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Tropical cyclones and island area shape species abundance
distributions of local tree communities
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Abstract :

Species abundance distributions (SADs) characterise the distribution of individuals among species. SADs
have rarely been explored on islands and the ecological processes shaping SADs are still not fully
understood. Notably, the relative importance of disturbance regime in shaping plant SADs remains poorly
known. We investigate the relative importance of disturbance regime and island geography on the shape
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of SADs. We computed SADs for local tree communities in 1-ha forest plots on 20 tropical islands in the
Indo-Pacific region. We used generalized linear models to analyse how the shape parameter of the
gambin SAD model was related to the number of trees and the number of species. Regression analyses
were also used to investigate how the shape of SADs, the number of trees, and the number of species
were related to cyclone disturbance (power dissipation index) and geography (island area and isolation),
with direct and indirect (i.e., through the number of trees and species) effects assessed using variance
partitioning. Cyclone disturbance was the best predictor of the shape of SADs, with higher power
dissipation index producing more lognormal-like distributions. This effect was mostly due to cyclones
increasing the number of trees and decreasing the number of species. Island area affected the shape of
SADs through its effect on the number of species, and larger islands were associated with higher species
richness and more logseries-like distributions. The effect of cyclones was stronger on smaller islands. Our
results illustrate that disturbances can affect SADs in complex ways; directly and indirectly by impacting
the number of species and individuals in communities, and these effects may be moderated by island-
specific characteristics, such as island area or isolation. Our results therefore suggest that multiple,
interacting processes shape SADs and that studying SADs has the potential to contribute important new
insights to the field of island biogeography.

Keywords : area, disturbance, hurricane, isolation, rain forest, species abundance distribution (SAD),
species-area relationship (SAR), species diversity, theory of island biogeography, tropical cyclone,
typhoon



Introduction

The species abundance distribution (SAD) illustrates an important aspect of biodiversity
because it accounts for both the number of species and their abundances in a community
(McGill et al., 2007). Most species within a community are often rare and represented
by a single or few individuals, while only a few species are abundant (Chisholm &
Pacala, 2010). This pattern is particularly pronounced in species-rich communities such
as tree communities in tropical forests (e.g., Volkov, Banavar, Hubbell & Maritan,
2007). However, documented shapes of SADs vary considerably and studying these
variations can provide important insights into the processes driving the composition and
diversity of communities (see reviews by Matthews et al., 2014; McGill et al., 2007;
Ulrich, Ollik & Ugland, 2010). Yet, the ecological processes shaping SADs, such as the

relative importance of disturbances, remain poorly understood.

Islands can provide natural experiments that help to better understand ecological
and evolutionary processes (e.g., MacArthur & Wilson, 1967; Vitousek, 2002). Species-
area relationships (SARs) and related approaches that may include other predictors (e.g.,
Whittaker, Triantis & Ladle, 2008) have been the main approach used to understand
drivers of community assembly on islands (e.g., MacArthur & Wilson, 1967; Triantis,
Mylonas, Lika & Vardinoyannis, 2003). Because SADs also account for the abundance
of species, they have great potential to improve our understanding of community
assembly on islands but have hardly been used in that context (Borges et al., 2018;
Fattorini, Rigal, Cardoso & Borges, 2016). Studying the variation of SADs in island
systems should provide new insights on the processes shaping SADs and island

biodiversity (Matthews, Borges, de Azevedo & Whittaker, 2017; Patifio et al., 2017).

Because SADs are derived from samples of communities and take into account

both the number of species and their abundance in the community, the factors shaping

“This article is protected by copyright. All rights reserved.’



SADs are complex and interacting. For island communities, SADs can be affected by
direct effects that act on a community-level, and indirect effects that influence the
number of species and individuals that could be expected to be found in a community
due to characteristics of the island that occurs on. The shape of a SAD is strongly
constrained by the number of species and individuals forming a community (Locey &
White, 2013), therfore, it should be influenced by the geography of an island (e.g., its
size and isolation). On islands, the number of species increases with increasing island
size and decreasing island isolation at both the island (MacArthur & Wilson, 1967) and
the local (Ibanez, Keppel, et al. 2018; Keppel et al, 2010) scales. Furthermore, the
proportion of locally rare species tends to increase with species richness (Locey &
White, 2013). Local communities on species-rich islands (larger or less isolated) should
therefore exhibit more logseries-like SADs (for which most species are locally rare and
few species are very abundant), while communities on species-poor islands (smaller or

more isolated) should exhibit more lognormal-like distributions.

It has long been suggested that the shape of SADs should be affected by stresses
and disturbances (e.g., Gray & Mirza, 1979; Matthews & Whittaker, 2015). So far most
studies exploring the relationship between the shape of SADs and different levels of
stress or disturbance have focused on animal communities and no real consensus has
emerged on the nature and strength of this relationship (e.g., Gray & Mirza, 1979;
Hamer, Hill, Lace & Langan, 1997; Ugland & Gray, 1982). Tropical islands are suitable
for investigating the effects of disturbance, as they are subjected to different cyclone
disturbance regimes. For instance, islands located close to the equator never experience
cyclones, while tropical cyclones are often frequent and intense on islands between 15-

25 degrees North or South.

“This article is protected by copyright. All rights reserved.’



Frequent and intense tropical cyclones are known to increase tree density in
tropical forests (Ibanez et al., 2019; Keppel, Buckley & Possingham 2010; Quigley &
Platt, 2003) and this should impact SADs, which are affected by sample size (Chisholm,
2007; McGill, 2003). The proportion of locally rare species within a sample tends to
decrease with more individuals and/or greater area being sampled (Chisholm, 2007;
Locey & White, 2013; McGill, 2003; Preston, 1948). For a given sample area (e.g.,
plots 1 ha in size), communities with higher densities of individuals should therefore
exhibit more lognormal-like distributions (most species have intermediate abundances

with few species being either rare or very abundant).

Cyclones can also cause selective mortality and/or establishment of species. For
instance, early successional species which usually have light wood are more likely to
experience severe damages than species with denser wood, but are also more likely to
establish after canopy opening by tropical cyclone (e.g., Curran, Brown et al., 2008;
Curran, Gersbach, Edwards & Krockenberger, 2008; Webb et al., 2014). In the long-
term, frequent cyclones are believed to increase the proportion of early successional
species at the expense of species that are habitat specialists (Webb, Seamon, & Fa’aumu
2011). These changes in species composition should affect the shape of SADs, as
habitat specialists tend to be locally rare (Umaria et al., 2017). Together, the direct
effects on the composition of tree communities, and the indirect effects on the number
of trees, should lead to more lognormal-like SADs but direct evidence of cyclone

impacts on tree SADs does not exist.

Plant communities tend to exhibit logseries-like SADs, but there is considerable
variation (Ulrich et al., 2010). SADs of forest tree communities tend to be more
logseries-like at lower latitudes and elevations and more lognormal-like at higher

latitudes and elevations (Arellano et al., 2017; Ulrich, Kusumoto, Shiono & Kubota,
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2016). In drylands (mean annual precipitation < 1500 mm) lognormal-like SADs have
been shown to be associated with lower annual precipitation, higher aridity, high soil
carbon content and higher variability of climate variables and soil nitrate (Ulrich,
Soliveres, Thomas, Dougill & Maestre, 2016). More recently, Xu, Wang, Li, Wang &
Han (2019) found that in a desert steppe, lognormal-like SADs were associated with
high annual precipitation and that climate had a greater effect than disturbance by
grazers on the shape of SADs. Therefore, climate can affect the shape of a SAD, and
must be accounted for when evaluating the relative importance of other factors such as

disturbances.

Here we evaluate the relative importance of island geography (area and
isolation) and cyclone disturbance regime on SADs in local, plot-scale, communities.
We analyse how a measure that combines cyclone frequency and intensity affect the
shape of tree SADs in humid tropical forest using a large dataset covering 20 islands
located in the Indo-Pacific region. We hypothesized that the size and isolation of islands
would affect SADs through their effect on the island species pool (Ibanez, Keppel, et
al., 2018). Due to lower species richness, communities located on small and isolated
islands should exhibit lower proportions of locally rare species and more lognormal-like
SADs than communities located on larger and less isolated islands. Cyclone disturbance
regime should affect SADs by changing both the total number of individuals present in
a community and the species composition. Due to higher tree density and potentially
less habitat specialist species, communities experiencing more frequent or intense
tropical cyclones should exhibit more lognormal-like SADs than communities less

affected by cyclones.

Material and methods
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Study plots

We obtained tree species abundance data, i.e., the number of individuals for each tree
species within a community, for 51 1-ha plots in humid tropical forests on 20 islands
(13 archipelagos) in the Indo-Pacific region (Figure 1 and Table 1). We only considered
plots without any evidence of recent natural or anthropogenic disturbances (e.qg.,
secondary forest plots, as defined by the author of source data, were removed). In each
plot, all trees with a stem diameter > 10 cm at c¢. 1.3 m above the base (DBH, diameter
at breast height) were identified. All plots were located in lowland forests on islands
larger than 1 km?. Nomenclature was verified and corrected using the Taxonomic Name
Resolution Service v4.0 (http://tnrs.iplantcollaborative.org/). For taxa without resolution

we referred to The Plant List (http://www.theplantlist.org/).

Explanatory variables

We analysed how the shape of SADs varied among islands as a function of island area
(Area) and isolation (distance to the nearest continent, Dist), and cyclone disturbance
regime. Differences in climate between different tropical lowland humid forests only
had minor effects on SADs (Supporting Material S1). Island area (Area) and isolation
(Dist) were extracted from the Island Directory (http://islands.unep.ch). The effects of
tropical cyclones were assessed using power dissipation index (PDI), a proxy of the
energy released by cyclones (Emanuel, 2005). This index was chosen rather than
frequency (or return interval) as it integrates both the frequency and intensity of tropical
cyclones and performs well as an indicator of the overall cyclone disturbance regime
(Ibanez et al. 2019). The PDI was computed following Vincent et al. (2011) and
Menkes et al. (2016) over the 1981-2016 period from the IBTrACs database

(https://www.ncdc.noaa.gov/ibtracs/, see Knapp, Kruk, Levinson, Diamond &
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Neumann, 2010). The IBTrACs database provides information on the position,
maximum sustained wind speed and translation speed of each inventoried cyclone at 6-h
intervals. We used this data to calculate the average frequency of tropical cyclones for
each grid cell with a spatial resolution of 1° latitude x 1° longitude (= 12345 km?at the
equator). Only events reaching maximum sustained wind speed > 17 m.s™ at some point
along the cyclone track were considered, i.e. tropical storms and category one to five
tropical cyclones according to the Saffir-Simpson Hurricane Scale. Explanatory

variables were not strongly correlated (Spearman’s Rho < 0.70, see Table S1).

Species abundance distribution

The effect of different variables on SADs may be assessed by fitting SAD models to the
observed distributions and analysing how the parameters (e.g., Fattorini et al., 2016;
Matthews et al., 2017; Ulrich, Kusumoto et al., 2016) or performance (e.g., Ulrich et al.,
2010; Ulrich, Soliveres et al., 2016) of the models respond to different explanatory
variables. Several such models have been developed (e.g., McGill et al., 2007). Here we
used the gambin model (Ugland et al., 2007) because it provides good fits to both
logseries- and lognormal-like distributions and can be summarized by a single and easy
to interpret parameter, alpha gambin (o) (Matthews et al., 2014). A low o characterizes
a community with a high frequency of species with low abundances (more logseries-
like distribution), while a higher a characterises a community with a more normal
distribution on a log scale (more lognormal-like distribution, see Figure 2). It has been
suggested that the a parameter may help to better understand how disturbances shape

the structure of communities (Matthews & Whittaker, 2015).
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The a parameter was estimated for each plot using the gambin R package
(Matthews et al., 2014). Although the mathematical formula for estimating a does not
have parameters for the number of individuals and species (see Ugland et al., 2007), the
possible shapes of SADs are highly dependent on the number of individuals and species
(Locey & White, 2013; Matthews et al., 2014). Given that the number of trees per plot
varied about 3-fold in our data set, a was also estimated controlling for different
sampling sizes (ostang). Standardization was done by randomly subsampling 400 trees
per plot before fitting gambin models, and repeating the process 100 times for each plot
before estimating asang as the mean value of o; from all iterations. We then correlated

the number of trees and the number of tree species with a and osiang for each plot.

Analyses

We first used generalized linear models to analyse (i) how variation in o and osgng Were
associated with the number of trees and the number of species, (ii) how variation in a,
astand, the number of trees, and the number of species were associated with island
geography (log-transformed Area and Dist) and cyclone disturbance regime (PDI), and
(ii1) the direct and indirect effects (through their effects on the number of trees and
species) of Area, Dist, PDI, on o and ostang. FOr o and asang (Skewed continuous
variables) we used a Gamma distribution while for the number of trees and the number
of species (discrete variables) we used a Poisson distribution. In both cases a log link-
function was used. Secondly, we used the MuMIn R package and the dredge function to
generate and compare different sets of models representing all possible combinations
and subsets of fixed effects (PDI, Area, Dist), and their two-way interaction terms in
explaining variation in o, aswang, the number of trees, and the number of species. Models

were considered to belong to the set of best models, if their corrected Akaike
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Information Criterion (AIC.) values were within 2 units (AAIC, < 2) of that of the

model with the lowest value (see 2003; Bunnefeld & Phillimore, 2012).

To account for variation within islands and because sampling intensity differed
between islands (10 islands were represented by a single plot), we randomly selected 1
plot for each island with more than 1 plot before fitting and selecting the best models.
The parameters of the best models were averaged using the model.avg function.
Averaged parameters were computed by only averaging over the models where the
variables were selected within the best models. This procedure was repeated 500 times
and the effects of each variable was finally estimated as the average of the 500 averaged
parameters. We also computed the number of times variables were selected within the
best models among the 500 iterations as an indicator of the robustness of the effects of

variables.

Cyclone disturbance regime (PDI) and island geography (Area and Dist) can
directly affect the shape of SADs but also indirectly through their effects on the number
of trees and species. We quantified the direct and indirect effects of the cyclone
disturbance regime and island biogeography on a and ostang USing the variance
partitioning varPart function from the modEvA R package. Variance partitioning was
conduced using pseudo-R? (the proportion of variance explained by the models with

different combination of factors) as input.

Results
Correlations between a, asang, the number of trees, and the number of species

The shape parameter of SADs, a, varied tenfold across the studied plots, ranging from

0.60 for a plot located on Normanby island (D’Entrecasteaux archipelago) to 7.44 for a
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plot located on Tutuila island (Samoan archipelago). Lower a values (i.e., more
logseries-like SADs) were associated with lower numbers of trees (i.e., lower tree
densities) and higher numbers of tree species (Figure 3 A-B). The number of species
was not significantly correlated to the number of trees (Spearman’s Rho=-0.01, p =
0.960) and had a weaker effect on « than on the number of trees (lower R?, Figure 3).
Once standardized for different tree density, the standardized shape parameter, dstang,
was not affected by the number of trees but was still negatively associated to the

number of species (Figure 3 C-D).

Factors affecting a, asand, the number of trees, and the number of species

The main factors explaining the observed variation strongly differed for o, ostang, the
number of trees, and the number of species (Figures 4-5). Cyclone regime (PDI) was the
only factor that significantly affected all o, ostang, the number of trees, and the number of
species. Variation in a. was mostly associated with variation in PDI, with higher a
values being associated with higher PDI (Figure 5A). PDI has also a significant positive
effect on asang (Figure 5B) but this effect tended to decrease (negative interaction terms)
with increasing island area (Area) and isolation (Dist). Island area has a negative effect
on a and osang that decreased with island isolation (negative interaction term between
Area and Dist). PDI has a significant negative effect on the number of species (Figure
5G) but this effect was weaker (lower standardized coefficient) than the positive effect
of island area (Figure 5H). PDI and, to a lesser extent, island isolation (Dist) had

significant positive effects on the number of trees (Figure 5J-L).

Variation partitioning
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Together, PDI, the number of trees, and the number of species explained on average
>60% of the variance in o (Figure 6A). PDI and its interaction with the number of trees
and the number of species was the variable that explained the most variance in o (48%,
I.e., 76% of the total explained variance). The direct effect of PDI was however
relatively low representing only 12% of the explained variance in a. The interaction
between PDI and the number of trees had a particularly strong effect on a, explaining
15% of its variance. Island geography (i.e., Area, Dist, and their interaction) similarly
had a low direct effect on o (explaining on average only 7% of its variance). In contrast
with PDI, the indirect effect of island geography was mainly through its interaction with
the number of species (Figure 6B). However, the indirect effects of island geography
explained less the variation in o than did those of PDI (26% and 36%, respectively).
When standardized for differences in tree density, the variance in the shape parameter
explained by the direct effects of PDI and island geography both more than doubled
(Figure 6C-D). The variance in osang €Xplained by the number of trees and their
interactions overall decreased while the variance explained by the number of species

and its interactions increased.

Discussion

Our results show that disturbances can considerably shape species abundance
distributions (SADs). In our case, higher power dissipation indices (PDI) due to more
frequent and/or intense cyclones promoted more lognormal-like SADs, i.e., it reduced
the number of locally rare species and increased the proportion of species with medium
abundance. This effect was mostly facilitated by increasing cyclone disturbance
increasing the number of individuals and decreasing the number of species within the

studied tree communities. Island geography also affected SAD shape, predominantly by
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affecting the number of species within the studied communities. Communities, sampled
using plots, exhibited higher species richness and more logseries-like distributions, i.e.,
a higher proportion of locally rare species and lower proportion of abundant species,
when located on larger and/or less isolated islands. Our results also suggest that
disturbance by cyclones may have more pronounced effects on the SADs of smaller

and/or more isolated islands.

Tropical cyclones shape SADs

Energy released by tropical cyclones (i.e., the PDI) was the variable that had the most
consistent effect on the shape parameter a of SADs, having a strong positive effect on a.
Therefore, frequent and/or intense cyclones appeared to drive SADs toward more
lognormal-like distributions, by decreasing the proportion of locally rare species and
increasing the proportion of intermediately abundant species. Tropical cyclones mainly
shaped SADs through their positive effect on the number of trees as has been shown in
other studies (Ibanez et al., 2019; Keppel, Buckley & Possingham 2010; Quigley &

Platt, 2003), and their negative effect on the number of species.

More frequent and/or intense cyclones may decrease the number of species by
creating environmental conditions favouring disturbance-adapted (light-demanding)
species over habitat specialists (shade-tolerant). Although light-demanding, fast-
growing (low wood density) disturbance-adapted species experience higher morality
due to tropical cyclones (e.g., Curran, Brown et al., 2008; Webb et al., 2014), canopy
openings favour their recruitment over shade-tolerant, slow-growing (high wood
density) habitat specialist species (e.g., Comita et al., 2009; Curran, Gersbach, Edwards
& Krockenberger, 2008; Webb et al., 2011). Therefore, high cyclone frequency and/or

intensity should not only drive SADs towards more lognormal-like distributions but also
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toward lower functional diversity and species richness by favouring disturbance-adapted

species (Comita et al., 2009; Hogan et al., 2018; Webb et al., 2011).

It has been suggested that smaller islands are particularly prone to disturbances
(Whittaker, 1995). Our results support that cyclones could have stronger impacts on
SADs on smaller or more isolated islands. The lower impact on larger islands could be
related to such islands generally being higher and topographically more complex
(Borregaard, Matthews & Whittaker, 2015), offering more shelter against cyclonic
winds. It has indeed been observed that topographic complexity can create patches of
vegetation that are less impacted by cyclones (e.g., Staben & Evans 2008). The shape of
SADs should also be less affected by cyclone disturbances on less isolated islands
because local extinction of habitat specialist species would be more likely to be

compensated by colonization events from the mainland.

Hence, disturbance-adapted generalists should be most favoured on smaller
and/or more isolated islands with high cyclonic disturbance. However, further studies
are required to confirm that the changes in SADs with increasing disturbances by
cyclones are indeed related to the loss of locally rare habitat specialists from sampled
communities, the increased dominance of disturbance-adapted generalists, and
functional homogenization. Functional traits likely to be affected by cyclone
disturbance, such as wood density, could help further investigating functional
homogenisation and the relative importance of cyclones versus geographical factors in
shaping the structure and composition of communities (Keppel et al., 2018; Ottaviani et
al., 2020). Furthermore, the effect of cyclone disturbance on the shape of SADs in our
study may also be related to the effects of biogeographical factors that have not been
taken into account in our analysis (e.g., islands belonging to different biogeographical

areas).
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Island geography and SADs

The shape of SADs was also affected by the islands’ geography. Our results show that
SADs tend to have a more lognormal-like distribution on small and /or isolated islands
and that the effect of cyclone disturbance regime on SADs is stronger on smaller
islands. Island area was also the main variable explaining variance in local, plot-scale
species richness and its effect on the shape parameters of SADs was mainly due to its
indirect effect on local species richness (see Ibanez, Keppel et al., 2018). This is in
agreement with Borges et al. (2008) who suggested that SADs of woody plant
communities sampled in forests located on more diverse islands tended to be more
logseries-like (i.e., have a higher proportion of locally rare species) relative to those
sampled in forest located on less diverse islands. Indeed, for a given number of
individuals, higher species richness produces more logseries-like SADs, i.e., a relative

high proportion of locally rare species (Locey & White, 2013).

Therefore, SADs have the potential to considerably further our understanding of
diversity patterns and community assembly on islands, helping to address some of the
most fundamental questions in the field of island biogeography (Patifio et al., 2017). For
example, had we only considered species richness (i.e., SARs), we would have
concluded that island geography is the key driver of diversity patterns on islands.
However, taking the abundances of species into account using SADs suggested that
cyclone disturbance is a key driver of diversity patterns by reducing the number of
locally rare species and that it is moderated by island geography — hence providing
much deeper understanding of the drivers of diversity patterns and community assembly

in our study system.
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Together, disturbance by tropical cyclones and island geography explained on
average 65% of the variance observed in the shape of SADs between forest
communities located on different islands. While some of the explained variance could
be due to covariance with other variables that were not accounted for, cyclone intensity
(PDI) and island geography, therefore, appear to be important determinants of the shape
of SADs. The roles of cyclone disturbance and island geography should be further
investigated using larger sample sizes, which would allow the usage of analytical
methods that can better discern the direct and indirect effects of variables (e.g.,
structural equation modelling). However, this would require collecting a considerable

amount of additional plot data from tropical islands.

Some of the residual variance in our analyses is likely related to differences in
local environmental variation, which could not be taken into account in our analyses.
While we tried to minimise the effects of local environmental variation by sampling
within the same broad vegetation type (lowland tropical rainforest) and only included
large plots (thereby ensuring considerable local topographic variation was included
within each plot), plots will inevitably differ in fine-scale topography and microclimatic
conditions. Further studies are needed to better understand the relative importance of

local and regional factors in shaping island SADs.

Conclusion

Tropical cyclone disturbance exerted a strong effect on the shape of SADs of
communities sampled in forest located on islands. Our study therefore provides
evidence of the major role that large-scale disturbances play in shaping SADs of plant
communities and the potential of SADs to further elucidate processes driving diversity

patterns and community assembly on islands. Furthermore, our results highlight that
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disturbances can affect SADs in complex ways; directly and indirectly by impacting the
number of species and individuals in communities, and these effects may be moderated
by island-specific characteristics, such as island area or isolation. Our results therefore
suggest that multiple, interacting processes shape SADs and that studying SADs has the
potential to contribute important new insights to the field of island biogeography. We
hypothesize that changes in SADs shape should be accompanied by changes in species
and functional composition, as locally rare species are often habitat specialists (Umana
et al., 2017). Changes in cyclone regime such as increasing intensity or poleward
migration (e.g., Kossin, Emanuel & Vecchi, 2014; Knutson et al., 2010) may therefore
potentially alter the composition, diversity and functioning of tropical and sub-tropical
forests. Our results are consistent with cyclone disturbance producing more lognormal-
like SADs, potentially as a result of a decrease in locally rare habitat specialist species
to the benefit of disturbance adapted generalists. However, the link between changes in
SADs and changes in the species and functional composition of communities as a result

of disturbances requires further investigation.
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Figure Legends

Figure 1 Studied islands in the Indo-Pacific area. The background indicates the regional
gradient in tropical cyclone disturbance regime, as calculated by the power dissipation
index (PDI, 1 degree x 1 degree spatial resolution). Areas with higher PDI experience
more frequent and/or intense tropical cyclones. Longitude and latitude are in decimal

degrees.
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Figure 2 Examples of SADs with increasing a parameters from our dataset. The
abundance of species on the x axis were binned into octaves using log2 transformation
(i.e. octave 0 represents species with 1 individual, octave 1 species with 2-3 individuals,
octave 2 species with 4-7 individuals and so on). The y axis represents the relative
number of species in each octave (relatively to the total number of species in the plot).
Blue bars represent observed SADs and white boxes represent SADs as predicted by the
alpha-gambin model. The left plot represents SAD in a 1-ha plot located in Brunei
(Borneo, Small et al., 2004) with 417 trees of 187 species, the middle plot represents
SAD in a 1-ha plot located on Grande Terre (New Caledonia, Ibanez, Blanchard et al.,
2018) with 923 trees of 100 species and the right plot represents SAD in a 1-ha plot

located on Tutuila (American Samoa, Webb & Fa’aumu, 1999) with 938 trees of 34

species.
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Figure 3 Linear regressions illustrating the relationships between the shape parameter

of SADs (non-standardised [a] and standardized [ast.ng]) and the number of trees and

species. Points represent the average value per island, bars the minimal and maximal

values. Grey, solid trend lines represent the fits of 500 iterations of generalized linear

models where a single plot was randomly selected for islands with multiple plots. Solid

black trend lines represent the average fits with averaged R” and P values (distributions

of R% and P values are available in Supporting Material S2). Dotted black trend lines

represent the 95% confident intervals around the average trend lines. Trend lines where

only showed when at least one iteration resulted in a significant relationship (P < 0.05).
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Figure 4 Effects of cyclone power dissipation index (PDI), island area (Area, log-
transformed), island isolation (Dist., log-transformed) on the shape parameter (a) of
SADs, the standardized shape parameter (astang), the number of trees (N), and the
number of species (R). Points represent the average coefficients and bars represent 95%
confidence intervals. Values on the right represent the proportion of iterations (among

500 iterations) where the variable has been retained in best model sets.
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Figure 5 Linear regressions illustrating the relationships between the cyclone power
dissipation index (PDI), island area (Area, log-transformed), island isolation (Dist., log-
transformed), and the shape parameter (a) of SADs, the standardized shape parameter
(astana), the number of trees, and the number of species. Points represent the average
value per island, bars the minimal and maximal values. Grey, solid trend lines represent
the fits of 500 iterations of generalized linear models where a single plot was randomly
selected for islands with multiple plots. Solid black trend lines represent the average fits
with averaged R? and P values (distributions of R? and P values are available in
Supporting Material S2). Dotted black trend lines represent the 95% confident intervals
around the average trend lines. Trend lines where only showed when at least one

iteration resulted in a significant relationship (P < 0.05).
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Figure 6 Partitioning of the variance in the shape parameter (a) of SADs and the

standardized shape parameter (ostang). Bold values shown in the diagrams are the

average proportion of variance (+/- one standard deviation) explained by the cyclone

power dissipation index (PDI, A and C) or island biogeography (Area x Dist, B and D),

the number of trees (N), the number of species (R), and the interactions between these

factors (500 iterations).

A PDI R

Unexplained
0.37 +/-0.08 N

C PDI R

astand

Unexplained
0.45 +/-0.07 N

B Area x Dist R

Unexplained
0.42 +/-0.06 N

D Area x Dist R

Unexplained
0.54 +/-0.09 N
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Table Legends

Table 1 Data set description, providing the number of plots per island and archipelago,

and the sources of the plot data used.

No.
Archipelago Island Data sources
Plots
Andaman Little Andaman 4 Rasingam & Parthasarathy (2009)
Middle Andaman 2 Rajkumar & Parthasarathy (2008)
D'Entrecasteaux Normanby 1 Keppel, Buckley & Possingham (2010)
Fiji Vanua Levu 1 Keppel, Buckley & Possingham (2010)
Viti Levu 1 Keppel, Buckley & Possingham (2010)
Aiba & Kitayama (1999); Small, Martin,
Greater Sunda  Borneo 3
Kitching & Wong (2004)
Kartawinata, Samsoedin, Heriyanto & Afriastini
Sumatra 1
(2004)
Hainan Hainan 2 Luetal. (2014)
Madagascar Madagascar 3 Birkinshaw, Reza & Ratovoson (unpublished)
Mascarene La Reunion 1  Strasberg (1996)
Mauritius 2  Florens & Baider (unpublished)
New Caledonia  Grande Terre 13  Ibanez, Blanchard et al. (2018)
Laidlaw, Kitching, Goodall, Small & Stork
New Guinea New Guinea 2

(2007)
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Philippine Negros 1 Hamann, Barbon, Curio & Madulid (1999)

Samoa Ta'u 6  Webb, Van de Bult, Chutipong & Kabir (2006)
Tutuila 4  Webb & Fa’aumu (1999)
Upolu 1 Keppel, Buckley & Possingham (2010)
Solomon Choiseul 1 Keppel, Buckley & Possingham (2010)
Kolombangara 1 Keppel, Buckley & Possingham (2010)
Vanuatu Erromango 1 Keppel, Buckley & Possingham (2010)
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