592

Hewes, C. D., Sakshaug, E., Reid, F. M. H. and Holm-Hansen, O. (1990) Microbial

autotrophic and heterotrophic eucaryotes in Antarctic waters: relationships between

93



References cited

biomass and chlorophyll, adenosine triphosphate and particulate organic carbon.

Marine Ecological Progress Series, 63, 27 — 35

Holm-Hansen, O. and Riemann, B. (1978) Chlorophyll-a determination: improvements in

methodologyQikos, 30, 438 — 447

Hosie, G. W., Schultz, M. B., Kitchener, J. A., Cochran, T. G and Richards, K. (2000).
Macrozooplankton community structure off East Antarctica (80 — 150 °E) during the

austral summer of 1995/199Beep-Sea Research 11, 47, 2437 — 2463

Hunt, B. P. V. and Pakhomov, E. A. (2003) Mesozooplankton interactions with the shelf
around the sub-Antarctic Prince Edward Islands archipellmgonal of Plankton

Research, 25, 885 — 904

Hunt, B. P. V., Pakhomov, E. A. and McQuaid, C. D. (2001) Short-term variation and long-
term changes in the oceanographic environment and zooplankton community in the

vicinity of a sub-Antarctic archipelagMarine Biology, 138, 369 — 381

Hunt, B. P. V., Pakhomov, E. A. and McQuaid, C. D. (2002) Community structure of
mesozooplankton in the Antarctic polar frontal zone in the vicinity of the Prince
Edward Islands (Southern Ocean): small-scale distribution patterns in relation to

physical parameter®eep-Sea Research 11, 49, 3307 — 3325

Huntley, M. E., Nordhausen, W. and Lopez, M. D. G. (1994) Elemental composition,
metabolic activity and growth of Antarctic Kriluphausia superba during winter.

Marine Ecological Progress Series, 107, 23 — 40

94



Euphausiid population structure and grazing in the PFZ

Ikeda, T. and Mitchell, A. W. (1982) Oxygen uptake, ammonia excretion and phosphate
excretion by krill and other Antarctic zooplankton in relation to body Mzeine

Biology, 71, 283 — 298

Ikeda, T. and Bruce, B. (1986) Metabolic activity and elemental composition of krill and
other zooplankton from Prydz Bay, Antarctica, during early summer (November —

December)Marine Biology, 92, 545 — 555

Jandel Corporation (1994). SigmaStat for Windows (version 1.0)

Kear, A. J. (1992) The diet of Antarctic squid: comparison of conventional and serological
gut contents analysedournal of Experimental Marine Biology and Ecology, 156, 161

- 173

Le Fevre, J., Legendre, |. and Rivkin, R.B. (1998) Fluxes of biogenic carbon in the Southern
Ocean: Roles of large microphagus zooplankioarnal of Marine Systems, 17, 325

— 345

Legendre L and Legendre P (1983) Numerical ecology. Elsevier, Amsterdam

Longhurst, A. R. (1991) Role of the marine biosphere in the global carbon tyaieology

and Oceanography, 36, 1507 — 1526

Lutjeharms, J. R. E. and Valentine, H. R. (1984) Southern Ocean thermal fronts south of

Africa. Oceanography, 18, 761 — 774

Mackas, D. and Bohrer, R. (1976) Fluorescence analysis of gut contents and an investigation
of diel feeding patterngournal of Experimental Marine Biology and Ecology, 25, 77

-85

95



References cited

Mackas, D. L. and Galbraith, M. D. (2002) Zooplankton dynamics in a North Pacific eddy of
coastal origin: Transport and loss of continental margin speloiesal of

Oceanography, 58, 225 - 238

Mackas, D. L., Tsurumi, M., Galbraith, M. D. and Yelland, D. R. (2005) Zooplankton
distribution and dynamics in a North Pacific Eddy of coastal origin: 1l. Mechanisms
of eddy colonization by and retention of offshore spe@lesp-Sea Research 11, 52,

1011 -1035

Mauchline, J. (1967) Feeding appendages of the Euphasiacea (Crustaceal).of

Zoology, 153, 1 — 43

Mauchline, J. (1980) The biology of mysids and euphausiids. In: Blaxter JHS, Russell FS,
Yonge M (eds) Advances in marine Biology. Vol 18. Academic Press, New York, pp

1-681

Mauchline, J. and Fisher, L. R. (1969) The biology of euphausiids. In: Russell FS, Yonge M

(eds) Advances in marine Biology. Vol 7. Academic Press, New York, pp 1 — 454

Mayzaud, P. and Razouls, S. (1992) Degradation of gut pigment during feeding by a
subantarctic copepod: importance of feeding history and digestive acclimation.

Limnology and Oceanography, 37, 393 — 404

McGillicuddy Jr, D. J., Robinson, A. R., Siegel, D. A., Jannasch, H. W., Johnson, R., Dickey,
T. D., McNeil. J., Michaels, A. F. and Knap, A. H. (1998) Influence of mesoscale

eddies on new production in the Sargasso [Satare, 394, 263 — 266

Nel, D. C., Lutieharms, J. R. E., Pakhomov, E. A., Ansorge, I. J., Ryan, P. G. and Klages, N.

T. W. (2001) exploitation of mesoscale oceanographic features by grey-headed

96



Euphausiid population structure and grazing in the PFZ

albatrosse3halassarche chryosostoma. Marine Ecological Progress Series, 217, 15

- 26

Noji, T., Bathman, U., Von Bodungen, B., Voss, M., Antia, A., Krumbholz, M., Klein, B.,
Peeken, I., Noji, C. and Rey, F. (1997) Clearance of picoplankton-sized particles and
formation of rapidly sinking aggregates by the pterojpomiacina retrover sa.

Journal of Plankton Research, 19, 863 — 875

Orisi, A. H., Whitworth Ill, T. and Nowlin Jr, W. D. (1995) On the meridional extent and

fronts of the Antarctic Circumpolar Curreiieep-Sea Research |, 42, 641 — 673

Pakhomov, E. A. and McQuaid, C. D. (1996) Distribution of zooplankton and surface

seabirds across the Southern Oc®afar Biology, 16, 271 — 286

Pakhomov, E. A. and Perissinotto, R. (1996) Antarctic neritic kuihausia
crystallorophias: spatio-temporal distribution, growth and grazing rabeep-Sea

Research, 43, 59 — 87

Pakhomov, E. A. and Froneman, P. W. (1999) The Prince Edward Islands pelagic ecosystem,
south Indian Ocean: a review of achievements, 1976 — 186@al of Marine

Systems, 18, 355 — 367

Pakhomov, E. A. and Froneman, P. W. (2000) Composition and spatial variability of
macroplankton and micronekton within the Antarctic Polar Frontal Zone on the Indian

Ocean during austral autumn 1998lar Biology, 23, 410 — 419

Pakhomov, E. A. and Froneman, P. W. (2004) Zooplankton dynamics in the eastern Atlantic
sector of the Southern Ocean during the austral summer 1997/1998 — Part 2: grazing

impact.Deep-Sea Research 1, 51, 2617 — 2631

97



References cited

Pakhomov, E. A., Perissinotto, R. and McQuaid, C. D. (1994) Comparative structure of the
macrozooplankton/micronekton communities of the Subtropical and Antarctic Polar

Fronts.Marine Ecological Progress Series, 111, 155 — 169

Pakhomov, E. A., Verheye, H. M., Atkinson, A., Laubscher, R. K. and Taunton-Clark, J.
(1997) Structure and grazing impact of the mesozooplankton community during late

summer 1994 near South Georgia, Antarcfar Biology, 18, 180 — 192

Pakhomov, E. A., Perissinotto, R. and Froneman, P. W. (1999) Predation impact of
carnivorous macrozooplankton and micronekton in the Atlantic sector of the Southern

Ocean.Journal of Marine Systems, 19, 47 — 64

Pakhomov, E. A., Perissinotto, R., McQuaid, C. D. and Froneman, P. W. (2000) Zooplankton
structure and grazing in the Atlantic sector of the Southern Ocean in late austral

summer 1993. Part I. Ecological zonati®eep-Sea Research |, 47, 1663 — 1686

Pakhomov, E. A., Atkinson, A., Meyer, B., Oettl, B. and Bathmann, U. (2004) Dalily rations
and growth of larval krilEuphausia superba in the Eastern Bellingshausen Sea

during austral autumnDeep-Sea Research 11, 51, 2185 — 2198

Park, Y-H. and Gamberoni,L. (1995) Large-scale circulation and its variability in the South
Indian Ocean from TOPEX/Poseidon altimetiyurnal of Geophysical Research,

100, 24911 - 24929

PRIMER-E, Ltd. (2001). PRIMER 5 for Windows (version 5.2.4)

Perissinotto, R. (1992) Mesozooplankton size-selectivity and grazing impact on the
phytoplankton community of the Prince Edward Archipelago (Southern Ocean).

Marine Ecological Progress Series, 79, 243 — 258

98



Euphausiid population structure and grazing in the PFZ

Perissinotto, R. and Boden, B. P. (1989) Zooplankton-phytoplankton relationships at the
Prince Edward Islands during April/May 1985 and 19&fith African Journal of

Antarctic Research, 19, 23 — 30

Perissinotto, R. and Duncombe Rae, C. M. 1990. Occurrence of anticyclonic eddies on the
Prince Edward Plateau (Southern Ocean): effects on the phytoplankton biomass and

production.Deep-Sea Research, 37, 777 — 793

Perissinotto, R. and McQuaid, C. (1992) Land-based predator impact on vertically migrating
zooplankton and micronekton advected to a southern ocean archipétague

Ecological Progress Series, 18, 15 — 27

Perissinotto, R. and Pakhomov, E. A. (1996) Gut evacuation rates and pigment destruction in

the Antarctic krillEuphausia superba. Marine Biology, 125, 47 — 54

Perissinotto, R., Pakhomov, E. A., McQuaid, C. D. and Froneman, P. W. (h3$XT)
grazing rates and daily ration of Antarctic kEliphausia superba feeding on
phytoplankton at the Antarctic Polar Front and the Marginal Ice 2Adagne

Ecological Progress Series, 160, 77 — 91

Perissinotto, R., Lutjeharms, J. R. E. and Ballegooyen, R. C. van (2000) Biological-physical
interactions and pelagic productivity at the Prince Edward Islands, Southern Ocean.

Journal of Marine Systems, 24, 327 — 341

Perissinotto, R., Mayzaud, P., Labat, J-P., and Razouls, S. (2001) Grazing dynamics of
Euphausia spinifera in the region of the sub-tropical convergence and the Agulhas

Front.Canadian Journal of Fisheries and Aquatic Science, 58, 273 — 281

99



References cited

Peterson, R. G., Nowlin Jr, W. D. and Whitworth IlI, T. (1982) Generation and evolution of a
cyclonic ring at Drake Passage in early 19J6@irnal of Physical Oceanography, 12,

712 -719

Peterson, W. T., Painting, S. and Hutchings, L. (1990) Diel variations in gut pigment content,
diel vertical migration and estimates of grazing impact for copepods in the southern
Benguella upwelling region in October 198@urnal of Plankton Research, 12, 259 —

281

Pilditch, C. A. and McClatchie, S. (1994) Quantitative analysis of carnivory in the krill
Nyctiphanes australis, with an examination of the effect of non-preferred

phytoplankton alternative prelarine Ecological Progress Series, 107, 41 — 53

Pollard, R. T. and Read, J. F. (2001) Circulation pathways and transports of the Southern
Ocean in the vicinity of the Southwest Indian Ridggeirnal of Geophysical

Research, 106, 2881 — 2898

Pollard, R. T., Read, J. F., Allen, J. T., Griffiths, G. and Morrison, A. I. (1995) On the
physical structure of a front in the Bellingshausen Beep-Sea Research |1, 42, 955

- 982

Read, J. F. and Pollard, R. T., (1993) Structure and transport of the Antarctic Circumpolar
Current and the Agulhas Return Current at 408Hrnal of Geophysical Research,

98, 12281 - 12295

Read, J. F., Pollard, R. T. and Bathmann, U. (2002) Physical and biological patchiness of an
upper ocean transect from South Africa to the ice edge near the Greenwich Meridian,

Deep-Sea Research 11, 49, 3713 — 3733

100



Euphausiid population structure and grazing in the PFZ

Ridoux, V. (1988) Subantarctic kriuphausia vallentini Stebbing, preyed upon by
penguins around Crozet Islands (southern Indian Ocean): population structure and

annual cycleJournal of Plankton Research, 10, 675 — 690

Robertson, A. A., Alexander, D. G. W. and Miller, D. G. M. (1981) Modified collapsible
opening and closing midwater trawls (RMT-8 and RMTF2sheries Bulletin of

South Africa, 14, 103 — 113

Ross, R. M., Quetin, L. B. and Haberman, K. L. (1998) Interannual and seasonal variability
in short-term grazing impact &@uphausia superba in nearshore and offshore waters

west of the Antarctic Peninsuldournal of Marine Systems, 17, 261 — 273

Schlitzer, R., Ocean Data View, http://awi-bremerhaven.de/GEO/ODV,2005

Siegenthaler, U., Sarmiento, J. L.(1993) Atmospheric carbon dioxide and the Naieas,.

356, 119 - 125

StatSoft, Inc. (2001). Statistica, data analysis software system (version 6)

Strass, V. H., Naveira Garabato, A. C., Pollard, R. T., Fischer, H. I., Hense, I., Allen, J. T.,
Read, J. F., Leach, H. and Smetacek, V. (2002) Mesoscale frontal dynamics: shaping
the environment of primary production in the Antarctic Circumpolar Curbesep-

Sea Research 11, 49, 3735 — 3769

Strickland, J. D. H. and Parsons, T. R. (1969). A practical handbook of seawater analysis.

Bulletin of the Fisheries Research Board of Canada, 167, 1 — 311

Stuart, V. (1986) Feeding and metabolisnitgphausia lucens (Euphausiaceae) in the

southern Benguela curreMarine Ecological Progress Series, 30, 117 — 125

101



References cited

Uz, M. B., Yoder, J. A. and Osychny, V. (2001) Pumping of nutrients to ocean surface waters

by the action of propagating planetary wawature, 409, 597 — 600

Vinogradov, M. E. (1997) Some problems of vertical distribution of meso- and
macroplankton in the ocean. In Blaxter, J. H. S., Southward, A. J., Gebruk, A. U.,
Southward, E. C. and Tyler, P A. (eds) The biogeography of the Odelvascesin

Marine Biology, 32, 2 — 82

Ward, P., Whitehouse, M., Brandon, M., Shreeve, R. and Woodd-Walker, R. (2003)
Mesozooplankton community structure across the Antarctic Circumpolar Current to

the north of South Georgia: Southern Océdarine Biology, 143, 121 — 130

Ward, P., Grant, S., Brandon, M., Siegel, V., Sushin, V., Loeb, V. and Griffiths, H. (2004)
Mesozooplankton community structure in the Scotia Sea during the CCAMLR 200

survey: January — February 20@ep-Sea Research 1, 51, 1351 — 1367

Watanuki, Y., Yoshihisa, M. and Yasuhiko, N. (19&tiphausia superba dominates in the
diet of Adélie penguins feeding under fast sea-ice in the area of Enderby Land in

summer Polar Biology, 14, 429 — 432

Willason, S. W. and Cox, J. L. (1987) Diel feeding, laminarase activity and phytoplankton

consumption by euphausiidgiological Oceanography, 4, 1 — 24

102



Euphausiid population structure and grazing in the PFZ

Appendix 1:

M or phometric analysis

Only the dominant species of euphausiid that were represented by a wide range of size
classes, namekly. vallentini, E. triacantha, E. longirostris, S maximum andT. macura, were

used for the morphometric analysis. The male and fegataximum were analyzed

separately as the species is known to have a number of sexual dimorphic traits (Mauchline
and Fisher, 1969). Regressions were run using polynomial, exponential growth and power
equations to determine the best fit of the data (Sigma Stat 8.0). The results of the regression
analysis between the different measures of carapace length (CL) produced strong correlations
(R*> 0.97), using polynomial quadratic and linear equations (Fig A1.1 — A1.6) for all except

E. longirostris. IndeedE. longirostris were the exception throughout the analysis with the
relationships between the sets of CL data and between the CL and weight data best described
by fitting polynomial regression equations, at relatively loheBtimates (Fig A1.2). The CL

to weight regressions performed on the remainder of the species of euphausiid used in the
study were strong (i.e.?R 0.90) and best described by power and exponential growth

equations.
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Figure Al.1: Morphometric relationships calculatedEotriacantha.
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Figure Al1.5: Morphometric relationships calculatedSomaximum males.
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Table Al.1: Biological station details for the MOEVS IV survey conducted in April 2004.

Asterix (*) = no sample collected.

Latitude Longitude Depth of tow

Station date Time GMT) (South) (East) Bongo RMT-8
B00228 April 15, 2004 1:36 AM 49.9887 31.0580 200 *
B00229 April 15, 2004 6:20 AM 49.4993 31.0157 300 *
B00230 April 15, 2004 11:35 AM 49.0048 31.0093 * 400
B00231 April 15, 2004 5:11 PM 48.4868 31.0012 200 *
B00233 April 16, 2004 12:26 AM 47.7433 31.0283 * 300
B00234 April 16, 2004 6:18 AM 48.0067 32.2993 300 *
B00235 April 16, 2004 11:36 AM 48.3333 31.6833 * 400
B00236 April 16, 2004 4:58 PM 48.6677 31.1663 200 *
B00237 April 16, 2004 9:37 PM 48.9893 30.6358 200 *
B00238 April 17, 2004 2:36 AM 49.3257 30.0903 200 *
B00239 April 17, 2004 7:20 AM 49.6728 29.5337 300 *
B00240 April 17, 2004 12:03 PM 50.0023 29.0008 300 *
B00241 April 17, 2004 7:54 PM 49.0100 29.2322 200 *
B00242 April 17, 2004 12:34 AM 49.0000 29.9845 200 *
B00243 April 18, 2004 5:27 AM 48.9833 30.7500 300 *
B00244  April 18, 2004 10:20 AM 48.9975 31.5280 300 *
B00245 April 18, 2004 3:54 PM 48.9990 32.4952 * 300
B00246 April 18, 2004 10:44 PM 49.0082 33.2720 * 300
B00247 April 19, 2004 1:14 AM 49.0138 34.0297 * 300
B00248 April 20, 2004 7:31 AM 48.0197 30.0145 300 *
B00249 April 21, 2004 5:40 AM 48.3695 30.4962 * 400
B00250 April 21, 2004 10:31 AM 48.7518 30.9783 * 400
B00251 April 21, 2004 2:30 PM 49.1245 31.4697 300 *
B00256 April 22, 2004 10:56 AM 49.8522 32.4528 300 *
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Table Al.2: Biological station details for the MOEVS V survey conducted in April 2005.

Asterix (*) = no sample collected.

Latitude Longitude Depth of tow

Station date Time GMT) (South) (East) WP-2 RMT-8
B00259 April 16, 2005 5:51 AM  49.3343  31.0280 300 500
B00260 April 16, 2005 4:58 PM  49.1437 32.6020 200 500
B00261 April 16, 2005 11:08 PM  48.7960 33.2152 200 500
B00262 April 17, 2005 6:43 AM  48.4605 33.6177 300 500
B00263 April 17, 2005 11:24 AM  48.1233  34.1485 300 500
B00264 April 17, 2005 6:07 PM  47.7878  34.7500 200 500
B00265 April 18, 2005 4:50 AM  47.7673  33.0057 300 500
B00267 April 18, 2005 2:38 PM  48.5415  34.0458 * 500
B00268 April 18, 2005 10:08 PM  48.8770  34.0768 200 *

B00269 April 19, 2005 3:31 AM  49.3177 34.6517 200 *

B00270 April 19, 2005 8:43 AM  49.7472  35.0770 300 500
B00272 April 19, 2005 6:03 PM  49.4055 35.3768 200 500
B00273 April 19, 2005 11:19 PM  48.9137  35.3247 200 500
B00274 April 20, 2005 5:59 AM  48.5725  35.0840 300 500
B00275 April 20, 2005 1:32 PM  48.0865 35.0357 300 500
B00276 April 20, 2005 7:12 PM  48.3622  34.7807 200 500
B00277 April 21, 2005 12:08 AM  48.6263  34.4670 200 500
B00278 April 21, 2005 4:38 AM  48.9145 34.1118 300 500
B00279 April 21, 2005 9:38 AM  49.1645 33.9452 300 500
B00280 April 21, 2005 2:34 PM  49.6707 34.0148 300 500
B00282 April 22, 2005 1:18 AM  48.7725 33.5763 200 500
B00283 April 22, 2005 6:10 AM  48.7645 33.9795 300 500
B00284 April 22, 2005 11:11 AM  48.7257  34.5268 300 500
B00285 April 22, 2005 3:10 PM  48.7515 35.0302 300 500
B00286 April 22, 2005 7:06 PM  48.7775 35.4878 200 500
B00288 April 23, 2005 4:47 AM  48.1318 35.9160 300 500
B00290 April 23, 2005 1:55PM  48.7675 36.2005 300 500
B00291 April 24, 2005 9:00 AM  48.9442  36.3353 300 500
B00295 April 24, 2005 11:01 PM  48.9638  36.3845 200 500
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