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ABSTRACT.—We studied the morphometrics, breeding biology, genetics, and calls of Pachy-
ptila desolata, P. salvini, P. belcheri, and P. turtur in the southern Indian Ocean. Multivariate
analysis of the measurements of live birds revealed some overlap among closely related taxa.
Comparisons of biological data provided evidence for ecological segregation between taxa,
based mainly on phenology of breeding but also on diet. Calls differed significantly between
taxa, and multivariate analysis showed no overlap between sympatric taxa. These data were
then compared with data from other taxa (P. crassirostris and macgillivrayi) and from different
localities. We support the recognition at the species level of each of the four study taxa.
Received 29 June 1989, accepted 6 November 1989.

THE SYSTEMATICS of Procellariiformes, espe-
cially at the species level, is unclear (see Bourne
1987). This is partly because related species often
overlap in their measurements and color pat-
terns which are the most widely used taxonomic
charactersin the group. The petrels of the genus
Pachyptila, the prions, represent a case in point.
Prion taxa have usually been divided into two
separate groups: the “whale-birds,” which com-
prises desolata, salvini, vittata, and belcheri, and
the turtur-crassirostris group (Fleming 1941, Har-
per 1980). Between 1930 and 1950, the six taxa
were grouped in one to three genera and in
four to six species (Mathews 1912, 1938; Mur-
phy 1936; Falla 1940; Fleming 1941), with many
subspecies (19 listed in Murphy 1936). The sit-
uation was clarified by Falla (1940). Harper
(1980) concluded, after an extensive study of
both live (at sea) and museum specimens, that
Falla’s six species were valid. However, Cox
(1980) recognized only three species: vittata (in-
cluding desolata and salvini), belcheri, and turtur
(including crassirostris). His argument was in-
fluenced chiefly by the extreme geographic
variation within each species, the very large
overlap in diagnostic characters (measurements
and coloration), and the possible existence of
hybrids (between desolata and belcheri on Ker-
guelen).

One reason for the complexity and contra-
dictions in prion taxonomy may be that most
authors have worked on beach-washed and mu-
seum specimens (Falla 1940, Cox 1980, Harper
1980). Bill measurements, however, vary widely
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in relation to age of specimens (shrinkage of up
to 18% for bill width; Kinsky and Harper 1968),
age of birds (Richdale 1944, Serventy etal. 1971,
Harper 1980), and sample size. As a conse-
quence, some individuals were misclassified or
impossible to assign to a particular taxon (Cox
1980). Thus, it appeared that either differences
between taxa should be statistically valid (Ful-
lagar 1972, Harper 1980) or the species ranking
would have to be abandoned for some taxa (Cox
1980).

Taxonomic problems are now addressed by
new methods such as electrophoresis (Avise and
Zink 1988, Zink 1988), DNA-DNA hybridiza-
tion (Sibley and Ahlquist 1981, Sibley et al. 1988),
behavior (Jouventin 1982, Bretagnolle in press
a), and ecology (Mayr 1970). According to the
Biologica! Species Concept, closely related
species occupy different ecological niches (Mayr
1982). Investigation of ecological niches there-
fore provides a powerful tool for detecting sib-
ling species (Mayr 1970). None of these meth-
ods has been used on prions. Consequently, we
compared the population biology of four taxa
in the Indian Ocean. We studied morphomet-
rics of live adult birds, analyzed their breeding
biology (nesting habitats, phenology, diet, and
distribution at sea), and measured allozyme
variation and calls. The calls are particularly
relevant for nocturnal burrowing petrels, be-
cause they may act as isolating mechanisms
(Brooke 1986, Bretagnolle in press b). We extend
our results to the broader literature to attempt
a clarification of prion taxonomic status.
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Fig. 1. Distribution of breeding colonies, and
numbers of pairs, of four taxa of prions (A = Am-
sterdam, C = Crozet, F = Falkland, H = Heard, K =
Kerguelen, Ma = Marion, Mc = Macquarie, NZ =
New Zealand, and S = South Georgia and related
islands). Data are from Berruti (1981), Croxall, Mac-
Innes, and Prince (1984), Croxall et al. (1984), Jou-
ventin et al. (1984), Prince and Croxall (1983), Rob-
ertson and Bell (1984), Rounsevell and Brothers (1984),
Weimerskirch et al. (1989), Williams (1984).

MATERIALS AND METHODS

Localities.—The study was carried out on the Ker-
guelen and Crozet archipelagos, and Amsterdam and
St. Paul islands. These localities range from 37°S to
49°S, and from 50°E to 70°E in the southern Indian
Ocean. They lie in subantarctic and subtropical water
masses, respectively (Fig. 1). Each locality is the breed-
ing grounds of two to four different taxa, including
cases of sympatry (e.g. desolata-belcheri) found no-
where else. For details of climate, local topography,
and vegetation, see Jouventin et al. (1985), Roux and
Martinez (1987), and Weimerskirch et al. (1989).

Prion taxa.—The term taxon will be used in its re-
stricted sense, that is “a population or a group of
populations at any taxonomic level” (Knox and Snow
1987). Belcheri and desolata breed in vast numbers on
Kerguelen (Weimerskirch et al. 1989), and they have
bred on Crozet (Despin et al. 1972), although we did
not find them there in 1982. Turtur breeds at all three
localities (St. Paul Island: Tollu 1984). Salvini breeds
only on Crozet. Two additional taxa will be consid-
ered: macgillivrayi (endemic to Amsterdam and St. Paul,
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and formerly regarded as a subspecies of vittata though
now linked to salvini [Roux et al. 1986)) and crassiros-
tris.

Methods.—Measurements of 453 live adults includ-
ed length of exposed culmen, greatest bill width, wing
and tarsus lengths, and body mass. Turtur and salvini
were studied on Ile de I’Est and Ile aux Cochons (Cro-
zet), and some of these data have been published
(Despin et al. 1972, Derenne and Mougin 1976, Jou-
ventin et al. 1985, Mougin 1985). We studied 40 nests
of desolata and 100 of belcheri on Kerguelen (1985-
1987). The only notes for macgillivrayi are provided
by Tollu (1984). Breeding habitats were determined
from the relative density of burrow entrances (very
abundant, abundant, scarce, or absent) on ca. 400 m2,
Habitats were divided into four classes (see below).
Food samples were collected in January and February
from breeders (see Jouventin et al. 1988 for methods).
Samples from turtur and salvini were obtained in 1982
and analyzed by V. Ridoux. Additional samples for
desolata and belcheri were collected during nighttime
mist-netting in 1986 and 1987 on Kerguelen. Obser-
vations at sea are described in Stahl et al. (1985). Blood
samples were analyzed by electrophoresis of blood
proteins (see Jouventin and Viot 1985 for techniques).
Calls were recorded with a Nagra IV or Uher 4400
tape recorder with a MD 421 Sennheiser microphone.
Because petrel calls vary within and between indi-
viduals (Brooke 1978, Guillotin and Jouventin 1980),
at least 15 calls per individual and, whenever possi-
ble, 20 males of each taxon were used for discriminant
analysis. Salvini was recorded by P. Derenne and J.-L.
Mougin on Crozet in 1975, desolata and belcheri on
Kerguelen in 1987-1988, and turtur on Kerguelen in
1984 and Crozet in 1982. Vittata was recorded on Cod-
fish Island (New Zealand) during postbreeding visits
in April 1986. Crassirostris recordings come from pub-
lished material and New Zealand Television record-
ings.

RESULTS

Morphometrics.—Bill width has been claimed
to be the best diagnostic character (Fleming 1939)
and indeed all pair-wise comparisons between
desolata, belcheri, and salvini were significantly
different (Table 1; ¢-tests, P < 0.01 in all cases).
Some overlap occurred (Cox 1980, Weimer-
skirch et al. 1989). We therefore used a multi-
factorial analysis which ignored body mass be-
cause of its high variability (Table 1). A
discriminant analysis on the measurements of
belcheri and desolata classified 98.5% of the birds
in their proper categories (n = 253). Similarly,
95% of 400 salvini, desolata, and belcheri individ-
uals were classified correctly. The measure-
ments taken from live breeding birds have
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TaBLE 1. Body mass (g) and measurements (mm) of prion taxa from Indian Ocean islands. Range of variation

follows * + SD.

Taxon/locality n Body mass  Bill length  Bill width Tarsus Wing
macgillivray®
Ile St. Paul 11 — 311+ 1.1 173+ 12 36.0 210 £ 5
29.5-32.5 15.7-19.2 34.0-38.0>  190-210
salvini
Ile de I’Est (Crozet) 64 170 = 11 30.2 £ 37 172 +07 34012 195=%5
140-200 28.0-35.3 15.5-18.6 31.2-37.5 185-205
Ile Cochons (Crozet) 89 159 + 13 302 +1.0 169 +08 33811 1925
130-210 27.5-32.5 15.2-18.5 31.0-36.8 184-207
desolata
Ile de I'Est 3 138 + 2 277 + 15 139+13 342+08 185=x4
— 26.0-29.0 12.5-15.0 35.5-35.0 182-190
Ile Nuageuses (Kerguelen) 63 145 + 10 272+ 10 14005 335+ 1.0 187 £ 4
120-169 25.0-29.5 12.8-15.0 31.8-36.3 178-195
Morbihan (Kerguelen) 118 147 + 14 269 + 1.0 135 £ 0.5 341+ 1.2 186 + 4
115-183 24.7-29.5 12.1-14.6 31.5-37.0 176-195
belcheri
Ile de I'Est 4 129+ 9 253 + 1.1 108 07 349+14 183 %4
115-135 24.5-27.0 10.2-11.8 34.0-37.0 177-185
Morbihan 66 145 £ 13 253 + 0.9 114 +04 336 % 1.1 181 + 4
118-180 23.0-27.3 10.2-12.5 31.0-36.0 172-190
turtur
Ile de I'Est 21 139 £ 17 221+ 11 111 £07 325+13 178+ 4
118-169 20.0-24.0 10.2-12.8 30.0-35.0 168-186
Ile Cochons 18 132+ 6 221+ 11 114+ 09 327 +14 180 * 4
122-148 21.0-25.0 10.5-12.2 30.0-36.0 170-185
Ile Nuageuses 15 140 = 20 221 +1.2 115+ 05 331x06 1814
110-175 20.0-25.0 10.6-12.5 32.0-345 174-189
Coefficient of Variation®
10% 3.9% 4.3% 3.6% 2.3%

* Dried specimen.
bn = 30.
¢ Standard deviation divided by the mean.

strong discriminative power even if, as some
authors have objected, they cannot classify each
individual. In an attempt to generalize from
these results, we sought geographic variation
at the level of populations with a principal com-
ponent analysis on 16 populations of the deso-
lata, belcheri, salvini, vittata, and macgillivrayi
group. The results (Fig. 2a) can be summarized
as follows: (1) All taxa were clearly separated
by the analysis (independently of geographic
variation); (2) macgillivrayi was placed far from
salvini and vittata, and not between them (axis
2); (3) desolata displayed a wide variation within
which two groups appeared: one occupied
warmer subantarctic islands, and the other
colder; (4) the three populations of salvini were
highly similar to one another. Similarly, 15 pop-

ulations of the group turtur-crassirostris were
analyzed, using three variables (tarsus length
was excluded as data were missing). Turtur dis-
played a large variation, and the two currently
recognized subspecies (furtur and subantarctica;
Harper 1980) were not separated completely by
the analysis. Further, the three nominal crassi-
rostris subspecies overlapped to a large degree
with turtur (Fig. 2b). Note, however, that sample
sizes were small in some cases and specimens
were included in the samples.

Breeding habitats. —The most abundant petrel
on Crozet was salvini, which was found in every
biotope but favored wet, deep soils under a
dense vegetation cover. Deep soils, either wet
or dry, were also favored by desolata. In contrast,
belcheri favored stony soils, which may be due
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Fig. 2. Principal component analysis on measurements of prions (see text for details). (a) Whale-birds,
axes 1 vs. 2 and 1 vs. 3, with percentage of information explained. (b) turtur-crassirostris, axes 1 vs. 2, dashed
line delimits the two currently recognized subspecies of turtur. ORK = South Orkneys, GEO = South Georgia,
HEA = Heard, FAL = Falkland, GOU = Gough, NZI = southern islands off New Zealand, WHE = Whero,
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TABLE 2. Breeding biotopes of four prion taxa in Indian Ocean, in relation to presence of sympatric species
and type of soil/vegetation on Ile des Cochons, Ile de I'Est (Crozet), and Iles Nuageuses, Suhm, Chat,
Mayes, and Foch (Kerguelen). A dash signifies no petrels; +, ++, +++ are indices of petrel abundance
(scarce to very abundant); blank indicates the absence of the biotope on the locality.

Stones and Dry and Wet and
Taxon Sympatric taxon Locality Stony soil vegetation deep soil deep soil
macgillivray turtur St. Paul ++ — — —
salvini turtur Cochons + ++ +++
turtur Est + ++ —_ +++
— Possession ++ — —
desolata belcheri SW Kerguelen — — ++ ++
belcheri + Halobaena Suhm - — +++
belcheri + Halobaena® Chat — ++ +++
turtur Nuageuses + +++
— Foch — — +++
belcheri desolata SW Kerguelen — +++ — —
desolata + Halobaena Suhm ++ + —
desolata + Halobaena Chat + ++ —
Halobaena Mayes ++ +++ +
— S Kerguelen + +++
turtur salvini Cochons +++ — — —
desolata Nuageuses ++ — - —

* Presence of brown rats (Rattus norvegicus) at low altitude (i.e. vegetated zone).
® Presence of rabbits (Oryctolagus cuniculus), which greatly affects vegetation.

in part to sympatry with desolata, the Blue Petrel
(Halobaena caerulea), or both. Belcheri dug bur-
rows under vegetation when breeding alone
(Table 2). Turtur did not dig burrows either on
Crozet or Kerguelen (in contrast to New Zea-
land [Harper 1976]), but used rock crevices.
However, the small colony on St. Paul was set
in cinder soil, into which turtur excavated its
burrows.

Each taxon thus used a wide range of breed-
ing biotopes. Preferences emerged only under
conditions of sympatry and potential competi-
tion.

Breeding cycle.—Egg laying was well synchro-
nized and lasted <3 weeks. Clear differences in
the laying dates were apparent in situations of
sympatry (Fig. 3). For example, belcheri and de-
solata were separated on average by 40 days,
with no overlap (the last belcheri egg was laid
16 days before the first desolata egg). Fledging
in macgillivrayi occurs at least 4 months after
vittata in New Zealand (Richdale 1944), and 2

weeks after salvini on Crozet (Jouventin et al.
1985). There is a well-marked synchrony within
desolata, belcheri, vittata, and salvini laying and
hatching dates, independent of latitude (and
sea-surface temperature), although desolata from
Macquarie (subspecies alter) may lay 10 days
earlier (Brothers 1986) than other desolata pop-
ulations (Fig. 4). We propose that sympatry does
not involve any change in breeding dates. This
would indicate that breeding dates are not flex-
ible and potentially may be used as taxonomic
characters. Conversely, turtur has the widest
geographical distribution and shows little syn-
chrony (Fig. 4). Its laying dates appear to vary
in relation to sea-surface temperature rather than
latitude (southern New Zealand lies in warmer
waters than Crozet).

Diet and distribution at sea.—We analyzed diets
with respect to frequency of occurrence of prey
(Fig. 5a). Hyperiid amphipods were found in
77% of samples (n = 62). Other crustaceans, such
as copepods (found mostly in salvini), ciripeds

—

PKN = Poor Knights, COO = Cook Strait, MOT = Motunau, CHA = Chatham, ANT = Antipodes, MAC =
Macquarie, MAR = Marion, EST and COC for ile de V'Est and Ile aux Cochons (Crozet), NUA and KER for
Tles Nuageuses and Kerguelen, and StPA = St. Paul. Data from Berruti and Hunter (1986), Cox (1980), Flemming
(1939), Harper (1980), Mougin (1985 and pers. comm.), Richdale (1965), Roux et al. (1986), Strange (1980),

Tickell (1962), and Woehler (pers. comm.).
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Fig. 3. Dates of egg laying for four prion taxa on
Crozet and Kerguelen. When data are detailed, the
cumulative percentage is given. When data are scarce,
timing is given with dashed line. Sample sizes are in
parentheses.

(the main prey of turtur on Crozet), and eu-
phausiids—including Euphausia vallentini (the
only species represented in belcheri samples) and
E. superba (found only in desolata)—were each
characteristic of only one taxon. Fish were rep-
resented substantially by body mass only in bel-
cheri samples. Prey preference of taxa over-
lapped considerably, but the small number of
samples analyzed suggested some differentia-
tion. The diets of salvini and turtur (Fig. 5b) have
been analyzed quantitatively to demonstrate that
these two taxa feed on different prey.

Distributions at sea do not clearly corroborate
the data on diets, largely because of the diffi-
culties of identifying prions at sea. Turtur forage
mostly over continental slopes (Stahl et al. 1985),
whereas desolata/salvini (not separated) forage
extensively over plateaus and near conver-
gences (Stahl et al. 1985) (desolata forages far-
ther south as indicated by the presence of krill
in its diet). Belcheri are rarely seen near the col-
onies, but they seem also to favor the high pla-
teaus, where they feed at night (Harper 1972;
pers. obs.).

Genetic data. —We calculated genetic dis-
tances (Nei 1975) for 24 loci on salvini, desolata,
and belcheri (n = 10 individuals; Viot unpubl.
data). The average distance was 0.077 (0.051 be-
tween desolata and belcheri, 0.067 between de-
solata and salvini, and 0.093 between salvini and
belcheri). These distances are relatively low, but
not extreme and comparable to other studies
(Avise and Zink 1988). Within the Procellari-
iformes, the values take an intermediate posi-
tion between closely related species (0.25 in the
two Pelecanoides species; 0.08 between the two
sooty albatrosses Phoebetria), and sibling (0.0008
in the two Macronectes; Viot unpubl. data) or
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Fig. 4. Comparison of egg-laying and hatching
dates for five taxa of prions at breeding localities ar-
ranged according to latitude. Codes as in Fig. 1 and
Fig. 2. Where data are scarce, timing is shown by
dashed line.

subspecies (0.006 for Calonectris diomedea; Randi
et al. 1989). They are higher than values for
conspecifics or nonprocellariiform sibling
species (Corbin 1983, Avise and Zink 1988).
Electrophoretic data indicate that prions should
not be considered sibling species or conspecif-
ics.

Vocalizations.—The calls of prions are poorly
known (Tickell 1962, Strange 1980). During pair-
formation prions typically use a single call (Bre-
tagnolle in press a), which comprises a series
of syllables of short and long duration (Fig. 6).

Some physical parameters of calls differed
significantly between taxa (Table 3; call dura-
tion and modal frequency). In some pairs of
taxa, however, physical parameters overlapped
(e.g. belcheri-desolata), which indicates that a
multivariate analysis might be appropriate. A
principal component analysis was conducted to
find the most discriminant physical characters
(out of a sample of 23 temporal and frequency
features that describe the call). We performed
discriminant analysis on the six taxa, using only
the six most discriminant variables (call dura-
tion, modal and fundamental frequencies, syl-
lable durations, and number of syllables per
call). This analysis classified 85 of 101 males in
their proper categories. When only the cases of
sympatry were considered (belcheri-desolata[n =
48], belcheri-desolata-salvini [n = 68), and belcheri-
desolata-turtur [n = 65]), the discriminant anal-
ysis classified every bird in its proper category
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Fig. 5. Diets of four prion taxa (sample sizes in parentheses) from Crozet and Kerguelen. Left: Frequency
of occurrence; preys arranged in six classes. Right: Percentages (by weight) of prey items in salvini and turtur
from Crozet (Ridoux, unpubl.).




312

o
i

.

. }N
r‘ i
‘! t

BRETAGNOLLE, ZOTIER, AND JOUVENTIN

],m‘ - i

[Auk, Vol. 107

Q

turtur KER

TIME (SEC)

desolata KER

vittata NZ

W

0

4
‘\‘w\wh’w‘w [ ‘ :

salvini CRO

4

belcheri KER

¢

P Y T P

W11 WY
0 g 1
0.5 1

0

T T T 1
0.5 1 15 2

Fig. 6. Sonograms of calls for five taxa of prions. One call illustrated for each taxon and sex. Frequency

in kiloHertz, time in seconds, codes as in Fig. 2.

(Fig. 7). Conversely, salvini and vittata, which
do not breed sympatrically, were separated only
at 90% (n = 32). We analyzed the calls of only
five crassirostris (from Bounty Island). The calls
displayed a large variability and were not ob-
viously different from the calls of turtur.

DISCUSSION

In his revision, Cox (1980) recognized only
two species among the so-called whale-birds:
the complex vittata-desolata-salvini, and belcheri,
which was of uncertain status in view of hy-
bridization on Kerguelen. Harper (1980) rec-
ognized all four taxa at the species level, al-
though he used the same morphometric criteria.
These authors also differed in their interpre-
tation of turtur and crassirostris.

Desolata-belcheri.—These two taxa breed sym-
patrically in high numbers on Kerguelen (Fig.
1) and provide a natural experiment on breed-
ing isolation. Significant morphological differ-
ences existed between the two, although some
overlap occurred (Table 1, Fig. 2). They also
showed ecological differences in breeding hab-

itat (Table 2), their diets diverged, and their
breeding phenology (Fig. 3) showed a separa-
tion of >2 weeks in egg laying. Moreover, the
date of egg laying was constant among different
populations of each taxa throughout the sub-
antarctic area (Fig. 4). Finally, their calls were
clearly separated (Fig. 7), which suggests that
this may prevent hybridization, because the calls
may act as pre-mating isolating mechanisms
(Dobzhansky 1937). The differences in mor-
phology, ecology, and behavior lead us to con-
clude that desolata and belcheri are closely re-
lated but distinct taxa, which should be ranked
at the species level because reproductive iso-
lation is achieved on Kerguelen. Cox (1980)
thought he could identify hybrids between these
species from specimens collected on Kerguelen.
We neither saw nor caught such birds, and Falla
has relabeled his “Type B” desolata (formerly
thought to be hybrid) as belcheri in 1940 (]. A.
Bartle pers. comm.). Hybridization, if it has ever
existed, remains to be proved. In any case, it
does not invalidate the recognition of the
species.

Vittata-salvini.—These two taxa do not breed
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Fig.7. Discriminant analysis of the calls of four taxa of prions (three breeding in sympatry in each analysis).
Each plot represents a bird (average of 15 calls). See text for details.

sympatrically anywhere, and reproductive iso-
lation cannot be observed naturally. The non-
dimensional Biological Species Concept (which
corresponds to the case of sympatry) must
therefore be extended to a multidimensional
one (corresponding to allopatry) in which re-
productive isolation can only be inferred (Mayr
1982, McKitrick and Zink 1988). Morphological
(including bill color), ecological, and behavior-
al data indicated that two distinct taxa exist, but
rank is unclear. In the morphological discrim-
inant analysis (Fig. 2), the distance between the
two taxa was much greater than the distance
between belcheri and desolata. This suggests that
vittata and salvini are well separated morpho-
logically and, presumably, genetically. Their
calls are different (Table 3, Fig. 7), which sug-
gests that reproductive isolation could theoret-

ically be achieved. Phenology of breeding in
both taxa did not vary with latitude (Fig. 4). We
conclude that vittata and salvini constitute sep-
arate populations that exploit different ecolog-
ical niches and should be ranked at the species
level.

Desolata-salvini. — Although they breed in
sympatry on Crozet, the numbers of desolata
were too small to be considered biologically
relevant. It should be noted that desolata and
belcheriwere located in a mixed colony in which
no salvini were breeding (Despin et al. 1972).
Nevertheless, the two taxa had different calls
(no overlap; Fig. 7). Together with the differ-
ences in their phenology, morphology (Fig. 2),
and genetics, we conclude that these taxa def-
initely constitute two distinct species.

Macgillivrayi.—This taxon deserves special

TaBLE 3. Physical characteristics (¥ £ SD) of prion calls. F1 = Modal frequency; F2 = Following harmonic.
Syl. 1 and Syl. 2 represent the mean number of syllables/call with durations between 0.2-0.4 and 0.4-0.6,
respectively. Taxon crassirostris is not considered in view of insufficient data. * = P < 0.05; ** = P < 0.01;
*** = P < 0.001; NS = not significant.

Taxon n Call length (s) Syl./call F1 (kHz) F2 (kHz) Syl.1 Syl.2
belcheri 27 1.17 = 0.14 57 £ 0.8 0.82 £ 0.07 1.24 + 0.16 0.9 1.5
desolata 24 1.22 + 0.14 49 +1 0.71 + 0.05 1.05 + 0.09 0.2 1.1
salvini 17 0.75 + 0.14 43 +08 0.82 + 0.09 1.34 = 0.12 0.9 0.6
vittata 14 0.75 = 0.11 4.6 = 0.8 0.75 £+ 0.11 1.21 £ 0.17 1.1 0.8
turtur 19 0.66 = 0.17 32+04 0.85 £ 0.09 1.37 = 0.16 0 0.3

t-tests® between taxa
belcheri-desolata NS ** Al wax — —
desolata-salvini b * il row — —
salvini-vittata NS NS NS * — —

* t-tests for temporal and frequency parameters.
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comments in view of the recent debate con-
cerning its affinities. It has been considered as
a subspecies of vittata (Harper 1980), and as a
subspecies of salvini (Roux et al. 1986), the latter
because of the blue color of the bill (vittata is
thus the only taxon with a black bill), bill mea-
surements more like salvini than vittata, and sim-
ilarity of breeding dates. As we did not measure
or record the calls of the live birds, or take
precise breeding data, we are not in a position
to infer a taxonomic ranking for macgillivrayi.
Based on skin measurements, its intermediate
position between salvini and vittata on only some
of the characters (Fig. 2) indicates that it may
equally be considered as a species.

We agree with Harper (1980), and recognize
belcheri, salvini, vittata, and desolata as full species.
Our morphometric analysis indicates that two,
rather than zero (Harper 1980) or three (Tickell
1962), subspecies should be kept for desolata.
Lastly, it is not clear whether turtur and crassi-
rostris are different species, although situations
of sympatry are known. More data are required
on the biology and calls of crassirostris.
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