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THE FORAGING BEHAVIOUR OF THE 
SOUTH ISLAND ROBJN 

By R. G. POWLESLAND 

ABSTRACT 
The foraging behaviour of the South Island Robin 

(Petroica australis australis) was studied at Kowhai Bush, 
Kaikoura, from August 1976 to July 1978. Robins spent 90% 
of their foraging time on and within two metres of the ground. 
They spent 61.3% of their foraging timegleaning on the ground, 
33.8% scanning, 4.5% gleaning amongst vegetation, 0.3% hawk- 
ing and 0.1% flycatching. The proportion of foraging time 
devoted to the various foraging methods differed between adult 
and immature robins. The diurnal patterns of ground gleaning, 
scanning and above-ground gleaning for adults in the breeding 
and non-breeding seasons, and for immatures in the non-breeding 
season are described. Most foraging time was spent searching 
(93.7%), the rest killing, dismembering and eating prey. Robins 
relied largely on sight to find prey, but also seemed to stimulate 
prey movement by foot-trembling and tail- and wing-flicking. 
Most movements of foraging robins were hops and steps (88%), 
the rest being flights. About 8% of foraging time was spent 
flying. The robin's diet consisted of invertebrates, except in 
summer and autumn when some berries were taken. 

INTRODUCTION 
The South Island Robin (Petroica a. australis) is very suitable 

for detailed observations of its diet and foraging behaviour because 
it is approachable and hunts mainly on the forest floor. However, 
only brief comments on feeding are in the literature. Both Oliver 
(1955) and Falla et al. (1966) commented that robins spend much of 
their time hopping over the forest floor taking mainly earthworms 
and insects. 
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A 5-year study by Flack (1973) on the robins at Kowhai Bush 
revealed that the population there was almost wholly insectivorous, 
only occasionally eating berries. Flack (in prep.) reports that most 
hunting took place on or near the ground but that extended periods 
of searching at higher levels also occur. He describes robins as having 
a range of hunting methods including hawking and skilled flycatching. 
Activities associated with foragingtinclude wing- and tail-flicking and 
foot trembling. 

The present study aimed at describing the robin's foraging 
methods and feeding stations, and its searching, handling and eating 
activities. The effects of robin age, season, and time of day on foraging 
methods are described. 

STUDY AREA 
Kowhai Bush is a narrow strip of bush 7 km inland from 

Kaikoura (42"S, 174"E), in coastal south-eastern Marlborough. The 
bush of 240 ha lies on the north-eastern side of the Kowhai River 
within the Kowhai River Protection Reserve. It is bounded by river- 
bed and farmland at 60-150 m a.s.1. The low forest consists of a 
flood-induced patchwork of successional stages of varying age, structure 
and species composition often dominated by kanuka (Leptospermum 
ericoides) with a dense understorey (Flack 1973). The history, physical 
aspects, vegetation, flora and fauna of Kowhai Bush were described 
by Hunt & Gill (1979). 

METHODS AND TERMINOLOGY 
Individual robins were followed about their territories, and the 

time they spent using the various foraging methods, feeding stations 
and feeding levels was recorded. 

Foraging behaviour: This was subdivided as follows: 
Gleaning, the " search for prey not in flight by birds not on 

the wingM (Croxall 1977), was the main method of locating prey. 
In giound gleaning, robins search soil, litter, rotting logs and low- 
growing vegetation reachable from the ground. In vegetation gleaning, 
birds stand on plants to search their surfaces. 

Scanning is the use of a vantage point to look for prey. Limbs, 
branches and boulders were commonly used perches, but if none was 
available robins clung vertically to trunks and stems. If no prey was 
sighted. the birds usually flew a few metres to another perch and 
repeated the scan. The movement between perches was included in 
scanning time. 

Flycatching is the attempted capture of flying prey by a bird 
on the wing. 

Hawking is the attempted capture of prey not in flight by a bird 
on the wing. The bird flies to vegetation after seeing prey while 
scanning and remains in flight to capture it. The bird may flutter 
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briefly to inspect the prey, but never does so to find it first; this sets 
hawking apart from hovering. Robins were never seen to hover while 
searching for prey. Usually, they hawked prey from trunks, leaves 
and terminal shoots, but occasionally took prey from spider webs and 
caterpillars suspended on silken threads. 

The data were analysed to see whether time of day affected 
foraging methods. To simplify this analysis, the little time spent 
hawking and flycatching was combined with that spent in vegetation 
gleaning and called abcveground gleaning. 

Feeding stations: Gleaning in vegetation was subdivided into five feed- 
ing stations: 

1. Standing on and searching a branch, a limb, or among vines 
(B-B, branch to branch). 

2. Standing on a branch, limb or vine and searching an adjacent 
trunk (B-T, branch to trunk). 

3. Clinging to and searching a trunk (T-T, trunk to  trunk). 
- - 

4. Standing on and searching the top of a decaying stump (S-S, 
stump to stump). 

5 .  Standing on and searching foliage and twigs (F-F, foliage to 
foliage) . 

Feeding levels: From April to July 1978 the time was noted that robins 
spent at various heights above ground level gleaning in vegetation. 
Height intervals of half a metre were used from 0.1 to 5.1 metres, 
above which all observations were grouped. The height that a bird 
gleaned from vegetation was recorded and the time spent at each 
height interval noted. 

As well as the time spent searching for prey, foraging time 
includes that spent handling and eating prey. During the 1978 breeding 
season (August to December), male robins whose mates were incubating 
were timed to determine what proportion of their foraging time wa$ 
spent in searching, handling a ~ l d  eating activities. Robins were timed 
as involved in handling activity when killing and dismembering prey 
items greater than 5 mm long. Many small prey (< 5 mm) were 
eaten, but because such prey were picked up and swallowed immediately 
this probably went unnoticed much of the time. 

To determine any diurnal patterns of foraging activities, each 
day was divided into six equal periods between sunrise and sunset, 
although robins were also active in twilight. To adjust the length 
of the day-periods to allow for the changing daylength, I used official 
sunrise and sunset data (The Air Almanac, USA Govt. Printing Ofice 
1976) to calculate each month's mean daylength and, from that, each 
month's day-period length. Thus, I could assign observations to the 
appropriate day-periods and then combine the information from through- 
out the non-breeding season (January to July) or the entire breeding 
season. 
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Immature robins were defined as those independent of parental 
care but not yet of breeding age; that is, from about 4 weeks after 
leaving the nest up to the start of breeding at the end of July. At 
first, they were readily distinguished by their streaked crown feathers 
and their small area of white breast feathers, but by March the growth 
of more contour feathers made most of them indistinguishable from 
adults. From then until breeding began, they were recognised as 
immatures only from their band combinations. 

RESULTS AND DISCUSSION 
Foraging mefhods 

Figure 1 shows the proportion of time robins devoted to the 
five foraging methods from 923 hours of observing foraging robins. 
Overall, 61 3 %  of foraging time was devoted to ground gleaning, 33.8% 
to scanning, 4.5% to vegetation gleaning, 0.3% to hawking and 
0.1 % to flycatching. 

In winter, when the soil was moist, robins spent most foraging 
time gleaning on the ground. Gleaning from vegetation also became 
more important in winter than during the other seasons. However, 
the data for this foraging method showed no consistent pattern of 
seasonal variation: it was used more than usual from April to July 
in both 1977 and 1978, but also a great deal during the spring of 1976 
and summer of 1977. When gleaning from vegetation, birds searched 
in crevices, fissures, holes, among dead foliage and tangles of vines, 
and at branch and trunk axils where debris collected. The rough- 
barked surfaces of trees are important places for insect larvae and 
pupae to overwinter. Thus, the coarse-textured and flaky bark of 
kanuka provided many opportunities for robins to find overwintering 
and sheltering invertebrates. Scanning, hawking and flycatching 
activities diminished during the course of winter, presumably because 
aerial and arboreal prey was then less numerous and active. Similarly, 
South Island Fantails (Rhipidura fuliginosa fuliginosa) fed on the 
ground and in the lower understorey more frequently in winter than 
in the other' seasons (Ude Shankar 1977). 

The time spent using the various hunting methods changed 
markedly from winter-spring to summer. Scanning, hawking and fly- 
catching increased with the increase of aerial and arboreal invertebrates. 
During late November and December, swarms of March flies Philia 
negrostigma (Bibionidae) were present, which the robins caught by 
hawking and flycatching. Cicadas, which emerged in January and 
remained in great profusion until mid-March, were also caught by 
hawking and flycatching. Caterpillars were hawked from terminal 
shoots, and a variety of invertebrates, especially moths, was hawked from 
trunks. In late summer, berries were often taken by hawking because 
the slender twigs on which they grew did not support a robin's 
weight. To some extent the increased time spent scanning and hawking 
during summer was forced on the robins. Low rainfall and dry soil 
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FIGURE 2 - The diurnal patterns of three foraging methods used by: 
A. Adults i n  the breeding season 
B. Adults - in the non-breeding season 
C. lmmatures i n  the non-breeding season 

Day-periods: The division of the daylight hours into six day-periods 
of equal length. 
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conditions meant few prey were active in the upper soil and litter, and 
so the birds had to turn to arboreal prey. More time was spent fly- 
catching in summer than at other times of the year, presumably 
because in the warm calm weather insects flew more. 

Adult and immature robins at Kowhai Bush spent different 
proportions of their foraging time using the various foraging methods 
(Table 1) .  In the same year the two age classes of robins devoted 
significantly different proportions of time to the five foraging methods 
(p < 0.01). Both age classes spent a similar time vegetation gleaning 
and flycatching, but adults did more scanning and hawking than 
immatures. Immatures preferred to forage on the ground, perhaps 
because they were less proficient at finding arboreal prey by scanning 
than were adults. 

Figure 2A and B shows that the diurnal pattern of ground 
gleaning, scanning and above-ground gleaning was similar for adults 
in both the breeding and non-breeding seasons. The time spent gleaning 
above the ground was fairly stable during the course of the day, with 
a slight increase during mid-morning and late afternoon. Ground glean- 
ing was a relatively constant percentage of foraging time from mid- 
morning to mid-afternoon inclusive, but was used less in the early 
morning and late afternoon. For scanning the reverse was true, for the 
following possible reasons. 

While robins avoided open areas, they did venture into sparsely 
vegetated areas during twilight. Many of their territories bordered on 
to relatively open habitats such as the edges of the Kowhai River 
riverbed and grazed parkland covered with scattered trees and a 
sparse ground cover or pasture. Robins venturing into these areas 

TABLE 1 - The percentage of time spent by adult and immature robins 
using five foraging methods in the non-breeding season (January- 
July). 

Year Ground Vegetation Scanning Hawking Flycatching Total 
Gleaning Gleaning Foraglng 

Time (h) 

Immature 

1977 64.94 6.77 28.03 0.17 0.09 81.1 

1978 66.02 3.73 29.97 0.22 0.06 162.7 
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spent most of their time scanning with brief flights to the ground to 
catch and eat prey. This behaviour is similar to that of the Yellow- 
breasted Tit (Pefroicn macrocephala macrocephala) (Falla et al. 1966) 
and Pied Tit (P. m. toitoi) (Gibb 1961). Possibly in the low light 
intensities at dawn and dusk the robin's dull plumage afforded them 
some protection from predators, so enabling them to use open areas. 
Kacelnik (1979) found that captive Great Tits (Parus major) were 
less efficient foragers in light intensities comparable with those that 
occur for one and a half hours after sunrise. Therefore, it is likely 
that robins, which spent much time foraging on the ground, would 
also be less successful foragers in the bush at dawn and dusk. Perhaps 
by venturing out into open habitat while the light was poor in the 
bush, robins were able to spend a greater proportion of the day 
foraging profitably. 

Robins within the forest also spent more time scanning in the 
early morning and late afternoon, possibly to find prey which were 
active at dawn and dusk. Invertebrates damaged during the night, 
those that had failed to conceal themselves adequately before dawn, 
and those that became active just before sunrise (e.g. cicadas) would 
have been most: vulnerable then. Scanning would enable the greatest 
area of territory to be searched quickly. 

The diurnal patterns of foraging methods used by adult and 
immature robins were similar during the non-breeding season, even 
though immatures scanned less than adults (p < 0.01). The peaks 
of scanning in the early morning and late afternoon were lower for 
immatures than for adults, probably because immatures ventured less 
into open habitats. 

Feeding stations and feeding levels 
Table 2 shows that, when vegetation gleaning, robins spent most 

time gleaning from branches (39.5%) and trunks (37.97 + 20.27 = 
58.2%) of trees. Little time was spent gleaning from decaying tree 
stumps and amongst foliage and twigs. Perhaps this was because 
robins were too heavy and lacked the precise agility and balance of 

TABLE 2 - The percentage of time robins spent gleaning from five feeding 
stations~on vegetation. 

F e e d i n g  S t a t i o n s a  T o t a l  

B -B B-T T-T S-S F-F 
F o r a g i n g  
Time ( h )  

a B-B = b r a n c h  t o  b r a n c h ;  B-T = b r a n c h  t o  t r u n k ;  T-T = t r u n k  t o  t r u n k ;  

S-S = s tump t o  stump; F-F = f o l i a g e  t o  f o l i a g e .  
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'TABLE 3 - The percentage of time robins spent on vegetation gleaning a t  
various heights. 

Height (rn) Total 

0.1 0.7 1.2 1.7 2.2 2.7 3.2 3.7 4.2 4.7 
Time (h) 

J. J. 1 . 1 1 . 1 1 J C J .  
0.6 1.1 1.6 2.1 2.6 3.1 3.6 4.1 4.6 5.1 >5.1 

smaller birds. Although capable of clinging to coarse-textured trunks, 
they preferred to perch on branches while foraging from trunks. 

About 70Y0 of time when gleaning amongst vegetation was spent 
within 2 metres of the ground (Table 3).  Little time was spent 
foraging above 4 metres, even though the bush grew to 7-12 metres. 
Robins may have gleaned from vegetation mainly within 2 metres of 
the ground partly because the number of crevices, holes and bark 
furrows decreases with height up trunks (Travis 1977), and partly 
because of their wariness of open spaces. Robins were very wary of 
Bellbirds (Anthornis melanura), magpies (Gymnorhina tibicen), New 
Zealand Kingfishers (Halcyon sancta) and Australasian Harriers (Circus 
approximans), whose presence often caused them to give alarm calls 
and to flee into the lower understorey vegetation. 

Although the heights of scanning perches were not measured, 
they seemed similar to those for vegetation gleaning, and so 90% of 
the robin's foraging time was spent on the ground and within 2 metres 
of it. Similarly, Gravatt (1971) found that from 43 observations of 
foraging North Island Robins (Petroica australis longipes) , 93% of 
occasions involved the birds on the ground and within 3 metres of it. 

Searching activity 
During the incubation stage of the breeding cycle, male robins 

spent 93.70/0 (n = 12.8 h) of their foraging time searching for prey. 
They were never seen systematically turning over an area of litter, as 
Blackbirds (Turdus merula) and wekas (Gallirallus spp.) do, but 
seemed to rely largely on sight. In contrast, Gravatt (1971) described 
the North Island Robin as raking the litter with its beak and turning 
over leaves to disturb small animals. In their searching, South Island 
Robins hopped and stepped over litter and vegetation or scanned from 
a vantage point. They moved litter and bark aside only to retrieve 
prey that they had seen retreat underneath them. 

Special movements of the feet, wings and tail seemed to stimulate 
prey to move and to enhance their detection. Flack (1973) and 
Soper (1976) noted foot-trembling by robins. One foot was placed 
on the ground slightly forward of the other and vibrated up and down 
rapidly. This foot movement was either continuous or discrete pulses 
with the two feet being used alternately. On dry litter a distinct rustle 
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could be heard as the robin's foot vibrated upon it. Robins foot- 
trembled mainly when on the ground, but occasionally did so while 
foraging on branches. All foraging robins foot-trembled, and some 
juveniles made these movements when only 12 days out of the nest. 

Foot-trembling by several Petroica species has been reported. 
Hobbs (1954) observed the behaviour in Flame Robins (P.  phoenica) 
feeding near Deniliquin, Australia. Best (1975) noted that Black Tits 
(P.  macrocephala dannefacrdi) quivered one leg up and down rapidly. 
Similarly, Kearton (1979) found that Yellow-breasted Tits occasionally 
foot-trembled on branches. Sparks (1961), making reference to feeding 
shorebirds, hypothesised that foot movements were adopted " to exploit 
the properties of intertidal muddy sand, in order to expose or incite 
movement in cryptic invertebrates of the intertidal zone." Thus, foot- 
trembling by robins may have been to stimulate movement from hidden 
prey by transmitting vibrations. 

Wing- and tail-flicking made by robins as they foraged on the 
ground and branches also seemed to flush prey. Wing-flicking " is 
the quick extension and replacement of the hand and primary feathers 
out to either side of the body " (Horwich 1965). The tail was similarly 
flexed to form a fan and sometimes cocked up and down. Few birds 
tail-flicked, but all wing-flicked. Wing-flicking was very rapid; several 
flicks were g i ~ ~ e n  in quick succession, after which the bird moved a few 
hops before repeating the action. During 20.3 hours of foraging 
observations, robins averaged a wing-flick every 51 seconds. 

Much controversy exists on the role of wing movements for 
feeding passerines: for example, wing-flashing in Mockingbirds (Mirnus 
polyglotfos) (Hailman 1960, Horwich 1965) . Wing-flashing is the 
extension of the wings up to about an 85" angle to the horizontal and 
completely extending the remiges. Thus, this movement consists of a 
prolonged extension without any hesitations until the wings are quickly 
brought down to the sides. Hailman (1960) considered that the flashing 
of white wing patches startled insect prey into revealing themselves. 
However, Horwich (1965) noted that 69% of all observations of 
wing-flashing by Mockingbirds were associated with a situation in 
which birds showed escape tendencies or ambivalent behaviours such 
as slight fear or uneasiness. Wing-flicking by robins often took place 
at sites that could have concealed predators and so been flight intention 
movements, but they were never given in a crouched stance as though 
preparatory for flight. Ude Shankar (1977) concluded that the tail 
fanning, flicking and flashing of foraging South Island Fantails provided 
maximum thrust during take-off and balance while hopping about on 
branches and the ground. However, Warham (1956) suggested that 
the wing- and tail-flicking of Willy Wagtails (R. leucophrys) were 
made to scare " camouflaged prey into revealing flight or movement." 
Prey startling by r ~ b i n  wing movements may be enhanced by the 
flashing of a narrow pale band on the underside of the wings. Wing- 
flicking was seen only from foraging birds, and then usually while they 
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were near or under overhanging vegetation. These wing movements 
did not seem to be used for balance since both wings were moved 
equally out from the body and at the same angle to it, hardly balancing 
movements, which typically are irregular and erratic, 

Nearly 88% of foraging movements were hops and steps, the 
rest being flights (Table 4 ) .  This would be expected for a species 
that spends much of its foraging time on the ground. Sixty-six percent 
of flights ended with robins landing on branches compared with 30% 
ending on the ground (Table 4 ) .  This was because of the many short 
flights made by scanning robins from perch to perch. Few flights ended 
on the ground and trunks where prey items were usually captured. 
This behaviour was also true of Black Robins (Petroica traversi) 
(Flack MS). Almost all flights (go%, n = 2289) made by foraging 
robins were over distances of less than 6 metres. Most flights were 
too brief to time with a stopwatch accurately. However, a one-metre 
flight took about one second and, multiplying by the number of metres 
flown, I calculated that nearly 8 %  of foraging time was spent flying. 

Although most pecks were made by robins foraging on the ground 
(Table 4), this may not indicate the effectiveness of pecking in capturing 
prey. Most pecks made while robins were on branches and trunks 
seemed to be at prey, whereas some made while they were on the 
ground included pecks to move litter aside and to probe into the soil 
to catch rctrcating animals. More pecking occurred on trunks than 
on branches because trunks were more furrowed and so were better 
sources of food. 

Handling and eating activities 
* 

The time robins took to kill, dismember and eat prey depended 
on the prey's size and defensive actions. Of 12.8 hours of foraging 
time robins spent 6.3% in mainly handling activity and some in eating 
activity. Small items (< 5 mm long) were swallowed whole and 
seemed to be killed merely by being crushed between the mandibles. 
Large invertebrates were killed by quick stabbing and pinching move- 
ments of the beak. Once the prey was subdued, it was carried to a 
protected place for breaking into smaller portions. Such places were 
on the ground and under vegetation giving seclusion from other birds. 
Male robins occasionally took prey from their mates during the non- 
breeding season. 

TABLE 4 - The percentage of movements and pecks by robins at three 
feeding stations. 

-Feeding Stations- 

Ground Branches  Trunks  N 

Hops and  S t e p s  8 6  13  1 16438 

F l i g h t s  3 0 

Pecks  94 
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TABLE 5 - The time taken by South Island Robins to kill, dismember and 
eat some prey animals. 

Animals and thelr N Mean Tlme Range 
Length ( m m )  

@pt-ipsalta zelandlca 27 2.2 1.0 - 4.0 0.71 
(cicada) 3-4 cm 

Earthworm <4 cm 16 0.3 0.1 -0.9 0.06 

Earthworm 4-14 cm 13 1.3 0.4 - 2.4 0.32 

Earthworm >14 cm 14 6.0 3.4 -13.6 11.81 

Slug 2-4 cm 14 2.5 0.4 - 4.8 1.46 

Hemideina femorata -- -- 10 5.0 2.8 - 8.4 3.45 
(tree weta) 3.5 - 5.0 cm 

Prey was dismembered by being smashed against a log or the 
ground. Prey was grasped in the middle or at one end and repeatedly 
swung from side to side with a downwards and sideways movement 
of the head, until a portion broke off that was small enough to swallow. 
Sometimes caterpillars found above ground-level were broken up on 
a branch. Table 5 shows the mean time taken to kill, dismember and 
eat some common prey animals. Robins took a lot of time dealing 
with slugs, snails and large earthworms because of their bulk and 
sliminess. Before being broken up, slimy prey was thoroughly rubbed 
on a log or over the ground to remove most of the slime that may 
otherwise have fouled the robin's plumage. Caterpillars were vigorously 
bashed until macerated. Many berries were broken up even when 
they were small enough to be swallowed whole. This apparently 
separated the indigestible seeds from the fleshy exocarp, although some 
seeds were also ingested (Powlesland 1979). 

Few invertebrates could deter robin attacks. Ground beetles 
(Megadromus and Mecodema spp.) were usually ignored, presumably 
because they emitted an " acrid, pungent and offensive smell when 
disturbed " (Share11 1971) and had strong exoskeletons. However, 
they were seen being eaten on three occasions, two Megadromus wallacei 
being taken by the same robin, which ate only the viscera. Stick- 
insects occasionally deterred attacking robins . by waving their long 
spiny legs. Similarly, tree wetas (Hemideina femorata) were able to 
ward off robins by raising their large spiny legs. Their vigorous 
thrashing movements, accompanied by a rasping noise, and their strong 
exoskeleton combined to deter some robins, especially immatures, from 
killing them. 

Associated with catching soil-burrowing prey such as earthworms, 
robins used the " head-cock " and " beak-pounce " (Heppner 1965). 
When a robin sighted a likely hole, it stood still, cocking its head from 
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side to side. If prey was seen the bird straightened its head and 
jumped forward with both feet off the ground, thrusting its beak into 
the soil with considerable force and speed. Repeated beak-pounces 
were made whenever prey retreated out of reach or an earthworm 
brcke in two, leaving a portion in the hole. 

Large items of the robin's diet 
The robin's diet at Kowhai Bush was almost wholly invertebrates, 

and some berries. The large invertebrates, which seemed to form the 
bulk of biomass eaten, included earthworms (Oligochaeta) , spiders 
(Arachnida) , wetas (Hernideina and Hemiandrus spp.) , stick-insects 
(Acanthoxyla and Clitarchus spp.) , cicadas (Amphipsalta zelandica and 
Kikihia subalpina) , snails and slugs (Mollusca) , all stages of moths and 
butterflies (Lepidoptera) , and beetles (Coleoptera) . Many small inverte- 
brates were also eaten by robins, but as I was usually several metres 
away, I could not identify them. 

Most food species varied seasonally in the diet. During winter 
and spring, when the soil was moist, earthworms, slugs, snails and 
larvae of the March Fly predominated. However, by late spring-early 
summer, increasing numbers of larval and adult stages of Lepidoptera 
were eaten. During January, the cicada (Amphipsalta zelarzdica) 
emerged in profusion, and some adult robins seemed to feed on it 
a!most exclusively. Few cicadas remained by early April, when the 
robins began feeding on stick-insects, but as soon as autumn rains 
activated soil-inhabiting invertebrates the stick-insects were largely 
ignored. In addition, during autumn, mushrooms and toadstools 
(Agaricales) were broken up by robins to get at the small invertebrates 
in them. 

Many instances of berry eating by robins were seen. The berries 
of Astelicl fragrans, Coprosmn rharnnoides, C. robusta, C. propinqua, 
Coriaria arborea and Cyathodes fasciculata were most often eaten, but 
others included Carpodetus serratus, Corokia cotoneaster, Melicytus 
ramiflorus, Muehlenbeckia australis, Pittosporum eugenioides, Pseudo- 
panax arboreus and Rubus fruticasus. Most berries were eaten in 
summer and autumn. 

Vegetable matter has a lower nutritive value and poorer 
digestibility than animal matter. Therefore, the proportion of vegetable 
food ingested is likely to increase when insuficient animal food is 
available. This seems to be the main reason for berry eating by robins 
in summer. Invertebrate prey was scarce in summer when dry conditions 
inhibited the activity of soil-inhabiting animals and prevented robins 
from probing into the soil. 
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SHORT NOTE 
TRANS TASMAN CATTLE EGRETS 

Recently I was told that shortly after leaving Sydney on 1 March 
1980 seven large white birds were noticed following Union Hobart. 
They stayed with the vessel, intermittently landing on board, until 
4 March when a few miles off Farewell Spit. From descriptions and 
photographs taken atthe time the birds are identifiable as Cattle Egrets 
(Bubulcus ibis). 
JOHN JENKINS 



BREEDING BEHAVIOUR AND ECOLOGY OF THE 
AUSTRALASIAN HARRIER (Circus approximans) 

IN THE MANAWABU-RANGITIKEI 
SAND COUNTRY, NEW ZEALANB 

By D. T. BAKER-GABB 

ABSTRACT 
During 1976-78, 212 Australasian Harriers (Circus approxi- 

mans) were trapped and individually marked, and a total of 
220 retraps and 319 resightings were made. During two breeding 
seasons the population density averaged one bird per 50 ha. 

Seven territories averaged 31 ha each, and the home 
ranges of four pairs averaged 900 ha each. Some of the behaviour 
and displays described have not been previously recorded for the 
Australasian Harrier, including territory-boundary display flights, 
border patrolling, eviction of intruders, nest inspection, courtship 
feeding, copulation, and post-fledging behaviour and dispersal. 
Also described are display soaring, display diving, feeding at 
plucking stations, aerial food pesses and the post-hatching parental 
division of labour. Nineteen pairs fledged an average of 1.0 
young per nest site and 1.8 young per successful nest. Birds 
observed breeding at Pukepuke Lagoon for a second consecutive 
season were more successful than new arrivals. Two cases of 
polygyny were observed. 

INTRODUCTION AND METHODS 
The Australasian Harrier (Circus approximans) is one of only 

two diurnal raptors resident in New Zealand. I t  is slightly heavier 
than its close relative the European Marsh Harrier (C. aeruginosus), 
which is the largest of the European harriers (Brown & Amadon 1968). 
Throughout its range in Australasia and Oceania the Australasian 
Harrier is a bird of the open country, where it slowly quarters reeds, 
rushes, fields of tall grass, and crops. It is common and widespread 
in New Zealand, but its breeding biology has received little study 
except for the work of Stead (1932) and Soper (19581, who described 
some of the displays that occur during the breeding season. Soper 
also recorded data on clutch size and incubation period. 

I studied Australasian Harriers during 1976-1978 as part of a 
wider investigation of the influence of predators at Pukepuke Lagoon 
Game Management Reserve (175"15'E, 40"lO'S). Pukepuke Lagoon 
is situated 3 km from the coast near the centre of the Manawatu- 
Rangitikei sand country, an area of approximately 4200 km2 on the 
south-west coast of the North Island. Detailed descriptions of the region 
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can be found in the New Zealand Ecological Society Proceedings (1957), 
Cowie & Smith (1958) and Cowie et al. (1967). 

The 1200 ha study area was dominated by rows of vegetated 
sand dunes, which ranged between 5 and 20 m above sea level. 
Between these low dunes were extensive sand plains and peaty swamps. 
Marram (Ammophila arenaria) and spinifex (Spinifex hirsutus) were 
the dominant plants on the foredunes and marram and tree lupins 
(Lupifius arboreus) on the moderately well stabilised dunes immediately 
inland. Pines (Pinus radiata) had been planted on some dune ridges 
and covered about 12% of the study area. On the ungrazed sand 
plains and peaty swamps, red rush (Leptocarpus simplex), raupo 
(Typha orientalis) and cabbage trees (Cordyline australis) were the 
dominant plants. Intensively grazed and well-drained pastures of 
introduced grasses covered about 50% of the study area. 

Six cage traps adapted from a design by Hollom (1950) and 
three automatic bownets (Tordoff 1954) were used. They were baited 
with rabbits (Oryctclagus cuniculus) shot by the Manawatu Pest 
Destruction Council. 

Birds were sexed by weighing with a spring balance accurate to 
10 g and by examination and measurement of their tarsi, feet and 
culmen, females being significantly larger for all these measurements 
(Carroll 1970, Fox 1977). Adults and juveniles were distinguished 
by moult differences. The rectrices of juvenile harriers (Circus) also 
often contain stress marks (Hamerstrom 1967). 

All adults and most juveniles were fitted with individually colour- 
coded patagial tags similar to those made by Fitzner (1975). All 
birds were also banded with individually numbered stainless steel 
bands provided by the New'Zealand Wildlife Service. 

Trapping locations and sightings of individually marked birds 
were plotted on maps of the study area so that their home range and 
territory sizes could be estimated. Within each resident bird's home 
range was a smaller favourite hunting area where 75% or more of 
trappings and resightings were made. Observations were usually made 
from a high vantage point through 7 x 50 binoculars. 

Because Australasian Harriers readily desert their eggs and 
young if disturbed by man (Stead 1932, Soper 1958), I seldom visited 
nests until after the young had fledged. Hence, I have no data on 
clutch size, incubation period or hatching success. 

Following Newton's (1976) guidelines, I have used the term 
" nest site " for the nest and its immediate surroundings, " territory " 
for the area that was defended around the nest site, and " home range " 
for the area that included the territory and hunting areas of the pair. 
Birds were considered to be permanent residents if they were seen 
or trapped regularly for 9 months. 
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RESULTS 

Trapping, resightings, and population density 
Of the 212 Harriers trapped, 76 were retrapped a total of 220 

times and 56 were resighted a total of 319 times. Nineteen (9%) 
of the trapped birds were adult males, 81 (38%) juvenile. males, 
34 (16%) adult females and 78 (37%) juvenile females. 

During the 1976-77 and 1977-78 breeding seasons, averages of 
18 breeding birds and six juveniles were resident in the 1200 ha study 
area, giving a population density of one bird per 50 ha. 

Territory size, formation, and maintenance 
During both breeding seasons the number of breeding birds and 

FIGURE 1 - Australasian Harrier territories and nest sites. Light stipple = 
swampland; unshaded area = open farmland, dune ridges and pine 
plantations; solid lines = territory boundaries 1976-77; dotted 
lines = parts of territories not defended after young hatched 
1976-77; stars = nest sites 1976-77; dots = nest sites 1977-78. 
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the number of territories defended (10) in the study area remained 
constant (Fig. 1) .  Territory sizes were calculated during the 1976-77 
breeding season only. Territory boundaries were clearly demonstrated 
during border disputes and evictions of intruders. Seven paired birds' 
territories averaged 31 ha (range 18-55 ha).  Two of these decreased 
in size by about 20% after the young hatched during November, and 
average territory size was then 27 ha (range 18-42 ha). Neighbouring 
males then hunted but did not defznd the areas that the former territory 
owners had relinquished. The territory was defended to a height of 
about 20 m at the boundary and 20-30 m over the nest site. Territory 
boundaries often corresponded to dune ridges or ecotones such as that 
between swamp and farmland. All parts of the territory were defended 
with equal vigour. Males and females defended the same territory, 
except in cases of polygyny, when each female defended about half 
the area defended by the male. Co-wives in contiguous territories 
defended them against each other as well as other intruders. 

All adult males and females formed pairs and defended territories, 
whereas most first-year birds did not. However, two different first-year 
males established small territories of about 12 ha in August 1976 and 
1977. One of the males was paired with a marked adult female for 
about 6 weeks, but both males' territories were abandoned 3 months 
after their establishment. 

Neighbouring Harriers influenced the size and shape of one 
another's territories through boundary displays, border patrols and 
eviction of intruders. In late May the first evictions from incipient 
territories were seen, and in mid-July the first territorial displays were 
seen. 

Rival males displayed by flying in the same direction on each 
side of the territory boundary about 10 m apart and at a height of 
about 15 m. They flew with their wings held at an exaggeratedly 
high angle and with their bright orange-yellow tarsi thrust straight 
down. Their flight was slow with very few wing-beats and their pale 
ventral surfaces and dark underwing bars were conspicuous. Territorial 
displays were usually silent, the sharp chit-chit-chit threat call being 
voiced only during interspecific territory defence. However, a kirrk 
call similar to the male's courtship call was occasionally heard when 
both birds landed on prominent trees or knolls in their respective 
territories. They would remain perched for about 5 minutes and then 
usually leave the area and begin hunting. 

Territory boundaries were not clearly defined until September. 
Territory display flights were observed as often as six times a day 
but decreased in frequency as the breeding season progressed. They 
were replaced by border patrolling, which was characterised by males 
flying unaccompanied along the contours of their mutual territory 
boundary but without adopting the territory display flight. One of 
two neighbouring adult males was seen patrolling 12 times and the 
other six times during one afternoon in December. Although females 
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often evicted intruders from the territory, they were seen only twice 
to make territory display flights and twice to fly border patrols. These 
occurred after they had built nests in October. 

Once nest building had started, the rate of observed evictions 
of intruders from territories increased markedly from two per 100 
hours' observation (300 hours of observation) in August and September 
to 20 per 100 hours' observation (450 hours of observation) from 
October until the end of December. This change was due to an 
increased intolerance of intruders rather than increased provocation by 
them. Until the nest was built, adult males and females usually evicted 
only birds of their own sex, but after this time they were usually 
indiscriminate in their evictions. On four occasions, however, males 
were seen to start courtship diving when females intruded on their 
territories. 

To evict intruders, the defending bird flew fast, low and directly 
at the intruder, attacking it or pursuing it closely in a fast chase until 
it either crossed the territory boundary or climbed to  at least 20 m. 
Once the intruder was above this height, female territory owners 
usually returned to the centre of the territory, whereas males " escorted " 
the intruder to the boundary, flying below and often ahead of the 
intruder, which followed him. The male ciften thrust its tarsi down 
when it reached the boundary and flew along the boundary for a 
short way before returning to the centre of the territory or continuing 
hunting. 

Adults usually had no difficulty evicting intruders, but repeated 
disturbance from other Harriers probably caused at least two pairs 
that began nest building in a communal roost area to abandon their 
breeding attempts. The communal roost was used throughout the 
year by non-breeding birds and occasionally by breeding adult males. 
The territory owners were unable to evict the birds that came to the 
roost in the evening, although the males spent about an hour each 
evening trying to do so. 

Home range 
In the 1976-77 breeding season, the home ranges of four pairs 

averaged 900 ha and overlapped those of their neighbours by about 
75%. Within each 900 ha were a pair's favourite hunting areas, which 
totalled about 300 ha. Each bird in a pair sometimes hunted over 
areas that were regularly hunted by its mate and sometimes over 
other areas where its mate was rarely seen. Favourite hunting areas 
varied from one or two large areas of swampland to many small areas 
of tall vegetation interspersed with open farmland. The four pairs' 
favourite hunting areas overlapped those of their neighbours by about 
25%, but birds from different pairs were seldom seen in the same 
area at the same time. First-year birds were not usually evicted from 
a pair's favourite hunting area unless they flew within about 100 m 
of a hunting adult. 
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First-year birds' daily home ranges during the breeding season 
were similar in size to the adults' favourite hunting areas, but the 
total area they ranged over was much larger. I was uncertain how 
far they ranged, but reported observations of marked birds and banding 
returns from outside the study area (Raker-Gabb 1978, Robertson 1978) 
indicated that usually they did not leave the sand country. This extends 
20 km north, 20 km south and 15 km east of Pukepuke Lagoon. 

Courtship displays 
During June, with increasing frequency, pairs of adult Harriers 

were seen soaring together on a thermal. When they soared in display 
their wings were raised high and bent slightly back. The male, which 
was often the higher bird, occasionally stooped close to the female. 
The female then sometimes flew on a fast zigzag course away from 
the male with him in close pursuit for about 20 seconds. More often, 
however, she flipped over and thrust her tarsi at the male, a manoeuvre 
reminiscent of the aerial food-pass seen later in the breeding season. 
Pairs soared and chased most often late on warm sunny mornings. 

Soaring usually preceded display diving. In July, the first 
shallow undulating display-flights were performed by the male, 
accompanied by the male's short kee-a courtship call. When flying 
lower than 50 m above the ground, the displaying bird occasionally 
abruptly reversed its flight direction or " switched-back " (Hamerstrom 
1969). If a female was displaying above her mate which was perched 
near the nest site, she regularly gave a loud kee-o call, which the male 
answered with a soft kyuck. 

Shallow display flights rapidly progressed into the spectacular 
diving display, which was performed by both sexes but most often 
by the male. The full diving display or " sky-dance" (Hamerstrom 
1969) consisted of a series of U-shaped dives at heights varying from 
50 to 200 metres above the ground. The displaying bird flew with 
deep exaggerated wing beats as it dived steeply for about 25 m, 
and then sailed out of the dive on upraised wings and executed a 
full- or half-barrel roll at the zenith. The courtship call was given 
during display diving. If the female had been soaring with the male 
before he made his diving display, she either descended slowly with 
her wings held high and landed in tall vegetation or she left the area 
and began hunting. If the female landed, the male continued diving 
and began twisting like a falling leaf before eventually alighting 
near her. 

No first-year Harriers -were seen courting. However, some first- 
year birds must have been involved in courtship display because one 
first-year female fledged young from Pukepuke Lagoon. Males were 
not observed courting and breeding successfully until they obtained 
paler adult plumage in their second or third year. 
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Courtship feeding 
Courtship feeding usually took place out of sight in tall raupo 

or red rushes. However, two males were seen to feed their mates 
regularly at " cock nests," the unlined platforms built by the male 
from early September onwards. These males flew to the cock nest 
with prey, raised their wings high, and gave the courtship call. The 
female, which was usually perched on a cabbage tree nearby, then 
flew to the cock nest and took the prey. As the female landed, the 
male left and perched nearby. Males that were not seen at cock nests 
fed their mates in a similar way on an area of dry ground in their 
territories. Courtship feeding took place probably once a day for 
about 6 weeks, beginning in mid-september. 

Nests 
While looking for a nest site during September, the pair flew 

low over their territory. When one bird landed, the other continued 
to soar at a low height. The roles were then reversed. When on 
the ground, the male frequently gave a short quickly repeated see-o call. 

Females bsgan nest building in late September and early October. 
The main nest was built within 50 m of the male's cock nest. Nest 
building was unobtrusive, the female flying low to areas about 50 m 
from the nest site to gather material. Nest material was carried in 
the beak or claws. Nests took about 4 weeks to complete. 

Of the 19 nests built in the study area during the two breeding 
seasons, 11 were in dune-hollow swamps that had been fenced to 
keep out domestic stock and eight were in raupo swamp. The average 
distance between each nest site and its nearest neighbour was 910 m 
(range 300-1600 m) . 

Ten nests were examined only after the young had fledged. They 
averaged 80 x 50 cm with the base of the cup 40 cm above ground 
level or water level. The oval nests commonly consisted of a sturdy 
base of lupin, thistle, toetoe, and flax stems with cabbage tree leaves, 
marram and grasses forming a lining. All seven nests examined in 
dune-hollow swamps were built on red rushes with a toetoe growing 
beside and to the west of the nest. The three nests examined in raupo 
swamp were built on sedges (Carex). All ten nests were surrounded 
by tall vegetation on three sides with an opening to the east. Thus, 
they were protected from the potentially strong rain-bearing westerly 
winds that prevail in the study area. 

Copulation 
I observed copulation on only three occasions, during October. 

Twice the female was initially soaring high over the male, which was 
hunting in the territory below. When the male caught a green and 
golden bell frog (Littoria aurea) in a farm drain, the female began a 
diving-display descent and landed 2 m from the male. He flew 20 m 
away with the prey and continued feeding. The female's high-pitched 
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soliciting seee-uh call was heard as she once again flew to the male. 
This time he left the frog and flew 3 m away. The male stood side-on 
to the female with his wings raised. The female was in a crouched 
posture facing the male and the soliciting call was again given as she 
pecked at the frog. The male then flew and alighted on her back. 
Copulation was completed in about 10 seconds with the male flapping 
to maintain balance. He then flew 30 m away and began preening. 
The female completed her meal and then bathed in the farm drain. 
The third copulation was essentially the same, except that the male 
flew into the territory and presented the female with a small prey 
item before copulation occurred. 

Incubation lrnd the aerial food-pass 
Male Harriers were not seen to land at the nest once the females 

had begun incubating eggs in early November. From this time onwards 
food was passed from male to female only by the aerial food-pass. 
Small prey about the size of a house mouse (Mus musculus) was 
transferred on average three times a day. Although aerial food-passes 
varied, they commonly consisted of the male calling the female from 
the nest with a quiet chuck-chuck-chuck and then flying slightly above 
and ahead of her. The male then dropped the prey about 2 m to her. 
The female flipped over to catch the prey in one or both of her feet. 
On three occasions I saw passes made from claw to claw. The food 
item was not missed by the female in a total of about 150 aerial 
food-passes. After the pass the female flew to eat the prey at a 
plucking station, a regularly used area of dry ground some 30 m from 
the nest. 

Division of labour and post-hatching behaviour 
During the 12 weeks between the time nest-site inspection was 

observed and the time the young were 2 weeks old, all females seldom 
left their territories, where they were fed by the males. When not 
incubating, they were often seen perched on prominent cabbage trees 
for periods of up to an hour, soaring over their territories, or making 
short flights to collect nest material. The males were away hunting 
for most of this time. 

A change in the female's behaviour in early December indicated 
that hatching had occurred. She no longer took prey to the plucking 
station after an aerial pass but returned with it to the nest. When 
the nestlings were about 1 week old the female began to spend long 
periods perched within 30 m of the nest, although whenever it rained 
she returned to the nest to cover the young. The male's behaviour 
also changed. He no longer perched in the territory after passing 
prey to the female but usually left the area and continued hunting. 
If the male had not recommenced hunting by the time the female had 
fed the young, she often dived at him and chased him from the 
territory. 
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Males landed and deposited food items at four of the five 
successful nests during the 1976-77 breeding season, but only after the 
nestlings were at least 2 weeks old. They did not stay long enough 
to feed the nestlings. 

Nesting success and fidelity to breeding area 

During the 1976-77 breeding season, nine young were fledged 
from five of the nifie nests, giving an average fledging success of 1.8 
young per successful nest, or 1.0 young per nest site. In the 1977-78 
season, 11 young were fledged from six of the ten nest sites, giving 
the same (1.8) avernge fledging success for successful pairs and 1.1 
young fledged per nest site. In both seasons four pairs fledged no young. 

Ten of 15 individually marked adults resident at Pukepuke 
Lagoon during 1976-77 re-established territories during 1977-78, eight 
of which became resident on their former territories and six of which 
paired with their mate of the previous breeding season. Breeding 
success was highest among those adults known to be breeding in the 
study area for a second consecutive season. Of the ten adults that 
returned, six had successfully fledged young the previous breeding 
season but eight were successful in the second observed breeding season. 
Only fcur (44%) of the nine new birds in the study area fledged young 
during 1977-78. The Fisher exact-probability test indicates that returned 
breeders were not significantly more successful (p > 0.05) than birds 
breeding for the first time, but sample sizes are small. 

I observed one case of polygyny in each of the two breeding 
seasons. Three of the four females and both of the males were 
individually marked. The observed breeding histories of these six 
birds are summarised in Table 1. 

During 1976-77, male A defended two territories which were not 
adjacent and where the distance between nest sites was 1300 m. Often, 
one of two or more wives may be favoured by a male harrier (Balfour 

TABLE 1 - Breeding history of polygynous Australasian .Harriers at 
Pukepuke Lagoon 

1976-1 977 Young fledged 

Male A x Female W (polygyny) 0 

Male A x Female X (polygyny) 0 

Male B x Female Y (monogyny) 2 

1977-1 978  

Male A x Female X (monogyny) 1 

Male B x Female Y (polygyny) 0 

Male B x Female Z ( P O ~ Y ~ Y ~ Y )  2 












































































