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AGRICULTURAL COCONUT FOREST AS HABITAT FOR
THE CRITICALLY ENDANGERED TUAMOTU KINGFISHER
(TODIRAMPHUS GAMBIERI GERTRUDAE)
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ApsTrACT.—The effects of anthropogenic habitat modification are evident on tropical Pacific islands where forests have been
extensively converted to plantations of Coconut Palm (Cocos nucifera). We evaluated resource selection in the critically endangered
Tuamotu Kingfisher (Todiramphus gambieri gertrudae), which is confined to a single population on the low-elevation island of Niau
Atoll in French Polynesia. Our analyses indicate that resources associated with foraging underlie space use and habitat selection of
Tuamotu Kingfishers at multiple spatial scales. At the island scale, the occurrence of the species was best predicted by habitat features
associated with foraging opportunities, including agricultural coconut forest with open understory, hunting perches, and exposed
ground. Conversely, the species’ distribution was negatively associated with undisturbed vegetation, including primary feo forest
and fallow coconut plantation. At the home-range scale, utilization distributions of radiomarked Tuamotu Kingfishers also indicated
that birds selected agricultural coconut forest and least preferred native feo forest. Observations further indicated that foraging birds
selected coconut plantations managed with prescribed burning for hunting. The Tuamotu Kingfisher is a rare example of a threatened
tropical species that likely benefits from agricultural management, and our findings provide support for conservation strategies based on
establishing rescue populations on other islands with coconut plantations. We suggest that incorporating agricultural coconut forests
into conservation planning could help prevent the extinction of several kingfisher species that historically relied on the natural broadleaf
habitats that are now almost entirely absent from insular Pacific Oceania. Received 13 August 2010, accepted 22 February 2011.

Key words: coconut agriculture, foraging habitat, Pacific islands, prescribed burning, resource selection, Todiramphus gambieri,
Tuamotu Kingfisher.

Les plantations de cocotiers comme habitat d’une espéce en danger
critique d’extinction, Todiramphus gambieri gertrudae

REsuMmE.—Les effets de la modification anthropique de I'habitat sont évidents sur les iles tropicales du Pacifique ou les foréts ont été
extensivement converties en plantations de Cocos niscifera. Nous avons évalué la sélection des ressources chez Todiramphus gambieri
gertrudae, une espéce en danger critique d'extinction limitée a une seule population sur 'ile a basse altitude de Niau Atoll, en Polynésie
francaise. Nos analyses indiquent que les ressources associées a la quéte de nourriture sont a la base de l'utilisation de l'espace et de la
sélection de I’habitat par cette espéce a plusieurs échelles spatiales. A I'échelle de I'ile, les caractéristiques de I'habitat associées a des
opportunités d‘alimentation, telles que les plantations de cocotiers avec un sous-étage ouvert, des perchoirs de chasse et un sol exposé, sont
les facteurs qui permettent le mieux de prédire la présence de I'espéce. A I'inverse, la répartition de l'espéce était négativement associée a une
végétation non perturbée, telle que les foréts primaires et les plantations de cocotiers en jachére. A I'échelle du domaine vital, la répartition
des individus munis d'émetteurs a également indiqué que les oiseaux ont sélectionné les foréts agricoles de cocotiers et ont moins préféré
les foréts primaires. Les observations ont de plus indiqué que les oiseaux en quéte alimentaire ont sélectionné les plantations de cocotiers
gérées al'aide du bralage dirigé pour la chasse. T. gambieri gertrudae constitue un exemple rare d'une espéce tropicale menacée susceptible
de bénéficier de la gestion agricole. Nos résultats soutiennent les stratégies de conservation basées sur I'établissement de populations de
sauvetage sur d'autres iles possédant des plantations de cocotiers. Nous suggérons que le fait d'incorporer les foréts agricoles de cocotiers
dans la planification de la conservation peut aider a prévenir l'extinction de plusieurs espéces de martins-pécheurs qui dépendaient par le
passé des habitats naturels de feuillus qui sont désormais pratiquement absents des iles d’Océanie, dans le Pacifique.
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IsLAND BIRDS AccOUNT for 90% of human-caused avian ex-
tinctions, and the trend will likely continue, given that Pacific
islands currently host the greatest number of threatened species
(Johnson and Stattersfield 1990). In French Polynesia, for example,
18 of 25 endemic landbird species are threatened with extinction
(Gouni and Zysman 2007). Threats are based on human activity
and include introduced species, habitat loss, and hunting (Milberg
and Tyrberg 1993, Steadman 1997, Blackburn et al. 2004).
Anthropogenic habitat modification poses great risks for is-
land fauna (Steadman 1997, BirdLife International 2000), and it af-
fects >90% of threatened birds worldwide (BirdLife International
2010a). Habitat loss was included in Diamond’s (1984) “evil quar-
tet” of factors causing extinction and Wilson's (2002) “HIPPO” list
of threats to biodiversity. Some suggest that loss of avian habitat
is occurring primarily through the expansion and intensification
of agriculture and the conversion of tropical forest to agriculture
(Jetz et al. 2007). On islands, most threatened landbirds inhabit
forests (Johnson and Stattersfield 1990), and many island forests
have already been degraded or destroyed (Fordham and Brook
2010). For example, lowland forests on numerous Pacific islands
have been converted to agricultural Coconut Palm (Cocos nu-
cifera) plantations (Mueller-Dombois and Fosberg 1998). Con-
servation thus requires the identification and preservation of key
forested habitats and a greater understanding of how birds use and
interact with modified landscapes (Chazdon et al. 2009).
Conservation managers can attempt to reintroduce species to
areas where they have been extirpated or conduct releases outside
the known historical range when limited native habitat remains
(IUCN 1987, 1998). There have been concerns about using translo-
cation as a conservation tool and about the risks to recipient eco-
systems (Armstrong and Seddon 2008). However, translocation
can be a viable rescue strategy and may provide one of the only
methods for preserving avian diversity on Pacific islands (Seitre
and Seitre 1992, Steadman 2006). Translocation may be simpler
on oceanic islands than on continents because islands tend to
host fewer species and, thus, competition and predation pressures

are likely reduced. For example, only two or three landbird spe-
cies are found on most islands in the French Polynesian Tuamotu
archipelago. Additionally, habitat features are shared among is-
lands and across wide regions (Whittaker and Fernandez-Palacios
2007). Even in these simple systems, however, careful consider-
ation must be given to selecting potential release sites with high-
quality habitats (Wolf et al. 1998).

The Tuamotu Kingfisher (Todiramphus gambieri gertrudae)
isamong the most threatened birds in the world, with only one ex-
tant population of ~125 individuals (BirdLife International 2010b).
As is the case for many threatened tropical species, information
about the natural history and ecological requirements of the Tu-
amotu Kingfisher is almost nonexistent. The nominate subspe-
cies (T. g. gambieri) was extirpated from the Gambier Islands in
the late 19th century (Holyoak and Thibault 1984), and the spe-
cies is now confined to the small atoll island of Niau, where tropi-
cal forest has been extensively converted to coconut agriculture
(Butaud 2007). Introduced rats (Rattus exulans and R. rattus) and
cats (Felis catus) may also affect the Tuamotu Kingfisher popu-
lation through predation and competition for food (Towns et al.
2006, Buckley and Jetz 2007). Additionally, the Tuamotu King-
fisher population may have been adversely affected by a series of
destructive cyclones (Dupon 1986).

We studied Tuamotu Kingfishers at the island, home-range,
and foraging scales (Johnson 1980, Block and Brennan 1993) to
identify resources associated with the species’ survival and repro-
duction and to provide information for the conservation manage-
ment of the birds on Niau. We also intend the results of our study
to inform conservation practitioners who are evaluating islands
for the potential establishment of a second Tuamotu Kingfisher
population through translocation (Gouni et al. 2006).

METHODS

Study site—Niau Atoll (16°10’S, 146°22"W; Fig. 1) is part of the
Tuamotu Archipelago Endemic Bird Area (EBA 214; BirdLife
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Fic.. 1. Location of Niau Atoll in the Tuamotu archipelago in French Polynesia.
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FIC. 2. Vegetation cover map of Niau Atoll, adapted with permission from Butaud (2007). Locations and results of Tuamotu Kingfisher surveys con-
ducted in 2006-2008 are depicted as dots, and home-range-scale study areas are encircled.

International 2003) and the UNESCO Man and Biosphere Reserve
of Fakarava in French Polynesia. Niau is a low island with an eleva-
tion of 5-8 m above sea level, a land area of 26 km?, and a large
enclosed lagoon (Andréfouét et al. 2005). Production of coconut
pulp (copra) underpins Niau's economy, and agricultural coconut
forests occur along the lagoon and ocean shores (Fig. 2). Coconut
plantations range from fallow plots with dense understory vege-
tation to heavily managed plots with exposed ground. Wetlands
dominated by Shoreline Purslane (Sesuvium portulacastrum) and
Jamaica Swamp Sawgrass (Cladium mariscus) (Butaud 2007) oc-
cur on the eastern fringe of the lagoon. The littoral zone along the
ocean shore consists of coral reef with low strand vegetation and
sparse coconut trees. Inland areas are characterized by dense pri-
mary forest growing on jagged fossilized limestone coral (feo for-
est). Mixed coconut—feo forest occurs on the interior edge of the
feo forest. The climateis tropical oceanic without pronounced sea-
sons, with a mean annual temperature of 26°C and annual rainfall
0f 1,500-2,000 mm (Mueller-Dombois and Fosberg 1998).

Island-scale Resource Selection

We used an information-theoretic approach (Burnham and Ander-
son 2002) to evaluate the association between island-scale resources
and the spatial distribution of Tuamotu Kingfishers. We developed
four a priori logistic regression models that relate the probability of

occurrence of Tuamotu Kingfishers to nesting resources, foraging
habitat, undisturbed vegetation, or a combination of these factors
(Table 1). Tuamotu Kingfishers nest in standing dead trees (hereaf-
ter “snags”), and the population may thus be limited by the number
of available nest sites (Newton 1994). We also considered foraging
habitat, which potentially limits population size in birds (Martin
1987, Newton 1998). Open habitat, hunting perches, and exposed
ground are used for foraging by Tuamotu Kingfishers, which are
opportunistic sit-and-wait predators of lizards and a wide variety
of small arthropods (Marie 2006). Our third model predicted that
Tuamotu Kingfisher occurrence was negatively affected by human
disturbance and modified vegetation in agricultural coconut forest
(Block and Brennan 1993).

Tuamotu Kingfisher surveys.—We surveyed Niau Atoll for
Tuamotu Kingfishers at 145 stations in February 2006, November
2007, and November 2008. We used a handheld global position-
ing system (GPS; Rino 520HCx; Garmin, Olathe, Kansas) to estab-
lish systematically spaced survey stations. The stations encircled
the island on the lagoon and ocean sides, and they were spaced at
300-m intervals, except on the eastern ocean coast, where they
were spaced at 500-m intervals because of extensive stretches
of uniform habitat (Fig. 2). We conducted surveys between 0500
and 0900 hours during clement weather (wind <20 km h~' and no
rain). We broadcast Tuamotu Kingfisher calls through handheld






