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Abstract Understanding the population dynamics of ben-

thic communities is impossible without understanding the

processes related to their initial development, including

recruitment. In polar areas, encrusting organisms, such as

bryozoans, polychaetes, sponges and ascidians, are

amongst some of the most species-rich and abundant

groups of macrofaunal organisms, yet knowledge about

their ecology is far from being complete. In this study, by

investigating established encrusting assemblages and

recruitment onto experimental substrate, we examine the

level of similarity between adult populations and newly

recruited assemblages in the polar realm. This study was

conducted during the austral summer of 2010–2011 in

Maritime Antarctica at King George Island (62�S, 58�W) at

two locations contrasting in their biological and physical

conditions. Despite the small distance (*3 km) between

the two study sites, the local species pools (species com-

position, numerical abundance) differed significantly and

had a great influence on the observed recruitment pattern.

The species composition of new recruits overlapped with

that of nearby assemblages at all examined locations. The

dominance structure was also identical, with bryozoans

being the major component of these assemblages. The

numbers of species and individuals in the newly recruited

communities and local resident assemblages were also

strongly correlated. The obtained results suggest that the

recruitment of encrusting fauna in the Antarctic can be very

localized and occurs in close vicinity to adult populations.

Keywords Recruitment � Epifauna � Encrusting

organisms � Assemblage isolation � Antarctic

Introduction

Recruitment is defined as the arrival of new individuals

into the community that settle and survive after an arbitrary

period of time (Connell 1985; Pineda et al. 2010). This

stage of organismal life represents a crucial phase in the

development of marine benthic assemblages. New arrivals

settle in a given area in the form of planktonic larvae that

can be transported in the water column for distances

ranging from metres to kilometres (see Shanks et al. 2003;

Teske 2014; Zhang et al. 2015). This has several implica-

tions for genetic exchange and survival as well as species

composition and the overall structure of the given com-

munity (Todd 1998; Pineda et al. 2010). Understanding the

processes controlling larval dispersal is therefore very

important from an evolutionary, ecological and conserva-

tion perspective (Jablonski 1986; Cowen et al. 2006;

Fogarty and Botsford 2007).

As the majority of benthic invertebrates produce pelagic

larvae, we would expect that most local populations or

assemblages are uncoupled from local reproduction by a

dispersive larval phase, leading to a rather open system.

Several studies, however, have suggested that recruitment

can be localized within a site or within the proximity of

parental populations and that the population and commu-

nity can be viewed essentially as a closed system (Osman
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and Whitlatch 1998; Cowen et al. 2006). There is evidence

that this process is supported by the limited dispersal of

larvae or asexual recruitment (Osman and Whitlatch 1998

and references therein). Indeed, the diversity of dispersal

strategies employed by sessile organisms is vast. It can

range from broadcast-spawning species, which often pro-

duce a large number of larvae that have a long planktonic

phase, to brooders, which produce fewer lecithotrophic

larvae that have a short-lived phase in the water column or

basically realize a juvenile form (Pearse and Lockhart

2004).

Extreme events and disturbance can occasionally be

severe at any shallow locality, but there are geographic

patterns in disturbance, and this may shape organism

assemblages (Barnes and Kuklinski 2003). The intensity of

disturbance typically increases towards the poles due to

summer ice scour (the grounding of icebergs, scraping the

sea bed), intense wind-driven wave action coupled with

freezing temperatures and the occurrence of ice feet (walls

or belts of ice frozen to the shore) during winter (see Gutt

et al. 1996; Barnes 1999; Barnes and Conlan 2007). Some

studies suggest that assemblages that experience frequent

physical extremes (e.g. wave impacts) should be highly

dependent on the regional input of propagules (Palmer

et al. 1996). Highly disturbed polar intertidal encrusting

assemblages indeed seem to mirror those formed in the

nearby subtidal zone, which contrasts with the less dis-

turbed temperate intertidal areas, where assemblages spe-

cialized to that zone occur (Kuklinski and Barnes 2008).

Therefore, in shallow polar environments, which tend to be

more disturbed than those at lower latitudes, we would

intuitively expect recruitment to have a higher dependence

on the species pool from nearby assemblages. Similarly,

with decreasing depth, disturbance caused by ice and wave

action increases, making shallower parts much more

dynamic and unstable. Therefore, again, local assemblages

from the shallows should resemble those from nearby

areas.

The majority of Antarctic encrusting assemblages are

dominated in terms of species number and abundance by

bryozoans and polychaetes (Barnes et al. 1996; Stanwell-

Smith and Barnes 1997; Bowden et al. 2006). Most of these

organisms possess bulky lecithotrophic larvae that often

settle to the firm substrate within hours if not minutes

(Hughes et al. 2001). The duration of the larval phase has

shown a strong positive correlation with the dispersal

potential of many taxa, and the more time propagules

spend in the water column, the farther they tend to be

dispersed (Shanks et al. 2003). This would lead us to

predict that, at a local scale, newly recruited Antarctic

assemblages dominated by taxa with a short pelagic larval

duration should mirror assemblages of nearby established

populations. However, recent reviews of this issue question

whether the pelagic larval duration is good predictor of

population structure (Weersing and Toonen 2009). Addi-

tionally, recent genetic studies of Antarctic organisms

reveal differences in population structure over the fine

scale of kilometres even in broadcast-spawning marine

molluscs (Hoffman et al. 2012).

As Kuklinski et al. (2014) indicated in their study of bry-

ozoan assemblages in the Antarctic, one of the most impor-

tant factors shaping the initial structure of these assemblages

(e.g. species composition, abundance) is the numerical

structure, including the relative abundance and dominance

structure of neighbouring adult populations. In this study, we

tested whether the mentioned pattern for bryozoans could

also be applied to a whole encrusting assemblage. The pre-

sented study investigated the recruitment of Antarctic

encrusting organisms on hard substrate as well as the com-

position of local adult assemblages. The experimental design

enabled us to investigate the level of similarity between

newly recruited and established adult assemblages over a

small scale of 3 km at three shallow subtidal depths (6, 15 and

21 m). By examining local assemblages together with the

zooplankton composition, we also analysed whether

recruitment is coupled with larval occurrence in the water

mass overlying the bottom. All these data provide insight into

how the recruitment process of Antarctic encrusting fauna is

linked to local adult populations.

Materials and methods

Study area

The study was conducted in Admiralty Bay, a fjord-like

embayment, at King George Island (62�S, 58�W) (Fig. 1),

which is the largest of the South Shetland Islands. Based on

its climatic conditions, the area is considered as being part

of the Maritime Antarctic region. The surface water tem-

perature in the bay varies between -1.70 and 2.3 �C
throughout the year, while the salinity ranges from 33.5 to

34.4 (Tokarczyk 1987; Rakusa-Suszczewski 1995). Both

parameters are influenced by water exchange with the

Bransfield Strait and are modified by fresh water from

melting glaciers during the summer (Tokarczyk 1987;

Rakusa-Suszczewski 1995). A large proportion of the

shores of Admiralty Bay are covered by glaciers. The

average tidal range is 1.4 m, with maximum tides up to

2.1 m (Catewicz and Kowalik 1984). Circulation of surface

currents in the area is complex and dependant on wind and

tidal forces (Pruszak 1980). Winds in Admiralty Bay pre-

vail from three major directions SW (24.1%), W (21.8%)

and N (17.0%), and the surface currents follow the same

pattern (Pruszak 1980). Additionally, vertical whirlpools of

water that produce upwelling currents are also recorded.
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Below 25 m depth, current circulation has less association

with the prevailing wind directions and is driven to some

extent by tidal and inertial forces generated by open sea

currents (Pruszak 1980). The exchange of upper water

masses (down to 100 m depth) between Admiralty Bay and

the nearby Bransfield Strait is assumed to occur for one to

two weeks (Pruszak 1980). The current velocities span an

order of magnitude, reaching 100 cm/s; however, within

the bay inlets, more common maximum values range from

20 to 40 cm/s.

For the purpose of this study, two contrasting locations

in one of the branches of Admiralty Bay—Ezcurra Inlet—

were selected (Fig. 1). Station U is located on the northern

coast of the inlet. It is under a much stronger influence

from the open sea and is less influenced by the glaciers and

the factors associated with them (ice scouring, sedimenta-

tion, fresh water runoff) compared to station W, which is

located on the southern coast. The sea bottom at both

stations is inclined at approximately 30�–40�. It is com-

posed of a mixture of cobbles and pebbles overlying mud,

but mud predominates at station W, and some of the rocks

are partly covered with it. At both locations, the sea bottom

is periodically affected by icebergs.

Sampling protocol and data analysis

The study was conducted during austral summer between

18 November 2010 and 04 February 2011. Summer is the

period when the highest larval settlement is observed in

Antarctic waters, therefore being the most suitable period

for such investigations (Absher et al. 2003; Bowden et al.

2009).

To identify the local species pool (species composition,

numerical abundance) of epifauna at each station from all

three investigated depths (6, 15 and 21 m), 100 rocks of

various sizes were haphazardly collected. To estimate the

species composition of the recruiting assemblages as well

as their abundance and dominance structure at each site and

depth, 50 rocks devoid of fauna were deployed. These

rocks were collected from the low intertidal zone near the

Polish Polar Station ‘‘Arctowski’’. All rocks were of the

same mineralogical composition. Each rock was examined

for the presence of fauna and flora, which were removed if

present. The surface area of the rocks, both those with local

fauna and experimental ones, was estimated using an

inelastic net marked with a grid of square centimetres. To

confirm the patterns of recruitment observed on the

Fig. 1 Study area with marked

experimental sites
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experimental rocks, three flat Perspex settlement panels,

identical in size and shape (15 9 15 9 0.3 cm), were

additionally deployed at the same sites as the experimental

rocks. As the surfaces of the panels are identical at all

locations, this enabled the full comparability of recruitment

results among sites and depths.

All organisms directly attached to the investigated

substrates were identified to the lowest possible taxonomic

level, typically to species. Bryozoan data were gathered

from Kuklinski et al. (2014). The number of individuals

was counted. In the case of colonial organisms, each col-

ony was considered as one individual.

To determine the larval content in the water column

above the experimental sites, plankton samples were col-

lected with a net (20 lm mesh size, diameter 0.25 m) three

times during the day throughout the duration of the project.

The net was towed as close as possible to the sea bottom

(approx. 0.5–1 m above) over a distance of 20 m, resulting

in a water sample of 0.98 m3 volume.

To compare richness and the densities of individuals

among depths, locations and the three different substrates

(rocks with resident established local assemblages, cleaned

rocks and panels with new recruits), species abundance

curves (increase in the number of epibiont species with an

increasing number of individuals) were plotted. The num-

ber of rocks with established fauna and that of experi-

mental rocks was equal at each site and depth, yet the

overall surface area of the rocks differed. Therefore,

additional analyses were performed with the use of the

species abundance curves, where equal rock surface areas

were used for each site and depth. Computing 95% confi-

dence intervals (using the formulae by Colwell et al. 2004)

allows for the statistical comparison of the species richness

in the datasets. The differences are not significant at

p\ 0.05 if the 95% confidence intervals overlap (Colwell

et al. 2004). As the sample sizes or, in our approach, sur-

face areas were the same, the comparison of the species

abundance curves provided a straightforward methodology

for assessing the difference in species richness and abun-

dance of the studied assemblages.

All data for the density of individuals were standardized

to the same surface area (m2), and, in addition to the spe-

cies abundance curve analysis, the relative similarity

among the established, experimental and panel assem-

blages was assessed and displayed using the PRIMER

software package following a square root transformation of

the data. Bray–Curtis similarity measures were calculated

(Bray and Curtis 1957). The interrelationships among

samples were mapped using the ordination technique non-

metric multidimensional scaling (nMDS).

To measure whether the water column is stratified, the

water temperature was recorded every 10 min for the

duration of the whole experiment at each depth using

HOBO Onset temperature loggers (model UA-002-64

Pendant Temp/Light). To explore the significant differ-

ences in temperature among depths and locations, analysis

of variance (ANOVA) following log (x ? 1) data trans-

formation (to improve normality and homogeneity) was

used.

All calculations were conducted using EstimateS 9

(Colwell 2013), while plots and ANOVA analysis were

done using Statistica 8.

Results

On 605 rocks (total surface area of 280,096 cm2) with

resident, established assemblages, 21,944 individuals

belonging to 41 taxa were found (Table 1). The assemblage

structure at both locations was very similar, with bryozoans

being the most species-rich group (34 taxa constituting

85% of the investigated encrusting fauna). For the detailed

numerical composition of the communities at the given

locations, see Table 1.

Both the number of taxa and individuals in the estab-

lished assemblages were higher at station U than at station

W (Figs. 2, 3; Table 1). At station U, the number of taxa

ranged from 26 (at 6 m depth) to 35 (at 21 m depth), while

at station W, it ranged from 15 (at 21 m depth) to 17 (at

6 m depth) (Fig. 2A, B). The number of individuals at

station U ranged between 5939 (at 6 m depth) and 6563 (at

15 m depth), while at station W, it ranged between 761 (at

21 m depth) and 1210 (at 6 m depth) (Fig. 2A, B). While

the total number of individuals differed among depths at

each station, in case of the number of taxa, as shown by the

confidence intervals, which overlapped in each case, there

were no significant differences among depths (Fig. 2). In

general, the taxonomic composition on the rocks from

station W overlapped with that at station U. Nineteen taxa

were present only at station U, and two taxa were present

only at station W (for details, see Table 1).

On the 370 retrieved experimental rocks (total surface

area of 101 420 cm2) that were devoid of fauna at the start

of the experiment, 22,663 individuals that were members

of 12 taxa were recorded all together (Table 1). The pat-

terns in the number of taxa and individuals were similar to

those observed on the rocks with established assemblages

(Figs. 2, 3; Table 1). Both the number of taxa and indi-

viduals were higher at station U (Fig. 3). At station U, the

number of taxa ranged from eight (at 6 and 15 m depth) to

nine (at 21 m depth), while at station W, the number of

taxa ranged from three (at 21 m depth) to five (at 6 m

depth) (Fig. 2C, D). The number of individuals at station U

was between 5729 (at 21 m depth) and 8062 (at 15 m

depth), while at station W, it was between 248 (at 15 m

depth) and 2067 (at 21 m depth) (Fig. 2C, D). Similar to
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Table 1 Taxa recorded on the three investigated substrates at two

locations (U and W, see Fig. 1): rocks with established bryozoans

assemblages collected directly from the studied sites (R),

experimental rocks devoted of fauna at the deployment time (Exp

R) and experimental colonization panels (P)

Station U

6 m 15 m 21 m

R Exp R P R Exp R P R Exp R P

Bryozoa

Aimulosia antarctica (Powell, 1967) 59 5 25 1

Amphiblestrum familiaris Hayward and Thorpe, 1989 16 9 1

Amphiblestrum inermis (Kluge, 1914) 23 1 37

Amphiblestrum georgensis Hayward and Thorpe, 1989

Amphiblestrum sp. 1 1 1 1

Antarctothoa antarctica Moyano and Gordon, 1980 4 1

Antarctothoa bougainvillei (d’Orbigny, 1842) 263 7 13 121 4 32 88 11

Arachnopusia decipiens Hayward and Thorpe, 1988 96 75 52

Arachnopusia sp. 1 1 2

Beania erecta Waters, 1904 11

Beania sp.

Camptoplites sp. 4 9

Celleporella alia Hayward, 1993 2

Chaperiopsis signyensis Hayward, 1993 34 4 16 9 12

Ellisina antarctica Hastings, 1945 145 192 149

Escharoides tridens (Calvet, 1909) 25 1 22 4 4 111 3

Escharoides sp. 2

Fenestrulina rugula Hayward and Ryland, 1990 17 22 2 1 13

Fenestrulina sp. 2

Filaguria spatulata (Calvet, 1909) 54 181 474

Harpecia spinosissima (Calvet, 1904) 7

Hippadenella inerma (Calvet, 1909) 1

Inversiula nutrix Jullien, 1888 1888 4451 9 3768 3276 56 2633 994 62

Lacerna eatoni (Busk, 1876) 11 34 31

Lacerna sp. 2

Lichenopora sp. 6 14 12

Micropora notialis Hayward and Ryland, 1993 495 2 1 278 6 6 6 2 5

Microporella stenoporta Hayward and Taylor, 1984 1 1

Microporelidae indet. 6

Nematoflustra flagellata (Waters, 1904) 95

Osthimosia sp. 6 3

Smittina c.f. anecdota Hayward and Thorpe, 1990 1

Smittina glebula Hayward and Thorpe, 1990 2

Smittina pocilla Hayward and Thorpe, 1990 11 124 2 61

Smittina rogickae Hayward and Taylor, 1984 1 46

Smittina sp. 1 3

Cheilostomata indet. No 1 8 2 1 6 1 1

Cheilostomata indet. No 2 6

Polychaeta

Spirorbidae (dextral) 1421 723 20 907 3211 299 1346 3247 267

Spirorbidae (sinistral) 1162 543 20 717 1558 113 932 1366 196

Spirorbidae indet. 2 154

Serpulidae indet. 145 71 352
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Table 1 continued

Station U

6 m 15 m 21 m

R Exp R P R Exp R P R Exp R P

Ascidiacea

Ascidia challengeri (Herdman, 1882)

Foraminifera

Species no 1 30 1 1 1 2

Species no 2 1 8 8

Species no 3 1

Species no 4

Species no 5 1 2

Porifera

Mycale acerata Kirkpatrick, 1907 10 2 39

Haliclona sp. 3

Total no. individuals 5939 5729 64 6563 8062 548 6554 5617 728

Total no. taxa 26 8 6 26 8 15 35 9 14

Station W

6 m 15 m 21 m

R Exp R P R Exp R P R Exp R P

Bryozoa

Aimulosia antarctica (Powell, 1967) 27 1 8 1 11 10

Amphiblestrum familiaris Hayward and Thorpe, 1989 7 24

Amphiblestrum inermis (Kluge, 1914) 2

Amphiblestrum georgensis Hayward and Thorpe, 1989 2

Amphiblestrum sp. 8

Antarctothoa antarctica Moyano and Gordon, 1980

Antarctothoa bougainvillei (d’Orbigny, 1842) 85 1 19 1 2 6

Arachnopusia decipiens Hayward and Thorpe, 1988 1 2 18

Arachnopusia sp.

Beania erecta Waters, 1904

Beania sp. 2

Camptoplites sp.

Celleporella alia Hayward, 1993

Chaperiopsis signyensis Hayward, 1993 76 3 4

Ellisina antarctica Hastings, 1945 8 5

Escharoides tridens (Calvet, 1909) 8 8

Escharoides sp.

Fenestrulina rugula Hayward and Ryland, 1990 1 14 42

Fenestrulina sp.

Filaguria spatulata (Calvet, 1909)

Harpecia spinosissima (Calvet, 1904)

Hippadenella inerma (Calvet, 1909)

Inversiula nutrix Jullien, 1888 9 37 3 24 3 1 27 1 1

Lacerna eatoni (Busk, 1876)

Lacerna sp.

Lichenopora sp. 51 6 6
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the established assemblages, the number of individuals

differed among depths at each station (U and W). In terms

of species number, as shown by the confidence intervals,

which overlapped in each case, there was no significant

difference among depths. Similar to the established

assemblages on rocks, there was no clear trend in terms of

an increase or decrease in the taxa richness or abundance of

newly recruited organisms with depth (Fig. 2). Almost all

taxa present on the rocks at station W were also present on

the rocks at station U (see Table 1). The structure of the

assemblages at both locations was very similar, with bry-

ozoans being the most taxa-rich group (nine taxa consti-

tuting 81% of the investigated encrusting fauna) (Table 1).

On the 18 experimental panels (total surface area

1800 cm2), 2247 individuals of 19 taxa were recorded

(Table 1). Although the overall number of individuals was

higher at station U (1340) than at station W (907), the

number of taxa was identical at both locations (16)

(Figs. 2, 3; Table 1). There were no striking differences in

the number of taxa or individuals. The richness of taxa

varied between six (at 6 m depth) and 15 (at 15 m depth) at

station U and between five (at 6 m depth) and 14 (at 21 m

depth) at station W (Fig. 2E, F). The number of individuals

ranged between 64 (at 6 m depth) and 728 (at 15 m depth)

at station U and between 50 (at 6 m depth) and 789 (at

21 m depth) at station W (Fig. 2E, F). Although there was

Table 1 continued

Station W

6 m 15 m 21 m

R Exp R P R Exp R P R Exp R P

Micropora notialis Hayward and Ryland, 1993 5 19 3 19 25

Microporella stenoporta Hayward and Taylor, 1984

Microporelidae indet. 3 11

Nematoflustra flagellata (Waters, 1904) 1

Osthimosia sp.

Smittina c.f. anecdota Hayward and Thorpe, 1990

Smittina glebula Hayward and Thorpe, 1990

Smittina pocilla Hayward and Thorpe, 1990 52 27 19

Smittina rogickae Hayward and Taylor, 1984

Smittina sp.

Cheilostomata indet. No 1 1 5

Cheilostomata indet. No 2 2

Polychaeta

Spirorbidae (dextral) 468 541 32 511 147 22 379 1345 385

Spirorbidae (sinistral) 404 360 31 364 97 13 196 721 234

Spirorbidae indet. 1 98

Serpulidae indet. 3

Ascidiacea

Ascidia challengeri (Herdman, 1882) 11

Foraminifera

Species no 1 1 1 1 1 1

Species no 2

Species no 3

Species no 4 1 1

Species no 5 3 8

Porifera

Mycale acerata Kirkpatrick, 1907 1

Haliclona sp.

Total no. individuals 1210 940 68 1017 248 50 761 2067 789

Total no. taxa 17 5 5 15 4 11 15 3 14

Note that numbers represent total number of individuals for all the given type of substrate and surface area examined at a particular depth (for

surface area see Fig. 2)

Polar Biol (2017) 40:2475–2487 2481

123



an increase in the number of taxa and individuals with

depth, the confidence intervals overlapped for all depths at

both sites, therefore indicating a lack of statistical

significance among the investigated depths in regard to the

number of taxa (Fig. 2E, F). The species composition on

the panels from station W overlapped with that at station U

Fig. 2 Species abundance curves for epifaunal assemblages found on

rocks collected at site U (A) and site W (B), new recruits found on

experimental rocks devoid of fauna at the time of deployment at site

U (C) and site W (D) and new recruits found on panels at site U

(E) and site W (F). In parentheses, the total area of analysed rocks or

panels at a given depth is shown (E, F please note the different scales

for panel results)
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with a few exceptions (the bryozoan Beania sp. was absent

at station U, see Table 1). The assemblage structure at both

locations was very similar, with bryozoans being the most

species-rich group (Table 1).

The taxonomic composition of new recruits on both the

experimental rocks and panels overlapped with that of the

nearby established assemblages at the majority of the

examined locations and depths (Table 1). The bryozoan

Inversiula nutrix and spirorbid polychaetes were the most

abundant species in the majority of cases, including the

experimental rocks and panels as well as the resident,

established assemblages (Table 1).

Overall, the species abundance curve analysis clearly

indicated that the numbers of newly recruited species and

individuals display strong correlations with the numbers of

species and individuals recorded in the local old assem-

blages (Figs. 2, 3). This pattern was evident in both anal-

yses, the first including an equal number of rocks at each

site and depth but with differing overall surface areas of the

rocks and the second when an additional analysis was

performed (not visualized in this study) using the species

abundance curves, where equal surface areas of the rocks

were considered for each site and depth. In addition,

quantitative differences in the species composition of the

assemblages between the stations were confirmed by

multivariate analysis (nMDS), showing the sites as being

clustered into two distinct groups: station U and station W

(Fig. 4).

In terms of the plankton samples, nine major group of

organisms were recorded, including Cnidaria, Gastropoda,

Polychaeta, Isopoda, Copepoda, Amphipoda, Ostracoda,

Nematoda and Foraminifera (Table 2). The number of taxa

was higher at station U (11) than at station W (seven) and

consisted in the majority of cases of holoplanktonic or

Fig. 3 Summarized for all depths at a given location, species

abundance curves for epifaunal assemblages found on rocks collected

at site U and site W, new recruits found on experimental rocks devoid

of fauna at the time of deployment at site U and site W and new

recruits found on panels at site U and site W. In parentheses, the total

area of analysed rocks or panels at each location

Fig. 4 Multidimensional scaling plot based on Bray–Curtis similar-

ities using square root-transformed abundance data (standardized to

densities of individuals on substrate per m2) for the recruited

assemblages on local rocks (R), experimental rocks (Exp R) and

panels (P) at two locations: U and W (see Fig. 1 for station

locations)
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potentially mobile benthic groups. The number of indi-

viduals was higher at station W (70) than at station U (56).

At both locations (U and W), the water temperature

significantly differed among depths (ANOVA, stn U:

F(2, 35856) = 207.25, p\ 0.001; stn W: F(2, 29673) =

670.82, p\ 0.001). In addition, the average water tem-

perature values significantly differed between the two

locations (ANOVA, F(2, 65533) = 50.33, p\ 0.001).

However, the overall water temperatures on average

(mean ± standard deviation) were within a very small

range, and all the values were between 0.76 ± 0.54 �C
(station A, 6 m depth) and 1.00 ± 0.56 �C (station B, 6 m

depth).

Discussion

Encrusting fauna go through a pelagic phase of variable

duration in their life cycle in the form of larvae (e.g.

Ryland 1970). This would intuitively suggest that the lar-

vae have the ability to disperse over large distances and

colonize areas far away from their maternal colonies.

However, there have been studies indicating recruitment to

be both localized on a scale of metres to occurring at large

distances on a scale of kilometres away from maternal

populations (Booth and Brosnan 1995; McQuaid and

Phillips 2000; Pineda et al. 2010). This investigation

revealed a clearly higher species number and abundance

within established assemblages at site U in comparison to

site W. This leads to a similar pattern among new recruits,

with higher numbers of species and individuals at site U.

This pattern suggests that recruitment processes in

encrusting fauna in the Antarctic are driven to some degree

by the structure of local populations and seem to occur

close to maternal organisms. Thus, these assemblages seem

to form rather closed systems even though possessing the

aforementioned capability of dispersal through the water

column.

At both studied sites, newly recruited assemblages were

impoverished in regard to species number compared to

resident, established assemblages. This study was con-

ducted during austral summer, when the larval concentra-

tion in the water column and recruitment in Antarctic

waters seem to be highest; however, it is known that the

larvae of some species might also be present in the water

column earlier and later in the season (Bowden et al. 2009).

As the experiment lasted for only a few summer months,

both species richness and the composition of newly

recruited assemblages undoubtedly have to differ from the

existing adult assemblages.

The difference in recruitment between locations U and

W was much more pronounced among experimental rocks

than panels. Although the overall abundance was higher on

panels at location U than W, the differences between the

two locations were not as visible as in the case of experi-

mental rocks (see Figs. 2, 3, 4). Experimental rocks fully

mimic the local conditions for settlement, which in case of

this study means that they were often lying on the

Table 2 Taxa of zooplankton recorded at station U and W in samples collected three times during period of experiment from all investigated

depths

Station U Station W

Date of sampling 30.11.2010 30.12.2010 31.01.2011 30.11.2010 30.12.2010 31.01.2011

Depth [m] 6 15 21 6 15 21 6 15 21 6 15 21 6 15 21 6 15 21

Cnidaria (planula larvae) 1

Gastropoda (veliger larvae) 3 1

Polychaeta (nectochaete

larvae)

1

Isopoda (larvae) 1

Copepoda:

Harpacticoida 16 5 4 1 1 1 3 4 2 1 2 8 1

Harpacticoida (nauplius) 1 1

Cyclopoida

Oithona similis Claus, 1866 1 1

Oncaea sp. 1 1 1 1

Amphipoda 9 1 2 1 5 1

Ostracoda 1 1 2 7 3 3 1 1 1

Nematoda 1 20

Foraminifera 1 1

Abundance is expressed as number of individuals present in collected water sample of 0. 98 m3 volume
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sandy/muddy bottom (location W). This most likely pre-

vents the colonization of the underside of the rocks, which

is the preferred surface for the majority of the encrusting

fauna, as they are photonegative in terms of settlement

(Ryland 1960; Barnes et al. 1996). Panels with their sur-

faces slightly elevated above the sea bottom served as a

unique, artificial substrate, which offered many shaded

areas for settlement that were protected from the often

detrimental effects of sedimentation. This slight difference

in the structure of the substrate could also explain why

more species settled on the panels than on the experimental

rocks. Also worth mentioning are the different surface

areas of the two substrates. Three panels at each depth with

a total surface area of 300 cm2 could not be a sufficient

sample size to provide the true pattern of recruitment at a

given site. Therefore, we recommend the deployment of a

larger number of panels for a longer period of time in

future experimental investigations focusing on recruitment.

Although differences in recruitment on panels at sites U

and W existed, they were at a much smaller scale than

those observed on the experimental rocks (see Figs. 2, 3,

4). This might suggest that apart from the existing local

population parameters that influence recruitment, this

process is also modified to some extent by substrate

heterogeneity. Non-uniform rocks vary in shape and sur-

face structure more than smooth panels. It is likely that

there are also localized physical conditions that were not

addressed by this study that could contribute to the

observed pattern.

A number of studies have shown that the distribution of

larvae is governed by hydrological conditions, including

currents, advections or water stratification (e.g. Pineda

1991; Pineda et al. 2010). The current patterns in the

shallows at the study locations are driven by wind direc-

tion, which is from the south-west or western sector in the

majority of cases (annually 45.9% in total), but northern

directions have also been recorded (17.0%) (Pruszak 1980).

This basically means that the water masses between sta-

tions U and W, which are just *3 km apart, will be fre-

quently mixed, leading to the possible exchange of

propagules. The results obtained by this study are not fully

explained by local water mass exchange, indicating that the

impact of that factor on near-bottom recruitment needs

further investigation to be fully understood.

The lack of clear pattern observed during this study in

terms of species and individual number with depth between

the established assemblages and those on the experimental

substrates may suggest some level of exchange among the

investigated depths. As there was no stratification in the

water column, as shown by very small water temperature

differences among depths during the time of investigation

(between 0.76 and 1.00 �C), it is most likely that tidal

forces, wind mixing and larval behaviour led to the

observed results. Previous investigations show that when

the study locations are in close vicinity, factors concerning

the substrate characteristics become more influential in

shaping epifaunal assemblages than large-scale processes,

such as hydrology or the local species pool (Balazy and

Kuklinski 2017). Here, the study area is a rather enclosed

inlet, and thus larval behaviour (substrate selection),

physiology (competency, energy reserves), biological

interactions (predation) or local differences in substrate

heterogeneity should have also a greater impact than

hydrodynamic forces (e.g. currents) at the scale investi-

gated here (e.g. Ryland 1974; Clark et al. 2017).

It is believed that the intensification of benthic organism

larvae settlement occurs in areas with high adult density

(Crisp 1974; Osman and Whitlatch 1995; Pineda 2000;

Kent et al. 2003). In such cases, the presence of other

settlers serves as a stimulus for the colonization of a given

area (Crisp 1974). Therefore, in areas with great adult

densities and high recruitment, we should also observe a

high supply of larvae. Our study revealed no encrusting

organism larvae in the plankton samples collected from just

above the sea bottom at any of the localities or depths

sampled three times during the project (see Table 2). We

are aware of plankton patchiness and that the sampling

interval may not accurately estimate the overall larval

species richness and abundance at our study sites (Pineda

et al. 2010). However, in general, other studies on larvae or

plankton from polar seas and elsewhere have also revealed

very few, if any, larvae of encrusting fauna (especially

bryozoans and spirorbid polychaetes), which dominate

newly recruited faunal assemblages (Bowden et al. 2009;

Kuklinski et al. 2013). As many of these studies involve

annual sampling or even sampling over longer periods, this

suggests that the majority of encrusting fauna larvae are

simply not present in the water column in the zone covered

by the sampling techniques, which are usually conducted

metres above the sea bottom. These larvae most likely

develop and propagate in the nearest bottom habitat. This,

of course, has consequences for their dispersal capabilities.

Currents and water movement are stronger with increasing

distance from the boundary layer of the sea bottom (Vogel

1994). Developing larvae near the sea bottom likely have

little chance to propagate over large distances, as this

investigation seems to indicate. Short-distance dispersal,

especially for bryozoans, has also been suggested by

genetic population studies. It was found that population

structure corresponds with the contrasting modes of larval

dispersal (Goldson et al. 2001; Porter et al. 2002; Watts and

Thorpe 2006). Bryozoan populations with lecithotrophic

larvae, which have limited dispersal, show genetic differ-

entiation over distances as small as 10 m, whereas popu-

lations with planktotrophic larvae, with better dispersal

abilities, display higher levels of genetic heterogeneity
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over much larger spatial scales (Goldson et al. 2001; Porter

et al. 2002; Watts and Thorpe 2006). Lecithotrophic larvae

of the temperate bryozoan Celleporella hyalina were found

to be able to swim for only up to 4 h, with a preference to

settle within an hour of release (Hughes et al. 2001). Even

in an Antarctic broadcast spawner (the limpet Nacella

concinna) that possesses free-swimming planktotrophic

veliger larvae, minute genetic differences were recorded

over a small scale of a few kilometres in Ryder Bay,

Adelaide Island (Hoffman et al. 2012). Antarctic bryozoans

constitute 85% of the established encrusting assemblages.

The vast majority of them in this study possess lecitho-

trophic larvae (indicated by the presence of a brooding

chamber; Hayward 1995) with limited dispersal capabili-

ties. Therefore, the observed matching diversity patterns

between newly recruited assemblages and nearby resident

adult assemblages are not a surprise.

To conclude, our results suggest that the recruitment of

encrusting fauna in the Antarctic can be very localized and

occurs in close vicinity to adult populations. This pattern of

recruitment has implications for the conservation and

management of these fragile assemblages, which suggests

that the protection of these assemblages must be very

localized and targeted. This study also revealed many gaps

in our knowledge and future research directions, especially

those concerning factors influencing the recruitment of

encrusting fauna, which includes, for example, such issues

as larval behaviour, tidal forces and wind mixing.
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