
1 23

Polar Biology
 
ISSN 0722-4060
 
Polar Biol
DOI 10.1007/s00300-017-2227-8

Appendicularians and copepods from
Scotia Bay (Laurie island, South Orkney,
Antarctica): fluctuations in community
structure and diversity in two contrasting,
consecutive summers
Mariela L. Spinelli, Claudio Franzosi,
Héctor Olguin Salinas, Fabiana
L. Capitanio & Viviana A. Alder



1 23

Your article is protected by copyright and

all rights are held exclusively by Springer-

Verlag GmbH Germany, part of Springer

Nature. This e-offprint is for personal use only

and shall not be self-archived in electronic

repositories. If you wish to self-archive your

article, please use the accepted manuscript

version for posting on your own website. You

may further deposit the accepted manuscript

version in any repository, provided it is only

made publicly available 12 months after

official publication or later and provided

acknowledgement is given to the original

source of publication and a link is inserted

to the published article on Springer's

website. The link must be accompanied by

the following text: "The final publication is

available at link.springer.com”.



Vol.:(0123456789)1 3

Polar Biology 
https://doi.org/10.1007/s00300-017-2227-8

ORIGINAL PAPER

Appendicularians and copepods from Scotia Bay (Laurie island, South 
Orkney, Antarctica): fluctuations in community structure and diversity 
in two contrasting, consecutive summers

Mariela L. Spinelli1,2 · Claudio Franzosi3 · Héctor Olguin Salinas4,5 · Fabiana L. Capitanio1,2 · Viviana A. Alder3,4,5

Received: 21 February 2017 / Revised: 29 August 2017 / Accepted: 3 December 2017 
© Springer-Verlag GmbH Germany, part of Springer Nature 2017

Abstract
Coastal Antarctic waters involve habitats of high primary and secondary production with a remarkable sensitivity to envi-
ronmental changes on different spatio-temporal scales. The current study is the first comprehensive approach to the spatial 
distribution and the fluctuations in abundance, biomass, community structure, and diversity of the mesozooplankton from 
different habitats located in Scotia Bay in summers: 2014 and 2015, characterized by a different timing in seasonal sea ice 
retreat. Mean seawater temperature and abundances of calanoids, cyclopoids, nauplii, and appendicularians were one order 
of magnitude higher in summer 2014. Despite these environmental differences, biomass values of these groups proved simi-
lar for both summers. A total of ten species of copepods and one of appendicularians (Fritillaria borealis) were identified. 
Oithonid copepods—O. similis, followed by O. frigida—represented the bulk of mesozooplankton abundances in both sum-
mers. The highest total mesozooplankton abundance (2111 ind m−3) and biomass (14075 µg C m−3) were found next to an 
Adélie penguin breeding area (2014), while the highest Shannon index values were found next to a glacier in both summers. 
Multivariate analyses based on species abundance showed two main groups of sites, one of them encompassing all sum-
mer 2014 samplings and the other comprising all summer 2015 samplings. The positive correlation between O. similis and 
the 2–10 μm Chl-a fraction suggests that summer 2014 represented optimal conditions—in terms of food—for the growth 
and development of this species. Experimental studies based on natural prey assemblages revealed that O. similis feeds on 
flagellates rather than on diatoms.
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Introduction

Zooplankton plays a key role in marine ecosystems given 
their capacity to control phytoplankton populations, to 
generate nutrients, and to export biogenic matter down-
ward (Wallis et al. 2015). Copepods are generally the dom-
inant zooplanktonic group in the pelagic realm (Verity and 
Smetacek 1996). Because of their body length (100 μm to 
10 mm) and feeding habits (on ~ 5 μm cells up to other 
metazoans several mm long), they contribute to the food 
web in multiple ways, being the major link between phy-
toplankton and fish larvae when krill abundance is low 
(Murphy et al. 2007). Nevertheless, the relative contribu-
tion of different preys to copepod diets depends on the 
trophic state of the system.

Climate change is altering marine ecosystems in general 
(e.g., Doney et al. 2012) and marine planktonic communi-
ties in particular (e.g., Francis et al. 2012). Temperature 
influences water column stability, nutrient enrichment, 
the degree of new production, and thus the abundance, 
size composition, diversity, and trophic efficiency of zoo-
planktonic organisms (Richardson 2008). The coastal 
regions of high latitudes are subject to more pronounced 
seasonal variations in their conditions (duration of pho-
toperiod, nutrient availability, annual change in sea ice 
extent and duration) than middle and low latitude envi-
ronments (Clarke and Harris 2003). Moreover, several 
effects of climate warming on pelagic communities have 
been reported for Antarctic ecosystem (mainly in the West 
Antarctic Peninsula), such as changes in phyto- and zoo-
plankton abundance distribution and shifts in their physi-
ological and ecological mechanisms (Ducklow et al. 2007; 
Montes-Hugo et al. 2009). Fluctuations observed in Ant-
arctic coastal areas where zooplankton was extensively 
investigated denote the high environmental vulnerabil-
ity of this region (e.g., Sicinski et al. 1996; Calbet et al. 
2002). In Antarctic environments, copepods are the domi-
nant zooplanktonic group in terms of biomass and abun-
dance, but they are exceeded by the euphausid Euphausia 
superba or the salp Salpa thompsoni in some regions and 
years (Daponte et al. 2001; Atkinson et al. 2012). Polar 
zooplankton can feed on phytoplankton and also on other 
sources of carbon (e.g., protozoans and metazoans) to meet 
metabolic demands, especially in low chlorophyll condi-
tions or in offshore and slope regions (Gleiber ‎2014).

The knowledge on the mesozooplankton from the archi-
pelagos of the Scotia Ridge is quite uneven. The South 
Georgia islands, located in the northern branch of the 
Ridge, have been exhaustively investigated (Atkinson 
1994, 1998; Atkinson et al. 2012; Ward et al. 2012a, b). 
The South Orkney archipelago, located approximately 
600 km north-east of the Antarctic Peninsula, comprises 

four main islands and several smaller ones. Waters sur-
rounding this archipelago are subject to seasonal and inter-
annual changes in the extent of sea ice across the Scotia 
Sea and Weddell Sea, to multiple frontal processes, and to 
fluctuations in the circulation of the Antarctic Circumpolar 
Current. Previous studies in nearshore environments of the 
South Orkney archipelago include those addressing avian 
and mammal krill predators of Signy and Laurie islands 
(Casaux et al. 2009; Coria et al. 2011; Dunn et al. 2016) 
and those focused on terrestrial systems (Walton 1982; 
Lewis Smith 1990), sub-littoral epifauna (Barnes 1995), 
and the marine microbial communities (Whitaker 1982; 
Leakey et al. 1994; Clarke and Leakey 1996) of Signy 
Island in particular. However, mesozooplankton biodi-
versity, abundance, and biomass fluctuations in nearshore 
waters of Laurie Island had remained practically unknown 
until now.

In this context, an ecological study of mesozooplankton 
was conducted for the first time at southern coastal waters 
of Laurie Island (South Orkney) during two consecutive 
summers. The primary goals of this study were: (1) to ana-
lyze the mesozooplankton community of Scotia Bay as to 
its abundance, biomass, structure and species diversity in 
relation to phytoplankton (size-fractioned chlorophyll-a) 
and temperature, as well as its variations both at different 
locations within the bay and at different time scales; (2) to 
experimentally explore the importance of key nano- and 
microplanktonic organisms as a food source for the domi-
nant copepod species, and to estimate the feeding rates 
and selectivity of the latter on natural assemblages. In this 
respect, we propose the hypothesis that the abundance of 
the dominant mesozooplanktonic species is determined by 
the size and concentration of the potential food available.

Materials and methods

Sampling was conducted from a Zodiac boat at different 
sites within Scotia Bay during two consecutive summers 
(February–March 2014 and 2015; Fig. 1). Sampling sites 
were selected considering similar bottom depths (15–20 m) 
and dissimilarities as to other environmental features such as 
proximity to a penguin colony (S1), the input of glacier melt-
ing (S3), and distance to the shoreline taking Orcadas Sta-
tion as reference (S4: 0.33 km; S8: 1.08 km; S2: 3.00 km). 
In summer 2014, samples were collected at three of these 
sites (S1, S3, S4), while collection sites in summer 2015 
were four (S2, S3, S4, S8). In order to analyze short-term 
temporal fluctuations, S4 was sampled twice in 2014, while 
S8 was sampled four times in 2015. A total of 11 quantita-
tive samplings were performed, always in the morning. At 
each site, subsurface seawater temperature was measured, 
and samples were collected in the water column to analyze 
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size-fractioned chlorophyll-a and total mesozooplankton 
density, biomass, and species abundances.

Chlorophyll samples were collected by means of a Niskin 
bottle. A total of 650 ml (average) of water was filtered by 
Whatman GF/F and polycarbonate filters of 2 and 10 µm 
arranged in series so as to obtain size-fractioned chlorophyll 
(0.7–2 µm, 2–10 µm, and > 10 µm). Filters were kept in dark 
at − 20 °C. Pigments were extracted in 90% acetone during 
24 h at 4 °C and measured in a spectrophotometer. Chloro-
phyll a (Chl-a) concentrations were estimated according to 
Jeffrey and Humphrey (1975).

Mesozooplankton samples were taken with a plankton 
net (200-µm mesh, 48-cm opening diameter) by performing 
oblique hauls from near-bottom to surface. Samples were 
preserved in 5% seawater formalin. The volume of filtered 
water was measured using a mechanical flowmeter. Each 
sample was fractionated into 20 ml aliquots for counting pur-
poses; aliquots were examined sequentially under stereomi-
croscope and counted until reaching 300 individuals for each 
group. For the least abundant taxa, counting was performed 
on the entire sample. Appendicularians and copepods were 
identified to the species level by following the taxonomic 
criteria of Esnal (1999) and Bradford-Grieve et al. (1999), 
respectively. Developmental stages (adults, copepodites 
I–III and IV–V) and sex (male/female) were identified for 
Oithona similis. Stages of Fritillaria borealis (mature or 
juvenile) were identified according to Presta et al. (2015). 
Measures of the length of the trunk (appendicularians) and 
cephalothorax (nauplii, calanoids, and cyclopoids) were 
taken for size and structure analysis purposes (n = 30–50 
for each group per sample). Biomass was estimated from 
body measurements of each specimen. Wet weights of nau-
plii and copepods (cyclopoids and calanoids) were calcu-
lated according to Gradinger et al. (1999) and Nozais et al. 

(2001). The conversion factor for nauplii was 360, whereas 
that for copepodites and adult copepods depended on their 
body shape (C: 560 for semicylindrical shapes; C: 400 for 
pyriform shapes). Dry weight was estimated as 22.5% of 
the corrected wet weight (Gradinger et al. 1999), while car-
bon concentration was assumed to be 40% of the dry weight 
(Feller and Warwick 1988). Appendicularian biomass was 
estimated by using the relationships described in Jasper et al. 
(2009). For appendicularians and copepods, a factor of 30% 
was applied to correct for weight loss due to formaldehyde 
(Böttger-Schnack 1985).

Spearman Rank Correlation (rs) test was used to relate 
the abundances of the groups and of the species of copepods 
and appendicularians with temperature and with total and 
size-fractioned Chl-a (p < 0.05).

ANOVA tests were performed in order to detect possible 
statistically significant differences in the sizes of each meso-
zooplankton group between (a) the different sites explored in 
each summer, and (b) the two sites explored in both summers 
(S3 and S4). Homoscedasticity and normality of residuals 
in all analyses were tested graphically (Zuur et al. 2009). 
Since all groups showed normally distributed residuals, the 
models used were all of the general linear type. The assump-
tion of homogeneity of variance was satisfied in all cases 
except for the size of calanoids in 2014, so an ordinary least 
squares estimation was used in the analysis. Non-homoge-
neity of variances in the size of calanoids during 2014 was 
addressed by using generalized least squares (GLS) fit by 
Restricted Maximum Likelihood Estimation (REML) and 
the VarIdent function, which allows different variances per 
treatment (Zuur et al. 2009). Tukey’s Honestly Significant 
Difference test was used to determine differences among 
sites when an effect proved significant (F ratio, p < 0.05). 
All statistical analyses were performed using the statistical 

Fig. 1   Location of sampling 
sites in Scotia Bay, Laurie 
Island (South Orkney, Antarc-
tica) during summers of 2014 
and 2015
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softwares R (R Development Core Team 2017) and InfoStat 
(Di Rienzo et al. 2013).

Shannon diversity index (H) (Shannon and Weaver 1949) 
was used to estimate diversity, while the evenness of samples 
was assessed by the Pielou index (J) (Pielou 1969).

A multivariate analysis technique of numerical clas-
sification was used to define groups of sites based on the 
abundance values of copepod and appendicularian species. 
Hierarchical agglomerative clustering was carried out using 
the Bray–Curtis similarity index (Bray and Curtis 1957) cou-
pled with group average. To identify an appropriate number 
of groups, we use two criteria according to Balzarini et al. 
(2008) and Borcard et al. (2011): (1) plotting the fusion level 
values (the dissimilarity values where a fusion between two 
branches of a dendrogram occurs); (2) draw a cut line at a 
distance equal to 50% at the maximum observed distance. 
These criteria allow identifying reasonably well-balanced, 
without outliers, and well-delimited groups. To examine the 
contribution of each taxon both to the degree of similarity 
within a group and to the degree of dissimilarity between 
groups, an analysis of similarity percentage (SIMPER) was 
applied using the Bray–Curtis similarity index. PRIMER 
5.0 software package (Clarke and Warwick 2001) was used 
for data analysis.

Feeding experiment and clearance rate of Oithona 
similis

This experiment was carried out on materials collected 
in the site nearest to Orcadas Station (S4) on 03/05/2104. 
Seawater samples were taken from a 10 m depth by means 
of Niskin bottles. A volume of 500 mL was preserved in 
2% formaldehyde for the quantitative analysis of nano- and 
microplanktonic organisms. A volume of 20 mL was fil-
tered by duplicate in black polycarbonate filters of 0.8 µm 
pore size and stained with DAPI (f.c. 5 µg mL−1) according 
to Porter and Feig (1980) for estimations of nanoflagellate 
abundance. Filters were kept frozen in darkness until exami-
nation. For the identification of diatom species, subsamples 
were processed according to Simonsen (1974) for eliminat-
ing the organic matter from frustules, and the specimens 
were further mounted onto glass slides using Naphrax. The 
rest of the volume was filtered through a sieve of 200-µm 
mesh to exclude metazoan grazers, and used as natural food 
source for the experiment.

In turn, mesozooplankton was sampled by slow verti-
cal hauls with a plankton net (mesh size 200 µm) in the 
upper 10 m. Immediately after collection, the content of the 
net was transferred to a thermobox and taken to Orcadas 
Station. The copepod species chosen for the experiments 
was O. similis, as it was found to be the dominant one in 
a preliminary analysis of the materials. Within 1 h after 
collection, undamaged individuals were sorted under a 

stereomicroscope and removed with a wide-mouth pipette. 
Five individuals were placed into 500 ml experimental bot-
tles (n = 6) previously filled with natural seawater, and incu-
bated for 24 h at 1–2 °C. Control bottles (without copepods, 
n = 6) were incubated in the same way. All bottles were 
regularly rotated/shaken in order to prevent food sedimenta-
tion. After incubation, individuals were checked for survival, 
verified as to their level of activity, and removed from the 
bottles. The volume of water at the final time was immedi-
ately preserved for quantitative analyses of nanoflagellates 
and other nano- and microplanktonic components. At the 
beginning and at the end of the experiment, water samples 
of both control and experimental bottles were preserved (fol-
lowing the procedure described below) and examined under 
an inverted microscope according to the Utermöhl (1958) 
technique for the counting of nano- and microplanktonic 
cells (n = 12), and under an upright fluorescence microscope 
for the counting of nanoflagellates (by duplicate, n = 24). 
Clearance rate of O. similis was calculated from the density 
of cells before and after incubation in both experimental 
and control bottles using the equations proposed by Kiør-
boe et al. (1982). Concentration of each food item in the 
final time was compared between treatments (with/without 
copepods) by using the Student t test. The selectivity coeffi-
cient (W) and electivity index (E) of O. similis for each food 
item available was calculated according to Vanderploeg and 
Scavia (1979).

Results

Environmental features, mesozooplanktonic 
community structure, and species abundance

Summer 2014

Tables 1 and 2, and Fig. 2a–d summarize the environmen-
tal features and the biotic variables of the main mesozoo-
planktonic groups. Average values found for surface sea-
water temperature and total Chl-a were above 1 °C (Max: 
1.3 °C) and around 5 mg Chl-a m−3, respectively, with little 
variation between sites. Most of the Chl-a (up to 95%) was 
in the > 10 µm fraction, followed by the 2–10 µm fraction 
(~ 3%). The 0.7–2 µm fraction was undetectable. According 
to in situ observations, the sea ice retreated in October 2013.

The mesozooplanktonic community was represented 
by copepods, nauplii and appendicularians. The mean 
contribution of these groups to abundance was 68, 18 and 
14%, respectively. Cyclopoids were dominant (57%) over 
calanoids (11%) in almost all sites. Mean biomass of total 
mesozooplankton was 7667 µg C m−3. The mean contribu-
tion of calanoids and cyclopoids to the total was 81.6 and 
18% (6258 µg C m−3 and 1377 µg C m−3) while that from 
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appendicularians and nauplii represented 0.3 and 0.1% (26 
and 6 µg C m−3) respectively.

The size structure of each mesozooplankton group was 
roughly similar between sites (Fig. 2c) with the exception of 
site S4 (ANOVA: F calanoids (3,196) = 60.7, p < 0.0001; F 
cyclopoids (3,196) = 13.24, p < 0.0001; F appendicularians 
(3,196) = 7.53, p < 0.0001).

A total of eleven species were found in the bay during 
summer 2014 (between 7 and 11 at the different sites): Three 
species of cyclopoids (Oithona similis, Oithona frigida 
and Oncaea sp), seven species of calanoids (Rhincalanus 
gigas, Calanoides acutus, Calanus simillimus, Calanus 
propinquus, Microcalanus pygmaeus, Metridia sp, and 

Clausocalanus brevipes), and one species of appendicular-
ians (Fritillaria borealis). The H index ranged from 1.2 to 
1.84, with equitability values being quite similar between 
sites (0.63–0.83).

The dominant species in terms of abundance at most sites 
was O. similis (mean: 4.5 × 102 ind m−3), which showed a 
high contribution of females (average: 30.7%) with ovisacs 
and an average female:male ratio of 1.73. The most evenly 
distributed species was F. borealis (mean: 1.89 × 102 ind 
m−3; Fig. 2c), with an average mature:juvenile ratio of 0.62.

A comparative analysis of summer 2014 sampling sites 
based on the spatial variability of mesozooplankton showed 
the following trends:

The site next to the penguin colony (S1) hosted both high-
est densities and highest biomass of total mesozooplankton 
(2111 ind m−3; 14076 µg C m−3). This is accounted for by 
the contribution of calanoids (88.35%, 12435 µg C m−3), 
which were here more abundant than elsewhere, and were 
represented mainly by C. simillimus, C. propinquus and R. 
gigas (136, 19 and 10 ind m−3, respectively), with the latter 
species being found only at this site.

The site close to the glacier (S3) showed the highest val-
ues of diversity (H: 1.84) jointly with lowest total mesozoo-
plankton abundances (671 ind m−3) and approximately half 
of the biomass found at S1 (6434 µg C m−3). The abundance 
of calanoids, appendicularians and cyclopoids showed a sim-
ilar range: 184–226 ind m−3. S3 also exhibited the follow-
ing exclusive features: (a) O. frigida prevailed in abundance 
over O. similis (177 ind m−3 vs. 49 ind m−3); (b) calanoids 
showed largest sizes (1992 ± 734 µm, n = 50, Fig. 2c); (c) 
copepodits I–III of O. similis reached their highest contribu-
tion; (d) Oncaea sp was absent.

The site near Orcadas station (S4) stood out for the 
dominance of adult stages (mainly females) of O. similis 
jointly with the absence of Metridia sp., M. pygmaeus, R. 
gigas, and C. brevipes. This site, which was sampled twice 
within a 4-day period (02/28 and 03/03), revealed pro-
nounced short-term fluctuations in abundances: Highest 
percentage of females of O. similis with ovisacs (Table 2), 
smallest sizes (496 ± 96 µm, n = 50) and lowest biomass 
values (902  μg C m−3) of both cyclopoids and Fritil-
laria borealis (75% of juveniles) were recorded on 02/28. 

Table 1   Temperature (°C), total and size-fractioned chlorophyll-a 
(mg Chl-a m−3), and abundance (ind m−3) of total mesozooplankton, 
appendicularians, cyclopoids, calanoids and nauplii in Scotia Bay 
during summer 2014

Mean ± SE Range

Surface temperature 1.13 ± 0.17 0.9–1.3
Total Chl-a 4.7 ± 0.47 4.26–5.26
Chl-a > 10 µm 4.58 ± 0.51 4.11–5.11
Chl-a 2–10 µm 0.12 ± 0.08 0–0.20
Chl-a 0.7–2 µm 0 0
Mesozooplankton and species abundance
 Total 1338 ± 749 671–2111

Appendicularians
 Fritillaria borealis 189 ± 60 133–272
 Cyclopoids 755 ± 548 226–1464
  Oithona similis 453 ± 359 49–900
  Oithona frigida 302 ± 203 111–564
  Oncaea sp. 47 ± 46 0–107

 Calanoids 151 ± 117 41–302
  Calanoides acutus 14 ± 15 4–37
  Calanus propinquus 17 ± 10 7–31
  Rhincalanus gigas 2 ± 5 0–10
  Calanus simillimus 44 ± 63 4–136
  Microcalanus pygmaeus 5 ± 9 0–18
  Metridia sp. 14 ± 18 0–37
  Clausocalanus brevipes 9 ± 15 0–31

 Nauplii 243 ± 312 73–711

Table 2   Relative abundance (%) 
of copepodites (CI–III; IV–V) 
and adults (female, male) of 
Oithona similis, and of mature 
and juvenile individuals of 
Fritillaria borealis in Scotia 
Bay during summer 2014

Asterisk indicates > 50% contribution of Oithona similis females with ovisacs

Site Date Oithona similis Fritillaria borealis

Female Male Female:Male CI–III CIV–V Mature Juvenile Mature:Juvenile

1 02/27 20* 14.2 1.41 35.8 30 41 59 0.69
3 03/03 18* 10.6 1.70 44 27.4 35 65 0.54
4 02/28 45* 23 1.96 18 14 25 75 0.33
4 03/03 39.8 21.3 1.87 24.6 14.3 48 52 0.92
Average 30.7 17.27 1.73 30.6 21.43 37.25 62.75 0.62
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Contrastingly, on 03/03 there was a twofold increase in the 
abundance and biomass of cyclopoids, a twofold increase 
in the abundance of calanoids, and a sevenfold increase in 
the abundance of nauplii. Nauplii abundances observed 
at site S4 on this date are the highest of all summer 2014 
records (711 ind m−3), and are likely to represent a repro-
ductive peak of O. similis.

The analysis of the mesozooplanktonic community 
as a function of environmental variables during summer 
2014 revealed that both the abundance and the biomass of 
cyclopoids correlate negatively with total and > 10 µm Chl-
a (Spearman rank correlation, rs = − 0.8, n = 4, p = 0.04; 
rs = − 0.96, n = 4, p = 0.01, respectively), while the abun-
dance of O. similis correlates positively with the 2–10 µm 

Chl-a fraction (Spearman rank correlation, rs = 0.76, n = 4, 
p = 0.02).

Summer 2015

Tables 3 and 4, and Fig. 3a–d summarize the trends observed 
for this period. Average values of seawater temperature and 
total Chl-a were equal or below 0.5 °C and around 1.53 mg 
Chl-a m−3, respectively. The mean contribution of the differ-
ent Chl-a fractions was 49% for > 10 µm, 43% for 2–10 µm 
and 9% for 0.7–2 µm (Table 3). In this summer, the seasonal 
sea ice persisted in the bay until January.

On average, total zooplankton abundances (125 ind m−3) 
were one order of magnitude lower than in 2014, with a 

Fig. 2   Summer 2014 in Scotia 
Bay: a Abundance (ind m−3), 
b biomass (µg C m−3); c size 
structure of each mesozooplank-
tonic group (different letters 
indicate significant differences 
between sites, p < 0.05); d 
species abundance (log scale), 
Shannon index (H) and Pielou 
index (J)
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dominance of copepods (mean: 59%, cyclopoids 39%, cala-
noids: 20%) followed by nauplii (33%) and appendicular-
ians (6%). Mean biomass of total mesozooplankton reached 
5283 µg C m−3. The mean contribution of calanoids to the 
total was 95% (5035 µg C m−3), followed by cyclopoids 
(4.5%, 239 µg C m−3), appendicularians and nauplii (< 0.5%, 
6 and 4 µg C m−3, respectively).

Size structures of nauplii and appendicularians were 
similar between sites. However, those of cyclopoids and 

calanoids (Fig. 3c) proved to be significantly different, pre-
sumably due to the (smallest) sizes found at S8 (ANOVA: 
F cyclopoids (6,295) = 16.27, p < 0.0001; F calanoids 
(6,295) = 2.93, p = 0.0087).

The number of species (between 3 and 10 at the different 
sites) and the values of the H index (0.62–1.64) and equi-
tability (0.56–0.92) were found to be more variable than in 
2014. Copepod and appendicularian species’ compositions 
were roughly the same as summer 2014 except for Oncaea 
sp (not recorded in 2015) and Rhincalanus gigas (recorded 
at all sites in 2015) (Fig. 3d).

As in 2014, O. similis was dominant in all sites; how-
ever, females were not observed with ovisacs in 2015, and 
the mean female:male ratio was slightly higher (1.96). The 
mature:juvenile ratio of F. borealis increased substantially in 
2015 (average: 12.84), with ~ 90% of the individuals being 
mature (Table 4).

The waters surrounding the glacier (site S3) exhibited 
the highest number of species and Shannon index, as well 
as the maximun abundances of total mesozooplankton (360 
ind m−3) and of cyclopoids in particular (133 ind m−3). This 
site was also marked by the presence of other mesozoo-
planktonic groups in low densities (< 1% of total mesozoo-
plankton abundance), such as Amphipoda, Siphonophora, 
Polychaeta, Cladocera, Chaetognatha, andNemertea (Fig. 3a, 
Table 3).

Short-term fluctuations (weekly sampling during one 
month) were explored at Site S8 in 2015 (Fig. 4). The mes-
ozooplanktonic community (Fig. 3d, 4) was represented 
only by copepods (cyclopoids, calanoids and nauplii), 
with no records of either Calanus simillimus, C. brevipes 
or the appendicularian Fritllaria borealis. An increase in 
all groups present was observed toward the 3rd week (two-
fold for cyclopoids and nauplii; one order of magnitude 
for calanoids), with a subsequent decrease during the 4th 
week of the survey. In parallel with this trend, total Chl-a 
decreased toward the second and 3rd weeks with null records 
of the > 10 µm fraction during the latter, in coincidence with 
the peaking of the three groups. This trend was confirmed by 
the highly significant negative correlation found at this site 

Table 3   Temperature (°C), total and size-fractioned chlorophyll-a 
(mg Chl-a m−3), and abundance (ind m−3) of total mesozooplankton, 
appendicularians, cyclopoids, calanoids, nauplii and other taxa in 
Scotia Bay during summer 2015

Other: Siphonophora, Polychaeta, Cladocera, Chaetognatha, and 
Nemertea

Mean ± SE Range

Surface temperature 0.19 ± 0.28 − 0.2 to 0.5
Total Chl-a 1.53 ± 0.98 0.93–3.54
Chl-a > 10 µm 0.76 ± 0.89 0–2.64
Chl-a 2–10 µm 0.64 ± 0.37 0.22–1.15
Chl-a 0.7–2 µm 0.14 ± 0.12 0–0.37
Mesozooplankton and species abundance
 Total 125 ± 111 23–360

Appendicularians
 Fritillaria borealis 8 ± 11 0–29
 Cyclopoids 48 ± 42 9–133
  Oithona similis 37 ± 31 7–102
  Oithona frigida 11 ± 12 2–30

 Calanoids 25 ± 21 3–68
  Calanoides acutus 2 ± 2 0–8
  Calanus propinquus 8 ± 7 0–19
  Rhincalanus gigas 10 ± 6 3–21
  Calanus simillimus 2 ± 3 0–10
  Microcalanus pygmaeus 1 ± 1 0–3
  Metridia sp. 1 ± 1 0–2
  Clausocalanus brevipes 2 ± 3 0–8

 Nauplii 41 ± 36 2–115
 Other 3 ± 6 1–15

Table 4   Relative abundance (%) 
of copepodites (CI–III; IV–V) 
and adults (female, male) of 
Oithona similis, and mature 
and juvenile individuals of 
Fritillaria borealis in Scotia 
Bay during summer 2015

Station Date Oithona similis Fritillaria borealis

Female Male Female:Mature CI–III CIV–V Mature Juvenile Mature:Juvenile

3 02/07 24.8 12.6 1.97 26.2 36.4 91 9 10
4 01/30 32 25 1.28 18 25 95 5 19
2 02/09 22.6 12 1.88 27 38.4 90.4 9.6 9.4

02/05 42 18 2.33 8 32 0 0
8 02/11 35 20 1.75 15 30 0 0

02/17 33 17.5 1.89 31.5 18 0 0
02/25 27.6 10.4 2.65 35.8 26.2 0 0

Average 31 16.5 1.96 23.07 29.43 92.13 7.87 12.84
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for calanoid and nauplii numbers vs. total and > 10 µm Chl-
a (Spearman rank correlation rs = − 0.93, n = 4, p = 0.04; 
and rs = − 0.97, n = 4, p = 0.04; respectively). Also during 
the 3rd week (02/25), the similar contribution of different 
species to abundance (~ 7 ind m−3) resulted in the highest 
value of equitability.

Sites S4 and S2 were separated 3 km from each other, 
the former being located on inshore waters and the latter 
farther into outer waters. Despite their similar total meso-
zooplankton abundances (134 and 112 ind m−3), S4 and S2 
differed widely in other aspects: S4 showed the highest Chl-
a concentrations of summer 2015 (3.54 vs. 0.47 mg Chl-
a m−3) jointly with the dominance of cyclopoids (87% in 
abundance), mostly of large sizes. On the other hand, site 
S2 exhibited quite similar contributions of calanoids and 

Fig. 3   Summer 2015 in Scotia 
Bay: a Abundance (ind m−3), b 
total biomass (µg C m−3), c size 
structure of each mesozooplank-
tonic group (different letters 
indicate significant differences 
between sites, p < 0.05) and d 
species abundance (log scale), 
Shannon index (H) and Pielou 
index (J)

Fig. 4   Abundance (ind m−3) of nauplli, cyclopoids and calanoids, and 
total and size-fractioned chlorophyll-a (mg Chl-a m−3) in site S8 dur-
ing the four sampling dates of summer 2015

Author's personal copy



Polar Biology	

1 3

cyclopoids (59 and 41% in abundance), but total mesozoo-
planktonic biomass reached the highest values within the 
whole bay (Max: 9322 µg C m−3), mainly attributable to 
calanoids (8961 µg C m−3) (Fig. 3a).

Results from Spearman rank correlation (rs) between 
environmental variables and mesozooplanktonic groups 
and species revealed that temperature correlated negatively 
with total mesozooplankton biomass (rs = − 0.73, n = 7, 
p = 0.02), cyclopoid biomass (rs = − 0.84, n = 7, p = 0.02), 
calanoid sizes (rs = −0.91, n = 30, p = 0.001), calanoid 
abundance (rs = − 0.86, n = 7, p = 0.004), and the abun-
dance of R. gigas and C. propinquus (rs = − 0.76, n = 7, 
p = 0.04; and rs = − 0.79, n = 7, p = 0.03, respectively).

Summer 2014 versus summer 2015

Based on the abundance of the species recorded at all sites 
in both 2014 and 2015, the cluster analysis revealed two 
main groups of sites (Fig. 5): Group I, comprising all sum-
mer 2014 sites, and Group II, comprising all summer 2015 
sites. The MDS analysis confirmed the cluster assemblages. 
In summer 2014 (Group I), O. similis, O. frigida, and F. 
borealis had similar contribution in abundances (35, 29.6, 
and 28%, respectively). In summer 2015, there were changes 
in the species structure and abundances (one order of mag-
nitude lower than that in 2014): O. similis was the dominant 
species (58%) followed by R. gigas (16%) and O. frigida 
(11%).

On the other hand, based on the sizes of copepod species 
and appendicularians, it was found that both calanoids and 
F. borealis reached sizes significantly larger (ANOVA: F 
calanoids (1,500) = 7.36, p = 0.0069; F Fritillaria borealis 

(1,335) = 8.78; p = 0.0033) at the lower temperatures of 
summer 2015. Cyclopoids were also larger in 2015, yet not 
significantly (ANOVA, F(1,500) = 0.24, p = 0.6246).

Finally, a comparison restricted only to the sites sam-
pled in both 2014 and 2015 (S3 and S4) revealed for these 
two places the same trend of all other sites investigated, i.e., 
higher values of temperature, total Chl-a, and total mesozoo-
plankton abundances in 2014 as compared to 2015 (Table 5). 
Total biomass, however, was not found to vary substantially 
from one year to another.

In the vicinity of the glacier (site S3), 100% of the total 
Chl-a in summer 2014 was provided by the > 10 µm frac-
tion, in coincidence with the high values of abundance and 
biomass of total mesozooplankton. In 2015, there was an 
increase in the contribution of both the 0.7–2 and 2–10 µm 
Chl-a fractions jointly with a change in the structure of the 
mesozooplanktonic community, as this period was marked 
by the presence of other mesozooplanktonic groups in low 

Fig. 5   Cluster analysis and multidimensional scaling (MDS) based on 
copepod and appendicularian species abundances at all sites during 
summers, 2014 and 2015, in Scotia Bay

Table 5   Comparison of temperature (°C), total Chl-a (mg Chl-a 
m−3), relative contribution of size-fractioned Chl-a (%), abundance 
(A, ind m−3), biomass (B, µg C m−3), and size (S, µm) of total meso-
zooplankton, appendicularians, cyclopoids, calanoids and nauplii in 
Scotia Bay at sites S3 and S4 in summer 2014 and 2015

The contribution of each group to total mesozooplankton abundance 
is shown in brackets

Site S3 S4

Year 2014 2015 2014 2015

Surface temperature 1.3 − 0.2 1.05 0.5
Total Chl-a 4.92 1.08 4.81 3.54
Chl-a > 10 µm (%) 100 63 96 75
Chl-a 2–10 µm – 21% 4% 25%
Chl-a 0.7–2 µm – 16% – –
Total mesozooplankton
 A 671 360 1285 134
 B 6434 5401 5079 4331

Appendicularians
 A 184 (27%) 29 (8%) 149 (12%) 7 (5%)
 B 33 25 25 7
 S 464 522 456 565

Cyclopoids
 A 226 (34%) 133 (37%) 665 (52%) 72 (54%)
 B 1236 544 1329 166
 S 570 601 464 781

Calanoids
 A 184 (27%) 68 (19%) 60 (5%) 11 (8%)
 B 5185 4820 3720 4154
 S 1993 1617 799 1917

Nauplii
 A 78 (12%) 115 (32%) 412 (32%) 44 (33%)
 B 7 11 5 3
 S 169 169 167 174
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densities. The sizes of appendicularians were significantly 
larger in 2015 (ANOVA, F(1,99) = 4.64, p = 0.0336). 
Remarkably, site S3 showed both the lowest and highest 
temperature values recorded during the survey. The tempera-
ture maximum was registered during summer 2014 (1.3 °C) 
in association with the shared dominance of F. borealis and 
O. frígida (32 and 30%, respectively). On the other hand, 
the temperature minimum corresponded to summer 2015 
(− 0.2 °C), with the clear dominance of O. similis (47%).

In the vicinity of Orcadas Station (site S4), the 0.7–2 µm 
Chl-a fraction was negligible in both summers, but the con-
tribution of the 2–10 µm fraction was higher in 2015. The 

sizes of calanoids, cyclopoids and appendicularians, on 
the other hand, were significantly larger in 2015 (ANOVA, 
F calanoids (1,148) = 77.04, p < 0.0001; F cyclopoids 
(1,148)  =  53.37, p  <  0.0001; and F appendicularians 
(1,148) = 7.78, p = 0.006).

Feeding experiments on Oithona similis

During summer 2014, food items in situ and in the exper-
imental bottles at the initial time of the experiment were 
nanoflagellates (contribution to abundance: 95.63%), dia-
toms (4.25%), silicoflagellates (0.08%), ciliates (0.03%), and 
tintinnids (0.01%). Given that the abundance of silicoflagel-
lates, ciliates and tintinnids was extremely low and could 
lead to inaccurate estimations, the analysis was restricted to 
nanoflagellates and diatoms. Table 6 summarizes the results 
of the mean final concentrations in the 6 replicates of the 
control and 6 experimental bottles, the filtration rate (F), the 
selectivity coefficient (W) and the electivity index (E). Two 
main trends were observed at the end of the experiment: (1) 
nanoflagellates showed concentrations significantly different 
from initial ones jointly with a high filtration rate, a selectiv-
ity coefficient close to 1, and a positive electivity index; (2) 
the average abundance of diatoms in the experimental and 
control bottles was not significantly different, and in three 
of the replicates no filtration rates was observed on diatoms 
(Fig. 6a). In addition, the selectivity coefficient for diatoms 
was much lower than that for nanoflagellates and the electiv-
ity index was negative, thus indicating that O. similis rather 
avoided feeding on diatoms. From the 26 diatom species 
identified at the beginning of the experiment, three of them 
(Thalassiosira tumida, Odontella weissflogii, and Pseudo-
nitzschia cf lineola) represented 74% of total abundance. 

Table 6   Abundance of diatoms and nanoflagellates in experimental 
(EB, Cell L−1) and control bottles (CB, Cell L−1) at the final time (Tf) 
during a feeding experiment on Oithona similis, with Student t (T) 
and p values

E values < 0 indicate no food selection
F Oithona similis feeding rate (ml ind−1 h−1), W selectivity coeffi-
cient, E electivity index
Bold values = statistically significant (p < 0.05)

N Trophic item

Diatoms Nanoflagellates

Tf (EB) 6 99831 824688
Tf (CB) 6 102883 1326506
T − 0.45 − 4.9
p 0.6595 0.0006
F mean + SE 

(range)
0.18 ± 0.34 

(− 0.24 to 
0.59)

2.96 ± 1.32 (1.45–4.50)

W 0.13 0.86
E − 0.51 0.63

Fig. 6   Clearance rate (F: ml ind−1 h−1) of Oithona similis on diatoms and nanoflagellates (a) and relative abundance (%) of diatom species ver-
sus cell volume (µm3) (b)
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The cell volume ranged from ca. 100 μm3 to 629 × 104 μm3, 
with over 50% of the cells having a mean volume above 2 
× 104 μm3 (Fig. 6b). Within the range of smaller volumes 
(< 2 × 104 μm3), ca. 70% of the diatoms corresponded to 
solitary forms such as Asteromphalus. Cylindrotheca, and 
benthic taxa—like Cocconeis and Licmophora. The remain-
ing ~ 30% formed chains or filaments (Chaetoceros criophi-
lus, C. socialis, Fragilariopsis obliquecostata, F. curta, F. 
sublinearis, Pseudo-nitzschia heimii, and P. lineola).

Discussion

Spatial and annual fluctuations of mesozooplankton 
assemblages

Copepods were the dominant mesozooplanktonic group 
during the two summers and in all sites investigated, in 
coincidence with previous observations made on other Ant-
arctic marine environments (Atkinson 1998). Whereas the 
abundance of Antarctic copepod species has been a major 
research topic since the first expeditions, data comparisons 
among the various sources are hampered by the different 
units used (e.g., ind m−2 vs. ind m−3), the different methods 
applied for biomass estimations, the type and mesh-size of 
nets, the sampling depth, and the time of year, as concluded 
by Atkinson et al. (2012). Nevertheless, the methods applied 
on some Antarctic coastal areas allow some comparisons; 
for instance, summer abundance of copepods in Potter Cove 
(25 de Mayo/King George Island, South Shetland) ranged 
from 8 to 40 ind m−3 (García et al. 2015), while the orders 
of magnitude in Terra Nova Bay (Ross Sea) are the same as 
in our study (range: 45.2–3965.3 ind m−3; Pane et al. 2004). 
Coincidentally, O. similis was the dominant species in both 
areas.

Studies on the mesozooplankton of South Orkney 
nearshore marine environments in particular are extremely 
scarce, with just a few—mainly taxonomic—articles 
restricted to Signy Island. For example, Gee and Fleeger 
(1986) describe two species of harpacticoid copepods, and 
Stanwell-Smith et al. (1997) address the tunicates found in 
their study on invertebrate larvae. In this context, the cur-
rent study is the first for nearshore environments of Lau-
rie Island, and may also be the first in providing ecological 
information on the coastal mesozooplankton of the South 
Orkney Archipelago. The fact that there might exist inacces-
sible publications from early expeditions precludes us from 
confirming this fact.

Environmental conditions, species specific-assemblages, 
and the structures of copepod and appendicularian com-
munities in Scotia Bay all show a clear difference between 
summer 2014 and summer 2015 (Table 1, 3, 5; Figs. 2, 3). 
Summer 2014 was characterized by higher temperatures and 

Chl-a concentrations, jointly with abundances that were one 
order of magnitude higher for all groups of copepods and 
two orders of magnitude for appendicularians compared with 
summer 2015. The decrease in numbers found in summer 
2015 was offset by a statistically significant increase in the 
size of both calanoids and appendicularians (calanoids con-
tribution to total biomass: 95%), resulting in non differences 
between both summers in terms of total mesozooplankton 
biomass. This suggests that the ecosystem remained quite 
stable in its carbon content despite the shift in species com-
position and environmental conditions.

Temperature, like sea ice dynamics and the quantity, 
quality and size of food, plays a key role in the life cycle 
of zooplankton. Low temperatures result in organisms with 
larger sizes (such as in summer 2015) and also in longer 
egg hatching times and stage durations (Ward and Shreeve 
1998; Shreeve et al. 2002; Hirst and Bunker 2003), thus 
increasing the mortality of slower growing instars (Kiørboe 
and Hirst 2008).

General trends of Antarctic sea ice coverage during the 
time of this study are not clear (Eisenman et al. 2014). There 
is little evidence of a decline in sea ice in this region over 
the last 30–50 years (Murphy et al. 2014). The scarcity of 
previous investigations on the area of this study hinders the 
analysis of the effects of sea ice extent and winter persis-
tence on food availability and mesozooplankton abundances. 
Nevertheless, and according to in situ observations, the sea 
ice retreat in Scotia Bay during 2014 occurred earlier than in 
2015 (October 2013 and January 2015), thus possibly accel-
erating the advent of the phytoplanktonic bloom and favor-
ing the reproduction and the increase of mesozooplanktonic 
abundances. On the other hand, regions such as the West-
ern Antarctic Peninsula are currently showing significant 
changes in their macrozooplankton and copepod community 
structure as a result of an increase in air and sea surface 
temperature, and a decrease in sea ice coverage (Atkinson 
et al. 2012; Gleiber et al. 2012; Gleiber 2014; Steinberg et al. 
2015). Based on a long-term temporal series, Gleiber (2014) 
concluded that higher abundances of copepods are related to 
high chlorophyll and low sea ice conditions. When applying 
this trend to Scotia Bay, the significant changes in meso-
zooplankton abundances from a warmer, richer summer 
in 2014 to a colder, poorer summer in 2015 could be indi-
rectly related to atmospheric conditions and an earlier sea 
ice retreat. Incidentally, the results from Scotia Bay stress 
the relevance of biomass measurements to understand the 
role of environmental changes in the carbon dynamics of 
planktonic communities.

Oithonid and Oncaeaid cyclopoids occur worldwide in 
high abundances. Their biomass levels in Antarctic waters 
can reach the same order of magnitude as calanoids (Metz 
1996, 1998; Schnack-Schiel et al. 1998). Despite its numeric 
dominance in Scotia Bay, cyclopoids (mainly oithonids) 
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showed low (18%) to very low (4.5%) levels of average bio-
mass in 2014 and 2015, respectively (Fig. 2, 3). Instead, the 
bulk of biomass was mostly due to calanoids, the contribu-
tion of which increased from 82% in 2014 to 95% in 2015. 
Among these, R. gigas was the only species with a rise in 
abundance in 2015 (Fig. 3d). Such an increment is thought to 
respond to changes in the water circulation pattern that favor 
the proliferation of this species in the bay, in accordance 
with Zmijewska and Yen (2003), and/or to the significant 
decrease in sea water temperature from 2014 to 2015, as sug-
gested by the highly significant negative correlation between 
R. gigas numbers and sea temperature. Calanoids of larger 
sizes were also found in colder waters, in agreement with 
trends previously reported (Chinnery and Williams 2004; 
Hansen et al. 2010).

Spatial distribution

The mesozooplankton community of Scotia Bay was found 
to show a certain degree of spatial heterogeneity in terms 
of abundance, biomass and diversity. In the first place, 
highest levels of total mesozooplankton biomass and abun-
dance were observed next to the Adélie penguin breeding 
areas –site sampled in summer 2014 only. This finding 
may respond to aloctonous organic matter from the colony 
fueling the food web with higher amounts of more diverse 
food items. The diet of the Adélie penguin, recently explored 
in East Antarctica on the basis of DNA sequences (Jarman 
et al. 2013), is composed mainly by krill (40%) and fol-
lowed by fish and calanoid copepods. The latter were found 
in association with fish (28%) rather than with krill (23%), 
thus suggesting that copepods actually represent a case of 
secondary predation (i.e., from the consumption of fish that 
have eaten copepods). Given the importance of copepods 
in the diet of fish, and the importance of fish (such as noto-
thenioids) in the diet of Adélie penguins—the numbers of 
which are in decline at most locations (Dunn et al. 2016)—, 
the link between these communities will have to be further 
explored in connection with Weddell Sea offshore waters.

Secondly, during both summers the waters next to the 
glacier hosted the highest diversity (H) of copepods and 
appendicularians jointly with the largest number of zoo-
plankton groups. This finding suggests that local features 
associated with the presence of the glacier result in an 
environment more heterogeneous than the rest of the sam-
pling sites, thus shaping the community structure in a spe-
cial way and favoring the increase in planktonic diversity. 
Although our results do not provide a causal explanation 
to this trend, they might lead to future investigations. To 
date, studies addressing the impact of melting glaciers on 
planktonic organisms and diversity have proven controver-
sial (Sommaruga 2015). Suggested effects range from loss 

of diversity in benthic communities (Sahade et al. 2015) to 
phytoplanktonic increase due to iron enrichment (Hawkings 
et al. 2014).

Finally, along the ca. 3 km distance spanning between the 
site nearest to the shore and the middle of the bay (S4–S8 
and S2) there were clear changes in species richness (six, 
four, and eight species, respectively). Such richness and 
diversity variations at small spatial scales is attributable to 
top-down control processes exerted by some copepod spe-
cies, as will be treated below.

Abundance fluctuations at short time scales

The results of the weekly analysis performed during one 
month at site S8 (approx. 1.33 km away from the coastline) 
in summer 2015 (Fig. 4) suggest that variations in mesozoo-
plankton abundances respond to specific strategies related 
with the life cycle of dominant species (reproductive pulses 
reflected in nauplii increase) as well as to biotic interactions 
(grazing pressure and type of food availability in terms of 
Chl-a). The decoupling between the maximum abundance 
of nauplii and calanoid copepods (mainly R. gigas and C. 
propinquus) and the decrease of total and > 10 µm Chl-a is 
evinced by the inverse relationship between these variables 
and calanoid abundances. The diet of C. propinquus, in par-
ticular, is known to include both protozoans and metazoans, 
and to show a high degree of carnivory mainly when phy-
toplanktonic food is scarce (Pasternak and Schnack-Schiel 
2001). As regards R. gigas, it has been reported to modify 
its diet according to spatial and temporal variations in the 
type of food (Ward et al. 1996). Recently, Gleiber (2014) 
observed that R. gigas changed its feeding from mostly phy-
toplankton in high-bloom conditions at the coast to other 
carbon sources (i.e., metazoans and protozoans) in lower 
Chl-a conditions at offshore stations. The feeding activity 
of both species, seemingly high during summer, can par-
tially explain the decrease in total Chl-a and the null records 
of > 10 µm Chl-a, mostly represented by diatoms.

Among the different sites sampled in Scotia Bay dur-
ing both summers, S8 was the only one where Fritillaria 
borealis was absent. This species, however, was recorded 
in low concentrations at those sites next to S8 (S4 and S3, 
located 0.8 km and 0.42 km away, respectively). No clear 
explanation to this finding emerges from the results of this 
study, as our sampling design was not conceived for such a 
possible patchy distribution pattern. F. borealis in particular 
-and appendicularians in general- usually exhibits a hetero-
geneous spatial distribution (Gorsky et al. 2005) determined 
primarily by environmental conditions such as tempera-
ture, circulation dynamics and wind intensity and direction 
(Wyatt 1973; Greve et al. 2004) rather than by grazing pres-
sure. Nevertheless, and given its relevance as a prey item 
for fish, calanoids, nauplii and other pelagic organisms, the 
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absence of F. borealis at S8 may also be due to preying by 
the calanoids C. propinquus and R. gigas, which, as previ-
ously pointed out, were dominant at this sampling site.

Occurrence of Fritillaria borealis at Scotia Bay 
in summer

Appendicularians represent an important food item for cope-
pods, jellyfish and fish larvae (Gorsky et al. 2005), and play 
a key role in both the formation of marine snow and the flow 
of organic matter. Despite this relevance, previous ecologi-
cal studies reporting data on the abundance and biomass of 
appendicularians in Antarctic waters have been sporadic and 
either spatially restricted or limited to the genus or family 
levels, mainly because of their fragility and the selectivity 
of the nets commonly used for mesozooplankton (Atkinson 
et al. 2012). In this context, the present study allowed dis-
cerning the following ecological aspects of appendicularians 
from Antarctic nearshore environments.

In Scotia Bay, the group was represented by one single, 
cosmopolitan species, Fritillaria borealis, which reached 
maximum abundances (average: 189 ind m−3) in summer 
2014. Different Antarctic coastal environments explored 
during an annual cycle at Potter Cove, Shetland islands 
(Aguirre 2015) were found to host similar mean abundances 
of this species (290 ind m−3; 100-µm mesh; late summer) 
jointly with very low abundances of Oikopleura gaussica. A 
study on the appendicularians from the seasonal ice zone of 
East Antarctica (Tsujimoto et al. 2007) reported Fritillaria 
spp with an abundance of > 300 ind m−3 (270-μm mesh), 
while Ward et al. (2005) found mean abundances of 127 ind 
m−3 (200-μm mesh, as in our study) in the Scotia Sea during 
January–February. Lindsay (2012) presented detailed abun-
dance records of appendicularian genera from three distinct 
zones within Eastern Antarctica waters, reporting average 
abundances one order of magnitude lower than those in Sco-
tia Bay, with maximum values in the Sea Ice Zone (49.7 ind 
m−3). On the other hand, by covering an ample sector of 
Eastern Antarctica in the framework of the SCAR SO-CPR 
Survey 1991–2008, McLeod et al. (2010) provided valuable 
information on the relative abundances of both Fritillaria 
spp. and Oikopleura spp. The analyses of this information 
suggest that Oikopleura occurs mainly in open waters and 
presents a rather homogeneous distribution, while Fritillaria 
tends to concentrate in ice-covered coastal and shelf waters. 
This dissimilar spatial distribution suggests niche separation 
and would account for the absence of Oikopleura in Sco-
tia Bay. Nevertheless, the likely occurrence of a succession 
process should also be taken into account, since F. borealis 
is known to precede the occurrence of Oikopleura in nearly 
2 months, as per the conclusions of Greve et al. (2004) for 
the North Sea.

F. borealis numbers were found to increase both at 
higher temperatures and higher > 10 µm Chl-a concentra-
tions. The simultaneous finding of lower abundances and 
a higher mature:juvenile ratio in summer 2015 suggests 
that a certain time span had elapsed since the last reproduc-
tive pulse (Table 4). Instead, the higher numbers and lower 
mature:juvenile ratio registered during the warmer summer 
of 2014 (Table 2) is indicative of a recent reproductive event. 
This is in accordance with the experimental observations 
made by Lombard et al. (2009) on Oikopleura, who report 
an inverse relationship between temperature and the propor-
tion of mature appendicularians.

Appendicularians are known to respond rapidly to an 
increase in phytoplankton, and their abundance maxima 
are usually detected in coincidence with phytoplanktonic 
blooms (Båmstedt et al. 2005). It is evident that summer 
2014 conditions stimulated its reproduction and, possibly, 
the replacement of “houses.” While temperature is known 
to regulate both house production and the clogging rate of 
filtering systems, the predominance of large food particles 
can involve a greater investment in house production in rela-
tion to food ingestion (Lindsay 2012). In this context, the 
higher temperatures and the larger phytoplankton (> 10 µm) 
recorded in summer 2014 (Table 1) may have caused both 
the clogging of filters and the discarding of houses, together 
with increased rates of growth and house renewal, as it was 
suggested for O. dioica (Sato et al. 2001). Gelatinous spe-
cies are indicators of ecosystem performance and change. 
In the light of this, temporal/spatial trends in appendicular-
ian abundances and its discarded houses need to be further 
explored in Antarctic coastal environments and marginal 
ice-zones.

Abundance, population structure, and feeding rates 
of Oithona similis

O. similis was the most abundant copepod species at Scotia 
Bay in both summers (Fig. 2d, 3d). The direct relationship 
found in 2014 between this species and the 2–10 μm Chl-a 
fraction suggests optimal conditions (in terms of food qual-
ity and quantity) for its growth and development during this 
period. Previous investigations have reported oithonids as 
showing both a decrease in their fecundity in low tempera-
ture conditions and a direct increase in their numbers with 
temperature and Chl-a (Ward and Hirst, 2007; Dvoretsky 
and Dvoretsky, 2009). While no correlation was found 
between temperature and O. similis in Scotia Bay, in sum-
mer 2014—characterized by significantly higher tempera-
tures and Chl-a concentrations as compared to 2015—the 
population of O. similis seemed to experience a reproduc-
tive pulse, as suggested not only by its significantly higher 
abundances but also by the occurrence of mature females 
with eggs retained in their ovisacs (Table 2, 4). This species 
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reproduces continuously throughout its annual cycle (Atkin-
son 1998), yet peaking at different times of year according 
to location: early spring in the Weddell Sea (Fransz 1988) 
or late summer at Potter Cove, Shetland Islands (Elwers and 
Dahms 1998). In Potter Cove, the spring–summer popula-
tion shows a predominance of adult females and copepodites 
V, whereas the autumn population is dominated by earlier 
stages (Aguirre 2015). The above findings suggest that O. 
similis has the capability of adjusting the intensity of its 
reproductive activity according to environmental conditions.

O. similis represents an important link between microbial 
food webs and higher trophic levels. It has an omnivorous 
diet but exhibits preference for motile prey (Atkinson et al. 
1996; Lischka and Hagen 2007) like ciliates and hetero-
trophic dinoflagellates (Nielsen and Sabatini 1996; Nishibe 
et al. 2010). Depending on their abundance and distribution 
in a given environment, diatoms have been reported either as 
not being ingested by O. similis (western sub-arctic Pacific; 
Nishibe et al. 2010) or as an important component of its 
diet (Scotia Sea; Pond and Ward 2011). The ingestion rates 
reported herein for O. similis are high for flagellates and 
low or almost null for diatoms in agreement with the trend 
observed by Nishibe et al. (2010). In turn, the low electivity 
index suggests avoidance of (or inaccessibility to) diatoms. 
In the current study, most diatoms ranged in size from 33 
to 100 μm, which may in part account for the almost null 
consumption of these phytoplankters. The low motility of 
diatoms and the fact that O. similis uses hydraulic signals 
to detect its preys (Svensen and Kiørboe 2000) can further 
explain these results. In contrast with O. similis, O. frigida—
the second most abundant species in Scotia Bay—is mor-
phologically adapted to the consumption of diatoms (Pond 
and Ward 2011). The high abundances of these two species 
(Fig. 2a), together with the current experimental results on 
the feeding of O. similis on natural prey assemblages, sug-
gest that oithonids at Scotia Bay are one of the main pelagic 
channels linking the microbial loop and the classic food 
chain while transferring organic carbon to higher trophic 
levels through sinking fecal pellets.

Conclusions

Dominated by copepods such as oithonids, summer meso-
zooplankton in nearshore waters of Laurie Island seems to 
play an important role in controlling nanoflagellate abun-
dance, and probably also in linking the microbial loop with 
secondary consumers. Sampling at short temporal scales 
(weekly and daily frequencies) allowed a close tracking of 
the changes in the community structure in relation to dif-
ferent size fractions of Chl-a. A clear change in mesozoo-
planktonic abundances was observed from summer 2014 
to summer 2015: colder sea water conditions and lower 

levels of Chl-a during summer 2015 were associated with 
lower abundances; yet, total biomass remained practically 
stable due to increased numbers of larger calanoids. Future 
studies should be focused on determining through which 
mechanisms and to what extent the changes in spatial and 
interannual mesozooplankton abundance are the result of 
either physical processes such as tidal mixing and water 
circulation between the bay and the Weddell Sea, or other 
processes such as the timing of ice retreat and its trig-
gering effect on the seasonal phytoplankton bloom in the 
Scotia Bay ecosystem.
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