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Reproductive biology of the endangered Ouvea Parakeet 
Eunymphicus cornutus uvaeensis 
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The reproductive biology of the endangered Ouvea Parakeet Eunymphicus cornutus 
uvaeensis, an endemic subspecies of Ouvea island (Territory of New Caledonia, Southwest 
Pacific) was studied from June I994 to  February 1996. Breeding was recorded from early 
August until late January. All nests were sited in cavities of native forest trees, 90% of them 
in Syzygium sp. and Mirnusops sp. Mean clutch size was 2.9 eggs (range 2-3), and double 
clutches were recorded. Incubation lasted 2 1 days and the nestling period averaging 
43 days. An average of 1.65 chicks fledged per nest but  only 0.75 per breeding pair were 
still alive 30 days after fledging. The main causes of chick loss were starvation of the third 
sibling during the first week due to  hatching asynchrony, raptor (presumably Brown 
Goshawk) predation of fledglings and human harvest for the pet trade. Growth curves and 
multiple regressions of weight, culmen-width and -length, tarsus- and wing-length, 
showed that wing-length was a good predictor of age, and that there were significant 
differences between the sexes for weight and culmen-width. The pattern of the breeding 
season, brood reduction, nest-site characteristics and presumed size of breeding territories 
suggest that both food and availability of suitable nest-sites may be factors limiting 
breeding productivity. Proposals for conservation of this endangered bird are presented. 

Although parrots are one of the most comnion and 
well-known group of birds in captivity, there are few 
studies on their biology and ecology in the wild. Their 
high mobility, non-territorial flocking behaviour, 
typical rainforest habitat and relatively inacccessible 
nesting cavities make them difficult to catch and study. 
Knowledge of their reproductive biology is therefore 
often based on anecdotal evidence. Few parrots have 
been well-studied in the wild and these include the 
Puerto-Rican Parrot Amazona vittata (Snyder 1977, 
Wiley 1985, Snyder et al. 1987), the Monk Parakeet 
Myiopsitta monachus (Bucher et al. 1991, Navarro et al. 
1992) and the Bahama Parrot Amazona leucocephala 
bahamensis (Gnam & Rockwell 1991) in the neo- 
tropics, and several cockatoos (Saunders et al. 1982, 
Rowley 1983, Saunders 1986, Smith & Saunders 
1986) in Australia. In the Pacific Islands, only the 
Kakapo Strigops habroptilus has been studied in 
detail (Powlesland et al. 1992), and some data on 
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reproduction are available on Kaka Nestor meridionalis 
(Moorhouse 199 I ) ,  Red-crowned Parakeet Cyano- 
ramphus novaezelandiae (Taylor 1985; Green 199 1) 
and Red Shining Parrot Prosopeia tabuensis (Rinke 
1989). This is of particular concern as 90 (27%) of the 
330 parrot species are threatened with extinction 
(Rands 1991, IUCN 1996), and most of these lack the 
basic demographic and biological data necessary to 
identify threats, monitor populations and review the 
efficacy of conservation measures taken (Green & 
Hirons 1991). 

The Ouvea Parakeet Eunymphicus conzutus uvaeensis, 
a subspecies endemic to Ouvea Island (20"30'S- 
166O35'E) in the Loyalty archipelago, is one of the 
most endangered parrots of the tropical Pacific. Along 
with the other subspecies, the Horned Parakeet E. c. 
cornutus, which inhabits the New Caledonian main 
island, the Ouvea Parakeet belongs to an endemic 
genus related to Cyanoramphus and Prosopeia. These 
three genera are usually considered as an island branch 
of the Australian Platycercine parrots (Berlioz 1945, 
Smith 1975, Christidis et al. 1991, Homberger 1991). 
The Ouvea Parakeet is restricted to the 132 k m 2  island 
of Ouvea. I t  has suffered a marked decrease in 
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abundance since European colonization, due to 
destruction of its habitat and possibly captures for the 
live bird trade (Robinet et al. 1995). The population is 
now 300-600 individuals with less than 100-120 
breeding pairs remaining (Robinet et al. 1996). The 
status of the Ouvea Parakeet was considered critical by 
the IUCN (Mace & Lande 1991, Lambert et al. 1992). 

The aim of this study was to obtain basic repro- 
ductive data and to elucidate the factors affecting 
reproductive success in order to assist with recovery of 
this endangered bird. 

STUDY AREA AND METHOD 

Ouvea is a raised atoll of limestone, approximately 50 
km long by 6-8 km wide with a narrow strip of land in 
the centre, extended by a rosary of islets that surround 
a shallow lagoon. Ouvea parakeets are now almost 
completely restricted to the northern part of the 
island, where the remaining forest covers less than 
2500 ha (for more details see Robinet et al. 1995, 1996). 

This study covered two breeding seasons between 
June 1994 and February 1996. Both former and active 
nests were located in the first season by interviewing 
local people, inspecting known nests, and by following 
apparent breeding pairs. All of the nests found in these 
ways were inspected by climbing and the use of a 
strong torch and articulated mirror. For each nest, the 
tree species, its diameter at breast height, the height 
and mean diameter of the nest entrance and the depth 
of the nest was estimated or measured to the nearest 
5 cm. The nest chamber was carefully inspected for 
signs of occupation (clean chamber without spider 
webs, feathers, eggs, young, adults, remains and flies). 
Once an occupied nest was discovered, it was inspect- 
ed every six days or less until fledging or nest failure. 
On each visit, we recorded development of external 
characters of the nestlings (whitish down, grey down, 
opening of the eyes, white notch on the nape, appear- 
ance of feather quills and opening, wings complete, 
appearance of the red crown and the crest, darkening 
of the beak) and mortality. 

Five growth parameters were recorded: weight, 
using a ZOO-g Pesola spring balance (t Ig); culmen- 
length, taken from the tip of the upper mandible to the 
anterior edge of the cere (to the nearest 0.1 mm); cul- 
men-width, the width of upper mandible taken at the 
anterior edge of the cere (to nearest 0.1 mm); tarsus- 
length, the distance from the posterior surface of 

the ankle (radio-carpal joint) to the tip of longest 
primary (to the nearest mm). Measurements were 
made with Vernier callipers. 

We fitted growth data to logistic models using the 
SPSS non-linear regression (a) procedure (SPSS/PC+ 
version 5.0, 1992). Such models have been successful- 
ly used to fit growth data in numerous postnatal devel- 
opment studies including parrots (Ricklefs 1967, 1983, 
Saunders 1986, Rinke 1989, Beissinger & Waltman 
1991, Navarro et al. 1992). The logistic equation used 
in this study was: f(x) = A/(I + B exp-Kx), in which A 
is the asymptotic value, B = (A  - f(O))/f(O), and K a 
rate constant whose unit is l/time. Multiple regressions 
(SPSS/PC+ version 5.0, 1992) were done between the 
five growth variables and age (dependent variable) 
before 45 days old, in order to determine which 
variable (or combination of variables) is the most 
accurate predictor of age. Chicks were sexed a posteri- 
ori using culmen-length and -width, as there is no 
overlap between adult males and females for the com- 
bination of these two variables (0. Robinet pers. obs.). 

A hide was built near three nests and observations of 
parental behaviour (i.e. brood and female feeding, 
vocalizations) were made. All chicks were individually 
ringed with metal and plastic leg bands. In addition, 
15 prefledglings were radiotagged with a single-stage 
transmitter (pulse: I 8  ms, 40/min; silver-oxide batter- 
ies average lifespan 5 months, Sirtrack Ltd), attached 
on the back with an harness and a weak link (see Karl 
& Clout 1987 for design of harness). The transmitters 
plus harness weighed 5 g which represents about 445% 
of body weight of fledglings. The fledglings were then 
radiotracked twice a week until the transmitter failed 
or fell off. Three adult parakeets were caught with a 
mist-net set at the entrance of three nests just before 
fledging time. They were ringed and radiotagged but 
the transmitters were destroyed by the parakeets 
within a few hours. 

Demographic parameters were defined as follows. 
Breeding success: the number of fledglings per eggs laid; 
hatching success, the proportion of eggs laid which 
hatched; and fledging success, the proportion of hatch- 
lings which fledged. Reproductive output was defined 
as the number of live 75-day-old young produced per 
breeding pair per year. Survival rates were estimated 
directly. All means are given k standard error. 

RESULTS 

the tibio-tarsal joint to the anterior surface of the 
articulation with the middle toe [to nearest 0.1 mm); 

Breeding season and nest-sites 

wing-length, the distance from the anterior surface of From the 16 active nests and 24 clutches followed 
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Figure 1. Breeding season of Ouvea Parakeets based on the 
dates of the first egg laid in each of 24 nests studied (in 10-day 
intervals). 

during the study, the first egg was laid on 30 July and 
the last known chick fledged on 24 January. A peak of 
laying was observed in August and early September, 
followed by a second peak in early October, and some 
further laying in November and December, including 
second clutches. No second clutches were recorded for 
birds which first laid in the second peak (Fig. 1). The 
four second clutches recorded were produced by two 
marked pairs (one for two successive years) and an 
unmarked pair. This later pair had a ringed juvenile fed 
by the male who, at the same time, was feeding the 
female brooding the second clutch. Renesting was not 
related to nest failure, as the four first clutches of these 
birds were all successful. 

Like most parrots, Ouvea parakeets are secondary 
cavity nesters, using a hollow in the trunk of a live tree. 
The 71 active or former nests identified during the 
study were all found in trees of only five species: 
Syzygium pseudopinnatum, Mimusops elengi', h sowlum 
rufescens, lntsia bijuga and Ficus sp. The first two 

species contained more than 90'K of the total (see 
Table 1 for characteristics of nests). Two pairs were 
found nesting at the same time only 30 m apart with- 
out any evidence of agonistic behaviour, which 
suggests a 'breeding territory' limited to the nest itself. 
The birds appeared to show a strong fidelity to nesting 
sites. The three identified pairs (each with one adult 
ringed) reused the same nest in successive years. Of the 
three nests not reused, in one case, one of the parents 
had died; in the two others, the nests were opened and 
destroyed by islanders to capture the young. 

Table 1. Characteristics of 71 nest sites recorded for the Ouvea Parakeet. 

Clutch size and incubation 

Of the 24 clutches studied, 22 had three eggs, and two 
had two eggs (total 70 eggs, mean 2.92 k 0.06). The 
laying interval for nests visited at least daily, between 
the first and second egg was 24 h (k 6 h, n = 14) and 
24-72 h (k 6 h, n = 11) between the eggs 2 and 3. The 
eggs were pure white with an average size of 27.1 mm 
x 22.5 mm (n  = 3). Behavioural observations suggest 
that females started to incubate after the second egg 
(n = 4). Length of incubation ranged from 19 to 
22 days (mean 21.2 k 0.3, n = 8). The hatching of the 
two first chicks occurred at the same interval (k 6 h) as 
between laying (24 hours, n = 13), whereas the third 
hatched on average 48 h after the second (range 
24-96 h k 3.2; n = 11). In total, 63 chicks hatched 
(mean/clutch 2.62 k 0.14). 

Postnatal development 

At hatching, the chick is blind and covered only by 
thin white down. The eyes start to open at 10 days and 
are fully open at 14 days (mean 10.1-14.7; n = 7). 
Meanwhile, the white down is replaced by dense dark- 
grey down. A white spot appears on the nape which is 

Tree species used 

Syzygium Mimusops Dysoxylum Intsia 
pseudopinnatum elengu rufescens byuga 

-~ - - - - ~. -~ ~~ ~~~ - -~ - . 

n 37 27 5 1 
Proportion (%) 52 38 7 1 

Diameter at breast Average diameter of Depth of the nest Height above ground 
height (cm) entrance (em) chamber (cm) of the entrance (cm) 

Mean 
se 

39.0 
1.5 

11.5 
1.4 

97.8 
11.6 

183 
21.7 
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characteristic of most members of the Platyccrcinae 
and persists in the adult (Smith 1975). The beak 
becomes yellow and the feather quills appear on wings 
and tails at 13.6 k 0.6 days (n = 7). The feathers appear 
on wings and tails at 25.6 days k 0.6 (n = 8), and are 
completely formed at 32.4 +_ 0.8 days (n = 7). The red 
on the forehead and the feathers of the crest appear at 
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Figure 2. Growth curves of nestling Ouvea Parakeets (from 5 to 
45 days) for (a) weight, (b) bill-length, (c) bill-width, (d) 
tarsus-length and (e) wing-length according to sex. U-U, Male; 
0- - -0, female. Sexes  are not separated for wing-length. 

36.8 k 0.5 days (n = 6). The beak progressively turns 
to a bluish black a few months later. We observed one 
juvenile with a half-black beak in December (about 
three months old) and in August (minimum seven 
months old). The iris, brown in nestlings, turns to 
orange-red in juveniles and adults. Fledging occurs 
on average a t  43 days after hatching (range 38-48, 
n =  11). 

The logistic model described the growth pattern well 
( ~ 2  > 0.9). Growth curves showed that tarsus-length 
reached adult size early in fledgling life, with a 
significant difference between males and females. 
Culmen-width and weight similarly reached adult 
values before fledging, whereas wing- and culmen- 
length were still increasing at 45 days of age (Fig. 2). 
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Multiple regressions showed that wing-length was the 
best factor to predict age. The following prediction 
equation was obtained: Age = 0.25 (Wing-length) + 
5.21 ( P  < 0.001; r2 = 0.94; se = 2.523, without any 
significative improvement by adding other variables. 

Parental behaviour 

We spent over 92 hours observing three nests from 
preparation to fledging. Preparation of the nest 
occurred between two and seven weeks before laying. 
The nest was cleaned out and a roughly circular 
10-15cm depression was excavated and lined with 
powdered wood, presumably from the walls of the nest 
chamber. During this time, adults were seen coming in 
and out of the nest with their faces covered with 
organic material. 

The female incubated alone and stayed at the nest 
most of the time. She was fed by the male, who called 
her from the entrance by characteristic soft ‘trumpet’ 
calls. The typical feeding pattern was as follows: the 
female left the nest swiftly and perched on a branch at 
10-30 m from the nest, followed by the male who 
perched alongside. The female presented her head held 
slightly back, the bill open, and made a loud clok. The 
male then jerked his head back and forth and regurgi- 
tated his crop contents. The process lasted 1-23 min 
(mean 9.2 +_ 1.48, n = 21) with alternation of feeding 
and pauses. 

The female was fed four times a day on average dur- 
ing incubation and early breeding (range 3-6). Until 
15-20 days after hatching, the female alone brooded 
and fed the chicks. The time spent at the nest 
decreased from 73%) during the first ten days, when the 
chicks had a thin white down, to 57% from 11 to 20 

days when they were protected by a dense grey down. 
The female was still fed by the male but foraged 
increasingly by herself during that period. After about 
20 days, both male and female fed the nestlings, which 
called the parents by a rapid succession of trumpet 
calls. The feeding lasted 1-13 min (mean 5.6 k 0.76, n 
= 23), and the average interval between feeding was 
145 min. The female stayed only 20Yo of the time in 
the nest during this period and the absences lasted an 
average of 70.1 min (Table 2). After fledging, the 
young were still fed by the male (and possibly the 
female) for several weeks (up to 80 days in one case) 
even if there was another clutch. 

Breeding success 

From the 70 eggs laid, 63 (90Yo) chicks hatched. Of 
the 54 hatchlings for which data were available, only 
34 reached fledging age, giving a fledging rate of 63Yo. 
Nine out of these 34 young were captured by local 
people, producing a breeding rate of only 460/0. The 
overall breeding success was thus only 42%, although 
this increases to 57% if human trapping is excluded. Of 
the 25 fledglings, 15 were equipped with radio- 
transmitters, four of which were lost, six birds died and 
five were still alive after 30 days (survival rate 46Y0, n 
= 11). On average, each pair produced 2.9 eggs per 
clutch, fledged 1.65 young, from which only 0.75 was 
still alive 30 days after fledging. This represents a 74% 
loss of the initial investment (Fig. 3). 

Causes of nestling and fledgling mortality 

Of the 24 clutches followed in the study, five failed 
before any fledging, from human disturbance, screw- 

Table 2. Female behaviour during different stages of breeding in three nests of Ouvea Parakeet. 

Incubation 0-10 days 1 1-20 days 2 1-43 days 
~~ ~ ~ ~ . . ~~~~~ ~~~~. ~ ~~~~~ ~~ 

Number of observations 6 5 4 4 
Total length ( min) 1308 1410 1197 1224 
Average length of the observations (min) 218 282 299 306 
Average time spent out of nest per exit (min) 15 34 44 70 

se 3.5 7.4 8.1 17.0 
No. of exits observed 9 14 16 15 

Time female out of the nest during observations ( O h )  14 19 43 80 
Average time spent in the nest per stay (min) 150 72 49 16 

se 20.5 10.8 12.4 4.4 
No. of stays observed 9 14 14 14 

Time female in the nest during observations ( O h )  86 81 57 20 
Average number of exits per daya 4.8 7.4 8.4 9.0 

=Estimated by the number of exitlstay cycles possible in a 13-h day (5.30-18.30 h). 
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Figure 3. Survival curve during laying, rearing and fledging peri- 
ods of Ouvea Parakeets, expressed as number of eggskhicks 
per active nest. 

worm (fly larvae) infestation, or presumed predation 
by Kiore R a m s  exulans or feral cat Fdis catus. The 
hatching asynchrony observed in Ouvea Parakeets 
affected nestling survival; survival rates were respec- 
tively 67Y0, 57% and 42% for first, second and third 
siblings. Six out of seven deaths in broods that 
partially failed within the first eight days were caused 
by starvation of the third sibling. After fledging, four 
out of the six recorded deaths were caused by raptor 
attack (scattered feathers found on the ground), 
presumably by the Brown Goshawk Accipiter fasciatus. 
A third major cause of loss was capture by islanders for 
pets (nine nestlings from four nests), usually during the 
last ten days before fledging. These results are shown 
in Table 3. 

Table 3. Causes of nest failure in 24 nests of Ouvea Parakeet. 

DISCUSSION 

Comparison with other parrots 

Breeding season 
The Ouvea Parakeet seems to have a longer breeding 
season than the Horned Parakeet, which is known to 
breed from October to January (pers. obs., Hannecart 
& Letocart 1983, Forshaw & Cooper 1989). For the 
Red-crowned Parakeet, which ranges from subantarctic 
Auckland Islands north to New Caledonia, October to 
December is the main time for egg-laying (Taylor 
1985, Forshaw & Cooper 1989). In contrast, the Red 
Shining Parrot which lives in the tropical Fiji and 
Tonga breeds earlier (May-October) during the dry 
and cool season, presumably because heavy rains and 
cyclones of the hot season have deadly effects on 
nestlings (Rinke 1989). The intermediate breeding 
pattern of the Ouvea Parakeet which starts during the 
cool months but ends in January in the hot and humid 
season suggests that food availability is high enough to 
allow the breeding period (7 months) to be extended 
from the 'core' season (October-January) shared with 
the Horned Parakeeet and Cyanoramphus subspecies. 
This extension of the breeding season has occurred 
towards the cool and dry months because breeding is 
probably more limited in the hot but humid months. 
An important implication of the extended breeding 
season is the possibility of double clutches, which are 
unusual in closely related parrots (Taylor 1985, Rinke 
1988, Forshaw & Cooper 1989), and reportedly 

Number of Number of Time of failure 
clutches chicks (eggs) (days) Cause of failure 

Total laying failure 1 

Partial hatching failure 4 

Total brood failure 

Partial brood failure 

Juvenile mortality 1 
2 
1 

(3) 

(4) 

3 
2 
3 
3 

7 
9 
1 
1 

1 
4 
1 

L + l O  

L + 21 

H +2 
H + 6  
H + 7  
H + 20 

H + 1-8 
H + 25-35 

H + 31 
H +42 

F + 2  

F +  15 
F + 10-12 

Human disturbance 

Non fertile egg 

Nest abandonment 
Fly larvae infestation 
Predation (kiore or cat) 
Nest abandonment 

Starvation 
Human captures 
Fly larvae infestation 
Entanglement in Ficus roots 

Unknown 
Predation (goshawk) 
Unknown 

L, Laying; H, hatching; F, fledging. 
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infrequent in birds over 100 g (Perrins & Birkhead 
1983). 

Nest-site selectivity 
Ouvea Parakeets use a narrow range of nest-sites: 
hollows in essentially Syzygium and Mimusops trees. 
This nesting behaviour contrasts greatly with the 
Horned Parakeet which breed in holes in banks and 
steep slopes in the New Caledonian Mountains (pers. 
obs., Hannecart & Letocart 1983, Forshaw & Cooper 
1989). 

These differences are not related to the 
availability of nest-sites because hollow trees occur in 
the Horned Parakeet habitat and are used by the 
sympatric Red-crowned Parakeet. On the other hand, 
Ouvea is a raised atoll with a profusion of terrestrial 
cavities that could have been used for nesting. This 
change in the choice of breeding site is the opposite to 
the Bahama Parrot, an island-specialized subspecies of 
the Cuban Parrot, which breeds in limestone cavities 
beneath the ground (Gnam 1991). The selection of 
mature trees for nesting by the Ouvea Parakeet, on an 
island where most of the native forest has been cleared 
and replaced with a patchwork of coconut plantations 
and traditional fields (Robinet et al. 1995), combined 
with a strong nest fidelity and apparent small home 
range, is likely to lead to nest-site limitation. 

Nest-site limitation has been described in many 
parrot species, as they are secondary-cavity nesters 
unable to dig into wood to excavate nests. Well known 
examples are the Puerto Rican Parrot (Snyder, 1977, 
Wiley, 19SS), Macaws Ara sp. (Munn 1992), Green- 
rumped Parrotlet Forpus passerinus (Beissinger & 
Waltman 1991) and also Cockatoos (Saunders et al. 
1982). 

Clutch-size and hatching asynchrony 
The clutch size of the Ouvea Parakeet is similar that of 
the Horned Parakeet in captivity, and the New 
Caledonian Red-crowned Parakeet subspecies C. n. 
saisseti (2-4 eggs) (Haniiecart & Letocart 1983, Taylor 
1985, Forshaw & Cooper 1989). The larger clutches 
laid by the Red-crowned Parakeet in New Zealand 
(Table 4) can be related to latitude - birds in 
temperate regions tending to lay bigger clutches than 
tropical birds of the same body size (Lack 1968). The 
same pattern is observed in the genus Platycercus in 
Australia, with a clutch size smaller on average for the 
tropical species (2-5 eggs) than for the temperate one 
(3-9) (Forshaw & Cooper 1989). 

The hatching asynchrony and brood reduction 
observed in Ouvea Parakeet may be explained by 
Stinson’s insurance hypothesis (Stinson 1979), the 
later-laid eggs being insurance against failure of earlier- 
laid eggs or chicks. Hatching asynchrony might also be 
explained by the limited-breeding opportunities 
hypothesis, since most parrots are cavity-nesting birds 
that do not defend territories and when nest-sites are 
limited the female may defend the cavity by initiating 
incubation before the last egg is laid (Beissinger & 
Waltman 1991). 

Breeding success 
The Ouvea Parakeet has a high hatching success (90%) 
compared with other parrots (Table 4). Moreover, this 
high hatching-rate, and to a lesser degree fledging- 
success, is also related to a very low predation rate in 
the nest. Both Ship Rats Rattus rattus and Norway Rats 
R. norvegicus are absent from Ouvea (Robinet & Salas 
1996) and Kiore, the only rat present, may have been 
responsible for the only case of nest predation. These 

Table 4. Comparison of breeding parameters between Ouvea Parakeet and other psittacids 
~ ~ ~~- 

New Zealand North Western Green- 
Ouvea Red-crowned Red Shining Island Australia Cuban Monk rumped 

Parakeet’ Parakeet* Parrot4 Kaka’ Black Cockatoos6 parrots* Parakeetg Parrotletlo 
_ _ _ _ _  - - -- ~ ~ _ _ _ ~  ~ 

Body weight (g)” 130 80 250 450 660 270 135 25 
Clutch size 2 9 ( 2 4 )  69(2-10) 22(2-3) 37(1-5)  14(1-2) 3 1  (2-6) 60(1-11) 7(5-10) 
Hatching success (%) 90 86 81 56 70 (50-82) 46 59(48-66) 81 
Fledging success (%) 63 34 83 34 53 (43-72) 67 47 (8-63) 82 
Breeding success (%) 57 29 66 19 40 31 28 (4-42) 67 
Successful attempts (“A) 81 70 84 40 50 (35-66) 66 45 66 
Juveniles fledged per breeding pair 1 6 2 0  1 1  0 7  1 (0 3-2) 1 6 1 5 (0 5-2 3) 4 7 (1-8) 

Incubation period (days) 21 (1 9-23) (1 9-22) 24 (24-26) (28-30) (26-28) 24 20 (1 8-22) 
Nestling period (days) 44 (37-48) (3542)  (45-55) 70 (77-84) (56-60) 35 31 (28-35) 

Results are means with range in parentheses ’This study, ‘Taylor (1986), 3Green 1991, 4R~nke (1989), 5Moorhouse (1991), %miths & 
Saunders (1986), ’Saunders & lngram (1987), 8Gnam (1991), gNavarro eta/ .  (1992), ’OBeissinger & Waltman (1991), llForshaw & 
Cooper (1 989) 
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unusual features have considerable implications for 
long-term conservation as they help to counterbalance 
the loss of prefledglings harvested by islanders. The 
high mortality during the few weeks after fledging due 
to predation by raptors is similar to that observed for 
juvenile Puerto Rican Parrots (Lindsey et a[. 1994) and 
confirms that the most vulnerable part of the life-cycle 
of an endangered species is often the survival of 
juveniles from fledging to successful breeding (Perrins 
1991). 

Reproductive strategy and implications for 
conservation 

This study describes the overall reproductive success 
and fundamental features of the reproductive biology 
of the Ouvea Parakeet, including a high breeding 
success, an extended breeding season and the occur- 
rence of second clutches. 

As observed in other island parrots (Rinke 1989, 
Gnam 199 l), the clutch size of Ouvea Parakeets is not 
affected by insularity. On the other hand, second 
clutches, as a consequence of the extended breeding 
season, may be possible partly because there are fewer 
competitors for food or nest hollows in Ouvea, as a 
result of insularity. These features, and foraging obser- 
vations (Robinet et al. unpubl. data), suggest that 
although food availability may determine the survival 
of the third chick, i t  is less important than post- 
fledging predation in limiting the productivity of this 
taxon. 

The degree to which nest-site limitation is a threat to 
the conservation of the Ouvea Parakeet is unknown, 
but a shortage of hollows is strongly suggested by this 
study and confirmed by other data (Robinet et al. 
unpubl. data). It is thus important that further reduc- 
tions in native forest vegetation is prevented and that 
larger Syzygium and Mimusops trees are especially 
protected. 

We have established that the main causes of loss 
include the death of the youngest chicks by starvation, 
the removal of prefledglings by people and predation 
after fledging. The absence of introduced Ship and 
Norway Rats appears fundamental in keeping 
predation rates low at nests. 

The ageing of chicks in the nest using both wing- 
length and external characters, and of sexing nestlings 
from 30 days old by a combination of culmen-length 
and -width, allows comparison of weight gain between 
chicks of different nests as a measure of food availabil- 
ity, thus habitat quality. This method has been used by 
Saunders (1 986) with Carnaby’s Cockatoo Calypto- 

rhynchus funereus latirostris for assessing viability of 
populations in a given area, and could also be used for 
the Ouvea Parakeet. 

To ensure ongoing protection for the endangered 
Ouvea Parakeet, three actions are needed. First a 
public awareness campaign in Ouvea to stop the cap- 
ture and trade of young parakeets, secondly an 
effective and permanent protection against the 
introduction of European rats and finally ongoing 
protection for remaining forest, especially larger 
Mimusops and Syzygium trees. 

This study was carried out as a part of a study on biology and 
ecology of the Ouvea Parakeet by the first author, Olivier 
Robinet. We are grateful to Vincent Bretagnolle, Mick Clout, 
John Craig, Rod Hay, Clare Veltman, Stephen Garnett and 
anonymous referees for useful comments on early manu- 
script. Daniel Bourzat provided access to  the CIRAD 
laboratory and logistic help during the study. The  authors are 
also grateful to  Maurice Saoumoe and Simeon Baoutuo for 
their substantial assistance in the field, and the tribes of 
Gossanah, Teuta and Ognat who allowed us to  work in their 
forest. The  work received a large support of the Loyalty 
Island Province of New Caledonia, the Zoological Society for 
Conservation of Species and Populations (ZGAP, Germany) 
and Stiftung Avifauna Protecta (SAP, Germany) 

REFERENCES 

Beissinger, S.R. & Waltman, J.R. 1991. Extraordinary clutch size 
and hatching asynchrony of a neotropical parrot. Auk 108: 

Berlioz, J. 1945. Le peuplement avien de I’Oceanie et celui de la 
Nouvelle Caledonie. Rev. SOC. Oceanistes 1: 59-66. 

Bucher, E.H., Martin, L.F., Martella, M.B. 81 Navarro, J.L. 1991. 
Social behaviour and population dynamic of the Monk Parakeet. 
Proc. lnt. Ornithol. Congr. 20: 681-689. 

Christidis, L., Schodde, R., Shaw D.D. & Maynes, S.F. 1991. 
Relationship among the Australo-Papuan Parrots, Lorikeets, and 
Cockatoos (Aves: Psittaciformes): protein evidence. Condor 93: 

Delacour, J. 1966. Guide des Oiseaux de Nouvelle Cafedonie. 
Neuchgtel: Delachaux et Niestle. 

Forshaw, J.M. & Cooper, W.T. 1989. Parrots of the World. Willough- 
by, NSW: Lansdowne. 

Gnam, R.S. 1991. Nesting behaviour of the Bahama Parrot Ama- 
zona leucocephala bahamensis. lbis 133: 400405. 

Gnam, R. 81 Rockwell, R.F. 1991. Reproductive potential and out- 
put of the Bahama Parrot Amazona leucocephala bahamensis. 
lbis 133: 400-405. 

Green, T.C. 1991. The breeding biology of the New Zealand Para- 
keet on Little Barrier Island. Unpublished report of Department of 
Conservation, Wellington. 

Green, R.E. & Hirons, G.J.M. 1991. The relevance of population 
studies to conservation of threatened birds. In Perrins, C.M., 
Lebreton, J.D. & Hirons, G.J.M. (eds) Bird Population Studies, 
Relevance to Conservation and Management: 595-633. Oxford: 
Oxford University Press. 

863-871. 

302-31 7. 

@ 1999 British Ornithologists’ Union, lbis, 141, 660-669 



668 0. Robinet & M. Salas 

Hannecart, F. & Letocart, Y. 1983. Oiseaux de Nouvelle Caledonie 
et des lles Loyaute, Vol. 2. Noumea: Editions Cardinalis. 

Homberger, D. 1991. The evolutionary history of parrots and cock- 
atoos: a model for evolution in the Australasian avifauna. Proc. 
lnt. Ornithol. Congr. 20: 398-403. 

IUCN 1996. 1996 lUCN Red List of Threatened Animals. Gland: 
International Union for Conservation of Nature and Natural 
Resources. 

Karl, B.J. & Clout, M.N. 1987. An improved radio transmitter har- 
ness and a weak link to prevent snagging. J. Field Ornithol. 58: 
73-77. 

Lack, D. 1968. Ecological Adaptations for Breeding Birds. London: 
Meuthuen. 

Lambert, F., Wirth, R., Ulysses, S.S., Thomsen, J.B. & Ellis- 
Joseph, S. 1992. Parrots: an Action Plan for their Conservation 
7993-1998. Cambridge: Birdlife International-IUCN, 

Lindsey, G.D., Arendt, W.J. & Kalina, J. 1994. Survival and 
causes of mortality in juveniles Puerto Rican Parrots. J. Field 
Ornithol. 65: 76-82. 

Mace, G.M. & Lande, R. 1991. Assessing extinction threats: toward 
a reevaluation of IUCN threatened species categories. Conserv. 
Biol. 5: 148-1 57. 

Moorhouse, R.J. 1991. Annual variation in productivity of North 
Island Kaka on Kapiti Island, New Zealand. froc. lnt. Ornifhol. 

Munn, C.A. 1992. Macaw biology and ecotourism, or 'when a bird in 
the bush is worth two in the hand'. In Beissinger, S.R. & Snyder, 
N.F.R. (eds) New World Parrots in Crisis: 47-72. Washington 
DC: Smithsonian Institution Press. 

Navarro, J.L., Martella, M.B. & Bucher, E.H. 1992. Breeding sea- 
son and productivity of Monk Parakeet in Cordoba, Argentina. 
Wilson Bull. 104: 413-424. 

Perrins, C.M. 1991. Constraints on Demographic Parameters. In 
Perrins C.M., Lebreton, J.D. & Hirons, G.J. (eds) Bird Population 
Studies: Relevance to Conservation and Management: 
190-206. Oxford: Oxford University Press. 

Perrins, C.M. & Birkhead, T.R. 1983. Avian €cology Glasgow: 
Blackie & Son Ltd. 

Powlesland, R.G., Lloyd, B.D., Best, H.A. & Merton, D.V. 1992. 
Breeding biology of Kakapo Sfrigops habroptilus on Stewart 
Island, New Zealand. lbis 134: 361-373. 

Rands, M.R.V. 1991. Conserving threatened birds: an overview of 
the species and the threats. In Perrins, C.M., Lebreton, J.D. & 
Hirons G.J.M. (eds) Bird Population Studies, Relevance to Con- 
servation and Management; 594-633. Oxford: Oxford University 
Press. 

Ricklefs, R.E. 1967. A graphical method of fitting equations to 
growth curves. Ecology 48: 978-983. 

Ricklefs, R.E. 1983. Avian postnatal development. In Farner, D.S., 
King, J.R. & Parkes, K.C. (eds) Avian Biology, Vol. 7: 1-83. Lon- 
don: Academic Press. 

Rinke, D. 1988. On the ecology of the Red Shining Parrot (Prosopeia 
babuensis) on the Tongan island of 'Eua, Southwestern Pacific. 
Okol. Vogel (Ecol. Birds) 10: 203-217. 

Rinke, D. 1989. The reproductive biology of the Red Shining Parrot 

COngL 20: 690-696. 

Prosopeia tabuensis on the island of 'Eua, Kingdom of Tonga. 
lbis 131: 238-249. 

Robinet, 0. & Salas, M. 1996. Absence of Ship Rat Rattus rattus, 
and Norway Rat Rattus norvegicus, on Ouvea (Loyalty Islands, 
New Caledonia). Consequences for conservation. Pacific Con- 
serv. Biol. 2: 390-397. 

Robinet, O., Beugnet, F., Dulieu, D. & Chardonnet, Ph. 1995. The 
Ouvea parakeet - state of knowledge and conservation status. 

Robinet, O., Barre, N. & Salas, M. 1996. Population estimate for 
the Ouvea Parakeet Eunymphicus cornutus uvaeensis: its pre- 
sent range and implications for conservation. Emu 96: 151-157. 

Rowley, 1. 1983. Mortality and dispersal of juvenile Galahs Cacafua 
roseicapilla in the Western Australian wheatbelt. Aust. Wild/. 
Res. 10: 329-342. 

Saunders, D.A. 1986. Breeding season, nesting success and 
nestling growth in Carnaby's Cockatoo, Calyptorhynchus 
funereus latrrostris, over 16 years at Coomallo Creek, and a 
method for assessing the viability of population in other areas. 
Aust. Wild/. Res. 13: 261-273. 

Saunders, D.A. & Ingram, J.A. 1987. Factors affecting survival of 
breeding populations of Carnaby's Cockatoo Calyptorhynchus 
funereus latirostris in remnants of native vegetation. In Saun- 
ders, D.A., Arnold, G.W., Burbidge, A.A. & Hopkins, A.J.M. (eds) 
Nature Conservation: the Role of Remnants of Native Vegeta- 
tion. Chipping Norton NSW: Surrey Beatty & Sons. 

Saunders, D.A., Smith, G.T. & Rowley, 1. 1982. The availability and 
dimensions of tree hollows that provide nest-sites for cockatoos 
(Psittaciformes) in Western Australia. Aust. Wildl. Res. 9: 

OryX 29: 143-1 50. 

541 -556. 
Smith, G.A. 1975. Systematics of parrots. lbis 117: 18-66. 
Smith, G.T. & Saunders, D.A. 1986. Clutch size and productivity in 

three sympatric species of Cockatoo (Psittaciformes) in the 
south-west Western Australia. Aust. Wildl. Res. 13: 275-285. 

Snyder, N.F.R. 1977. Puerto Rican Parrots and nest-site scarcity. In 
Temple, S.A. (ed.) Endangered Birds: Management Techniques 
for Preserving Threatened Species: 47-53. Madison: University 
Wisconsin Pres5,. 

Snyder, N.F.R., WiYey, J.W. & Kepler, C.B. 1987. The parrots of 
Luquillo: natural history and conservation of the Puerto Rican 
Parrot. Los Angeles, CA: Western Foundation of Vertebrate 

Stinson, C.H. 1979. On the selective advantage of fratricide in birds. 
Evolution 33: 121 9-1 225. 

Taylor, R.H. 1985. Status, habit and conservation of Cyanoramphus 
parakeets in the New Zealand region. In Conservation of lsland 
Birds: 195-21 1. ICBP Technical Publication No. 3. Cambridge: 
International Council for Bird Preservation. 

Wiley, J.W. 1985. The Puerto Rican Parrot and competition for its 
nest-sites. In Conservation of Islands Birds: 21 3-223. ICBP 
Technical Publication No. 3. Cambridge: International Council for 
Bird Preservation. 

Zoology. 

Received 6 March 1997; revision accepted 26 October 1998 

0 1999 British Ornithologists' Union, Ibis, 141, 660-669 



Reproduction in the Ouvea Parakeet 669 

APPENDIX 

Values and significance in logistic equations obtained for the different growth parameters of Ouvea Parakeet. 

K 
~~~ 

Parameter Sex r 2  A B 

Weight Male 0.92 137.9 (3.04)* 16.33 (4.44) 0.22 (0.02) 
Female 0.92 118.9 (2.48)* 13.16 (3.02) 0.20 (0.02) 

Culmen-width Male 0.93 13.9 (0.23)* 1.97 (0.21) 0.12 (0.01) 

Female 0.96 154.3 (8.13) 22.19 (3.67) 0.12 (0.01) 
Male + Female 0.95 150.1 (5.14) 20.15 (2.66) 0.12 (0.01) 

~~~~ . . ~~~~~ ~~~~~ ~~~~ ~~~~ 

20.3 (0.85) 3.07 (0.28) 0.08 (0.01) Culmen-length Male 0.94 
18.8 (0.79) 2.70 (0.19) 0.07 (0.01) Female 0.93 

Female 0.93 12.4 (0.15)* 1.87 (0.17) 0.13 (0.01) 
Wing-length Male 0.96 144.6 (5.93) 18.66 (3.49) 0.13 (0.01) 

Tarsus-length Male 0.83 24.9 (0.18)* 2.18 (0.62) 0.25 (0.04) 
23.7 (0.28)* 1.91 (0.42) 0.20 (0.03) Female 0.75 

f(x) = N(1  + B exp-KX), where A = the asymptotic value, B = ( A  - f(O))/f(O) and K =  a rate constant. 
*Significant difference between sexes ( P  < 0.01); asymptotic standard error is given in parentheses. 
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