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ABSTRACT: The management of the marine environment requires effective temporal monitoring of
communities and assemblages to detect any change above the level of natural variability. Even
though sponges are usually abundant in subtidal hard substratum environments and have the ability
to significantly influence other community members, they have often been excluded from monitoring
programmes because they are taxonomically difficult and often hard to quantify compared to other
marine groups. We consider the use of a morphological method to examine photoquadrat data
collected at 3 hard substratum sites over a 10 yr period at Skomer Marine Nature Reserve, south-west
Wales. Differences in the morphological assemblages and abundance were apparent between years,
but the sponge assemblages showed rapid recovery (within 1 yr) to their original assemblage
composition and abundance following declines. The changes were attributed to natural biological
variation or a short-term impact, rather than any response to prolonged environmental change and
there was no correlation between any of the changes in assemblages observed and the environmen-
tal variables measured. A comparison of morphological and species data enabled the same sponge
assemblages to be identified at different sites, validating the method. This morphological approach to
monitoring represents a cost-effective and realistic way of monitoring certain sponge assemblages.
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INTRODUCTION

Marine Protected Areas (MPAs) have been a key
feature in the marine conservation effort throughout
the world's oceans for many years (Kelleher & Kench-
ington 1991). The effective management of these envi-
ronments requires the monitoring of the communities
and assemblages they protect to determine if change is
occurring above the level of natural variability. An
effective monitoring programme must be able to deter-
mine the nature (positive, negative or neutral) and rate
of any change that might be occurring. Although a
wide range of published material is available describ-
ing various monitoring methods (e.g. English et al.
1997, Davies et al. 2001), difficulty still lies in collecting
data of suitable quality and quantity to detect change
for most assemblages, while for many taxonomic
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groups monitoring methods have not been fully
developed. There is still a need to develop reliable,
cost-effective and realistic methods of data collection
and analysis suitable for monitoring the marine
environment.

Within the UK, the designation of Special Areas of
Conservation (SAC), in response to the European
Union Directive 92/43/EEC (Habitats Directive) has
resulted in an increased need for effective monitoring
of coastal and inshore areas (Brown et al. 1997).
Although efforts have been made to develop ap-
proaches and methods to monitor marine environ-
ments, in most cases experimental evidence and long-
term data to support these methods are not available
(but see Davies et al. 2001). The best approach to char-
acterising communities or assemblages when monitor-
ing is to quantify all species present, but due to lack of
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resources, time and taxonomic expertise this approach
is often limited or prohibited. This is particularly true of
subtidal habitats where sampling time is restricted
especially in the UK where considerable logistical sup-
port is required to comply with the 1997 Health and
Safety Executive (HSE) diving regulations (HSE 1998).

Sponges are usually one of the dominant assem-
blages of hard substratum environments in temperate,
tropical and polar regions (e.g. Dayton 1978, Hiscock
1983, Alvarez et al. 1990, Diaz et al. 1990, Bell &
Barnes 2000a, Bell & Smith 2004). Despite the global
importance of sponges they rarely feature to any
great extent in benthic monitoring programmes. For
example, even within the Great Barrier Reef monitor-
ing programme, sponge abundance is recorded within
a single category (Page et al. 2001). Sponges are
known to be taxonomically difficult and it is often
difficult to quantify their abundance compared to
many other marine groups (e.g. molluscs, crustaceans,
bryozoans and echinoderms), which probably accounts
for their exclusion from most monitoring programmes
(Wulff 2001). Even in the UK, where identification
guides are readily available (e.g. Ackers et al. 1992),
the lack of widespread specialist taxonomic expertise
often limits the extent to which sponges can be
identified. It is very important to monitor sponge
assemblages, since this taxon has the ability to
influence other benthic community members through
competitive superiority (Bell & Barnes 2003), their
longevity (Ayling 1983) and the alteration of near-
boundary flow regimes (Hiscock 1983). Thus, temporal
and spatial variation in their abundance and assem-
blage composition is likely to have a considerable
effect on other benthic community members.

A different potential approach to monitoring sponge
assemblages is to consider temporal variation in
the morphologies present, rather than using species
abundance. Sponges are very morphologically di-
verse (Boury-Esnault & Riutzler 1997), with different
morphologies predominating in different environmen-
tal regimes, particularly with respect to sedimentation
and flow rate (Kaandorp 1999, Bell & Barnes 2000b,
Hill & Hill 2002). Therefore, variation in environmental
conditions could result in changes to the morphological
composition of a sponge assemblage. Bell & Barnes
(2001, 2002) described a relationship between sponge
species diversity and morphological diversity for
tropical and temperate hard substratum sponge
assemblages. This relationship demonstrated that the
same differences in sponge assemblages, in response
to different environmental regimes, could be identified
whether morphological or species abundance data
were used. The advantage of a morphological method
of monitoring poriferan assemblages is that it requires
no taxonomic training, just the ability to distinguish

between different broad morphologies (e.g. encrusting
and branching). The method also requires significantly
less time and resources than the collection of species
abundance data.

Skomer Marine Nature Reserve (MNR) in south-
west Wales has an extensive, long-term monitoring
programme encompassing a wide range of intertidal
and subtidal habitats (Bullimore 1986). The monitoring
of sponge assemblages was implemented in 1993
following anecdotal evidence of a decline in the
abundance of some sponge species following local
dredge-spoil dumping 5 miles west of St Anne's head
(approximately 8 km from Skomer). These declines
prompted a revision of dumping sites, resulting in post
1993 dumping occurring further offshore. Although
the observed decline in sponges may have been
caused by a number of factors, sedimentation is well
known to influence sponge assemblages (Kénnecker
1973, Bell & Barnes 2000a). Skomer MNR sponge
assemblages have been monitored for 10 yr through
the use of stereo photoquadrat techniques. Photo-
graphic monitoring allows a permanent record to be
obtained and means large areas can be covered in a
cost-effective way. The major drawback to this method
lies in detecting community or assemblage changes
because of identification problems, particularly when
overlaying species or 3-dimensional forms are present.
The aim of this study is to determine if changes in
the assemblage structure of sponges can be identified
from a long-term photographic data set using a
morphological approach. The problems and advan-
tages of using morphological data rather than species
data are highlighted with respect to the monitoring of
subtidal sponge assemblages.

MATERIALS AND METHODS

Study area. Skomer MNR is a statutory reserve
designated in 1991 under the UK Wildlife and Coun-
tryside Act (1981). The reserve consists of 1500 ha of
seabed sited off the Pembrokeshire coast (Fig. 1).
Even before designation there was a long history of
intensive subtidal marine biological surveys (see
Bunker & Hiscock 1984, 1985, 1987, Bunker et al.
1992). Sponge assemblages are monitored in the
Thorn Rock area (Fig. 1), which is situated on the
south side of Skomer Island and is open to the south-
westerly swells (moderate exposure). Tidal currents
only flow across this site for 3 h of the 12 h tidal
cycle with speeds reaching 0.5 to 1 m s™! on spring
tides. Thorn Rock is predominantly igneous bedrock
covered with silt to varying degrees and the subti-
dal turf in the area is dominated by bryozoans (e.g.
Alcyonidium diaphaunum Lamouroux, Bugula spp.),
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Fig. 1. Location where sponge assemblages were sampled at Skomer Marine Nature Reserve (MNR) at increasing magnification.

(a) UK, (b) Wales, (c) Skomer Island and (d) sponge monitoring sites at Thorn Rock. (%) Subtidal environmental

monitoring site, (®) weather station, (M) the 3 study sites (Thorn Rock). WG: Windy Gulley; SH: Spongy Hillocks; DL: Dog Leg
monitoring site

sponges and hydroids (Nemertesia spp.). Caryophyl-
lia smithii Stokes & Broderip is abundant along with
anthozoans such as Coryonactis viridis Allman and
Parazoanthus axinellae (Schmidt).

There are 3 sponge monitoring sites in the Thorn
Rock area (Fig. 1). Windy Gulley (WG) is an inclined
wall of bedrock at approximately 18 m. The circum-
littoral community is dominated by sponges and a
hydroid/bryozoan turf. The sponge assemblage
includes the massive form of Cliona celata Grant,
Axinella dissimilis Schmidt, Stelligera spp. and
Raspailia spp., along with more than 30 species of
encrusting sponge. Spongy Hillocks (SH) is a horizon-
tal area of bedrock reef at 18 m with many small ridges
and gullies (1 m tall in places). Dominant sponge
species include Hymeraphia stellifera Bowerbank,
Polymastia spp., Raspailia spp., Stelli-
gera spp. and Suberites carnosus (John-
ston). The horizontal surface that runs
across the top of the reef wall forming
the WG site is the location of the Dog

Skomer Island

Collection of morphological and species data.
Morphological data were extracted from photographs
obtained using stereo photography, with the total num-
ber of quadrats sampled at the 3 sites in the different
years (1993 to 2003) shown in (Table 1). Two Nikonos
cameras (15 mm lens, 2 x Ikelite 225 strobes, TTL, /11,
Velvia 50 ASA slide film) were attached to a metal pho-
toquadrat to ensure the same camera to substratum
distance and photographic angle was maintained
between years, sites and quadrats. The area photo-
graphed was 0.35 m? (0.7 x 0.5 m). A single transect
was used at each site and photographs were taken at
regular intervals along the transect. A tape was laid
out between 2 fixed marker points and a site map with
proforma was used to locate the same photoquadrat
each year. Sampling was undertaken between August

Table 1. Number of quadrats sampled at the 3 sites over a 10 yr period at
. No sampling was undertaken during 1994 or 1999 due to lack
of resources. See Fig. 1 for definition of site abbreviations

Leg monitoring site (DL) at 16 m. There Site 1993 1995 1996 1997 1998 2000 2001 2002 2003

is an increased proportion of red algae

amongst the sponges, hydroids and WG 25 31 31 20 30 31 29 31 31

bryozoans at the DG site, with similar SH 0 12 12 0 12 11 12 12 12
! DL 5 21 21 0 18 21 21 21 20

sponge assemblages to SH.
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and September depending on local weather condi-
tions. The slides were held 2 cm apart on a stereo
viewer and observed through x 8 loupes mounted 6 cm
apart. This produced a 3D image that made the recog-
nition and counting of erect sponges more reliable
compared with 2D images. The number of each
morphological type found within each quadrat was
recorded from each image. The morphologies by
which sponges were categorised in this study con-
formed to those described in the thesaurus of sponge
morphology (Boury-Esnault & Ritzler 1997) and are
illustrated in (Fig. 2). For encrusting forms, a sponge
was included in the count if greater than 50% of its
area occurred in the quadrat. Species data was only
collected from WG (n = 7) and SH (n = 9). The number
of each sponge species found in each quadrat was
recorded. Samples were taken for laboratory analysis
for species that could not be identified in situ. Sponges
were included in counts if greater than 50% of the
sponge occurred in the quadrat.

Collection of environmental data. Wind speed,
direction and rainfall data were collected by an auto-
matic weather station located on Wooltack point
(Fig. 1). The wind speed and direction was recorded
every 3 s and logged as an average every 10 min. The
software logs average wind speed and maximum 3 s
gusts. Rainfall was recorded with a tipping balance
rainfall gauge, with totals logged every 10 min. A
Vemco mini-log sited at 19 m recorded the tem-
perature every hour. Secchi disc readings were taken
on a weekly basis using a 30 cm diameter disc
connected to a Valeport series 600 MK II CTD probe
that recorded depth. A passive sediment trap was
deployed at a subtidal monitoring station (Fig. 1) on a
fixed frame at 19 m. The sediment trap was a 1 m
length of 4 inch (ca. 10.2 cm) waste water pipe drilled
with 2 inch (ca. 5.1 cm) holes in the side and internal
baffles. The sediment was collected in a pot at the base
that was changed every 2 wk. The sediment sample
was decanted and then frozen. Sediment samples were
analysed for dry weight (dried at 60°C for 24 h)
between 1995 and 1998 (inclusive).

Statistical analysis. Morphological data were ag-
gregated in some instances to reduce the problems
associated with the identification of some morpholo-
gies from photographs. Arborescent (AR) and tubular
forms (TU) were combined due to difficulty in confi-
dently identifying TU forms. A Mann-Whitney U-test
was used to compare the species richness between
sites and abundance of sponges calculated from
species data.

Ordination by non-metric Multi-Dimensional Scal-
ing (MDS in PRIMER) was undertaken on a dissimi-
larity matrix created from Bray-Curtis similarity analy-
sis to compare species assemblages between SH and

Encrusting Massive Globular
(e.g. Paratimea (e.g. Cliona (e.g. Tethya
constellata) celata) aurantium)
Pedunculate Papillate Flabellate
(e.g. Suberites (e.g. Polymastia (e.g. Stelligera
carnosus) boletiformis) rigida
Repent Arborescent
(e.qg. Esperiopsis (e.g. Raspailia
fucorum) ramosa)

Fig. 2. Morphological groups to which sponges were assigned

WG, and morphological assemblages between years
and sites. These matrices were calculated using hierar-
chical agglomerative group average clustering and the
unweighted pair group method using arithmetic aver-
ages (UPGMA) with the PRIMER program (Plymouth
Marine Laboratory). Species data were log(x+ 1)
transformed to reduce the importance of rare species,
while morphological data were square root trans-
formed. SIMPER analysis (in PRIMER) was used to
determine the contribution of each species to the aver-
age Bray-Curtis dissimilarity between SH and WG and
was subjected to a log(x+ 1) transformation. This
method determines which species are responsible for
any differences that occur. Analysis of similarities
(ANOSIM in PRIMER) was used to compare the mor-
phological assemblages between years. The RELATE
function in PRIMER was used to compare the Bray-
Curtis similarity matrices created to compare commu-
nities based on morphologies derived from pho-
tographs (between SH and WG) with matrices created
by assigning species with their species-specific mor-
phology from species diversity data. Pearson's correla-
tion examined the relationship between Secchi depth
and sedimentation rates. BIOENV (in PRIMER) was
used to determine whether any correlation (Spear-
man's rank) existed between changes in the morpho-
logical community composition and the measured
environmental variables.
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RESULTS
Species composition and abundance

A total of 34 and 43 sponge species was recorded
from SH and WG respectively, with 57 species re-
ported in total. Mean species richness (+SE) was cal-
culated as 17.43 (+1.43) sponges m 2 at WG and 14.22
(£0.78) sponges m2 at SH, although these differences
were not significant (Mann-Whitney W = 73.5, p =
0.15, df = 15) due to high between quadrat variability
(SH median = 16, WG median = 16). A plot constructed
for cumulative species richness and area (cumulative
quadrats) exhibited a logarithmic relationship at both
sites showing that the majority of species within the
study area were represented in the quadrats sampled
(Fig. 3). At SH the most abundant species were
Hymeraphia stellifera, Paratimea constellata Topsent,
Polymastia boletiformis Lamarck, Raspailia/Stelligera
juveniles, Stelligera stuposa Montagu and Suberites
carnosus, while the most abundant species at WG in-
cluded Plocamionida ambigua Bowerbank, Raspailia/
Stelligera juveniles, Dysidea fragilis (Montagu) and
Halicnemia patera Bowerbank (Table 2). The abund-
ance of sponges (+SE), based on species data, was not
significantly different between the 2 sites (Mann-
Whitney W= 50.5, p =0.37, df = 15) with 197 (+17) and
235 (+27) sponges m2 being found at WG and SH
respectively.

Even though species richness did not vary signifi-
cantly between the 2 sites, differences in species
composition was apparent from the results of MDS
(Fig. 4). There was clear separation between the 2 sites
although there was considerable variability between
individual quadrats. The results of ANOSIM showed
these differences between sites to be significant (R =
0.627, p = 0.01, 11440 permutations). The species
most responsible for these differences identified using
SIMPER analysis were Plocamionida ambigua (6.1 %),
Suberites carnosus (5.5%), Paratimea constellata
(5.5%), Halicnemia patera (5.1 %), Hymeraphia stelli-
fera (4.5 %) and Dysidea fragilis (4.1 %).

Temporal variation in sponge abundance

Although data were not available for sponge abun-
dance based on in situ collection of species data over
the study period, it was calculated from counting
sponge morphologies recorded from the photographs.
The number of sponges (Fig. 5) varied over the study
period at each of the 3 sites. At WG a lower number of
sponges was observed during 1995 and 2001 com-
pared to all other years (Fig. 5). During 1995, the num-
ber of sponges (+SE) at WG decreased from 87 (+4.9)
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Fig. 3. Relationship between area sampled (cumulative qua-
drats) and species richness at 2 sites in Skomer MNR. See
Fig. 1 for definition of site abbreviations

in 1993 to 38 (+4.2) sponges m~2 (note: no data for
1994), but then increased back to 80 (+3.3) sponges
m~2 by 1996. The density of sponges then remained
relatively constant between 1996 and 2000, but de-
creased again at WG during 2001 to 68 (+4.3) sponges
m~2, but did not fall to levels seen during 1995. During
2002 and 2003 sponge numbers then increased back to
99 (+5.2) sponges m™2 and remained constant. Sponge
densities at DL varied very little over the study period
with the only obvious difference occurring in 2003
when values were much higher than during all other
years. At SH the only differences were observed when
comparing sponge densities in 1995 with all other
years. Sponge density increased from 51.5 (+6.0)
sponges m~2 in 1995 to 89.6 (+5.4) sponges m~2 in
1996, but then showed little variability among the
other time intervals.

Temporal variation in different morphologies

Only the numbers of some sponge morphologies
varied considerably over the study period (Fig. 6). The
number of arborescent sponges varied among time
intervals at WG and SH (Fig. 6a) but not at DL. Lower
numbers of arborescent sponges were observed during
1995 and 2001 at both WG and SH, although these
time intervals differed very little between them. Ar-
borescent forms decreased from approximately 40 to
between 17 and 25 sponges m~2 during 1995 and 2001
at WG, while densities decreased from approximately
70 to between 40 and 46 sponges m~2 at SH.

Pedunculate forms were not very abundant at WG
(Fig. 6a), with less than 3 sponges m~2 being found in
most years and little variation among years. At DL the
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numbers of pedunculate forms did decrease between
1993 and 1995 from 5 to <3 sponges m~2. However, the
densities of this form remained low over the remaining
time intervals (<3 sponges m2). At SH, the number of
pedunculate forms increased considerably over the
study period, increasing from 3 to 17 sponges m2, with
the highest numbers being found during 2001.

Encrusting forms were much more abundant at WG
than at the other 2 sites (Fig. 6b). At sites DG and SH, no
difference was seen in the numbers of encrusting forms
over the study period (<3 sponge m~2). However, at WG
some difference was observed in the numbers of en-
crusting forms between some pairs of years. Lower num-
bers were observed during 1995, while higher numbers

Table 2. Densities (+SE) and morphologies (M) of sponges (sponges m2) found at 2 sites in Skomer Island MNR. EN = encrusting,
MA = massive, AR = arborescent, FL = flabellate, RE = repent, GL = globular, PA = papillate, PE = pedunculate

Species M Spongy Hillocks Windy Gully
Antho coriacea (Bowerbank, 1874) EN 0.31+£0.31 0
Antho inconstans Topsent 1925 EN 0 7.74 + 3.69
Antho involvens (Schmidt, 1864) EN 0 1.23 +0.86
Axinella damicornis (Esper, 1974) MA 0 0.83 +£0.83
Axinella dissimilis (Bowerbank, 1866) AR 1.91+£0.94 0.83 £0.51
Axinella infundibuliformis (Linnaeus, 1767) FL 0 1.17 £ 1.17
Biemnia sp. MA 0 0.40 = 0.40
Chelonaplysilla sp. (de Laubenfels, 1948) EN 0 2.03 +1.03
Clathria armata (Bowerbank, 1866) MA 0 5.31 +4.37
Clathria atrasanguinea (Bowerbank, 1862) EN 0 3.69 + 3.69
Clathrina lacunosa PE 0.63 +0.43 0
Clathria strepsitoxa (Carter & Hope, 1889) EN 0 1.63 +1.63
Cliona celata (Grant, 1826) MA 2.23 £1.03 0
Dysidea fragilis (Montagu, 1818) MA 4.45+1.17 22.9 = 3.37
Esperiopsis fucorum (Esper, 1794) EN 2.54+16 1.62 + 1.62
Eurypon major Sara & Siribelli, 1960 EN 0 3.26 + 1.57
Euryponsp. 1 EN 0.63 = 0.63 0
Eurypon sp. 2 EN 0 0.83 = 0.83
Halichondria panicea (Pallas, 1976) MA 0 0.83 £0.51
Haliclona cinerea (Grant, 1826) MA 0 1.23 +0.86
Haliclona fistulosa (Bowerbank, 1866) RE 0 0.83 £0.51
Haliclona oculata (Pallas, 1766) AR 0.94 +0.49 1.23 +0.57
Halicnemia patera Bowerbank, 1862 EN 2.23+1.03 20.8 +4.12
Hemimycale columella (Bowerbank, 1866) EN 1.60 + 1.09 2.80 = 1.40
Homaxinella subdola (Bowerbank, 1866) AR 2.23 £1.23 2.46 +1.14
Hymedesmia jecusculum (Bowerbank, 1866) EN 3.17 £+ 1.67 2.46 +1.69
Hymedesmia paupertas (Bowerbank, 1866) EN 0.31+0.31 6.11 + 1.80
Hymeniacidon perlevis (Montagu, 1818) EN 0.31+0.31 1.62 £ 1.62
Hymeraphia stellifera Bowerbank, 1864, 1866 EN 54.6+15.9 8.97 = 3.70
Pachymatisma johnstonia (Johnston, 1842) MA 0 0.83 +0.83
Paratimea constellata (Topsent, 1893) EN 19.0 + 5.17 0
Plocamilla coriacea (Bowerbank, 1874) EN 0 1.63 +1.63
Plocamionida ambigua (Bowerbank, 1866) EN 0.31+0.31 21.2 +£5.40
Polymastia boletiformis (Lamarck, 1813) PA 11.4 +2.37 4.89+1.74
Polymastia mamillaris (Muller, 1806) PA 1.91 +1.05 1.23 £ 0.57
Polymastia sp. 1 PA 0 0.40 +0.40
Polymastia sp. 2 PA 0.31+0.31 0
Pseudosuberites sulphureus (Bean in Bowerbank, 1866) EN 2.23 £+ 1.57 4.09 +1.74
Raspacion aculeata (Johnston, 1842) AR 0.31+0.31 0
Raspailia/Stelligera juveniles AR 739 +7.11 31.1+8.54
Raspailia hispida (Montagu, 1818) AR 0.94 +0.82 2.46 +1.31
Raspailia ramosa (Montagu, 1818) AR 0.94 +0.82 4.08 +£1.23
Raspailia virgultosa (Bowerbank, 1866) AR 0.31+0.31 0
Stelligera rigida (Montagu, 1818) AR 3.49 +1.48 0
Stelligera stuposa (Montagu, 1818) AR 4.67 £3.8 9.80 + 2.63
Suberites carnosus (Johnston, 1842) PE 19.1 £ 4.77 0.40 + 0.40
Stylostichon dives (Topsent, 1891) EN 0 4.48 +2.23
Tethya aurantium (Pallas, 1766) GL 1.26 + 0.69 1.63 +1.23
Tethyspira spinosa (Bowerbank, 1874) MA 1.26 + 0.69 0

8 unidentified species EN 3.23 £ 1.66 6.66 + 2.19
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were seen during 2000, 2002 and 2003. The number of
encrusting sponges observed in 2003 was higher than all
other years. Papillate forms (Fig. 6b) showed no apparent
difference in abundance over the study period at any of
the 3 sites, with densities remaining between 3 and
8 sponges m™2, Massive forms (Fig. 6¢) were much more
abundant at WG compared to the other 2 sites. Lower
numbers of sponges were observed at WG in 1995 and
2001 compared with other years. Also, the number of
massive sponges appeared higher in 2003 compared
to all other years. There was little difference among
years at the other 2 sites.

Temporal variation in morphological
assemblage structure

An MDS plot of sponge morphological assemblages at
the different time intervals and at the different sites
showed clear differences among some sites and years
(Fig. 7), which was supported by the results of ANOSIM.
There was clear separation on the MDS between WG
and the other 2 sites, but little difference in the overall
morphological assemblage composition between SH and
DL. The most apparent difference among years could be
seen during 1995, with the relationships being most
obvious at WG and SH. ANOSIM results (Table 3)
indicated a number of significant differences that were
not obvious from the MDS plot. The sponge assemblages
during 1995 were significantly different from all the
other years at WG, but they were not significantly differ-
ent to 1996 and 1998 at the other 2 sites. For the majority
of the other differences among time intervals, the
correlation coefficients were relatively low compared
with correlations between 1995 and other years
(Table 3). These differences in correlation coefficients
were greater at WG than at the other sites, but the gen-
eral pattern of higher coefficients between 1995 and

Fig. 4. Multi-dimensional scaling (MDS) plot of sponge

assemblages at WG and SH. Each point represents a single

quadrat (0.7 x 0.5 m). Stress = 0.1. See Fig. 1 for definition of
site abbreviations

other years compared with other significant differences
was found at all 3 sites. It was possible to track a number
of sponges over the entire time period within individual
quadrats (e.g. Cliona celata and Axinella dissimilis),
while others were more ephemeral and only present
over part of the series (e.g. Polymastia boletiforme).
Recruitment events were also evident, particularly by
arborescent sponges (e.qg. Raspailia ramosa and Stelli-
gera stuposa).

Comparison of morphological data versus species
data versus morphologically derived data

An MDS plot constructed for the species data from
WG and SH (Fig. 4) was compared with MDS plots
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Fig. 5. Total abundance (number m~2) of sponges identified
from photographs at 3 sites in Skomer MNR over a 10 yr
period. See Fig. 1 for definition of site abbreviations
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Fig. 6. Abundance (sponge morphologies m™2) of different sponge morphologies at 3 sites in Skomer MNR over a 10 yr period.
See Fig. 1 for definition of site abbreviations

based on both morphologies assigned to species (from
species data—plot not shown) and morphologies
derived from photographs taken during 2003 (Fig. 7).
The RELATE function (PRIMER), which compares the
Bray-Curtis similarity matrices used to create MDS
plots, showed that the matrices were not significantly
different (R > 0.55 at the 0.1 significance level).
Therefore the same MDS patterns were apparent
irrespective of the method used.

There was a large discrepancy between the total
number of individuals identified from photographs
(405 sponges) compared with those identified from in
situ collection of sponge data (705 sponges) for the
2003 survey data. Of the species that were missed,
encrusting sponges were the most important (17.49 +
3.3 sponges missed per quadrat), which represented
45% of the total individuals observed. A high per-
centage of the total number of sponges (Fig. 8) was
missed for most morphologies, although the actual
numbers of most morphologies missed was low
(<5 sponges). Only a small proportion of arborescent
morphologies (14 %) was missed from photographs,
mainly the small recent recruits. To test the effect of
the large number of encrusting sponges missed, 2 sim-
ilarity matrices were constructed of the morphological
community composition (Bray-Curtis similarity) for WG
and SH for all the different years, both with and with-

out the encrusting data. The RELATE function
(PRIMER) showed that the matrices were virtually
identical (R = 0.907 at the 0.1 significance level).
Therefore, missing this large number of encrusting
sponges made little difference to the patterns of
morphological assemblage change identified between
sites and years. The same was true for the other
morphologies (R > 0.90 at the 0.1 significance level).

Environmental data

Sedimentation data were only available between
1995 and 1998, so it was not possible to directly de-
termine if this variable was responsible for any dif-
ferences observed in the morphological community
composition over the 10 yr period. However, Secchi
depth data was collected between 1995 and 2003 and
the values obtained between 1995 and 1998 showed a
strong significant (R =-0.57, p < 0.01, df = 25) negative
correlation with sedimentation rates. This suggests
that Secchi depth may act as a suitable predictor of
sedimentation rates, although it was very variable over
the study period with no obvious patterns correlating
with changes in morphological assemblage composi-
tion. The same was true for other measured variables,
such as wind speed, including total wind, % wind
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>11m s and % wind in ESW to WSW directions (onto
the site), and rainfall (graphs not shown). Temperature
(monthly averages between July and November) also
showed considerable variability between years (graphs
not shown) and no major differences were observed
over the study period. BIOENV was used to determine
any correlations between individual or combinations of
environmental variables and the changes in assem-
blage composition between the different years. There
were no strong correlations (Spearman's rank correla-
tion coefficient < 0.40) between the environmental
data and the differences in morphological assemblages
during the different years.

DISCUSSION

Temporal changes in sponge morphological
assemblages

We found it was possible to identify temporal and
spatial variation in the composition of sponge
assemblages via the examination of morphologies,
which represents an alternative approach to taxonom-
ically based methods of sponge monitoring and is
sensitive to assemblage change. The biggest change in
sponges at Skomer MNR occurred during 1995, with a
reduction in the overall number. Although there was
some evidence for a morphological change in the
sponge assemblages at SH and DL during that year,
the greatest change was seen at WG. The similarities
between SH and DL is not surprising given the similar
topography and proximity of the 2 sites. The number of
most morphological types decreased at WG during
1995 and 2001, but the sponge assemblages recovered

SHO1 SH02

93 bl 03SHO0
DLO1SHO3
SH9%)| gosHos

OpLog

Fig. 7. MDS plot of the change in sponge morphology assemblage

structure over a 10 yr period in Skomer MNR. Solid lines: similar-

ities between quadrats each site; dashed lines: a change in the

assemblages during 1995. Stress = 0.1. See Fig. 1 for definition
of site abbreviations

very quickly, with numbers increasing again the
following year. Initially, photographs were carefully
re-examined during 1995 and 2001 in case of mis-
identification of sponge morphologies or misalignment
of permanent quadrats. It was found that these
changes were not due to sampling errors, since it was
possible to track individual sponges within quadrats
which disappeared during 1995 and were replaced by
new recruits in 1996. Although some differences in
the temporal abundance of certain morphologies were
identified between SH and DL, the actual differences
between the 2 sites were very small which is reflected
by the similarity of the overall morphological assem-
blages.

Although some sponge species (e.g. Halichondria
panicea and Hymeniacidon perlevis) are known to
show rapid seasonal growth (Stone 1970, Thomassen &
Riisgard 1995) sponges are generally considered slow-
growing (Ayling 1983, Galera et al. 2000, Garrabou &
Zabala 2001) and late-colonisers of marine communi-
ties (Dayton 1978). The results of our study suggest
that temperate sponge assemblages are more dynamic
than previously thought, with many species and dif-
ferent morphologies showing a rapid decline in abun-
dance, and subsequent recruitment and growth be-
tween sampling periods. There is evidence that sponge
assemblages may change rapidly in response to
anthropogenic impacts (Roberts et al. 1998), but the
rapid reduction and subsequent recovery reported
here is not characteristic of the general view that they
are relatively stable over time. Pansini & Pronzato
(1990) reported very little change in sponge assem-
blages over a 6 yr period in the Mediterranean, with no
evidence of yearly or seasonal cycles, which contrasts
with the large change in Skomer sponge assemblages
during 1995. There may be many reasons for the
decrease in 1995 but it was not possible to identify any
specific environmental or biological cause for the shift.
The change seems unlikely to be a cause of concern
from a conservation perspective because of the sub-
sequent recovery of the sponge assemblages, but this
event demonstrates the importance of describing pat-
terns of biological variability over different temporal
scales so that environmental managers can distinguish
between natural variability, a short-term impact or a
more significant impact.

Skomer sponge assemblages

The sponge assemblages at Skomer MNR are very
diverse, with 57 species being reported, even though
only approximately 5 m? of rock surface was sampled
in total. These are the first quantitative figures for
sponge diversity on the Welsh coast. The diversity at
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this site is comparable with figures obtained for areas
that are considered sponge biodiversity hotspots (Bell
& Barnes 2000a, Bell & Smith 2004), even though the
area sampled was considerably smaller (approximately
25 to 50 m? in other studies). This demonstrates the
importance of the Skomer MNR sponge assemblages.
The species area curves did show a typical logarithmic
relationship, suggesting that the majority of sponge
species occurring on the sublittoral cliffs at Skomer
MNR were detected. This also suggests that 7 to 10
quadrats (approx. 5 m?) is the optimal number required
to effectively characterise the majority of the sponge
biodiversity in these habitats.

The differences between WG and SH are most likely
due to substratum angle, as this factor is well known to
influence the species and morphological diversity of
sponge assemblages (Bell & Barnes 2000a,b,c,d, Bell &
Smith 2004). The microhabitat characteristics of WG
(inclined surface) and SH (horizontal surface) will differ
with respect to light availability, sediment settle-
ment and accumulation rates, and abundance of some
potential competitors (e.g. algae). Horizontal rock
surfaces (SH) will have a greater abun-
dance of macroalgae and higher sedi-
ment accumulation rates, accounting for
the different assemblages.

Although a number of species were re-
sponsible for the differences between
the WG and SH sites, those identified as

single branched form, which are likely to be only several
years old. Since the sponge sites experience strong wave
and surge action during winter months and storms, the
single branch forms, rather than multi-branch forms as-
sociated with low current sites, may be able to deal with
this stress (see Bell & Barnes 2000a). It is unlikely that
this is an example of morphological adaptation, which is
common in sponges (e.g. Palumbi 1986, Gaino et al.
1995), but rather an environmental constraint of moder-
ate wave action.

Problems and advantages of using a
morphological method

One of the biggest problems of a morphological
approach to monitoring sponge assemblages identified
in the present study was the number of sponges missed
from photographic data. Even though a large propor-
tion of the sponges were missed, the same assemblage
differences could still be identified, giving confidence
to our method. The loss of information is problematic,

Table 3. Results of ANOSIM (in PRIMER) to compare sponges assemblages
based on morphologies over a 10 yr period in Skomer MNR. (a) Site 1, Windy
Gully, (b) Site 2, Spongy Hillocks, (c) = Site 3, Dog Leg. Values shown are Pear-
son's correlation (R) coefficients calculated from permutation tests (in PRIMER),
significant at *5% and **<1%. Windy Gully Global R = 0.138 significant
at 0.1 %, Spongy Hillocks Global R = 0.088 significant at 0.2 %, Dog Leg Global

R = 0.1 significant at 0.1 %

the most important using SIMPER
analysis were all encrusting (with the a 1993
exception of Dysidea fragilis). This is not 1993
surprising because of the higher sedi- 1995 0.2587*
. . 1996 0.01
ment accumulation rates on the horizon- 1997 -0.019
tal surfaces at SH compared with the in- 1998  0.04
clined surfaces at WG. This sediment 2000 0.117**
may block the delicate sponge feeding 2001 0.092**
apparatus (Hiscock 1983) and inhibit re- %885 gggé"
cruitment. Significantly lower numbers '
of arborescent forms were found on the b 1995
inclined surfaces of WG compared to the 1995
other 2 sites. Arborescent forms are gen- 1996  0.104*
erally more common in areas experienc- 1998 0.058
ing higher rates of sedimentation in com- 2000°0.207""
2001  0.242**
parison to other morphologies, as these 2002  0.296**
forms intercept a smaller amount of sed- 2003  0.287**
iment per unit area (Chappell 1980, Bell
& Turner 2000). Bell & Barnes (2000a)re- | € 199
- . . 1993
ported similar differences between verti- 1995  0.418°**
cal and inclined surface types at Lough 1996  0.471**
Hyne, Ireland, but horizontal surfaces 1998 0.338*
were not available for comparison. Ras- 2000  0.258*
pailia ramosa and Stelligera stuposa rep- ;88; g(l)?g
resent the majority of arborescent speci- 2003 01462“
mens, with most examples exhibiting a

1995 1996 1997 1998 2000 2001 2002
0.336**

0.293** -0.036

0.319** 0.031 -0.014

0.481** 0.126** 0.014  0.058

0.276** 0.134** 0.079* 0.011  0.119**
0.422**  0.069** -0.022  0.023 -0.006 0.092**
0.583** 0.165** 0.086* 0.111* -0.003 0.222  0.014
1996 1998 2000 2001 2002

-0.026

0.098  0.048

0.167** 0.161* -0.013

0.041  0.058 -0.032  0.089

0.049  0.036 -0.024 0.076 -0.067

1995 1996 1998 2000 2001 2002
-0.009

0.017  0.033

0.09*  0.022  0.037

0.139** 0.075* 0.03 —0.004

0.135** 0.069* 0.035 -0.015 -0.025
0.418** 0.268** 0.313  0.085* 0.065*0.047
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but is likely to be the result of our current methodo-
logy. The majority of rock surfaces at Skomer MNR are
covered in a fine layer of sediment, which covers many
of the encrusting and low profile sponges preventing
their identification in photographs (J. J. Bell unpubl.
data). The removal of sediment from surfaces by ‘waft-
ing’ prior to taking the photographs will reduce this
effect in the future. As sponges appear to actively trap
the sediment there is some concern that ‘'wafting’ sedi-
ment from surfaces may change the local environment
and negatively impact sponge assemblages. However,
sediment removed from the surface of encrusting
sponges is usually replaced within days and little
impact is envisaged (J. J. Bell unpubl. data).

The collection of morphological data rather than
sponge species data has received criticism from
sponge ecologists (Bell & Barnes 2001, 2002) because
of the loss of ecological information. Yet this method is
not intended to replace empirical studies of sponge
assemblages, but aims to address the problem of
monitoring areas where sponges predominate and
taxonomic expertise or resources are not readily avail-
able. We still recommend species data be collected as
well as morphological data, but at a different temporal
scale and only after an initial assessment of the applic-
ability of the method. It may be most appropriate to
sample species data in response to changes identified
in the morphological assemblage. Future research will
focus on different scales of potential variability (e.g.
inter-annual versus seasonal) to determine whether
seasonal patterns of variability are also evident, since
this will influence future sampling intervals.
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Fig. 8. Number of sponges from each morphological group

missed from photographed quadrats, determined by compar-

ing the abundance of each group from in situ data collection

with that determined from photographs of the same area.

Numbers in brackets indicate the percentage of the total
missed

There may be limits to the type of habitat where a
morphological assessment can be applied. Bell &
Barnes (2002) found the method to be unsuitable in
tropical cave habitats, but data for temperate caves is
currently unavailable. For some specialist habitats,
such as caves or areas of very high current flow,
morphological diversity may be very low, so it may be
more appropriate for monitoring specific species. For
example, current flow in the Menai Strait (North
Wales, UK) is very fast due to local hydrodynamic con-
ditions, and the massive form of Halichondria panicea
dominates (Peattie & Hoare 1981). The relationship
between species diversity and morphological diversity
was originally described for Lough Hyne MNR (Ire-
land) where the kelp zone is very much reduced, and
all of the monitoring at Skomer MNR was conducted
within the circumlittoral zone, where sponges domi-
nate. It will be much more difficult to use this method
in areas of dense kelp forest or dense algal coverage
using photographic methods as the fronds are likely to
interfere with the pictures. It also unclear whether a
morphological approach will be applicable to these
habitats because the 3-dimensional canopy structure
may limit the development of many upright morpho-
logies. The use of under water video rather than stills
photography will be more suitable for assessing the
sponge assemblages in macroalgal-dominated habitats.

It was not possible to correlate the changes in the
sponge assemblages with any of the measured environ-
mental variables, which is not surprising given the lim-
ited amount of environmental data available. Care must
be taken when monitoring programmes are introduced
to ensure adequate supporting environmental and bio-
logical data is collected to allow the causes of any change
to be identified. More importantly, clear models and hy-
potheses need to be identified to determine exactly why
monitoring is being undertaken and what the likely im-
pacts of perceived threats are. Once threats are identi-
fied, experimental evidence of impacts are required as
causality cannot be determined from correlative data.
This is not only a problem in the current Skomer MNR
monitoring programme, but also world-wide. Without
good quality biological and environmental data, coupled
with experimental evidence demonstrating causality, it is
very difficult to identify potential causes of assemblage
or community change. Studies of sponge assemblages
suggest a number of physical factors control species dis-
tributions, including water flow rate (Bell & Barnes
2000a), sedimentation (Kénnecker 1973), nutrient levels
(Storr 1976), depth (Alvarez et al. 1990, Witman &
Sebens 1990), light (Cheshire & Wilkinson 1991) and
habitat availability (Konnecker 1973, Barthel & Tendal
1993). Biological factors can also influence the abun-
dance and distribution of sponges (Wulff 1995, Dunlap &
Pawlik 1996). For example, benthic fish (e.g. wrasse)
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may inadvertently damage upright sponges while
foraging and nest building and changes in their abun-
dance might influence sponge abundance, particularly
arborescent forms (Bell & Barnes 2003). The wide range
of potential factors that may influence benthic as-
semblages demonstrates that a comprehensive envi-
ronmental monitoring programme must be initiated to
complement biological monitoring.

The main drawback to the current sponge monitor-
ing programme at Skomer MNR is the statistical limita-
tions of the sampling design. Sponges are only
sampled at one site, with no replication. This is due to
the small overall size of Skomer and the large variabil-
ity in environmental regimes over small spatial scales,
which has caused problems for managers in locating
suitable replicate sites. The transects and quadrats are
also not independent of each other since transects
meet (Fig. 1), which, combined with the lack of replica-
tion, limits an analysis of variance or non-parametric
approach to data analysis (Underwood 1997). There-
fore, it is not possible to draw statistically supported
conclusions about changes in sponge abundance or
specific morphological types over time. Replication
and independence (both spatial and temporal) should
be an important consideration in the establishment of
any future sponge (or other assemblage) monitoring
programme. This does not devalue the current multi-
variate approach to data analysis, which certainly
demonstrates variation in sponge assemblages over
time and between sites, but does limit the potential for
examining changes in sponge abundance over time. In
addition to the continued collection of the current
morphological data at Skomer MNR, the programme
will be modified to address these problems. Suitable
replicate sites have recently been identified and
permanent quadrats established. These quadrats will
be used to examine seasonal and annual variability in
sponge assemblages (at species and morphological
level) in order to determine suitable future monitoring
intervals, since current sampling intervals are primar-
ily driven by the availability of resources to undertake
the monitoring, rather than a biological justification. A
final potential source of error is the method used to
count morphologies, since sponges were included in
counts only if 50 % of the sponge fell within quadrats;
however, this is difficult to avoid and is consistent with
other studies of sponge assemblages (Bell & Barnes
2000a,b).

An important advantage of considering assemblage
change at the morphological level rather than by
species composition is the cost-effectiveness of this
method. Although monitoring changes in species
abundance represents an ideal approach to monitoring
sponges, in the majority of cases this is impractical for
large areas of coastal habitats (e.g. SACs). The collec-

tion of species data is expensive and resource consum-
ing (approximately 40 times more expensive than
morphology data) and is becoming increasingly diffi-
cult because of the decreasing number of taxonomic
experts (Giangrande 2003). Rapid, effective and
reliable methods are required to survey and monitor
large benthic areas of hard substratum associated with
the recent designation of SACs in the UK, although in
most cases, resources for such monitoring are
restricted. A morphological approach represents an
alternative for monitoring sponge assemblages and is
an important addition to the MPA monitoring toolkit.
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