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ABSTRACT: Meiofauna are known to be trophically integrated into estuarine food webs in temperate 
regions primarily as food for bottom-feeding juvenile fishes. In subtroplcal/tropical mangrove- 
dominated estuaries there were few data indicating juvenile fish utilized meiofauna for food. After 
determining several fishes that ate meiofauna in southeastern Queensland, Australia,,juvenile winter 
whiting Sillago maculata were allowed to feed on natural mud-dwelling meiofaunal communities in 
microcosms. Six juvenile whiting (21 to 38 mm) significantly reduced both the nematode and copepod 
populations in the feeding microcosms and ate a mean of 177 nematodes and 65 copepods fish-' h - '  
This feeding rate, if continued 4 times a day, is sufficient to provide an adequate daily ration for the 
whiting [based on estimates from similarly feeding North American juvenile fish). Of the available 
copepods the whiting ate significantly more Brianola sp., Canuellidae sp. and Ectinosoma sp. than 
would have been expected by chance. They d ~ d  not select Stenheha (D.) sp., probably because it bur- 
rowed beyond the bite depth of the whiting. Whiting are an economically important fish in the Indo- 
Pacific and they require meiofauna in their diet during the juvenile stages. They obtain this meiofauna 
from mangrove-derived detrital muds; in an aquaculture setting they would probably need to be fed 
meiofauna. 
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INTRODUCTION 

The role of meiofauna (defined here as benthic 
metazoans that pass a 500 pm sieve but are retained 
on meshes of less than 100 pm) as food for higher 
trophic levels is little known in Australia. Many 
examples from the temperate northern hemisphere 
(see Coull 1990), one from New Zealand (Hicks 1984) 
and one from temperate Victoria, Australia (Shaw & 
Jenkins 1992), demonstrate the integration of meio- 
benthos into the food web of the demersalhatant 
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fauna. Such integration appears universal in temper- 
ate waters of both the northern and southern hemi- 
spheres, but little is known of the interaction in the 
subtropics. Only Alheit & Scheibel (1982) from Ber- 
muda and Warburton & Blaber (1992) from Queens- 
land, Australia, provide data on meiofauna in the 
guts of subtropical fish. 

Many bottom-feeding juvenile fish pass through an 
obligatory meiobenthos (particularly copepod) feed- 
ing stage (de Morais & Bodiou 1984). Since 1979 there 
have been 60 papers published documenting meio- 
fauna as food for higher trophic levels (Coull 1990, 
unpubl.). In 83% of these papers juvenile fish are 
reported as the predators (31 different species) and 
88% report that benthic copepods are the predomi- 
nant prey items in the guts of the fish (Gee 1989, 

O Inter-Research 1995 
Resale o f  full art~cle not permitted 



14 Mar Ecol Prog Ser 125: 13-19, 1995 

Coull 1990). Copepod dominance may be real (e.g. fauna1 communities in microcosms to determine how 
Nelson & Coull 1989) or an artifact of non-chitinous many, and what kinds of, meiofauna were eaten. 
meiofauna being digested rapidly and thus not being 
visually present in the fish guts (Scholz et al. 1991, 
Feller & Coull 1995). Whatever the reasons it is very METHODS 
clear that meiobenthic copepods are an important 
dietary component of many juvenile fishes from Sampling and experimental procedure. Juvenile 
around the world. fish were collected by seine (2 mm mesh) and dip net 

In detritus-based Spartina alterniflora ecosystems in (1 mm mesh) from several areas in Moreton Bay. Vari- 
the southeastern United States, meiofauna are fully ous fish so collected, and preserved fish previously col- 
integrated into the diet of juvenile fish (see Coull 1990 lected by researchers at the University of Queensland, 
and Feller & Coull 1995 for synopses) and one might were dissected and their gut contents examined. Every 
therefore expect them to be so integrated in detritus- winter whiting Sillago maculata less than 43 mm stan- 
based mangrove systems of the subtropics. However, dard length (SL) examined had meiofauna (especially 
there have been no quantitative studies of the role of benthic harpacticoid copepods) in the stomach (fore- 
meiofauna as food for higher trophic levels in man- gut) and intestine (hindgut). These whiting were very 
grove ecosystems (see Alongi & Sasekumar 1992). common, obviously feeding on meiofauna in nature, 
Nematodes have been reported in the guts of prawns and the copepods in their guts belonged to genera 
and small fish in Indian mangroves (Krishnamurthy found in muddy intertidal Moreton Bay substrates 
et  al. 1984). Moreton Bay, southeastern Queensland, (Hicks & Coull 1983). Thus juvenile winter whiting and 
where the present study was conducted, is, in many muddy substrates were selected for experimentation. 
ways, the subtropical mangrove equivalent of south- Whiting for the experimental trials were collected 
eastern U.S. salt marsh ecosystems. Both are highly from Wellington Point, Redlands Shire, Queensland 
productive detritus-based ecosystems (mangrove vs (27" 27.8' S, 153" 14.4' E). Fish for the experiments 
Spartina) with copious quantities of rich detrital mud were then transported to the Fisheries Laboratory, 
where most juvenile meiofaunal-feeding fish prefer to CSIRO, Cleveland, Queensland, and held in the run- 
feed (Smith & Coull 1987, Coull 1988, Shaw & Jenkins ning seawater aquaculture laboratory. The fish were 
1992), both are shallow estuarine systems that serve as collected the day before the experimental trials and 
major nursery grounds for juvenile fish, both are used starved for 24 h prior to use. 
heavily for recreational fishing, and both are under Whole sediment experiments (sensu Smith & Coull 
threat of destruction from urbanhndustrial develop- 1987, Service et al. 1992) were conducted in micro- 
ment. cosms made of PVC pipes (23.5 cm inner diameter X 

The overall objective of the present study was to 22.5 cm height) with two 5.5 cm diameter windows 
determine the role of meiofauna in the diet of More- cut 11 cm up from the base. These microcosms used 
ton Bay juvenile fish and compare this role to that as cores were sunk 6 cm deep in very soft mangrove- 
known from southeastern U.S. salt marsh ecosystems. detrital muds adjacent to the boat ramp of the CSIRO 
Specifically, we determined juveniles of several fish laboratory in Cleveland (27" 31' S, 153" l ? '  E) ,  sealed 
species that ate meiofauna and selected one (the at  the bottom with a 29 X 29 cm metal sheet and 
winter whiting or trumpeter sillago Sillago maculata transported to an empty laboratory seawater table 
Quoy & Gairnard) for experimental feeding trials with within 20 min. The microcosms' (with the 6 cm of 
meiofauna. Whiting (several species) are important mud) windows were covered with 77 pm mesh to 
recreational and commercial fishes in Australia - prevent meiofauna/fish escaping, and coarsely fil- 
6082 t reported landed in 1990 (McKay 1992), and S. tered running seawater was introduced slowly into 
maculata is a major species in Queensland (Quinn the seawater table. The final water level was main- 
1992). There were 22718 t of sillaginid fishes tained at the window openings and the microcosms 
reported to be commercially landed in the Indo- were allowed to equilibrate overnight. The entire 
Pacific region in 1990 (McKay 1992), but this is prob- experiment was conducted twice. In the first replicate 
ably a gross underestimate because in many areas (19 August 1994) there were 8 microcosms, 4 with 
they are taken by small-scale fishermen who do not fish and 4 without fish. In the second replicate (5 Sep- 
record their catches (McKay 1992). They are also tember 1994), there were 6 microcosms, 4 had fish, 
important in estuarine aquaculture in India, Japan 2 did not. Immediately before experimentation three 
and Taiwan, with research under way in Australia 2.0 cm inner diameter cores (4 cm deep to include the 
(McKay 1992), thus determining their natural food redox layer) were taken from each microcosm to esti- 
requirements is imperative. In our experiments juve- mate initial (before fish addition) meiofaunal abun- 
nile whiting were allowed to feed on natural meio- dance in the microcosm. The core holes were filled 



Coull et a1 . Australian juvenile fish eat  meiofauna 15 

with cured silicone plugs. Into 4 randomly chosen 
microcosms, six 21 to 38 mm starved whiting were 
added and allowed to feed for 6 h. After 6 h of fish 
feeding, another set of three 2.0 cm diameter cores 
were taken in both the fish and no-fish microcosms. 
All initial and final cores were fixed in 10% forma- 
lin/Rose Bengal. The fish were removed immediately 
and fixed after the final cores had been taken. Meio- 
fauna from the cores and from the fish guts were 
enumerated to major taxon and copepod species. 

Statistical analyses. Nematodes and copepods com- 
prised 98.7 % of the fauna and thus were the taxa ana- 
lyzed. To control for differences in initial abundances 
between microcosms when examining the effects of 
the fish, an analysis of covariance (ANCOVA) was con- 
ducted using the final abundance as the response, the 
initial abundance as the covariate, and presence of fish 
as the treatment. No evidence of heterogeneity of 
slopes was found (copepods: p = 0.8230; nematodes: 
p = 0.5018). In addition, initial abundances were not 
significantly different in the microcosms containing 
fish from those not containing fish (copepods: p = 
0.3948; nematodes: p = 0.3462). Thus, no evidence of 
assumption violations was found for the ANCOVA 
analysis Least-square mean final abundances were 
examined to determine which treatment (fish or no 
fish) had lower abundance values for the average ini- 
tial abundance (the covanate). A paired t-test was used 
to detect differences between initial abundances and 
final abundances for those microcosms not containing 
fish. 

To determine if 1 or more copepod species was pref- 
erentially selected by the preying fish, we estimated 
the natural log (L) of the odds ratio (0), i.e. 0 = 
p1 (1 - &)/&(l - p'), where pl is the proportion of a prey 
taxon in the diet of fish and p2 is the proportion of a 
prey taxon in the environment where the fish had fed. 
Following Gabriel (1979), 95 % confidence intervals on 
L were calculated, in effect testing the null hypothesis 
of no selectivity for each copepod species (i.e. the prey- 
ing fish did not select a particular species). The sign (*) 
of the statistic L and the confidence limits indicates a 
positive or negative selection, respectively. Addition- 
ally, the further a confidence interval is from zero, the 
more selective the fish are toward a particular species. 
In order to make these confidence intervals more inter- 
pretable, the antilog of the confidence limits of L was 
taken to provide 95% confidence limits on 0 (Agresti 
1990). For example, a confidence interval (5,lO) on 0 
for a particular species would estimate the odds of 
finding a copepod of that species in the fish gut to be 5 
to 10 times greater than the odds of finding that species 
in the feeding arena. Statistical analyses were con- 
ducted using SAS (1985) and SPLUS (Becker et al. 
1988). 

RESULTS 

From the field-collected fish, fish in other investiga- 
tors' collections and 1 fish known from the literature, 7 
species of Queensland fish (Table 1) were recorded as 
having benthic copepods as an important component 
of their gut contents (Table 1). Winter whiting and the 
goby Favonigobius exquisitus (Whitley) had almost 
exclusively harpacticoid copepods in their guts 
(Table 1). 

Water temperature and salinity in the first whiting 
feeding experiment were 19.7"C and 35%0, in the sec- 
ond replicate 21°C and 35%o respectively. The paired t- 
test indicated no significant difference between initial 
and final nematode and copepod abundances for those 
microcosms without fish (copepods: p = 0.3597; nema- 
todes: p = 0.2044) (Fig. 1). The ANCOVA indicated a 
significant difference between the final abundances 
for the microcosms containing fish and those not con- 
taining fish for a constant value of initial abundance 
(copepods: p = 0.0001; nematodes: p = 0.0001). The 
final abundance least-square means (lsmean) for fish 
and no-fish microcosms demonstrated both taxa were 
significantly reduced in microcosms containing fish 
(copepod lsmean: fish = 42.68, no fish = 96.85; nema- 
tode lsmean: fish = 111.63, no fish = 258.66). Mean ini- 
tial nematode abundance was 269.8 i 14.6 (SE) per 
10 cm2 and copepods averaged 113.3 i 6.1 per 10 cm2 
in the initial samples. Fig. 1 gives a summary of the ini- 
tial means and the least-square means for the final 
meiofaunal abundances in the fish and no-fish micro- 
cosms. 

When the difference in meiofauna abundance 
(final no-fish value minus final fish value, i.e. the 
calculated number of meiofauna removed) was con- 
verted to the whole aquarium (433.7 cm2) the fish 
removed a mean of 6380 nematodes and 2344 cope- 
pods over the 6 h feeding period. This equates to 177 
nematodes and 65 copepods fish-' h-'. Because not 
all fish fed this is a conservative estimate of individ- 
ual consumption. 

Of 48 fish used in the experiments, 40 were exam- 
ined (8 fish escaped our collection at  the end of the 
experiment) and 26 of the 40 had meiofauna in their 
guts (Table 2). The gut contents (foregut and hind- 
gut) of the whiting allowed to feed were overwhelm- 
ingly dominated by copepods, even though nema- 
todes were the dominant taxon in the sediments and 
were significantly reduced by the fish feeding 
(Fig. 1). Copepods comprised 96.5% (range 0 to 
313 copepods fish-') of the prey in the foregut and 
were the only prey in the hindgut. Enumeration and 
identification of the hindgut copepods was impossi- 
ble because they were primarily in pieces. Nema- 
todes were rare in both portions of the gut com- 
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Table 1. Field-collected Queensland juvenile fish with meiofauna in guts 

Species Common No. No. with Size of fish Dominant Mean % dominant 
name examined meiofauna examined (mm) Prey prey by number 

Sillaginidae 
Sillago maculata Winter whiting 
Quoy & Gaimard 
S. ciliata Cuvier Sand whiting 

Harpacticoid 
copepods 

Harpacticoids 

Gobiidae 

Favongobius 
exquistus Whitley 

Amoya sp. 

Harpacticoids 

Harpacticoids/ 
foraminiferans 

Valenciennia 
longipinnis 
(Lay & Bennett)a 

Harpacticoids 

Theraponidae 
Pela tes qua dra - 
lineatus (Bloch) 

Trumpeter Harpacticoids 

Leiognathidae 

Leiognathus 
moretoniensis 
(Ogilby) 
L. splendens 
( C ~ v i e r ) ~  

Black banded 
pony fish 

Harpacticoids 

Harpacticoid 
Longipedia sp 

Pony fish 

a All information from St. John et al. (1989). F ~ s h  not examined by present authors 
Warburton & Blaber (1992) also report harpacticoid copepods as a dominant prey item 

C Specimen from Gulf of Carpentaria, Queensland. From Mr Jonathan Staunton-Smith (University of Queensland). 
Copepods identified by B. C. Coull 

prising only 3.4 % (maximum of 11 nematodes in 
1 fish) in the foregut (Table 2); no nematodes were 
observed in the hindgut. The 26 fish had a total of 
2423 copepods in the foregut. 

Twelve species of benthic copepods were identified 
from the initial sediment samples. Six species comprised 
84 % of all the copepods (Table 3). Of the 40 fish exam- 
ined, the gut contents contained the same 6 species, but 
in different proportions (Table 3). In the log odd ratio se- 

lectivity analysis none of the 95 % confidence intervals 
contained zero, i.e. the null hypothesis of no selectivity is 
rejected at the 0.05 a level for all species. Canuellidae 
sp., Brianola sp. and Ectinosoma sp. were positively se- 
lected by the fish while StenheLia (D.) sp., Halicyclops 
sp., Coullana sp., and the other species were negatively 
selected, i.e. not taken in proportion to their abundance 
in the microcosms (Table 3). All the copepod species are 
undescribed and will be described elsewhere. 

nematodes 
300 1 

copepods 

I NFF FF NFF F F 

Fig. 1. fish Mean abundance (* SE) of nematodes and copepods initially (I), and after the 6 h in treatments with fish (FF) and no 
(NFF). *Significant abundance difference at p < 0.05 
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Table 2. Abundance of meiofauna taxa in the foreguts of 
26 fish that fed in the microcosm experiments. Y: yes; N. no 

DISCUSSION 

Species % in % in 95% C1 0 and 
sediment foregut on L 95% C1 

Canuellidae sp. 20.2 24.4 0.24 * 0.22 1.27 (1.02. 1.58) 

Stenhelia (D.) sp. 14.3 1.0 -2.77 i 0.63 0.06 (0.03, 0.12) 

Ectinosoma sp. 14.0 19.1 0.36 * 0.25 1.43 (1.12, 1.84) 

Brianola sp. 12.7 38.6 1.46 * 0.24 4.30 (3.39, 5.47) 

Halicydops sp. 11.6 4.9 -0.94k0.35 0.39(0.28,0.56) 

Coullana sp. 11.0 6.6 -0.56 i 0.32 0.57 (0.41, 0.79) 

Other species 16.2 5.5 -1.19 i 0.32 0.30 (0.22, 0.42) 

('Other species' included representatives of the genera Longipedia, Pseudo- 
stenhelia, Enhydrosorna, Diarthrodes, Nannopus and Metis) 

Fish Fish Cope- Nema- Other Carcasses 
size (mm) pods todes taxa in hindgut 

23 2 1 Y 1 161 
2 34 103 4 0 Y 
3 24 39 2 1 Y 
4 30 146 3 0 Y 
5 29 173 2 0 Y 
6 28 7 0 0 N 
7 24 227 5 4 Y 
8 38 153 3 1 Y 
9 32 54 1 1 Y 

10 28 74 1 1 Y 
l l 36 28 2 1 Y 
12 3 1 313 11 2 Y 
13 32 76 3 1 Y 
14 23 56 0 0 Y 
15 27 27 0 1 Y 
16 25 29 1 1 Y 
17 24 30 1 1 Y 
18 3 1 24 2 0 Y 
19 36 22 1 6 1 Y 
20 24 7 2 2 0 Y 
2 1 28 11 0 0 N 
22 3 1 163 6 2 Y 
23 2 9 4 2 1 2 Y 
24 3 1 19 2 0 N 
25 26 69 0 2 Y 
26 3 7 101 3 1 Y 

The 7 field-collected fish species with meiofauna in 
their guts (Table 1) were all relatively small fish. The 
65 mm pony fish Leiognathus splendens was a sur- 
prise; rarely do flsh over 40 mm have meiofauna in 
t h e ~ r  guts. However, pony flsh have a protrusible buc- 
cal apparatus that tapers to a small opening and thus, 
while larger than the typical fish that eats meiofauna, 
the mouth gape is approximately the same size. We 
report on winter whiting 15 to 43 mm (Table l ) ,  but we 
dissected several specimens between 43 and 80 mm 
and found no meiofauna in any whiting in this size 
range. Once the whiting reach 43 mm, their diet 
consists of polychaetes, amphipods and other larger 
crustaceans. This is consistent with other meiofaunal 
feeding fishes that undergo an  ontogenetic shift to 
macrofaunal sized prey at  some particular size. With 
whiting it appears to be around 40 mm; with flatfishes 
it occurs at a much smaller size (Hicks 1984, Gee 1989, 
Shaw & Jenkins 1992). 

Six 21 to 38 mm juvenile whiting feeding in man- 
grove-derived detrital mud reduced nematode abun- 
dance by 54 % and copepod abundance by 56% over 
the 6 h feeding period. Most of the fish from the micro- 
cosms had meiofauna in their guts (Table 2). Clearly 
there was feeding on the meiofauna (Fig. 1) and, like 
juvenile spot from the southeastern U.S. the whiting 
significantly reduced the abundance of nematodes and 
copepods in the microcosms. Smith & Coull (1987) 

found that 30 similarly sized juvenile 
spot feeding in natural mud reduced 
nematodes by 29% and copepods by 

Table 3. Percentage abundance of the dominant benthic copepods in the ~ n i -  
tial sediment and in fish foreguts after 6 h of feeding. Also L (In of the odds 

52% over 12 h. In only 6 h,  6 whiting 

ratio) and its 95% confidence limits and 0 (antilog of L), the odds ratlo (and leduced more than twice the 
95% confidence limits). For example, the confidence interval (CI) (3.39, 5.47) nematodes that the spot had, and about 
on 0 for Brianola sp. estimates the odds of finding this species in fish guts to an equal amount of copepods. Removal 
be 3.4 to 5.5 times greater than the odds of finding that species in the feeding of nematodes and 65 c o p e p o ~ s  h - I  
arena. The C1 (0.03.0.12) on Ofor Stenhelia (D.) sp. estimates the odds of find- 
ing this species to be approximately 8 to 33 times greater in the whiting-' is a substantial removal rate, 

field than in the fish guts matching the daily ration calculations for 
juvenile spot (Feller & Coull 1995). 
Based on foregut content only there 
were 2423 copepods in the guts of 26 fish 
allowed to feed for 6 h (Table 2), while 
the same 26 fish accounted for the 
removal of 10 140 copepods in the 6 h 
(26 fish X 65 copepods h-' X 6 h). If there 
was the same amount of copepods in the 
hindgut (they could not be enumerated 
because they were in pieces) as in the 
foregut, then approximately one-half of 
the missing copepods are accounted for 
in the fish guts. Perhaps the others were 
eaten early during the feeding period 
and passed. If juvenile whiting (like 
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juvenile spot) feed up to 4 times a day (sensu Feller & 
Coull 1995) they should be able to sustain their neces- 
sary growth from the number of copepods removed. 

A most surprising result of the major taxon analyses 
was the absence of nematodes in the guts of the fish, 
even though the whiting removed 54% of all the 
nematodes. Where did the nematodes go? Most likely 
the nematodes were digested with no visual remains. 
In juvenile spot, nematodes can only be observed visu- 
ally for 2y2 h after ingestion; copepods remain visible 
for the entire gut clearance time, up to 8 h (Scholz et  al. 
1991). We suspect this to be similarly true for the juve- 
nile whiting studied here. They feed similarly to spot, 
taking small bites of the sediment surface and some- 
how extracting the meiofauna - we don't know 
exactly how spot extract the meiofauna either, 
although it has been suggested that the gill rakers are 
involved (Yetman 1979). Gut clearance times are prob- 
ably also similar for these similarly feeding and sized 
fish. Spot gut volume and fullness decreased to con- 
stant levels in 4 h (Feller & Coull 1995). If nematodes 
are also similarly digested in about 2 h in the whiting, 
and gut clearance is 4 to 6 h, the whiting most likely 
fed on nematodes in the first 4 h of our experiment and, 
just like spot, ingested nematodes were digested 
before we fixed the fish for observation. Alternatively, 
the nematodes may not have been eaten, but bur- 
rowed deeper into the sediment in response to the 
feeding fish (Fitzhugh & Fleeger 1985) and were there- 
fore not collected by our sampling. This is unlikely 
since we took our samples to include the redox layer. 
While some nematodes have the ability to withstand 
anoxia for long periods of time (Heip et  al. 1985), most 
marine free-living nematodes inhabit oxic sediments 
(Heip et al. 1985). Thus there was no vertical escape 
route for most of the nematodes and they therefore 
must have been eaten. 

Retrospectively, we probably let our fish feed too 
long. Beside the nematode digestion problem men- 
tioned above, we saw many benthic copepod exoskele- 
tons in the hindgut (evidence of early feeding, and 
digestion). The absence of prey in 14 of the 40 fish 
(Table 2) may have been the result of fish that fed early 
and cleared their guts. We also suspect the meiofauna 
might have been greatly reduced in the first few hours 
and thus prey density would have been below the 

fish. Brianola sp. is a large harpacticoid (0.75 mm) and 
a surface dweller. The other species positively taken 
by the whiting, Canuellidae sp. and Ectinosoma sp., 
also occupy the surface flocculent layer. 

Most strikingly absent from the fish guts was Sten- 
helia (D.) sp. ,  which comprised 14.4 % of the available 
fauna but only 1.0% of the copepods in the fish 
foregut. The 95 % confidence interval on the odds ratio 
for Stenhelia (D.) sp, estimated the odds of finding a 
Stenhelia (D.) sp, in the microcosms to be approxi- 
mately 10 to 20 times the odds of finding a Stenhelia 
(D.) sp, in the fish gut (Table 3).  That juvenile whiting 
did not eat Stenhelia (D.) sp, is fully consistent with 
previous studies of juvenile fish feeding in muddy 
copepod assemblages with genera similar to those 
encountered here. Feller et al. (1990) found few Sten- 
helia (D.) bifidia in the guts of juvenile spot, even 
though it was overwhelmingly the dominant species 
where the fish were feeding and Service et al. (1992) 
also found the species was not taken in microcosm 
studies with juvenile spot. Stenhelia species in inter- 
tidal habitats tend to burrow relatively deep (0.5 to 
1.0 cm), and in the case of spot, as probably also with 
the whiting here, the fish do not bite the sediment deep 
enough to take members of this genus. Clearly the fish 
(spot and whiting) feed in the very surficial sediments 
because both of them have copepod, genera in their 
guts characteristic of the upper few mm of sediment. 

Juvenile winter whiting feed heavily in intertidal, 
detritally derived mangrove mud in Queensland. 
These sediments have an abundance of meiofauna and 
obviously provide most of the nutrition for these fish. 
They clearly select surface-dwelling harpacticoid 
copepods as their primary prey. Sillaginid fishes are an 
important economic resource in the Indo-Pacific region 
(McKay 1992) and as more and more of their juvenile 
feeding habitat is removed for development or im- 
pacted by other anthropogenic effects, one might ex- 
pect decreased fisheries yields. Perhaps the increased 
use of sillaginids in aquaculture (McKay 1992) would 
counter any loss from the capture fisheries. In any case 
meiofauna are important members of the diet for these 
fishes in their juvenile stages and either the fishes 
need to have access to muddy substrates to feed or 
have meiofauna included in the diet of cultured fishes. 
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harpacticoid copepods of the family Canuellidae and J .  
Staunton-Smith, B. Crowley and T Pham (Univ. Queensland) 
for allowing us to examine guts of fish they had collected. This 
research was supported by the U.S. National Science Founda- 
tion, grant OCE-9313997 to B.C.C. 
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