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Can Prilinopus greyii (Columbidae) Disperse Seeds
in New Caledonia’s Dry Forests?'

Facques Tassin,?3 Mélanie Boissenin,* and Nicolas Barré®>

Abstract: Conservation of endangered habitats of South Pacific islands is par-
tdally dependent on activity of seed dispersers. In consuming fruits, animals can
spread seeds from parent plants to distant sites, thus contributing to plant regen-
eration and colonization of new sites. In the dry forests of New Caledonia, the
red-bellied fruit-dove, Ptilinopus greyii, is a potential disperser of many fleshy-
fruited species. Trials with a captive bird showed that gut passage enhanced
seed germination for Diospyros fasciculosa and Mimusops elengi but not for Vitex
cf. collina, compared with whole fruits. Gut passage did not shorten duration of
seed dormancy, which is consistent with evidence of a simple deinhibition effect
tor D. fasciculosa and M. elengi. Minimum Retention Time (MRT) of seeds in
the gut differed significantly between the three tree species, from a mean of
17.4 min for D. fasciculosa to a mean of 52.4 min for M. elengi. These times are
longer than observed foraging times in fruiting trees, potentially making this

fruit-dove an effective seed disperser.

TroPICAL DRY FORESTS are the most endan-
gered ecosystems of New Caledonia (Gilles-
pie and Jaffré 2003). As with many other
endangered habitats of South Pacific islands,
their conservation is partially dependent on
the activity of seed dispersers (Cox et al.
1991, Carlquist 1996, Meehan et al. 2002,
McConkey et al. 2004, Harbaugh and Bald-
win 2007, Tassin et al. 2008). By consuming
fruits, animals can spread the seeds from the
parent plants to distant sites, thus contribu-
ting to plant regeneration and colonization
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of new sites (Willson and Traveset 2000). In-
formation is still lacking on the precise role
of seed-dispersing animals, such as identify-
ing the plant species dispersed and the ani-
mals’ effectiveness in their dispersal.

In New Caledonia, our knowledge of the
role of birds in seed dispersal is still based es-
sentially on unpublished observation. To our
knowledge, the only New Caledonian dry-
forest species about which information has
been published is sandalwood (Santalum aus-
trocaledonicum) (Tassin et al. 2008). Broad
programs to conserve the dry forests of the
country are operating in the absence of ef-
forts to understand and promote their regen-
eration. Yet, understanding and promoting
plant regeneration are crucial to assure the
long-term conservation of dry forests (Janzen
2002).

Germination enhancement has been con-
sidered to be one of the principal advantages
of seed ingestion by frugivorous animals and
may be a crucial component of disperser ef-
fectiveness (Van der Pijl 1982, Traveset et al.
2007). Ingestion of seeds by frugivorous birds
can affect germination in two ways: (1) me-
chanical or chemical alteration of seed coat
structure in the gut (scarification effect), and
(2) removal of chemical compounds in the
pulp that would inhibit germination if left
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in contact with seeds (deinhibition effect)
(Mayer and Poljakoff-Mayber 1982, Agami
and Waisel 1986, Traveset and Verdu 2001,
Samuels and Levey 2005). Ideally, a study on
the effects of gut passage on seed germination
should disentangle deinhibition and scarifica-
tion effects (Robertson et al. 2006, Traveset
et al. 2007).

Ptilinopus is a fruit-dove genus (Columbi-
dae) that occurs from Southeast Asia via
Wallacea and the Philippines to Australia
and the Pacific. This is a large genus with
roughly 50 species and includes some extinct
taxa (Brooke and Jones 1995, Steadman and
Freifeld 1999, Brown and Hopkins 2002).
Ptilinopus species are considered to be active
dispersers of seeds from fleshy-fruited trees,
including in the dry forests of New Caledo-
nia. We surveyed the foraging behavior of
birds on fruits of dry-forest trees; we ob-
served that the red-bellied fruit-dove (Ptilino-
pus greyii Bonaparte) fed mainly on nine
species (Boissenin et al. 2006).

In this paper, we explore the potential of
the red-bellied fruit-dove to be a dissemina-
tor of seeds of Diospyros fasciculosa F. Muell.,
Mimusops elengi L., and Vitex cf. collina (Veil-
lon 7016). We considered these species as
plant models, locally common fleshy-fruited
trees growing in the habitats and included in
the nine species fed upon by P. greyii. Our
objectives were to assess, for each of the three
tree species, the effect of fruit ingestion by P.
greyii on seed germination and the retention
time during gut passage.

MATERIALS AND METHODS

Dry forests are found up to 300 m above sea
level on the leeward side of New Caledonia,
with rainfall not exceeding 1,100 mm per
year (Gillespie and Jaffré 2003). They origi-
nally covered a land area of between 1,000
and 4,500 km?, but during the last three mil-
lennia human activities have reduced their
total area to about 1% of the original cover.
Their high level of fragmentation reduces
gene fluxes, making long-distance seed dis-
persal (between fragments) crucial.

The red-bellied fruit-dove is a forest bird
species widely distributed in both New Cale-

PACIFIC SCIENCE - October 2010

donia and Vanuatu (Gibbs et al. 2001). It can
be found in diverse wooded habitats, includ-
ing dry and rain forests, secondary forest,
savanna woodlands, suburban gardens, and
close to tribal and village settlements. It is
extremely common on the Loyalty Islands
(Barré et al. 2006) and on Pine Island but un-
common on the New Caledonian mainland,
where it is restricted to some dry-forest areas
or low-elevation woodlands (Barré et al.
2007).

We used a single bird maintained in an
aviary to test the effect of gut passage on
seed germination. Ripe, dark purple fruits of
Diospyros fasciculosa and Vitex cf. collina were
randomly collected from trees in a remnant
of dry forest located in Pointe Maa, near
Nouméa. Ripe fruits of Mimusops elengi were
collected from trees in the Malhec dry forest
in northern New Caledonia. Fruits were
transported to the laboratory using a cool-
bag to prevent them from drying or fer-
menting. We immediately measured fruit
size (equatorial and polar diameters) and
weighed both fruits and seeds, then deducing
pulp weight. We calculated the ratio R, s be-
tween the mass of pulp (p) and the mass of
the fruit (f) (see Table 1). Birds swallow
ovoid fruits with the long axis parallel to the
length of the bill, so that the upper size limit
of a fruit that can be swallowed is determined
by its equatorial diameter (Meehan et al.
2002).

Fruits of each species were prepared in
three ways. In Batch A, intact fleshy fruits
were put into germination conditions. In
Batch B, seeds were manually extracted,
rapidly washed, and put into germination
conditions. In Batch C, fruits were fed to the
captive bird and seeds were collected sepa-
rately from the droppings, rapidly washed,
and put into germination conditions. The
seeds were put into germination conditions
the same day, as soon as possible after defeca-
tion. Seeds in fecal droppings generally oc-
curred in clumps (Hegde et al. 1991). Each
treatment (A, B, and C) was replicated four
times using 25 seeds, except for ingested
seeds of D. fasciculosa, which had a sample
size of 36.

Because conditions in growth chambers
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TABLE 1
Values of Seed Traits and Seed Retention Time of the Three Species Studied
Fruit Traits MRT? (min)
Tree Species m PD (mm) ED (mm) Mass (g) R,s m  Mean+SD  Min. Max.
Diospyros fasciculosa 100 141 £ 09 114 £ 1.2 1.5+03 087 75 174 + 2.7 14.0  20.50
Mimusops elengi 100 186 +09 157+05 2.6+03 0.80 17 524 +13.1 40.2 73.6
Vitex cf. collina 100 11.8+1.2 10.5 + 1.2 1.2+02 056 75 273 +13 25.5 29.0

“ PD, polar diameter; ED, equatorial diameter; R, ¢, ratio between the mass of pulp and the mass of fruit.

? MRT, Mean Retention Time.

are generally favorable, they can obscure
significant differences between treatments
(Traveset and Verdu 2001). Consequently,
batches were monitored in a room where the
temperature was close to ambient. Batches
were sown on a substrate composed of coco-
nut fibers and were regularly watered. Twice
a week, the dishes were examined, and germi-
nated seeds were counted and removed to
reduce any possible effect on the remaining
ungerminated seeds. Germination was de-
fined as the emergence of the rootlet from
the seed or fruit. For the germination re-
sponse, we considered the germinability, G
(defined as the proportion of seeds that ger-
minated during the monitoring period, which
was long enough to approximate time to final
germination), and the length of dormancy,
Ty (defined as the time elapsed from sowing
until first germination) (Scott et al. 1984,
Traveset and Verdu 2001). We also measured
the Minimum Retention Time (MRT) of
seeds during gut passage. The bird was of-
fered 12 ripe fruits of one of the plant species
plus water ad libitum and the time was re-
corded. Then, the first appearance of the
seeds by defecation was recorded (Barnea
et al. 1991). Each treatment was replicated
five tmes. Mann-Whitney and Kruskal-
Wallis nonparametric statistical tests were
used for comparisons between treatments.

RESULTS

Fruit measurements are reported in Table 1.
Considering the diverse fruit traits, Diospyros
fasciculosa tended to have intermediate values,
Mimusops elengi showed the highest values,

and Vitex cf. collina the smallest ones. No fruit
or seed was observed to be regurgitated. Ob-
servations during the trial showed that fruits
were easily and rapidly ingested.

Seeds were monitored during 269 days
(ca. 9 months) for D. fasciculosa, 145 days for
M. elengi (ca. 5 months), and 95 days (ca. 3
months) for V. cf. collina. The cumulative
percentage of seeds germinated is shown in
Figure 1.

For D. fasciculosa, gut passage enhanced
germinability compared with that of whole
fruits (U=0.0, P=.019, x’ =5.463) but
did not differ significantly from results with
the pulp removed by hand (U=5.0,
P =386, x*=0.750). For M. elengi, gut
passage enhanced germinability compared
with that of whole fruits (U = 1.0, P = .043,
7* =4.083) but not compared with seeds
whose pulp was removed (U= 7.5, P = .882,
z? =0.022). For V. cf. collina, gut passage
did not enhance germinability compared
with that of whole fruits or pulp removal
(same statistical values: U = 12.5, P = .180,
x> = 1.794). Length of dormancy T, did not
differ among fruit treatments for any species
(D. fasciculosa: Ty = 182 + 19 days; M. elengi:
Ty =38 & 11 days; V- cf. collina: Ty =26 + 4
days).

Data on MRT are given in Table 1. MRT
differs significantly among the three species
(K=42.1, P < .001). MRT was significantly
higher for M. elengi (MRT = 52.4 min)
than for D. fasciculosa (MRT =17.4 min,
K=339, P<.001) and V. cf. collina
(MRT =273 min, K=308, P <.001).
Moreover, MRT was higher for V. cf. collina
than for D. fasciculosa (K = 7.6, P = .006).
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DISCUSSION

The rather small size of seeds was probably
responsible for the absence of regurgitation.
Small seeds, which are retained longer, are
more likely to be dispersed on long distances
by birds than large ones, which are regurgi-
tated (Hegde et al. 1991). For D. fasciculosa
and M. elengi, gut passage resulted in a simple
pulp removal effect; further facilitation of
germination due to scarification of the seed
coat was not observed. For V. cf. collina, the
absence of effect from gut passage can be ex-
plained by the absence of inhibition from
pulp, which was also supported by the lack
of effect of artificial pulp removal, compared
with whole fruits. Moreover, no scarification
effect was noted. The inhibition effect of
pulp observed in D. fasciculosa and M. elengi
may be related to their pulp compositions.
A high sugar content in the pulp of mature
fruits induces a high osmotic pressure, which
may inhibit germination (Samuels and Levey
2005). The sugar content of the pulp of D.
fasciculosa and of M. elengi is higher than that
of V. cf. collina. (Boissenin et al. 2006).

Our results are consistent with previous
reviews on the effect on germination of seed
passage through vertebrate frugivore guts,
showing that the enhancement of germina-
tion is commonly caused mostly by pulp
removal rather than by scarification (Robert-
son et al. 2006).

Unlike the situation with the cloven-
feathered dove Drepanoptila holosericea 'Tem-
minck and sandalwood, in which seeds were
abraded during gut passage, shortening the
length of dormancy (Tassin et al. 2008), gut
passage did not shorten the duration of seed
dormancy in any of the tree species we
studied. This result is consistent with the evi-
dence of a simple pulp deinhibition effect for
D. fasciculosa and M. elengi. More rapid germi-
nation can be either beneficial or detrimental,
depending on the ecological conditions pre-

Ficure 1. Variation in percentage seed germination with
the number of days after sowing of (#) Diospyros fascicu-
losa, (b) Mimusops elengi, and (c) Vitex cf. collina, compar-
ing three treatments: digestion of fruits (gut passage) by
Ptilinopus greyii, pulp removed (seeds only), and whole
fruits.
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vailing in the habitat (Kelly et al. 2004, Peco
et al. 2006). For D. fasciculosa, about 6 months
of dormancy is necessary to ensure that ger-
mination occurs during the humid season, be-
cause fruit maturation peaks at the beginning
of the dry season (C. Chambrey, unpubl.
data). Shortening this delay would likely re-
duce seedling establishment in this species
and not enhance regeneration.

We provide evidence for the potential role
of Ptilinopus greyii in the dispersal of fleshy-
fruited dry-forest species: seed germination
is enhanced for two (D. fasciculoss and M.
elengi) of the three tree species, but seed
movement is assured for the three species.
Considering data gathered on other Ptilinopus
species (Brooke and Jones 1995, Stedman and
Freifeld 1999), we assume that P. greyii can
easily disperse seeds from fruits with a diame-
ter of up to 20 mm, and the results obtained
with M. elengi suggest that some larger fruits
can also be dispersed. Thirty-three (85%) of
39 fleshy-fruited dry-forest species studied
previously on New Caledonia met the size
criterion (Boissenin et al. 2006).

Additional research on bird movements
and the distances that seeds can travel during
gut passage would be of interest. The mean
visit length of P. greyii foraging in a dry forest
tree is 4.1 min (Boissenin et al. 2006), which
is far less than the MRT. Moreover, the red-
billed fruit-dove is a rapid flyer (N.B., pers.
obs.). Thus, it is likely that it carries seeds
over long distances including between islands,
at least occasionally.
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