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Abstract Sea-ice is a key physical driver of Antarctic
marine ecosystems. Understanding ecological effects of
sea-ice is particularly important given current and future
climate change, but a major obstacle is the impracticality of
manipulating sea-ice at a relevant scale. However, large-
scale anomalous events, such as those occurring in Com-
monwealth Bay, East Antarctica, provide opportunities for
natural experiments. Historically, katabatic winds have
kept Commonwealth Bay ice-free for most of each year,
but since 2010, a massive grounded iceberg has resulted in
year-round sea-ice cover. We surveyed benthic communi-
ties in Commonwealth Bay approximately 3 years after
continuous sea-ice cover began and found algal bed com-
munities in severe decline. The majority (~75 %) of large
macroalgae were decomposing, and the remainder were
discoloured or bleached, while approximately 40 % of
encrusting coralline algae were bleached. Accompanying
this, the presence of invertebrates such as ophiuroids and
polychaetes suggests that communities are in the early
stages of transitioning to an invertebrate-dominated state.
With a known start date, monitoring benthic communities
in Commonwealth Bay will allow quantification of rates of
benthic regime shifts in response to sea-ice cover, and
improve understanding of the vulnerability of polar
ecosystems to climate change.
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Introduction

Sea-ice is a layer of ice several metres thick that forms on
the surface of polar oceans each winter. On most polar
coastlines, sea-ice “breaks out” during summer, as warmer
temperatures weaken its structure, and winds fragment and
transport it offshore. This creates a seasonal cycle of sea-
ice presence and absence, which in turn causes the subtidal
environment to alternate between two very different sets of
conditions. Sea-ice affects many aspects of the marine
environment, including light (Clark et al. 2013), distur-
bance (Gutt et al. 1996; Smale et al. 2008), and sedimen-
tation (Dunbar et al. 1989), all which influence benthic
communities on shallow seabeds. The seasonal extent and
duration of sea-ice is, however, rapidly changing in the
Arctic (Boé et al. 2009) and parts of Antarctica (Mayewski
et al. 2009). Understanding the relationship between sea-
ice and biota is critical to predicting ecological impacts of
climate change.

The most obvious way in which sea-ice affects the
shallow subtidal environment is by regulating light enter-
ing the water column. This determines the potential for
photosynthesis (Aguilera et al. 1999), and thus the abun-
dance of primary producers (Runcie and Riddle 2006).
Areas where sea-ice breaks out in spring or early summer
can receive enough light to support dense forests of
macroalgae (Krause-Jensen et al. 2012), while areas cov-
ered by ice for most of the year often contain dark-adapted
invertebrate communities (Johnston et al. 2007; Clark et al.
2013). Due to seasonal variability in sunlight at high
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latitudes, the amount of light reaching the seabed per year
(annual light) is sensitive to the timing of sea-ice breakout
during summer. Recent work has identified a “tipping-
point” phenomenon in which benthic communities can
experience regime shifts from invertebrate to algal-
dominated states in response to relatively small changes in
the timing of sea-ice breakout (Clark et al. 2013).

Besides light, sea-ice also regulates the degree of phy-
sical disturbance to the seabed (Barnes and Souster 2011).
Physical disturbance to benthos under fast ice (sea-ice at-
tached to land) is rare, because sea-ice limits the ability of
icebergs to drift and scour the seabed. Iceberg scour is a
major form of physical disturbance on polar coasts (Gutt
2001), and the frequency of scour events is proportional to
the time an area is ice-free (Smale et al. 2008). The effects
can be significant. The species diversity in benthic com-
munities on the West Antarctic Peninsula, for instance, has
been found to be positively related to time since iceberg
scour (Brown et al. 2004), with concern that increased
scouring frequency will decrease alpha diversity on some
sections of coast (Smale et al. 2008). Sea-ice also influ-
ences turbidity and sedimentation by forming a solid bar-
rier between ocean and atmosphere, and adds biogenic
sedimentation in the form of detrital sea-ice algae and
fauna (Dunbar et al. 1989).

Despite the importance of sea-ice cover to marine ben-
thic ecosystems, practical constraints make it almost im-
possible to experimentally manipulate sea-ice cover at
relevant spatial or temporal scales. Most prior work on the
ecological effects of sea-ice duration on shallow benthos
has been correlative, using spatial gradients (Krause-Jensen
et al. 2012; Clark et al. 2013), or monitoring areas where
the timing of sea-ice break-out has gradually changed over
decades (Barnes and Souster 2011; Kortsch et al. 2012;
Quartino et al. 2013). These studies have found links be-
tween sea-ice and benthic community composition, but
their interpretations have been limited by their dependence
on correlative data. However, a recent event in Common-
wealth Bay, East Antarctica, has provided a natural ex-
periment to assess the effects of sea-ice cover on marine
benthic communities in one specific location.

Until recently, Commonwealth Bay—the location of Sir
Douglas Mawson’s research station during the Australasian
Antarctic Expedition (AAE) of 1911-1914—was rarely
covered by sea-ice. A polynya (an area of continuous open
water) existed adjacent to the shore, created by strong
katabatic winds that travel off the continental ice cap and
are funnelled into Cape Denison by local topography.
Under normal circumstances, these winds transport surface
ice offshore as quickly as it forms, and Mawson reported
that during their 2-year stay, there were only 2 days per
year in which sea-ice was stable enough to work upon
(Mawson 1940). Cape Denison is officially the windiest
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place on earth at sea level, with an annual average daily
maximum wind speed of 71 km per hour (Kidson 1946;
Parish and Walker 2006).

Sea-ice conditions changed dramatically in December
2010, when a giant iceberg (~ 100 km? in area) named
BO9B became grounded in Commonwealth Bay (Shadwick
et al. 2013) and has remained there since. BO9B originated
from the collapse of the Larsen B ice shelf in the Weddell
Sea, which fragmented into massive icebergs that have
drifted around the continent. The residence of BO9B in
Commonwealth Bay has prevented sea-ice on the landward
side of the iceberg from being transported offshore, cre-
ating year-round sea-ice cover (Fig. la). This imposed
continuous sea-ice cover over an area that was previously
ice-free for most of each year, creating a natural ex-
periment of the effects of sea-ice on local biota.

We visited Commonwealth Bay in December 2013 and
surveyed marine benthic communities at several sites
around Cape Denison (Fig. 1b). We aimed to assess whe-
ther benthos in this region showed signs of change, since the
onset of continuous sea-ice cover in 2010. In the absence of
quantitative historical data, it is not possible to statistically
compare current and past communities, but there are sour-
ces that qualitatively describe benthic communities prior to
2010. Marine biota was described by scientists during the
Australasian Antarctic Expedition of 1912-1914 (Lucas
1919; Mawson 1940), and underwater photographs of the
seabed were taken in January 2008 (Fig. 2a, b). Addition-
ally, remnants of the previous ecosystem are still present,
allowing inference of recent change.

Methods
Pre-B09B benthic communities

We sourced information on the historical state of benthic
communities around Cape Denison, Commonwealth Bay,
from reports produced by Sir Douglas Mawson’s Aus-
tralian Antarctic Expedition (e.g. Lucas 1919; Mawson
1940). This expedition sampled five stations (Fig. 1b) over
a 2-year period, from 1912 to 1913. Samples were col-
lected with dredge hauls several times per year [see
Mawson (1940) for methodological details]. In addition,
we obtained underwater photographs taken at Boat Harbour
(Fig. 1b) in January 2008 by Erwan Amice.

Post-B09B field sampling

We sampled benthic communities at Cape Denison in
December 2013, almost 3 years after the arrival of BO9B
and the onset of continuous sea-ice cover. We chose
nearshore sites because shallow areas were more likely
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Fig. 1 Maps of the study area.
a Maximum fast ice extent (red
line) of Geroge V Land from the
mean 20-day MODIS imagery
over Austral winter (June—
August), 2000-2009 and
2011-2012. Cape Denison is
marked with a star. MGT refers
to Mertz Glacier Tongue and
CB to Commonwealth Bay.
BO09B is a massive iceberg that
became grounded in
Commonwealth Bay in 2010.
Adapted from Tamura et al.
(2012). b Map of Cape Denison,
Commonwealth Bay. Points
indicate sampling sites in the
present study and in Mawson’s
1912-1914 Australasian
Antarctic Expedition. Inset map
shows the location of
Commonwealth Bay in
Antarctica. (Color figure online)

former algal habitat (Mawson 1940). We surveyed the
seabed at five sites (Fig. 1b; Table 1) by deploying a wa-
terproof video camera through holes drilled in the sea-ice.
At each site, we conducted three replicate drops, spaced

A
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2000-2009
George V Land
68°S
66°S
67°S
2011-2012
George V Land
6808 T T 1 T T
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@ Mawson et al. (1912-14)
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-67.015 T T T T T
142.62 142.63 142.64 142.65 142.66 142.67 142.68

5 m apart. For each replicate, we drilled a hole in the sea-
ice using a 16-cm ice corer and lowered a video camera
apparatus through the hole using a rope. The camera ap-
paratus consisted of rope running through a PVC pipe
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Fig. 2 Images of seabed at Cape Denison before and after continuous sea-ice cover. a and b Images of Boat Harbour, taken in January 2008 by
Erwan Armice. ¢ and d Images extracted from video in the present study, showing commonly occurring taxa

Table 1 GPS locations Site Latitude (°S) Longitude (°E) Depth (m) Sea-ice thickness (m)
(decimal degrees), mean (+SE)
depth, and sea-ice thickness for A 67 00.382 142 39.229 7.80 + 0.35 1.85 + 0.01
;‘(‘)Cl[; site sampled in December 67 00.185 142 39.076 10.00 + 0.46 1.84 + 0.05
C 67 00.195 142 39.501 493 +0.32 1.95 + 0.03
D 67 00.231 142 39.776 7.97 +0.27 2.03 + 0.06
E 67 00.322 142 40.256 743 £ 0.19 2.26 + 0.02

(20 mm diameter) with a GoPro Hero 2® camera attached
to the end of the pipe facing downwards. A 1.5-kg lead
weight was attached to the pipe, and a 12 cm length of
wood was attached to the camera to prevent lens damage
when reaching the seabed, and to provide scale. Once the
apparatus made contact with the seabed, the rope was
raised 1 m to film the seabed from a standard distance and
thus cover the same area (2.25 x 1.25 m = 2.81 mz). We
used the rope to measure depth, and from the ice-hole,
recorded the thickness of the sea-ice and depth of snow
(Table 1).

Image analysis

To quantify benthic communities, we extracted one still
image from each video when the camera was stationary
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1 m above the seabed. Estimates of percentage cover for
each taxon were obtained by superimposing 50 randomly
positioned points onto each image using the software Coral
Point Count (CPCe) v.4.1 and recording the taxon under
each point. Taxa were classified to the lowest possible
taxonomic resolution. We differentiated between five
conditions of macroalgae (in decreasing order of health):
healthy, grazed, discoloured, bleached, and decomposing.
Pink encrusting coralline algae were categorised as healthy
(pink) or bleached (white). This visual classification has
been demonstrated to reliably reflect condition of red and
large brown macroalgae elsewhere (Campbell et al. 2011).
We recorded the total number of solitary invertebrates in
each still image and the maximum number of fish seen in
each video (during the 2 min after the camera was posi-
tioned 1 m above the seabed) at any one time (MaxN).
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Data analyses

Benthic community data were analysed for spatial variation
using permutational multivariate analyses of variance
(Anderson 2001) with the PERMANOVA+ add-on in
PRIMER v6 (Anderson et al. 2007). Similarity matrices
were based on Bray—Curtis distances of square root trans-
formed percentage covers (community structure), or on the
Jaccard similarity measure (presence/absence; community
composition). Analyses used 9999 unrestricted permuta-
tions of raw data. Multivariate dispersion was compared
across sites using PERMDISP in PRIMER v6 (Anderson
et al. 2007).

Results
Pre-B09B benthic communities

Early records describe a benthos mostly composed of algae
in the shallows and invertebrates at depth (Mawson 1940,
Table 2). Algae reported in the area by Lucas (1919) are
listed in Table 3. Algae in photographs taken in 2008 in
Boat Harbour resemble Palmaria decipiens (red) and
Monostroma hariotii (green) (Fig. 2).

Post-B09B benthic communities

In December 2013, benthic communities were dominated
by ailing canopy-forming macroalgae (likely Himan-
tothallus grandifolius), partially bleached pink encrusting
coralline algae (Rhodophyta) and turfing algae (Fig. 3a).
Invertebrates were moderately abundant at some sites
(Fig. 3b), particularly brittle stars (Ophiuroids). Ice-fishes
(Notothenioidei) were found at all sites and were respon-
sive to the moving camera.

Macroalgae were generally in very poor condition
(Fig. 4). The majority (78 %) were classified as decom-
posing, while 20 % were discoloured and 2 % were
bleached. No macroalgae that occurred under census points
were considered healthy. Encrusting coralline algae
showed less signs of stress than macroalgae: 56 % were
considered healthy (i.e. retained pink colour) and 44 %
were bleached.

Multivariate community structure varied significantly
between sites (Table 4). There were, however, no sig-
nificant differences in multivariate dispersion across sites
(PERMDISP: pseudo-Fy4 ;9 = 2.33, p = 0.24). When con-
sidering composition only, there was no significant vari-
ability (Table 4) nor differences in dispersion across sites
(PERMDISP: pseudo-F,4 ;0 = 1.79, p = 0.41).

Table 2 Excerpts from Mawson’s record of benthic biota around Cape Denison, sampled in 1912-1913 by dredge hauls (Mawson 1940,

pp. 134-35)

Station Depth
(m)

Description of biota

1 2.5-7.5

... bottom was sandy with some coral growths of course seaweed in the deeper holes. The dredge hauls included

holothurians, annulates, small crustaceans, gastropods, polyzoans, starfish, pycnogons, sponges, etc. Fish, crustaceans, and
a few other forms were regularly caught in the fish trap. Pteropods and jellyfish were taken in the hand net

...bottom covered with a rank growth of seaweed. Though the seaweed greatly hindered the operation of the dredge, some

useful material resulted, notably an abundance of mollusca including numbers of Anatina (Laternula elliptica)

pycnogons
4 27-55

...bottom only slightly encumbered by seaweed. A great range of life was taken here, prominent amongst which were

...bottom is partly rocky and partly sand. The dredge hauls were prolific including echinoids, tubicolous annulates, starfish,

crustacea, pycnogons, mollusca, small annulates, a few holothurians, an actinozoan, a few nemerteans, sponges, and

ascidians
4a 106

Slime sponges and polyzoa (calcareous and non-calcareous) were in greatest abundance. Hunters record states “the bottom

appears to be nothing but a feltwork of these animals, with other forms mixed—there being in the catch only a very small
amount of brown algae and a few small gneissic pebbles. Echinoderms were fairly well represented—asteroidea, a few
(crimson and yellow mainly), Echinoidea, fairly numerous (mostly reddish-purple and also several red-brown

spatangoids), ophiuroids, all small pinkish forms and several larger reddish brown forms. Hydrozoa not very numerous.
Two species of alcyonarians (one pink, a fine specimen), a few tunicates, simple and compound. Crustacea, a number of
amphipod and isopods; one amphipod was yellow and attached in numbers to a sponge of the same colour, so that at first
sight it was difficult to detect them; also several fine shrimps. Annulates, mostly polynoidae, but also several coloured
annulates found amongst branches of polyzoa and alcyonarians. Mollusca, not very numerous and mostly small, also two

soft bodied forms. Lastly several nemerteans”

5 5-15
with that from Station 1

...bottom is sandy with some weed patches... This locality was not found to be rich in bottom life, the yield corresponding

Approximate positions of sampling stations are shown in Fig. 1b

@ Springer
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Table 3 Algal species

Species

Current name (if different)

Class
identified in Commonwealth
Bay by Lucas (1919) Chlorophyceae
Phaeophyceae
Florideae

Desmarestia compressa

Callymenia antarctica

Gracilaria simplex

Prasiola crispa
Chaetomorpha mawsonii
Geminocarpus geminatus

Himantothallus grandifolius

Desmarestia menziesii

Iridaea cordata
Iridaea mawsonii

Phyllophora antarctica

Kallymenia antarctica

Palmaria decipiens

Plocamium coccineum
Schizoneura quercifolia
Bornetia antarctica

Ballia callitricha

Discussion

Change in sea-ice cover has clearly impacted marine
benthic communities at Cape Denison, Commonwealth
Bay. After approximately 3 years of continuous sea-ice
cover, large canopy-forming macroalgae that previously
dominated nearshore seabed were in severe states of de-
cline. Approximately three quarters of macroalgae cen-
sused were decomposing, while the remainder were
bleached or discoloured. None of the macroalgae we ob-
served were considered healthy. Encrusting coralline algae
were bleached to a lesser extent (~40 % bleached),
although this is not surprising given they have lower light
requirements and often occur under macroalgae canopy
(Irving et al. 2005) or sea-ice (Kiihl et al. 2001). This ratio
of bleaching is similar to that reported in response to
canopy loss, in both polar (mean + SE = 56.85 +
8.43 %: Casey Station, Antarctica: Irving et al. 2005) and
temperate (45.98 & 5.91 % in southern Australia: Irving
et al. 2004) studies. The ecosystem of 2013 contrasts with
historical records of healthy macroalgae forests in the area.
To our knowledge, there are no quantitative records of
local benthos prior to the arrival of BO9B, but observations
from the original Australasian Antarctic Expedition report
macroalgae in benthic grabs (Lucas 1919; Mawson 1940),
and underwater photographs taken in January 2008 show
seabed dominated by large amounts of healthy macroalgae.
Moreover, the spatial dominance of remnant algal beds is
indicative of former healthy macroalgae forests, similar to
those found in other predominantly ice-free areas of shal-
low Antarctic coast (Johnston et al. 2007; Clark et al.
2013).

While algae showed signs of acute stress, invertebrates
and ice-fishes were present at every site. Some invertebrate
taxa, such as spirorbid polychaetes and some bryozoa, are
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commonly found on macroalgae and are visible in the pre-
BO09B photographs from 2008, but others are more typical
of ice-covered ecosystems. For example, polychaete fan-
worms (Sabellidea) are common in ice-covered areas
around Casey Station, East Antarctica (unpub. data), and
ice-fishes are generally found beneath sea-ice (Fuiman
et al. 2002). Detritivorous brittle stars (Ophiuridae) play an
important role in nutrient cycling under sea-ice (Lohrer
et al. 2013), and their abundance here may be linked to
increased availability of detrital macroalgae. Herbivores,
such as echinoderms that are often common in temperate
and tropical algal beds and exert considerable grazing
pressure (Harrold and Reed 1985), were present but in low
abundance.

Polar macroalgae have evolved to withstand long peri-
ods of winter darkness, but cannot obtain their minimum
light requirements when covered by sea-ice for several
consecutive years. Benthic communities can experience
regime shift in response to change in sea-ice cover, pri-
marily through change in annual light (Clark et al. 2013).
The poor condition of macroalgae in Commonwealth Bay,
together with the occurrence of dark-adapted invertebrates
and ice-fishes, suggests that benthic communities of Cape
Denison are in the early stages of transition from algae- to
invertebrate-dominated ecosystem states. Recent studies
have documented ecosystem change in the opposite di-
rection—i.e. increased algal cover with decreased sea-ice
duration (Kortsch et al. 2012), but this is the first time a
regime shift from algae to invertebrates has been observed
with a known start date. Continued sampling at this and
reference locations will allow the rate of transition between
ecosystem states to be quantified.

Quantifying rates of change in ecosystem state fol-
lowing increased sea-ice cover is important for two
reasons. First, it provides estimates of ecological change
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Fig. 3 Community A
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in regions where sea-ice is increasing in extent or du-
ration due to climate (Bintanja et al. 2013), or in places
where iceberg groundings cause anomalous sea-ice re-
tention. Glacial discharge is accelerating in both East
(Miles et al. 2013) and West Antarctica (Rignot et al.
2004; Pritchard and Vaughan 2007), creating more ice-
bergs, and reduced duration of seasonal fast ice will
provide more grounding opportunities (Smale et al.

IR
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2008). It is important to note that regime shifts due to
sudden change in sea-ice cover (e.g. due to iceberg
grounding) may differ in some respects from those in-
duced by gradual climate-related change. Under gradual
change, species will have more time to adapt and may
experience different interactions with the environment
and one another at various stages in the transition.
Nonetheless, scenarios of sudden change provide
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information in far shorter timeframes and give valuable
insight into what to expect from gradual change.
Second, this information can be used to estimate the rate
at which invertebrates can recolonise an area, following
local extinction due to sea-ice loss. Ecological effects of
sea-ice loss have received more attention than effects of
sea-ice expansion, due to rapid reduction in seasonal sea-
ice duration in the Arctic (Bo€ et al. 2009) and some areas
of Antarctica (Barnes and Souster 2011; Parkinson 2004).
Polar benthic ecosystems have responded to sea-ice loss
(Kortsch et al. 2012), and the mechanism behind this re-
sponse has been described (Clark et al. 2013), but a key
unknown is the potential for recolonisation if former sea-
ice conditions return. Data from Commonwealth Bay

A

Macroalgae
40 -
) I
¢ | Condition
8 07 Discoloured
2 Coralline algae Bleached
g . Decomposing
2 . Health
= 15- y
10 4
: I
T T T .
B C D E

Site

Fig. 4 Condition of macroalgae and encrusting coralline algae at
each site

suggest that ecosystem change begins within 3 years from
the onset of sea-ice cover and that sabellid fanworms and
brittle stars are amongst the first invertebrates to colonise
and/or increase in abundance.

The rate of transition between ecosystem states is de-
pendent upon (1) the magnitude of environmental stress on
incumbent populations, (2) the rate of immigration of re-
placement species, and (3) interactions between these and
ecological processes such as competition, predation, and
herbivory (Scheffer and Carpenter 2003). At least two algal
species found in Commonwealth Bay (Iridaea cordata and
Phyllophora antarctica) are chemically defended against
herbivory (Amsler and McClintock 1998), but stress such
as low light can increase susceptibility to herbivores (Wahl
and Hay 1995). Macroalgae stressed by low light may also
be more prone to microbial diseases (Campbell et al. 2014)
or fouling by epibiota (Marzinelli et al. 2011), accelerating
their decline. We observed low densities of herbivores
compared to kelp forests in temperate and tropical systems,
which may explain the relatively slow rate of change.
Ecological processes in Antarctica are notoriously slow
(Barnes 1996; Stanwell-Smith and Barnes 1997), and if
herbivory is low then microbial degradation may be the
primary biological driver of change. Given the very low
temperatures, microbial degradation is also likely to be
slow. Ongoing sampling for years or decades may be re-
quired to understand the full trajectory of ecological
change and determine the point at which ecosystem state
stabilises relative to other areas regularly covered by sea-
ice.

Once stabilised, resultant community composition will
be shaped by the dispersal limitations of potential immi-
grants. Considerable spatial heterogeneity exists in shallow
flora and fauna around Antarctica (Gutt et al. 2013b),
which likely reflects dispersal barriers between shallow-
water populations. Approximately 86 % of the Antarctic
coast is glaciated or ice-shelf cliff (Gutt et al. 2013a), so
shallow benthos is rare and highly fragmented (Clark et al.
2015). Mawson (1940) reported a diversity of invertebrates
in grab samples in Commonwealth Bay (Table 2), even at
shallow depths when a polynya existed, and these taxa are
likely to encroach shoreward and increase in abundance

Table 4 PERMANOVAs based on (a) Bray—Curtis similarity measure for square root transformed percentage covers (structure) or (b) Jaccard
similarity measure (presence/absence; composition) of sessile benthic communities at Cape Denison, Commonwealth Bay, Antarctica

Source daf Community structure Community composition

MS pseudo-F p (perm) MS pseudo-F p (perm)
Site 4 2585 2.487 0.015 2311 1.451 0.104
Residual 10 1040 1593

Site was a random factor with five levels. Replicates were three photo-quadrats. p-values were calculated using 9999 unrestricted permutations of

raw data. Significant p-values (<0.05) are in bold
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with persistent sea-ice cover. However, it is unclear whe-
ther invertebrates from other regions might reach Com-
monwealth Bay to form communities that resemble those
under more permanent ice (e.g. Filinger et al. 2013). Al-
ternatively, invertebrates could arrive from deeper habitat,
where benthos is aphotic independently of sea-ice. How-
ever, while deep-water populations are less fragmented and
potentially closer, they do face a bathymetric barrier that
may prevent colonisation (Brey et al. 1996).

Algae do not have deep-water refuge like invertebrates,
so their ability to recolonise relies exclusively on connec-
tivity between shallow populations. Shallow rocky benthos
occurs near Commonwealth Bay at the Stillwell Islands,
although this area is also experiencing sea-ice build-up.
Connectivity between shallow Antarctic benthic popula-
tions is poorly understood (but see Baird et al. 2011), but
even if connectivity exists, other factors might impede the
re-establishment of macroalgae (Campana et al. 2009;
Zacher et al. 2009). For example, cleared space can be
rapidly colonised by algal turfs (Connell 2007), which can
inhibit macroalgae from recolonizing even once the initial
disturbance is removed (Gorman and Connell 2009). The
restoration of macroalgae forests therefore depends on
propagule supply, and biological and environmental con-
ditions post-disturbance (Campana et al. 2009; Zacher et al.
2009), potentially resulting in new ecosystem states with
unique composition and function.

In conclusion, the grounding of BO9B in Commonwealth
Bay and consequential sea-ice retention has presented a rare
opportunity to quantify the effect of sea-ice cover on shal-
low benthic communities. With a known start date, this
event will provide estimates of both the rate of transition
from algal- to invertebrate-dominated states in areas where
sea-ice is expanding, and the potential for recovery in areas
experiencing sea-ice loss. After approximately 3 years,
macroalgae are in poor condition and invertebrates have
begun colonisation, and these trends are likely to continue if
sea-ice cover remains constant. Commonwealth Bay is also
likely to experience a short-term increase in organic matter
due to algal decay and a long-term reduction in the pro-
duction of macroalgae fuelling the food web. Further
studies that examine the spatial extent of macroalgae in the
area prior to the decline, and effects of organics matter on
other trophic levels, are needed to understand how the sea-
ice will impact the marine ecosystem more generally.
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