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Relatively little is known about spatial turnover of marine benthic taxa in the diverse reef environments

of Indonesia and how this is structured by environmental conditions. In the present study the community

similarity of sponges was related to environmental and spatial variables. In total, 150 sponge species (N=15,842)

were sampled within the Spermonde Archipelago in the Makassar Strait, off south-west Sulawesi. Ordination

revealed that sponges are primarily structured by a complex interaction between depth, exposure and on-to-

offshore variation in environmental variables. Together, environmental and spatial variables explained 56.9% of

the variation in similarity of which 10.9% was due to environmental variables alone, 2.6% due to spatial variables

alone and 43.4% due to covariation of environmental and spatial variables. The large amount of variation

explained by the spatially structured environmental component is due to a strong on-to-offshore gradient in

a number of environmental variables including temperature, velocity, salinity and suspended sediment load.

Ordination was also used to identify associations between species and environmental variables.

INTRODUCTION

Identifying factors that determine spatial patterns of
biological diversity is a fundamental topic in ecology
(Williams et al., 2002). According to recent theories
(Hubbell, 2001), communities may be largely a product
of purely spatial processes related to the dispersal abilities
of the taxa in question. The constituent species in a given
patch will then be largely thrown together by chance,
history or dispersal events. Recent studies in terrestrial
and marine environments, however, have tended to show
that environmental factors, as opposed to purely spatial
factors, may be more important in structuring communities
(Aguiar et al., 2002; Ellingsen, 2002; Magalhaes et al., 2002;
Tuomisto et al., 2003; Williams & Wiser, 2004; Cleary &
Renema, 2007; Cleary et al., 2007).

The structure of coral reef taxa (octocorals, hexacorals,
fish) in Mexico, Florida and Australia have, for example,
previously been related to variation in a number of different
abiotic environmental variables including depth, temp-
erature, oxygen concentration, salinity and sedimentation
(Lirman et al., 2003; Torruco et al., 2003; Syms & Jones,
2004). Coral reef habitats can also differ in their exposure
to wave action and water currents (Done, 1982). Depth is
an important composite environmental gradient that affects
the composition of the benthic community. The main impact
of depth is related to the reduction in light transparency.
Transparency will invariably be lower in areas with high
fluvial influx due to higher concentrations of particles and
plankton (Renema & Troelstra, 2001). In addition to light
transparency, both temperature and hydrodynamic energy
decrease with depth.
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Hydrodynamic energy can strongly influence community
composition; organisms can be fragmented or unable to
settle. Waves can also affect the substrate of coral reefs by, for
example, creating open patches with coral rubble that can
be used as substrate by some marine organisms. In addition
to hydrodynamic energy, depth can influence habitat
composition; live coral cover, for example, can be very dense
between 12 and 24 m thereby limiting the available substrate
for other organisms (Renema, 2002). In addition to abiotic
processes, species play a critical role in the dynamics and
functioning of ecosystems. In coral reef environments, corals
play a major role in providing substrate to a myriad of other
organisms but can also crowd out spatial competitors. Reef
form and structure can therefore be seen as an interaction
between abiotic environmental conditions, disturbance,
and coral growth patterns. The type of reef can inhibit or
facilitate habitat suitability for other taxa in synergy with
the abiotic environment. Importantly, multiple processes
can simultaneously influence communities. Separating the
contribution of these environmental components to patterns
of community similarity is necessary for understanding the
mechanisms that structure communities (Spencer et al.,
2002).

In the present study, sponges and environmental variables
were sampled in a number of sites in the Spermonde
Archipelago, Indonesia. Sponges are sedentary filter
feeders. They are present in all aquatic habitats, but are
mainly marine and occur in a wide range of depths and
environments, from warm tropical coral reefs to the (Ant)-
Arctic. Sponges efficiently filter large quantities of water
for small food particles, but some sponges derive nutrients
from symbiotic cyanobacteria. The Indo-Malayan region
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contains the highest marine biodiversity in the world (Mora
et al.,, 2003), although the published literature on sponge
taxonomy remains incomplete in this region. As a result, only
few studies have addressed sponge distribution, biodiversity
and related subjects in Indonesia (de Voogd et al., 2004,
2006; Bell & Smith, 2004). The goal of the present study is
to assess to what degree spatial variation in sponge similarity
can be explained by variation in environmental variables
and the distance between sample sites or a combination of
the above, and to identify associations between species and
environmental variables using ordination.

MATERIALS AND METHODS
Study site
All sampling took place within the Spermonde
Archipelago, south-west Sulawesi, Indonesia. The

Spermonde Archipelago, which developed during the
Holocene sea level rise on top of Pleistocene topography (de
Klerk, 1983; Renema, 2002), is suitable for studying coral
reef biodiversity because it is a well documented carbonate
coastal shelf, approximately 40 km across, with several
vectorial environmental influences. On its western side the
Spermonde is separated from open oceanic conditions by a
discontinuous barrier reef. Vectorial influences are related to
fluvial discharge and erosion products from rivers to the east
and oceanic influences that stem from beyond the barrier
reef to the west (Renema & Troelstra, 2001). Additional
disturbances over the Spermonde reef system stem from
storms during the monsoon season and from destructive
fisheries (e.g. blast-fishing) (Edinger et al., 1998). Reefs of the
Spermonde are usually cay crowned (Umbgrove, 1929, 1930;
de Klerk, 1983; Renema, 2002); the exposed sides of these
cays are strongly influenced by oceanic swell and are coral
covered; the sheltered sides generally consist of carbonate
sand with isolated coral patches. The geomorphology of the
reefs is determined by the north-west monsoon, between
November and April. The north-western sides of the reefs of
Lae-Lae (05°08'S 119°23'E), Bone Baku (05°08'S 119°21'E),
Samalona (05°07'S 119°20'E), Kudingareng Keke (05°06'S
119°17'E), Bone Lola (05°03'S 119°21'E), Barang Lompo
(05°03'S 119°19'E), Langkai (05°01'S 119°05'E) and the
south-eastern sides of the reefs Samalona (05°07'S 119°20'E)
and Kudingareng Keke (05°06'S 119°17'E) were examined.
A detailed description of the sample sites and study area is
presented in de Voogd et al. (2006) and Cleary et al. (2005).

Data collection

Sponges and environmental data were sampled from
January to November 1997; sponge data were supplemented
with additional data collected in 2000. Plots were sampled at
designated locations with respect to sheltered and exposed
sites and at varying depths. Sponges were quantitatively
sampled within 34 100 m? (100x1 m) rectangular plots.
Smaller (cryptic, boring and thinly encrusting) specimens
were excluded. Species were visually identified in the field,
and fragments of unrecognized species were collected for
closer examination. Sponges were sampled from reef flats
and slopes (depth range: 3—15 m). All sponges sampled within
the bounds of the sample plots, were identified to species

Journal of the Marine Biological Association of the United Kingdom (2007)

https://doi.org/10.1017/50025315407052770 Published online by Cambridge University Press

or morphospecies; 150 species were sampled, of which 79
were previously described species, 4 newly described species
(Alvarez et al., 2002; de Voogd & van Soest, 2002; de Voogd,
2004) and the rest morphospecies. In total 15,842 sponge
individuals were sampled. For a list of the most common
sponges and their abundance see de Voogd et al. (2006).
Voucher specimens from the surveys have been deposited
at the Zoological Museum of the University of Amsterdam
and at the National Museum of Natural History ‘Naturalis’,
Leiden in The Netherlands.

Environmental variables (current velocity, salinity,
temperature and suspended sediment load) were sampled
at 37 sites within the study area in the open water column
at 3 m depth during 25-h sample events in each location
(de Rooyj & Bruijnsvoort, unpublished data; Jimmink et al.,
unpublished data; see Cleary & Renema, 2007 for a detailed
description of the sampling methodology). In the analyses
both the mean value for each environmental variable
as well as the standard deviation (fluctuation), recorded
over the 25-h sampling event, are used. This dataset was
utilized to predict values for each sample size using ArcGIS
Geostatistical Analyst (ESRI, Redlands, CA, USA). The
Geostatistical Analyst derives a surface using the values from
the measured locations to predict values for each location in
the area. The interpolation method used was kriging, which
forms weights from surrounding measured values to predict
values at unmeasured locations. The kriging weights were
derived from a semivariogram based on the spatial structure
of the data. This enabled us to construct a continuous surface
or map of the phenomenon and thereby to predict values for
locations in the study area based on the semivariogram and
the spatial arrangement of proximate measured values.

The area of live coral formations surrounding the sample
site was calculated with the use of a GIS image based on
automatic and supervised classification processes applied to
a SPOT-XS satellite image, K-J/Sat: 320-370/3, recorded on
30 August 1995. Verification, by field surveys, was completed
in December 1995. Additional records and corrections were
provided by a BCEOM (Le Bureau Central d’Etudes pour
les Equipements d’Outre-Mer) consultant in August 1996.
The data were collected as part of the Marine Resource
& Education Project (MREP) and are presently managed
by BAKOSURTANAL (Badan Koordinasi Survei dan
Pemetaan Nasional), Indonesia. A 500x500 m area was
assessed surrounding each sample site.

Analyses

Community composition was assessed with unconstrained
ordination, principal components analysis (PCA), and
constrained ordination, redundancy analysis (RDA), using
CANOCO for Windows 6.1 (ter Braak & Smilauer, 1998).
Input for the PCA and RDA consisted of log , (X+1) species
abundance data that were first ‘transformed’ within the
program TRANSFORMATION (freely available at: http://
www.fas.umontreal.ca/biol/casgrain/en/labo/transformations.
html). Transformation consisted of modifying the species
abundance data such that subsequent analyses, such as PCA
and RDA, preserved the chosen distance among objects
(plots). The species abundance data were transformed
because of the inherent problems of the Euclidean-based
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Figure 1. Principal components ordination showing site scores for the first and second axes. Codes represent: Bak, Bone Baku; Lae, Lae
Lae; Lol, Bone Lola; Lom, Barang Lompo; Kud, Kudingareng Keke; KuE, Kudingareng Keke (sheltered site); Sam, Samalona; SaE,
Samalona (sheltered site); Lan, Langkai. Numbers represent depth of plots.
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Figure 2. Principal components ordination showing site scores for the third and fourth axes. For codes see Figure 1.

distance metric (in standard PCA) and the Chi-square
metric (in correspondence analysis, CA) for community
data (see Legendre & Gallagher, 2001). In the present
case, the Hellinger (Rao, 1995) distance was used, which
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gave very good results in a comparison of various distance
metrics (Legendre & Gallagher, 2001). Constrained gradient
analysis using RDA (within CANOCO for Windows v. 4;
ter Braak 1986; ter Braak & Smilauer, 1998) was used to
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Figure 3. Redundancy analysis ordination showing species scores for the first and second axes. Species codes represent: Ca-ae,
Callyspongia aerizusa; Ca-fo, Carteriospongia_foliascens; Ch-ho, Chalinula hoopers; Cl-ce, Clathria cervicornis; Cl-re, Clathria reinwardti; Co-si,
Coelocarteria singaporensis; Di-me, Diacarnus megaspinorhabdosa; Dy-fr, Dysidea frondosa; Ec-me, Echinodictyum mesenterium; Ge-ca, Gelliodes callista;
Ha-fa, Haliclona fascigera; lo-ba, Iotrochota baculifera; lo-pu, lotrochota purpurea; La-he, Lamellodysidae herbacea; Li-fi, Lissodendoryx fibrosa; Me-sa,
Melophlus sarassinorum; My-gr, Myrmekioderma granulata; Ni-ol, Niphates olemda; Oc-sa, Oceanapia sagittaria; Pa-ba, Paratetilla bacca; Ph-pa,
Phyllospongia papyracea; Pl-me, Placospongia melobesiotdes; Ps-ar, Pseudoceratina verrucosa; Sp-co, Spheciospongia congenera; St-ca, Stylissa cartert,
Xe-ex, Neopetrosia exigua; Xe-ma, Xestospongia mammillata; Xe-va, Xestospongia vansoesti. Environmental codes (block) represent: Dep, depth;
Exp, exposure; A-Tem, average temperature; S-Sus, standard deviation in suspended sediment load; S-Sal, standard deviation in salinity;
S-Vel, standard deviation in current velocity; A-Vel, average velocity; S-Tem, standard deviation in temperature.

assess environmental gradients in the species data matrix.
Redundancy analysis arranges sites and species in a
multidimensional space whereby the axes are constrained to
be linear combinations of environmental variables (Ohmann
& Spies, 1998). In RDA, the amount of species variation
explained by the explanatory variables, or the total variation
explained (T'VE) is the sum of all constrained eigenvalues
divided by the total variation (T'V) in the species data.

The environmental dataset used in the RDA consisted
of the following variables: (1) depth; (2) maximum water
transparency; (3) exposure (sheltered: 0, exposed: 1); (4) area
of coral formations; (5) mean salinity; (6) mean suspended
sediment load; (7) mean temperature; (8) mean current
velocity; (9) standard deviation (SD) in salinity; (10) SD in
suspended sediment load (11) SD in temperature; (12) SD in
current velocity.

The importance of space in explaining variation in
composition was assessed by supplementing the spatial
UTM coordinates (easting ‘x” and northing ‘y’) with all the
terms for a bicubic trend line (Borcard et al., 1992) of form:

Z =b x+b,y+b x*+b xy+b y* b x’+b_x%y bxy+by’

Within CANOCO a forward selection procedure using a
Monte Carlo permutation test (999 permutations) and the
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full model option (ter Braak & Smilauer, 1998) was used
to test environmental and spatial variables for significance
(ter Braak & Verdonschot, 1995). In the results, the
conditional effects of environmental and spatial variables
on composition (A,) are presented in addition to P values
from the Monte Carlo test. The conditional effects (A,)
represent the additional fit or increase in eigenvalue with
each consecutively selected environmental variable. Only
variables with P<0.001 were included in the final model.
The significance of the association between the species and
environmental datasets was also assessed using Monte Carlo
simulations (999 permutations) of constrained ordination
scores against environmental variables.

A quantitative variance partitioning technique described
in Borcard et al. (1992) and Okland (2003) was used on
results of separate partial RDAs. This enabled the variation
in community composition explained by spatial variables
alone, environmental variables alone, and spatial and
environmental variables combined to be quantified. Briefly,
the procedure was as follows: first, the community similarity
matrix was constrained using the total set of environmental
(Xe) and distance (Xs) variables to obtain the variance
explained by all = V_ (V; = X U X, ). Next, the community
similarity matrix was constrained using environmental
variables only with spatial variables as covariates to obtain
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Figure 4. Redundancy analysis ordination showing site scores for the third and fourth axes. Codes represent: Am-pa, Amphimedon
paraviridisy; Cia-ae, Callyspongia aerizusa; Ca-bi, Callyspongia biru; Ca-ps, Callyspongia aff. pseudofibrosa; Ch-ho, Chalinula hoopers; Dy-ar, Dysidea
arenaria; Ge-i, Gelliodes fibulata; Ha-am, Haliclona amboinensis; Hy-re, Hyrtios reticulata; lo-ba, lotrochota baculifera; Ir-ra, Ircinia ramosa; Li-fi,
Lissodendoryx_fibrosa; Pa-ba, Paratetilla bacca; Xe-ex, Neopetrosia exigua; Xe-te, Xestospongia testudinaria.

X ), and the community similarity matrix was

VPE<V/;e = Xe

constrained using distance variables only with environmental

variablesas covariatestoobtain V, (V, = X| |X , )-Itwasthen
possible to calculate the spatially structured environmental
fraction Vi, (V, =X NX, =X UX,-X |X —X,|X )

sse
and the unexplained variation Vo= 1-V,.

RESULTS

The first axis of the PCA (%VE: 16.5%) on sponge
data represented a synthetic gradient structured by a
combination of depth and offshore distance (Figure 1).
Shallow and offshore plots tended to have high PC1 values
while deeper and inshore plots usually had low PC1 values.
The second axis of the PCA (%VE: 11.7%) on sponge data
separated sheltered (indicated by ‘E’) and inshore (e.g. ‘Lae’
and ‘Bak’) plots from offshore (e.g. ‘Lan’ and ‘Kud’) plots.
The third axis (Figure 2) of the PCA (%VE: 8.4%) separated
the most inshore plots (Lae Lae) from all other plots. Finally,
the fourth axis of the PCA (WVE: 11.7%) separated deeper
and more offshore plots (e.g. ‘Lan’, ‘Lom’ and ‘KuE’) from
shallower and more inshore (e.g. ‘Sam’ and ‘SaE’) plots.

In the RDA, the sum of all constrained (canonical)
eigenvalues was 0.569 thus explaining 56.9% of the
variation in the dataset (Figures 3 & 4). Of this 2.6% was
due to the purely spatial component, 43.4% due to the
spatially structured environmental component (covariation
of space and environment) and 10.9% due to the purely
environmental component. Using only the environmental
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predictors, the eigenvalues of the first four axes were 0.152,
0.109, 0.078 and 0.059 for the first, second, third and fourth
axes respectively (Monte Carlo test of trace, P<0.001). The
species—environment correlations of the first four axes were
high (range: 0.922 to 0.978) indicating a strong association
between the species matrix and the environmental matrix.

Significant (P<0.001) environmental variables selected
with the Monte Carlo forward selection procedure included
depth (A,=0.10), mean temperature (A,=0.09), standard
deviation in suspended sediment load (A,=0.08), standard
deviation in salinity (A,=0.06), exposure (A,=0.05), standard
deviation in velocity (A,=0.07), mean velocity (A,=0.05) and
the standard deviation in temperature (A,=0.04). Significant
(P<0.05) spatial factors included x* (A,=0.09), xy (A,=0.08),
x* (1,=0.05), x*y (A,=0.07), xy* (A,=0.06), y (A,=0.04) and y”
(2,=0.06).

Ordinations of the RDA constrained using environmental
variables only are presented in Figures 3 and 4 whereby
arrows represent significant environmental variables
superimposed onto the ordination; the length of the arrow
indicates the correlation between the environmental
variable and the ordination axis. Species strongly associated
with deeper water include Xestospongia mammillata, Haliclona
Jascigera and  Niphates olemda, whereas species associated
with shallow water include Chalinula hooperi, Carteriospongia
Joliascens and Lamellodysidea herbacea. Species associated with
sheltered sites include Clathria mixta and lotrochota baculifera
whereas Placospongia melobesioides and  Oceanapia  sagittaria
preferred exposed sites. Neopetrosia exigua was widespread
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but more abundant in offshore environments whereas
Coelocarteria singaporensis was restricted to exposed midshore
reefs (Kudingareng Keke and Barang Lompo). Species
found in turbid inshore environments included Paratetilla
bacca, Gelliodes fibulata and Lissodendoryx fibrosa whereas those
restricted to more pristine offshore reefs included lotrochota
baculifera, Chalinula hooper: and Callyspongia biru.

DISCUSSION

We found pronounced differences in sponge assemblages
among sample sites. Gradients in species composition varied
in relation to a number of environmental variables including
depth, exposure to wave energy and environmental variables
that varied along an on-to-offshore gradient including
temperature, water velocity and suspended sediment load.
Previous studies have found that local distribution patterns
of benthic marine taxa are highly influenced by local
environmental factors, such as reef geomorphology, depth,
water turbidity and nutrients (Wilkinson & Cheshire, 1989;
Alvarez et al., 1990; Cheshire & Wilkinson, 1991; Barnes,
1999; Bell & Barnes, 2000; Hooper et al., 2002; Becking
et al., 2006; Cleary & Renema, 2007; de Voogd & Cleary,
2007) in addition to competition with other reef organisms
(VanVeghel et al., 1996; Aerts & van Soest, 1997).

Some sponge species were restricted to the highly
sedimented inshore reefs of Lae Lae and Bone Baku
including the massive Lissodendoryx fibrosa and the globular
Paratetilla bacca. Lissodendoryx fibrosa is often covered by a fine
sheet of sediments, and species belonging to this genus are
known to have a wide ecological amplitude (van Soest, 2002).
Paratetilla bacca has a globular morphology and sponges
belonging to the same family (Tetillidae) have pronounced
preferences for habitats with a high sediment load. Sponges,
in general, inhabit hard-bottom communities, and only a
few sponges have adapted to soft bottom and often highly
sedimented habitats, including burrowing in the substrate,
and protrusion of spicules (Ilan & Abelson, 1995).

Species found predominantly in deeper plots included
the tube forming Niphates olemda, the globular Melophlus
sarassinorum, the creeping ramose Pseudoceratina verrucosa, the
massive Xestospongia mammillata and the globular Diacarnus
megaspinorhabdosa; the latter two were completely absent
from inshore reefs. When present, N. olemda is often very
common and has a very broad geographical range; it is
also frequently found on vertical walls (N,J. de Voogd,
personal observation). Other sponges that were found in
more offshore environments included Neopetrosia exigua and
Coelocarteria singaporensis. These species are known to occur in
pristine densely coral covered reefs in Palau (de Laubenfels,
1954) and curiously enough in the muddy intertidal regions
of Darwin (Bergquist & Tizard, 1967).

Environmental and spatial variables together explained
56.9% of the variation in sponge similarity and this was
predominantly related to environmental parameters (pure
and spatially structured), indicating that the more similar
the environment, the more similar the sponge assemblages
present. This identifies a strong deterministic interaction
between the environment and community present within
a site. These results agree with previous studies in marine
and terrestrial environments that have attributed spatial
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variation in community structure to predominantly
deterministic (environmental) processes (Aguiar et al., 2002;
Ellingsen, 2002; Magalhaes et al., 2002; Tuomisto et al.,
2003; Williams & Wiser, 2004; Cleary et al., 2004, 2005,
2006; Cleary & Genner, 2006).

Results of the present analysis using canonical ordination
are also in line with the findings of de Voogd et al. (2006),
with respect to the variance explained by environmental
and spatial variables, in which a matrix regression technique
was used. Legendre et al. (2005) suggested that the variation
in composition is preferably partitioned using canonical
ordination as opposed to the matrix regression technique
used in de Voogd et al. (2006).

The importance of spatially structured environmental
variables indicates that species and environment have similar
spatial structure (Borcard et al., 1992). In the study area
there was clear evidence of such a spatial-environmental
gradient related to fluvial input from rivers such as the Jene
Berang from the east and south and oceanic influences
from the west. Fluvial input from various river systems is
the most dominant environmental factor although this is
mediated by annual variation related to the monsoon and
the geomorphology of the Spermonde shelf (Renema,
2002). Stronger winds generally occur during the north-
west monsoon and this time of year is also associated with
increased fluvial discharge and the inflow of terrigenous
sand and silt. During the south-east monsoon, there is an
increase in upwelling along the outer shelf rim lowering
water temperatures and dissolved oxygen and increasing
salinity and nitrate—nitrogen content (Ilahude, 1978).
Upwelling, during the south-east monsoon (Ilahude, 1978),
and wave action, during the north-west monsoon (van der
Stok, 1922), primarily affect the outer rim of the shelf.

During the north-west monsoon, silt and clay may be
deposited a considerable distance offshore due to increased
fluvial inflow causing low salinity and nutrient enrichment
(Sobur, 1985; Erftemeier, 1993; Renema & Troelstra, 2001).
The reefs in the immediate vicinity of Makassar (e.g. Lae
Lae) are directly under fluvial influence of the Jene Berang
river and a sediment-loaded plume (de Klerk, 1983; Edinger
et al., 1998; Renema, 2002). This plume can at times reach
offshore reefs, such as the sheltered side of Kudingareng
Keke, although most of the sediment load has then been
lost with characteristic surface fronts of foam and detritus
(Hoekstra, 1989). The effect of the river plume decreases
as the distance increases from shore (Edinger et al., 1998;
Renema & Troelstra, 2001) so that the various reefs not
only differ in exposure to land-based pollution, but also
in geomorphology and maximum depth. In the study
area, observed values of mean water velocity and salinity
and the variation in velocity and temperature increased
from in-to-offshore due to the reduction in the influence
of the Jene Berang and increasing oceanic influences. On
the contrary, the mean sediment load and the variation in
salinity and sediment load declined from in-to-offshore.
Numerous studies have shown that temperature, salinity and
sedimentation can be important in structuring communities
(Arnold & Ormerod, 1997; Marshall & Elliott, 1998; Josefson
& Hansen, 2004). In Florida, for example, temperature,
salinity and sedimentation limited coral abundance,
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diversity and distribution within Biscayne Bay. In the bay,
sedimentation rates were very high, often burying corals.
Temperatures also exhibited high fluctuations, known
to cause severe coral stress and mortality. The inshore
environment of the bay, furthermore, experienced low
mean salinity and high salinity fluctuation due to freshwater
inputs (Lirman et al., 2003).

In addition to influencing the species composition of
reefs, the fluvial influx appears to have had an impact on
the habitat structure of these reefs. Inshore reefs such as
Lae Lae, for example, usually consist of cay-crowned reefs
with relatively low live coral cover and are predominantly
composed of hard rock substrata (e.g. dead coral) and soft
sediment. As the distance from shore increases, the reefs
change to live coral dominated reefs crowned by islets and
submarine shoals with relatively few emerging cays. Coral
cover can be very high on exposed offshore reefs, particularly
in the proximity of the reef barrier.

In summary, results of the present study indicate that
sponge assemblages within the Spermonde are structured by
environmental variables. Understanding the nature of these
environmental constraints is essential for the protection
and sustainable exploitation of sponges and other marine
taxa. In order to conserve biodiversity by designing and
placing conservation refugia in appropiate locations, it is
crucial to understand the spatial patterns of species and how
assemblages change in space (Plotkin & Muller-Landau,
2002; Tuomisto et al., 2003). Species with pronounced
environmental preferences may also be expected to be
particularly susceptible to environmental degradation and
may be locally extirpated if their environment is greatly
altered.

We are grateful to the rector and to Professor Dr A. Noor of
Hasanuddin University for support in Makassar. The Indonesian
Institute of Sciences (LIPI) issued the research permits within
Indonesia. This research was funded by the Netherlands
Foundation for the Advancement of Tropical Research (WOTRO
grant, W84-354, W84-474), the Schure Beijerinck Popping fund
at the Dutch Royal Academy of Science (KNAW), and the STIR-
network. Rob van Soest helped with the identification of specimens.
This publication is a result of the project ‘Climate change and
Indonesian coral reef biotas’ of the Council for Earth and Life

Sciences (ALW 852.00.050).

REFERENCES

Aerts, LLAM. & Soest, RW.M. van, 1997. Quantification of
sponge/coral interactions in a physically stressed reef community,
NE Colombia. Marine Ecology Progress Series, 148, 125—134.

Aguiar, F.C., Ferreira, M. T. & Pinto, P., 2002. Relative influence
of environmental variables on macroinvertebrate assemblages
from an Iberian basin. Journal of the North American Benthological
Society, 21, 43-53.

Alvarez, B., Diaz, M.C. & Laughlin, R.A., 1990. The sponge
fauna on a fringing coral reef in Venezuela. I. Composition,
distribution, and abundance. 3rd International Sponge Conference,
358-366.

Alvarez, B., Soest, RW.M. van & Riitzler, K., 2002. Svenzea, a
new genus of Dictyonellidae (Porifera: Demospongiae) from
tropical reef environments, with description of two new species.

Contributions to Zoology, 7, 171-176.

Journal of the Marine Biological Assoctation of the United Kingdom (2007)

https://doi.org/10.1017/50025315407052770 Published online by Cambridge University Press

D.F.R. Cleary and N,J. de Voogd 1675

Arnold, S.L. & Ormerod, S]J., 1997. Aquatic macroinvertebrates
and environmental gradients in Phragmites reedswamps:
implications for conservation. Aguatic Conservation: Marine and
Freshwater Ecosystems, 7, 153—163.

Barnes, D.K.A.,; 1999. High diversity of tropical intertidal-zone
sponges in temperature, salinity and current extremes. African
Journal of Ecology, 371, 424-434.

Becking, L.E., Cleary, D.F.R., Voogd, N_J. de, Renema, W., Beer,
M. de, Soest, RW.M. van & Hoeksema, B.W., 2006. Beta
diversity of tropical marine assemblages in the Spermonde
Archipelago, Indonesia. Marine Ecology—An Evolutionary Perspective,
27, 76-88.

Bell, ]J.J. & Barnes, D.K.A., 2000. A sponge diversity centre within
a marine island. Hydrobiologia, 440, 55—64.

Bell, JJ. & Smith, D., 2004. Ecology of sponge assemblages
(Porifera) in the Wakatobi region, south-east Sulawesi, Indonesia:
richness and abundance. Journal of the Marine Biological Association
of the United Kingdom, 84, 581-391.

Bergquist, P.R. & Tizard, C.A., 1967. Australian intertidal sponges
from the Darwin area. Mucronesica, 3, 175-202.

Borcard, D., Legendre, P. & Drapeau, P., 1992. Partialling out the
spatial component of ecological variation. Ecology, 73, 1045—
1055.

Braak, CJ.F. ter, 1986. Canonical correspondence analysis: a new
eigenvector technique for multivariate direct gradient analysis.
Ecology, 67, 1167—-1179.

Braak, C.J.F. ter & Smilauer, P., 1998. Canoco 4. Ithica, NY, USA:
Microcomputer Power.

Braak, C.J.F. ter & Verdonschot, PFM., 1995. Canonical
correspondence-analysis and related multivariate methods in
aquatic ecology. Aquatic Science, 57, 255—289.

Cheshire, A.C. & Wilkinson, C.R., 1991. Modeling photosynthetic
production by sponges on Davies-reef, Great-Barrier-Reef.
Marine Biology, 109, 13—18.

Cleary, D.F.R., Becking, L.E., Voogd, N.J. de, Renema, W,
Beer, M. de, Soest, RW.M. van & Hoeksema, B.W., 2005.
Cross-shelf diversity of sea urchins, sponges, mushroom corals
and foraminifera in the Spermonde Archipelago, Indonesia.
Estuarine, Coastal and Shelf Science, 63, 557-570.

Cleary, D.F.R., Boyle, T,J.B., Setyawati, T., Angraeti, C.D. &
Menken, S.BJ., 2007. Bird species richness, composition and
ecological traits associated with unlogged and logged Bornean
hill forest. Ecological Applications, 17, 1184—1197.

Cleary, D.F.R. & Genner, M J., 2006. Understanding diversity
patterns of Bornean butterfly assemblages. Biodiwersity and
Conservation, 15, 517-538.

Cleary, D.F.R., Genner, MJ., Boyle, TJ.B., Setyawati, T., Angraet,
C.D. & Menken, S.B J., 2005. Dependence of bird species richness
and composition upon local- and large-scale environmental
factors in Borneo. Landscape Ecology, 20, 989-1001.

Cleary, D.F.R., Mooers, A.Q., Eichhorn, K.A.O., Tol, J. van,
Jong, R. de & Menken, S.BJ., 2004. Diversity and community
composition of butterflies and odonates in an ENSO-induced
fire affected habitat mosaic: a case study from East Kalimantan,
Indonesia. Oikos, 105, 426-446.

Cleary, D.F.R., Priadjati, A., Suryokusumo, B.K. & Menken,
S.BJ., 2006. Butterfly, sapling, seedling and tree diversity in a
fire-affected Bornean rainforest. Austral Ecology, 31, 46-57.

Cleary, D.F.R. & Renema, W., 2007. Relating species traits of
foraminifera to environmental parameters in the Spermonde
Archipelago, Indonesia. Marine Ecology Progress Series, 334, 73—82.

Done, T]., 1982. Patterns in the distribution of coral communities
across the central Great Barrier Reef. Coral Reefs, 1, 95-107.

Edinger, E., Jompa, J., Limnon, G.V., Widjatmoko, W. & Risk,
M., 1998. Reef degradation and coral biodiversity in Indonesia:
effects of land-based pollution, destructive fishing practices and
changes over time. Marine Pollution Bulletin, 36, 617—630.


https://doi.org/10.1017/S0025315407052770

1676 D.F.R. Cleary and N.J. de Voogd  Environmental associations of sponges in the Spermonde Archipelago

Ellingsen, K.E., 2002. Soft-sediment benthic biodiversity on the
continental shelf in relation to environmental variability. Marine
Ecology Progress Series, 232, 15-27.

Erftemeier, P.L.A., 1993. Factors limiting growth and production of tropical
sea grasses: nutrient dynamics i Indonesian sea grass beds. PhD thesis,
University of Nijjmegen, The Netherlands.

Hockstra, P., 1989. Buoyant river plumes and mud deposition in a
rapidly extending tropical delta. Netherlands Journal of Sea Research,
23, 517-527.

Hooper, J.N.A., Kennedy, J.A. & Quinn, R.J., 2002. Biodiversity
‘hotspots’, patterns of richness and endemism, and taxonomic
affinities of tropical Australian sponges (Porifera). Biodwersity and
Conservation, 11, 851-885.

Hubbell, S.P., 2001. The unified neutral theory of biodiversity and
biogeography. Monographs in Population Biology no. 32. Princeton
University Press, pp. 375.

Tlahude, A.G., 1978. On the factors affecting the productivity
of the Southern Makassar Strait. Marine Research Indonesia, 21,
81-107.

Ilan, M. & Abelson, A., 1995. The life of a sponge in a sandy
lagoon. Biological Bulletin. Marine Biological Laboratory, Woods Hole,
189, 363-369.

Josefson, A.B. & Hansen, J.L.S., 2004. Species richness of benthic
macrofauna in Danish estuaries and coastal areas. Global Ecology
and Biogeography, 13, 273—288.

Klerk, L.G. de, 1983. leespiegels, riffen en kustvlakten in Juidwest
Sulawesi, Indonesie, een morphogenetisch-bodemkundige studie. PhD
thesis, University of Utrecht, The Netherlands.

Legendre, P. & Gallagher, E.D., 2001. Ecologically meaningful
transformations for ordination of species data. Oecologia, 129,
271-280.

Legendre, P., Borcard, D. & Peres-Neto, P.R., 2005. Analyzing
beta diversity: partitioning the spatial variation of community
composition data. Ecological Monographs, 75, 435—450.

Laubenfels, M.W. de, 1954. The sponges of the West-Central Pacific.
Oregon State Monographs. Studies in Zoology 7; i—x, 1-306,
pls I-XI1I.

Lirman, D.; Orlando, B., Macia, S., Manzello, D., Kaufman,
L., Biber, P. & Jones, T., 2003. Coral communities of Biscayne
Bay, Florida and adjacent offshore areas: diversity, abundance,
distribution, and environmental correlates. Aquatic Conservation:
Marine and Freshwater Ecosystems, 13, 121-135.

Magalhaes, M.F., Batalha, D.C. & Collares-Pereira, M J., 2002.
Gradients in stream fish assemblages across a Mediterranean
landscape: contributions of environmental factors and spatial
structure. Freshwater Biology, 47, 1015—1031.

Marshall, S. & Elliott, M., 1998. Environmental influences on the
fish assemblage of the Humber estuary, UK. Estuarine, Coastal
and Shelf Science, 46, 175—184.

Mora, C., Chittaro, P.M., Sale, P.F., Kritzer, J.P. & Ludsin, S.A,
2003. Patterns and processes in reef fish diversity. Nature, London,
421, 933-936.

Ohmann, J.L. & Spies, T.A., 1998. Regional gradient analysis and
spatial patter of woody plant communities of Oregon forests.
Ecological Monographs, 68, 151-182.

Okland, R.H., 2003. Partitioning the variation in a plot-by-species
data matrix that is related to n sets of explanatory variables.
Journal of Vegetation Science, 14, 693—700.

Plotkin, J.B. & Muller-Landau, H.C., 2002. Sampling the species
composition of a landscape. Ecology, 83, 3344—3356.

Rao, C.R., 1995. A review of canonical coordinates and an
alternative to correspondence analysis using Hellinger distance.
Qiiestir, 19, 23-63.

Renema, W.; 2002. Larger foraminifera and their distribution
patterns on the Spermonde shelf, South Sulawesi. Seripita
Geologica, 124, 1-263.

Journal of the Marine Biological Association of the United Kingdom (2007)

https://doi.org/10.1017/50025315407052770 Published online by Cambridge University Press

Renema, W. & Troelstra, S.R.,2001. Larger foraminifera distribution
on a mesotrophic carbonate shelf in SW Sulawesi (Indonestia).
Paleogeography, Paleoclimatology, Paleoecology, 175, 125-146.

Sobur, A., 1985. Studi dinamika pantai delta fene Berang. Lembaga
Penelitian Universitas Hasanuddin, Ujung Pandung, pp. 1-56.

Soest, R'W.M. van, 2002. Family Coelosphaeridae. In Systema
Porifera: a guide to the classification of sponges (ed. J.N.A. Hooper and
R.W.M. van Soest), pp. 528-546. New York: Kluwer Academic/
Plenum Publishers.

Spencer, M., Schwartz, S.S. & Blaustein, L., 2002. Are there
fine-scale patterns in community similarity among temporary
freshwater pools? Global Ecology and Biogeography, 11, 71-78.

Stok, J.P. van der, 1922. Maritieme meteorology en getijden. In De
Leeén van Nederlandsch Oost-Indié (ed. J.P. van der Stok), pp. 178—
212. Amsterdam: Koninklijke Nederlandsche Aardrijkskundig
Genootschap.

Syms, C. & Jones, G.P., 2004. Habitat structure, disturbance and
the composition of sand-dwelling goby assemblages in a coral
reef lagoon. Marine Ecology Progress Series, 268, 221-230.

Torruco, D., Gonzalez, A. & Ordaz, J., 2003. The role of
environmental factors in the lagoon coral community structure of
Banco Chinchoor, Mexico. Bulletin of Marine Science, 73, 23-26.

Tuomisto, H., Ruokolainen, K. & Yli-Halla, M., 2003. Dispersal,
environment, and floristic variation of western Amazonian
forests. Science, New York, 299, 241-244.

Umbgrove, J.H.F., 1929. The influence of the monsoons on the
geomorphology of coral islands. Proceedings of the 4th Pacific
Scientific Congress, Batavia, Java, Netherlands Indies, 49—54.

Umbgrove, J.H.F.,; 1930. De koraalriffen van de Spermonde
Archipel, S. Celebes. Leidsche Geologische Mededeelingen, 3, 227—
247.

VanVeghel, M.L]J., Cleary, D.FR. & Bak, R.PM., 1996.
Interspecific interactions and competitive ability of the
polymorphic reef-building coral Montastrea annularis. Bulletin of
Marine Science, 58, 792—-803.

Voogd, N.J. de, 2004. Callyspongia (Euplacella) biru spec. nov.
(Porifera: Demospongiae: Haplosclerida) from Indonesia.
Loologische Mededelingen, 78, 477—483.

Voogd, NJ. de, Becking, L.E., Noor, A., Hocksema, B.W. & Soest,
R.W.M. van, 2004. Sponge interactions with spatial competitors
in SW Sulawesi. Bollettino der Musei Instituti Biologict dell’Universita di
Genova, 68, 253-261.

Voogd, NJ. de & Cleary, D.F.R.; 2007. Relating species traits
to environmental parameters in Indonesian coral reef sponge
assemblages. Marine and Freshwater Research, 58, 240—249.

Voogd, N.J. de, Cleary, D.F.R., Hocksema, B.W., Noor, A. & Soest,
R.W.M. van, 2006. Sponge beta diversity in the Spermonde
Archipelago, Indonesia. Marine Ecology Progress Series, 309, 131—
142.

Voogd, N.J. de & Soest, R.-W.M. van, 2002. Indonesian sponges
of the genus Petrosia Vosmaer (Demospongiae: Haplosclerida).
Loologische Mededelingen, 76, 193—209.

Wilkinson, C.R. & Cheshire, A.C., 1989. Patterns in the distribution
of sponge populations across the central Great Barrier Reef.
Coral Reefs, 8, 127—-134.

Williams, P.A. & Wiser, S., 2004. Determinants of regional and
local patterns in the floras of braided riverbeds in New Zealand.
Journal of Biogeography, 31, 1355—1372.

Williams, S.E., Marsh, H. & Winter, J., 2002. Spatial scale, species
diversity, and habitat structure: small mammals in Australian
tropical rain forest. Ecology, 83, 1317-1329.

Submutted 8 December 2005. Accepted 21 Fune 2007.


https://doi.org/10.1017/S0025315407052770

	NIEUW Template embargo 6 maanden Repository Taverne (24).pdf
	​Naturalis Repository 


