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Concerns about biodiversity loss in the 
 aggregate, particularly in the tropics, often 
focus on the expectation that human activi-
ties drive large numbers of species, particu-
larly small invertebrates, to extinction before 
they can ever be recorded. This is an old idea 

that has been widely popularized (Erwin 
1982, Wilson 1992) but has recently received 
new attention as the problem of parasite ex-
tinction or coextinction (Dunn et al. 2009, 
Harris and Dunn 2010). Whereas there is 
 excellent extrapolatory reason to expect that 
habitat loss and other human activities cause 
the loss of much arthropod biodiversity, it is 
difficult to document the extinction or extir-
pation of parasites, symbionts, or commensals 
in taxonomically neglected taxa (Dunn et al. 
2009).

The tropical Pacific islands exemplify this 
dilemma for understanding biodiversity loss. 
Although the use of islands as models for 
 understanding extinction on continents is 
controversial, the Pacific islands have seen 
 extensive biodiversity loss over the last three 
millennia (Lydeard et al. 2004, Steadman 
2006, Prebble and Dowe 2008). The indige-
nous terrestrial biota of Pacific islands was 
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marked by high endemism as well as a lack of 
coevolutionary history with many predators, 
parasitoids, and competitors that affected 
closely related taxa on continents (Fosberg 
1963). The first human colonists of remote 
Pacific islands were Austronesian peoples who 
cleared and burned forest for agriculture, 
hunted birds, and released invasive species 
such as Pacific rats and pigs (Kirch 2000). In 
the past three centuries, Western exploration 
and colonialism connected these islands to the 
global economy, resulting in the introduction 
of invasive livestock, snails, insects, and nu-
merous plants from continental tropical re-
gions (Meyer 2004). Consequently, extinc-
tion is known to have been substantial in both 
the prehistoric and historic era for birds and 
other reptiles (Olson and James 1978, Stead-
man 2006), snails (Lydeard et al. 2004), vascu-
lar plants (Prebble and Dowe 2008), and even 
crabs (Paulay and Starmer 2011). However, 
in some cases, Pacific island species thought 
to be extinct have been subsequently redis-
covered (such as the Lord Howe Island stick 
insect, Dryococelus australis [Priddel et al. 
2003]). These pressures have led the islands of 
Polynesia and Micronesia to be considered 
one of several terrestrial “hotspots” of endan-
gered biodiversity (Myers et al. 2000). Extinc-
tion is likely to have also been substantial in 
Pacific island insects since human coloniza-
tion, but given the soft-bodied nature of many 
insects, this extinction is difficult to docu-
ment in the zooarchaeological record and 
thus would be detectable only depending on 
the extent to which early Western naturalists 
collected insect specimens.

Although habitat destruction and resil-
ience are known to have varied substantially 
among Pacific islands (Kirch 2007, Meyer 
2004), one of the most extreme examples is 
Mangareva (Gambier Archipelago, French 
Polynesia). Mangareva is located at the south-
eastern end of the Tuamotu archipelago at 
23° 06′ 34″ S, 134° 57′ 57″ W and is part of 
the Hereheretue-Moruroa-Gambier-Pitcairn 
alignment (Clouard and Bonneville 2005). 
Mangareva (15 km2) and smaller basaltic islets 
in the same lagoon are classified together 
as the Gambier archipelago. The Gambiers 

were discovered and colonized by Polynesians 
around A.D. 900 – 1000 (Kirch and Conte 
2004). Mangareva and surrounding islets were 
deforested during the precontact Polynesian 
era and further deforested during the early 
European colonial era, to the point where at 
the arrival of the first botanists it was re-
marked that the archipelago’s uplands were 
primarily covered with secondary vegeta-
tion of Dicranopteris fernlands and Miscanthus 
grasslands (see historical reviews in Kirch 
2004 and Butaud 2009a). The botanist Har-
old St. John, who collected specimens of the 
remaining native flora on the Mangarevan 
Expedition, observed in 1935 that the “Man-
gareva Islands are desolated; their natural 
flora is more completely exterminated than 
that of any other part of the world that I have 
seen” (St. John 1935:57 in Kirch 2004). Dur-
ing the twentieth century, the island was re-
forested by the French Polynesian govern-
ment with a mixture of tree species known 
now to have invasive tendencies (Butaud 
2009a). By the twentieth century, patches of 
partially native forest remained at the base of 
cliffs on the island’s two major mountains, 
Duff (Auorotini) and Mokoto (Florence 1997, 
Mueller-Dombois and Fosberg 1998), and by 
the early twenty-first century, when further 
botanical surveys were conducted, the native 
elements of this forest had been even further 
degraded (Butaud 2009a; D.H.H., unpubl. 
notes).

As would be expected from such habitat 
loss, biodiversity loss has been extreme on 
Mangareva since human colonization. Due to 
its extreme isolation from other high islands 
(500 km from Pitcairn, 1,000 km from Rapa), 
Mangareva has extremely high endemism in 
its native animal and plant biota. Extinctions 
known from the archaeological and historical 
record on Mangareva include four birds (the 
giant ground dove, Gallicolumba nui; an unde-
scribed Ducula fruit pigeon; an undescribed 
Ptilinopus fruit dove; and the reed warbler, 
 Acrocephalus astrolabii [Thibault and Cibois 
2012]), at least 35 endemic species and sub-
species of snails in five families (Kondo 1962 
in Howard and Kirch 2004, Solem 1976, Ab-
dou and Bouchet 2000, Bouchet and Abdou 
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2001, 2003) including “island gigantized” 
endodontid snails (Gambiodonta grandis 
[Solem 1976]), two endemic plant species 
during the twentieth century (Fitchia man-
garevensis and Achyranthes mangarevica [Flor-
ence 1997]), and potentially a Pseudobulweria 
petrel ( Worthy and Tennyson 2004) and an 
unidentified passerine (Thibault and Cibois 
2012). Extirpated species include seven birds 
(two frigatebirds, a shearwater, a rail, a sand-
piper, a ground dove, and a kingfisher 
[Thibault and Cibois 2012]), as well as poten-
tially several petrel species (Thibault and Ci-
bois 2012) and Cardisoma land crabs (Howard 
and Kirch 2004). Several species of plants 
were not rediscovered in recent surveys 
(Dodonaea viscosa, Boerhavia acutifolia, Callerya 
australis, Ophioglossum reticulatum, Ficus pro-
lixa, Gossypium hirsutum var. taitense [Butaud 
2010]). This loss is particularly unfortunate 
from a scientific perspective because Man-
gareva was the last of the high islands in the 
series of alignments making up the Tuamotu 
archipelago, a group of atolls that existed 
as a chain of high islands for much of the 
Neogene (Clouard and Bonneville 2005), and 
may have played an important role in the 
 dispersal of terrestrial organisms around the 
Pacific.

The extensive habitat loss on Mangareva is 
likely to have had effects on insect diversity 
just as it did for birds, snails, and plants, but 
assessing this impact is difficult, with the pos-
sible exception of hard-bodied insects that 
leave exoskeleton subfossils in wetland areas 
or the examination of historic insect collec-
tions from this remote island. However, for 
cases in which specialized plant-feeding in-
sects leave diagnostic feeding damage on 
plants, herbarium specimens may indicate po-
tential extinctions or extirpations during the 
historic period. In this article, I report the 
 discovery of leaf mines in herbarium speci-
mens of Phyllanthus wilderi (Phyllanthaceae: 
Glochidion sensu lato), which were not re-
discovered in field surveys of live plants and 
may represent the extinction of an endemic 
lineage of plant-feeding insect, although 
 additional work is required to test this hy-
pothesis.

materials and methods

The Plants

Phyllanthus wilderi ( J. Florence) (syn. Glochid-
ion wilderi Florence) is a tree endemic to the 
islands of Mangareva (Gambier Islands) and 
Makatea and apparently Anaa (Tuamotu Is-
lands) in southeastern Polynesia (Florence 
1997, Butaud 2009b, Wagner and Lorence 
2011). It is part of the Glochidion clade of 
 Phyllanthus sensu lato (Hoffman et al. 2006), 
which constitutes one of the largest endemic 
plant radiations in southeastern Polynesia 
(Meyer 2004). Glochidion has colonized south-
eastern Polynesia twice; P. wilderi is the result 
of a separate colonization from that which is 
ancestral to the remainder of the southeast-
ern Polynesian Glochidion radiation (Hembry 
et al. 2013a). Both continental and Pacific 
 island Glochidion are notable for an obligate 
pollination mutualism with Epicephala moths 
(Lepidoptera: Gracillariidae), which as adults 
are active pollinators of the flowers but as 
 larvae are predators of the seeds (Kato et al. 
2003, Hembry et al. 2012). On Mangareva, 
P. wilderi persists in degraded secondary/ 
introduced forests near the base of Mt. Duff 
(Auorotini) and Mt. Mokoto, as well as 
on the cliffs of these mountains (Florence 
1997, Butaud 2009a). The apparent disjunc-
tion between Makatea-Anaa and Mangareva 
(1,300 km distant) is highly unusual for south-
eastern Polynesian Glochidion, nearly all of 
which are single-archipelago endemics (Flor-
ence 1997), and remains to be verified with 
molecular data (Hembry et al. 2013a). A 
 second species of Glochidion, P. tuamotuensis 
(syn. Glochidion tuamotuense), is previously 
known from the adjacent islet of Taravai 
(Gambier Islands [Florence 1997]) and appar-
ently has been recently discovered on Manga-
reva as well ( W. Teamotuaitau, pers. comm., 
2008).

Field Surveys

Extensive field surveys for Phyllanthus wilderi 
on Mangareva were conducted over 6 days 
in June 2008 as part of a survey for asso-
ciated insects on southeastern Polynesian 
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Phyllanthus (Hembry et al. 2013b). Only 10 
individuals of P. wilderi were found. All were 
sterile saplings between 1 and 2.5 m tall, 
found in the area on the west side of Mt. Duff 
(Auorotini) and Mt. Mokoto, in areas where 
the last native forest was known to exist on 
Mangareva in the twentieth century (Florence 
1997). (Specific locality data have been with-
held to protect this species, which is endan-
gered but not legally protected in French 
Polynesia.) Additional individuals of P. wilderi 
exist on the cliffs of both mountains (Butaud 
2009a) but were not sampled due to difficulty 
of access. As reported in Hembry et al. 
(2013b), all plants found were examined for 
evidence of leaf-mining insects. No speci-
mens of P. tuamotuensis were located in this 
survey despite extensive searching in areas 
where they had been reported.

Museum Surveys for Herbivory Damage

Three herbarium specimens of Phyllanthus 
wilderi at the Center for Plant Diversity (dav) 
at the University of California, Davis, USA, 
were also examined for evidence of leaf- 
mining insect damage to leaves. The speci-
mens examined were collected on Mangareva 
in 1934 by Harold St. John and Don Ander-
son during the Mangarevan Expedition (spec-
imens 98004, 98012, 98030) (see Figure 1a). 
The collection at the University Herbarium 
(uc), University of California, Berkeley, USA, 
was also examined for P. wilderi specimens, 
but none was found. Leaf mines found were 
examined for frass but were not destructively 
opened to search for the remains of larvae, 
pupae, exuviae, or head capsules.

results and discussion

As previously reported, no leaf-mining in-
sects, empty leaf mines, or leaf-miner pupae 
were found on the 10 wild individuals of Phyl-
lanthus wilderi found on Mangareva during 
the field surveys (Hembry et al. 2013b). In 
contrast, five obvious lepidopteran leaf mines 
were found on one herbarium specimen of 
P. wilderi collected in 1934 and held at dav 
(specimen 98004) (Figure 1a, b). These leaf 

mines contained frass. The other two herbar-
ium specimens examined (98012, 98030) bore 
no leaf mines.

The extant leaf-mining moth fauna of 
southeastern Polynesia is depauperate (Clarke 
1971, 1986, Hembry et al. 2013b), but two 
moth genera (Lepidoptera: Gracillariidae: 
Gracillariinae: Diphtheroptila, Caloptilia) are 
known to mine leaves of the Glochidion clade 
of Phyllanthus in this region. Diphtheroptila is 
previously known from the southern Cook, 
Society, northern Austral, and Tuamotu 
( Niau) archipelagos and forms mines that 
start as narrow trails 1 mm wide but increase 
dramatically in width as the larva matures 
(Hembry et al. 2013b); the larvae then pupate 
on the undersides of Glochidion leaves 
(D.H.H., unpubl. notes). Caloptilia is previ-
ously known from the southern Cook, Soci-
ety, and Marquesas archipelagos and the is-
land of Rapa in the Austral Islands (Clarke 
1971, 1986, Hembry et al. 2013b) and forms 
mines that move toward the edge of the leaf, 
develop into an elongated tentiform edge 
mine, and often finally transform into a leaf 
edge roll in the later larval instars (Hembry 
et al. 2013b). Both of these genera also are 
known to feed on Glochidion in tropical Asia 
and Australia (Meyrick 1880, 1907, Kumata 
1966, 1982, Kawakita et al. 2010, Robinson 
et al. 2010), and Diphtheroptila is only known 
to feed on Phyllanthaceae (Meyrick 1880, 
1907, Vári 1961, Kawakita et al. 2010, 
 Hembry et al. 2013b).

The mines observed on herbarium speci-
mens of P. wilderi resemble more closely those 
of Diphtheroptila than those of Caloptilia (Fig-
ure 1a, b); alternately they may represent a 
different lineage of leaf-mining moth that has 
not previously been reported from these host 
plants in southeastern Polynesia. Preliminary 
molecular phylogenetic analyses of Diphthe-
roptila in the northern Austral and Society Is-
lands suggest that each island in these two 
archipelagos is home to an endemic lineage 
(D.H.H., unpubl. data), so this unknown 
moth may have represented a species endemic 
to the Gambier Islands. If larval or pupal re-
mains containing DNA could be obtained 
from these herbarium specimens, it would be 
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possible to use molecular techniques to deter-
mine the identity of these unknown leaf 
 miners (see Lees et al. 2011). This lepi-
dopteran may now be extinct or extirpated, or 
it may survive on larger P. wilderi trees per-
sisting in relictual vegetation on the cliffs of 
Mt. Duff and Mt. Mokoto (Butaud 2009a). 
However, this latter possibility is unlikely be-
cause another botanist who recently surveyed 
the Mangarevan native flora does not report 
having seen any evidence of leaf mines, and 
his photographs of P. wilderi do not show any 
mining damage either ( J.-F. Butaud, pers. 
comm., 2012). The apparent absence of this 
species due to seasonality is also unlikely, be-
cause Diphtheroptila larvae are found year-
round on Glochidion in southeastern Polyne-
sia, and leaves with empty leaf mines (or 
leaf-mine scars [Figure 1a]) persist on the 

 evergreen Glochidion trees long after the lar-
vae have exited their mines (D.H.H., unpubl. 
notes). Future surveys should further test the 
hypothesis that this moth taxon is extinct in 
the Gambier Islands.

It is worth noting that leaf-mining moths 
have persisted on Glochidion trees to the pres-
ent on all other islands where they have been 
sought. These islands include two Austral 
 islands that have suffered extensive habitat 
loss and have very small relictual Glochidion 
populations: Rimatara (Phyllanthus florencei, 
syn. Glochidion societatis) and Tubuai (Phyllan-
thus raivavense, syn. Glochidion raivavense) 
(Hembry et al. 2013b). On both these islands, 
Diphtheroptila is the Glochidion leaf miner 
present (Hembry et al. 2013b). However, 
both these islands retain fragments of native 
forest, unlike Mangareva, and their Glochidion 

Figure 1. a, Leaf from Phyllanthus wilderi specimen (dav, specimen 98004) collected in 1934 on Mangareva, Gambier 
Islands, showing three mines (arrows) (torn area on left side of leaf is the scar of a third mine); b, close-up image of mine 
from a different leaf on the same specimen, with scale indicated.
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populations are probably larger (D.H.H., 
 unpubl. notes).

This finding, to the best of my knowledge, 
represents the first potential record of an in-
sect extinction from the island of Mangareva. 
Given the extent to which the native flora of 
Mangareva has diminished since human colo-
nization, and the degree of extinction seen in 
endemic land snails, it is not surprising that 
insect species may have become extirpated or 
globally extinct as well on this island. How-
ever, the soft-bodied nature of many insects 
relative to vertebrates and mollusks makes 
their extinction difficult to detect in the zoo-
archaeological and subfossil record in most 
cases. The detection of historic extinctions 
would depend on how extensively the insect 
fauna had been sampled by early naturalists on 
any given remote island. Taxon-specific feed-
ing damage on herbarium specimens, when 
compared with surveys of extant plant-feeding 
insects, may reveal putative extinctions of in-
sect species during the historic (postcontact) 
period on Pacific islands. Such an approach, 
using diagnostic herbivory damage ( leaf mines) 
on fossilized leaves, has been used to study the 
evolution of plant-feeding insects (e.g., Opler 
1973), to document insect extinctions during 
past mass-extinction events (Labandeira et al. 
2002), and to determine the native ranges of 
invasive insect pests (Lees et al. 2011). Given 
the difficulty of ascertaining insect biodiver-
sity loss in taxonomically neglected groups, 
surveys of diagnostic feeding damage on her-
barium specimens may also be a useful proxy 
for insect extinctions in certain taxa during 
historic times in continental regions as well.

These results underscore the role of native 
plants on Pacific islands not just in providing 
habitat structure, and food for endemic birds 
(Spotswood et al. 2012), but also in support-
ing native insect biodiversity. Although native 
plants may persist in small numbers on highly 
degraded islands, the native (and potentially 
endemic) insects that depend on them for 
food may go extinct despite the lingering 
presence of their host. Examining herbivory 
damage on herbarium specimens and wild 
plants may reveal additional rare or putatively 
extinct herbivorous taxa on Mangareva and 
other Pacific islands.
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