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Foraging responses of stilts (Himantopus spp.: Aves)
to changes in behaviour and abundance of their riverbed prey

RAYMOND J. PIERCE*
Department of Zoology
University of Otago
P. O. Box 56, Dunedin
New Zealand

Abstract Riverbed foraging by pied stilts
(Himantopus h. leucocephalus) and the endangered
black stilt (H. novaezealandiae) was studied in the
Cass River Valley, South Island, New Zealand. The
staple riverbed diet of both species was aquatic lar-
vae of Deleatidium spp. (Ephemeroptera), usually
captured by pecking. When the larvae were inac-
tive and hidden from view, particularly when the
water temperature was below 5°C, black stilts used
the non-visual methods of probing or raking in the
gravel to find food. Pied stilts did not use non-visual
methods and so were forced to feed at a low rate
or move to other temporarily more profitable hab-
itats. Black stilts foraged mainly at the riffles where
prey was most abundant, whereas pied stilts for-
aged mainly at pools where prey was less common
but more easily seen. During the emergence drift
of Deleatidium, both species of stilts switched from
feeding on larvae to feeding on drifting subimagines.

Keywords Himantopus h. leucocephalus; H.
novaezealandiae; foraging responses; riverbed;
mayfly; Deleatidium; prey behaviour; stilts; food

INTRODUCTION

New Zealand has probably experienced two inva-
sions of stilts, the first giving rise to the endemic
black stilt (Himantopus novaezealandiae), and the
second to the pied stilt (H. h. leucocephalus) which
invaded from Australia in comparatively recent
times (Fleming 1979, 1982). The black stilt is larger-
bodied, has longer bill, wings, and tail, has shorter
tarsi, and has more variable plumage than the pied
stilt (Pierce 1984b). Pied stilts greatly increased in

Received 27 November 1984; accepted 4 July 1985
*Present address: P. O. Box 69, Lake Tekapo, South
Island, New Zealand

numbers during the late 19th and early 20th cen-
turies and currently they occupy a wide variety of
wetland types throughout New Zealand (Pierce
1984a). Black stilts, however, adapted poorly to
man-induced changes in the environment and
declined during the same period in which pied stilts
increased. Since the 1960s, breeding by black stilts
has been confined to the Upper Waitaki River Basin
in the central South Island and recent counts indi-
cate a total population of less than 100 birds (Pierce
1984a). Stilts occur in a variety of wetland types,
and use many feeding styles to prey mainly on
invertebrate food.

The early literature, e.g., Potts (1872), Buller
(1888), and Stead (1932), suggests that black stilts
were primarily birds of shingle riverbeds, a pref-
erence which continues in the now remnant popu-
lation (Pierce 1982, 1983; Robertson et al. 1983).
Shingle riverbeds are a newly-encountered habitat
for pied stilts, because in Australia this type of
riverbed is rare. In this paper the foraging strategies
of pied and black stilts on a high country riverbed
are compared, and the responses of each to changes
in prey abundance and availability examined.

STUDY SITES

The study was carried out from July 1977 to Feb-
ruary 1980 mainly at Cass River (43°52'S,
170°29'E) which enters the western side of Lake
Tekapo at 710 m a.s.l. in the central South Island,
New Zealand (Fig. 1). The Cass River is in a gla-
ciated valley — broad and flanked by steep moun-
tains for most of its length. The river is braided
and, in the lower reaches, fans out to form a wide
delta flanked by tussock (Festuca) grassland with
several small ponds. The shingle bed of the river
is dominated on a weight basis by gravels (Mosely
1982). Melting snow and ice contribute to high river
flows (usually 10-20 m3 s ') from October to March,
although floods can occur in any month. Mean
annual flow of the Cass River is c. 8m's" ' (Min-
istry of Works and Development, pers. comm.).

The level of Lake Tekapo has been controlled
artificially for hydro-electric power since 1954.
During this study, the lake level was high in late
summer and autumn, but dropped markedly in
winter and early spring to expose flats of gravel,
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km

Fig. 1 Location of study area
(arrowed); Cass River, South
Island, New Zealand.

sand, and silt at the river mouth. Extensive silt was
present in the two years of frequent flooding (1978,
1979). Other parts of the lake have mainly steep
and bouldery shores, unsuitable for foraging stilts.

Several small, physically stable streams up to 6 m
wide, flow parallel to the river for a total of 16 km
before entering the river or lake. The main bed
materials of these streams are gravels except in
some pools which have muddy beds. Unlike the
main riverbed, the stream beds support many
aquatic plants including Glycera fluitans and Myo-
sotis sp., and growing on the stream banks are vari-
ous herbs and mat plants.

At the Lake Tekapo Meteorological Station,
15 km south of the study area, mean daily tem-
peratures average less than 3.5°C in winter (June-
August), compared with an average of 15.3°C in
January and February. The daily range of temper-
atures can be as much as 25°C, particularly on calm

sunny days. Annual precipitation is about 70 mm
on the delta of the Cass River, but exceeds
4000 mm at the head of the valley (O'Connor 1975).

Black stilts are resident in the Cass River with
3-19 (usually 8-12) birds present throughout the
study. Pied stilts are seasonal visitors. They gener-
ally begin to arrive in August (to breed), peak in
November-December (about 100 birds), and depart
from December-March (Pierce 1983).

MATERIALS AND METHODS

Observations were made with 8 X 40 binoculars at
ranges of up to 50 m and with a X13-40 telescope
at ranges 50-100 m. A time unit of 30 s was used
for all analyses of foraging behaviour. In each 30 s
period, for one bird, the subhabitat frequented (rif-
fle or pool) and the number of occurrences of each
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Fig. 2 Mean numbers of invertebrates taken in samples
from Cass River 1977-80. Standard errors were usually
less than 10% of the mean. 'Others' include caddisfly
pupae, Aoteapsyche, Hydrobiosis, Pycnocentrodes, Sten-
operla, Aucklandobius, Chironomidae, Tipulidae, Dip-
teran sp., Australosimulium, Lancetes, Galaxias,
Oligochaeta, Hydracarinid sp.

feeding action (surface, subsurface peck, probe) were
recorded by using digital counters mounted on a
board. Six counters were used to enable separate
recording of successful (swallowing seen) and
unsuccessful (no swallowing seen) actions. In this
way food source, feeding rate, and success rate were
recorded concurrently. During swallowing the stilt
thrust its head and neck backwards and this action
was conspicuous to the observer.

The nature of the diet was established by obser-
vations, faecal analyses, and autopsies of pied stilts
(Pierce 1982). Seasonal variations in prey size and
abundance were examined monthly at the river
mouth and in Cass River, and every second month
in the side streams of the river delta. All samples
were taken between 1100 and 1500 h in the middle
of the month. Eight samples of benthic animals were
taken with a Surber Sampler (area 0.065 m2) whose
attached nylon net (0.85 X 0.85 mm aperture size)
retained all but the smaller instar larvae. One sam-

ple was taken randomly from each of four riffles
and from four pools. The samples were taken in
water c. 100 mm deep, and I worked in an up
stream direction. The samples were hand-sorted and
all animals identified and measured.

The activity of aquatic invertebrates was recorded
under different light conditions and water temper-
atures on 20 days from August to October. 1 counted
the number of individuals visible during 30 s in an
area of 0.25 m2 (the boundaries of which had pre-
viously been marked out with pegs and string). Ten
replicate counts were made from a motionless
position 0.25 m above the water surface taking care
not to cast a shadow across the count area. The
contrast between the dark exoskeleton and the pale
stones, made the larvae easy to see. Daily and
seasonal patterns of invertebrate drift and adult
emergence were recorded by using two Cushing
samplers and an emergence trap. Each Cushing
sampler had an entrance 145 mm in width and ter-
minated in a net of 1.4 mm aperture size which
collected all adult mayflies. The samplers were
placed in water c. 100 mm deep, with their
entrances submerged c. 30 mm to ensure that all
surface-drifting animals were caught. The emerg-
ence trap covered an area of 0.5 m2 of riverbed.
The samplers and emergence trap were checked
after 24 h on 37 and 14 days respectively. On days
of emergence, I checked and cleared the samplers
at hourly intervals.

RESULTS

Prey species
Stilts preyed on at least 17 taxa of riverbed animals
but Deleatidium was the most important. Based on
faecal analyses, Deleatidium comprised 85, 35, and
50% of the numbers of prey items in the river,
streams, and river mouth respectively (Pierce 1982).
The Deleatidium //////-group accounted for over 90%
of the numbers of river invertebrates at all times
(Fig. 2), and in the streams Deleatidium (mostly D.
myzobranchia-group) accounted for an average of
32% of the riffle invertebrate fauna and 19% of the
pool fauna (Fig. 3). Peak densities of Deleatidium
occurred in the Cass River and at the river mouth
in 1977 during a period of low and steady flows
(10m3s - ') which stabilised the bed. In 1978 and
1979 repeated flooding depleted the mayfly popu-
lation in the river causing pied and black stilts,
wrybills (Anarhynchus frontalis), black-billed gulls
(Lams bulleri), and black-fronted terns (Sterna
albostriata) to feed and/or nest more heavily in
other habitats (swamps, ponds, and streams) else-
where in the valley (Pierce 1983). In contrast, the
streams provided consistently high densities of
Deleatidium and other prey throughout each year.
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Fig. 3 Mean numbers of inver-
tebrates taken in samples from the
sidestreams, Cass River Delta
1977-80. Standard errors were
usually less than 15% of the mean.
'Others' include Nesamaletus,
Hydrobiosis, caddisfly pupae,
Aucklandobius, Stenoperla,
Chrionomidae, Austrosimulium,
Tipulidae, Diptera, Berosus,
Potamopyrgus, Oligochaeta, Gal-
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Only during floods of 80-120 m3 s~' in summer
1979-80 did the Cass River overflow its banks and
deplete the invertebrate fauna of the streams.

The adult emergence of D. HUH and D. myzo-
branchia occurred from August to April, with a
major peak from August to October (Fig. 4), con-
trasting with the summer-autumn emergence of
Deleatidium in a lowland Canterbury river (Win-
terbourn 1974) and near Auckland (Towns 1976).

Less common riverbed prey included a free-
living trichopteran Aoteapsyche sp., a cased tri-
chopteran Pycnocentrodes aureola, a mollusc Pota-
mopyrgus antipodarum, and small fish Galaxias
spp. Aoteapsyche occurred only in the streams where
the larvae inhabited protective shelters made of
small pebbles and detritus attached to the under-
side of stones. Pycnocentrodes occurred under
stones in the stream beds too, and as with Aotea-
psyche, was seldom seen on the open stream beds.

Potamopyrgus and Sigara arguata occurred com-
monly in some of the streams' pools. Galaxids
occurred mainly in the riffles of the river and
streams.

The effects of prey behaviour on the foraging
behaviour of stilts
Prey behaviour

Because Deleatidium was the only riverbed inver-
tebrate that was abundant, its behaviour was
potentially capable of modifying the feeding behav-
iour of stilts. In the Cass River Valley, Deleatidium
larvae clung to the undersurface of submerged
stones for much of the day and thus were hidden
from the view of stilts. The diel activity of the lar-
vae centred around an apparent negative photo-
taxis: they were most active when the sun was less
than 20° to the horizontal, that is, in early morning
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Fig. 4 Patterns of seasonal •
emergence in Deleatidium, Cass a 60
River, 1977-78. Daily totals of ~°
subimagines caught in a driftg
sampler (•) and in an emergence
trap (O).
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and evening. Thus, in the middle of sunny days
larval activity on top of stones was low, but if dense
cloud blocked out the sun, larvae began to appear
after 10-20 s. This behaviour was probably not part
of an endogenous rhythm, but was controlled by
lighting conditions. Modifying this behaviour was
the temperature of the water during spring; this
appeared to inhibit larval activity at temperatures
below 4-6°C. In winter, the combined effects of
these two environmental factors resulted in a low
level of visible larval activity during the entire
morning and early afternoon, and a high level of
activity in the late afternoon. Although sun angles
were sufficiently low to allow surface activity in the
early morning, the water temperature threshold had
not been reached. During spring, the morning
activity levels of Deleatidium increased and cor-
related positively and strongly with water temper-
ature (Fig. 5). However, even in spring, spells of
cold weather lowered the water temperature in the
early morning to below the threshold for activity.
Thus from late spring to autumn there were periods
of larval activity in the early morning and late
afternoon separated by a long period of compara-
tively little activity during the day. Exogeneous
control of diel periodicity in the drift of stream
invertebrates is well-documented (Holt & Waters
1967; Waters 1968; Muller 1974), but none have
shown dual control of periodicity.

Bird behaviour

When prey are abundant and readily available, stilts
feed for longer and have higher ingestion rates in
the early morning and late afternoon than in the

middle of the day (Budgeon 1977; Pierce 1982). At
times when alternative prey (aquatic or terrestrial)
were rare or inaccessible, the inaccessibility of
Deleatidium larvae in winter and early spring had
contrasting effects on the rate of food intake and
feeding behaviour of pied and black stilts. The
morning peak in food intake was not attained by
pied stilts, but was by black stilts (Fig. 6). The low
morning food intake of pied stilts was the result of
their inability to exploit the inactive larvae hidden
under stones. Over 95% of the feeding attempts of
pied stilts in lotic habitats were pecks (Fig. 7), the
success of which depended on prey being visible.
These visible prey were mainly drifting inverte-
brates which were at a very low density. To increase
the rate of encounters with prey, pied stilts had
search rates, of up to 55 steps per 30 s (X = 44.5
per 30 s, n = 65 min), compared with a mean of
16 steps per 30 s (n = 42 min) for black stilts. Pied
stilts were unable to maintain a steady rate of food
intake, however. On clear frosty mornings the
ingestion rate of pied stilts sometimes rose tem-
porarily about 0930 h, probably as a result of a
temporary increase in the numbers of drifting
invertebrates at the river mouth (Fig. 6). These
invertebrates may have been dislodged from the
beds and banks of small streams adjacent to the
river, because of increased flows following the
melting of ice which had formed overnight.

In contrast to pied stilts, black stilts were able to
exploit inactive Deleatidium larvae to the extent
that they specialised on hunting benthic prey
throughout the day (Fig. 7). These inactive larvae
were detected non-visually (probably by touch)
during the course of lateral probing, a method which
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Fig. 5 The relationship between visibility of Deleati-
dium larvae and A, water temperature on clear days, r =
0.970, P< 0.01, n = 20 and B, solar altitude when water
temperatures were greater than 10°C, r = 0.869, P < 0.01,
n = 28. In A all observations were carried out in ten-
minute periods before sunrise or after sunset. In B open
circles were when the sun was below the horizon. Each
point represents the mean often counts. All observations
were made at one pool, Cass River, August to October
1977.

also dislodged other larvae and brought them into
view for pecking. Lateral probes accounted for up
to 90% of bill actions but they never accounted for
more than 55-70% of the prey ingested. The
remaining 30-45% of prey were obtained by pecks
which constituted only 10-15% of bill actions.
However, over 50% of pecks (n = 1000) occurred
within 2 s of the completion of a lateral probe indi-
cating that disturbance of prey by probing contrib-
uted to the relatively high proportion of successful
pecks. No individual black stilt used one feeding
style (lateral probing or pecking) exclusively; all
used the two methods interchangeably.

07 08 09 10 12 13 14 15 16 17 18
Time of day (h)

Fig. 6 The effects of variations in prey activity on diur-
nal feeding rhythms Cass River mouth, averaged for three
days (3-5 August 1977). A, Daily food intake; B, Activity
of benthic invertebrates, number of larvae visible
(0.25 m 2 30 s~'); C, Invertebrates on or in the water col-
umn, number larvae drifting (15 cm river width 30 s ').
The vertical bars are the range of means for the three
days.

As water temperature, and therefore prey activ-
ity, increased during September and October, the
proportion of lateral probes by black stilts during
periods of low solar angles decreased linearly (Fig.
8B). Thus, as prey became more and more active,
probe feeding was no longer obligatory and was
gradually replaced by pecking. During the same
period, early morning prey intake by pied stilts
increased, and by early October, prey intake in the
early morning had become consistently higher than
that at noon (Fig. 8A).

During October the negative phototaxis of
Deleatidium became pronounced between 1000 and
1500 h, but black stilts used tactile feeding at those
times. However, the several pairs of pied stilts
nesting on the riverbed exhibited diel changes in
choice of feeding habitat (Fig. 9). These birds for-
aged on the riverbed in the early morning and late
afternoon when Deleatidium was most active. In
the middle of the day, however, they flew to ponds
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H. h. leucocephalus
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Fig. 7 Examples of feeding methods used by stilts at the
Cass River mouth, 3-5 August 1977. Bars represent the
average number of each feeding style used during 30 s.

up to 1.5 km away, and preyed on other inverte-
brates, e.g., Sigara arguata and Anisops sp., which
were most active at that time.

The success of the different feeding modes (visual
and non-visual) used by river-feeding pied and black
stilts, varied with feeding station (Table 1). The
visual feeding style of pied stilts was significantly
more successful in pools than it was in riffles where
visibility of prey was restricted by the turbulent
water. This occurred in spite of the lower density
of invertebrates in pools than in riffles. The non-
visual feeding style of black stilts was significantly
more successful in riffles than in glides. Inverte-
brate densities above 1500 m2 characterised most
stream riffles and were needed for probing to be
continued at a particular site. In pools, pied stilts
continued to feed at prey densities as low as
500 m-2.

23

The contrasting feeding styles of the two species
led to a spatial partitioning of lotic habitats. Con-
strained by its requirement for water with com-
paratively unbroken surfaces, the pied stilt foraged
mainly in pools or glides (Fig. 10). The preferred
feeding station of the black stilt was riffles because
of the high prey densities there, and the least
favoured feeding station (stream pools) had lowest
prey densities. This pattern was repeated on two
other rivers, the Godley and Ahuriri, where fewer
observations were made.

Feeding on drifting insects

The drift of invertebrates in rivers and streams
refers to their downstream transport in the currents
(Waters 1972; Muller 1974). 'Behavioural' drift
occurs regularly and may be photoperiodically con-
trolled whereas 'catastrophic' drift results from
physical disturbance such as flooding and conse-
quent bottom-scouring.

Behavioural drift

In the Cass River Valley, behavioural drift of
aquatic larvae occurred mainly at night, when stilts
did comparatively little feeding. However, emerg-
ing Deleatidium subimagines drifted during the day
with a peak at about 1400h. Emerging subima-
gines floated passively on the open water surface
for up to 30 s before shedding their exoskeletons
and flying off. During this time on the water sur-
face, they were conspicuous and sluggish and were
very easy prey for stilts. Individuals of both stilt
species stood at the upper end of the pools where
they faced upstream and waited for the subima-
gines to drift within easy pecking range. Back-
waters on the downstream end of riffles often had
concentrations of subimagines also, and were uti-
lised by stilts. Riffles were little used for emergence
feeding because of the turbulent water which would
have made recognition and catching of subima-
gines difficult. In addition, emerging larvae require
relatively calm water in which to moult and emerge
so that only the more placid riffles and pools are
suitable.

On days of high Deleatidium emergence in the
Cass River the switch to subimaginal feeding was
gradual at first with larvae and subimagines both
being preyed on early in the afternoon. However,
at the time of peak emergence (about 1400 h), both
species of stilts preyed on subimagines exclusively
(Fig. 11). During peak emergence, the ingestion rates
of pied and black stilts were significantly higher
(P<0.01) than the two one-hour periods, one on
each side of the emergence period.

As the rate of emergence declined in mid-after-
noon, stilts began searching for benthic prey at their
respective feeding stations (riffles, black stilts; pools,
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Fig. 8 Seasonal changes in feeding rhythms A, and feeding styles B, of stilts in
lotic habits. O, river mouth; • , river; A, streams.
1 Mean ingestion rate before sunrise divided by mean ingestion rate 1200-1300 h.
2 Expressed as % total feeding actions before sunrise.

Table 1 Success of different feeding styles of black and pied stilts, n = number of observations of
ten feeding attempts, s = mean number of successes per ten feeding attempts.

River riffles

River pools

Significance
between
riffles and pools

Stream riffles

Stream pools

Significance
between
riffles and pools

n
s
n
s

n
s
n
s

Pied
Peck

250
4.8
1050
6.7

/><0.01

280
5.8
610
6.6

iJ<0.01

stilt
Probe

20
3.0
31
3.1

P>0.\

15
3.3
12
3.4

P>0.01

Black
Peck

352
5.9
630
6.8

P<0.05

161
5.9
205
6.5

P>0.05

stilt
Probe

360
4.4
140
3.1

P<0.05

192
4.7
37

3.3

P<0.01

Significance
between the

species
(t-test)

Peck Probe

P<0.05 P<0.05

P>0.1 />>0.1

P>0.05 P<Q.05

P>0.01 P<0.01
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Fig. 9 Diel changes in habitat choice by pied stilts in
relation to prey availability, Cass River Delta, October
1977.
A, Feeding bouts (shaded) by single birds of an incubating
pair, 11 October 1977.
B, Prey visibility in pond and river per 0.25 m2 per 30 s,
10 October 1977.
C, Habitat choice on the lower 2 km of river delta, 10
October 1977.

pied stilts). In the sidestreams, the rate of emerg-
ence never reached the threshold for total switch-
ing to feeding on subimagines. Instead, both species
continued to feed mainly on benthic larvae of may-
flies and caddisflies, and drifting subimagines never
accounted for more than 30% of the total numbers
of prey ingested in any hour.

sH.

100

~ 0'

h.leucocephalus r- . novaezealandiae
River-mouth

HI
Ci978-t979 /

'//////A

t
i
i

1977 |

a>
c:

100n
River

0 ' y / / / / .

s. 100-1

oo

Streams

til
100n

Total Lotic

<D IsRiffles Pools Riffles Pools

Fig. 10 Feeding stations of stilts in lotic habitats. Graphs
drawn from combined data of all days of feeding obser-
vations 1977-79. The proportion of each habitat taken
up by the riffles was approximately 30% at the river mouth,
40% in the river, and 35% in the streams.

Catastrophic drift
The only prolonged period of catastrophic drift
during the study period, occurred in late October
and November 1977 when heavy rain and rapidly-
melting snow caused the Cass River to flood after
several months of consistently low flows. Small
stones in the beds of the channels were readily
moved about during the flood and contributed to
a very high invertebrate drift density throughout
the water column. Although water was very turbid,
larvae provided a superabundant supply of foods
for stilts, and both species congregated at the river.

Numbers of Deleatidium in the drift declined
during November 1977, and by 25 November drift
densities were only 10% of those found in early
November. This decline in drift contributed to a
decline in feeding rates over the same period, and
also to an exodus of stilts from the riverbed (Pierce
1982).
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H. h. leucocephalus H. novaezealandiae Fig. 11 Feeding responses of
stilts to the emergence drift of
Deleatidium, Cass River, 30 Sep-
tember 1977. The dotted line
indicates ingestion rates on a
cloudy day when there was no
mayfly emergence, 7 October
1977.

12 13 14 15 16 17 18 19 12 13 14 15 16 17 18 19
Time of day (h)

DISCUSSION

To maximise prey intake in patches of spatially or
temporally changing food supplies, a predator has
three options open to it. It can seek its usual prey
or alternative prey in another patch; it can alter its
diet in the existing patch; or, it can exploit the cur-
rent prey in the current patch, but feed at a differ-
ent intensity, e.g., by using different modes and by
feeding at different rates. The first of these alter-
natives (changing patches) was frequently used by
pied stilts which were opportunistic feeders, but no
similar pattern was found in black stilts. The second
and third alternatives can be tested by using the
model developed by Royama (1970) which
described the response of predators to spatial and
temporal variations in prey density. The model
combines three basic responses of predators to prey
density: 1, attack rate of a predator as a function
of prey density; 2, allocation of hunting effort
between areas of differing prey density; 3, mutual

interference in feeding as a function of predator
density. The model predicts that feeding rate will
follow a Holling (1959) type 2 feeding response, that
is rising at a decelerating rate to level off at some
high level of prey density; and below maximum
feeding rates, predators allocate more time and
therefore obtain more food, in areas where prey
density is greatest.

The first prediction of Royama's model — that
feeding rate follows a type 2 feeding response —
was readily testable for both species under different
rates of invertebrate drift, and for pied stilts under
different levels of larval activity. Both species
followed the prediction of the model, increasing
their capture rates during times of high rates of cat-
astrophic drift and emergence drift, to level off when
drift exceeded a limiting rate. Subimagines of D.
lillii averaged 0.9 times the weight of the largest
instar larvae and 1.9 times the average weight of
all larvae over 3 mm in length. Their high concen-
trations enabled stilts, particularly pied stilts, to
increase the biomass of food ingested per unit time.
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Energetic costs of locomotion in terrestrial verte-
brates increases linearly with average velocity
(Schmidt-Nielsen 1972). These costs were mini-
mised by both species, with individuals waiting for
prey to come to them, rather than vice versa as
when feeding on all other prey types. When feeding
on benthic prey, pied stilts showed a similar type
2 response in food intake, corresponding to changes
in the level of larval activity.

The second prediction — that predators spend
more time in areas where prey density is greatest
— was easily tested for both species, but with
necessary minor modifications to the prediction.
For pied stilts, prey activity, i.e., availability, was
equally as critical as prey density. Therefore to
apply the model to stilts, the second prediction
needed to be restated as '... predators spend more
time in areas where prey availability is greatest'.
For pied stilts, prey availability was highest in the
pools where prey were least common, but visible,
and the pools were their preferred foraging areas.
Black stilts, on the other hand, fitted the original
definition of spending'... more time in areas where
prey density is greatest'. Because of the feeding style
of black stilts the areas of 'high prey density' cor-
responded to areas of 'high prey availability'.

Natural selection is considered to have played a
major role in the evolution of foraging behaviour
of predators (Royama 1970; Goss-Custard 1977a).
The notion of'optimal foraging' has been applied
frequently in the literature to explain foraging
strategies. Clearly the most economic alternative in
terms of energy gains and losses for a benthos-feed-
ing predator in the Cass River Valley would be to
have flexible feeding styles including lateral prob-
ing. Problems associated with insect activity can be
seen as having imposed positive selection pressure
for this feeding strategy in black stilts since pre-
glacial times. During the last glaciation, larval inac-
cessibility is likely to have been at least as impor-
tant a factor in stilt feeding patterns as it is today.

In the present study it was observed that when
water temperatures were low, or sun angles high,
pied stilts had low feeding rates, high search rates,
a euryphagous diet, and switched frequently to other
prey and other habitats. Except for the high search
rate, these features indicate suboptimal foraging
according to many optimal foraging models (Emlen
1966; MacArthur & Pianka 1966; Schoener 1971;
Pulliam 1974). These models assume search speed
to be constant at all levels of prey availability, which
is not necessarily so. When available prey are scarce,
but conspicuous, e.g., invertebrates drifting at the
river mouth, it is possible that a predator (the pied
stilt) could increase its search speed to increase the
rate of prey encounters, as well as to increase the
chances of entering a path of higher prey availa-

bility. Variations in search speed have also been
reported for the redshank Tringa totanus which is
a wader of similar proportions to stilts and feeds
on small prey which fluctuate in availability (Goss-
Custard 1977b).

Feeding styles did not change in the presence or
absence of the other stilt species. Thus, pied stilts
did not forage more at riffles, nor use non-visual
feeding when black stilts were absent. Lateral prob-
ing was little used by pied stilts and then only in
shingle of less than 15 mm diameter. Some inter-
specific territoriality occurred with black stilts
excluding pied stilts from some areas. Because black
stilts were rare, there were large areas of riverbed
unoccupied by black stilts, but used to varying
degrees by pied stilts.

New Zealand is one of few areas where benthos-
feeding waders occur on shingle riverbeds or
streams. Along the Himalayan chain, many species
of Palearctic waders (especially Tringa spp.) utilise
riverbeds on migration (pers. obs.), but the ibisbill
(Ibidorhyncha struthersii) is the only benthos-feed-
ing species resident in that area. Its foraging pat-
terns are constrained by water temperatures too,
and, like the black stilt, it changes between visual
and non-visual feeding modes (Pierce 1986). In New
Zealand the wrybill breeds on shingle riverbeds, and
on two upland riverbeds, it was found to specialise
on benthic prey, especially Deleatidium in riffles
(Pierce 1979). Its sideways bent bill is adapted not
only for catching riverbed prey, but also small crus-
taceans on mudflats (Hay 1979). The long bills of
the ibisbill, wrybill, and black stilt enable increased
penetration beneath stones and into mud. Over long
periods these three species appear to have evolved
structural and behavioural adaptations to better
equip each of them for feeding in the potentially
difficult riverbed environment. The repeated
suboptimal foraging of pied stilts suggests that they
are not well adapted to feeding on shingle river-
beds, and is consistent with the view that they
colonised New Zealand in comparatively recent
times.
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