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Abstract: We offered ripe fruits of tawa (Beilschmiedia tawa), taraire (B. tarairi), and puriri (Vitex lucens) to captive
New Zealand pigeons (Hemiphaga novaeseelandiae) and recorded seed retention times. We also recorded seed
retention times while radio-tracking wild pigeons in Taranaki and Canterbury. We report wild pigeon retention times
for tawa, piriri, miro (Prumnopitys ferruginea), fivefinger (Pseudopanax arboreus), and kahikatea (Dacrycarpus
dacrydioides) seeds. Where data were available for the same plant species from wild and captive pigeons, retention
times were similar. Seed retention time differed significantly among fruit species, and was positively related to seed
mass. Mean retention times ranged from 37—45 min for the two smallest-seeded species (fivefinger and kahikatea) up
to 109—181 min for the three largest species (puriri, taraire, and tawa). We also report the second published instance

of regurgitation by the New Zealand pigeon.

Keywords: frugivory; kerert; regurgitation; seed dispersal; seed size

Introduction

Internal transport of fleshy fruits by avian frugivores
is a widespread seed dispersal mechanism (Howe &
Smallwood 1982). Frugivorous birds and fruiting plants
both encounter a range of trade-offs relating to the length
of time dispersers retain seeds after ingesting fruits. The
treatment of seeds by animal dispersers can have important
consequences for plant reproductive success. From the
plant’s perspective, seed retention time is a trade-off
between dispersal distance and seed viability (Murray et
al. 1994). Longer seed retention times generally result in
greater dispersal distances (Murray et al. 1994; Holbrook
& Smith 2000), but decreased seed viability (Murphy et
al. 1993; Murray et al. 1994; Charalambidou et al. 2003).
For animal frugivores, seed retention time is a trade-off
between absorbing nutrients from the fruit pulp and
eliminating the indigestible seed ‘ballast’ (Snow 1971;
Levey & Grajal 1991). The presence of seeds in a bird’s
gut limits its capacity for food ingestion (Sorensen 1984).
In addition, the weight of seeds increases the energy
expenditure required for flight (Levey & Grajal 1991).
In the New Zealand flora around 70% of trees, 48%
of all woody plants (Burrows 1994), and 12% of all plant
species (Lord et al. 2002) have fleshy fruits that rely on
animals for dispersal. The only native terrestrial mammals
in New Zealand are one extinct and two threatened

species of Microchiropteran bat, which may play a (now
very limited) role in dispersal of small-seeded species
(Lord et al. 2002). Lizards disperse small fleshy fruits
in New Zealand (Whitaker 1987; Wotton 2002), but
most fleshy-fruited species are bird-dispersed. The New
Zealand pigeon, kererl (Hemiphaga novaezeelandiae
novaeseelandiae Gmelin, Columbidae) is a large (c. 650
g; Clout & Tilley 1992), frugivorous pigeon widespread
throughout New Zealand (Clout & Hay 1989). The New
Zealand pigeon plays an important seed dispersal role,
consuming fruits of atleast 70 plant species and defecating
the seeds intact (McEwen 1978; Clout & Hay 1989; Kelly
et al. 2006). It is the largest extant native frugivore, and
the only resident bird easily able to swallow fruits over
14 mm diameter, which are produced by five native trees
(Clout & Hay 1989). The only published seed retention
times in the New Zealand pigeon give a mean of 95 min
for miro (Prumnopitys ferruginea (D.Don) de Laub.,
Podocarpaceae) (Clout & Tilley 1992). Our research
aimed to answer the following questions:

(1) How long does it take for seeds of a range of
native species to pass through the gut of New Zealand
pigeons?

(2) Do seed retention times for New Zealand pigeons vary
among plant species?

(3) Is seed retention time related to seed size?

New Zealand Journal of Ecology (2008) 32(1): 1-6 ©New Zealand Ecological Society



2 NEW ZEALAND JOURNAL OF ECOLOGY, VOL. 32, NO. 1, 2008

Materials and methods

Study sites

We conducted seed passage trials with captive New
Zealand pigeons in outdoor aviaries at Orana Wildlife Park
(43°28' S, 172°28' E) and Willowbank Wildlife Reserve
(43°28'S,172°36' E), in Christchurch, New Zealand. The
aviaries were large enough for pigeons to undertake short
flights, with the exception of one injured individual, which
was unable to fly and was held separately in a smaller
aviary. Captive pigeons were maintained on a diet of sweet
corn, peas, commercially available fruit (e.g. kiwifruit,
Actinidia deliciosa), bread, and seeds. Maintenance food
for the pigeons was placed in the aviaries once a day,
usually around mid-morning.

We radio-tracked wild pigeons in Taranaki and on
Banks Peninsula, Canterbury, New Zealand, which had
been radio-tagged for other studies (Campbell 2006;
R.G. Powlesland, Department of Conservation,
Wellington, New Zealand, pers. comm.). Pigeons in
Taranaki were located in and around New Plymouth city
(39°04'S,174°05' E) innative forest remnants and in urban
parks with mixed native and introduced vegetation. On
Banks Peninsula, pigeons were mostly tracked in Hinewai
Reserve (43°49' S, 173°02" E) and on adjacent farmland.
Hinewai covers 1000 ha of mostly early-successional
native forest (Wilson 1994). One individual was tracked in
the nearby township of Akaroa (4 km east of Hinewai).

Captive trials

We offered captive pigeons native fruits of three species:
tawa (Beilschmiedia tawa (A.Cunn.) Benth. et Hook.
f. ex Kirk, Lauraceae), taraire (B. tarairi (A.Cunn.)
Benth. et Hook.f. ex Kirk), and pariri (Vitex lucens Kirk,
Verbenaceae), all of which are important in the diet of
wild pigeons (McEwen 1978). Both tawa and taraire
have large, dark purple to black fleshy fruits with a single
seed. Tawa fruits are c. 27 X 16 mm containing a single
seed c. 24 x 12 mm (length x diameter; Wotton & Ladley
in press). Taraire fruits are larger than tawa, measuring
c. 32 x 19 mm with a single seed 29 x 16 mm (Wotton
& Ladley in press). Priri has pinkish red, fleshy fruits
measuring 18 x 16 mm (J.M. Lord, University of Otago,
Dunedin, New Zealand, pers. comm.). The dispersal unit
of piiriri (for convenience hereafter referred to as a seed)
consists of between one to four seeds enclosed in a ridged
woody endocarp about 14 mm long, which remains intact
after ingestion (Godley 1971; Webb & Simpson 2001).
Taraire and piiriri fruits were collected in July 2006 from
Wenderholm Regional Park (36°32" S, 174°42' E), near
Auckland, New Zealand, and tawa fruits were collected
in April 2006 from Blue Duck Reserve, Kaikoura, New
Zealand (42°14' S, 173°47" E).

We offered fruits of the three species in separate
trials once or twice to each individual pigeon. Fruits were

offered to 10 pigeons, although only five pigeons in total
(twomales, two females and one of unknown sex) actually
ingested fruits. Twenty fruits of a single species were
placed inthe usual feeding tray in the aviary in the morning
before normal food was made available. We recorded the
times at which fruits were eaten and the number of fruits
caten. Any fruits not consumed within 10 min of the first
fruit being swallowed were removed in order to keep the
range of ingestion times small for seeds in one feeding
bout, and the normal food supply was placed in the feeding
tray. We observed pigeons continuously until all seeds
were recovered, recording the time of each defecation
and the number of seeds defecated. We use the term ‘seed
retention’ to encompass both seeds that were defecated
and those that were regurgitated. ‘Seed passage’ refers
only to those seeds that were defecated. We calculated
seed retention times by subtracting the midpoint of the
time between ingestion of the first and last fruits from
the time of egestion.

Wild seed passage times

We collected data on seed passage times while radio-
tracking wild pigeons from January to April 2006. Pigeons
were fitted with Sirtrack radio-transmitters and located
using Sirtrack TR4 and R1000 receivers and 160 MHz
folding Yagi antennae (Sirtrack, Havelock North, NZ).
We tracked individual pigeons continuously from early
morning for up to 8.5 h. During each tracking session
we recorded the time of feeding observations, noting the
species of any fruit consumed. We also recorded the time
ofany defecations containing seeds, and when these could
be collected identified the seeds to species. We collected
defecations from four male birds in Taranaki, and one of
unknown sex inAkaroa. We determined seed passage times
only for those observations that met the following criteria:
(1) pigeons defecated seeds after the first observed feeding
ona fruitspecies for that day and before repeated feeding on
the same species; or (2) there was a minimum 5-h interval
between the feeding observation and any prior ingestion
of fruit of the same species, and no repeated feeding was
observed on the same species before seed defecation. Note
that this introduces a bias, because passage times from
the first feeding bout in a day are truncated (upper limit
on passage time) when the bird has a second feeding bout
on the same plant. Because birds were very sedentary, we
consider this bias will not greatly skew the results, but it
must be considered. We calculated seed passage times by
subtracting the time at the midpoint of the feeding bout
from the time of defecation (Murray 1988).

Data analysis

For captivetrials we tested for differences in seed retention
time between fruit species, using a two-tailed ANOVA.
For piiriri we were able to test the difference in retention
times between wild versus captive pigeons using a two-
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sample 7-test, in case differences in activity levels of the
birds affect retention times (see Discussion). For fruit
species where we had both wild and captive retention
times we combined all data for that plant to calculate
an overall mean seed retention time, which was used in
subsequent analyses. We used a two-tailed ANova test for
differences in seed retention time between fruit species
(wild and captive data combined). We carried out a linear
regression to determine whether mean seed retention time
was related to mean seed mass across all plant species. In
this analysis we included Clout & Tilley’s (1992) passage
time data for miro seeds in captive pigeons. Air-dried seed
mass data were obtained from Moles et al. (2000) for all
species except tawa and taraire, for which we collected
data from the site at which fruits fed to captive pigeons
were collected. We included seeds that were regurgitated
in all analyses as there did not appear to be any consistent
effect of defecation vs regurgitation on seed retention time,
although the number of observations was too small to test
this. All analyses were carried out using R version 2.1.1
(R Development Core Team 2005).

Results

Captive trials

Captive pigeons appeared unfamiliar with the native
fruits, often dropping fruits repeatedly while attempting
to swallow them. The five pigeons that did not ingest any
fruits made no attempt to swallow them, showing little
interest in the fruits. Tawa fruits were readily ingested
by five pigeons, although retention times were recorded
for only four individuals. Pigeons appeared to experience
considerable difficulty swallowing taraire fruits due to their
large diameter. Nevertheless, in the wild New Zealand

pigeons are often observed feeding on taraire fruits.

The number of fruits ingested during a feeding bout
appears to be limited by both fruit size and the size of the
pigeon’s crop. In a single feeding bout with one species
of fruit offered, captive pigeons nearly always ingested
six or seven puriri fruits, four tawa fruits, or one taraire
fruit (from smallest to largest fruits respectively). Pigeon
defecations contained a single seed of tawa or taraire, or
between one and three piriri seeds.

Seed retention times varied significantly among plant
species within captive trials (F ;o = 4.95, P = 0.014).
Captive-pigeon retention times ranged from a minimum
of 43 min for a piriri seed to a maximum of 5.5 h for the
slowest tawa seeds (Table 1).

We observed two pigeons regurgitate seeds and
fruits during captive feeding trials. The first bird ingested
four tawa fruits during a single feeding bout, and then
regurgitated two partially digested fruits after 57 min
and the other two, fully digested, after 5.5 h. This same
bird also regurgitated a partially digested taraire fruit
after 110 min. The second pigeon regurgitated an intact
taraire fruit after 74 min.

Wild seed passage times

We collected seed passage times in wild pigeons for five
plant species (Table 1), two of which were also used in
captive trials in this study. The number of seeds contained
in wild pigeon defecations varied from one seed for tawa,
and one to three piriri seeds, to more than 10 seeds of
fivefinger (Pseudopanax arboreus (Murray) Philipson,
Araliaceae) and kahikatea (Dacrycarpus dacrydioides
(A.Rich.) de Laub., Podocarpaceae). A single miro seed
was collected from a dropping thatalso contained one pariri
seed. Seed retention times for fivefinger and kahikatea use
defecations rather than individual seeds as replicates. Due

Table 1. Seed retention times (min) for native fruits swallowed by captive and wild New Zealand pigeons. The captive data

for miro are taken from Clout & Tilley (1992).

Plant species Common name Mean SD Range Sample sizes
(seeds, defecations, birds)

Captive

Beilschmiedia tawa Tawa 180.8 100.3 57-330 15,13,4

B. taraire Taraire 137.8 55.3 74-192 4, 4,2

Prumnopitys ferruginea Miro 95.4 25.6 55-140 36, 72,2

Vitex lucens Piriri 91.9 423 43-189 14, 11,2

Wild

Beilschmiedia tawa Tawa 254.0 11.3 246-262 2,2, 1

Vitex lucens Pariri 122.4 66.3 63-269 17,10, 3

Prumnopitys ferruginea Miro 80.0 - - L 1,1

Dacrycarpus dacrydioides Kahikatea 44.5 2.1 43-46 - 2,1

Pseudopanax arboreus Fivefinger 37.4 9.9 19-50 - 9,1
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to the small seed size for these two species we were unable
torecover and count all seeds. Although we recorded wild
passage times for only a small number of seeds, these
were consistent with times recorded for captive pigeons
(Table 1). Paririretention times did not differ significantly
among captive and wild pigeons (means of 92 and 122
min respectively, t,9 = —1.487, P = 0.148). The two tawa
seed passage times we collected from wild birds were
within the range for our captive birds (Table 1), and the
single miro seed passage time of 80 min we recorded in
the wild was also comparable to the mean for captive birds
of 95.4 min given by Clout & Tilley (1992).

Differences among species

The overall mean seed retention time for pigeons in
our data was 120 = 82 min. Mean seed retention time,
combining captive and wild data, was 108.6+57.9 min for
puriri and 189.4 + 97.0 min for tawa. Seed retention time
differed significantly among fruit species across wild and
captive samples combined (F’s sg=7.18, P <0.001), and
was significantly affected by seed mass (Fig. 1; adjusted
R?=0.687, regression equation = 55.61 + 47.22x, Fi4=
11.96, P = 0.026).
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Figure 1. Relationship between mean seed mass and mean
seed retention time for six fruit species consumed by wild
and captive New Zealand pigeons. Seed mass data are from
Moles et al. (2000), except for tawa and taraire measured at
our sites. The relationship was significant (see text).

Discussion

Seed retention times are relatively long in New Zealand
pigeons compared with other avian frugivores. Small
passerines typically defecate seeds within an hour of
ingestion (Sorensen 1984; Murphy et al. 1993), and often
within 20 min (Levey 1987; French 1996). This contrasts
with New Zealand pigeon seed retention times, which
range from 19 to 330 min, with an overall mean of 2 h.
However, given the large size of New Zealand pigeons
ourresults are consistent with evidence that seed retention
time increases with frugivore body size (Herrera 1984;
Levey 1986; Holbrook & Smith 2000). As long retention
times tend to produce greater dispersal distances, the large
size and long retention times of New Zealand pigeons
accentuate their importance as dispersers.

The relationship between seed passage time and seed
size appears to be inconsistentamong avian seed dispersers.
Seed passage time in New Zealand pigeons increases with
increasing seed size, which agrees with results reported
foranumber of other studies (Sorensen 1984; Holbrook &
Smith 2000; Westcott etal. 2005). However, other authors
show either a negative relationship (Levey 1986; Levey
& Grajal 1991; Stanley & Lill 2002; Fukui 2003), or no
relationship between seed passage time and seed size (Sun
et al. 1997). It appears that other characteristics of both
fruits and dispersers also influence seed passage time. For
example, some birds may process carbohydrate-rich foods
more rapidly than lipid-rich ones (Afik & Karasov 1995).
Lipids require more time to digest and absorb than simple
sugars (Witmer & Van Soest 1998). Specialist frugivores
can also have a more rapid gut passage rate than other
birds (Herrera 1984).

Frugivores face conflicting demands between
retaining fruits for a sufficient period of time to assimilate
nutrients and discarding the indigestible seed as rapidly
as possible (Murray et al. 1994). Regurgitation is a
common method overseas of rapidly processing large
seeds, where birds regurgitate large seeds and defecate
smaller ones (Johnson et al. 1985; Levey 1986, 1987,
McConkey et al. 2004). Nevertheless, we know of only
three records of regurgitation in New Zealand: a single
pigeon regurgitating a puriri fruit (McEwen 1978);
Hemiphaga novaezeelandiae chathamensis Rothschild
regurgitating Myrsine chathamica F. Muell. (Myrsinaceae)
fruits on Chatham Island (R.G. Powlesland pers. comm.);
and South Island robins casting pellets containing berry
seeds (Powlesland 1979).

Regurgitation may be under-reported as it is difficult
to observe in dense forest where pigeons are often found.
However, it does not seem to be common, and the New
Zealand pigeon does not use regurgitation as a means
of rapidly eliminating large seeds. Although there were
too few data for formal testing, regurgitation times were
comparable to defecation times, and most regurgitated
fruits were incompletely digested. Pigeons thus gain little
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benefit from regurgitation in terms of rapid seed processing
or nutrient assimilation, and may regurgitate fruits only
when stressed (McEwen 1978).

Seed passage trials conducted with captive birds
have limitations (Holbrook & Smith 2000) because
captive birds are likely to be relatively inactive compared
with wild ones and seed passage times may therefore be
slower. However, feeding by the New Zealand pigeon in
the wild is often followed by a long period of inactivity
(McEwen 1978; DMW unpubl. data), as also reported for
frugivorous birds and bats overseas (Levey & Grajal 1991).
We found that seed retention times were similar for wild
and captive birds, but this conclusion remains tentative
until more data are available. Wild-bird seed retention
times are notoriously difficult to measure and there are
few previously published estimates (Howe 1977; Howe
& Vande Kerckhove 1981; Wheelwright 1991).

In addition, the diet of captive birds may differ
considerably from that of wild birds. Individual birds in
captivity can modify their gut processing rate in response
to changes in diet (Afik & Karasov 1995). The captive
diet of the New Zealand pigeons we used differed from
that of wild pigeons, although it did include fruit.

Seed dispersal distance is a function of frugivore
movement patterns and seed retention times (Westcott et
al. 2005). Our results enable estimation of seed dispersal
distances by the New Zealand pigeon for a range of plant
species, which we will report in a subsequent paper.
Meanwhile, it is apparent that seed retention times of
up to five and a half hours combined with seasonal
movements of tens of kilometres (Clout et al. 1986,
1991) indicate the potential for effective seed dispersal
over long distances by the New Zealand pigeon. Such
dispersal is increasingly important in conservation terms,
for maintaining metapopulation integrity in native forest
remnants separated by farmland.
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