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Abstract: Sessile suspension feeders depend primarily on availability of a space to settle and 
access to the water column. Their sessile nature incapacitates displacement during disturbances 
thus they rely on their morphology to overcome selective processes. We classified the 
assemblage of SSF from Mackellar Inlet (King George Island, Antarctica) according to their 
growth forms (GF) and epibiotic association type, the latter based on direct observation of the 
epibiotic behaviour of every individual. Organisms that did not comply with any previously 
established GF were grouped into ‘other GF’. Sampling stations were distributed across the 
fjord following a gradient based primarily on the distance to Domeyko Glacier (inner, middle, 
outer sections). Seven GF were recognised in the glaciomarine fjord: tree, bush, stalk, mound, 
flat, runner, and sheet. Four types of epibiotic associations were identified: basibiont, both 
facultative epibiont and basibiont, facultative epibiont (non-basibiont), and epibiont. Our 
results showed that the tree GF were found in the inner and middle sections, mound in middle 
and outer, and flat across all fjord sections. These GF enhanced GF-diversity since they 
constituted additional substrate for most of the ‘other GF’ which had primarily an epibiotic 
strategy. Contrastingly, bush, runner and stalk GF were only found in the outer section of the 
fjord, thus the most distanced from periglacial disturbances. The GF distribution was consistent 
with distance to glacier, both in number and strategies. These results highlight the potentialities 
of the morpho-functional classification applied to Antarctic sessile suspension feeders to help 
understand their distribution based on adaptive capabilities.  

Keywords: Antarctica, macrozoobenthos, functional morphology, life strategies, soft 
bottom. 
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Introduction 

Antarctic sessile suspension feeders (SSF) are characterised by high species 
richness, diversity, and biomass (Brey and Gerdes 1997; Gutt 2007; Clarke 2008; 
Pabis et al. 2011). Bryozoans, cnidarians, ascidians, and sponges contribute 
considerably to the benthic structure in the Southern Ocean, and are key 
components of energy transfer i.e., pelagic-benthic coupling (Brey and Gerdes 
1997; Gutt and Starmans 1998; Gili et al. 2001; Tatián et al. 2008a; Alurralde 
et al. 2019). The functioning of taxa feeding actively or passively on organic 
particles and small living organisms in the water column transported by sea 
currents depends on the influx of particulate material (organic and inorganic) and 
physical disturbances (Gutt 2007; Pabis et al. 2011). The increase of ocean 
temperature in recent decades caused by climate change enhances sedimentation 
and ice scouring, have a direct impact on SSF assemblages (Meredith and King 
2005; Barnes and Souster 2011; Rückamp et al. 2011; Barnes 2017). 

Understanding the mechanisms that regulate species adaptive capacities is 
essential for predicting which populations are likely to be affected, benefited, or 
remain neutral to changing environmental conditions (Morley et al. 2019). For 
SSF, the morphology is a valuable functional trait through which they cope with 
environmental pressures (Momo et al. 2008; Tatián et al. 2008b; Torre et al. 
2014). Basic patterns are repeated between phylogenetically distant taxa that may 
represent convergent adaptations to cope with similar environmental conditions 
(Jackson 1979; Kott 1989). Jackson (1979) proposed a classification of growth 
forms (GF) that divides colonial organisms into six groups based on space 
occupancy: tree, plate, mound, vine, runner, and sheet. This model was based on 
geometric parameters (size and shape) that enabled the interpretation of their 
adaptive significance and specific potential for survival. Some growth forms had 
increased commitment with survival (trees ≥ plates > mounds > sheets) while the 
other GF, such as runners and vines, were considered as ‘fugitives’ by exhibiting 
a refuge-seeking strategy (Jackson 1979).  

In an environment with high sediment discharge, such as inner parts of fjords, 
diversity of functional traits is lower and increases with distance from 
disturbance, as reflected in peak biological parameter values (Pęcherzewski 
1980; Włodarska-Kowalczuk et al. 2005). The GF approach has been used before 
in polar latitudes for the assessment of distributions and adaptive strategies of 
benthos in disturbed environments (Teixidó et al. 2004; Momo et al. 2008; Pabis 
et al. 2014; Torre et al. 2014; Krzemińska and Kukliński 2018). Teixidó et al. 
(2004) examined macrobenthic recovery patterns after ice disturbance in the 
Weddell Sea and concluded that GF cover patterns changed along successional 
stages. 

GF classification has the potential to summarize and characterize local-to- 
regional distributions along environmental gradients (Stach 1936; Schopf 1969; 
Ryland and Warner 1986; Nelson et al. 1988) as well as to increase the 
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understanding of the environmental pressures and opportunities faced by 
organisms (Chapin et al. 2000; de Bello et al. 2010; Díaz et al. 2013; Pérez- 
Harguindeguy et al. 2013). This knowledge is also essential for understanding the 
changes that can occur in an ecosystem caused by changing environmental 
conditions (Smith 1995; Amini et al. 2004). In this study, we aimed to classify 
the SSF assemblage of Mackellar Inlet into a GF classification and evaluate their 
spatial distribution. We hypothesize that the distance to the glacier influences the 
distribution of GF in Mackellar Inlet. 

Study area 

Mackellar Inlet is a glaciomarine fjord of approximately 16 km2 surface area 
found within Admiralty Bay, the largest bay of King George Island (KGI) (Fig 1). 
KGI is situated on the border of Antarctic and Subantarctic climatic zones. 
Westerly winds predominate in Admiralty Bay, with west-southwest reaching 
high velocities and generating strong downfall winds (Kowalski 1985; Zwolska 
and Janecki 1999). These winds induce an outflow of surface waters into the 
Bransfield Strait and inflow of deep waters that prevents the formation of any 
distinct parameters (Pruszak 1980; Lipski 1987; Lipski and Rakusa-Suszczewski 

Fig. 1. Growth forms (GF) distribution and composition across Mackellar Inlet in King George 
Island during austral summer 2017 (n = number of GFs). Subscripts in S4 and S7 indicate single 
samples with no replicates. 
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1990; Robakiewicz and Rakusa-Suszczewski 1999). Currents in the center of the 
bay are more intense than within inlets which are low-energy due to tides 
(Campos et al. 2012). 

Subglacial streams bring melted waters into the fjord that contain large 
amounts of suspended mineral matter (Pęcherzewski 1980). The total amount of 
inorganic suspended matter in Admiralty Bay over a year varies from 32 264 to 
171 000 tons (Rakusa-Suszczewski 1995), and due to climate-induced 
phenomena a tendency to of increased sedimentation has been reported (Gilbert 
et al. 2002; Sanders et al. 2010; Cook et al. 2016). The belt of hard-bottom is 
narrow in Mackellar Inlet, and it quickly changes to soft-bottom dominated by 
silt and mud (Zielinski 1990). Calving of glaciers also delivers dropstones to 
nearby areas, enhancing heterogeneity and influencing on benthic biodiversity 
(Gutt 2001; Ziegler et al. 2016). Some oceanographic phenomena typical for 
coastal waters are recognized, such as the circulation generated by tides and the 
nearshore upwelling (Pruszak 1980; Lipski 1987). 

Material and methods 

Sampling design. — The fjord was intentionally divided into three sections 
in a distance gradient to Domeyko Glacier, and eight sampling stations across 
sections were surveyed (Table 1, Fig. 1). In each station four replicates of soft- 
bottom macrozoobenthos were collected from an inflatable boat by manually 
deploying a 0.05 m² Van Veen grab sampler, except in stations S4 and S7 where 

Ta b l e  1  

Sampling stations from Mackellar Inlet, King George Island (WGS84 geographic system) 
and environmental data measurements. Subscripts in S4 and S7 indicate single samples, 

no replicates. 

Sampling 
stations 

Latitude 
(°W) 

Longitude 
(°S) 

Distance from 
Domeyko Glacier 

front (m) 

Fjord 
section Depth (m) Folk classification 

S1 62.0906 58.4839 1000 inner  ~41 gravelly mud 
S2 62.0808 58.4650 900 inner  ~34 gravelly mud 
S3 62.0667 58.4221 1300 inner  ~34 gravelly mud 

S4(1) 62.0853 58.4487 2000 middle  ~41 silt 
S5 62.0839 58.4333 2400 middle  ~47 gravelly mud 
S6 62.1033 58.4541 400* outer  ~20 gravelly mud 

S7(1) 62.0966 58.4337 3600 outer  ~106 sandy silt 
S8 62.0902 58.4147 3500 outer  ~16 muddy gravel 

* Distance to Znosko Glacier 
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only one sample in each was collected (S4(1) and S7(1)). Sessile suspension 
feeding organisms were retrieved and fixed with 4% formalin, and few grab 
samples were preserved in 70% ethanol for genetic research. 

Three parameters relevant to the distribution of the GF are presented in 
Table 1. Approximate linear distances of each station to the front of the Domeyko 
Glacier (Znosko Glacier end for S6) were measured in ArcMap 10.7 using 
a WorldView-2 satellite image from March 2012 (see acknowledgments). Depth 
corresponds to the first grab deployed at each station and samples for grain-size 
analysis were collected by the INGEMMET during the ANTAR XXV Expedition 
in 2018. Folk (1954) grain-size classification and nomenclature were used 
(Table 1). For other single measurements of environmental parameters taken at 
the moment or same week of sampling (Appendix 1). 

Growth form classification. —  Specimens classified as SSF following 
classification by Barnes and Sands (2017) were taxonomically identified 
following Monniot and Monniot (1983), Primo and Vázquez (2007) and 
Monniot et al. (2011) and for ascidians (Appendix 2) and Hayward (1995) and 
the Atlas of Antarctic Bryozoa (http://www.iopan.gda.pl/ekologia/Antarctica/ 
index.php?go=Taxa) for bryozoans (Appendix 3). Additionally, some identities 
were confirmed by specialists (see acknowledgments). Samples are stored in the 
scientific collection of the Universidad Científica del Sur (Peru) (Appendix 4). 

We adapted the GF classification by Jackson (1979) distinguishing tree, 
plate, vine, mound, runner and sheet forms to suit better the shallow Antarctic 
assemblages with morpho-functional descriptions of other authors (i.e, bush, 
stalk and flat) (Connell and Keough 1985; Hageman et al. 1998; Torre et al. 
2014) (Table 2). Eleven taxa have not been previously described morphofunc-
tionally, therefore they were classified as ‘other GF’. The attributes of each GF 
are focused on the disposition of the colony or body in relation to the water 
column and substrate, thus in how they occupy space (Connell and Keough 
1985). Additionally, we report the type of epibiotic association  (i.e., organism- 
substrate relationship) found for each taxa, which included: 1) basibiont [b]; 
2) both facultative epibiont and basibiont [fe–b]; 3) facultative epibiont (non- 
basibiont) [fe]; and 4) epibiont [e] (strict epibiont on this study) (Wahl and Mark 
1999). 

Data analysis. — Each station was described by GF number (n), GF relative 
abundance, and number of taxa (S’) per GF. The proportion of GF (%) was 
calculated for each station. GF number and number of taxa per GF in each station 
were discussed in relation to distance to the glacier as glacier disturbance is one 
the most important structural forces for zoobenthic assemblages in Admiralty 
Bay (Siciński et al. 2011). For distribution analysis, GF abundance data was 
transformed into presence/absence to produce a two-way cluster analysis (Q- 
mode for stations, and R-mode for GF) using Sørensen (dis)similarity matrix. 
Routines were performed in PRIMER 6 (Clarke and Gorley 2006). 
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Ta b l e  2 .  

Descriptions and ecological implications of the growth forms found in a shallow soft- 
bottom Antarctic fjord. Classification based on Jackson (1979) but adapted to suit the 
Antarctic assembly: tree, plate, vine, mound, runner, and sheet proposed by Jackson 

(1979), bush by Connell and Keough (1985), stalk by Hageman et al. (1998) and flat 
Momo et al. (2008). 

272 Daniela C.S. Thorne, Bernabé Moreno, Aldo G. Indacochea 



Results 

Of the total number of individuals and colonies collected (390), 87% were 
ascidians and 13% bryozoans within 18 and 13 taxa, respectively. Seven GF 
were identified for Mackellar Inlet: tree, bush, stalked, mound, flat, runner and 
sheet; and an additional group was considered (‘other GF’) (Table 3). The latter 
was the most speciose with eleven taxa, represented mostly by epibiotic 
colonial ascidians with small rounded or elongated forms, and only one 
bryozoan taxon was placed in this group as Tubuliporidae (Johnston, 1837). 
Seven taxa had sheet GF, three taxa had mound and bush GF, and two had tree 
and flat GF. Each stalk and runner GF were represented by one taxon (Table 3). 
With the exception of ‘other GF’, all growth forms were composed either by 
ascidians or bryozoans.   

All taxa from the same GF shared an epibiotic association type, except for 
mound which had both solitary Pyura setosa (Sluiter, 1905) and colonial Aplidium 
spp. representatives, classified as basibiont and without epibiotic association type 
(non-epibiont non-basibiont), respectively. Additionally, some GF shared their 
epibiotic association type: tree, flat and the solitary mound were basibionts; bush 
and runner were facultative epibionts and basibiont; stalk and sheet were 
facultative epibionts and the majority of ‘other GF’ were epibionts (Table 3). 

No sessile suspension feeders were found in stations S1, S2, and S6. Station 
S8 had the highest GF number followed by S7, both in the outer section of the 
fjord. Only one GF was found in S5, located in the middle section of the fjord. 
Sheet GF had the widest distribution, found at five stations (absent only in S4(1)) 
(Figs. 1 and 2). Sheet and flat were found in all three sections of the fjord, while 
bush (S7(1) and S8), runner (S8) and stalk (S7(1)) were only found in the outer 
stations of the fjord. 

The most abundant station was S4(1) with 307 organisms of which > 97% 
were epibiotic living over an aggregation of basibionts (Fig. 2). In S3 the 
abundance was low (11), but tree and flat GF allowed for the presence of some 
epibiotic forms. In S5 sheet was the only GF, with 15 colonies. Stations S7(1) and 
S8 had 19 and 13 taxa, respectively. Of the total abundance across stations (390 
individuals and colonies) 84% were classified as ‘other GF’ (329), and the 
majority of which (234) were Tylobranchion sp.1 zooids were found individually 
embedded in their own tunic and were thus counted as such. 

The number of GF and taxa changed in relation to the distance from the 
glacier (Fig. 3). GF number was the highest in station S8, the most distant to 
Domeyko Glacier, while the inner S1, S2 did not present any SSF. No GF were 
found in S6 located in the outer section of the fjord but the closest to Znosko 
Glacier. On the other hand, S3, S4(1) and S7(1) stations from the inner, middle, 
and outer sections presented the same number of GF (Fig. 3). The number of taxa 
constantly increased with the distance from the glacier, except for S5 (see 
Appendix 5). 
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Ta b l e  3  

Classification of ascidians and bryozoans found in Mackellar Inlet (King George Island) 
during the austral summer 2017 (ANTAR XXIV) based on growth forms; and their 

corresponding epibiotic association type: basibiont (b), facultative epibiont  
and basibiont (fe–b), facultative epibiont only (fe) (non-basibiont), epibiont (e).  

A – Ascidiacea, B – Bryozoa. 

Growth 
Forms 
(GF) 

taxa 
taxonomic 

group epibiotic association type 

A B b fe-b fe e 

Tree 
Molgula pedunculata (Herdman, 1881)     x       
Cnemidocarpa verrucosa (Lesson, 1830)     x       

Bush 
Nematoflustra flagellata (Waters, 1904)      x     
Himantozoum sp. 1 (Harmer, 1923)       x     
Camptoplites sp. (Harmer, 1923)       x     

Stalk Sycozoa gaimardi (Herdman, 1886)         x   

Mound 
Pyura setosa (Sluiter, 1905)     x       
Aplidium sp. 2 (Savigny, 1816)             
Aplidium sp. 3 (Savigny, 1816)             

Flat 
Ascidia challengeri (Herdman, 1882)     x       
Corella eumyota (Traustedt, 1882)     x       

Runner Himantozoum sp. 2 (Harmer, 1923)       x     

Sheet 

Fenestrulina sp. 1 (Jullien, 1888)         x   
Fenestrulina sp. 2 (Jullien, 1888)         x   
Micropora sp. (Gray, 1848)         x   
Inversiula nutrix (Jullien, 1888)         x   
Antarctothoa sp. (Moyano, 1987)         x   
Patinella sp. (Dall, 1871)         x   
Bryozoa sp. 1         x   
Bryozoa sp. 2         x   

Other 
GF 

Tylobranchion speciosum (Herdman, 1886)           x 
Tylobranchion sp. (Herdman, 1886)           x 
Aplousobranchia sp. 1           x 
Aplousobranchia sp. 2           x 
Aplousobranchia sp. 3           x 
Cnemidocarpa sp. (Huntsman, 1913)       x     
Styelidae (Herdman, 1881)           x 
Polyclinidae sp. 1 (Milne Edwards, 1841)           x 
Aplidium sp. 1 (Savigny, 1816)           x 
Molgula enodis (Sluiter, 1912)           x 
Tubuliporidae (Johnston, 1837)           x  
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The Q-mode (stations) cluster analysis performed on Sørensen dissimilarity 
matrix shows that S3 and S4(1) were the most similar stations (75% similarity), 
followed by S7(1) and S8 (60%). These subgroups shared 49% of similarity, and 
27% with the outgroup S5 (Fig. 4A). On the other hand, the R-mode (GF) cluster 
analysis showed two groups: tree, mound, flat and ‘other GF’ at 65% similarity, 

Fig. 2. Relative (%) and total abundance (number on top of the bar) of growth forms (GF) in each 
sampling stations across Mackellar Inlet in King George Island during austral summer 2017. 
Subscripts in S4 and S7 indicate single samples (no replicates). 

Fig. 3. Number of growth forms (GF) in each sampling stations in relation to distance to the 
glaciers. Light-grey dots and subscripts in S4 and S7 indicate single samples (no replicates). 
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and, runner, bush, and sheet at 53% similarity (Fig. 4B). Stalk GF was an 
outgroup of the previous sharing 20% similarity. The first group is composed by 
GF found along the fjord while the second group is composed by GF found in the 
outer section plus the sheet GF with a more opportunistic strategy. 

Fig. 4. Two-way cluster analysis using Sorensen similarity and group-average linking for presence/ 
absence data. A. Grouping based on sampling stations (Q-mode) categorized by fjord section. 
Subscript in S4 and S7 indicates only one sample collected on those stations. B. Grouping based on 
growth forms (R-mode). 
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Discussion 

Glacier disturbance in the Southern Ocean has been reported as one of the 
most important factors structuring macro and megazoobenthic assemblages in 
shallow areas (Echeverría et al. 2005; Echeverría and Paiva 2006; Smale et al. 
2008; Siciński et al. 2011; Pabis et al. 2014). Glacier disturbance in fjords can 
reduce biomass and the local diversity of benthic communities by means of 
mechanical impact (ice scour), and by the lithogenic input of large amounts of 
inorganic particles (Pęcherzewski 1980; Barnes and Souster 2011). Encrusting 
species were reported to dominate inner and shallow sections of fjords, while 
branched and tuft-like were better represented in deeper and less disturbed areas 
(Barnes 1995; Pabis et al. 2014). Therefore, spatial distribution of GF could serve 
as an indicator of the level of disturbance. Glacier disturbances in Mackellar 
Inlet also seemed to have an influence for diversity and distribution of GF 
confirmed by positive relationship between the number of GF, and the distance to 
the glaciers. This result is consistent with other studies that report higher, 
taxonomic and functional diversity that increase with depth and distancing from 
source of disturbance (Barnes 1995; Gutt and Starmans 1998; Gutt 2001; 
Włodarska-Kowalczuk et al. 2005; Krzemińska et al. 2018). 

In the present study, the tree-like Molgula pedunculata (Herdman, 1881) and 
flat Ascidia challengeri (Herdman, 1881) were found in the inner section of the 
fjord. Tree GF allow their siphons to escape from sediment resuspension, heavy 
sedimentation and other deleterious processes as these structures usually hover 
between 10–30 cm above the bottom (Jackson 1979; Tatián et al. 2008b; Torre 
et al. 2012; Torre et al. 2014), while flat GF were found to cope with high 
concentration of inorganic particles (200 mgL-1) (Tatián et al. 2008b; Torre et al. 
2014). Although through different mechanisms both GF seem to resist high 
sedimentations, but within some limits. A population decrease of Cnemidocarpa 
verrucosa (Lesson, 1830) and M. pedunculata and the flat ascidians Corella 
eumyota (Traustedt, 1882) and A. challengeri were reported from 1994–2010 in 
Potter Cove as a result of increased sedimentation (Sahade et al. 2015). 

A more abundant assemblage was found in the middle section of the fjord in 
station S4(1) with various tree individuals (C. verrucosa), two flats 
(A. challengeri) and a solitary mound (P. setosa). Mound GF were found to be 
dominant in undisturbed areas, while tree GF were usually observed in areas with 
varying disturbance intensity (Teixidó et al. 2004). Dominance of a GF in 
a determined environment undoubtedly reflects its success but parameters which 
control presence/absence also have ecological significance (Hageman et al. 
1997). Conditions in this station allowed for the presence of three types 
of habitats forming GF: tree, flat and mound. These diversified the inner and 
middle section of the fjord by acting as basibionts for other organisms, especially 
for the ‘other GF’. Most of these organisms were ascidians with diverse 
morphologies, from small globulars, as Molgula enodis, to irregular forms, as 
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Tylobrachion speciosum or Aplidium spp. Previous studies have proved that 
growth morphologies can influence community development (Nelson 2009). It is 
assumed that elevated positions are advantageous to feeding on drifting particles 
due to current increase and in an environment with substratum scarcity epibiosis 
is essential (Gutt and Schickan 1998). 

In the eastern part of the middle section (S5), the low number of GF may be 
reflecting some degree of physical disturbance. Only small bryozoans with sheet 
GF were found colonising small rocks (primary substratum) where the 
cheilostome Inversiula nutrix Jullien, 1888 was dominant with ten colonies. 
Due to its low two-dimensional profile this species was recorded successfully 
inhabiting impacted sites (Clark et al. 2017; Krzemińska et al. 2018).  Sheet GF 
are dominant during the first stages of colonisation and are favoured by 
availability of free surface (Boyer et al. 1990) and diverse substrata (Barnes et al. 
1995; Amini et al. 2004; Pabis et al. 2014).  In addition, sheet GF was found in 
all stations except for S4(1), the most abundant one due to a high aggregation of 
Tylobranchion sp., indicating a low competitive capacity for space, as suggested 
by Teixidó et al. (2004). Competition for space have been reported to be less 
relevant for structuring communities in shallow subtidal (0–15 m) and 
intermediate circalittoral zones (15–30 m) because of the predominance of 
much more recurrent glacier-related disturbance factors (Dayton et al. 1974), 
although competition do occur and might have more significant role in these 
assemblages. 

Some GF, such as bush of Nematoflustra flagellata (Waters, 1904), 
Himantozoum sp. 1 and Camptoplites sp., stalk of Sycozoa gaimardi (Herdman, 
1886), and runner GF as Himantozoum sp. 2, were found only in the outer section 
of the fjord and were considered as less competitive (Connell and Keough 1985; 
Jackson 1979; Teixido et al. 2004). The outer part of the fjord located further 
from glacier disturbances is exposed to faster bottom currents of central 
basin having has potential greater larval flux and higher concentrations of 
chlorophyll-a essential for sessile suspension feeders (Siciński et al. 2011; 
Campos et al. 2012; Jansen et al. 2018; Krzemińska and Kukliński 2018; Baylón 
et al. 2019). The morphological flexibility of bush, stalk and runner GF makes 
them capable for surviving in moderate to high energy waters (Wildish and 
Kristmanson 1997; Kuklinski 2009). In addition, the presence of gravel in S8 
may reduce of impacts by granting protected areas (Krzemińska et al. 2018). 
Contrastingly, the absence of GF in the western outer section of the fjord (S6) 
could be explained by vicinity of Znosko Glacier (400 m) as important factor 
providing high amounts of lithogenic material, hindering settlement. 

Jackson (1979) interpreted two main strategies in GF, e.g., committed with 
survival and the fugitives. GF with strong attachment resources and higher 
tolerance to disturbances present the first strategy (tree>plate>mound>sheet), 
while GF with a refuge-seeking behaviour present the latter (runner and vines). In 
Mackellar Inlet, two groups of GF were formed based on distribution similarities. 
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The first corresponded to those GF that tolerate the harsh processes of the inner 
and middle section of the fjord: tree, flat, and mound (all defined as basibionts, 
except for the colonial mounds) and those that benefit from the additional 
substrata, or epibionts. Antarctic species are known to form as biogenic substrata 
(basibionts) structuring benthic communities in disturbed areas (Dayton et al. 
1994). Furthermore, colonial invertebrates are much less fouled and appear to be 
more affected by high sedimentation than solitary organisms (Jackson 1977). 
This implies fundamental differences that must be considered for future research 
for assessing distribution of growth forms. The second group corresponds to GF 
previously found behaving as facultative epibionts which can also be considered 
a fugitive strategy: bush, runner, and sheet. The first two were only found in the 
outer section of the fjord while sheet was found across the fjord and has been 
defined as having an opportunistic behaviour (Pabis et al. 2014). 

Conclusions 

The composition of GF was different along the fjord: bush, runner and stalk 
were only found in the outer sections, while tree, flat, sheet and the ‘other GF’ 
were found in the inner section. Mound GF was found in the middle and outer 
sections. Sheet GF was distributed along the fjord, attributable to its tolerance to 
physical processes, but showed reduced competitive capacities compared to the 
‘other GF’ with epibiotic strategy. These findings support previous interpreta-
tions of GF attributes such as ‘resistant’ and fugitives. The structure of the 
benthic communities in shallow Antarctic fjords can be influenced by the 
epibiotic associations of the GF. The presented GF classification may provide 
relevant insights to deal with uncertainties when projecting responses of 
Antarctic sessile suspension feeders to future ecological changes and dis-
turbances. However, future research should also be focused on larger 
spatiotemporal scales and higher resolution to achieve a better understanding 
of the biological response to environmental processes in Antarctic fjords. 
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Appendix 

A p p e n d i x  1 .  

Single measurements of four environmental parameters taken from the bottom of the 
water column of sampling stations the day or week of sampling in Mackellar Inlet, King 
George Island. Current speed and direction, salinity and temperature obtained with an 

Aanderaa SEAGUARD RCM CTD. Dissolved oxygen (mg. L-1) measured with 
a multiparameter HANNA HI 9828 in water samples collected with a 5L Niskin bottle 

approximately at the depth of grab samples.   

Sampling 
stations 

Latitude 
(W) 

Longitude 
(S) 

Current 
speed (cm/ 

s) 

Current 
direction 
(degrees) 

O2 
Bottom 

(mg. L1) 

Salinity 
(‰) 

Temp 
(°C) 

S1 62.0906 58.4839 2.81 185.7 9.12 34.2 0.67 
S2 62.0808 58.4650 2.59 121.6 9.22 34.1 0.92 
S3 62.0667 58.4221 4.47 284.6 9.36 34.2 1.02 

S4(1) 62.0853 58.4487 1.08 295.5 9.64 34.2 0.93 
S5 62.0839 58.4333 3.38 142.6 9.08 34.2 0.87 
S6 62.1033 58.4541 10.36 58.1 9.5 34.1 1.42 

S7(1) 62.0966 58.4337 5.86 75.1 9.43 34.3 0.78 
S8 62.0902 58.4147 1.66 86.8 7.05 34.1 1.3   
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A p p e n d i x  2 .  

Ascidians (Chordata: Ascidiacea) found during the austral summer 2017 in Mackellar 
Inlet, King George Island, indicating their growth form and their epibiotic association 

type. b: basibiont; fe–b: both facultative epibiont and basibiont; fe: facultative epibiont; 
and e: epibiont. 
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A p p e n d i x  3 .   

Bryozoans (Bryozoa) found during the austral summer 2017 in Mackellar Inlet, King 
George Island, indicating their growth form and their epibiotic association type.  

b: basibiont; fe–b: both facultative epibiont and basibiont; fe: facultative epibiont,  
and e: epibiont. 
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Appendix 4. Collection information of samples at the Universidad Cientifica del Sur.   

Colection 
code Project Year Date Station Taxon Growth  

form 
Abun- 
dance 

UCSUR 
09 000001 Antar XXIV 2017 8.02.2017 S3 Tylobranchion 

speciosum Other 2 

UCSUR 
09 000002 Antar XXIV 2017 8.02.2017 S3 Styelidae sp.1 Other 2 

UCSUR 
09 000003 Antar XXIV 2017 8.02.2017 S3 Molgula pedunculata Tree 3 

UCSUR 
09 000004 Antar XXIV 2017 8.02.2017 S3 Tylobranchion sp. Other 14 

UCSUR 
09 000005 Antar XXIV 2017 8.02.2017 S3 Ascidia challengueri cf. Flat 1 

UCSUR 
09 000006 Antar XXIV 2017 15.02.2017 S4(1) Aplousobranchia sp. 1 Other 1 

UCSUR 
09 000007 Antar XXIV 2017 15.02.2017 S4(1) Tylobranchion sp. Other 223 

UCSUR 
09 000008 Antar XXIV 2017 15.02.2017 S4(1) Tylobranchion 

speciosum Other 56 

UCSUR 
09 000009 Antar XXIV 2017 15.02.2017 S4(1) Cnemidocarpa 

verrucosa Tree 4 

UCSUR 
09 000010 Antar XXIV 2017 15.02.2017 S4(1) Molgula pedunculata Tree 2 

UCSUR 
09 000011 Antar XXIV 2017 15.02.2017 S4(1) Molgula enodis Other 16 

UCSUR 
09 000012 Antar XXIV 2017 15.02.2017 S4(1) Pyura setosa Mound 1 

UCSUR 
09 000013 Antar XXIV 2017 15.02.2017 S4(1) Ascidia challengeri Flat 2 

UCSUR 
09 000014 Antar XXIV 2017 15.02.2017 S4(1) Aplousobranchia sp.2 Other 1 

UCSUR 
09 000015 Antar XXIV 2017 15.02.2017 S7(1) Sycozoa gaimardi  Stalk 2 

UCSUR 
09 000016 Antar XXIV 2017 15.02.2017 S7(1) Polyclinidae Other 2 

UCSUR 
09 000017 Antar XXIV 2017 15.02.2017 S7(1) Molgula enodis cf. Other 1 

UCSUR 
09 000018 Antar XXIV 2017 15.02.2017 S7(1) Tylobranchion sp. Other 1 

UCSUR 
09 000019 Antar XXIV 2017 15.02.2017 S7(1) Aplousobranchia sp.3 Other 1 

UCSUR 
09 000020 Antar XXIV 2017 11.02.2017 S8 Aplidium sp. 1 Other 2 

UCSUR 
09 000021 Antar XXIV 2017 11.02.2017 S8 Aplidium sp. 2 Mound 1 

UCSUR 
09 000022 Antar XXIV 2017 11.02.2017 S8 Aplidium sp. 3 Mound 1 
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Colection 
code Project Year Date Station Taxon Growth  

form 
Abun- 
dance 

UCSUR 
09 000023 Antar XXIV 2017 11.02.2017 S8 Tylobranchion sp. Other 1 

UCSUR 
09 000024 Antar XXIV 2017 11.02.2017 S8 Molgula enodis Other 1 

UCSUR 
09 000025 Antar XXIV 2017 11.02.2017 S8 Corella sp. Flat 1 

UCSUR 
10 000001 Antar XXIV 2017 8.02.2017 S3 Antarctothoa sp. Sheet 1 

UCSUR 
10 000002 Antar XXIV 2017 11.02.2017 S5 Inversula nutrix Sheet 10 

UCSUR 
10 000003 Antar XXIV 2017 11.02.2017 S5 Micropora sp. Sheet 1 

UCSUR 
10 000004 Antar XXIV 2017 11.02.2017 S5 Fenestrulina sp. Sheet 1 

UCSUR 
10 000005 Antar XXIV 2017 11.02.2017 S5 Antarctothoa sp. Sheet 1 

UCSUR 
10 000006 Antar XXIV 2017 15.02.2017 S7(1) Antarcthotoa sp. Sheet 1 

UCSUR 
10 000007 Antar XXIV 2017 15.02.2017 S7(1) Patinella sp. Sheet 1 

UCSUR 
10 000008 Antar XXIV 2017 15.02.2017 S7(1) Tubuliporidae Other 7 

UCSUR 
10 000009 Antar XXIV 2017 15.02.2017 S7(1) Nematoflustra 

flagellata Bush 1 

UCSUR 
10 000010 Antar XXIV 2017 15.02.2017 S7(1) Camptoplites sp. Bush 1 

UCSUR 
10 000011 Antar XXIV 2017 15.02.2017 S7(1) Himantozoum sp. 1 Bush 1 

UCSUR 
10 000012 Antar XXIV 2017 11.02.2017 S8 Himantozoum sp. 2 Runner 1 

UCSUR 
10 000013 Antar XXIV 2017 11.02.2017 S8 Nematoflustra 

flagellata  Bush 2 

UCSUR 
10 000014 Antar XXIV 2017 11.02.2017 S8 Inversula nutrix Sheet 3 

UCSUR 
10 000015 Antar XXIV 2017 11.02.2017 S8 Antarctothoa sp,  Sheet 8 

UCSUR 
10 000016 Antar XXIV 2017 11.02.2017 S8 Camptoplites sp. Bush 1 

UCSUR 
10 000017 Antar XXIV 2017 11.02.2017 S8 Patinella sp. Sheet 1 

UCSUR 
10 000018 Antar XXIV 2017 11.02.2017 S8 Fenestrulina sp.2 Sheet 2 

UCSUR 
10 000019 Antar XXIV 2017 11.02.2017 S8 Briozoa sp. 1 Sheet 1 

UCSUR 
10 000020 Antar XXIV 2017 11.02.2017 S8 Briozoa sp. 2 Sheet 3  
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