
1 23

Polar Biology
 
ISSN 0722-4060
Volume 36
Number 4
 
Polar Biol (2013) 36:537-547
DOI 10.1007/s00300-012-1282-4

Shifts in the dominance between diatoms
and cryptophytes during three late
summers in the Bransfield Strait (Antarctic
Peninsula)

Carlos Rafael Borges Mendes, Virginia
Maria Tavano, Miguel Costa Leal,
Márcio Silva de Souza, Vanda Brotas &
Carlos Alberto Eiras Garcia



1 23

Your article is protected by copyright and

all rights are held exclusively by Springer-

Verlag Berlin Heidelberg. This e-offprint is

for personal use only and shall not be self-

archived in electronic repositories. If you

wish to self-archive your work, please use the

accepted author’s version for posting to your

own website or your institution’s repository.

You may further deposit the accepted author’s

version on a funder’s repository at a funder’s

request, provided it is not made publicly

available until 12 months after publication.



ORIGINAL PAPER

Shifts in the dominance between diatoms and cryptophytes
during three late summers in the Bransfield Strait
(Antarctic Peninsula)

Carlos Rafael Borges Mendes • Virginia Maria Tavano •

Miguel Costa Leal • Márcio Silva de Souza •
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Abstract Recent global warming reduces surface water

salinity around the Antarctic Peninsula as a result of the

glacial meltwater runoff, which increases the occurrence

and abundance of certain phytoplankton groups, such as

cryptophytes. The dominance of this particular group over

diatoms affects grazers, such as Antarctic krill, which

preferentially feed on diatoms. Using three late summer

data sets from the Bransfield Strait (2008–2010), we

observed variations in the dominant phytoplankton groups

determined by HPLC/CHEMTAX pigment analysis and

confirmed by microscopy. Results indicate that the domi-

nance of diatoms, particularly in 2008 and 2009, was

associated with a deeper upper mixed layer (UML), higher

salinity and warmer sea surface temperature. In contrast,

cryptophytes, which were dominant in 2010, were associ-

ated with a shallower UML, lower salinity and colder sea

surface temperatures. The low diatom biomass observed in

the summer of 2010 was associated with high nutrient

concentration, particularly silicate, and low chlorophyll

a (summer monthly average calculated from satellite

images). The interannual variability here observed suggests

a delayed seasonal succession cycle of phytoplankton in

the summer of 2010 associated with a cold summer and a

late ice retreat process in the region. This successional

delay resulted in a notable decrease of primary producers’

biomass, which is likely to have impacted regional food

web interactions. This study demonstrates the susceptibility

of the Antarctic phytoplankton community structure to air

temperature, which directly influences the timing of ice

melting and consequently the magnitude of primary pro-

duction and succession pattern of phytoplankton groups.

Keywords Antarctic Peninsula � Bransfield Strait �
Phytoplankton succession � Cryptophytes � Diatoms

Introduction

The Antarctic Peninsula (AP) is among the world’s most

susceptible regions to climate change (Turner et al. 2005;

Steig et al. 2009); however, the consequences of these

changes are not yet fully understood. Regional environ-

mental changes in the AP have been modifying the spatial

and temporal patterns of phytoplankton biomass and

composition (Garibotti et al. 2005; Ducklow et al. 2007;

Montes-Hugo et al. 2009). Furthermore, large spatial and

seasonal/interannual variations in physical variables (e.g.,

air temperature and sea ice coverage) and, consequently, in

biological communities are usually observed in the region.

However, it is not known whether changes that are cur-

rently being observed in such dynamic communities are

Electronic supplementary material The online version of this
article (doi:10.1007/s00300-012-1282-4) contains supplementary
material, which is available to authorized users.

C. R. B. Mendes � V. M. Tavano � M. S. de Souza �
C. A. E. Garcia

Instituto de Oceanografia, Universidade Federal do Rio Grande
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natural variations or result from recent climate change. As

phytoplankton supports oceanic food webs and plays a key

role on the AP marine ecosystem’s resilience, changes in

the abundance and composition of phytoplankton may have

a direct effect on the whole regional ecosystem.

Diatoms, haptophytes (primarily Phaeocystis antarctica)

and cryptophytes are the three main phytoplankton taxo-

nomic groups in coastal regions of the AP (Rodriguez et al.

2002; Garibotti et al. 2003, 2005; Kozlowski et al. 2011;

Mendes et al. 2012). Phytoplankton blooms around the AP

are typically associated with the development of a shallow

mixed layer, which keeps phytoplankton within adequate

light levels and iron availability (e.g., Prézelin et al. 2000).

Although blooms are commonly dominated by diatoms and/

or P. antarctica, some studies have noted the increasing

importance of cryptophytes that prevail over diatoms in the

AP region, particularly in areas of glacial ice melt (Moline

and Prézelin 1996; Moline et al. 2004). As diatoms are more

efficiently grazed by Antarctic krill than cryptophytes, the

shift from a diatom to a cryptophyte-dominated community

may affect food web trophic interactions (Haberman et al.

2003). Changes in the phytoplankton community around the

AP have been associated with a recent increase in temper-

ature and a dominance of salps rather than krill as the main

consumers (e.g., Moline et al. 2004; Montes-Hugo et al.

2009). Organisms of higher trophic levels, such as penguins

and seals, preferably consume krill rather than salps (Loeb

et al. 1997). Consequently, shifts in the phytoplankton

community composition may have consequences for the

ecology of the local marine food web.

A previous work reported the dynamics of phytoplank-

ton communities around the tip of the AP during the late

summer of 2008 and 2009, when diatoms dominated the

phytoplankton community in the Bransfield Strait region

(Mendes et al. 2012). In the present study, we conducted a

survey in the same region during the late summer of 2010,

when cryptophytes were dominating the coastal sampling

stations close to South Shetland Islands (SSI). This work

aims to analyze the environmental factors that triggered

changes in the phytoplankton communities leading to a

dominance of either diatoms or cryptophytes in the

Bransfield Strait. In addition, we describe the interannual

differences in the phytoplankton community and the

environmental factors that may drive the succession of key

phytoplankton groups in the region.

Materials and methods

Satellite data

Remote sensing of chlorophyll a (CHL-a) concentration

data was derived from monthly composites of MODIS-

Aqua satellite images. Level 3 (L3) standard mapped

image (SMI) images were obtained from the Ocean Color

Web (http://oceancolor.gsfc.nasa.gov at 4 km resolution).

Daily images of sea ice concentration were used for cal-

culating mean monthly images of the study area. The

selected period was November to March from 2007 to

2010. Data were collected from the AMSR-E sensor

(AQUA platform), with a spatial resolution of approxi-

mately 6 9 4 km at 89 GHz. The Artist Sea Ice (ASI)

algorithm was applied to retrieve the ice concentration

between 0 and 100 % (Spreen et al. 2008). Daily maps of

hemispherical (6.25 km grid) sea ice concentration (ASI

algorithm) were retrieved from the Institute of Environ-

mental Physics, University of Bremen (www.iup.physik.

uni-bremen.de).

Sampling and physical measurements

The Bransfield Strait (Fig. 1) was sampled during the late

summers of 2008 (21 February to 4 March; 20 stations),

2009 (25 February to 1 March; 20 stations) and 2010

(16–21 February; 16 stations—St. 7 through 10 were not

sampled due to ice coverage), as part of the SOS-CLI-

MATE (Southern Ocean Studies for Understanding Global-

CLIMATE Issues) project. Sampling in 2008 and 2009 was

part of a broader study covering other regions around the

tip of the AP (Mendes et al. 2012).

Both physical data (temperature and salinity) and water

samples were collected using a combined Sea-Bird CTD/

Carrousel 911 ? system� equipped with 24 five-liter

Niskin bottles. Surface water samples were taken in all

Fig. 1 Study area and station’s location during SOS-CLIMATE

2008, 2009 and 2010 summer cruises. Abbreviations are as follows:

DP Drake passage, EI Elephant Island, SSI South Shetland Islands,

JRI James Ross Island, BS Bransfield Strait, WSSW Weddell Sea Shelf

Water, AP Antarctic Peninsula. Inset map includes the South Polar

orthographic projection, and the box indicates the magnified region
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CTD (conductivity–temperature–depth) stations for nutri-

ent and phytoplankton pigments analyses. In order to

investigate differences in phytoplankton composition

between different years, three surface sampling stations in

a transect crossing the Bransfield Strait were selected for

microscope analysis: St. 12 near the SSI; St. 15 at middle

of the strait; and St. 18 placed opposite to the SSI (see

Fig. 1 for stations’ locations). At these stations, water

samples for phytoplankton pigment analysis were taken

from several depths, which were selected based on fluo-

rescence profiles (WetLabs� profiling fluorometer). Den-

sity (kg m-3) was calculated based on temperature, salinity

and pressure data in order to evaluate the physical structure

of the water column. The upper mixed layer depth (UMLD)

was determined as the depth where a change of

0.05 kg m-3 occurred over a 5 m depth interval (adapted

from Mitchell and Holm-Hansen (1991)). Water column

stability (hereafter referred to as stability and represented

by the parameter E) was estimated using vertical density

variations, as a function of the buoyancy or Brunt-Väisälä

frequency (N2), which is defined by: N2 ¼ � g
q

oq
oz (rad2 s-2)

leading to E ¼ N2

g (10-8 rad2 m-1), where g is gravity and

q is the potential water density. Average stability values

(between 0 and 100 m) were used in the statistical

analyses.

Nutrient analysis

Surface water samples were filtered through cellulose

acetate membrane filters to determine dissolved inorganic

nutrients (DIN: nitrate, nitrite and ammonium; phosphate

and silicate). Nutrients were analyzed on board, following

the recommendations by Aminot and Chaussepied (1983),

and absorbance values were measured in a FEMTO�

spectrophotometer.

HPLC pigment analysis

Seawater samples (0.5–2 L) were filtered onto Whatman

GF/F filters (nominal pore size of 0.7 lm and 25 mm in

diameter) and immediately stored in liquid nitrogen for

HPLC pigment analyses. Pigments were extracted in the

dark with 2 mL of 95 % cold-buffered methanol (2 %

ammonium acetate) for 30 min at -20 �C. Samples were

sonicated (Bransonic, model 1210, w: 80, Hz: 47) for

1 min at the beginning of the extraction period and then

centrifuged at 1,100g for 15 min, at 4 �C. Extracts were

filtered (Fluoropore PTFE membrane filters, 0.2 lm pore

size) and immediately injected in the Shimadzu HPLC

instrument. Method procedures for HPLC analyses (using a

monomeric C8 column with a pyridine-containing mobile

phase) are fully described in Mendes et al. (2007).

Pigments were identified from both absorbance spectra and

retention times and concentrations calculated from the

signals in the photodiode array detector (SPD-M10ADVP)

or fluorescence detector (RF-10AXL; Ex. 430 nm/Em.

670 nm). The HPLC system was previously calibrated with

pigment standards from Sigma (chlorophyll a, b and

b-carotene) and DHI (for other pigments). Three most

common marker carotenoids were used for determining

distributions of the major phytoplankton taxa: fucoxanthin

(FUCO) for diatoms, 190-hexanoyloxyfucoxanthin (HEX-

FUCO) for haptophytes (primarily P. antarctica) and al-

loxanthin (ALLO) for cryptophytes. All pigments detected

in this study are listed in Table S1 (see Electronic Sup-

plementary Material).

CHEMTAX analysis of pigment data

The relative contribution of microalgal groups to the

overall biomass was calculated using class-specific acces-

sory pigments and total CHL-a in the CHEMTAX v1.95

chemical taxonomy software (Mackey et al. 1996).

CHEMTAX uses a factor analysis and steepest-descent

algorithm to best fit the data on to an initial pigment ratio

matrix. The basis for calculations and procedures is fully

described in Mendes et al. (2012), where the output results

from 2008 and 2009 are shown. Based on the identified

diagnostic pigments and confirmation of the higher taxo-

nomic groups by microscopic analysis, six algal groups

were loaded on CHEMTAX: diatoms, dinoflagellates-1

(peridinin-containing dinoflagellates), Phaeocystis antarc-

tica, cryptophytes, green flagellates (with chlorophyll b)

and ‘‘chemotaxonomic group’’ (a group including peridi-

nin-lacking autotrophic dinoflagellates and other algal

groups such as parmales and chrysophytes). Data from the

2010 cruise were run separately in order to detect potential

variations in optimization of CHEMTAX procedures (see

output ratios for the 0–50 m in Table S2; Electronic Sup-

plementary Material).

Microscopic analysis

Three sampling stations (St. 12, St. 15 and St. 18) were

selected for microscope analysis in order to investigate

differences in phytoplankton composition between differ-

ent years. Samples were immediately preserved with 2 %

alkaline Lugol’s iodine solution. All methods and proce-

dures for cell counts and carbon biomass estimates are

detailed in Mendes et al. (2012). In laboratory, samples

were examined in settling chambers under an Axiovert 135

ZEISS inverted microscope (Utermöhl 1958; Sournia

1978). Cell carbon content (carbon biomass) was calcu-

lated from biovolume data (V) using different carbon-to-

volume ratios. For diatoms and dinoflagellates, cell carbon

Polar Biol (2013) 36:537–547 539
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was estimated according to Montagnes et al. (1994)

applying the formula pg C cell-1 = 0.109 9 V0.991. The

estimations for all other algae groups were based on

Menden-Deuer and Lessard (2000) applying the formula pg

C cell-1 = 0.216 9 V0.939.

Statistical analysis

As the assumptions for the parametric analysis were not

achieved for most variables, a Kruskal–Wallis one-way

analysis of variance was used followed by a Dunn’s method

for pairwise multiple comparison procedures. Relationships

between the biomass of phytoplankton groups and environ-

mental variables were explored with a canonical corre-

spondence analysis (CCA; Ter Braak and Prentice 1988).

The analysis was carried out in order to determine which

environmental factors were mostly associated with

the observed phytoplankton community structure. Biotic

variables were represented by the CHEMTAX-derived

taxonomical groups’ biomass (mg m-3 of CHL-a). Envi-

ronmental variables included water column stability (Sta-

bility), upper mixed layer depth (UMLD), sea surface

temperature (T; �C), salinity (Salinity), chlorophyll a (CHL-

a), pheopigments a:chlorophyll a ratio (PHE-a:CHL-a),

chlorophyllide a:chlorophyll a ratio (CHLIDE-a:CHL-a),

dissolved inorganic nitrogen (DIN), phosphate and silicate.

In order to reduce the influence of the different scales in the

data sets, all variables were log-transformed before analysis.

In order to evaluate the significance of the CCA, Monte-

Carlo tests were run based on 499 permutations under a

reduced model (p \ 0.05).

Results

Air temperature, sea ice and chlorophyll a from satellite

data

The monthly average air temperatures recorded at Brazil’s

Antarctic research station, Comandante Ferraz (EACF;

62.08�S, 58.39�W), located in the South Shetland Islands,

showed very similar summers in 2008 and 2009 (average air

temperatures of 2–3 �C; Fig. S1; Electronic Supplementary

Material). An unusually cold summer was observed in 2010,

with average air temperatures below 1 �C. Moreover, the

summer of 2009 was preceded by a considerably milder winter

when compared to the other two summers (2008 and 2010). The

air temperature differences were related to distinct sea ice

coverage around the tip of AP (see Fig. S2 in Electronic Sup-

plementary Material). The colder 2010 summer showed more

extended sea ice coverage when compared to the summer

(whole Antarctic warm season) of 2008 and 2009. MODIS

CHL-a concentration images (Fig. S2; Electronic

Supplementary Material) showed a high CHL-a ([8 mg m-3)

belt surrounding the South Shetland Islands (SSI) and in the

vicinities of the James Ross Island (JRI), southeast of the AP tip.

However, CHL-a concentration was relatively lower during the

summer of 2010 (values reaching 8 mg m-3 only in few spots

in January) compared to both previous years.

In situ environmental parameters

The mean surface water temperature showed significant

differences (p \ 0.05) between 2009 (1.08 ± 0.87 �C) and

2010 (0.16 ± 0.71 �C; Table 1). Intermediate values were

observed in 2008 (0.54 ± 0.87 �C), and not significantly

different from the other 2 years (Table 1). Salinity was very

similar in 2008 and 2009 in the upper layer (\200 m) and

notably different from 2010, when the lowest and most

variable surface salinity values were observed (see Fig. 2).

The salinity pattern observed in 2010 caused a significant

degree of stratification, particularly at stations close to the

SSI. Excluding the glacial ice-melting effect in 2010 at

surface waters, salinity varied between 34.1 and 34.6. Based

on data from the T/S diagrams, salinity data suggest that the

Weddell Sea water (Garcı́a et al. 2002) had a significant

influence on the region during the three sampling years.

Surface nutrient concentrations recorded high interan-

nual variations (see Table 1). Dissolved inorganic nitrogen

(DIN) ranged from 16.6 to 47.8 lM; the lowest values were

recorded in 2008 (24.1 ± 4.6 lM) and highest in 2010

(41.6 ± 3.5 lM). Silicate varied from 23.1 to 79.9 lM,

with maximum values observed in 2010 (69.2 ± 6.4 lM).

Phosphate varied between 0.3 and 3.4 lM, with minimum

values observed in 2008 (0.8 ± 0.3 lM).

Biological data

Significantly lower CHL-a values (used as phytoplankton

biomass index) were recorded in 2008 (ranging from 0.12

to 1.08 mg m-3; Fig. 3; Table 1), and the highest value

was observed in 2010 (3.78 mg m-3; St. 12). FUCO,

ALLO and HEX-FUCO were the main carotenoids

observed in this study, and their concentrations displayed

different interannual patterns (Table 1). FUCO was the

major carotenoid in the first 2 years, and its concentration

reached values higher than 1 mg m-3 in 2009. The lowest

concentration of FUCO was observed in 2010, whereas

ALLO was the main carotenoid in most stations sampled

during this year, particularly in the surface layers. The

HEX-FUCO concentrations ranged from 0.01 to

0.25 mg m-3, and values were relatively lower in 2009

(see Table 1). Pheopigments a (PHE-a):CHL-a ratio (used

as a relative index of grazing) was significantly lower in

2010 (p \ 0.05) and mostly below 0.05 (Table 1). The

maximum values (*0.4) were observed in 2008. In

540 Polar Biol (2013) 36:537–547
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contrast, no significant differences among years were

observed for chlorophyllide a (CHLIDE-a):CHL-a ratio

(used as an index of cells senescence; Table 1).

The relative contributions of the main phytoplankton

groups to total CHL-a in surface waters, derived from

CHEMTAX, are shown in Fig. 4. Diatoms were the dom-

inant group both in 2008 (Fig. 4a) and 2009 (Fig. 4b), with

a relatively higher value in 2009 associated with a decrease

in the contribution of all nanoplanktonic groups (e.g.,

P. antarctica, cryptophytes and green flagellates). Overall,

diatoms were replaced by cryptophytes in 2010 (Fig. 4c).

Microscopic observations showed that diatoms were

mainly represented by Actinocyclus/Thalassiosira spp. and

Corethron pennatum, particularly in the summer of 2009

(see Table 2). In contrast, cryptophytes were very abundant

in the summer of 2010. Fig. 4 also shows the important

contribution of the ‘‘chemotaxonomic group’’ for the

phytoplankton community in all years. This group was an

assemblage consisting of peridinin-lacking autotrophic

dinoflagellates (e.g., Gymnodinium spp.), other algal

groups such as parmales and chrysophytes, and CHL-c3-

containing diatoms (e.g., Pseudonitzschia spp.).

Table 1 Average, standard

deviation (in parenthesis),

minimum and maximum

(in square brackets) values of

abiotic variables and pigment

data for the three sampling years

(2008, 2009 and 2010)

Different superscript labels

(a, b, c) between years indicate

significant differences

(p \ 0.05, Dunn’s method)

2008 (n = 20) 2009 (n = 20) 2010 (n = 16)

Abiotic variables

Temperature (�C) 0.54 (0.87)a,b

[-0.81; 1.54]

1.08 (0.87)a

[-0.46; 1.88]

0.16 (0.71)b

[-1.29; 1.14]

Salinity 34.26 (0.08)a

[34.10; 34.38]

34.26 (0.06)a

[34.08; 34.36]

33.93 (0.25)b

[33.20; 34.20]

DIN (lM) 24.05 (4.58)a

[16.61; 32.68]

32.36 (3.14)b

[26.10; 36.39]

41.55 (3.52)c

[37.44; 47.81]

Phosphate (lM) 0.79 (0.33)a

[0.31; 1.61]

2.67 (0.36)b

[2.18; 3.40]

1.89 (0.19)c

[1.56; 2.16]

Silicate (lM) 44.08 (12.62)a

[6.89; 58.70]

46.93 (3.07)a

[42.04; 54.61]

69.16 (6.39)b

[59.00; 79.91]

Pigment data

Chlorophyll a (mg m-3) 0.52 (0.26)a

[0.12; 1.08]

0.94 (0.49)b

[0.35; 1.97]

1.07 (0.80)b

[0.38; 3.78]

Fucoxanthin (mg m-3) 0.42 (0.25)a

[0.10; 0.96]

0.61 (0.40)a

[0.10; 1.42]

0.21 (0.08)b

[0.08; 0.32]

Alloxanthin (mg m-3) 0.01 (0.02)a

[0.00; 0.05]

0.01 (0.01)a

[0.00; 0.03]

0.14 (0.24)b

[0.00; 0.97]

190-Hexanoyloxyfucoxanthin (mg m-3) 0.07 (0.03)a

[0.02; 0.14]

0.02 (0.01)b

[0.01; 0.06]

0.11 (0.06)a

[0.03; 0.25]

Chlorophyllide a:Chlorophyll a 0.03 (0.03)a

[0.00; 0.09]

0.02 (0.03)a

[0.00; 0.07]

0.01 (0.01)a

[0.00; 0.04]

Pheopigments a:Chlorophyll a 0.17 (0.1)a

[0.04; 0.38]

0.13 (0.05)a

[0.04; 0.23]

0.02 (0.01)b

[0.01; 0.05]

Fig. 2 T/S diagram (temperature and salinity data in the upper 200 m

layer) from all stations sampled during late summers in the 3 years

(2008, 2009 and 2010). Station near the SSI clearly indicating ice-

melting conditions is labeled (St. 12)
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In 2010, a significant relationship between cryptophytes

and salinity was observed (Fig. 5; r2 = 0.88, p \ 0.001). The

lowest salinity values (\33.7) were observed close to SSI,

particularly at St. 12, where cryptophytes were dominant. Off

the SSI and toward the tip of AP (St. 12 through St. 18),

progressively higher salinity and less cryptophytes contribu-

tion were observed. In addition, cryptophytes were almost

absent in the northeastern section of our study area (Fig. 5).

Overall, cryptophytes were found in the upper layer, above the

pycnocline (St. 12 and 15; Fig. 6a, b), whereas diatoms were

recorded in deeper mixed layer (St. 18; Fig. 6c).

The multivariate analysis showed a strong association

between phytoplankton groups and water physical and

chemical properties (Fig. 7). The first axis of the CCA

(63.5 % of variation explained) revealed a notable sepa-

ration between diatoms and cryptophytes, mainly associ-

ated with salinity, UMLD, temperature, DIN and silicate.

The second axis (29.1 % of variation explained) indicates

that most flagellates (e.g., P. antarctica) were positively

correlated with water column stability and negatively

correlated with phosphate concentration (see Fig. 7).

Discussion

Previous works addressed the seasonal succession of phy-

toplankton communities in the AP region, particularly

during the austral summer. Most studies report that the

timing of sea ice retreat is critical for the progression of

phytoplankton seasonal cycles (e.g., Moline and Prézelin

1996; Garibotti et al. 2005). Diatom blooms are generally

observed in early summer, under sea ice retreating process.

Later, flagellate blooms, such as cryptophytes, replace

diatoms (Ducklow et al. 2007). In a final succession stage,

the community is dominated by diatoms and other

unidentified phytoflagellates (Moline and Prézelin 1996;

Garibotti et al. 2005). In the present study, sampling was

always performed during the late summer. Consequently,

the observed phytoplankton community was a result of the

succession associated with the timing and extent of sea ice

melting during the whole summer. In addition to sea ice,

another important freshwater input to surface waters is

glacial ice melting, which changes the physical environ-

ment. Particularly, it decreases salinity and enhances water

Fig. 3 Surface distribution of total chlorophyll a (mg m-3) for 2008 (a), 2009 (b) and 2010 (c) surveys

Fig. 4 Average relative surface

contribution of phytoplankton

groups (CHEMTAX-allocated)

to total chlorophyll a in a 2008,

b 2009 and c 2010.

Dinoflagellates-1 = peridinin-

containing dinoflagellates;

Green flagellates = flagellates

bearing chlorophyll b; P.
antarctica = Phaeocystis
antarctica; Chem. group = a

group including peridinin-

lacking autotrophic

dinoflagellates and other algal

groups such as parmales and

chrysophytes

542 Polar Biol (2013) 36:537–547
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column stratification at nearshore sites (Dierssen et al.

2002) where specific phytoplankton forms may thrive, such

as small cryptophytes (Moline et al. 2004). Salinity levels

associated with melted glacial ice (average 33.2) are typi-

cally lower than salinity associated with melted sea ice

(ranging from 33.8 to 34) along the marginal ice zone

(Dierssen et al. 2002 and references therein).

In 2010, cryptophytes emerged as the dominant phyto-

plankton group associated with lower salinity, shallower

mixed layer and stronger stratification (see CCA results in

Fig. 7), which are typical oceanographic characteristics of

glacial ice-melting conditions. Particularly, the highest

biomass of cryptophytes in low salinity surface layers was

associated with a strong water column stratification, which

was observed at some nearshore stations in 2010 (see

Fig. 6). As cryptophytes respond to changes in water col-

umn salinity (Moline and Prézelin 1996; Moline et al.

2004), taxonomic changes of the phytoplankton commu-

nity may reflect variations in the timing, duration and

Table 2 Phytoplankton community structure shown as carbon biomass (lg C L-1) of dominant phytoplankton taxa

Taxonomical groups 2008 2009 2010

Carbon biomass (lg C L-1) St. 12 St. 15 St. 18 St. 12 St. 15 St. 18 St. 12 St. 15 St. 18

Diatoms

Actinocyclus/Thalassiosira spp. 20–100 lm 0.84 10.75 11.62 1.40 18.44

Chaetoceros spp. \10 lm 1.53 3.69 0.04 0.16 0.31

Corethron pennatum 1.31 1.87 23.87 44.44 0.98 0.38 2.63

Coscinodiscus/Thalassiosira spp. [100 lm 0.91 1.15

Odontella weissflogii 1.13 1.14 2.38 2.57 0.46

Pennates 50–100 lm 0.10 0.01 2.64 1.47 0.02 0.25 0.01

Pseudonitzschia spp. 0.09 0.11 0.74 3.72

Rhizosolenia spp. 0.04 0.03 0.34 0.13

Thalassiosira gracilis 0.02 0.85

Other diatoms 0.24 0.06 0.21 19.06 18.23 0.40 1.47 0.23

Sum of diatoms 1.75 2.09 3.13 60.06 85.55 6.69 0.16 3.25 21.77

Dinoflagellates

Gymnodinium spp. \20 lm 0.79 0.51 0.05 0.34 0.52 0.39 0.67 0.09 0.12

Gymnodinium spp. [20 lm 0.25 0.19 0.11 2.00 0.11 0.10 0.02 0.11 0.02

Prorocentrum minimum 0.10 0.07 0.30 0.66 0.03 0.27 0.03

Other dinoflagellates 0.19 0.31 0.31 0.30 0.06 0.06 0.05 0.01

Sum of dinoflagellates 1.33 1.08 0.16 2.95 1.59 0.58 0.74 0.51 0.18

Flagellates

Cryptophytes 16.92 6.86 1.30

Other flagellates 1.48 0.87 0.43 1.23 3.45 2.54 0.22 0.50 1.02

Sum of flagellates 1.48 0.87 0.43 1.23 3.45 2.54 17.14 7.36 2.32

Ciliates

Myrionecta rubra 0.19 0.53 2.67

The data refer to three selected stations in 2008, 2009 and 2010 summers (see Fig. 1 for stations’ location)

Fig. 5 Relative surface contribution of cryptophytes (CHEMTAX-

allocated) to total chlorophyll a (color scale) and salinity (dashed
lines) in 2010. Inset relationship between relative contribution of

cryptophytes and salinity values (y = -0.0001x2 ? 0.0003x ? 34.12;

r2 = 0.88; n = 16; p \ 0.001)
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amount of the annual freshwater input. Water column

structure has also been suggested as a possible mechanism

triggering the replacement of diatoms by cryptophytes

(e.g., Mitchell and Holm-Hansen 1991). A prolonged and

strong stratification condition can lead to severe nutrient

limitation in surface layers, particularly iron. This probably

favors opportunistic small-sized and motile species, such as

cryptophytes, which can still grow in very low iron con-

centrations (Gerringa et al. 2000). In contrast, diatoms

require relatively high iron levels (Boyd et al. 2000).

Although the association of cryptophytes with stratifica-

tion/low salinity conditions has already been discussed

(Moline and Prézelin 1996; Moline et al. 2004), the asso-

ciation of this group with iron availability is still undefined,

partly due to the difficulty of measuring this trace metal in

seawater (Lancelot et al. 2009).

In the present work, results from 2010 show crypto-

phytes’ dominance associated with evident glacial ice

melting (surface salinity in nearshore waters below 33.8;

Dierssen et al. (2002)). Glacial ice melting contributes to

stratification but may not be a significant source of iron.

According to Klunder et al. (2011), vertical mixing and

upwelling are the most important iron supply mechanisms

to the upper surface mixed layer in Antarctic regions.

Another factor controlling the phytoplankton commu-

nity that should also be addressed is grazing pressure (Ross

et al. 1998; Anadón et al. 2002). Although data on zoo-

plankton were not collected in this work, the relative

concentration of CHL-a degradation products can be used

as a proxy for grazing pressure and for senescence of

phytoplankton cells (Jeffrey 1974). In 2010, when

cryptophytes were the dominant group, very low relative

levels of degradation products associated with grazing

processes (i.e., PHE-a) were observed. This result suggests

that grazing activities were less intense in 2010. The

dominance of cryptophytes over diatoms in this period may

have caused a negative impact on the AP marine ecosystem

due to lower efficiency of local grazers, such as krill, on

these nanoflagellates (Haberman et al. 2003). The low

grazing rates may have also contributed to sustaining the

relatively high biomass levels (CHL-a) associated with

cryptophytes in late summer 2010. Even though the asso-

ciation between PHE-a/grazing pressure and cryptophytes’

dominance had been observed, the wax and wane of

blooms of these nanoflagellates in Antarctic environments

need further investigation to clarify the role of microzoo-

plankton grazers on biomass control and energy transfer

through the food web.

Based on in situ data results (T/S diagram in Fig. 2), ice

melting was more evident in 2010 than in the two previous

years. However, the study period (late summer) does not

represent the conditions of the whole season. The summer

of 2010 was colder than the two previous summers (Fig. S1

in Electronic Supplementary Material), which resulted in a

great accumulation of ice around the AP (see Fig. S2 in

Electronic Supplementary Material). In contrast to 2008

and 2009, when phytoplankton blooms were more intense

during the austral summer, particularly around the South

Shetland Islands (see Fig. S2 in Electronic Supplementary

Material), the outcome of the cold and icy conditions in

2010 was a lower phytoplankton biomass (CHL-a esti-

mated by remote sensing). The higher nutrient

Fig. 6 Depth distribution of phytoplankton groups’ biomass (as

chlorophyll a concentration) calculated by the CHEMTAX program,

at the three selected stations in the Bransfield Strait in 2010, and

respective density vertical profiles. Dinoflagellates-1 = peridinin-

containing dinoflagellates; Green flagellates = flagellates with

chlorophyll b; P. antarctica = Phaeocystis antarctica; Chem.

group = a group including peridinin-lacking autotrophic dinoflagel-

lates and other algal groups such as parmales and chrysophytes. See

Fig. 1 for stations’ locations. Note the different scales in chlorophyll

a concentration
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concentrations recorded in February 2010 also indicates

low consumption rate during the summer of 2010 and,

consequently, low biomass accumulation. Silicate, which is

mostly taken up by diatoms, was approximately twice the

concentration in 2010 when compared with the two pre-

vious years. Therefore, the natural diatom bloom that

normally precedes cryptophyte development in the early

summer (seasonal succession) under sea ice melting

(Moline and Prézelin 1996; Garibotti et al. 2005) was

likely less intense in 2010.

The results presented in this study suggest that the

phytoplankton community sampled in late summer 2010

was in a delayed stage of its seasonal succession cycle

during this cold summer. The observed differences in

phytoplankton community were not associated with the

short temporal disparity of sampling times in different

years (sampling in 2010 was performed 1 week earlier than

in 2008 and 2009). A possible reason for the delay in the

phytoplankton seasonal succession in 2010 may be a lower

degree of sea ice melting resulting from relatively lower air

temperatures during the entire summer of 2010 (monthly

average air temperatures below 1 �C; see Fig. S1 in Elec-

tronic Supplementary Material). These environmental

conditions may have hindered the development of the ini-

tial diatom bloom in the first stage of the natural succession

and delayed the start of the second stage, which is the

replacement of diatoms by cryptophytes.

The probable cause of the atypical cold temperatures in

late 2009/beginning of 2010 was the moderate-to-strong El

Niño episode (source from US National Oceanic and

Atmospheric Administration, NOAA). Previous studies

have shown direct impacts of the El Niño-Southern

Oscillation (ENSO) on Antarctic sea ice variability. For

instance, in addition to effects in the Pacific basin (Tren-

berth and Hoar 1996), the increasing frequency of ENSO

events also caused critical disturbances in the timing and

intensity of sea ice melting in Antarctica (Yuan 2004;

Stammerjohn et al. 2008). As observed in this study, such

disturbances can lead to both decrease in phytoplankton

biomass levels and changes in the succession of phyto-

plankton groups, which ultimately may cause cascading

effects in the whole ecosystem.

Summary and conclusions

The interannual variation of phytoplankton composition

observed during the late summer in the Bransfield Strait

was a consequence of a temporal displacement in the

seasonal phytoplankton succession, particularly in the

summer of 2010. The low temperatures recorded during

this particular period, and the associated ice conditions,

were not appropriate for the development of phytoplankton

blooms of high diatoms biomass, which are typical in this

region during the austral summer. Indeed, cryptophytes

were the major phytoplankton group in the late summer of

2010. These conditions likely affected all other trophic

levels during that particular summer. This study also shows

that interannual differences in air temperature and sea ice

coverage might affect the regular functioning of the phy-

toplanktonic primary production and succession in the AP.

Future studies should focus on broader spatial and finer

temporal scale surveys in order to better understand how

the phytoplankton community responds to environmental

factors. Such phytoplankton monitoring procedures are

vital to fully understand the function of marine food webs,

particularly in regions extremely sensitive to global climate

change, as the AP region.
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