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The Providence Petrel Pterodroma solandri was studied on Lord Howe lsland during the 2000 breeding season.
Molecular sexing was conducted on feather samples taken from 18 pairs of breeding birds. Morphological
measurements taken from these sexed birds indicate that males were significantly heavier than females (mean mass of
males 507.2 + 41 .5 9; females 476.6 t 44.7 9) and had a significantly longer culmen (males 36.5 t 1.1 mm; females 35.5
r 1.3 mm). This study confirms earlier evidence, based on small sample sizes, that Provtdence Petrels are indeed
sexually dimorphic. Sexual dimorphism has only been positively identified in two other Pterodroma. The ability to sex
individual Providence Petrels using this DNA analysis provides a means to investigate sex-specific differences in
foraging and breeding behaviour.

INTRODUCTION

Lord Howe Island and a small island off Norfolk Island
(Philip lsland) support the only known breeding populations of
the Providence Petrel Pterodroma solandri in the world
(Fullagar et al. 1974); consequently the species is listed as
vulnerable under both the 2000 IUCN Red List of Threatened
Animals (Criteria D2) and the New South Wales Threatened
Species Conservation Act 1995, although it is not listed under
commonwealth legislation (Envircnment Protection and
Biodiversity Conservation Act 1999). On Lord Howe Island,
Providence Petrels breed predominantly on Mt Lidgbird and Mt
Gower, with smaller populations occurring at lower elevations
on the southern section of the island (Fig. 1).

Adult body mass among the Pterodroma is highly
variable, ranging from 163 grams for Pycroft's Petrel P
pycrofti to 525 grams for the Great-winged Petrel P
macroptera macroptela (Warham 1990). The Providence
Petrel is at the heavier end of the scale, although prior to this
study, morphometric data were scant and based on small
sample sizes. Data provided in Marchant and Higgins (1990)
suggest that the average mass of males (517.6 x.64.32 g,
443-600 g, n = 3) is greater than that of females (423.5 t 9.40
g, 414433 g, n = 2).

Wing length has been measured by Murphy and Pennoyer
(1952) at 306.1 t 5.45 millimetres (296-317 mm, n = 25) for
males and 302.1 x.7.59 millimetres (284-316 rnrn, n = 58) for
females. The method used to sex these birds was not
mentioned by the authors, although it was probably by
dissection and internal examination. In Providence Petrels. the
bill is laterally compressed and considerably hooked (Bailey
et al. 1989). The culmen measures 34.6 + 1.05 millimetres
32.7 -37 .l mm. ,? = 25) in males and 34.3 + I . 18 mill imetres
(30.1-36.2 mm, r? = 58) in females (Murphy and Pennoyer
1952). Tarsi are rounded anteriorly with some slight
compression, and have been measured at 42.6 + 1.09
mill imetres (40.944.1 rlm, n = 25)for males and 41.8 t 1.04
millimetres (39.144.6 mm, n = 58) for females (Murphy and

Pennoyer 1952). Despite males having slightly larger wings,
culmen and tarsi, Murphy and Pennoyer (1952) found that the
differences between sexes were not significant enough to
conclude sexual dimorphism in this species.

The ability to sex individual Providence Petrels provides a
means to investigate sex-specific differences in foraging and
breeding behaviour. Unfortunately many bird species are very
difficult to sex in the hand (Robertson €/ al. 2000),
particularly seabirds. Based on the information available
(Murphy and Pennoyer 1952; Marchant and Higgins 1990), it
appears that male Providence Petrels are slightly heavier and
have longer wings, culmen and tarsi. Some studies have used
a discriminant analysis function to sex birds (Anderson 1975;
Fullagar and Disney1981; Johnstone and Niven 1989), which
is able to determine particular morphological characteristics
that distinguish between sexes. Unfortunately this technique
can be quite restrictive (Johnstone and Niven 1989) and is also
subject to high error. Johnstone and Niven (1989) suggested
that the inclusion of mass would restrict this procedure to the
start of the incubation period, given changes in mass over the
season. Nowadays most studies are using DNA analysis as a
tool for sexing individuals. Molecular analysis is currently the
most feasible and accurate (99.997o) method for determining
sex (Griffiths et al. 1998). Another advantage of molecular
analysis is that it can be conducted throughout the year.

Much morphological information regarding the
Providence Petrel is still lacking and it is unclear whether this
species is sexually dimorphic based on previous research.
Small sample sizes provided by Marchant and Higgins ( 1990)
and lack of infbrmation regarding the method used for sexing
by Murphy and Pennoyer (1952) necessitate a more rigorous
study to support their findings. This study will therefore use
molecular analysis to accurately sex individuals and
determine if this species is sexually dimorphic. Such
information will be used in other studies of this species to
determine any sex-specific differences in foraging and
breedins behaviour.
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METHODS

Lord Howe Island (31'33'5, 159"05'E) is located in the
South Pacific Ocean, 770 kilometres northeast of Sydney and
800 kilometres northwest of New Zealand (Hutton 1991). Birds
were studied on the summit of Mt Gower (Fig. l).

In total, 36 adults were weighed and measured over a one-
week period during chick rearing in 2000. Adults were weighed
to + 5grams in calico bags using a 1000-gram Pesola spring
balance. Weights were only taken after adults had finished
feeding their chick. Culmen lengths and tarsus lengths were
measured to + 0.05 millimetres using dial callipers, and the
maximum flattened chord (wing) of each bird was measured to
+ 1.0 millimetre using a butt-stopped ruler. Adults were banded
with individually numbered, stainless steel bands provided by
the Australian Bird and Bat Banding Scheme.

Each bird was sexed by Dr. David Groth from molecular
analysis of DNA taken from feather samples. Contour feathers
were collected from the mantle using tweezers and stored in lock-
tight plastic bags. Only feathers containing the node were kept.
Feathers were sexed in the laboratory by extracting the DNA
material from skin cells inside the feather shaft to detect the
presence of a particular sex-linked gene (followin g Giffrths et al.
I 998). This test gives an accuracy of 9999% and is considered a
better alternative than sexing adults from cloacal examination
(Serventy 1956) or from vocalisation (Warham 1990).
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The mass and morphometric measurements of each DNA-
sexed bird were compared using paired t-tests (to avoid
pseudoreplication of data, following Gray and Hamer 2001) to
determine if, based on these particular morphological features,
sexual dimorphism existed.

RESULTS

The DNA analysis confirmed the sex of 18 male/female
breeding pairs. The mean mass of these males (507.2 x. 41.5 g,
n = 18) and females (476.6 x.44.7 g, n = l8) were found to be
significantly different (Paired t-test: tlJ = 3.6, P = 0.002).
Similarly, culmen measurements were significantly different
between males and females (36.5 t 1.1 mm and 35.5 + 1.3 mm,
respectively, n = 181' Paired t-test: tll = 2.8, P = 0.012). No
significant differences between sexes were found for tarsus
measurements (Paired t-test tl,7 = l.l, P = 0.311), or wing
chord (Paired t-test: /15 = 0.7, P = 0.526). Table I provides a
comparison of measurements and weights taken from male and
female birds.

DISCUSSION

The mean mass of adult Providence Petrels in this study was
507 grams for males and 471 grams for females (n = 36). These
mass figures are somewhat different to those in Marchant and
Higgins (1990), although this may be a function of their smaller
sample size (n = 5). Murphy and Pennoyer (1952) found slight
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Figure l. The location of the study area on Lord Howe Island.
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Sample size
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507

41.5

420440

'18

? 4 6

1 . 1

34.9-38 1

1 8

45.3
1 1
t . l

42.5-46.8

1 7

306

5.8

296-320

TABLE 1

Mass and lengths of culmen, tarsus and maximum
flattened chord (MFC) of DNA sexed Providence Petrels

in 2000

Males Females

0.01Vo enor). Even though birds were found to be sexual
dimorphic in this study it is suggested that other researchers
should collect feathers and conduct DNA analysis to accurately
sex individuals. DNA analysis can also be conducted at any time
of the season, although there is lag time with the analysis.

The ability to sex individuals enables sex-specific differences
in behaviour to be identified (Merton et al. 1984: Gonzdlez-Solis
et al. 2000). This DNA analysis has been essential to other
Providence Petrel studies investigating differences in foraging
and breeding behaviour between sexes (Bester 2003).
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differences with wing length, culmen and tarsi between sexes,
although results were not statistically significant. Results from
this study support Murphy and Pennoyer's (1952) findings, with
the inclusion of significant differences found with culmen length
between sexes.

Thus, this study has shown that Providence Petrels are indeed
sexually dimorphic based on greater mass and culmen lengths of
males. Sexual dimorphism has only been recorded definitively
for two other Pterodroma species: Trindade Petrel Pterodroma
arminjoniana (Murphy and Pennoyer 1952),Grey-faced Petrel P
m. gouLdi (Imber 1971;Johnstone and Niven 1989) and possibly
in Gould's Petrel Pterodroma leucoptera leucoptera (Hindwood
and Serventy 1941). All studies except for Hindwood and
Serventy (1941) found that males were significantly heavier than
females, while studies on the Grey-faced Petrel also recorded
longer and deeper bills in male birds. Male Gould's Petrels were
found to have longer culmen lengths (Hindwood and Serventy
1941), however, sample sizes were too small to positively support
sexual dimorphism in this species (n = 5 males; n = 3 females).
Johnstone and Niven (1989) used a discriminant function to sex
Grey-faced Petrels with eight per cent error. A discriminant
analysis function was also applied to the Providence Petrel,
although it was subject to I I per cent error based on greater mass
and larger culmen length of males (Bester 2003). Thus,
Providence Petrels should not be sexed in the hand using this
technique as DNA analysis proves to be more reliable (only


