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Abstract

The present study is the first attempt to describe beta-diversity patterns in polychaetes of the
Caribbean Sea, analysing depth changes in species composition of the Eunicida and
Amphinomida inhabiting dead coral in Chinchorro Bank, southern Mexican Caribbean. In
April 2008, dead coral fragments were collected by scuba diving in eight stations along two
bathymetric gradients (4-9 m and 7-16.2 m depth); 755 individuals from 53 species of the
families Amphinomidae, Dorvilleidae, Eunicidae, Lumbrineridae, Oenonidae and Onuphidae
were identified. The highest number of species (32) and individuals (514) were found in the
family Eunicidae. The Northern transect harboured 36 species, on average 18.75 ind. L
which decreased linearly with depth; the Central transect had 43 species, on average
19.01 ind. L™', which increased at middle depths. The species inhabiting both these zones
were moderately different (Bsor =0.603): 49.06% of the fauna occurred on both transects,
but the components of beta-diversity, turnover and nestedness, displayed distinct patterns:
in the Northern one replacement was the dominant factor (Bsim = 0.3-1; Bnes=0-0.091),
practically representing all faunal differences (Bsor =0.391-1); in the Central, dissimilarity
due to nestedness increased (Bnes=0.031-0.829), mainly at the shallowest stations, but
from 5m depth, beta-diversity was almost completely explained by species replacement
(Bsim = 0.417-0.5; Bnes = 0.031-0.318). Faunal differences were mostly related to higher abun-
dances of Lysidice caribensis, Eunice goodei and Lumbrineris floridana in the Northern zone,
and Lumbrineris perkinsi, Nicidion obtusa, Lysidice caribensis, Lumbrineris floridana,
Lysidice unicornis and Eunice mutilata in the Central zone.

Introduction

The Caribbean Sea is a highly productive region, with considerable spatial heterogeneity, high
biodiversity and complex biological interactions; it is considered one of the top five ‘marine
biodiversity hotspots’ worldwide (Roberts et al., 2002; Dean, 2012). Coral reefs are extensively
distributed in this marine region, but there are also widespread seagrass meadows, algae and
mangrove forests, which provide breeding habitats for many species (Bertness et al., 2014;
Ruiz-Abierno & Armenteros, 2017). More than 12,000 species have been recorded there, of
which around 60% are fishes, crustaceans and molluscs (Miloslavich et al, 2010), and even
sipunculans (Frontana et al., 2018) but the other faunal groups, including the polychaetes,
are poorly known.

Polychaetes are one of the most abundant and diverse macroinvertebrate groups in all mar-
ine environments and are an essential component in structuring benthic communities (Mackie
& Oliver, 1996), but in the recorded marine species of the Caribbean Sea, the annelids
represent only about 5% (Costello et al, 2010; Dean, 2012). In general, the most important
invertebrate groups in dead coral environments are polychaetes, sipunculids, molluscs and
crustaceans (Hutchings, 1983; Tribollet et al., 2002; Fernandez et al., 2012). Sponges, molluscs
and sipunculans are the major bioeroders of corals in mature boring communities (Hutchings,
1986, 2008), but the polychaetes are important in the early stages of bioerosion, facilitating
subsequent colonization by other invertebrates (Hutchings, 2008). Therefore, as Dean
(2012) emphasized, it would be expected that the local polychaete fauna in the Caribbean
Sea would be much richer in species than current records indicate.

The Mesoamerican Barrier Reef System is the second largest barrier reef in the world after
the Great Barrier Reef in Australia, stretching over 1000 km from the northern tip of the
Yucatan Peninsula, Mexico, down to Belize, Guatemala and Honduras. Unfortunately, eco-
nomic development, increasing population and growing coastal tourism in the Caribbean
represent a major threat to the region’s coral reef ecosystems. Chinchorro Bank is part of
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this reef system and an important fishery zone as well as a tourist
attraction. To limit coral reef degradation, the Mexican govern-
ment has established several marine protected areas in the
Caribbean region, and, in 1996, the Chinchorro Bank Biosphere
Reserve was created as a priority conservation area (Castro-Pérez
et al., 2011). Although close to 800 species have been listed there,
of which around 280 are invertebrates (INE, 2000), the polychaetes
are virtually unknown in that region: there are almost no studies
on these worms and records come only from occasional
sampling in very restricted areas. So far, only about 35 species of
polychaetes are known from Chinchorro Bank and they belong
to the families Amphinomidae, Eunicidae, Euphrosinidae,
Lumbrineridae, Maldanidae, Nereididae, Onuphidae, Sabellidae,
Serpulidae and Terebellidae (Salazar-Vallejo, 1996; Carrera-Parra
& Salazar-Vallejo, 1998; Bastida-Zavala & Salazar-Vallejo, 2000;
Carrera-Parra et al., 2011, among others).

Few quantitative studies on the cryptic polychaetes have been
conducted in the Caribbean Sea, but they have established that the
eunicids are one of the most abundant and diverse families in
dead coral habitats (Ochoa-Rivera et al., 2000; Fernandez et al.,
2012). Particularly, eunicids are also abundant and widely distrib-
uted in Chinchorro Bank, occurring at all stations sampled, and
their bioeroder effects could contribute to important modifica-
tions and degradation of the coral rubble, defining the coloniza-
tion process and the community structure in the dead coral
environments. In contrast, 20 species of amphinomids have
been recorded in the Caribbean Sea (Dean, 2012); these are usu-
ally abundant in coral reefs, including Eurythoe complanata and
Hermodice carunculata (Borda et al., 2015), the large, well-known
coral reef dwelling worms. However, the amphinomids mainly
feed on anemones and coral polyps, so that apparently their pres-
ence is limited in dead coral habitats and only four species were
identified in Chinchorro Bank.

Thus, the aim of the present study was to examine the spatial
changes of the Eunicida and Amphinomida polychaetes populat-
ing dead coral fragments in the Chinchorro Bank Biosphere
Reserve. We analysed their composition, density and beta-
diversity patterns along two transects based on depth and we par-
titioned the contribution of species turnover and nestedness to the
variations in beta-diversity. The taxonomy of the Eunicida and
Amhinomida, including remarks on their morphological varia-
tions, have already been described and the results are under revi-
sion to be published. Ecological studies, such as the one carried
out here, are necessary to understand the role of these abundant
and diverse groups of polychaetes in dead coral environments, to
support future work on the marine biodiversity in the Caribbean
Sea.

Different sites usually harbour characteristic biological assem-
blages and their community composition differences are import-
ant for the understanding of the biodiversity patterns prevalent in
certain regions. Although the term beta-diversity was first intro-
duced by Whittaker (1960) to evaluate the changes in community
composition, or the degree of differentiation among biological
communities along a complex environmental gradient, the use
of dissimilarity measures to examine the changes of species diver-
sity has a much longer history i.e. since the publications of Jaccard
(1912) and Simpson (1943) (Baselga, 2010, 2012). At present
however, the concept of beta-diversity is generally applied in a
broad sense to any measure of variation in species composition
(Baselga, 2012).

Intuitively, the idea of changes in species composition is
apparently clear; however, the differences in composition between
two areas can be associated with two processes; the so-called spa-
tial turnover, i.e. the replacement of some species by others from
site to site, and the dissimilarity due to nestedness, which is asso-
ciated with the fact that the poorest site can be a strict subset of
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the richest site (Baselga, 2010, 2012). Any biological assemblages
that are not identical can be described with only these two com-
ponents (turnover and nestedness) or the combination of both
(Baselga, 2010).

Materials and methods
Study area

The Chinchorro Bank is found in the southern Mexican
Caribbean (18° 47'-18°23'N 87°14'-87° 27'W), in the northern
region of the Mesoamerican Barrier Reef System. It is located
30km to the east of the coastal resort town of Mahahual
(Quintana Roo state), separated by a large middle channel reach-
ing 1000 m depth (Figure 1).

The irregular elliptical shape that results from the emerged
cays that delineate the Bank, and its large size (144,360 ha),
lead it to resemble an atoll, and in fact it is sometimes called
‘the only atoll’ in Mexico (De Jesus-Navarrete, 2003). It includes
reef structures, a reef lagoon, three cays and oceanic waters. Its
longitudinal axis is 43.26 km long and the largest transverse one
is 18.03 km. It is totally encircled by a barrier reef of 115 km
(Jordan & Martin, 1987). The barrier reef is large, well developed
and well preserved, with sandy bottoms rich in seagrass meadows,
Gorgonaceans and sponges. It is subject to an active process of
sedimentary deposition coming from its eastern continental mar-
gin (INE, 2000). Also present are a set of emerged sandy beaches:
Cayo Norte (0.9 km?), Cayo Centro (5.6 km?) and southern Cayo
Lobos (0.2 km?) (UNEP/IUCN, 1988).

Sampling strategy

The sampling design was based on two transects located in the
Northern and Central regions of the Bank. The biological material
was collected in April 2008, and to ensure valid comparisons
among sites while minimizing the influence of habitats, the sam-
pling was only carried out in substrates of dead coral fragments.
At each transect, four stations were aligned through the coral
reef formations between 7 and 16.2 m depth in the Northern tran-
sect, and between 4 and 9 m depth in the Central transect. To
associate the sampled stations’ labelling with their position
along the transects, we added a pair of characters before the ori-
ginal station number: the first code was a consecutive number
from the shallowest (1) to deepest (4) station, and the second
code indicated the position of the stations in the Northern (N)
or Central (C) transect (Figure 1, Table 1). Stations were
geo-referenced with a portable Global Positioning System
(GPS), the salinity was measured with a refractometer
(% 0.5 psu), using the Practical Salinity Scale, and the temperature
was measured with a field mercury thermometer (+ 0.1°C).

The porosity of coral rubble varies widely following the intrin-
sic characterisitics of the species from which it originates. So, to
ensure that comparisons among the polychaete fauna inhabiting
these environments were valid, only fragments from the genus
Porites were collected. These were selected because, among the
stony corals, they show great overall porosity and thus can poten-
tially contain a higher density of organisms inside them. About
5.6-12.4 kg of coral fragments were manually collected by scuba
diving at each sampling site; back at the base of operations in
the field, the volume of coral rubble was determined by water dis-
placement for each station. Samples were then fixed with 10% for-
malin in seawater. In the laboratory, the rocks were washed with
fresh water and carefully broken into small pieces to extract the
specimens; later, the fragments were washed on a 0.5 mm mesh
sieve to retain the macrofauna; all biological material was then
preserved in 70% ethanol.
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Fig. 1. Location of the study area showing the sampling stations at Chinchorro Bank, Caribbean Sea.

The polychaetes were separated, identified to families and
quantified as density (individuals L") according to the procedure
followed by Hutchings & Peyrot-Clausade (1988) to enable com-
parisons between samples of different sizes. The Eunicida and
Amphinomida polychaetes were identified to species following
Uebelacker & Johnson (1984), Salazar-Vallejo (1997),
Carrera-Parra & Salazar-Vallejo (1997, 1998), Carrera-Parra
(2006), Carrera-Parra et al. (2011), among others. The validity
of names and synonymies of the species identified were verified
with recent systematic reviews and with the World Polychaeta
database (Read & Fauchald, 2018). The identified specimens
were deposited in the Coleccion Nacional de Anélidos
Poliquetos of the Instituto de Ciencias del Mar y Limnologia
(ICML), Universidad Nacional Auténoma de México (CNAP-
ICML, UNAM: DFE.IN.061.0598).

Data analysis

The wide occurrence and high abundance of the Eunicida and
Amphinomida polychaete groups in Chinchorro Bank, mainly
those belonging to the family Eunicidae, provided an excellent
opportunity for research into the spatial variations of the faunal
assemblages and their beta-diversity changes associated with
depth gradients. To begin with, variations of abiotic factors
among stations were analysed with line plots and models of sim-
ple linear regressions, describing their changes along each transect
and their relationships with depth.

To examine the spatial changes of the polychaete fauna across
the sampling stations, a database with the species name and their
density values (ind. L™") was built. To test the null hypothesis
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that there are no differences in species composition between the
examined transects, a one-way analysis of similarity (ANOSIM)
was carried out. The faunal difference was estimated in a range of
R=0 (groups indistinguishable from one another) to R=1
(no similarity between transects) (Clarke, 1993). A line plot was car-
ried out to compare the spatial variation of density values of the 10
more abundant species along each transect. The changes in number
of species among sampling sites was also analysed with bar graphs.
Then, the beta-diversity was calculated using the Serensen dissimi-
larity index (Serensen, 1948) to estimate the changes in species
composition between regions and among stations along each tran-
sect. This index (Bsor) (Serensen, 1948) provides a comprehensive
visualization of the beta diversity, since it takes both species loss (or
gain) and turnover into account (Baselga, 2010; Carr, 2012). Thus,
the Serensen’s dissimilarity index (total amount of beta-diversity)
can be partitioned into its two additive components: the spatial spe-
cies replacement, which was estimated with the Simpson’s dissimi-
larity index (Bsim) (Simpson, 1943), and the richness difference,
which was calculated with the Baselga’s nestedness index (Bnes)
(Baselga, 2010, 2012).

Results
Environmental characterization

A gradual increase of depth occurred along each transect, but the
variation patterns were clearly different among them (Table 1). In
the Northern transect, the stations were deeper (mean = 10.34 m)
with a range from 7 m to 16.2 m, and their depth values along the
transect (y=2.975x + 2.9) increased more than in the other zone.
The stations of the Central transect were shallower, on average
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Table 1. Location and environmental features of the sampling stations in Chinchorro Bank, by transect

Salinity

Station Latitude (°N) Longitude (°W) Depth (m) Temperature (°C) (psu)
Northern

1IN-10 18° 41’ 58.8” 87° 18’ 46" 7 26.76 35.75

2N-9 18° 45’ 25.6” 87° 19’ 51.1” 8 27.03 35.69

3N-8 18° 45’ 59.9” 87° 19 52.7” 10.15 26.35 35.74

4N-3 18° 45/ 29.7" 87° 25’ 07.5” 16.2 26.15 35.77
Central

1C-4 18° 35’ 25.2” 87° 24’ 43.8” 4 26.41 35.76

2C-5 18° 35 01.1” 87° 22 28.3” 5 26.6 35.79

3C-7 18° 33 48.2" 87° 18’ 35.6” 7 26.87 35.68

4C-6 18° 33 13.8” 87° 17 571.3” 9 26.57 35.69

6.25 m deep, ranging from 4 to 9 m, so, the steepness of their
regression coefficient was smaller (y=1.7x +2).

Along both transects few changes were observed in salinity and
temperature values. Nevertheless, their variations with depth fol-
lowed different patterns. In the Northern transect, temperatures
ranged from 26.15°C to 27.03°C (SD =0.40°C) and their varia-
tions were negatively correlated with the bathymetric changes
(r*=—0.84), that is, the temperature slightly decreased with
depth. However, in the Central transect, the temperature values
fluctuated less, from 26.41 to 26.87°C (SD =0.19°C), and their
changes were not significantly correlated with depth (r*=0.43).
Salinity values were quite similar along the Northern transect
(35.69 psu to 35.77 psu; SD =0.03 psu). However, this factor
showed a positive correlation with the bathymetric variations:
r> = 0.62, basically because the highest salinity value (35.77 psu)
was found in the deepest station (16.2 m). Low variations in sal-
inity values, 35.68 psu to 35.79 psu (SD =0.05 psu), were also
observed in the Central transect, but in this case, the lowest sali-
nities were found in the deepest stations (7-9 m) (35.68-
35.69 psu), which determined its negative correlation with
depth (r*=-0.81).

Faunal structure

In all, 755 individuals belonging to 53 species from the families
Amphinomidae, Dorvilleidae, Eunicidae, Lumbrineridae,
Oenonidae and Onuphidae were identified (Table 2). The
Eunicidae was clearly the most important family with the highest
number of species (32) and individuals (514), followed by the
Lumbrineridae (8 species, 187 individuals). In contrast, the fam-
ilies Oenonidae (2 species, 2 individuals) and Onuphidae (1 spe-
cies, 1 individual) were very rare in these coralline environments
(Figure 2).

The families Amphinomidae, Dorvilleidae, Eunicidae and
Lumbrineridae were reported for both Northern and Central
transects. The most diverse families Eunicidae (25 and 26 species,
respectively) and Lumbrineridae (7 species each) displayed a very
similar number of species for each transect. In contrast, the
Amphinomidae (Northern: 2 species; Central: 4 species) and
Dorvilleidae (Northern: 1 species; Central 7 species) were best
represented in the Central transect. The Oenonidae were only col-
lected in the Northern zone, and the Onuphidae exclusively in the
Central transect (Figure 2).

The spatial distribution of the density at each transect was
similar: in the Northern transect a total of 75.2 ind. L™" were col-
lected, while in the Central transect 76.6 ind. L™' were found.
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However, the density values along each transect displayed distinct
patterns (Figure 3). Although in both transects the peak of density
was associated with depths of around 5-7 m, in the Northern
transect their values markedly decreased with depth, from
47.60 ind. L™" at 7m to 1ind. L™' at 10-16.2 m depth. In con-
trast, for the Central transect, the density noticeably increased
in stations located at the midpoint of the transect: 49.01 and
18.55 ind. L™" at 5 and 7 m, respectively.

The spatial changes of density were directly associated with the
species richness patterns, since in the Northern transect the num-
ber of species also followed an inverse correlation with the bathy-
metric gradient: the number of species decreased with depth. The
stations with more species in the Northern transect, 1N-10
(26 species) and 2N-9 (20 species), were located at 7 and 8 m
respectively, while the deepest stations, 3N-8 (10.15m) and
4N-3 (16.2 m) harboured only four species each (Figure 3).
However, along the Central transect, the highest richness was
found in the middle stations (2C-5 =32 species; 3C-7 =27 spe-
cies), which in addition were the stations with the most species
across the Chinchorro Bank; in contrast, the shallowest and dee-
pest stations recorded the lowest number of species (1C-4: 3 spe-
cies; 4C-6: 6 species).

The variations of the number of species along the Northern tran-
sect displayed a negative correlation with bathymetry (> = —0.80),
but positive interactions with temperature changed (r* = 0.86); that
is, the highest species richness in the Northern transect, was found
in shallow and warm environments. In contrast, on the Central
transect, the highest number of species was found in stations located
in the middle of the transect, and therefore, the species richness var-
iations were not linearly correlated with depth (r*=-0.10).
However, the number of species was significantly associated with
the temperature variation (r* = 0.68), since the highest richness
was exactly located in the middle stations where the temperature
slightly increased. The salinity changes did not show any sig-
nificant correlation with the faunal variations neither in the
Northern (r? = —0.42) nor in the Central (> = 0.18) transects.

Species composition and beta-diversity patterns

Although the ANOSIM test showed that the species composition
between the examined transects was not significantly different
(Ranosim = 0.073, P=0.331), the distinct bathymetric patterns
showed by the density and number of species across each transect
and the fact that the Central zone clearly harboured the more
diverse fauna, suggested that the polychaete species perform dif-
ferently along each transect.
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Table 2. Occurrence and density (ind. L") of polychaete species by transect Table 2. (Continued.)

Species Northern Central Species Northern Central
Amphinomidae Nicidion obtusa (Verrill, 1900) 7.0 10.2
Eurythoe complanata (Pallas, 1766) 2.0 18 Palola siciliencis (Grube, 1840) 2.4 14
Hermodice carunculata (Pallas, 1766) = 0.2 Treadwellphysa cf. veracruzensis (de = 0.2
Linopherus cf. canariensis Langerhans, 1881 = 0.8 Ll onzlealeiDloza e e dRes)
Notopygos crinita Grube, 1855 0.4 0.4 Lumbrineridae -
. Lumbrineris floridana Ehlers, 1887 7.8 5.6
Dorvilleidae
. L Lumbrineris latreilli Audouin & 0.4 16
Dorvillea largidentis Wolf, 1986 - 14 Milne-Edwards, 1834
Dorvillea rubra {Grube, 1856) - ue Lumbrineris nonatoi Ramos, 1976 2.8 0.5
e SodlBas s, 16 - 12 Lumbrineris paucidentata Treadwell, 1921 - 2.8
D Vi (e 1958 - 02 Lumbrineris perkinsi Carrera-Parra, 2001 1.0 10.1
Dorvillea sp. 1 02 oE Scoletoma elongata (Treadwell, 1931) 2.8 24
Schistomeringos pectinata Perkins, 1979 - 0.2 Scoletoma testudinum (Augener, 1922) 06 02
Eunicidae Scoletoma treadwelli (Hartman, 1956) 0.2 -
Eunice barvicensis McIntosh, 1885 - 0.4 .
Oenonidae
Eunice brevis (Ehlers, 1887) - 0.5 e 02 ~
Eunice cf. collini Augener, 1906 1.0 0.4 Oenone df. fulgida (Savigny in 02 ~
Eunice donathi Carrera-Parra & Salazar 0.6 - Lamarck, 1818)
Vallejo, 1988 Onuphidae
EtinicelfucatalEners, 1887 o 5d) Mooreonuphis bidentata Rupit-Arteaga, - 0.2
Eunice goodei Fauchald, 1992 42 0.8 Hernandez-Alcantara & Solis-Weiss, 2013
Eunice guanica (Treadwell, 1921) 0.6 -
Eunice guildingi Bair, 1869 - 0.2
Eunice imogena (Monro, 1924) 0.4 0.4 The comparison of the species composition between both
P S 04 studied regions showed that the polychaete fauna was, in fact,
unice lanai Carrera-rFarra alazar Vallejo, e X .
1998 : moderately different (Bsor =0.603), because around half of the
: - : polychaete species (26 species: 49.06%) occurred in both trans-
s e el A - 02 ects. The faunal differences were due to the fact that 10 species
Eunice cf. rosaurae Monro, 1939 1.2 0.9 exclusively inhabited the Northern zone and 17 species were
Eunice rubrivittata (Treadwell, 1921) 0.4 _ exclusively coll'ected in the ‘Central tr'ansec‘F, but also that in the
: — 26 shared species, notable differences in their abundance and dis-
Clas Sveelie WotEe, 157 06 - tribution patterns along each transect were found. These faunal
Eunice unifrons (Verrill, 1900) 0.4 - differences were mostly related with the higher abundance of
Eunice websteri Fauchald, 1969 ~ e Lysidice caribensis, Eunice goodei and .Lymbrmerzs floridana in
the Northern transect. The first two eunicids were more abundant
Euiiee 57 1 - i at 7m depth, while the lumbrinerid L. floridana increased its
Eunice sp. 2 0.4 12 abundance at 8 m; however, they were all missing at depths
Leodice antennata (Savigny in - 0 abovg ‘1(.) m (Figure 4A). Other l‘ess. abundant polychaetes, sth
Lamarck, 1818) as Nicidion obtusa also increased its importance at 7 m depth, dis-
Leodice antillensis (Ehlers. 1887 0s appearing at depths greater than 10 m; only eight species were
eodice antillensis (Enlers, 1887) - - found in deeper stations. In the Central zone, the most abundant
Leodice rubra (Grube, 1856) 04 0.2 polychaetes were Lumbrineris perkinsi, Nicidion obtusa, Lysidice
Lysidice adrianae Carrera-Parra, Fauchald & 0.8 02 caribensis, Lumbrineris floridana, Lysidice unicornis and Eunice
Gambi, 2011 mutilata, but in this case, they increased their abundances at
Lysidice caribensis, Fauchald & Gambi, 2011 28.0 9.6 '.che.Ir.llddle of transect, ’flt 5m depth, decreasmg n numbe.r of
individuals towards either shallower or deeper stations
; Lyshid{'(cje ;hg/as;igozlgl(iarrera»Parra, 1.8 0.7 (Figure 4B).
aucha ambt, To examine the different distributional patterns observed at
Lysidice unicornis (Grube, 1840) 10 43 each depth gradient and to evaluate the extent of change in its
Lysidice sp. 1 16 21 faunal composition, the beta-diversity between transects and
» between stations were analysed. As previously observed, the poly-
Marphysa fragilis Treadwell, 1911 0.6 - . .. . .
chaete fauna was relatively similar between the examined regions
Nicidion angeli (Salazar-Vallejo & 16 0.9 (Bsor =0.603), but the separation of the B-diversity components
Carrera-Parra, 1998) (spatial species turnover and dissimilarity due to nestedness)
Nicidion mutilata (Webster, 1884) 0.2 3.9 showed that the faunal dissimilarity between the Northern and
(Continued) ~ Central transects was mainly associated with species replacement
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Fig. 2. Number of species per family at each examined transect.

(Bsim = 0.581), rather than with species loss (or gain) (Bnes=
0.022).

However, when the faunal comparison was carried out
between pairs of stations along each transect, the spatial patterns
of beta-diversity were clearly different, since the bathymetric dis-
tribution of species was substantially different along each transect
(Figure 5). In the Northern zone, the changes in faunal compos-
ition among station pairs (Bsor = 0.391 to 1) showed that species
turnover was clearly the dominant component, which practically
represented all faunal dissimilarity at each pair of comparisons.
These beta diversity components ranged from Bsim=0.3 and
Bnes =0.091 in shallow stations (1IN-10/2N-9), to Bsim =1 and
Bnes =0 among the deepest ones (2N-9/3N-8 and 3N-8/4N-3).

In the Central zone, however, the dissimilarity due to nested-
ness clearly increased its importance, overall between shallow sta-
tions (1C-4/2C-5), where it practically explained all changes in
the community composition (Bsim =0; Bnes = 0.829) (Figure 5).
However, the importance of species loss (or gain) to define the
beta-diversity, decreased in stations located at the midpoint of
the transect (2C-5/3C-7), since the faunal dissimilarity was
mainly associated with the replacement of species rather than
with richness differences (Bsim = 0.414; Bnes = 0.038). In the deepest
stations (3C-7/4C-6) the replacement of some species by others was
also the more important component (Bsim = 0.5), because the dis-
similarity due to nestedness (Bnes) only contributed 0.318.

Discussion

In general, coral reefs are distributed in stable tropical environ-
ments, promoting the development of diverse and complex bio-
logical communities (Goreau et al, 1979; De Jesus-Navarrete,
2003). In Chinchorro Bank, stable environmental conditions pre-
vailed during the sampling season (spring), since temperature and
salinity values showed few variations. These conditions were
mainly associated with the shallowness of the reef, which together
with the effect of the wind can cause surface to bottom mixing,
and in fact, there is no persistent temperature stratification within
the reef (De Jesus-Navarrete, 2003). It is known that ‘extreme
temperatures’ have deleterious effects on the settlement and devel-
opment of coral reefs, since temperatures of 18 °C cause low coral
diversity (Brigth et al., 1984), while temperatures over 31 °C can
cause coral bleaching (Brown & Ogden, 1993; De Jestis-Navarrete,
2003). At Chinchorro Bank, the samples were taken during the
dry season (April) and the observed temperatures (26.15-27.03 °C)
were slightly lower than the ranges previously reported for this
season (27.36-27.75 °C) (De Jesus-Navarrete, 2003).

Coral reefs are characterized by their great spatial heterogen-
eity, associated with different habitats and the occurrence of
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Fig. 3. Spatial distribution of number of species and density (ind.L™) per sampling
station.

complex biological interactions. However, the ecological mechan-
isms maintaining the high diversity of small invertebrates is
poorly understood (Ruiz-Abierno & Armenteros, 2017). In dead-
coral habitats, the destruction of coral colonies by abiotic (i.e.
storms, wave action, sedimentation and bleaching, among others)
and biotic factors (i.e. grazing and boring individuals, deleterious
effects on the coral health) increase the amount of available
material for colonization by cryptic organisms (Ferndndez et al.,
2012). Among the cryptic fauna found there, the polychaetes
are usually the dominant group (Hutchings, 1983; Ibarzébal,
1993; Tribollet et al., 2002; Fernandez et al., 2012), which together
with their bioeroder effect on the coralline skeletal structure, sub-
stantially damage and modify the substrate heterogeneity
(Hutchings & Peyrot-Clausade, 1988; Chazottes et al., 2002;
Fernandez et al., 2012). The most abundant and diverse family
of polychaetes in Chinchorro Bank, the Eunicidae, is a typical
resident of rocks, coral crevices and dead coral fragments. Its
dominance may be attributed to the morphological and physio-
logical characteristics of its members, in particular: very muscular
and long anterior body, and a strong jaw apparatus (Ochoa-Rivera
et al., 2000; Paxton, 2000). To erode the carbonate structure of the
corals, the eunicids attack them with their well-developed maxil-
lae (Fernandez et al., 2012), whose abrasion processes are facili-
tated by mucus secretion on the cavity walls (Fauchald, 1992).

Stations located in the Central zone of Chinchorro Bank had
significantly more individuals and species than those located in
the Northern transect. Polychaete abundance has been observed
to increase in reef protected zones from the Caribbean Sea
(Ochoa-Rivera et al., 2000; Ramirez-Hernandez, 2014). The phe-
nomenon is probably related to a reduction in the effects of the
swell force and tides. In the Chinchorro Bank, the Caribbean cur-
rent is the main force moving water masses, which flow north-
ward and regulate sediment transport, among other things. The
Central and Northern regions (Cayo Norte and Cayo Centro)
are located in lower wave energy zones, where fine sediments
are dominant (De Jesus-Navarrete, 2003). Mostly in Cayo
Norte, the hydrological balance is determined by the rainfall pat-
tern, which produces a freshwater lens on the surface, but in the
dry season these effects are reduced. Therefore, the highest salinity
values in Chinchorro Bank had been reported precisely in this dry
period (35.56-36.09 psu at bottom) (De Jesus-Navarrete, 2003)
which, in fact, matched the low range of salinities found in the
present study (35.68-35.79 psu).

In Chinchorro Bank, environmental factors, especially tem-
perature and salinity, and their bathymetric variations, did not
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change significantly, remaining in a narrow range, so that depth
was the most important parameter structuring the environmental
gradient along transects. In general, coral reefs are stable ecosys-
tems, which enable diverse and abundant communities to develop
(Goreau et al., 1979), and the macro- and meiobenthos contribute
significantly to the biodiversity in these marine habitats
(Ruiz-Abierno & Armenteros, 2017). Although Chinchorro
Bank is surrounded by an oligotrophic oceanic environment, it
is richer than the adjacent oceanic waters (Emery, 1968), which
could contribute to the high diversity of polychaetes. In fact,
although only the Eunicida and Amphinomida were examined
in the present study, the 53 species of six families identified so
far, represent almost 20% of the 268 polychaete species reported
from the Mexican Caribbean. Thus, increasing the sampling effort
and the number of families examined will probably yield records
of many more species in this region.

The polychaete taxonomic composition found in Chinchorro
Bank agreed well with previously reported species in the
Western Caribbean, but no studies have been carried out there
to analyse the distribution and diversity of these invertebrates.
The faunal changes observed during this study along depth gradi-
ents demonstrated that, as has also been reported for other zones
of the Caribbean Sea, the eunicids are one of the most abundant
and diverse families in dead coral habitats (Ochoa-Rivera et al.,
2000; Fernandez et al., 2012). Also, although about 50% of the
species were present on both transects, their occurrence and
bathymetric distribution patterns were different in each region.
The spatial variations in composition and structure of the fauna
living in the coral reefs have been associated with changes in
the geographic position of the chosen sites, but without any con-
sistent spatial pattern (Hutchings & Peyrot-Clausade, 1988;
Ferndndez et al., 2012). Distinct localities are regularly inhabited
by different assemblages and their changes in species composition,
or beta-diversity, are usually associated with the replacement of
some species by others (Baselga, 2010). However, the loss of species
from the richest to the poorest localities could also cause alterations
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in their beta-diversity patterns (Wright & Reeves, 1992; Ulrich &
Gotelli, 2007; Baselga, 2010), as happened in the shallow station
1C-4 (4.5 m) of the Central transect, where its assemblage had
the smallest number of species and was a subset of the assemblage
from the richer station (2C-5).

The bathymetric patterns of beta-diversity in Chinchorro Bank
showed that the components of species replacement and dissimi-
larity due to nestedness contributed in different ways to change
the faunal composition across each transect. In general, but
mainly in the Northern zone, the turnover was the most import-
ant component explaining the existence of depth patterns for
beta-diversity. The replacement of some species by others can
be a consequence of environmental sorting or spatial and histor-
ical constraints of the fauna (Qian et al., 2005), and in Chinchorro
Bank the turnover could be associated with the restrictions linked
to depth, since in the Northern region none of the species was
able to inhabit along the whole transect. Similarly, in the
Central transect, only Lumbrineris perkinsi was located at all
depths, and Scoletoma elongata, Eurythoe complanata and
Lumbrineris floridana were collected at 75% of the sampling
stations. That is, in Chinchorro Bank, almost all the polychaete
species settled in a narrow depth range. Although no formal
studies examining this trend have been carried out in the
Caribbean Sea, the occurrence of polychaete communities domi-
nated by species with narrow depth ranges had already been
reported in soft bottoms’ environments (Moreno et al., 2008;
Hernandez-Alcdntara et al, 2014). These researchers showed
that the depth gradient in the continental shelfs of Chile and
the Gulf of California were also defined by a high presence of spe-
cies with narrow ranges.

Disentangling the contributions of species turnover and nest-
edness to beta-diversity patterns can give good insights into the
effect of environmental change on faunal assemblages and on
the importance of species interactions (Legendre, 2014). In this
study, it was evident that the polychaete assemblages inhabiting
Chinchorro Bank showed a strong species turnover structure
both between regions and along transects. Although polychaete
endemism was absent, since all the species identified had already
been previously recorded in the Caribbean Sea and around 50% of
the studied fauna was common to both transects, the polychaete
species had different distribution patterns across the bathymetric
gradient. Benthic community changes with depth are well known,
but many doubts about their bathymetric patterns and whether
the biotic changes associated to depth are gradual or not, still pre-
vail (Hernandez-Alcantara et al., 2014). Mechanisms responsible
for bathymetric changes in the number of species have been
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associated with a wide variety of environmental and biological
factors (Gray et al., 1997), but the presence of species can also
vary with small depth changes. Here, the polychaete species
with narrower distribution ranges were dominant and their
bathymetric patterns could be affected by the changes in species
composition at each depth level. The depth range size is related
to the species’ tolerance to local or regional environmental
conditions, and in the study area it seems that few polychaete
species are able to expand their distribution range across all
stations, reflecting their tolerance limits to abiotic changes
associated to depth.

The dissimilarity due to nestedness can be a consequence of
any factor (abiotic or biotic) that encourages the orderly disaggre-
gation of faunal groups (Gaston & Blackburn, 2000; Baselga,
2010), but in this study it was not an important component to
explain the beta-diversity pattern. In particular, an increase in
importance of the species loss (or gain) component at both
extreme points of the Central transect cannot be directly asso-
ciated with a particular mechanism, since that nestedness was
the result of a drastic reduction in the number of species (3 and
6 species) at 4.5 and 9 m depth, respectively. As was pointed
out by Baselga (2010), in this study the notion of species loss
was also used to indicate that species are absent from some local-
ities, without relation to processes such as dispersal capacity, com-
petition or extinction, among others, which are practically
unknown for the polychaetes living in the Caribbean Sea.
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