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Abstract

Islands provide singular yet powerful natural settings for testing ecological and
evolutionary hypotheses and have been particularly informative for disentangling
the drivers and consequences of species interactions. Damage to plants inflicted
by vertebrate and invertebrate herbivores represents an especially strong and
ubiquitous force on island life which early on caught the attention of biologists.
There are numerous biotic and abiotic factors that potentially explain herbivory
patterns on islands, and yet many of these remain elusive or have simply not been
tested. This book seeks to integrate current research on plant-herbivore
interactions on islands, including both syntheses and empirical studies, shedding
new insight and pointing to candidate mechanisms that explain variability in
herbivory patterns on islands. Specifically, this book addresses research testing
for patterns of variation in herbivory in relation to different types of plant traits
associated with vertebrate and invertebrate herbivory on islands, as well as
toisland features or processes classically studied in population ecology or island
biogeography but less tested on plant-herbivore interactions. These include island
area or distance to mainland, temporal (e.g., successional) and spatial (e.g.,
metapopulation) dynamics, and herbivore invasions or extinctions. Novel insight
is gained by establishing links between or jointly testing these drivers, as well as
by harnessing ecological complexity such as through the study of food web
dynamics to explain herbivory and plant trait variation on islands. Likewise,
several chapters deliver new syntheses that uncover novel patterns and can help
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pave the way for future empirical studies. Overall, these studies contribute to
understanding how biotic and abiotic factors acting at different temporal and
spatial scales shape plant-herbivore interactions on islands, and in turn how such
effects influence island biological systems.

1.1 Islands as Model Systems in Ecology and Evolution
of Species Interactions

Islands have long marveled natural historians, ecologists, and evolutionary
biologists given the beauty of their landscapes and biological peculiarities (Darwin
1859; Wallace 1880; Warren et al. 2015; Whittaker et al. 2017). Within the scientific
realm, the relative simplicity of their biotic systems and unique physical and
geographic features (Diamond 1983) have made them especially amenable for
studying ecological and evolutionary processes shaping species diversity and speci-
ation (Losos and Ricklefs 2009; Gillespie 2016), metapopulation dynamics (Hanski
1999, 2010), and ecosystem processes (Oksanen et al. 2010; Young et al. 2010), to
name a few. In particular, they have provided fertile ground for testing effects of
biotic and abiotic or physical factors on species interactions, including the role of
invasions (e.g., Henneman and Memmott 2001; Funk and Throop 2010; Pringle
et al. 2019), island area and trophic complexity (e.g., Schoener et al. 2016), and
disturbances (reviewed by Spiller et al. 2018), as well as the evolutionary
consequences of these and other factors acting on species interactions (reviewed
by Grant 1998; Terborgh 2010; Burns 2019). Insight gained has shown that island
biological systems are strongly shaped by species interactions.

The study of species interactions on islands stems back to early descriptive work
spanning pairwise interactions (e.g., pollination, herbivory; Wallace 1857; Darwin
1862, 1909) to food webs (e.g., Darwin 1839; Summerhayes and Elton 1923).
Nonetheless, formal assessments (i.e., quantification) of species interactions did
not come until the last third of the twentieth century, building on early work in
iconic systems and expanding to other systems around the globe (Burns 2019;
Moreira et al. 2021). These studies included, for example, work on the role of
competition (and island physical features) in bird community assembly in Southeast
Asia (Diamond 1975) and on trait evolution and speciation of Darwin finches in the
Galapagos (Grant and Grant 1998; Carvajal-Endara et al. 2020), the evolution of
plant reproductive traits linked to pollinators and seed dispersers across different
systems (Barrett et al. 1996; Burns 2019), drivers of food web dynamics spanning
the Caribbean (e.g., Bahamas; Spiller and Schoener 1994) and Southeast Asia (e.g.,
New Guinea; Houska Tahadlova et al. 2023) to the Arctic (e.g., Bear Island;
Hodkinson and Coulson 2004), and the study of herbivory and plant defensive traits
across several regions including islands in the Indian Ocean (e.g., Mauritius,
Maldives), the Hawaiian Islands, and New Zealand (Terborgh 2010; Burns 2019;
Barton et al. 2021). More recently, there have also been theoretical developments
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expanding on classical theory to explicitly consider species interactions (e.g., Holt
2010; Gravel et al. 2011).

1.2  Herbivory on Islands

In this book, we focus on herbivory as a prominent interaction on islands. Plants and
herbivores together represent more than half of the macroscopic diversity on the
planet (Strong Jr et al. 1984; Turcotte et al. 2014) and are strongly influenced by
insularity and at the same time profoundly shape life on islands. Early descriptive
work (e.g., Janzen 1973, 1975; Carlquist 1974; Becker 1975; Bowen and Van Buren
1997), consistent with biogeographical models predicting lower herbivore abun-
dance and diversity on islands (MacArthur and Wilson 1967; Simberloff and Wilson
1969), found that plants inhabiting islands were less defended, presumably as a
result of lower herbivore pressure (reviewed by Terborgh 2010). However, studies
that followed depicted a more complex picture (Moreira et al. 2021). Indeed, some
groups of vertebrate herbivores native to islands (e.g., tortoises, crabs, and birds) can
reach high abundances and often dominate insular systems, thereby presumably
exerting strong selection on plants (reviewed by Terborgh 2010; Burns 2019). In
addition, paleoecological data strongly suggest that in many cases extinct vertebrate
herbivores played a key role in shaping plant resistance- and dispersal-related traits
(i.e., anachronisms; McGlone and Clarkson 1993; Givnish et al. 1994; Bond and
Silander 2007; Kavanagh 2015). Still, for many systems we have a poor understand-
ing of the role that extinct as well as extant island herbivores have played in shaping
plant evolution on islands (Burns 2019). Further obtention and synthesis of present-
day and paleoecological data on herbivory and plant traits are needed, including less
studied (and yet ubiquitous) insect herbivory. Crucially, empirical work is needed
that jointly tests for variation in plant traits, herbivory, and associated food web
dynamics to piece together patterns of variation at each level and uncover species
interaction mechanisms. An explicit consideration of island physical (area, age, etc.)
and abiotic (soil, climate) features to link interaction patterns and dynamics with
biogeographical factors (Moreira and Abdala-Roberts 2022; Obrist et al. 2022) is
also needed to bridge evolutionary ecology and island biogeography research.
Toward reaching these goals, data syntheses and empirical tests involving multiple
systems (e.g., within a region) will increase explanatory power and yield more robust
patterns and tests of candidate mechanisms.

1.3  Chapters Overview: Novel Tests and Views

This book integrates current research addressing the above challenges while yielding
new perspectives on insularity effects on plant-herbivore interactions. First, it delves
into patterns of variation in plant traits (Part I), including physical defenses
(Chap. 2), dispersal-related traits (Chap. 3), chemical and functional traits
(Chap. 4), and a broad overview of losses and gains of plant (and animal) defenses
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on islands (Chap. 5). In addition, the impacts of introduced herbivores on the traits,
abundance, and community structure of island plants are also addressed (Chaps. 6
and 7). Then, this volume turns to patterns of variation in herbivory (Part II),
including temporal dynamics of island colonization and metapopulation processes
shaping plant-herbivore interactions (Chap. 8), and a cross-system phylogenetically
controlled test of island abiotic and physical drivers of insect herbivory (Chap. 9).
Lastly, the content addresses food web-level dynamics to understand variation in
herbivory and plant traits (Part III), including work on the role of island abiotic
disturbances and resource pulses on predation by lizards (Chap. 10), predation
pressure along elevational clines in island mountain ranges (Chap. 11), and food
web dynamics shaping predation pressure in island and mainland agroecosystems
(Chap. 12). We next describe in more detail the main findings of each chapter.

Part I focuses on biotic and abiotic factors or phenomena shaping plant traits,
populations, and communities on islands. Namely, Barton et al. (Chap. 2) review
evidence for associations between island megafauna and the occurrence of plant
spinescence (Fig. 1.1a), including comparisons across systems with different histor-
ical legacies of herbivore pressure. They find that the incidence of spinescence is
rather low on islands, but that there are still numerous island plants which bear this
trait, for which there is currently no apparent function. Results are discussed in the
context of evolutionary pressure by extinct megafauna and the persistence of
defensive anachronisms. Relatedly, Heinen and Borregaard (Chap. 3) review the
incidence and consequences of frugivore extinctions for island plants and put
forward evidence for such dynamics from a model system (Mauritius) (Fig. 1.1b).
They report a disproportionately higher (recent) extinction rate of large-bodied
frugivores on islands (relative to mainland), suggesting acute ecological and evolu-
tionary impacts on island floras due to frugivore species losses. Like Barton et al.,
they also discuss the role of dispersal anachronisms and their specificity in
explaining evolutionary outcomes and ecological impacts. Then, Garcia-Verdugo
et al. (Chap. 4) provide a case study of variation in leaf physical and chemical traits
across mainland Mediterranean sites and Macaronesian islands for several plant taxa.
They show that insular plants have larger leaves, higher amounts of secondary
metabolites, and lower photosynthetic rates, suggesting convergence toward a leaf
functional-defensive syndrome which appears to be unrelated to herbivory. In
addition, also synthesizing plant trait patterns, Carlie et al. (Chap. 5) provide an
assessment of losses and gains of defenses for island plants across the globe and
show a trend for a loss of defenses against non-bird herbivores (which are more
common or only present on mainland) and gain of defenses against dominant
island vertebrate herbivores which are often birds (Fig. 1.1c). They also find that
insularity is associated with changes in other plant traits such as size (e.g., dwarfism),
which could be potentially evolutionarily linked to herbivory. Finally, Cap¢ et al.
(Chap. 6) and Bartolomé and Segui (Chap. 7) provide contrasting (and yet comple-
mentary) views on the impacts of introduced (non-native) mammalian herbivores on
island plant traits and communities. The former reports on evidence for marked
impacts on native plant traits, abundance, and distribution, emphasizing effects on
island endemics (Fig. 1.2), whereas the latter points to ecosystem services provided
by introduced mammals on islands.
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Fig. 1.1 (a) The Hawaiian Prickly Poppy (Argemone glauca), a spinescent plant species widely
distributed in Hawaiian Islands (photo credit: Kasey Barton). (b) The rare and endemic palm
Hyophorbe vaughanii (Arecaceae) in Mauritius bears large seeds within inconspicuous brown
fruits that become vibrant orange upon ripening on the ground, potentially attracting extinct
ground-dwelling frugivores (such as giant tortoises or Dodos) (photo credit: Julia Heinen). (c)
The South Island takah& (Porphyrio hochstetteri), a flightless herbivorous bird indigenous to
New Zealand (photo credit: Fabio Mologni)

Part IT addresses insularity effects on patterns of herbivory. First, Hambdck et al.
(Chap. 8) provide a temporal perspective on variation in herbivory and its reciprocal
link with plant traits in land-rising coastlines of the Baltic region. They show a build-
up in plant defenses with increasing herbivory from early plant colonization to later
successional stages. Increased defenses in turn correlate with reduced reproduction
in adult plants, thereby affecting propagule production and dispersal to other
islands and therefore metapopulation dynamics which end up feeding back to affect
succession dynamics and associated herbivory patterns. Then, Moreira et al.
(Chap. 9) provide a phylogenetically controlled evaluation of the effects of island
physical and abiotic features on insect leaf herbivory for 76 plant species distributed
across several European insular systems (Fig. 1.3a—d). They report, however, no
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Fig. 1.2 Increase in vegetation cover and diversity before (a) and after (b) a drastic reduction of
goat populations in Es Vedra (islet close to Eivissa, Balearic Islands). Pictures were taken the same
day in May 2016 (a) and 2017 (b). Photo credit: Joan Rita

effects of island area or abiotic (climatic) factors on herbivory patterns across
islands.

Finally, Part Il addresses plant-herbivore interactions on islands from a food web
perspective, also folding in abiotic forcing and management perspectives. Spiller
et al. (Chap. 10) synthesize findings from their studies on the impacts of predatory
lizards (Fig. 1.4a) on herbivory and plants in the Bahamas and emphasize the key
role exogenous factors play in shaping temporal variation in food web dynamics.
Specifically, they find that resprouting after damage caused by hurricanes leads to
higher herbivory and in turn higher predation, whereas seaweed deposition causes
shifts in lizard diet which weaken predation but in the long term increases predation
by boosting plant growth and lizard population sizes. Then, Sam et al. (Chap. 11)
similarly look at the role of abiotic forcing on predation pressure, in this case
analyzing data from insectivorous bird and ant exclusion studies conducted along
elevational clines on islands and mainland sites across the globe. For predation by
birds (Fig. 1.4b), they found stronger effects on herbivory on islands than on
mainland but no evidence of elevational clines in predation effects for either islands
or mainland. Effects of ants (Fig. 1.4c), on the other hand, do not differ between
islands and mainland (though tended to be stronger in the latter) and exhibited
elevational clines that were similar in both landform types. Interestingly, vertebrates
had stronger effects on invertebrate predators at low elevations in both islands and
mainland, suggesting intra-guild predation dampens herbivory clines similarly
across environment types. Finally, Vandermeer et al. (Chap. 12) compare food
web dynamics associated with plant pests in island versus mainland coffee farms.
They find baseline similarities in coffee-associated food webs across island (Puerto
Rico) versus mainland (Mexico) coffee agroecosystems, but substantial differences
in the relative frequency of species and interactions. Importantly, ant species modu-
late trophic interactions in complex ways which differ on islands versus mainland.
They act as predators of berry borers and as mutualists of scale insects, but the latter
interaction is more common on mainland and indirectly drives greater suppression of
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Fig. 1.3 (a) Heliotropium ramosissimum, an herbaceous perennial plant native to Canary Islands
(photo credit: Xoaquin Moreira). (b) Digitalis minor, an herbaceous perennial plant endemic to
Majorca and Menorca in Balearic Islands (photo credit: Miquel Capd). (¢) Grasshopper (photo
credit: Bastien Castagneyrol) and (d) larvae of Lymatria dispar (photo credit: Thomas Damestoy)
feeding on leaves of the English oak Quercus robur, a species widely distributed across islands of
western Europe

borers. Ant-mediated interactions also appear to play out differently for coffee-
pathogen interactions, with higher disease incidence on mainland than on island
farms. Further, lizards can also be important predators on island farms but rare on
mainland.

Overall, we hope this volume positively impacts the field by stimulating research
aimed at understanding how island biotic and abiotic factors shape plant-herbivore
interactions, as well as species interactions overall, both ecologically and evolution-
arily, and the resulting impacts on species traits, communities, and ecosystems. What
we learn about species interactions, herbivory in particular, can be used to better
understand and manage island biological systems, as well as those found on
mainland.
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Fig. 1.4 (a) The brown anole (Anolis sagrei), a predatory lizard widely distributed in Bahamas
Islands (photo credit: David Spiller). (b) The ochre-collared monarch (Arses insularis), an insectiv-
orous bird species endemic to New Guinea (photo credit: Katerina Sam). (¢) The predatory ant
Pristomyrmex quadridens attacking the island pinhole borer (Xyleborus perforans) in New Guinea
(photo credit: Philipp Honle)
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