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Abstract The Antarctic silverfish, Pleuragramma ant-

arctica, is ecologically important for connecting lower and

upper trophic levels within the coastal marine Antarctic

food web. In recent decades, populations of silverfish have

exhibited a declining trend in some regions of the Antarctic,

in particular the western Antarctic Peninsula. It is of para-

mount importance to elucidate its life history and to char-

acterize the areas that are crucial for the reproduction of the

species: spawning, hatching and nursery areas. Presently,

the overall available knowledge is scant and spatially

restricted. In this study, we assessed the spatial scales of

variation in the distribution patterns of eggs and newly

hatched larvae, and their vertical distribution within the

platelet ice layer underlying fast ice at Terra Nova Bay. We

found that (1) distribution patterns of eggs and larvae

abundance significantly changed at a spatial scale of kilo-

meters, while they did not at scale of tens of kilometers and

hundreds/tens meters, and (2) eggs were not homoge-

neously distributed under the solid ice; in particular, the egg

abundance was highest at -2.5 m within the platelet ice and

dramatically declined more in depth. This study thus

allowed shed light on distribution patterns of eggs and

early-hatched larvae of the Antarctic silverfish. Such

information will be useful to better understand the ecolog-

ical processes possibly producing the patterns we have

observed and then identify further reproduction and nursery

areas around the Antarctic continent.

Keywords Antarctic silverfish � Terra Nova Bay � Spatial

distribution � Platelet ice � Eggs and larvae

Introduction

Due to their usually large biomass, small pelagic fish are

worldwide considered as crucial in marine ecosystems for

connecting lower and upper trophic levels within food

webs (Palomera et al. 2007). Small pelagic fish are also

well known to display significant fluctuations of their

populations, which may have relevant ecological (and

sometimes socio-economical) implications (Chavez et al.

2003; Barange et al. 2009). Fish population dynamics, in

fact, depend on a number of processes, like production and

supply of eggs and larvae, recruitment intensity and mor-

tality rates (Guidetti et al. 2013) as a consequence of nat-

ural changes, direct human impacts and climatic changes

(Moline et al. 2008).

In the Antarctic coastal marine ecosystem, the above-

mentioned pivotal ecological role within the food web is

fulfilled by the Antarctic silverfish Pleuragramma antarc-

tica, according the taxonomic statement by Eschmeyer

(2014), consistent also with the recently published
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Biogeographic Atlas of the Southern Ocean (Duhamel et al.

2014); in the present work, the specific name ‘antarctica’ is

used instead of the former ‘antarcticum.’ This fish feeds

upon planktonic organisms, and on the other hand, it is the

primary food item for most Antarctic marine vertebrates

including mammals, birds and other fishes (La Mesa et al.

2004; Eastman 2005; O’Driscoll et al. 2011). In the Ross

and Weddell Seas, this fish may account for more than

90 % of the overall fish biomass (DeWitt 1970; Hubold and

Ekau 1987).

Typically, the Antarctic silverfish is distributed in the

coastal areas around the Antarctic continent, including the

Scotia Arc and adjacent islands (Vacchi et al. 2012a). It

spends most of the life (from juvenile to adult stages) in the

water column (in open waters and areas covered by sea ice

between 0 and 900 m depth, mostly thriving at mid-water

levels; Gerasimchuk 1986; DeWitt et al. 1990; Fuiman

et al. 2002). Consequently, it has developed specific

adaptations to a holopelagic life cycle (e.g., streamlined

body and forked tail, emphasized lipid storage and reduc-

tion in skeletal ossification; Eastman 1993, 1997; Albertson

et al. 2010; La Mesa and Eastman 2012).

Due to the strong limitations to field work in Antarctica

during the winter season (extremely low temperatures and

strong katabatic winds), quite few data on sexual maturity,

fecundity, spawning periods and hatching have been

reported in the available literature (Faleyeva and Gera-

simchuk 1990; Kellermann 1991; Kock and Kellermann

1991; Ferrando et al. 2010). Spawning events are thought

to mostly occur at the end of the austral winter or the

beginning of spring (Kellermann 1987; Hubold 1990;

Eastman 1993; Ferrando et al. 2010; Vacchi et al. 2012a),

while hatching should occur around November and

December (Regan 1916; Kellermann 1989; Hubold 1990;

Vacchi et al. 2004). Some authors suggest, also, the

occurrence of temporal shifts for these events (DeWitt and

Tyler 1960; Eastman 1993; Liu and Chen 1995).

Silverfish larvae and juveniles constitute the majority of

ichthyoplankton in many locations around Antarctica

(Hubold and Ekau 1987; Koubbi et al. 1997; Morales-Nin

et al. 1998; Koubbi et al. 2011). In the western Ross Sea,

they can account for more than 98 % of the ichthyo-

plankton biomass (Guglielmo et al. 1998; Vacchi et al.

1999; Granata et al. 2002).

Huge amounts of embryonated eggs of P. antarctica

were detected for the first time in November 2002, trapped

within the ice platelets under the consolidated sea ice at

Terra Nova Bay (TNB), Ross Sea. This area has been thus

identified as the first (and still remains the only one)

hatching/nursery area of the Antarctic silverfish (Vacchi

et al. 2004, 2012a). Since then, a regular monitoring has

been carried out within the Italian National Program for

Research in Antarctica (PNRA).

Due to the prominent ecosystem-wide role of P. ant-

arctica within the coastal marine food web in Antarctica

(La Mesa et al. 2004), it is crucial to improve our knowl-

edge about the distribution patterns of eggs and larvae and,

ultimately, about the areas that guarantee the population

renewal of this fish.

Taking into account the wide distribution of this species,

it is reasonable to hypothesize the presence of a number of

spawning/hatching/nursery areas around the Antarctic

continent. Distribution of eggs, until now, was found to be

fairly heterogeneous in space (Vacchi et al. 2012a). This

may imply that sites showing huge amounts of eggs may

have specific ecological/hydrological characteristics mak-

ing them particularly apt to host the eggs and, probably,

reproductive aggregations of P. antarctica. From this per-

spective, the patterns of spatial variability across multiple

scales in the distribution of early stages of P. antarctica

(chiefly eggs and newly hatched larvae) have never been

investigated before. This step, as for any other ecological

study, is crucial to then infer about the underlying causal

processes driving the observed patterns (Underwood et al.

2000). As different processes are likely to operate differ-

ently in space (and time), the identification of relevant

scales of variation is a prerequisite before explanatory

models can be proposed and tested (Andrew and Mapstone

1987). Assessing distribution patterns of eggs and early-

hatched larvae in TNB can thus help predict how early

stages of P. antarctica are distributed also in other repro-

ductive areas possibly located along the Antarctic coast.

The present study, therefore, is aimed at assessing the

distribution patterns of eggs and newly hatched larvae of P.

antarctica (1) at different spatial scales (from tens kilo-

meters to tens meters in TNB) and (2) within the platelet

ice layer underlying the fast ice.

Materials and methods

General description of the study area

Terra Nova Bay (hereinafter TNB) is a coastal area making

part of the Victoria Land (western Ross Sea; near 75�S,

164�E) approximately extending over an area of 6,000 km2

(Fig. 1). Its limits are represented by Cape Washington to

the north and the floating Drygalski Ice Tongue to the

south. The coastline is characterized by many bays, such as

the Gerlache Inlet (where the Italian Mario Zucchelli Sta-

tion (MZS) is located) and Silverfish Bay in its northern

sector, and by the presence of a number of glaciers (e.g.,

Drygalski Ice Tongue, the Nansen Ice Sheet and the

Campbell Glacier Tongue) flowing down from the conti-

nent into the TNB. The sea bottom is chiefly characterized

by steep seabeds and by the Drygalski depression falling
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down to 1,100 m. Marine waters in the TNB are among the

coldest at global scale, due to the latitude together with the

effects of large floating masses of continental ice. The

seawater temperature is commonly around its freezing

point (FP, -1.91 �C) and seldom above -1.0 �C (Buffoni

et al. 2002).

Water circulation in TNB shows a prevailing northward

direction during summer in the upper layer close to the

coast, with a clockwise rotation at depth. Coastal waters are

generally characterized by higher temperature and salinity,

while the lowest temperatures can be usually found in the

central area of TNB, as a consequence of local eddies and

upwelling processes caused by katabatic winds (Budillon

and Spezie 2000; Buffoni et al. 2002). An extended

1,300 km2-wide polynya (sometimes achieving 5,000 km2)

persists in winter due to a combination of frequent kata-

batic winds and a barrier effect of the Drygalski Ice Tongue

on pack ice advection coming from the south/southwest

(Kurtz and Bromwich 1983, 1985). The TNB polynya acts

as a ‘ice factory,’ especially during winter (Van Woert

1999). These complex climatic features at TNB reflect into

a seasonal sea-ice cover, bordering coastal areas for almost

9 months throughout the year.

The presence of platelet ice characterizes many portions

of the study area. Platelet ice consists of various-sized flat

plate-like crystals up to above 10 cm in diameter, ran-

domly oriented. Even though the platelet ice can be

incorporated into fast ice, more often it loosely aggregates

under the solid ice, making up a semi-consolidated layer

from a few centimeters to some meters in thickness

(Vacchi et al. 2012b).

TNB is one of the most important biodiversity hotspots

in the Ross Sea region, as acknowledged by the estab-

lishment of two ASPAs (Antarctic Specially Protected

Areas) under the Antarctic Treaty System. The most recent

one is the 73rd ASPA ‘Cape Washington & Silverfish

Bay,’ established in 2013, that includes the Cape Wash-

ington Emperor penguins rookery area and a part of the

reproductive area of the silverfish at Terra Nova Bay.

Samples collection and treatment

A first step of the study was represented by the assessment

of spatial distribution patterns of eggs and newly hatched

larvae of P. antarctica at multiple spatial scales in TNB.

Silverfish early life stages were collected between early

November and early December 2011 in the framework of

the XXVII Expedition of the Italian National Antarctic

Program (PNRA) at TNB, Ross Sea.

Eggs and newly hatched larvae were sampled within an

area comprised between the Gerlache Inlet and Cape

Washington (Fig. 1). Sampling was performed from the

under-surface of sea ice by using a 15-cm-diameter hand-

held auger at a number of sampling sites (see below details

about the sampling design) reached either by snowmobile

(at Gerlache Inlet) or by helicopter (at Silverfish Bay and

Cape Washington). Samples of eggs and hatched larvae,

floating in the sea water and platelet ice dislodged from the

Fig. 1 Study area and the three

sampling locations (Gerlache

Inlet, Silverfish Bay and Cape

Washington). MZS Mario

Zucchelli Station (74.6928S;

164.9147E)
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underside of the sea ice while drilling holes, were collected

by means of a PVC cylindrical ‘spooner,’ 10.5 cm in

diameter and 7 L in capacity. The sampler was lowered

into the ice hole and retrieved when filled (see detail in

Vacchi et al. 2012b). Two 7 L volume samples were taken

from each hole for a total of 14 L of sea water and platelet

ice filtered. Samples were rapidly stored in plastic bags to

be transported to the laboratory at the MZS. The number of

eggs and larvae from each 14 L sample was considered as a

relative estimate of abundance. To do the counts, samples

were filtered through a 500-lm mesh sieve to eliminate the

water and then sorted: silverfish eggs and newly hatched

larvae were separated from the ice platelets, examined and

counted under a stereomicroscope within a few hours after

sampling, before being preserved in 4 % paraformaldehyde

in seawater for further analyses.

A second step of the study was represented by the

assessment of the distribution patterns of P. antarticum

eggs within the platelet ice layer. Photographic samples

(images) were taken and analyzed by using an ad-hoc

methodology. At the same sites where samples of eggs and

larvae were taken, further holes, 15 cm diameter, were

done across which a modular plastic tube, approximately

12 cm diameter and 6 m long, was lowered. The plastic

tube was build up so to have a wide transparent window

along the length axis. Once the plastic tube was secured at

the level of the upper side of the consolidated sea ice cap,

an aluminum rod about 6–7 m long, provided with a sys-

tem on the top that allowed to host and secure a micro-

camera Hero-Go Pro, was lowered down inside the plastic

tube. Starting from the upper side of the sea ice cap

(approximately 2.5 m thick), footages were taken at nine

predetermined depth levels for every 25 cm: -2.5, -2.75,

-3.0, -3.25, -3.75, -4.0, -4.25, -4.5 and -4.75 m.

Footages were not taken at the -3.5 m, this level corre-

sponding to the point where the two modules of the plastic

tube were connected. Images were got both within the

platelet ice layer and in the water column. The variable

taken into account was the number of eggs appearing

within each photogram randomly extracted from the foot-

ages taken at each depth level considered.

Sampling design and data analyses

Samples aimed at assessing spatial distribution patterns of

silverfish eggs and larvae at multiple scales were collected

at three locations: Gerlache Inlet, Silverfish Bay and Cape

Washington (Fig. 1). At each location, four sites were

randomly selected (distances between sites within location

comprised between about 2 and 8 km; geographic position

determined in situ by GPS) and three holes within a radius

of about 100–150 m (considered as replicates) were done

at each site. This spatial sampling design was repeated at

two times (time 1: November, 10–16 2011; time 2:

November 27 to December 2, 2011).

The sampling design adopted thus comprised ‘location’

(Lo) as a random factor (with 3 levels) and ‘site’ (Si) as a

random factor (with 4 levels) nested within Lo. Data from

the two sampling times were analyzed separately as we

could not exclude a priori the possibility of temporal

dependence of data, having got the samples approximately

at the same spots at time 1 and 2. Three replicated samples

were taken at each site and time for a total of 72 samples

collected and examined. A two-way ANOVA (analysis of

variance) was performed to test for putative differences in

spatial distribution patterns at different spatial scales of

locations, sites and replicates (approximately tens kilome-

ters, kilometers and hundreds-tens meters, respectively).

As far as the distribution of silverfish eggs within the

platelet ice is concerned, four images (replicates) were

randomly extracted from the profiles (i.e., footages) at each

of the nine abovementioned depth levels, at each of the

three study locations (Gerlache Inlet, Silverfish Bay and

Cape Washington). The sampling design in this case

comprised ‘location’ (Lo) as a random factor (with three

levels), ‘depth level’ (De) as a fixed factor (with nine

Fig. 2 Abundance (m ± SE) of Antarctic silverfish eggs at four sites

within the three locations studied (GI Gerlache Inlet, white bars; SB

Silverfish Bay, gray bars; CW Cape Washington, black bars) at time 1

and 2
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levels) orthogonal to Lo, and four replicated images were

taken at each location and depth level, for a total of 108

images selected where the eggs were counted within a

standard framework. A two-way ANOVA was performed

to test for putative differences in the distribution patterns of

silverfish eggs among locations and depth levels (Table 1).

ANOVAs were performed using the GMAV5 software

package (coded by A.J. Underwood and M.G. Chapman,

University of Sydney, Australia). Prior to analysis, the

homogeneity of variance was tested by Cochran’s test, and

whenever necessary, data were appropriately transformed.

If transformations did not produce homogeneous variances,

ANOVA was used on non-transformed data after setting

a = 0.01 in order to compensate for the increased likeli-

hood of type I error (Underwood 1997).

Results

The abundance of Antarctic silverfish eggs displayed a

highly significant variability at the scale of sites within

location, while no significant variability was detected

among the locations investigated (Fig. 2; Table 2).

Inspection of the graph also reveals that, even though the

factor ‘time’ was not investigated formally, a general and

notable reduction of the eggs’ abundance occurred between

time 1 and 2.

The general pattern of newly hatched larval abundance

was similar to that of eggs. Silverfish larvae displayed a

significant variability at scale of sites, but not at the scale of

locations (Fig. 3; Table 3). The decrease of silverfish larval

abundance from time 1 to time 2 was even more pro-

nounced than the decline observed for eggs (Fig. 3).

The visual survey, conducted by the use of a mini video-

camera across the platelet ice layer at the silverfish

reproductive area in Terra Nova Bay, allowed us to get new

in situ insights into the spatial organization of eggs within

the platelets. Antarctic silverfish eggs resulted to be

arranged in row aggregates adherent to the ice platelets’

surface, mostly at their edges. Furthermore, the video

shooting showed that the fish eggs were mainly concen-

trated in the upper platelet ice level, close to the consoli-

dated ice (Fig. 4). The formal analysis of data performed

using ANOVA provided evidence of a clear effect of

‘depth’ (equivalent to ‘distance from the sea ice upper

side’) as a main factor explaining the abundance of

Table 1 Sampling dates (at

times 1 and 2), locations, site

codes and related geographic

coordinates

Time 1 Time 2 Location Codice sito Coordinate Geografiche

10 11 2011 28 11 2011 Gerlache Inlet fp 3 74�40.620 164�11.850

10 11 2011 29 11 2011 Gerlache Inlet fp 38 74�40.790 164�11.150

14 11 2011 29 11 2011 Gerlache Inlet fp 26 74�40.250 164�13.400

15 11 2011 28 11 2011 Gerlache Inlet fp 100 74�10.177 164�15.933

11 10 2011 27 10 2011 Silverfish Bay fp 44 74�38.047 164�37.919

11 10 2011 27 10 2011 Silverfish Bay fp 46 74�38.041 164�41.302

16 11 2011 2 12 2011 Silverfish Bay fp 98 74�36.961 164�50.365

16 11 2011 28 11 2011 Silverfish Bay fp 54 74�39.150 164�41.302

12 11 2011 1 12 2011 Cape Washington fp 80 74�38.056 165�15.000

12 11 2011 28 11 2011 Cape Washington fp 84 74�39.155 165�10.980

15 11 2011 1 12 2011 Cape Washington fp 83 74�39.142 165�15.047

15 11 2011 1 12 2011 Cape Washington fp 85 74�36.996 165�10.899

Table 2 ANOVA on abundance of Antarctic silverfish eggs during each of the two sampling times (T1, T2), among three locations and three

sites within each location

Source DF Time 1 Time 2 F-vs

MS F P MS F P

Lo 2 3.99 0.34 0.719 1.12 0.00 0.995 Si(Lo)

Si(Lo) 9 11.65 10.57 0.000** 237.16 3.15 0.012* RES

RES 24 1.10 75.39

TOT 35

Factor: Lo location, Si site

In bold significant P values (* \0.05; ** \0.01)
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silverfish eggs under the solid sea ice cover (Table 4).

Average egg abundance was highest (around 15 eggs/

frame) at -2.5 m, i.e., very close to the underside of solid

sea ice and within the platelet ice. Egg abundance

decreased dramatically (*5–6 eggs/frame) at quite short

distance (15–30 cm down) where the platelet ice was still

present, to then stabilize at low values (*0.5–1.5 eggs/

frame) beyond *0.5 m from the underside of solid sea ice,

where the platelet ice was not present anymore and the

eggs were found to float in the open water (Fig. 3). Such

patterns were the same at the three locations investigated

(interaction ‘Lo 9 De’ not significant; Table 4).

Discussion

In the frame of a long-term monitoring program within the

PNRA, a two-year survey highlighted the occurrence of P.

antarctica eggs in an area of about 260 km2 spanning from

the Gerlache Inlet to Cape Washington, with higher con-

centration at two locations: Gerlache Inlet and Silverfish

Bay (Vacchi et al. 2012a).

In the present work, a multi-scale approach was used to

analyze the distribution patterns of the Antarctic silverfish

eggs and early-hatched larvae in the nursery area identified

by Vacchi et al. (2012a), aiming at providing clues to

interpret the causal processes underlying the observed

patterns. By applying such an approach, we found an

uneven distribution at the site scale (i.e., at a scale of

kilometers), while no significant variability was found at

the scale of locations (i.e., at the scale of tens of kilome-

ters). In this study, also, we found significant densities of

eggs and larvae of P. antarctica at Cape Washington,

differently from a previous study (Vacchi et al. 2012a),

which suggests that, based on environmental conditions

that may change from year to year, the relevance of dif-

ferent sites as nursery areas may consequently change.

Having a look at the geographic area where eggs and

larvae were found, we can identify some shared traits

among the studied locations that could justify the uniform

distribution at location scale concomitant with an hetero-

geneity at the site scale. The most striking feature at

location scale certainly is the presence of fast ice covering

most of the sea surface in the study area. In sheltered bays

adjacent to promontories, the sea ice forms a recurrent and

persistent coverage (Massom and Stammerjohn 2010) and

the study area is, from this perspective, just characterized

by a sequence of bays (e.g., the Gerlache Inlet and Sil-

verfish Bay, where large amount of eggs/larvae have been

found) and by the presence of a number of glaciers (e.g.,

Drygalski Ice Tongue, the Nansen Ice Sheet and the

Campbell Glacier Tongue) flowing down from the conti-

nent into the ocean. All those features account for the

multi-annual fast-ice coverage of the sea surface and for

Fig. 3 Abundance (m ± SE) of Antarctic silverfish larvae at four

sites within the three locations studied (GI Gerlache Inlet, white bars;

SB Silverfish Bay, gray bars; CW Cape Washington, black bars) at

time 1 and 2 (scales on the y axes are different)

Table 3 ANOVA on abundance of Antarctic silverfish larvae during each of the two sampling times (T1, T2), among three locations and three

sites within each location

Source DF Time 1 Time 2 F-vs

MS F P MS F P

Lo 2 14.57 0.51 0.62 6.94 0.72 0.514 Si(Lo)

Si(Lo) 9 28.81 3.07 0.014* 9.68 4.55 0.001** RES

RES 24 9.39 2.13

TOT 35

Factor: Lo location, Si site

In bold significant P values (* \0.05; ** \0.01)
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the frequent persistence of fast ice in some locations, where

it can form either an annual or perennial cover (Massom

and Stammerjohn 2010).

Even though the fast-ice coverage characterizes the

whole studied area, the patterns of fast ice formation and

breakup are probably highly sensitive to changes in the

atmospheric and oceanic conditions. This results in heter-

ogeneous sea ice dynamics that may affect fast-ice features

(e.g., thickness) at relatively small scales (Massom and

Stammerjohn 2010). A similar small-scale heterogeneity

can be hypothesized for the platelet ice, whose amount

could be affected by water movement taking place under

the fast-ice cover. Therefore, the uneven distribution of

eggs/larvae at the scale of kilometers (the site scale), as

observed in the present study, might reflect differences in

the local hydrodynamic conditions and winds that influence

globally the sea ice formation processes and, consequently,

the distribution of eggs/larvae underneath the sea ice

coverage.

One further factor that could influence the eggs/larvae

abundance at the site scale is the occurrence, thickness and

extent of the platelet ice under the solid ice. Commonly

observed near the ice shelves, at ice depth greater than

about one meter, the platelet ice is an important component

of the Antarctic land fast ice, consisting of various-sized

flat dendritic crystals with a diameter up to 10 cm

(McGuinness and Langhorne 2006; Dempsey and Lang-

horne 2012). Still far from being fully elucidated, the for-

mation of the platelet ice is supposed to be a multistep

process influenced by a number of environmental factors

such as the heat at the ice/water interface, turbulence,

waves, currents and wind (McGuinness and Langhorne

2006). On the whole, the interactions between ice shelf and

ocean account for the platelet ice extension, depth, grain

boundary and density (Dempsey and Langhorne 2012),

thus indirectly influencing the composition, distribution

and extent of the cryopelagic community therewith asso-

ciated (reviewed in Vacchi et al. 2012b).

The occurrence of platelet ice underneath the solid fast

ice is documented in the Terra Nova Bay area (Van Woert

1999), where it has been hypothesized that it might play a

pivotal role in the early life phases of the Antarctic sil-

verfish (Vacchi et al. 2012a).

The reason why platelet ice is a crucial feature for the

Antarctic silverfish nursery still need to be fully elucidated.

However, clues to understand the intimate link of the

Antarctic silverfish eggs/larvae with this sea ice element

could reside in its structural and biologic features. From a

purely physical point of view, the platelet ice is a porous

layer composed of approximately 20 % ice and 80 % water

by volume, it connects the solid and relatively imperme-

able ice coverage to the liquid sea water below, and it is

characterized by intermediate values of ice crystals density,

temperature and salinity (Smith et al. 2001). Its tridimen-

sional structure provides a large surface area available for

algae, even more apt due to the rate of interstitial water

turnover (ranging from 1.6 to 12 days depending of tides)

that support the survival of one of the highest accumulation

of algae on Earth (Arrigo and Thomas 2004). In a cascade

effect fashion, zooplankton, such as copepods (Schnack-

Schiel et al. 2004) and other metazoans (Vacchi et al.

2012b), were also found associated to the platelet ice.

Moreover, besides its role as a food resource for ice-

associated species, the platelet layer dendritic ice crystal

maze has potential to act as a refuge for small-sized

metazoan from larger predators.

Then, the occurrence of the Antarctic silverfish eggs and

larvae in this ice layer appears to be logic. The survival of

early life stages is a critical part of the life history of fishes,

ultimately impacting on recruitment and overall population

dynamics (Leggett and Deblois 1994). The presence of a

rich and diversified ice-associated community, including

phyto- and mesozooplankton that could be used as a food

resource (Giraldo et al. 2011), and the crystal lattice

structure, almost inaccessible to predators, makes the

platelet layer a suitable ground for eggs and early larvae

Fig. 4 Abundance (m ± SE) of Antarctic silverfish eggs (three study

locations pooled) in relation to depth from the sea ice upper side

Table 4 ANOVA on abundance of Antarctic silverfish eggs in

relation to depth from the sea ice upper side

Source DF MS F P F versus

Lo 2 0.0727 0.24 0.7852 RES

De 8 6.5284 23.05 0.001** Lo 9 De

Lo 9 De 16 0.2833 0.94 0.5234 RES

RES 81 0.2999

TOT 107

Factor: Lo location; Si site
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(Leggett and Deblois 1994). Additionally, to reside in such

a stable and protected environment certainly is beneficial

for eggs that are left unattended and potentially exposed to

high risk of predation.

From this perspective, spawning and hatching of the

Antarctic silverfish in the platelet ice might be interpreted as

an ecological adaptation of this Antarctic pelagic species.

Unlike most notothenioids, the Antarctic silverfish

releases pelagic positively buoyant eggs (Hubold 1984;

Faleyeva and Gerasimchuk 1990; Vacchi et al. 2004).

Therefore, it was not surprising to find that the abundance

of eggs in the platelet ice layer was significantly influenced

by the factor ‘depth,’ with most of the eggs located in the

upper platelet layer underside the solid ice.

Such a stratification (illustrated in Fig. 5) could result,

however, from two scenarios. The eggs could either (1)

come across the rapidly changing ice crystal-rich envi-

ronment that prelude the platelet ice formation and follow

the ice platelets in their fate from liquid water to incor-

poration in under-ice side, or (2) they might reach an

almost established platelet ice, driven by currents or

because released in the vicinity, and then slide up in the

interstices due to their positive buoyancy finally reaching

the underside of the solid ice.

The suite of biological adaptations described for the

Antarctic silverfish early life stages (Bottaro et al. 2009;

Regoli et al. 2005; Evans et al. 2012) is a confirm that the

location of eggs and early larvae within the platelet ice is

not likely to be fortuitous. Therefore, although challenging

(see Vacchi et al. 2012b), the icy platelet ice environment

might not be just a suitable and opportune environment for

Antarctic silverfish early life stages, but rather the optimal

place for them to develop and grow, thus entailing a certain

degree of dependence of the Antarctic silverfish early life

stages from this particular type of ice, some issues that

could be investigated, however, in future studies.
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