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“It’s an absurd privilege, a great (and expensive, so expensive - other people’s taxes), 
a great gift to you (which you know, which makes the pressure worse): a real chance 
to discover something entirely unexpected about the way the world works […];
 So there you go, you must make your own real choice of interest for a doctorate as 
deeply as you possibly can - something that connects at once with the half-forgotten 
entrancements of your childhood, something that really excites you, the more secret 
the better, because this is your last chance to play.”

Redmond O’Hanlon in Trawler (2010), probably written during a bout of seasickness
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The idea for this study originates from a collaboration between two researchers with 
different backgrounds, but with a shared interest in the assembly of ecological 
communities. Rampal Etienne, with a diverse scientific track record, but with a strong 
interest in theoretical biology, is mostly interested in large, complex systems in 
nature, always aiming to identify common, shared patterns. Menno Schilthuizen is 
characterized by a colourful palette of interests, ranging from taxonomy, ecology, to 
evolution, and as an experienced field biologist, he is very familiar with tropical 
ecological communities. Etienne was joined by, amongst others, Schilthuizen in a 
successful application for funding from the Netherlands Organisation for Scientific 
Research (NWO) in 2013 to study the origins of community assembly. The funding 
application was driven by a hardly-understood but omnipresent pattern observed in 
all sorts of natural communities, and the main objective was summarized as follows:

“A major challenge in ecology is the need for a better theoretical framework for
understanding how species assemblages (ecological communities) arise, why
some are species-rich and others species-poor, and why some species are present
or dominant whereas others are not.”

Etienne proposed to solve this problem by developing stochastic, dynamic models of 
community assembly, and testing these with results from experimental and field 
studies. One of these field studies consisted of the examination of Bornean microsnail 
communities, one of the main research interests of Schilthuizen. 

This thesis presents the main results from these studies, which I undertook over the 
past five years (from 2014 to 2019). During these years I received the help from 
countless people, and to work together with so many smart, dedicated people has 
been, without doubt, the most scientifically inspiring experience in my life yet.
 I am most grateful to my two supervisors, Rampal Etienne and Menno Schilthuizen. 
Rampal has put a lot of trust in me from the start, even though my scientific experience 
as a biologist was rather limited at the time. Throughout the project he has been an 
enormous inspiration, always challenging me, pushing me to keep asking more 
questions. He taught me to be critical, and not to focus just on productivity. To Menno 
I owe almost all of my career as a biologist to date. Through his books and lectures on 
biodiversity and evolution, he made me enthusiastic enough to pursue a life in 
academia, up to the point where I decided to change my career from shipbuilding 
(from 2001 to 2014) to biology (from 2011 onwards) altogether! In 2012 he invited me on 
a life-changing expedition to Mount Kinabalu and the Crocker Range on Borneo,  
and he later introduced me to Rampal and suggested that I was the ideal candidate for 
a PhD position.
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 My girlfriend Maike stood by me during all of my PhD and endured my regular 
absence during the long fieldwork trips to Borneo. Since the start of my PhD, 
we bought and renovated our own house and garden in Voorburg. Exactly one month 
after I handed in this thesis with the assessment committee, we propagated our joined 
DNA in the form of our wonderful daughter Mette, born in the afternoon of 
14 November 2019. Not sure how we managed to combine so many life-changing steps 
within these years, not to mention some health-related challenges for the both of us 
and the additional care for our relatives, but we did it. Maike, you are the best!  
My parents, Werner and Veronique Hendriks, have been very supportive over the 
years, too, and it is thanks to their financial support during my first scientific education 
(TU Delft) that I was able to later also study biology at Leiden University, then to switch 
careers. And who could have foreseen that one day my father and I would be 
colleagues, which recently happened at Naturalis?
 During the three fieldwork trips I made to the Kinabatangan Floodplain in Sabah, 
Malaysian Borneo, I received the help from many colleagues, students, Bornean-based 
scientists, and local residents. In 2015 I travelled with Menno Schilthuizen, Iva 
Njunjić, and Alex Pigot, who all kindly assisted in the field. Liew Thor-Seng of 
Universiti Malaysia Sabah (UMS) helped to arrange collection and export permits 
during this and later collection trips. Benoît Goossens of Cardiff University helped to 
arrange accommodation at the Danau Girang Field Centre, located ideally along the 
Kinabatangan River. The large field centre’s crew was most helpful with advice on 
local limestone outcrops, safety, animals, and local transport.
 In 2016 I travelled to Borneo with RUG colleague Leonel Herrera-Alsina and 
MEME student Giacomo Alciatore. Painfully, master student Suzanne Anema could 
not join, as was planned, due to unexpected circumstances. During this trip we 
collected the bulk of the project’s samples. Apart from the very successful snail 
collecting, this trip was characterized by many amazing observations of other 
wildlife, and it therefore ranks as my absolute number one visit to Borneo! To name 
just a few exciting highlights: a close-up sighting of a pair of calling Bornean ground 
cuckoos Carpococcyx radiceus (usually only located with the help of a local guide, but 
we stumbled upon it ourselves during collecting!), a nightly sighting of a large 
frogmouth Batrachostomus auritus on its nest, a calling Whitehead’s broadbill 
Calyptomena whiteheadi (Mount Kinabalu), superb views of several Whitehead’s 
spiderhunters Arachnothera juliae (Mount Kinabalu and Crocker Range), and various 
Bornean orang-utans Pongo pygmaeus (including a female with baby on a nest at 
Gomantong Caves; Figure 1.6). Sightings of breath-taking invertebrates, many using 
fascinating forms of mimicry or camouflage, were endless. During a pre-fieldwork 
stop at the Kinabalu Mountain Lodge we joined Frida Feijen, who showed us the best 
of the park. Lunches and dinners at Kinabalu’s Panataran restaurant were the best! 
Fieldwork accommodation in Sukau was arranged by Isabelle Lackman of HUTAN. 
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We stayed in Sukau with locals Hamidin Braim and his wife Zaiton, who were 
extremely hospitable, and even organised a farewell dinner with their family before 
we left. Zaiton must be the best cook of Sukau! Hamidin, who knows the Kinabatangan 
River like the back of his hand, drove us to the various limestone outcrops with 
HUTAN boats and showed us around. HUTAN staff at Pangi were very helpful 
showing us around, too, and making sure we were safe from roaming Bornean pygmy 
elephants Elephas maximus borneensis. Post-fieldwork laboratory work at the 
Institute for Tropical Biology and Conservation (ITBC), UMS, Kota Kinabalu, was 
possible thanks to Liew Thor-Seng, Bakhtiar Yahya, and laboratory technician 
Cornelius Peter. At ITBC we met with several fellow students of malacology from the 
other side of the Earth, including Phung Chee-Chean, Kelvin Junn (Junn Kitt Foon), 
and Kam Cheng. Later, Phung and Kam, together with Chua Wai Min, Chee Huey Ying, 
Choo Ming Huei, James Yee Chun Sieng, Phung Kin Wah, and Foo She Fui, helped us 
sort and identify some 20,000 snail shells from our soil collections made during 
fieldwork.
 Fieldwork in 2017 was undertaken with RUG colleagues Karen Bisschop and 
Francisco ‘Pancho’ Richter Mendoza, and top master/MEME students James 
Kavanagh, Hylke Kortenbosch, and Anaïs Larue. This being my fourth visit to Borneo, 
it was only now, with this great team, that I climbed all the way to the top of Mount 
Kinabalu for the first time. Along the way, we enjoyed huge pitcher plants (such as 
Nepenthes rajah, for which Kinabalu is so well known) and many endemic birds (e.g. 
friendly grasshopper-warbler Locustella accentor, Bornean whistling-thrush 
Myophonus borneensis, Bornean island thrush Turdus poliocephalus seebohmi, many 
mountain blackeyes Zosterops emiliae, Bornean treepie Dendrocitta cinerascens, and 
many pale-faced bulbuls Pycnonotus leucops). Sabah Forestry Department and Sabah 
Wildlife Department granted us access to the limestone outcrops in the Kinabatangan 
Floodplain we hoped to visit for collecting. As in previous years, Sabah Biodiversity 
Council (SaBC) kindly permitted us to collect snails for research purposes and to 
export these collections as long-term loans from ITBC to the Netherlands.
 Many colleagues at the University of Groningen helped me in one way or another. 
Most importantly, my peers at the Etienne lab (Theoretical and Evolutionary 
Community Ecology, or TECE), a group that varied in composition over the years. 
During invaluable monthly lab meetings, we had many interesting, open-minded 
discussions, which were often most helpful to gain new ideas and organize my 
thoughts. The following people were often present and are thanked for their 
contributions: Adriana Alzate Vallejo, Richel Bilderbeek, Karen Bisschop, Josselin 
Cornuault, Timo van Eldijk, Paul van Els, Bart Haegeman, Leonel Herrera-Alsina, 
Hanno Hildenbrandt, Thijs Janzen, Megan Korte, Joshua Lambert, Giovanni 
Laudanno, Sebastian Mader, Cyrus Mallon, César Martinez, Theo Pannetier, Alex 
Pigot, Fons van der Plas, Gerrit Potkamp, Francisco Richter Mendoza, Marina Rillo, 
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Pedro Santos Neves, Raphaël Scherrer, Luis Valente, Ellen van Velzen, Elodie Wilwert, 
Shu Xie, and Liang Xu. Otherwise, the following GELIFES colleagues have been 
helpful in one way or another during the past five years, or were just great to talk to: 
Jan Bakker, Joke Bakker, Christiaan Both, Janske van de Crommenacker, Sander van 
Doorn, Corine Eising, David Ekkers, Joana Falcão Salles, Michal Fontaine, Maartje 
Giesbers, Annelies van Ginkel, Laura Govers, Pratik Gupte, Martijn Hammers, Ruth 
Howison, Ingeborg Jansen, Raymond Klaassen, Kevin Kort, Boris Kramer, Jan Kreider, 
Helen Kruize, Sancia van der Meij, Hacen Mohamed El-Hacen, Christoph Netz, Han 
Olff, Per Palsbøll, Marina Papadopoulou, Ido Pen, Apu Ramesh, Jeroen Reneerkens, 
Joyce Rietveld, Chris Smit, Paul Steerenberg, Joost Tinbergen, Pieter van Veelen, 
Marco van der Velde, Franjo Weissing, and Bregje Wertheim. I thank students Bas 
van Boekholt, Tom Lamain, Frank Luijckx, Annabel Slettenhaar, and Manon Spaans 
for their positive contributions to my research during their bachelor studies.
 During my time in Groningen I received the warmest welcome from the Bonobo 
living group at De Biotoop, the former biology faculty of the University of Groningen 
in Haren, just south of Groningen. Sander Bot and Pieter van Veelen: thanks for 
introducing me!  Also, Jochem Frens, Frank Groenewoud, Martijn Hammers, Lenze 
Hofstee, Clazina Kwakernaak, Bram Oosterbeek, Janne Ouwehand, Marit Postma, 
Jeroen Reneerkens, Michel van Roon, Tonio Schaub, Almut Schlaich, Jeroen Versteeg, 
Lian Zigterman, and Maarten Zwarts, you guys made me feel at home every time I 
stayed at your place, thanks a million! Very important to me, from De Biotoop I could 
travel to the Linnaeusborg by bike, and after work explore the great outdoors around 
the city. I regularly visited De Onlanden, Kropswolderbuitenpolder, Onnerpolder, 
and Oostpolder, where birds such as white-tailed eagle Haliaeetus albicilla, 
white-winged tern Chlidonias leucopterus, and whiskered tern Chlidonias hybrida are 
now common, giving the impression of finding oneself in Eastern Europe.
 Apart from my position as a PhD student in Groningen, I have been employed as 
a guest researcher at Naturalis Biodiversity Center in Leiden, the Netherlands, since 
2012. Here, too, I was lucky to meet many fantastic, enthusiastic people. As I did much 
of my laboratory work at Naturalis, I am most indebted to Naturalis’ laboratory staff, 
for both their practical help and the time they took to teach me: Kees van den Berg, 
Roland Butôt, Elza Duijm, Marcel Eurlings, Bertie-Joan van Heuven, Rob Langelaan, 
Arjen Speksnijder, and Frank Stokvis. Kevin Beentjes, Marten Hoogeveen, and 
Rutger Vos helped me with bioinformatical analyses of my huge metabarcoding 
datasets. Bram van der Bijl and Jeroen Goud helped me out when I needed to consult 
Naturalis’ molluscan collection. Of the many PhD students I met at Naturalis, I 
specifically want to thank Mega Atria, Kevin Beentjes, Roderick Bouman, Leqin Choo, 
Esther van der Ent, James France, Werner de Gier, Sander Hilgen, Eka Iskandar, Luis 
Morgado, Tiedo van Kuijk, Richa Kusuma Wati, Lisette Mekkes, Aafke Oldenbeuving, 
Marcel Polling, Dewi Pramanik, Isolde van Riemsdijk, Andres Rivera Quiroz, David 
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Scager, Tanya Semenova, Manon de Visser, and Mohd Zacaery bin Khalik for the 
interesting scientific, but often also informal, conversations we had. The same is true 
for the people from the Endless Forms research group, the group of which I was a 
member during the final years of my PhD: Aiden Couzens, Anita Dirks, Tom van 
Dooren, Frietson Galis, Alexandra van der Geer, Barbara Gravendeel, Dick 
Groenenberg, Ivo Horn, Ayla Kesim, Benedict King, Martin Rücklin, Suzanne Saenko, 
George Sangster, Menno Schilthuizen, Kitty Vijverberg, and Rutger Vos. Johan Mols, 
Maaike Romijn, Erik Smets, Dominique van der Sterren, and Jan van Tol were often 
helpful with regard to organisational and administrative issues. Bas Blankevoort and 
Erik-Jan Bosch kindly contributed their line drawings of snail shells I collected. 
Naturalis is home to yet more amazingly dedicated scientists, some of whom are guest 
researchers or museum staff, and I have further been lucky enough to meet and 
discuss my research with the following people (not yet mentioned before): Lucas 
Alferink, Hannco Bakker, Hugo de Boer, Thijmen Breeschoten, Bram Breure, Yvonne 
van Dam, Bardo Cornelder, Becky Desjardins, Daan Drukker, Cobi and Hans Feijen, 
Sofia Fernandes Gomes, Kris de Greef, Elke Hendrickx, Bert Hoeksema, Laurens 
Hogeweg, Berry van der Hoorn, Guido Keijl, Niels Kerstes, Roy Kleukers, Nieke Knoben, 
Lisette van Kolfschoten, Frederic Lens, André van Loon, Constantijn Mennes, Vincent 
Merckx, Jeremy Miller, Jorinde Nuytinck, Katja Peijnenburg, Sander Pieterse,  
Willem Renema, Bastiaan Rijenen, Marco Roos, Izai Sabino Kikuchi, Ronald Sluys, 
Sarina Veldman, Jaap Vermeulen, Peter van Welzen, Frank Wesselingh, Ben Wielstra, 
Esmee Winkel, Ton de Winter, and Francisca Wit.
 Every scientist is familiar with the inevitable setbacks that are intrinsic to 
scientific endeavours. In the case of snail genetics, I learned, it is the difficulty of 
obtaining pure, rich DNA extracts from the snails. Often failing to do so frustrated 
much of my downward genetic work. I originally planned to use next generation 
sequencing of genomic DNA (preferably RADseq) to get a more detailed picture of the 
biogeography of the snails in the Kinabatangan Floodplain, possibly revealing 
suspected hybrid zones, and to include such results with those in Chapter 2. However, 
I lost several months (winter 2016/2017) designing markers for the SNPline (a 
technique said to be robust enough to work with very low amounts of DNA, and which 
was my alternative for RADseq), then to find out that even for this technique my DNA 
extracts were of too low quality! However, I would like to thank Klaas Vrieling, Youri 
Lammers, and Onno Schaap of Institute of Biology Leiden, Leiden University, for their 
help in my attempt to work with this technique.
 Finally, Jon Todd of the Natural History Museum in London, United Kingdom, 
trusted me with some precious Miocene snail fossils collected from Eastern 
Kalimantan, Indonesian Borneo. Michal Horsák and Veronica Horsáková of Masaryk 
University, Brno, Czech Republic, and Robert Cameron of the University of Sheffield, 
United Kingdom, kindly shared unpublished snail community data for me to analyse.
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