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Abstract

We investigated predation rates of small copepods, primarily species of Oithona, on micro-
protozooplankton and net growth rates of these prey at several locations in the Ross Sea,
Antarctica, during an austral summer (January 1997; US JGOFS Process Study II). Ciliates,
particularly non-loricate ciliates, contributed substantially to the carbon ration of Oithona spp.,
averaging 90% body Cd~1, while dino#agellates were much less important (1% body C d~1)
despite the latter's higher abundances. We found no signi"cant di!erence in net growth rates
among non-loricate ciliates, tintinnid ciliates and dino#agellates when zooplankton predators
'64lm were removed. The overall average growth rate for each protozoan taxon across the
main transect line (76330@S) was 0.1 d~1 (rates ranged from !0.5 to 1.0 d~1). Our "ndings also
suggest that copepod predation has a minimal impact on the regulation of protozoan abund-
ances. We estimated that predation by Oithona spp. could account for the removal of only
0.3}4.8%d~1 of ciliate standing stocks, and even less ((0.05}0.2%d~1) of the dino#agellates.
Low mortality from predation may help explain the relatively abundant populations of
microprotozooplankton in the Ross Sea despite their low average net growth rates. ( 2000
Elsevier Science Ltd. All rights reserved.

1. Introduction

Feeding preferences of copepods for protozooplankton have not been carefully
documented for Antarctic waters compared to other aquatic ecosystems (Sherr et al.,
1986; Stoecker and Capuzzo, 1990; Sanders and Wickhan 1993). Indirect indices of
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feeding selectivity such as lipid biomarkers and stable isotope analysis have indicated
that a number of Antarctic copepod species display opportunistic or omnivorous diets
(Rau et al., 1991; Graeve et al., 1994). Atkinson (1995, 1996) directly investigated the
feeding preferences of Antarctic copepods during an austral spring, and found motile
prey, such as dino#agellates and ciliates were preferred by the copepod genera Oithona
and Metridia when compared to diatoms. The copepod genera Rhincalanus and
Calanoides did not exhibit this preference, but motile prey items still comprised
a considerable fraction (43%) of the carbon intake of these copepods (Atkinson, 1994).
Smaller nanoplanktonic species of algae often dominate Antarctic plankton assem-
blages (Von Brokel, 1981; Hewes et al., 1985; Weber and El-Sayed, 1987). Therefore, it
is probable that some energy transfer from primary producers to crustacean zooplan-
kton occurs through an intermediary trophic level (e.g., ciliates and large hetero-
trophic #agellates). Given this scenario, it is also probable that protozooplankton
populations are regulated by mesozooplankton predation in these waters (e.g.,
Atkinson, 1995).

Our initial studies in the Ross Sea indicated low rates of zooplankton grazing on
phytoplankton (U.S. JGOFS Process I, November 1996; Caron et al., 2000), so we
undertook a modest ancillary study to examine zooplankton predation on protozoo-
plankton. These experiments were conducted in mid-late austral summer in the Ross
Sea, Antarctica during the U.S. JGOFS Process Study II (January 1997). Speci"cally,
we measured predation rates of small copepods, primarily species of the cyclopoid
Oithona. We selected this genus for study because, at times, it can numerically
dominate the metazoan zooplankton in the mixed layer of Antarctic waters (e.g.,
Metz, 1995; Fransz and Gonzalez, 1997; Swadling et al., 1997). Also, it has been shown
in other environments that Oithona is highly dependent on protozooplankton to
support growth (e.g., North Sea and temperate coastal waters; Nielsen and Sabatinai,
1996; Nakamura and Turner, 1997).

2. Materials and methods

Copepod predation experiments were conducted in conjunction with zooplankton
herbivory studies (Caron et al., 2000). The sampling stations for our predation
experiments and most protozoan population growth studies were located along an
east}west transect line at 76330@S (Stations Minke, `Oa and Orca), and two additional
protozoan growth rate studies were conducted near the Ross Ice Shelf (Station
Emperor) and in the northern Ross Sea (Station Sei) (Table 1). In general, the water
used in the predation and growth rate experiments was obtained from the same casts
at water depths of 5 or 10m (Table 1), depths that corresponded to &50% incident
light (Caron et al., 2000). We used a predator exclusion/addition approach and
focused on protozooplankton prey '20 lm because of the methodological di$cul-
ties of addressing grazing on smaller protozoa (i.e., `trophic cascadea e!ects on
nanoplankton from changes in microplankton concentration).

Size-fractionated seawater ((200 or (64 lm) was prepared using in-line "lters to
minimize bubbling. The purpose of this "ltration was to remove all mesozooplankton
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or larger microzooplankton (e.g., most copepod nauplii), that might prey on the larger
protozoa. Predator exclusion allows an estimate of net protozoan population growth
in the absence of targeted predators, and is necessary for more accurately estimating
a predation coe$cient for copepods (sensu Frost, 1972). Samples of the size-frac-
tionated seawater were preserved in Lugol's iodine for microplankton counts (Sherr
and Sherr, 1993; Stoecker et al., 1994).

Copepods were collected in slow, drift tows using ring nets (64, 200 or 500lm
mesh). Collection depths ranged from 5 to 30m, with the exception of Metridia spp.,
which were collected at 200m. Copepods were immediately sorted in a walk-in
incubator (&03C) using a dissecting microscope equipped with a "ber optic
illuminator. Late-stage copepodites (CIV}CV) and adults (both male and female) were
sorted to genus, while copepod nauplii were pooled, although many were identi"ed as
Oithona nauplii. Identi"cations of adult copepods were made according to Razouls
(1994). Prior to "nal transfer to incubation bottles, experimental copepods were
transferred three times into the size-fractionated seawater used for incubations and
checked for swimming activity and morphological damage. These steps were taken in
order to ensure that healthy copepods were employed and to dilute out other
zooplankton from the concentrated zooplankton sample. Experimental and control
bottles (acid-washed, 2 l polycarbonate for predation studies and 1.2 l for protozoan
growth rate studies) contained either (200lm (for copepod predation experiments)
or (64 lm "ltered seawater (for naupliar predation and protozoan growth rate
experiments; Table 1). Copepod concentrations in experimental bottles ranged be-
tween 7.5 and 10 Oithona spp. l~1, 22 and 25 nauplii l~1 and 5 Metridia spp. l~1.

Incubations were carried out for at least 36 h but no longer than 78 h (Table 1),
corresponding to herbivory studies. All protozoan growth rate experiments and most
predation experiments were conducted in an on-deck incubator under natural light
that was attenuated to &50% of incident light using neutral screening. Due to
limited on-deck incubation space, however, C8 experimental and control bottles were
incubated in a walk-in incubator (&03C) under 24 h indirect lighting from a #uor-
escent "xture.

Following incubation, water samples for microzooplankton preservation (as above)
were obtained from all control and experimental bottles. Microplankton were enu-
merated in the laboratory using standard settling techniques (Utermohl, 1958).
Abundances of ciliates and dino#agellates ('20 lm) were determined by examina-
tion of the settled samples (100ml) using an inverted microscope, either a Zeiss IM 35
or Olympus CK 2. Microplankton biovolumes were determined from their linear
dimensions and volume equations for appropriate geometric shapes, and these
biovolumes were converted to carbon biomass using published conversion factors (i.e.,
Putt and Stoecker (1989) for non-loricate ciliates, Stoecker et al. (1994) for hetero-
trophic dino#agellates, and Verity and Langdon (1984) for tintinnids).

Net growth rates of protozoan populations (d~1) were calculated separately for the
three taxa (i.e., non-loricate ciliates, tintinnid ciliates and dino#agellates) from the
'64 lm predator exclusion experiments. Growth rate (k) was calculated as
ln C

1
!ln C

0
/t, where t is incubation time (d), and C

0
and C

1
are protozoan concen-

trations (ml~1) at the beginning and end of the experiment, respectively. Prior to
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Table 2
Mean net growth rates (d~1 and range of values) of protozoan populations in '64 lm predator exclusion
experiments at "ve stations in the Ross Sea

Prey taxon Non-loricate ciliates Tintinnid ciliates Dino#agellates

Minke
201 0.61 (0.51}0.69) 1.00 (0.91}0.99) 0.13 (0.02}0.27)
213 0.18 (0.15}0.24) 0.17 (0.10}0.25) 0.37 (0.35}0.38)

`Oa
205 0.03 (!0.13}0.21) !0.34 (!0.54}!0.10) !0.28 (!0.41}!0.20)
217 !0.34 (!0.50}!0.18) !0.19 (!0.25}!0.13) 0.04 (!0.06}0.11)

Orca
220 !0.10 (!0.14}!0.06) !0.07 (!0.17}0.04) !0.07 (!0.19}0.01)
208 0.20 (0.10}0.30) 0.23 (0.15}0.30) 0.28 (0.25}0.30)

Emperor
209 !0.01 (!0.28}0.25) !0.03 (!0.17}0.23) !0.26 (!0.41}!0.08)

Sei
211 0.01 (!0.13}0.12) 0.07 (!0.05}0.15) 0.09 (0.06}0.12)

analysis of variance (BIOMSTAT 3.3), the data were tested for homogeneity of
variances using Bartlett's test (BIOMSTAT 3.3; Sokal and Rohlf, 1981)

3. Results

Experiments were conducted from mid-January to early February in open waters of
the Ross Sea polynya. This period coincided with the seasonal peak in chlorophyll
concentration for this area, and by the end of the cruise, chlorophyll a concentrations
were declining (Caron et al., 2000). Cells of the prymnesiophyte Phaeocystis antarctica
dominated the phytoplankton community ('80% of the nano/microplankton com-
munity) at most of the stations (Table 1) except for Minke 201 (15%) and Orca 208
(61%) where diatoms were in relatively high abundance (Dennett et al., unpublished).

There was signi"cant variation (Table 2) in the net growth rates of the protozoop-
lankton taxa among stations ( p(0.0001; two-way ANOVA) when zooplankton
'64 lm were excluded. These rates were highest at Station Minke, averaging 0.4, 0.6
and 0.2 d~1 for non-loricate ciliates, tintinnid ciliates and dino#agellates, respectively.
We did not detect any signi"cant di!erences in growth rates among the three taxa
( p"0.570). Along the main transect line (76330@S) where growth rate experiments
were conducted twice at each station during the cruise, the overall mean growth rate
for each taxon approximated 0.1 d~1. There also was no interaction e!ect of station
and taxon ( p"0.319). The initial protozoan abundances in the (64lm seawater
were reduced on average by 30% compared to whole seawater. But, it is unlikely that
their growth rates were stimulated above natural levels because these communities do
not appear to be resource-limited (Caron et al., 2000).
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Fig. 1. Mean clearance rates (and upper range) of Oithona spp. on protozoa at three stations in the Ross
Sea, Antarctica. Station locations are Minke 76330@S, 1693E, `Oa 76330@S, 1763E, and Orca 76330@S, 1783W.

Clearance and ingestion rates of copepods on non-loricate ciliates, tintinnids and
dino#agellates were calculated using the equations of Frost (1972). Experiments with
Oithona spp. were conducted once at Stations `Oa and Orca, and twice at Station
Minke. Although there appeared to be variation in clearance rate among stations
(Fig. 1), this variability was not signi"cant ( p"0.369; two-way ANOVA; for the
interaction term, p"0.204). However, Oithona spp. did exhibit di!erential predation
on the protozoa ( p"0.034), with the highest clearance rates observed for non-loricate
ciliates, averaging 27.1ml copepod~1d~1 across the three stations. Feeding on dino-
#agellates was mostly lower compared to ciliates; the highest clearance rate on this
taxon was 1.7ml copepod~1d~1 at Station Orca. We did not detect any consistent
reduction in initial protozoan concentrations in the (200lm "ltered water com-
pared to whole seawater.

Using Swadling et al.'s (1997; see Table 1 therein) measure of carbon content of
O. similis (0.78lg C copepod~1), and our values of carbon content of protozoan cells
(Table 3), we estimated that this copepod obtains on average 91% of its carbon ration
(% body C d~1) from these prey, with percentages ranging from 5 to 327% (both
values were obtained at Minke; carbon rations were 8 and 26% at `Oa and Orca,
respectively). Among the three taxa, non-loricate ciliates contributed the most sub-
stantial fraction (average"78% body C d~1) to the copepod's carbon ration. The
greater contribution of non-loricate ciliates compared to tintinnids ( 12% body
Cd~1), in part, re#ects the former's generally higher abundance (Table 3).

Metrida spp., calanoid copepods that are substantially larger than Oithona spp.,
had the highest clearance rate per copepod per day. The rates determined at Minke
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Table 3
Average carbon content (ng C cell~1) and abundance (no.ml~1) of protozoan prey in whole seawater. The
average carbon content was used to calculate daily carbon consumption by copepod predators. Abundance
data were used to estimate the predation impact of copepods on standing stocks of these protozoan taxa

Prey taxon Non-loricate ciliates Tintinnid ciliates Dino#agellates

ng C no. ng C no. ng C no.

Minke 201 2.54 9.6 2.04 2.1 2.28 27.0
Minke 213 1.96 9.3 2.07 0.8 2.22 21.7
`Oa 205 1.11 6.6 2.05 0.3 1.89 35.7
Orca 220 4.55 0.3 2.02 1.6 2.92 6.1

Table 4
Mean clearance rates (ml individual~1d~1) (range) of copepod nauplii on protozoan prey at two stations in
the Ross Sea

Prey taxon Non-loricate ciliates Tintinnid ciliates Dino#agellates

`Oa 205 4.9 (!1.8}11.6) 10.8 (9.5}2.1) 4.8 (3.1}6.6)
Orca 220 6.0 (4.7}7.2) 2.3 (!2.2}6.3) 1.5 (0.03}2.9)

201 were 231.4ml (range 219.3}241.4ml), 197.2ml (105.8}290.5ml) and 3.1ml cope-
pod~1d~1 (!40.1 to 33.6ml) for non-loricate ciliates, tintinnids and dino#agellates,
respectively. Protozoan consumption contributed 9}18% body Cd~1, depending on
Metridia species (assuming a C mass of 45% of dry weight, M. lucens"42 lg C and M.
gerlachei"82lg Ccopepod~1; dry weights reported by Atkinson, 1996 and 1995,
respectively). As found for Oithona spp., non-loricate ciliates contributed the largest
fraction to Metridia+s carbon ration (8 and 16% body Cd~1 for M. gerlachei and M.
lucens, respectively). The dietary contribution from dino#agellates was negligible
((0.3% body C d~1).

Copepod nauplii were also found to feed on protozooplankton (Table 4), ranging
from a low mean clearance rate of 1.5ml nauplius~1d~1 (range 0.03}2.9ml) on dino-
#agellates (C8, Station Orca) to a high on non-loricate ciliates of 10.8ml naup-
lius~1d~1 (9.5}12.21ml) (C2, Station `Oa). These clearance rate values may be higher
than in nature because, as noted above, the initial abundances of protozoa in
(64 lm "ltered seawater were less than in whole seawater.

4. Discussion

4.1. Protozoa in copepod diets

The importance of protozooplankton in the diets of species of Oithona has been
recognized in other environments. In the North Sea, for example, egg production by
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O. similis was positively correlated with protozooplankton abundance but not with
chlorophyll a concentration (Nielsen and Sabatini, 1996). Nakamura and Turner
(1997) also concluded that this species is highly dependent on ciliates and hetero-
trophic dino#agellates to support metabolism and egg production during the summer
in a temperate environment (Massachusetts, USA). In their study, protozooplankton
and copepod nauplii contributed on average 41% body C d~1, with the former prey
being more important (28% body Cd~1). Our average of 91% body Cd~1 contribu-
tion of protozoa to Oithona+s diet is higher, but is largely due to the high value
determined at Minke (327%; Minke 201). Removal of this value from the data gives
a conservative average of 13% body C d~1. During midsummer in the subantarctic,
Atkinson (1996) found that Oithona spp. consume phytoplankton and this resource
contributed up to 34% to their daily carbon ration. The author noted that this ration
was below Oithona+s respiratory requirement. Atkinson concluded that even if the
carbon intake of Oithona spp. doubled from protozoan consumption (determined
from Atkinson's predation experiments), this mixed diet would `still be insu$cient to
meet their estimated metabolic needsa (Atkinson, 1996, p. 94). Although our estimate
of 91% daily carbon ration from protozoa is largely due to the high values obtained at
one station, this average may not be unrealistic given that we noted many of the
copepods were reproductive, thus requiring energy beyond that needed to meet
metabolic demand.

Surprisingly, we found that dino#agellates contributed little to copepod diets
despite high ambient abundances of dino#agellates. Clearance rates of Oithona spp.
on dino#agellates were mostly lower compared to ciliates, ranging from negative
values to a high of 1.7ml copepod~1 d~1. This highest clearance rate estimate is
similar to the lower value reported by Atkinson (1995) of 2.1ml copepod~1d~1. The
highest rate reported in that study was 7.5ml copepod~1d~1 (for comparison, these
rates were obtained by converting the author's reported clearance values,
mlmg~1d~1, using weight estimates of individual copepods). Interestingly, a negative
clearance rate on dino#agellates occurred during the same experiment in which the
highest clearance rates were found for ciliates (Minke 201), suggesting selective feeding
by Oithona spp. on these taxa. This interpretation is supported by our "nding that
these copepods showed signi"cant variation in clearance rates among taxa. We
cannot say, however, if our lower values compared with Atkinson are due to di!er-
ences in dino#agellate composition which was not reported in Atkinson's works, nor
did we enumerate many dino#agellates beyond this taxonomic designation (Dennett
et al., unpublished)

4.2. Potential impacts of copepod predation on food web structure

In the Ross Sea, Antarctica, the biological and physical factors controlling the
population dynamics of protozooplankton remain largely unknown. In many aquatic
environments, predation, particularly by copepods, can be an important mechanism
regulating protozooplankton populations (e.g., subantarctic; Atkinson, 1996). This
initial study in the Ross Sea does not suggest the same. Results from our predation
studies and estimates of copepod concentrations in another part of the Southern
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Ocean (603S; Fransz and Gonzalez, 1995) suggest late-stage (CIV and CV) and adult
Oithona spp. combined could remove on average only 0.3}1.2%d~1 of the standing
stocks of ciliates, and even less ((0.05%d~1) of the dino#agellates. Franz and
Gonzalez reported the abundance of O. similis as &100m~3 (CIV through adults)
during January and 400 copepodsm~3 in April, and we utilized the mean concentra-
tion of each protozoan taxon (Table 3) corresponding to stations where copepod
predation studies were conducted. Recently, Urban-Rich et al. (1999) reported sub-
stantially higher concentrations of Oithona spp. in the Antarctic Polar Front Zone at
663S (average for day/night"1629m~3 at Mooring 5 at 663S; US JGOFS Process
II), suggesting that we may be underestimating the maximum predation impact of
Oithona spp. by a factor of four (up to 4.8%d~1 on ciliates and (0.2% on
dino#agellates). However, Atkinson (1998) has pointed out that the abundances of
Oithona spp. in the Polar Front Zone appear to be signi"cantly higher than more
southerly locations in the Southern Ocean.

It remains to be determined if the cumulative impact by all predaceous zooplankton
could be important to protozoan population dynamics in the Ross Sea. Application of
our naupliar predation rates and Fransz and Gonzalez's estimates of NIV}NVI
abundances of O. similis (150}320naupliim~3) indicates that these nauplii would
remove an additional 0.2% of the ciliate stocks and Metridia spp. at a concentration of
10 copepodsm~3 only remove another 0.4%.

Our herbivory experiments in the Ross Sea indicated low to negligible grazing
pressure, despite the presence of relatively high abundances of microzooplankton
(Caron et al., 2000). We speculated that these low rates of zooplankton grazing are
explained primarily by low ambient water temperatures in this environment and not
to unusually low abundances of microzooplankton grazers. The results presented here
indicate that, while mesozooplankton predation on microzooplankton may constitute
a signi"cant source of nutrition for these metazoan predators, their grazing impact on
protozooplankton appears to be modest. These low predation rates may account for
the build-up of the sizable protozoan stocks in the Ross Sea. Given that these
protozoa have substantially lower growth rates than in other environments (e.g.,
Stoecker et al., 1983), but have comparable biomass to some (see Caron et al., 2000,
and references therein), the likely explanation is lower mortality. Further work in the
Ross Sea may resolve the role of copepod predation in structuring microbial food
webs, and the relative importance of herbivory and carnivory to copepod production.

Acknowledgements

This research was supported by the National Science Foundation, O$ce of Polar
Programs OPP-9634241 and Ocean Sciences Division 9633703. We thank Ludmilla
Shalapyonok for enumerating microplankton samples. This is Contribution No. 499
of the Marine Sciences Research Center, State University of New York at Stony
Brook, Woods Hole Oceanographic Institution Contribution No. 10258 and US
JGOFS Contribution No. 579.

Dsrii=723=KGM=VVC

D.J. Lonsdale et al. / Deep-Sea Research II 47 (2000) 3273}3283 3281



References

Atkinson, A., 1994. Diets and feeding selectivity among the epipelagic copepod community near South
Georgia in summer. Polar Biology 14, 551}560.

Atkinson, A., 1995. Omnivory and feeding selectivity in "ve copepod species during spring in the
Bellingshausen Sea, Antarctica. ICES Journal of Marine Science 52, 385}396.

Atkinson, A., 1996. Subantarctic copepods in an oceanic, low chlorophyll environment: ciliate predation,
food selectivity and impact on prey populations. Marine Ecology Progress Series 130, 85}96.

Atkinson, A., 1998. Life cycle strategies of epipelagic copepods in the Southern Ocean. Journal of Marine
Systems 15, 289}311.

Caron, D.A., Dennett, M.R., Lonsdale, D.J., Moran, D.M., Shalapyonok, L., 2000. Microzooplankton
herbivory in the Ross Sea, Antarctica. Deep-Sea Research II 47, 3249}3272.

Fransz, H.G., Gonzalez, S.R., 1995. Production of Oithona similis (Copepoda: Cyclopoida) in the southern
ocean. ICES Journal of Marine Science 52, 549}555.

Fransz, H.G., Gonzalez, S.R., 1997. Latitudinal metazoan plankton zones in the Antarctic Circumpolar
Current along 603S during austral spring 1992. Deep-Sea Research II 44, 395}414.

Frost, B.W., 1972. E!ects of size and concentration of food particles on the feeding behavior of the marine
planktonic copepod Calanus pacixcus. Limnology and Oceanography 17, 805}815.

Graeve, M., Hagen, W., Kattner, G., 1994. Herbivorous or omnivorous? On the signi"cance of lipid
composition as trophic markers in Antarctic copepods. Deep-Sea Research I 41, 915}924.

Hewes, C.D., Holm-Hansen, O., Sakshaug, E., 1985. Alternate carbon pathways at lower trophic levels in
the Antarctic food web. In: Siegfried, W.R., Condy, P.R., Laws, R.M. (Eds.), Antarctic Nutrient Cycle
and Food Webs, pp. 277}283.

Metz, C., 1995. Seasonal variation in the distribution and abundance of Oithona and Oncaea species
(Copepoda, Crustacea) in the southeastern Weddell Sea, Antarctica. Polar Biology 15, 187}194.

Nakamura, Y., Turner, J.T., 1997. Predation and respiration by the small cyclopoid copepod Oithona
similis: how important is feeding on ciliates and heterotrophic #agellates?. Journal of Plankton Research
19, 1275}1288.

Nielsen, T.G., Sabatini, M., 1996. Role of cyclopoid copepods Oithona spp. in North Sea plankton
communities. Marine Ecology Progress Series 139, 79}93.

Putt, M., Stoecker, D.K., 1989. An experimentally determined carbon: volume ratio for marine `oligo-
trichousa ciliates from estuarine and coastal waters. Limnology and Oceanography 34, 1097}1103.

Rau, G.H., Hopkins, T.L., Torres, J.J., 1991. 15N/14N and 13C/12C in Weddell Sea invertebrates: implica-
tions for feeding diversity. Marine Ecology Progress Series 77, 1}6.

Razouls, C., 1994. Manuel d'identi"cation des principales especes de copepods pelagiques antarctiques et
subantarctiques. Annales de l'Institut Oceanographique, Paris 70, 3}204.

Sanders, R.W., Wickman, S.R., 1993. Planktonic protozoa and metazoa: predation, food quality and
population control. Marine Microbial Food Webs 7, 197}223.

Sherr, E.B., Sherr, B.F., 1993. Preservation and storgae of samples for enumeration of heterophobic protists,
In. Kemp, P.F., Sherr, B.F., Sherr, E.B., Cole, J.J. (Eds.), Handbook of Methods in Aquatic Microbia
Ecology, Levis Publishers, Boca Raton, pp. 694}762.

Sherr, B.F., Sherr, E.B., Pa!enhofer, G.-A., 1986. Phagotrophic protozoa as food for metazoana: a `miss-
inga trophic link in marine pelagic food webs. Marine Microbial Food Webs 1, 61}80.

Sokal, R.R., Rohlf, F.J., 1981. Biometry: The Principles and Practice of Statistics in Biological Research.
W.H. Freeman and Company, New York, 859pp.

Stoecker, D.K., Capuzzo, J.M., 1990. Predation on protozoa: its importance to zooplankton. Journal of
Plankton Research 12, 891}908.

Stoecker, D.K., Davis, L.H., Provan, A., 1983. Growth of Favella sp. (Ciliata: Tintinnina) and other
microzooplankters in cages incubated in situ and comparison to growth in vitro. Marine Biology 75,
293}302.

Stoecker, D.K., Sieracki, M.E., Verity, P.G., Michaels, A.E., Haugen, E., Burkill, P.H., Edwards, E.S., 1994.
Nanoplankton and protozoan microplankton during the JGOFS N. Atlantic bloom experiment.
Journal of the Marine Biological Association of the United Kingdom 74, 427}443.

Dsrii=723=KGM=VVC

3282 D.J. Lonsdale et al. / Deep-Sea Research II 47 (2000) 3273}3283



Swadling, K.M., Gibson, J.A.E., Ritz, D.A., Nichols, P.S., Hughes, D.E., 1997. Grazing of phytoplankton by
copepods in eastern Antarctic coastal waters. Marine Biology 128, 39}48.

Urban-Rich, J., Dagg, M., Peterson, J., 1999. Mesozooplankton abundance, biomass and grazing in the
Polar Front during Process I and II. Results presented at AESOPS Data Workshop, Keystone,
Colorado, 2}9 August.

Utermohl, H., 1958. Vervollkommung der quantitativen phytoplankton methodik. Mitteilungen Interna-
tionale Vereinung fuer Theortesched and Angewandte Limnologie, 38pp.

Verity, P.G., Langdon, C., 1984. Relationships between lorica volume, carbon, nitrogen and ATP content of
tintinnids in Narragansett Bay. Journal of Plankton Research 6, 859}868.

Von Brokel, K., 1981. The importance of nanoplankton within the pelagic Antarctic ecosystem. Kieler
Meeresforsch 5, 61}67.

Weber, L.K., El-Sayed, S.Z., 1987. Contributions of the net nano- and picoplankton to the phytoplankton
standing crop and primary productivity in the Southern Ocean. Journal of Plankton Research 9,
973}994.

Dsrii=723=KGM=VVC

D.J. Lonsdale et al. / Deep-Sea Research II 47 (2000) 3273}3283 3283


