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Islands harbour much of the world’s threatened biodiversity. Recent work has highlighted how it is not

species diversity per se but rather the interactions between organisms that breathes life into

ecosystems. Thus, the real challenge to preserving and restoring biodiversity on islands is not to only

focus on species themselves, but more importantly on maintaining and restoring the integrity of

interactions between the species. Here we argue that mutualistic plant–animal interactions play a

pivotal role with regards to conservation and restoration on islands. Furthermore, these interactions are

ideally suited for inter-island comparisons due to ecological and evolutionary similarities across

geographical and taxonomical boundaries. The similarities include highly generalised mutualistic

systems, the evolution and readjustment of plant reproductive traits, and a disharmony in taxonomic

groups of mutualists, compared to continental ecosystems. We highlight past and present threats to

island plant–animal mutualisms, as well as the challenges and opportunities inherent to these

interactions. In particular, we (1) argue that mutualistic networks provide an ideal approach to collect

information and advance our knowledge on the systems, (2) suggest the use of interactions as

biodiversity monitoring and assessment tools, (3) highlight the differences and similarities between

pollination and seed dispersal interactions in the context of restoration, and (4) briefly discuss the

ambiguous role of alien invasive species in the management of mutualistic interactions. Finally, we

highlight how a recently proposed but controversial restoration strategy, rewilding, can be gainfully

applied to and further advanced in island settings.

& 2009 Rübel Foundation, ETH Zürich.. Published by Elsevier GmbH. All rights reserved.
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Introduction

Islands harbour much of the world’s threatened biodiversity,
most of which is endangered by habitat degradation and loss
(Bolger et al., 1991; Kier et al., 2009), exploitation of natural
resources (Rainbird, 2002) and the intentional or accidental
introduction of alien invasive species (Moulton and Pimm,
1986; Vitousek et al., 1997; Mack et al., 2000; Sax et al., 2002;
Berglund et al., 2009). The Holocene extinction of island endemics
has resulted in some of the most severe losses to global species
richness (Simberloff and Boecklen, 1991; Steadman, 1995; Whit-
taker and Fernández-Palacios, 2007), and since about 1600 CE,
80% of the recorded extinctions have been island species
(Groombridge, 1992).

However, increasing evidence has confirmed that it is not the
decline of species diversity per se that scientists, conservationists,
and restoration managers should be most concerned about, but
rather the interactions between organisms that breathe life into
ecosystems (e.g. Janzen, 1974; Bond, 1994; Buchmann and
Nabhan, 1996; Kearns et al., 1998; Traveset and Richardson,
2006). Despite the fact that the connection between species
extinction and ecosystem function has long been a central point of
concern (Ehrlich and Mooney, 1983; Ehrlich and Wilson, 1991;
Kareiva et al., 1993), the majority of conservation and restoration
projects on islands still fail to take species interactions, particu-
larly plant–animal mutualisms, into consideration in both plan-
ning and implementation phases. Furthermore, the same neglect
is often repeated if and when ongoing or finished projects are
subsequently being monitored and evaluated. Thus, the real
challenge to preserving and restoring biodiversity on islands is
not only to focus on species themselves, but more importantly on
maintaining and restoring the integrity of interactions between
species. Indeed, one common problem for restoration projects are
the often ‘‘fuzzy targets’’ (Simberloff, 1990), i.e. what is the
desired state we are restoring towards? Mutualistic interactions
provide a good template for evaluating success and help to more
clearly define targets of restoration projects.

Here, we focus on pollination and seed dispersal interactions
on oceanic and para-oceanic islands (i.e. comparatively small
islands of a continental origin that behave like oceanic ones,
mainly because they have been isolated during millions of years;
e.g. Balearics, the granitic Seychelles). On islands, pollinators and
seed dispersers are likely to be strong interactors in the overall
functioning of an ecosystem (Cox et al., 1991). Thus, we believe
that these two categories of mutualistic plant–animal interactions
on islands are eminently suited for a broad-scale comparative
approach within and between archipelagos and regions, espe-
cially compared to taxon-specific work, which by nature differs a
lot even between islands within archipelagos due to high
levels of endemism at most taxonomical levels. Furthermore,
working with endangered species and interactions should
not only be seen as ‘emergency-aid’ to an ecosystem; it is possible
to address and combine both basic evolutionary ecological
research and applied conservation biology in such scenarios.
Indeed, all else being equal, it could be argued that there should
be a moral imperative to direct research funding towards basing
studies on ecological and evolutionary studies in endangered
ecosystems.

In this paper we highlight and discuss (1) evolutionary and
ecological similarities of plant–animal interactions across islands,
(2) threats to mutualistic plant–animal interactions in island
ecosystems, (3) the challenges inherent to and opportunities
offered by these interactions with regards to conservation
and restoration, and (4) how recently proposed but contro-
versial restoration strategies can be gainfully applied to island
settings.
Please cite this article as: Kaiser-Bunbury, C.N., et al., Conservation
Perspect. Plant Ecol. Evol. Systematics (2009), doi:10.1016/j.ppees.2
Evolutionary and ecological similarities of insular plant–
animal mutualisms

The floras and faunas of oceanic islands are typically
depauperate and disharmonic compared to continental ones
(MacArthur and Wilson, 1967). Species diversity on islands arises
from rare, selective colonisation events and subsequent evolution
in which many lineages have radiated, resulting in high degrees of
endemism. Island species have evolved in relative isolation often
released from previous competitors or predators and typically,
compared to mainland ecosystems, in smaller populations. These
conditions of spatial isolation, ecological release and small
population sizes have resulted in the oft-repeated sentiment that
islands are simple systems that form ‘natural laboratories’ for
evolutionary and ecological studies. It is the similarity of
disparate evolutionary scenarios within and between archipela-
gos, and the structural similarity of different insular ecosystems,
which have fascinated scientists from their initial discovery until
today.

This similarity is also reflected in traits related to pollination
and seed dispersal interactions on different islands and to the
resulting ecosystem- and network-level patterns of such interac-
tions. Below, we identify three evolutionarily and ecologically
intertwined groupings of similar traits and patterns between
islands. These groupings provide a firm basis for understanding
how basic ecological and evolutionary research questions can be
fruitfully integrated with applied conservation and restoration
management on islands.
Generalised interactions

While a number of specific interactions have evolved on islands,
many studies have shown that generalised interactions—one plant
species interacting with many animal mutualists and vice
versa—predominante in plant–pollinator communities on islands
(Fig. 1A; Barrett, 1996; Bernardello et al., 2001; Rathcke, 2001;
Olesen et al., 2002; Anderson, 2003; Dupont et al., 2003; Kaiser-
Bunbury et al., 2009) and other studies have suggested similar
patterns for plant–disperser communities (Cox et al., 1991;
Meehan et al., 2002; M. Nogales et al., unpublished data).
Moreover, it is common to find native super-generalist species
(sensu Olesen et al., 2002), i.e., species that interact with a much
higher number of mutualists compared to the average in the
community. Most known super-generalist island pollinators are
bees (e.g. Xylocopa darwinii on Galápagos, McMullen, 1993; Bombus

canariensis on the Canary Islands, Olesen, 1985; Halictus sp.on the
Azores, Olesen et al., 2002; and Lasioglossum mahense on the Mahé,
Seychelles, CNKB, unpublished data), but also include a beetle
(Mausoleopsis aldabrensis on Aldabra, Woodell, 1979), and a gecko
(Phelsuma ornata on Ile aux Aigrettes, Mauritius, Olesen et al., 2002;
Nyhagen et al., 2001). Similarly, some island plants are super-
generalist species, being visited by a much higher than average
number of flower visitors; examples include Echium wildpretti

(Boraginaceae) on Tenerife, Canary Islands (Dupont et al., 2003);
Azorina vidalii (Campanulaceae), Azores (Olesen et al., 2002),
Psiadia terebinthina (Asteraceae) and Aphloia theiformis

(Aphloiaceae), Mauritius (Kaiser, 2006), and Nephrosperma

vanhoutteanum (Arecaceae), Seychelles (CNKB, unpublished data).
There are unfortunately no similarly detailed studies of commu-

nity-level insular seed dispersal interactions available. However, it is
likely that some insular frugivores should be considered super-
generalist seed dispersers. The twin features of ecological release
and niche broadening in island vertebrates compared to congenerics
at mainland sites (Cox and Ricklefs, 1977; Diamond, 1978; Fein-
singer et al., 1982; Grant, 1998) have frequently resulted in an
and restoration of plant–animal mutualisms on oceanic islands.
009.10.002
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Fig. 1. . Plant–animal mutualisms and their threats on oceanic islands. Native plant–animal mutualisms on oceanic islands often include generalised interactions; for

example, the generalist hover fly Eristalinus flaveolus visiting the small, easily accessible flowers of Stillingia lineata (Euphorbiaceae) in Mauritius (A), or the omnivorous

skink Leiolopisma telfairii eating a drupe of Pandanus vandermeerschii (Pandanaceae) on Round Island, Mauritius (B). However, these highly generalised interactions also

facilitate invasions of both introduced plants and animals into the native interaction networks. For example, the native Bombus terrestris visiting flowers of the introduced

Carpobrotus edulis (Aizoaceae) on Mallorca, Balearic Islands (C), or an introduced honeybee Apis mellifera harvesting pollen of the native Psiadia terebinthina (Asteraceae) in

Mauritius (D).
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increase in population density of particular species—an island
phenomenon also described as ‘density compensation’ (MacArthur
et al., 1972; Rodda et al., 2001; Rodda and Dean-Bradley, 2002). The
niche broadening observed in reptiles towards consuming plant
material, causing reptiles in turn to serve as effective pollinators and
seed dispersers for a variety of plants, is one of the best examples
(Fig. 1B; reviewed in Olesen and Valido, 2003). Endemic lizards, for
example, often include a great variety of fruits in their diet
(e.g. Sáez and Traveset, 1995; Valido and Olesen, 2007; M. Nogales
et al., unpublished data). Similarly, shifts in the diet of birds from
insects and seeds to nectar and fruits have been described, for
example, in the Hawaiian honeycreepers (Ziegler, 2002), the white-
eyes in the Indian Ocean (Cheke, 1987; Hansen et al., 2002;
Micheneau et al., 2006), and generalised passerines in the Canary
Islands (Vogel et al., 1984; Dupont et al., 2004a, 2004b; Valido
et al., 2004).
Readjustment of plant reproductive traits

The depauperate and disharmonic fauna on islands implies
that upon arrival, for successful establishment, plants that rely on
outcrossing will often have to ‘fit’ with some of the few available
pollinators. Thus, even though no data are yet available to
demonstrate this, plants with generalist syndromes could be
expected to have a higher probability of initial establishment than
those requiring highly specialized interactions. Otherwise, plant
species must often modify their reproductive traits to enter into
successful mutualisms with available pollinators and seed
dispersers (e.g. Armbruster and Baldwin, 1998). A readjustment
in corolla size, for instance, might result from an adaptation to a
Please cite this article as: Kaiser-Bunbury, C.N., et al., Conservation
Perspect. Plant Ecol. Evol. Systematics (2009), doi:10.1016/j.ppees.2
new group of floral visitors. Indeed, Inoue et al. (1996) showed
that flower size is larger in continental populations of Campanula

spp. than in populations on the Izu Islands in Japan, corresponding
closely to the size of the regional floral visitors (large bumblebees
on the continent versus small halictids on the islands) (see also
Kobayashi et al., 1997). Similarly, Schueller (2007) showed that
island plants of the recently introduced alien species Nicotiana

glauca have detectably longer corollas and are visited by
hummingbirds with longer bills on Santa Catalina and Santa
Cruz, two California Channel Islands, compared to plants on the
mainland. Another example has been reported from the Juan
Fernández Archipelago, where several originally insect-pollinated
plant lineages switched to wind- or bird-pollination after arrival,
possibly due to the poor insect pollinator fauna (Bernardello et al.,
2001). Lastly, floral nectar composition may be a labile trait
responding quickly to the presence of general avian pollinators on
oceanic islands (e.g. on the Canary Islands: Dupont et al., 2004a,
2004b).

Little is known about the change of seed and fruit traits related
to dispersal mechanisms on oceanic islands, but the larger
continental island of New Zealand may provide important insights.
Here, 70% of the woody species produce fleshy fruits (in
comparison to 39% in temperate mainland forest, 39% in Medi-
terranean shrubland, and 46% in Neotropical dry forest; Jordano,
1992), possibly an adaptation to the dominance of frugivorous bird
and lizard species on the islands (Webb and Kelly, 1993). Seed
dispersal by lizards has also been linked to the association between
shrubs with white and blue fleshy fruits and divaricate growth,
small size of diaspores and open habitats in New Zealand (Lord and
Marshall, 2001). Although these authors argue that reptiles could
have exerted strong selection towards the evolution of small fleshy
and restoration of plant–animal mutualisms on oceanic islands.
009.10.002
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fruits with pale colours on the islands (Lord et al., 2002), a recent
review found no support for such association of characters as a
general pattern (Valido and Olesen, 2007).

Strong disharmony in taxonomical groups of mutualists

A disharmonic flora and fauna refers to the over- and under-
representation of certain taxonomic groups on islands compared
to neighbouring continental systems. Consequently, one pattern
that seems to be general across pollination interactions on islands
is the dominance of one or a few taxa in the community and a
scarcity or total absence of others, e.g. insect pollinators with long
probosces. For instance, hymenopterans, which are the main
pollinators on continents, are very rare or even absent on Samoa
(Bryan, 1931), Aldabra (Woodell, 1979), and Izu (Inoue, 1993).
Similarly, on Galápagos only one pollinating bee has been
described, the carpenter bee Xylocopa darwinii (McMullen, 1987;
Philipp et al., 2006). Hummingbirds, common pollinators on the
American continent, are absent from the Galápagos archipelago,
although two species of finches and several species of mocking-
birds visit the flowers of native and alien plant species (Grant and
Grant, 1981; P. Hoeck pers. commun.). A disharmony in the
pollinator assemblage is also found in Hawaii, where larger bees
species are almost absent, native bees are only represented by one
genus (but with460 spp.), and a few species of sphingids, small
moths and flies may dominate the pollinator communities
(Howarth and Mull, 1992). In the Izu islands, the number of
pollinator species declines with increasing distance to the
continent; possible explanations may include dispersal limita-
tions and, in the case of bumblebees, a lack of food provided by
plant species on small islands to maintain the colonies (Inoue,
1993). On oceanic islands in general, there is a disproportionately
high representation of small insects, which may be due to their
greater arrival probability facilitated by strong winds—as sug-
gested by Barrett (1996). Small insects are likely to be generalist
pollinators, visiting a large variety of floral shapes and sizes
(Barrett, 1996).

The disharmony is also evident in seed disperser guilds, even
though fewer studies have investigated these patterns in any
detail. There is an obvious absence of large, non-volant frugivor-
ous mammals on oceanic islands and their niche is occupied by
comparatively large birds and reptiles similar across islands
(Whittaker and Fernández-Palacios, 2007). However, also the
composition of avian frugivores on islands tends to differ from
continental ones. Several common continental avian frugivore
taxa, for example hornbills and toucans, are not found on oceanic
islands that instead tend to be dominated by columbid and
passerine frugivores.
Past and present threats

Since the first human settlers arrived on remote oceanic
islands 2–3 millennia ago, their biotas have undergone three
substantial types of anthropogenic modification, namely species
extinctions, species introductions (see also Kueffer et al., 2010)
and habitat loss, all severely affecting plant–animal mutualisms.

Species extinctions

The ongoing wave of extinction is occurring at an exceptional
rate and spatial scale, and has largely been documented for
vertebrate species, specifically birds, mammals and large reptiles.
There is little direct evidence on the degradation of insect
pollination on islands, mainly because before- and after-dis-
Please cite this article as: Kaiser-Bunbury, C.N., et al., Conservation
Perspect. Plant Ecol. Evol. Systematics (2009), doi:10.1016/j.ppees.2
turbance studies are rare. However, there are multiple records of
declining insect pollinators worldwide (Allen-Wardell et al., 1998;
Kearns et al., 1998; Larsen et al., 2005; Steffan-Dewenter et al.,
2005; Biesmeijer et al., 2006), which, supported by available
studies from islands, suggest that insect pollinator diversity and
abundance may also be declining in many island sites (see also
Motala et al., 2007; Gerlach, 2008). For example, insect collections
from Mauritius at the beginning of the 20th century recorded a
rich butterfly diversity. Ten out of 35 species are now considered
extinct, nearly extinct or extremely rare (Davis and Barnes, 1991).
It is likely that with the loss of each butterfly species, a number of
plants become negatively affected. On Hawaii, 20 out of 60
species of native Hylaeus bees, which are important pollinators of
many native plants, are considered extremely rare or extinct
(Magnacca, 2007). Furthermore, the extinction of one third of the
52 endemic Hawaiian birds was likely a major driver of the
extinction of at least 31 plant species in the family Campanula-
ceae (Cox and Elmqvist, 2000).

The high rate of extinctions and declines within large-bodied
frugivores has lead to the disruption of seed dispersal mutualisms
on many islands. Indeed, many islands have been hit harder than
most continental regions in relative terms (Hansen and Galetti,
2009). The disappearance of large frugivores is causing a lower
recruitment of plant species with large, fleshy fruits. This has been
reported from Tonga (Meehan et al., 2002; McConkey and Drake,
2006), Mauritius (Baider and Florens, 2006; Hansen et al., 2008),
Pitcairn Island (Kingston and Waldren, 2005) and has been
suggested in the Canary Islands (Valido, 1999).

Compared to extinction rates of animals, plants have suffered
relatively fewer extinctions on islands (Sax et al., 2002). However,
even though one recent study questions exactly how many island
plants have gone extinct (Sax and Gaines, 2008), there is solid
evidence that the extinction debt is large and looming. Many
island floras are today on the edge of mass extinction, at least in
the wild. For example, in Hawai’i, some 50% of native plant species
are at risk (Sakai et al., 2002), many of which are down to between
one and 50 plants on some of the islands (Burney and Burney,
2007). An even more dire situation faces the flora of Mauritius,
where out of 680 native plant species, some 80 are already
considered extinct. Another 155 species are critically endangered
(with 79 of these known from less than 10 individuals), and 93
species are endangered and 241 vulnerable, making 82% of the
native flora and 94% of the endemic flora of Mauritius threatened
according to IUCN criteria (Mauritian Wildlife Foundation,
unpublished database). How many interactions have been lost is
sadly anyone’s guess, but doubtlessly a higher number than for
species.
Species introductions

While in the past many island species were reduced in
population density or brought to extinction by direct, human-
driven effects such as hunting and habitat loss, current threats
imposed on mutualistic systems on many islands are primarily
driven by alien species and their direct and indirect competition
for pollination and seed dispersal (plants) and for floral resources
and fruits (animals) (e.g. Fritts and Rodda, 1998; Hansen et al.,
2002; Traveset and Richardson, 2006; Kaiser et al., 2008). Invasive
plants, for example, can compete for mutualistic services with
native plants (Fig. 1C; e.g. Aigner, 2004; Moragues and Traveset,
2005; Morales and Traveset, 2009; but see Kaiser-Bunbury and
Müller, 2009) and their integration into resident communities can
be facilitated by generalist pollinators and dispersers that include
nectar and pollen or fleshy fruits in their diets (Morales and Aizen,
2006; Traveset and Richardson, 2006; Aizen et al., 2008;
and restoration of plant–animal mutualisms on oceanic islands.
009.10.002

dx.doi.org/10.1016/j.ppees.2009.10.002


ARTICLE IN PRESS

C.N. Kaiser-Bunbury et al. / Perspectives in Plant Ecology, Evolution and Systematics ] (]]]]) ]]]–]]] 5
Linnebjerg et al., 2009). This facilitation is likely to occur
frequently in island ecosystems, in which a large number of
native mutualists have widened their trophic niches in compar-
ison to that in mainland systems (see earlier section for details).
For instance, invasive Opuntia cacti on the Canary Islands and the
Balearic Islands are dispersed by a variety of native generalist bird
species (e.g. passerines) and generalist lizards of the genus
Gallotia (Pádron et al., 2009). Other species originally from South
Africa are highly invasive on many Mediterranean islands.
Amongst them are Carpobrotus spp. on Mallorca where they are
pollinated by a large diversity of native insects that are attracted
by their abundant and attractive flowers (Fig. 1C; Moragues and
Traveset, 2005).

Many oceanic islands have lost a large proportion of frugivor-
ous bird species, but avian species richness has remained largely
unchanged because extinction has been balanced by colonisation
and naturalisation of alien bird species (e.g. Sax et al., 2002; Foster
and Robinson, 2007). So far, there is little information, however,
on whether those alien species act as functional surrogates of and
occupy the same frugivorous niches as the extinct native birds.
For example, Mandon-Dalger et al. (2004) report that the red-
whiskered bulbul on Réunion almost entirely disperses seeds of
invasive plant species, while Cole et al. (1995) and Foster and
Robinson (2007) show that alien birds can act as reliable
dispersers of native understorey shrubs on Hawaii. However,
Kelly et al. (2006) found the contribution of alien species to seed
dispersal of native plants in New Zealand to be unexpectedly
small.

More is known about disruption of plant–pollinator systems
by alien species. Examples include native megachilid bees
displaced from flowers in Tasmania by alien bumble bees
(Hingston and McQuillan, 1999; Hingston et al., 2002), small
solitary bees endemic to the Bonin Islands, Japan, displaced by
alien honey bees (Kato et al., 1999), and, both in Mauritius, white-
eyes displaced by honey bees (Hansen et al., 2002), and endemic
geckos displaced by invasive ants (Hansen and Müller, 2009). The
Argentine ant Iridomyrmex humilis, introduced to Hawaii, sig-
nificantly reduced the abundance of two important pollinators,
the moth Agrotis sp. and the solitary bee Hylaeus volcanica, with
potentially severe negative effects on the seed set of many native
plant species (Cole et al., 1992). The most intensively studied alien
pollinators are the honey bee Apis mellifera and the bumblebee
Bombus terrestris, both super-generalists and well integrated into
the pollinator networks of many invaded island communities on,
e.g. Japan (Kato et al., 1999; Abe, 2006; Abe et al., 2008), Tasmania
(Hingston et al., 2002), the Mascarene Islands (Fig. 1D; Olesen
et al. 2002; Kaiser-Bunbury et al., 2009), the Seychelles (CNKB,
unpublished data) and the Canary Islands (Dupont et al., 2004a,
2004b). Such introductions have had devastating effects on native
bees (see Goulson, 2003 and reference therein), for example, as a
direct result of competition for floral resource (e.g. Kato et al.,
1999) or competition for nest sites (e.g. Wenner and Thorp, 1994).
Introduced bees can affect plant fitness by actively reducing
pollination of native plants (physical interference with native
pollinators on the flowers; Gross and Mackay, 1998) or by altering
pollen dispersal (e.g. Westerkamp, 1991; Paton, 1993; Celebrezze
and Paton, 2004). Hansen et al. (2002) showed experimentally that
the exclusion of bird pollinators reduced the seed set of two
Mauritian tree species that were otherwise visited primarily by
alien honey bees—possibly due to higher levels of within-plant
foraging behaviour of honey bees compared to bird pollinators, a
pattern also described by Paton (1993). Furthermore, such reduced
outcrossing rates mediated by alien bees can result in a reduced
gene flow and/or promote hybridization between native plants
(England et al., 2001; Dick et al., 2003). On islands, these
detrimental effects are possibly magnified, due to low population
Please cite this article as: Kaiser-Bunbury, C.N., et al., Conservation
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sizes, fewer specialized interactions, and/or unpredictability of
resources (e.g. Abe, 2006).

Introduced vertebrates are well known to have detrimental
effects on the native island flora and fauna (e.g. North et al., 1994;
Mack et al., 2000) and thereby affect native mutualisms indirectly
(e.g. Campbell and Donald, 2005; Nogales et al., 2004, 2005, 2006;
Traveset and Riera, 2005; Kelly et al., 2006; Traveset et al., 2009).
The negative impact of, for example, introduced goats, rats and
parrots on plant fitness and dispersal can be multifold. It includes
the direct consumption of vegetative or reproductive parts of
native plants and, more indirectly, the reduction of populations of
legitimate seed dispersers (Riera et al., 2002; Traveset and
Richardson, 2006). There is evidence that rodents, cats, opossums,
and invasive ants—like Linepithema humilis or Wasmannia

auropunctata—have devastating effects on native seed dispersers
(e.g. Jourdan et al., 2001; Garcı́a 2002, Nogales et al., 2004; Kelly
et al., 2006; Towns et al., 2006; Hansen and Müller, 2009).

Despite the plentiful evidence that invasive species degrade
ecosystems, resulting in changes to the structure and the
functioning of the system (Naeem et al., 1994; Cronk and Fuller,
1995; D’Antonio and Dudley, 1995; Callaway et al., 2004), a
general synthesis of the impact of invasive species on ecosystem
functions remains elusive.

Fragmentation

In the 21st century there is little left on most islands that we
could call natural ecosystems. Not only has a lot of habitat been
lost, but what remains is often heavily fragmented, even within
small islands. Medium-sized fragments of semi-natural habitat
remain in inaccessible areas on mountains on individual islands of
archipelagos such as Hawaii, Kauai and Maui in the Hawaiian
Islands, Mahé and Silhouette in the Seychelles, Réunion in the
Mascarenes, Gran Canaria in the Canary Islands, parts of Mallorca
in the Balearic Islands, and many small SE Asian and Western
Pacific islands, harbouring isolated communities. Island ecosys-
tems have been severely exploited for natural resources, and
native habitat has been converted into agricultural and urbanised
land. Islands are per se small systems with small population sizes,
high extinction rates and reduced colonisation rates (metapopu-
lation processes; see Hanski 1994), and fragmentation of island
habitats thus results in smaller fragments, which may lead to a
disproportional amount of edge effects with small or entirely
absent unaffected core areas. While habitat fragmentation may
have particularly severe consequences for insular mutualistic
interactions, there is little direct evidence. In fragmented main-
land systems, plant–pollinator interactions are disrupted by
declines in pollinator richness, abundance and composition (see
Feinsinger and Aizen, 2003, and references within); both are likely
to act in similar or amplified ways in insular settings, partly due to
the lower functional redundancy here (Olesen and Jordano, 2002).
This is certainly the case for seed dispersers where lower
functional redundancy has been highlighted for several island
systems (e.g. Traveset and Riera, 2005; McConkey and Drake,
2006; Hansen and Galetti, 2009). Moreover, larger insect
pollinators, capable of long-distance pollen dispersal, are under-
represented on islands, exacerbating the impact of fragmentation
on community-level pollination interactions here. For seed
dispersal, there is a tendency towards fewer volant and more
ground-dwelling dispersers than in mainland systems, reflected
e.g. by the dominance of lizards as seed dispersers on islands
(Valido and Olesen, 2007) as well as the presence of large or giant
frugivorous tortoises and flightless birds (Worthy et al., 1999;
Hansen and Galetti, 2009). Furthermore, frugivore vertebrates are
more likely to become locally extinct in small fragments (Cordeiro
and Howe, 2003; Rodrı́guez-Cabal et al., 2007).
and restoration of plant–animal mutualisms on oceanic islands.
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Opportunities and challenges in conservation and restoration
of mutualistic interactions

Conservation of island ecosystems benefits greatly from these
systems being comparatively simple, with generally smaller and
spatially restricted populations. On the other hand, small island
states are frequently limited by a lack of financial and human
resources as many island groups belong to developing countries
(Pelling and Uitto, 2001). Furthermore, these states are small in
area and thus cannot afford to set aside relatively large areas for
conservation, and human population density is high, resulting in a
strong anthropogenic pressure on natural resources (e.g. Gillespie
et al., 2008; Caujapé-Castells et al., 2010).

It is advantageous, however, that most islands around the
globe encounter similar obstacles with respect to mutualisms,
which provides the opportunity to bundle resources and transfer
knowledge between islands. To paraphrase Quammen (1996):
Islands are unique ecosystems but they are unique in similar
ways. Similarities among native insular ecosystems, particularly
for taxonomic affinities and derived functional traits, are often
greater between islands within archipelagos than between
archipelagos within a region, and between archipelagos within a
region than between regions. Below, we outline four areas where
we present and discuss options and ideas that highlight the
opportunities and challenges pertaining to the conservation and
restoration of mutualistic interactions. Those areas are based on
the three groups of trait similarities between island mutualisms
outlined earlier and, most importantly, refer directly to the
conservation goals which (1) ensure functional levels of vital
native mutualisms, (2) enhance the diversity of species interac-
tions, and (3) restore completely or partially lost groups of
mutualistic interactions. Furthermore, inherent to each area is the
potential for addressing broad ecological and evolutionary
questions, a few examples of which we highlight.
The network approach: basis for restoration and conservation of

mutualistic interactions

Mutualistic networks describe plant–animal interactions on a
community level, and the use of such an approach in conservation
and restoration of pollination and seed dispersal interactions is
particularly useful on islands due to the simplicity of ecosystems.
Insights gained through an increasing number of mutualistic
networks from islands encompass similar interaction patterns at
the guild- or ecosystem-level between island groups, providing
opportunities for the restoration of such interactions on the
community level.

Pollination networks on islands, for example, are often
generalised systems where many open and easily accessible
flowers are predominately pollinated by flies and beetles, with
few bee pollinators (Anderson et al., 2001; Rathcke, 2001), and
mostly diverse in vertebrate pollinators, including birds and
lizards (Traveset and Sáez, 1997; Dupont et al., 2003; Kaiser-
Bunbury et al., 2009). With the high degree of generalisation most
island pollination networks show a dominance of asymmetric
interactions, which suggest high redundancy and resilience to
perturbations (Bascompte et al., 2006). Asymmetric interactions
describe links between specialist and generalist species, and they
are common in networks that are generally small, have a core of
highly generalised species, and are therefore able to provide
stable interaction partners to rare specialists (Olesen et al., 2002;
Bascompte et al., 2003; Dupont et al., 2003; Kaiser, 2006, Kaiser-
Bunbury et al., 2009). However, this also means that any loss of
the relatively few highly generalised pollinators may result in a
subsequent sharp decline of plant diversity (see Memmott et al.,
Please cite this article as: Kaiser-Bunbury, C.N., et al., Conservation
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2004). Thus, a primary mission of conservation should be to
identify and manage or restore species that interact strongly with
others (Jackson et al., 2001; Dupont et al., 2003), also described as
keystone mutualists (Gilbert, 1980). For example, Cox and
Elmqvist (2000) reviewed the loss of pollinator species on Pacific
Ocean Islands, and found that such losses can reduce plant
reproductive success (e.g. Jennersten, 1988), or result in a
complete breakdown of breeding systems (e.g. Washitani, 1996).

For insular seed dispersal networks, due to the great isolation
of many oceanic islands and the restricted dispersal ability of
vertebrates compared to small invertebrates, pristine seed
dispersal communities consisted of few vertebrate frugivores. In
the western Indian Ocean, for example, Mauritius used to harbour
23 mostly or partly frugivorous bird, reptile and mammal species,
Réunion had 16, Rodrigues 11, the granitic Seychelles islands 14,
and similar numbers were found on the other side of Africa, on the
Canary islands, with Tenerife harbouring 14 and La Palma 12
species. The high rate of extinctions has affected most of these
communities, sometimes literally decimating their number of
frugivore species. For example, on Rodrigues only one native
frugivore, the Rodrigues fruitbat Pteropus rodricencis, remains.
Thus, extant seed dispersal networks can be obtained with little
effort. In fact, the simplicity of species pools should make it easier
to restore lost dynamics in dysfunctional insular networks
because you need to restore proportionally fewer nodes to
achieve a relatively high number of restored links. However, as
a result of high levels of endemism on islands, the loss of a
keystone species on one island is often global. There is therefore a
pressing need to consider alien species to replace missing native
nodes (see below). Furthermore, network studies are a useful tool
to assess potential positive and negative consequences of
introducing alien species to mutualistic interactions and ecosys-
tems in general (Henneman and Memmott, 2001; Memmott and
Waser, 2002).

One major challenge in contemporary mutualistic network
studies is to adequately capture and describe spatial and temporal
dynamics (Bascompte and Jordano, 2007; Olesen et al., 2008;
Tylianakis, 2008). Studies from mainland plant–pollinator com-
munities have shown that within- and between-year variation in
species richness and abundance can fluctuate strongly (Herrera,
1988; Alarcón et al., 2008; Petanidou et al., 2008). To our
knowledge, only one study recently compared temporal variation
between mainland and island pollination networks, suggesting
that island and mainland system are similar in their degree of
species and interaction turnover (Dupont et al., 2009). However,
the authors note that the available data may be insufficient to
draw strong conclusions due to sampling effects. We propose that
island ecosystems are ideally suited to advance our understanding
in these areas given their relatively low species richness. Here,
species pools may change less over time within and between
seasons, especially for seed dispersers as, for instance, most
frugivorous birds on oceanic islands are not migratory like they
are in many mainland ecosystems (e.g. columbids and passer-
ines). However, for islands with a high altitudinal range, some
animal mutualists may migrate more-or-less seasonally between
upland and lowland habitats (e.g. giant tortoises on some
Galapagos islands; birds in Hawaii). Overall, analyses of island
mutualistic networks should therefore be minimally constrained
by between-season species turnover (Herrera, 1988; Cane and
Payne, 1993).
Mutualistic interactions as biodiversity monitoring tools

The conventional methods of biodiversity monitoring focus on
species numbers and population sizes (e.g. Yoccoz et al., 2001;
and restoration of plant–animal mutualisms on oceanic islands.
009.10.002

dx.doi.org/10.1016/j.ppees.2009.10.002


ARTICLE IN PRESS

Fig. 2. Restoration of plant–animal mutualisms on oceanic islands. Options for restoring native pollination and seed dispersal interactions are manifold. They include

weeding or eradicating alien invasive species, as well as actively facilitating increases in populations of native species, or even replacing extinct species with taxon

substitutes. For example, while manual weeding of introduced and invasive plant species in restoration areas in Mauritius creates a lot of initial disturbance (A; compare

right-hand side, weeded area with left-hand side, unweeded area), it rapidly results in an increase in interactions between native plants and native flower visitors,

compared to non-weeded areas (Kaiser-Bunbury et al., 2009). On extremely degraded islands, such as Rodrigues in the Indian Ocean, another option is to recreate native

habitats from scratch. Here, in the Francois Leguat Reserve, some 100,000 native seedlings have been planted in 2007 (B). In another conservation area on Rodrigues,

Grande Montagne, similar plantings in 1998 have already resulted in a low forest of 3–6 m in height (C), with many plants already flowering and producing fruits. A next

logical step would be to rewild such habitats with taxon substitutions, replacing extinct endemic frugivores with extant analogues, for example Aldabra giant tortoises

Aldabrachelys gigantea to replace the two extinct Cylindraspis giant tortoises (D).
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Marsh and Trenham, 2008). One reason may be that species
richness and populations are simply easier to quantify than
ecological interactions. However, to more fully encapsulate
ecosystem health it is pivotal to monitor changes to the underlying
biostructure instead of only monitoring species diversity patterns
(McCann, 2007). We here argue that plant–pollinator interactions,
specifically flower visitation rates and the resulting reproductive
success of plants, represent a comprehensible and easily quantifi-
able way of monitoring a vital part of the biostructure of an
ecosystem. Alternatively, determining pollen limitation is a
suitable method to monitor pollination effectiveness, and it can
easily be demonstrated empirically when supplemental pollina-
tion of flowers increases their seed and fruit set compared to open-
pollinated controls. Combining the monitoring of the interactions
themselves and their outcome, i.e., seed production and dispersal,
Please cite this article as: Kaiser-Bunbury, C.N., et al., Conservation
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allows us to identify conservation targets and prioritise restoration
efforts towards system-relevant species or species groups, even
during ongoing habitat restoration projects (see Fig. 2A).

Moreover, interactions are likely more sensitive to changes.
While species may continue to persist for a long time, and thus
remain in an ecosystem’s species inventory, interactions and their
strength within an ecosystem may respond faster to changes (e.g.
Kaiser, 2006; Morales and Aizen, 2006; Aizen et al., 2008; CNKB
unpublished data). To identify and apply conservation measures
before species extinction has set in, we need to develop tools that
detect early stages of changes to an ecosystem and that do not
rely on slow-responding indicators such as species diversity.
Potential problems detected by observing major shifts in interac-
tion strength and identity can be addressed more swiftly because
the participant species are still present in the system. Ideally, this
and restoration of plant–animal mutualisms on oceanic islands.
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would be accomplished by regular re-sampling of entire commu-
nities. Achieving this level of detail on a regular basis, however, is
in most cases impossible. This is almost certainly the case when
omnibus surveillance monitoring is applied, i.e. monitoring that is
not guided by a priori hypotheses (Nichols and Williams, 2006).
Contrary to such an ad-hoc approach, it is comparatively easy to
establish a priori hypotheses and to collect fine-scale data about
the structure of focal species interactions instead of species lists
(see Hansen et al., 2008; Kaiser et al., 2008). In addition,
interaction monitoring on islands is facilitated by the simplicity
(i.e. generalised plants and pollinators, disharmonic taxonomical
groups) of the systems. Specifically, as mentioned above, island
pollinator and seed dispersal communities potentially show
higher seasonal and annual consistency in species composition
and abundance, an island characteristic which requires further
investigation. Thus, resulting interaction networks would display
higher interaction consistency than communities on mainland
sites, many of which show high temporal variation (Herrera,
1988; Willson and Whelan, 1993; Jordano, 1994; Elberling and
Olesen, 1999; Alarcón et al., 2008; Petanidou et al., 2008). Thus,
interaction monitoring on islands should be able to rapidly detect
phenological uncoupling and spatial mismatches between mutu-
alists.

To conclude, targeted monitoring of mutualistic interactions is
ideally suited to further our ecological understanding on how
common threats to island biodiversity modify ecosystem struc-
ture.
Pollination or seed dispersal: setting priorities

Both pollination and seed dispersal interactions may require
restoration in degraded island ecosystems. Depending on the
context, priorities may differ. Here, we discuss the reasoning
behind prioritising restoration of pollination or seed dispersal
interactions, and outline the opportunities of combined efforts.

Pollination on islands is dominated by invertebrates, while
seed dispersal is largely carried out by vertebrates. As the
requirements and life cycles of these taxa operate on very
different spatial and temporal scales, restoration that addresses
pollination does not necessarily create favourable conditions for
maintaining native seed dispersal interactions, and vice versa.
Given the resource and space limitations on islands, restoring
pollination interactions in small habitat patches may be more
easily achieved than restoring the integrity of seed dispersal
interactions. For example, recent experimental evidence has
shown that Janzen-Connell patterns, i.e., a disproportionately
large negative effect on progeny close to maternal trees caused by
host-specific seed predators, seedling herbivores or pathogens, act
strongly in present-day island ecosystems (Hansen et al., 2008),
with further indirect evidence from other islands (Galapagos:
Clark and Clark, 1981; Pacific islands: Lee, 1985; Wiles et al.,
1996; and Canary Islands: Arévalo and Fernández-Palacios, 2003).
Seeds therefore may often require dispersal within fairly large
habitats of sufficient quality for successful establishment and
growth. Since vertebrate frugivores have substantially larger
minimum habitat size requirements than invertebrate pollinators,
many restoration areas on islands are too small to maintain self-
sustaining resident seed disperser populations. It may be possible,
though, with minimal husbandry to maintain resident or semi-
resident populations of seed-dispersing vertebrates in larger
habitats (e.g. giant tortoises on Cousine Island, Seychelles;
Samways et al., 2009; on Round Island and Ile aux Aigrettes,
Mauritius, Griffiths et al., in press). Resurrecting thus at least part
of the lost mutualisms, if not quite achieving self-sustaining
mutualist animal populations, is in our point of view preferable to
Please cite this article as: Kaiser-Bunbury, C.N., et al., Conservation
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more heavy-handed human-driven management. Furthermore,
one advantage of focusing on the restoration of plant–vertebrate
interactions is the comparatively larger availability of vertebrate
conservation- and restoration-related information.

Conservation and restoration priorities on islands are inher-
ently idiosyncratic and it may not always be possible to address
pollination and seed dispersal when restoring a habitat. Although
both interactions are vital parts to plant reproduction, there is a
necessary priority towards restoring pollination dynamics if fruit
set is low due to pollinator limitation (quantity of pollination).
The quality of pollination is partly dependent on the genetic
diversity within a plant population, i.e. generally speaking with an
increase in population size one would expect an increase in
genetic diversity (Frankham, 1996; Hedrick, 2001; Ouborg et al.,
2006) and in the diversity of pollinators visiting the plant. If
restoration aims to restore quality of pollination more than
quantity of pollination, seed dispersal and pollination can be
addressed simultaneously. In this case, restoration of dispersal
interactions would lead to an increase in plant population size,
which could consequently result in a larger genetic diversity and
higher quality pollination services, if both sufficient genetic
diversity and pollinators are still present within the island.

Overall, a positive outcome of restoration is more easily
achieved for pollination interactions on a smaller spatial scale,
in a shorter time period, and with an increased likelihood of
creating higher functional integrity (i.e. a combination of the
conservation goals described above) in plant–pollinator commu-
nities, than for restoring plant–disperser interactions. This is
especially true when considering the predominately generalised
nature of interactions and the disproportionate role of certain
groups of pollinators in insular systems, which allows conserva-
tionists to focus on a few core groups for maximum conservation
value. In the medium- to long-term, however, restoration has to
tackle both pollination and seed dispersal interactions to avoid
genetic deterioration of the plant community. Small populations
of restored plant species will maintain relatively little genetic
diversity, which reduces the chance of successful adaptation to
small- or large-scale alterations such as e.g. climate change.
Hence, in a second step, large-scale restoration needs to be carried
out to account for seed dispersal interactions to eventually result
in reproductively self-sustaining communities.
Alien invasive species and mutualistic interactions

Alien species and their invasion into new habitats are most
commonly perceived as detrimental to native species. However,
depending on the level of invasion and degree of degradation, the
presence of alien species in insular habitats may also have
facilitative effects, particularly on ecosystem processes such as
mutualistic interactions. In the following two sections we discuss
the potential role of alien mutualists in native, degraded habitats
and highlight their potential for restoring island ecosystems.

Recent studies have shown that alien species may integrate
substantially in native mutualistic networks (Memmott and
Waser, 2002; Olesen et al., 2002; Morales and Aizen, 2006;
Lopezaraiza-Mikel et al., 2007). While alien species increase their
number and strength of links within the network, which can
ultimately result in the disconnection of natives from the
network, many network parameters such as connectivity, nested-
ness, level of asymmetry, compartmentalization, and modularity
remain largely unaffected by the presence of invasive species
(Aizen et al., 2008; CNKB, unpublished data; but see Bartomeus
et al., 2008). A less ambiguous pattern may be revealed by
analyzing shifts in dependence strength or quantitative evenness
between mutualistic partners during invasion processes, patterns
and restoration of plant–animal mutualisms on oceanic islands.
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that were shown by Tylianakis et al. (2007) in antagonistic host–
parasitoid networks.

In contrast to evidence provided by network analysis, we have
highlighted how ‘‘single-species’’ studies (see earlier section
‘‘Species introductions’’) demonstrate that alien species can
interfere with native mutualistic interactions (Fig. 1C and D).
This suggests that, although individual alien invasive species may
have a negative impact on one or several native mutualistic
interactions, their effect on the overall community may be neutral
or even positive with regards to the outcome of mutualistic
interactions. For example, in some heavily degraded island
systems honey bees may step in as pollinators of native species
and thus contribute positively to the native plant fitness. In
Mauritius, honey bees were the major flower visitors of 43 out of
74 plant species (58%) in a weeded conservation management
area (Fig. 2A; Kaiser, 2006), and, in addition to substituting native
pollinators in the system, they are potentially important for the
reproductive success of these native plants. While studies on the
role of alien invertebrate pollinators draw variable conclusions,
island systems are ideally suited to contribute further evidence
from differently degraded systems to advance our understanding
of these processes. Similarly, the following section advances the
idea of using alien species as a management tool as they could
provide beneficial interactions to systems where native mutual-
ists have disappeared.

Rewilding, a current controversial issue in conservation biology:

islands at the forefront again?

Work on islands has contributed significantly to advances in
modern conservation and restoration, and many techniques and
methods were pioneered and developed here, particularly in
subjects such as single-species conservation and eradication of
alien species (Towns et al., 1990; Veitch and Clout, 2002).

A recently developed, but highly controversial, concept for
restoration is to rewild ecosystems by introducing extant species,
taxon substitutions, as functional replacements or ecological
analogues for extinct native species. Rewilding with taxon
substitutions has been proposed for several continents and
continental islands (Mauritius: Jones 2002; Hansen et al., 2008;
Griffiths et al., in press; New Zealand: Atkinson, 1988; Madagas-
car: Burney, 2003; South America: Galetti, 2004; Siberia; Zimov,
2005; North America: Donlan et al., 2005; Martin, 2005; Donlan
et al., 2006), especially where the focal extinct native species were
keystone or ecosystem engineer species (e.g. Griffiths et al., in
press). However, the use of functional but alien substitute species
is a controversial issue, with several scientists arguing caution
(Caro, 2007), or being in direct opposition (Cajal and Tonni, 2006;
Rubenstein et al., 2006), so comparison between native and alien
functional traits (e.g. Kueffer et al., 2009) may thus be required to
assess the substitutes’ impact on the ecosystem. It is clear,
however, that the rewilding approach has the potential to excite
the public (and funding agencies) about conservation in general,
as it transcends the all-too-familiar ‘doom and gloom’ scenarios
that are otherwise prevalent when conservation scientists and
professionals communicate with the public (Donlan et al., 2006;
Nicholls, 2006; Stolzenburg, 2006).

The implementation of rewilding projects was originally
suggested and discussed for large-scale continental scenarios—

which also partly explains their controversial nature. A major
current roadblock to objective discussion of the applicability of
rewilding is a lack of broad empirical evaluation of methods and
outcomes. We believe that highly degraded island ecosystems
offer some of the most well-suited scenarios for smaller scale,
rapid implementation and evaluation of rewilding projects,
especially in relation to plant–animal interactions. In particular,
Please cite this article as: Kaiser-Bunbury, C.N., et al., Conservation
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because many island ecosystems have only little to lose and a lot
to gain. That is, ironic as it may sound, some of the most
devastated island ecosystems may offer the best prospects for
being turned into frontrunners for the development of restoration
and conservation practices of the future. This is simply because
the most badly afflicted islands and islets have already suffered so
much extinction, invasion and degradation that almost any action
will lead to an improvement in ecosystem function. Indeed, such
sentiments were recently reflected in Burney and Burney (2007),
who stated that ‘‘The Hawaiian Islands are ripe for new
conservation ideas y the situation there is dire.’’ Or, even more
forcefully, as the poetic words ascribed to conservation biologist
Richard Lewis in Douglas Adam’s book ‘Last chance to see’ put it in
the case of Mauritius: ‘‘Everything that shouldn’t be done to an
island has been done to Mauritius. Except, perhaps, nuclear
testing’’ (Adams and Carwardine, 1990, p. 188).

Among the first questions to ask in any rewilding project is
which extant species to use, and which criteria (e.g. relatedness,
ecology, functional traits, behaviour) to use when selecting them
(Nicholls, 2006). On islands, in relation to rewilding projects in
continental areas, the planning phase often has a critical
advantage: the history of extinction and loss is comparatively
recent, and has been well documented for some islands (e.g.
Seychelles: Stoddart, 1984; Lord Howe Islands: Hutton et al.,
2007; Mauritius: Cheke and Hume, 2008).

Good examples of potential taxon substitution projects with
animal mutualists include the pigeon Hemiphaga novaeseelandiae

from mainland New Zealand to Norfolk Island, the pollinating and
seed-dispersing bellbird Anthornis melanura from New Zealand to
the Chatham Islands (Atkinson, 1988), or bulbuls (Hypsipetes;
Jones, 2008) and blue pigeons (Alectroenas) between islands in the
western Indian Ocean. Insular tortoise taxon substitutions also
hold great promise. For example. the proposed intra-archipelago
introductions of replacements for extinct tortoises on some of the
Galapagos islands (Hamann, 1993).

In fact, some current projects already utilise taxon substitu-
tions in restoration projects: In the western Indian Ocean, two
extant species of large and giant tortoises (Astrochelys radiata and
Aldabrachelys gigantea) are used as replacements for four extinct
species of giant tortoises from the genus Cylindraspis. In
Mauritius, as part of ongoing large-scale restoration projects,
these tortoise species have been introduced to two islets, Ile aux
Aigrettes (A. gigantea only) and Round Island (A. gigantea and
A. radiata) (Griffiths et al., in press; Jones, 2008). In Rodrigues,
both A. gigantea and A. radiata are used as analogues in an
ecotourism and ecosystem restoration project, with great poten-
tial for additional future projects (See Fig. 2B–D; Weaver and
Griffiths, 2008).

An important common feature in the abovementioned species
and examples is that they are all vertebrates. This is simply
because our understanding of insect conservation—and even
more so for insect restoration—is much less developed than for
vertebrates (e.g. Seddon et al., 2005), especially so on islands
(Motala et al., 2007; Gerlach, 2008). For example, a recent special
issue of Journal of Insect Conservation, dealing with conservation
of island insects (New, 2008), contains only two papers dealing
specifically with translocation of insect species as a conservation
tool—both on giant weta species in New Zealand (Stringer and
Chappell, 2008; Watts et al., 2008), which, admittedly, are also
seed dispersers (Duthie et al., 2006).

Similarly, very few proposed rewilding projects on islands are
specifically aiming at replacing extinct plant species with similar
extant ones—and none of these projects seem to have resurrec-
tion of lost interactions as the main goal of such substitutions.
One example is from Lord Howe Island, where Hutton et al. (2007)
suggest replacing the extinct plant Solanum bauerianum species
and restoration of plant–animal mutualisms on oceanic islands.
009.10.002

dx.doi.org/10.1016/j.ppees.2009.10.002


ARTICLE IN PRESS

C.N. Kaiser-Bunbury et al. / Perspectives in Plant Ecology, Evolution and Systematics ] (]]]]) ]]]–]]]10
with the widespread Pacific species S. viride. However, compara-
tively few plants are known to have gone extinct on oceanic
islands (Sax and Gaines, 2008), and the chronically limited
conservation funds are probably better applied to boosting
population sizes of extant endangered native and endemic
species.

Overall, rewilding offers hope of restoring regeneration
dynamics in even some of the most devastated island ecosystems.
Indeed, there is a growing interest in re-building native
ecosystems in areas where few if any native plants or animals
remain, or even in abandoned agricultural land. One example
comes from some Hawaiian islands, where this kind of ‘inter-situ’
plant conservation is rapidly recreating native plant communities
of several hectares in size (Burney and Burney, 2007). Another
example is found on the island of Rodrigues in a restoration
project in the Grande Montagne reserve, where today, 10 years
after planting, several hectares of 5–6 m tall native forest have
replaced the formerly dense, monospecific stands of invasive
Syzygium jambos trees (Fig. 2C; Cheke and Hume, 2008; CNKB and
DMH, pers. obs.). Both of these projects already now offer suitable
habitats that could be used in animal rewilding projects,
particularly for generalised herbivores and frugivores. Similarly
encouraging early results come from Cousine Island, Seychelles,
where native plant species have formed a canopy only 10 years
after planting—replacing what used to be almost entirely alien
plants (Samways et al., 2009).

Lastly, even though it is not an oceanic island, the restoration
of the heavily human-modified Mana Island, New Zealand
(Timmins et al., 1987; Miskelly, 1999), may offer many valuable
lessons for similar projects on oceanic islands. For example, on
this island, introduced European starlings and endemic geckos are
already providing valuable seed dispersal of native plant species
being restored (Ferguson and Drake, 1999), suggesting that an
early addition of generalised frugivores to an otherwise frugivore-
empty ecosystem under restoration may be desirable.

To conclude, rewilding projects on islands offer unique
opportunities to advance our understanding of basic ecological
processes, particularly in the fields of ecological networks,
community assembly and colonisation. We would thus encourage
any such projects to go beyond a simple ‘all-or-nothing’ approach,
and plan and execute projects in a way that maximizes basic
scientific as well as applied management outputs.
Conclusion

We have highlighted the importance and suitability of
pollination and seed dispersal interactions for understanding
and advancing of ecology, conservation, and restoration in oceanic
island ecosystems. The restoration of species without knowledge
of their interactions neglects the pivotal role of these dynamics.
For instance, habitat restoration that focuses on replanting of
native trees runs the risk of creating ‘‘just ‘plant communitie-
s’’’(Atkinson, 1988), i.e., a botanical garden requiring continuous
human management (see Fig. 2). We propose that island
conservation and restoration programmes that aim, for example,
to meet the CBD targets of achieving a significant reduction in the
current rate of biodiversity loss should prioritise the monitoring
of ecological interactions as an indicator of biodiversity change.
Ideally, scientists and organisations should work towards design-
ing and implementing standardised monitoring schemes of
mutualistic interactions that are compatible both within the
same archipelago as well as between regions. Instead of
‘‘reinventing the wheel’’ in battling threats to ecological interac-
tions, what is needed is a platform that facilitates rapid and timely
exchange and dissemination of lessons learned on the conserva-
Please cite this article as: Kaiser-Bunbury, C.N., et al., Conservation
Perspect. Plant Ecol. Evol. Systematics (2009), doi:10.1016/j.ppees.2
tion and restoration of native mutualistic interactions, freed from
the constraints of peer-reviewed publication.

We have argued that mutualistic interactions are inherently
suitable for inter-island comparisons despite idiosyncrasies
between islands. These interactions provide the opportunity to
fruitfully combine natural science with applied conservation and
restoration, a combination that often is deemed incompatible.
Most importantly, during all stages of conservation and restora-
tion, i.e. planning, implementation, and monitoring, the outcomes
of such efforts need to be immediately and widely disseminated
between islands, ideally at all geographical levels.
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Caujapé-Castells, J., Tye, A., Crawford, D.J., Santos-Guerra, A., Sakai, A., Beaver, K.,

Lobin, W., Florens, F.B.V., Moura, M., Jardim, R., Gómes, I., Kueffer, C., 2010.
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