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ABSTRACT

Howard, R.K., 1984. The trophic ecology of caridean shrimps in an eelgrass community.
Aquat. Bot., 18: 155-174.

~

I,

Four species of caridean decapods together represent a productive element of the
epifauna of eelgrass beds in Western Port, Australia. The guild is dominated by a palae
monid species, Macrobrachium intermedium Stimpson, which was found to have a mean
annual density of approximately 50 individuals m" and an annual productivity of 3.4 g
ash ·free dry mass m".

Analyses of shrimp diets indicated that three species, M. in te rm ed ium , Hippoly te
caradina Holthuis and Chlorotocella leptorh y ncus (Stimpson), are consumers of both
an imal and plant material, while a single (crangonid ) species, Pontophilus intermedius
(Fulton and Grant), is a specialized carnivore. Predation by shrimps may be responsible
for the removal of substantial proportions of the productivity of cohabiting smaller
invertebrates such as gastropod molluscs, peracaridean crustaceans and polychaetes,
and probably ecl ipses the level of predation by fish . Plant detritus (alo ng with associated
microorganisms) is more prominent in shrimp diets during w inter, and m ay be correlated
with a reduced availab ility of anim al prey during this period ,

Shrimps are consumed by a number of the common predatory fish and birds asso
ciated with eelgrass flats. Predat ion is concentrated on the two numerically dominan t
car ideans and may be an important factor modifying the population structure of these
species .

It is concluded that the Car idea occupy a key posit ion in trophic processes within
the eelgrass system by (i) exerting a strong influence on the struc ture and dynamics of
the lower trophic levels of the system ; and (ii) by transferring a major proportion of
their relatively high productivity to higher consumers.

INTRODUCTION

Comparisons of the macrofauna of seagrass beds and adjacent bare
I substrate zones have invariably shown that faunal diversity and abundance

I
I is higher in the seagrass areas (O 'Gower and Wacasey , 1967; Thayer et al.,

1975; Orth, 1977; Virnstein et al., 1983), and the faunas of eelgrass flatsI and adjacent bare-mud zones of Western Port are no exception (Watson
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et al., 1984 ; Robertson, 1984). The epifauna, in particular, is considerably
more diverse and productive in eelgrass beds, and it is this element of the
fauna which forms the bulk of the diets of fish and birds of this habitat
(Lowe, 1978; Robertson, 1978; Howard, 1981). Hence, in terms of the trans.
fer of energy to higher consumers, the epifauna represents an important
trophic link within the Western Port ecosystem.

Descriptions of the macroepifauna of seagrass habitats have demon.
strated a widespread dominance of peracaridean and decapod crustaceans
and gastropod molluscs (Kikuchi, 1966: Japan; Rasmussen, 1973: Denmark;
Thayer et al. , 1975 : North Carolina, U.S .A.; Brook, 1977 : Florida, U.S.A.;
Heck, 1977: Panama; Kikuchi and Peres, 1977 : Mediterranean; Wadley,
1980: south-eastern Australia) . A similar faunal composition exists in the
eelgrass habitats of Western Port in southern Australia (Watson et al.,
1980). Amphipods, mysids and gastropods are numerically dominant (mean
densities of 4000 m ? for epifaunal amphipods (Howard, 1976) and 3200
m ? for gastropods (Daly, 1977) have been determined) , while the decapods,
although much lower in numbers, represent a comparable biomass due to
their larger body size. The de capod component of the epifauna is dominated
by caridean shrimps.

The dynamics and ecology of amphipods , gastropods and bra chyurans
in Western Port have been the subject of studies by Howard (1976), Daly
(1977) and Forsyth (1977) , yet little is known of the ecological role of
the Caridea. Despite the apparent worldwide occurrence of this group
as a corispicuous component of seagrass fauna, few studies have provided
more than a base -line assessment of the taxonomic composition and nu
merical abundance of seagrass-associated shrimps.

The Caridea are of particular interest for two main reasons. Firstly,
their often high abundances, in combination with relatively large body
size and low ash content, suggest that they would be an attractive food
for large predators, and secondly , as omnivorous consumers, carideans may
exert an influence over both the abundance of smaller prey organisms
(Nelson , 1981a) , and, through detritus-feeding activities, over the rates of
macrophyte decomposition in detritus-based systems (Welsh, 1975).

Traditional descriptive studies of seagrass systems have tended to over
look the 'interm ediate' trophic interactions centred around the de capod
crustaceans while concentrating mainly on links between invertebrates
and fish. More recently manipulative techniques have been used to address
specific problems of seagrass trophic ecology , viz. , identifying the key
processes in energy flow and the role of predation in structuring seagrass
communities (Young et al ., 1976 ; Young and Young, 1977 , 1978; Virnste in,
1978; Virnstein et al. , 1983 ; Nelson , 1981a, b) . Su ch experiments have
generated new information on the trophic roles of invertebrate predators
in seagrass systems and in particular have stressed the importance of decapod
crustaceans as predators on the smaller invertebrates of seagrass beds . How
ever, a major fail ing of manipulative studies may be that they do no t provide
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direct information on actual diets, or on intake rates or productivities of
the component species.

The present study aims to document the trophic position of shrimps
in Western Port by: (i) assessing the densities and productivities of individual
populations comprising the caridean guild; (ii) determining the contribu
tion of shrimps to the diets of higher consumers; and (iii) quantifying the
diets of each caridean species and considering the impact of this feeding
on prey groups.

MATERIALS AND METHODS

Western Port is a shallow marine embayment located in south-eastern
Australia. Approximately one-third of the bay is intertidal mudflat which
supports extensive stands of the eelgrasses Heterozostera tasmanica (Martens
ex Aschers.) den Hartog and Zostera muelleri Irmisch ex Aschers. The
mudflats typically are basin-shaped so that large central areas, at a slightly
lower elevation than bank margins, retain a shallow covering of water at
low tide . Dense stands of H. tasmanica usually are found in these permanent
ly submerged areas . In the present study , shrimps were collected from
H. tasmanica eelgrass meadows located 1 km offshore from Rhyll (38°28'S;
145°18'E). The mean annual above-ground biomass of eelgrass in the sam
pling area during 1979 was de termined at 182 g dry mass m ? (Howard ,
1981). Water depth is approximately 10-15 em at low tide and 2 m at
high tide. Sediments have a high content of mud and organics (Marsden
et al., 1979) .

A Riley push-net (Holme and McIntyre, 1971) was used as a beam trawl
to sample a trawl route of 168 m length marked at each end by permanent
buoys. Monthly samples were taken between August 1977 and December
1978, and thereafter sampling was approximately bi-monthly until February
1980. Collections were made during the period of high tide 1-4 h after
sunset in order to maximize catches of nocturnally active spe cies. Follow
ing collection , all samples were preserved in a 5% formalin solution.

In the laboratory, carideans were hand sorted from samples, separated
into species, and counted. The catch data were then converted into field
densities (as number of individuals m-2) using measures of the capture
efficiency of the net. Capture efficiencies were calculated from comparisons
of netted catches of shrimps with their densities in the field as estimated
from core sampling. Details of this procedure are given in Howard (1981)
and Howard and Lowe (1984).

Up to 160 individuals of each species from monthly samples were mea
sured and sexed. Undamaged specimens from 8-10 of these samples were
dried at 70°C for three weeks and weighed to the nearest 10-4 g. Eggs were
removed from ovigerous females, counted, and weighed separately. The

I ash contents of eggs and individuals of both sexes of each species were
I determined by ashing up to eight replicate samples of approximately 0.01 g

I
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of dried and ground tissue at 500°C for eight hours. These data were used
to construct monthly size-frequency distributions of the populations and
to determine the relationships between body size and ash-free dry mass
(AFDM) . Size-frequency distributions were separated into component
size cohorts by the use of cumulative frequencies and probability paper
(Cassie, 1954) and combined with monthly figures of population density
and length-AFDM relationships to give a measure of production. To this
value is added the production of eggs. The total production (P) was cal.
culated according to the following equation

...~

Cj tn
L u s u » L
CI to

(
flE t) 1 _

E t + 2 IX EM

where: t = sampling interval, C = number of size cohorts (from 1 to i) , N =
mean number of individuals in a cohort between sampling dates, flM =

change in mean individual mass between sampling dates , E = number of
eggs in the population at tn' flE = change in number of eggs between sam
pling dates, EM = mean egg mass, I = incubation period.

Field densities and productivities were determined for those species
which resided permanently in the eelgrass beds. Three species, Macrobrachi;
um intermedium Stimpson, Pontophilus intermedius (Fulton and Grant)
and Hippolyte caradina Holthuis , were in this category , while a fourth ,
Chlorotocella leptorhyncus (Stimpson), was a seasonal resident only . As
this latter shrimp was not present in the eelgrass beds during summer,
when trials were carried out to determine the capture efficiencies of shrimps
by the net, no measure of catch efficiency was obtained. Hence, the catch
data for C. leptorhyncus have not been converted into density per unit
area.

An evaluation was made of summer and winter diets of the resident
caridean spe cies. In the case of C. leptorhyncus, only the winter diet was
determined. Where possible , concurrently collected samples of all species
were used in the analysis of diets. Additional samples have been used where
the initial sample size for a species was small, or where few individuals con
tained food.

Two different methods were used in the analysis of stomach contents.
The stomach (proventriculus) of the larger shrimps (i .e., Macrobrachium
intermedium and Pontophilus intermedius) was dissected out of each in
dividual and the contents removed and placed in a drop of glycerol in a
petri dish. Food items were then separated and identified under a low
power (6.3-40X) stereo microscope. All items were counted and assigned
to a taxonomic category at the lowest level to which it could be identified.
Successful identification of animal prey at a level below the more broad
taxonomic groupings of phylum, class, and order was largely dependent
on the degree to which prey items had been fragmented . The relative vol
umes ·of prey items were then measured by spreading the gut contents to a
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constant depth (of one coverslip thickness) under a glass slide and measur
ing the area covered by separate items under an eyepiece grid on the micro
scope.

The stomach contents of the smaller shrimps (i.e., Hippolyte caradina
and Chlorotocella leptorhyncus) , which usually were of a considerably
smaller volume than those of M. intermedium and P. intermedius and in
cluded smaller-sized items , were placed on glass slides and examined under
a compound microscope (6D-1500X). Prey volumes were estimated by
measuring the area covered by items when spread to a constant depth
between a glass slide and a coverslip . Results so obtained were pooled for
all individuals of a species which were collected on the same date. Seasonal
and overall diets are a summation of the pooled volumes obtained at separate
sampling dates .

Fish predation on the Caridea at the study site was investigated by the
examination of the gut contents of fish collected in beam trawls. Collec
tions were made in conjunction with the regular sampling of shrimp popula
tions. Because the capture efficiency of the net for fish species was not
known , these data do not represent a quantitative assessment of fish stocks
and hence levels of predation, but rather serve as an indicator of the rela
tive predation rates on the caridean species .

Ex isting data on the diets of fish associated with southern and eastern
Australian seagrass habitats suggest that the larger species such as scor
paenids, arripids, and some monacanthids are likely to be the major con
sumers of carideans (Grant, 1972; Bell et al., 1978a, b; Robertson, 1978;
Conacher et al ., 1979) . Hence the present study considers mainly the larger
fish. Small species such as gobiids , atherinids, and syngnathids were generally
no t included in the analysis .where prev ious evidence sugge sted an absence
or very low occurrence of carideans in the diet (e.g. , Robertson, 1978;
Howard and Koehn, in preparation). All fish which were considered to be
potential predators on shrimps were examined for the presence of shrimps in
gut contents.

Birds represent the other major group of predators of the shrimps asso
ciated with eelgrass beds in Western Port (Howard, 1981) . Three species
of large wading birds (Class Ciconiiformes), the royal spoonbill (Platalea
regia Gould), the white-faced heron (Ardea novaehollandiae Latham), and
the sacred ibis (Threshiomis aethiopica (Latham» are found in high num
bers over the eelgrass flats at low tide (Lowe, 1981). Carideans are a frequent
item in their diets (Lowe, 1978, 1982). An examination of the caridean
component of the diets of wading birds has been undertaken in this study.
Shrimps from the stomach contents of birds, and data pertaining to the
total diets of birds, were supplied by K.W. Lowe.

The stomach contents of 10 royal spoonbills, 31 sacred ibises and 8
white-faced herons were examined. All spoonbills and most herons and
ibises were collected from intertidal seagrass flats in the vicinity of the
study area at low tide during daylight hours. Other herons and ibises were
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collected from surrounding pastures on nearby Phillip Island soon after
they had left the intertidal areas. Shrimps found in the stomachs of birds
were identified and counted.

RESULTS

Guild structure

Four species of the Caridea regularly occurred in epibenthic samples
from the eelgrass beds:

Palaemonidae: Macrobrachium intermedium Stimpson, 1860.
Crangonidae: Pontophilus intermedius var. victoriensis (Fulton and

Grant ),1902.
Hippolytidae : Hippolyte caradina Holthuis , 1947 .
Pandalidae: Chlorotocella leptorhyncus (Stimpson) , 1882.
A fifth species, Palaemon sp. nov. , was collected only rarely.
Macrobrachium intermedium, Pontophilus intermedius and H. caradina

were always present in collections throughout the study period (Fig. 1)
and are therefore deemed to be permanent residents of the eelgrass habitat.
Chlorotocella leptorhyncus, on the other hand , was markedly seasonal in
its occurrence over the eelgrass flats. The numbers of this species collected
from eelgrass beds were found to peak during the cooler months of the
year (Fig. 1).

Chlorotocella leptorhyncus completely disappeared from the eelgrass
flats in summer as the result of a migration to adjacent subtidal areas (How
ard ,1981).

o
z

",0

F ig. 1. Seasonal densiti es, as number of individu als m", of Macrobra ch ium interm ed ium ,
Pontophilus intermedius, and Hippoly te caradina. Abundances o f Chlorotocella lepto
rhyncus are given as number of individuals per trawl.
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Macrobrachium intermedium clearly was the numerically dominant
caridean during the study period (Fig. 1, Table I). Mean densities of P.
intermedius were between 25 and 50% of those of M. intermedium, and H.
carad ina was considerably less abundant, at around 3-4% of the density
of M . intermedium. Although estimates of the absolute densities of C.
leptorhyncus were not obtained (see Methods section) , it is likely that
individuals of this species are collected by the net with a higher efficiency
than are either M . intermedium or P. intermedius (Howard, 1981). If so ,
the mean densities of C. leptorhyncus can be expected to be significantly
lower than those of the other caridean species shown in Table I.

TABLE I

Residency st atus, mean catch numbers , and estimat ed den siti es and productivities of
car idean species sam ple d during 1978

Species Resid ency Mean catch Density No. m ?

sta tus* (no./trawl) mean (range)
Production
(g AFDM m-')

Macro brachi um interm edi um P
Pon tophilus in termed ius P
Hipp olyte caradina P
Chlorotocella leptorhyncus S

566.0
37.2

121.2
8 .4

51.2
13.8

1. 3
nc

8- 13 0 3 .4
4-47 0.3
0.4 -3.5 0 .0 5
nc nc

*p = permanent, S =seaso nal, nc = not calculated (see text) .

Car idean diets

Macrobrachium intermedium
Approximately 47 % of the volume of the total diet of M . intermedium

consisted of animal tissue (Table II) . Small crustaceans and gastropods
formed the largest components, and polychaetes were the other conspicuous
prey group in the diet. Among the crustaceans, epibenthic mysids and
amphipods predominated over smaller copepods and ostracods. The gas
tropods, consisting of mainly rissoids and hydrobiids were a major prey
item in summer only (Fig. 2). Polychaetes were more important in summer
diets, with errant species more in evidence than sedentary forms . Plant
detritus was the largest component of the overall diet of M. intermedium,
representing close to 50% of the volume . Detritus volumes were consistent
ly higher in winter diets .

About half of the volume of plant material found in stomach contents
contained pieces of dead eelgrass tissue. The balance of the detrital material
ingest ed by M . intermedium consisted of fine amorphous plant remains
through which diatoms and san d grains often were interspersed.

Pontophilus intermedius
Animal prey constituted 95 % of the overall diet of P. intermedius and

polychaetes represented close to 70% (Table II). Sedentary polychaetes
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TABLE II

Total diet of each caridean species. Figures are percentage volumes. + = present as less
than 1% of diet. Figures in parentheses are the number of individuals examined which
contained food; S = those collected in summer, W = those collected in winter, (E) sig
nifies plant detritus containing recognizable eelgrass tissue, Unid. = not able to be as
signed to a lower taxon

Prey taxon M. intermedium P. intermedius H. caradina C. leptorhyncus
(S : 121 , W: 177) (S: 59 , W: 58) (S : 55 , W: (W: 45)

102)

POLYCHAETA
Sedentaria +
Errantia 7.1
Unid. Polychaeta 3 .7

CRUSTACEA
Amphipoda 4.9
Mysidacea 8 .2
Ostracoda +
Copepoda +
Decapoda (larvae) +
Unid. Crustacea 4.7

GASTROPODA
Rissoacea 3.7
Unid. Gastropoda 12.5

OTHER
Acarina +
Foraminifera +
Insecta
Nematoda +
Unid. animal tissue +

PLANT
Plant detritus (E) 22 .1
Plant detritus 27.1
Filamentous algae 3.5

45 .9
6.5

17. 0

4.7
6.9
+
2.1

5.7

+

4.0

1.4

5.0
+

+
+

13.0
+

7.9

3.0

+
+
1.4

3.3

69.5
+

16 .3
2.3

14 .1

1.7
6.4
2.5

1.9

1.3

+
+

25.2
26 .6

1.3

were consumed more frequently than were errant species. Crustaceans
made up the bulk of the remainder of the diet , of which mysids, amphipods
and copepods were the major groups.

Hippolyte caradina
Almost 70% of the volume of food consumed by H. caradina was detritus

{Table II) . Small crustaceans accounted for two-thirds of the remainder
of the diet, and gastropods and insects were minor components. In con
.trast to the other carideans, polychaetes were infrequent in the diet of H.
caradina and peracarideans were never observed in its stomach contents.
Plant detritus was particularly prominent in winter diets, and small crus
taceans and gastropods were more important in summer (Fig. 2) . The det
ritus was always of a fine amorphous structure, and recognizable fragments
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Fig. 2. Relative volumes occupied by the four major broad prey categories in summer
and winter diets of caridean species. S = summer, W = winter, P = Polychaeta, C =
Crustacea, G = Gastropoda, D = plant detritus. The pooled volumes of all prey categories
not inclu ded by these groups are shown in black. Due to the absence of Chlorotocella
leptorhyncus from intertidal ee lgr ass beds during summer, only the win ter diet of this
species is presented.

of macrophyte tissue were not detected . Diatoms were usually present
amongst detrital material.

Chlorotocella leptorhyncus
Chlorotocella leptorhyncus was found to ingest approximately equal

volumes of animal and plant material (Table II) . Detritus derived from
eelgrass was abundant in the diet. Polychaetes clearly were the most im
portant animal prey, among which sedentary species were most prominent.
Crustaceans also were well represented in stomach contents (Table II).

Predation by higher consumers

The species of fish which were collected in beam trawls generally in
cluded th ose which comprised the normal resident benthic fish fauna of
other eelgrass areas of Western Port (R obertson, 1978). Some species which
are classified as tidal transient, mid-water/benthic dwelling fish, e.g ., ath
erinids and tetraodontoids ' (Robertson and Howard, 1978; Robertson ,
1978) also were captured, while the larger pelagic species which are normally
associated with eelgrass beds, i.e., Aldrichetta forsteri (Cuvier and Valen
ciennes), Sillaginodes punctatus (Cuvier and Valenciennes) and Arripis
trutta (Bloch and Schneider) , were not present in catches.

Table III summarizes the occurrence of carideans in the stomach con-
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tents of those fish which were found t o have consumed shrimps. The
scorpaenid, Gymnapistes marmoratus (Cuvier and Valenciennes) (Australian
cobbler), was abundant in eelgrass beds and was found to consume ca.
rideans regularly. Shrimps were found in just over 20% of the guts of those
fish which had been feeding. Although all size classes of G. marmoratus
were collected, shrimps were only found in the stomach contents of in.
dividuals >6 em length. Such fish are at least one year old (Grant, 1972).
Among the fish predators, the only other major consumer of carideans was
the short-headed worm-eel, Muraenichthys breviceps Guenther. About half of
the worm-eels which had been feeding contained shrimps. Predation on
shrimps by other species of fish appears to have been occurring at much lower
levels, either due to relatively low densities of fish or to a low frequency
of occurrence of carideans in the diets .

TABLE III

The occurrence o f carideans in th e stomach contents of fish

Species R esid ency Numbers Total numbers of shr im ps in gut contents
sta tu s* o f fish M. inter- P. inter- H. caradina C. leptorhyncus

collected m edium m ed ius

Gymnapistes
marmoratus P 159 33

Clinus
p ersp icilla tus P 82 3

Cristiceps
australis P 8 1

Mur aenicli th ys
breuiceps P 30 18

Torquigen er
glaber T 9 1

A topomy c terus
nic th emeru s T 2 1

Meu sch enia
freycineti T 2 1

*p = permanent , T = tidal transient.

9

1

1

1

1 1

Numerically , Macrobrachium in termedium accounted for 80% of all
carideans found in stomach contents (Fig. 3). Pontophilus intermedius
was the second most frequently consumed caridean while H. caradina
and C. lep torhyncus were rarely taken .

This pattern was repeated in the stomach contents of bird predators,
with the ex ception of herons which consumed a high proportion of C.
lep torh .yncue (Fig. 3). Shrimps represented a major proportion of the diets
of royal spoonbills and white-faced herons (Ta ble IV ). Macrobrach ium
in term ediu m was th e single most important prey item of spoonbills.
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Fig. 3. The rel at ive frequencies of carideans at the study site (mean annual values ) and
in the stomach contents of predators collected from the area (pooled contents of N
individu als ).

DISCUSSION

Unfortunately, few quantitative comparisons can be made between the
abundances of carideans in Western Port and those reported from other
seagrass systems. In the majority of cases where the mobile epifauna of
seagrasses has been collected regularly, abundances have been assessed in
terms of the relative catches rather than as absolute field densities , e.g.,
Thayer et al . (1975), Hooks et al . (1976), Heck (1977), Heck and Orth
(1980), Wadley (1980), presumably as a result of the difficulties involved
in quantifying the catch efficiencies of trawling gear. This situation is not
entirely satisfactory, however, even in terms of evaluating the relative
abundances of species, as the frequency with which individuals of different
species are collected by a net may not be similar. Capture efficiencies should
be dependent on a number of variables such as body size, swimming capabil-
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TABLE IV

Mean number of caridean shrimps in the stomach contents of wading birds (±SE), and
the percentage wet weight represented by carideans in the total diet. N = number of
birds analysed. Data from Lowe (1984 and personal communication)

Species M. intermedium P. intermedius H. caradina C. leptorhyncus

Royal Spoonbill :
(Platalea regia)

Mean no. per stomach 106.1 ± 24.4 4.7 ± 1.2 0 0.9 ± 0.5
% wet wt. of diet 73.0 2.1 0 0.1

N= 10

White-faced Heron :
(Ardea nouaehollandiae)

Mean no . per stomach 24.9 ± 16.4 8 .9 ± 4.4 0 21.0 ± 15.5
% wet wt. of diet 23.1 5.2 0 8 .0

N= 8

Sacred Ibis :
(Threskiornis aethiopica)

Mean no. per stomach 2.9 ± 1.4 0.7 ± 0.6 0 0
% wet wt. of diet 0 .5 0.1 0 0

N = 31

ities, escape response, activity patterns, and vertical distribution within
the seagrass canopy.

Estimates of absolute densities of decapods in seagrass beds have, how
ever, been produced by Brook (1977) and Gore et al. (1981) . In both these
studies of Florida systems, the caridean fauna was dominated by hippolytid
species, and the mean annual density of all epibenthic carideans was 26
and 100 individuals m -2, respectively.

A comparison of these figures with the mean density values of Western
Port carideans (Table I) shows that the densities of shrimps in all three
systems are of the same general order of magnitude. In contrast to the
Florida faunas, the hippolytids are of reduced importance in the Western
Port system and the species diversity of carideans is low. Biomass values,
however, ar e high compared with Florida.

No production figures have been determined for the carideans of these
Florida seagrass systems and although mean biomass values in Western
Port may be comparatively high, it is not known whether biomass productiv
ity is likewise relatively large.

Robertson (1984) has estimated the productivities of other major ele
ments of the fauna of eelgrass beds in Western Port using biomass and
life-span data. Annual gastropod production was estimated at 15.6 g AFDM
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IJl-2. Amphipod and (infaunal) polychaete productivity were estimated
at 4.7 g and -4 g AFDM m", respectively. The production of the Caridea
is of the same order as the latter two groups. .However, when considered
in terms of the energy which is utilized by higher trophic levels in this
system, the production of the crustacean groups assumes a greater signifi
cance (Robertson, 1978; Howard, 1981).

Literature reports on the food habits of carideans suggest that omniv
orous diets are the general rule. Among the palaemonids, diets are con
sistently found to contain large volumes of unspecified 'detritus' or 'debris',
algae (including diatoms), crustaceans, aquatic insects (in fresh waters) ,
and smaller volumes of molluscs, foraminiferans and polychaetes (Forster,
1951; Rao, 1967; Beck and Cowell, 1976; Sitts and Knight, 1979).

Variability in diets of M. intermedium both seasonally and in the short
term may be indicative of changes in the availability of small prey. For
example, gastropods were prominent in summer diets only (Fig. 2) . The
shell length of gastropods in stomach contents was generally less than
0.8 mrn, indicating that mainly juveniles are consumed (Howard, 1981).
The period of maximum consumption of gastropods by M. intermedium
coincides with the time of maximum abundance of juvenile gastropods
in the eelgrass beds (Daly, 1977). Larger gastropods, which also are present
in summer, were ingested at a much lower frequency . By winter, most
of the gastropods have grown to a size larger than 0.8 mm, and have largely
disappeared from the diets of the shrimps. Although the gastropods appear
to be equally accessible to shrimps in the winter, they apparently have
obtained a size at which they are no longer vulnerable to predation.

Previous analyses of the diets of crangonid shrimps have , as in the present
case, indicated a major importance of crustacean and polychaete prey
(Lloyd and Yonge, 1947; Allen, 1960; Wilcox and Jeffries, 1974; Sitts and
Knight, 1979). Although sediment particles are regularly reported to occur
in stomach contents of crangonids , an examination of the morphology of
the feeding appendages of P. intermedius supports the suggestion that this
species is a specialized carnivore (Howard, 1981).

Few comparative data are available on the diets of pandalids and hip
polytids. It is clear, however, that C. leptorhyncus and H. caradina con
sistently consume both live prey and plant detritus. Finely-divided detrital
aggregates are particularly prominent in the diet of H. caradina. The large
pieces of macrophytic detritus which are ingested by M. intermedium
and C. leptorhyncus were ab sent from the stomach contents of H. caradina ,
reflecting its feeding habit of collecting fine, settled de tritus from the
surface of macrophytes (Howard, 1981).

In view of the prominent position of plant detritus in the diets of M.
intermedium, H. caradina and C. leptorhyncus , it is to be expected that
detritus is an important source of energy to the car ideans . Irrespective
of whether carideans may be capable of digesting either the structural
components of plant detritus or the associated microorganisms or both,
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this food source should always remain abundant and of similar nutritional
quality . Both the quantity of particulate detritus and the densities of aerobic
bacteria in surface sediments of the eelgrass beds of Western Port remain
stable throughout the year (Howard, 1976, 1981). The mean density of
aerobic heterotrophic bacteria, at 1.1 X 108 colony forming units per g dry
mass of sediment (Howard , 1981), is high relative to that of unvegetated
intertidal mudflats and subtidal sandy habitats of Western Port (Bavor
and Millis, 1980). Observed seasonal variation in the utilization of detritus
is more likely to stem from fluctuations in the availability of other more
transient food sources rather than fluctuations in the' supply of detritus.
When readily available, animal prey may be preferred over detritus and
hence temporarily replace some part of the detrital fraction of the diet,
e .g., gastropods in summer. This type of dietary preference may be as
sociated with nutritional factors. As a consequence of the low levels of
nitrogen (and protein) in plants, this constituent is often the important
limiting resource for herbivores (White, 1978; Mattson, 1980). Eelgrass
(Zostera marina L.) is composed of less than 2% nitrogen (Tenore, 1977)
whereas animals contain about 7-14% nitrogen (and >50% protein) by
weight (Mattson , 1980). Snow (1970), estimated that the caridean Palae
monetes varians (Leach) assimilated an average of 82% of animal food,
45% of diatoms, and only 29 % of detritus, and Morgan (1980) found that
Palaemonetes pugio Holthuis preferred animal prey over plant material
in laboratory experiments. In terms of the optimization of diet, it seems
reasonable to expect that generalist omnivores such as carideans will pref
erentially utilize animal foods when abundant (and available).

In view of the high productivity of M. intermedium and the substantial
animal fraction of its diet, it is likely that predation by this species could
exert a significant influence on invertebrate prey populations. To a lesser
extent, the same might be true of Pontophilus intermedius, the lower pro 
ductivity of which could be partially offset by its more carnivorous feeding
habits. For example, if it is accepted that a conversion efficiency of prey i
tissue into predator tissue is in the order of 10-20% (Slobodkin, 1962, j \"

Pianka, 1974), then the annual consumption of food by M. intermedium
will be in the order of 3.5 g AFDM rn? X 5-10 = 17.5-35.0 g AFDM m".
Gastropods represent ~16% (by volume) of the diet of M. intermedium I
and thus can be tentatively estimated to be consumed at a rate of 3--6 g
AFDM m ? year", Robertson (1984) has calculated that the annual produc-
tion of gastropods in eelgrass beds at Crib Point is 15.6 g AFDM m-2. Thus,
predation by M. intermedium could be responsible for the removal of a
substantial part of the productivity of gastropods. Robertson estimated
that the annual loss of gastropods to fish predators was ~0.4 g AFDM m?

year", which is an order of magnitude lower than that which may be re
moved by caridean predation. Hence, although the estimate of consump-
tion by carideans is a rough approximation only, the figures do suggest
that predation by shrimps has a larger impact on small epifaunal species
than does predation by fish.
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The role of carideans as potentially important predators on smaller ele
ments of the epifauna has been overlooked in the past largely as a con
sequence of the traditional emphasis on fish as the key predators in most
benthic communities. However, recent work concerned with the deter
minants of community structure in soft-substrate marine environments
has provided evidence for a major role of predation by invertebrates. Fish
exclusion experiments carried out to investigate the role of predation in
structuring benthic communities have not always produced the expected
increases in the abundance of invertebrates within the cages, and it has
been suspected that predation by decapods present inside the cages was
responsible for the 'anomalous' results (Young et aI., 1976 ; Arntz, 1977;
Virnstein, 1978; Virnstein et al., 1983). Three further experimental studies
have indicated a major role of predation by carideans in structuring benthic
assemblages. Reise (1978) found that the inclusion of Crangon crangon
(L.) in cages placed on intertidal mudflats resulted in decreased abundances
of small molluscs and polychaetes. Bell and Coull (1978) were able to
demonstrate that the presence of Palaeomonetes pugio at normal field
densities produced significantly lower meiofaunal abundances in tanks
which simulated a salt marsh habitat. More recently, Nelson (1981a, b)
has found that the presence of palaemonid and penaeid shrimps in enclosures
can result in significant reductions of a wide range of smaller invertebrate
taxa in Halodule beds.

The trophic role of carideans is further complicated by the detritus
feeding habits of some species. Laboratory experiments and stomach analy
ses of field collected M. intermedium have indicated that this shrimp ingests
a high proportion of relatively large particles of eelgrass detritus which,
during the feeding process, are rapidly broken down into smaller pieces
(Howard, 1981). Because larger macrophyte particles are more resistant
to decay than are small particles (Hargrave, 1972) , the feeding activities
of shrimps may accelerate the rates of decomposition of seagrasses signifi
cantly . Similar effects have been documented for amphipods in seagrass
beds (Harrison, 1977), and are known greatly to enhance rates of microbial
respiration and nutrient cycling in detritus-based systems.

Consequently, the Caridea may exert influences over processes of energy
flow within lower trophic levels of the eelgrass system both directly, by
consuming major proportions of smaller invertebrate populations, and
indirectly, as a result of modifying the size-distribution of detritus particles.

Not surprisingly, this relatively conspicuous and productive element of
the epifauna is itself utilized as prey by a number of common vertebrate
species. Among the fish sampled, the Australian cobbler (Gymnapistes
marmoratus) and the short-headed worm-eel (Muraenichthys breviceps)
were the major consumers of carideans. Although shrimps were present more
frequently in the stomach contents of M. breviceps, G. marmoratus is
more likely to consume a larger number of shrimps than the former species
as a result of its higher densities in the eelgrass beds.
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In Zostera beds of south-eastern Tasmania , Macrobrachium intermediurn
was found to occur in the stomach contents of 53 % of previously feeding
G. marmoratus (Grant, 1972) . This value is considerably higher than the
figure of approximately 20% obtained in the present study. Grant also
reported that G. marmoratus had "in recent years.. . reached almost plague
proportions", although densities were not specified. Hence G. marmoratus
possibly is an important predator of carideans throughout its range in
seagrass beds of southern Australia.

Carideans were taken in low numbers by the clinids (weedfishes) Clinus
perspicillatus (Cuvier and Valenciennes) and Cristiceps australis (Valencien
nes). Similarly, Robertson (1978) found that Macrobrachium intermediurn
and Pontophilus intermedius represented 6.4 and 6.6%, respectively, of the
volume of the diet of H. perspicillatus at Crib Point, in Western Port. The
remainder of the species of fish which were found to contain shrimps in their
gut contents were all collected in too few numbers to allow any assessment
of the contribution of shrimps to their overall diets. It could be concluded
that the densities of these fish are well below levels which would exert any
significant influence on shrimp populations. However, the low abundance of
the tetraodontids, Torquigener glaber (Freminville) and Atopomycterus
nichthemerus (Cuvier) , and the monacanthid Meuschenia [reycineti (Quoy
and Gaimard), in the trawl samples might equally be a result of the use of a
benthic trawling te chnique. In contrast to cobblers, worm-eels and weed
fishes, which are closely associated with the benthos, these fish inhabit the
water column above the eelgrass canopy (Robertson, 1978) and may there
fore be less vulnerable to capture by the benthic net.

Despite this possible short-coming of the sampling method , the findings
of the present study at Rhyll are in general agreement with those of Robert
son (1978) for Crib Point in suggesting that: (i) very few species of fish
are reliant on carideans as a major component of their diet, yet many fish,
including dominant species , take shrimps as some part of their die t and
(ii) fish predation is concen trated on Macrobrachium intermedium and,
to a lesser extent, on P. intermedius. Th e latter finding is probably a reflec
tion of the relative abundance of each caridean species in the seagrass system
(Fig . 3). However, prey size also could have some bearing on the intensity
of predation. It may be speculated that , because M. intermedium and P.
intermedius are dominant among the relatively few large species of epi
benthic Crustacea which occupy the eelgrass beds of Western Port, they
would represent a significant proportion of those prey items which are
available to large fish . In contrast , a small caridean such as Hippolyte cara
dina may be shielded from heavy predation by the high abundance of
alternative prey of a similar size, such as epibenthic amphipods and mysids
which occur in very high densities within the eelgrass canopy (Howard ,
1976).

As was the case with predation by fish, the caridean component of the
diets of wading birds was dominated by M. intermedium and P. intermedius.
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The actual rates of consumption of shrimps by either ibises or herons are
probably considerably lower than that of spoonbills (Howard and Lowe,
1984). A very low proportional representation of shrimps in the diet of
ibises (Table IV), and a low feeding rate of herons, are primarily responsible.
Macrobrachium intermedium is particularly important in the diet of the
royal spoonbill, Platalea regia. Howard and Lowe (1984) have estimated
that spoonbills consumed 4 and 9% of the mean number of individuals of
M. intermedium present over eelgrass beds in the periods from May to July
and August to December, respectively. Because spoonbills were highly
selective of adult female shrimps, these birds were responsible for the
removal of a larger proportion of the female population of M. intermedium,
r.e., 9 and 25 % in the two periods.

Strongly male-biased sex ratios which are found among the mature age
classes of M. intermedium and Pontophilus intermedius (Howard, 1981)
are a likely consequence of such selective predation; and, because the num
bers of breeding females are markedly reduced relative to males, predation
may limit the net reproductive output of the caridean populations by
severely reducing the numbers of mature females.

Indirect evidence therefore suggests that predation is responsible for a
major part of the mortality observed in these dominant carideans, and that
much of the shrimp production is transferred directly to large consumers.
In this respect, the Caridea of Western Port eelgrass beds occupy an inter
mediate trophic position via which both primary and secondary production
is channelled to fish and birds.

Previous concepts of the trophic structure of seagrass communities in
Western Port, and seagrass faunas in general, need to be reconsidered. Linear
trophic models of seagrass systems are generally oversimplified in that they
neglect complex inte ract ions between intermediate trophic levels (Nelson,
1981 b) . Earlier conclusions that predation is no t lik ely to be important in
structuring the epifaunal community of Western Port eelgrass beds (Robert
son , 1978) were based on the finding that the level of pred ation by fish
on epifauna was very low. However, the pattern of predation on the epi
fauna is clearly more complex than originally anticipated . The carn ivoro us
decapods may exert strong predation pressures on small er elements of
the invertebrate community , while the higher consumers, such as fish and
bird s, may play a major role in controlling the abundances of the larger
members of the epifauna such as the decapods.
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