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Abstract: The aims of this study were to characterize the functional composi-
tion of benthic macrofauna of a tropical sea-grass bed and to determine tempo-
ral variations in abundance of benthic macrofauna in relation to environmental
factors such as sea-grass biomass, temperature, salinity, and sediment type. Ben-
thic macrofaunal composition and abundance were investigated by core sampler
during April 1999, October 1999, March 2000, and August 2000 at three sta-
tions within a sea-grass bed at Cockle Bay in North Queensland, Australia. A
total of 110 species of benthic macrofauna was collected. Polychaetes were the
most abundant group (37 species; 52% of total macrofaunal numbers; 47% of
biomass) followed by amphipods (27 species; 35% of total numbers). Decapods
were also important, with 28 species contributing 31% of total macrofaunal bio-
mass. Other miscellaneous groups were tanaids, isopods, and ophiuroids. Most
amphipods (65%) and decapods (90%) were epifaunal, but polychaetes were
equally represented by epifauna and infauna. Temporal variation in both species
composition and abundance was large: the peak number of benthic macrofauna
occurred in April 1999 and March 2000, and biomass was highest in April 1999.
Benthic macrofauna numbers as well as biomass were lowest in August 2000.
These temporal patterns of abundance of benthic macrofauna appeared to cor-
relate closely with temporal variation of sea-grass biomass. In addition, the
factors of life cycle and predation by common fish species may be indirectly

associated with these patterns of macrofaunal abundance.

StupiES oN FAUNAL-habitat associations in
sea-grass beds have shown that these beds
are important in providing habitat, shelter,
and food for many invertebrates (Lewis
1984, Hutchings et al. 1991, Schneider and
Mann 1991, Edgar 1992, Knowles and Bell
1998, Mukai et al. 1999; see review by Wil-
liams and Heck 2001). Benthic macrofauna,
represented mainly by polychaetes, amphi-
pods, decapods, and mollusks, form a major
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component of coastal ecosystems and often
provide the major trophic linkage between
primary producers and fishes (Klumpp et al.
1989). The diverse benthic macrofauna in
sea-grass beds occur mainly as epifauna on
the leaves of the sea grass and as infauna of
surface sediments.

Despite the recognized role of sea-grass
beds as habitat for a diverse fauna, and the
importance of the benthic macrofauna as a
food source of resident fishes in sea-grass
beds, there are to our knowledge no pub-
lished studies on benthic macrofauna in
tropical Australian sea-grass beds. In contrast,
there have been several studies on temperate
sea-grass beds in Australia, looking at inter-
action between sea-grass structure and
macrofaunal assemblages (Edgar 1990, 1992,
Mukai et al. 1999), comparison of macrofauna
in vegetated and unvegetated areas (Edgar
1994, Edgar et al. 1994), and distribution
patterns of mobile epifauna (Collett et al.
1984, Hutchings et al. 1991). Worldwide, a
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few studies have been conducted on benthic
macrofauna in tropical sea-grass beds. These
include studies on community structure of
macrobenthos and the influence of habitat
structure in faunal-habitat association in Flor-
ida (Young and Young 1977, 1978, Schneider
and Mann 1991, Knowles and Bell 1998),
distribution of macrofauna and ecological
studies of amphipods in Florida (Stoner
19804,b, 1983, Lewis and Stoner 1983, Lewis
1984), meiofaunal communities in Gazi Bay,
Kenya (De Troch et al. 2001), sea-grass di-
versity and infaunal communities in Thailand
(Somerfield et al. 2002), the trophic role of
epiphytic periphyton and macroinvertebrate
grazers in Philippine sea-grass beds (Klumpp
et al. 1992, 1993), and trophic position of
gammarid amphipods in a Caribbean sea-
grass community (Zimmerman 1978). Recent
studies on tropical sea-grass beds in Australia
have reported distribution and community
structure  of megabenthos (particularly
prawns and crabs) in the Gulf of Carpentaria,
Western Australia, and the northern Great
Barrier Reef lagoon (Ward and Rainer 1988,
Blaber et al. 1993, Long et al. 1995) and
juvenile prawn nursery grounds (Coles et al.
1992, Loneragan et al. 1994), and nematode
assemblages in tropical Queensland (Fisher
2003).

The sea-grass beds in Cockle Bay, North
Queensland, have six or more sea-grass
species in scattered patches of small pure
stands between 200 and 400 m wide (Kwak
and Klumpp 2004). The abundance and
community structure of fishes and decapods
inhabiting this sea-grass community displayed
wide temporal variation that corresponded
with that of sea-grass biomass and abundance
of prey (Kwak and Klumpp 2004).

In the study presented here seasonal varia-
tion in composition and abundance of benthic
macrofauna in sea-grass beds in Cockle Bay
were quantified as part of wider investigations
on the role of tropical sea-grass beds as
potential sources of refuge and food for sea-
grass fauna. The results of this study are re-
lated to our earlier work on the composition,
abundance, and trophic relationships of fishes
and decapods in the Cockle Bay sea-grass
beds (Kwak and Klumpp 2004). Objectives
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of this study were to determine (1) species
composition of benthic macrofauna, (2) func-
tional composition of the fauna, (3) temporal
variations (April 1999, October 1999, March
2000, and August 2000) in abundance of
benthic macrofauna, and (4) the relationships
between benthic macrofaunal abundance and
environmental factors such as sea-grass bio-
mass, water temperature, salinity, and sedi-
ment type. This study is the first description
of benthic macrofauna from a tropical Austra-
lian sea-grass bed and thus provides infor-
mation on a tropical sea-grass ecosystem in
the Pacific Ocean, where, compared with the
Caribbean, relatively few studies of ecology of
benthic macrofauna have been carried out.

MATERIALS AND METHODS

The study area was located in Cockle Bay on
Magnetic Island, about 7 km oftf the North
Queensland coast (see Figure 1). The area
supports a luxuriant and heterogeneous sea-
grass bed in which the main sea-grass species,
by biomass and density, are Cymodocea serru-
lnta, Halodule uninervis, and Halophila ovalis.
The sea-grass bed extended in patches for
about 6 km along the shore, and within that
three areas dominated by sea grass were
chosen as sampling stations (each ~2 km
apart) based on a pilot study in February
1999. The first site (station 1) was located in-
shore bordering a dense mangrove stand, and
major sea-grass species, ranked by biomass,
were Cymodocea servulata (50%), Halodule
uninervis (29%), and Halophila ovalis (15%).
The second and third sites (stations 2 and 3)
were located in the offshore part of the bay
in front of the fringing reefs. Cymodocea serru-
lata (77%), Halodule wuninervis (16%), and
Halophila ovalis (4%) were the main sea-grass
species at station 2, whereas at staton 3
the order was Halodule uninervis (51%), Cy-
modocea serrulata (32%), and Halophila ovalis
(14%).

The main seasonal difference in the re-
gion occurs between the hot/wet period of
December—April and the cool/dry months of
May-September. Benthic macrofauna were
collected from three stations in Cockle Bay
in April and October 1999 and March and
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August 2000 using hand-held core samplers
made of short sections of polyvinyl chloride
pipe (0.1 m inside diameter). Trials showed
that this size of corer collected a significantly
greater number of individuals and species
richness of fauna per unit area of sediment
compared with smaller or larger core sam-
plers (0.065 m and 0.15 m inside diameter;
analysis of variance [ANOVA] with log trans-
formation and Kruskal-Wallis one-way analy-
sis, P < 0.05). Core samples were taken to a
depth of 20 mm because pilot investigations
showed that 98% of the benthic macrofauna
occurred in the top 5 mm of sediment
Fifteen replicate core samples were taken in
a haphazard fashion within each station on
each sampling date.

Samples of macrofauna were preserved in
the field using 10% buffered seawater for-
malin. In the laboratory, samples were sieved
through a 0.5-mm mesh screen, stained with
rose Bengal, and transferred to 70% isopro-
panol. All animals were sorted into major tax-
onomic groups, counted, and weighed to the
nearest milligram. Organisms were identified
to the lowest possible taxon, except for mol-
lusks and echinoderms, which were identified
to order level. To characterize the functional
composition of the fauna, each macrofaunal
species was assigned to a microhabitat cate-
gory using information from the literature
(Bousfield 1973, Rainer and Fitzhardinge
1981) and personal observation (D.W.K. and
S.N.K.). Categories were as follows: (1) in-
faunal tubicolous, (2) infaunal burrower, (3)
infaunal commensal (or parasitism), (4) epi-
faunal domicolous, and (5) epifaunal free-
living. Abundance of animals was reported as
both number and biomass (wet weight) per
square meter.

Associations between benthic macrofaunal
abundance and environmental factors were
investigated concurrently with macrofaunal
sampling. Temperature (by thermometer)
and salinity (by salinometer) were monitored
at each station and on each sampling occa-
sion. Sediment from each core was character-
ized by size fractionation and total organic
matter (TOM). TOM was determined on
samples dried at 110 °C for 4 hr and mea-
sured as weight loss after combustion at
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550 °C for 2 hr. Sediment grain size was ana-
lyzed with a particle size analyzer on gram-
aliquots dried at 60 °C for 24 hr. Charac-
teristics obtained were median grain size,
percentage silt, percentage sand, and percent-
age gravel. Sea-grass biomass associated with
each core was measured. The plants were
separated into the above- and belowground
parts, dried at 80 °C for 24 hr, and then
weighed to the nearest gram.

The benthic macrofaunal data were
analyzed to obtain the following community
variables. Diversity H' (Shannon and Weaver
1949) was calculated as:

H' = - (n/N)log(n/N),

where # is the number of individuals of each 7
species in a sample and N is the total number
of individuals. Evenness J' (Pielou 1969) was
calculated as:

J'=H'/InS,

where S is the number of species. A two-way
ANOVA with orthogonal design was used to
analyze variations in benthic macrofaunal
abundance and environmental factors with
site and month. Log transformed data were
used to satisfy the equal variance assumption
of the model. A one-way ANOVA was used
to determine variation in the number of
macroinvertebrate individuals per sea-grass
biomass (g DW/m?) among the three domi-
nant sea-grass species. Tukey’s honestly sig-
nificant differences test (HSD) was used to
compare macrofaunal abundances among the
three sea-grass species from each sampling
date. The relationships between benthic
macrofaunal abundance and environmental
factors were analyzed using Pearson’s correla-
tion coefficient.

RESULTS

Environmental Factors

The two-way ANOVAs revealed that the
above- and belowground sea-grass biomass
varied significantly with month and station
(Table 1), with a peak around October 1999
and a sharp decline in March 2000 to August
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TABLE 1
F Values and Levels of Significance for the Two-Way ANOVAs of Environmental Factors [log(x + 1)]
Sea-Grass Biomass (g) Grain
Source of Temperature Salinity Size TOM Gravel Sand Silt
Variation df Aboveground Belowground cC) %)  (mm) (%) %) (%) (%)
Month 3 188.7** 10.78* 10.11% 9.73* 145  3.92 243 333 321
Station 2 63.5** 18.5% 4.24 5.01 2.11 4.67 3.86 4.06 3.94
Month x Station 6 8.45* 6.34* 2.73 1.04 1.54 1.24 209 223 194

* P <0.01;* 0.0l <P < 0.05.

2000 (Figure 2). There was a small month
x station interaction for sea-grass biomass
(Table 1). Although temporal patterns of
sea-grass abundance were basically similar
across stations, biomass was consistently
highest at station 3, followed by station 2
and station 1. Temperature and salinity
varied significantly between months but not
among stations (Table 1). Sediment charac-
teristics (percentage TOM, sediment grain
size, percentage gravel, percentage sand, and
percentage silt) did not vary significantly
between months and stations (Table 1).

Faunal Species Composition

A total of 28,148 individuals of benthic
macrofauna representing 110 species (poly-
chaetes, amphipods, decapods, and miscella-
neous taxa) was collected from the sea-grass
bed in Cockle Bay (Table 2). The major
faunal groups ranked by numbers were poly-
chaetes (52%), amphipods (35%), and de-
capods (5%); however, ranking by biomass,
the order was polychaetes (47%), decapods
(31%), and amphipods (8%).

Polychaetes were the most dominant
group in this tropical sea-grass bed, repre-
sented by 37 species of which the most abun-
dant in decreasing order were Capitella
capitata, Capitella sp., Prionospio japonicus, Cir-
riformia tentaculata, Polynoid sp. A, and Laonice
sp. Amphipods (27 species) were the next
important group, and the most abundant
species were Ampithoe caddi, Ericthonius sp. A,
Pontogeneia  inermis, Elasmopus —antennatus,
Ericthonius hunteri, and E. brasiliensis. De-
capods, which were represented by 28 spe-

cies, were important in terms of biomass.
The abundant species were Petalomera latera-
lis, Uca sp., and Thalamita integra. Miscellane-
ous taxa were tanaids, isopods, ophiuroids,
gastropods, bivalves, and echinoids. Seven
species of tanaids were present, and Pagurap-
seudes sp. A was most common. Five species of
isopods were recorded, and Cymodoce coronata
was the most dominant species throughout
the study period. Comparing infaunal and
epifaunal components of all benthic macro-
fauna, most amphipods (58%) were catego-
rized as epifaunal domicolous and decapods
were 90% epifaunal free-living. Polychaetes
were composed of 43% epifaunal domicolous
and 27% infaunal domicolous and burrower
categories.

Relative proportions of some dominant
macrofaunal species varied between the three
sea-grass species that dominate this sea-grass
bed (Figure 3). Dominant benthic macro-
fauna were defined as those composing 2%
or more of the number of individuals per
sea-grass biomass (g DW/m?). The dominant
amphipods Ampithoe caddi, Pontogeneia iner-
mis, and Elasmopus antennatus were most
abundant among the sea-grass Cymodocea
serrulata; however, members of the genus
Ericthoinus were found in greater abundance
on Hualodule wunivervis (ANOVA, F =11.5,
df =2, P < 0.05). The tanaids, Pagurapseudes
sp- A, and isopods, Cymodoce coronatus, both
epifaunal domicolous, were most numerous
on the sea grass Halophila ovalis (ANOVA,
F =232, df =2, P < 0.05). However, the
abundance of dominant polychaetes did not
differ between sea-grass species (ANOVA,
F =477, df =2, P> 0.05). Decapods were
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TABLE 2

Benthic Macrofauna Occurring in the Sea-Grass Beds in Cockle Bay in Order of Decreasing Abundance

Species n* % B¢ % Habitat Category®

Polychaeta
Capitella capitata 1,825 6.5 11.0 2.1 Ib
Capitella sp. 1,070 3.8 6.4 1.2 Ib
Prionospio japonicus 976 3.5 59 1.1 Ed
Cirriformia tentaculata 900 3.2 17.1 32 Ed
Polynoid sp. A 849 3.0 229 43 Ed
Lumbrineris sp. 637 23 3.2 0.6 Ib
Laonice sp. 603 2.1 3.6 0.7 Ed
Notomastus sp. 535 1.9 3.2 0.6 Ib
Praxillella sp. 509 1.8 7.2 1.4 It
Cirriformia sp. 501 1.8 9.5 1.8 Ed
Syllis sp. A 492 1.7 2.8 0.5 Ed
Polynoid sp. B 484 1.7 13.1 2.5 Ed
Armandia lanceolata 467 1.7 4.7 0.9 Ib
Marphysa sanguinea 433 1.5 34.0 6.4 It
Platynereis dumerilii 424 1.5 4.7 0.9 Ed
Onuphis willemoesii 399 1.4 4.8 0.9 It
Cirratulus sp. 306 1.1 5.8 1.1 Ed
Spio sp. 280 1.0 1.7 0.3 Ed
Heteromastus sp. 255 0.9 LS 0.3 Ib
Polynoid sp. C 246 0.9 6.7 1.3 Ed
Onuphis holobranchia 238 0.8 2.9 0.5 It
Haploscoloplos sp. 229 0.8 2.3 0.4 It
Arabella sp. 229 0.8 23 0.4 Ic
Syllis sp. B 212 0.8 1.1 0.2 Ed
Platynereis bicanaliculata 204 0.7 22 0.4 Ed
Nereis sp. 204 0.7 22 0.4 Ed
Eunice antennata 204 0.7 16.3 3.1 It
Maldane sp. 195 0.7 3.0 0.6 It
Armandia sp. 136 0.5 1.4 0.3 Ib
Polyophthalmus sp. 127 0.5 1.3 0.2 Ib
Diopatra sugokai 109 0.4 1.2 0.2 It
Trichobranchus sp. 102 0.4 14.3 2.7 Ib
Neantbes sp. 85 0.3 0.9 0.2 Ed
Eunice australis 85 0.3 9.3 1.8 It
Syllis sp. C 76 0.3 0.4 0.1 Ed
Terebelides sp. 68 0.2 14.9 2.8 Ib
Lysidice sp. 34 0.1 1.7 0.3 It

Subtotal 14,728 523 2474 46.5

Amphipoda
Ampithoe caddi 2,852 10.1 24.2 4.6 Ed
Ericthonius sp. A 1,566 5.6 34 0.6 Ed
Pontogeneia inermis 1,290 4.6 1.9 0.4 Ed
Elasmopus antennatus 772 2.7 0.9 0.2 Ed
Ericthonius hunteri 603 2.1 1.3 0.2 Ed
Ericthonius brasiliensis 598 2.1 1.3 0.3 Ed
Podocerus spongicolus 450 1.6 1.3 0.2 Ed
Paracalliope sp. A 315 1.1 1.1 0.2 Ib
Ampelisca typica 246 0.9 1.1 0.2 It
Probarpinia sp. 178 0.6 0.5 0.1 It
Elasmopus rapax 161 0.6 0.2 0.0 Ed
Phoxocephalus sp. 153 0.5 0.4 0.1 It
Lysianassa sp. 144 0.5 0.3 0.1 It
Ericthonius sp. B 118 0.4 0.3 0.0 Ed
Ampelisca milleri 110 0.4 0.5 0.1 It

Leucothoe sp. A 93 0.3 1.3 0.2 Ic



TABLE 2 (continued)

Species ne % B? % Habitat Category*
Elasmopus sp. B 68 0.2 0.1 0.0 Ed
Ampithoe sp. A 42 0.1 0.4 0.1 Ed
Elasmopus sp. A 42 0.1 0.1 0.0 Ed
Ampelisca sp. 25 0.1 0.1 0.0 It
Hyale frequens 25 0.1 0.1 0.0 Ed
Dexamine sp. 17 0.1 0.0 0.0 Ef
Dexamine spinosa 17 0.1 0.0 0.0 Ef
Paracalliope sp. B 16 0.1 0.1 0.0 Ib
Gitanopsis vilordes 16 0.1 0.0 0.0 Ed
Anisogammarus pugettensis 8 0.0 0.1 0.0 Ed
Leucothoe sp. B 8 0.0 0.1 0.0 Ic

Subtotal 9,933 353 41.1 7.7

Decapoda
Petalomera lateralis 212 0.8 3.6 0.7 Ef
Uca sp. 144 0.5 1.9 0.4 Ib
Thalamita integra 136 0.5 6.1 1.1 Ef
Alpbeus sp. A 110 04 9.9 1.9 Ib
Clibanarius sp. 109 0.4 7.5 1.4 Ef
Paratya australiensis 85 0.3 1.7 0.3 Ef
Alpheus sp. B 76 0.3 6.9 1.3 Ib
Clibanarius taeniatus 76 0.3 5.1 1.0 Ef
Thalamita intermedia 59 0.2 2.7 0.5 Ef
Diogenes sp. 50 0.2 34 0.6 Ef
Paguristes sp. 34 0.1 23 0.4 Ef
Rhbynchocinetes sp. A 25 0.1 0.2 0.0 Ef
Atypopenaeus stenodactylus 17 0.1 1.1 0.2 Ef
Palaemonetes sp. 17 0.1 0.2 0.0 Ef
Brachycarpus sp. 17 0.1 0.2 0.0 Ef
Latreutes sp. A 17 0.1 0.2 0.0 Ef
Gnathophylloides sp. 17 0.1 0.1 0.0 Ef
Leucoisa sp. 17 0.1 0.5 0.1 Ef
Rhbynchocinetes sp. B 8 0.0 0.1 0.0 Ef
Latreutes sp. B 8 0.0 0.1 0.0 Ef
Calcinus lateus 8 0.0 0.5 0.1 Ef
Portunus pelagicus 8 0.0 0.4 0.1 Ef
Thalamita cooperi 8 0.0 0.4 0.1 Ef
Huenia proteus 8 0.0 99.2 18.7 Ef
Naxia aries 8 0.0 2.9 0.5 Ef
Hemigrapsus sanguineus 8 0.0 0.1 0.0 Ef
Daldorfia sp. 8 0.0 5.2 1.0 Ef

Subtotal 1,290 4.6 162.2 30.5

Miscellaneous taxa

Tanaidacea
Pagurapseudes sp. A 432 1.5 23 0.4 Ed
Pagurapseudes sp. B 203 0.7 1.1 0.2 Ed
Bilobatus sp. 178 0.6 1.9 0.4 Ed
Bilobatus crenulatus 170 0.6 1.8 0.3 Ed
Leptochelia sp. 68 0.2 0.3 0.1 Ed
Pagurapseudes sp. C 51 0.2 0.3 0.1 Ed
Leptochelia dubia 25 0.1 0.1 0.0 Ed

Isopoda
Cymodoce coronata 424 1.5 14.1 2.7 Ed
Parantbura elegans 119 0.4 1.2 0.2 Ed
Cirolana sp. A 51 0.2 0.9 0.2 Ed
Cymodoce aculeata 8 0.0 0.3 0.1 Ed

Cirolana sp. B 8 0.0 0.1 0.0 Ed
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TABLE 2 (continued)

Species ne % B? % Habitat Category®
Ophiuroidea 244 0.9 4.9 0.9 Ef
Gastropoda 81 0.3 21.9 4.1 Ef
Bivalvia 76 0.3 16.7 3.1 Ib
Echinoidea 59 0.2 13.0 24 Ef

Subtotal 2,197 7.8 80.7 15.2

Total 28,148 100.0 531.4 100.0

Note: Values are summed across all samples for all stations at all times.

“ n, total number of individuals.
4 B, total biomass.

¢ Habitat category: It, infaunal tubicolous; Ib, infaunal burrower, Ic, infaunal conmmensal (or parasitism); Ed, epifaunal domico-

lous; Ef, epifaunal free-living.

not dominant in terms of number of individ-
uals on any particular sea-grass species.

Temporal and Site Variations in Faunal
Abundance

Using two-way ANOVAs, the mean number
of benthic macrofaunal species varied with
month, but there was no marked variation
across station (Table 3, Figure 4). Numbers
of individuals varied significantly with both
month and station (Table 3) and were gener-
ally higher at station 3 except in March 2000.
There was a slight month x station inter-
action for numbers of individuals (Table 3).
Highest numbers of benthic macrofauna oc-
curred in April 1999 and March 2000 except
at station 3, and lowest numbers occurred in
August 2000. There were no differences in
macrofaunal biomass between month and
station (Table 3). Faunal biomass displayed a
similar pattern at each station, except for the
peak at station 3 in April 1999 when a few
relatively large decapods were present. All
three stations had similar values of diversity
and evenness regardless of month, suggesting
that the number and relative abundances of
benthic macrofauna were similar over study
periods.

Abundance of common groups of benthic
macrofauna in Cockle Bay showed con-
siderable temporal variation (Figure 5). The
two-way ANOVAs revealed that number of
polychaete individuals differed significantly
between months (Table 3). Polychaetes were

few in April 1999, peaked in October 1999 at
about 2,000 individuals per square meter, and
then decreased in March 2000. Peak poly-
chaete biomass was in October 1999 due to
many larger individuals in this period (Table
3); however, number and biomass did not
vary with stations (Table 3). Number of indi-
viduals of amphipods also peaked in April
1999 due to increased Ampithoe caddi and
Pontogeneia inermis and in March 2000 when
there were increased numbers of Ericthonius
sp. A and Elasmopus antennatus. Abundance
of amphipods varied with site, being generally
higher at station 3 (Table 3). High biomass of
amphipods occurred in October 1999 when
the community was dominated by relatively
large A. caddi. In the case of decapods, num-
ber of individuals was highest at station 1 in
April 1999; however, biomass was high at
station 3 in April 1999 due to presence of
Huenia proteus ('T'able 3).

Sea-grass biomass variaton corresponded
closely with temporal variation in the abun-
dance of benthic macrofauna during the
study period (Figure 6). For example, number
of individuals of polychaetes (r’ =0.79,
P < 0.01) was strongly correlated with be-
lowground sea-grass biomass. Numbers and
biomass of amphipods (r? = 0.70, r? = 0.68,
P <0.01) and numbers of decapods (r* =
0.61, P < 0.01) were correlated with above-
ground sea-grass biomass, whereas those of
tanaids (r* = 0.62, P < 0.01) were correlated
negatively with aboveground sea-grass bio-
mass. Polychaete abundance (r* =0.44, P <
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mis; EA, Elasmopus antennatus; EH, Ericthonius hunteri; PA, Pagurapseudes sp. A; CCo, Cymodoce coronata.

0.05) and above- and belowground sea-grass
biomass (> =0.35, r’=0.41, P <0.05)
were both correlated with temperature and
salinity. Benthic macrofaunal abundances

were not significantly correlated with
sediment characteristics (percentage TOM,
sediment grain size, percentage gravel, per-
centage sand, and percentage silt).




00> d

L9°0 01 we 14! Pl o1 It 91’1 xL9'C 9 uonel§ X PUO
S «0'S «SP'S <019 LY'T €01 €I 9Tt «CLS 4 uones
Ire St «8L9 <L «PP'8 x90°6 4N} 9¢'¢ <118 ¢ PUOW
T+ (1+N)%o1  (1+@fop  (1+AN)3op  (1+d)Sop  (1+N)ol S (1+@dor  (1+N)Sor  3p UODELIEA
JO 201n0§
spodesa(g spodrydury sayoryPA0] BUNEJOIOBA JIPUIY [€30 ],
BUNEBJOIIBTAT

srpuag jo (S) sewadg jo raquuny] pue ‘[(T 4 g)3oj] ssewolq ‘[(T + A7)307] S[enpIaIpuy jo IoquinN] Jo SYAQNYV ABAA-OM T, 91} J0J 20UBIHIUSIG JO S[9Ad] PUE SIN[BA ;]
e d'IdV.L



Mumber of specics
E. zuxexsx

=

Mumber of idividunls
{imid fm)

E 5. 8 E 3 §

Biomass (g/m-)
-

iH'

Species diversity indenx

L8

= =
-

=
LE]

Evenness index (1°)

BS O%1@%:
April-9 October-99  March-00  August-00
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ness index of benthic macrofauna (per square meter, +SE) at three stations in the sea-grass bed in Cockle Bay.
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DISCUSSION
Faunal Species Composition

Numerically dominant macrofaunal groups in
sediment cores taken from sea-grass beds in
Cockle Bay, North Queensland, were poly-
chaetes (52%), amphipods (35%), and de-

capods (5%). Some or all of these groups
also dominated sea-grass beds in other parts
of Australia and overseas. For example,
polychaetes and decapods were the dominant
groups in temperate Australian sea-grass beds
along the New South Wales coast (Collett
et al. 1984); polychaetes, gammarid amphi-
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pods, and mollusks in Princess Royal Har-
bour Albany, Western Australia (Hutchings
et al. 1991); and polychaetes and amphipods
in Western Port, Victoria, and Thomas Bay,
Rottmest Island, Western Australia (Edgar
et al. 1994, Mukai et al. 1999). In tropical
American sea-grass beds the dominant
groups were gammarid amphipods (45%),
polychaetes (27%), and decapods (5%) in
Apalachee Bay (Lewis and Stoner 1983) and
amphipods, isopods, and tanaids in Tampa
Bay, Florida (Knowles and Bell 1998). Similar
groups dominated in temperate sea-grass
beds of North America (Young et al. 1976,
Young and Young 1977, 1978, Stoner 1983).
In terms of biomass, bivalve and gastropod
mollusks have been found to be dominant in
some temperate Australian sea-grass beds
(Hutchings 1982, Collett et al. 1984).

The taxonomic composition of amphipod
and polychaete faunas of sea-grass beds from
around the world also displays similarities
across a wide geographic area. In Cockle
Bay, the most common amphipods were Am-
pithoe, Ericthonius, Pontogeneia, and Elasmopus,
and common polychaetes were Capitella, Pla-
tynereis, Cirriformia, and Notomastus. Erictho-
nius and Platynereis also dominated in Seven
Mile Beach (Edgar 1990, 1992) and Rottnest
Island, Western Australia (Mukai et al. 1999);
Apalachee Bay, Florida (Lewis 1984); and
Kwangyang Bay, Korea (Kwak 1997). In
addition, Ampithoe and Capitella were also
dominant in tropical American sea-grass beds
(Stoner 1983, Lewis 1984, Knowles and Bell
1998). Thus polychaetes, amphipods, de-
capods, and in some cases mollusks are con-
sistently the dominant macrofaunal groups
in sea-grass beds regardless of location and
climate.

It is interesting that these same groups of
macrofauna that dominate in sea-grass beds
tend also to dominate the biomass of mobile
macroinvertebrate communities inhabiting a
wide range of subtidal shallow habitats in-
cluding rocky reef, mangrove, seaweeds,
and soft-sediment communities (see Bertness
et al. 2001). For example, polychaetes and
crustaceans were dominant in the Venice la-
goon populated by sea grasses and seaweeds,
and similarly in the mangroves of Rookery
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Bay, Florida (Sheridan 1997, Sfriso et al.
2001). Edgar and Barrett (2002) demon-
strated that 155 crustacean species (princi-
pally amphipods) and 103 polychaete species
dominated the fauna in soft substrates in
Tasmanian estuaries. In sea-grass beds, these
groups may dominate in part because they
provide functional advantages to the sea-grass
bed, such as promoted sediment aeration by
burrowing activity and enhanced productivity
of sea grass through recycling of nutrients
and grazing controls on epiphytes (Nelson
1980, Orth et al. 1984, Hutchings et al.
1991, Valentine et al. 1994, 1997, Knowles
and Bell 1998). The amount of light available
for photosynthesis is generally believed to be
the major factor for epiphytes outcompeting
sea grasses (Mazzella and Alberte 1986), and
the effect of the removal of heavy epiphyte
loads by grazing macroinvertebrates is to
reduce drag and increase sea-grass flexibility
(Heijs 1985).

Most macrofaunal species associated with
sea grass in Cockle Bay were equally abun-
dant on different sea-grass species that domi-
nated across the three stations. However, the
relative proportion of dominant amphipods
(Ampithoe caddi, Elasmopus antennatus, Erictho-
nius sp. A) differed among the three most
abundant sea-grass species (Cymodocea serru-
lata, Halodule uninervis, and Halophila ovalis)
of Cockle Bay. These were most abundant
among the wide-bladed sea grass Cymodocea
serrulata, except Ericthionus with elongated
body, which were in greater abundance on
thin-bladed Halodule uninervis. Tanaids and
isopods with stout bodies were most nu-
merous on the wide-bladed sea grass Halo-
phila ovalis. Other studies have shown similar
patterns of variable faunal abundance in
mixed sea-grass communities. For example,
Lewis (1984) found a greater abundance of
caprellid amphipods Luconacis incerta and
isopods Erichsonella filiformis with elongated
bodies on thin-bladed sea grass Halodule
wrightii compared with wide-bladed sea grass
Thalassia testudinum; however, stout-bodied
species (e.g., Elasmopus, Hippolyte) were more
numerous on wide 7. testudinum blades.

The benthic macrofauna in Cockle Bay
(110 species, 28,148 individuals per square
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meter) has similar diversity but considerably
higher densities compared with other sea-
grass beds in temperate and tropical areas.
For example, a study of the fauna of Posidonia
australis beds along the New South Wales
coast revealed considerable variation between
sites in terms of the number of species pres-
ent (39-134) and the density of individuals
(599-4,866 individuals per square meter)
(Collett et al. 1984). Lower density (1,797-
2,327 individuals per square meter) of
macrofauna was reported in Princess Royal
Harbour, Albany, Western Australia (Hutch-
ings et al. 1991), and in Apalachee Bay, Flor-
ida (80 species, 654 individuals per square
meter in Apalachee Bay [Lewis and Stoner
1983]).

Temporal and Site Variations in Faunal

Abundance

Abundances of epifauna and infauna in sea-
grass meadows are often correlated with
above- and/or belowground sea-grass bio-
mass (see review by Orth et al. 1984). The
temporal pattern of abundance of benthic
macrofauna in the sea-grass beds of Cockle
Bay correlated with temporal variations in
sea-grass biomass. From the data available it
is not possible to determine whether variation
in sea-grass biomass, directly or indirectly,
determined these changes in faunal abun-
dance in Cockle Bay, or whether faunal activ-
ities had an effect on the sea-grass biomass.
However, there is evidence for both types of
interaction occurring in sea-grass beds (Orth
et al. 1984, Valentine et al. 1994, 1997,
Duarte et al. 1997).

Sea-grass biomass in Cockle Bay reached a
peak in October 1999, when light and water
temperature are increasing, and remained
high over summer, then decreased to a mini-
mum in the period from March 2000 to Au-
gust 2000 in midwinter (Kwak and Klumpp
2004). This decrease in sea-grass biomass
also coincided with the disturbance of heavy
winds and rainfall brought by a cyclone in
February 2000. Numbers of polychaetes in
Cockle Bay were high during periods when
belowground sea-grass biomass was high.
The thick, tough underground mat of roots

PACIFIC SCIENCE - October 2005

and rhizomes produced by Halodule and Cy-
modocea in Cockle Bay seems to provide poly-
chaetes and other infauna with an effective
refuge from predators, especially inverte-
brates. Indeed, the importance of rhizomes
in protecting infauna from crab predators
has been suggested (Orth et al. 1984). As
well, sea-grass diversity can dictate the infau-
nal community structure (e.g., of free-living
nematodes [Somerfield et al. 2002]). Alterna-
tively, burrowing activity of certain infauna
may assist in colonization, growth, and persis-
tence of certain sea-grass species (Valentine
et al. 1994). For example, Halophila ovalis
tends to colonize gaps created by burrowing
infauna (Duarte et al. 1997). There was no
evidence in the study reported here of any
particular sea-grass species correlating with
the abundance of any burrowing macrofaunal
groups.

Amphipod abundance in particular was
positively correlated with aboveground sea-
grass biomass. This is in general agreement
with other studies of tropical sea-grass beds
of Florida and the Caribbean (Zimmerman
1978, Lewis and Stoner 1983, Knowles and
Bell 1998). Amphipods in Cockle Bay during
April 1999 and March 2000 were mainly
represented by detritivores and herbivores,
probably in response to the increased abun-
dance of the erect epiphytic algal layer on
sea-grass fronds at those times (D.W.K. and
S.N.K,, pers. obs.). This layer of algae consti-
tutes a primary food resource supplementing
sea-grass frond material for gammarid amphi-
pods (Bousfield 1973, Lewis and Stoner 1983,
Lewis 1984). Other studies have reported
similar correlated temporal variations in peak
plant growth and amphipod reproduction and
abundance (Nelson 1980, Stoner 19805).

Although biomass of sea grass in Cockle
Bay seems to be an important factor influenc-
ing abundance of the benthic macrofaunal
community, life cycle (including recruitment
and reproduction) and predation may also
directly or indirectly control benthic macro-
faunal abundance. These factors may explain
why amphipod abundance at station 2 in-
creased in March 2000 when aboveground
sea-grass biomass declined. For example, this
could be due to the delayed movement of
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Ericthonius sp. A and Elasmopus antennatus,
among common amphipods, to the sea grass
following an increase in aboveground sea-
grass biomass. Alternatively there may have
been a community shift from epibenthic
sea-grass grazers to surface microalgal and/
or detritus feeders. Fong (1999) reported
that amphipod diversity and abundance in
the sea-grass beds in Thomson Bay, Western
Australia, were affected by the recruitment
and life cycle of amphipods. Generally
patterns of distribution and abundance of
benthic macrofauna are often complicated by
unpredictable annual recruitment of young in
the sea-grass beds (Collett et al. 1984, Edgar
1992).

Patterns of amphipod abundance in
Cockle Bay are probably also related to local
variations in the abundance of predators.
Kwak and Klumpp (2004) demonstrated that
the abundance of dominant fishes in the
sea-grass beds of Cockle Bay was positively
correlated with prey availability. For example,
amphipods are an important prey item in
the diet of many key predatory fishes (Sillago,
Fuavonigobius, Lethrinus, and Pelates), and the
abundance of Sillago maculata burrus and
Favonigobius reichei, both carnivores that can
feed heavily on amphipods, appears corre-
lated with amphipod abundance. Carr and
Adams (1973) recorded that fishes, which can
feed heavily on amphipods in sea-grass beds
in Florida, have been shown to have an im-
pact on amphipod populations.

Decapods found in the sea-grass beds of
Cockle Bay typically inhabited the leaves.
The wide distribution and high abundance
of groups such as Alpheus, Clibanarius, and
Petalomera lateralis in Cockle Bay are ex-
plained by their life cycle, which is well
adapted to the plant’s annual cycle (Lorenti
and Scipione 1990). Among miscellaneous
groups, tanaids were dominated by Pagurap-
seudes, which were most abundant in August
2000 when sea-grass biomass was low but
were absent in other months. Generally
Pagurapseudes is a common genus in tropical
areas, especially on coral reefs (Bacescu
1981). Hence we assume that the temporal
variations of this species may be related to
their movement from nearby coral reefs.
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