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1.  INTRODUCTION

For many decades, the global paradigm relating to
juvenile fish usage of shallow estuarine nursery areas
has prevailed (e.g. Wallace & van der Elst 1975,
Shenker & Dean 1979, Humphries et al. 1992, Gray et
al. 1996, Heck et al. 1997, Hannan & Williams 1998,
Able 1999, Minello et al. 2003, Nordlie 2003). This
paradigm was based on documented evidence that
juvenile fish were abundant in littoral estuarine
waters that were usually turbid and sheltered from
high-energy wave action (Cyrus & Blaber 1987, Cooper

2001), often had extensive submerged or emergent
aquatic macrophytes (Heck et al. 2003, Whitfield 2017)
and contained rich zoobenthic and microphytobenthic
food resources (Wolff & de Wolf 1977, Barranguet &
Kromkamp 2000). In addition, the evidence showed
the structural complexity of macrophyte communities
(e.g. seagrasses, mangroves, salt marshes and reed
beds) provided shelter from piscivorous predators
(Lubbers et al. 1990, Leslie et al. 2017).

A key factor underpinning the above paradigm
was that large piscivorous fish were scarce or gener-
ally absent from estuarine littoral waters and that the
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species richness of these piscivores was considerably
lower in estuaries than in the adjacent marine en -
vironment. However, at the turn of the century,
Sheaves (2001) questioned the reduced piscivory
hypothesis pertaining to the nursery function pro-
vided by littoral estuarine areas. He indicated that
the many predatory fish present in shallow tropical
estuaries of north-eastern Australia and elsewhere
were indeed piscivorous and therefore these nursery
habitats were far from ideal for juveniles of estuary-
associated taxa. Further evidence supporting this
contention was subsequently provided by Baker &
Sheaves (2006, 2009). Whilst numerous other factors
play an important role in defining nursery ground
value in estuaries (see Fig. 1), predator pressure con-
stitutes one of the major components in determining
the attractiveness of a particular habitat for juvenile
fishes (McIvor & Odum 1988).

Early studies of fishes in estuaries (e.g. McHugh
1967, Wallace & van der Elst 1975) concluded that
marine fish species found in estuaries were well-
 represented by juvenile life stages and that the
dependence of these juveniles on estuaries as nurs-
ery areas varied according to the species (Miller et al.
1984). This view has not changed over the decades,
and the opening statement by Able (2005, p. 5) cap-
tures this perspective, viz: ‘Our understanding of the
recruitment of estuarine fishes has been strongly
influenced by two views: first, that estuaries are im -
portant nurseries and second, that many species are
estuarine dependent’. Although the nursery function
has been widely accepted by most estuarine ichthy-
ologists, the estuarine-dependent status for many
marine species in estuaries has been debated right
up to the present. It also needs to be understood that,
when viewing the evidence from virtually all fish
sampling programmes in estuaries, these data are
incomplete and, in many cases, biased depending on
the type of gear(s) employed (Kjelson & Colby 1977).

The life cycles of fishes using estuaries as nursery
areas are varied, and include a number of taxa that
occupy estuaries during all or part of their juvenile
life stages. According to Potter et al. (2015), the 4 fish
guilds regarded as obligate users of estuaries include
the marine estuarine-dependent guild, the solely
estuarine and estuarine migrant guild, as well as
diadromous species. Although the conduit function
of estuaries for diadromous taxa has been widely
cited, life-history plasticity also needs to be taken
into account since some catadromous eels have been
shown to reside mainly in brackish areas, even when
inland river systems are available (Daverat et al.
2006, Arai et al. 2013). Furthermore, there are a num-

ber of anadromous species (e.g. various salmonids)
that use estuaries as primary nursery areas prior to
entering the sea for the remainder of their juvenile
life stages (McDowall 1987), and there is a plasticity
associated with the estuary phase (Volk et al. 2010).

In contrast, the members of the solely estuarine
fish guild are completely dependent on estuaries as
nursery areas, although some estuarine species
exhibit pre-adaptive plasticity that enables them to
occupy vacant niches in adjacent freshwater areas
(Bamber & Henderson 1988). Indeed, Gilchristella
aestuaria (Clupeidae) has both estuarine and fresh-
water populations in the freshwater lakes and
lagoons of southern Africa (Whitfield 2019). The
eggs and larvae of estuarine species are generally
retained within the estuary due to benthic or epi-
phytic attachment (Neira et al. 1988, Wasserman et
al. 2017), brooding or live bearing (Veith 1979,
Mwale et al. 2014), pelagic eggs being released in
the middle or upper reaches of many estuaries (Ré
1996, Strydom et al. 2002) or the presence of salt
wedges or haloclines that retain fertilised ova
within the estuary (Robichaud-LeBlanc et al. 1996,
Acha et al. 1999).

Ingress of pelagic estuary-associated marine fish
late larvae and early 0+ juveniles towards estuarine
nursery areas has been summarized by Teodósio et
al. (2016). These individuals may use flood tidal
stream transport mechanisms or swim into estuaries
against ebb tides, using hydrodynamically ‘shel-
tered’ littoral or bottom waters to gain access to an
estuary (Whitfield 1989, Harrison & Cooper 1991,
Teodósio et al. 2016). Retention within estuarine nur -
sery areas is facilitated by either benthic access for
demersal or bottom dwelling species (Strydom et al.
2015) or littoral occupation by other taxa such as
sparids and mugilids (Beckley 1985). The larvae of
pelagic clupeids spawned within estuaries may also
attempt to remain within the estuarine nursery area
using tidal hydrodynamic processes (Melville-Smith
et al. 1981) and, in some cases, wind-driven water
movements (Simionato et al. 2008). Although the
embryos of certain estuarine-spawning gobies may
be flushed out of the estuary into the marine environ-
ment at the preflexion larval stage (Beckley 1985),
these taxa often return to the estuary as early juve-
niles (Whitfield 1994) and then remain there for the
rest of their life cycle.

It has recently been proposed that the use of the lit-
toral zone in estuaries as nursery areas for juvenile
fishes has been in place for millions of years. A
review by Gess & Whitfield (2020) described the sim-
ilarities between southern African fish nursery areas
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in a Devonian versus a Holocene estuarine lake.
Indeed, these authors also proposed that the evolu-
tion of ancestral tetrapods from shallow coastal
waters onto the land may well have been facilitated
by marginal estuarine waters which were nursery
areas for a variety of fish taxa and which attracted
the early tetrapods into the littoral zone.

In this review, I examine the case pertaining
to juvenile fish use of estuarine littoral areas and
whether this nursery paradigm has validity or not.
Although some small pelagic fish species mainly use
channel and offshore estuarine waters as a nursery
area (Blaber 1979), the focus of this review is on lit-
toral waters <1 m in depth during all tidal levels.
Global examples of estuarine nursery use are pro-
vided, with the focus of attention being placed on a
small temporarily open/closed estuary, a medium-
sized permanently open estuary and a large estuar-
ine lake in South Africa. The reviewed material pro-
vides perspective on the use of these systems by the
0+ juveniles of marine fish species in particular, as
well as the occurrence of piscivores in the littoral
zone of these estuaries and the relative piscivorous
fish species richness in estuaries compared to that in
the adjacent marine neritic environment.

Piscivorous bird predation has been almost com-
pletely ignored in previous assessments of estuarine
fish nursery function around the world. For the first
time, bird predation on small fishes in selected South
African estuarine environments is reviewed in order
to gain a more complete picture of overall levels of
predation from this source, particularly in the littoral
zone where potential fish nursery habitats are most
prevalent.

2.  NURSERY AREA DEFINITION

Earlier considerations of fish nursery areas in estu-
aries tended to merely consider the availability of
food and habitat for the juveniles utilizing these
areas (e.g. Hoss & Thayer 1993). Little or no consider-
ation was given to the presence or impact of piscivo-
rous fishes or birds on these nursery habitats (e.g.
Rozas & Minello 1998). Furthermore, the relative
contribution of different types of habitat to adult fish
populations also tended to be ignored (e.g. Heck &
Thoman 1984). For the purposes of this review, the
littoral zone in estuaries is defined as the <1 m depth
contour that is not a static area but is dependent on
tidal phase, i.e. moves towards the estuary channel
or offshore waters at low tide and away from these
zones at high tide.

Four main criteria need to be in place for a habitat
to qualify as a nursery area: it must be physiologi-
cally suitable in terms of physical and chemical fea-
tures, provide abundant suitable food for growth,
afford a degree of protection from potential preda-
tors and have connectivity to allow colonisation by
newly settled juveniles and the export of older fish to
adult habitats. Additional criteria for fish nursery
areas was provided by Beck et al. (2001), who went
beyond proof of food utilization and protection from
predators. They proposed that in order to qualify for
nursery area status, a habitat also had to provide
proof that a greater number of juveniles (on a per
unit area basis) were contributed to the adult popula-
tion of a particular species than was the case for other
habitats.

This is not a comprehensive review of fish nursery
areas in estuaries; instead, it is focused primarily on
one aspect relating to nursery value, namely piscivo-
rous fish and bird predation in the littoral zone of
estuaries. To place this review into a larger estuarine
nursery ground value context, the diagram compiled
by Sheaves et al. (2015) is very appropriate (Fig. 1).
Of the 10 drivers making up a logical sequence for
the assessment of estuary nursery occupation, preda-
tion is only partially responsible for one of these.

3.  LITTORAL ESTUARINE AREAS AS NURSERY
HABITATS

3.1.  Water depth, turbidity, tides and 
wave  exposure

Water depth appears to be a key element in the
lack of occupation of littoral areas by large piscivo-
rous fishes. Shallow areas in the East Kleinemonde
Estuary (South Africa) tend to be avoided by large
fishes (Becker et al. 2017), and fish larger than 1 m
have been found to seldom enter a littoral zone <0.7 m
in depth (Becker et al. 2011). These findings were
supported by a gill net study conducted by Paterson
& Whitfield (2000) in the Kariega Estuary (South
Africa) which documented that more than 6 of the 11
fish species sampled in deeper habitats adjacent to a
salt marsh creek were piscivorous. None of these
taxa entered the shallow creek (<1 m depth at high
water spring tide) which was used as a refuge from
these predators by the juveniles of a wide variety of
marine fish species (Paterson & Whitfield 1996).
Since fine mesh block nets were used to trap all fish
on the salt marshes at spring high tide and collected
from the nets at low tide (Paterson & Whitfield 2003),

221



Mar Ecol Prog Ser 649: 219–234, 2020

the absence of piscivorous fishes from these catches
can be taken as confirmation that these predators
were absent from the marshes at high tide.

Underwater observations support the contention
that small juvenile fish are attracted to shallow estu-
arine nursery areas. A study by Munsch et al. (2016)
found that smaller fish occupied shallow estuarine
waters where large predators were less abundant
than deeper waters. In addition, the smaller fish doc-
umented in that study were proportionally less abun-
dant along deep shorelines that were created by
intertidal armouring, thus reinforcing the value of
shallow littoral areas as refuge for juvenile fish in
estuarine nursery areas. The above authors con-
cluded that estuarine nursery functions are mediated
by a shallow depth gradient which may be compro-
mised by steep littoral gradients created by shore-
line infrastructure. A similar finding was arrived at
by Manderson et al. (2004), who determined from
tethering experiments on juvenile winter flounder
Pseudopleuronectes americanus that predation risk
for fish 30−35 mm standard length was low in shal-
low waters (<1 m deep) and increased rapidly with
depth. They also concluded that winter flounder
accumulate in littoral waters which act as predator
refuges, regardless of whether complex physical
habitats are present or not.

Sheaves (2001) and Baker & Sheaves (2006, 2009)
presented convincing evidence that both large and

small piscivorous fishes are present in estuarine
water <2 m and that this negates, to a large extent,
the hypothesis that shallow estuarine waters offer a
refuge from these predators. The prime example of
fish piscivory in shallow estuarine waters, and
quoted extensively by Sheaves (2001), is provided by
data from the Embley Estuary (Australia) (Haywood
et al. 1998). Although 24 species were shown to have
consumed fish in this system, only 6 species had a
dietary percentage frequency of occurrence >50%
(Table 3 in Sheaves 2001). Furthermore, water
depths in the Embley Estuary always exceeded 2 m
at high tide since the tidal amplitudes during the
study ranged between 1.98 and 2.23 m (Haywood et
al. 1998). Unfortunately, water depths of between 1
and 2 m can be easily accessed by large fish up to at
least 1 m in length (Whitfield & Blaber 1978a) and
therefore cannot be considered shallow.

The 31 000 ha Lake St Lucia estuarine system
(South Africa) is a good example of what constitutes a
littoral estuarine nursery area and what does not. The
maximum depth of Lake St Lucia is only 3 m and the
average depth is <2 m at mean sea level. Fish pis-
civory in the lake was studied by Whitfield & Blaber
(1978a) using both gill and seine nets. Large marine
piscivorous fishes were largely restricted to the lake
basin and the juveniles of estuary-associated marine
species to the shallow (<1 m) margins of the lake. De-
spite hundreds of thousands of juvenile mugilids and
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sparids in the shallow littoral zone, the diet of the 2
large dominant piscivores, Argyrosomus japonicus
(Sciaenidae) and Elops machnata (Elopidae), was
overwhelmingly dominated by pelagic/open water
zooplanktivores Gilchristella aestuaria (Clupeidae)
and Thryssa vitrirostris (Engraulidae) (Whitfield &
Blaber 1978a). The only partially piscivorous species
located in any numbers in the shallow littoral waters
of Lake St Lucia was Terapon jarbua (Terapontidae),
and the diet of this species was found to be mainly fish
scales (lepidophagy) and invertebrates (Whitfield &
Blaber 1978b). Although Glossogobius giuris did occur
in the St Lucia littoral, and the adults are known to
sometimes consume small fishes, this species com-
prised <1% of the littoral ichthyofauna during the
study period (Whitfield 1977). No other species capa-
ble of piscivory were recorded in the littoral zone.

A major factor influencing the occupation of littoral
nursery areas in estuaries is habitat availability
linked to tidal inundation. The ability of fishes to
occupy different intertidal habitats is strongly linked
to water depth (Krumme & Saint-Paul 2003, Rountree
& Able 2007, Gullström et al. 2008, Minello et al.
2012). Tidal amplitude is particularly important, and
some emergent plant habitats (e.g. certain salt
marshes) can only be accessed during spring high
tides. A good example of changing nursery habitat
use with changing tidal levels is provided by Sainti-
lan et al. (2007), who found that fish use seagrass
beds at low neap tides but then move into higher ele-
vation mangrove and salt marsh habitats during
spring tides.

Juvenile fish occupying shallow littoral waters may
be particularly vulnerable to piscivorous fish preda-
tion if the slope from the intertidal to subtidal chan-
nel habitat is steep and aquatic macrophytes, used
for refuge at the low tide level, are absent. Con-
versely, small fish need to access the safety of inter-
tidal plant habitats from bare subtidal habitats as
soon as possible with the rising tide. Rozas et al.
(1988) documented that although small fish pre-
ferred to access marshes via intertidal rivulets, most
of them used direct access across entire creek banks
to rapidly colonize tidally submerged plant beds.
Changing littoral habitat use by juvenile fishes
according to tidal level and the type of aquatic plants
present in the littoral has also been recorded in per-
manently open South African estuaries (Becker et al.
2012, Leslie et al. 2017).

The increased turbidity associated with estuarine
waters has been proposed by a number of authors as
contributing to a reduction in predation on juvenile
fishes in estuaries (Hecht & van der Lingen 1992).

Although turbidity mainly interferes with visual pis-
civores, as opposed to those predatory fish using
other mechanisms to detect prey (Lunt & Smee 2015),
the presence of turbid waters in estuaries will
enhance the littoral nursery habitat value in terms of
reduced avian and piscivorous predation rates. This
may explain why such a high proportion of juveniles
belonging to a variety of marine fish species are
attracted to, or are indifferent to, elevated turbidity
levels in estuaries (Cyrus & Blaber 1987). An exam-
ple of juvenile anadromous fishes using turbid estu-
arine waters to avoid predation is described by Gre-
gory & Levings (1998), who showed that 0+ age
group Pacific salmon Oncorhynchus spp. in the
Fraser River system were less likely to encounter and
be consumed by piscivorous fishes in turbid com-
pared to clear water.

Shelter from high-energy wave action was one of
the factors identified early on as contributing to the
intensive use of the littoral zone in estuaries by juve-
nile fishes (Day 1959). In those areas of the world
where limited wave action prevails along the coast, it
would appear that the distinction between marine
and estuarine nursery areas is less apparent. Evi-
dence to support this view was provided by Potter et
al. (1990), who determined that the juveniles of estu-
ary-associated marine fish species in Western Aus-
tralia also occur in wave-protected marine areas
adjacent to these systems. This was not the case in
the neritic zone along the warm-temperate South
African coast, and the suggested cause for the
absence of estuary-associated marine species in
these waters was the comparative high-energy coast-
line on the subcontinent.

3.2.  Macrophyte versus non-macrophyte habitats

This topic was reviewed by Whitfield (2017), and
only the main points will be summarised here. Sub-
merged and emergent macrophytes in estuaries are
both important as fish nursery areas (Costa et al.
1994, Laegdsgaard & Johnson 1995, Jackson et al.
2001, Minello et al. 2003, Faunce & Serafy 2006), not
only in terms of the shelter that they provide to small
fish (Baltz et al. 1993) but also because of the substra-
tum these plants provide for attachment and coloni-
sation by both epiphytes and invertebrates, all of
which are important food sources for the associated
ichthyo fauna (Carr & Adams 1973, Adams 1976,
Boesch & Turner 1984, Edgar & Shaw 1995).

The abundance of detritus associated with littoral
macrophyte habitats is of particular importance in
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estuarine nursery habitats, since this food source is
extensively consumed by the small invertebrates on
which the juvenile fish prey (Whitfield 1988, 1989).
The source of detritus in estuarine nursery areas
varies according to locality (Paterson & Whitfield
1997), with the upper reaches being more influenced
by riverine sources and the lower reaches by marine
sources (Vinagre et al. 2008). Movement of this detri-
tal organic matter directly and indirectly within the
estuary is facilitated by both water current flows and
the movement of fish (Howe & Simenstad 2015), thus
increasing the detritus food web connectivity within
estuaries and between these systems and the adja-
cent marine environment.

From a habitat connectivity perspective — a key
component in the provision of viable fish nursery
areas — it is important to emphasize that eelgrass
and other seagrasses provide more extensive littoral
and sublittoral habitats for fishes than other emer-
gent macrophyte habitats (e.g. salt marshes and
mangroves). Although submerged aquatic macro-
phytes occur in both intertidal and subtidal regions of
estuaries, the development of these plants is often
greatest in shallow subtidal areas where light pene-
tration is sufficient, even at high tide, to promote
growth in what is often a turbid environment (Moore
et al. 1997). In addition, there is usually a cyclical
abundance of submerged aquatic plants according to
the seasons, with maximum growth rates and bio-
mass occurring during spring and summer (Congdon
& McComb 1979). This annual cycle associated with
littoral plants often corresponds closely to the annual
colonisation of littoral nursery areas by juvenile
fishes (Wallace & van der Elst 1975).

A study by Halpin (2000) compared growth of, and
predation rates on, Fundulus heteroclitus inside and
outside of salt marsh habitat in Rhode Island (USA).
He found that the salt marshes offered high growth
rates and protection from predators, but when preda-
tion risk was uniform across the marsh, the fish
selected those habitats that provided the best oppor-
tunity for growth. Small fish are strongly attracted to
structured habitats such as mangroves for protection
from predators, but as they grow, they begin to move
out onto mudflat areas for foraging and are less vul-
nerable to predation by virtue of their size (Laegds-
gaard & Johnson 2001).

An early review of seagrass habitat complexity and
the impact thereof on fishes and large mobile inver-
tebrates was undertaken by Heck & Orth (1980). In
particular, vegetation density, plant morphology and
the nature of the epifauna influenced the abundance
and diversity of both predators and prey species in

these habitats. A later review by Heck et al. (2003)
synthesized fish studies on shallow seagrass mead-
ows as nursery areas and noted that, although
these habitats were linked to elevated juvenile fish
abundance, other structured habitats had similar
juvenile fish abundance. Their review concluded that,
based on abundance data, Northern Hemisphere
seagrass beds might be more important as fish nurs-
ery areas than similar littoral habitats in the Southern
Hemisphere.

A comprehensive study on the relationship be -
tween vegetated and non-vegetated areas of Chesa-
peake Bay (USA) by Lubbers et al. (1990) showed
that fish abundance, biomass and species richness
were all higher in vegetated areas which extended
from the littoral into the sublittoral zone. The epi-
fauna selected by the fish for food were very abun-
dant in the macrophyte beds, and the fish stomach
contents were generally fuller in these habitats com-
pared to fish from adjacent bare sediment areas.
Higher numbers of large piscivorous fish were also
captured in association with the plant beds, a finding
that the authors attributed to the higher densities of
small forage fish located within these habitats.

3.3.  Food versus refugia from predators

The question as to whether small juvenile fishes
are attracted to littoral nursery areas for foraging
opportunities or protection from piscivorous fish (or
both) is very difficult to answer. The circumstantial
evidence that littoral aquatic macrophyte habitats
are attractive to fish is almost beyond question; for
example, studies by Sasekumar et al. (1992), Beck et
al. (2001) and Ikejima et al. (2003) have all shown
that creeks associated with mangrove forests or salt
marshes have both a higher species richness and
abundance of fishes than nearby mudflats or sandy
beaches without fringing macrophytes.

One of the few studies to directly address the food
versus refuge function in estuaries is that of Miltner
et al. (1995), which was based on both field and lab-
oratory studies involving juvenile spot Leiostomus
xanthurus and the associated piscivores southern
flounder Paralichthys lethostigma, hake Urophycis
spp. and bluefish Pomatomus saltatrix. Field sam-
pling showed that young-of-the-year (YOY) spot
were most abundant in shallow creek margins where
benthic invertebrate prey of L. xanthurus was also
maximal. In addition, sampling the stomach contents
of the piscivores from the area showed that large
YOY spot were not preyed upon but small YOY fish
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were consumed. Furthermore, laboratory experi-
ments by these authors showed that food had a
stronger effect on spot distribution than predator
presence, thus reinforcing the findings from the field
study.

Published studies have often assumed that sub-
merged and emergent vegetation in estuaries pro-
vide both food and refuge from predation for small
fish (e.g. Hindell et al. 2000). However, some studies,
particularly those in salt marsh habitats, emphasized
the refuge value and questioned the food resources
available to fish in driving the use of these habitats
(e.g. Boesch & Turner 1984). Furthermore, the level
of protection provided by aquatic macrophytes is
linked to the structural complexity of the particular
habitat (Stoner 1983, Adams et al. 2004), so not all
potential fish nursery habitats are equal in this
regard.

Some studies have emphasized that reduced pre-
dation on early juvenile marine fish in littoral vege-
tated habitats may even be a function of the high
densities and biomass of invertebrate prey available
for large predatory fishes in these habitats (Hampel
et al. 2005). In the same way that small fish attempt to
escape large piscivorous fish in littoral nursery areas
by moving towards the shore, some mobile inverte-
brates attempt to escape small predatory fish by
moving into very shallow water (Clark et al. 2003).

Perhaps the most convincing evidence of the
refuge function of littoral estuarine macrophyte habi-
tats for fishes comes from experimental data. A labo-
ratory study on the responses of small and large fish
to the introduction of predatory fish showed that in
the absence of a piscivorous species, all fish size
classes occurred both within and outside the man-
grove habitat. However, the behaviour of small indi-
viduals changed when a piscivore was introduced to
the tank — the small fish then retreated to the shelter
provided by the mangroves, whereas the larger indi-
viduals did not (Laegdsgaard & Johnson 2001).

Field evidence of refuge function is provided by
the study of Rooker et al. (1998), who showed that
mortality of newly settled red drum Sciaenops ocella-
tus postlarvae was significantly higher in non-vege-
tated compared to vegetated estuarine habitats. Fur-
ther support of the protection offered to these
juvenile fish by littoral macrophytes was demon-
strated by Stunz et al. (2002), who determined that
the highest densities of juvenile S. ocellatus were
associated with seagrass (Halodule wrightii) mead-
ows, and that when this particular habitat was
absent, the red drum occupied the edge of salt marsh
(Spartina alterniflora) habitats.

An innovative field experiment using artificial
mangrove units (AMUs) was conducted by Nagel-
kerken & Faunce (2008). They showed that fish
assemblages associated with AMUs collapsed when
these structures were removed from a sheltered
embayment site, thus emphasizing the protective
nature of this structure to small fish. In the context of
food versus protection provided to fish by littoral
plant habitats, it is noteworthy that AMUs that were
colonised by various species of fouling algae at -
tracted a greater species richness and abundance of
juvenile fish than clean AMUs (Laegdsgaard & John-
son 2001). From the above experiments we can con-
clude that littoral estuarine macrophyte habitats pro-
vide both food and shelter for juvenile fishes, 2
important criteria in the definition of a nursery area.

3.4.  Habitat connectivity

In recent decades it has become increasingly
apparent that many fish species that use estuaries as
nursery areas move from one habitat type to another
and that these can range from littoral macrophyte
beds in estuaries for juvenile stages to coastal reefs
occupied by adults (Gillanders 1997, Gillanders et al.
2003). There is now an abundance of evidence that
coastal ichthyofauna can use habitat mosaics accord-
ing to species and stage of ontogenetic development,
all of which have major consequences for ecological
connectivity (Sheaves 2009). The connectivity be -
tween estuarine nursery areas and adult marine loca-
tions can be almost adjacent, as evidenced by the
Pagrus auratus (Sparidae) study of Gillanders (2002)
in the Sydney (Australia) region, which showed that
the spatial link between juvenile and adult popula-
tions was very close.

The location of aquatic macrophyte habitats, both
within and between estuaries, is very important to
the marine juvenile fishes that use these habitats
(Bell et al. 1988). A study by Irlandi & Crawford (1997)
showed that pinfish Lagodon rhomboides (Sparidae)
were more than twice as abundant in intertidal
marshes associated with adjacent subtidal seagrass
beds than in those marshes associated with unvege-
tated subtidal bottoms. Perhaps the most significant
finding of the above study was the fact that the L.
rhomboides associated with both intertidal and sub-
merged vegetation were 90% heavier than those
individuals that were held in enclosures with inter-
tidal vegetation and unvegetated subtidal bottoms.

Juveniles of certain fish species in estuaries also
move from one estuarine nursery habitat to another
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as they increase in size; for example, Sphyraena bar-
racuda (Sphyraenidae) in the Kosi estuarine system
move from shallow submerged macrophyte beds at a
length of between 20 and 80 mm to inundated Phrag-
mites beds between 80 and 300 mm, after which they
move into open water areas (Blaber 1982). These
habitat changes may be driven primarily by the
changing dietary requirements of the juvenile fish,
since a major influence in terms of nursery function is
the fish food resources associated with these differ-
ent habitats (Heck et al. 1995, França et al. 2009).
Indeed, food quality and quantity in estuarine habi-
tats has a major bearing on fish species richness and
abundance within these nursery areas (Sogard &
Able 1991, Able 1999). However, juveniles of many
species also have the ability to modify their diet
according to the available food resources within a
particular nursery area (Sheaves et al. 2014), with
this dietary plasticity providing options for nursery
occupation.

3.5.  Estuarine versus marine and riverine 
nursery areas

It is now widely accepted that most marine fish
species have exclusively marine nurseries, a few
have estuarine nurseries and some have a combina-
tion of both. Whitfield & Pattrick (2015) demonstrated
very clearly that the juveniles of most coastal marine
species in the Algoa Bay region (South Africa) have
nursery areas that may be located in either estuaries
or the sea. Only Diplodus capensis (Sparidae) and
Chelon richardsonii (Mugilidae) appeared to be well
represented in both marine and estuarine nursery
habitats. However, as a generalisation, the top domi-
nant juveniles occupying estuaries (Rhabdosargus
holubi, Chelon dumerili), subtidal sandy beaches (D.
capensis, Lithognathus mormyrus), subtidal estuary
mouth regions (Pomadasys olivaceus, Engraulis
capensis), intertidal rock pools (Clinus superciliosus,
Chirodactylus brachydactylus) and subtidal rocky
gulleys (C. brachydactylus, Sarpa salpa) were de -
rived from different marine fish assemblages (Whit-
field & Pattrick 2015).

Although anadromous fish species such as certain
salmonids use estuaries as nursery areas in their
early juvenile stages, the bulk of the life cycle of
these taxa is spent in the marine environment. For
example, chum salmon Oncorhynchus keta are
abundant in British Columbia (Canada) estuaries for
2 mo in early spring, coho salmon O. kisutch for 2 mo
in late spring and Chinook salmon O. tshawytscha

throughout the spring, summer and autumn (Healey
1982). Evidence from Oregon (USA) estuaries sug-
gests that density-dependent mechanisms come into
play to induce the movement of 0+ O. tshawytscha
from estuaries to nearby surf zones, which can act as
an alternative nursery habitat for these individuals
(Marin Jarrin & Miller 2013).

Completely estuarine resident species are totally
dependent on estuaries as their primary nursery
area, and some of them are likely to lose eggs and
larvae if they are washed out to sea (Strydom et al.
2002). From a piscivorous predator perspective, these
small species are either pelagic (e.g. Clupeidae) or
benthic (e.g. Gobiidae) and, because of the very
small size as juveniles, may even escape fish and bird
predation during this life stage. However, as adults
these small species often constitute an important
component of the diet of large piscivorous fishes
(Whitfield & Blaber 1978a), but their r-evolutionary
life-history strategy and abundance in estuaries
allows for high levels of predation (Harrison & Whit-
field 2012).

Although pelagic fish eggs and larvae do not
appear to be consumed by large piscivorous fishes in
estuaries, these early life stages are vulnerable to
 jellyfish-induced mortality, especially where blooms
of these pelagic predatory cnidarians occur (Xian et
al. 2005, Pereira et al. 2014). Fish eggs in particular
are susceptible to capture and consumption by jelly-
fish (Marques et al. 2015), but juvenile fish do not
appear vulnerable to this predation pressure in estu-
aries (Wintzer et al. 2011). Since jellyfish seldom
occupy shallow marginal estuarine habitats during
feeding because of the risk of stranding, it can be
assumed that the impact of this source of predation
on littoral nursery areas is minimal.

Predation on indigenous juvenile fishes in estuar-
ies by alien fish species is poorly documented, but
the available data suggest that non-native piscivores
do prey on juvenile fish in the shallow waters of estu-
aries. Invasive striped bass Morone saxatilis, large-
mouth bass Micropterus salmoides and Sacramento
pikeminnow Ptychocheilius grandis have all been
recorded preying on native fishes in shallow estuar-
ine habitats of the Sacramento-San Joaquin Delta
(USA) (Nobriga & Frederick 2007). Similarly, M.
salmoides have been shown to be a major predator of
0+ juvenile freshwater mullet Pseudomyxus capensis
migrating from the Kowie Estuary (South Africa) into
river catchment nursery areas (Weyl & Lewis 2006,
Magoro et al. 2015).

The first proper assessment of estuarine association
categories for juvenile marine fishes entering estuar-
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ies was undertaken by Wallace et al. (1984a,b), with
the latest species updates for these associations pro-
vided by Whitfield (2019). Perhaps the strongest indi-
cation of the critical importance of estuarine nursery
areas to particular fish species was provided by a
series of studies that documented larval and early
juvenile recruitment into temporarily closed estuar-
ies via marine overwash events (Cowley et al. 2001,
Vivier & Cyrus 2001, Kemp & Froneman 2004, Twed-
dle & Froneman 2017). The individual fish participat-
ing in this type of estuary ingress risk everything in
order to reach their favoured nursery ground. This is
because most of the waves overwashing the sand
berm at the estuary mouth disappear into the sand
before reaching the actual estuary, resulting in the
mortality of all fish present in that particular wave
(Whitfield 2019).

4.  PISCIVORY IN ESTUARIES

4.1.  Fishes

A broad examination of the number of piscivorous
fish species in coastal marine waters versus estuaries
is best assessed by picking a specific section of coast
that is well studied and includes a number of estuar-
ies in the selected area. For the purposes of this
review, piscivorous species are defined as those taxa
whose diet consists mainly of fish.

Perhaps one of the most intensive series of studies
on the presence of piscivorous fish species in estuaries
and the adjacent marine environment is that con-
ducted by CSIRO scientists in northern Queensland
(Australia). Evidence from various estuaries and bays
in the Gulf of Carpentaria suggests that predation is
less inside large open estuaries (mostly turbid) than
outside. For example, there are more piscivores in Al-
batross Bay, into which the Embley Estuary flows,
than in the estuary (Blaber et al. 1989). This is particu-
larly the case for certain piscivorous families such as
Carcharinidae, Sphyrnidae, Scombridae, Carangidae
and Sphyraenidae, which are seldom abundant in
smaller estuaries of the region or the upper reaches of
larger ones (Blaber et al. 1994). Specific examples of
piscivorous species that are abundant in coastal bays
of the region but do not enter the adjacent estuaries
are also described, e.g. the feeding biology of Caranx
bucculentus (Carangidae) in Albatross Bay but its ab-
sence from adjacent estuaries (Brewer et al. 1989).
The above findings support the contention that estu-
aries, and littoral estuarine areas in particular, pro -
vide an element of protection for juvenile fishes.

Similar declines in piscivorous fish species richness
between marine neritic and estuarine waters in
South Africa have also been recorded. A section of
the Eastern Cape Province coast was used by Whit-
field & Pattrick (2015) to examine marine fish nursery
use in that region. A total of 20 predominantly pisci -
vorous marine fish species have been recorded in the
neritic zone of this area, and 10 of these species have
been recorded entering adjacent estuaries on a regu-
lar basis. Based on this analysis, which is a propor-
tion likely to be reflected elsewhere on the subconti-
nent, estuaries are a safer place for the location of
fish nursery areas, but other factors such as food and
shelter would also need to be considered.

Many piscivorous fish species spend part of their
juvenile life stage preying predominantly on inverte-
brates before switching to piscivory (Juanes et al.
2002). Even those species that prey on fish at a very
young age do not necessarily prey on juvenile fish in
shallow littoral waters; for example, YOY bluefish
Pomatomus saltatrix prey mainly on small pelagic
fish species rather than juveniles of other estuary-
associated taxa (Juanes et al. 2001). In addition,
those small piscivores that can access shallow estuar-
ine littoral areas often prey on mysids, shrimps and
other epibenthic invertebrates (Cabral & Ohmert
2001). Furthermore, small predatory species in lit-
toral waters that occasionally consume fish (e.g. Gob-
iidae) also tend to have a diet dominated by inverte-
brates (Grossman et al. 1980, Contente et al. 2012,
D’Aguillo et al. 2014), thus limiting their predatory
impact on juvenile fish within this zone. If the small
size of all the above species located in shallow waters
is also taken into account, it is apparent that the
amount of fish consumed in these nursery areas is
limited.

Cannibalism in estuarine nursery areas has been
suggested as a source of mortality for young fish
(Henderson & Corps 1997). However, experimental
evidence (Bell et al. 1999) indicates that even pisci -
vorous fish species show a strong preference for their
natural fish prey rather than cannibalism. Indeed, in
the natural estuarine environment, age 0+ bluefish
showed a distinct preference for age 0+ anadromous
fish species as prey, and seldom consumed juveniles
of their own species (Juanes et al. 1993). The lack of
cannibalism of larval or early juveniles by larger
individuals of the same species within shallow estu-
arine nursery areas is noteworthy (e.g. Mugilidae;
Blaber 1977). However, the ingestion of conspecific
fish eggs by some fish species has been recorded
(Acha et al. 2002) and is especially prevalent among
several pelagic filter-feeding taxa (Bailey & Houde
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1989). In this regard, many zooplanktivorous clu-
peids and engraulids, upon which large piscivorous
fishes in estuaries usually prey (Whitfield & Blaber
1978a), are often confined to pelagic or offshore estu-
arine waters (Blaber 1979) and tend to avoid shallow
marginal habitats within these systems (Whitfield
1977).

When focusing on a particular estuarine system, in
this case the largest estuarine lake in Africa, we are
fortunate in having a detailed analysis of piscivory
within this system (Whitfield 1977). The diet of all
piscivorous fish species within the lake was assessed
(Whitfield & Blaber 1978a), and the 2 dominant pisci-
vores in terms of numbers and biomass were Argyro-
somus japonicus and Elops machnata. Both these
species preyed mainly on pelagic zooplanktivorous
fish species and did not consume juvenile marine fish
species that were abundant in shallow littoral waters
surrounding the lake (Whitfield 1977).

4.2.  Birds

Piscivorous birds have been almost completely ig -
nored by scientists as a factor influencing predation
pressures on fishes in estuaries. Detailed studies of
the avifaunal component in relation to fishes in estu-
aries is globally limited, with the most detailed and
comprehensive studies having been conducted in
South Africa (Whitfield & Blaber 1978c, 1979a,b,
Whitfield & Cyrus 1978, Berruti 1983, Jackson 1984,
Froneman et al. 2011, Cowley et al. 2017, Hean et al.
2017).

Based upon a detailed bird predation study in the
estuarine Lake St Lucia (Whitfield & Blaber 1978c,
1979a,b), the major piscivorous birds were divided
into 3 major categories, namely wading (egrets and
herons), swimming (cormorants and pelicans) and
diving (kingfishers, terns and fish eagles). Littoral
estuarine nursery areas were impacted mainly by
egrets, herons and kingfishers. The fish species tar-
geted by these birds were predominantly juveniles of
the freshwater cichlid Oreochromis mossambicus
and, to a lesser extent, juveniles of the marine fami-
lies Mugilidae and Sparidae (Whitfield & Blaber
1978c, 1979a). The size of the fish consumed by the
egrets and herons increased with increasing water
depth and distance from the shore and was related to
the tarsometatarsal length and bill sizes of these
wading birds (Whitfield & Blaber 1979a). The fact
that juvenile fish consumed by birds in the St Lucia
littoral were also the most abundant species sampled
by seine netting in the same area (Whitfield 1977) is

noteworthy and supports the contention by Dias et al.
(2012) that birds can be good indicators of fish
assemblages in estuaries.

There is evidence that piscivorous birds can exert
considerable pressure on the survival of certain tar-
get species in shallow coastal waters. For example,
conservative estimates of juvenile flatfish consump-
tion by great cormorant Phalacrocorax carbo associ-
ated with the Dutch Wadden Sea coastline amounted
to more than 12 million 0-group plaice Pleuronectes
platessa, 9 million dab Limanda limanda, 5 million
flounder Platichthys flesus and 0.3 million sole Solea
solea (Leopold et al. 1998). Consequently, declines in
the littoral abundance of juvenile flatfish in this
region would be expected to have a major negative
impact on piscivorous birds in the area (van der Veer
et al. 2011).

The only published comparison between fish and
bird predation on fishes in an estuary is that of Cow-
ley et al. (2017) in the small East Kleinemonde Estu-
ary. These authors calculated that piscivorous fish
consumed approximately 700 kg of fish annually
from this 17.5 ha temporarily closed estuary, whereas
piscivorous birds consumed a maximum of 9800 kg
in the same year. Clearly, bird predation in this sys-
tem is considerably greater than fish predation and
amounted to a maximum of 25% of total fish produc-
tion (Cowley & Whitfield 2002) over the same period
(Cowley et al. 2017). This estimated consumption of
fish by birds may actually have been lower because
the assumption was made that the entire diet of the
avifauna comprised fish, which is unlikely to be the
case for all the assessed bird species. Nevertheless, it
would appear that piscivorous birds are a major mor-
tality factor for small fish in the East Kleinemonde
and Riet estuaries (Froneman et al. 2011), a propor-
tion of which will be juveniles from the littoral zone
of these systems.

Average daily piscivorous bird biomass in the large
St Lucia lake system, which accounts for approxi-
mately 50% of the estuarine area in South Africa, was
estimated at 8539 kg (Berruti 1983). Using the Nagy
(2001) equation, which estimates food consumption
based on the mass of each bird species, resulted in a
mean daily consumption rate of 123 kg or 44 895 kg
yr−1. Using estuarine fish productivity estimates from
Whitfield (2016), this consumption amounted to ap-
proximately 0.43% of the estimated annual fish pro-
duction in the lake (Cowley et al. 2017). Clearly, this
mortality rate would not impact negatively on the fish
nursery function of the St Lucia system.

A very important study relating to simultaneous
fish and bird predation was that conducted by Crow-
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der et al. (1997). They hypothesized that because
juvenile spot Leiostomus xanthurus move into shal-
low water to escape predation by southern flounder
Paralichthys lethostigma, these small fish would then
be more vulnerable to avian predators along the mar-
gins of an estuary. However, the field experiments by
Crowder et al. (1997) showed that overall predation
by both piscivorous sources on this fish species was
less than what would be expected and that this was
due to the spot juveniles aggregating into tight
shoals in response to the flounder pressures, thus
limiting bird predator success.

One of the aspects that may assist in reducing fish
mortalities arising from piscivorous birds foraging in
estuaries is the structural habitat complexity in the
littoral zone of many estuaries. The presence of
dense stands of submerged macrophytes, mangroves
or reed beds around the margins of estuaries can
serve as a refuge from bird predation for small fishes.
In contrast, open shorelines that are a favoured for-
aging area for wading birds such as egrets and
herons do not provide small fish with structural pro-
tection from avian predation, although elevated tur-
bidity levels on open shores may provide some pro-
tective function. Unfortunately, little or no research
has been published to highlight the different shelter
opportunities for juvenile fishes attempting to avoid
piscivorous birds in littoral estuarine waters.

5.  CONCLUSIONS AND FINAL COMMENTS

This review addressed only one aspect of the suite
of drivers that determine the value of littoral estuar-
ine nursery areas. Hopefully, the reader can now
reach a more informed assessment of the true value
of shallow sheltered estuarine waters to small juve-
nile fish from a predation perspective. In general,
piscivory in the South African estuarine littoral (<1 m
depth) appears to be considerably less than in deeper
channel or offshore estuarine waters. However, this
conclusion differs from the situation in the littoral of
selected Australian estuaries, where the juveniles of
piscivorous species, small adult piscivores and even
large predatory fishes are present. Nevertheless,
there is some evidence from both Australia (Gulf of
Carpentaria) and South Africa (Algoa Bay region)
that the number of piscivorous fish taxa in estuaries
is considerably less than the species richness occur-
ring in adjacent marine systems.

Bird predation is a factor that has been largely
ignored in previous assessments of fish mortalities in
relation to the nursery function of estuaries. Based on

examples from South African systems in particular,
this source of mortality can be significant in certain
types and sizes of estuaries. However, where com-
plex submerged or emergent plant habitats are pres-
ent, these structures can potentially provide some
form of protection for juvenile fish from both piscivo-
rous fish and birds associated with these systems.
Thus, when the predation component is viewed in its
entirety, the fish nursery function paradigm for estu-
arine littoral areas is deemed to be valid.
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