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" .. probably the most puzzling group of bi~ds we have in New Zealand is 
that of the Stilt Plovers." (Buller 1875a). 
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ABSTRACT 

Stilts Himantopus are long-legged waders of the Order Charadriiformes, 

Family Recurvirostridae. Two species occur in New Zealand, the Black Stilt 

H. novaezeaZandiae and the Pied Stilt H. himantopus ZeucocephaZus~ each of 

which has resulted from separate invasions of Himantopus stock from 

Australia. The early-in~ading form turned wholly melanic and became mor

phologically distinct from the ancestral stock in Australia. This early 

form (the Black Stilt) was widespread and common in New Zealand until late 

in the nineteenth century, but its taxonomic status and relationships with 

the Pied Stilt were never satisfactorily established, In the twentieth 

century the Black Stilt became restricted in numbers and in range, and 

today it is very rare, being confined mainly to the Upper Waitaki River 

Valley. 

The aim of this study was to examine the present relationships of 

Pied and Black Stilts, particularly their ecological interactions. Field 

work was carried out from 1977 to 1980 mainly at Lake Tekapo where the 

two species overlapped in breeding range and where maximum sample sizes 

of Black Stilts could be obtained. The hypotheses proposed to account 

for the decline of the Black strlt were 1) competetive exclusion by the 

Pied Stilt, 2) introgressive hybridization with the Pied Stilt and 

3) the Black Stilt's inability to adapt to man-induced changes in the 

environment. 

To test these hypotheses I carried out studies of habitat utiliza

tion, and of feeding and nesting ecology of the two species. The feeding 

of Black Stilts was closely adapted to riverine habitats, whereas Pied 

Stilts utilized lentic habitats more heavily. Where individuals of the 
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two species were present at one locality, the Black Stilts were territor

ially dominant .. The breeding success of Black Stilts was significantly 

less than that of Pied Stilts, owing to the susceptibility of the former 

to predation by introduced mammals. Black Stilts nested on dry stream 

banks where the intensity of predation was very high. In addition, 

they were solitary nesters, had ineffective distraction displays, had a 

long fledgling period, and had an early start and often a late end to the 

breeding season, all of which increased their vulnerability. Pied Stilts 

exhibited opposite features, including nesting in very wet areas, 

particularly swamps, where reproductive success was high. 

The two species are not reproductively isolated, but hybridize, 

despite positive assortative mating. Hybrids are fertile and vigorous. 

Through 1ntrogressive hybridization the Pied Stilt population has gained 

much new genetic material, to the extent that its members are sub

specifically distinct from Pied Stilts in Australia, 

The decline of the Black Stilt has resulted from its inability to 

adapt to man-induced changes (particularly the introduction of predators), 

coupled with introgressive hybridization with the Pied Stilt. Without 

continued active management, particularly predator exclusion, the popula

tion of Black Stilts will decline further, and those remaining will 

eventually be absorbed into the large Pied Stilt population. 
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1. INTRODUCTION 

In New Zealand there are two species of Himantopus_, the Black 

Stilt H. novaezealandie · and the Pied Stilt H. himantopus leucocephalus 

which is a subspecies of the widespread Black-winged Stilt H. himantopus. 

The Black Stilt is endemic to New Zealand, but the range of the Pied 
/ 

Stilt extends to Australia, New Guinea, Java, Borneo, the Philippines 

and the Bismarck Archipelago (Frith 1969, Hamilton 1975). 

The taxonomic status of the Black Stilt has caused confusion in 

the literature for more than a century. Answers to the question of 

"What is a Black Stilt?" have included a "full species" (Potts 1869, 

Kinsky 1970), a "subspecies" (Gruson 1976), a "mutant form of the 

White-headed (Pied) Stilt" (Oliver 1930), and a "seasonally dimorphic 

species" (Buller .1882) • Since 1841 no less than ten specific names 

have been applied to New Zealand stilts in attempts to account for 

each of several commonly observed plumage types: mainly white birds 

with white collars; mainly white birds with black collars; birds 

with black flanks with or without black collars; and birds that were 

entirely black. By 1930 it was generally accepted that two stilt 

species occurred in New Zealand, the Pied Stilt with white underparts 

and the entirely black Black Stilt (Oliver 1930, Stead 1932). 

However, the occurrence of birds in intermediate plumage (black and 

white on the underparts) continued to cause confusion until the present 

day. The term "smudgy" (Stead 1932, Soper 1970, O.S.N.Z. Rec. Scheme) 

came to embra.ce all those birds that did not fit the known plumage 

types. 
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For many years stilts in intermediate plumage have been considered 

to be hybrids (e.g., Hutton and Drummond 1905, Oliver 1955), but the 

extent to which hybridization has occurred was unknown. Many species 

of birds have not attained complete reproductive isolation and hybridize 

with other species in zones of contact (Mayr 1963). Others maintain 

balanced polymorphisms within the species. The possibility of New 

Zealand stilts maintaining a polymorphism which ha~ more recently 

become a transitory polymorphism, was never suggested in the literature. 

By the polymorphism hypothesis,the decline· of the black morph could 

perhaps be accounted for by selection against it by recent man-induced 

changes in the environment. 

The question of whether hybridization.or polymorphism has been 

operating in New Zealand stilts has several implications. It will 

influence population dynamics and the genetic variability of the 

2 

populations if they are indeed separate populations. It will also have 

a very strong influence on a taxonomic decision made by the biologist. 

Thus, part of my study sought to evaluate temporal changes in morphology 

and behaviour of stilts by banding chicks of known 

observing them at later dates. 

parentage and 

The Black Stilt is currently one of the rarest species of birds 

in New Zealand (Mills and Williams 1978) and it is possibly the world's 

rarest member of the order Charadriiformes. Since the colonization of 

New Zealand by· Europeans in the eighteenth and nineteenth centuries, it 

has disappeared as a breeding bird from the entire North. Island and from 

most of the South Island. From 1960 to 1980 breeding by Black Stilts 

was confined to the Upper Waitaki River Basin of South Canterbury and 

North Otago, where several river valleys were occupied. 
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Despite its rareness the Black Stilt has received little attention 

from biol_ogists. Soper (1967 and 1970} observed several behavioural 

patterns of Black Stilts at nests in the Ahuriri River Valley, while 

aspects of feeding and social behaviour have recently been examined by 

students from the University of Canterbury (Budgeon 1977, Merton 1977, 

Dunbar 1978). During the 1970s also, the Wildlife Service undertook 

. annual winter counts. None of th_ese studies, however, examined the 

ecology of Black Stilts in depth, so that the questions surrounding the 

causes of the decline remained unanswered. An intensive field study 

was, therefore, necessary to attempt to isolate the vulnerable aspects 

of the ecology of Black Stilts. Once these were known, appropriate 

3 

management strategies could be implemented to attempt to save the species. 

Too often, the populations of New Zealand bird species have declined to 

critically low levels with the cause(s) not having been established. 

Pied Stilts, by contrast, are widespread and common in New Zealand, 

and they increased in numbers during the one hundred years that Black 

Stilts declined. In the Upper Waitaki River Basin the two species 

overlap:.in range and are potential competitors. The Gausian exclusion 

principle holds that no two taxa with similar ecology can coexist in the 

same area (Lack 1971). This raises the interesting questions of how 

similar is the ecology of the Pied Stilt to that of the Black stilt? 

What are their competitive interactions? Can they coexist indefinitely 

or is the Pied Stilt competitively superior and gradually eliminating 

the Black Stilt? To answer these questions it was necessary to have a 

clear understanding of the biology and especially the ecology of both 

the Pied and Black Stilt whe.re they occurred together. An 

ecological comparison of the. two species was therefore, the main goal 



) 

) 

) 

) 

of this study. Previous knowledge of the biology of the Pied Stilt 

in New Zealand was limited mainly to an unpublished Master of Science 

thesis pY Mcconkey (1971) who worked in swampland in the North Island. 

The concurrent changes jn population sizes of Pied and Black 

Stilts suggested that the former species possessed some form of 

competitive advantage over Black Stilts. I proposed three hypotheses 

to account for the decline .of Black Stilts: 

l. INTROGRESSIVE HYBRIDIZATION 

Pied Stilts had within the last few centuries arrived in New 

Zealand from Australia and were rapidly replacing the Black 

Stilt by introgressive hybridization. Multiple invasions of 

an ancestral form.are a feature of island systems, one type 

arriving and with time adapting to the new environment, 

followed by a further invasion much later (Mayr 1970. In 

New Zealand double invasions have been postulated to account 

for the occurrence of Pied and Black Stilts (Fleming 1962, 

Heather 1966). The hybridization hypothesis implies that the 

period of geographic is.olation of the two forms was not 

sufficiently long for reproductive isolation to evolve. When 

they eventually came into contact there was a total breakdown 

of isolating mechanisms, with the result that genes from the 

Black Stilt population were incorporated into the Pied Stilt 

population. 

4 
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2. COMPETITIVE EXCLUSION 

The Pied Stilt had within the last few centuries arrived in 

New Zealand from Australia and was rapidly replacing the Black 

Stilt by competitive exclusion. For a species to be a 

successful colonizer it needs to be either competitive or 

opportunistic to overcome the hazards of a new environment. 

This hypothesis implies that Pied Stilts are out-competing 

Black Stilts either by depleting some resource or by inter

fering during some activity, which lowers the reproductive 

success or fitness of Black Stilts. A likely avenue for 

competitive exclusion to occur would be for Pied Stilts to be 

territorially dominant over Black Stilts, which would reduce 

the area available to Black Stilts for finding food and nesting 

sites. 

3. INADAPTABILITY OF BLACK STILTS 

The decline of Black Stilts was man-induced, a result of the 

ecological changes which have occurred over the past one 

hundred and fifty years. The most important changes over 

this period have been large scale habitat destruction and the 

introduction of manunalian herbivores and carnivores (Mills and 

Williams 1978). This hypothesis required that Black Stilts 

be very susceptible to one or more of these changes, whereas 

Pied Stilts should possess adaptations to minimise their 

effects. 

5 
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With these hypotheses in mind, field work was carried out mainly 

in the Cass River Valley en the western side of Lake Tekapo at 750-850 

metres a.s.l. (Fig 1.1). This area was chosen not only because Pied 

and Black Stilts occurred there together, but also because Black Stilts 

were more common in the Cass River Valley than in any other area, 

enabling the largest possible sample sizes to be obtained. It also 

presented a comple~e range of habitats which stilts used in inland areas, 

which enabled study of habitat preference and interhabitat behavioural 

differences. Secondary study areas were located in the Godley River 

Valley north of Lake Tekapo, and at Lake Wainono which is a brackish, 

muddy-bottomed lagoon on the South Canterbury coast. The Godley River 

Valley supported nesting Pied and Black Stilts, while Lake Wainono was 

an important feeding area for Pied Stilts. Some additional data, 

mainly on plumages, were collected from many other localities in 

Canterbury and Otago. 

6 
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FIG 1.1 Location of study areas. 
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2. PLUMAGE AND MORPHOLOGY 

Introduction 

Morphological differences between Pied and Black Stilts have 

long been considered to amount to a longer bill and shorter tarsus in 

the Black Stilt (Buller 1888a) as well as its entirely black plumage. 

The extent to which these and othe.r morphological features differ, 

however, has never conclusively been shown. For example,Budgeon (1977) 

reported that bill length and tarsal length were not significantly 

different, although only a small sample was used. This chapter seeks 

to establish quantitatively the differences arid similarities between 

the two species and provides data to enable comparisons with other 

forms of Himantopus. 

Methods 

Plumage characters .:lnd the timing and duration of moult were 

observed for colour-banded immature birds or other "known birds". 

During the last two weeks of the flightless period, several juveniles 

were captured, and an individual combination of coloured plastic bands 

were placed on the tarsi of each bird. A numbered stainless steel 

band (size Y), issued by the New Zealand Wildlife Service, was also 

applied to one tarsus. Biometric data on adults were collected by 

trapping nesting birds using a wire-framed drop net with nylon netting. 

A horizontal nylon cord enabled the trap to be sprung by the bird as it 

settled at the nest. To avoid nest desertions, only nests in which 

young were hatching or about to hatch were used, and no trapping was 
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attempted at nests of Black Stilt pairs. Stilt skins were examined 

and measured at the Otago, Canterbury, National and Auckland Museums, 

using the procedures outlined by Heather (1966) ·• Equivalent measure-

ments were provided by the British, Australian and Bishop Museums, the 

National Museum of Victoria, the American Museum of Natural History, 

and the C.S. I.R.O. (Canberra). 

Results 

A. Moult 

Throughout its range Himantopus .himantopus moults twice annually, 

a complete post-nuptial moult and an incomplete pre-nuptial moult in 

which the remiges and rectrices are retained (Witherby et al. 1940, 

Hamilton 1975). 

At Lake Tekapo field observations and specimens examined indicated 

that the period of post-nuptial moult in Pied and ~lack Stilts extended 

from mid-December to early April. Moult sequence began with the body 

feathers, then scapulars and secondaries overlapping with the neck, head 

and primaries, the latter of which were the last to be replaced. In 

mid-January most individuals of both species were undergoing wing moult, 

but in late-nesting Black Stilts, the onset of moult was delayed by up 

to one month, by which time their young were flying or nearly so. Moult 

sequence of primaries was from the carpal joint outwards. 

The pre-nuptial moult of adult Pied and Black Stilts was studied 

in the field only, and the results cannot, therefore,· be considered 

definitive. Moulting adults were seen from July to September, peaking 

in August. 

9 



.i 

) 

) 

) 

The precise duration of the moult period was found for immature 

Black Stilts only, because they exhibited a marked cha_nge from one 

plumage type to the next (Section B). The first winter moult of Black 

Stilts (which corresp0nded to adult post-nuptial moult minus moult of 

the flight feathers) 3:asted 8 - 14 weeks per bird; it occurred during 

a slightly later period (late December to late April) than that of 

adults, with juveniles of a family party usually being later to moult 

than were their parents. There was, however, no relationship between 

the date of first flight and the date of onset of first winter moult. 

The second summer moult of immature Black Stilts (which 

corresponded to adult pre-nuptial moult) occurred from late June until 

October (usually late July to early October) , lasting 8 - 12 weeks per 

bird. The time of onset of first winter moult and second summer moult 

varied considerably between birds: even siblings sometimes had asyn

chronous moults with one bird beginning its second summer moult some 

three weeks ahead of its sibling and ending two weeks ahead of the same 

bird. 

B. Plumages 

Adult Pied Stilt: Adult plumage was gained in the second summer moult 

10 

at the age of 10 - 14 months, but in most birds some pale flecking was 

retained on the hind neck until the second winter maul t at 14 - 17 months. 

Plumage was mainly white with black hind neck, nape, mantle and wings 

(Fig 2. lI_. The hind neck, mantle and especially the wings had a greenish 

gloss particularly in the male. In most birds a narrow white mantle 

band, often with black mottli_ng, separated the black of the nape from 
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the black of the mantle. The demarcation line between black and 

white on the sides of the neck was very variable in both position and 

extent of mottling. Iris red; bill black; legs pink. The progeny, 

when mature, were similar to their parents. 

Adult Black Stilt: Adult plumage was gained in the second winter moult 

at the age of 14 - 17 months. Adults were entirely black (Fig 2.1) with 

a greenish gloss to the back, wings and hindneck, particularly in the 

male, and a brownish tint to the underparts. Iris crimson; bill black; 

legs pink-crimson. The progeny, when mature, were similar to th~ir 

parents. 

Juvenile Pied Stilt: At fledging, Pied Stilts had white forehead and 

forecrown, off-white to grey cheeks and grey over the eye. Most birds 

-, 
had a grey or dark grey hind crown, paling to light grey on the nape and 

___--,-,-//hind neck and forepart of the mantle. Exceptional birds had no dark 

markings anterior to the mantle. The hind mantle and wings were 

greyish black with pale grey to buff edges to the feather-tips, giving 

a spotted appearance. Rump and upper- and mid-tail were off-white, 

~ 

while a terminal band of grey or greyish brown was usually present and 

extended O. 5 - 3 cm up the tail. Underparts were completely white 

except for a terminal band to the tail. Two to four weeks after 

fledging the pale edges to the wing and back feathers were lost leaving 

those parts uniform greyish black. Iris brownish; bill greyish black 

with fleshy pink base; legs pale pink. 

Juvenile Black Stilt: At fledging mainly dark above and white below. 

The forehead was white and the cheeks grey. The crown was dark grey to 

greyish black usually extending in a paler vertical band to and encircling 
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FIG 2.1 Adult Stilts 

Pied Stilt (above), Black Stilt (below) 
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the eye (Fig 2. 2). The hind crown and nape were off-white with 

variable amounts of grey flecking, becoming more continuous grey on 

the hind neck and anterior part of the mantle (Fig 2.2). The wings 

and hind part of the mantle were smooth greyish black with variable 

greenish gloss, lacking the pale edges to_ the feather tips of Pied 

Stilt juveniles. The rump and tail were white, with a broad (2-5 cm) 

dark grey terminal band on the tail. The entire underparts.were white 

except for the dark grey terminal band.to the tail. Iris brownish, 

bill greyish black with a fleshy pink base; legs reddish pink. 

First winter Pied Stilt: First winter plumage resembled that of 

juvenile except that the nape, foreneck and hind crown were darker, 

and the back was black or greyish black. 

black; legs pink. 

Iris brownish red; bill 

First winter Black Stilt: Early-moulting birds began to develop 

greyish black blotches or streaks on the sides in late December. By 

late March or April moult had ceased and these markings had extended 

over much of the flanks and sides. Very rarely were these flank and 

side markings laterally symmetric and there was great variation between 

individuals including siblings (Fig 2.3). Of ten birds studied, two 

had small greyish black markings extending forward to the breast, but 

in all others the breast was white. In all birds a dark band, some-

times incomplete, extended from the flank to the cloacal region, giving 

the impression of linking the two flanks (Fig 2.4). 

bill as for juvenile, but legs darker. 

Colour of iris and 

Second summer Pied Stilt: This plumage resembled that of the adult, 

except that the hind neck usually retained a small amount of fine pale 

13 
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FIG 2.2 Juvenile Black Stilts 

Both birds less than one month after flying, December 1977 
(above) and January 1981 (below). 
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FIG 2.3 First winter Black Stilts 

Both birds six months after flying, June 1978. 
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FIG 2.4 First winter Black Stilt 

View of undersurface, six months after flying, July 1979. 
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flecking. Colour of iris, bill and legs as for adult. Some birds 

were indistinguishable from adults. 

Second summer Black Stilt: Early in the second sununer moult the 

crown and hind neck developed scattered greyish black blotches 

followed by uniform darkening of the areas between the blotches. After 

nearly one month this pattern had extended to the foreneck and. finally, 

after a further month,to the breast and sides (Fig 2.5). The largest 

patches of white in the second summer plumage were on the abdomen and 

undertail, with smaller blotches and streaks of white on the breast, 

foreneck, sides of neck, chin and forehead .. (Fig 2.6) ., Colours of iris, 

bill and legs as for adult. 

Second winter Pied Stilt: As for adult. 

Second winter Black Stilt: As for adult. 

Nestling Pied Stilt: Nestlings closely resembled those of H. h. himan-

topus (Witherby et al. 1940) and .H. h. mexicanus (Bent 1927). The. 

forehead of nestlings was buff with one or two black -spots on the mid-

line. Upper parts were pale grey, buff or fawn interrupted by black 

17 

spots, smaller on the crown. The spots were in four to six longitudinal 

lines with the middle two having the largest spots which sometimes 

overlapped. A horizontal black line extended from the base of the 

upper mandible through the eye to the hind neck (Fig 2.7). Undersurface 

white or off-white except for a small dark grey patch on the thigh. 

Iris brownish; bill black or brownish black, sometimes paler towards 

the base; tibia bluish grey to brownish grey; tarsus and toes bluish 

grey to orange-grey, the toes with orange soles. 
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FIG 2.5 Second summer Black Stilt 

Birds early (above) and late (below) in their second summer 
moult, September and October 1979. 
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FIG 2.6 Second summer Black Stilt 

Lateral view (above) Januray 1978 and view of undersurface 
(below) December 1979. 
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FIG 2.7 Nestling Pied Stilts (above) and Black Stilt (below) 

All two days after hatching. 
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Nestling Black Stilt: As for nestling Pied Stilt, but browner upper

parts and more extensive dark grey thigh patch (Fig 2.7). 

C. Morphology 

Bill 

The bills of Pied and Black Stilts are long, narrow and flexible, 

with a downward projecting hook on the tip of the upper mandible. In 

all specimens (dried and fresh) that I examined, the proximal half of 

the bill was straight, but the distal half was recurved by up to 6 9
• 

This recurvature occurs in H. h. himantopus also (Witherby et al. 1940), 

but some field guides erroneously stipulate straight bill, e.g., Falla, 

Sibson and Turbott (1979) Slater (1970). The bill of the Black Stilt 

is significantly longer (p<0.01) than that of the Pied Stilt and has a 

broader base (Table 2.1) 

Tarsus 

In both species the tarsi of male stilts were significantly 

l.onger than in female stilts (p < 0. 01) • In addition, male Pied Stilts 

had significantly longer tarsi than did male Black Stilts, and the same 

relationship existed in ·females (Table 2.1). 

Body and Weight 

In Pied Stilts the neck is longer and the body slimmer than in 

Black Stilts. The large body of the Black Stilt is reflected in its 

high total weight which exceeded 200 g, whereas Pied Stilts averaged 

less than 200 g (Table 2.1). 
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TABLE 2.1 Comparative morphology of adult Pied and Black Stilts 

- sd 1 n ·x p 

Measurement Sex PA PNZ B PA PNZ B PA PNZ B PA B xPA/xPNZ xB/xPNZ 

Bill length M 18 42 3 62.1 62.0 66.6 2.3 2.7 0.8 NS - 1.00 1.07 

(mm) F 14 31 7 60.7 61.3 65.7 3.0 2.4 1.8 NS - 0.99 1.07 

M + F 32 73 27 61.5 61. 7 66.2 2.8 2.5 2.5 NS +++ 1.00 1.07 
I 

Bill width ! 

M + F 34 34 34 6.0 6.1 6.8 0.7 0.5 0.5 NS +++ 0.98 1.11 
(mm) 

Bill depth M + F 35 15 6.7 6.9 0.6 0.5 - NS 1.03 
(mm) 

Tarsal length M 19 47 4 114.3 100.3 90.8 6.3 6.4 2.3 +++ - 1.14 0.91 

(mm) F 15 45 9 109.0 93.0 85.6 7.8 3.8 5.8 +++ ++ 1.17 0,92 

M + F 34 92 32 112.0 96.6 88.1 6.7 8.5 4.9 +++ +++ 1.16 0.91 

Tail length M 19 40 4 72.9 76.9 79.8 2.7 3.4 2.5 +++ - 0.96 1.04 

(mm) F 15 37 8 73.4 75.1 78.6 5.4 3.5 4.8 NS + 0.98 1.05 

M + F 34 77 33 73.1 76.0 78.5 4.1 3.4 4.3 +++ ++ 0.96 1.03 

Wing length M 19 44 4 228.6 230.3 235.5 8.4 12.1 3.7 NS - 0.99 1.02 

(mm) F 15 39 9 220.1 220.5 ~237.5 6.7 13.3 8.7 NS +++ 1.00 1.07 

M + F 34 83 37 224.8 225.5 236.3 8.7 13.5 11. 0 NS +++ 1.00 1.05 

Fresh weight M 6 15 2 176 193 219 12.4 10.2 

(g) F 12 14 2 176 192 227 20.8 18.2 

M + F 18 29 4 176 193 223 18.0 20.9 8.3 - - 0.91 1.16 

NOTES: 

1 t - test with New Zealand Pied Stilts, NS= not significant; +, ++,+++significant at the p = 0.05, 0.01 and 
0.001 levels respectively; - = not tested. 

PA= Australian Pied Stilts, PNZ = N.Z. Pied Stilts, B = Black Stilts; M + F includes some unsexed specimens; 
Except for weight, measurements are of dried specimens 

I\) 
I\) 
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In Wellington province Mcconkey (1971) found little seasonal 

variation in weights of Pied Stilts except that females were heaviest 

(and weighed significantly more than males) during the pre-breeding or 

egg-formation period. At other times of the year there were no 

significant differences in weight between the sexes of Pied Stilts. 

Insufficient data were obtained to compare the weights of male and 

female Black Stilts, although photographs and field observations 

suggested that there was very little, if any, sexual dimorphism in 

weight. 

Wings and Tail 

Stilts have medium-length angular wings used for flapping flight. 

The wings of male Pied Stilts were significantly longer (p< 0.01) than 

those of female Pied Stilts. Neither species was sexually dimorphic 

in tail length. but Black Stilts had significantly longer wings (p < 0. 01) 

and longer tails (p < 0.01) than those of Pied Stilts (Table 2.1). The 

longer wings of the Black Stilt contributed to a larger wing surface 

area than in Pied Stilts, but the heavier weight of the former species 

would have created a wing-loading approximately similar to that of 

Pied Stilts. 

Discussion and comparisons with other forms of Himantopus 

Besides having an entirely black adult plumage, the Black Stilt 

is structurally unique amongst stilts in having very short legs (Table 

2. 2) • It is moreover a large-bodied bird, has very long bill, wings 

and tail, and is the heaviest of the four forms of Himantopus for which 

data are available. The Pied Stilt in New Zealand, has the second 
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Form 

Plumage M 

F 

Plumage 
variability 

Bi 11 length n 
{mm) x 

sd 
Tarsus M .. n 

{mm) x 
sd 

Tarsus F · n 
(mm) x 

sd 
Wing n 

(mm) x 
sd 

Tail n 
(mm) x 

sd 
Weight n 

{g) x 
sd 

rwvaezeaZandiael 

Similar 

Moderate 
Head, abdomen 

27 
66.2 
2.5 
4 

90.8 
2.3 
9 

85.6 
5.8 

37 
236.3 
11.0 
33 
78.5 
4.3 
4 

223.1 

'-' ',_.· 

TABLE 2.2 

.ZeuaoaephaZus2 
{N.Z.) 

Similar 

High 
Neck, collar 

crown 

73 
61. 7 
2.8 

47 
101. 3 

6.4 
45 
93.0 
5.2 

83 
225.5 

.3.3 
77 
76.0 
3.4 

29 
192.7 
19.9 

Plumage and biometric comparisons within the genus Himantopus 

ZeuaoaephaZus3 ~imantopus4 aeyZonensis5 ~~ridionaZis6 ~exiaanus7 .knudseni8 meZanurus9 

(Aust.) 

Similar 

Low 

32 
61.5 

19 
114.3 

6.3 
15 

109.0 
7.8 

34 
224.9 

34 
73.1 

18 
176.4 

Back 
brown 
High 
Crown 

hind neck 

63 
63.6 

43 
124.7 

32 
111.8 

76 
237.5 

Back 
brownish 

4 
117 

3 
113.5 

7 
239.5 

7 
79 

Back 
brownish 

14 
63.5 

14 
115 

14 
226 

14 
80.9 

Back 
brown 
High 
Crown 

36 
64.4 

18 
113 

6.0 
21 

103.2 
4.1 

39 
219.5 

39 
67.7 

18 
166 

Back 
browner 
High 
Neck 

36 
74.11 

43 
123.9 

6. 1 

45 
116. 9 

5.9 
88 

235.0 

88 
76.1 

85 
202.6 

Similar 

High 
Crown, 

collar 

28 
62.0 
2.9 

13 
114.5 

6.0 
16 ' 

107 .6 
6.9 

29 
220.5 
13.0 
29 
76.2 
4.4 

Notes: = no data; M = male, F = female 
British, Auckland, National, Canterbury 
and Otago Museums: field data 

Source of data: 

2 · As for novaezeaZandiae with the addition 
of data from B.F. Mcconkey {pers.comm). 

3 Australian Museum, National Museum of 
Victoria, C.S.I.R.O. 

4 Prater et aZ. (1977)., Goriup (1982) 
5 Ali & Ripley 1980 {x =midpoint of range) 
6 Mclachlan & Liversidge {1972). Tarsal measurements are 

for male and female combined. 
7 Hamilton (1975), Prater et aZ. {1977) 
8 Coleman {1981) 
9 American Museum of Natural History 

For geographical ranges of individual taxa see Fig 2.8 ~ 



-, 
I 

) 

\ 
j 

) 

) 

25 

shortest tarsus of its genus and this is significantly shorter than 

that of Australian birds. It can further be distinguished from 

Australian stilts by having variable plumage markings about the neck 

and mantle, and by its greater weight. In other measurements, however, 

it typifies the bicoloured members of the genus. 

Both the Pied and Black Stilt attain adult plumage quickly in 

comparison with the minimum of two years for H. h. himantopus (Witherby 

et al. ,1940) and H. h. mexicanus (Hamilton 1975), that recorded for 

Pied Stilts (one to one and a half years) being the shortest recorded. 

Plumage markings in the Pied and Black Stilts indicate close relation

ships: the area coloured white in Pied Stilts is brownish black in 

Black Stilts and not glossy black like the rest of the plumage. 
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3. DISTRIBUTION AND ABUNDANCE 

Introduction 

Knowledge of stilt distribution in New Zealand in the nineteenth 

century is restricted largely to accounts by Buller and a few others, 

published mainly in Transactions of the New Zealand Institute. 

During the twentieth century observations of Black Stilts in particular 

have been erratic also and severely limited by the fact that this 

species was restricted mainly to isolated regions. The aim of this 

chapter firstly1 is to review the early distribution of stilts, and 

secondly,to document the times and areas where major changes in 

population sizes occurred. 

Methods 

Early literatureand diaries were consulted at the Hocken Library 

in Dunedin and at the Alexander Turnbull Library in Wellington. Skins 

from several museums were examined and data on locality and date of 

collection were recorded. These data provided a general guide to 

which areas were frequented by stilts up until the. early twentieth 

century. From this guide I consulted Acclimatization Society 

personnel in the Southland, Otago, Waitaki Valley, South Canterbury, 

Mid Canterbury and North Canterbury branches, requesting information 

on Black Stilts in particular, as well as names and addresses of 

reliable observers.who were later contacted individually. The 

previously untapped information from these groups extended from 1910 

to 1980. Data extending from 1940 to 1980 were obtained from the 

O.S.N.Z. Rec. Scheme. 
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Results 

A. Historical distribution 

During the latter half of the nineteenth century Pied and Black. 

Stilts were widespread and common in New Zealand, but neither occurred 

in large numbers north of the Waikato River. Buller (1868b, 1888a, 

1888b)_ knew of only one record of Pied Stilts from Auckland, and none 

north of there, but Black Stilts occurred in pairs and small flocks as 

far north as Parengarenga. Other observers, including A.T. Pycroft 

(R.B. Sibson, Auckland, pers. comm.I, endorsed Buller's observations in 

Northland, although two specimens of Pied Stilts were collected by 

A. Reischek at Pataua Island in March 1882 and these are now held in 

the Vienna Museum (K.E. Westerskov, University of Otago, pers. comm.}. 

In the lakes.of the Rotorua district Buller (_l888b) recorded an 

increase in numbers of both_species, which he described as being 

"formerly rare" but now "very plentiful" and he cited a nesting record 

· 28 

of Black-Stilts. He knew of no records of Black Stilts from Lake Taupo 

where he had seen flocks of up to 40 Pied Stilts. In Hawkes Bay during 

the early 1880's both species were "very plentiful" and breeding 

(Hamilton 1885), and both were still present at the end of the century 

(Hutchinson 1900) . Despite these records Buller (_1888a) considered 

that the Black Stilt was "much rarer" than the Pied Stilt and was mainly 

a southern bird "generally found in all the river courses of the 

Wellington district and further south". 

In the South Island both species ranged from Nelson to Otago and 

on either side of the Southern Alps (Potts 1869, Hutton 1871, Buller 
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1875a and 1888b, Smith 1888, Handly 1895, Douglas c. 1899, Stead 1932). 

A report of unspecified Himanto,P_us bones came from the Chatham Islands 

(Forbes 189l), and subfossil bones of Black Stilts were collected at 

Pyramid Valley Swamp, North Canterbury and are now held at the 

Canterbury Museum. 

Both species penetrated far inland and at least part of each 

population moved to the coast and, Pied Stilts especially, migrated 

northwards (Potts 1882, Hutton 1900). Buller's (1888a) statement 

that Pied Stilts were less common in the south than in the north, 

appeared to be based on autumn observations, e.g. "autumn flocks of 

only 40-50 birds". However, he did not take into account the fact 

that most of the southern population had migrated by autumn (Potts 

1882, Stead 1932) and the breeding population was likely to have been 

higher than his accounts suggested. By the late 1920's Stead (1932) 

found that Pied Stilts had increased and were present "literally in 

thousands" at Lake Ellesmere with single flocks of 2-3000 birds, and 

they wer·e plentiful at other lagoons and swamps in Canterbury. 

Although Buller's (1888a) southern assessment may have been an under

statement it is clear that Pied Stilts increased in numbers over the 

period 1880-1930. 

By the 1940's Pied Stilts occurred in large flocks in many 

northern harbours such as Kaipara and Parengarenga (O.S.N.Z. Rec. 

Scheme) where they were rare or unrecorded during the nineteenth 

century. Sibson and McKenzie (1944) recorded post~breeding flocks 

of up to 1000 in the Firth of Thames, but since 1960 there has been 

no detectable increase in numbers wintering in Auckland and Northland 

(R.B. Sibson, pers. comm., Veitch 1978) . 
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There are no records of Black Stilts having nested in the North 

Island since about 1900 (Fig 3.1), although a shortage of observers 

early this century could have led to some pairs remaining unnoticed for 

many years. In the South Island, Stead (1932) found their numbers 

dropping in North Canterbury from 1900 to 1910, where also Guthrie

Smith (1936) saw many Pied Stilts,but no Black Stilts,along sections 

of the _Conway, Waiau and Hurunui Rivers in 1924. 

In lowland South Canterbury, Black Stilts persisted for much 

longer than they did in North Canterbury. Between 1920 and l940 they 

nested on sections of the upper and lower Rangitata, Waihi, Te Moana, 

Orari, Opihi ,· Opuha, lower Waitaki, Marawhenua and Hakataramea Rivers 

and in the Waimate area (Fig 3.2). During this time they occurred at 

coastal lagoons also where they were "fairly numerous" but "outnumbered 

by Pied Stilts by about.ten to one" .(A.B. Curtis, pers. comm.). The 

diaries of Mr·curtis indicate that from 1928-30 one Black Stilt i:nay 

have· .occurred for every kilometre oL lowland riverbed in· South 

Canterbu·ry, but by ·the 1930's or.early 1940's all observers (including 

A.B. Curtis) recorded a decline in the numbers of Black Stilts there 

(Appendix 1) . In the middle reaches of the Waitaki River Valley Black 

Stilts were recorded nesting by several observers up until the 1950's. 

The last record of nesting in lowland New Zealand was on the Orari 

River, South Canterbury, in 1957 (Child 1959). 

In Central Otago moderate numbers of Black Stilts nested on the 

Shotover River about 1915 but they died out there in the late l940's. 

-In the 1930' s-1950 •·s nesting occurred at Naseby and Cromwell and on the 

Nevis, Arrow, Timaru, Dingleburn and Hunte;i;- Rivers. Since the l950's 
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o SINGLETONS 

1860-1910 1930-1959 

For inset see Fig 3.2 .. 

Fig. 3.1 

1960-1969 1970-1980 

J)" 

Historical distribution of Black Stilts in New Zealand 
See Appendix l for details. 
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1860 - 1910 1930- 59 

1960 - 69 1970 - 80 

FIG 3.2 HISTORICAL DISTRIBUTION OF BLACK STILTS IN SOUTH CANTERBURY, 

SYMBOLS AS IN FIG 3.1 
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no Black Stilt pairs have been found nesting in Central Ot_ago, but 

occasional sightings of individuals and pairs have been made in Southland 

and Otago,and M.F. Soper found a mixed pair (Black Stilt x Pied Stilt) 

nesting in the Routeburn Valley in 1958 (Appendix 1). 

In the Upper Waitaki River Basin, Black Stilts were common during 

the 1930's and 1940's, nesting from the Waitaki River in the south to 

the Godley and Macaulay Rivers in the north. In the Cass River and 

Godley River Valleys gatherings of up to 20 Black Stiits were recorded 

by A.B. Curtis, but they were always outnumbered by Pied Stilts. The 

diaries of D.D. Smith of Geraldine indicate that a major decline in the 

inland population occurred in the early 1950's, about 20 years .later 

than in coastal areas. From December 1947 to 1949 Mr Smith recorded 

"40-50 Black Stilt pairs and odd Black Stilts mingling with many more 

Pied birds" over an extensive wetland in the Grey's Creek area. A 

second "colony of well-,spaced nesting birds contained some 20 pairs 

(including no Pied Stilts) and was located on the Haldon Station Flats 

near a small swampy area, now flooded by Lake Benmore". In the 1950's -

before Lake Benmore was formed - "nearly all the stilts gradually 

disappeared from these ·two nesting areas" • 
/} 

A third loose colony 

visited by Mr Smith was at Glenlyon Station at the head of Lake Ohau 

where "20-30 pairs of.Black Stilts (and no Pied Stilts) were nesting 

on swamp flats and a high shi_ngle area of the Dobson River-bed". 

Stilts had nested at the latter site since at least the 1930's 

(Appendix l) . 

Black 

In the 1960's the breeding range of Black Stilts became confined 

to the Upper Waitaki River Basin, with only isolated records of birds 
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elsewhere during the breeding season. A breeding season count by 

the Wildlife Service in 1962 produced a total of 68 adults in the 

Waitaki River System. 

B. The .1970' s 

During the l970's the breeding grounds of Black Stilts were 

confined to the Upper Waitaki, particularly the valleys of the 

Macaulay, Godley, Cass, Tasman, Hopkins and Ahuriri Rivers. Some 

variations in local numbers occurred from year to year owing to changes 

in habitat quality, both natural and man-induced. In most years a 

few pairs also nested at kettleponds and swamps near Lakes Tekapo and 

Ohau. Counts by the Wildlife Service were continued during the 1970's 

and were more reliable than those in the 1960's (R.J. Nilsson, Wildlife 

Service, pers. cormn.), because they were carried out in winter when the 

birds were clumped in distribution. These counts indicated a total 

population of 50-60 adults from 1975-79, but the count in 1972 (67 

adults) was higher. 

During the 1970's Pied Stilts were common throughout lowland 

New Zealand, being rare or absent only in forested and mountainous 

areas (Fig 3.3). They were rare on Stewart Island (first recorded 

1956) and Chatham Island (first recorded 1961 when a pair bred), and 

were unrecorded at Kermadec.or the subantartic islands (Falla, Sibson 

and Turbott, 1979~. Recent counts in northern harbours suggest a 

total population in excess of 30,000 birds (O.S.N.Z. Rec. Scheme). 
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C. Seasonal movements 

In temperate parts of the world Himantopus himantopus is 

migratory, leaving :j.:ts breeding grounds in autumn to feed in tropical 

regions or temperate r.egions across the equator (Hamilton 1975). In 

New Zealand· the Pied Stilt is an internal migrant. It breeds from 

July to February in coastal a.nd inland areas up to 900 m a. s .1. through-

out the. North and South Islands. Inland-breeding birds migrate to the 

. coast after breeding, this movement peaking in December and January. 

By February flocks of hundreds, sometimes thousands, are in many coastal 

localities in both islands,· with few birds remaining inland for the 

winter, all of these in lowland areas ·(Fig 3.4). · Much northward 

movement occurs from the South Island and southern North Island 

especially in February-April: summer and early autumn flocks which may 

reach one or more thousands at Lake Ellesmere, Lake Wainono, Waikouaiti 

and the Taieri, for example, become greatly reduced (0,.S.N;Z. Rec. Scheme, 

Pierce 1980). Small flocks winter south of the Waikato and Hawkes Bay, 

but many estuaries and lagoons have a few hundreds, south to Invercargill. 

The largest over-wintering flocks occur at northern harbours especially 

Kaipara (maximum recent count 6100), Manukau (5500) and Firth of Thames 

(3000) with up to 1200 at Parengarenga, the northernmost harbour. 

Family units dissolve between late summer and early winter. Pre-breeding 

movements southward and inland begin in July and by October those flocks 

- sometimes containing a thousand birds - remaining in coastal areas 

consist.of mainly non-breeders. Less than 5% of birds in their first 

year returned to the Cass River Valley. 
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Black Stilts in contrast were only partly migratory during the 

Ninety percent of birds including all family parties wintered 

inland on river deltas and lakeshores, sometimes within a few hundred 

metres of their nesting area (Fig 3.5). The main ,wintering areas were 

on the rlver deltas entering Lakes Tekapo and Benmore with smaller 

numbers occurring at the rivers entering Lakes Pukaki and Ohau {_Table 

3 .11 . Unlike Pied Stilts, the family unit in the Black Stilt was 

kept until the end of. winter (August or September in ten out of eleven 

cases), when the mated pair returned to their nesting grounds. Annually 

TABLE 3.1 Winter counts of adult Black Stilts 

Data courtesy of Wildlife Service, Ornithological Society, 

and B. Seddon. 

1975 1976 1977 1978 1979 

Cass/Godley 16 17 7 19 18 

Ahuriri River 17 14 22 8 13 
and Delta 

Tekapo and Stony 10 15 10 9 3 
Creek Deltas 

Lake Ohau 7 4 5 7 10 

Lake Pukaki 2 4 10 7 

Kawhia 1 8 2 6 

Kaipara 1 1 

Ellesmere l 

Horowhenua .1 

TOTAL 52 55 52 57 59 
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FIG 3.5 

.. Nesting site 

0 Wintering area 

Seasonal distribution of Black Stilts in the Upper Wai taki River 
Valley, 1970 - 1980. 
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several Black Stilts were recorded in coastal areas throughout New 

Zealand, particularly at Kawhia Harbour r where up to e_ight adults 

have been seen at one time from the 1950's to 1970's (B. Seddon, 

Cambridge, pers. comm.}. Some of these migrant birds were associated 

with, and possibly paired with, Pied Stilts or birds in intermediate 

plumage. Of five individual Black Stilts which I recorded at Lake 

Wainono from .1968 to l980, three were mated with a Pied Stilt, the 

fourth was a solitary adult and the fifth a solitary immature in its 

second summer. Since 1930 no birds in juvenile or first winter 

plumage, and only one (Lake Wainono, December .1977) in second summer 

plumage,have been reliably recorded in coastal areas. Before l930 

there were many records of immature Black Stilts from South Canterbury 

to Manukau Harbour. 

Summary and Discussion 

The comparatively-late~discovery (18~4) of Pied Stilts in 

New Zealand (Buller 1868a} suggested that the species was rare in the 

mid-nineteenth century and probably a recent colonist from Australia. 

In Canterbury, however, Potts (1869} found them common and breedi_ng, 

indicating that they had been established for an indefinite period. 

It is most likely that the initial establishment of Pied Stilts 

occurred in the South Island. The .later colonization of many suitable 

feeding and nesting grounds in northern New Zealand would have been 

encouraged by, but not caused by, clearing of the land. By the early 

twentieth century the harbours of Auckland and Northland, where the 

species was found only occasionally in the nineteenth century, became 

heavily utilized. 
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The decline of the Black Stilt occurred ;from north to south, 

opposite to the direction of Pied Stilt expansion. In the North 

Is.land the decline was rapid, but in the South Island there was a 

more gradual shrinkage of range, with birds being lost first from 

Westland, Nelson and Marlborough. Breeding birds were subsequently 

lost from North and Mid Canterbury in about the 1910's, from Southland 

possibly soon after, from central Otago in the l940's, from coastal 

South Canterbury in the 1940 1 s or 1950's, and from the Lower Waitaki 

Valley in the i950' s. · In the 1950's also there was a considerable 

decline in numbers in the Upper Waitaki River Basin. 

An accurate assessment of past numbers of Black Stilts is 

impossible. However, the many rivers frequented in South Canterbury 

and Otago in the 1930's and 1940's indicated that the population was 

comparatively large. The three wetlands visited by Mr Smith. in the 

late 1940's contained in the order of 160-200 adult Black Stil.ts, 

while groups of up~to 20 were seen in the Lake Tekapoarea. Considering 

the formerly extensive wetlands of the Tasman River Valley, as well as 

suitable habitat in the Ahuriri River Valley, Lake Ohau area and low

land valleys, the total population in the 1940's may have numbered 

between 500 and 1000 birds. But within 20 years the population had 

plummeted to between 50 and 100 birds, and the number of river valleys 

frequented dropped from at least 24 to about 12. Since 1960 the 

population has declined comparatively slowly, and in that period only 

two rivers, the Waitaki and Hakataramea, have been abandoned. 
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4. DESCRIPTION OF STUDY AREAS 

A. General 

The Cass River is in a typical glaciated valley - broad and 

flanked by steep mountains (composed of greywackeJ for most of its 

length, while the river itself has a shingled bed. In the lower 

reaches, before entering Lake Tekapo, the river fans out to form a 

wide delta flanked by many shallow ponds (Fig 4.1). The vegetation 

in the catchment is dominated by tussock species and by matagouri 

Disiaria toumatou, and the many species-of native and introduced 

grasses are grazed by sheep and cattle. The Godley River occupies a 

glaciated valley also, with mountains flanking its entire length. 

Vegetation and livestock in the Godley River Valley are similar to 

those in the Cass River Valley. Lake Wainono is a shallow muddy-

bottomed lagoon on the South Canterbury coast. It is flanked by a 

shingle-beach, --mudflats, swampland -and-partly developed farmland which 

is grazed by cattle and sheep. 

B. Climate in the Cass River Valley 

42 

As it is situated in an inter-montane basin,Lake Tekapo (and the 

lower reaches of the Cass River Valley) exhibits sub-continental aspects 

of climate, particularly marked seasonal changes in temperature. At 

the Lake Tekapo Meteorological Station mean daily temperatures average 

less than 3.5°c in June, July and Augus~ compared with an average of 

15.3°c in January and February. The daily range of temperatures can 

·o 
be as much as 25 C, particularly on calm sunny days. Annual 
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FIG 4.1 The Cass River Valley 

Above: View looking down the valley with Lake Tekapo in background. 
Waterfall Strearn _in foreground. 

Below: The river delta with Lake Tekapo in foreground, Many old 
stream channels dissected the delta. Few trees occurred in 
the river valley. 
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precipitation is low on the Cass River Delta, aver_aging 698 mm at 

Godley Peaks Station which flanks the delta, but it increases to over 

4,000 mm at the head of the Cass River Valley. Snowfalls occur mainly 

in winter with up to four falls per month, and snow is usually lying 

for about one month per year. 

O'Connor (1975) described the weather pattern of the Upper 

Waitaki River Basin as "characteristically, nor-westerlies succeed 

anticyclones as they lose intensity and are terminated with cold front 

passage". North,-westerly winds were often very strong and of long 

duration during. the,<study period, •with wind speeds of up to 208 km h -l 

recorded at Mt John, 10 km to the south. In 1977 the weather was 

typical of previous years, with a cold winter and early spring followed 

by a warm summer, but rainfall was less than average (Fig 4.2). In 

comparison, .the winters and early springs in 1978 and 1979 were mild 

with 1979 being very wet also. The high precipitation of the 1979 

winter continued into spring and summer when total rainfall for spring 

and summer was 3.1 times and 1.9 times greater than those in ::\-977 and 

1978 respectively. - Floods were frequent during 1979 and snowfalls 

continued well into summer, including one of 150 ~ on 2 January 1980. 

c. Aquatic habitats in the Cass River Valley 

Six di£f;erent aquatic habitats were recognised in the Cass River 

Valley, all of which were used by stilts. 

(i) Rivermouth: The level of Lake Tekapo has been artificially 

controlled since 1954 when a dam was built at its outlet (O'Connor 

1975) • With the onset of rapid snow- and ice-thaw in late spring, 
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FIG 4.2 Lake Tekapo climate 1977 - 80 

Recorded at Lake Tekapo Powerhouse, 12 km from the study area. 
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the lake rises in level and drops again during winter when water is 

being released for hydroelectric power generation (Fig 4.3). At all 

levels the margins of Lake Tekapo were steep-sided and bouldery 

(unsuitable for stilts), except at the mouth of Cass River where the 

profile was less steep. There the lakeshore consisted of expanses 

of shingle and sand often covered by a few millimetres of silt, and 

extending for 1.5 km. In 1977 this silt veneer was absent, but in 

the 1978 and 1979 seasons silt was widespread owing to excessive river 

flooding. Vegetation was absent from the river-mouth throughout the 

year, but plant debris delineated previous higher water-levels. The 

presence of rock-flour in suspension has resulted in low levels of 

light penetration into Lake Tekapo (Irwin 1974) and thus restricted 

most types of plants and animals to the shallow margins, particularly 

at the river-mouth. 

46 

(ii) River: Of the 30 km of riverbed, only 6 km were studied - the 

lower 3 km (river delta) and the section 5-8 km from the mouth. Outside 

these areas the river was too swift and deep (3-5 km upstream), or too 

bouldery and sometimes subterranean (8-30 km upstream) to attract stilts. 

In common with most other high country rivers, the delta and 

5-8 km sections had an entirely gravel bed, braided channels and variable 

discharges. From late autumn (April and May) to early spring (September), 

mean daily surface flows were less than half those for the rest of the 

year (Ministry of Works river flow data), but heavy rain in the upper 

Cass Valley could cause flash floods in any month of the year, but 

particularly during summer and autumn. These floods prevented 

colonization by plants of the unstable islands of the riverbed, but if 
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Above: Small shingle-bottomed dist.ributaries of the 
Cass River entering Lake Tekapo. Note banks of 
shingle and sand. 

Below: Graph of levels of Lake Tekapo 1977 - 80. 
Mudflats are completely flooded at levels over 
709. 5 m as 1. 
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flooding did not occur over,the period of one year then several 

species, such as Muehlenbeckia axillaris, Epilobium spp., Raoulia 

hookeri and Poa spp., became established. Most islands, however, were 

low-lying (Fig 4.5).and were flooded at least once per year. Grain-

size of the river channels did not vary significantly between the two 

sections of riverbed studied; on a weight basis (Dunbar and Rogers 

1957} coarse to very coarse pebbles were the most common sizes. During 

the study period, river channels meandered across the riverbed, but 

there were no major changes in the course of the river. 

(iii) Sidestreams: At intervals along the Cass ~iver, shallow 

slow-flowing streams 0.5 - 6 m wide entered the main valley where they 

flowed parallel to the river for varying distances, before discharging 

into it. The total length of these streams was 16 km. Two sections 

were used by stilts, the Waterfall Stream (Fig 4.5) and north bed 

streams (Fig 4.6) each of which was 4 km-long. From July 1977 to 

November 1979 peak flows in the north bed .and Waterfall Stream rarely 

exceeded one and a half and two times, respectively, their normal flow. 

Because they seldom flooded, the shingle-banks and islands of- the 

sidestreams were well vegetated, the dominant plants on both be}ng 

Poa laevis, Festuca spp., Muehlenbeckia axillaris, Cyathodes fraseri, 

Pimelea prostrata, Sclereanthus uniflorus, Raoulia hookeri, R. australis 

and R. haastii. At Waterfall Stream Hebe buchananii colonized the 

shingle banks and Discaria grew at the valley edges. Along the damp 

stream edges of,the north bed. streams in particular, Gunnera dentata 

formed dense mats with Juncus spp., and Carex spp. occurred also, along 

with introduced grasses, e.g., Trifolium spp. and Agrostis spp. In 

both stre.ams Glycera fluitans, Myosotis sp., Myriophyllum elatinoides 
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Cass River and Waterfall Stream 

Above: The Cass River, the bed consisting of well-sorted, unstable 
shingle. 

Below: The Waterfall Strearnbed with wide-ranging substrate sizes 
and well-vegetated banks. 
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and Potomogeton sp. were the main plants, and on the north bed streams 

they covered the entire stream width in a few sections. As with the 

riverbed, the beds of the streams comprised mainly medium to coarse 

pebbles but small areas of muddy backwashes and pools frequently 

occurred (Fig 4.6). 

In December .1979 two exceptionally big floods caused the Cass 

River to overfiow."ihto both these sidestreams and gouge out new channels 

.for them. 

(iv). Ponds: Ponds were common in the Cass Valley. Most of 

these were kettle-ponds,being of glacial origin,and restricted to 

moraine south of Cass River. Three more shallow ponds (one of them 

and its surrounding pools being ephemeral) occurred on the river delta. 

The kettle-ponds had stony bottoms overlain by varying thicknesses of 

mud, while the delta ponds ·had entirely muddy bottoms. The three 

delta ponds and one kettle-pond were used by stilts throughout the 

study period. Grassland plants such as Festuca spp. grew to within a 

few metres of all ponds from where there was a rapid succession of 

plant zones (.Fig 4. 7) . Aquatic pl~nts varied among po9ds, but 

Potamogeton spp. and Myriophyllum spp. were the most common,occurring 

in all but the ephermeral.ponds. North Pond was particularly prone 

51 

to becoming turbid because of its exposure to north-westerly winds in 

spring, but the growth of pond weeds in summer reduced its susceptibility. 

In winter all ponds became frozen over for 4-12 weeks . The highest 

. water . levels occurred in spring after which they dropped, exposi_ng 

mudflats at the ponds' edges. The pH of all ponds was less than 7. 
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FIG 4.6 Sidestrearns on the Cass River Delta 

These streams were less turbulent than Waterfall Stream and had 
large pools (above) and many seepage areas (below) 
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FIG 4.7 Ponds in the Cass River Valley 

Above: One of the ephemeral delta ponds. The tracks in the fore
ground were made by stock. 
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Below: A permanent kettlepond flanked by rushes, sedges and, farther 
back, tussocks. 
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(v) Swamps and marshes: Clover Hill Swamp occupyi.ng 3 ha and 

Joseph. Swamp occupying 20 ha were the only swampy. (permanently wet and 

spongy ground) areas used regularly by stilts. Two other sites (Fig 

4.4) were used for one year each.. Marsh (seasonal wetland) was more 

extensive than ~wamp, but occurred mainly along Mailbox Creek. All 

the swamps and marshes were dissected by small, sluggish, muddy 

streams, Joseph Swamp having in addition, several small ponds (Fig 4.8). 

Th.e dominant plants at Clover Hill Swamp were Juncus articulatus, 

J. effusus, Carex sinclairii and mosses. At Joseph Swamp the 

vegetation was dominated by Schoenus pauciflorus and mosses of several 

genera, while the aquatic plants included Hydrocotyle .tripartita, 

Potamogeton sp., Myriophyllum spp. and Epilobium sp. The vegetation 

of marshland was dominated by introduced grasses, Juncus spp. and 

Carex spp. Compar~d with the other habitats, swamps exhibited the 

least fluctuation in water-level, but like the marshes,-'ponds and 

sluggish streams, they became encrusted with ice in winter. 

(vi) Mudflats: Two seasonal mudflats, each covering three 

hectares, occurred at the edge of Lake Tekapo, one known as Mailbox 

Inlet and the other as Sandpiper Mudflat (Fig 4.4). These mudflats 

were flooded by Lake Tekapo in late summer and autumn but were exposed 

in winter and spring as the water level in the lake dropped. Pools 

up to 100 min length sometimes occurred on these mudflats (Fig 4.9). 

The mudflats remained devoid of vegetation during spring and summer as 

growth was halted by the advancing lake-waters. Potamogeton was the 

dominant aquatic plant, which in the 1979-80 season, grew prolifically 

at Mailbox Inlet. 
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FIG 4.8 Swamps in the Cass River Valley 

Above: Joseph Swamp, a permanently wet area with many small pools 
flanked by mosses, sedges and tussocks. 

Below: Clover Hill Swamp, a small permanently wet area with small 
sluggish streams. 
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FIG 4.9 Mudflats in the Cass River Valley 

Mailbox Inlet was the only permenently muddy site in the 
study area. The area was flooded by Lake Tekapo at high 
ater levels. 
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D. Aquatic habitats at other study areas 

Of the six habitats present in the Cass River Valley, all but 

one (ponds) were represented in the Godley River Valley. The shin~le 

lakeshore habitat and mudflats were each four to five times more 

extensive than at the Cass River Valley. The braided shingle bed of 

the Godley River was wider than that of the Cass River and the volume 

of water was usually greater. The sidestreams along the valley were 

generally larger than those of the Cass, but swamps and marshes were 

confined to the vicinity of Lilyb~nk Station. 

At Lake·wainono the habitats used by stilts were mudflats 

(exposed and flooded), ponds, marshland and fields. 

have been described previously (Pierce 1980). 

These habitats 
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5. SEASONAL MOVEMENTS AND HABITAT CHOICE AT LAKE TEKAPO 

Introduction 

Pied and Black Stilts exhibited differences in choice of 

wintering grounds .(Ch.3)~ while early literature (e.g., Potts 1869) 

suggested that there were differences in habitat preference as well. 

The aim of this chapter is firstly to establish in detail the seasonal 

trends in stilt movements in relation to their breeding grounds in the. 

Cass River Valley; and secondly to quantify the temporal choice of 

habitats in the Cass River Valley., and calculate indices of overlap in 

habitat use. 

Methods 

Observations of all birds in the Cass River Valley provided data 

for the analysis of seasonal abundance and habitat use. These data 

were collected by carrying out a census of the habitats five times 

each month, on the 3rd, 9th, 15th, 21st and 27th. Beginning an hour 

after sunrise, I walked with 8 x 40 binoculars and notebook around the 

entire Cass River Delta using the same route each time (Fig 4.4). 

the afternoons the middle portions of the Cass River Valley and the 

kettleponds were visited. Where access tracks were available a 

vehicle was used to reach the more distant sites. 

In 

When each stilt was first seen I recorded its locality, habitat, 

activity and plumage type. The limitation of this method became 

apparent in spring when some birds changed habitats' during the day. 

By observing at particular sites on other dates, I was able to measure 
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changes in habitat choice during the day (Ch.8) and, therefore, to 

establish approximately the% error for the counts. At other times 

of the year, stilts usually frequented one particular habitat through

out the day. 

During each census, maximum and minimum water temperatures over 
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the previous six days were recorded from permanently situated thermometers. 

Water levels of the ponds and streams were recorded also, while the 

Ministry of Works and Development provided data on the level of Lake 

Tekapo and discharge of the Cass and·Godley Rivers. 

Indices of habitat overlap: these were obtained by calculating the 

probability that the particular resource (habitat) would be used by 

Pied Stilts and by Black Stilts. 

The proportion of each month that Pied Stilts (L) spent in habitat i 

was given as 

where Ef was the sum of all observations of stilts in all habitats, 

and tif was the proportion of a monthly sample of species L that was 

spent in habitat i. 

The equivalent for Black Stilts (N) was 

The probability (P) that at any one time a particular individual 

of one species would occur in the same habitat CH) as one individual 

of the other species was given by 

P(H) = L. L. N. 
J. J. J. 



) 

) 

But competitive overlap between individuals of different taxa 

was relative to the overlap between individuals of the same taxon. 

Hence the overlap probabilities between two individuals of different 

species was divided by the "specialisation" values (Levins l968} for 

each of the species concerned, giving the overlap measure of Morisita 

(.1959) as modified by Horn (1966), and subsequently used by several 

workers, e.g .. Orians. and Horn (1969}, Hespenheide (1971}, Baltz and 

Morej9hn · (1977). 

Using the above terms, the equation of habitat.overlap (HO} 

between Pied and Black Stilts was given by 

HO 

The main limitations of this equation stemmed from the small 

sample sizes-of Black Stilts; which decreased the accuracy of the 

calculations. However the high site fidelity of individual birds 

from week to week minimised error, and seasonal patterns of habitat 

overlap were unaffected. 

Results 

A. Seasonal movements at Lake Tekapo 

In the Cass River and Godley River Valleys Pied Stilts and 

Ela.ck Stilts occurred together in the breeding season· only. The 

entire local population of Pied Stilts left in summer or early autumn 

and returned in late winter or spring, while most of the local 

population of Black Stilts wintered at Lake Tekapo (Fig 5.1}. 
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The return of Pied Stilts to the Cass River Valley was 

protracted, beginning in early August, peaking in October and ending 

in early December. An average of l8 birds arrived per.month, but in 

bad weather (especially snow storms) this influx was arrested and 

reverse migration occurred (Fig 5.2). The population of Pied Stilts 

peaked in mid-December after which there was a moderately rapid exodus 

of birds with a nett loss of 26 birds per month. All had left by late 

March. During December and January there was an overlap of birds 

arriving and leaving, many of the former having dispersed from other 

breeding grounds, particularly in the Godley River Valley. Initial 

post-breeding dispersal was southwards and eastwards towards the east 

coast, apparently following the Waitaki River Valley: birds colour

banded at Lake Tekapo were sight-recovered in the Lake Ohau region 

(two). and at Lake Wainono (two). No recoveries were made of colour-

banded Pied Stilts on the wintering grounds. 

The return of Black Stilts to the Cass River Valley occurred in 

August only with some variation from year to year. In 1977 only 

eight birds had wintered at Lake Tekapo, most of the rest almost 

certainly occurring at Lake Benmore where 32 adults were recorded in 

one winter count that year (Table 3.1). Feeding conditions were 

ideal at each lake in 1977, because of dropping lake levels and stable 

river conditions, but the colder weather at Lake Tekapo probably 

caused a preference for the lower-altitude lake. By 15 August 1977 

the full complement of Cass River birds had returned (Fig 5.2).. In 

the mild winter of 1978, over 20 had wintered at Lake Tekapo especially 

on the Godley River Delta, and all the Cass River birds had returned 

by 27 August. In the even milder winter of 1979 most of the Cass 

62 



) 

) 

) 

) 

) 

80 leucocephalus 

60 1977·78 

60 1978·79 

40 

20 

Cl) 

"O .... 
:c 0 

o 120 
.... 
CD 1979-80 
.0 . 

§ 100 
z 

80 

60 

40 

20 

' \ \ 

20 

10 

novaezealandiae 

1977·78 

Q..l-~-~~-.---.-----,--,-----,--,----1 

1978·79 

20 

10 

01-l----.--.---.---r-.---r--.--r--.---

1979·80 

20 

10 

OJJASONDJ 0 
F M 

FIG 5.2 

Month 

SEASONAL NUMBERS OF STILTS IN THE CASS RIVER VALLEY 1977, 1978, 1979, 

v = warm weather 

T = snowfall 

63 



) 

) 

) 

) 

) 

_) 

River birds had wintered on the Cass River Delta itself, resulting in 

no noticeable influx in August. The Black Stilt·population in the 

Cass River Valley fluctuated little during the breeding season, but 

in late January and February there was a small drop in numbers caused 

by birds moving to ponds and lakeshores outside the study area. 

B. Habitat overlap between Pied and Black Stilts 

The overall pattern of habitat overlap between Pied and Black 

Stilts in the Cass River Valley was the same each year. From March 

to July inclusive, overlap was nil owing to.Pied Stilts being absent. 

When Pied Stilts began returning in August overlap indices were high, 

particularly in. 1977 and 1979 when values exceeded 0.9 (Fig 5.3). 

Overlap values dropped during the breeding season (September to 

January) to lows of 0.09, 0.31 and 0.39 in 1977, 1978 and 1979 

respectively. A post-breeding rise in overlap values occurred with 

highs of 0.41, 0.98 and 0.95. .The average habitat overlaps per year 

(August to February) for the three years were 0.59, 0.65 and 0.78. 

The high overlaps in August (and September in 1977) were a result 

of both species congregating at the river-mouth (Fig 5.4). Other 

habitats were little used until September when both species. departed 

from the river-mouth to the breeding grounds (Black Stilts) or other 

feeding areas (most Pied Stilts). The reduction of overlap values 

during the breeding season was a result of differences in habitat 

preference,with Pied Stilts preferring lentic habitats (particularly 

swamps) and Black Stilts preferring lo:tic habitats (sidestreams}. 
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Pied Stilts used sidestreams erratically, with moderate numbers occurring 
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there until mid-January in the 1977 and 1978 seasons, but few were 

recorded there in 1979. Black Stilts by contrast occurred regularly 

at the sidestrearos from September to February. Only in early 1980, 

when flooding had depleted the prey population, were few Black Stilts 

found at sidestreams. 

The January and February peaks in overlap values resulted from 

post-breeding movements by both species to shallow ponds. The 1977 

season had the lowest post-breeding habitat overlap of the th:i;:-ee 

seasons, owing to a late end to the breeding season of Black Stilts 

that year: the subsequent dispersal to ponds occurre? after 80% of 

the Pied Stilt population had departed from the study area. In each 

autumn Black Stilts foraged at a range of lentic and lotic habitats, 

but became more dependent on the latter as winter approached. 

Discussion 

Waders are well known for their migrations between their 

breeding grounds in polar or temperate regions and wintering grounds 

in warmer regions. Migration in waders appears to result from a 

seasonal interplay of feeding and breeding requirements, with some 

areas being more suitable than others at certain times of the year 

(Hale 1980) • 

The migratory behaviour of Pied Stilts and sedentary behaviour 

of Black Stilts effectively reduced the potential competition between 

the two species to nil from late autumn to late winter (April to 

July inclusive). Only the few Black Stilts that moved to Kawhia 

Harbour were faced with competitive interactions with Pied Stilts. 
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Similarly, during the critical nesting period when competition could 

be potentially harmful, especial·ly for growing chicks, habitat 

partitioning reduced the possibility of competition. During the 

periods of peak habitat overlap (August and January to February), 

. numbers of both species were low, which offset the possibility of 

intense competition for resources also. 

In late autumn and winter Black Stilts depended almost entirely 

on lotic habitats for foraging, but during their stay in the Cass 

River Valley, Pied Stilts generally avoided these habitats. In the 

following chapter I examine the possibility that Pied Stilts are poorly 

adapted to lotic habitats in the Cass River Valley and that their 

migration may have been obligatory. 
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6. FEEDING IN LOTIC HABITATS 

Introduction 

The shingle-bed rivers of New Zealand are unique in that they 

support a large assemblage of birds in the Order Charadriiformes. 

In the Cass River Valley _nesti_ng charadriiform species were an 

oystercatcher, three plovers, two stilts, two gulls and two terns. 

Apart from the piscivorous Caspian Tern Sterna caspia, these species 

were mainly insectivores, but each occupied its own ecological niche. 
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The Wrybill Anarhynchus frontalis, for example, fed primarily on aquatic 

insects (Pierce 1979), while the similar-sized Banded Dotterel Charadrius 

bicinctus fed mainly on terrestrial insects and berries away from the 

river channels (Bomford 1978). Because suitable riverine habitats are 

scarce outside New Zealand, and because little work has been carried 

out in these,habitats·in New Zealand, the feeding niches of stilts in 

lotic habitats are unknown. 

The aim of this chapter is to establish which feeding sites were 

used by Pied and Black Stilt~ and to compare their feeding methods and 

diets. 

Methods 

Feeding routine: Dawn to dusk observations of individuals and groups 

of birds formed the basis for comparing the feeding behaviour of the 

two species. Permanent hides of willow and other vegetation were used 

at sites regularly used by stilts, while at others I erected a canvas 

hide l.5 m x 1.5 m x 1.5 m. Beside the hide was a small tent in which 
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I stayed the night leading up to a day's observations. Most 

observations were made thro_ugh 8 x 40 binoculars. When few birds 

were being observed the time budgets of indiviquals could be recorded 

precisely. Variations in plumage markings greatly assisted in the 

recognition of.individuals. When more than ten birds were being 

observed I recorded activities at 15 minute intervals only and averaged 

the results later. 

For all feeding behaviour a time unit of 30 s was used. In 

each 30 s period I noted the subhabitat frequented (riffle or pool), 

and recorded the number of occurrences of each feeding action (surface 

peck, subsurface peck, and lateral probe·) by using digital counters 

mo·unted on a board. Six counters were used to enable separate 

recording of successful (swallowing seen) and unsuccessful (no 

swallowing seen) actions. Usually only two types of feeding action 

were used during any 30 s period, involving only four counters. 

this way food source, feeding rate and success rate were all being 

In 

recorded concurrently. Similarly, the number of steps taken per 30 s 

represented the search rate and was recorded in 30 s periods separate 

from the feediflg data. 

Diet: The diet of stilts was established by direct observation and 

faecal analyses, backed up with gut analyses of Pied Stilts and 

experimental provision of food. Gut analyses were performed on a 

total of 20 Pied Stilts in lentic and lotic habitats, ~ach individual 

of which had been w·atched for the previous 30 minutes. On collection, 

lD ml of 70% alcohol was injected into the oesophagus to reduce post-

mortem digestion. Stomach contents and faeces were analysed under a 
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xlO and x20 dissecting microscope and all remains identified 

taxonomically as completely as possible. The minimum number of 

individuals per taxon was estimated from counts of fragments and 

division by an appropriate number for replicates, e.g. two for 

mandibles. Stomach and particularly faecal analyses are o~viously 

biased against those prey animals with entirely soft parts, especially 

oligochaetes, none of which were detected in the faeces. Since 

oligochaetes were rare or absent in most habitats, relatively 

accurate assessments could be.made of prey type. In some cases 

selection of prey taxon and size could be tested experimentally by 

providing food in transparent bowls ·immersed in a stream almost to 

their rims. 

Food samples: Seasonal variations in prey size and abundance were 

examined monthly at the river-mouth and in Cass River, and every 

second month in the streams of the north bed. All samples were 

taken between 1100 hand 1500 hon clear days in the middle of the 

month. Eight samples of benthic animals were taken with a Surber 

Sampler (area 0.0625 m
2

) and the attached nylon net (0.85 mm aperture 

size) retained all but the smallest instar larvae. To reduce non-

seasonal variation, all samples were taken in water 10 cm deep and 

at consecutive riffles or pools, and from the same sections (if sti.11 

present) of habitat from month to month. The samples were hand sorted 

and all animals were measured and allocated to a millimetre size class 

before being preserved in ethanol. 

The activity of aquatic invertebrates was recorded seasonally 

and under different light conditions and water temperatures by counting 
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the number visible in an area of 0.25 m over 30 sand viewed from a 

height of 0~25 m. Daily and seasonal patterns of eme_rgence and drift 

were recorded by using two drift samplers and an emergence trap (Fig 

6 .1 ) . Each drift sampler terminated in a net of 1.4 mm aperture 

size and.on days when feeding by stilts was observed they were 

emptied at hourly intervals. The samplers were each placed in water 

10 ·cm deep and weighted down with rocks to prevent movement. The 

mouth of the sampler was submerged by 3 cm, so that the prey caught 

were surface-drifting insects-about to emerge, and larvae drifting in 

_the upper 3 cm of the water column. 

overlap in food source and diet: To measure feeding overlap between 

two or more animals it is necessary to study not only the composition 

of prey species, but also the source of food. Two species may have 

a high overlap inpreytaxa in their diet, but at the same time use 

entirely different feeding techniques often at different types of 

feeding station. In this study separate indices of dietary and food 

source overlap were calculated, and the two were then multiplied to 

give total within-habitat feeding overlap. 

The categories used in dietary overlap were taxonomic ones, the 

number of which varied among habitats. The categories used in food 

source overlap were Cl) water surface, (2) subsurface riffle (peck), 

(3). subsurface pool (peck) , (4) shallow infauna riffles (lateral probe) , 

(5) shallow infauna pools (lateral probe). 

The equations used in calculating feeding overlaps were derived 

in the same way as that for habitat overlap. The equation for dietary 
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FIG 6.1 Drift sampler and emergence trap 

Above: A drift sampler used for catching surface-drifting 
insects. The net terminated in a plastic bottle 
which was emptied at hourly intervals. 

Below: An emergence trap used for calculating the rate of 
insect emergence per unit area. 
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overlap within a habitat (.DOWH) wa.s_ given as 

DOWH 2P(T) / 

. / [PR, (T) + p (T)] 
n 

where P(T) is the probability that at any one time in one particular 

habitat the prey item 0£ a particular individual of one species will 

be of the same taxon as that 0£ one individual of the other species, 

and 

PR,(T) is the probability that the prey item of an individual :Pied 

Stilt will be of the same (.above) taxon, and 

P (T) is the probability that the prey item of an individual 
n 

Black Stilt will be of the same (above) .:taxon. 

The equation for food source overlap within a habitat (FSOWH) 

was given as 

FSOWH 2P(s)/ 

/[p,Q, (S) + p (S)] 
n· 

in which Sis the source of prey. 

Results 

A. Styles of feeding 

Peck: Stilts hunting by sight in both lotic and lentic habitats 

pecked at all of their prey. During pecking the neck and head were 

suddenly thrust towards the prey which was snatched by the slightly 

opened bill. Swallowing (during all feeding styles) occurred by a 

slower backward thrust of the neck and head which also returned the 
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head to its original search position. Insects up to 10 nun in length 

and oligochaetes up to 30 nun in length could be held entirely within 

the bills of both species of stilt, but larger prey such as earthworms, 

fish and cra:bs, generally required some cutting or crushing. (Pied 

Stilts -feeding on crabs over about 15 nun x 25 nun cut each crab in half 

and the legs off before pecking at the individual pieces), 

While stilts searched for their prey the position of the head 

varied according to .how abundant the prey were. When prey were 

scarce the head was held high (Fig 6.2), thus affording a wider field 

of view. When prey.were abundant (and therefore not requiring a wide 

field of view) the head was held close to the surface of the water. 

This latter position enabled less time and less energy to be expended 

in prey capture than did the high position. 

During each peck the angle that the bill made-with ·the horizontal 

ranged from approximately 5° to 110° and depended on the location of 

prey (Table 6.1). Terrestrial and subsurface aquatic prey were 

captured with the bill held at angles mainly between 40° and 70°, 

although benthic prey in deeper water were taken at angles up to 

appr~ximately 110°. In both species immersion of the head occurred 

in all benthic pecks made in water above the join of the tarsus and 

tibia, and was referred to by Har.iilton (1975) as "plunging". Prey on 

the water surface were captured with the head and neck close to the 

water, and the bill held at a very shallow angle. This.low posture 

reduced the speed at which the head could be thrust forward, but at 

the same time enabled 20-30% more horizontal distance to be covered 

without stepping, than did steeper (50°-60°) angles. It was therefore, 
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FIG 6.2 Head positions when feeding 

Above: Normal position when prey are common. Also may 
be lowered when prey are abundant, or when 
water sur.face is rippled. 

Below: High position usually adopted when prey are 
scarce. 
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an effi.c.i::entmeans of catchi,n<;J slow-moving prey such as emerging 

mayflies and caddisflies. without expending energy in walkin9,which 

.might also alert the. prey. 

TABLE 6.l Bill orientation when ;feeding in lotic habitats 

P1-ed St.Ht Black Stilt 

a::~:1 
mean t-test with 

n range n 
angle range 

leucocephalus 

Surface peck 10.0 20 5-55 100 20 5-50 p > 0.5 

Benthic peck 10_0 60 40-110 100.. 50 20.....;100 p > o. 5" 

Lateral probe 32 50 30-'50 100 20 5-35 p < 0.01 

Note: 1 0 Mean angle to nearest 5 Data obtained by estimating angle 

bill made with horizontal, to ... nearest 5°. 

Lateral probe: This was a tactile feeding method used mainly 

by Black Stilts, always in shingle substrates. The bill was pushed 

or swept at various angles through loose shingle or under large stones 

in a prolonged action lasting O. 8-2 ._-5 seconds. Bill angles could be 

estimated for.shallow-water foraging only where this method was most 

often used. Angles were significantly less for Black Stilt feeding 

than for .Pi.ed Stilt feeding (Table 6.1).. After each probe the stilt 

would rotate the body or move a few centimetres away to attempt another 

probe. Occasionally Black Stilts used multiple lateral. probing in 

which the. bill was swept back and ;forth through shingle. This method 

differed from single lateral probing in that prey was disturbed into 

view (whereupon it was pecked at} rather than felt for. Lateral 

probihg has not been des.crined in overseas forms of Himantopus. 
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B. Diurnal feeding rhythm 

In all habitats and when prey was unlimiting, peak feeding 

activity occurred in the early morning and evenipg (Fig 6.3}. At 

those times ingestion rates were 10-20% higher than in the middle of 

the day, and the proportion of birds feeding was often several hundred 

percent higher also. The early morning peak in feeding was a typical 

response to hunger following the night fast. By late morning birds 

had become satiated and if they continued to feed during the _:_middle 

of the day, they did so at a reduced rate. The late aftern~on peak 

in feeding was probably in preparation for the impending night fast 

with low temperatures and consequent loss of heat (Kendeigh et al., 

1969). 

C. The prey species in lotic habitats 

Of the six ·taxa most-- commonly preyed on by stilts, five were 

insects and one was a.tubificid worm (Table 6.2). 

TABLE 6.2 The prey species in lotic habitats 
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Taxon Habitat1 Life 
stage 

Maximum 
length (mm) 

Me_ajl.· dry weight of 
largest individuals (mg) 

size 
.n max. category n X 

(mm1 

Deleatidium lillii 
Larva 11063 9.8 9-10 50 2.8 

R,RM 
Subimago 52 10.3 all 52 2.6 

D. myzobranchia 
Larva 1241 12.l 11-12 50 5.7 s 

Subimago 24 12.7 all 22 5.8 

Aoteapsyche s Larva 3544 21.5 20-22 23 23.5 

Pycnocentrodes s Larva 3480 12 11-12 40 4.8 

Chironomidae RM Larva 622 16 14-16 27 1. 7 

Tubificidae RM Adult 653 60 55-60 63 l.l 

Note: 1 R;:: River, RM = Rivermouth, s = Stream 
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De.leatidi'um: Larva.e of the D. li'llii' species group (Towns l976) 

dominated the river fauna, accounting for over 90% of.invertebrate 

numbers there at all times, while in· the sidestreams Deleati.dium 

(mainly the D. myzob.ranchia species group)_ accounted for an average 

of 32% of the. riffl_e fauna and 19%. of the glide fauna (Figs 6. 5, 6. 7) • 

The adult eme_rgence of D. li"lli and. D,. myzobranchia occurred from 

August to April with pe.aks .in the period August to October and a 

smaller peak in the period, March to April (Fig 6.4}, contrasting with 

the autumn-only emergence of Deleatidium in the Selwyn River of lowland 

Canterbury (Winterbourn 1974). The bimodal emergence of Deleatidium 

in the Cass River Valley was probably an adaptation to avoid having 

the vulnerable la.te instar larvae dislodged by scouring during rapid 

snowmelt in November and December. Maximum sustained flows in the 

Cass River occurred from November to January inclusive, but peak mayfly 

emergence had already occurred-in September and early October when 

flows were lowest. 

Peak densities of Deleatidium occurred in the Cass River during 

winter and spring 1977 (Fig 6.5}, during a period of low flows 

(< 1~00 1 s-1} which stabilised the bed and also concentrated the 

larvae into narrower channels. Variation in channel width was 
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however, not the major cause of regulating larval densities: for 

example i.n spri_ng 19_78 and spring l9.79. channel widths were approximately 

50% and. 75% greater respe.ctively than in 1977, which would theoretically 

have reduced aver_age larval densities to about 60% of the l9.77 

densiti:es. But in spring 1978 and spring 1979, larval densities 

we.re each, on average, 5% of the 1977 densities, s_ignificantly less 
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than that which could .. be accounted for by channel widening. The 

main cause of the low larval densities in l978 and 1979 was flooding 

which scoured the beds of the channels and dislodged the larvae which 

then drifted downstream towards Lake Tekapo. In all years the density 

of D. lil.lii was correlated inversely with water flow (Fig 6.6) ,with 

2 
numbers dropping below 10 per 0.0625 m in the aftermath of floods. 

By contrast, the sidestreams, characterised by their small and 

regular flows, provided consistently high densities of Deleatidium 

and other prey throughout the year and from year to year (Fig 6.71, 

Only in summer 1979-80, when the Cass River overflowed its banks and 

scoured out the beds of the sidestreams, did invertebrate densities 

2 
fall below 1300 perm. 

Before emergence, larvae of D. lillii and D. myzobranchia swam 

to the water surface where they drifted for 5-30 seconds before 

shedding their larval exoskeletons and flying off as subimagines. 

Large numbers sheltered beside or under large stones or vegetation 

along the banks of the river and streams. Mayflies lay their eggs 

within a few days of emerging (Penniket 1969). ~ The life cycle of 

Deleatidium is believed,to take one year (Winterbourn 1974), so that 

eggs laid by mayflies emerging in spring in the Cass River Valley would 

hatch in late summer or autumn and the larvae would grow during the 

winter to emerge in spring. Similarly, eggs·laid in autumn would 

have hatched in the following spring and the larvae grown to emerge 

in that summer or autumn. Monthly and two-monthly analyses of larval 

sizes in the river and streams respectively, illustrate the separate 

generations .(Appendix 4,5). Only during summer when growth. is rapid 

(Winterbourn 1974), did larvae from separate. generations overlap in size. 
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Aoteapsyche sp.: Larvae of the free-living trichopteran 

Aoteapsyche occurred in the sidestreams only where they were common 

in all seasons except for the flood-affected 1979 season. The 

smallest instars (< 4mm longJ were not always retained by the Surber 

sampler so precise hatching times could not be calculated. However, 

the. occurrence of large numbers of medium-sized larvae (fr,,10 mm long) 

in November and in March, but not in January (Appendix 6) suggests 

that the life cycle was bimodal with peak larval hatching in spring 

and another in late summer. Emergence of Aoteapsyche occurred from 

August to April with two peaks, one in spring and one in late summer 

and autumn. This resulted in a decline -in the numbers of large 

larvae in spring and also in autumn, but accompanied by an increase 

in the numbers of small larvae, so that the overall biomass of 

Aoteapsyche fluctuated little throughout the year. During each 

sampling month, all size categories of larvae below 16 mm were 

present in the streams. Aoteapsyche is a net-building caddisfly, 

feeding on small plants and animals carried in the downstream drift 

(Pendergrast and Cowley 1966). In the streams caddisflies -- occurred 

on the sides of stones and especially underneath stones where they 

inhabited protective shelters constru_cted of small pebbles and 

detritus. Few larvae were seen outside these shelters. 

Pycnocentrodes aureola: Larvae of this herbivorous cased 

trichopteran were common· in the sidestreams,. hl;it only rarely were 

they found in Surber samples taken from the Cass River. Unlike 

Deleatidium and Aoteapsyche, Pycnocentrodes appeared to be unimodal 

with peak emergence in summer. Medium to large larvae (4-11 mm in 

le_ngth) were common in samples taken from September to March only, 
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and few la_rge larvae were found in May and July samples. Small 

larvae (less than 4 nun in length) were common in May and July, but not 

at other sampling times, indicating that early growth occurred during 

autumn and winter. Total biomass was lowest in May and July and 

highest in December. In the streams, the larvae occurred beneath 

stones during the day. 

Chironomidae: From July to September large numbers of larvae of 

lake-dwelling chironomids were present and visible at the river-mouth. 

These larvae had grown in silt or sand in the shallow water of Lake 

Tekapo during late sununer and autumn, but during winter and spring the 

lake-level dropped to expose expanses of sand and silt. Few larvae 

were present in the 1977 season (Fig 6.8) owing to the substrate being 

mainly shingle,but the thick deposits of sand and silt in the same 

area in 1978 and 1979 had larval densities of up to 1200 per m2 • 

Mainly middle instar larvae were present and average length and weight 

did not vary significantly from July to September. The average 

length of larvae was 8. 0 mm iff 1978 and 8. 2 mm in 1979. By September 

few chironomids were found because the lake had dropped to a low level, 

whereby the lakeshore profile was very steep and sand and silt deposits 

were either eroded away or dried out. 

Tubificids: As with chironimids, tubificid worms were exposed 

at the river-mouth by the.dropping lake~levels i-n winter and early 

spring. The average length of worms did not vary significantly from 

July to September, and the average lengths wer~ 48 mm in 1978 (n = 50) 

and 42 mm in 1979 (n = 40). 



CX) 
CX) 

/--.., ·"" 

75 

N 

E 
LD 50 
C\J 
(0 
0 
0 
i... 
(]) 
0. 

Cf) 
i... 

_8 25 
E 
::J 
C 

(]) 
O') 
~ 
i... 

Others 

Deleatidium 

Jubificidae 

. . 

. 
,• . 

Others include: Aucklandobius, 

Hydrophilidae, Potamopyrgus, 

Hydrobiosis, Hydracarinid sp, 

Tipulidae, Sigara, Galaxias 

l· 
0 . . . . . . . . . . . . . . 

JASONDJFMAMJJASONDJFMAMJJASONDJF 

1977 

FIG 6.8 

1978 
Months 

1979 

Invertebrates of the Cass River-mouth, 1977-80. 

·'""' ' 

1980 

~ ~ '"""'· --, '"\ "' 
/"", 



) 

) 

) 

) 

) 

J 

) 

D. The effects of prey behaviour on the feeding behaviour of stilts 

Of the five genera corrunonly preyed on by stilts, only Deleatidium· 

had temporal changes in behaviour which modified the stilts' feeding 

behaviour. Larvae of Deleatidium are herbivorous, probably grazing 

on algae and diatoms (Pendergrast and Cowley 1966). In the Cass 

River Valley the larvae clung to the undersurface of stones for much 

of the day and thus were hidden from the view of stilts. The diel 

activity of the larvae centred around a negative phototaxis: they 

were most active when the sun was less than 20° to the horizontal, 

which occurred in early morning and evening. This behaviour was not 

part of an endogenous rhythm, but was controlled by lighting conditions. 

Thus in the middle of sunny days larval activity was low, but if dense 

cloud blocked out the sun, larvae began to appear after 10-20 s. 

Modifying this behaviour was the temperature of the water during spring, 

which appeared to inhibit larval activity at temperatures below 4-6°~. 

In winter the combined effects of these two environmental factors 

resulted in a low level of 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 for activity in the early 

morning, the water temperature threshold had not been reached for 

activity. During spring the morning activity levels of Deleatidium 

increased and correlated positively and strongly with water temperature 

(Fig 6. 9). Even in spring, however, 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 comparatively little activity during the day. 



~I 

) 

) 

) 

) 

) 

) 

) 

_) 

_) 

40 

30 

Cf) 20 
0 
(Y) 

I... 
Q) 

o. 10 
N 

E 
LO 
N 

(A) 

• 
• 
• 
• 

• • 
• • • 

• 
• • • 

0 

• •• O-+-------,.----.......--------r-----r--

I... 
Q) 
0. 

E 40 
:J 

:2 
+-' 
0 
a> 30 
Q) 

0 

-0 

Cf) 20 
I... 
Q) 

..0 
E 
~ 10 

0 
(B) 
0 

0 

• 

• 

• 

5 10 15 
Water temperature °C 

• 
• • • I 

20 

• •••• o----------~----'"---.--------"....._.....--
o 

FIG 6.9 

10 20 

Solar altitude 

30 40 
(degrees) 

50 

The relationship between visibility of DeZeatidiurn larvae 
and A) water temperature under constant lighting, and 
B) solar altitude when water temperatures were greater 
than 10°C. 

In A) all observations were carried out in the ten
minute periods before sunrise or after sunset. Each 
point represents the mean of ten coupts. All obser
vations were made at one pool, Cass River, August to 
October 1977. 

In B) the closed circles were when the sun was shining 
and the open circles were when the sun was below the 
horizon. 

90 



) 

J 

\ 
/ 

) 

) 

) 

-. 
I 

Exogenous control of diel periodicity of stream invertebrates is 

well-documented (Holt and Waters 1967, Waters 1972, Muller 1974), 

but only one study has isolated water temperature as an entraining 

agent (Waters 1968). The present study is the first to show dual 

control of periodicity in stream invertebrates. 

At times when alternative prey were rare or inaccessible, the 

inactivity of Deleatidium .larvae in winter and early spring had 

contrasting effects on the rate of food intake and feeding behaviour 

of Pied Stilts and Black Stilts. The morning peak in food intake was 

not attained by Pied Stilts,·but was by Black Stilts (Fig 6.10). The 

low morning food intake of Pied Stilts was the result of its inability 

-to exploit the inactive larvae hidden under stones. Over 95% of the 

feeding attempts of Pied Stilts in lotic habitats were pecks (Fig 6.11) 

which depended on prey being visible. These yisible prey were mainly 

drifting invertebrates which were at a very low density, and to 

increase the rate of encounter of __ prey, Pied Stilts had a very high 

search rate, which on average, was three times·that of Black Stilts. 
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Some :'.indd.viduals ran at speeds of 0.3 - 0.5 ms around the lakeshore, 

but they we~e still unable to maintain a steady rate of food intake. 

On clear frosty mornings the ingestion rate of Pied Stilts sometimes 

rose temporarily about 0900 - 0930 h, owing to a temporary increase 

in the numbers of drifting invertebrates at the river-mouth (Fig 6.10). 

These invertebrates had 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. 
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In contrast to Pied Stilts, Black Stilts were able to exploit 

inactive DeleatidLum larvae to the extent that they specialised on 

benthic .prey throughout the day (Fig 6.11B). These inactive larvae 

were detected by touch during the course of lateral probi_ng, a method 

which 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=lOOO). occurred 

within two seconds of the completion of a lateral probe indicating 

that disturbance of prey by probing.contributed to the relatively 

high proportion of successful pecks. No individuals of Black Stilts 

used one feeding style (lateral probing or pecking) exclusively; all 

used the two methods interchangeably. 

As water temperature, and therefore prey activity, increased 

during September and October, the proportion of tactile feeds by Black 

Stilts during periods of low solar angles decreased linearly (Fig 6.12). 

Thus, as prey became more and more active, tactile feeding was no 

longer obligatory and was gradually replaced-by pecking. During the 

same period and for the same reason, 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 6.12). 

Thus, by October mayfly activity was sufficient for a normal diurnal 

rhythm in feeding to be maintained. 

The negative phototaxis of Deleatidium became more pronounced 

in October, affecting the feeding of both species. On sunny days 
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Black Stilts continued to feed by tactile means and prey intake was 

unaffected. On ,Particularly br_ight days, ·includi_ng days of high 

cloud, 'the intake rate for Pied Stilts.was reduced by up·to 20%, and 

the search rate was h_ighest on days on which rate of prey intake was 

lowest. Fig 6.13 illustrates prey intake and feeding methods of 

both species during varying weather conditions, showing the rapid 

response of feeding to environmental change. Some birds maintained 

higher ingestion rates than others, indicating that there were 

individual differences in energy requirements at any one time, and 

that the negative phototaxis was of less consequence to Pied Stilts 

than was the temperature inhibition during winter. Thus the activity 

level of Deleatidium on sunny days was approximately the level required 

to support normal feeding. To maintain normal ingestion rates below 

that level of larval activity, Pied Stilts were forced to either 

increase their search rate or to change habitats (Ch.8). 

The success of the different feeding modes (visual and tactile) 

used by Pied and Black Stilts, varied with feeding station (Table 6.3). 

The visual feeding style of Pied Stilts was significantly more 

successful in glides 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 glides than in the riffles. 

The tactile feeding style of Black Stilts,was on the other hand, 

significantly more successful in the riffles than it was in the glides. 

Visibility was less important in the riffles, where the main requisite 

was a high density of prey to enable sufficiently high rates of prey 

encounters during tactile feeding. Invertebrate densities above 

1500/m
2

, which characterised most stream riffles, were needed for 
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tactile feeding to be continued at that particular site. In glides 

2 
Pied Stilts continued to feed at prey densities down to about 500/m. 

TABLE 6.3 Success of different feeding styles of stilts 

Pied Stilt Black Stilt 
Significance 
between the 

species 

River riffles 

River glides 

Significance 
between 
riffles and. glides 

Stream riffles 

Stream glides 

Significance 
between 
riffles and glides 

n 

s 

n 

s 

n 

s 
n 

s 

Peck 

250 

4.8 

1050 

6.7 

p<.01 

280 

5.8 

610 

7.6 

p<.01 

Probe Peck Probe Peck 

20 352 360 

3.0 5.9 4.4 p<.05 

31 630 140 

3.1 6.8 3.1 p>.l 

p>.l p>.05 p<.05 

15 161 192 

3.3 5.9 4.7 p>.5 

12 205 37 

3.4 6.5 3.3 p>.l 

p>.l p>.05 p<.01 

n = number of observations of ten feeding attempts 

s mean-number of successes per ten feeding attempts 

The contrasting feeding styles of the two species led to a 

Probe 

p<.05 

p>.l 

p<.05 

p>.l 

spatial partitioning of lotic habitats. Constrained by its require-

ment for water with comparatively unbroken surfaces, the Pied Stilt 

foraged mainly in pools or glides (Fig 6.14}. The preferred feeding 

station of the Black Stilt was the. riffles because of the high prey 

densities there, and the least favoured feeding station (stream 

glides} had lowest prey densities. This pattern was repeated on the 

Godley and Ahuriri Rivers where fewer observations were made. 
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FIG 6.14 Feeding stations of stilts in lotic habitats. 

Graphs drawn from combined data of all days of feeding 
observations. The proportion of each habitat taken up 
by riffles was approximately 30% at the river-mouth, 
40% in the river and 35% in the streams. 
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E. Feeding on drifting insects 

The drift of invertebrates in rivers and streams refers to their 

dow;nstream transport in the currents (Waters 1972, Muller 1974}. 

"Behavioural" drift refers to drift that occurs regularly and under 

fairly specific physical conditions such as lighting, while "catastrophic" 

drift results from physical disturbance of the benthos, usually by 

flooding and consequent bottom-scouring. 

Behavioural drift: In the Cass.River Valley, behavioural drift 

of aquatic larvae occurred mainly at night, and so the invertebrates 

were not readily available to stilts. Behavioural drift of emerging 

caddisflies occurred mainly in the evening or at night, so that they 

too were not readily available. Deleatidium, however, emerged in the 

early afternoon peaking.about 1400 h. The emerging subimagines 

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 surface, the subimagines were conspicuous and sluggish and 

formed very easy prey for stilts. Individuals of both species stood 

at the beginning of the glides where they waited for the subimagines 

to drift within easy pecking range. Backwaters on the downstream end 

of riffles often had concentrations of subimagines also, and were 

utilized by stilts. Riffles were little used for emergence feeding 

owing to the turbulent water which would have made recognition and 

catching of subimagines difficult. In addition, emerging larvae 

required relatively calm water in which to moult and emerge so that 

only the more placid riffles and glides were suitable. 
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On days of high Deleatidium emergence in the Cass River the 

switch to subimagine feeding was gradual at .first with larvae and 

subimagines .both being preyed on early in the afternoon, but during 

peak emergence. about l400 h, both species of stilts preyed on 

subimagines exclusively (Fig 6.15). 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. Thus a type 2 (functional) response (Holling 1959) 

to increased prey availability occurred in both species without any 

fundamental differences between the two. 

The energetic gain over cost was high for stilts feeding on 

emerging mayflies owing to high prey biomass and abundance,and to 

reduced energy expended in food capture. 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, and their 

high concentrations enabled stilts to increase the biomass of food 

ingested per unit time. Energetic costs of locomotion in terrestrial 

vertebrates increaseslinearly with average velocity (Schmidt-Nielsen 

1972) • These costs were minimised by both species, individuals of 

which waited for prey to come to them, rather than vice versa as when 

they were feeding on all other prey types. 

As the rate of emergence declined in mid-afternoon, the stilts 

began searching for benthic prey at their respective feeding stations 

(_riffles, . Black Stilts; glides, Pied Stilts) . In the sidestreams the 

rate of emergence never reached the threshold for total switching to 

subimagines. Instead, both species continued to feed mainly on 
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benthic larvae of mayflies and caddisflies, and drifting subimagines 

never accounted for more than 30% of the total numbers of prey ingested 

in any hour. 

catastrophic drift: Daily instances of catastrophic drift 

occurred at the river-mouth during August, but they were of short 

duration and had ceased by September. 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. 

The small stones of the beds of the channels were readily scoured ou·t 

during the flood and contributed to a very high rate of invertebrate 

drift at all depths below the surface. Although the water was very 

turbid, the larvae provided a superabundant supply of food for stilts, 

because the former swam to the water surface, possibly for oxygen. 

Stilts became satiated after·less than two hours of ,feeding on the 

drift (Fig 6.16), which was significantly more quickly than when feeding 

on benthic non-drifting prey. 

Numbers of Deleatidium in the drift declined during November 

1977, and by 25 November only 10% of the numbers found in early 

November were drifting. This decline in drift contributed to a 

decline in feeding rates over the same period (Fig 6.16), and also to 

an exodus of birds from the riverbed (Ch.8). 

F. Feeding overlap 

Dietary overlap: Prey composition in the diet varied among 

habitats, and at the river-mouth it varied from year to year (Fig 6.17). 
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Diets were narrowest in the river owing to the low level of 

invertebrate diversity there, and broadest at the sidestreams where 

invertebrate diversity was high. Experimental provision of food 

indicated that both species preyed on all available lengths of larvae 

from 3 mm to 24 mm in length. In the river the high dependence on 

Deleatidium by both species contributed to a high index of dietary 

overlap. In the sidestreams Pied Stilts had a very broad diet 

(Fig 6.17), but Black Stilts specialised on three prey types, 

Deleatidium, Aoteapsyche.and Pycnocentrodes. Aoteapsyche (3% of 

total) and Pycnocentrodes (4%) were rare in the faeces of Pied Stilts 

at streams, because they were accessible to lateral probing only, 

and this contributed to a relatively low dietary overlap there. At 

the river-mouth overlap values were high in all years. There, 

,Deleatidium changed from being the staple prey in 1977 to being at 

least third in preference in 1978 and 1979 owing to a great decline in 

their numbers there. Thus, apart from the sidestreams (0.67 overlap), 

dietary overlaps were very high, exceeding 0.95 in all cases. 

Overlap in food source: Although dietary overlaps were high, 

overlap in food source was much more variable, ranging from 0.10 to 

0.99 (Table 6.4). Lowest overlap values occurred at the sidestreams 

and the river-mouth in 1977, while highest values occurred at the 

river-mouth in 1978 and 1979 and when.the river was flooding. The 

high values of overlap occurred in areas and at times when prey 

availability was high, i.e. , chironomids plentiful at the river-mouth 

in J.978 and 1979 and Deleatidium drifting abundantly during the 1977 

freshet. 
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leucocephalus novaezealandiae 

1977 1978 River-mouth 
MO 1977 

0·96 1979 0-99 1979 

C 

0·99 

Pre-freshet 
River 1977 

Freshet Pre-freshet Freshet 

D 

0·98 0·99 

Streams 1977-79 
0 

FIG 6.17 Faecal analyses (% occurrence of taxa) and dietary 
overlap in lotic habitats 

Figures below Pied Stilt pie diagrams are values of 
dietary overlap with Black Stilt. 

Key: A= Aucklandobius, C = Chironornidae, Co= Coleoptera, 
D = Deleatidiwn larvae, D' = Deleatidiwn subirnagines, 
Dip= Diptera, L = Lepidoptera, M = Mollusca, 
o = Other, P = Pycnocentrodes, s = Sigara. 
See appendix for sample sizes and details of "Others". 
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TABLE 6.4 :food Source 

leucocephalus novaezealandiae 

River-mouth. 

1977 1978 1979 Total 1977 1978 1979 Total 

no. o;f birds 17 22 12 51 13 13 10 36 
Sur;face 21 5 6 32 34 2 7 43 

Ri:f;fle Subsur;face 62 3 6 71 361 28 ·38 429 
Probe 3 0 2 5 2108 32 32 2172 
Surface 576 183 209 968 68 .82 81 237 

Glide Subsur;face 2240 2943 3776 8959 447 3277 3094 6812 
Probe 41 61 151 253 1345 344 226 1915 

Sand 0 539 856 1395 0 11 123 134 
) 

TOTAL 2943 3734 5006 11683 4363 3776 3601 11740 

Overlap 1977 1978 1979 Total 
0.18 0.98 0.99 0.90 

River 

Pre-flood Flood Total Pre-flood Flood Total 

n 29 20 49 11 6 17 
Surface 12 39 51 30 120 150 

Riffle Subsurface 787 0 787 1011 2 1013 
Probe 6 0 6 1045 3 1048 
Surface 2614 4252 6866 563 640 1203 

Gl1de Subsurface 6594 11 6605 1273 5 1278 
Probe 23 0 23 220 0 220 
Other 15 0 15 0 0 0 

TOTAL 10051 4302 14354 4142 770 4912 

Overlap Pre-=flood Flood Total 
\ 0.69 0.97 0.75 
) 

) 

Streams 
) 

n 30 20 
Sur:t;ace 31 145 

RifUe Subsurface 267 1440 
Probe 31 3259 
Surface 1703 103 

Glide Subsurface 9475 325 
Probe 44 468 

) Other 152 15 

TOTAL 11703 5755 
\ 

j Overlap 0.10 

) 
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Within-day overlaps in food source varied considerably too, such 

as low overlaps during morning and evening foraging, and high overlaps 

during the emergence drift of subimagines when all prey were obtained 

by pecking at one type of feeding station. 

In stable habitats (river-mouth 1977, sidestreams, pre-freshet 

river) food source overlap was low. This was caused by Black Stilts 

probing for abundant but inactive prey, while Pied Stilts persisted 

with pecking. The overlap values were depressed even further by 

different choices of feeding stations. 

Within-habitat feeding overlap: Total feeding overlap (multiplied 

indices of dietary and food source overlaps) depended mainly on the 

value of the food source overlap, since overlap in diet approximated 

1.0 in all cases except at the sidestreams. Total feeding overlap 

was very low in the streams (0.07) and at the river-mouth in 1977 

. (0.17), moderately low in th.e pre-freshet river (0.68), and very high 

during the freshet river (0.96), and at the river-mouth in 1978 (0.97) 

and 1979 (0.98). 

Discussion 

In order to maximise prey intake in patches of spatially or 

temporally changing food supplies, a predator has three options open 

to it. It can firstly seek its usual prey or alternative prey· in 

another patch; or secondly it can alter its diet in the existing 

patch; or thirdly it can exploit the current prey in the current 

patch., but by feeding at a different intensity, e.g. by using different 

modes and by feeding at different rates. The first of these 
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alternatives (changing patches) can be on a scale corresponding to 

emigration. Switching between lentic and lotic habitats by stilts 

is discussed in Chapter 8. The second and third 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 (1) 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 

(2) 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 

109 

followed the prediction of the model, increasing their rates of prey 

capture (numbers and biomass) during times of high rates of catastrophic 

drift and emergence drift, to level o.ff when drift exceeded a limiting 

rate. 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, 



J 

) 

) 

) 

out with necessary minor modifications to the prediction. The data 

presented in Section D have shown) clearly that 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 needs to 

be restated as " ••• predators spend more time in areas where prey 

availability .is greatest". For Pied Stilts, prey availability was 

highest in the_ glides where prey was visible, but at a lower density 

than in the riffles. 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" corresponded to areas of "high prey 

availability". 

Natural selection has played a major role in the evolution of 

foraging behaviour .of predators (Goss-Custard 1977a, Royama 1970). The 

notion of "optimal foraging" has been applied frequently in the 

literature to explain the foraging strategies of a predator, such as 

where and how to feed. Clearly the most economic alternative in 

terms of energy for a benthos-feeding predator in the Cass River Valley 

would be to have flexible feeding styles inc+uding tactile feeding. 

The problem of insect activity will have imposed positive selection 

pressure for this feeding strategy in Black Stilts since pre-glacial 

times. During the Last Glaciation air temperatures were 4.5 - 6.o
0 c 

lower than those today (Willet 1950, Soons 1976}, so that average 

water temperature would have been depressed significantly also, but 

not to the extent of complete ice cover in winter (Gage 1966). 

Clearly, tactile feeding or other non-visual modes .would":have been 

obligatory at that time. During inte_rglacial periods, tactile feeding 
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would_have been equally useful for locating .prey sheltering under 

stones during the middle of the day. 

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. including in other habitats. Except 

for the high. search rate, these features indicate suboptimal foraging 

according to many.optimal foraging models (Emlen 1966, MacArthur and 

Pianka 1966, Schoener l971, Pulliam 1974}. These mode1s 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) should increase its search speed to increase 

the rate of prey encounters, as well as to increase the chances of 

entering a .patch of higher prey availability. Variations in search 

speed have been reported for the Redshank Tringa totanus also, a wader 

of similar proportions to stilts and feeding on small prey which 

fluctuate in availability (Goss-Custard 1977b). 

The repeated sub-optimal foraging of Pied Stilts suggests that 

they are not closely adapted to feeding in shingledlotic habitats, and 

is consistent with the view that they colonized New Zealand in 

comparatively recent times (Fleming 1979). My data on lotic feeding 

support Fleming's contention, and moreover, strongly suggest that Pied 

Stilts would be unable to find sufficient food in lotic habitats during 

past or future glaciations. 

Feeding styles did not cha_nge in the presence and absence of the 

other species, Thus Pied Stilts did not forage more at the riffles, 
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nor use tactile feedihg when Black Stilts were absent. Lateral 

probing was little used by Pied Stilts and.then only in fine shingle 

{<15 mm in diameter), suggesting that the bill was too weak for this 

1·12 

feeding method. The bills of.H. h. himantopus and H. h. leucocephalus 

have been considered.by other authors (Burton 1974, Best 1970) to be 

too delicate to probe into hard substrates. There appeared to be no 

learning of this feeding method when Pied Stilts were in association 

with Black Stilts, suggesting also that structural differences precluded 

the use of tactile feeding. However, evidence from hybrids (Ch.11) 

suggested that feeding behaviour may have been largely inherited, and 

that for genetic reasons, Pied Stilts did not probe in shingle. 

Except for in New Zealand, few benthos.feeding birds occur in 

shingled riverbeds or streams, but notable examples are the Ibisbill 

Ibidorhyncha struthersii of Asia, and the Dippers Cinclus spp. of 

Eurasia and the Americas. Neither of these genera, however, has had 

its feeding well documented, but da Prato (1981) found that spates 

caused dippers to stop feeding. In New Zealand the Wrybill occurs 

on shingle-bed rivers and streams where it specialises on benthic prey, 

as sometimes does the Black-billed Gull, Larus bulleri. In late 

winter 1977 these two species used tactile feeding and foot-paddling 

respectively to detect prey. The Wrybill, like the Black Stilt in the 

present study, concentrates its feeding in the riffles where prey 

densities are highest (Pierce 1979). Wrybills and Black Stilts have 

very long bills compared with those of their relatives, which enables 

added penetration under stones and through mud (Ch.7). 
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Few studies of fish have attempted to document the activity of 

stream benthos, . probably because of the pl'.'evaili_ng view that drift is 

more important in the diet of fish than is benthos (Wankowski and 

Thorpe 1979). Drift, however, has been postulated to result from 

increased activity of the benthos which increases susceptibility to 

drift (Elliot 1967, Waters 1972). Behavioural drift of larvae was 

not important to.stilts, except to Pied Stilts in late winter when 

their ingestion rates were low. Behavioural drift of subimagines 

was more important because it occurred during the day,· at a .high rate. 

and the subimagines were conspicuous. In the Cass River a total· 

switch to feeding on subimagines occurred in Pied Stilts, Black Stilts, 

Black-billed _Gulls and Black-fronted Terns Sterna albostriata (Lalas 

and Heather 1980), but not Wrybills which preyed on larvae and 

subimagines during the emergence period. 

Overlap in taxa consumed by all bird species in lotic habitats 

was necessarily high owing to low prey diversity, particularly in the 

river. Each bird taxon however occupied a different feeding station, 

e.g., Wryb:Llls in shallow riffl.es, Black Stilts in . deep riffles, Pied 
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Stilts in deep glides, Black-fronted Terns in the air, and Black-b~lled 

Gulls in the air or in shallow pools or riffles. 

Although indices of total feeding overlap cannot be considered 

similar to the competition coefficients of the Lotka-Volterra models 

(.Slobodchikoff and Schultz 1980}, they can be used nevertheless as a 

first approximation (Abrams 1980, Lawlor 1980). Provided interference· 

between species is low (Ch.8), and provided prey densities are not 

being depressed s_ignificantly by either species, then the low overlap 
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values indicate that competition would also be low. Prey consumption 

by stilts in the river and streams was very low compared with total 

invertebrate numbers and biomass. In September and October l977 

stilts consumed approximately 1-2% of mayfly larvae on the river 

delta (4-6 million out of an estimated 300-500 million). The 

additional larvae set drifting by the tactile feeding of Black Stilts 

was probably low compared with normal drift, and recent studies 

(Waters l981) suggest that th.e drift of an individual invertebrate 

may be very brief. The total avifauna of the river is unlikely to 

have contributed more than 5-10% to the decline in numbers of mayflies. 

In the sidestreams the impact of stilts on invertebrates each season 

was probably less than at the river. Physical components of the 

lotic habitats, such as substrate size interacting with current 

velocity particularly during floods, were clearly more important than 

that of predation by birds in regulating invertebrate numbers. 
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7. F.EEDING IN LENTIC HABITATS 

Introduction 

.Pied Stilts preferred to frequent lentic habitats, particularly 

swamps, during their stay at the Cass River Valley. Peak use of lentic 

habitats by Black Stilts, however, occurred after the breeding season 

(Ch. 5) • The purpose of this chapter is to compare the feeding 

behaviour of the two species in lentic habitats in order to estimate 

the degree of overlap in resource use. 

Methods 

Data on foragi.ng and diet were recorded on the same basis as in 

Ch.6, and calculations of indices of overlap were carried out as in 

that chapter also. Several nocturnal observations were made by using 

a NVC night vision system (zeniscope) operated from a hide. 

In ponds, feeding depths of stilts were recorded by using 

"anatomical divisions" adapted from Baker and Baker (1973) and Hamilton 

(1975). The divisions I used were: Ci) O - ~ tarsal length, 

(ii) ~ tarsal length - tarsal length, (iii) tarsal .length - feathers 

of tibia, and (iv) over the tibial feathers. Actual depths were 

estimated by taking the midpoints of these anatomical categories and 

converting them to measurements by using biometric data (Ch.2). 

Benthic and nektonic samples of potential. preywere collected at 

least once in all foraging areas. North Pond and Mailbox Inlet, which 

were heavily utilized by stilts, were sampled monthly for hekton and 

every second month for benthos in order to establish invertebrate life 
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cycles. E_ight benthic samples were collected each time by using a 

2 
corer 0.0065 m in area and 5 cm deep. Eight nektonic samples were 

collecte·d each time by using a drum which was open above and below and 

2 
covered an area of 0.0484 m. This drum was placed in the water 

column, and a tray was slid into position at the bottom of the drum, 

thus trapping all water and invertebrates within. All samples were 

strained through a sieve of 0.25 mm aperture size, and the invertebrates 

were identified and allocated to a millimetre size class before being 

preserved in ethanol. 

Results 

A. Styles of feeding 

Peck: This was the most common feeding method used by Pied and Black 

Stilts in lentic habitats, and the feeding actions were identical to 

those described for pecking in lotic feeding (Ch.6). In contrast to 

lotic feeding, surface pecking was comparatively rare and accounted for 

less than 5% of feeding actions during the day in all lentic habitats. 

Most pecks were directed at motile prey in the water column. 

Vertical probe: This was a tactile feeding method in which the 

stationary stilt pushed its bill beneath the surface of a soft 

substrate. It involved a longer period of applied force than did the 

instantaneous peck from which it was easily distinguished. Often the 

force was relaxed, then reapplied.with little or no lateral displacement 

of the bill and is termed "multiple vertical probing". In both species 

the bills of probing birds, unlike pecking birds, were held at a wide 

angle to the horizontal (.Table 7 .1) • This semi-vertical probing 
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allowed maximum or near maximum penetration into the substrate, 

because the force was being exerted along the main bill-axis. This 

feeding method has not been recorded in Himantopus himantopus overseas. 

TABLE 7.1 Bill orientation when feeding in lentic habitats 

Pied Stilt Black Stilt 

n mean angle1 range n mean angle range 
(degrees) (degrees) 

Surface peck 100 10 5-35 100 10 5-30 

Benthic peck 100 50 35-110 100 50 20-110 

Vertical probe · 100 85 75-90 100 80 70-90 

Scythe 100 25 10-40 100 30 10-45 

Note: 1 Mean angle to horizontal to nearest s0
• Data obtained by 

estimating angle bill made with horizontal to nearest s0
• 

Scythe: This method was a tactile feeding method performed in very 

soft muddy substrates. During scything the neck, head and bill were 

held at a low angle to the horizontal (Table 7.1) and the bill swept 

from one side to the other in an arc 20-30 cm long (Fig 7.1). The 

head was lifted at the end of each scythe, a step taken, followed by a 

scythe in the opposite direction. Normally the direction of the scythe 

began on the side opposite the forward foot which acted as a pivot for 

the feeding action. 

Si_ngle-scything is regularly used by avocets (Wi therby et al. 

1940, Streefkerk 1960, Hamilton 1975)~ but has been documented once 

only in Himantopus himantopus overseas (Hamilton 1975) .• Goriup (1982) 
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FIG 7.1 

B . 

• 

The scything feeding style 

In A. the right leg (r) is forward and the bill is swept 
through the mud from left to right. A step is then taken 
(B) and the reverse feeding action occurs (C). 
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recorded a "semi-scythe" in H. h. himantopus in which the bill was 

swept through silt from directly in front to a little to the side. 

In the American Avocet Recurvirostra americana,Hamilton (l975). 

found that the head, neck and back were held at 5° to io0 
to the 

horizontal and the tip of the bill was placed flat on the substrate. 

In Pied and Black Stilts for the tip of the bill to be placed flat on 

or in the mud, the head and neck would have had to have been held at 

less than 3° to the horizontal. Few birds adopted this low posture 

which resulted in slightly less coverage of the mud than the potential 

of their bills allowed. An inclined bill position would not signifi-

cantly have reduced the rate of prey detection, provided the prey were 

equally spaced through the top two centimetres of mud, which was usually 

the case. The shallow scything angle overall was probably forced upon 

the stilts by the vertical alignment of chironomid larvae, whereby the 

probability of detecting prey increased inversely with bill angle. 

Single-scything was sometimes extended to multiple~scything by 

both species, in which the bill ·was raked from side to side at 

successive steps without the bill being raised from the substrate. 

This method, which is often used by avocets (Hamilton l975), has not 

been recorded for Himantopus himantopus overseas. 

Multiple scything was rarely used on exposed grass by both 

species, where it functioned in disturbing rather_ than feeling prey. 

Once an invertebrate was disturbed (and seen), the stilt pecked at it. 
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B. The prey species 

In lenti.c habitats the common prey of stilts consisted of seven 

taxa, including four genera of insects, two genera of molluscs and one 

genus of ol.igochaete. All seven taxa occurred in ponds, four in swamps 

and thre.e in mudflats (Table 7. 2) • 

TABLE 7.2 The common lentic prey of stilts in the Cass River Valley 

Taxon 

Sigara arguata 

Anisops assimilis 

Xanthocnemis zelandica 

Chironomus spp. 

Tubificididae 

Potamopyrgus spp. 

Lymnaea 

Note: 1 p pond, s 

b . 1 
Ha itat 

P,S 

P,S 

p 

P,M 

P,M 

P,S,M 

P,S 

swamp, M 

Maximum Maximum 
Life form length dry weight 

(mm} (mg) 

Adult 8.5 3.3 

Adult 9.2 6.0 

Larva l7.2 8.2 

Larva 26.0 l. 7 

Adult 49.0 2.2 

Adult 10.3 1.3 

Adult 29.4 35 

= mudflat 

Sigara: Of the two main free-swimming prey of stilts, Sigara 

arguata was the most widespread and generally the most common as well. 

It occurred abundantly in permanent and ephemeral ponds as well as in 

those swamps with sufficiently deep water. Sigara was active thro.ugh-

out the year with eggs hatching in spring and summer. The direct-

developing young grew quickly and by mid-summer there was a complete 

range of sizes from smallest to largest. 

most had reached or were approaching maximum length. 

By late autumn 

At North Pond 
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hatching occurred two to four weeks earlier in 1978 than it did in 

1977. Insolation was less in 1978, but maximum, minimum and mean 

water temperatures at the pond were significantly (p < 0. 05) higher 

than in 1977 and probably induced the early hatching times. 

Anisops: Anisops was the second free-swimm±ng prey species of 

stilts, but it occurred mainly in large permanent ponds, and was rare 

at ephemeral ponds and swamps. The life cycle was similar to that 

of Sigara with a hatching period in spring and summer (apparently 

affected by water temperature also), followed by rapid growth. It 

was not possible to establish densities of Sigara and Anisops because 

of their high level of mobility and because of the general patchy 

distributiori of pond invertebrates (Macan 1963). However, both 

genera were comparatively rare at North Pond in the 1979-80 season, 

after the pond had been artificially lowered. The resulting water 

turbidity caused by wave action probably effected the decline of Anisops 

and Sigara. 

xanthocnemis zelandica: xanthocnemis was found at North Pond 

only where it was abundant in the peripheral zone of weeds and 

uncommon in open water. None were found in the.1979 season, probably 

because of the turbid conditions which are unsuitable for this species 

(Crumpton 1979). Larvae occurred at North Pond throughout the year, 

but late instar larvae were restricted to the period ·from July to 

February. Pe.ak emergence occurred during late spring and summer. 

Chironomus spp.: Larvae of Chironomus spp. occurred in the mud 

of several permanent and ephemeral ponds and in the two mudflats 

fringing Lake Tekapo. At the.ponds, chironomids were present during 
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the entire year with peak biomass occurring in spring, before the main 

period of adult emergence. During summer and autumn there was a wide 

range of larval sizes corresponding to different stages of instar growth. 

Tubificids: Tubificid worms were common in the mud of permanent 

and ephemeral ponds and mudflats. Highest densities were found in the 

-2 -2 
ephemeral ponds where up to 28,000 m were recorded, but 5000-7000 m 

was normal. 
-2 

Densities were high at the mudflats also Cup to 12,000 m } 

-2 
and lowest at North Pond and the Glenmore Tarns (up to 1000 m ) . 

with chironomids, tubificids were av2.ilable throughout the year in 

areas where drying-out had not occurred. No consistent patterns of 

seasonal change in densities were found. 

As 

Potamopyrgus antipodarum: Potamopyrgus was the most widely 

distributed of the lentic prey species, being unrecorded at Sandpiper 

Mudflat only. It was common in and on the mud of all ponds, particularly 

permanent ponds. Where there were aquatic plants (North Pond, and all 

swamps), it occurred on stems and leav~s throughout the water column. 

Highest densities of Potamopyrgus occurred in spring and summer, 

consistent with studies carried out on this species elsewhere. 

Potamopyrgus occurred in low .numbers in stable lotic habitats 

also, particularly the pools of the delta sidestreams. 

Lymnaea: Lymnaea was common at some of the more permanent ponds, 

especially North Pond, where it occurred mainly on the stems and leaves 

of peripheral pond weeds such as Potamogeton and Juncus articulatus. 
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Moderate densities occurred at North Pond during the entire year in 

1977 and 1978, but not when the pond was low in 1979. 

C. Feeding depths 

Males and females of both species preferred to forage in water 

of "anatomical depth" C in which the water came up to between ,the ankle 

and feathers on the tibia. Female Pied Stilts were least consistent, 

but there ~as also some variation corresponding to local abundance of 

food. For example at Lake Wainono, male and female Pied Stilts 

favoured depths A and B when the lake was low and mudflat food was 

exposed, but they favoured depths C and D when the lake was high. A 

similar trend was noted at North Pond when its level was artificially 

lowered. 

When anatomical depths were converted to actual depths, it was 

evident·that male Pied Stilts foraged at mean depths slightly greater 

than those of-female Pied Stilts and male and female Black Stilts 

(Fig 7. 2). Male Pied Stilts appeared to be specialist deep water 

feeders, whereas female Pied Stilts foraged in a range of water depths. 

This vertical partitioning of habitat by members of a Pied Stilt 

pair did not occur in Black Stilts. The birds of Black Stilt pairs, 

however, foraged at widely separate parts of the territory, seldom 

within five metres of each other. Mean distance separating the birds 

of a pair was 17.8 m (n = 220) in Black Stilts compared with 7.2 m 

(n = 178) for Pied Stilts (p < 0.01). Thus Black Stilts partitioned 

the habitat on a horizontal basis more so than did Pied Stilts. Pied 

Stilts followed the pattern of H. h. mexicanus in North America where 
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A. North Pond Oct.-Nov. 1978 
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6. Pied Stilt ~ 
o Pied Stilt d' 
• Bloc!( Stilt 
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8. North Pond Feb. 1980 · 

. • Black Stilt 
o Pied Stilt 

C. Lake Wainono ( Pied Stilts) 

A 

7.2 

A. 
B. 
C. 

5 

• Lake high 
o Lake low 

10 15 Actual 
20 depth(cm) 

B C D Anatomical 
depth 

Feeding depth~ of stilts 

North Pond at moderate to high levels. 
North Pond after it was artificially lowered. 
Lake Wainono at low and high levels. Water of all 
depth categories were available during both high 
and low pond/lake levels. 
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Hamilton (1975) found a strong sexual dimorphism in the legs, one of 

several means by which niche separation occurs in birds (Selander 1966). 

D. The effects of prey behaviour and weather conditions 

on stilt feeding behaviour 

Of the seven common lentic prey only two, Sigara and Anisops, 

exhibited marked diel rhythms in activity. When water temperatures 

were below about s0 c individuals of both insect species remained 

inactive and hidden beneath weed. No evidence was found of 

invertebrates moving from shallower to deeper water or vice versa. 

Unlike Deleatidum, Sigara and Anisops seemed to be unaffected by 

lighting, so that level of activity correlated positively ·with water 

temperature (Fig 7.3). Correspondingly, activity levels were low in 

winter, but higher during spring and especially summer. 

When-Sigara and Anisops were active, Pied and Black Stilts preyed 

heavily on them by pecking. At times of prey inactivity, however, 

125 

both species switched to a tactile feeding style and utilized the benthic 

infauna-chironomids, oligochaetes and molluscs (Fig 7.3B). Infauna! 

prey were utilized extensively in winter, but as water temperatures 

rose in spring, nektonic prey became more important accounting for up 

to 90% of preyitems ingested. 

In contrast to lotic feeding, cloud had no effect on feeding 

styles in lentic habitats, but rain and wind disrupted the normal 

pattern. Heavy rain disturbed the surface of the water, preventing 

sti.lts from locating their prey visually and caused them to switch to 

tactile feeding. Wind caused stilts to move to shallower water or 
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A. Visibility of nekton 

15 6 Oct. 1978 15 Seasonal 1978 3 
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B. Intake of nekton 
• PIED STIIT- 4-15 BIRDS 

X BLACK STILT - 2-4 BIRDS 
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3 
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FIG 7.3 The effects of variations in visibility of lentic prey 9n 
ingestion rates 

Notes: 1. Numbers of adult Sigara and Anisops visible per 0.5 m2 
per 30s averaged for five minutes of observation. 

2. Numbers of nekton ingested per 30s of feeding averaged 
for at least three minutes of observation. 

3. Observations made at approximately one hour after sunrise 
June-Nov 1978. 
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sheltered areas where there were fewer ripples. If the wind became 

too strong for stilts to feed visually, they switched to tactile 

feeding particularly scything. In the event of hail storms which can-

kill stilts (Dow l972), all stilts stopped feeding and sought shelter. 

E. Diet and dietary overlap 

The diet of.Pied and Black Stilts was broad in lentic habitats 

particularly at ponds and swamps where individuals depended on several 

species of prey during the course of a day. As in lotic feeding, 

dietary overlap, based on faecal analyses, was very high, ranging from 

0.79 to 0.93 (Fig. 7.4}. Except at North Pond, there appeared to be 

no marked differences in the diet between years. Two Pied Stilts 

shot at North Pond in November 1980, contained no Sigara or Anisops 

in their stomachs (Appendix 3). This corresponded to the low density 

of these inverteb:tates:at that.time, caused by lowering of the pond 

(Ch. 8) • Two Pied Stilts shot at Mailbox Inlet in January 1981 had 

many :f'ubificid worms in their stomachs. These worms did not appear 

in the faeces of these two birds, nor in the faeces of other birds 

examined in previous years, so that they are apparently completely 

digested. 

At North. Pond and Mailbox Swamp there was some indication of a 

seasonal cha_nge in diet. Faeces collected in late winter and spring 

tended to have relatively more chironomid remains than remains of 

nektonic prey. Later in the season relatively more nektonic prey were 

found, which agreed with observations of prey activity and feeding 

behaviour (Section D). 
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FIG 7.4 

leucocephalus novaezealand iae 

1978 North Pond 1978 

0·93 

0·79 

Clover Hill Swamp 
~-- 1979 

M 

C 

0·83 

Mailbox Inlet 
1978-79 

0·92 C 

Faecal analyses (% occurrence of taxa) and dietary overlap 
in lentic habitats 

Figures below Pied Stilt pie diagrams are values of dietary 
overlap with Black Stilt. 

Key: A= Anisops, C = Chironomidae, M = Mollusca, O = Other, 
s = SigaPa, x = Xanthoanemis. 

See Appendix for sample sizes and details of "Others". 
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F. Foraging at night 

I found several cases of Pied and Black Stilts foraging at night, 

mainly in lentic habitats especially by moonlight. ·At the Cass River 

Valley the preferred night-foraging sites were muddy-based ponds 

North Pond, Delta Ponds and at Mailbox Inlet. When there was wind 

or low lighting conditions most feeding was tactile with scything rates 

exactly comparable to those during the day. At one of the Delta Ponds, 

however, pecking to the surface of the water was common. At these 

times (of full moon) Nymphula nitens was emerging from the pond, and 

wing fragments of this species were found in the two sets of Pied 

Stilts faeces collected there. 

At all localities, most stilts ceased to forage by 0100 h, and 

only rarely were any seen foraging between 0200 hand dawn. Other 

species besides stilts ··seen· foraging-at the ponds at night were Banded 

Dotterel, Wrybill, Spur-winged Plover Vanellus miles, Black-billed Gull 

and several species of waterfowl. Nocturnal foraging by Pied Stilts 

appeared to occur more regularly in tidal localities, including 

Hooper's Inlet, and Lake Wainono when it was open to the sea. 

Discussion 

Throughout the world Himantopus himantopus occurs largely in 

lentic habitats, preferring shallow lakes, lagoons, swamps, seasonal 

wetlands, sluggish streams and estuaries (Witherby et al. _l940, 

Dementiev et al. 1966, Frith _l969, Hamilton 1975, Blake 1977, Crawford 

1980} • Within these habitats H. himantopus is a generalist feeder 
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preying on many orders of invertebrates and small vertebrates depending 

on their local availability. 

In lentic habitats in the Cass River Valley, Pied and Black 

Stilts showed no definite preference for any one species of prey, and 

no combinations of prey appeared to be essential. The two species 

were equally affected by prey behaviour and this resulted in a high 

overlap in food species compared with that in some lotic habitats. 

The prey composition.was essentially similar to that found for Pied 

Stilts by McConkey (1971) working in a Manawatu swamp, where 

Potamopyrgus, elmids, chironomids and Sigara were the main prey, and 

a variety of other species were taken in smaller numbers. Merton 
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(1977) , working at one of the Glenmore Tarns, found Sigara, coleopterans, 

bivalves and Potamopyrgus in faecal samples of Black Stilts, and Sigara, 

coleopterans and caddisflies in the faeces of a Pied Stilt. At Lake 

Wainono -the diet-of -Pied--Stilts was markedly different from those of 

the above studies. There, amphipods (Paracorophium lucasi), larval 

chironomids and Tenagomysis were heavily exploited (Pierce 1980). 

When these prey were scarce at the lake· other prey, including larvae 

and adults of Ephydrella aquaria and terrestrial species, were fed on 

for several days. 

With their long legs, long bills and similar reactions to 

temporal changes in prey availability, Pied and Black Stilts occupied 

closely similar feeding niches in lentic habitats. The. only means 

by which their niches were partly separated was a difference .in feeding 

depths, Black Stilts being restricted to feeding in shallower water. 

Pied Stilts, particularly males, were able to feed in water 20-30 -mm 
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deeper than were Black Stilts, resulting in some spatial partitioning 

of pond habitats. However, Pied Stilts were able to feed in the 

entire depth range of Black Stilts and preferred to feed within the 

deeper parts of the Black Stilt range, thus occupying space and 

exploiting prey which otherwise would have been potentially available 

to Black Stilts. 
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8. THE INFLUENCE OF PREY AVAILABILITY ON HABITAT CHOICE, SEASONAL 

MOVEMENTS, TERRITORIALITY AND RELATED BEHAVIOUR 

Introduction 

The. previous chapters have compared the foraging behaviour of 

Pied and Black Stilts in the various habitats they frequent. The 

differences and similarities exhibited by the two species will have 

several implications in the wider spheres of habitat choice, seasonal 

movements and social behaviour; This chapter illustrates how 

fluctuating prey availabilities can modify these major behavioural 

traits. 

Methods 

Prey availability and habitat choice were recorded as in 

previous chapters. On two days in October 1977 counts of foraging 

stilts were made every half-hour over 1 km of riverbed and the 

adjacent emphemeral ponds. Most observations of interactions among 

stilts were made from a hide or tent. 

Results 

A. Prey availability and habitat choice 

During winter stilts were generally unable to feed at lentic 
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habitats because of ice cover. Ice was particularly prevalent in 1977 

when ponds and swamps were frozen over from at least mid-June to 

mid-August. During the mild winters of 1978 and 1979, ice was not 

often formed. Of the alternative habitats available to stilts during 



) 

). 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

cold weather, the river-mouth was preferred. River-mouth feeding 

was obligatory for those Pied Stilts which had arrived in August, 

because they were partially dependent on slowly-drifting prey, 

conditions found only at the river-mouth. The dependence of Black 

Stilts on the river-mouth was not complete, but individuals still 

preferred that habitat. In winter 1977, Black Stilts occasionally 

foraged in the lower reaches of the river where prey was at a higher 

density than at the river-mouth. The numbers of Pied and Black 

Stilts occurring at the river-mouth were positively correlated with 

prey density (Fig 8.11. Decreased prey densities there in September 

and October resulted in fewer stilts using that habitat, and newly

arrived Pied Stilts foraged instead at ponds, before establishing 

breeding territories. 

The correlation between prey density and bird numbers at the 

river and streams was significant for Black Stilts (p < 0.01) , but not 

for Pied Stilts (p > 0.1). Pied Stilts were often scarce when prey 

density was high and vice versa. Prey activity and not density per 

se determined prey availability and, in turn, the presence or absence 

of Pied Stilts. On only three occasions were Pied Stilts found 

feeding in the river and streams at water temperatures of less than 

Black Stilts, however, regularly foraged in these habitats at 

0 temperatures below 4 C. Many Black Stilts, but no Pied Stilts 

over-winter in the Ahuriri River Valley where daily they forage at 

low water temperatures in the sidestreams and main river channels. 

Diel changes in habitat choice were a feature of Pied Stilt 

feeding in spring. Several birds followed a pattern of lotic foraging 
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FIG 8.1 Prey density and the numbers of stilts in three 
lotic habitats; river-mouth August - December; 
River August - January; sidestrearns September -
January. A positive correlation occurred in all 
habitats, particularly at the river-mouth, and 
for Black Stilts in the river. High prey 
densities in the river and streams did not always 
attract Pied Stilts. 
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in the early morning, lentic foraging in the middle of the day and 

lotic foraging again in the late afternoon, all of which corresponded 
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to the place and period in which invertebrates were most active (Fig 8.2). 

This pattern was more pronounced in river-foraging birds than stream-

foraging birds, because the latter birds had alternative food, e.g. 

Sigara, to switch to when Deleatidiumbecame inactive during the middle 

of the day. On very windy days the switch from lotic to lentic 'foraging 

by Pied Sti.lts was much more pronounced, owing to the inability of this 

species to feed by tactile means in shingle substrates. Switching of 

habitats by Black Stilts was rarely observed in spring and the timing 

did not necessarily correspond with prey activity. In winter, however, 

Black Stilts sometimes switched from lotic to lentic (especially pond) 

foraging following the melting of ice. 

The ability _of birds.-to exploit temporarily abundant food is well 

known. During the freshet of November 1977, large numbers of Pied 

Stilts frequented the -river where drifting Deleatidium were abundant. 

Black Stilts did not show a similar influx, as several birds were 

already present there feeding on benthic larvae. Neither species 

showed a significant movement from lentic to lotic habitats during the 

early afternoon when Deleatidium were emerging or about to emerge. 

This lack of- a response probably indicates that lentic prey was 

readily available at that time, precluding the necessity of searching 

for alternative feeding areas. 

Lake Wainono is an important coastal feeding area for Pied Stilts 

whe.re :Peak numbers occur from November to March (Pierce 1980). The 

lake fluctuates in level and, when low, it exposes extensive mudflats 
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rich in invertebrate food, particularly amphipods, chironomids and 

tipulids. Dropping lake levels result in an increase of Pied Stilts 

at the lake. For example the lake dropped in level from 23 December 

1976 to 14 January l977 resulting in an increase from l51 to 1230 

birds (Fig 8.3) including an initial increase from 151 to 40l in 24 h 

from 23 to 24 December. As the lake increased in level there was a 

rapid exodus of stilts and those that remained foraged mainly at pools 

and saturated fields adjacent to the lake. Suprisingly, the time of 

each day spent foraging was consistently less when birds were foraging 

in fields than when foraging on the .. mudflats. Four individually 

recognisable birds foraged for an ·average of only 6.7 h per day in the 

fields during mid-December. In late December and January, as the lake 

dropped, the same birds along with many more stilts, foraged for an 

average of 10.2 h per day on the mudflats. The consistently short 

foraging times of birds in saturated fields indicated that they were 
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most probably fulfilling their daily energetic requirements by consuming 

earthworms and insect larvae. The preference for the small-sized 

mudflat prey indicated that other requirements, possibly nutritional 

ones, were more important in determining diet, than were energetic 

demands alone. Similar non-energetic selection of prey species was 

found for Redshanks feeding on amphipods and earthworms (Goss-Custard 

1977c). 

B. The influence of prey availability on seasonal movements 

Black Stilts were mainly resident in the Lake Tekapo area while 

Pied Stilts were migratory (Ch.5) .· Pied Stilts depended heavily on 

lentic habitats which often dried up in late summer and autumn and they 
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were frozen over for part of each winter. Winter food was sometimes 

available at mudflats but very cold periods prohibited foraging there 

at different times from June to August. Drifting food was utilized 

by Pied Stilts at the river-mouth in August, but food intake was low 

during the early mor~ing (Ch. 6). The unreliability of food in autumn 

and winter was probably the ultimate cause of the dispersal of Pied 

Stilts in late summer and autumn. Maximum numbers of Pied Stilts were 

present in the Cass River Valley from November to early January when 

water temperatures were high, insects abundant and before most ponds 

had dried up (Fig.8.4). 

The pattern of migration of Pied Stilts was the same each season 

but food availability did, however, modify this pattern: the low rain-

fall and rapid drying-out of the ponds in the 1977 and 1978 seasons 

corresponded to an early exodus--_0£ Pied--Stilts. --- Only 16 and _l9 

adults remained at the beginning of February in the two seasons 

respectively, whereas 62 adults were still present at the same time in 

the very wet 1979 season. The 62 adults (and 18 juveniles) fed 

mainly in areas which had been dry by February in the previous two 

seasons. A second yariation was evident at North Pond,the water level 

of which·normally dropped slowly in summer but always retained deep 

water in the middle where prey were inaccessible to stilts. Late in 

the 1978 season, artificial dewatering of North Pond enabled Pied Stilts 
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to exploit these prey which were at a high density (Ch.7). During that 

season 9-lO individuals stayed at the pond until at least 15 April, 

one month later than Pied Stilts had been recorded in the other two 

seasons. 
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c. The influence of prey availability and social status 

on territoriality and agression 

Intraspecific behaviour: Pairs of stilts often occupied discrete 

areas or territories which were defended against individuals of their 

own and the other stilt species. Within these areas stilts carried 

out most of the daily requirements for survival, i.e., feeding, 

preening, roosting, courtship and nesting, but their home range 

extended to other areas particularly during the middle of·the day. 

Pairs of Black Stilts were territorial for the entire year, whereas 

pairs of Pied Stilts were territorial·for the breeding season only. 

Outside the breeding season pairs of Pied Stilts were never found 

defending territories in the Cass River Valley. At Lake Wainono post-

breeding pairs were found exhibiting territorial behaviour on one 

occasion only when the lake was high and when lake food was very scarce: 

the prey was Tenagomysis which was locally abundant along the eastern 

edge of the lake where the stilts were territorial. 

Territories of Black Stilts were centred on areas of high prey 

density. Outside the breeding season these areas were_ in effect 

feeding territories and occupied for nearly all the day and night. 

Only when the pair of birds had fini-shed a long bout of foraging, did 

they sometimes leave the territory, often to roost with_ other Black 

Stilts or Pied Stilts. The approach of a predator, usually a Harrier 

or New Zealand Falcon (Falco novaezealandiae), also prompted Black 

Stilts to group with other Black or Pied Stil-ts. At other times however 

interaction between Black Stilt pairs followed an avoidance pattern: 

approaching pairs of Black Stilts by-passed any area already occupied 
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by a feeding pair and landed at an unoccupied site. Occasionally a 

pair of Black Stilts would land sufficiently close to a foraging pair 

to induce antagonism. On all these occasions the territorial birds, 

male in front, walked quickly towards the intruding birds, and ran at 

them when less than ten metres away. The intruding birds then flew 

off. 

The reaction of adult Black Stilts to intruding Black Stilts was 

faster when the former had young birds. Normally the male, but often 

both male and female, would fly low and fast at intruding birds and 

prepare to land at the exact spot where the intruder(s1 were standing. 

In all cases. the intruders flew off immediately. This aggressive 

behaviour was continued for the fledgling period and for the duration 

of the family bond which was kept until the end of winter. 

Outside-_the breeding-season .Pied -Stilts formed feeding flocks 

containing up to 20 birds in the Cass River Valley and containing up 

to 400 birds at Lake Waimono. The preferred sites for these flocks 

in the Cass River Valley were at North Pond and Delta Ponds when the. 

latter had not dried up. Within these flocks each bird maintained an 

individual distance which varied with the feeding style and density 

of prey (Fig 8.5). At constant prey densities individual distances 

defended by visual-searching birds were nearly three times those 

defended by tactile-feeding birds. This indicated that birds feeding 

by sight were potentially more susceptible to being disturbed or 

distracted by their neighbour than were tactle-feeding birds. At 

close range the ripples and disturbance to invertebrates created by a 
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neighbour would greatly reduce feeding efficiency.· Within a very short 
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time a flock could quickly change its feeding style and the birds 

alter the individual distance. For example at Lake Wainono on the 

calm morning of .1 December 1976,birds fed visually at a mean distance 

of 5.3 bird lengths: a wind in the late morning and early afternoon 

rippled the water surface and caused the bir.ds to switch to tactile 

means at .the same site and reduce individual distances to a mean of 1.3 

bird lengths. 

In the visual, but not tactile feeding modes, individual 

distances correlated negatively with prey ~ensities (Fig 8.5). 

indicated that at low prey densities the visual search was being 

This 

conducted over a greater area than at high prey densities, so there 

was a necessity to extend the distance defended. Such an extension 

would be unneccessary for tactile feeding and no change was detected. 

Conflict in flocks of Pied-Stilts at Lake Wainono-was -rarely 

observed because of the high densities of prey. The highest incidence 

of fighting occurred on 3 February 1977 when the prey (Ephydrella) was 

scarce,and very big (12.5 bird lengths) individual distances were 

defended. Disputes were usually settled after brief attainment of 

the upright or giraffe postures as described by Mcconkey (1971) and 

Hamilton (1975). 

Pied Stilts were particularly .aggressive when first arriving at 
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the Cass River Valley in August. This was caused by low prey availability 

particularly in the 1977 season when low water temperatures restricted 

foraging to the river-mouth. Individual distances exceeded 20 bird 

lengths and, because of spatial variations in food supply,. some birds 
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attempted (usually unsuccessfully) to defend particular sites or 

territories. Ori warm days in August 1977, and on all days of 

observation in August 1978 and 1979., friction was significantly lower 

because invertebrates were more active and therefore more readily 

available, while adjacent mudflats and ponds were also suitable for 

foraging (Fig 8.6). 

Interaction between Pied and Black Stilts: 

Throughout their annual period of stay at Lake Tekapo Pied 

Stilts were dominated by Black Stilts which were the more aggressive 

of the two species. Pairs of Black Stilts occupied the prime feeding 

areas throughout the year and prevented Pied Stilts from invading by 

running or flying at them. Interspecific interactions were most 

intense in-late winter and in late summer which corresponded with 

peak overlap values (Ch.5). At these times suitable areas for 

foraging were limited. Black Stilts had the advantage of already 

being present and occupying territories in the Cass River Valley when 

Pied Stilts began arriving in.late winter. At that time, no cases 

of eviction of Black Stilts by Pied Stilts were found, but several 

cases of the opposite occurred. During August, however, the 

territories occupied by Black Stilts often became smaller, but foraging 

efficiency did not change (Fig 8.7). The smaller territories were 

undoubtedly a result of having to allocate too much time and energy to 

territorial defence. 

The dominance of Black Stilts continued at the breeding ground 

(Ch. 9) and at post-breeding feeding grounds. After breedi_ng, pairs 

of Black Stilts moved to ponds which were always occupied by Pied Stilts. 
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Dates 20 July-4 August 10 August 16, 18 & 20 August 

· No. of Pieds 0-:-2 · 4 9, 11 & 6 

No.of other Blacks 
and/or hybrids 0 0 3, 4 & 0 

Mean time spent 
foraging/h 49 47 

Mean intake rate/ 
30s foraging 10.3 11. 7 

North Pond August-September _f977 

Dates 

No.of 

No.of 

FIG 

POND --,AM., ..A,A,A. ~ 
AA.A. -~ 

50m 

16 & 20 August 3 September 9 & 24 September 

Pieds 2 & o· 1 5 & 7 

hybrids 0 & 0 1 1 & 1 

8.7 Examples of decreasing foraging areas of pairs of Black 
Stilts owing to pressure from newly-arriving birds. The 

'. area about which, foraging was centred .(indicated by a 
triangle), did not change at either locality, At the 
river-mouth foraging efficiency was not reduced on 
18 August when the maximum number of competitors were 
present (base data recorded pn 4 August). 
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If territorial Pied Stilts attempted to chase the newly-arriving 

Black Stilts away, then one of two courses of events occurred: 

either the Black Stilts walked or flew to a neighbouring site and 

began foraging there, or, in the case of limited foraging area, a 

major confrontation began. These confrontations always involved 

physical contact with legs and wings, but not bill, being used. In 

all cases the Black Stilts ousted the Pied Stilts within twelve 

minutes of their arrival. Black Stilts with young were particularly 

aggressive towards Pied Stilts (Fig. 8.8) and sperit significantly 

more time chasing other stilts (Pied and Black) than did birds without 

young. 

Solitary Black Stilts, including one year old.birds and unmated 

adults, mingled with post-breeding flocks of Pied Stilts. The 

individual distances defended by these birds were not significantly 

different from those of Pied Stilts, but they were more aggressive 

· than the Pied Stilts, with ,2.1 times as many confrontations being 

recorded (p < 0.01; 670 minutes of observation). 

Discussion 

The Pied Stilt was an opportunistic ;forager forming flocks 

where food was abundant, but occurring in sm~ll groups or pairs when 

food was scarce .• In addition they switched from inaccessible to 

accessible prey (river to pond), from accessible to superabundant prey 

(pond to flooding river) and from non-preferred to preferred prey 

(fields to mudflats at Lake Wainono). Black stilts did not exhibit 
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these short-term changes in habitat choice. They were solitary feeders 

adapted to dealing with changes in invertebrate behaviour within their 

territories. 
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FIG 8.8 Female Black Stilt attacking (above) and standing 
(below) on one of five Pied Stilts which had entered 
its feeding territory, Jan. 1981. The female chased 
the Pied Stilts from the area and, with her two 
juveniles, occupied the site for a further ten days. 
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The. ultimate cause of migret:ion by the Pied Stilt is unlikely 

to be caused by the physical effects of low air temperatures on the 

body tissues, since the exodus occurred when air temperatures were 

highest and the return began during the coldest time of year. The 

ultimate cause is probably the drying out of ponds in summer and 

autumn, and the shortage of mudflats in winter, coupled with an 

unsuited fe.eding style in winter. Recent studies (Goss~Custard 1980, 

Schneider and Harri.ngton l981) have linked . in part the seasonal move

ment of waders with competition, or depleted or potentially depleted 

food resources. The role of competition between Pied and Black 

Stilts is unlikely to have been important in effecting the migration 

by Pied Stilts since the decline of Black Stilts (Ch.3) has not been 

followed by an increase in inland overwintering by Pied Stilts. 
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9. BREEDING BIOLOGY 

Introduction 

If nesting resources are limited, the likelihood of competition 

occurring between two closely related sympatric species is likely to be 

high. In this chapter I compare the nesting behaviour and requirements 

of Pied and Black Stilts in relation to their environment, in an attempt 

to establish the level of competitive interaction. 

Methods 

During the censuses (Ch. 5) I kept notes on the nesting status 

of birds; whether they were laying, incubating or guarding chicks. For 
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each nest I recorded location, habitat, substrate, range of view, distance 

to water (din),. height above water (cm), slope, land configuration, level 

of disturbance by stock, and proximity of other nesting stilts. Land 

configuration included banks, peninsulas, large islands (>10 m2), small 

islands (1-10 m2) and islets (<1 m2). Eggs were counted and described 

on the basis of ground colour, and the density and size of markings. 

Records of pairing, courtship, incubation bouts and feeding inter-

actions among birds were made from a hide or tent 50-100 m from the nest 

sites. Chicks of known age were measured, and weighed with a 1-200 g 

Pesola spring balance, and chicks over the age of 20 days were colour-

banded (Ch. 2). Overlap in nesting habitat was calculated on the same 

basis as for habitat overlaps in Ch. 5. 
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Results 

A. Age at first breeding 

In the Cass River Valley Pied Stilts normally did not return in 

their first year, but returned to breed at two years of age. Only three 

yearlings (still in immature plumage) returned, one in each of the 1977, 

1978 and 1979 seasons. All three of these birds nested or attempted to 

nest but none were successful. Of 17 colour-banded young from 1977 and 

1978, one returned at the age of one year, thirteen at two years, and 

three at three years. There was no evidence of any non-breeding Pied 

Stilts in the study area, all birds attempting to nest. At Lake 

Wainono, however, flocks of non-breeding birds, including many birds in 

immature plumage, occurred during the breeding season. 
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In contrast to one-year-old Pied Stilts, immature Black Stilts did 

frequent the breeding grounds. Pair bonds became formed soon after the 

breaking-up of the family unit in late winter, but the newly-formed pairs 

did not occupy permanent sites during the spring and early summer. They 

often constructed rudimentary "nests", but eggs were never found in them. 

Solitary one-year-old Black Stilts were often found frequenting the nesting 

area of adult Black Stilts and the colonies of Pied Stilts. Two instances 

were found of these birds attempting unsuccessfully to relieve an adult 

Black Stilt on the nest. In the Cass River Valley Black Stilts nested in 

their second year, so that all birds in adult plumage were found nesting 

each season. 

B. Pairing and precopulatory displays 

Black Stilt pair bonds were kept through the year. In Pied Stilts, 
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colour-banding revealed that out of nine cases in which both partners 

returned, seven involved the retention of the pair bond, In the other 

two the pair bond was broken, each partner re-mating with a different 

bird." These broken pair bonds may have come about by separation of the 

birds on the wintering.grounds: in both cases there was asynchronous 

return of the members of the pair, the first member having re-mated 

before its old mate returned. 

Pairing inrecurvirostrids appears to.result from persistent 

association of a female with a male until all aggressive interactions 

cease (Hamilton 1975).. For Pied Stilts the time from first ·encounter 

of two birds until formation of the pair bond was often very short, the 

shortest taking only three to four days. Further to mere association of 

birds leading to a pair bond, female Pied Stilts, on encountering a, 

potential mate, often gave a low call and assumed a posture resembling 

the receptive posture of pre-copulation. One .female was seen to adopt 

this posture in front of three different birds in the course of one 

morning. This invitatory posture never succeeded in obtaining the close 

attention of the male, unless the birds had been closely associated for 

a period of days. 

The formation of all new pair bonds of Pied Stilts ·occurred between 

July and October inclusive, peaking in August. In the Cass River Valley 

in the first half of August, 23% of all Pied Stilts were unmated, but by 

the beginning of September only 8% were unmated, and newly arriving birds 

in September and October were usually paired. This indicated that pair 

bonds were formed over a definite period of the year rather than at a 

specific locality, i.e., wintering ground, on migration or breeding 

ground. Three new pair bonds were seen being formed by Black Stilts, 
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two in August and one in October. All of these bonds were formed after 

many (20+) days of association in the same locality. 

In each year copulation was seen earlier for Black Stilts (30 July 

1977, 27 July 1978, 1 August 1979) than it was for Pied Stilts (15 August 

1977, 11 August 1978, 9 August 1979) in the Cass River Valley, although 

at Lake Wainono copulation by Pied Stilts occurred as early as June 20. 
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In each species the frequency of copulation peaked in the period immediately 

before egg-laying and continued until· the laying of the last egg. The 

maximum number of copulations seen per pair per day was seven for both 

Pied and Black Stilts. 

Precopulatox:y displays were the same for both species, beginning 

during a feeding bout and not while roosting. The female initiated the 

display by giving a very few low calls while standing still in water and 

assuming a distinctive neck-extended posture. The male, if responsive, 

walked directly towards the female, sometimes pecking at and splashing 

in the water and preening in an exaggerated way. Usually this preening 

did not occur until the male had approached and was standing within 30 cm 

of the female, between the region of her shoulder and chin. There, the 

male's preening continued at either end of a U-shaped course that he walked 

5-12 times behind the female. During this display by the male, the female 

maintained her crouched posture, but turned her head to the side on which 

the male was preening. 

After 1.2 to 3.7 minutes (n=33) of precopulatory display, the male 

mounted the back·of the female by flapping his wings and jumping. There 

he immediately raised his wings and flexed his legs, lowering his body 

downwards (Fig 9.1) until cloaccal contact apparently was achieved. 
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FIG 9.1 Copulatory behaviour of stilts 

Male approaching female in receptive posture (top left) 
and walks back and forth behind her (top right) before 
mounting (bottom left). After coition the male lowers 
his wing over the female and the two cross their bills 
(lower right). 
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During the few seconds of coition, the female moved her head smoothly 

from side to side. After the .5-12 seconds of being on the female's back, 

the male lowered his wings and slid off her back. The two birds then 

crossed bills and walked forward slowly to moderately fast for a distance 

of,approximately 0.5 to 3 metres. They then separated and continued to 

feed, or, less often, they preened or bathed. 

There was no significant difference in length of precopulatory 

display nor length of time that the male mounted the female, between the 

two species. The basic precopulatory displays and copulations of Pied 

and Black Stilts appear to be exactly comparable to those of H. h. 

himantopus (Benson 1950, Goriup 1982) and H. h. mex-icanus (Hamilton 1975), 

and the avocets R. avosetta (Makkink 1936) and R. americana (Hamilton 

1975), although the low call of the female has not before been documented. 

The postures adopted by male and female are well illustrated by Goriup 

(1982). 

C. Nesting habitat 

In the Cass River Valley the 28 Black Stilt nests and 125 Pied Stilt 

nests that were found between 1977 and 1979, indicated different habitat 

preferences of the two species (Table 9.1), In Pied Stilts 55% of nests 

occurred in swamps, and less than 20% of nests occurred at each of ponds, 

river and sidestreams. By contrast 54% of Black Stilt nests were placed 

at sidestreams and 21% or less at each of the other habitats. In the 

Godley River Valley, where only three nesting habitats were available, 

the preferences of Pied Stilts for swamps (59%) and of Black Stilts for 

sidestreams (67%) were repeated (Table 9.1, B). The overlap in nesting 

habitats was 0.59 in the Cass River Valley and 0.84 in the Godley River 
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Valley. Soper (1959, 1967) noted a similar preference by Black Stilts 

for riverine sections of the Ahuriri River Valley. 

Over the three year period there was no significant difference in 

choice of nesting habitat by Black Stilts, but there was for Pied Stilts. 

The river was the most used nesting habitat of Pied Stilts in 1977, owing 

most probably to the high density of invertebrates there, but in the two 

subsequent seasons of low prey density (Ch. 6) few birds nested there. 

TABLE .9 .1 A. Nesting habitats Cass River Valley 

Pied Stilt Black Stilt 

1977 1978 1979 Total % 1977 1978 1979 Total % 

Stream 7 9 0 16 13 6 4 5 15 54 

River 16 2 6 24 19 1 0 0 1 4 

Pond 12 0 4 16 13 4 1 1 6 21 

Swamp 9 16 44 69 55 1 2 3 6 21 

B. Nesting habitats Godley River Valley 

Pied Stilt Black Stilt 

1977 1978 1979 Total % 1977 1978 1979 Total % 

Stream 6 5 3 14 34 3 5 4 12 67 

River 3 0 0 3 7 1 0 0 1 5 

Swamp 10 7 10 24 59 1 2 2 5 28 
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D. Nest sites 

A wide range of substrates was used for nest sites, ranging from 

unstable shingle and mud ·to grass and hummocks of rush (Table 9 .. 2) • 

The preferred substrate at Black Stilt nests was stable shi_ngle, which 

TABLE 9.2 Substrates at nest sites 

Pied Stilt Black Stilt 
No.of nests % No.of nests % 

Unstable shingle 22 17.6 2 7.4 

Stable shingle 13 10.4 13 48.l 

Grass 37 29.6 7 25.9 

Hummocks of sedge or tussock 27 21.6 2 7.4 

Loose sedge, rushes 11 8.8 0 0.0 

Mud 15 12.0 3 11.1 

Total 125 100.0 27 99.9 

accounted for 48% of nests compared with only 10% of Pied Stilt nests. 

This.difference resulted from differences in choice of nesting habitat, 

with Black Stilts preferring to nest at sidestreams. At the streams 

stable shingle was the most extensive substrate present and there it 

formed the base of 13 out of 16 Pied Stilt nests and 10 out of 15 Black 

Stilt nests. Some typical substrates of nests are illustrated in Fig 9.2. 

The density and composition of vegetation at nest sites ranged from 

no plants on unstable shingle substrates and on mudflats, to total 

coverage on grassy banks and in swamps. Large plants more than 0.5 m 

high were avoided, except where they formed the base of a nest. No 

nests of either species were built in dense vegatation where visibility 

might have been impaired. Some nests were placed beside tall plants 

including Juncus effusus and Holcus lanatus but the individual stems 

were widely spaced. 
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FIG 9.2 

Above 

Below 

Typical substrates of stilt nests 

Unstable shingle; Pied Stilt nest, Cass River, 
October 1977. 
Stable shingle on an island in Waterfall Stream; Black 
Stilt, November 1978. (Continued). 
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FIG 9.2 (cont). Typical substrates of stilt nests 

Above Crown of grass clump; Pied Stilt, Joseph Swamp. 

J November 1979. 
Below Grassy mound beside mudflat; Black Stilt. Mailbox Inlet, 

Secember 1980. (Continued). 
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FIG 9.2 

Above 
Below· 

(cont). Typical substrates of stilts nests 

Raised nest on mud; Pied Stilt, North Pond, November 1978. 
Grassy bank; Pied Stilt, North Bed, November 1977. 
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Recurvirostrids te~d to nest close to water, and often the base of 

the nest is submerged (Witherby et al. 1940, Hamilton 1975). In the 

Cass River Valley Pied Stilt nests were located closer to the water than 

were those of Black Stilts (p<.01), but this reflected differences 

between the habitats frequented by the two species rather than differences 

in preference (Table 9.3). Thus in both species the average distance 

between a nest and the nearest water was significantly more (p<.001) in 

lotic habitats than it was in lentic habitats. A similar pattern was 

shown by nest heights above water which were greater in lotic habitats 

than in lentic habitats .(Table 9.3, B) . 

TABLE 9.3 A. Horizontal distance between nest and water (m) 

Pied Stilt Black Stilts 

n X sd n X sd 

River 24 4.1 4.49 1 .75 

Stream 16 4.5 6.52 15 4.5 5.92 

Pond 15 0.8 0.91 5 1.9 3.41 

Swamp 63 0.3 0.19 6 0.9 1.02 

TABLE 9.3 B. Vertical distance between nest and water (cm). 

Pied Stilt Black Stilt 

n X sd n X sd 

River 24 46 32 1 25 

Stream 16 35 18 15 48 42 

Pond 15 14 8 5 16 17 

Swamp 63 8 7 6 19 17 

For both species the preferred nest sites were banks and islets 

which accounted for 33% and 38% respectively of Pied Stilt nests and 

52% and 22% respectively of Black Stilt nests. The high proportion of 

Black Stilt nests on banks was again a result of inter-habitat variation 
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(Table 9.4). Except on some banks, all nests of Pied and Black Stilts 

were placed on flat land, or land sloping at less than 5° to the 

horizontal. Of the 41 Pied Stilt nests and 14 Black Stilt nests that 

were on banks, only three of each were on land sloping more than 5°. 

TABLE 9.4 Land configuration at nests 
1 

Bank Pen LI SI Is Total Bank Pen LI SI Is Total 
River 7 0 13 4 0 24 0 0 1 0 0 1 

stream 14 0 0 1 1 16 11 0 2 2 0 15 

Pond 9 2 1 2· 2 16 2 1 0 1 1 5 

Swamp 11 2 3 8· 45 69 1 0 0 0 5 6 

Total 41 4 17 15 48 125 14 1 ·3 3 6 27 

% 33 3 14 12 38 100 52 4 11 11 22 100 

Note: 1 Pen =.Peninsula, LI= large island, SI= small island, 

Is= Islet 

All nesting areas in the Cass River Valley were frequented by stock, 

particularly merino sheep, but also .by cattle. Densities of merinos 

averaged 2.5/ha, but in parts of the river delta were as high as 10/ha. 

In only on~ area did a high level of stock activity appear to impair 

nesting: at the Delta Ponds food and potential nest sites for stilts 

were plentiful but the ponds were heavily used by sheep and cattle for 

drinking, and no nests were found there. In November 1972, when stock 

density was much lower, I found two Pied Stilt nests at these ponds. 

Harriers were common in the Cass River Valley and caused distur-

bances to stilts in all habitats, especially swamps where Harriers 

preferred to nest. on two occasions I found_ Harrier nests within 50 m 

of nesting stilts, once a colony of Pied Stilts and the second time a 

pair of Black Stilts. Harriers hunted mainly for rabbits in open tussock 

country, and in the swamps most disturbances to stilts were brief and 
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involved Harriers returning to, or leaving, their own nest site. It is 

unlikely that Harriers influenced the selection of nesting habitats or 

nest sites by stilts, but they may have induced selection for sites that 

provided adequate protective cover for chicks (Ch. 10). 

E. Social structure 

Recurvirostrids are mainly gregarious birds both during and outside 

the breeding season. In the Cass River Valley Pied Stilts were typical 

of their Family in that they formed small nesting colonies, 12 in 1977 

and 8 in each of the 1978 and 1979 seasons. Taking into account 

solitary pairs, the mean-number of pairs nesting in one area at any one 

time was 4.5 with a maximum of 14. Within most Pied Stilt colonies the 

nests were not randomly placed but spaced at intervals of 10-35 m with 

the average distance between nests being 18 m (n=55). Several pairs 

foraged enti~ely around the nesting area and defended a territory against 

other stilts. Other pairs flew up to 1.5 km to feeding areas and did not 

defend a territory around the nest. The nests of these latter pairs were 

sometimes very closely spaced, the closest being only 5.8 m apart. 

Pairs of Black Stilts were, by contrast, solitary nesters: only in 

one case did two pairs nest within 100 m of each other. Nests were some

times several kilometres away from those of other Black Stilts and even 

Pied Stilts. Such extreme cases of solitary nesting were never recorded 

for Pied Stilts. 
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Black Stilts on six occasions nested within 100 m of Pied Stilt nests. 

Three of these cases resulted when Pied Stilts began to nest near Black 

Stilts that were already nesting. The other three cases involved pairs 
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of Black Stilts re-nesting in well established colonies of Pied Stilts, 

including the two largest colonies recorded, In these two colonies the 

dominance of Black Stilts over Pied Stilts continued, with Pied Stilts 

b~ing· ousted from their own territories (Fig 9.3). At these colonies 

- two separate swamp colonies - Black Stilts occupied the largest terr

itories where they carried out most of their foraging. 

No cases of Pied Stilts ousting Black stilts from their nesting 

territories were found. On many occasions in the pre-incubation period 

Black Stilts left their territories temporarily and, on returning, chased 

out the Pied Stilts which had almost invariably moved in. These absences 

from the territory generally lasted n~ longer than a few hours, but one 

of nine to ten days occurred from Mailbox Inlet in the 1980 season. The 

pair involved lost their eggs on 26 or 27 October 1980 and had deserted 

the site by 27 October. The return of the pair was observed somewhat 

fortuitously by several people on 5 November 1980 by which time two pairs 

of Pied Stilts had become well established at the site. Over 30 minutes 

passed before the Black Stilts had chased the Pied Stilts away, firstly 

by running at them, but in the end (and mainly), by flying at them and 

physically attacking them with wings and feet. 

Pied Stilts were erratic in their annual choice of nesting grounds. 

Although an average of nine nesting localities were used each year, only 

Mailbox Swamp and Joseph Swamp had colonies in the three seasons of this 

study. Several areas that were used one year were not used the following 

year in spite of similar food supplies. The reason for this trend was 

probably social facilitation: pairs of birds began nesting in localities 

where food was available, albeit sometimes only temporarily, and the 
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PIED STILTS 
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FIG 9. 3 Displacement of nesting Pied Stilts by Black Stilts, 
Cloverhill Swamp 

A pair of Black Stilts (e) and a female Black Stilt 
mated with a hybrid male (m) nested at the swamp, 
causing one Pied Stilt nest (~1) to be deserted and 
forcing four other pairs of Pied Stilts to occupy 
new foraging grounds (arrows). 
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presence of these birds attracted others until a small colony had formed. 

For example, at Mailbox Swamp early in the 1978 season, predators destroyed 

all five nests causing the birds to desert the area. No further stilts 

were seen at the site in 1978 because these initial "recruiting" birds had 

gone. Individual Pied Stilts chose their nesting areas at random, generally 

choosing a new locality each year, and often a new habitat. Of 25 colour

banded birds that returned to nest for a second year, only two chose the 

same colony site. 

Black Stilts, by contrast, had a high site fidelity. An average of 

six nesting localities were used annually and of these, three were used 

in each of the three seasons. A further two localities were used in the 

first two seasons, but in the third season neither pair bond still existed. 

One particular pair nested unsuccessfully at Mailbox Inlet for three 

seasons running, but all other pairs faithful to their nesting localities 

were successful in one year at least. 

F. Nests and eggs 

In Pied and Black Stilts, nest site selection and nest building were 

carried out by both the male and female. Generally only one or two sites 

were inspected closely to the extent of gathering nest lining, but on one 

occasion a pair of Black Stilts lined three sites before choosing the 

third. During nest building, nest lining was gathered in the bill within 

two metres of the nest and immediately thrown backwards over the shoulder 

towards the nest site where the other bird (usually the female) arranged 

the nest lining. Both birds occasionally sat down in the site forming a 

' 
bowl shape by wriggling the breast into the substrate. 
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The composition of the nest lining of stilt nests corresponded to 

available material within a few metres of the site, and there was no 

detectable difference between linings used by the two species, The most 

used ·linings were leaves and roots of various grasses such as Loliwn pevenne~ 

Holcus spp. and Poa spp.; Juncus articulatus; Carex spp.; and dead branches 

and roots of woody shrubs such as Discaria townatou. On bare ground and 

on shingle Pied Stilts often did not line their nests, but Black Stilts' 

nests at those sites were always lined. 

Stilts' eggs are ova1 shaped with dark brown blotches and streaks on 

a greenish to brownish background colour. The background colour and size 

and density of markings on Pied Stilt eggs were much more variable than 

for Black Stilt eggs (Table 9.5).. Approximately 80% of Pied Stilt eggs 

could be correctly identified to that species on the basis of colour and 

markings. Black Stilt eggs were larger than Pied Stilt eggs, with lengths 

(but not widths) being significantly different. 

G. Egg-laying and clutch size 

In the Cass River Valley Pied Stilts began laying eggs in late 

September and continued until late December, while Black Stilts began in 

mid-September and finished in early December. Peak laying by Black Stilts 

occurred in October with 50% of clutches being established by 15 October, 

whereas November was the peak laying month for Pied Stilts with 50% of 

clutches being laid by 9 November (Fig 9.4). All Black Stilt nests 

established after 15 October were second attempts, whereas many Pied 

Stilt nests in November were first attempts. Indeed, the main influx of 

Pied Stilts to the study area was in late October and November, 
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TABLE 9.5 Egg characteristics 

l 
Pied Stilt 

Egg Colour 
No. recorded 

Paris green (63) 9 

Light green (50 & 59) 16 

Lime green (159) 4 

Olive green (46) · 4 

Brownish olive (29-30) 28 

Fawn-clay (25-26) 52 

Brown (34-37) 25 

Chestnut (32) 4 

TOTAL 142 

Size of blotches 

Large 46 

Moderate 59 

Small 45 

TOTAL 150 

Density of blotches 

Low-moderate - 86 

High 60 

Egg dimensions (mm) 

Length 

Width 

n 

37 

37 

X 

43.69 

31. 74 

sd 

1.32 

.73 

n 

32 

32 

X 

44.95 

32.03 

Black Stilt 

No. recorded 

47 

29 

3 

79 

58 

21 

79 

79 

sd 

.94 

• 71 

Note:l The number in parentheses is the corresponding code 
c:::' Smithe (1975) 

p 

<.05 

>.l 
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Nest initiation by stilts in the Cass River Valley. 
Data from 1977-79 combined based on observations of 
birds incubating. overlap in timing of nest initiation 
was almost complete, but Black Stilts on average began 
nesting nearly one month before Pied Stilts began 
nesting on average. 
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corresponding to the peak laying period. 

Eggs of both species were laid at about 24 hour intervals, but 

intervals of about 48 hours were recorded for two out of seven Pied 

Stilt eggs and one out of six Black Stilt eggs. Mcconkey (1971) re

corded egg-laying in Pied Stilts as occurring mainly between 1900 h 

and 0700 h, and this trend was observed in the Cass River Valley. 

Only one Black Stilt nest was visited regularly to establish laying 

times, while disturbance was kept to a minimum at other nests. At the 

visited nest, the first egg was laid between 1750 and 1810 hon day I, 

the second between 1835 and 1840 hon day II, the third between 1520 

and 1600 hon day III, and the fourth between 1900 and 0800 hon 

days IV-V. 

The normal clutch size for Pied and Black Stilts was four, corres

ponding to the pattern for recurvirostrids. Of 85 completed clutches 

of the Pied Stilt, one consisted of two eggs, thirteen of three eggs 

and 71 of four eggs giving a mean of 3.82. The clutch sizes of 14 

Black Stilt nests were all four. A larger sample of 40 Black Stilt 

clutches observed in the Cass River Valley from 1969 to 1981 gave a 

mean size of 4.00, but involved three deviations from the norm: two 

clutches of three representing second and third attempts at nesting in 

the 1981 and 1980 seasons respectively, and a clutch of six in 1970. 

The clutch of six possibly involved two females as the eggs were 

infertile and still being incubated on 26 December. Black Stilt 

clutches of six and eight have been recorded by R.J. Nilsson (Wildlife 

Service) giving a total of three abnormally large clutches from a sample 

of about 60 nests. At least two of these clutches were infertile and 

probably all three involved a pair of females nesting without males. 
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No clutches of six or more eggs have been recorded from over 535 Pied 

Stilt nests in New Zealand. These data include 213 nest records of the 

Ornithological Society, 48 records from McConkey's (1971) study, 85 

from my study and about 190 from my observations at other sites since 

1968. 

The time between loss of the first clutch and repeat laying was 

recorded accurately for four Pied Stilt nests and six Black Stilt 

nests. The time lapsed-between Pied Stilt nests was 6, 5-7, 8 and 

3-9 days, which concurs with McConkey's (1971) two records of less than 

seven.days. The six Black Stilt pairs took longer to lay their second 

clutch, the period lapsed being 8-12, 10-11, 18-19, 21-26, 25-28 and 

36-37 days. Neither species was found re-nesting after having lost 

chicks. In 1980 one pair of Black Stilts produced three clutches (the 

last consisting of three eggs) before it was successful. 

Of 14 individually known pairs of Pied Stilts that re-nested, only 

five did so within 100 m of the old nest site. The other nine pairs 

re-nested up to 8 km away, four pairs of which occupied new habitats. 

The relocation of nests probably resulted from all the local Pied 

Stilt nests having been destroyed by predators, wind or flooding. In 

the cases of the five pairs that re-nested at the original locality, 

other Pied Stilt nests had survived and these probably provided the 

necessary social facilitation for re-nesting there. Similar cases of 

shifting to new breeding locations after nest loss have been found in 

other species (Furrer 1979). Black Stilts did not follow this pattern 

however. Nine of twelve re-nesting pairs did so at the same site where 

there were usually no nests of either Black or Pied Stilts. Only three 
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pairs moved to new sites 1. 5, 2 and over 10 km away. 

H. Incubation 

The incubation period, or time between laying of last egg and hatching 

of last chick, averaged 25.0 days (range 23-26, n=7) for Pied Stilts and 

25.5 days (24.5-26, n=4) for Black Stilts, p >.l. Incubation duties were 

shared by both sexes. During daylight hours changeovers on the nest 

occurred 11-19 times per day, with incubation bouts lasting up to two 

hours in length. There was no significant difference in lengths of 

incubation bouts between Pied Stilts and Black Stilts. A trend towards 

shorter bouts by males than by females was noted for both species 

(Table 9.6), but this was not significant. However the cumulative 

incubation period over a day was significantly longer for female Pied 

Stilts than for males (Table 9.6B). Contribution to incubation by the 

sexes was not significantly different between early and late incubation. 

TABLE 9.6 A. Length of individual incubation bouts (min) 

Pied Stilt Black Stilt 

- -n X range n X range 

Female 55 64.2 18-113 23 60.b 40-129 

Male 52 48.6 16-115 23 52,9 26-102 

F + M 107 56.6 16-115 46 56.5 26-129 

9.6 B. Total time incubating per day 

n(days) 
X of significance 

F-M time(min)l (Paired Sample Test2) 

Pied Stilt 9 +133. 7 p <.01 

Black Stilt 4 +41 p >·l 

Notes: lMinutes of male incubation per day (M) subtracted from 

minutes of female incubation per day (F) averaged for n days. 

2From Parker (1973) 
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The small proportion of day time allocated by female Pied Stilts 

to foraging was counterbalanced in two ways. Firstly males spent more 

time on nests at night than did females, and in three of five cases in 

which the birds were reliably sexed, the male incubated for the entire 

night. At most only two (and usually one) changeovers took place at 

night for both species. The off-duty bird was ofien observed foraging 
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at this time. Secondly, females foraged more intensely than did males, 

spending significantly less time than them in other activities (Table 9.7). 

Even when incubating, males of both species left the nest to take on a 

dominant role when a potential predator approached, Often the females 

would continue.foraging. 

TABLE 9.7. Time spent in activitiesl other than foraging by 
off-duty birds (min) 

Date 

Female 

Male 

M--F 

Pied Stilt 

26.9.77 9.10.77 12.10.77 8.11.77 

26 

58 

32 

48 

193 

145 

85 

'127 

42 

47 

93 

46 

Black Stilt 

2.10.77 27,10.77 19.11.78 

26 

72 

46 

29 

92 

63 

26 

74 

48 

Paired Sample Test (Parker 1973): x = 66.25, s = 52,83, t = 2.51, 

df = 3, p<.l; X = 52.33, S = 13.14, t = 6.89, df = 2, p<.05 

Note: 1 Roosting, preening, territorial behaviour and predator 
diversion 

For both species the incubation of eggs approximately halved the 

amount of time available for foraging and other activities. This led 

to a reapportioning of time, particularly a reduction in the time 

spent roosting and preening. Despite these reductions, the actual 

time spent foraging during the incubation period was always less than 

before nesting. Thus during incubation the birds either had to accept 
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a lower level of daily food intake or else forage more efficiently. On 

three occasions (two at Pied Stilt nests and one at a Black Stilt nest) 

observations were carried out on the day that incubation commenced. On 

all three days feeding rates increased significantly (p<0.01) and at a 

time of day (late morning to afternoon) when feeding rates would normally 

be lowest. 

When incubating on hot days Black Stilts appeared to suffer consider-

able heat loading. The limited data collected indicated that at temper

atures over 20°C on calm days, they often panted for many minutes at a 

time. The threshold temperature for panting by Pied Stilts, at the same 

locality and on the same days, was 24-28°C (Table 9.8). In addition to 

panting, stilts tended to orientate their anterior/posterior axis away 

from the sun at high temperatures. On cold days the body was usually 

aligned towards or slightly away from the sun, possibly to enable absorp

tion of radiant energy through the breast. 

TABLE 9.8 Temperatures at which panting occurred in incubating 
stilts. Figures represent numbers of birds not panting (N) 

and number of birds panting (P) 

~18°C 18-20 20-22 22-24 24-26 28+ 0 c 
N p N p N p N p N p N p 

Mailbox Swamp Pied Stilt 11 0 12 0 12 0 11 2 7 6 6 6 

20 .11. 79 Black Stilt 3 0 2 1 0 2 1 2 0 2 0 3 

Mailbox Inlet Pied Stilt 15 0 9 0 9 1 9 3 

12 .11. 79 Black Stilt 3 0 1 2 1 2 0 3 
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I. Hatching and young 

Stilts are precocial, .the young hatching with eyes open and the body 

covered in wet down which dries within a few hours (Ch.2,Fig 2.7). 

Like most precocial birds, the young of stilts are nidifugous, leaving 

the nest to forage within two days of hatching, and returning to the 

nest at nights only. The time that chicks spent in the nest after 

hatching during fine weather, ranged from approximately 5 to 16 h (n=17) 

in Pied Stilts and ·13 to 38 h (n=l3) in Black Stilts, At all nests 

studied the chicks began foraging individually and were not led to 

food by their parents. Chicks tended to follow their parents, however, 

particularly the bird being relieved of brooding. To avoid being 

followed by the chicks, these off-duty birds usually flew from the nest 

or brood site, whereas during incubation they usually walked many metres 

away first. 

On their first day of foraging, stilt chicks were awkward on their 

feet and pecking had a low rate of success. Foraging was carried out 

within a few metres of the .nest and the first bouts lasted less than 

five minutes a time before the chick returned to one of the parents 

to be brooded. Bad weather (precipitation with or without wind) 

prevented foraging completely and chicks would have had to have relied 

on their yolk reserves and parental brooding to survive. In November 

1978 three broods of Black Stilts hatched at the beginning of, ,or 
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during, a five day period of blizzard conditions in which air temperatures 

dropped to 0°C. All eleven chicks survived this period despite not 

being able to forage for most, if not all, of that period. In each 

species the young were periodically brooded by their parents until 
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about the time they acquired a full covering of contour feathers, 

generally at the age of 3-4 weeks in Pied Stilts and 4~-5 weeks in 

Black Stilts . 

. The fledgling period of 17 Pied Stilts was significantly shorter 

(~ = 34 days, range 30-37) than that of 12 Black Stilts (x = 47 days, 

range 41-55). No between-habitat differences in fledgling periods were 

found. The observed differences were between the species, a result of 

slower growth rates in Black Stilts, with wing length and body weight 

increasing significantly more slowly in Black Stilts than in Pied Stilts 

(Fig 9.5). After two weeks of age, growth increased rapidly in Pied 

Stilt chicks, and at three and a half weeks they averaged more than 

100 gin weight and the wings exceeded 100 mm in length. This rapid 

onset of growth did not occur until after three weeks in Black Stilt 

chicks and weights of 100 g and wing lengths of 100 mm were not 

attained until five weeks of age. 

Rates of growth of bill and tarsus were not significantly different 

between the species. There was no seasonal change of growth rates 

apparent, probably a result of the relatively short breeding season 

(cf. Stokes et al. 1959). 

J. Chick foraging 

Black Stilt chicks spent all of their foraging time within the 

general area of the nest. Older chicks foraged farther away (up to 

200 m) from the nest, but the nest site still formed the central part 

of the feeding area. In Pied Stilts, chick foraging areas were smaller 

but not always in or near the nesting colony, In 19(36%) of 53 
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successful family parties, there was a movement of 500 m - 4000 m to new 

foraging grounds. These movements usually entailed a change of habitats, 

particularly from swamp or river to ponds, which accounted for 16 of the 

19 observations. On only one occasion did a pair of Black Stilts move 

their chicks away from the nest site permanently, and this may have 

resulted from excessive disturbance. 

Chick feeding stations varied between habitats, but the general 

requirements were the same for both species for each habitat. The 

requirements for downy chicks were shallow water that was still or slow

moving with concentrations of readily obtainable benthic and nektonic 

invertebrates of over 1500/m2. Substrate was not critical, provided 

food density was high. There was however, a preference for muddy pools 

in lotic habitats and for moderately vegetated pools in lentic habitats, 

where plants like Juncus articulatus and Potamogeton spp. were either 

low to the ground or aquatic. For example, over 90% of the base of 

streams was shingled, but downy chicks foraged mainly in muddy back

washes. 

Towards the end of the fledgling period, chicks began to occupy 

feeding stations resembling those of their parents.· Thus, deeper and 

more open water was frequented, including water up to approximately half 

_the depth in which adults could forage. Non-downy chicks of both species 

freely swam for distances of up to ten metres across channels that were 

too deep for them to be able to walk across. Some limited data on 

feeding suggested that the feeding success of young was significantly 

less than that of adults until during their first winter. 
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K. Post-breeding dispersal 

After the breeding season, those Pied Stilts that were unsuccessful 

generally left the study area at night within several days of losing 

eggs or young. Successful nesters stayed much longer than unsuccessful 

nesters, taking their fledglings to food-rich ponds or mudflats if they 

were not already present at one. Most Black Stilts moved to ponds and 

mudflats also, but some, unlike Pied Stilts, remained at sidestreams 

for several weeks after the young had fledged. Typical post-breeding 

dispersals of Black Stilts involved distances in the order of 10 km. 

The farthest dispersal distances recorded for Black Stilt family parties 

were 32 and 90 km, although greater distances may have been covered. 

In many cases, the post-breeding dispersal of Black Stilts was to feeding 

grounds that were then occupied throughout the autumn and winter. 

Discussion 

The annual cycle of the Black Stilt was unique amoung the endemic 

Charadriiformes of the Cass Riverbed in that the bulk of ·its population 

was resident in the Upper Waitaki River Basin. All other riverbed 

species were migratory, most or all of their popul~tions leaving after 

the breeding season. Of the migratory species the Pied Stilt was the 

only one in which one-year-old birds did not return to the breeding 

grounds. Return of non-breeders occurred in Wry~ill, Pied Oystercatcher 

Haematopus ostralegus~ Black-backed Gull Larus dominicanus~ Black-billed 

Gull and Black-fronted Tern, while immature Black Stilts were already 

present. The other common species, the Banded Dotterel, nested in its 

~ 
first year, with 20 of 22 colour-banded chicks that returned to breed 
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doing so in their first year. In his study on a lowland swamp, Mcconkey 

(1971) found non-breeding one-year-old Pied Stilts at a nesting colony, 

thus indicating variation within New Zealand. 

·Throughout the world stilts and avocets range from being migratory 

and having regular nesting seasons, to being resident or nomadic with 

variable nesting seasons (Maclean 1978). In southern Australia Pied 

Stilts nest between August and December and are partly migratory, but 

in inland Australia they are nomadic and may breed after rain in any 

month of the year (Wheeler 1955, Frith 1969, Crawford 1980). In the 

northern parts of their·range H.h. himantopus and H.h. mexicanus are 

seasonal nesters, but they are more flexible in the south (Bent 1927, 

Witherby et al. 1940, Dementiev et al.1966), and often change their 

breeding range (Voet 1969, Mosansky 1977). In coastal Argentina 

H.h. melanu~us was recorded all year round by Myers and Myers (1979), 

although populations in elevated inland areas are likely to be migratory. 

The resident population of H.h. knudseni nests seasonally in Hawaii 

(Coleman 1981). In New Zealand, Pied Stilts and Black Stilts are 

entirely seasonal nesters, beginning to nest in July in coastal areas 

of the North Island (Stokes et al. 1959), August in ~oastal areas of the 

South Island. In the Cass River Valley and in other valleys I visited, 

Black Stilts began nesting earlier than did Pied Stilts. The later 

nesting of Pied Stilts was probably a result of the adult females not 

being able to obtain sufficient food to form the eggs, because their 

feeding was severely restricted by prey inactivity during September and 

early October when water temperatures were low (Ch. 6). In lowland and 

especially northern parts of New Zealand, prey behaviour and therefore 

Pied Stilt feeding, would have been less restricted, thus facilitating 
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earlier nesting. Differences in timing of nest initiation at Lake 

Tekapo did not prevent a high overlap in breeding requirements however, 

owing to slow rate of growth of Black Stilt chicks and especially 

because of renesting (Ch.10). 

At the breeding grounds, Pied Stilts and Black Stilts shared 

several characteristic recurvirostrid features, including type of 

courtship behaviour, nest-building behaviour and clutch size. The 

Pied Stilt further exemplified its Family by being highly social both 

during and outside the breeding season, and even more so by its 

flexibility in breeding location. Black Stilts had two features 

atypical of recurvirostrids - solitary nesting (partly a result of 

their scarcity) and high site fidelity. They preferred to nest in 

habitats (especially sidestreams) and localities that furnished a 

continuous or semi-continuous supply of food and they defended these 

areas against other stilts. This strong territorial behaviour resulted 

in Black Stilts dominating their more common congeners, a feature rare 

in avian systems. Orians and Willson (1964) found similar exclusion 

in two species of North American blackbirds (Icteridae). 

The interesting occurrence of some abnormally large clutches in the 

Black Stilt could result from its small population, in which finding 

a mate of the opposite sex at the right time is not easy (Ch. 11). 

Abnormally large clutches have been found in H.h. himantopus (Witherby 

et al. 1940) and in H.h. mexicanus. During irruptions outside its 

normal range in North America in 1977, two clutches of seven eggs, each 

laid by two females, were found in a sample of six nests of H.h. mexicanus 

(Dekker et al, 1979, Rohever et al, 1979). In Rohever's study in 
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Washington State, large clutches of Recurvirostra americana were found 

also. Irrupting birds could therefore face the same problem as rare 

species, that of finding suitable mates. An interesting case of large 

clutches (5-9 eggs) was found at one colony of H.H. himantopus in the 

U.S.S.R (Blotzheim, Bauer and Bezzel 1977), Lack of suitable nest sites 

and interspecific aggressiveness were believed to have contributed to 

"dumping" of eggs within that colony. 
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10. NESTING SUCCESS 

Introduction 

The breeding success of waders varies greatly among species, but 

it also varies spatially and temporally for any one species (Hale 1980). 

To compare the productivity of different species, therefore, it is 

necessary to study their reproduction within the same areas and over 

the same period of time. In this study three seasons of breeding by 

the two species were studied intensively in the Cass River Valley, and 

some additional data on Black Stilts were collected there from 1970 to 

1981. 

Methods 

Data on breeding status and breeding success were collected every 

six days as in Ch.9. Visits were made more frequently to those pairs 

of Pied Stilts whose young were about to fly, because that species 

tended to leave the nesting area soon after the young could fly. At 

abandoned nests, the site was examined for the cause of failure. 

Sign of predators in the form of tracks, faeces and regurgitations were 

recorded and identified using the guide of Lawrence and Brown (1973). 

Egg shell remains, or the lack of them, sometimes aided in finding the 

cause of failure also. 

To test the hypothesis that breeding success would increase by 

reducing predator numbers near the nest, I set traps around some Black 

Stilt territories. The traps were gin traps and fen traps set at 

intervals of 40-90 m (average 60 m). Each trap was placed under a 
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matagouri bush or else covered with a wooden tunnel measuring 30-45 cm 

long x 20-24 cm wide x 16-20 cm high. The traps were baited mainly 

with rabbit flesh and checked every second day. The success of these 

"protected" Black Stilts nests'was compared with Black Stilt nests 

without traps ("unprotected"). "Unprotected" Black Stilt nests were 

not visited during the incubation period to avoid leaving a scent which 

predators might have followed (Bart 1977). Nests of Pied Stilts and 

"protected" Black Stilts were approached by walking through water. 

When I was within ten metres of nests I recorded the reaction of 

the adult birds to my presence, as well as recording their nesting 

stage. To establish chick survivorship, telescopic observations of 

brood size were made at intervals of 10±2 days for 9 Black Stilt broods. 

Nocturnal observations of breeding behaviour were made with an NVC 

night-vision system (zeniscope) from a hide or tent at ranges of 

60-200 m. 

At Waterfall Stream in 1977-1980 and on the Cass River Delta in 

1980-1981 separate traplines were kept to examine the effects on the 

predator population of reducing the rabbit population. In autumn 1979 

the rabbit population along Waterfall Stream and ~or about eight 

kilometres in either direction, was almost totally eradicated by poison 

administered by the Tekapo Pest Destruction Board: rabbits did not 

recolonize this area until late in the 1980-81 season, giving two 

seasons for examining the effects on the predator population. In 

autumn 19.81 the rabbit population on the Cass River Delta was reduced 

to a very low level, and its effects were studied in 1981-82. In 

both cases the same number of traps (15) and the same trap sites were 

kept from year to year. 
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Results 

A. Breedi_ng success 

The breeding success of Pied Stilts was significantly higher than 

that of Black Stilts. Of 125 Pied Stilt nests, 61% hatched, whereas 

of 27 similarly unprotected Black Stilt nests, only 30% hatched (Table 

10. 1) ·• Fledgling success followed a similar pattern: 92 Pied Stilts 

fledged from 76 hatched nests (290 eggs) representing a fledgling 

success of 32%, whereas only two Black Stilts fledged from eight 

hatched nests (30 eggs), representing a fledgling success of 6% for 

unprotected nests. Overall breeding success (fledglings divided by 

eggs laid) was 19% for Pied Stilts, 2% for unprotected Black Stilts 

and 15% for protected Black Stilts. Despite the small number of 

Black Stilt nests, the difference in success between protected and 

unprotected Black Stilt nests was significant at the 5% level. 

B. Causes of egg failure 

Predation: Predation by mammals and birds was the main cause 

of eggs failing to hatch, accounting for 24 (49%) of 49 Pied Stilt 

failures and 16 (64% of 25 Black Stilt failures for which the cause 

was established (Table 10.1). The impact of predation was more severe 

on Black Stilts however, with at least 11 (41%) of the 27 unprotected 

nests being preyed on compared with on1y·24 (19%) of the 125 Pied 

Stilt nests. Under natural conditions this difference may have been 

even_ greater as I consider that five Pied Stilt nests, which were 

preyed on by a Norway rat one night, would have survived.had I not 

visited them. Even protected Black Stilt nests were preyed on, but 

proportionately fewer (5 out of 23) than for the unprotected nests). 
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no. nests 
no. hatch 
no._preyed on 
no. flooded 
no. deserted 
no. stock damage 
no. wind damage 
no. productive 
total no. of young 
young/nest 

TABLE 10.1 Nestinl;:J success 

A. Pied Stilt 1977-79 

Stream River Pond· Swamp 

16 24 15 70 
8 7 9 52 
5 2 6 11 
0 13 0 3 
2 1 0 0 
1 1 0 2 
0 0 0 2 
2 5 7 39 
3 6 11 72 

0.19 0.25 0.73 1.03 

Overall success (fledglings/eggs laid) 19% 

Total 

125 
76 
24 
16 
3 

4 
2 
53 
92 

o. 74 

B. Black Stilt nesting success unprotected nests 1977-80
1 

Stream River Pond Swamp Total 

no. nests 15 2 3 7 27 
no. hatch 3 1 0 4 8 
no. preyed on 7 0 3 1 11 
no. flooded 1 0 0 0 1 
no. deserted 1 0 0 0 1 
no. stock damage 0 0 0 0 0 
no. wind damage 0 0 0 0 0 
no. unknown cause 3 1 0 2 6 
no. productive 1 0 0 1 2 
total no. of young 1 0 0 1 2 
young/nest 0.07 0 0 0.11 0.07 

Overall success 2% 

C. Black Stilt nesting success protected nests 1977-80 

Stream River Pond Swamp Total 

no. nests 13 0 6 4 23 
no. hatch 5 3 3 11 
no. preyed on 3 2 0 5 
no. flooded 3 0 0 3 
no·. deserted 0 0 0 0 
no. stock/human damage 1 1 0 2 
no. wind damage 1 0 1 2 
no. unknown causes 0 0 0 0 
no. productive 5 2 2 9 
total no. of young 7 4 3 14 
young/nest 0.54 0.67 0.75 0.61 

Overall success 15% 

Note: 
1 

Includes some nests from the Godley River Valley 
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% Total 

60.8 
19.2 
12.8 
2.4 
3.2 
1.6 
42.4 

% Total 

29.6 
40.7 
3.7 
3.7 

0 
0 

22.2 
7.4 

% Total 

47.8 
21. 7 
13.0 

0 
8.7 
8.7 

0 
39.1 
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Flooding: Of the 125 Pied Stilt nests, 16 (13%) were flooded, 

and of the 50 Black Stilt nests 4 (8%) were flooded. All but two of 

the Pied Stilt nests that were flooded were on the riverbed, the 

remaining two being at a swamp. All four flooded Black Stilt nests 

were destroyed during two floods in 1979 at the normally stable 

sidestreams. One of these floods, in December 1979, was the worst 

flood in the Cass River Valley for several decades. Apart from these 

two severe floods, Black Stilts showed little susceptibility to the 

effects of flooding, because they favoured stable nesting habitats. 

The reason for this choice appeared to be food density, Black Stilts 

nesting and rearing their chicks at sites where food was at least 1 g 

(dry weight) per m
2

• Flood-prone sites were not chosen simply 

because floods kept the food supply lower than the threshold for 

nesting. Pied Stilt nests appeared to be in greater risk of being 

flooded than were Black Stilt nests, because Pied Stilts were more 

inclined to have their nest surrounded by water, and where food supply 

was not necessarily high. Nests were found on the riverbed when prey 

biomass was as low as 0.06 g per m
2

. After the chicks had hatched 

their parents led them to better feeding areas. 

Other causes: Causes of nesting failure of less importance were 

wind damage, desertions and eggs being destroyed by livestock or people. 

Cattle, but not sheep, trampled one Black Stilt nest and several Pied 

Stilt nests; vandals destroyed one Black Stilt nest and four Pied 

Stilt nests in the 1980-81 season; 
-1 

winds up to 200 km h in November 

1978 destroyed two nests each of Pied Stilts and Black Stilts; three 

Pied Stilt nests were deserted, two during the laying period and one 

during incubation, while in November 1977 a photographer caused one 

Black Stilt nest to be deserted, 
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C. Causes of chick death 

It was very difficult to establish even by indirect means how 

chicks died. Bad weather probably played only a small part in 

c~ntributing to the death of Black Stilt chicks: the worst period of 

prolonged bad weather did not kill any of eleven young chicks (Ch.9), 

but during the same period six dead Pied Stilt chicks were found, 

including two less than three days old. No other instances of chick 

death coinciding with bad weather were found in either species. In 

1980 a dead Black Stilt chick was found soon after a period of hot days 

when the maximum ambient air temperature reached 42°c. Several 

instances were found of chicks of both species disappearing during fine 

weather. 

I found no direct evidence of predators taking Pied Stilt chicks, 

but found two cases in which carnivores preyed on Black Stilt chicks. 

Two six-day old chicks were eaten by a ferret at c. 0300 hon 2 November 

1977. I heard the confrontation between the stilts and the ferret and 

found ferret tracks at the roost site the following morning. The 

colour band off a well-grown Black Stilt chick was found in a cat den 

at Mailbox Inlet in December 1977. The den was 60 m from where the 

stilts had nested. 

Indirect evidence of the impact of predators on Black Stilts has 

come from a predator-proof exclosure (Fig 10.1) built at Mailbox Inlet 

in 1980. Black Stilts had nested unsuccessfully at the site in 1977, 

1978 and 1979, the failures being caused by cat predation of a chick, 

rat predation of eggs (Fig 10.21 and ferret predation of eggs 

respectively. In 1980 two out of three chicks flew, and in 1981 
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FIG 10.1 Predator-proof exclosure at Mailbox Inlet 

This fence was funded by the Royal Forest and 
Bird Protection Society. The fence stands 
1.7 m high and consists of 5 cm netting for 
the upper .9 m and 1 cm netting for the lower 
.9 m, 15 cm of which is buried. At the join of 
the two netting sizes there is an electric 
wire. An electric wire is situated 2 cm down 
from the top of the fence. Both wires are 
battery powered, the latter of which is 
charged by a solar panel. The area enclosed 
is 14 ha, recently (1982) extended to 25 ha. 
Several new ponds and streams have been 
created inside the exclosure. 

A second fence was built at North Pond (Mick's 
Lagoon) in 1981. 
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FIG 10.2 Evidence of egg predation. 

Small fragments of shell scattered around a Black Stilt nest, 
characteristic of predation by Norway rat (P. Moors, pers.comm), 
Mailbox Inlet, October 1978. 

Ferret predation of stilts' _eggs involved the eggs being eaten 
whole, leaving no shell fragments, whereas cats and Harriers 
left scattered large fragments. One trapped ferret contained 
fragments of Black Stilt .egg shells. in its stomach. Tracks of 
ferrets and cats were found in mud beside several stilts' nests 
that had been preyed upon, and less often, droppings of ferrets 
and regurgitated pellets of Harriers were found. 
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eight out of nine chicks flew representing an 83% fledgli.ng success 

during the operation of the exclosure. Pied Stilts were also very 

success.ful at rearing young in the exclosure. 

D. Post-breeding mortality and population dynamics of the Black Stilt 

The survival of young Black Stilts, but not young Pied Stilts, 

was readily observed for their first autumn and winter. Of fifteen 

young birds that were followed duri.ng this period, only two had 

disappeared by August, representing a mortality rate of 13% for six 

months. Thi·s mortality rate is equivalent to a O. 5% loss per week, 

which is about 20 times less than for chicks in the last week before 

flight when mortality rates were approximately 10% per week. This 

difference in mortality rates emphasizes the extreme vulnerability of 

birds that cannot fly. 

Mortality rates in adult Black Stilts, however, were not 

markedly lower than yearlings as might be expected, but approximately 

the same. Based on data from winter counts (Table 10.2) adult 

mortality of the Black Stilt population averaged about 20% annually. 

This is probably a maximum estimate of mortality.,·owing to the 

possibility of some immatures recorded in 1975 and 1976 being immature 

hybrids, rather than Black Stilts 

TABLE 10.2 Total counts of adult and yearling Black Stilts 1975-79 

Data courtesy of Wildlife Service, O.S.N.Z. Rec. Scheme and 

B. Seddon 

Adult 

Immature 

1975 

52 

14 

1976 

55 

17 

19_77 

52 

16 

1978 

57 

7 

1979 

59 

7 

X 1975-79 

55 

12.2 
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The vulnerable period for adult Black Stilts was the breeding 

season when all five of the known cases of death occurred. Two birds 

were preyed on, along with their eggs, by cats along the sidestreams 

of the Cass River Valley in 1977 and 1979, and one at Joseph Swamp in 

1978. Two birds disappeared during the fledgling period of their 

young in 1980, one in the Tasman River Valley and one in the Godley 

River Valley, but in each case the surviving adult reared the young 

(two and one) successfully. The two birds that disappeared may well 

have been preyed on because both the Tasman River and Godley River 

Valleys supported high numbers of mammalian predators, particularly 

ferrets and feral cats. The longevity of stilts is not known. An 

adult female Black Stilt banded at its nest in December 1973 

(R.J. Nilsson, pers. comm.) was still alive and nesting in November 

19.81, at the age of 10+ years. 

E. The predators of stilts 

Four species were found to prey on stilts in the Cass River 

Valley. They were ferret, feral cat, Norway rat and harrier, all of 

which. preyed on eggs (Table 10.3). Only ferrets and cats were 

recorded as taking chicks, and only cats were known to have preyed on 

adults. Two other mammals that were potential predators were stoats 

Mustela erminea which were rare and found mainly in scrub, and 

hedgehogs Erinaceus europaeus, which were common and preyed (rarely) 

on eggs of the Banded Dotterel and Skylark Alauda arvensis. 

Harriers, cats and particularly ferrets hunted mainly on dry 

tussockland and scrubland where rabbits were the staple diet. The 
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TABLE 10.3 Known cases of predation on stilts by four 

species, Cass River Valley 1977-80 

Ferret Feral cat Norway rat Harrier 
Total 

Mustela Felis Rattus Circus 
Unknown 

putorius domesticus norvegicus approximans 
Observations 

Pied s·tilt 

Adult 0 l 0 0 l 2 

Eggs 4 5 12 2 l 24 

Chicks 0 0 0 0 0 

Black Stilt 

Adult 0 2 0 0 0 2 

Eggs 8 (1) 4 (2) 2 0 6 (2) 20 (5) 

Chicks l l 0 0 0 2 

Note 
1
Figures in parentheses are known cases from the Godley River Valley 

TABLE 10.4 Trapping data for ferrets in areas of changed rabbit densities 

Year 

1977-78 

1978-79 

1979-80 

1980-81 

1980-81 

1981-82 

Waterfall Stream September-January 

Rabbit 
population l 

Traps Trap nights Ferrets 

./ 

I-

X 

X 

./ 

X 

15 490 

15 560 

15 980 

15 750 

Cass River Delta December-February 

15 

15 

702 

650 

7 

5 

10 

7 

44 

8 

Note: 
1 

./=rabbits common, x = rabbits rare or absent 

Ferrets/100 TN 

1.4 

0.9 

1.0 

0.9 

6.3 

1.2 
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rest of the diet of cats and ferrets was varied and included lizards, 

rodents, birds and their eggs, and various insects (Appendix 8 ). 

During spring and summer, cats and ferrets hunted mainly at night, but 

in autumn and winter, cats were to a large extent diurnal. Norway 

rats occurred throughout the year in all the nesting habitats of stilts. 

The stomachs of two rats that I examined each contained insect remains. 

The effects on predators of poisoning rabbits were different in 

the two areas studied. At Waterfall Stream in both seasons the capture 

rates of predators (mainly ferrets) were not significantly different 
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from those in 1977 and 1978 when rabbits were abundant, which suggested 

that there had been little or no change in predator density (Table 10.4). 

In the second poisoning area (on the Cass River Delta in autumn 1981), 

post-poison capture rates of predators were significantly lower than 

pre-poison capture rates (Table 10.4), indicating that predator numbers 

had been reduced. 

The apparently conflicting results from the two trapping areas 

possibly were a result of differing proximities of high prey populations 

to which predators may have been attracted. Rabbit densities were 

high only 2 km from the poisoned area on the Cass River Delta, but 

dense rabbit populations did not occur within 8 km of the first trapping 

area. The data obtained from stomach analyses suggested that the 

predators remaining in the first poisoned area had switched from a 

specialised diet to a generalised diet of insects and small vertebrates. 

This area was more diverse in terrestrial habitat types than was the 

poisoned area on the delta, perhaps facilitating the change to a 

generalist diet. At this time, birds were at least as vulnerable as 
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when rabbits were common. Dunn (1977) found that tits (Parus spp.) 

were more vulnerable to weasel predation when the staple diet (rodents) 

of weasels were rare. 

F. Causes of the susceptibility to predation of Black Stilts 

Nesting habitat: In the Cass and Godley River Valleys Pied 

Stilts had a strong preference for swamps as nesting habitats, whereas 

Black Stilts had a strong preference for sidestreams (Ch.9C}. Few 

predators occurred in the swamps, but at the sidestreams many predators 

were trapped (Fig 10.3). This exerted a high predation pressure on 

all stilts nesting at sidestreams with 31% of 16 Pied Stilt nests and 

47% of 15 unprotected Black Stilt nests being preyed on (Table 10.1). 

Of all stilt nests, including protected nests, 34% of 44 at streams were 

preyed on compared with only 15% of 81 at swamps. These in turn 

contributed to a low fledgling rate of 0.25 flying young per stilt nest 

at streams and a high fledgling rate of 0.94 flying young per nest at 

swamps (Table 10.1). 

Ponds were not often used by either spec~~s for nesting, but of 

24 stilt nests in that habitat 46% were preyed on~· This high predation 

rate was not surprising, considering that trap rates of predators were 

even higher at ponds than at streams. River nests were not susceptible 

to predation, owing to the small numbers of predators there, but they 

were in risk of being flooded. The one habitat that combined features 

of low predation pressure and low potential for flooding was swamp, the 

preferred Pied Stilt nesting habitat. 
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Anti-predator behaviour: When I was with.in ten metres of a 

Pied Stilt nest, the adults of that nest usually performed distraction 

displays. This occurred at almost all nests being incubated and also 

at some during the laying period (Fig 10.4). Black Stilts rarely gave 

distraction displays until late in incubation and often not until the 

chicks were hatching. Extrapolating from these observations to the 

natural situation is questionable, but several natural interactions I 

have seen show a similar trend. Of four reactions to single cats 

(three during the day, one at night} and three to single ferrets (one 

during the day, two at night) by Black Stilts, none involved distraction 

displays. The daytime observations of ferret and two of the cats 

involved aggressive flight of the incubating bird until the predator 

had gone, whether naturally or after having seen me. The nocturnal 

observations and the other daytime observation of a cat each involved 

one bird calling repeatedly andwalkingin sporadic bursts towards the 

predator; when about 40-60 metres from the mammal the bird then flew 

slowly around it at about 5-6 min height and keeping at least 30 m 

away from it. One nocturnal observation of a Pied Stilt reacting to 

a ferret followed a similar pattern, but during three diurnal reactions 

to cats the Pied Stilts gave distraction displays. 

Anti-predator behaviour of chicks did not differ between the 

species. Downy chicks "froze" when an alarm call was given by one of 

its parents, while older chicks ran for up to 250 m before hiding 

beside, or under, vegetation, debris or stones. 

Colonial nesting versus solitary nesting: Pied Stilts were 

colonial nesters in the Cass River Valley, 117 of the 125 nests being 
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leucocephalus 

34 103 
108 166 

22 novaezealandiae 

65 45 

80 

Laying Early 
incubation 

Late Fledgling 
incubation period 

Reaction of nesting stilts to a human intruder 

~ 

II 

D 

Fly about. The adult(s) flew around me 
in wide arcs, sometimes calling. 

Aggressive flight. The adult(s) flew 
quickly and directly at me, usually 
calling. Synonomous with "divebornbing". 

Distraction displays. The adult(s) false
brooded, feigned injury and/or ran furtively 
in chick-fashion away from the site, During 
injury-feigning the birds usually uttered 
distress calls repeatedly. 
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less than 100 m from nests of other Pied Stilts. The remaining 

eight nests were of "solitary" pairs. Black Stilts were, by contrast, 

almost entirely solitary nesters, and they seldom nested at colonies 

of Pied Stilts (Ch.9E). 

Colonial nesting in many birds has evolved as a means of 

reducing predation (Moller 1978). The more birds in a given area, 

the sooner will a predator be spotted and the alarm given. At Pied 

Stilt colonies, the first bird to detect a predator flew into the air, 

gaining height quickly and it often uttered alarm calls. This 

behaviour immediately alerted all other birds in the colony, and they 

grouped to attack the predator or lure it away with distraction displays. 

Solitary nesting Black Stilts (and Pied Stilts) were dependent entirely 

on their own ability to detect and combat predators, although in some 

cases Banded Dotterels or other species may have provided prior warning 

of an approaching predator (Fig 10.5). Solitary nesting Pied Stilts 

had a success rate of only 6% (n = 8 nests) similar to the low success 

rate of Black Stilts. Conversely six Black Stilt nests in or near 

Pied Stilt colonies had an average breeding success of 12%, compared 

with 2% for unprotected solitary nests. Goransson .et al. (1975) and 

Dyrcz et al. (1981) obtained similar results when 'timid' species, 

including waders, nested close to 'bold' species and suffered less 

from predation than did isolated nests. 

Chicks of solitary nesting Black Stilts were able to forage over 

a greater area than were chicks of colonial nesting Pied Stilts. On 

moonlit nights Black Stilt chicks foraged up to one hundred metres 

apart and were sometimes over 150 metres from the guarding parent. 
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Incubation postures of Pied and Black Stilts 

Normal position. Note the disruptive camouflage pattern 
of Pied Stilt plumage. (Continued). 
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FIG 10.5 (cont). Incubation postures of Pied and Black Stilts 

Alert position, generally following the sighting of a 
Harrier, or following alarm calls given by other stilts 
or by other species . 
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This wide-ranging activity made chicks potentially very vulnerable, 

and the contact calls given by them during this time might have 

attracted the attention of mammalian predators. Pied Stilt chicks 

foraged and called at night also, but they were always close to the 

guarding parent. 

Timing of and duration of nesting: Black Stilts began nesting 

earlier than Pied Stilts (Ch.9G). In all three field seasons no first 

nests of Black Stilts were successful, with only one lasting to the 

hatching stage. Pied Stilt nests early in each season (September to 

mid-October) had low success rates also. Highest success rates of 

Pied Stilt nests occurred in late October and November, preceded and 

followed by very low success rates (Fig 10.6). Sixty per cent of all 

Pied Stilt nests were initiated during this period of high success, 

compared with only 44% of Black Stilt nests. 

The failure of early nests of both species was usually caused by 

predators, but it was not clear why predation pressure was so high at 

that time. , Perhaps the scarcity of staple diet (rabbits for ferrets 

and cats, and insect~_for rats) caused the predators to broaden their 

diets. Some limited data on cat prey supported this view. 

The reason for the high predation pressure on late-nesting stilts 

was more apparent that for early-nesting stilts. In January kittens 

arid adult females of ferrets and cats began dispersing from their dens, 

and hunting along the edges of streams and ponds as well as in tussock-

land. By late February capture rates of ferrets had increased by up 

to eight times those of December (Fig 10.6B). The probable impact of 

these mammals is consistent with the recorded success rate of rearing 
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chicks: of nine pairs of Pied Stilts that hatched their eggs after 

1 January, only one was successful in rearing young. Except for 

those inside the protective exclosure at Mailbox Inlet, late-nesting 

Black Stilts also had very low success. 

The fledgling period of Black Stilt chicks was 1.4 times that 

of Pied Stilt chicks, extending the period of vulnerability well into 

February. The mean flying date recorded for Black Stilts was between 

19 and 24 January for five seasons averaged, compared with 

7-12 January for Pied stilts over three seasons. The latest fledgling 

date for Black Stilts was 10 February recorded at Mailbox exclosure 

in 1982. Stilt chicks were vulnerable throughout the entire fledgling 

period, with several Black Stilt chicks disappearing when they were 

over five weeks of age (Fig 10.7) by which time Pied Stilt chicks had 

fledged. 

Discussion 

The breeding success of Pied Stilts approximated the normal 

pattern for European Charadrii. Normal hatching success in Europe 

ranged from 66-96% (Boyd 1962), close to the 61%.hatching success of 

Pied Stilts. The 30% hatching success of Black Stilts fell well short 

of that of the species examined by Boyd, and well short of that of the 

Wrybill (J.R. Hay, University of Auckland, pers comm.) and Pied Stilt 

in New Zealand. Fledgling success followed a similar pattern with 

Pied Stilts (32%) approximating the wader norm of 40-80% (Boyd 1962, 

Hale 1980), while that of unprotected Black Stilts (6%) was 

exceptionally low. 
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Weeks after hatching 

Survivorship of Black Stilt chicks 

The mean flying date in Black Stilts (black 
arrow) was 13 days later than for Pied Stilts 
(white arrow)~ During this extra time four 
out of thirteen Black Stilt chicks disappeared. 
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In Black Stilts the main cause of nesting mortality was 

predation by introduced mammals. Before the nineteenth century, 

Black Stilts had no mammalian predators; the few species of natural 

predators, all birds, would not have placed intensive pressure on the 

stilts. Common birds known to prey on the eggs or young of other 

birds are Weka Gallirallus australis, Pukeko Porphyrio porphyrio, 

Harrier and gulls Larus spp., while the New Zealand Falcon Falco 

novaezealandiae and Harrier sometimes prey on stilt-sized birds 

(Oliver 1955). These birds would have had little impact on stilts 

compared with the impact by Norway rats and feral cats, which were 

widespread in New Zealand river valleys by the 1860's and 1870's 

(Thompson 1922, Wodzicki 1950, Bull 1969), and that by mustelids, which 

were widespread by about 1900 (Thompson 1922). 

The differences in susceptibility to predation between Pied and 

Black Stilts resulted from many adaptive differences between the two 

species. Poor predator-avoidance behaviour in the Black Stilt 

included solitary nesting, high site fidelity, poor distraction 

displays, slow growth rate and a choice of nesting habitats and timing 

of nesting that coincided with high risk of predation. Tfie first five 

of these features indicate that anti-predator behaviour has not been 

selected for intensively in the Black Stilt, a result of having 

evolved in an environment free of serious predators. This is a 

problem faced by many endeniic bird species in New Zealand (Mills and 

Williams l978}, several of which have become extinct in the past 100 

years. 
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The Pied Stilt exhibits opposite features in its nesting biology. 

It is a more recent inunigrant from Australia, where it had evolved for 

a long period with ground predators in the environment. - In New Zealand 

it has retained many of the predator-avoidance features characteristic 

of continental species, and in this way, was pre-adapted for dealing 

with the carnivorous manunals introduced to New Zealand. The lpw level 

of predation exerted on Pied Stilts compares well with that on an even 

more recent colonist the Spur-winged Plover Vanellus miles: in a study 

carried out in farmland, Barlow et al. (1972) found that predation 

accounted for only 8% of failed nests. Thus, colonizing species as 

well as extant endemic species, require suitable means of avoiding 

predators in order to survive. 
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11. HYBRIDIZATION AND TAXONOMY 

Introduction 

Several cases are known in which two bird forms, previously 

isolated geographically, have come into contact with each other and 

interbred (Sibley 1961). The degree to which introgressive hybridiza-

tion occurs between two populations has a major bearing on taxonomic 

decisions (Short 1969). The Black Stilt has traditionally been 

treated as a separate species from the Pied Stilt on the basis of 

morphological data (e.g., Buller 1888a) and differences in habits 

(e.g., Potts 1869). Recent nomenclature (e.g., Kinsky 1970), has 

retained full specific status for the Black Stilt, but this has been 

questioned by some authors (Soper 1970, Mcconkey 1971) .. My studies 

of hybridization and general ecology and behaviour.were essential in 

order to arrive at a firm taxonomic decision. 

Methods 

Plumages of adult hybrids were established by colour-banding chicks 

of known parentage (Chapter 2) and recording their characteristics 

when they matured. Chicks were banded in several parts ~f the Upper 

Waitaki River Basin and at Lake Wainono. Morphological data and 

more plumage data were collected by examining and measuring museum 

skins, by trapping adults on the nest and by observing and collecting 

specimens in the field. All birds in the field were classified into 

one of ten plumage nodes (Fig. 11.1). Birds in Nodes A-C plumage 

("Pied Stilts") and birds in Node J plumage ("Black Stilts") 

have formed the basis of the previous chapters. 
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FIG 11.1 Plumage classification 

Birds were allocated to whichever node they 
most closely-resembled. 
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Results 

A. Recoveries of colour-banded hybrids 

. Fl hybrid: two Fl hybrids were recovered. These birds were 

intermediate in plumage pattern between their Pied Stilt and Black 

Stilt parents (Fig. 11.2) and resembled birds in Node E plumage. In 

both birds the black on the upper parts extended from the hind crown 

to the mantle, with black spots and a broad terminal band of grey on 

the tail. The chin and throat were white, below which there was a 

distinctive black neck band, and extensive black markings on the 

sides, flanks and abdomen. 

F2 hybrid: no recoveries. 

Black Stilt backcross: six off-spring from Black Stilt x Nodes 

E or F birds were recovered, including a brood of four that were 

raised at Mt. Bruce Reserve in the North Island. All six offspring 

were intermediate in plumage pattern between those of their parents 

(Fig. 11.3), resembling Node G birds (one), Node H birds (four) and 

Node I birds (one). A seventh bird resulting from the mating of a 

Node G bird with a Black Stilt, had plumage of the Node I category 

(Fig. 11. 3E) . 

Pied Stilt backcross: six offspring were recovered in which one 

parent was a Node A Pied Stilt and the other parent of Node E or F 

plumage. All six off-spring had black mantles and a black neck or 

breast band of varying width (Fig. 11.4) but never wider than that 

of their Node E or F parent. Markings on the flanks and sides were 

very variable, and were absent in three out of six birds. In all six 
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FIG 11.2 Plumages of F1 hybrids 

A. Banded at Lake Ohau 14 Dec. 1977; sighted at Homestead 
Tarn Dec. 1979. 

B. Banded at Godley River 15 Dec. 1977; sighted at Cass River 
Oct •. 1979-Dec. 1980 {male). 
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FIG 11. 3 Plumages of backcrosses to Black Stilts 

A. Banded by Ornithological Society members at Ohau River 
26 Dec. 1967; sighted by R.J. Nilsson at Ahuriri River 
24 Oct . 1972 (female). 

B. Banded at Cass River 8 Jan. 1980; sighted by C.R. Veitch 
at Manurewa 7 Oct. 1981. 
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FIG 11. 3 C.D. Plumages of backcrosses to Black Stilts 

Four offspring reared at Mt Bruce Native Bird 
Reserve. The parents were a Type F and a 
Type J bird. 
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FIG 11.3 (cont.). E. Banded at Lake Ohau 14 Dec. 1977; sighted at 
Big Tarn 6 Jan. 1981. 
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FIG 11.4 PlUJ11ages of backcrosses to Pied Stilts 

A. Banded at Cass River 25 Nov. 1977; sighted Cass River 
Aug. 1979-Dec. 1981 (male). 

B. Banded at Cass River 25 Nov. 1977 (sibling of A) ; sighted at 
Cass River Sept. 1980 (male). 
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FIG 11.4 (cont.). C. 

n 
Banded at Cass River 15 Nov. 1978; sighted 
Lake Ohau 6 Jan. 1981, 

D. Banded at Tekapo River 5 Jan. 1979; sighted 
Lake Tekapo Nov.-Dec. 1980 (female), 
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FIG 11.4 (cont.). E. 

E. 

n 
F. 

Banded at Cass River 3 Dec. 1977; sighted 
Cass River Nov.-Dec. 1979 (female). 

F. Banded at Cass River 27 Nov. 1978; sighted 
at Lake Wainono 25-Nov.1980. 
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Plumages of backcrosses to Pied Silts. 

Banded at Cass River 30 Nov. 1977; sighted Cass River 
Oct. -'Dec. ~1979 (male) • 

B. Banded at Cass Rive~ 30 Nov. 1977 (sibling of A); 
sighted Lake Ohau 9 Dec. 1979. 
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FIG 11.5 (cont.). 

J 

c. 

C. 

D. 

Banded at Lake Wainono 30 Nov. 1977; sighted 
Lake Wainono Jan. 1979. 

D. Banded at Cass River 4 Jan. 1979; sighted 
Cass River Oct. 1980-Jan. 1981 (female). 
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FIG 11. 5 (cont.) • E. 

E. 

F. 

n 
Banded Cass River 10 Nov. 1978; sighted 
Cass River Nov.-Dec. 1980. 

F. Banded Cass River 11 Dec. 1979; sighted 
Cass River Nov. 1981-Jan. 1982 (male). 
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G. Banded Cass River 22 Dec. 1979; sighted 
Lake Tekapo Jan, 1982. 
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birds there were black markings on the crown and greyish markings on 

the tail, absent in pure Pied Stilts. 

A further seven off-spring were recovered in which one parent was 

a Node A Pied Stilt and the other parent of Node B, C or D. Two of 

these off-spring retained the plumage type of their Node C parents, 

but the remaining five birds had plumages intermediate between those 

of their parents (Fig. 11.5). 

B. Interpretation of stilt genetics from plumage inheritance and 
morphology 

Pied Stilts and Black Stilts exhibited a significant difference 

in plumage colour of the undersurface (Chapter 2). Bivariate plotting 

of morphological features revealed that Pied and Black Stilts could 

best be distinguished from hybrids by tarsus and bill analyses and 

by tarsus and wing analyses (Fig. 11.6). 

In most cases inherited plumages of hybrids were intermediate 

between those of their parents. Some variations in plumage occurred 

within each category of backcrossing, but no throwbacks to either 

parental phenotype (Node A or Node J) were found. There was no 

evidence of any sex-linkage being involved. Pairs of birds in Node 

A plumage and pairs of birds in Node J plumage bred true (Chapter 2), 

that is "pure" Pied Stilt pairs and "pure" Black Stilt pairs always 

produced identically-marked young. 

The continuous variation between extremes of plumage and body 

measurements indicates that inheritance of these traits is controlled 

by several genes (Anderson 1953). In a simple two gene system, back-

crossing of an Fl hybrid to a parental phenotype would give a plumage 
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ratio for instance of 1 parent: 1 Fl hybrid: 2 intermediates. But 

of 20 progeny recovered from backcrosses, 18 had plumages intermediate 

between those of their parents and none resembled the parental (Node A 

or_ J) phenotype. Two progeny were similar to their hybrid parents 

~ndicating the potential for variation in hybrids. To determine the 

precise number of genes involved was beyond the scope of this study. 

C. Frequency and distribution of hybrids 

During each breeding season the stilt population of the Cass River 

study area and the Upper Waitaki River Valley as a whole was dominated 

by birds in Nodes Band C plumage, and not Node A plumage (Fig. 11.7A). 

The number of Node A birds occurring in the study area in December 

was 8 out of 98 stilts in 1977, 8 out of 78 in 1978 and 13 out of 163 

in 1979. Thus, birds in 'pure Pied Stilt plumage were approximately 

as rare as birds in 'pure'Black Stilt plumage. 

The distribution of hybrids (Nodes D-I) was centred on the Upper 

Waitaki River Valley (Fig. 11.7B) where they accounted for an average 

of 17.5% of all stilts (n = 1372). Away ,from this area percent 

frequency of hybrids was consistently less, including 3.4% (n = 442r--

in south-east Otago. Lake Wainono was the coastal locality with the 

highest hybrid frequency (14.9%, n = 295), which was consistent with 

that area being used as a feeding ground by at least some stilts from 

the Upper Waitaki River Valley (Chapter 5) . 

Most hybrid stilts follow the Pied Stilt migration pattern, 

leaving the Upper Waitaki River Valley after nesting and moving north

wards. Regular wintering grounds include Kawhia and Manukau Harbours 
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FIG 11. 7 FREQUENCY AND DISTRIBUTION OF HYBRIDS 

A, PERCENT FREQUENCY OF PLUMAGE TYPES (FIG 11.1) OF 
STILTS IN THE CASS RIVER VALLEY IN 1977, 1978 AND 
1979 AND IN THE UPPER WAITAKI RIVER BASIN AS A WHOLE 
IN 1980. 

B. FREQUENCY DISTRIBUTION OF HYBRID STILTS (NodesD-I) 
AS PERCENT TOTAL STILTS, Nov 1980 - JAN 1981. 
n = 29'35. · 
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where associations with Black Stilts are sometimes noted (O.S.N.Z. 

Rec. Scheme, B. Seddon pers. comm.) One Node' H hybrid, colour

banded as a chick on the Cass River Delta on 8 January 1980, was 

sighted in the Manukau Harbour on 7 October 1981. Several birds 

overwintered in the Upper Waitaki River Valley, particularly at Lake 

Benmore, but only one spent the winter (1979) on the Cass River 

Delta during the study period. 

Hybrids returned early to the study area, corresponding to the 

approximate return dates of Black Stilts. In August of each year 

hybrids accounted for 28-37% of the stilt population in the Cass River 

Valley, but by December when Pied Stilts were common they accounted 

for about 11% of the stilt population. 

D. Feeding of hybrids 

The plumages and body-measurements of hybrid stilts were inter

mediate between those of Pied and Black Stilts (Chapter 11, A & B), 

but feeding behaviour did not exhibit this dual input of parental 

genes .. Birds in Node F to I plumage had foraging patterns similar 

to those of Black Stilts. At low water temperatures in lotic habitats 

Node F to I birds utilized lateral probing as the main feeding method; 

they foraged mainly at the riffles; they had low search-rates and were 

able to maintain consistently high ingestion rates in the morning. 

Many fragments of Aoteapsyche and Pycnocentrodes (commonly eaten by 

Black Stilts) were found in each of four faecal samples collected at 

the sidestreams. 

Birds in Nodes D and E plumages were very variable in feeding 
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behaviour. Some individuals utilized tactile feeding to the same 

extent as Node F to J birds did, but most appeared to use this method 

very little or not at all. All early-arriving birds in Nodes D and E 

plumages used tactile feeding extensively. 

E. Breeding biology and behaviour of mixed pairs 

Mate selection: The formation of pair bonds, in which one bird 

was a Black Stilt, was seen to occur on eight occasions, seven of 

them between late July and October. Four of these cases involved male 

Black Stilts when there were no other unmated female Black Stilts in 

the study area. The males were each approached on separate occasions 

by several different female Pied Stilts and hybrids. The females 

attempted contact by assuming the receptive posture (Chapter 9), and 

in this way invited the attention of the male Black Stilt. In all 

four cases the males eventually mated with female hybrids in Nodes 

D-G plumage (Table 11.1). The other four occasions involved mate 

selection at times when Black Stilts of the opposite sex were avail

able as potential mates, along with Pied Stilts and hybrids. In three 

of these four cases, Black Stilt pair bonds were formed. 
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Table 11.1 Pairing by eight male Black Stilts 

Bird 

1 

2 

3 

4 

5 

6 

7 

8 

Month 

Aug. 1978 

Aug-Sep 1978 

July-Aug 1979 

Aug 1979 

July-Aug 1979 

Aug 1980 

Oct 1981 

Feb 1982 

Plumage node of potential mates 1 

A-C D E F G H I J 

2 

3-4 

2+ 

2-3 

2-3 

0 

0 

4 

4 

4 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 0 

1 3 0 

1 0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

14 

14 

1 

1 

1 

Partner 
Chosen 

E 

E 

J 

D 

G2 

J 

J 

G 

Notes: 1Potential mates refer to female stilts at the same locality 
in the study area. 

2Bird 5 was with a Node G bird on 31 July and 1 August, but 
on 9 August it was with a Node A bird. It eventually mated 
and nested with the Node G bird. 

3The Node G bird was already forming a pair bond with Bird 5, 
so it was not readily available to Bird 4. 

4 The Node J potential mate was already forming a pair bond 
with Bird 3, so it was not readily available to Birds 4 or 5. 

·no data. 

This preference of Black Stilts for black or near black birds 

concurred with pairing choices throughout the Upper Waitaki River 

Valley. Although Black Stilts accounted for only 3% of the numbers 

of stilts in this area (Fig. 11.7,A), 70% of them occurred in Black-

Black pair bonds (Table 11.2). This positive assortative mating was 

highly significant (x2 = 222.5, 1 d.f., p <0.001). In addition, 

Black Stilts preferred hybrids significantly more than they preferred 

Pied Stilts (x2 = 29.5, 1 d.f., p <0.001, n = 11 pair bonds). 
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Applying similar tests to hybrids revealed that they preferred 

hybrid or Black Stilt mates significantly more than they preferred 

Pied Stilt mates (x2 = 52.43, 1 d.f., p <0.001, n = 57). 

·Table 11.2 Pair composition of Black Stilts in the Upper Waitaki 

River Valley, November to December 1979 

230 

Plumages of pair JxJ JxI JxH JxG JxF JxE JxD JxC JxB 

No. of occurrences 13 1 0 2 3 1 2 1 1 

Nesting: In the Cass River Valley 10 nests of Black Stilt x Pied 

Stiltorhybrid pairings were found in the five seasons 1977-81. Except 

for one of the 1979 pairs, all mixed matings involved a male Black 

Stilt. None of the pairs occurred in the study area for two years 

running, and at least one pair bond was broken after nesting and each 

bird,remated with a new bird the following season. One pair (involving 

the only female Black Stilt) kept their pair bond for at least three 

seasons, nesting at Lake McGregor in 1977 and 1978, and on the. Cass 

River Delta in 1979. 

The selection of nesting habitat by mixed pairs in three cases 

appeared to be strongly influenced by the Black Stilt partner. In 

1977, 1978 and 1980, pairs consisting of Black Stilt x Node E, Black 

Stilt x Node D and Black Stilt x Node C (Fig. 11.8) were found along 

Waterfall Stream or the adjacent riverbed, where only Black Stilts 

had previously nested and Pied Stilts were not found nesting there. 

At least eight of the ten nests of mixed pairs contained fertile 

eggs, the remaining two being preyed on (Table 11.3). Eight nests 

were not involved in management by the Wildlife Service, and of these 

Jxi 
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FIG 11. 8 Male Black Stilt nesting with a Type C 
female Pied Stilt 

A changeover at the nest with the Black Stilt 
relieving the Pied Stilt, the latter of which 
tosses nest material back towards the nest as 
it leaves (below). 
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three were successful, each giving rise to one flying young. Hybrid 

x Pied Stilt matings produced fertile e_ggs also and young birds 

frequently flew. Throughout the Upper Waitaki River Valley no cases 

were found in which hybrids or mixed pairs produced infertile clutches. 

The behaviour of hybrids at the nesting grounds was very similar 

to that of Pied Stilts in that they performed noisy and active dis

traction displays from the onset of incubation. A reasonable predic-

tion from this would be that breeding success of hybrids should be 

higher that that for Black Stilts. The limited data (Table 11.4) 

suggest that this is the case. Moreover, those hybrids nesting with 

Pied Stilts had a nesting success close to that of Pied Stilts. This 

can be attributed to several features similar to those of Pied Stilts, 

including swampland preference (10 of 16 nests), colonial nesting 

(14 of 16 nests), distraction displays and a short fledgling period 

(35 - 43 days, n = 3). 
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Table 11.3 Data on 10 nests of Black x Pied or Black x hybrid 

pairs, Cass River Valley. 

Plumage type 
of Black 

Nest Year Stilt's mate 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Note: 

1977 

1978 

1978 

1978 

1978 

1979 

1979 

1980 

1981 

1981 

E 

D 

D 

D 

D 

F 

D 

C 

E 

F 

1 I = 1st-6th, II 
V = 25th-31st. 

Time 
initiated1 

Nov II 

Oct I 

Oct IV 

Nov II 

Nov II 

Nov II 

Nov III 

Nov III 

Habitat 

River 

Pond 

Stream 

Stream 

Swamp 

(Swamp 

River 

River 

Pond 

Pond 

Success 

Rat predation of eggs 

Ferret predation of eggs 

One young fledged at 43 
days 2 

One young fledged 

Hatched; no flying young 

One young fledged at 40 
days 

Hatched; no flying young 

Hatched; no flying young 

Management 

Management 

= 7th-12th, III= 13th-18th, IV= 19th-24th, 
2From a clutch of 3. 

Table 11.4 Breeding success of hybrid stilts (Type D-I plumage) with 

different mates. 

Plumage type of hybrid's mate 
A-C D-I J Total 

Number of nests 1 16(64) 1(4) 8 ( 32) 25 (100) 

Number of nests hatched 7 0 6 13 

Number of nests produce flying 
young 5 0 3 8 

Total number of flying young 11 0 3 14 

Breeding success 17% 0 10% 14% 

Note: 1Figures in parentheses are total number of eggs. 
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F. Interpretation of genotype, ontogeny and taxonomy of stilts in 
the pre-1980 literature 

Black Stilts were described separately in 1841 when Gould (1841) 

and Hornbron and Jacquinot (1841) allocated species names of H. 

novaezealandiae and H. melas respectively. Australian Pied Stilts 

had meanwhile been described as H. leucocephalus (Gould 1837) and 

this name was applied also, after some dissent (Ellman 186lt to 

specimens found in New Zealand (Buller 1865). In the 140 years follow-

ing Gould's description of the Black Stilt, a total of ten species 

names has been applied to New Zealand stilts (Table 11.5). By 1871 

leucocephalus was almost universally accepted as the species name for 

Pied Stilts, but adult Black Stilts oscillated between novaezealandiae 

(advocated by Buller 1873) and melas (advocated by Hutton 1871), with 

the former eventually being retained (Oliver, 1930, Fleming 1953). 

Most of the confusion in the literature was caused by the enigmatic 

hybrid and immature plumages. The general lack of understanding of 

these plumages was_summed up by Buller (1875a) with the words" •.• 

probably the most puzzling group of birds we have in New Zealand is 

that of the Stilt Plovers •.. " Hutton (1871) correctly recognised that 

birds with very pale hind necks were juveniles, but he recognised 

three species, H. leucocephalus (Pied Stilts), H. melas (Black Stilts) 

and H. novaezealandiae (probably Node C-D birds). The main error of 

Hutton (1871) was to regard first winter Black Stilts as the young of 

his novaezealandiae species, but this was corrected soon after the 

turn of the century (Hutton and Drummond, 1904). Potts (1872) added 

a fourth species H. spicatus from Canterbury which was a hybrid in 

Node E plumage with more black than that described by Hutton (1971). 
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TABLE 11.5 Nomenclature of Stilts in New Zealand, 1841 - 1970 

Adult Hybrid First Winter 
Author Adult Pied (Nodes D-F) Juvenile Black Adult B1ack 

Gould 1841 novae 
· Honibron & Jacquinot 1841 melas 

Ellman 1861 albus 1 picatus?1 picatus 1 ? niger1 

Gray 1862 melas melas a syn. 
Buller 1865 novae novae 
Buller 1868a leuco 
Finsch 1868 novae? novae novae 
Potts 1869 novae melas 
Travers 1871 novae 
Hutton 1871 leuco novae? spp. novae2 melas 
Potts 1872 leuco spicatus (vari us) melas(novae) 
Finsch 1872 leuco melas (novae) 
Buller 1873 1.euco novae 
Buller 1875a novae4 albicollis B novae 5 

Buller 1875b novae B3 novae 
Buller 1878 leuco novae 
Buller 1882 leuco novae?4 novae B novae? 4 novae5 

Buller 1882(cont) albicollis P 
Buller 1888a leuco novae novae B novae novae 
Buller 1891 & 1892 novae6 

Buller 1905 leuco picatus albicollis melas 
Hutton & Drummond 1904 leuco picatus7 spp. melas melas 
Matthews & Iredale 1913 albus 1 picatus 1 novae 1 

Stead 1927 leuco melas 
Oliver 1930 leuco albus "hybrids" "hybrids" novae 
Stead .1932 leuco albus "intermediates" "intermediates" novae 
Peters 1934 him leuco "mutants" "muta!'lts" 
Fleming 1953 him leuco 
Oliver 1955 leuco "hybrids" "hybrids" 
Kinsky 1970 him leuco ; 

Notes: leuco = leucocephalus; novae= novaezealandiae; him~ himantopus; 
B = Black Stilt; P = Pied Stilt; spp. = juveniles of unknown parentage; 
? the descriptions given by the author are insufficient to enable a 
~sitive identification; a syn.= synonyms given also 
of the genus Hypsibates. 

him novae 
novae 
novae 
novae 

2Hutton considered this to be the young of his novae-zealandiae which was a 
category possibly of hybrids. 

3The specimen was a partial albino. 
4Buller considered this to be the winter plumage of Black Stilts. 
5Buller considered this to be the summer plumage of Black Stilts. 
6Includes specimens in second summer plumage. 
7Hutton and Drummond considered Pott's (1872) spicatus to be a variety of 

picatus and that both spicatus and picatus ought to be conspecific with 
leucocephalus. 

8The authors did not distinguish hybrids from first winter Black Stilts. 
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Himantopus spicatus was later incorporated into the species H. picatus 

(Buller 1904, Hutton and Drummond 1904) which included Nodes C-F birds. 

Hutton's fundamentally correct views on stilt plumages were opposed 

by Buller and others who had a rather more complex interpretation. From 

1875 to 1905 Buller believed that there were three species of stilt in 

New Zealand, H. leucocephalus (adult Pied), the seasonally dimorphic 

E. novaezealandiae (adult Black, hybrids, some juveniles, first winter 

Black), and H. albicollis (very pale juveniles). Buller's H. novae

zealandiae was supposedly black in summer plumage, black and white in 

winter plumage, while the juveniles were pale with dark crown, mantle 

and wings (Buller 1882, 1888a). The description of winter adults 

(crown, sides of head, hind neck and abdomen sooty black; back, wings 

and tail glossy greenish black; rest of underparts white) possibly 

corresponds to adult hybrid, except that the abdominal markings and 

lack of a greenish gloss to the hind neck suggests first winter Black. 

This plumage was later (Buller 1905) noted as being very variable. 

It is very likely that many of these "adult winter Blacks" were indeed 

first winter Blacks which would also account for the interpretation 

of a seasonally dimorphic adult plumage. Adult hybrids, by contrast 

would have been in "winter" plumage throughout the year and, therefore, 

would not have fitted the seasonal pattern. 

Buller's allotting of some juveniles to species status was not 

altogether surprising considering that he relied heavily on specimens 

received at the Colonial Museum, and less often did he observe birds 

in the field. By 1888, however, Buller himself was doubting the validity 

of his new species H. albicollis, although he listed it without comment 

in 1905, the last time that this species was recognised. Buller's 

view of seasonal plumage changes in adult H. novaezealandiae was 

generally upheld until 1905 with four to five different species being 
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recognised at any one time. Hutton and Drummond (1904) reduced the 

number of species to three, H. leucocephalus (adult and juvenile Pied 

Stilts), H. melas (adult, juvenile and first winter Blacks), and H. 

picatus (Node C-E birds), and further suggested that H. leucocephalus 

and H. picatus might be conspecific. 

Fewer publications on stilt nomenclature appeared in the first 60 

years of the twentieth century than in the last 60 of the nineteenth 

century. It was not as though there was no requirement for a revision 

of systematics, because in 1905 the position of H .. picatus was still 

in doubt. To a large degree the literature retrogressed in the mid

twentieth century because authors did not distinguish between plumages 

of hybrids and first winter Blacks. For example, Oliver (1930, 1955) 

stated "Stilts having their plumage intermediate in colour between the 

Black and the Pied species are undoubtedly hybrids." In his checklist 

of world birds, Peters (l934} considered that stilts in New Zealand 

have "a tendency to melanism resulting in the production of a certain 

proportion of melanistic mutants of varying intensity." Oliver and 

Peters were either unaware of, or doubted the precise description of 

first winter Blacks given by Hutton and Drummond (1904). Stead. (1932) 

237 

on the other hand was aware of the existence of not only hybrid plumages, 

but also juvenile and first winter plumages, as witnessed by the correct 

labelling of museum skins collected by him. No publications describing 

in detail stilt plumageswere presented by Stead, but he used the term 

"intermediates" to embrace the hybrid/immature plumage problem (Stead 

1932). 
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Discussion and taxonomy 

In general, hybridization is unimportant as a means of genetic 

variation and speciation, because the hybrids are usually sterile 

and/or inviable which serves to strengthen reproductive isolation 

(Mayr 1970, White 1978). Introgressive hybridization is even rarer 

in nature: it is most frequent in areas modified by man, where hybrid 

zones between the parental populations are sometimes formed (Short 

1969). The New Zealand stilts are a rare case in which introgression 

has proceeded rapidly and, as a result, one population (that of the 

Pied Stilt) has acquired much new genetic material. 

Node Dor E hybrids were recorded by Hutton (1871), Potts (1872) 

Buller (1875a) and possibly by Ellman (1861). Reischek collected a 

Node D hybrid from Mt. Selwyn, Canterbury about 1880 and this specimen 

is held in the Vienna Museum (K.E. Westerskov, pers. comm., 1981). 

The incidence of hybridization in the 1860 1 s and 1870's was probably 

very low. Potts (1869) stated "we have never once found the two 

species breeding together or using the same or even similar situations 

for their nesting place". Buller (1882 and 1888a) recorded differences 

- -

in nesting habitats also and he noted no cases of interbreeding. 

By the 1890's hybridization was occurring more frequently than in 

the 1870's. Buller (1888a) found that Pied Stilts varied considerably 

in size and he recorded one each in Node C and D plumage. Of 24 

pre-1900 Pied Stilt skins held at the British, Canterbury, Otago 

and Auckland Museums only seven are in Node A plumage and two of these 

have tarsal measurements below the range of Australian specimens. By 

1910 Node A birds were apparently rare, but they still occurred in both 
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the North and South Islands (Buller 1905, Hutton and Drummond 1904, 

Stead 1932). On the Waipara River in 1904 Edgar Stead found several 

pairs of "pure" Pied Stilts, along with several pairs of Black Stilts, 

one pair of Black or Pied, several "intermediates" one of which was 

the "Potts" type (Node Dor E) and nesting with a Pied Stilt. In 

1907 Stead found no Black Stilts at the Waipara River, but in other 

areas he observed hybrids and "several instances of Blacks breeding 

with Pied mates" (Stead 1932). 

During the first half of the twentieth century hybrids were 

239 

observed in many parts of New Zealand, but by the 1960's and 1970's 

fewer were observed (Oliver 1955, O.S. N.Z. Rec. Scheme, Heather 1966). 

Nonetheless, the effects of the introgression remained, with Pied Stilts 

being very variable in plumage throughout New Zealand. Parental 

plumages (Nodes A and J) accounted for only 12% of stilts in the 

Upper Waitaki River Valley, and in the North Island Mcconkey (1971) 

found that only 18 (13%) of 140 stilts had the white mantle of Node 

A birds. In addition, most Node A birds in New Zealand have dark tips 

to the tail feathers, a feature which is absent in Australian birds. 

The darkest birds (Nodes D and E) that were collected by B.F. 

Mcconkey (pers. comm.) were shot mainly from February to May, and 

thus they were possibly migrants from the South Island. 

The introgression between Pied and Black Stilts has contributed 

not only to plumage variations, but probably also to a shortening of 

the tarsus. Two of three measurements in the early literature (Hutton 

1871, Buller 1888a, Hutton and Drummond 1904) list Nodes A or B Pied 

Stilts as having tarsi of 4.5 inches (114mm) in length 1 • This 

1The same authors list 90-95mm for Black Stilt tarsi, consistent with 
measurements in this study. 
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measurement is within the range of tarsal measurements of Australian . 
birds, but outside the present range of New Zealand stilts. Of 180 

stilt tarsi measured since 1970, only one of 115mm (Mcconkey 1971) 

has been of similar length. Pied Stilts in Australia and New Zealand 

share the subspecific name leucocephalus (Ch. 1). However, on the 

basis of tarsal length and plumage, Pied Stilts in New Zealand are 

subspecifically different from those in Australia. 

Black Stilts have not exhibited any detectable changes in morpho

logy since the nineteenth century, probably because they originally 
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had a large population in which there was positive assortative mating, 

which continued during the twentieth century even while the population 

declined. But, as they become rarer or remain rare, they will gradually 

acquire more Pied Stilt characters through interbreeding. 

Pied and Black Stilts exhibit a combination of specific and sub-

specific characters (Table 11.6) which places them in the category 

of "semispecies" of some authors (Short 1969, Mayr 1970). In the 

literature semispecies have been treated taxonomically as either 

species or subspecies. The high level of interbreeding between Pied 

and Black Stilts suggest conspecificity (L.L. Short, pers. comm., 1981). 

However, in recent studies of interbreeding in birds the criterion for 

nomenclature has been the proportion of mixed pairs in the zone of 

contact (E. Mayr,pers. comm., 1982). In Black Stilts there is posi-

tive assortative mating with most of the breeding population being 

involved in a Black-Black pair bond. The proportion of mixed pairs 

is clearly increased by the fact that Black Stilts are so rare. The 

chances of a Black Stilt finding a suitable Black Stilt mate become 
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less as the population decreases, and the pot~ntial for reproductive 

isolation between the two species also decreases. No matter which 

criteria are used for nomenclature, decisions are subjective and 

arbitrary (E. Mayr, pers. comm.) However, on the basis of selective 

mati_ngs by Bla,ck Stilts and in view of their present taxonomic position, 

I s_uggest that Black Stilts retain their full specific status for the 

time being. 

Table 11.6 Examples of characters which (A) promote reproductive 

Morphology 

Behaviour 

Voice 

Physiology 

Ecology 

.Genetic 

Abundance 

isolation, and (.B) reduce reproductive isolation between 

Pied and Black Stilts 

A. Iso],ating.mechanisms B. Uni:f;ying mechanisms 

Different plumage and 
lengths of appendages 

Selecting mating; Precopulatory behaviour 
and copulation similar 

Higher pitched in Black Responsive to precopula
Stil t than in Pied Stilt tory calls 

Differential chick 
growth 

Sedentary.versus 
migratory; habitat 
partitioning; feeding 
differences 

High habitat and feeding 
overlaps at certain times. 
Ability to nest in all 
habitats. 

Hybrid viability and 
fertility enabling intro
gression. 

Difficulty of finding 
mates when rare (Black 
Stilts) 
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12. DISCUSSION AND RECOMMENDATIONS FOR MANAGEMENT 

New Zealand has experienced double invasions or colonizations by at 

least three avian groups - rails, flycatchers and stilts(Fleming 1962, 

Heather 1966). In all three groups the first colonizers diverged 

considerably in morphology and behaviour. The Black Stilt became larger-

bodied in the cool New Zealand climate, thus following Bergmann's Rule, 

while its legs (but not bill) became shorter. Although leg-shortening 

follows the prediction of Allen's Rule for cooler climates, it may also 

be linked with the river and stream feeding behaviour of Black Stilts. 

There, Black Stilts foraged in mainly shallow riffles: .the water in 

deeper riffles was often too turbulent for stilts to maintain a foothold, 

especially when the head was below the surface. Other forms of 

Himantopus forage in mainly still water, particularly lakes, lagoons and 

estuaries, where long legs would have been an advantage for exploiting 

prey in deep water. In continental areas, competition from other 

wading birds, such as many species in the genus Tringa~ would have placed 

even more selective value on long legs. 

The evolution of entirely black plumage is a feature of the New 

Zealand avifauna which has defied explanation (Kearton 1976). Although 

black pigmentation can increase the rate of absorption of radiant heat 

energy it is very unlikeiy that this has had any adaptive value in the 

Black Stilt. If pigmentation was important in thermoregulation, then 

young in their first winter (when low ambient air temperatures combined 

with low feeding success would have the greatest effect) should have dark 

markings on their breast. It is the breast that sunbathing stilts, 

particularly Pied Stilts, orientate towards the sun during cold mornings, 

21+2 
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but this region is white in immature Black Stilts (Ch.2). 

The ability of New Zealand birds to produce melanic forms, or in 

some cases totally melanic species, perhaps stems from a low predation 

pressure. Many species of birds throughout the world produce melanic 

forms (Kettlewell 1973), but these would be prime targets for any 

predator that selected unusual or conspicuous prey from a group of 

prey. Because endemic predators .are rare in New Zealand and have never 

been common in the past (Fleming 1979), melanic forms would have a high 

chance of surviving to perpetuate .their numbers compared with their 

chances. of doing so in continental areas. This is an avenue which to 

date has received little experimental attention. 

Despite the morphological divergence of the Black Stilt and its 

occupation of a more specialised niche than that of the Pied Stilt, 

reproductive isolation between the two was not achieved. The resulting 

introgression is currently contributing in part to the disappearance of 

Black Stilts. However, introgression alone .could not have been 

responsible for the dramatic decline.of Black Stilts in the latter half 

of the nineteenth century. In the mid-nineteenth century Black Stilts 

were widespread and. common in New Zealand whereas the Pied Stilt was 

uncommon and had probably only recently arrived from Australia (Ch.3). 

Reproductive isolation would have remained largely intact during this 

period owing to positive assortative mating by Black Stilts. - Moreover, 

had a total breakdown in reproductive isolation occurred, it would have 

resulted in the Pied Stilt genotype being incorporated into the Black 

Stilt population. Banding recoveries have shown that in recombinations 

there was no clear genotypic dominance of one species over the other 
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(Ch.11) • This would have favoured the rarer (Pied) morphs being 

incorporated into the larger population (of Black Stilts) which would 

have become more variable, but black would have remained the dominant 

phenotype. 

Hybridization did contribute to Pied Stilts acquiring new genetic 

information, but they were not absorbed into the Black Stilt population. 

From 1890 to 1930 Pied Stilts increased and extended their range in most 

parts of New Zealand including a large influx to Northland wintering 

grounds. Their successful colonization of.New Zealand was facilitated 

by their preference for swamps and seasonal wetland during the breeding 

season (Ch.9). This habitat partitioning by the two species was found 

by many early observers also (Potts 1869, Buller 1888a, Stead 1932), and 

the extent of seasonal wetland was increased by land-clearing beginning 

in the nineteenth century. 

The decline of the Black Stilt appears to have resulted from. a 

combination of inadaptability to man-induced changes in the environment 

and reproductive compatability with the Pied Stilt (Fig 12.1). Since 

the nineteenth century NeW_Zealand riverbeds and associated wetlands 

have been subjected to many artificial disturbances. These include the 

loss of stable streams and seepage areas which would have provided a 

semi-continuous supply of food; the drainage of adjacent swamps and 

ponds which would have provided important feeding areas during and after 

floods; growth of adventive vegetation over potential nesting areas; 
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the loss of water-retaining forest in the high country; the introduction 

of mammalian predators; grazing; shooting and other recreations; 

water abstraction and damming. 
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Large population. 
Nesting mainly 
in stable lotic 
habitats. 
Little predation. 

1) COLONIZATION BY PIED STILTS 

X 

Small population. 
Nesting mainly at 
swamps • Some 
cross-breeding 
owing to small 
numbers, and 
resulting in 
morphological 
variations. 
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Susceptible to 
predation and 
habitat 
modification in 
lotic habitats. 
Inadaptable. 
Declining. 

Become rare. 

2) LATE NINETEENTH CENTURY 

3) 

Inte~breedin~ 

increase; TI, 

l 
MID-TWENTIETH CENTURY 

~ 
Local 

interbreeding 

Flourishing in the 
increased lentic 
wetlands. 
Preadapted to dealing 
with introduced 
predators. 
Unspecialised. 

Still suffer from 
differen.tial predation 
pressure. Interbreeding 
reduced by separate 
wintering grounds. 

Widespread and corrunon in 
all habitats. 

FIG 12.1 Stages in the decline of Black Stilts. 

A combination of introgressive hybridization (Hypothesis 1) and 
inadaptability of Black Stilts (Hypothesis 3) led to the decline 
of Black Stilts. 
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I consider that the most important of these artificial factors in 

contributing to the Black Stilt decline were the introduction of 

mammalian predators and the physical loss of suitable stable feeding 

areas along the riverbeds. The impact of feral cats, ferrets and rats 

on nesting Black Stilts in the Lake Tekapo area is such that replacement 

of adults is barely occurring. Another mammal, the stoat, is an 

efficient predator of birds (King & Moors 1979) and is one which Black 

Stilts would have confronted on lowland riverbeds and wetlands (Stead 

1932). Feral cats, rats and mustelids were widespread in New Zealand 

by the late nineteenth century (Thomson 1922). at which time Black Stilts 

and some other species of birds rapidly declined. (Oliver 1955). 

Habitat changes have been severe in lowland parts of New Zealand 

in particular, with most riverbeds losing their sluggish sidestreams and 

ponds. The continued occurrence of Pied Stilts on many of these rivers 

is in agreement with their opportunistic foraging and efficient predator-

avoidance system. However, several river valleys which formerly 

supported both species of stilt, now either support no stilts or 

dwindling numbers of Pied Stilts. The reasons for the. exodus of Pied 

Stilts appears to be water abstraction as in the case of the Opihi River 

in some years and the Orari River, while river channelling and/or 

encroachment by exotic plants has been the cause at others, such as the 

Waihi and Pareora Rivers (A.B. Curtis, pers. comm., R.J. Pierce, pers. 

obs.). 

Habitat changes have occurred in the Lake Tekapo area also 

(K.F. O'Connor, pers. comm.), but there are still many areas little used 

by Black Stilts which are suited for greater use. Since 1977 thirteen 
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sites in the Cass River Valreyhave been used by them for both nesting 

and feeding. Only one of these sites {the main river course in 1977) 

has subsequently been unsuitable owing to low prey densities. In 

addition, many other sites are used for foraging, but not nesting. The 

death of one bird of a pair almost invariably results in their nest site 

not being used again by Black Stilts, because recruitment rates are so 

low. For example, Joseph Swamp has traditionally been used by Black 

Stilts since at least 1970 {R.J. Pierce, pers. obs.),but following the 

death of one of the nesting birds in 1978, no Black Stilts have been 

found nesting there. Winter feeding areas are also underutilized, with 

only a few birds foraging at the many suitable sites at that time of year. 

The relative importance of factors contributing to the decline of 

Black Stilts, probably varied from area to area. In lowland Canterbury 

Stead (1932) and E.M. Maguire, Dunedin (pers. comm.) considered that 

shooting was the main cause of decline, and legal protection was not 

applied until 1908. Stead noted, however, that the riverbeds were 

"alive with vermin'-' especially stoats around the turn of the century. 

W.W. Smith (pers. comm.) noted a marked decline in Black Stilt numbers 

in two wetland areas near the Tekapo River in the early 1950's. 

decline coincided with the beginning of organised rabbitrd-soning 

This 

and Mr Smith considered that the stilts died from eating the poisoned 

pollard. But bearing in mind their insectivorous diet, it seems more 

likely that the stilts were killed by feral cats and/or ferrets which 

had switched from a rabbit diet no longer available, to a varied diet 

that included a large proportion of birds. 

By 1900 Biack Stilts were rare except in South Canterbury and 
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Central Otago (Ch.3). In other areas the remaining birds were likely 

to have interbred with Pied Stilts owing to a shortage of potential mates 

of their own kind. This was first suggested by Stead (1932) and was 

strongly supported by my observations of preferential mating at Lake 

Tekapo (Ch.11). Stead observed dwindling numbers of Black Stilts on 

riverbeds in North Canterbury between 1904 and 1907 and an increase in 

the number of hybrids during and after this period. Similar observations 

are available for the Marawhenua River where M. Keioller (pers. comm.) 

found several pairs of Black Stilts in the 1950's. In later years 

Mr Keioller found only Pied Stilts and "smudgies" nesting at the river. 

In recent years some mixed pairs have been found nesting outside the 

normal Black Stilt range, including the Routeburn River 1958 (M.F. Soper 

pers. comm.), near Hawea in 1966 (P. Child pers. comm.), Hakataramea 

River in 1971 and at Lake Wainono in 1979 (R.J. Pierce, pers. obs.). 

The ability of Black Stilts to maintain a very small population 

which has declined only slightly over the past 20 - 25 years, can be 

explained by their wintering apart from Pied Stilts. Pied Stilts are 

very rare in the Upper Waitaki River Basin during winter and early 

spring when most Black Stilt pair bonds were observed being formed. If 

all Black Stilts had wintered with Pied Stilts in coastal areas, the 

chances of mixed matings would be far higher than that with different 

wintering grounds .. Without intervention, however, even these resident 

Black Stilts will eventually disappear and their genes will become 

incorporated into the Pied Stilt population. A census of birds in 

January 1981 produced 45 adult Black Stilts, and since then two winter 

counts by the Wildlife Service have each produced about 30 adults, 

significantly fewer than the counts of the 1970's. 
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In this study I used two experimental techniques in order to assess 

the effects of predators on stilts. These techniques have considerable 

bearing on the future management of Black Stilts. The first of these, 

predator trapping, was very energy intensive with no carry-over benefits 

from year to year. Nor was it always successful as several eggs and 

chicks were preyed on and the predator either escaped or was.caught after 

it had eaten the eggs. Nevertheless, trapping produced a significant 

increase in survival rates of eggs and chicks (Ch.10). Similar (mainly 

successful) results have been obtained for gamebirds (e.g. Balser et al. 

1968, Chesness et·aZ.1968). In 1981 trapping around Black Stilt nests 

was extended to other valleys by the Wildlife Service and Royal Forest 

and Bird Protection Society with moderatelY- successful results (Pierce 

1982). 

The second technique used in this study was that of predator-proof 

fencing. The two exclosures not only almost totally prevented entry by 

mammals, but they also enabled precautionary poisoning and trapping to 
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be carried out inside without risk to livestock. Of thirteen chicks that 

have hatched inside these exclosures since 1980, ten have fledged. 

1981 eight young birds flew from Mailbox Exclosure, which represented 

60% of the young birds known to have flown in that year. 

In 

Predator-proof fences are expensive to build, but their success to 

date is justifiable. In each exclosure new streams and ponds have been 

formed and these have subsequently been heavily utilized by Black Stilts. 

The need for a stable site for fencing, however, precludes the enclosing 

of some other regularly-used nesting areas which are at risk from 

flooding. 
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The role of the exclosures will probably be extended in the future 

to accommodate egg transfers. Several pairs of Black Stilts are 

currently held in captivity, having been collected as eggs by the Wild-

life Service in the 1979 and 1980 seasons. If these birds lay eggs in 

captivity, I recommend that the eggs be transferred to the nests of 

foster parents in the comparative safety of the exclosures. Suitable 

foster parents would be mixed pairs particularly Black Stilt x hybrid 

pairs which have frequently nested at Mailbox Inlet. 

The cross-fostering method of Merton (1981) is a similar technique 

which has high potential in Black Stilt management. During the 1981 

season the Wildlife Service transferred eggs from early nests of Black 

stilts to foster parents at Mailbox Exclosure and to a trapping area in 

the Tasman River Valley. The merit of this method lies in the 

vulnerability of early nests (Ch,10) and the ability of Black Stilts to 

lay a replacement clutch. Egg removal up until the end of October will 

almost certainly result in re-nesting, as will egg removal in early 

November provided the eggs are taken during early incubation (Ch.9). 

Removal of eggs from mid-November onwards probably will not induce 

relaying. 

During the 1981 season also, the Wildlife Service experimented with 

dummy eggs which were placed in some late nests which appeared to be 

250 

vulnerable to predators. The stilt eggs were kept in an incubator until 

close to hatching, when they were transferred back to the nest. No 

problems with acceptance occurred, although addling of eggs was a 

problem. This matter can probably be overcome by more careful handling 

during the delicate early stages of embryonic growth, or by removal 
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during a later stage of incubation. 

Eight captive-reared birds, each about one year old, were liberated 

in the protective exclosrffe c1.t North Pond in the 1981 season. Three 

birds were liberated in October and five in January. ·None of these 

birds appeared to survive, although one lived for at least four weeks. 

At leasttwo were killed by Harriers. All were very tame which is a 

common problem when birds are held in captivity for long periods (Temple 

1977) • In addition they foraged amongst tall vegetation_such as 

Juneus effusus and Carex secta where predators may be hiding, rather than 

in open water where wild stilts foraged (Ch.7). Unless the habitat in 

captive pens can be made to resemble that in the wild more closely, and 

unless precautions can be taken to ensure that birds are predator-wary, 

I recommend strongly that there be no further releases of captive-reared 

Black Stilts. 

Future management of Black Stilts should involve protecting all 

nesting birds. with traps or predator-proof fences. Early clutches, 

particularly those in vulnerable sites, and clutches in captivity should 

be cross-fostered in one or other of the exclosures, provided suitable 

foster parents occur there. The foster parents should be incubating 

their own eggs at the time of egg transfer to reduce the chances of 

them deserting the nest. The total length of time that foster parents 

incubate does not appear to be critical: two pairs of foster parents 

(Pied x Pied; Black x hybrid) each incubated infertile or addled eggs 

for about 60 days before they deserted, while a pair of Pied Stilts 

hatched cross-fostered eggs after they had been incubating for only 15· 

days. Late clutches (November to Decerober) outside the exclosures 
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should be protected by traps. As trapping is not always successful, 

the eggs in vulnerable situations should be replaced with dUlTIIIly eggs 

and .the eggs kept in an incubator and not returned to the nest until 

th~y are nearly hatched. 

Since 1800, 15 species or subspecies of New Zealand's endemic birds 

have become extinct. Today a further 23 species or subspecies are 

described as rare or endangered (Mills and Williams 1978). In the 

face of these figures, New Zealand has a heavy responsibility, inter

nationally as well as nationally, to conserve its remaining endemic 

birds. This responsibility is expensive in money and manpower. The 

facility of New Zealand's Black Stilt to hybridize with Pied Stilts, 

threatens the long-term survival of Black Stilts - a factor which 

clearly lowers their priority for action in a country heavily taxed with 

conserving so many rare and endangered birds. Management practise in 

the short term must, however, concentrate on increasing the productivity 

of Black Stilts in order to balance the high mortality rate and to lower 

the incidence of mixed matings. If this is not carried out for several 

years, Black Stilts have little chance of survival. Long term manage-

ment will focus on predator-proof exclosures which involve little 

maintenance and perhaps manipulation of the predator populations 

themselves. The latter will require an intensive ecological study of 

feral cats and ferrets before suitable action can be taken. 
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SUMMARY 

1. Field work was carried out mainly at Lake Tekapo to examine 

_questions of hybridization, competitive exclusion and adaptability 

in Pied and Black Stilts. 

2. Black Stilts have significantly longer bills and shorter tarsi than 

Pied Stilts and the adult plumage is entirely black. 

3. Pied and Black Stilts obtain adult plumage within 18 months of 

4. 

flying. Immature Black Stilts pass through a series of intermediate 

plumages with distinctive dark markings, firstly on parts of the 

flank, sides and abdomen. The breast and the abdomen are the last 

areas to become fully black. 

Black Stilts were widespread in New. Zealand in the.nineteenth 

century, but breeding was restricted to the South Island by about 

1900, to South Canterbury.and Otago by the 1940's and to the Upper 

Waitaki River Basin J:¥'the 1960's. Within the latter area the 

population has declined since the 1940's. 

5. Pied Stilts were uncommon.in the mid-nineteenth century, and were 

probably only a recent colonist from Australia. Since then they 

have increased dramatically and are common. in shallow wetlands 

_) throughout mainland New Zealand. 

-) 

J 

) 

J 

6. Approximately 90% of Black Stilts (including all family parties) are 

resident in the Upper Waitaki River Basin, whereas Pied Stilts are 

migratory and occupy coastal areas in autumn and winter, especially 

in norther.n_New Zealand. At Lake Tekapo peak Pied Stilt arrival 

was in October and November, and the main exodus was in January and 

February. 

7. Overlap in habitat choice was lowest during the breeding season, but 
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very high immediately preceding and following nesting. 

8. In shingle rivers and streams Black Stilts were adapted to preying 

on inactive invertebrates (especially Deleatidium., Pycnocentrodes 

and Aoteapsyche) which they obtained by lateral probing. This 
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) method was not used by Pied Stilts which pecked for their food. 
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9. In rivers and streams Black Stilts foraged where .prey were most 

common, but Pied Stilts foraged where prey were most visible. 

10. Overlaps in prey taxa and feeding methods in lotic habitats were 

highest when food was abundant. 

11. In muddy areas Pied and Black Stilts often scythed for their food, 

particularly when their vision was impaired by ripples or prey 

inactivity. 

12. In lentic habitats the prey of stiltswas varied, but the most 

regularly recorded were Sigara., molluscs, chironomids and oligochaetes. 

13. In lentic habitats Black Stilts were restricted to shallower water 

than were Pied Stilts. 

14. Pied Stilts were opportunistic feeders, often switching between 

habitats and prey types. 

15. The migratory behaviour of Pied Stilts was probably enhanced by ponds 

drying out and by prey being less accessible in winter. 

16. Pied Stilts were social feeders, but Black Stilts fed solitarily or 

in pairs or family parties . 

17, Black Stilts were aggressive to other stilts and they dominated 

Pied Stilts territorially. 

18. Pied and Black Stilts normally nested in their second year. 

19. Pairing and pre-copulatory displays were the same between Pied and 

Black Stilts and also the same as for other forms of Himantopus. 
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20. Black Stilts preferred to nest in stable habitats, particularly 

sidestreams and they had a high site fidelity. Pied Stilts 

preferred to nest in swamps and they had a low site fidelity. 

21. Nests of both species were situated on a variety of substrates, 

usually close to water. 

22. Black Stilts were solitary nesters, Pied Stilts colonial nesters. 

23. Black Stilts laid earlier than Pied Stilts, but re-nesting occurred 

up until the end of November and end of December respectively. 

24. The normal clutch size of stilts is four, but 3 out of 60 Black Stilt 

nests have contained abnormally large clutches laid by two females. 

25. Incubation in stilts was shared between the sexes with changeovers 

occurring at approximately hourly intervals during the day, and less 
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often at night. Females tended to spend more daylight time incubating 

than did males, the latter of which took on a dominant role in 

territorial defence. 

26. Y?ung stilts were nidifugous, leaving the nest to forage within two 

days of hatching. 

27. Chicks foraged where prey densities were high, especially in or along 

the edges of muddy pools. 

28. Pied Stilts often moved their chicks up to several kilometres to 

better feeding grounds, but Black Stilt chicks foraged mainly within 

200 m of the nest site. 

29. The fledgling period for Pied Stilts averaged 34 days compared with 

47 days for Black Stilts. 

30. Post-breeding dispersal occurred.within a few days of flight in Pied 

Stilts, but Black Stilts often.remained in the area for a further 

1 - 3 months. 
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31. Family parties broke up two to six months after flying in the Pied 

Stilt, but usually six to eight months after flying in the Black 

Stilt. 
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32 .. Black Stilts were more susceptible to predation by feral cats, ferrets 

and rats than were Pied Stilts. Only 2% of unprotected Black Stilt 

eggs produced flying young compared with 19% for Pied Stilts. At 

protected Black Stilt nests the success rate increased to 15%. 

33. From 1975 to 1979 annual adult mortality of the Black Stilt averaged 

about 20%, with population. recruitment barely compensating for this 

loss. 

34. The susceptibility of Black Stilts .resulted from their nesting in 

areas and at times of high predator densities, while poor anti-

predator behaviour and a long .fledgling period contributed also. 

Pied Stilts showed opposite characteristics . 

35. Hybrids were vigorous and.fertile. 

36. Hybrids were usually intermediate in plumage and morphology between 

their parents. Even in backcrossing no cases of throwback to 

either parental phenotype were found. Behaviourly, hybrids were 

variable. 

37. Hybrid distribution is centred on the Upper Waitaki River Basin. 

38. Less than 10%of stilts in the Upper Waitaki River Basin were in 

typical Pied Stilt plumage, and only 3% in Black Stilt plumage. 

The remaining birds showed varicus degress of interbreeding. 

39. Black Stilts had a preference for Black Stilt mates. 

40. The various hybrid and immature plumages described in the literature 

were interpreted. 

41. Although Pied and Black Stilts exhibited several reproductively 
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isolating mechanisms, they could nevertheless interbreed successfully. 

42. Pied Stilts have gained new genetic material through interbreeding 

and can be distinguished subspecifically from Pied Stilts in 

Australia. 

43. Black Stilts were closely adapted to New Zealand conditions before 

many man-induced changes occurred in the nineteenth century. The 

vulnerability of Black Stilts to predators and habitat changes were 

mainly responsible for the decline, while interbreeding contributed 

also. 

44. The small inland population of the Black Stilt has lingered probably 

because it is mainly resident whereas Pied Stilts are migratory. 

Mates were chosen at a time when few Pied Stilts were present, which 

forced birds to search further for a potential mate. 

45. Nesting areas of the Black Stilt need to be protected to ensure the 

survival of the species. The predator-proof exclosures and, to a 

lesser extent, trapping, have proved successful in increasing nesting 

success. 

46. Future management should revolve around the exclosures which not 

only protect those birds nesting inside, but they also provide a safe 

area for cross-fostering of eggs. 
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GLOSSARY AND ABBREVIATIONS 

asl. : above sea level 

bird length: Used in Ch. 8 as approximate distance between two foraging 

stilts 

c. : approximately 

channel : area of river or stream occupied by water 

chick : downy young 

df :. degrees of freedom 

fledgling period : time between hatching and first flight 

g: grams 

glides : running water without rippled surface 

h: hour 

immature period between first winter moult and gaining of adult plumage 

insolation : period of time exposea·to sunlight 

juvenile : time between aquisition of contour feathers and first-winter 

moult 

km: kilometre 

lentic : standing water, i.e. ponds, swamps, mudflats 

lotic : running water, i.e. streams, river, river-mouth 

m metre 

n sample size 

o.S.N.Z. Rec. Scheme 

Scheme 

p probability 

Ornithological Society of New Zealand's Recording 

r correlation coefficient 

s second 

s.d. : standard deviation 

significant : at the p < 0.05 level 

subimago; pl. subimagines : invertebrate stage between larva· and adult 

(imago) 

t: Student's t ratio 

trap night : number of traps multiplied by the number of nights they were 

operating 

X mean 
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APPENDIX 1 EARLY RECORDS OF STILTS IN NEW ZEALAND 

Source 

Gould (1841) 

Buller (1905) 

Buller (1868a) 

Buller (1878) 

Auckland Museum 

Vienna Museum 

Buller (1882} 

Hamilton (1885) 

Buller (1888a) 

Pied Stilt 

A. North Island 

Waikato 1854 (1). 

Several specimens. 

Rotorua district, Br. 
Plentiful. 

Whangarei 1882 (2). 

Petane River, Br. 

Common in mid to southern 
portions of N.Z. One record 
as far north as Auckland. 
Waipukurau and Taupo 
(abundant). 

Black Stilt 

Port Nicholson (2). 

Rotorua district. 
Plentiful. 

Mangere July 1879 (1). 

Rivers Wellington south
ward. 

Petane River, Br. 

Napier saltmarshes, Parenga
renga (2), Kaipara (5), 
Rotorua and Rotomahana - more 
plentiful than in previous 
years, Br. Wellington rivers, 
Waipukurau. 

Auckland Museum Waikato, no date. 

British Museum Rotorua May 1890 (1). 

Buller (1898) Rangitikei R., Br. 

National Museum Hellensville 1899, Porirua 

Hutton (1900) 

1912, Paraparaumu 1928, 
Turakina 1930 (1 each). 

Napier in summer. 

Hutchinson (1900) Petane River. 

Canty. Museum Turakina 1930 (1). 

Paraparaumu 1927 (1). 

Petane River. 

B. Marlborough, Nelson, Westland 

Hutton (1871) 

Buller (1875a) 

Buller (1882) 

Buller (1888a) 

Smith (1888) 

Handly (1895) 

Douglas (c.1899) 

Australian Museum 

OSNZ 1940-80 

Common mid to southern 
portion of N.Z. 

Ahuna, Crooked Rivers 

Collingwood Aug. 1870 (1). 

Wairau River (1). 

Rivers Wellington south. 

Rivers Wellington south. 

Ahuna, Crooked Rivers. 

Sparingly but widely distri- Sparingly but widely distri-
buted in Marlborough. buted in Marlborough. 

Many records 

Occasional pairs in Westland. 

Nelson pre-1921 (1). 

Few records 
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C. Canterbury and Waitaki River System 

Source 

Potts (1869) 

Travers (1891) 

Buller ( 1872) 

British Museum 

Canterbury 
Museum 

Buller (1875a) 

Otago Museum 

British Museum 

Vienna Museum 

Buller (1882) 

Potts (1882) 

Buller (1888a) 

Stead (1932) 

E.M. Maguire, 
Dunedin; F. Hern, 
Timaru. 

Stead (1927) 

Oliver (1930) 

Canterbury 
Museum 

Mr. Cameron, 
Maungati 

A.B. Curtis, 
Geraldine 

Pied Stilt 

Swamps, lagoons Br. 

Lake Guyon. 

Rakaia (2) and Selwyn 
Rivers (2) 1872. 

Waimakariri River-mouth 
July 1878. 

Kaiapoi October 1877(2) 

Many nest inland and move 
to coast in January. 

Black Stilt 

Rivers including Rakaia, Br. 

Lake Guyon. 

Bottle Lake January 1872 
adult and juvenile, Orari 
February 1872, Saltwater 
Creek April 1873. 

Selwyn River September 1872, 
Saltwater Creek May 1873. 

Selwyn 1872. 

Rakaia River, juvenile. 

Benmore 1875, juvenile. 

Malvern Hills September 
1877 (Br). 

Rivers Wellington southward. 

Common in middle to southe:r:n Rivers Wellington southward. 
portions of N.Z. Nesting 
upper Rangitata. 

Waipara River, swamps, Waipara River 1904 Br. 
lagoons (Br). Lake Ellesmere Gone 1907. 
2-3000. 

Now rare on rivers. 

Rangitata River, mainly above 
Arundel. Large numbers 1910 
dwindling to low numbers 
1930's. Also Opihi River, c. 
1930. 

Now very scarce, usually 
single birds mating with 
Pied Stilts. 

Eggs found at Ashburton. 

Selwyn c. 1920(2), . Lake Ellesmere pre 1935(3) 
Lake Ellesmere November 1915. Waitaki June pre 1935 

Washdyke 1927 numerous 
Orari, Waihi, Te Moana, 
Opihi Rivers 1928-30, 
1940's. 

2 + juvenile, Omarama May 
1939. 

Dobson Riverbed 1930's. 
Common. 

Washdyke 1927 fairly common. 
Orari, Waihi, Te Moana, Opihi 
Rivers 1928-30, approx. 6-8 
birds per 5-7 km (Br). Still 
present late 1930's and on Te 
Moana late 1940's but less 
common. 
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Source 

G. Riddle, 
Timaru 

A.B. Curtis 

Canterbury (continued) 

Pied Stilt 

Lake Tekapo 1931-37, 
numerous. 

261 

Black Stilt 

Opuha River (Sherwood Downs) 
1931-35 (several pairs Br). 

Macaulay, Godley, Cass Rivers 
1931-37. Not as numerous as 
on lowland riverbeds and 
lagoons, but up to 20 seen at 
once. 

Studholme (1940) Lake Wainono area, "holding Lake Wainono, rare and decreas-
their own" . ing. 

F. Cain, Opihi River 1941 (1). 
Orari 

M. Keioller, 
Otiake. 

R. Trotter, 
Dunedin 

D. O'Connor, 
Otekaike 

Child (1959) 

D.D. Smith, 
Geraldine 

D.D. Smith 
(cont) . 

Marawhenua River, Br. 
1950's - l960's. 

Gray's Creek area late 
1940's, 50+ pairs. 

Dobson River 1950-53, nest
ing several miles away from 
Black Stilts. 

G. McLintoch & Upper Waitaki 1950's - 60's 
J. Bull, Temuka (present). 

A. Southgate, 
Dunedin 

M.F. Soper, 
Arrowtown. 

OSNZ 1940-1980 

Upper Waitaki 1960's 
(present). 

Many records. 

Hakataramea and Marawhenua 
River 1940 1 s - 1950's, (Br). 
"Smudgies" nesting in latter 

· years. 

Waitaki River 1950's from 
Aviemore upstream. 

Waitaki River at Kurow c. 
1950's. 

Orari River 1957, 1 pair Br. 

~ray's Creek area late 1940's, 
40-50 pairs and odd Black Stilts. 
Nesting group of Pied Stilts was 
separate to that of Black Stilts. 
Holden Station late 1940's, 
c. 20 pairs with well dispersed 
nests near small swamp. No 
Pied Stilts seen there. Nearly 
all stilts from Gray's Creek 
and Holden Station gradually 
disappeared after 1950. 

Dobson River 1950-53, 20-30 
pairs of Black Stilts nesting 
on swampy flats and high shingle. 

Macaulay River 1950's - 1960's 
(several pairs), Tasman River 
l950-1960's several pairs. 

Lake Tekapo area 1927-28. 
Several on riverbeds. 

Ahuriri River 1960's (<20), 
Lake Ohau 1960s (<10), Tasman 
River 1960's (<40). 

Many records, mainly from Upper 
Waitaki & coastal lagoons. 
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Canterbury (continued) 

Pied Stilt 
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Black Stilt 

Wildlife Service 68 adults counted in October 
1962 on Waitaki, Pukaki, 
Tekapo, Ohau, Ahuriri, Haka
taramea, Hopkins, Tasman, 
Godley and Cass Rivers. 

R.J. Pierce Hakataramea River October 
1971 (1) . 

Hombron & 

Jacquinot (1841) 

British Museum 

Otago Museum 

Stead (1932) 

Canterbury 
Museum 

W. Elliot 

A. Otago and Southland 

Palmerston 1873 (1). 
Otago July 1874 (1), 
November 1874 (4), May 
1975 (1) • 

Wanaka 1912 (1) 

Philpott (1914) Rivers e.g. Waikaia, 
Mataura; New River 

Otago 

Dunedin 1870 (1). 

Shag River (1) undated 

Shotover River c. 1910, Br. 

J Estuary -c. 50. 
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K. McBride, 
Kaikoura 

M. Macnicol, 
Roxburgh 

D.G. Jardine, 
Cromwell 

Oliver (1955) 

M. Sargison, 
Wanaka 

M.F. Soper 

O.S.N.Z. 1940-
1980. 

M. Wright, 
Dunedin 

L.R. Beale 
Dunedin 

Many records. 

Naseby 1933, 2 pairs, 
Arrow River pre 1933, 
Nevis River pre 1933 

Shotover River, odd pairs 
1943-48 (Br), none after 1949. 

Cromwell area c. 1940's. 

Mannuherikia River 

Timaru Creek, Dingleburn and 
Hunter Valley 1940's - 1950's. 
One September 1966. 

Kingston c. 1957 Cl), Route
burn River 1958 (1 nested 
successfully with Pied Stilt). 
Arrowtown 1977 (1). 

Mannuherikia c. 1959 (3), 
1964, (1) Waiau River 1963 -
two unconfirmed nesting 
reports. Gorge Rd September 
1963 (1), Oreti River January 
1968 (1). 

Mannuherikia October 1979 (2) 
and 1980~81 (2). 

Rees River 1979-80 (2). 
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Source 

British Museum 

Forbes (1891) 

Falla, Sibison 
& Turbott 1979 

Canterbury 
Museum 

Vienna Museum 

Stead (1932) 

Canterbury 
Museum 

Wildlife 
Service 

M.F. Soper 

Ornithological 
Society 

E. Outlying Islands 

Pied Stilt 

Bounty Islands, no date (2) 

Unspecified bones found on 
Chatham Island. 

Chatham Islands 1961 (Br) 
Stewart Island 1956 

F. Hybrid Stilts 

Selwyn River 1872 (plumage 
E) 

Mt. Selwyn 1882 (E) 

Waipara River 1904 (Breeding), 
Wanaka 1908. 

Balmoral 1921 (E), Lake Elles
mere 1928 (D), Paraparaumu 
1928 (D), Martinborough pre 
1935 (E) • 

Upper Waitaki October 1962, 
35 "smudgies". 

Arrowtown 1979 (1 nested with 
a· Pied Stilt) 

Many records throughout N.Z. 
1940-80. 

Note: Br = breedi_ng 
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Black Stilt 
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-) APPENDIX 2 FAECAL ANALYSES IN LOTIC HABITATS 

) Pied Stilt Black Stilt 

River-mouth 

) 
1977 1978 1979 Total Stomach 1977 1978 1979 Total 

ro. of samples 25 25 25 75 3 21 21 21 63 

) Deleatidium 182 47 13 242 14 205 32 34 261 
Aucklandobius 18 2 4 21 1 7 3 0 10 
Chironomi dae 65 164 108 337 62 27 103 128 258 
Gastropoda 18 29 17 64 7 3 7 11 21 
Others: fish 2 0 0 2 0 £ 3 2 10 

adult diptera 4 5 1 10 3 0 1 2 3 

) 
Hydrobiosis 9 0 0 9 0 0 0 0 0 
Sigara 0 1 0 1 0 0 0 1 1 
Lancetes 0 1 3 4 2 0 0 6 6 

) Total 298 249 146 693 89 247 149 174 570 

Overlap: 1977 0.96, 1978 0.99, 1979 0.99, Total 0.98. 

River 
·, 
) 

Pre-flood Flood Total Stomach Pre-flood Flood Total 
No. of samples 9 10 19 3 12 10 27 

J --
Deleatidium 83 60 1,p 59 50 57 107 
Deleatidium subimago 20 2 22 11 6 1 7 

J Aucklandobius 7 4 11 2 5 0 5 
Hydrobiosis 0 1 1 0 6 2 8 
Other: adult diptera 0 7 7 0 1 4 5 

) unid. insect 0 0 0 0 0 I 1 
Aoteapsyche 0 I 1 0 0 0 -o 

) 
Total 110 75 185 72 . 68 65 133 

Overlap:. Pre-flood 0.98, Flood 0.99, Total 0.98. 

Streams 

J 1977-79 Stomach 1977-79 
No. of samples 40 4 40 

--
) Del ea ti di um 58 22 93 

Deleatidium subimago 31 3 27 

) Aoteapsyche 8 3 61 
Pycnocentrodes 3 0 79 
Coleoptera larva 14 14 5 
Diptera adult 12 6 0 
Lepidoptera adult 14 2 1 
Sigara 28 22 5 

j Gastropoda 57 1s-·- - 48-
Unid. insect 9 3 4 

··1 
j 

Total 234 90 323 

Overlap 0.67 
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APPENDIX 3 FAECAL ANALYSES IN LENTIC HABITATS 

Pied Stilt Black Stilt 

North Pond 
--

1978 1979 Total Stomach 1978 1979 TOTAL 
No. of samples 10 10 20 3 6 6 12 

Sigara 23 21 44 0 17 8 25 
Anisops 7 7 14 0 3 11 14 
Xanthocnemis 8 15 23 0 0 1 1 
Chironomus 12 41 53 62 14 30 44 
Gastropoda 17 29 46 23 21 10 31 
Sphaerium 7 2 9 0 4 0 4 
Oligochaeta 0 0 0 4 0 0 0 
Adult diptera 3 3 6 7 5 2 7 
Adult hymenoptera 1 0 1 0 0 0 0 
Unid. insect 18 10 28 1 12 2 14 
Hydracarinid 2 0 2 4 0 0 0 
Total 98 128 226 98 76 64 140 

Clover Hill Swamp 1978 
--

Stomach Faeces 
No. of samples 10 4 3 

Sigara 27 22 5 
Anisops 3 6 0 
Potamopyrgus c.43 52 c.30 
Sphaerium 3 9 4 
Adult diptera 5 3 0 
Unid. insect 20 14 17 
Total 101 106 56 

Mailbox Inlet Mudflat 1977-79 

Faeces Stomach (Dec.1980) Faeces 
No. of samples 7 3 7 

Chironomus 49 43 34 
Potamopyrgus c.20 7 c.10 
Oligochaeta 0 c.80 0 
Adult diptera 3 3 7 
Total 72 133 51 
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APPENDIX 4 SIZE FREQUENCY DISTRIBUTION OF DELEATIDIUM LARVAE TAKEN 
IN EIGHT SURBER SAMPLES (Q,5 M2) EACH MONTH IN THE 
CASS RIVER, 

-1977-78 1978-79 1979-80 .. 
July 

Aug. (not sampled) -
Sep. 

• - • 
Oct. 

-
Nov. 

111111 

Dec. 
Jan. nil 

Feb. I 1llilill! I I i I i i I 

Mar. -- 3 4 5 6 7 8 9 10 

Apr. 

May 

Jun. 
I I I 

3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10 

Body length (mm) 

266 
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APPENDIX 5 SIZE FREQUENCY DISTRIBUTION OF DELEATID1UM LARVAE TAKEN 
IN EIGHT SURBER SAMPLES (0,5 M2) EVERY SECOND MONTH IN 
THE SIDESTREAMS 

1977-78 1978-79 

July 

Sep. 

Nov. 

Jan. 

Mar. ..-.IL._ 

May 

3 4 5 6 7 8 9 1011 12 3 4 5 6 7 8 9 10 11 12 

Body length (mm) 

1979-80 

i I l"1 '911 req i i 

3 4 5 6 7 8 9 10 11 12 
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APPENDIX 6 SIZE FREQUENCY DISTRIBUTION OF AOTEAPSYCHE LARVAE TAKEN IN EIGHT 
SURBER SAMPLES (Q,5 M2) EVERY SECOND MONTH IN THE SIDESTREAMS 

1977- 78 1978-79 1979-80 

July 

Sept. 

Nov. 

Jan. 
I .. I'll i l"'i I I I 

4 8 12 16 20 • Mar. 

May 

4 8 12 16 20 4 8 12 16 20 

Body length (mm) 

268 
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APPENDIX 7 INVERTEBRATES OF SWAMPS, PONDS AND MUD FLATS 

A. Nekton samples North Pond. Eight samples each 0.0484m2 

1977 1978 

s 0 N D J F M A M J 

Sigara arguata 82 55 51 64 49 140 75 44 52 35 
Anisops assimilis 69 37 29 112 205 165 84 99 63 43 
Xanthocnemis zealandica 58 117 84 37 19 19 44 20 35 52 
Potamopyrgus antipodarum 4 7 2 
Lymnaea 35 24 53 40 86 114 82 44 69 72 
Aeshna brevistyla 1 
Triplectides cephalotes 4 1 13 4 5 7 2 
Antiporus strigosulus 1 5 6 11 7 3 2 11 2 
Rhantus pulverosus 2 1 4 1 
Berosus sp. 1 
Culicidae 
Stratiomyidae 1 1 
Muscidae- 2 
Sphaerium novaezealandiae 15 44 86 14 3 24 31 11 8 29 
Hydracarinid 4 11 26 9 11 24 21 10 8 3 

1978 1979 1980 

J s N J M M J s N J M 

Sigara arguata 60 52 15 31 49 52 34 58 104 82 0 
Anisops assimilis 89 62 21 33 59 30 63 42 82 53 2 
Xanthocnemis zealandica 53 89 78 64 80 43 27 63 84 37 0 
Potamopyrgus antipodarum 3 4 1 3 
Lymnaea 44 103 82 59 110 89 38 43 69 95 32 
Aeshna brevistyla 1 
Triplectides cephalotes 2 3 4 1 3 5 4 2 
Antiporus strigosulus 2 3 2 1 4 1 1 
Rhantus pulverosus 1 1 1 2 1 
Berosus sp. 1 
Culicidae 11 
Stratiomyidae 3 1 3 
Muscidae 2 2 4 
Sphaerium novaezealandiae 33 12 38 34 29 17 20 42 11 9 29 
Hydracarinid 4 11 9 25 19 17 3 14 13 22 4 
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APPENDIX 7 (continued) 

B. Nekton samples from swamps and ponds. Eight samples 
each 0.0484m2

• 

Mailbox Swamp Joseph Swamp 

270 

Oct 1978 Dec 1978 Oct 1978 Dec 1978 

Xanthocnemis zealandica 
Sphaerium novaezealandiae 
Potamopyrgus antipodarum 
Enchytraeidae 
Stratiomyidae 
Sigara arguata 
Anisops assimilis 
Chironomidae 
Muscidae 

Enchytraeidae 
Stratiomyidae 
Sigara arguata 
Chironomidae 
Antiporus strigosulus 

Naiidae 
Enchytraeidae 
Sphaerium novaezealandiae 
Chironomidae 
Sigara arguata 
Anisops assimilis 
Triplectides cephalotes 
Potamopyrgus antipodarum 
Hydracarinid 

0 0 4 
44 29 -0 

132 195 58 
42 60 14 

2 0 11 
24 51 17 

3· 0 0 
22 2 33 

2 1 1 

South-west Ponds 

August 1978, Oct. 1978, 

27 11 
3 1 

23 30 
17 49 

3 7 

South-west Glenmore Tarns 

Oct 1979 Dec 1979 

32 14 
41 7 
85 62 

7 14 
11 

3 
2 7 
4 
3 22 

11 
0 

82 
0 

14 
4 
0 
8 
0 

Dec. 1978 

52 

41 
3 
1 
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APPENDIX 7 (continued) 

C. Mud samples 

1977 

s N 

Chironomidae 137 47 
Oligochaeta 12 64 
Potamopyrgus 3 
Sphaerium 17 33 

Chironomidae 
Oligochaeta 
Nymphula nitens 
Potamopyrgus 

Chironomidae 
Oligochaeta 
Potamopyrgus 

J 

80 
41 

82 

271 

Eight core samples each 0.0065m2 

1978 1979 1980 

M M J s N J M M J s N J M 

69 104 84 80 68 44 39 72 43 82 91 44 43 
30 12 17 51 11 27 94 48 122 44 11 38 49 
23 4 11 8 2 11 8 5 1 7 4 
45 29 66 27 40 40 23 49 62 31 19 27 41 

South-west Ponds Mailbox Inlet 
Aug 1978 Oct 1978 Oct 1977 July 1978 Dec 1978 

78 93 42 
254 805 104 58 83 

4 1 
23 13 32 

Sandpiper Mudflat Joseph Swamp 
July 1978 Oct 1978 Oct 1978 Dec 1978 

49 73 79 42 
· 430 529 4 11 

22 49 39 64 
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APPENDIX 8 Percent frequency of animal remains found in the alimentary 
canal of trapped cats and ferrets Nov. 1977 to Feb. 1981. 

Excluded are 2 cats and 76 ferrets which had empty alimentary canals. 
Rodents were mainly mice. Birds identified were Blackbird, Skylark and 
Goldfinch. Eggs i-aentified were of Banded Dotterel, Black Stilt and 
Skylark. Insects included coleopterans (adults and larvae) and 
orthopterans (wetas and grasshoppers). 

SEPTEMBER - FEBRUARY 
I I 

~I 
!Zl = Cat n = 24 

VJ I 
D = Ferret n = s2 

VA I 

oj L R H Sh B BE Sk G F I Sp u 

~ 60~ I I MARCH - AUGUST 
LL 

~ I I I 0 = Cat n =23 

D = Ferret n =- 22 
I I I 

40 

20 

r ll r " ' ' [11 (11 , ,S (h, 
I lt:I I l<:l~I - . s ~ ,c:-. 'fJse:Oio; '''CJ"" o "t_ }?, , ~ cy er ul/~ 
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