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E Influence of Natural Fluctuations in Seagrass Cover on Commercial Prawn
Nursery Grounds in a Subtropical Estuary
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Abstract. Juvenile prawns were captured with a beam trawl from two intertidal seagrass sites (one
sparsely and one densely vegetated) in Tin Can Bay, a subtropicat estuary in south-eastern Queensland.
The abundance and recruitment patterns of two commercial prawn species (Peraeus plebejus and
Metapenaeus bennettae) were investigated. P plebejus was the dominant species at both the sparse and
dense seagrass sites. Die-back of the above-ground vegetation in the sparsely vegetated site coincided
with a significant increase in the abundance of bath P. plebejus and M. bennertae at this site. Natural loss
of intertidal vegetation may cause an immediate reduction in the total fisheries value of an area because
of fewer herbivorous commercial fish entering the area. In the tonger term, this reduction in the fisheries
value of the area may be compensated by an increase in value as a nursery ground for juvenile
P. plebejus, thereby providing the potential for higher adult P, plebejus recruitment to local commercial

fisheries and maintaining the overall value of the area.

Introduction

Most commercial prawn species caught in subtropical
and tropical Australian waters are dependent on shallow
inshore or estuarine environments during some stage of their
life cycle (Young 1978; Coles and Lee Long 1985; Staples
et al. 1985; Coles et al. 1993), In southern Queensland,
about 85% of the total prawn catch is Penaeus plebejus,
except in Moreton Bay where Metapenaeus benneitae and
P. esculentus together account for about 50% (Trainor 1990),
P. plebejus spawns in offshore oceanic waters and uses
estuaries as nursery grounds during the benthic post-larval
and juvenile development, whereas M. bennettae completes
the entire life cycle within estuaries (Dall et al. 1990).

Post-larvae of P plebejus enter estuaries in flood tide
currents and settle onto the substratum to prevent the ebb
tide carrying them back out (Hughes 1969, 1972; Young and
Carpenter 1977). This places post-larval prawns within the
estuarine environment but not necessarily on their preferred
nursery areas. Juvenile prawns may spend up to a year in the
estuary, depending on water temperature, salinity and food
abundance (Racek 1959). Nursery areas must provide
suitable food and water temperature for growth as well as
shelter from predation. Prawn nurseries typically extend
from the high water mark to 1 or 2 m below low water (Penn
1981), with juvenile prawns feeding in the intertidal and
subtidal zones during the tidal cycle. Estuaries with high
nuirient inputs and large expanses of shallow water provide
productive nursery areas for commercial prawn species
(Staples 1984; Poiner et al. 1992).

In subtropical Australia, juveniles of P plebejus and
M. bennettae are found in a range of littoral and sublittoral
(<2 m) habitats. P. plebejus is abondant in seagrass and on
bare areas with high salinity; however, it is more abundant
on seagrass than on bare substratum when both habitats are
available (Young 1975). M. bennettae prefers shallow
seagrass arcas with low salinity (Young 1978),

As part of a study on the ecology of undisturbed estuaries,
the distribution and abundance of juvenile penaeid prawns in
sparse and dense seagrass beds of Tin Can Bay, a subtropical
estuary in the Great Sandy Straits region of south-gastern
Queensland (Fig. 1), were investigated. The Great Sandy
Straits region has exiensive areas of intertidal and subtidal
seagrass covering about 12300 ha (Lennon and Luck 1990)
and supports a P. plebejus fishery that produces about 100 t
year~! (Trainor 1990). This region is under increasing
pressure from coastal resorts, residential development and
recreational activities. Ten months into the sampling
programme, the above-ground vegetation at the sparse site
began to die back, leaving the substratum almost completely
bare from November 1992. The term die-back is used to
describe the loss of above-ground vegetation, as living
rhizomes were always present at the sparse site, This paper
describes the physical changes that occurred in the littoral
environment and the effect of these on the abundance of
juvenile P plebejus and M. bennettae. The concept that
seagrass loss canses an immediate and lasting decrease in
the potential fisheries productivity of an area is questioned.
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Materials and Methods
Sites

Areas at the southemn end of the Great Sandy Strait were identified as
potential sampling sites from maps of seagrass distribution derived from
satellite imagery (Lennon and Luck 199(). Potential sites were then
inspected and the seagrass density assessed. Two sites, sparse and dense
{Fig. 1), were selected to represent two contrasting densities of seagrass
caver. The sites were <3 km apart, exposed to similar weather conditions,
>130 m from the nearest mangrove stands, and jnundated to the same
extent at high tide and exposed during the last 2 h of the ebb tide.

Experimental Design

Seagrass. For each of the 13 sampling periods, six seagrass samples
were randomly collected in a 25 % 25 ¢m quadrat at each site (sparse and
dense) the day after beam trawling. A trowel was pushed down around the
edges of the sample to cut any rhizomes and roofs. Each sample was then
lifted into a 10-mm sieve and washed thoroughly. The retained seagrass
was identified and above-ground and below-ground portions of each
species were separated, Dry weight was determined after drying each
sample in an oven for 48 h at 60°C.

Water quality. Throughout the study, a submersible data-logger
(DataSonde 3) was placed on a navigation marker about 300 m from the
dense site (Fig. 1), recording water temperature, salinity and tidal height
each hour.

Prawns. Five samples of benthic post-larval and juvenile prawns at
each site were taken at each time with a roller-beam trawl, with each tow
lasting 2 min and covering about 50 m. Samples were collected at night, on
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Fig.1. Sites where samples of Penacus plebejus, Metapenaeus bennettae
and seagrass were taken. Dense seagrass occurred at the Teebar Creek site,
sparse seagrass at the Ida Island site.
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the full moon every second lunar month from November 1991 uatil
September 1993. Samples were taken at the top of the tide to minimize the
effect of tidal currents and water depth on catches (Coles 1979). The roller-
beam trawl used is described by Young (1975). Samples were frozen
immediately after collection for subsequent identification (Dall 1957;
Young [977), measurement and counting. Only data for benthic post-farval
prawns (2-3 mm carapace length, CL) and juvenile prawns (4-11 mm CL)
(Vance and Staples 1992) were used in the analysis. Prawns of both size
ranges are referred to as juveniles for the rest of this paper. Subadult prawns
(=11 mm CL) were excluded from the results as these migrate into deeper
water and exhibit greater net avoidance (Young 1975; Coles and
Greenwood 1983).

Prawn counts were skewed, so a log transformation—In{n + 1)—was
used to make the variance independent of the mean for parametric testing.
The data were divided into three factors-—sites, month and year (before and
after seagrass die-back}—and into blocks for analysis of variance
(ANOVA). Replicate trawls within each site during each sampling period
were considered as a block.

Results

Seagrass

The predominant seagrass at both sites was Zostera
capricorni, with Halophila spp. comprising <1% of the tfotal
above-ground dry weight. Until August 1992, the mean
above-ground seagrass density at the sparse site was 55 &
0-3 g m2 (mean + s.e.). Seagrass at this site began to die back
during September 1992, During November 1992 remnants of
above-ground vegetation remained, but by January 1993 little
above-ground vegetation existed (Fig. 2). The mean above-
ground dry weight for the period from November 1992 to
November 1993 was 0-6 + 0-2 g m~2. Seagrass cover of the
dense site showed seasonal variations, with a mean above-
ground dry weight of 42.5 £ 2-7 g m~2 (Fig. 2).

Water Quality

Beiween-site differences in salinity and water
temperature were considered to be negligible because of the
close proximity of the sites. Average salinity was 337 +
0-01. The high average salinity indicates that the estuary has
a strong oceanic influence and is not greatly affected by
freshwater inputs. Water temperature averaged 23-4°C, with
arange from 14-6°C in July 1992 to 32-2°C in January 1993.
The high maximum femperature resulted from shallow
water being heated while it was in the intertidal zone and
receding with the falling tide in mid afternoon.

»

Prawns

In total, of 35700 individuals of four species of juvenile
commercial prawns were caught from the two sites. Pengens
plebejus tepresented 84-5% (30158) of the total catch,
Metapenaeus bennettae 11-4% (4084), M. endeavouri 2-4%
(869), and P. esculentus 1-6% (589).

P, plebejus. Juvenile P. plebejus dominated the catches at
both sites. Of the total P plebejus catch, 70-4% (21232}
were caught at the sparse site and 29-6% (8926) at the dense
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Fig,2, Above-ground dry weight of seagrass from the (a) sparse site and

{b) dense site, Note the different scales for each site. Vertical bars represent
the standard error.

site. Site, seasonal and yearly variations in abundance of
juveniles caught (Fig. 3a) resulted in a significant three-way
interaction (sites X month X year, P < 0-01) (Table 1). This
was broken down into a number of smaller interactions. In
the first year, before seagrass die-back, abundance of
P, plebejus was similar at both sites and had common
seasonal variations (Fig. 3a). During the second year (after
seagrass die-back), significantly more P plebejus juveniles
(P < 0-01) were caught at the sparse site than at the dense
site (Table 1).
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Fig. 3. Bimonthly variations in mean catch per trawl of juvenile

{a) Pengeus plebejué and (b) Mefapenaeus bennettae at the sparse (solid
kistograms) and dense (open histograms) seagrass sites. Note the different
scales for each species. Vertical bars represent standard error. The right side
of the dashed line indicates die-back of seagrass at the sparse site.
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At both sites, during each vear, seasonal variation in the
abundance of P plebejus was evident, with catches being
highest during winter {May—July) (Fig. 3a). At the sparse
site, monthly (seasonal) and yearly differences in
abundances occurred, resulting in a significant two-way
interaction (P < 0-01} (Table 1). Higher abundances were
recorded during the second year (after seagrass die-back)
compared with those of the previous year. At the dense site,
monthly (seasonal) and yearly differences in abundance
represented a significant two-way interaction (P < 0-01)
{Table1). Lower abundances were recorded during the
second year {after seagrass die-back).

M. bennettae. Juvenile M. bennettae occurred at both
sites in almost equal numbers, 45-9% (1873) at the sparse
site and 54-1% (2211) at the dense site. Site, monthly
(seasonal) and yearly changes in abundance (Fig. 3b)
resulted in a significant three-way interaction (P < 0-05)
{Table 1). Again this was broken into components. During
the first year, significant differences in the abundance at
both sites (P < 0-03) and seasocnally (P < 0-01) were seen.
During the second year, differences in abundance for both
site and month resulted in a significant two-way interaction
(P < 0-01) (Table 1).

Abundance of this species was consistently seasonal,
with peaks in winter (May—July) followed by a period of
low recruitment in spring (September—November). At the
sparse site, increases in the abundance of M. bennettae
during the second year (Fig. 35} and seasonal variation
resulted in a two-way interaction (P < 0-01). At the dense
site, decreases in abundance during the second year and
seasonality resulted in a significant two-way interaction
(P < 0-01). M. bennettae was not expected to be abundant at
gither site because of its preference (Young 1978) for less
saline habitats than those recorded from Tin Can Bay.

Discussion

The natural loss of the intertidal vegetation may not be as
catastrophic to fisheries productivity as it is often
considered to be. Significant increases in abundance of
juvenile Penaeus plebejus, following the loss of seagrass at
the sparse site, suggests that natural seagrass loss may
produce alternative habitats suitable as nurseries for
P plebejus, thus increasing the potential commercial prawn
production of the area.

The ability of other Penaeus spp. to colonize areas in
which seagrass or algae has recently been removed is
documented from the Gulf of Carpentaria, and from south-
western Western Australia. In the Gulf of Carpentaria,
seagrass cover has been linked with the abundance of
juvenile Penaeus esculentus and P. semisulcatus (Staples et
al. 1985; Poiner et al. 1993; Loneragan et al. 1994).
Cyclones during the 1980s damaged large areas of seagrass,
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Table 1. Significant sources of variation for ANOVA of beam trawl catches of juvenile Penaes plebejus and
Metapenaeus bennetiae [In(n + 11
Only the significant interactions of the highest order are shown. *P < 0.05, =P < 0.01
Species Data set Source of variation d.f. 8.8, F-ratio
P. plebejus All data Site X month X year 5 3.49 4-18**
Residual 96 38.97
Sparse site only Manth X year 5 3663 25.47%%
Residual 48 13-81
Dense site only Month X year 3 50-39 19.23%%
Residual 48 2516
1st year only Month 5 17629 80284
Residual 48 20-57
2nd year only Site X month 5 17:27 O3] B
Residual 48 18-40
M. bennetiae All data Site X month X year 3 17-1 3.21%
Residual 95 101-69
Sparse site only Month X year 5 2717 6-BO**
Residual 48 3786
Dense site only Month X year 3 50-39 19-23%*
Residual 48 2516
Ist year only Site 1 8-80 6:24%
Month 3 80-04 11.36%*
Residual 48 67-63
2nd year only Site X month 5 3474 Q.7
Residual 48 34-06

causing a species shift in the juvenile prawn fauna from the
commercially important P. esculentus, P. semisulcatus and
Metapenaeus endeavouri 1o the commercially ‘unimportant’
Metapengeus spp. and P. latisulcatus (Thorogood et al.
1990). P latisuleatus prefers a sandy substratum as nursery
areas. The commercial catches of P. latisulcatus in the Peel—
Harvey estuary of south-western Western Australia bave
been inversely correlated with the extent of cover of the
macroalga Cladophora montagneama (Potter et al. 1991).
P plebejus is endemic to the eastern coast of Australia
(Montgomery 1990) and inhabits both bare and seagrass
habitats {Young and Carpenter 1977; Coles and Greenwood
1983). However, when both substratums occur in the same
vicinity, juvenile P plebejus prefers seagrass habitats
(Young 1975). Within the available habitat in Tin Can Bay,
there was an increase in the abundance of juvenile
P. plebejus associated with the loss of extensive areas of
seagrass. The ability of P. plebejus 1o use unvegetated areas
as nursery sites was expected; however, the natural die-back
of seagrass in this area may provide greater opportunity for
survival than do the vegetated areas.

There is little information on the ability of juvenile
prawns to actively select preferred nursery areas after initial
settlement into an estuary. Bell and Westoby (1986) made
three assumptions about decapod larval settlement into
seagrass beds: larvae are distributed patchily when they are

ready to settle; larvae do not discriminate between beds of
different physical complexity; and individuals redistribute
themselves within a bed to select microsites favouring
survival, These assumptions should be applicable to the
abundances of P plebejus and M. bennmettae at the two
seagrass sites.

The number of juvenile P plebejus recruits that settled
and remained in the two sites was similar before the
seagrass die-back (i.e. in 1992). This would be expected as
larvae should settle patchily onto the two different seagrass
densities that offered similar nursery conditions, ie. a
physically complex habitat. The loss of the seagrass at the
sparse site removed the physical complexity of the
substratumn and should have caused a decrease in the
abundance of prawns on that substratum. This was not the
case, suggesting that the juvenile prawns actively selected
the sparse site as a preferred nursery ground. Decreases in
the overall abundance at the dense site, from the first to the
second year, could be due to the patchiness of larvae
entering the estuary or the active settling of larvae onto
areas that provided better opportunities of survival.

Salinity is a major influence in determining the suitability
of a nursery area (Ruello 1973; Young 1978; Coles 1979) for
penaeid prawns as they can detect changes of 1 unit of
salinity (Hughes 1969). Juveniles of . plebejus prefer saline
areas (Young 1978) and were similarly abundant at both
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seagrass sites when vegetated. This would have allowed
movements after settlement to be restricted to micosites
within the bed. As both sites were in close proximity and the
salinity averaged >30, it is unlikely that salinity influenced
preferential settlement to one or other of the sites. Even
though juveniles of M. bennettae prefer low salinity (<20)
and seagrass (Young 1978; Coles and Greenwood 1983),
they were continuously caught at both sites. The preference
for lower salinities suggests that the M. bennettae juveniles
had not settled into their preferred nursery environment and
should attempt to move to a more suitable habitat. No
significant decrease in abundance of M, bernettae juveniles
occurred even after the seagrass die-back at the sparse site,
indicating an inability to move between habitats after their
initial setttement. Other environmental factors such as water
temperature, turbidity and sediment composition have been
previously investigated, with no single parameter being a
consistent nursery area requirement for Penaeus spp. or
Metapenaens spp. (Penn 1981).

The catchability of juvenile prawns changes with size,
current and substratum type (Young 1975; Coles and
Greenwood 1983). The loss of seagrass was not considered
to influence the catchability of juvenile prawns. The above-
ground vegetation present before the die-back occurred was
relatively short (<40 mm leaf length) and would have
provided litile protection {rom capture,

The Great Sandy Straits region currently has extensive
dynamic areas of sand, mud and seagrass flats, with seagrass
beds continually extending and dying back. The die-back of
seagrass may provide conditions favourable to the survival
of juvenile P plebejus on the intertidal areas through a
combination of high salinity and bare substratum, As
environmental conditions change, the suitability of the
habitat for P plebejus survival will also change, providing
{in part) an explanation for year-to-year variations in
commercial prawn catches of the region.
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