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Foraging Ecology of the Black-fronted Plover on Saline Lagoons
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Abstract.—

 

The conditions that determine habitat suitability for waterbirds on temporary wetlands in Australia
are poorly understood. This study describes the foraging behavior of the Black-fronted Plover (

 

Elseyornis melanops

 

)
on two shallow saline lagoons with variable water depths. When water levels were receding, areas were left exposed
around the periphery of the lagoons, which formed a succession from substrates still covered by water, to wet mud
with a surface layer of water, to moist firm mud and eventually to dry, hard mud. The plovers showed a strong pref-
erence for feeding in areas of moist, firm mud and their prey capture rates were highest in this substrate type. When
water levels rose following rainfall, previously exposed areas were partially flooded and the birds’ prey capture rates
fell significantly. Most abandoned the lagoon. The species was thus highly dependent on receding water levels to
provide suitable foraging conditions. 
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Many of Australia’s coastal and inland wet-
lands are temporary, filling after rainfall,
which may occur seasonally or less regularly,
and drying more or less rapidly thereafter as a
result of high evaporation rates. Hydrological
cycles of wetting and drying are important in
the maintenance of high productivity, through
the decomposition of exposed organic matter
and subsequent release of nutrients when
flooding occurs (Baldwin 1996; Mitchell and
Baldwin 1998; McComb and Qui 1998). Tem-
porary wetlands often support highly diverse
plant communities in the wet/dry ecotone,
which in the case of shallow wetlands may ex-
tend over much of their surface area. Howev-
er, many wetlands are also saline and high
salinity tends to suppress the growth of macro-
phytes, resulting in the development of open
mudflat areas (Brock and Casanova 1997).

The high productivity and structural di-
versity of these shallow, temporary wetlands is
reflected in the diverse and abundant com-
munities of waterbirds found on them (Ma-
her 1988; Maher and Braithwaite 1992;
Kingsford and Porter 1994; Kingsford 1995,
1998; Timms 1997). To exploit such wetlands,
most waterbirds are highly mobile and oppor-
tunistic, moving in to breed or feed when
conditions are suitable and leaving when they
become unsuitable (Burbridge and Fuller

1982; Crome 1986; Lane 1987; Briggs 1992).
However, little is known of the detailed habi-
tat requirements of each species, particularly
their requirements for feeding, and so, the
precise characteristics that determine habitat
suitability are poorly understood.

The Black-fronted Plover (

 

Elseyornis mela-
nops

 

) is a widespread and common Austra-
lian resident shorebird that forages and
breeds mainly around the margins of fresh-
water and saline wetlands (Pringle 1987).
This includes wetlands that dry completely
as well as those that have fluctuating water
levels, exposing variable amounts of sub-
strate. Its diet includes a wide variety of
aquatic invertebrates (Cleland 1911; Cleland

 

et al.

 

 1918; Barker and Vestens 1989; Schulz
and Kristensen 1990). Because of its wide-
spread distribution both geographically and
on different types of wetlands, it is a particu-
larly useful species to use for habitat prefer-
ence studies. This paper describes the Black-
fronted Plover’s foraging ecology on coastal
saline lagoon habitats in New South Wales,
and in particular, examines the effects of
fluctuating water levels on habitat suitability.
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The study area consisted of a complex of wetlands at
Homebush in the upper reaches of the Parramatta estu-
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ary, west of Sydney, New South Wales, Australia, and the
adjacent intertidal areas of the estuary. The wetlands
consisted of seven shallow, saline lagoons spread over 4
km, all of which had developed during the progressive
reclamation of intertidal areas of the estuary during the
first half of the 20th century (Clark and Benson 1988).
Most were bordered by strips of saltmarsh. The intertid-
al areas included all potentially suitable shorebird habi-
tat within 6 km either side of the lagoons. In total, this
encompassed 2.7 km of shoreline with predominantly
soft muddy substrata and 1.5 km with fine sand substra-
ta, all bordered by a narrow strip of mangrove. Tidal ex-
posure of these substrata averaged 6.5 h on spring tides,
and 5.0 h on neap tides.

Fine scale habitat preferences within the lagoon
habitat and other aspects of foraging behavior were
studied on two of the lagoons, Main Lagoon, Newington
(4.7 ha) and Mason’s Park Lagoon (1.8 ha). Both were
shallow (less than 18 cm at their deepest points) with
gently sloping edges, and usually had exposed areas of
mud and sand between the water’s edge and adjacent
saltmarsh. Water levels tended to fluctuate with varying
rainfall and evaporation so these margins were covered
and uncovered periodically and the extent of exposed
substrates varied considerably. Occasionally, this was
further complicated by the effects of wind, which
pushed water into or out of edge areas depending on its
strength and direction, again alternately exposing or
covering the littoral zones. All lagoons in the complex
had highly fluctuating salinities. On one, where salinity
measurements were taken regularly, concentrations var-
ied from 18‰ (hyposaline) following heavy rainfall to
41‰ (hypersaline) following lengthy periods of evapo-
ration (Cheng 1993).

M

 

ETHODS

 

Counts were made of the numbers of Black-fronted
Plover feeding at low tide throughout the whole of the
study area each month from November 1993 to August
1994 to assess changes in numbers and habitat prefer-
ences on a broad scale.

Detailed observations of habitat preferences and
foraging behavior were made at Main Lagoon from 21
to 24 June and 29 to 30 June 1994. For the earlier period,
water levels had fallen by 2-3 cm during the ten days prior
to the start of observations, exposing extensive areas of
substratum, and up to 25 Black-fronted Plovers fed in
the area. A corner of the lagoon, comprising 80 m
shoreline that could be observed from a concealed ob-
servation point, was selected for study (Fig. 1). The ex-
posed margin in this area was divided into two
categories from the edge of the saltmarsh outwards: 1)
moist, firm mud with no surface water and 2) soft, wet
mud with a surface film of water. The latter represented
areas that had been cleared by the falling water levels in
the days immediately before the study period whereas
the former were areas cleared at an earlier date but that
had not yet dried out. There were no areas of substrate
that had dried completely. Following completion of ob-
servations on the birds, these areas were surveyed and
mapped to calculate the extent of each. The adjacent
water in the lagoon was surveyed at two depth categories
of 1-13 mm and 14-26 mm, the maximum representing
the greatest depth in which the Black-fronted Plover was
seen to feed and equal to their tarsus length (Barter
1991). By 29 June, water levels had risen again by 3 cm

following rainfall and the areas that had been wet mud
during the earlier observation period had become com-
pleted flooded and those that had been firm, damp
mud had become soft, wet mud. It was therefore possi-
ble to compare the densities of birds and their prey cap-
ture behavior on both falling and rising water levels.

Similar conditions to those described above for the
drying phase at Main Lagoon occurred at Mason Park
Lagoon in early August 1994 with extensive areas of sub-
strate freshly exposed following falling water levels, over
which about 20 Black-fronted Plovers fed. A corner of
the lagoon, with a shoreline of 160 m and where most of
the plovers were feeding was selected for study and the
areas covered by the substrate types described above at
the Main Lagoon and water at different depths were
mapped.

Habitat preferences of Black-fronted Plovers on
both lagoons were determined by performing scan-sam-
pling of the entire study area at 30-minute intervals, and
counting all plovers feeding on each habitat type (moist
substrate, wet substrate and water). The birds did not
engage in any activity other than feeding at the study
sites. Densities of birds at each scan were calculated by
dividing numbers by the known extent of each habitat
available. At 15-minute intervals, the foraging depths of
all individuals feeding in water were recorded by com-
parison with the birds’ tarsus length (26 mm, Barter
1991). Peck rates and prey capture rates were recorded
for samples of birds selected randomly in each habitat.

Samples of 30 droppings were collected from the
exposed substrates at both lagoons during June and
August. No other birds fed in these areas and fresh
droppings were collected only immediately after the
plovers had been seen foraging, so there could be no
confusion with other species. Each dropping was exam-

Figure 1. Map of study area at Main Lagoon, showing
distribution of substrate types.
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ined under binocular microscope for identifiable re-
mains of prey items. Samples of substrate to depth of
2 cm were collected from each habitat type and exam-
ined to determine the taxa of invertebrates present.

It was planned to sample invertebrate densities in
each habitat type at Main Lagoon in the days immedi-
ately following the observations of foraging behavior.
However, the unexpected rainfall, which altered the na-
ture of the habitats, precluded this.
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Habitat Preferences

The Black-fronted Plover was never re-
corded feeding in any of the intertidal areas
of Refuge Bay, and occurred only in the la-
goon habitats. From November to February,
during the birds’ breeding season, the total
number recorded on all lagoons ranged
from one to four individuals. Numbers start-
ed to increase in March and from May to Au-
gust mean monthly numbers ranged from 21
to 31, but with a significant decline to only
seven during July (Fig. 2). They were record-
ed feeding on all of the lagoons, but oc-
curred most consistently and at highest
densities on Main Lagoon and Mason’s Park
Lagoon. Most often they were concentrated
in a single loose flock, feeding in the areas
where receding water levels had left freshly
exposed substrate.

In the observation periods on Main La-
goon and Mason’s Park Lagoon when water
levels were falling, the plovers foraged in all

the main habitat subdivisions available to
them around the lagoon edges: in shallow
water, on the soft, wet exposed mud and on
the moist, firm mud. However, areas of moist
firm mud were significantly preferred over
the other two habitat types on both lagoons.
The mean density of birds in this habitat was
over twice that on the wet mud and about ten
times that in water at Main Lagoon, with sim-
ilar differences at Mason’s Park Lagoon
(Main Lagoon: F

 

2, 21

 

 = 48.4, P < 0.001, Ma-
son’s Park Lagoon: F

 

2, 33

 

 = 128, P < 0.001, Fig.
3). Thus, they preferred the areas that had
been above the water level long enough for
most of the surface water to evaporate, leav-
ing the substrate firm but still moist. When
foraging in water, the birds waded in depths
up to 26 mm, equal to their tarsus length,
but their densities were significantly higher
below 13 mm than above (Main Lagoon: F

 

1,30

 

= 16.3, P < 0.001; Mason’s Park Lagoon: F

 

1, 46

 

= 64.4, P < 0.001, Fig. 4).
The mean number of plovers observed

per count in the sample area at Main Lagoon
from 21 to 24 June, when water levels were
falling, was 15.5 ± 0.6. By 29-30 June, when
water levels had risen by 3.0 cm, only three
birds were recorded feeding in the study
area. None of the littoral areas that were
formerly moist, firm mud, the preferred

Figure 2. Seasonal changes in the mean number of Black-
fronted Plovers in the wetland complex at Homebush.
Sample sizes are the number of surveys per month.

Figure 3. Comparisons of mean densities of Black-front-
ed Plovers feeding in the different substrate types at
Main Lagoon and Mason’s Park Lagoon.
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feeding habitat, remained in that condition.
Most of the area was flooded, but approxi-
mately 35 m

 

2

 

 of former moist, firm mud had
become wet mud with a thin patchy film of
surface water. The birds fed only on this lat-
ter habitat type.

Foraging Methods

The birds’ basic foraging method consist-
ed of visual scanning followed by a few steps
or a short, fast run, and peck at the substrate
or water surface. Their maximum probing
depth on exposed mud or sand was about 8
mm or half their bill length. When catching
prey in water, the birds pecked at the surface
and only rarely immersed the front of their
heads. The scanning phase was often accom-
panied by foot trembling in which one of the
tarsi was held forwards at roughly an angle of
45° and foot and tarsus vibrated rapidly. The
tips of the toes did not make contact with the
substrate but were held only 2-5 mm above.
Foot trembling was employed mostly by birds
foraging on moist, firm mud; those that fed
while wading did not use foot trembling at
all and those feeding on soft, wet mud did so
rarely (Fig. 5). These differences were not
the result of individual specialization as indi-
vidual birds were observed moving between

substrate types and changing their behavior
accordingly.

Prey Capture Rates

During the period of falling water levels,
the birds’ peck rates did not differ signifi-
cantly among habitat types on either the
Main Lagoon or Mason’s Park Lagoon. How-
ever, on both lagoons, peck success was
markedly higher on moist, firm mud than
elsewhere (Main Lagoon: 

 

χ

 

2
2

 

 = 33.1, P < 0.01;
Mason’s Park Lagoon: 

 

χ

 

2
2

 

 = 106, P < 0.01; Fig.
6) so that overall, prey capture rates were al-
so highest on the moist, firm mud habitat
type (Main Lagoon: F

 

2,93

 

 = 12.8, P < 0.001;
Mason’s Park Lagoon: F

 

2, 117

 

 = 29.3, P < 0.001;
Fig. 6). When feeding in water, peck rates de-
creased significantly with increasing water
depth on both lagoons.

 

 

 

At Main Lagoon,
mean prey capture rate at depths up to 13.0
mm was 15.8 ± 1.4/min (N = 24), compared
with 11.3 ± 1.0/min (N = 6) for depths be-
tween 13 and 26 mm (U = 142.0, P < 0.01).
Equivalent values for Mason’s Park were 11.1
± 0.2/min (N = 23) and 8.9 ± 0.2/min (N =
17), respectively (U = 80, P < 0.001).

Adult and immature birds cannot be dis-
tinguished on plumage characteristics at the
time of year of this study, so the differences
in habitat use and prey capture rates could

Figure 4. Comparisons of mean densities of Black-front-
ed Plovers feeding at different water depths at Main la-
goon and Mason’s Park Lagoon.

Figure 5. Frequency of foot-trembling in relation to sub-
strate type at Main Lagoon.
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not be attributed to differences between
adult and juvenile birds.

On Main Lagoon, at the end of June,
when water levels had risen compared to the
earlier observation period, the plovers’
mean peck rate when feeding on the only re-
maining exposed substrata was 17.6 ± 0.9/
min. (N = 52), their peck success was 56% (N
= 229) and their mean prey capture rate was
9.9 ± 0.7 items/min. (N = 52). Thus, their
prey capture rate had fallen to 46% of that
experienced on the moist substratum and
59% of that on the wet substratum before wa-
ter levels rose.

Diet

Thirty droppings were examined for prey
remains. All contained fragments of the ex-
oskeletons of larval and adult Diptera, other
pieces of insect exoskeleton that could not

be identified and ostracods (Crustacea). A
comprehensive identification of the Diptera
fragments was not made but the remains of
non-biting midges (Chironomidae) were
identified as the predominant items with
smaller quantities of mosquitoes.

The wet and moist substratum types both
had high densities of chironomid larva on
and just below the surface, and there were al-
so large numbers of dead adult chironomids
on the surface. No other major potential prey
types were evident. In the water there were
dead adult chironomids on the surface and
larvae on the bottom. There were small num-
bers of dead adult mosquitos on the surface
and a few mosquito larvae close to the surface.

D

 

ISCUSSION

 

The birds’ avoidance of intertidal estua-
rine habitats immediately adjacent to the sa-
line lagoons may have been a consequence
of the soft mud substrata, which would not
have been suitable for the birds’ preferred
foraging methods of scanning followed by
short, fast runs to pick up prey. The birds re-
stricted their foraging to the margins of the
saline lagoons and intertidal areas were not
a suitable alternative habitat when the la-
goons became unsuitable.

Within the narrow marginal zones of the
lagoons during the drying phase, the birds
showed a marked preference for the ex-
posed areas of substrate that were firm, but
still moist, compared with areas of wet soft
mud that retained a surface film of water,
and areas of shallow water. Their prey cap-
ture rates were significantly higher in this
than in the other habitats, so the birds were
choosing to feed in the most profitable ar-
eas. The concentration of foraging activity in
areas that provide the greatest food intake
rates has been reported previously for sever-
al species of shorebird (Goss-Custard 1970,
1977a, b; Goss-Custard 

 

et al.

 

 1977; Bryant
1979; Colwell and Landrum 1993), and is
consistent with the “aggregative response” of
Hassel and May (1974). The marginal areas
in which the birds fed were mostly less than
15 m wide and the preferred zone was rarely
wider than 5 m. This demonstrates that hab-

Figure 6. Comparisons of peck success and mean prey
capture rates of Black-fronted Plovers feeding on dif-
ferent substrate types at Main Lagoon and Mason’s Park
Lagoon.
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itat preferences can operate at a fine-scale
level and that apparently minor differences
in the nature of the habitat can have signifi-
cant effects on the birds.

The plovers fed predominantly on larvae
and adult midges, which were abundant
around the edges of the lagoons and to a less-
er extent on mosquitoes. The densities of
these prey types were not quantified so it was
not possible to compare bird densities direct-
ly with prey densities in the different habitat
types. However, the availability of the prey,
rather than simply its abundance, may have
been more important in determining the
birds’ foraging success and habitat selection.
Probably, the most significant factor affect-
ing availability was the ability of the prey to
evade capture. Midge larvae respond to the
approach of humans by retreating quickly in-
to burrows and mosquito larvae by moving
deeper into the water column. Presumably,
the response to avian predators is similar. It
might be predicted that such escape respons-
es would be most effective in water and in-
deed the birds’ capture success was lowest
when feeding in water and was related to wa-
ter depth. With increasing depth, insect prey
would have been more able to swim deeper
than the maximum depth to which the birds
could probe, and at the same time the speed
with which the birds could move through the
water in pursuit of prey was probably also re-
duced. Fluctuating water levels, such as those
observed on the study lagoons, resulted in
large numbers of insect larvae being left
within the substrata exposed by the receding
water. Larvae in such exposed sediment
would have been less able to make rapid es-
cape movements, and would have been more
readily caught. Presumably, larvae that were
at or near the surface of the firm, damp sub-
strate type would have been less able to
move, and escape predation, than those in
the substrate that still had the surface film of
water. Supporting this, the differences in the
birds’ prey capture rates between these habi-
tats resulted more from differences in the
success of their pecks rather than from the
rates at which pecks were made. When feed-
ing on firm substrates, the birds were also
able to run more rapidly, presumably giving

prey less time to respond. It is also possible
that there were more moribund prey on the
substrata that had been exposed longest.

The habitat conditions that the birds pre-
ferred, and in which they experienced the
highest food intake rates, were created by re-
ceding water levels. At the time of the study,
these were produced by evaporation, but in
such shallow lagoons, similar effects were al-
so observed to a lesser extent by wind moving
water away from the edges. Wind has been
shown to influence the extent of suitable for-
aging habitat for other species of waders in
similar habitat elsewhere (Verkuil

 

 

 

et al.

 

1993). After receding during several dry
days, water levels in the Main Lagoon rose
again following rainfall on a single day, and
much of the previously exposed area was
flooded again. The birds’ prey capture rate
on the resultant wet mud was greatly reduced
compared with capture rates when levels
were receding, and most left the lagoon. The
birds were not found on any of the adjacent
lagoons, whose water levels had also in-
creased. Several explanations are possible for
the reduced prey-capture rates, but the most
plausible probably involves changes in prey
abundance. The areas over which they fed
following flooding were at the extreme up-
per end of the shore. During drying of the
substrate associated with receding water lev-
els many of the aquatic invertebrates in this
area would either have died or entered rest-
ing stages. Immediately following flooding,
their densities in the newly inundated areas
were probably low and some time would have
been needed to build densities back to levels
that could be exploited profitably by the
birds. The availability to the birds of the re-
maining invertebrates may also have been re-
duced by their improved ability to escape
predation in the wetter substrates.

This study demonstrates the temporary
and unpredictable nature of suitable feeding
habitat for species such as the Black-fronted
Plover. A moderate rainfall rendered appar-
ently good quality habitat unsuitable within
less than a day. Periods following rainfall,
when wetlands reach their maximum extent
of flooding, are probably times of food short-
age for many shorebirds that feed on tempo-
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rary wetlands. Wetlands probably become
suitable only sometime after flooding and
particularly when water levels start to recede.
In response to such unpredictability, the
birds must be highly mobile, but whether
they move randomly in search of new feeding
areas or visit previously known alternatives is
unknown. Likewise, there is little information
on the distances they might travel, although
Lane (1987) suggested that movements of
Black-fronted Plover might be predominantly
local. It is possible that flocks might break up
when flooding occurs, with individuals or
pairs utilizing small patches of less good qual-
ity habitat dispersed over the local area until
conditions in better quality habitat recover.
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