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Abstract: Biological and abiotic processes infl uence ecosystem structure and species 
distribution. For bryozoan assemblages, depth, substratum and habitat structure are 
among the main factors infl uencing their distribution. Ecological studies on bryozoan 
fauna from Brazil are scarce and factors affecting the distribution and/or diversity of this 
common group are obscure. Here we attempted to verify the infl uence of bathymetry on 
bryozoan richness on the north shore of Bahia State, north-eastern Brazil. We identifi ed 57 
bryozoan taxa, comprising 35 families and 50 genera, all belonging to the Cheilostomata. 
Retevirgula multipunctata Winston, Vieira & Woollacott, 2014 and Tetraplaria dichotoma
(Osburn, 1914) and the genus Aimulosia Jullien, 1888 were recorded for the fi rst time from 
Bahia State. Species growing as encrusting sheets were dominant at all depths. There 
was a signifi cant difference in richness among samples at different depths, with highest 
values of richness at 40 meters (Kruskal-Wallis Test). Analysis of similarities revealed 
a signifi cant difference among the bryozoan assemblages, mainly when comparing 
assemblages from 10 and 20 meters with deeper ones. Also, shallower assemblages 
composition varied much than assemblages from 30 and 40 meters. Since depth is a 
proxy for several environmental parameters, further studies are needed to identify other 
factors infl uencing bryozoan distribution.

Key words: Atlantic Ocean, bryozoan assemblages, Cheilostomata, colonial growth form.

INTRODUCTION

Understanding how biological and abiotic 
processes infl uence ecosystem structure and 
species distribution is a main goal in ecology 
(Clark et al. 2017a). Such comprehension may 
be essential to evaluate factors affecting the 
distribution of organisms in different marine 
environments (Kuklinski & Bader 2007, Balazy 
& Kuklinski 2017, Clark et al. 2017a, Peterson 
& Herkul 2019). Among the benthic fauna 
bryozoans are considered a good model for 
investigations of environmental infl uences on 

the community structure: they are not only 
speciose and abundant but also present in 
virtually all marine habitats, with many species 
showing broad bathymetric ranges (McKinney 
& Jackson 1989, Lidgard 1990, Clarke & Lidgard 
2000, Kuklinski et al. 2006, Ben Ismail et al. 
2012, Figuerola et al. 2014, Souto & Albuquerque 
2019). In this context, many taxa could be model 
organisms for exploring depth-related changes 
(e.g. Hageman et al. 1995, Kuklinski et al. 2005, 
Liuzzi et al. 2018).

Bryozoans comprise colonial invertebrates 
whose assemblages are mainly infl uenced by 
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depth, substratum, and habitat structure (e.g. 
rugosity) (Amini et al. 2004, Kuklinski et al. 2006, 
Ben Ismail et al. 2012). Some of these key factors 
may be further affected by other environmental 
parameters, such as current strength, wave 
action and topography (e.g. profile) (Kuklinski 
2002, Barnes & Kuklinski 2003, Amini et al. 2004). 
Generally, depth is directly related to changes in 
bryozoan assemblages due to the influence of 
driving factors, such as light and temperature, 
over characteristics of the substratum (Kuklinski 
et al. 2006, Balazy & Kuklinski 2017). Amini et al. 
(2004) emphasizes that no bryozoan colonial 
growth form is exclusive to a single habitat, 
although specific growth forms may dominate 
different depths under the influence of a 
particular set of ecological and environmental 
conditions. For instance, encrusting bryozoans 
(i.e. colonies that are fully attached to the 
substratum, being essentially two-dimensional) 
can live in high-energy environments (often 
associated with shallow habitats) and on 
several types of substrata (McKinney & Jackson 
1989, Bone & Wass 1990, Amini et al. 2004, Taylor 
& James 2013). In contrast, erect rigid delicate 
and branching bryozoans (i.e. colonies that have 
only a basal portion attached to the substrata, 
growing as three-dimensional structures), 
are more common than encrusting ones at 
greater depths and in environments lacking 
hard substrata (e.g., Hayward 1981, Nelson et 
al. 1988, Amini et al. 2004, Vieira et al. 2010, 
Almeida et al. 2017). Thus, it is widely known 
that encrusting species are common in shallow 
waters and the occurrence of erect species in 
deeper environments is strongly related to the 
local hydrodynamics. Once shallower habitats 
undergo stronger water movements, including 
tidal fluctuations, erect colony forms that are 
susceptible to mechanical damage are at a 
greater disadvantage than encrusting ones that 
suffer no breakage (e.g. McKinney & Jackson 

1989, Amini et al. 2004, Taylor & James 2013, 
Liuzzi et al. 2018). 

Several studies have been carried out to 
understand those environmental factors that 
influence the dynamics and composition of 
marine bryozoan assemblages (e.g. Lagaaij & 
Gautier 1965, Eggleston 1972, López Gappa & 
Lichtschein 1988, Hageman et al. 1995, Harmelin 
1997, Clarke & Lidgard 2000, López Gappa 2000, 
Novosel et al. 2004, Kuklinski et al. 2005, 2006, 
Kuklinski & Bader 2007, Ben Ismail et al. 2012, 
Denisenko & Grebmeier 2015, Clark et al. 2017b, 
Souto & Albuquerque 2019). Most of these studies 
found that depth, substratum availability, and 
thermal regime are key factors to the occurrence 
of bryozoan species. Also, bryozoan colonial 
growth forms are considered as good indicators 
of environmental conditions mainly because 
assemblages of different growth forms are 
influenced by parameters such as temperature, 
salinity, nutrients, depth, hydrodynamics, and 
sedimentation (Stach 1936, Smith 1995, Nelson 
et al. 1988, Hageman et al. 1998, Amini et al. 
2004, Taylor & James 2013). The majority of 
these ecological studies, however, were carried 
out based on Arctic and Mediterranean fauna, 
with few studies of the Atlantic Ocean available 
(Eggleston 1972, López Gappa & Lichtschein 
1988, Clarke & Lidgard 2000, López Gappa 2000, 
Denisenko et al. 2016, Souto & Albuquerque 
2019).

Traditionally, most of the research on marine 
bryozoans from the South-western Atlantic, 
particularly Brazil, is focused on taxonomy and 
fauna surveys (e.g. Marcus 1955, Winston et al. 
2014, Almeida et al. 2015a, 2017, 2018, Vieira et 
al. 2016, Ramalho et al. 2018). Bryozoan faunas 
of Brazil show high taxonomic diversity and 
variability of growth forms on different types 
of substrata (Vieira et al. 2012), but they also 
contain  some specific substratum-bryozoan 
associations, including species growing on sand 
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(Winston & Vieira 2013), sponges (Almeida et 
al. 2017), molluscs (Marcus 1938, Almeida et al. 
2018), and cnidarians (Vieira & Stampar 2014, 
Ramalho et al. 2018). The only comparison 
between bryozoan fauna at different depths 
along the Brazilian coast was provided in a 
systematic paper, with no data on richness or 
distribution related to the environmental factors 
(Vieira et al. 2010). Since ecological studies are 
scarce and factors that affect the distribution 
and diversity of the bryozoans from Brazil are 
poorly understood, here we present the first 
study focused on the bathymetric distribution 
of bryozoan assemblages from a stretch of the 
coast of Bahia State, north-east Brazil.

MATERIALS AND METHODS 

Study area and sampling
Samples were collected in October 1997 with 
a Van Veen Grab between the localities of 
Itacimirim and Guarajuba (12° 47’ 45” S; 37° 57’ 
09” W and 12° 36’ 55” S; 38° 05’ 49” W), northern 

coast of Bahia State, north-east Brazil (Figure 1). 
The continental shelf of the area is narrow (mean 
of 15 km in width and the shelf edge occurs at 
a depth of 50 m), with a strong bathymetric 
gradient and isobaths almost parallel to each 
other (Bittencourt et al. 2000, Dominguez et al. 
2011). The bottom is composed mainly of two 
types of sediment, siliciclastic and carbonate 
sands, the former found predominantly closer 
to the coast (Dominguez et al. 2011).

Five samples were taken from five different 
depth zones (10, 20, 30, 40, and 50 m) and each 
sample was separated by 2 km (total of 25 
samples). The material was fixed in 4% buffered 
formaldehyde and transported to the laboratory. 

Sample treatment and bryozoan identification 
In the laboratory, samples were washed in 
a 0.25 mm mesh sieve with distilled water 
and then kept in an oven (60 °C) until totally 
dry. After drying, the samples were analysed 
under a stereomicroscope and all bryozoan 
fragments were separated. Due to this colonial 

Figure 1. Studied area and sampling sites (indicated as grey circles) at Littoral North of Bahia State, northeast 
Brazil.
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fragmentation, the bryozoan species were 
counted as present or absent and the data is 
presented as frequency of occurrence. 

For taxonomic identification, bryozoans 
were first washed in sodium hypochlorite 
and then immersed in water to remove the 
external tissues. The bryozoans were then dried 
naturally before being examined under a stereo 
microscope. When necessary, selected fragments 
were mounted on stubs and coated with 
gold for examination using scanning electron 
microscopy. Bryozoans were identified at the 
lower taxonomic level possible, based mainly 
on external morphology (i.e. characteristics of 
autozooids, heterozooids, and reproductive 
structures) and following recent and specific 
literature (e.g. Vieira et al. 2008, 2010, 2016, 
Winston & Vieira 2013, Winston et al. 2014, Almeida 
et al. 2015a, b, 2017, 2018). Voucher specimens 
were deposited at the Bryozoa collection of the 
Setor da Zoologia, Museu de História Natural at 
Universidade Federal da Bahia (UFBA).

The bryozoan colony growth forms (Figure 2; 
Table I) were classified following Bishop (1989), 
Taylor & James (2013), and Almeida et al. (2017). 

Statistical analysis 
Since data did not conform to the assumptions 
that allow parametric analysis, a non-parametric 
Kruskal-Wallis one-way analysis of variance 
was used, using the open-source software R, 
to verify the differences in richness patterns 
among depths. The post hoc Dunn’s Multiple 
Comparison Test was performed to identify 
significant differences among the depth means. 
In order to illustrate the spatial patterns in 
samples and to summarize patterns in bryozoan 
distribution according to depth, the Nonmetric 
Multidimensional Scaling (NMDS) method was 
applied using PC-ORD version 5. The NMDS was 
performed using Bray-Curtis dissimilarity for 
binary (presence/absence) data. 

Analysis of similarities (ANOSIM-test) was 
performed to  compare similarities between 
the combinations of groups and indicate which 
habitats have significantly different species 
communities. Also, to investigate the relationship 
between the bryozoan assemblages and the 
different depths, we used similarity percentage 
analysis (SIMPER) in the PAST program, which 
indicates the dissimilarities and the most 
distinctive species at the different depths. 

RESULTS

A total of 57 bryozoan taxa were identified, 
comprising 35 families and 50 genera, belonging 
to a single order, the Cheilostomata (Table II). 
Most of the families (29 of 35) were represented 
by one or two taxa. The Phidoloporidae was the 
most diverse family, represented by five taxa, 
followed by the Candidae and Lepraliellidae 
(four taxa each) and the Calloporidae, 
Metrarabdotosidae, and Smittinidae (three taxa 
each). 

The Kruskal-Wallis Test indicated that 
there was significant difference in richness 
among samples at different depths (p = 0.0154). 
Dunn’s Multiple Comparisons test results found 
differences between 10 – 40 m (p = 0.012), 20 – 40 
m (p = 0.040), and 40 – 50 m (p = 0.010) (Figure 
3). The results from the NMDS plot showed that 
the species composition of samples collected at 
10 and 20 m were more variable when compared 
with samples from 30, 40, and 50 m. Samples 
from depths of 30, 40, and 50 m formed well-
defined groups (Figure 4). 

The ANOSIM-test showed a significant 
difference among bryozoan assemblages from 
different depths (R = 0.1382; p = 0.0092). The 
highest dissimilarities were verified by SIMPER 
when comparing assemblages from depths of 10 
and 20 m, with Licornia aff. diadema (Busk, 1852) 
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recognized as the species that most contributed 
to these dissimilarities. High dissimilarities 
were also recorded when comparing bryozoan 
assemblages from depths of 10 and 20 m with 
deeper sites. However, lower dissimilarities were 
verified among assemblages from the deeper 
sites. Parasmittina loxoides Winston, Vieira & 
Woollacott, 2014, Nellia tenella (Lamarck, 1816), 
and Margaretta buski Harmer, 1957 represented 
those species that most contributed to the 

dissimilarities between assemblages from 
depths of 30 – 40 m, 30 – 50 m, and 40 – 50 m, 
respectively (Table III).

The majority of the species found in the 
area (42 of 57) have encrusting colonies (38 were 
encrusting sheets; encrusting creeping, uniserial, 
spot, and domal forms were represented by one 
species each), followed by erect rigid branching 
(five species), erect delicate branching and 
erect palmate (four species each) colonies, and 

Table I. Classification of the bryozoan colony growth forms based on criteria from Bishop (1989), Taylor & James 
(2013) and Almeida et al. (2017). Substratum attachment: abfrontal (colony attached to the substratum by the 
zooidal basal wall, abfrontal in relation to the zooidal frontal surface); unattached (colony growing free of 
substratum); proximal (only a proximal ancestrular portion of the colony is attached to the substratum). Zooidal 
orientation (related to the substratum): horizontal (zooids forming laminar sheets adjacent to the substratum); 
vertical (zooids forming free erect branches). Zooidal layers: single (colony with a single layer of autozooids); 
multiple (colony with two or more layers of autozooids on only one side of the colony); cylindrical (colony 
with zooids growing along an axis). Branching: articulated (branches comprising by zooids forming internodes 
separated by chitinous articulation); bifurcating (branches comprising by zooids without articulations).

Growth form Figure Substratum 
attachment 

Zooidal 
orientation Zooidal layers and branching

Encrusting (EN)

Creeping 1A abfrontal horizontal single zooids with basal and erect portions 

Uniserial 1B abfrontal horizontal single zooid in series

Sheet 1C abfrontal horizontal single or multiple sheets

Spot 1D abfrontal horizontal multiple, zooids mounted 

Domal 1E abfrontal horizontal multiple, zooids with vertical relief

Free-living (FL)

Free-living 1F unattached horizontal single with low conical or disk-like profile 

Erect (ER)

Rigid branching 1G proximal vertical single, multiple or cylindrical, rigid articulated 
branches with or without elastic joints

Delicate 
branching 1H proximal vertical single or cylindrical, delicate articulated branches 

without elastic joints

Palmate 1I proximal vertical flattened strap-like bifurcating at intervals
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Figure 2. Bryozoan colony growth forms from the North shore of Bahia State, northeast Brazil. a, encrusting 
creeping; b, encrusting uniserial; c, encrusting sheet; d, encrusting spot; e, encrusting domal; f, free-living; g, erect 
rigid branching; h, erect delicate branching; i, erect palmate. Scale bars: A, C, D, F, H, I = 400 µm; B = 200 µm; E, G = 1 
mm.
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free-living (two species) (Table II). Encrusting 
was the most common colony form at all 
depths, with the highest number of species at a 
depth of 40 m (Figure 5). Fourteen species (nine 
encrusting sheets, two erect rigid branching, two 
erect delicate branching, and one free-living 
form) were reported at all depths (Table II). 
Another 10 species were considered stenobathic 
since they were found at a single depth only 
(Table II). 

Thirty-three species were recorded at a 
depth of 10 m, most of those forming encrusting 
colonies (21 encrusting sheets) and erect (four 
rigid branching and four delicate branching) 
colonies (Table II; Figure 5). No exclusive species 
was found at this depth and no species showed 
higher frequency of occurrence than at other 
depths. Nellia tenella and Licornia aff. diadema 
were considered very common among these 
samples. 

Thirty-seven species were collected at a 
depth of 20 m, 25 species with encrusting colonies 
and 10 species with erect colonies. Aimulosia 
sp. (encrusting sheet) and Aetea cultrata Vieira, 
Almeida & Winston, 2016 (encrusting creeping) 
were only collected at this depth (Table II). 

The  encrust ing  sheet  bryozoans 
Ammatophora arenacea Winston & Vieira, 2013, 
Smittipora tuberculata (Canu & Bassler, 1928), 
Puellina sp., Reptadeonella leilae Almeida, 
Souza, Sanner & Vieira, 2015b, and the free-
living Discoporella salvadorensis Winston, Vieira 
& Woollacott, 2014 were the most common taxa 
at a depth of 30 m. A total of 27 encrusting 
sheet species were found, with four species 
(Hemismittoidea sp., Hippopodina pulcherrima 
(Canu & Bassler, 1928), Utinga castanea (Busk, 
1884) and Fodinella atlantica Winston, Vieira 
& Woollacott, 2014) found exclusively at this 
depth. Ammatophora arenacea and Smittipora 

tuberculata recorded their highest frequencies 
of occurrence when compared with the other 
depths (Table II). 

Fauna from a depth of 40 m was mainly 
represented by encrusting sheet colonies (31 
species), followed by erect species (five rigid 
branching and three erect palmate) (Table 
II; Figure 5). The encrusting sheets species 
Retevirgula multipunctata Winston, Vieira & 
Woollacott, 2014 and Drepanophora tuberculata 
(Osburn, 1914) and the erect palmate 
Trematooecia arborescens were only recorded 
at a depth of 40 m. Puellina sp., Parasmittina 
loxoides, Hippoporina sp., Margaretta buski, 
Bryopesanser pesanseris (Smitt, 1873) and 
Reteporellina evelinae Marcus, 1955 occurred 
more frequently than at other depths, being 
considered very common at 40 m (Tables II and 
III). 

Puellina sp. and Reptadeonella leilae, species 
with encrusting colonies that frequently form 
small unilaminar sheets, were the most frequent 
at depths of 30 and 40 m. Also, the encrusting 
Plesiocleidochasma sp. and Hippoporina sp. 
were the most common at depths of 40 and 
50 m, respectively. Steginoporella magnilabris 
(Busk, 1854) was the commonest bryozoan from 
a depth of 30 to 50 m (Table II). At a depth of 
50 m, the number of encrusting species (24) 
decreased when compared to depths of 30 
and 40 m (27 and 31 species, respectively). 
The only exclusive species at this depth was 
Calyptotheca sp. (Table II). We also found five 
erect rigid branching, three erect palmate, one 
erect delicate branching and only one free-living 
bryozoans at 50 m (Table II).
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Table II. Bryozoan taxa with respective colony-form from the northern coast of Bahia State, north-eastern Brazil. 
New records are marked with an asterisk. Colony growth form: EN, encrusting colony (c, creeping; d, domal; sh, 
sheet; sp, spot; u, uniserial); FL, free-living; ER, erect colony (d, delicate branching; r, rigid branching; p, palmate). 

Bryozoan taxa
Colony 
growth

Frequency of occurrence (%)

10 m 20 m 30 m 40 m 50 m

Family Aeteidae Smitt, 1868

Aetea cultrata Vieira, Almeida & Winston, 
2016 ENc 0 20 0 0 0

Family Calloporidae Norman, 1903

Ammatophora arenacea Winston & Vieira, 
2013 ENsh 40 40 100 40 40

Copidozoum tenuirostre (Hincks, 1880) ENsh 20 40 20 40 40

*Retevirgula multipunctata Winston, Vieira & 
Woollacott, 2014 ENsh 0 0 0 20 0

Family Antroporidae Vigneaux, 1949

Antropora typica (Canu & Bassler, 1928) ENsh 20 0 20 20 20

Family Quadricellaridae Gordon, 1984

Nellia tenella (Lamarck, 1816) ERr 80 80 100 80 20

Family Cupuladriidae Lagaaij, 1952

Cupuladria monotrema Busk, 1884 FL 20 20 20 40 0

Discoporella salvadorensis Winston, Vieira & 
Woollacott, 2014 FL 20 60 100 100 80

Family Candidae d’Orbigny, 1851

Canda alsia Winston, Vieira & Woollacott, 
2014 ERd 40 20 40 40 80

Cradoscrupocellaria calypso Vieira, Spencer 
Jones & Winston, 2013 ERd 40 40 0 0 20

Licornia aff. diadema (Busk, 1852) ERd 80 40 40 60 80

Licornia sp. ERd 20 40 0 40 60

Family Microporidae Gray, 1848

Micropora angustiscapulis Winston, Vieira & 
Woollacott, 2014 ENsh 20 20 40 60 20

Mollia elongata Canu & Bassler, 1928 ENsh 0 20 40 40 0

Family Onychocellidae Jullien, 1882

Smittipora tuberculata (Canu & Bassler, 
1928) ENsh 40 20 80 40 60
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Bryozoan taxa
Colony 
growth

Frequency of occurrence (%)

10 m 20 m 30 m 40 m 50 m

Family Steginoporellidae Hincks, 1884

Labioporella tuberculata Winston, Vieira & 
Woollacott, 2014 ENsh 0 20 0 20 0

Steginoporella magnilabris (Busk, 1854) ENsh 20 0 60 100 100

Family Cellariidae Fleming, 1828

Cellaria oraneae Almeida, Souza & Vieira, 
2017 ERr 20 20 20 0 0

Family Cribilinidae Hincks, 1879

Puellina sp. ENsh 20 40 80 100 20

Family Hippothoidae Busk, 1859

Hippothoa flagellum Manzoni, 1870 ENu 20 20 0 20 0

Family Trypostegidae Gordon, Tilbrook & Winston, 2005

Trypostega tropicalis Winston, Vieira & 
Woollacott, 2014 ENsh 20 40 60 40 20

Family Vitrimurellidae Winston, Vieira & Woollacott, 2014

Vitrimurella fulgens (Marcus, 1955) ENsh 0 20 0 20 0

Family Arachnopusiidae Jullien, 1888

Poricella frigorosa Winston, Vieira & 
Woollacott, 2014 ENsh 40 0 0 40 40

Family Exechonellidae Harmer, 1957

Exechonella vieirai Cáceres-Chamizo, Sanner, 
Tilbrook & Ostrovsky, 2017 ENsh 0 0 40 20 20

Family Adeonidae Busk, 1884

Reptadeonella leilae Almeida, Souza, Sanner 
& Vieira, 2015b ENsh 0 40 80 80 20

Reptadeonella brasiliensis Almeida, Souza, 
Sanner & Vieira, 2015b ENsh 40 20 40 60 40

Family Lepraliellidae Vigneaux, 1949

Celleporaria carvalhoi Marcus, 1939 ENsh 20 0 40 60 0

Celleporaria schubarti Marcus, 1939 ENsh 40 0 60 60 20

Celleporaria mordax (Marcus, 1937) ENsh 20 0 20 60 20

Table II. Continuation
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Bryozoan taxa
Colony 
growth

Frequency of occurrence (%)

10 m 20 m 30 m 40 m 50 m

Drepanophora tuberculata (Osburn, 1914) ENsh 0 0 0 20 0

Family Metrarabdotosidae Vigneaux, 1949

Metrarabdotos jani Winston, Vieira & 
Woollacott, 2014 ENsh 20 20 20 0 40

Metrarabdotos tuberosum Canu & Bassler, 
1928 ERp 0 20 0 0 20

Metrarabdotos auriculatum Canu & Bassler, 
1923 ERp 20 0 0 40 20

Family Smittinidae Levinsen, 1909

Parasmittina loxoides Winston, Vieira & 
Woollacott, 2014 ENsh 20 20 0 80 20

Pleurocodonellina marcusi Almeida, Souza, 
Farias, Alves & Vieira, 2018 ENsh 20 20 0 20 0

Hemismittoidea sp. ENsh 0 0 20 0 0

Family Bitectiporidae MacGillivray, 1895

Hippoporina sp. ENsh 40 0 40 80 0

Family Lanceoporidae Harmer, 1957

Calyptotheca sp. ENsh 0 0 0 0 40

Family Schizoporellidae Jullien, 1883

Schizoporella sp. ENsh 40 40 40 60 20

Stylopoma aurantiacum (Canu & Bassler, 
1928) ENsh 20 20 0 60 60

Family Tetraplariidae Harmer, 1957

*Tetraplaria dichotoma (Osburn, 1914) ERr 0 20 20 0 0

Family Margarettidae Harmer, 1957

Margaretta buski Harmer, 1957 ERr 40 40 60 100 0

Family Buffonellodidae Gordon & d’Hondt, 1997 

*Aimulosia sp. ENsh 0 20 0 0 0

Family Hipoppodinidae Levinsen, 1909

Hipoppodina pulcherrima (Canu & Bassler, 
1928) ENsh 0 0 20 0 0

Table II. Continuation
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Bryozoan taxa
Colony 
growth

Frequency of occurrence (%)

10 m 20 m 30 m 40 m 50 m

Family Escharinidae Tilbrook, 2006

Bryopesanser pesanseris (Smitt, 1873) ENsh 0 20 20 80 40

Family Hippaliosinidae Winston, 2005

Hippaliosina imperfecta (Canu & Bassler, 
1928) ENsh 0 20 20 20 40

Family Petraliellidae Harmer, 1957

Utinga castanea (Busk, 1884) ENsh 0 0 20 0 0

Family Mamilloporidae Canu & Bassler, 1927

Mamillopora cupula Smitt, 1873 ENd 0 20 20 0 0

Family Cleidochasmatidae Cheetham & Sandberg, 1964

Calyptooecia conuma Almeida & Souza, 2014 ENsp 0 20 0 20 0

Gemelliporina glabra (Smitt, 1873) ERr 40 40 40 80 80

Family Colatooeciidae Winston, 2005

Trematooecia arborescens (Canu & Bassler, 
1928) ERp 0 0 0 40 0

Family Hippoporidridae Vigneaux, 1949

Hippotrema fissurata Almeida & Souza, 2014 ENsh 20 0 20 20 20

Family Phidoloporidae Gabb & Horn, 1862

Fodinella atlantica Winston, Vieira & 
Woollacott, 2014  ENsh 0 0 20 0 0

Plesiocleidochasma sp. ENsh 0 0 0 20 20

Rhynchozoon brasiliensis Almeida, Souza, 
Menegola & Vieira, 2017 ENsh 20 20 20 60 40

Rhynchozoon sp. ENsh 0 20 20 40 0

Reteporellina evelinae Marcus, 1955 ERp 0 0 40 80 40

Table II. Continuation
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Figure 3. Mean number and 
standard deviation of bryozoan 
species per depth on the North 
shore of Bahia State.

Figure 4. NMDS plot of bryozoan 
bathymetric distribution on the 
North shore of Bahia State.

DISCUSSION

Bryozoans  be long ing  to  the  Order 
Cheilostomata are recognized as a dominant 
group in marine environments of the Present 
(Ryland 1970, Kuklinski et al. 2005). In general 
terms the composition of the bryozoan 
assemblages studied here agree with the 
bryozoan richness already described for 
the area (Almeida et al. 2015b, 2017, 2018). 
Almeida et al. (2015b) recognized the families 
Smittinidae, Phidoloporidae, Candidae, and 

Schizoporellidae as the most diverse in Bahia 
State. In this study, three of these (Smittinidae, 
Phidoloporidae, and Candidae) are considered 
to be the most diverse families. Representatives 
of these families are commonly reported from 
the shallow waters of the Brazilian coast and 
frequently show high species diversity (e.g. Vieira 
et al. 2008, Almeida et al. 2015b, 2018). Also, the 
Smittinidae, Phidoloporidae, and Candidae are 
among the most diverse cheilostome families 
in warm tropical and subtropical waters, 
comprising more than 200 living species each 
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(Bock & Gordon 2019). Smittinidae species are 
commonly reported from shallow waters on 
hard substrata (such as coral reefs), mainly in 
the Caribbean, Hawaiian, and Australian regions 
(e.g. Soule & Soule 1973, Winston 1986, Ryland 
& Hayward 1992). Phidoloporidae are frequently 
found on bottoms mainly composed of biogenic 
substrata (e.g. corals, shells, rhodoliths) (e.g. 
Hayward 2004, Vieira et al. 2010, Almeida et al. 
2017, 2018), comprising the most speciose family 
in Australia, with more than 70 species already 
recorded from that area (Cook et al. 2018, Bock 
& Gordon 2019). The family Candidae is generally 
well-distributed worldwide (Cook et al. 2018, 
Bock & Gordon 2019) and known to occur on 
a wide range of natural and artificial substrata 
(e.g. Vieira et al. 2013, Almeida et al. 2017, 2018).

The species Retevirgula multipunctata 
and Tetraplaria dichotoma and the genus 
Aimulosia Jullien, 1888 are recorded for the first 
time from Bahia State (Figure 6). Retevirgula 
multipunctata was recently described, based 
on specimens collected at depths of 64 – 82 m 
from Rio de Janeiro State, south-eastern Brazil. 
Here we report the second locality known for 
this species so far, with specimens from Bahia 

found at a depth of 40 m. Tetraplaria dichotoma 
is distributed through the Western Atlantic, 
being found in the Gulf of Mexico and the 
Caribbean, at depths ranging from 18 to 270 m 
(Montoya-Cavidad et al. 2007, Winston & Maturo 
2009). The genus Aimulosia is reported here 
for the first time in Brazilian waters; because 
specimens of this genus studied here consisted 
of only small fragments with broken ooecia, it 
was not possible to confidently assign a specific 
identification. Species of Aimulosia are common 
in the Caribbean region, frequently found in 
shallow waters (20 m deep, or less) (Winston 
1986), and also known from Patagonia and 
Antarctica (Figuerola et al. 2014). The occurrence 
of these taxa in the assemblages studied here 
is unsurprising and these new records can be 
attributed to the historical underestimation of 
bryozoan fauna from Brazil, as highlighted by 
Almeida et al. (2015b, 2017, 2018). 

The majority of bryozoan species from the 
northern coast region of Bahia State (67%) have 
colonies that grow as encrusting sheets largely 
attached to the substratum. Since it allows 
these species to live on virtually any type of 
substratum and in high-energy environments, 

Figure 5. Total number of 
bryozoan species per growth 
form in different depth 
(10 to 50 meters). Colony 
growth form: EN, encrusting 
colony; ER, erect colony; FL, 
free-living. 
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this colony growth form is considered to be 
the most opportunistic (McKinney & Jackson 
1989, Amini et al. 2004). Most of the encrusting 
species in the assemblages studied here form 
unilaminar colonies that are common in shallow 
shelf environments, up to 200 m deep (Nelson 
et al. 1988, Stach 1936, Smith 1995, Amini et al. 
2004) as in the studied area.

Erect colonies (rigid branching, delicate 
branching, and palmate) were also represented 
in the studied area. Erect rigid and delicate 
branching bryozoans are common in 
environments with moderate to high energy 
(Stach 1936, Amini et al. 2004). The high frequency 
of two erect branching species (Licornia aff. 
diadema and Nellia tenella) at a depth of 10 
m found here seem to be in accordance with 
this trend. Also, erect palmate colonies are 
commonly related to low energy waters as depth 
increases (Cheetham & Thomsen 1981, Amini et 
al. 2004). Here we found that an erect palmate 
species, Trematooecia arborescens, was among 
the commonest taxa at a depth of 40 m, unlike 
in the assemblages at shallower depths. 

Much more variation was seen in the 
composition of bryozoan assemblages among 

the samples collected at depths of 10 and 20 
m, with the species composition becoming 
very similar with increasing depth, especially 
in the assemblages from 30 and 40 m (see 
Figure 4). Depth is considered to be among 
the key factors determining the composition 
of bryozoan assemblages (e.g. Kuklinski 2002, 
Barnes & Kuklinski 2003, Ben Ismail et al. 
2012, Denisenko & Grebmeier 2015, Denisenko 
et al. 2016). As highlighted by Hageman et al. 
(1995), depth is a proxy for several parameters, 
including nutrient supply, temperature, and 
bottom-current energy. In this context our 
results can be related theoretically to a gradient 
of increasing stability (i.e. less wave action and 
stable water temperatures) with an increase 
in depth. In general terms, it is assumed that 
assemblages are less diverse intertidally than 
in subtidal to shallow shelf environments (e.g. 
Lidgard 1990, Kuklinski et al. 2005). Higher 
diversity of encrusting cheilostome bryozoans, 
for example, is found between 10 and 50 m deep 
(Lidgard 1990) and greatest abundance usually 
terminates at the break of the continental shelf, 
at depths of around 200 m (Ryland 1970). We 
found a similar trend here since the highest 

Figure 6. New 
records of bryozoans 
from Bahia State. 
a, Retevirgula 
multipunctata; b, c, 
Tetraplaria dichotoma; 
d, Aimulosia sp. Scale 
bars: a, d = 100 µm; b = 
500 µm; c =  150 µm.
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richness of bryozoans was found at a depth of 
40 m with a decrease in richness at 50 m and, 
also, samples from depths of 30 and 40 m were 
more similar in composition. Vieira et al. (2010) 
studied the bryozoan fauna from the southern 
and south-eastern Brazilian continental shelf 
and slope (99 to 517 m deep), also collected 
by benthic samplers (van Veen, Box-corer, and 
rectangular dredge), and provided a compilation 
of species reported from deep waters from 
Brazil; their results are somewhat in accordance 
with this pattern (see also Ryland 1970, Lidgard 
1990, Kuklinski et al. 2005). From the 105 species 
listed by Vieira et al. (2010), only 60 occurred 
deeper than 200 m. The composition of the 
assemblages described by Vieira et al. (2010) is 
quite distinct from the fauna presented here. 
Twenty-two species from 16 families were 
reported from deep waters of southern and 
south-eastern Brazil and, from those, only seven 
families (Candidae, Cellariidae, Cribrilinidae, 
Escharinidae, Smittinidae, Colatooeciidae, 
Phidoloporidae) and two species (Smittipora 
acutirostris and Trematooecia arborescens) 
were also reported here. These seven families, 
however, are mainly represented by different 
genera in the Brazilian coast and only the genera 
Cellaria and Rhynchozoon were recorded in both 
areas. Studies on bryozoan fauna from deep-
waters are less common and usually reveal a 
great number of new taxa, including new genera, 
indicating a different composition and greater 
endemism than found in shallower regions (e.g. 
Vieira et al. 2010, Berning et al. 2017, Figuerola et 
al. 2018, Souto & Albuquerque 2019). 

The continental shelf of Brazil is generally 
narrow, reaching maximum widths off the mouth 
of the Amazon River (north; 350 km), Abrolhos 
Bank (east; 245 km), and Santos (southeast; 
200 km) (Berlinck et al. 2004). The shelf break 
is from 40 to 160 m, being wider in the south-
east and south (100 – 160 m) and narrower in 

the north-east and east (40 – 80 m) (Berlinck et 
al. 2004), where the studied area is located. In 
the bryozoan community of the northern coast 
of Bahia State, the highest values of richness 
were recorded at 40 m deep, decreasing at 50 
m, where is the break of the continental shelf 
(Bittencourt et al. 2000, Dominguez et al. 2011). 
However, since ecological studies are scarce 
in Brazil, other aspects must be evaluated to 
identify factors influencing the structure of 
the bryozoan fauna of this region. As noted by 
López Gappa (2000) there is a trend in species 
richness, with either increases or decreases 
associated with increasing depth. It is likely 
that the depth-diversity relation varies locally 
(McKinney & Jackson 1989) as it is strongly related 
to the availability of hard substrata suitable for 
larval settlement (Lidgard 1990, Kuklinski 2002), 
which is perhaps the major factor affecting the 
occurrence and distribution of these animals 
(López Gappa 2000, Kuklinski et al. 2005, Ben 
Ismail et al. 2012). 
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de Malacologia e Ecologia de Bentos, UFBA) for logistical 
support. Funding was provided by the Conselho Nacional 
de Pesquisa (PROTAX-CNPq 440620/2015-5, PDJ-CNPq 
152608/2018-4 and Universal/Faixa A Process N. 28/2018 
424685/2018-3), Programa Refauna (MCTIC/SIBBr/CTFB) 
and Fundação de Amparo a Ciência e Tecnologia do 
Estado de Pernambuco (BFP-FACEPE 0092-2.04/19) to 
Ana CS Almeida. Leando M Vieira was supported by 
Conselho Nacional de Desenvolvimento Científico e 
Tecnológico (CNPq, Process N. 308768/2018-3). This 
study was financed in part by the Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior (CAPES) 
- Finance Code 001.



ANA C.S. ALMEIDA et al. INFLUENCE OF DEPTH ON BRYOZOANS FROM NE BRAZIL

An Acad Bras Cienc (2020) 92(3) e20191096 17 | 19 

REFERENCES

ALMEIDA ACS, SOUZA FBC, SANNER J & VIEIRA LM. 2015a. 
Taxonomy of recent Adeonidae (Bryozoa, Cheilostomata) 
from Brazil, with the description of four new species. 
Zootaxa 4013: 348-368. 

ALMEIDA ACS, ALVES O, PESO-AGUIAR M, DOMINGUEZ J & SOUZA 
F. 2015b. Gymnolaemata bryozoans of Bahia State, Brazil. 
Mar Biodivers Rec 8: e120.

ALMEIDA ACS, SOUZA FBC, MENEGOLA CM & VIEIRA LM. 2017. 
Diversity of marine bryozoans inhabiting demosponges 
in northeastern Brazil. Zootaxa 4290: 281-323.

ALMEIDA ACS, SOUZA FBC, FARIAS J, ALVES OFS & VIEIRA LM. 2018. 
Bryozoa on disarticulated bivalve shells from Todos os 
Santos Bay, northeastern Brazil, with the description of 
two new species. Zootaxa 4434: 401-428.

AMINI ZZ, ADABI MH, BURRETT CF & QUILTY PG. 2004. Bryozoan 
distribution and growth form associations as a tool 
in environmental interpretation, Tasmania, Australia. 
Sediment Geol 167: 1-15. 

BALAZY P & KUKLINSKI P. 2017. Arctic field experiment shows 
differences in epifaunal assemblages between natural 
and artificial substrates of different heterogeneity and 
origin. J Exp Mar Biol Ecol 486: 178-187. 

BARNES DKA & KUKLINSKI P. 2003. High polar spatial 
competition: extreme hierarchies at extreme latitude. 
Mar Ecol Prog Ser 259: 17-28.

BEN ISMAIL D, RABAOUI L, DIAWARA M & BEN HASSINE OK 2012. 
The Bryozoan assemblages and their relationship with 
certain environmental factors along the shallow and 
subtidal Tunisian coasts. Cah Biol Mar 53: 231-242. 

BERLINCK RGS ET AL. 2004. Challenges and Rewards of 
Research in Marine Natural Products Chemistry in Brazil. 
J Nat Prod 67: 510-522. 

BERNING B, HARMELIN, JG & BADER B. 2017. New 
Cheilostomata (Bryozoa) from NE Atlantic seamounts, 
islands, and the continental slope: evidence for deep-
sea endemism. Euro J Taxon 347: 1-51. 

BISHOP JDD. 1989. Colony form and the exploitation 
of spatial refuges by encrusting Bryozoa. Biol Rev 64: 
197-218. 

BITTENCOURT ACS, DOMINGUEZ JML, MARTIN L & SILVA IR. 2000. 
Patterns of sediment dispersion coastwise the State of 
Bahia – Brazil. An Acad Bras Ciênc 72: 272-287.

BOCK P & GORDON DP. 2019. World List of Bryozoa. 
Cheilostomata Busk, 1852. Available from marinespecies.
org/aphia.php?p=taxdetails&id=110722. (28 August 2019).

BONE Y & WASS RE. 1990. Sub-Recent bryozoan-serpulid 
build-ups in the Coorong Lagoon, South Australia. Aust J 
Earth Sci 37: 207-214.

CHEETHAM AH & THOMSEN E. 1981. Functional morphology of 
arborescent animals: strength and design of cheilostome 
bryozoan skeletons. Paleobiology 7: 355-383. 

CLARKE A & LIDGARD S. 2000. Spatial patterns of diversity in 
the sea: bryozoan species richness in the North Atlantic. 
J Anim Ecol 69: 799-814.

CLARK GF, STARK JS & JOHNSTON EL. 2017a. Tolerance rather 
than competition leads to spatial dominance of an 
Antarctic bryozoan. J Exp Mar Biol Ecol 486: 222-229.

CLARK GF, STARK JS, PALMER AS, RIDDLE MJ & JOHNSTON EL. 
2017b. The Roles of Sea-Ice, Light and Sedimentation 
in Structuring Shallow Antarctic Benthic Communities. 
PLoS ONE 12: e0168391.

COOK PL, BOCK PE, GORDON DP & WEAVER HJ. 2018. Australian 
Bryozoa Volume 2. Taxonomy of Australian Families. 
Melbourne: CSIRO Publishing, 320 p.

DENISENKO NV & GREBMEIER JM. 2015. Spatial patterns 
of bryozoan fauna biodiversity and issues of 
biogeographic regionalization of the Chukchi Sea.   
Oceanography 28: 134-145. 

DENISENKO NV, HAYWARD PJ, TENDAL OS & SORENSEN J. 2016. 
Diversity and biogeographical patterns of the bryozoan 
fauna of the Faroe Islands. Mar Biol Res 12: 360-378.

DOMINGUEZ JML, RAMOS JMF, REBOUÇAS RC, NUNES AS & MELO 
LCF. 2011. A plataforma continental do município de 
Salvador: geologia, usos múltiplos e recursos minerais. 
Salvador: Companhia baiana de Pesquisa Mineral, Série 
Arquivos Abertos, 72 p. 

EGGLESTON D. 1972. Factors influencing the distribution of 
sub-littoral ectoprocts off the south of the Isle of Man 
(Irish Sea). J Nat His 6: 247-260.

FIGUEROLA B, GORDON DP, POLONIO V, CRISTOBO J & AVILA C. 
2014. Cheilostome bryozoan diversity from the southwest 
Atlantic region: is Antarctica really isolated? J Sea Res 85: 
1-17.

FIGUEROLA B, GORDON DP & CRISTOBO J. 2018. New deep 
Cheilostomata (Bryozoa) species from the Southwestern 
Atlantic: shedding light in the dark. Zootaxa 4375: 211-249.

HAGEMAN SJ, BONE Y, MCGOWRAN B & JAMES NP. 1995. Modern 
bryozoan assemblages and distribution on the cool-
water Lacepede Shelf, southern Australian margin. Aust 
J Earth Sci 42: 571-580.



ANA C.S. ALMEIDA et al. INFLUENCE OF DEPTH ON BRYOZOANS FROM NE BRAZIL

An Acad Bras Cienc (2020) 92(3) e20191096 18 | 19 

HAGEMAN SJ, BOCK PE, BONE Y & MCGOWRAN B. 1998. Bryozoan 
growth habits: classification and analysis. J Paleontol 72: 
418-436.

HARMELIN JG. 1997. Diversity of bryozoans in a 
Mediterranean sublittoral cave with bathyal-like 
conditions: role of dispersal processes and local factors. 
Mar Ecol Prog Ser 153: 139-152.

HAYWARD PJ. 1981. The Cheilostomata (Bryozoa) of the 
deep sea. Galathea Report. Scientific Results of the 
Danish Deep-Sea Expedition around the world (1950-
52) 15: 21-68. 

HAYWARD PJ. 2004. Taxonomic studies on some Indo-West 
Pacific Phidoloporidae (Bryozoa: Cheilostomata). Syst 
Biodivers 1: 305-326.

KUKLINSKI P. 2002. Fauna of Bryozoa from Kongsfjorden, 
West Spitsbergen. Pol Polar Res 23: 193-206.

KUKLINSKI P & BADER B. 2007. Comparison of bryozoan 
assemblages from two contrasting Arctic shelf regions. 
Estuar Coast Shelf Sci 73: 835-843.

KUKLINSKI P, GULLIKSEN B, LØNNE OJ & WESLAWSKI JM. 2005. 
Composition of bryozoan assemblages related to depth 
in Svalbard fjords and sounds. Polar Biol 28: 619-630.

KUKLINSKI P, GULLIKSEN B, LØNNE OJ & WESLAWSKI JM. 2006. 
Substratum as a structuring influence on assemblages 
of Arctic bryozoans. Polar Biol 29: 652-661.

LAGAAIJ R & GAUTIER YV. 1965. Bryozoan assemblages 
from marine sediments of the Rhône delta, 
France. Micropaleontology 11: 39-58. 

LIDGARD S. 1990. Growth in encrusting cheilostome 
bryozoans: II. Circum-Atlantic distribution patterns. 
Paleobiology 16: 304-321. 

LIUZZI MG, LÓPEZ GAPPA J & SALGADO L. 2018. Bryozoa from 
the continental shelf off Tierra del Fuego (Argentina): 
Species richness, colonial growth-forms, and their 
relationship with water depth. Estuar Coast Shelf Sci 214: 
48-56.

LÓPEZ GAPPA J. 2000. Species richness of marine Bryozoa 
in the continental shelf and slope off Argentina (south-
west Atlantic). Divers Distrib 6: 15-27.

LÓPEZ GAPPA J & LICHSTEIN V. 1988. Geographic distribution 
of bryozoans in the Argentine Sea (Southwestern 
Atlantic). Oceanologica Acta 11: 89-100. 

MARCUS E. 1938. Bryozoarios perfurados de Conchas. 
Shell burrowing Polyzoa. Arq Inst Biol 9: 273-296. 

MARCUS E. 1955. Notas sobre briozoos marinhos 
brasileiros. Arch Mus Nac Rio de J 42: 273-342.

MCKINNEY FK & JACKSON BC 1989. Bryozoan Evolution. 
Chicago: University of Chicago. 238 p.

MONTOYA-CAVIDAD E, FLÓREZ-ROMERO P & WINSTON JE. 2007. 
Checklist of the marine Bryozoa of the Colombian 
Caribbean. Biota Colomb 8: 159-184.

NELSON CS, HYDEN FM, KEANE SL, LEASK WL & GORDON DP. 1988. 
Application of bryozoan zoarial growth-form studies in 
facies analysis of non-tropical carbonate deposits in 
New Zealand. Sediment Geol 60: 301-322.

NOVOSEL M, POZAR-DOMAC A & PASARIC M. 2004. Diversity 
and distribution of the Bryozoa along Underwater Cliffs 
in the Adriatic Sea with Special Reference to Thermal 
Regime. Mar Ecol 25: 155-170. 

OSBURN RC. 1914. The Bryozoa of the Tortugas Islands, 
Florida. Publ Carnegie Instit Wash 182: 183-222. 

PETERSON A & HERKUL K. 2019. Mapping benthic biodiversity 
using georeferenced environmental data and predictive 
modeling. Mar Biodiv 49: 131-146.

RAMALHO LV, TAYLOR PD, MORAES FC, MOURA R, AMADO-FILHO 
GM & BASTOS AC. 2018. Bryozoan framework composition 
in the oddly shaped reefs from Abrolhos Bank, Brazil, 
southwestern Atlantic: taxonomy and ecology. Zootaxa 
4483: 155-186.

RYLAND JS. 1970. Bryozoans. London: Hutchinson 
University Library. 175 p.

RYLAND JS & HAYWARD PJ. 1992. Bryozoa from Heron Island, 
Great Barrier Reef. Mem Queensl Mus 32: 223-301.

SMITH AM. 1995. Palaeoenvironmental interpretation 
using bryozoans: a review. Geol Soc London Spec Publ 
83: 231-243.

SOULE DF & SOULE JD. 1973. Morphology and speciation 
of Hawaiian and eastern Pacific Smittinidae (Bryozoa, 
Ectoprocta). B Am Mus Nat Hist 152: 365-440.

SOUTO J & ALBUQUERQUE M. 2019. Diversity and community 
structure of Cheilostomata (Bryozoa) from the Hayes 
Fracture Zone, Mid-Atlantic ridge. Deep-Sea Res Pt I, 147: 
22-53. 

STACH LW. 1936. Correlation of zoarial form with habitat. J 
Geol 44: 60-65.

TAYLOR PD & JAMES NP. 2013. Secular changes in colony-
forms and bryozoan carbonate sediments through 
geological history. Sedimentology 60: 1184-1212.

VIEIRA LM, ALMEIDA ACS & WINSTON JE. 2016. Taxonomy of 
intertidal cheilostome Bryozoa of Maceió, northeastern 
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