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Abstract. We revise the taxonomy of the two parakeet taxa in the psittaciform genus Eunymphicus – E. cornutus cornutus
(Horned Parakeet) and E. c. uvaeensis (Ouvéa Parakeet) – which are restricted to New Caledonia and the Loyalty Islands,
in the south-western Pacific, and we investigate their relationship with the genera Cyanoramphus, considered traditionally
as its closest related genus, and Prosopeia. We used three sets of characters to assess the level of differentiation between the
Eunymphicus taxa: behaviour (vocalisations), morphology (biometrics and plumage coloration) and genetic (mitochondrial
cytochrome b DNA sequence variation, 924 nucleotides). The analysis of vocalisations revealed significant differences, as
did morphological analyses (size and number of feathers of the crest, size of the bill, and colour pattern of the head). Genetic
distance between the Horned and Ouvéa Parakeets is similar to that recorded between closely related species of
Cyanoramphus and both taxa possess novel and diagnostic synapomorphic substitutions. From these genetic, behavioural
and morphological data, the two Eunymphicus taxa should be considered separate species, a suggestion that is supported by
ecological data as well as anecdotal data on hybridisation from captive birds. Our molecular data also support the traditional
view that Cyanoramphus is the closest relative of Eunymphicus, with Prosopeia a sister group to this clade. The consistency
with which Platycercus clusters next to the Cyanoramphus–Eunymphicus–Prosopeia grouping suggests that Platycercus
may well be the next closest relative of this clade.

Introduction
The Eunymphicus parakeets, restricted to New Caledonia in the
western Pacific Ocean, are among the rarest of the parrots
(Psittaciformes) of the Pacific. The genus is monotypic, and
comprises two taxa, E. c. cornutus (Horned Parakeet) in New
Caledonia, and E. c. uvaeensis (Ouvéa Parakeet) endemic to the
small island of Ouvéa, in the Loyalty Islands archipelago,
100 km north-east of New Caledonia (Fig. 1). Marked morphological and behavioural differences distinguish these two allopatric subspecies, and have led some authors to propose species
status for the two taxa (Low 1980). The genus is apparently
closely related to Cyanoramphus, differing by a reduction of the
hard palate, and by plumage coloration (Rinke 1989; Homberger
1991). The taxonomic status of the two Eunymphicus taxa, as
well as their affinities with Cyanoramphus remains uncertain.
They are presently believed, together with genus Prosopeia, to be
an island branch of the platycercine clade (Forshaw and Cooper
1989; Homberger 1991; Christidis et al. 1991).
© Royal Australasian Ornithologists Union 2008

Mitochondrial DNA (mtDNA) sequencing is an important
tool for determining the evolutionary history of avian forms and
for providing estimates of genetic differentiation within or
between species (Quinn 1997), because reconstructing the
phylogenetic history of mitochondrial genes is simpler than for
nuclear markers (Gyllensten et al. 1991; Lansman et al. 1983).
Although molecular markers can tell much about evolutionary
history, the use of other characters such as ecological,
behavioural and morphological data is often necessary when
describing the level of differentiation between closely related
and allopatric taxa (e.g. Gaucher et al. 1996).
In this study, we revise the taxonomy of the genus
Eunymphicus using three different sets of characters: genetic
analysis using cytochrome b mtDNA sequence variation;
behavioural differences (mainly vocalisations); and morphological differences. Our aims are: (1) to evaluate the genetic distance between E. c. cornutus and E. c. uvaeensis, in comparison
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with the distances between several Cyanoramphus taxa and the
New Caledonian Parakeet (C. saisseti) of New Caledonia; see
Boon et al. 2001b); (2) to compare the results of genetic data to
those obtained using two independent sets of characters,
behaviour and biometrics; and (3) determine the systematic
affinities of Eunymphicus and several closely related genera
(Cyanoramphus, Platycercus and Prosopeia).
Material and methods
Study area
The island of New Caledonia (~16500 km2, centred on 21°S,
165°E) is of ancient origin. It is a part of Gondwana that split from
what is now Australia ~80 million years ago (Mathieu-Daudé
1989; Fig. 1). Horned Parakeets are distributed throughout the
island, mainly in the central areas of the island, in shrublands and
forests. Ouvéa (132 km2, centred on 166°30′E, 20°30′S), one of
the three main Loyalty Islands (see Fig. 1), 100 km north-east of
New Caledonia, is an elevated coral atoll of more recent origin.
Ouvéa Parakeets are now almost completely restricted to the
northern part of Ouvéa, in less than 2500 ha of remaining forest.
The climate of Ouvea and New Caledonia is tropical and is tempered by trade winds (for more details see Robinet et al. 1995).
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Fig. 1.

A general map showing localities mentioned in the text.

Vocalisations
Calls of seven individuals (from four breeding pairs and one
captive bird) of E. c. uvaeensis and 6–9 individuals (three different flocks of non-breeding birds, and one captive bird) of
E. c. cornutus were recorded with a Sony WM-D6C tape recorder
and a Sony ECM-929 LT microphone, in 1996 and 1997. Most
recordings were made from unidentified birds. Only high-quality
recorded calls were analysed. The vocal repertoire of each subspecies comprises at least four different calls, which vary both
within and between individuals (O. Robinet, pers. obs.). Calls
were classified by O. Robinet and V. Bretagnolle into: (a) an
alarm call, given by birds when a human observer is close to the
nest (Fig. 2a); (b) a mate call, given by an isolated partner looking
for its mate (Fig. 2b); a contact call, given by pairs or birds in
flocks, and often following mate calls (Fig. 2c); and a foodbegging call, given by females or young (Fig. 2d). In total, 82 calls
were analysed on an Amiga microcomputer, using an analytical
package (Richard 1991) that performs a fast Fourier transform
(sampling rate of 6512 Hz and step-size of 256 points). As all
calls comprise a succession of syllables, the syllable was the unit
of analysis (n = 126 syllables). The following parameters were
measured: duration of syllables, inter-syllable duration (i.e.
period of silence between syllables), fundamental frequency, and
modal frequency (defined as the frequency of the spectrum carrying maximum energy, averaged over the whole call). Temporal
resolution was ±9 ms, and frequency resolution was ±17 Hz.
Morphometrics
We measured 21 skins (11 E. c. cornutus, 10 E. c. uvaeensis) at
the Muséum National d’Histoire Naturelle (Paris) and British
Museum of Natural History (Tring, UK), and 30 live birds:
24 from Ouvéa (E. c. uvaeensis), and six captive birds (two E. c.
cornutus and four E. c. uvaeensis). Four biometrical parameters
were measured with Vernier calipers (±1 mm for wing, ±0.1 mm
for other parameters): length of culmen, taken from the tip of the
upper mandible to the anterior edge of the cere; bill-width, the
width of upper mandible taken at the anterior edge of the cere;
tarsal length, the distance from the posterior surface of the tibiotarsal joint to the anterior surface of the articulation with the
middle toe; and wing-length, the distance from the anterior
surface of the angle of wing (radio-carpal joint) to the tip of
longest primary (to the nearest mm). Body weight (in g) of live
birds was also recorded. All birds kept for the analysis were
adults, most of them of known sex. We acknowledge that some
level of shrinkage occurred with preserved skins, as compared
to live bird measurements but even with small shrinkage
accounted for, the conclusions still stand.
Data analysis
Univariate statistics (Kruskal-Wallis test) were first conducted
on all variables (morphometrics and vocalisations) to detect the
presence of significant variation between sexes and populations
of the two Eunymphicus taxa. Multivariate principal component
analysis (PCA; using correlation matrix) was subsequently used
to summarise the trends reflected in our data (Digby and
Kempton 1987). In addition we used parametric discriminant
analysis to combine variables in order to maximise group separation (Pimentel 1979; James and McCulloch 1990), and to
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provide the percentage of correctly classified observations into
a priori groups (see Bretagnolle 1995). Two types of estimates
of error rate were used in our classifications: linear discriminant
function for resubstitution, and cross-validation (SAS 1988).
These two methods provide lower and upper limits of error
count estimates (see Bretagnolle and Genevois 1997;
Bretagnolle et al. 2000). Since some of the biometric variables
were not recorded systematically (e.g. body weight was available only for live specimens), we used only four biometric characters for the multivariate statistics: culmen length, bill-width,
tarsal length and wing-length. Moreover, when one of these
parameters was missing for a specimen, we replaced the missing
value by the average value for that taxon and sex; this had to be
done for less than 3% of values, and which are presumed not to
have affected our conclusions. All statistical analyses were performed using SAS 6.11 (SAS 1988). We checked for normality
of variables before performing parametric tests, and used nonparametric statistics for small sample sizes.
Genetic analysis
All blood samples and DNA extracts (except those of the Red
Shining-Parrot (Prosopeia tabuensis)) are held in the Institute
for Molecular Systematics (IMS), School of Biological Sciences,
Victoria University of Wellington, NZ, as part of the NZ National
Frozen Tissue Collection, which consists of samples from the
previous NZ National Museum and Professor Charles
Daugherty’s collection in Victoria University of Wellington. The
samples are kept in Victoria University of Wellington, and are
managed both by Victoria University of Wellington and the New
Zealand Department of Conservation. Sequences are deposited
in GenBank under accession numbers AF242509–AF242516,
DQ467903, DQ467902, DQ467901, DQ467900 and EU627173.
Individuals from the following taxa were analysed (the information in parentheses is the collection number, source of DNA, and

Frequency (kHz)

12

(a)

place of collection respectively): Horned Parakeet (E. c. cornutus) (ECC 83-84, whole blood, New Caledonia), Ouvéa Parakeet
(E. c. uvaeensis) (OUV 6884–6888, whole blood, Ouvéa),
Yellow-crowned Parakeet (Cyanoramphus auriceps) (FT 3303,
whole blood, South Island, NZ), Antipodes Parakeet (C. unicolor) (CD1130, whole blood, Antipodes Island), New
Caledonian Parakeet (C. saisseti) (RCP00129, whole blood, New
Caledonia), Red-crowned Parakeet (C. n. novaezelandiae)
(CD1212, whole blood, Nga Manu Wildlife Sanctuary, North
Island, NZ), Eastern Rosella (Platycercus eximius) (–, whole
blood, IMS), Crimson Rosella (P. elegans) (–, DNA extract, provided by Dr Michael Double, Australian National University,
Canberra, Australia), Red Shining-Parrot (Prosopeia tabuensis)
(TB114, feather, Museum Victoria ) and Budgerigar (Melopsittacus undulatus) (–, whole blood, IMS). The Eastern Rosella,
Crimson Rosella and Budgerigar samples were not recorded with
codes at the time of analysis.
Most (other than Red Shining-Parrot; see below) of the DNA
extractions, amplification of the cytochrome b gene, and DNA
sequencing, using Big Dye Terminator (Applied Biosystems,
Foster City, CA, USA), were performed following the methodology of Boon et al. (2000). The oligonucleotide primers used
for PCR and DNA sequencing are presented in Table 1.
Sequencing was performed on an ABI 3730 DNA sequencer at
the Allan Wilson Centre DNA sequencing service (Massey
University, Palmerston North, NZ). DNA extraction and
sequencing of Red Shining-Parrot was conducted at Museum
Victoria following procedures described in Norman et al.
(2007) with a subset of primers listed in Table 1.
Phylogenetic analysis
The combined dataset, comprising 15 partial cytochrome b
sequences, was converted into FASTA format and aligned using
MEGA 3.0 (Kumar et al. 2004) and the alignment exported into
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Fig. 2. Sonograms of the four principal calls of Eunymphicus parakeets: (a) alarm call; (b) mate call; (c) contact call; and (d) food-begging
call. The first three calls (a–c) are of E. c. uvaeensis (Ouvéa), the fourth (d) is of E. c. cornutus (main island of New Caledonia). Acoustic
parameters analysed are: SYL, duration of syllables; SIL, inter-syllable duration; FF, fundamental frequency; MF, modal frequency (the frequency of the spectrum carrying maximum energy, averaged over the whole call). Time is in seconds, and frequency in kHz.
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MEGA 3.0. Maximum likelihood (ML), neighbour joining (NJ)
and minimum evolution (ME) analyses were performed under
the GTR + G substitution model using the parameters estimated
by ModelTest 3.6. Maximum parsimony (MP, branch and bound
method), and ME (uncorrected P distance) analyses were also
performed. For each phylogenetic analysis the out-group
(M. undulatus) was constrained to be sister to the in-group. ML
and ME methods consisted of heuristic searches for the best
tree, with stepwise addition (random sequence additions with 10
replicates per addition), and branch swapping limited to 3600.
Full heuristic bootstrap re-sampling was carried out on each
analysis consisting of 1000 replicates for MP, NJ and ME
methods and 500 for ML.

Oligonucleotide primer sequences used for PCR and
DNA sequencing

Primer name

Primer sequence (5′–3′)

L14827
L14987
L15132
L15643
H15163
H15305
H15706
H15977
H16065

CCA CAC TCC ACA CAG GCC TAA TTA A
CCC CTC AAA TAT CTC CAT ATG ATG
CGA ACC GTA CAA TAC GGA TGG YTA ATC
CTA CCC TAG CCC TCT TCT CAC CCA ACC TAC
GGC GAT GTG GAG GTC GAT GCA GAT GAA GAA
AAA CTG CAG CCC CTC AGA ATG ATA TTT
GGC AAA TAG GAA RTA TCA TTC
AGA TGA TGG GGA ATA GGA TTA GGA TGA
TCA TCT CCG GTT TAC AAG AC

Results
Vocalisations
In both Eunymphicus taxa, the vocal repertoire consisted of four
different calls (Fig. 2). The summary statistics for all call parameters for the two taxa revealed that there were slight, but significant differences, in particular with regard to frequency
parameters (Table 2). Significant differences were found for all
calls except the alarm call (Table 2), though only three alarm
calls from cornutus were available for analysis. Overall,
although sample sizes were small, differences between the two

PAUP* 4.0b2 (Swofford 1998) for phylogenetic analysis.
ModelTest 3.6 (Posada and Crandall 1998) determined that the
General Time Reversible (GTR) model (Rodríguez et al. 1990)
+ gamma (G) (GTR + G) was the most appropriate substitution
model for the data under the Akaike Information Criterion
(AIC). Uncorrected and corrected pairwise distances, under the
GTR +G substitution model and the gamma shape parameter of
0.1181, estimated using ModelTest 3.6, were calculated using
PAUP* 4.0b2. Nucleotide composition heterogeneity among
taxa as a possible source of bias in the data was checked using

Table 2. Summary statistics on call parameters for each taxon of Eunymphicus (see Methods, Fig. 2 for explanations)
Significant differences between taxa tested using Mann-Whitney test (Z and P values are given; *, significant after Bonferroni correction applied as multiple
tests were performed on each call type; n.s., not significant). A total of 126 syllables (from 82 calls) were analysed, from at least 13 different individuals
(n, number of birds). Fundamental frequency is defined as ‘pitch’ (in Hz). Syllables are different parameters from fundamental frequency
Locality

Alarm call
Syllable duration
Inter-syllable duration
Fundamental frequency
Modal frequency
Contact call
Syllable 1 duration
Syllable 2 duration
Syllable 3 duration
Inter-syllable (1–2) duration
Inter-syllable (2–3) duration
Fundamental frequency
Modal frequency
Mate call
Syllable 1 duration
Syllable 2 duration
Syllable 3 duration
Inter-syllable (1–2) duration
Inter-syllable (2–3) duration
Fundamental frequency – syllable 1
Fundamental frequency – syllable 2
Modal frequency
Food-begging call
Syllable duration
Inter-syllable duration
Fundamental frequency
Modal frequency

Ouvéa (E. uvaeensis)
Mean
s.d.
n

New Caledonia (E. cornutus)
Mean
s.d.
n

121.6
92.1
579.0
1081.6

20.4
40.0
83.2
86.0

48
32
16
16

110.3
93.5
552.0
1104.0

8.4
7.8
0.0
0.0

135.9
134.8
137.6
146.4
284.9
452.9
1012.2

32.0
24.6
22.0
48.9
77.8
58.3
154.2

17
17
14
10
9
17
17

139.3
110.3
171.0
172.8
182.0
549.9
1116.3

120.6
117.3
123.0
109.6
130.0
503.5
506.8
1003.1

16.5
19.9
5.2
46.9
61.2
38.5
71.6
70.9

9
9
4
9
4
9
8
9

210.0
122.0
508.9
932.9

34.0
35.6
39.6
197.0

15
11
15
15

Z

P

3
2
3
3

–0.42
0.66
–0.45
0.41

n.s.
n.s.
n.s.
n.s.

34.0
37.7
39.6
68.2
62.4
108.8
91.2

12
12
12
12
12
12
12

0.84
–2.08
–2.21
–0.73
1.46
2.91
2.29

n.s.
0.03
0.02
n.s.
n.s.
0.02
0.003*

154.4
151.1
192.7
196.6
149.7
646.2
623.9
1203.7

46.6
50.7
49.8
96.8
39.5
60.5
63.5
118.7

11
11
3
11
3
11
4
11

–1.37
–1.45
1.75
–1.74
0.0
–3.18
1.79
–2.82

n.s.
n.s.
n.s.
n.s.
n.s.
0.001*
n.s.
0.004*

237.3
245.7
534.4
1031.7

65.1
76.4
68.4
103.9

11
8
7
7

1.22
–2.65
0.42
0.65

n.s.
0.008*
n.s.
n.s.
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Fig. 3. Head patterns of the two taxa of Eunymphicus: (a) cornutus; and (b) uvaeensis (drawn from photographs taken by
O. Robinet). See Introduction for details on differences between the two taxa. Note that the head of the uvaeensis is
predominantly green while the cornutus is made up predominantly of yellow and black plumage.

forms existed: calls of cornutus were slower in tempo (differences significant only for the food-begging call) and higher
pitched (significant in all call types) (Table 2). Interestingly, the
most different call was the mate call, a vocalisation that is used
between members of a pair to maintain contact, and which is the
main vocalisation (in terms of frequency of occurrence) of
Eunymphicus (O. Robinet, pers. obs.).
Biometry and coloration
The crest is a unique attribute of the genus Eunymphicus among
the true parrots (Psittacidae): it is non-erectile and comprises
elongated crown feathers (Forshaw and Cooper 1989). However,
the morphology of the crest, and the colour pattern of the heads
of the two taxa have notable differences (see Fig. 3, and colour
illustration in Del Hoyo et al. 1998). In E. c. cornutus, the crest
consists of two long (40–60 mm) and narrow black feathers
tipped with red, the lores is black with ear-coverts and hindneck
yellowish, and the forehead and fore- crown is red. Conversely,
in E. c. uvaeensis, the crest is made of six (sometimes seven)
curved and shorter (30–40 mm) green feathers, while the head
is largely green (including ear-coverts and hindneck), lacking
any yellow, with blackish-green lores and red confined to forehead (Forshaw and Cooper 1989).
Sexual dimorphism has not previously been described in
Eunymphicus, and there appear to be no differences in coloration (O. Robinet, pers. obs.). However, sexual dimorphism is
observed within each taxon, in addition to morphological differences between taxa for both sexes) (Table 3). In the case of
weight however, all E. c. cornutus weighed were captive birds,
whereas the E. c. uvaeensis weighed included captive and wild
birds, and it cannot be excluded that higher weights in
E. c. cornutus result from better body condition in captivity.
PCA was performed to examine geographical variation and
sexual dimorphism, using four biometric variables from 51 individuals, and showed that there is no overlap between the sexes

in any measure or weight (Table 4, Fig. 4). The results also suggested that size differed between taxa. Further, we conducted
three discriminant analyses, one considering the two taxa and
the two sexes as different a priori groups (four groups), and two
conducted separately for each sex, i.e. with the two taxa as
a priori groups (two groups). Multivariate analyses of variance
were significant in all cases (respectively for the four groups,
males and females: Wilks’ Lambda = 0.07, 0.31, and 5.9;
F = 16.6, F = 10.7 and F = 3.9; d.f. = 12, d.f. = 4 and d.f. = 4,
P < 0.0001, P < 0.0001 and P = 0.016). Using resubstitution
(error count estimates), correct classification varied between
75% and 93% (average 84%) for the four groups (two sexes, two
taxa), while cross-validation technique provided 70% to 80% of
correct matches (average 75%). When separating sexes in the
discriminant analysis, correct classification was slightly
improved, reaching 93% and 81% in males (n = 24) for resubstitution and cross validation respectively, and 90% and 74% in
females (n = 27). The most discriminating variables were length
of culmen, and to a lesser extent, tarsal length in males, and only
length of culmen in females (Table 4, Fig. 4).
Thus, birds from the two taxa seem to separate based on
biometry, with differences perhaps slightly more marked in
males than in females.
Sequence variation and divergence
The cytochrome b sequences of the five E. c. uvaeensis
specimens are identical. Hence, only two were included in the
phylogenetic analyses. The two E. c. cornutus sequences differ
from each other by two transitions (positions 309 and 387, G to
A) in the third codon position. Both E. c. uvaeensis and E. c.
cornutus possess novel synapomorphic substitutions that separate the two taxa. The synapomorphic substitutions in E. c.
uvaeensis consist of transitions C to T (position 366) and A to G
(position 771) while a transition A to G (position 378) was
observed in E. c. cornutus. Six substitutions (out of 924
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Table 3. Summary statistics on biometric characters according to taxon and sex
For weights and measures between sexes, figures are means ± standard deviation; Kruskal-Wallis test was performed to test for significant effect of sex
for each taxon
Sex

Taxon

Males

E. c. cornutus
E. c. uvaeensis
E. c. cornutus
E. c. uvaeensis

Females

n

Culmen length

Bill-width

Tarsal length

Wing-length

Body weight

10
14
7
20

21.4 ± 0.73
22.8 ± 0.91
18.0 ± 0.85
19.2 ± 0.77

14.2 ± 0.51
14.1 ± 0.59
12.5 ± 0.43
12.4 ± 0.69

22.1 ± 1.83
23.9 ± 1.79
21.8 ± 1.84
22.4 ± 1.00

161.9 ± 4.89
165.6 ± 7.52
157.1 ± 7.13
155.5 ± 6.38

167 ± 65
117 ± 16
125 ± 16
105 ± 8

8.66
0.0032

0.46
0.50

5.58
0.018

2.10
0.15

2.87
0.09

7.69
0.0055

0.94
0.33

0.09
0.76

0.14
0.71

4.46
0.03

10.7
0.0011

4.51
0.04

0.24
0.63

2.02
0.16

–
–

20.9
<0.0001

17.9
<0.0001

9.92
0.016

7.68
0.006

0.33
0.56

Between males
Z
P
Between females
Z
P
Between E. c. cornutus
Z
P
Between E. c. uvaeensis
Z
P

nucleotides) were observed between E. c. uvaeensis and E. c.
cornutus. Corrected pairwise distances (Table 5) support the
separate clustering of E. c. uvaeensis and E. c. cornutus, even
though the genetic distance between them are quite small
(0.0083). The nucleotide composition of the cytochrome b
target gene did not differ between all taxa examined but differed
significantly from uniformity with 25.1% T, 34.2% C, 27.7% A
and 13.0% G. Most of the substitutions occur in the third codon
position, followed by the first and second codon positions, supporting the heterogeneous substitution pattern across lineages.
Phylogenetic analysis
A total of 924 nucleotide positions were aligned and used for
phylogenetic analysis. Of these, 719 characters were invariant,
74 characters were variable but parsimony uninformative, and
131 characters were informative. Maximum parsimony (Fig. 5)
placed Horned and Ouvéa Parakeets as divergent paired sister
lineages with bootstrap support of 100%. Eunymphicus,
Cyanoramphus and Prosopeia formed an unresolved trichotomy in the MP analysis with Platycercus as their sister
lineage. In contrast, ML, NJ and ME (figures not shown) were
unable to resolve a monophyletic Horned Parakeet but provided
poor support for the inferred relationships (53–68% bootstrap)
Table 4. Results of a PCA performed on 39 Eunymphicus specimens
Data are from skins and live birds combined, using four biometrical
characters. Only the first two axes are retained (see Results)

Eigen value
% explained
Cumulated
Correlation with axis
Culmen length
Bill-width
Tarsal length
Wing-length

Axis 1

Axis 2

Axis 3

Axis 4

2.32
58
58%

0.88
22
80%

0.54
14
94%

0.25
6
100%

0.56
0.57
0.32
0.51

–0.29
–0.31
0.90
0.10

–
–
–
–

–
–
–
–

in which ECC84 clustered basal to the remaining Horned and
Ouvéa Parakeets. ML, NJ and ME analyses all resolved the
Eunymphicus–Cyanoramphus–Prosopeia trichotomy observed
under MP (Fig. 5) placing Cyanoramphus as the sister lineage to
Eunymphicus. Furthermore, these methods placed Prosopeia
within the platycercine radiation with Platycercus (represented
by Crimson and Eastern Rosella) as a distinct monophyletic
lineage.
Discussion
Phylogenetic relationships based on morphology
Hybridisation has been reported between Eunymphicus and
Cyanoramphus in captivity (Delacour 1973), with hybrids being
fertile (H. Quinque, pers. comm.). This supports the close relationship between these two genera, although hybridisation is
commonly observed between other parrot genera (Holyoak
1973; Smith 1975; Low 1980). Hybridisation between
Eunymphicus and Cyanoramphus has never been observed in
natural conditions in New Caledonia where the two genera are
sympatric. We found relatively large genetic differences
between these genera (6.6 to 7.0%), and similar levels of intergeneric variation have been found between other platycercines
(e.g. Geopsittacus and Pezoporus, 8.4%; Leeton et al. 1994).
The generic separation of the Eunymphicus and Cyanoramphus
seems warranted. With the exception of the crest (lacking in
Cyanoramphus), the pattern of plumages is similar between the
two genera. Some anatomical differences between them have
also been observed, including a complete orbital ring in
Cyanoramphus, while the orbital ring in Eunymphicus is incomplete (Smith 1975; contra Holyoak 1973). Cyanoramphus also
lacks furcula and a notch in the upper mandible, while
Eunymphicus has a more reduced surface pattern of its hard
palate compared with Cyanoramphus (Smith 1975; Homberger
1980). These differences were attributed to ground-foraging of
most Cyanoramphus species (Taylor 1985), which has never
been observed in Eunymphicus (Smith 1975; O. Robinet, pers.
obs.). Despite these differences, the two genera are clearly
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Fig. 4. Results of a principal component
analysis performed on 51 specimens of
Eunymphicus using four biometrical
variables. Males are shown by black squares
and grey circles, while females are shown by
grey squares and unfilled circles. Only the
first two axes are presented (see also Table 4).
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closely related, and must have branched off recently from a
common ancestor (Homberger 1980).
Ecological, behavioural and biogeographical evidence
Whereas the habitat of both taxa is tropical forest, these forests
are very different in composition owing to historical and geological factors. On Ouvéa, the forest is low, dry and sparse, and grows
on limestone. Conversely, the habitat of E. c. cornutus is the tall
rainforest of the central areas of New Caledonia, where the substrate is made up of peridotitic rocks (Vuilleumier and Gochfeld
1976; Hannecart and Letocart 1983; Forshaw and Cooper 1989;
Robinet et al. 1996). The biology of the Ouvéa Parakeet is not
well known. Within their habitat, Ouvéa Parakeets generally
make short trips from roosting to foraging sites, i.e. native deciduous trees and pawpaw plantations. Nesting sites are in hollows in
trees (mainly Syzygium sp. and Mimusops sp.; Robinet and Salas
1999). The biology of the Horned Parakeet is better known than
that of the Ouvéa Parakeets. Its food is mainly composed of
Agathis sp. and Gymnostoma sp., and nests are sometimes in
hollow trees (Forshaw and Cooper 1989; O. Robinet, pers. obs.),
but are also on the ground or in holes in riverbanks (Hannecart
and Letocart 1983; O. Robinet, unpubl. data). Therefore, some
aspects of the ecology of the two taxa is quite different. These differences may in part result from differences in the levels of interspecific competition on the two islands: Ouvéa hosts only two
parrot species, the Ouvéa Parakeet and Rainbow Lorikeet,
whereas in New Caledonia four psittacids breed sympatrically.
The striking difference in the calls and in the colour of the
plumage of the head (which may be a sexual signal) between the
two taxa strongly suggests that there may be some behavioural
isolation between them. Ecological and behavioural features
thus conform to expectations based on the genetic distances
observed between the two taxa.

The current distribution of the two Eunymphicus taxa in New
Caledonia and its islands is puzzling, particularly with respect to
the two other Loyalty Islands, Lifou and Maré, the former being
only 40 km from Ouvéa. Lifou and Maré share an almost identical flora and fauna with Ouvéa and are much bigger than Ouvéa,
but no parrot, either extant or subfossil, has been recorded there.
However, unlike Ouvéa, both Black Rats (Rattus rattus) and
Brown Rats (R. norvegicus) are present, though the introduction
of rats is probably too recent to have led to extermination of parakeets without any trace (Robinet et al. 1995). The other difference between these islands is the greater abundance in Ouvéa,
compared with the other Loyalty Islands, of several tree species
that provide holes used as nesting sites by Ouvéa Parakeets
(Robinet et al. 1998; Robinet and Salas 1999). The absence of
deep soil and proximity of water may favour these tree species on
Ouvéa. In New Caledonia, E. c. cornutus breeds in the central
mountain chain, but shows movements to lower altitudes during
the day (O. Robinet, pers. obs.) with birds reaching cultivated
fields. This pattern of behaviour may be a result of the occurrence of Black Rats on the island, the density of which decreases
at higher altitudes (Nicholson and Warner 1953).
Relationship between Platycercus, Prosopeia and
Cyanoramphus genera
As expected, both Platycercus species cluster together in all
phylogenetic analyses. This is supported by 27 shared synapomorphic substitutions, grouping the Platycercus species
together. The intrageneric uncorrected pairwise distance is
diminutive, at 0.08 (Table 5). Prosopeia is a sister group to
Cyanoramphus and Eunymphicus, as might be expected based
on plumage similarities (Fig. 5). All phylogenetic analyses
failed to separate the NZ Cyanoramphus species sufficiently as
the cytochrome b locus does not evolve at a rate high enough to

E. cornutus (ECC83)
E. cornutus (ECC84)
E. uvaeensis (OUV6884)
E. uvaeensis (OUV6885)
C. novaezealandiae (CD1212)
C. auriceps (FT3303)
C. unicolor (CD1130)
C. saisseti (RCP00129)
Pr. tabuensis
Pl. eximius (P1)
Pl. elegans (PIB)
M. undulatus (A25)

–
0.0022
0.0076
0.0076
0.068
0.066
0.068
0.067
0.074
0.11
0.12
0.11

E. cornutus
(1)
0.0022
–
0.076
0.076
0.067
0.064
0.067
0.065
0.071
0.11
0.11
0.11

E. cornutus
(2)
0.0083
0.0083
–
0.00
0.069
0.067
0.069
0.068
0.073
0.11
0.11
0.11

0.0083
0.0083
0.00
–
0.069
0.067
0.069
0.068
0.073
0.11
0.11
0.11

E. uvaeensis E. uvaeensis
(1)
(2)
0.13
0.12
0.13
0.13
–
0.0043
0.0065
0.027
0.081
0.11
0.11
0.11

C. novaezealandiae
0.12
0.12
0.12
0.12
0.0045
–
0.0043
0.025
0.079
0.11
0.11
0.11

C. auriceps
0.13
0.12
0.13
0.13
0.0066
0.0044
–
0.027
0.079
0.11
0.11
0.11

C. unicolor
0.13
0.12
0.13
0.13
0.036
0.032
0.036
–
0.074
0.11
0.11
0.11

0.16
0.15
0.15
0.15
0.18
0.17
0.17
0.16
–
0.10
0.11
0.12

0.38
0.36
0.37
0.37
0.37
0.36
0.37
0.35
0.30
–
0.048
0.12

C. saisseti Pr. tabuensis Pl. eximius

0.39
0.38
0.38
0.38
0.38
0.35
0.36
0.35
0.33
0.080
–
0.12

Pl. elegans

0.44
0.42
0.44
0.44
0.42
0.40
0.39
0.43
0.42
0.48
0.46
–

M. undulatus

Table 5. Cytochrome b sequence divergence between Eunymphicus, Cyanoramphus, Prosopeia, Platycercus and Melopsittacus taxa based on 924 nucleotides of cytochrome b sequence data
Animal numbers are listed in parentheses below the species name. Codes given in parentheses are individual collection numbers within the NZ National Frozen Tissue Collection. The Red Shining-Parrot
sample was not recorded with a code at the time of analysis. Below the diagonal are uncorrected pairwise genetic distances. Above the diagonal are corrected pairwise genetic distances under the
GTR + G substitution model (gamma shape parameter 0.1181)
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E. cornutus (ECC84)

E. cornutus (ECC83)

E. uvaeensis (OUV6884)

E. uvaeensis (OUV6885)

C. n. novaezealandiae (CD1212)

C. auriceps (FT3303)

C. unicolor (CD1130)

C. saisseti (RCP00129)

Prosopeia

Pl. eximius (P1)

Pl. elegans (PIB)

M. undulatus (A25)

Fig. 5. Consensus MP phylogeny based on 924 nucleotides of cytochrome
b sequence from 12 individuals of the genera Eunymphicus, Cyanoramphus,
Prosopeia, Platycercus and Melopsittacus. Melopsittacus undulatus
(Budgerigar) is used as the out-group. Bootstrap values >50% are indicated
at nodes (1000 replicates). Codes given in parentheses refer to their individual collection numbers as part of the NZ National Frozen Tissue Collection
(see Methods).

provide sufficient resolution for very recently diverged groups
(Boon et al. 2001a, 2001b).
Ouvéa and Horned Parakeets
The Ouvéa and Horned Parakeets are clearly divergent forms
that are more closely related to each other than to any other taxa
examined in this study, based on their patterns of genetic variation and pairwise distances (Table 5). Both taxa exhibit novel
substitutions that clearly separate the two, with the Ouvéa
Parakeet exhibiting most of these relative to taxa other than
Eunymphicus. Although the genetic distance is small between
the Ouvéa and Horned Parakeets (0.0083), it is nevertheless
double the distance between well-separated species such as the
Yellow-crowned and Antipodes Parakeets (0.0044). This observation matches our behavioural and morphological data for
these two taxa. The phylogenetic analyses may seem to differ on
whether Ouvéa and Horned Parakeets should be considered
divergent taxa or subspecies of E. cornutus. The Horned and
Ouvéa Parakeet lineages are well separated in the MP analysis
(Fig. 5). However, the MP analysis does not take into account
rate variation, multiple substitutions at the same site and rate
biases. More complex substitution models such as GTR + G,
Tajima Nei with gamma parameter and Jukes-Cantor (Jukes and
Cantor 1969) nucleotide substitution models were also included
for ME and NJ analyses. The results were similar with the
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exception that the Horned Parakeets were split into two distinct
lineages (figures not shown). However, the low level of support
(bootstrap 53%) in the branch splitting the Horned Parakeets
suggests that the separation of the two E. cornutus taxa may well
be an analytical artefact resulting from stochastic variations.
Higher support should be placed on the former MP analysis
with 100% bootstrap score (Fig. 5). In addition, there was little
intraspecific variation observed within either of the
Eunymphicus taxa, which further suggests that the variation
observed between the two Eunymphicus taxa cannot be contributed by intra-population or intra-specific variations. Thus,
applying the phylogenetic species concept (Cracraft 1983)
within the genera Eunymphicus, the formation of reciprocally
monophyletic divergent sister clades suggests elevation of the
Ouvéa Parakeet from subspecies to species level (becoming
E. uvaeensis).
In conclusion, we have provided genetic, ecological,
behavioural and biogeographical evidence showing that the two
Eunymphicus taxa from New Caledonia have differentiated.
Whether or not Ouvéa Parakeet should be elevated to the species
level is mainly a question of taxonomic convenience, since both
Ouvéa and Horned Parakeets are represented by terminal taxa of
the phylogeny. However, given that they show some behavioural
isolation, clear genetic separation, and that hybridisation in captivity is scarce (H. Quinque, pers. comm.; O. Robinet, pers.
obs.), we advocate full species status.
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