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Summary

Animals cannot survive in total isolation. Because they need energy to live and 
reproduce, at the very least, they depend on other species that are able to accumulate 
and store such energy (usually from the sun). Therefore, animals ultimately depend 
on plants (and often also on other animals). Because of this dependence, and because 
different animal species are often so similar that they have roughly the same needs 
(e.g. for space, food, minerals, light), animal species occur in associations, or communities. 
However, when species are too similar, competition prevents them from living 
together forever, as formulated almost a century ago by George Francis Gause as the 
‘competitive exclusion principle’. Species within natural communities can prevent 
competitive exclusion in various ways. The textbook example is that of several 
species of ecologically very similar wood warblers (Parulidae) living in coniferous 
forests in Northeastern United States and Canada. In 1958, Robert MacArthur showed 
that, simply put, these species can live in sympatry because each species forages in a 
different section of a tree. However, many other natural communities appear much 
more complex (more species, different species abundances), and exactly how these 
species manage to live side-by-side is, in many cases, not at all clear.
 In the case of the wood warblers, the different species, or community members, 
have subtly different ‘niches’ to avoid competition that is too strong. In fact, ‘niche 
theory’ has been one of the central pillars of community ecology since the 1950’s, 
thanks to G. Evelyn Hutchinson. Differences among species in niche occupancy (and 
the success thereof) should allow us to explain the community compositions we 
observe today. But does it really? Around the turn of the century, this view was 
challenged, most noticeably by Stephen Hubbell. Hubbell suggested that species 
differences, and therefore niches, are not at all that important when explaining 
community assembly. Instead, Hubbell argued, species within communities can be 
considered functionally equivalent, and community assembly is the outcome of 
chance events (from migration, birth, and death) alone. Partly inspired by the 
neutrality assumption in population genetics, he called this the ‘Unified Neutral 
Theory of Biodiversity’ (UNTB).
 I used these ideas to study the assembly of complex, species-rich communities of 
(mostly microscopically small) land snails (Gastropoda). These ‘microsnails’ live in an 
‘archipelago’ of habitat islands of limestone in the rainforests of the Kinabatangan 
Floodplain in Sabah, Malaysian Borneo. These snail communities show signs of 
neutrality, such as in their rank abundance distributions (few abundant and many 
rare species). My main research question was: Have Bornean microsnail communities 
randomly assembled, and if not, what factors were of influence? As always, one question 
leads to another, and soon I started to ask more specific questions that might shed 
light on my main question. Are the different snail species differentiated in their diets 
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to avoid competition that is too strong, as so often observed in other animal 
communities? Do these snails feed on specific resources at all, or simply eat whatever 
they can find (and digest)? Are there general correlations between the communities of 
snails and the plants they eat (in terms of community richness and diversity)? Is there 
any association between the snail microbiome and the snail diet, as recently shown to 
be the case in various other animal groups (including humans)? Or, is it the 
environment that shaped these communities? And, with migration and colonization a 
prerequisite for community assembly, are these snails at all free to roam the region 
and disperse to other communities, or colonize new locations?
 I focussed on three common snail species, each found on most limestone outcrops 
in the region, and thus with a likely history of regional migration (dispersal) and 
colonization. I studied the evolutionary relatedness among different populations 
(from different outcrops) using population genetic and phylogenetic approaches. I 
expected to find that the different snail species would have colonized the region in a 
stepping-stone manner. Also, I expected that the presence of the Kinabatangan River 
would have been of importance, facilitating dispersal downriver, as shown to be the 
case for snails by researchers in the past. However, results showed that, for each of 
the three species studied, populations on nearby habitat islands were often not each 
other’s closest relatives, rejecting the stepping-stone model. In fact, biogeographical 
modelling results suggested that dispersal to non-adjacent habitat islands and 
long-distance dispersal (LDD) were the origin of 78% of historical colonization events. 
I suggest that snail dispersal is most likely passive, perhaps facilitated by birds or 
other large animals that disperse through the region more easily. These results show 
that, indeed, migration among habitat islands in the study region does occur, and 
often over much longer distances than expected.
 Next, I studied the possible (direct or indirect) association between the snail diet 
and the snail (consumer) community. Based on niche theory I expected to find that 
more diverse consumer communities would be associated with more diverse diets (at 
least at the community level), with more diverse food resources allowing for more 
niche partitioning (and thus space for more species). However, such associations are 
known to be possibly influenced by other trophic layers, so in addition I studied the 
microbiome of the same individual snails. Furthermore, I studied the influence of 
several environmental variables that in the past have been shown to influence 
community assembly. Snail consumer community data were based on census data 
from live snails collected from standardized plots in suitable habitat (limestone 
outcrops) and empty snail shells from the soil from the same plots (data were not 
combined, but analysed separately). Plant diet and microbiome data were obtained 
from DNA metabarcoding of genomic DNA from the guts of over 800 individual 
snails. Contrary to my expectations, I found no direct correlation between consumer 
community and diet diversity. However, I found that microbiome diversity positively 
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correlates with both consumer community and diet diversity. Moreover, these 
correlations were affected by several environmental variables, of which distance to 
anthropogenic activity, habitat island size, and distance to cave entrances (as a 
possible nutrient source from bat and bird guano runoff) were the most important. 
My results highlight the complexity of community-level food web layer interactions 
and the importance of the environment, and I suggest such additional interactions 
should not be ignored.
 I then studied the relevance of diet (niche) differentiation in the communities of 
these snails. Species abundance distributions of these communities were previously 
described to follow the classic lognormal distribution (few abundant and many rare 
species), and fit well with a neutral model (UNTB). Therefore, based on the main tenet 
of the UNTB, viz. species functional equivalence, I expected little difference among 
the diets. However, it seemed unlikely that tens of different (mainly herbivorous) 
snail species live in sympatry without differentiation in their diets. Revisiting the 
plant diet data from the metabarcoding data described above, now with a focus on 
species-specific differences, I found that the different snail species indeed share 
much of their plant diet. However, I also found that mean diet richness (number of 
plant types eaten) varies strongly among species (up to 15×), and that this variation 
roughly correlates positively with snail size. A diet-phylogenetic analysis (i.e. taking 
mean phylogenetic distances among the different plant food sources as a proxy for 
within-individual diet diversity) showed significant phylogenetic clustering of the 
diet for 28% of individual snails, suggesting at least some form of food choice. These 
results show that plant diets (mainly in terms of richness) may differ among species 
within a community, but do not refute random feeding as expected based on neutral 
theory. The patterns I found might also be the result of other, non-competitive 
interactions, such as snails avoiding desiccation or predators in very specific places, 
and feeding only there. Controlled experiments (e.g. snails feeding in isolation, 
versus snails feeding among others) would be needed to further explain the role of 
competition.
 Based on community abundance distribution data (from snail shells found from 
the soil, see above), I directly tested the fit to various (neutral) models. This has 
recently become straightforward for less theoretically-skilled ecologists (like me), 
thanks to the R package ‘sadisa’ (‘Species Abundance Distributions under the 
Independent Species Assumption’). Based on previous suggestions on the likely 
neutrality of the Kinabatangan Floodplain snail communities (see above), I expected 
to find the best fit to the empirical abundance data from the standard neutral model. I 
expanded my analysis and included snail community data from an array of habitats 
(terrestrial, marine, freshwater) and locations (Africa, Asia, Atlantic, Australia, and 
Europe). In agreement with my expectations, I found that the standard neutral model 
generally fits empirical data best. However, when communities are very rich, a 
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non-neutral model including the effects of density-dependence shows a better fit, 
which suggests that species abundance can influence the assembly of snail communities.
 Community ecological studies on snails have historically been undertaken 
within standardized plots, like I did in my studies. However, the habitat within plots 
on limestone outcrops is rarely homogeneous with regard to plant species, coverage, 
humidity, and shade, even when it is only two by two metres. Therefore, within a 
subset of my study plots, I collected live snails specifically from five different 
microhabitats. I found that, indeed, snail species richness differs markedly between 
these microhabitats, and even that half of the species occur only within a single 
microhabitat. These results highlight the need to specifically sample from clearly 
defined microhabitats in future ecological studies of these snail and comparable 
(tropical) communities.
 To summarise, I studied the community assembly of Bornean microsnails, 
specifically focusing on the influence of neutrality versus the niche. I found that 
neutral models fit empirical data well. Indeed, clear niche differences among species, 
at least for the diet, were not found, and differences in the diet among species within 
the community seem to be very subtle. However, many small differences, each likely 
with a small effect on community assembly in practice, may add up to appear neutral 
at a larger scale. Therefore, the study of both niche and neutral theories in community 
assembly are useful, and should advance side-by-side, each with their own role in 
community ecology.
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