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INTRODUCTION

It is often argued that estuaries provide juvenile fish
with a refuge from predation. This is often suggested
to result from a reduction in the effectiveness of visual
predators due to the turbid conditions occurring in
many estuaries (Cyrus & Blaber 1992, Hecht & van der
Lingen 1992, Maes et al. 1998) or because estuaries
provide particular habitats in which there are rela-
tively few predators. Although the idea of turbidity
providing a refuge from predation is intuitive, the evi-

dence supporting reduced predator effectiveness due
to turbid conditions is equivocal (R. W. Johnston et al.
unpubl.). In fact some piscivorous fishes show little
reduction in feeding under turbid conditions (Breit-
burg 1988, Chesney 1989, Grecay & Targett 1996, Pol-
ing & Fuiman 1999), while others species may respond
in contrasting ways. For example, Minello et al. (1987)
found that high turbidity led to decreased predation by
Atlantic croaker Micropogonias undulates on penaeid
prawns Penaeus aztecus, but increased predation by
southern flounder Paralicthys lethostigma on P. azte-
cus. These species-specific responses are not entirely
unexpected because many piscine predators are not
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limited to visual prey detection but possess a range of
sensory options. The case for a reduction in the effi-
ciency of avian piscivores under turbid conditions
seems less equivocal, given their highly visual nature
(Safina & Burger 1985). It does seem likely that if
predator efficiency is reduced by turbidity then
reduced efficiency could lead to reduced predator
carrying capacity and in turn to reduced predator
abundance. This review will not deal with the effect of
turbidity per se, beyond its potential as a factor that
might lead to reduced predator abundance; rather I
will concentrate on the proposition that there may be
low numbers of piscivorous fishes in estuaries, particu-
larly in shallow water habitats.

The idea that there may be few piscivorous fishes in
shallow estuarine habitats has been reported often
(Cain & Dean 1976, Shenker & Dean 1979, Blaber &
Blaber 1980, Reis & Dean 1981, Boesch & Turner 1984,
Rozas & Hackney 1984, Morton et al. 1987, Ronnback
et al. 1999, Paterson & Whitfield 2000) from around the
world (Table 1), and many more studies emphasise the
value of shallow water habitats as refuges from preda-
tion (e.g. Miller et al. 1985, Russell & Garrett 1985,
McIvor & Odum 1988, Robertson & Duke 1990, Pater-
son & Whitfield 1996, Vance et al. 1996, Lyse et al.
1998, Yozzo & Smith 1998). However, this view is by no
means universal. For example, the results of nocturnal
sampling of a New Jersey estuary cast doubt on the
generality of the idea because substantial numbers of
piscivorous fishes moved into shallow waters (<2 m) at
night (Rountree & Able 1997). Additionally, there is an
inherent conflict in the idea that shallow estuarine
habitats provide both food and refuge for juvenile fish,

because most of the species using these habitats are
themselves predatory to some extent (Kneib 1997). In
this review I consider and discuss the evidence sup-
porting the proposition that there are few piscivorous
fishes in shallow estuarine habitats; I suggest that the
proposition is ill-defined and that there is little
unequivocal evidence to support or refute the idea.
Additionally, I suggest that the crucial question is not
one of predator abundance, but whether predator-
induced mortality is reduced in these habitats com-
pared to other habitats.

The literature I review relates to a diversity of shal-
low water, estuarine habitats such as salt marshes
(Morton et al. 1987, Yozzo & Smith 1998), mangroves
(Morton 1990), and unvegetated habitats (Ruiz et al.
1993). These habitats differ substantially in their com-
plexity, and so, potentially, in the extent of refuge from
predation they provide (Weinstein 1985, Everett & Ruiz
1993, Gotceitas & Fraser 1995, Sheaves 1996, Jordan et
al. 1997, Rooker et al. 1998a). Despite this, I will con-
sider the question of the use of shallow estuarine habi-
tats by piscivorous fishes at a general level (disregard-
ing habitat complexity or habitat type) because the
idea that shallow waters have fewer piscivorous fishes
has been suggested across a range of habitats, and
because, in a number of studies, it is unclear exactly
what type of shallow water habitat(s) were involved.

DEFINING THE PROPOSITION

Although reduced abundance of piscivorous fishes
in shallow estuarine habitats is often reported, besides
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Source System Depth of sites Information on deep water

Cain & Dean (1976) South Carolina, USA Intertidal Other sources

Whitfield & Blaber (1978) Lake St Lucia, South Africa Shallow: unspecified Gill nets 
Deep: apparently <2 m

Shenker & Dean (1979) South Carolina, USA Intertidal Nil

Blaber & Blaber (1980) Moreton Bay, Australia Unclear; included subtidal Other sources

Reis & Dean (1981) South Carolina, USA Intertidal Nil

Rozas & Hackney (1984) North Carolina, USA Shallow: intertidal/Deep: subtidal Gill nets

Rozas & Odum (1987) Virginia, USA Intertidal? Nil

Morton et al. (1987) Moreton Bay, Australia Intertidal Other studies

McIvor & Odum (1988) Virginia, USA Shallow: intertidal/Deep: subtidal Electrofishing

Paterson & Whitfield (1996) Kariega Estuary, South Africa Intertidal Nil

Rountree & Able (1997) New Jersey, USA Shallow: < 2 m Nil

Ronnback et al. (1999) Luzon, The Philippines Intertidal Nil

Paterson & Whitfield (2000) Kariega Estuary South Africa Shallow: intertidal and subtidal All sites
Deep: subtidal with gill nets

Table 1. A selection of field studies that have discussed the abundance of piscivorous fishes in shallow waters, with information 
on depths considered and how information on deep waters was obtained
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the work of Paterson & Whitfield (2000), evaluation of
the proposition has rarely been the primary focus of
study. Probably for this reason, many studies have sim-
ply noted a low number of predators (Cain & Dean
1976, Shenker & Dean 1979, Reis & Dean 1981, Morton
et al. 1987) but made no comparisons with other habi-
tats (Table 1). Clearly, to make any sense, the few pis-
civorous fishes proposition must be evaluated relative
to some other habitat. A number of studies have done
this, comparing catches in shallow estuarine habitats
with those from nearby deeper waters (Rozas & Hack-
ney 1984, Kneib 1987, McIvor & Odum 1988, Rountree
& Able 1997, Paterson & Whitfield 2000), but most have
not. Given that relatively few studies have addressed
the question directly, the sampling biases apparent in
many of the studies (Rountree & Able 1997) and the
fact that a range of other issues cloud interpretation of
many studies (see below), more extensive direct evalu-
ation of the few piscivorous fishes proposition is clearly
required.

As well as necessitating evaluation relative to other
habitats, the proposition is only really meaningful if the
abundance of piscivorous fishes is evaluated relative to
the abundance of juvenile fishes within the habitat.
This requires that both predators and their prey should
be sampled with equal efficiency in both/all the habi-
tats being compared. In a majority of situations this
presents a substantial logistical problem, because most
of the sampling tools currently available are either
habitat specific (e.g. trap, block, flume, channel nets
are limited to intertidal areas or at best to shallow sub-
tidal areas) or unlikely to work with equal efficiency in
all habitats (e.g. the efficiency of gill nets is likely to
vary with water depth, current velocity and direction).
It is hardly surprising, therefore, that few studies have
been able to assess the proposition unambiguously.

Perhaps because the proposition has rarely been the
primary focus of study, there are at least 2 other unre-
solved definitional problems: exactly what constitutes
‘shallow water’, and exactly which fishes should be
considered as potential piscivores.

What constitutes ‘shallow water’?

Although the few piscivorous fishes proposition re-
fers to shallow waters, there seems to be no clear con-
sensus about what actually constitutes shallow water.
In some studies what is considered to constitute shal-
low water is unspecified; however, in many others
shallow water refers to intertidal areas (Table 1). In
contrast, Rountree & Able (1997) refer to waters less
than 2 m deep when they suggest that predators may
be more abundant in shallow waters than previously
considered. This seems an incongruous definition

when ‘shallow’ in many other studies refers to inter-
tidal waters. The difficulties with the lack of a consis-
tent definition of shallow water are emphasised when
you consider that one early study (Whitfield & Blaber
1978) appears to have defined their ‘deep’ sites as
<2 m (Table 1), making them equivalent in depth to the
shallow sites of Rountree & Able (1997).

How should ‘piscivorous fish’ be defined?

Few studies have explicitly delineated exactly what
fishes should be considerated piscivorous. However,
many studies have made a tacit definition by confining
their consideration to large or adult piscivores (Cain &
Dean 1976, Blaber & Blaber 1980, Reis & Dean 1981,
Morton et al. 1987, Ronnback et al. 1999, Paterson &
Whitfield 2000). It is not intuitively obvious that the
range of fish considered should be narrowed in this
way. Indeed, doing so could lead to important compo-
nents of the piscivore fauna being overlooked.

It seems sensible that any definition of a piscivorous
fish should be relative to the size of the prey of interest,
because susceptibility of prey to predation depends on
predator-prey size relationships (Sogard 1997). The
proposition under consideration relates to the value of
shallow water estuarine habitats as nurseries for juve-
nile fishes. However, mortality is not distributed evenly
over the juvenile period. Rather, mortality rates tend to
decrease with increasing size (Peterson & Wroblewski
1984, Houde 1987). Indeed, predation is often targeted
at smaller sized fish (Levin et al. 1997, Sogard 1997,
Rooker et al. 1998a). This suggests that any advantage
of a shallow water refuge would be most important to
younger and smaller juveniles. It seems, therefore, that
any consideration of the abundance of predators in
shallow water needs to take into account the spectrum
of predators likely to feed on smaller juvenile fishes.
This leads to the question of predator-prey scaling
(Sogard 1997).

Although many studies of predator-prey scaling
have shown that large piscivorous fishes are capable of
feeding on small prey (e.g. Popova 1978, Gleason &
Bengtson 1996, Scharf et al. 1997, Buckel et al. 1998,
Manderson et al. 1999, 2000, Hartman 2000), it is often
small rather than large piscivores that preferentially
target small prey fish (Rice et al. 1993). Additionally, a
number of studies have shown that piscivores are able
to consume prey that are large relative to the preda-
tor’s size (Table 2). For example, summer flounder Par-
alichthys dentatus ingest winter flounder Pseudopleu-
ronectes americanus up to 19% of their total length
(Manderson et al. 2000) and striped sea robin Prionotus
evolans feed on Pseudopleuronectes americanus up to
24% of their total length (Manderson et al. 1999), while
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young-of-the-year bluefish Pomatomus saltatrix can
consume prey up to 35% of their length by ingesting
them whole (Scharf et al. 1997) and up to 60% of their
length by biting their prey into pieces (Buckel et al.
1999b). In addition, predation on large prey can be
quite successful. Young striped bass Morone saxatilis
can capture prey fish with up to 50% attack success at
prey:predator size ratios as great as 0.3 (Hartman
2000). Moreover, many piscivorous fishes have been
shown to undertake substantial piscivory at a very
early stage. For example, the barracuda Sphyraena
barracuda is almost exclusively piscivorous from
lengths as small as 20 mm (Blaber 1982), and age 0
P. saltatrix (99%) and weakfish Cynoscion regalis
(88%) derive most of their nutrition from fish prey
(Hartman & Brandt 1995). Thus, it seems unreasonable
to limit consideration to large piscivores. For instance,
if we assume that many predators are capable of feed-
ing on prey up to 39% of their length (the mean of
maximum prey ratios in Table 2), then small juvenile
fish of 15 to 25 mm would be vulnerable to predators of
38 to 64 mm, fish that would not usually be considered
as ‘large predators’.

Including small individuals of large piscivorous spe-
cies is important because small piscivores can occur in
high densities in shallow waters. For instance, the flat-
head Platycephalus fuscus is a specialist, shallow
water, estuarine piscivore (Sheaves & Molony 2000),
endemic to eastern Australia. Daytime seine netting
(12 mm mesh) from shallow (<1 m) sandy habitats of
10 estuaries in tropical Australia over 2 yr captured
medium to large P. fuscus (150 to 680 mm total length)
at maximum average densities of 0.0029 ± 0.0011 (SE)
m–2, but small juvenile P. fuscus (35 to 85 mm total
length) at average densities up to 0.36 ± 0.10 (SE) m–2

(author’s unpubl. data). Similarly, young-of-the-year
Pomatomus saltatrix are both piscivorous (Juanes et
al. 1994, Buckel et al. 1999a,b) and highly abundant in
estuaries of the Mid-Atlantic Bight (Rountree & Able

1997, Buckel et al. 1999a). Young-of-the-
year P. saltatrix are important piscivores,
to the extent that they play a major role
in regulating abundances of young-of-
the-year Morone saxatilis (Juanes et al.
1993, Buckel et al. 1999a) and other
species (Juanes et al. 1993). Moreover,
young-of-the-year P. saltatrix are among
the most abundant fishes in shallow
marsh creek habitats (Rountree & Able
1992, 1997) and concentrate most of their
feeding during daylight hours, the time
when they are most abundant in shallow,
near-shore waters (Buckel & Conover
1997). Thus even without considering
‘large piscivorous fishes’ it seems that

the proposition is unlikely to be valid for many shal-
low water habitats in the Mid-Atlantic Bight. Small
predators are important elsewhere also. For example,
predation by juvenile bass Dicentrarchus labrax on
younger conspecifics is so intense that the presence of
a strong year class leads to very low recruitment of
following year classes to the adult population, even
under favourable environmental conditions (Hender-
son & Corps 1997).

As well as occurring in high densities, juveniles of
predatory species have the potential to exert consider-
able predation pressure on prey stocks. Because of
high early mortality rates, juveniles are likely to be
much more abundant than their larger conspecifics
(Peterson & Wroblewski 1984, Houde 1987). Conse-
quently, because there are large numbers of juveniles
relative to adults, and juveniles have a much greater
requirement for food per unit body weight, the con-
sumption curve of a fish population is shifted towards
juveniles (Yåñez-Arancibia et al. 1994). Thus the juve-
nile portion of the fish population consumes more prey
than the adult component (Yåñez-Arancibia et al.
1994) leading to the likelihood that juvenile predators
could have a greater impact on prey species than their
larger conspecifics. It also makes sense that small indi-
viduals are exactly those likely to make use of shallow
waters, because their mobility should be less limited by
shallow water than large predators.

Including small piscivorous fishes can make a differ-
ence to the perception of the abundance of piscivorous
fishes in shallow waters. For example, Blaber & Blaber
(1980) reported few ‘large piscivorous fishes’ from
their shallow water sampling sites in Moreton Bay,
Australia. However, their Table II shows that piscivo-
rous fish were not absent from shallow waters. Teleosts
contributed substantially to the diets (>40 to 92% fre-
quency of occurrence) of 5 of the 25 species captured
in shallow water: Alepes djedaba and Scomberoides
tol (Carangidae), Pomatomus saltator (Pomatomidae),

282

Species % length Source

Aspius aspius 31 Popova (1978)
Esox lucius 55 Popova (1978)
Paralichthys dentatus 19 Manderson et al. (2000)
Perca fluviatilis 45 Popova (1978)
Prionotus evolans 24 Manderson et al. (1999)
Pomatomus saltatrix 35 (whole ingestion) Scharf et al. (1997)
Pomatomus saltatrix 60 (in pieces) Buckel et al. (1999b)
Silurus glanis 41 Popova (1978)
Stizostedion lucioperca 43 Popova (1978)
Stizostedion vitreum 51 Knight et al. (1984)

Table 2. Maximum lengths of prey fish able to be ingested by piscivorous
fishes as a percentage of piscivore lengths
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Sphyraena obtusata (Sphyraenidae) and Tylosurus
macleayanus (Belonidae), at least 2 of which (A. djed-
aba and S. obtusata) were abundant in shallow waters.
In addition, juveniles of 2 species of carangids, Caranx
ignobilis and C. sexfasciatus, were captured in low
numbers. These are known to be primarily piscivorous
(Blaber & Cyrus 1983) and, due to their mobile nature,
may well have been poorly represented in the samples
of Blaber & Blaber (1980) (see below).

Not only does including smaller piscivorous fishes en-
tail considering small individuals of the large piscivo-
rous species, it also necessitates considering a range of
other species that may contribute substantially to pre-
dation on small juvenile fishes. For example, glassfishes
Ambassis spp. are small (most species <10 cm standard
length), abundant components of fish faunas over much
of the Indo-west Pacific (Martin & Blaber 1983, Allen &
Burgess 1990). Martin & Blaber (1983) found that small
juvenile and larval fish contributed between 12 and
31% of the energy acquired by 3 species of Ambassis in
6 South African estuaries. Given that members of the
genus Ambassis are often among the most dominant
components of catches from Indo-west Pacific estuaries
(Robertson & Duke 1990), they have the potential to
contribute substantially to predation on small juvenile
fishes. Similarly, pinfish Lagodon rhomboides, a small
sparid fish, is the dominant species in seagrass mead-
ows of the Aransas Estuary, southern USA (Rooker et al.
1998b), and has been shown experimentally to be a
voracious predator on young, juvenile red drum Sci-
aenops ocellatus (Fuiman 1994). As a consequence, L.
rhomboides has the capacity to cause massive mortality
of young, juvenile red drum (Rooker et al. 1998a,b).

The perception of piscivore abundance and thus pre-
dation pressure may also be considerably altered if
small individuals of species not normally considered as
piscivores are included. For example, while investigat-
ing the predators of penaeid shrimps, Haywood et al.
(1998) sampled fish from 2 intertidal estuarine seagrass
beds in tropical Australia using gill nets, beam trawls,
seine nets and rotenone. They reported the diets of 40
species of fish for which the stomachs of 10 or more
individuals contained food. Although the study was not
focussed primarily on piscivory, the range of sampling
gears provides a sample of fish over a broad size range,
making it useful for the purposes of illustration. Of the
24 species that had fed on teleost prey (Table 3) only 9
occurred at lengths greater than 210 mm. Even though
the remaining 15 species had consumed teleost prey, it
is unlikely they would be considered to be large pisci-
vores. For example, few fish of less than 210 mm are
likely to be retained in 100 mm mesh gill net such as
that employed by Paterson & Whitfield (2000) to sam-
ple large piscivores (one of the few studies to directly
address the  proposition that there are few piscivorous

fishes in shallow estuarine habitats). Even though the
15 species from Haywood et al. (1998) that had con-
sumed fish included no species where more than 20%
of individuals had fed on teleost prey, the presence of
fish in their diet indicates that a substantial number of
fish that could contribute to shallow water piscivory
would not be included if only large piscivores were
considered. Moreover, other studies in tropical Aus-
tralian estuaries have reported much higher percent-
ages of fish in the diets of some of the species in similar
size ranges to those captured by Haywood et al. (1998).
For example, 58% of Apogon ruppelli and 39% of
Ambassis nalua from the Embley Estuary, Australia,
had consumed piscine prey (Salini et al. 1990), while
20% of Thryssa hamiltoni from the Norman River, Aus-
tralia, had ingested fish (Salini et al. 1998). Addition-
ally, in the samples of Haywood et al. (1998), 3 of the
species with more than 40% occurrence of teleost
prey, Scomberoides commersonianus, Cymbacephalus
nematophthalmus and Platycephalus indicus, were
caught down to sizes (Table 3) at which many individ-
uals would not have been retained had a 100 mm gill
net been used, suggesting that even small, primary
piscivores would not have been recorded as present.

Even when the whole spectrum of piscivorous fishes
(both large and small, adult and juvenile) is consid-
ered, there is still one group of potential piscivores to
be considered: those members of the fish assemblage
that are not normally piscivorous but can switch to
feeding on juvenile fish when they are abundant. Prey
switching has been documented many times in a range
of different systems (e.g. Stergiou & Fourtouni 1991,
Aarnio et al. 1996, Olson 1996, Dawe et al. 1998,
Merigoux & Ponton 1998, Manderson et al. 1999, 2000,
Scharf & Schlicht 2000). For example, predatory fish
often change diet as alternative prey become available
(e.g. Moyle & Holzhauser 1978, Shpigel & Fishelson
1989, Silva 1999). However, prey switching extends to
species that would not normally be considered to be
piscivores. For example, the atherinids Atherinops affi-
nis and Atherinopsis californiensis, usually thought to
be diurnal planktivores, may switch to feed on juvenile
engraulids when they are abundant (Coyer & Hall
1993). Prey switching also occurs among the juvenile
prey fishes themselves. For instance, juvenile Sillago
maculata (Sillaginidae) are abundant in shallow
waters of northeastern Australian estuaries (Kerby &
Brown 1994), where they feed primarily on inverte-
brate benthos and planktonic crustaceans (McKay
1992, Wilson & Sheaves 2001). Of 264 juvenile (40 to
67 mm) S. maculata sampled from shallow waters
(<1 m) of 10 estuarine systems on the northeast tropical
coast of Australia in July 2000, only 5.3% had con-
sumed fish. However, in 1 individual sample of 10
S. maculata, 9 had eaten small (approx. 14 mm) juve-
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nile fishes. Thus because of their abundance in shallow
waters and their ability to switch to feeding on fish,
juvenile S. maculata have the potential to inflict sub-
stantial mortality on newly recruited juvenile fishes at
times when smaller juveniles are abundant. Clearly,
where this occurs extensively, prey switching by the
shallow water juvenile fish fauna itself has the poten-
tial to greatly extend the impact of predation on small
juvenile fishes, particularly during recruitment events.

SAMPLING BIASES

As well as definitional problems, the interpretation
of evidence supporting the proposition that there are
few piscivorous fishes in shallow estuarine habitats is
confounded by a range of potential sampling biases.
Rountree & Able (1997) captured substantial numbers
of sub-adult and adult piscivorous fishes in the shallow
waters of New Jersey estuaries during nighttime sam-
pling. These results contrasted with results of previous
studies, suggesting that a lack of nocturnal sampling,
together with gear avoidance, may have previously led
to underestimates of the abundance of large piscivo-
rous fishes in shallow estuarine habitats (Rountree &

Able 1997). Other studies have reported the potential
for biases using gears such as trap, block or weir nets,
which are commonly used to sample shallow estuarine
habitats. For instance, Robertson & Duke (1990) sug-
gested that large fish may have escaped over their trap
nets while the top of the net was submerged, and Cain
& Dean (1976) reported escapement from their block
net by fish jumping over the net or escaping through
holes created by crabs. Additionally, Paterson & Whit-
field (2000) suggest that there was some possibility
that predatory fish may have escaped from the block
net they used in a previous study (Paterson & Whitfield
1996) before or during the deployment of the net. The
gill nets often used explicitly to target predators also
present problems. They are well known to be very
size selective (Henderson & Nepszy 1992), necessitat-
ing the use of a range of net sizes for adequate
representation (e.g. Blaber et al. 1989). Furthermore,
multifilament nets, such as those used by Paterson &
Whitfield (2000), are usually much less effective for
most species than monofilament nets (Henderson &
Nepszy 1992, Matiiai 1993), providing the potential for
poor representation of predator abundance.

Other, perhaps less well-recognised, sampling
biases stem from interaction between predator behav-
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Family Species Fork length range (mm) %

Apogonidae Apogon ruppelli 15–63 1.7

Ariidae Arius proximus 110–665 24.1

Carangidae Gnathanodon speciosus 230–360 58.3
Scomberoides commersonianus 105–880 77.3

Carcharhinidae Carcharinus cautus 418–1300 77.8
Rhizoprionodon acutus 418–687 61.3

Chandidae Ambassis nalua 32–85 20.0
Ambassis vachelli 17–48 1.4

Engraulidae Thryssa hamiltoni 85–175 10.7

Gobiidae Acentrogobius caninus 28–92 10.5
Butis butis 16–76 4.3
Drombus palackyi 20–37 5.0
Favonigobius melanobranchus 17–29 5.3

Leiognathidae Leiognathus splendens 21–58 1.7

Lethrinidae Lethrinus lentjan 14–90 10.5

Lutjanidae Lutjanus russelli 17–140 15.2

Platycephalidae Cymbacephalus nematophthalmus 69–257 47.8
Platycephalus indicus 121–410 70.6

Polynemidae Eleutheronema tetradactylum 290–465 83.3

Serranidae Centrogenys vaigiensis 14–70 2.2
Epinephelus suillus 18–270 17.5

Sillaginidae Sillago lutea 82–210 16.7

Terapontidae Pelates quadrilineatus 15–180 0.7
Terapon puta

Table 3. Fishes captured from a tropical estuarine intertidal seagrass bed that had consumed teleost prey (percent occurrence in 
stomach contents). Modified after Haywood et al. (1998)
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iour and the sampling gear. Predators can be cate-
gorised into 2 broad groups: sedentary, ambush preda-
tors and active, roving predators (Browman & O’Brien
1992). Each of these modes presents problems for rep-
resentative sampling. By their very nature sedentary
predators are likely to be under-represented in catches
using stationary gear such as gill nets, the gear most
often used to target larger species in estuaries (e.g.
Morton 1990, Robertson & Duke 1990, Rountree &
Able 1997, Paterson & Whitfield 2000) (Table 1),
because these gears rely on moving fish coming into
contact with the net. Thus studies that only employ gill
nets are likely to severely underestimate the abun-
dance of such species. The use of apparatus such as
seine nets, which sweep an area of bottom, is more
likely to produce reliable estimates of the abundance
of such species.

Representing the abundances of roving predators is
also problematic. Roving predators need only visit an
area for a short period of time to inflict considerable
mortality on prey fish populations (Hixon & Carr 1997).
Thus the average abundance of such species at a site is
expected to be very low because they are usually
absent. However, it is not the average abundance of
predators that is important, rather it is their predatory
impact, which might be concentrated in a few minutes
once a day or once a week. Consequently, extensive
sampling may be necessary to adequately represent
the occurrence of such species at a particular site. This
problem is exacerbated for schooling species, such as
carangids, which are common in sub-tropical (Blaber &
Cyrus 1983) and tropical estuaries (Blaber et al. 1989).
For schooling, roving piscivores, samples are likely to
be characterised by a few large catches and very
many zeros. The difficulties in reliably representing
the abundance of piscivorous fishes, together with the
trophic imperatives that constrain abundance of pisciv-
orous fishes usually to less than the number of fishes at
lower trophic levels, mean that much more sampling
will usually be needed to adequately represent the
abundance of piscivorous species than to represent
abundance of their prey. Consequently, although the
gill nets used in many studies may be suitable for cap-
turing roving predators, a substantial level of effort
may be required to provide adequate representation of
their abundance.

DOES ‘FEW PISCIVORES’ EQUATE TO LOW
PREDATION PRESSURE?

I have argued above that limiting the consideration
of predation by fishes in shallow waters to large pisci-
vores overlooks the potential for substantial predation
by a range of other piscivorous fishes (juveniles of

large piscivorous species, small piscivorous species,
and species that can switch to piscivorous feeding
when small fish are abundant). However, even when
these are included, it may turn out that the abundance
of piscivorous fishes in shallow estuarine habitats is
indeed low relative to prey species, when compared to
other habitats. But does ‘few piscivorous fishes’ neces-
sarily translate to low predation pressure?

As well as the range of fishes that can contribute to
piscivory in shallow estuarine waters, a variety of
non-piscine predators have the potential to be impor-
tant predators on small fishes. Although chaetognaths
(Alvarez-Cadena 1993, Baier & Purcell 1997) and
copepods (Gao & Li 1992) can feed extensively on lar-
val fish, their predation is largely directed towards
small, early-stage larvae. Thus they are unlikely to be
major predators for settled juvenile fishes. On the
other hand, gelatinous predators, particularly scypho-
medusae, can be important predators of late-stage lar-
vae (Cowan & Houde 1991, Breitburg et al. 1994,
1999, Rilling & Houde 1999) and so have the potential
to feed on small juvenile fishes. Predation by macro-
crustaceans can be substantial. For example, brown
shrimp Crangon crangon and shore crab Carcinus
maenas are the main predators of juvenile plaice
Pleuronectes platessa along the Swedish west coast
(Pihl 1990), and blue crabs Callinectes sapidus have
the potential to cause substantial mortality on mum-
michogs Fundulus heteroclitus in salt marsh pools
(Kneib 1982). However, probably the most important
non-piscine predators in shallow water habitats are
birds (e.g. Mace 1983, Blackwell et al. 1995, Rail &
Chapdelaine 1998). For instance, bird predation was
responsible for removing ca 30% of sticklebacks in
salt marsh pools along the St. Lawrence estuary
(Whoriskey & Fitzgerald 1985).

This diversity of potential predators means that the
profile of predation (i.e. how total predation is parti-
tioned among different predators) can vary greatly
from place to place or time to time. As a result: (1) it is
intrinsically difficult to compare predation between
places or times simply on the basis of the abundance of
1 or 2 groups of predators; and (2) even at one site the
profile of predation may change greatly with depth,
without a corresponding change in the overall inten-
sity of predation. For instance, if juvenile fish do use
shallow waters as refuges from piscivorous fishes, they
may do so at the expense of greatly increased vulnera-
bility to avian predators, such as herons, egrets, gulls
and terns (Whitfield & Blaber 1978, Blaber 1987, Raf-
faelli et al. 1990, Crowder et al. 1997). This complex
profile of predation means that it will rarely be possible
to imply low predation pressure from observations that
there are few piscivorous fishes in an area of shallow
water.
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CONCLUSIONS

Clearly, the evidence supporting the proposition that
there are few piscivorous fishes in shallow estuarine
habitats is equivocal. The question is still open and
there are substantial difficulties to overcome in
answering it. Additionally, asking whether or not large
piscivores are common in shallow estuarine waters is
not sufficient. Rather it is necessary to consider the
whole spectrum of possible predators and how the pro-
file of predation changes in space and time. Moreover,
it is necessary to do this in a comparative sense; to
compare the relative abundance of predators and prey
in shallow estuarine waters to levels in other habitats.
Because of the difficulty of sampling all habitats equiv-
alently, and in interpreting information on a range of
different predators comparatively, this seems an insur-
mountable task. Even if these difficulties are over-
come, although a comparative approach may provide
information about the abundance of predators, it does
not really address the important, underlying question:
Do small/juvenile fishes using shallow estuarine habi-
tats, gain an advantage because of reduced levels of
predator-induced mortality? Clearly this, rather than
whether or not predators are abundant in shallow estu-
arine waters, is the crucial question.

What is required is information on habitat-specific
mortality rates. Unfortunately, this information is gen-
erally not available (Rountree & Able 1997). Gaining
accurate measurements of mortality is very difficult,
even at the level of a whole stock (Hilborn & Walters
1992), and trying to obtain individual measures of
mortality for different habitats is likely to be much
more difficult again. For example, for many prey spe-
cies it is unlikely that individual fish or groups of
fishes occupy only a single area of habitat; rather they
are likely to move between habitats (e.g. between
high and low tide; Robertson & Duke 1990) and are
likely to change their patterns of habitat use over rea-
sonably short periods of time (e.g. over the lunar
cycle; Wilson & Sheaves 2001). This makes it difficult
to separate changes in numbers due to mortality from
changes due to temporal patterns of habitat use.
Determining whether predation intensity is really
reduced in shallow estuarine areas will require the
implementation of carefully designed, imaginative
field studies and experiments. For example, using an
experimental approach Rooker et al. (1998a) were
able to evaluate how habitat complexity influenced
the vulnerability of Sciaenops ocellatus to predation.
Additionally, particularly promising field results were
achieved by McIvor & Odum (1988), who used a
bioassay approach to compare predation pressure
between subtidal habitats with different geomor-
phologies. In this approach predation pressure was

estimated from the loss of tethered prey fish over
time. This approach has been the subject of consider-
able debate in recent years (Peterson & Black 1994,
Aronson & Heck 1995, Pile et al. 1996, Kneib &
Scheele 2000, Aronson et al. 2001). However, al-
though further experimental validation is still needed
(Kneib & Scheele 2000, Aronson et al. 2001), bio-
assays have the potential to provide insights that
might otherwise be unavailable (Aronson et al. 2001).

CONSEQUENCES AND IMPLICATIONS 

The previous discussion aside, a large number of
studies have reported low numbers of large piscivo-
rous fishes in shallow estuarine waters (Cain & Dean
1976, Whitfield & Blaber 1978, Shenker & Dean 1979,
Blaber & Blaber 1980, Reis & Dean 1981, Rozas &
Hackney 1984, Blaber et al. 1985, Morton et al. 1987,
McIvor & Odum 1988, Paterson & Whitfield 2000). It
certainly makes sense that physical constraints would
mean that many large piscivorous fishes would
avoid, or be excluded from, very shallow waters (e.g.
<0.25 m). If large piscivorous fishes are indeed absent
or in low abundances (relative to prey fish densities) in
shallow estuarine waters, there are a number of impli-
cations. Firstly, there should be an advantage to faster-
growing individual prey fish, because they would
grow out of the size range vulnerable to small piscivo-
rous fishes (Sogard 1997, Mortensen et al. 2000). Of
course attainment of larger size may also mean that
depth constraints may force the fish to move to deeper
waters, where they are vulnerable to larger predators.
Secondly, the absence of large predators may actually
be a disadvantage to prey species. For instance, a lack
of large predators in shallow waters may permit the
maintenance of high abundances of small predators,
which would have the potential to inflict a substantial
mortality on prey species because of their large num-
bers and higher requirement for food than their older
conspecifics (Yåñez-Arancibia et al. 1994). Thirdly, if
there are unusually low numbers of piscivorous fishes
in shallow waters, there remains the interesting ques-
tion of what process would lead to few predators. It is
of course possible that it is simply a function of exclu-
sion due to constraints of body size or because of
adverse physical conditions (e.g. temperature) in shal-
low waters, however, there may be other more com-
plex reasons. For instance, just as for prey species,
predators face the trade-off between food acquisition
and the risk of predation (McPeek 1996, Houston &
McNamara 1997). For example, hunting abundant
prey in shallow waters may expose the predators to
increased risk from terrestrial or avian predators.
Whatever the reason, the question goes further than
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simple academic interest, because understanding the
reason for low abundances of predators in shallow
estuarine habitats (when and if this occurs) is pivotal to
understanding why, and under what conditions, pre-
dation pressure might be reduced. Such understand-
ing is in turn crucial for determining the true nursery
ground value of these habitats.

There is also a range of consequences if the use of
shallow estuarine habitats does result in reduced lev-
els of predator induced mortality. Firstly, it may be that
the advantage of utilising shallow waters is not just an
estuarine phenomenon, but common to shallow waters
in many marine and aquatic environments. If so, it
would be interesting to know if shallow estuarine habi-
tats were more valuable (relative to adjacent deeper
water habitats) than, say, shallow areas on coral reefs.
Secondly, in a similar vein, do shallow waters with
structural complexity (e.g. salt marsh plants, man-
groves, macrophytes, seagrass, oyster reefs, snags)
perform a similar role/function to shallow, unvegetated
habitats (e.g. sand flats, mudflats, saltpans)? Thirdly, is
there a difference in the importance of intertidal habi-
tats (which are only available at high tide) and subtidal
shallow waters (which may become deep water habi-
tats at high tide) or are the two tightly linked, serving
equivalent roles when the other is unavailable? Finally,
a greatly reduced predator trophic level suggests
that food webs should function differently to those in
similar systems with higher predator numbers. For in-
stance, there may be reduced top-down regulation of
such food webs (Osenberg & Mittelbach 1996). Many
more implications can be envisaged. The variety of
these unanswered questions emphasises our poor un-
derstanding of many of the biological processes oper-
ating in crucial estuarine habitats. Clearly, gaining a
detailed picture of the role of predation in shallow
estuarine habitats is important in developing a de-
tailed understanding of the functioning of estuaries as
nurseries for fishes.

Acknowledgements. I thank Ross Johnston for his insightful
comments that added substantially to the quality of this
manuscript.

LITERATURE CITED

Aarnio K, Bonsdorff E, Rosenback N (1996) Food and feeding
habits of juvenile flounder Platichthys flesus (L.) and tur-
bot Scophthalmus maximus L. in the Aaland Archipelago,
northern Baltic Sea. J Sea Res 36:311–320

Allen GR, Burgess WE (1990) A review of the glassfishes
(Chandidae) of Australia and New Guinea. Rec West Aust
Mus Suppl 34:139–206

Alvarez-Cadena JN (1993) Feeding of the chaetognath
Sagitta elegans Verrill. Estuar Coast Shelf Sci 36:195–206

Aronson RB, Heck KL (1995) Tethering experiments and

hypothesis-testing in ecology. Mar Ecol Prog Ser 121:
307–309

Aronson RB, Heck KL, Valentine JF (2001) Measuring preda-
tion with tethering experiments. Mar Ecol Prog Ser 214:
311–312

Baier CT, Purcell JE (1997) Trophic interactions of chaetog-
naths, larval fish, and zooplankton in the South Atlantic
Bight. Mar Ecol Prog Ser 146:43–53

Blaber SJM (1982) The ecology of Sphyraena barracuda
(Osteichthyes: Perciformes) in the Kosi system with notes
on the Sphyraenidae of other Natal estuaries. S Afr J Zool
17:171–176

Blaber SJM (1987) Factors affecting recruitment and survival
of mugilids in estuaries and coastal waters of southeastern
Africa. Am Fish Soc Symp Ser 1:507–518 

Blaber SJM, Blaber TG (1980) Factors affecting the distribu-
tion of juvenile estuarine and inshore fish. J Fish Biol 17:
143–162

Blaber SJM, Cyrus DP (1983) The biology of Carangidae
(Teleostei) in Natal estuaries. J Fish Biol 22:173–188

Blaber SJM, Young JW, Dunning MC (1985) Community
structure and zoogeographic affinities of the coastal fishes
of the Dampier region of north-western Australia. Aust
J Mar Freshw Res 36:247–266

Blaber SJM, Brewer DT, Salini JP (1989) Species composition
and biomasses of fishes in different habitats of a tropical
northern Australian estuary: their occurrence in the
adjoining sea and estuarine dependence. Estuar Coast
Shelf Sci 29:509–531

Blackwell BF, Krohn WB, Allen RB (1995) Foods of nestling
double-crested cormorants in Penobscot Bay, Maine, USA:
temporal and spatial comparisons. Colonial Waterbirds 18:
199–208

Boesch D, Turner RE (1984) Dependence of fishery species on
salt marshes: the role of food and refuge. Estuaries 7:
460–468

Breitburg DL (1988) Effects of turbidity on prey consumption
by striped bass larvae. Trans Am Fish Soc 117:72–77

Breitburg DL, Steinberg N, Du Beau S, Cooksey C, Houde E
(1994) Effects of low dissolved oxygen on predation on
estuarine fish larvae. Mar Ecol Prog Ser 104:235–246

Breitburg DL, Rose KA, Cowan JH Jr (1999) Linking water
quality to larval survival: Predation mortality of fish larvae
in an oxygen-stratified water column. Mar Ecol Prog Ser
178:39–54

Browman HI, O’Brien WJ (1992) The ontogeny of search
behavior in the white crappie Pomoxis annularis. Environ
Biol Fish 34:181–195

Buckel JA, Conover DO (1997) Movements feeding periods,
and daily ration of piscivorous young-of-the-year bluefish,
Pomatomus saltatrix, in the Hudson River Estuary. Fish
Bull 95:665–679

Buckel JA, Letcher BH, Conover DO (1998) Effects of a
delayed onset of piscivory on the size of age-0 bluefish.
Trans Am Fish Soc 127:576–587

Buckel JA, Conover DO, Steinberg ND, McKown KA (1999a)
Impact of age-0 bluefish (Pomatomus saltatrix) predation
on age-0 fishes in the Hudson River estuary: evidence for
density-dependent loss of juvenile striped bass (Morone
saxatilis). Can J Fish Aquat Sci 56:275–287

Buckel JA, Fogarty MJ, Conover DO (1999b) Foraging habits
of bluefish, Pomatomus saltatrix, on the US east coast con-
tinental shelf. Fish Bull 97:758–775

Cain RL, Dean JM (1976) Annual occurrence, abundance and
diversity of fish in a South Carolina intertidal creek. Mar
Biol 36:369–379

Chesney EJ (1989) Estimating the food requirements of

287



Mar Ecol Prog Ser 222: 279–290, 2001

striped bass larvae Morone saxatilis: effects of light, tur-
bidity and turbulence. Mar Ecol Prog Ser 53:191–200

Cowan JH, Houde ED (1992) Size-dependent predation on
fish larvae by ctenophores, scyphomedusae and planktiv-
orous fish. Fish Oceanogr 1:113–126

Coyer JA, Hall SJ (1993) Predation on small northern anchovy
(Engraulis mordax) by large silversides (Atherinidae).
Calif Fish Game 79:82–84

Crowder LB, Squires DD Rice JA (1997) Nonadditive effects
of terrestrial and aquatic predators on juvenile estuarine
fish. Ecology 78:1796–1804

Cyrus DP, Blaber SJM (1992) Turbidity and salinity in a tropi-
cal northern Australian estuary and their influence on fish
distribution. Estuar Coast Shelf Sci 35:545–563

Dawe EG, Bowering WR, Joy JG (1998) Predominance of
squid in the diet of Greenland halibut (Reinhardtius hip-
poglossoides) on the deep slope of the northeast New-
foundland continental shelf. Fish Res 36:267–273

Everett RA, Ruiz GM (1993) Coarse woody debris as a refuge
from predation in aquatic communities. An experimental
test. Oecologia 93:475–486

Fuiman LA (1994) The interplay of ontogeny and scaling in
the interactions of fish larvae and their predators. J Fish
Biol 45:55–79

Gao Y, Li S (1992) Predation on fish eggs and larvae by
Labidocera euchaeta. Oceanol Limnol Sin 23:677–681

Gleason TR, Bengtson DA (1996) Growth, survival and size-
selective predation mortality of larval and juvenile inland
silversides, Menidia beryllina (Pisces; Atherinidae). J Exp
Mar Biol Ecol 199:165–177

Gotceitas V, Fraser S (1995) Habitat use by juvenile Atlantic
cod (Gadus morhua) in the presence of an actively forag-
ing and non-foraging predator. Mar Biol 123:421–430

Grecay PA, Targett TE (1996) Effects of turbidity, light level
and prey concentration on feeding of juvenile weakfish
Cynoscion regalis. Mar Ecol Prog Ser 131:11–16

Hartman KJ (2000) The influence of size on striped bass
foraging. Mar Ecol Prog Ser 194:263–268

Hartman KJ, Brandt SB (1995) Predatory demand and impact
of striped bass, bluefish, and weakfish in the Chesapeake
Bay: applications of bioenergetics models. Can J Fish
Aquat Sci 52:1667–1687

Haywood MDE, Heales DS, Kenyon RA, Loneragan NR,
Vance DJ (1998) Predation of juvenile tiger prawns in
a tropical Australian estuary. Mar Ecol Prog Ser 162:
201–214

Hecht T, van der Lingen CD (1992) Turbidity-induced
changes in feeding strategies of fish in estuaries. S Afr
J Zool 27:95–107

Henderson BA, Nepszy SJ (1992) Comparison of catches in
mon- and multifilament gill nets in Lake Erie. N Am J Fish
Manage 12:618–624

Henderson PA, Corps M (1997) The role of temperature and
cannibalism in interannual recruitment variation of bass
in British waters. J Fish Biol 50:280–295

Hilborn R, Walters CJ (1992) Quantitative fisheries stock
assessment: choice, dynamics and uncertainty. Chapman
and Hall, London

Hixon MA, Carr MH (1997) Synergistic predation, density
dependence, and population regulation in marine fish.
Science 277:946–949

Houde ED (1987) Fish early life dynamics and recruitment
variability. Am Fish Soc Symp 2:17–29

Houston AI, McNamara JM (1997) Patch choice and popula-
tion size. Evol Ecol 11:703–722

Jordan F, Bartolini M, Nelson C, Patterson PE, Soulen HL
(1997) Risk of predation affects habitat selection by the

pinfish Lagodon rhomboides (Linnaeus). J Exp Mar Biol
Ecol 208:45–56

Juanes F, Marks RE, McKown KA, Conover DO (1993) Preda-
tion by age-0 bluefish on age-0 anadromous fishes in the
Hudson River Estuary. Trans Am Fish Soc 122:348–356

Juanes F, Buckel JA, Conover DO (1994) Accelerating the
onset of piscivory: intersection of predator and prey phe-
nologies. J Fish Biol 45(Suppl A):41–54

Kerby BM, Brown IW (1994) Bream, whiting and flathead in
south-east Queensland: a review of the literature. Depart-
ment of Primary Industries, Brisbane

Kneib RT (1982) The effects of predation by wading birds
(Ardeidae) and blue crabs (Callinectes sapidus) on the
population size structure of the common mummichog,
Fundulus heteroclitus. Estuar Coast Shelf Sci 14:159–165

Kneib RT (1987) Predation risk and use of intertidal habitats
by young fish and shrimp. Ecology 68:379–386

Kneib RT (1997) The role of tidal marshes in the ecology of es-
tuarine nekton. Oceanogr Mar Biol Annu Rev 35:163–220

Kneib RT, Scheele CEH (2000) Does tethering of mobile prey
measure relative predation intensity? An empirical test
using mummichogs and grass shrimp. Mar Ecol Prog Ser
198:181–190

Knight RL, Margraf FJ, Carline RF (1984) Piscivory by
walleyes and yellow perch in western Lake Erie. Trans
Am Fish Soc 11:3677–3693

Levin P, Petrik R, Malone J (1997) Interactive effects of habi-
tat selection, food supply and predation on recruitment of
an estuarine fish. Oecologia 112:55–63

Lyse AA, Stefansson SO, Fernoe A (1998) Behaviour and diet
of sea trout post-smolts in a Norwegian fjord system. J Fish
Biol 52:923–936

Mace PM (1983) Bird predation on juvenile salmonids in the
Big Qualicum Estuary, Vancouver Island. Can Tech Rep
Aquat Sci 1176

Maes J, Taillieu A, Van Damme PA, Cottenie K, Ollevier F
(1998) Seasonal patterns in the fish and crustacean com-
munity of a turbid temperate estuary (Zeeschelde Estuary,
Belgium). Estuar Coast Shelf Sci 47:143–151

Manderson JP, Phelan BA, Bedja AJ, Stehlik LL, Stoner AW
(1999) Predation by striped searobin (Prionotus evolans,
Triglidae) on young-of-the-year winter flounder (Pseudo-
pleuronectes americanus, Walbaum): examining prey size
selection and prey choice using field observations and lab-
oratory experiments. J Exp Mar Biol Ecol 242:211–231

Manderson JP, Phelan BA, Stoner AW, Hilbert J (2000) Pre-
dator-prey relations between age-1 + summer flounder
(Paralichthys dentatus, Linnaeus) and age-0 winter floun-
der (Pseudopleuronectes americanus, Walbaum): predator
diets, prey selection, and effects of sediments and macro-
phytes. J Exp Mar Biol Ecol 251:17–39

Martin TJ, Blaber SJM (1983) The feeding ecology of
Ambassidae (Osteichthyes: Perciformes) in Natal estuar-
ies. S Afr J Zool 18:353–362

Matiiai TJ (1993) Monofilament nets — the silent revolution in
the coastal drift net fishery. Seafood Export J 25:9–11

McKay RJ (1992) FAO species catalogue, Vol 14. Sillaginid
fishes of the world. FAO, Rome

McIvor CC, Odum WE (1988) Food, predation risk, and micro-
habitat selection in a marsh fish assemblage. Ecology 69:
1341–1351

McPeek MA (1996) Trade-offs, food web structure, and the
coexistence of habitat specialists and generalists. Am Nat
148: S124-S138

Merigoux S, Ponton D (1998) Body shape, diet and onto-
genetic diet shifts in young fish of the Sinnamary River,
French Guiana, South America. J Fish Biol 52:556–569

288



Sheaves: Piscivorous fishes in shallow estuarine habitats

Miller JM, Crowder LB, Moser ML (1985) Migration and uti-
lization of estuarine nurseries by juvenile fishes: an evolu-
tionary perspective. Contrib Mar Sci 68:338–352

Minello TJ, Zimmerman RJ, Martinez EX (1987) Fish preda-
tion on juvenile brown shrimp, Penaeus aztecus Ives:
effects of turbidity and substratum on predation rates. Fish
Bull 85:59–70

Mortensen D, Wertheimer A, Taylor S, Landingham J (2000)
The relation between early marine growth of pink salmon,
Oncorhynchus gorbuscha, and marine water temperature,
secondary production, and survival to adulthood. Fish Bull
98:319–335

Morton RM (1990) Community structure, density and stand-
ing crop of fishes in a subtropical Australian mangrove
area. Mar Biol 105:385–394

Morton RM, Pollock BR, Beumer JP (1987) The occurrence
and diet of fishes in a tidal inlet to a saltmarsh in southern
Moreton Bay, Queensland. Aust J Ecol 12:217–237

Moyle PB, Holzhauser NJ (1978) Effects of the introduction of
Mississippi silverside (Menidia audens) and Florida large-
mouth bass (Micropterus salmoides floridanus) on the
feeding habits of young-of-year largemouth bass in Clear
Lake, California. Trans Am Fish Soc 107:574–582

Olson MH (1996) Ontogenetic niche shifts in largemouth
bass: variability and consequences for first-year growth.
Ecology 77:179–190

Osenberg CW, Mittelbach GC (1996) The relative importance
of resource limitation and predator limitation in food
chains. In: Polis GA, Winemiller KO (eds) Food webs: inte-
gration of patterns and dynamics. Chapman and Hall,
New York, p 134–148

Paterson AW, Whitfield AK (1996) The fishes associated with
an intertidal salt marsh creek in the Kariega Estuary,
South Africa. Trans R Soc Afr 51:195–218

Paterson AW, Whitfield AK (2000) Do shallow-water habitats
function as refugia for juvenile fishes? Estuar Coast Shelf
Sci 51:359–364

Peterson CH, Black R (1994) An experimentalist’s challenge:
when artifacts of intervention interact with treatments.
Mar Ecol Prog Ser 111:289–297

Peterson I, Wroblewski JS (1984) Mortality rate of fishes in
the pelagic ecosystem. Can J Fish Aquat Sci 41:1117–1120

Pihl L (1990) Year-class strength regulation in plaice (Pleu-
ronectes platessa L.) on the Swedish west coast. N Sea
Estuar Interact 195:79–88

Pile AJ, Lipcius RN, van Montfrans J, Orth RJ (1996) Density-
dependent settler-recruit-juvenile relationships in blue
crabs. Ecol Monogr 66:277–300

Poling KR, Fuiman LA (1999) Behavioral specialization in
developing sciaenids and its relationship to morphology
and habitat. Environ Biol Fish 54:119–133

Popova OA (1978) The role of predaceous fish in ecosys-
tems. In: Gerking SD (ed) Ecology of freshwater fish
production. Blackwell Scientific Publications, Oxford,
p 215–249

Raffaelli D, Richner H, Summers R, Northcott S (1990) Tidal
migrations in the flounder (Platichthys flesus). Mar Behav
Physiol 16:249–260

Rail JF, Chapdelaine G (1998) Food of Double-crested Cor-
morants Phalacrocorax auritus, in the Gulf and Estuary of
the St. Lawrence River, Quebec, Canada. Can J Zool 76:
635–643

Reis RR, Dean JM (1981) Temporal variation in the utilization
of an intertidal creek by the bay anchovy (Anchoa
mitchilli). Estuaries 4:16–23

Rice JA, Crowder LB, Rose KA (1993) Interactions between
size-structured predator and prey populations: experi-

mental test and model comparison. Trans Am Fish Soc
122:481–491

Rilling GC, Houde ED (1999) Regional and temporal variabil-
ity in distribution and abundance of bay anchovy (Anchoa
mitchilli) eggs, larvae, and adult biomass in the Chesa-
peake Bay. Estuaries 22:1096–1109

Robertson AI, Duke NC (1990) Recruitment, growth and resi-
dence time of fishes in a tropical Australian marine sys-
tem. Estuar Coast Shelf Sci 31:723–743

Ronnback P, Troll M, Kautsky N, Primavera JH (1999) Distri-
bution pattern of shrimps and fish among Avicennia and
Rhizophora microhabitats in the Pagbilao mangroves,
Philippines. Estuar Coast Shelf Sci 48:223–234 

Rooker JR, Holt GJ, Holt SA (1998a) Vulnerability of newly
settled red drum (Sciaenops ocellatus) to predatory fish: is
early-life survival enhanced by seagrass meadows. Mar
Biol 131:145–151

Rooker JR, Holt GJ, Holt SA (1998b) Post-settlement patterns
of habitat use by sciaenid fishes in subtropical seagrass
meadows. Estuaries 21:318–327

Rountree RA, Able KW (1992) Fauna of polyhaline subtidal
marsh creeks in southern New Jersey: composition, abun-
dance and biomass. Estuaries 15:171–185

Rountree RA, Able KW (1997) Nocturnal fish use of New Jer-
sey marsh creek and adjacent bay shoal habitats. Estuar
Coast Shelf Sci 44:703–711

Rozas LP, Hackney CT (1984) Use of oligohaline marshes by
fishes and macrofaunal crustaceans in North Carolina.
Estuaries 7:213–224

Rozas LP, Odum WE (1987) Use of tidal freshwater marshes
by fish and macrofaunal crustaceans along a marsh
stream-order gradient. Estuaries 10:36–43

Ruiz GM, Hines AH, Posey MH (1993) Shallow water as a
refuge habitat for fish and crustaceans in non-vegetated
estuaries: an example from Chesapeake Bay. Mar Ecol
Prog Ser 99:1–16

Russell DJ, Garrett RN (1985) Early life history of barramundi,
Lates calcarifer (Bloch), in north-eastern Queensland.
Aust J Mar Freshw Res 36:191–201

Safina C, Burger J (1985) Common tern foraging: seasonal
trends in prey fish densities and competition with bluefish.
Ecology 66:1457–1463

Salini JP, Blaber SJM, Brewer DT (1990) Diets of piscivorous
fishes in a tropical Australian estuary, with special reference
to predation on penaeid prawns. Mar Biol 105:363–374

Salini JP, Brewer DT, Blaber SJM (1998) Dietary studies on
the predatory fishes of the Norman River Estuary, with
particular reference to penaeid prawns. Estuar Coast Shelf
Sci 46:837–847

Scharf FS, Schlicht KK (2000) Feeding habits of red drum (Sci-
aenops ocellatus) in Galveston Bay, Texas: seasonal diet
variation and predator-prey size relationships. Estuaries
23(1):138–139

Scharf FS, Buckel JA, Juanes F, O’Connor DO (1997) Estimat-
ing piscine prey size from partial remains: testing for shifts
in foraging mode by juvenile bluefish. Environ Biol Fish
49:377–388

Sheaves MJ (1996) The habitat specific distributions of some
fishes in a tropical estuary. Mar Freshw Res 47(6):827–830

Sheaves MJ, Molony BW (2000) Short-circuit in the mangrove
food chain. Mar Ecol Prog Ser 119:97–109

Shenker JM, Dean JM (1979) The utilization of an intertidal salt
marsh creek by larval and juvenile fishes: abundance, diver-
sity and temporal variation. Estuaries 2:154–163

Shpigel M, Fishelson L (1989) Food habits and prey selection of
three species of groupers from the genus Cephalopholis
(Serranidae: Teleostei). Environ Biol Fish 24:67–73

289



Mar Ecol Prog Ser 222: 279–290, 2001

Silva A (1999) Feeding habits of John Dory, Zeus faber, off the
Portuguese continental coast. J Mar Biol Assoc UK 
79:333–340

Sogard SM (1997) Size-selective mortality in the juvenile stage
of teleost fishes: a review. Bull Mar Sci 60:1129–1157

Stergiou KI, Fourtouni H (1991) Food habits, ontogenetic diet
shift and selectivity in Zeus faber Linnaeus, 1758. J Fish Biol
39:589–603

Vance DJ, Haywood MDE, Heales DS, Kenyon RA, Lonera-
gan NR, Pendrey RC (1996) How far do prawns and fish
move into mangroves? Distribution of juvenile banana
prawns, Penaeus merguiensis, and fish in a tropical 
mangrove forest in northern Australia. Mar Ecol Prog Ser
131:115–124

Weinstein MP (1985) Distributional ecology of fishes in-
habiting warm-temperate and tropical estuaries: commu-
nity relationships and implications. In: Yanez-Arancibia A
(ed) Fish community ecology in estuaries and coastal

lagoons. Towards an ecosystem integration. p 285–309
Whitfield AK, Blaber SJM (1978) Food and feeding ecology of

piscivorous fishes in Lake St Lucia, Zululand. J Fish Biol 
13:675–691

Whoriskey FG, Fitzgerald GJ (1985) The effects of bird pre-
dation on an estuarine stickleback (Pisces: Gasterostei-
dae) community. Can J Zool 63:301–307

Wilson JP, Sheaves MJ (2001) Short term temporal variations
in taxonomic composition and trophic structure of a tropi-
cal estuarine fish assemblage. Mar Biol 61:65–71

Yåñez-Arancibia A, Lara-Dominguez AL, Pauly D (1994)
Coastal lagoons as fish habitats. In: Kjerfve B (ed) Coastal
lagoon processes. Elsevier Scientific Publishing, Amster-
dam, p 363–376

Yozzo DJ, Smith DE (1998) Composition and abundance of
resident marsh-surface nekton: comparison between tidal
freshwater and salt marshes in Virginia, USA. Hydrobiolo-
gia 362:9–19

290

Editorial responsibility: Otto Kinne (Editor),
Oldendorf/Luhe, Germany

Submitted: April 24, 2001; Accepted: July 26, 2001
Proofs received from author(s): October 18, 2001


