MARINE ECOLOGY PROGRESS SERIES
Mar Ecol Prog Ser

Vol. 396: 27–33, 2009
doi: 10.3354/meps08301

Published December 9

Patterns of abundance and size across
varying spatial scales for the coral reef sponge
Coscinoderma matthewsi
Alan R. Duckworth1, 2, 3,*, Carsten W. Wolff1, 2, Heidi Luter1, 2
1

Australian Institute of Marine Science, PMB 3, Townsville, Queensland 4810, Australia
Australian Institute of Marine Science at James Cook University, Post Office James Cook University, Townsville,
Queensland 4811, Australia

2

3

Present address: Blue Ocean Institute, PO Box 250, East Norwich, New York 11732, USA

ABSTRACT: Spatial variability in abundance and size of sponges are poorly understood compared
with other sessile organisms such as corals. A hierarchical survey design across 3 spatial scales —
sites nested in locations nested in island groups — examined variation in sponge size and abundance
for the common coral reef sponge Coscinoderma matthewsi (Lendenfed, 1886) (Demospongiae: Dictyoceratida) in Torres Strait, northern Australia. The abundance of C. matthewsi differed significantly
across all 3 spatial scales, varying greatly between sites 200 m apart up to island groups 60 km apart.
The size frequency distributions of C. matthewsi varied between sites and island groups, and were
positively skewed with populations dominated by small sponges. There was no relationship between
sponge abundance and size within and between island groups for C. matthewsi in Torres Strait.
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INTRODUCTION
Sponges are a dominant and diverse phylum in coral
reefs (Reiswig 1973, Wilkinson & Cheshire 1989) and
can positively and negatively interact with the wider
community in numerous ways, from providing food
and shelter (Randall & Hartman 1968, Dunlap & Pawlik
1998) to occupying substratum excluding spatial competitors (Aerts 1998). Being efficient filter feeders of
small particulate matter, coral reef sponges also represent an important energy coupling between the benthic and pelagic communities (Reiswig 1971, Lesser
2006).
Interactions with the coral reef community are influenced by sponge abundance and size frequency
patterns, which can vary between species across small
and large spatial scales (Wilkinson & Cheshire 1989,
Wilkinson & Evans 1989, Duckworth & Wolff 2007b).
Variation in size and abundance across space is mediated by abiotic and biotic factors that can affect all life

stages of a sponge, from water flow direction and
speed influencing the dispersal of reproductives (Maldonado & Young 1996) to disease causing partial mortality and decreasing size (Ayling 1981). In contrast to
the numerous studies that have investigated variation
of abundance and size across space for coral species
(e.g. Meesters et al. 2001, Vermeij & Bak 2003,
Richardson & Voss 2005), spatial variation has received
less attention for coral reef sponges (e.g. Reiswig 1973,
Trautman et al. 2000).
The coral reef sponge Coscinoderma matthewsi
(Lendenfeld, 1886) is a massive, hemispherical sponge,
grayish black in colour and can grow over 50 cm in
length (Bergquist 1995, Duckworth & Wolff 2007b). It
is a heterotrophic species (Wilkinson 1983) that obtains
its energy from filtering suspended food particles. Coscinoderma matthewsi has a widespread distribution,
recorded from the eastern Indian Ocean (Fromont
2003) to the central Pacific Ocean (Bergquist 1995). On
some coral reefs, C. matthewsi is a dominant sponge in
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terms of biomass, with >10 large individuals 20 m–2
(Duckworth & Wolff 2007b). C. matthewsi is found in
the central and eastern regions of Torres Strait (Duckworth et al. 2008) and is commercially farmed in Torres
Strait and Micronesia for its high quality spongin fibres
(MacMillan 1996, Duckworth & Wolff 2007a). In the
present study, we examine spatial variation in abundance and size of C. matthewsi in Torres Strait, which
contains an archipelago of islands and reefs between
northern Queensland, Australia, and Papua New
Guinea.

METHODS
Study area and sampling strategy. The study area in
Torres Strait is situated between Papua New Guinea
and northern Queensland, Australia, and is bordered
by the Warrior Reefs to the west and the edge of the
continental shelf to the east (Fig. 1). Surveys for Coscinoderma matthewsi were done at 5 island groups:
Ugar (Stephen Island) and Erub (Darnley Island) in
eastern Torres Strait and Masig (Yorke Island), Poruma
(Coconut Island) and Warraber (Sue Island) in central
Torres Strait (Fig. 1). The island groups were, on average, 66 ± 11 (SE) km apart from each other. All surveyed islands are small and enclosed by fringing coral
reefs. The reef slope generally starts at a depth of
about 5 m (mean low water) and stops at 15 m,
descending at an angle from 20 to 60°. Maximum
depth between neighbouring islands and reefs is
9°S
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Fig. 1. Study area in Torres Strait. The major island is located
directly under the name of each island group

approximately 30 m, with the substrate consisting of
muddy sand (Harris 1988).
Sponge surveys were done at 7 or 8 randomly selected locations in each island group, with each location being ≥2 km apart, averaging 8 km separation.
Each location was divided into 2 sites, approximately
200 m apart. At each site, three 30 × 1 m strip transects
were quantitatively surveyed for Coscinoderma
matthewsi. Transects were separated by at least 20 m
to retain independence and all were done between 7
and 12 m, a depth where C. matthewsi is common in
Torres Strait (Duckworth & Wolff 2007b). To examine
size frequency distributions patterns, the greatest
dimension of every C. matthewsi was measured by a
ruler attached to the dive slate and recorded. All surveys were done in November 2006, thus preventing
any possible temporal variation in sponge size and
abundance influencing the results.
Data analysis. Abundance of Coscinoderma matthewsi across spatial scales was analysed using a
nested ANOVA, with island group as a fixed factor,
and location and site as nested factors. To meet assumptions of ANOVA, data were log(x + 1) transformed and island groups with < 25 sponges were not
included in the analysis. The Tukey-Kramer multiple
comparison (TKMC) test was used to determine which
island groups differed from each other in sponge abundance and size.
Sponge size was compared among island groups
using 1-way ANOVA. Only island groups with > 25
recorded sponges were analysed to reduce the probability of a Type I error occurring due to different sample sizes (Zar 1999). Data was log transformed. For
each island group, mean sponge size, SD, 95th percentile and coefficient of variation (CV) were calculated on raw untransformed data. Because the maximum size of sessile invertebrates can be influenced by
chance events, the 95th percentile was used to compare the upper size limit across space (Soong 1993,
Meesters et al. 2001). The CV is a measure of the variation in a population irrespective of mean size. Sponge
size for each island group was also analysed using single Kolmogorov-Smirnov tests with Lilliefors adjustment (p > 0.05) to determine whether the size data
have a normal distribution. To ensure that each test
had a similar statistical power, 50 Coscinoderma matthewsi individuals were randomly selected if sample
number from an island group exceeded 60 sponges.
Skewness (g1) values were calculated as well, with a
positive value indicating a greater proportion of small
individuals and a negative value indicating that the
population is dominated by large individuals. For each
island group, Kolmogorov-Smirnov and skewness tests
were done on both raw and log-transformed data, to
determine whether a log transformation can normalise
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the size data for a sponge as shown for hard coral species (Bak & Meesters 1998, Vermeij & Bak 2003).
To investigate variation in size distribution over
small spatial scales, sponge size was analysed in the island group where Coscinoderma matthewsi was most
abundant using a nested ANOVA, with location as a
fixed factor and site nested. Data was log transformed.
Only locations where both sites had more than10 individuals were analysed to reduce the likelihood of a
Type I error. For each analysed site, mean sponge size,
SD, 95th percentile and CV were calculated.
To examine the relationship between sponge abundance and size in Torres Strait, simple linear regression was done using sponge number and mean size at
each site where Coscinoderma matthewsi was present.
Data from transects were pooled to site to increase precision of mean size. Simple linear regression also compared sponge number to mean size at the island group
where C. matthewsi was most abundant; data were
compared among transects.

RESULTS
Spatial variability in sponge abundance
Coscinoderma matthewsi was found at all 5 island
groups (Fig. 2). In total, 436 individuals were counted
and measured during the survey. However, Warraber
had low numbers of C. matthewsi and was excluded
from the statistical analysis. The abundance of C.
matthewsi varied significantly among island groups in
Torres Strait (nested ANOVA: F3, 26 = 9.94; p < 0.001),
being most abundant at Masig with 5.5 ± 0.7 (SE)
sponges 30 m–2 on average (Fig. 2). In contrast, mean
abundance (± SE) was similar according to the TKMC
test among Ugar, Erub and Poruma being 1.7 (± 0.3),
1.1 (± 0.2) and 1.2 (± 0.4) sponges 30 m–2, respectively.
At Warraber, mean abundance was 0.5 (± 0.1) C.
matthewsi per transect.
Sponge abundance varied significantly among locations within each island group (nested ANOVA: F26, 30 =
1.93; p = 0.042). At Erub and Poruma, for example, Coscinoderma matthewsi was relatively common at some
locations but not recorded at neighbouring locations a
few km away (Fig. 2). Among the 7 locations at Masig,
mean abundance ranged from 0.8 to 8.8 sponges
30 m–2. The abundance of C. matthewsi also varied significantly among sites (nested ANOVA: F30,120 = 2.28;
p < 0.001). In some locations at Ugar, Erub and Poruma,
C. matthewsi was found at one site but not recorded
200 m away (Fig. 2). In locations where C. matthewsi
was recorded at both sites, density could vary by a
factor of 10. Almost the half of the locations (11 of 24)
with ≥5 C. matthewsi present had > 75% of its indi-
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Fig. 2. Coscinoderma matthewsi. Mean abundance at each
island group with nested sites and locations. Error bars
represent variation between transects at a site (±1 SE)

viduals recorded from 1 site. Variation in C. matthewsi
abundance between neighbouring sites was therefore
a common phenomenon in Torres Strait.

Spatial variability in sponge size among
island groups
The size frequency distribution of Coscinoderma
matthewsi varied significantly among island groups in
Torres Strait (1-way ANOVA: F3, 414 = 16.93; p <
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0.0001). The TKMC test determined that sponge size
was similar between Masig and Poruma, and between
Ugar and Erub (Table 1, Fig. 3). At Warraber, which
was excluded from the statistical analysis because of
low sponge abundance, mean length was similar to
that at Ugar and Erub (Table 1). Size results for the
95th percentile showed a similar pattern, being highest
at Masig and Poruma and smallest at the 3 remaining
island groups. At Masig and Poruma, C. matthewsi
could be expected to grow to > 20 cm in length. The CV
varied little among the island groups (Table 1), indicating that variation around the mean was similar
throughout Torres Strait.
The Kolmogorov-Smirnov normality test on raw size
data was significant for Ugar, Erub and Masig
(Table 1), indicating that the untransformed size structure of Coscinoderma matthewsi at 3 of the 5 island
groups did not have a normal distribution. After a log
transformation, the size structure at Ugar, Erub and
Masig became normally distributed. The untransformed size distributions at all island groups were positively skewed, indicating that small individuals dominate the C. matthewsi population at each island group.
The proportion of small individuals (< 5 cm) was greatest at Ugar (32%), Erub (37%) and Warraber (47%)
and lowest at Masig (14%) and Poruma (8%). Logtransforming the size data reduced the level of skewness (g1 value closer to 0) at 4 of the 5 island groups.
The one exception was at Poruma, where the raw
untransformed size data had a normal distribution and
was only slightly positively skewed (Table 1).

Spatial variability in sponge size among
locations and sites
At Masig, the size frequency distribution of Coscinoderma matthewsi was similar between locations
(nested ANOVA: F4, 5 = 0.93; p = 0.515); 2 Masig locations were excluded from the analysis because <10
sponges were recorded from at least 1 site. Size pat-
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Fig. 3. Coscinoderma matthewsi. Size frequency distributions
between island groups

terns for C. matthewsi varied significantly, however,
between sites nested within locations (nested ANOVA:
F5,191 = 4.27; p = 0.001), indicating that size frequency
distributions can vary greatly over short distances
(~200 m). At Location 2, for example, 60% of C.
matthewsi sponges at Site 1 were >10 cm while > 90%
of individuals at Site 2 were <10 cm (Fig. 4). A greater
proportion of large sponges at Site 1 resulted in mean
size and 95th percentile values double that recorded

Table 1. Coscinoderma matthewsi. Size distribution variables in each island group giving sample number (N), mean size, SD, coefficient of variation (CV) and the 95th percentile (95th); all measurements in cm. Also shown are results from the single
Kolmogorov-Smirnov normality test (KS) and skewness (g1) tests for untransformed and log (x + 1) transformed data. Probability for
KS either non-significant (ns) or significant (< 0.05)
Island group

Ugar
Erub
Masig
Poruma
Warraber
a

N

Mean

SD

CV

95th

81
53
233
50
19

6.9
7.6
10.3
12.7
7.5

4.1
5.2
6.1
6.4
6.1

0.6
0.7
0.6
0.5
0.8

15.0
18.4
22
24.1
20.1

Test done on 50 randomly chosen sponges

Untransformed data
KS
g1
< 0.05a
< 0.05
< 0.05a
ns
ns

1.24
1.08
1.22
0.34
0.96

Log-transformed data
KS
g1
nsa
ns
nsa
ns
ns

–0.29
0.09
0.07
–0.42
–0.01
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Table 2. Coscinoderma matthewsi. Size distribution variables
between sites at Masig locations showing sample number (N),
mean size, SD, coefficient of variation (CV) and the 95th percentile (95th); all measurements in cm. Only locations where
both sites had ≥10 individuals were compared
Location
2
3
4
5
6

Site

N

Mean

SD

CV

95th

1
2
1
2
1
2
1
2
1
2

20
14
33
12
21
32
20
20
12
17

13.9
6.4
8.5
9.3
9.0
12.3
9.9
7.4
13.8
12.5

5.8
3.3
4.9
8.7
4.8
7.8
5.6
3.3
8.4
4.6

0.4
0.5
0.6
0.9
0.5
0.6
0.6
0.5
0.6
0.4

21.2
10.7
18.0
23.7
15.0
25.0
18.3
12.1
27.3
18.8

30

Location 5

Torres Strait: r2 = 0.006, P = 0.582
Masig: r2 = 0.008, P = 0.602
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Fig. 4. Coscinoderma matthewsi. Size frequency distributions
between sites and locations at Masig

from Site 2 (Table 2). The results in Table 2 have to be
treated cautiously because of low sample number at
some sites, however some patterns emerge. The coefficients of variation were generally similar between
neighbouring sites, which suggests the variation
around a mean was similar across short distances. The
mean size and 95th percentile value can vary greatly
between sites at some but not all Masig locations.

Relationship between sponge abundance and size
There was no significant relationship between the
abundance and size of Coscinoderma matthewsi in
Torres Strait (Fig. 5). At sites where C. matthewsi was
uncommon (≤2 individuals), for example, mean size
ranged from 3 to 25 cm. At Masig, sponge abundance
did not correlate with sponge size (Fig. 5),

5
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20

25

30

35

Sponge number
Fig. 5. Coscinoderma matthewsi. Linear regression between
sponge number and mean size of sponges at each site in Torres
Strait (d) and at each transect at Masig (y)

DISCUSSION
We surveyed reefs in the central and eastern Torres
Strait. Those around Masig have the highest abundance of Coscinoderma matthewsi, which supports
the findings from a survey in 2004 (Duckworth et al.
2008). The mean abundance of C. matthewsi 30 m–2 at
Masig in the present study (5.5 individuals [ind.]) was
similar to that recorded in 2005 (5.3 ind., Duckworth &
Wolff 2007b) but higher than in 2004 (2.8 ind.). For
Erub, which was also included in the 2004 survey,
mean C. matthewsi abundance was more than 10×
greater than in 2007 (1.1 ind. 30 m–2) than in 2004
(0.08 ind.). Variation in abundance between studies at
Masig and Erub probably results from different locations monitored in 2004 and 2007 (i.e. spatial component) and successful recruitment pulses between survey years (temporal component). A separate study that
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nated by large individuals (López-Victoria & Zea 2005).
monitored the population dynamics of C. matthewsi at
For C. matthewsi, the level of skewness (on unMasig has found that its recruitment to coral reefs
transformed data) varied among island groups, with the
varies between years (A. R. Duckworth unpubl. data),
highest occurring at Ugar and Masig. Size patterns and
which is typical of many sessile invertebrates (Wallace
skewness values of many coral species vary across
1985, Coles & Brown 2007).
space, resulting from differences in the intensity of and
The high abundance of Coscinoderma matthewsi at
interaction between abiotic and biotic factors (Bak &
Masig results from the interaction of biotic and abiotic
Meesters 1998, Meesters et al. 2001, Richardson & Voss
processes promoting the survival of all life-stages at
2005). For C. matthewsi, spatial variation in food availthis central Torres Strait island group. Some biotic and
ability, recruitment and the availability of steep rocky
abiotic factors that can influence sponge distribution
reef to provide both stable substrate for growth and reand abundance patterns include disease (Ayling 1981),
duce sediment smothering, could all contribute to difpredation (Randall & Hartman 1968, Ayling 1978), reef
ferences in size patterns among island groups and beslope (Bell & Smith 2004) and substrate composition
tween sites. Similar to many coral species (Bak &
(Trautman et al. 2003). Reef slope greatly influences
Meesters 1998, Meesters et al. 2001), log-transforming
abundances of C. matthewsi, with more individuals
the size data for C. matthewsi generally reduced asymfound on steep slopes (Duckworth et al. 2008). In Tormetry, resulting in normalised distributions of size for
res Strait, river plume water from neighbouring Papua
populations at each island group. Differences in
New Guinea and currents trapping sediments around
mean size of C. matthewsi between island groups were
islands and reefs (Wolanski et al. 1984) result in relasmall compared with many coral species (Bak &
tively turbid waters, with horizontal visibility averagMeesters 1998), relating to the relatively smaller size of
ing 8 m (Duckworth et al. 2008). High levels of sediC. matthewsi compared with most corals.
ment can reduce sponge pumping rates (Gerrodette &
Factors that promote high abundance of Coscin
Flechsig 1979) and negatively affect sponge growth
oderma matthewsi in Torres Strait may not necessarily
(Wilkinson & Vacelet 1979, Duckworth et al. 2003). It is
promote its growth and final size. This view is suptherefore likely that higher abundance of C. matthewsi
ported by the missing correlation between abundance
on steep reef results, in part, from lower levels of sediand size. Because sponges have indeterminate growth,
mentation.
where final size is influenced more by ambient condiWater movement between and within island groups
tions than genetics (Sebens 1987), it could result in locould also affect the transport of Coscinoderma matcations or sites containing a high abundance of longthewsi larvae and subsequent settlement and recruitlived but small sponges. Individuals of C. matthewsi in
ment onto Torres Strait coral reefs. Demospongiae of
Torres Straight are expected to reach an age of >10 yr
the order Dictyoceratida like C. matthewsi typically
(Duckworth et al. 2007a). Favourable conditions comproduce well-developed larvae that settle within a few
bined with low levels of disturbance, however, can prohours (Maldonado & Young 1996). The formation of
mote sponge survival and growth, resulting in localised
eddies around Torres Strait islands and reefs (Wolanpatches where C. matthewsi is both large and abunski et al. 1984) could trap larvae, cause patchy settledant (Duckworth & Wolff 2007b).
ment and promote variation in the abundance of C.
matthewsi recruits over small spatial distances
Water movement can also affect the growth and final
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