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Abstract Studies on community structure of Antarctic
benthos are mostly conducted on summer samplings, when
ice-impacts and productivity blooms are intense. Few
surveys performed during winter demonstrated that, despite
temperatures and productivity stability, community struc-
ture is variable. In order to assess how polychaete com-
munity is influenced by seasonality and depth along a
discontinuous year, six replicate samples were taken in
nine surveys during winter and four in summer at two
depths (12 and 25 m) in Admiralty Bay, King George Is-
land. Spatial patchiness was more intense at 12 m pre-
supposing ice-mediated and wave-induced disturbances,
whereas 25-m patchiness among replicates was restricted
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to summer surveys. A pattern of temporal stability was
partially confirmed in 12-m site. Deeper site was charac-
terized by seasonality with dominant-species replacement
reflecting shifts in organic matter availability. Diversity
was higher in early and midwinter following both summer
productivity blooms and macroalgal decomposition that
extend the energy budget into the winter, analogous to
microbial biomass supply of “food banks” that sustains the
benthic ecosystem functions over winter in Antarctic
Peninsula shelf deeper areas. Despite the opportunistic
status of several nearshore polychaetes, it was possible to
distinguish those that responded to organic enrichment
(i.e., Capitella perarmata and Ophryotrocha notialis), from
those associated with physical disturbances (i.e., Aphe-
lochaeta cincinnatus and Levinsenia gracilis). Awareness
of such patterns and their spatial and temporal variations
will facilitate future studies on community assessment,
especially those based on indicator species of benthic
communities.

Keywords
Ice-impacts

Depth partitioning - Seasonality - Benthic -

Introduction

Studies on the structure of benthic communities in
Antarctica are mostly based on summer samplings. During
this season, environmental processes, such as ice-impact,
bottom wave action, primary production and light avail-
ability, are more variable or intense (Arntz et al. 1994;
Clarke and Johnson 2003; Gutt 2007). The few surveys
conducted during austral winter have demonstrated that
community structure is not so stable, despite the season-
long constancy in temperatures and productivity

@ Springer



Polar Biol

(Battershill 1990). This is more noticeable in some near-
shore areas of the Antarctic peninsula, with yearly variation
in both the intensity and level of ice-impacts, and surface
water often unfrozen (Peck et al. 2006) or restricted to
floating pack-ice, as usually occurs in Admiralty Bay
(Jazdzewski et al. 2001; Echeverria and Paiva 2006).

Austral winters and summers differ regarding primary
production and coastal organic matter input and through
the amplitude of physical disturbances by wave or ice-
impacts themselves as well as by their intensity and fre-
quency (Brown et al. 2004; Barnes and Conlan 2007). Bio-
physical habitat heterogeneity exerts stronger influence on
benthic community density and composition, affecting B-
diversity patterns, at smaller spatial scales, while the ef-
fects of biological productivity are more significant in
rather larger scales (Thursh et al. 2010).

On comparing austral winters and summers, analysis of
benthic communities gives important information on main
environmental and biological processes driving community
and also on their timing. This is especially important when
considering that nearshore Antarctic communities are
among the most likely to be affected by ice-melting and
global-warming-related impacts (Aronson et al. 2009).

Admiralty Bay (King George Island) is one of the most
studied marine ecosystems of Antarctica, owing chiefly to
the effort of Polish and Brazilian Antarctic Programs, which
have run scientific stations in the area for ca. 40 years (Si-
cinski et al. 2011). Mega- and macrobenthic communities
have been investigated in a great range of depths in the bay
(e.g., Arnaud et al. 1986; Jazdzewski et al. 1986, 1991; Pabis
et al. 2011), while other studies were restricted to the more
unstable intertidal or nearshore regions (Nonato et al. 2000;
Jazdzewski et al. 2001; Echeverria et al. 2005; Echeverria
and Paiva 2006; Bick and Arlt 2013). Polychaete tax-
ocoenoses was the focus of investigation of several studies
(Sicinski 1986, 2000; Sicinski and Janowska 1993; Brom-
berg et al. 2000; Sicinski 2004; Barbosa et al. 2010; Pabis and
Sicinski 2010).

Even though temporal and bathymetric variations in
macrobenthic communities in the survey area at taxonomic
group level have already been assessed (Jazdzewski et al.
2001; Echeverria and Paiva 2006), species variation is more
likely to provide more realistic information as to responses to
environmental and biological impacts. This is mainly true in
taxonomic groups that involve a wide range of functional and
ecological roles, as in polychaetes (Fauchald and Jumars
1979). In both number of species and biomass, polychaetes
comprise one of the dominant groups in Antarctic benthic
communities, in shallow/shelf and slope/deep-sea waters
(Hilbig et al. 2006). As they are accountable for a large part
of the benthic community structure, their responses to en-
vironmental factors are most likely to reflect conditions of
the community as a whole (Bromberg et al. 2000).

@ Springer

The material analyzed here came from our previous
study (Echeverria and Paiva 2006), for which two soft-
bottom stations (at 12 and 25 m) were sampled in Admi-
ralty Bay (King George Island, Antarctica) from March to
September 1999 (winter) and from December 2000 to
March 2001 (summer). Analyses involved data on poly-
chaete species in order to evaluate (1) diversity patterns,
(2) depth distribution, (3) within-site spatial variation and
(4) temporal variation in community structure.

Materials and methods
Survey area and sampling

Surveys were undertaken in a nearshore area, east to the
Brazilian Antarctic Station (052°23.2'W 062°5.1'S) in
Admiralty Bay, King George Island, Antarctica (Fig. 1 and
see Echeverria and Paiva 2006). Samplings were carried
out every 15-30 days (mean 22 days), when the weather
conditions and equipment availability allowed. Nine sur-
veys were carried out between March and September 1999
(winter): W1 (16 Mar), W2 (2 Apr), W3 (22 Apr), W4 (10
May), W5 (31 May), W6 (7 Jul), W7 (4 Aug), W8 (25
Aug) and W9 (20 Sep). In December 2000 and March
2001 (summer), four surveys were carried: S1 (29 Dec), S2
(12 Jan), S3 (7 Feb) and S4 (26 Feb).

Six replicate samples were collected from each of two
stations (12 and 25 m) using a 0.056-square meter Van Veen
grab. Samples were sieved with a 0.5-mm mesh. Environ-
mental characteristics of the sampling area and abiotic pat-
terns at both stations throughout all surveys are described in
more detail in Echeverria et al. (2005) and Echeverria and
Paiva (2006). Water temperature at 1 m depth ranged from
1 °C (March) to —1.9 °C (August) during winter. Sea sur-
face froze from August 30 to September 15, 1999. Icebergs
grounded in the studied area at 11 m depth (July 16, 1999)
and at the 25-m site (February 22, 2011). Average sediment
organic matter content was slightly different between depths
(ca.4 % in 12 mand 5 % in 25 m) with lowest values (3 %)
in midwinter (June) at the 25-m site. Bottoms in both depths
also differ in grain size; 12-m site is composed of very fine
sands, with an average of 65 % of sand (>0.062 mm) and
33 % of mud (<0.062 mm), while the 25-m site is composed
mainly of muddy bottoms, with an mean of 27 % of sand and
64 % of mud.

Data analysis
Diversity and richness

Diversity of each station and sampling periods were
measured by using Renyi entropy (Téthmérész 1995;
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Fig. 1 Study area, showing the location of the 12 and 25 m depth sample sites, adjacent to the Brazilian Antarctic Station “Comandante Ferraz”

(EACF)

Maurer and McGill 2011) for producing diversity profiles
of Renyi values (R). These profiles, which are based on
various levels of the alpha parameter (« = 0, 0.5, 1, 1.5,
2, 2.5, 3...), are functionally related to traditional di-
versity indices. They represent special cases of Renyi
entropy (e.g., for « = 0, R is equal to the logarithm of
the number of species, for « = 1, equal to the Shannon
index, and for « = 2, equal to the negative logarithm of
the Simpson index). Diversity profiles show how diver-
sity changes as the emphasis shifts from rare to common
species (Leinster and Cobbold 2012).

Apart from the actual number of species collected, the
asymptotic number of species was also estimated by using
nonparametric abundance-based (ACE and Chao 1) and
incidence-based (ICE, Chao 2, Jacknife 1, Jacknife 2) es-
timators (Colwell and Coddington 1994; Gotelli and Col-
well 2010). These provide not only the total number of
species, but also those expected to occur in the survey
station, but which have not been sampled. EstimateS
software (Colwell 2010) was used to calculate species
richness estimators.

Community composition

Permutational multivariate analysis of variance (PERMA-
NOVA Anderson 2001) was applied to a Bray—Curtis simi-
larity matrix of log-transformed data, in order to assess
significant differences in species densities and composition
between depths and surveys. Patterns of temporal variation
were further assessed through dimensions reductions, pooling
replicates for each sampling and applying a nonmetric mul-
tidimensional scaling ordination (Meulman 1992) in a matrix
of Bray—Curtis distance of log abundances (log x + 1). Only
species with a frequency of occurrence higher than 10 % (17
species) were included in the analysis, i.e., excluding species
that occurred in only one or two surveys. Principal component
analysis (PCA) was applied to assess temporal or successional
patterns for each depth separately thereby reducing the 17
species to only two components (latent variables), which
represented main temporal patterns of dominant polychaete
species. PCA scores obtained for replicates were plotted to
assess both common species patterns (Jassby and Powell
1990) and spatial variability among replicates.
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A mixed ANOVA model, considering surveys (time) as
the random variable and depth as the fixed (Quinn and
Keough 2002), was applied to assess depth partitioning of
species that frequently occurred at both depths. Thus, the
main effect of depth in species density could be taken into
consideration only when their patterns were significantly
greater than the depth x survey interaction. Community
composition analysis and diversity profiles were calculated
using R environment (R Development Core Team 2011)
and “vegan” package (Oksanen et al. 2011).

Results
Depth distribution

Among the 26 species sampled throughout all surveys,
seven occurred only at 12-m site (Table 1). Of these, five
were collected once and one twice throughout all the sur-
veys, thus possibly reflecting under-sampling of this site.
Cirrophorus brevicirratus was the only species restricted to
12-m site, which was relatively frequent, occurring in 5 out
of 13 surveys. The 25-m site had no exclusive species.

Depth distribution over time was assessed for six
dominant species that occurred at both depths (Table 2;
Fig. 2). Apistobranchus glacierae, Leitoscoloplos geminus,
Leitoscoloplos kerguelensis and Ophelina syringopyge
dominated the shallower site (12 m). Lenvinsenia gracilis
was more abundant in the deeper. Aphelochaeta cincin-
natus presented no depth preference. Other frequent,
although less abundant species, were also more recurrent in
the shallower site than the deeper, viz., Sphaerodoropsis
arctowskyensis (11 vs. 2 surveys), Ophryotocha notialis
(10 vs. 2), Scoloplos (Leodamas) marginatus (8 vs. 2) and
Capitella perarmata (7 vs. 2). Nevertheless, the inverse
also occurred, as was the case with Brada villosa (4 vs. 12).
Species more frequent in shallower stations than in deeper
ones occurred mainly in summer surveys.

Except for A. cincinnatus, variations in species patterns
differed between both sites (Table 2). The main temporal
pattern, as also presented by NMDS analysis (see below),
was the decrease in densities observed for A. glacierae and
0. syringopyge in the late winter (W9) and the first summer
survey (S1) at both depths, and A. cincinnatus shifting from
the 12- to 25-m site over the same period (Table 2; Fig. 2).
Another noticeable pattern was that certain dominant spe-
cies at the 12-m site, i.e., A. glacierae, L. geminus and L.
kerguelensis, were also common at the 25 m during the
summer. However, during mid- and late winter, they
maintained high densities at 12-m site and almost disap-
peared at 25 m.

Pooling sampling surveys, assessment of asymptotic
species richness for both sites, indicated higher species
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richness for both incidence and abundance estimators in
12 m (Table 3). The difference between both sites ranging
from 9 to 23 clearly indicated this higher richness, as well
as under-sampling of the shallower site.

Diversity patterns

In order to better visualize diversity profiles, these were
plotted separately (Fig. 3). The role of rare species was
noticeable at the two sites, indicating the occurrence of
more rare species during the summer (Fig. 3, curves S2,
S3, S4). During the first winter survey (W1), the main
difference noticed between depths was the very reduced
diversity at 25-m site, owing to the dominance of very few
species, whereas evenness, here represented by the right
size of the profile (« = 5), in the 12-m site was higher.
Another different pattern was the lower diversity in the last
winter survey (W9), mainly at 12 m, which presented less
than half the number of species of the remainder. At the
25-m site, lower diversities also occurred in the late winter
in W7 and WO. In both cases, but mainly in W7, the pattern
was reflected by lower richness (lower o values) and
evenness (higher o values). This pattern of lower-diversity
profiles in W9 at 12 m and in W1, W7 and W9 at 25 m,
also expressed by two traditional diversity indices, viz.,
Shannon (¢ = 1) and Simpson = (a = 2), reflects the
dominance of only two species, A. cincinnatus and L.
gracilis. It is also noteworthy that the diversity profile at
12 m indicates an increasing diversity over time, mainly
owing to increased evenness. This diversity pattern starts
with lower values in late winter (W9), followed by summer
(S2 and S4) and reached higher values in early (W1) and
mainly midwinter (W3-W6). Thus, early and midwinter
seem to be characterized by more stable conditions at
12 m. In 25 m, conditions are slightly different, with
higher diversities mainly associated with the summer and
early winter.

Temporal variation in community composition

As assessed by PERMANOVA (depth: pseudo-F = 46.53;
p < 0.0001, time pseudo-F = 2.67, p < 0.0001, and the
interaction of both: pseudo-F = 2.44, p < 0.0001), com-
munity composition and relative species abundance dif-
fered substantially between depths and among periods.
NMDS analysis (Fig. 4) (stress = 0.09) clearly distin-
guished both depths in the first axis, as it was expected
when considering the difference in community composi-
tion between depths. Seasonal variation between summer
(S) and winter (W) was slightly discriminated by the lower
position in the second axis (NMDS?2), with the noticeable
exception of S1 (at 12 m). Temporal variation was more
noticeable at the 25-m site with surveys more dispersed in



Polar Biol

9T 61 9T i 8l or a1 vl €1 6 or L L L ¢ ¥ 116 € L ST 0ol € 8 0l 0l SI L €l soads jo JequinN
S[enpIAIput

ESHIT 6LSE  #L8L ST8 8691 60€ <TOIT €98 10¥ €T€ 611 T8I L91 Syl TSS 6F 661 66 €SS 0€ <TLY T6I €9¢ <TOI €¥C 6£C 6601 1TC 90L JO Ioquunu [el0],
1ysojudvU

I 0 I 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 aao] vyISLT

I 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I DIDISLLD DISI

I 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 pdpnos au0ary

I 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 DIPUDYIDY S1242ULI

I 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 “ds suouiquing

4 0 4 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ds ua8 avunoLqy |
.~>QN\N§H

4 I I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 1 0 0 (Dagu1dy) DapIOLY
S1ISUaDYPSVUL

4 I I 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 I 0 0 0 SMAULIQUINTT
DIIUDIUD

L 9 I 0 0 0 0 9 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 184S JUDPIDI
snjjkydossiiy

01 I 6 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 1 0 ¢ I € 0 0 0 0 0 I W snupydov]3y
smpurdimut

61 T L1 1 4 0 4 0 I 0 0 0 I 0 0 0 0 I ¥ 0 € 0 4 0 0 0 4 0 0 ws  (spuwpoay) sojdojoog

44 9 91 0 € 0 0 0 0 I I 0 0 0 I 0 ¢ I I ¢ 4 4 0 I I I 0 0 og DIDISLLD DIYILIDG

LT €T 14 ¥ I €L 0 4 I 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 Ud  avuvuiipy viouoquiad

S 4! €€ I I 0 0 14 4 € 0 I 0 0 S 0 ¢ 0 0 0 0 0 0 0 0 0 I € I ey D1d{)31ydu s1yoLsy
SnpA419142.4G

4 0 4 0 ¥ 0 T 0 S 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 o 0 0 O snioydo.Lu)

SL 89 L I 4 9 0 4 0 0 0 4 0 61 0 [ 0 T 0 L 0 14 0 Lr ¢ € 4 Ag psojjia vpvig
S1ISULYSMOIOUD

88 8 08 S 8 0 71 € vL 0 I 0 I 0 0 0 0 0 ¢ 0o ¥ 0 S 0 € 0 9T 0 I Ieg sisdotoposavyg

L6 4 S6 0 I I S I € 0 I o 0 0 I 0 0 0 9 0 8 0 L 0 € 0 0 0 o1 do  syvuou vysonoliydo

8C1 9 w0 [ 0 I S 0 I w 0 0 0 0 0 0 0 6 0 0 0 S 0 I 0 0 0 [AEN"'e} vuiivaad vjjandn)

LO€E 6C 8L L Ly 14 91 S 9 1 4 0 14 4 o 0 ¥l I 61 T € 0 I + [ 9 4 ye  ®d DIUIADIUD JUIPOYY
s1sU2|ons.12y

059 evl LOS 8T 9L Pl ¥E o 91 0 9 I Yo ¥ g1 LI I 8 ¥ ¢ 81 I¢ SI 8 vl IL € 09 Y1 sojdojossoya]

S8 €I TeL I LL I Ly T T 0 I I 0 € LIT 0 O T €I 0 IS Iz €& T 6L 6 8Ll T 14 SO 23{doSunds vuijaydo
snunuas

LT01 Sel T8 08 601 1 €€l T 16 ¢ % 0 I s ¢ 0 81 T 06 I LL 9 ¥ 0l Tl 9 €8 0 8¢1 37 sojdojossoya]

9L01 666  LL 061 1 IS1 9 SIT 9 S ] LIT ¥ c 1 € 9T Wt or 0 9 4 LE 0 0s ¥1 &% 0 137 SUIIDAS DIUDSUIATT
SMPUUIIULD

6bce 1201 8TCT 9S  €¥F 69  +vOS  T6l 90T STl 8 8 czl 16 L8 SI 96 Sy vcl Ol 88 8 vl Ol ¥r LTI LIT SO S9I OV pjavYy20)2ydy
a042100]8

8ILE €001 SILz 1I¥y ST8 6v 8¢€  Shb 8T 1 ST ¢ 0 0 96z 0 O O 10T O 9s€ T ¥. O 0SS € Sor O Lz 3V smyou.qoisidy

wog ¢¢ ¢ <S¢ ¢ <S¢ ¢l <S¢ ¢l <S¢ ¢ SsT Tl <S¢ T¢I ST T¢I ST T¢I ST ¢l <S¢ ¢l S¢ Tl ST Tl ST Tl
®oL 7S €S S IS 6M SM LM IM SM M EM '\ M sa)Ig/sAaAIng/saradg

Koams pue oy1s yydop yoes 10y (seInSy Joy 9pod 9Andadsar yim) aouepunge sa10ads T Qe

prmger

Qs



Polar Biol

Table 2 ANOVA table of

species density by depth (fixed Factor Depth Survey Depth x Survey
factor) and survey (random Species F? p F p F p
factor)
Apistobranchus glacirae 12.11 0.0045 391 <0.0001 3.29 0.0004
Aphelochaeta cincinnatus 0.09 0.7646 2.57 0.0049 1.69 0.0774
Levinsenia gracilis 38.98 <0.0001 3.32 0.0003 2.51 0.0061
Leitoscoloplos kerguelensis 17.54 0.0012 2.02 0.0291 1.22 0.2783
Ophelina syringopyge 15.65 0.0019 4.96 <0.0001 2.46 0.0069
Leitoscoloplos geminus 55.00 <0.0001 3.21 0.0005 1.99 0.0309
Significative reults in bold (p < 0.005)
? For F ratios used to test effects, see restricted version in Quinn and Keough (2002) p. 236
Apistobranchus glacirae Aphelochaeta cincinnatus
200 .
B 2m B 12m E
150 O 25m O 25m ,
100
50

W1 W2 W3 W4 W5 W6 W7 W8 W9 S1 S2 S3 S4 W1 w2 W3 W4 W5 We W7 W8 W9 S1 S2 S3 S4

Leitoscoloplos geminus Levinsenia gracilis l

Density (0.056m?)

W1 W2 W3 W4 W5 W6 W7 W8 W9 S1 S2 S3 S4 W1 W2 W3 W4 W5 W6 W7 W8 W9 S1 S2 S3 S4
Leitoscoloplos kerguelensis Ophelina syringopyge
80 .
60 | , '
40
20 . ,
TW1 W2 W3 W4 W5 W6 W7 W8 W9 S1 S2 S3 S4 W1 W2 W3 W4 W5 W6 W7 W8 W9 S1 S2 S3 S4

Survey

Fig. 2 Temporal variation by depth for dominant species with means and standard errors (n = 5)
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Table 3 Asymptotic estimators

of species richness for each Estimator” - Number of species

depth 2m  25m
ACE 45.31 27.90
ICE 40.87 32.06
Chaol 48.00 27.33
Chao2 50.77 27.23
Jackl 39.20 30.50
Jack2 46.92 3251

* According to Gotelli and

Colwell 2010

the plot than at the shallower site. Concerning community
composition, winter surveys were very similar at the 12-m
site. While at 25 m, surveys are gathered in two main
groups: early winter (W2-W4) in the center of the ordi-
nation diagram and midwinter to late winter (W5-W9) at
the right side. Early winter surveys at 25 m were more
associated with 12-m surveys and to the dominance of A.
cincinnatus, Barrukia cristata and L. kerguelensis, while
mid- and late-winter surveys (W5-W9) were more asso-
ciated with B. villosa and L. gracilis.

Two late-winter surveys from the 12-m site (W7 and W9)
were clearly different from all the other surveys at the same
depth, being more associated with the 25-m site. Such pattern
is due to an overall decrease in species densities (Fig. 2),
with the exception of surface dwellers A. cinncinatus and L.
gracilis that dominate (Figs. 2, 4). In both depths, summer
was the most variable season, mainly due to the higher
abundance of C. perarmata and O. notialis, in the first
summer survey (S1), whereas the following summer surveys
were characterized by an increase in abundance of S. (Leo-
damas) marginatus, S. arctowskyensis and A. glacierae.

51
ow9
Op ows
At
cp ow3 B
owy Lge LBC ows ows  ows Dw: aw?
I W6 ews ow7 OW2
oW5 Os
8 Sm  es3 Ra Ac awl
= Sar ﬁsz os2 Lgr
2 054 os4 os3 owg
o2
os1
Aa
Cb ®12m
Ph O025m
NMDS1

Fig. 4 Multi-dimensional scaling plot based on a Bray—Curtis
distance matrix in log-transformed data. Stress value is 0.09 (code
of species as in Table 1, W1, W2... = winter surveys, SI,
S2,... = summer surveys)

Briefly, community analyses indicated sudden seasonal
shifts in specific surveys at 12-m site (e.g., S1, W7 and W9
at 12 m), although temporal patterns were mainly due to
continuous changes of species dominance. However, sea-
sonality was stronger at 25-m site, clearly distinguishing
summer and two winter groups.

Within-site spatial variability

Spatial variability among replicates (=patchiness) and
temporal patterns were assessed by plotting scores derived
from PCA, as applied to individual scores of each replicate
producing a latent variable with the corresponding spatial
variability (i.e., standard error). At the 25 m depth, PC1
indicated spatial variability (error bars) as being higher
during summer (except for S1), intermediate in early winter
and lower in mid- and late winter (Fig.5). When

Fig. 3 Diversity profiles of 12m 25m
Renyi numbers by scale o
. : — % W1
parameter of both sampling ® So- W2
sites. Only main patterns are aows
presented w _| =
N .-
.-
o | al
N
2
)
o 2
=
a
< _] =
o | \*::*:.:-:.I:: E“-‘ﬂ:-:-:_:ﬁ':“: .‘ ®
o
S
T T T T T T T T T T
0 1 3 4 5 0 1 2 3 4 5

Scale parameter(alpha)
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Fig. 5 Plot of sample scores of first (PC1) and second (PC2)
principal components along surveys with mean and confidence
intervals (error bars)

comparing variances from S2, S3, S4 with middle/late
winter (W5-W9) and S1, this variability proved to be
significantly  different according to an F test
(F = 7.15-37.19, p = 0.025-0.005). The general pattern
of the first axis also demonstrated the similarity among
mid- and late-winter surveys, when compared to summer.
PC2, also associated with larger spatial variability during
summer (Fig. 5), remained homogenous throughout winter.
There was a more noticeable temporal pattern, with scores
increasing from early to midwinter, with a peak in W4,
followed by a decrease in late winter. The exception was
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the lower score in W6, possibly related to the increase in
dominance of L. kerguelensis, O. syringopyge and B.
villosa.

Spatial variability at the 12-m station was higher than at
the 25-m station in all the surveys (Fig. 5), thereby indi-
cating that patchiness in this area was greater, with no
difference over time. Owing to this spatial variation, tem-
poral patterns were indistinct. The exception was the ten-
dency for scores to increase in late winter, especially of W7
and W9. This was mainly due to the maintenance of L.
gracilis and A. cincinnatus abundance levels. PC2 was also
associated with even higher variability and reflected the
dominance of those species that maintained higher densi-
ties during mid- and late winter, i.e., B. cristata, L. geminus
and A. cincinnatus, as against the decrease in other species.

Discussion
Diversity patterns

The structure of nearshore Antarctic benthic communities
is usually highly conditioned by abiotic factors, mainly by
those associated with either ice-impacts from icebergs
during summer (Peck et al. 1999), or ice-foot and anchor-
ice during winter (Barnes and Conlan 2007). Wind gener-
ated waves are also likely to disturb benthic communities.
This is mainly so in late winter and early summer, when
surface waters are partially or completely ice-free, thereby
conditioning accentuated spatial (mainly bathymetric) and
temporal variation in benthic community structure
(Echeverria and Paiva 2006). This variation is more intense
in those macrobenthic groups inhabiting the upper layers of
the sediment, such as polychaetes. Nevertheless, diversity
patterns are also affected by several biotic factors, such as
recruitment, food supply, predation and competition
(Ricklefs and Schluter 1993).

Regarding diversity profiles, 12-m station, although
presenting an increase in diversity from summer to mid-
winter, was seasonally the most stable of the two sites, with
only a pronounced reduction in winter survey 9 (W9),
which followed a heavy storm that affected the entire
benthic community (Echeverria and Paiva 2006). Physical
disturbances cause local high dominance of few species,
thereby contributing considerably to the high beta-diversity
in shallow waters (Gutt 2007). The imperceptible effect
along time on either local diversity or richness at the 12 m
depth possibly indicated quick recovery of polychaete
populations, due to the dominance of opportunistic species
(Smale 2007). Beta-diversity had a noticeably different
pattern in the deeper area (25 m), where W9 diversity
profile was not very different from those of other winter
surveys (W1 and W7). The lowest diversity observed at
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25 m in the (W7) survey was probably due to a general
decrease in diversity during winter followed by a recovery
in summer and early winter, which was not related to
physical impacts. At the 12-m site, winter survey 7 (W7)
was also associated with physical disturbance, in this case
by ice-impacts, since it took place 9 days after the
grounding of an iceberg. However, this impact affected
community structure only at the level of higher taxonomic
groups (Echeverria and Paiva 2006).

Nonetheless, observed diversity patterns are more likely
to result from the interaction of disturbances and certain
local environmental conditions, such as productivity, or-
ganic matter content and oxygen supply (Levin and Gage
1998). This seems to be reflected by the rather different
patterns between both depths with diversities reaching
higher values at 12 m in early and midwinter following
productivity blooms of shallow environments during the
summer (Clarke 1996). Corbisier et al. (2004) found that
both omnivorous and depositivorous polychaetes present
an isotopic signature of macroalgal fragments, whose de-
composition would extend the energy budget until mid-
winter, when the levels of local organic matter in the
sediment start to decrease (Echeverria and Paiva 2006).
These processes based on macroalgal debris being analo-
gous to the benthic—pelagic coupling of deeper waters
(500-600 m) on the west Antarctic Peninsula shelf, where
the strong seasonality of phytoplankton summer blooms
produce seafloor deposits of phytodetrital material that
provides food for the benthic community (Smith et al.
2012). Thus, particulate organic matter and associated
microbial biomass on the bottom accumulate as a “food
bank” that sustains the benthic ecosystem functions over
winter (Smith and DeMaster 2008). Such energy budget
delay would thereby maintain early winter diversity levels
and postpone the impact of winter resource limitation
(sensu Nedwell et al. 1993; Peck et al. 2006) on polychaete
community structure until late winter/summer, when di-
versity normally decreases.

Community composition and richness

The total number of species (26) was similar to the number
of polychaete species recorded by other authors for near-
shore sites (4-30 m) in Admiralty Bay (Sicinski and
Janowska 1993; Bromberg et al. 2000). Richness pattern,
with more species observed and estimated in the 12-m site
than in the 25 m, contrasted from that observed previously
in the same region, which found less species at 12 m
(11-14, against 26 here; Sicinski and Janowska 1993;
Bromberg et al. 2000). This different pattern can be the
result of temporal integration, which led to the collection of
more rare species not observed in the shallower site when
sampling design was restricted temporally (Jazdzewski

et al. 1991; Echeverria and Paiva 2006). Thus, owing to
this rare species, asymptotic estimators provide a quite
different richness picture for the shallower site than pre-
viously observed, estimating almost twice as many species
as the apparently more environmentally stable 25-m site
(Nonato et al. 2000; Sicinski et al. 2011).

Despite the high similarity in species composition with
several other surveys in King George Island (Bromberg
et al. 2000; Sicinski 2000, 2004; Bick and Arlt 2013),
relative dominance and distribution were a little different.
Some species referred only to deeper areas of the nearshore
region (>20 m), such as O. syringopige, A. glacirae, L.
kerguelensis and S. arctowskyensis (e.g., Sicinski 2000),
were common in the shallower site (12 m) in this survey,
and pattern also previously observed in the same locality
(Bromberg et al. 2000). Densities were also similar to those
observed by Bromberg et al. (2000) but quite different,
threefold to sixfold higher (ca. 10,000 and 23,500 ind.mfz,
respectively, at 25 and 12 m) than observed for other
nearshore sites in Admiralty Bay (Jazdzewski et al. 1986;
Sicinski 2000). These differences can be related both to
particularities of sampled localities in the bay generally
related to bottom slope, sediment composition and grain-
size characteristics (Sicinski 2004; Sicinski et al. 2011).

Depth distribution and patchiness

Despite similarities of diversity profiles between both
depths, the shallow area was considerable richer and den-
ser. As regards species that occurred in both depths, the
opportunist A. cincinnatus was the only species whose
abundance did not differ between depths. All others species
were more abundant at 12 m depth, except for L. gracilis
which dominated at 25 m. Considering local bottom to-
pography and grain size, apparently the 12-m site is a
transitional community, with a mixture of species typical
for more shallow sites, with those with a wider range and
also shared with the deeper 25-m station (Nonato et al.
2000). Despite differences in sediment composition be-
tween depths, this probably has little effect on depth dis-
tribution, mainly when considering that most polychaetes
from Antarctic environments present a wide range of
depths distribution, sediment types and feeding strategies
(Pabis and Sicinski 2010) and thus do not present the tra-
ditional animal-sediment relationships common for tem-
perate or tropical environments. This absence of correlation
of fauna and substrate in the Antarctic benthos was defined
by Gutt (2007) as the “opportunistic choice of the sub-
strates,” since other environmental characteristics are more
relevant toward explaining community structure.

Even though patchiness was more intense in the shallow
site, variation was constant over time, thereby presuppos-
ing that ice-mediated (Gutt 2001; Bowden 2005) and wave-
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induced disturbances are constant and frequent, thus not
allowing the establishment of more stable communities,
leading to the year-long dominance by several oppor-
tunistic species, such as L. kerguelensis, A. cincinnatus, L.
gracilis and A. glacierae (Bromberg et al. 2000; Conlan
et al. 2004). According to Smale (2007), shallower areas
can be subject to such extreme disturbance conditions that
even pioneer species, abundant only under moderately
disturbed conditions, as those observed in the 12-m area,
become rare.

Conversely, the 25-m site presented a more pronounced
seasonal pattern, with higher patchiness among replicates
(metric scale) during the summer, most likely the result of
physical disturbances by ice, which, owing to their patchy
nature, can cause local high dominance by pioneer species,
contributing considerably toward differences in the pattern
of dominance and composition of macrobenthic assem-
blages within small scales (Gutt and Piepenburg 2003). As
previously recorded in the studied area (Nonato et al.
2000), among ice effects, iceberg scouring is usually as-
sociated with patchiness (Hall 1994). Even though no
iceberg was recorded in this site during the survey, de-
pressions from old scours accumulate macroalgal debris
during the summer. Such debris provides deposit feeders
with organic matter (Corbisier et al. 2004) or, even, in
some cases, make the scour anoxic and practically azoic
during the summer season (Bromberg et al. 2000).

Temporal community patterns

Opportunistic species, common throughout all surveys in
the 12-m site, are likely to dominate after the occurrence of
physical or biological disturbance. In the early summer, C.
perarmata and O. notialis, both belonging to genera
comprising species known as enrichment opportunists in
nearshore Antarctic waters, were predominant (Stark 2000;
Conlan et al. 2010). Such enrichment could possibly arise
from productivity blooming in shallow environments dur-
ing this period (Clarke 1996). Other disturbances, such as
the recorded grounding of an iceberg at 25 m just before
W7, and the strong storms at W9, which affected both sites,
apparently did not lead to colonization by pioneer species,
but on the contrary, and with the exception of A. cincin-
natus and L. gracilis, to an overall decrease in species
abundance, as also observed by Echeverria and Paiva
(2006) at the level of taxonomic groups. These two species
also dominated during summer surveys, when wave-in-
duced impacts are fairly frequent and intense, and surface
waters do not freeze. Both species are normally considered
as pioneers or opportunists in nearshore studies (Bromberg
et al. 2000; Conlan et al. 2004, 2010). Thus, in spite of the
opportunistic status of several polychaete species in near-
shore Antarctic waters, it was possible to distinguish those
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that are more prone to an increase in density through or-
ganic enrichment (i.e., C. perarmata and O. notialis) from
those that remain unaffected when ice- and wave-generated
physical disturbances disrupt nearshore benthic communi-
ties (i.e., A. cincinnatus and L. gracilis). Echeverria and
Paiva (2006) did not observe any pattern for polychaetes as
a group, while oligochaetes did present a common response
of increased densities for both organic enrichment (sum-
mer) and physical disturbances (late winter). Thus, specific
responses for polychaetes, masked at group level, are likely
to give clues on suggested opportunistic behavior of some
antarctic polychaete species since they are likely to dis-
criminate the nature of the disturbance factor.

A pattern of year-long temporal stability in benthic
community nearshore polychaete taxocoenosis in the 12-m
area was partially confirmed. Although this pattern was
interrupted by both storm- and ice-provoked physical dis-
turbances, subsequent recovery was almost complete in the
next sampling survey. As could be expected for a nearshore
area, this pattern is associated with communities subject to
highly seasonal production (Kim et al. 2010). On the other
hand, the 25-m area presented a more seasonal pattern of
year-long dominant-species replacement, a probable re-
flection of changes in the availability of organic matter.
This could be indirectly assessed in the area by associating
light intensity and sediment organic matter content
(Echeverria and Paiva 2006). This content reflects the
seasonal trend from high production in the summer (Arntz
et al. 1994) to resource limitation in the mid- and late
winter (Peck et al. 2006).

Nonetheless, the pattern of species common to both
depths, but whose density is strongly reduced during mid-
and late winter only in the deeper site, precluded a
straightforward explanation. Two of these, L. geminus and
0. syringopyge, are burrowers, and A. glacierae, a
tubiculous surface dweller (Bromberg et al. 2000; Pabis
and Sicinski 2010). Their reduction in density at 25 m was
not accompanied by other community descriptors, as
richness and diversity, which differed only slightly be-
tween depths and thus could not be associated with the
observed physical disturbances, since this reduction nor-
mally follows iceberg grounding and storms. Although
disturbance by anchor-ice, which is more likely to occur in
the austral winter (Dayton 1989; Barnes 1999), could also
be involved in these processes, detection and assessment of
its impacts is difficult (Gutt 2001). Even though the syn-
ergy of biotic and physical disturbances could be involved,
evaluation would require both further field experiments and
visual monitoring.

The assessment of temporal variation in diversity pat-
terns and community structure not only allowed the
assessment of environmental factors underlying commu-
nity structure, but also provided some cues of possible
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human impacts and their effect on community composition
(Aronson et al. 2011), and hence, resilience capacity in an
area located only 200 m from a research station. Impacts
from Antarctic research stations, although small and locally
restricted, over time are likely to affect the adjacent marine
environment (Stark et al. 2003). Awareness of such pat-
terns and their spatial and temporal variations will facilitate
community assessment, when endangered, besides indi-
cating how and when action is required to avoid impacts
that are likely to impinge irreversible damages to benthic
communities.
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