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Introduction

The impact of research by our scientists received  
a strong impulse from the grant of the Dutch  
government in the framework of the Economic 
Structure Enhancement Fund (FES). Not less than 
15.3 million euro became available in 2009 to  
improve the research infrastructure of our institute 
formed after the merging of the National Museum  
of Natural History, the Zoological Museum of the 
University of Amsterdam, and the National  
Herbarium of the Netherlands with branches in  
Leiden, Utrecht and Wageningen. 
New or improved laboratories were built for  
morphological, geological, and molecular studies, 
while huge investments were made in our IT and 
bioinformatics infrastructure. We have also  
appointed research fellows and PhD candidates to 
enter new fields of biodiversity research. 
NWO, the national research organisation, accepted 
Naturalis as an institute eligible for funding.  
This  was another essential step to further the  
success of the sector Research and Education.  
Our staff may now directly apply for funding and 
there are opportunities for international exchange 
programmes. Two researchers successfully  
submitted personal grant applications to the  
so-called NWO vernieuwingsimpuls. Other grants and 

contracts were received from the Dutch government, 
the European Union, and private organisations. 
Our scientific output and impact is steadily and  
significantly improving, which was also duly  
acknowledged by an international committee of  
experts that visited and evaluated the sector’s 
achievements in 2014. However, our research sector 
is still in transition. We have started to re-organise 
our researchers in hypothesis-driven research 
groups, rather than in discipline-oriented depart-
ments as they exist up to now. This transition will be 
finished by the end of 2015. At the same time, we 
are still seeking a balance between taxon-oriented 
systematic studies, considered a core activity of 
Naturalis, and hypothesis-driven research. 
The dynamics of biodiversity research asks for staff 
that can comfortably adapt to new opportunities, 
both in fundamental and applied research.  
The present report shows the wide expertise we 
have and the great progress we have made during 
the two years described in this report. 
 

Koos Biesmeijer, scientific director
Erik Smets, scientific director
Jan van Tol, managing director



Departments, Focus projects 
and Programmes
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Research in the Department of Botany focuses on  
a wide range of subjects related to:

• �Taxonomy and phylogeny of selected clades of 
flowering plants, ferns, bryophytes and macro
fungi;

• �Speciation and character evolution, species inter-
dependencies, palaeobotany and ethnobotany;

• �Biogeography of selected taxa, including historical 
biogeography, spatial analysis of biodiversity  
patterns, and species distribution modelling;

• �Diagnostics and species identification tools,  
including DNA barcoding, biodiversity assessments 
and species monitoring.

Within the Department specialist expertise is  
available on the taxonomy of a variety of taxa,  
on comparative morphological and anatomical  
approaches, and state-of-the-art molecular  
techniques and bio-informatics, including GIS- 
applications and species distribution modelling. 

The Department of Botany (co-)coordinates the  
production of five Floras. Two of them – Heukels’ 
Flora van Nederland and Flora Agaricina Neerlandica 
– support the taxonomical knowledge of the Dutch 
biodiversity, while the other three – Flore du Gabon, 
Flora of the Guianas and Flora Malesiana – have 
their focus in the tropics. These products reflect  
the focus present in the herbarium collections and 
represent a very important component of the  
visibility of Naturalis as a center of expertise, not 
only for scientists, but for a much larger user group 
including educational institutions and non- 
governmental organizations.

Our research saw increased efforts to integrate 
more process-related or applied research into our 
core activities. The research cooperation with profit 
and non-profit partners has proven to be a welcome 
addition to the more fundamental research projects. 
Examples have been the successful cooperation 
with plant breeding company Rijk Zwaan into the 
functional anatomical study of tomato plants  
(Frederic Lens) and a climate change proofing  
project for WWF Netherlands (Niels Raes).

Highlights
Projects and partners
In continuation of the previous years the Depart-
ment of Botany has been successful in obtaining 
external funding for its research projects. In the  
period 2013-2014 researchers were efficacious in 
becoming partner within the EU FP7 projects  
NetBiome-CSA (Soraya Sierra, Michael Stech & 
Niels Raes) and DECATHLON (Barbara Gravendeel), 
starting a digitization project of the botanical  
collections made on Halmahera Indonesia, financed 
by Missouri Botanical Garden (USA) (Marco Roos & 
Peter van Welzen), and obtained a Postdoc position 
through the Stichting Rijksherbariumfonds Kits van 
Waveren (Jorinde Nuytinck). Additionally, among 
others, the NWO ALW open project ‘Back to Future? 
Biodiversity gradients revisited’ (Niels Raes), the 
WOTRO TASENE project ‘Identifying and monitoring 
trade in Tanzanian wild-harvested medicinal plants 
by means of innovative genomics-based DNA bar-
coding’ (Hugo de Boer, Barbara Gravendeel & Tinde 
van Andel) and the EU funded FP7-CSA pro-iBio
spehere project coordinated by Naturalis (Soraya 
Sierra) were completed successfully.

PhD candidates
Three new PhD candidates started within the  
Department. In 2013 and 2014 seven PhD candidates 
successfully defended their thesis: Pulcherie  
Bissiengou, Bhanumas Chantarasuwan, Tanawat 
Chaowasku, Annick Lang, Yotsawate Sirichamorn, 
Alexandra Towns, and Robin van Velzen. 

Publications
The department published 172 SCI publications,  
including two in Science, and 15 books. Among the 
books are ‘Mycoheterotrophy: the Biology of Plants 
living on Fungi’ (edited by Vincent Merckx), and  
‘Medicinale en rituele planten van Suriname’ (Tinde 
van Andel). Two volumes were published in the Flora 
of the Guianas, one in Flore du Gabon, and one in 
Flora Malesiana.

Botany

Fig. 1. Pollinator-driven speciation in action: the moth Helicoverpa armigera pollinates the scented flowers of one of the 
three pollination ecotypes of the heath species Erica plukenetii in the Cape Floral Kingdom of South Africa. The other two 
ecotypes are pollinated by sunbirds and have unscented flowers with much longer nectar tubes. Photo: T. van der Niet.
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The Department of Geology of Naturalis has 6 full-
time palaeontologists, 2 full-time mineralogists and 
1 part-time palaebotanist who is emeritus professor 
at Leiden University. Palaeontological research has 
a focus on the Netherlands and adjacent regions, 
Southeast Asia, the Caribbean and Mediterranean 
and, more recently, the Pontocaspian realm.  
Thematic research builds on the taxonomic expertise 
of staff members, that includes (fossil) foraminifers, 
molluscs, echinoids, vertebrates, and plants, and 
covers most of the Phanerozoic. Mineralogical  
research focuses on the Mediterranean and  
Precambrian basement areas of former Gondwana. 
The department houses the Netherlands Gemmo-
logical Laboratory, the only major gemmological  
facility in the Netherlands.

Highlights
In 2013 and 2014, highlights of the Department of 
Geology were manifold.

• �Frank Wesselingh led an international consortium 
that attracted the EU funded ITN ‘PRIDE’ on the 
Pontocaspian lake systems and their biota in the 
last 2 million years, starting in 2015. 

• �We celebrated 3 PhD defences; Alexandra van der 
Geer, Vibor Novak and Sonja Reich, the latter  
2 successfully closing the EU funded ITN  
‘Throughflow’ involving Willem Renema and  
Frank Wesselingh.

• �Anne Schulp joined the department in 2013 and 
played a key role in one of the highlights for  
Naturalis in the last few years, namely the  
excavation and acquisition of a female T. rex.

• �Martin Rücklin was employed as a post-doc early 
2014 to do research on jaw evolution in early fish, 
and with a special task to submit a VIDI proposal 
to NWO (granted May 2015).

• �Frank Wesselingh, John de Vos and Anne Schulp 
co-authored a Nature paper in 2014 on 500,000 
year old hominid carvings by Homo erectus on a  
bivalve shell from Trinil, Java.

• �In March 2013 we hosted the symposium ‘Green 
Planet’ to celebrate the retirement and scientific 
career of Prof. Han van Konijnenburg-van Cittert. 

The symposium attracted palaeobotanists from all 
over the world.

• �National infrastructure funding (NCB/FES) was 
used to obtain, with Utrecht University and 
 VU Amsterdam, a FEG-EMP, hosted in Utrecht, 
that is being operated jointly via a national  
consortium.

• �In December 2013 we obtained a rare carbonaceous 
chondrite from a private collection. The meteorite 
fell near the Dutch village of Diepenveen in 1873 
and is now being investigated by an international 
consortium led by Naturalis (Leo Kriegsman).

• �In 2014 we acquired the renowned mineralogical 
collections of the Technical University of Delft.  
Besides collections managers (Kees de Jong,  
Arike Gill), Hanco Zwaan and Leo Kriegsman were 
strongly involved.

• �Managing editor Steve Donovan managed to  
attract a commercial publishing house to renew 
our in-house journal, Scripta Geologica, and  
hopefully lead it into the Web of Science.

As always, the Department of Geology was very  
productive in terms of publication output, attracting 
external funding, teaching courses and supervising 
students. In addition, we hosted many foreign 
based scientists for one or more months, leading to 
joint publications.

2015 will probably see the end of the department, 
with staff dispersed among various research groups. 
That means the end of a tradition since 1820 to have 
a separate Geology department, in some periods 
even a separate Geology and Mineralogy Museum.

Geology

Fig. 1. Transmitted light microscopy image of a tulip-shaped corundum inclusion in spinel in a sapphire-bearing rock from 
eastern Sri Lanka. Width of view ~2 mm. Obliquely crossed (85°) polarized light.
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Research in the Department of Marine Zoology is 
predominantly collection-based. It is integrative  
by combining field surveys with the application of 
morphological and molecular methods. Most field-
work takes place in Atlantic and Indo-Pacific coral 
reef areas. Major research topics of the department 
concerning coral reefs and other ecosystems in 
2013-2014 included:

• �Comparison of Atlantic and Indo-Pacific reef faunas;
• �Patterns of marine biodiversity in and around the 

Coral Triangle;
• �Evolution of species interdependencies;
• �Biodiversity along onshore-offshore gradients;
• �Historical collections and changing marine biota;
• �Reef invertebrates as producers of bioactive  

compounds;
• �Exotic and invasive species;
• �Fish fauna of Lake Victoria;
• �Marine interstitial fauna;
• �Biogeography and evolution of marine zooplankton.

Tropical Marine Biodiversity
Most researchers in the department study the 
species richness of coral reefs, which is largely 
dependent on species interdependencies.  
The study of the evolutionary history of species 
associations may help to clarify the origin of 
species-rich ecosystems, for which a knowledge of 
both the host and associated groups is required. 
Close collaboration between taxonomists dealing 
with the host group (e.g. corals, sponges) and the 
associated group (e.g. commensal shrimps, coral 
gall crabs, parasitic snails) is essential. The results 
are important for understanding patterns of marine 
biodiversity: a high number of hosts species is a 
condition for a rich associated fauna, especially if 
symbiotic species are host-specific.

Highlights
Deep reef studies in the Dutch Caribbean
Thanks to the hospitality of Adriaan ‘Dutch’ Schrier, 
Director of Curaçao Sea Aquarium and Substation 
Curaçao, various researchers and students of the 

department were able to join trips with the Curasub 
submersible to the seafloor underneath the coral 
reef at approximately 300 m depth. Several new and 
rarely known species were observed during trips in 
2013 and in 2014. This has been a great start of a  
research collaboration with Substation Curaçao and 
other research institutes. A more detailed story can 
also be found in this report.

Fieldwork in the Maldives
Three researchers of the department joined under-
water surveys in the Republic of Maldives (Indian 
Ocean) in 2014 on the occasion of a course given to 
Italian MSc students. The scientists were hosted  
by the MaRHE Centre (Marine Research and High 
Education Centre) on Magoodhoo Island, Faafu  
Atoll, which is managed by the department of Bio-
technologies and Bioscienses of the University of 
Milan - Bicocca in Milan, Italy. They found new  
species, new species associations and species 
range extensions.

Fieldwork in the Red Sea
Six researchers of the department received an  
invitation to visit the Red Sea Research Center of 
King Abdullah University of Science and Technology 
(KAUST) in Thuwal, Kingdom of Saudi Arabia in 2014. 
They were able to study reefs varying in distance 
from the coast, in murky water close to the shore-
line and in crystal-clear water around offshore  
islands. 

Trans-Atlantic oceanographic cruises
Naturalis PhD candidate Alice Burridge joined cruise 
AMT24 (Atlantic Meridional Transect Programme)  
on board the British Antarctic Survey vessel  
James Clark Ross for a 13,500 km long trip from  
Immingham (UK) to the Falkland Islands (22-Sept.- 
1 Nov. 2014). She sampled marine plankton for her 
study on the evolution of pteropods under super
vision of Katja Peijnenburg. Katja joined a similar 
cruise at the end of 2012 (AMT22) on board British 
Royal Research Ship James Cook of Plymouth  
Marine Laboratories. More information on these 
trips can be found elsewhere in this report.

Marine Zoology

Fig. 1. Fish cleaner shrimp Periclimenes yucatanicus (Ives, 1891) on sea anemone Condylactis gigantea Weinland, 1860. 
Curaçao 2013. Photo: C.H.J.M. Fransen.
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Composition, evolution and distribution of the  
diversity of terrestrial vertebrates and invertebrates: 
researchers of the Department of Terrestrial  
Zoology have a broad knowledge and interest.  
Research of our department includes systematic 
studies as well as studies to understand evolution-
ary processes or the effects of global change on 
species distribution. During 2013-2014, our studies 
were published in scientific papers and books,  
and sometimes also attracted the attention of 
newspapers. Apart from fundamental research we 
were also involved in application-oriented studies, 
such as changes in the distribution of pollinators in 
Northwestern Europe.

Two senior entomologists of the department retired, 
Kees van Achterberg in 2013, and Sandrine Ulenberg 
in 2014. Van Achterberg is generally considered one 
of the few global experts of the family Braconidae 
(Hymenoptera). Sandrine Ulenberg joined Naturalis 
when the Zoological Museum of the University of 
Amsterdam (ZMA) merged with the Leiden museum. 
She was the last director of the ZMA, and continued 
her research on the chalcidid fauna (Hymenoptera) 
of the Netherlands after moving to Leiden.

Highlights
Leafmining Lepidoptera
Studies on host plant relationships of leafmining 
Lepidoptera by Erik van Nieukerken, Camiel Dooren-
weerd and Kees van den Berg continued with  
intensive collecting efforts in Japan, South Korea, 
China and South Africa. A thorough morphological 
and genetic studies on phylogenetics and speciation 
patterns is now undertaken. Van Nieukerken was 
awarded the Uyttenboogaart-Eliasen Prize for his 
close cooperation with Dutch amateur lepidopterists 
in the study of the fauna of the Netherlands.

Pollinators
A most notably paper by Koos Biesmeijer and  
collaborators in Ecology Letters showed that the 
decline of species richness and homogenization of 
pollinators and wild plants have slowed down.  
Biesmeijer obtained EU funding for a COST action 

plan, and was invited to lead the Honeybee  
Surveillance Programme for the Dutch ministry of 
Economic Affairs.

Laboratory facilities
Our molecular laboratory facilities were central  
in many of our high profile studies. Research by  
herpetologist Pim Arntzen, in collaboration with 
Ben Wielstra, laboratory staff members and  
students, on hybrid zones of Triturus newts  
extensively used genetic data, and resulted in  
several high-impact publications.

And much more…
• �Menno Schilthuizen’s new book Nature’s nether  

regions about the evolution of genitalia and sexual 
selection drew much attention of media both in 
the Netherlands as well as abroad.

• �Thor-Seng Liew, defended his thesis The evolution 
of shell form in tropical terrestrial microsnails.

• �Arachnologist Jeremy Miller combined morpho
logical, molecular and distributional data in a  
cybertaxonomy platform. Results of his inventories 
and analysis of tropical arthropod communities 
were published in Plos One.

• �Tom Hakbijl contributed with his expertise in  
entomoarcheology and palaeo-ecology to an  
archeological research project on Fectio, a Roman 
castellum.

• �The Odonata research group reports on their  
successful projects elsewhere in this report.

• �The research group on free-living, planarian,  
f﻿latworms of Ronald Sluys published two large 
studies on the diversity and evolution of a  
Mediterranean group of freshwater planarians.

• �Freek Vonk was awarded a VENI grant from the 
Netherlands Organization for Scientific Research 
for his study Assembling an arsenal: molecular  
basis of the venom-system in snakes. Results of 
Freek Vonk’s research projects on the king cobra 
were published in the Proceedings of National 
Academy of Sciences in 2013.

 

Terrestrial Zoology

Fig. 1. Dead Head Fly (Myathropa florea), female. Photo: J. van Tol.
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The Naturalis laboratories offer a wide range of  
opportunities to perform biological or geological 
scientific analyses. The highlights of 2013 and 2014 
are as follows.

Management
In 2013 and 2014 we had 14 FTE technical personnel 
to support research projects, education activities, 
collection activities and requests from the expert 
center and NEL (Dutch Gemology laboratory).  
We established job profiles for (senior) research 
technicians adapted to their current duties and  
responsibilities. Furthermore we began setting up  
a quality system in which we describe procedures, 
methods, work instructions and templates in nearly 
75 documents. We also generated overviews of 
rooms, equipment, projects etc. We generated  
15 overview documents for laboratory management 
purposes. We implemented a project approach  
for DNA based requests and 59 projects were  
completed regarding ancient DNA, barcoding and 
meta barcoding; of these 16 were student projects 
guided by technicians.

The peer review committee visited the labs on the 
18th of September 2014 and our presentation was 
well received. Tenders for TEM and CT scan equip-
ment have been prepared. The expertise of the lab 
contributed to the acquisition of the grant for the 
DNA Waterscan project.

Performance indicators
The laboratory was directly involved in 15 days of 
fieldwork and the collection of 267 specimens. 
Technicians and lab management were involved  
in 30 scientific publications as (co-) author, 1 news-
paper article and 1 successful grant application. 
Four scientific meetings were attended with  
4 presentations. Four consultancy reports were 
produced and, for outreach, 11 lectures were given 
at different institutes and schools.

Facility
In 2013 the services of the laboratory facilities  
acquired a prominent position at Naturalis. In 2014 
we started using temporary facilities at the Bio
parter building, mostly for botanical research.  
The fully operational TEM, FEG-SEM and light  
microscopy facilities were used in multiple research 
projects. The light microscopy facilities at the  
Darwinweg and Darwinhouse were restructured,  
including redefinition of high risk facilities. These 
facilities have been made available through a  
booking system for efficient use. The website for 
laboratory facilities has been completed. The plans 
for the new building have been completed, including 
mapping of all furniture and (future) lab equipment.

An ancient DNA story
Remains of an Ivory ring were found in an excavation 
of a Merovingian cemetery. The Cultural Heritage 
Agency of the Netherlands requested an ancient 
DNA analysis of the ivory to determine the elephant 
species in order to give an important clue about 
trade connections in the early middle ages.  
Extraction and PCR methods were tested on a piece 
of confiscated ivory to determine it concerned an 
African bush elephant (Loxodonta africana).  
Unfortunately the origin of the archaeological  
sample remains unknown due to the heavy  
degradation of the archaeological material. 

Some morphology highlights
The morphology labs in the Biopartner building were 
visited by researchers and students from Naturalis 
and their colleagues to prepare specimens ranging 
from histological sections of planarian flatworms to 
bamboo specimens for transmission electron  
microscopy. For the ‘Rijksmuseum van Oudheden’ 
(RMO) in Leiden, we were able to make wood anato-
my sections from several ancient mummy coffins.  
Prof. dr. Pieter Baas, our renowned wood anatomy 
specialist at Naturalis, was easily able to determine 
that all of the wood was from Ficus sycomorus, a tree 
species that grows abundantly in the Nile valley.

Laboratories

DNA barcoding
The DNA barcoding project, supported by the  
Economic Structure Enhancement Fund, is  
nearing its final stages. The current total of  
successfully sequenced samples has already  
exceeded 40,000. With several additional projects 
processed in the high-throughput facility,  
the Naturalis DNA bank now has more than  
60,000 extracts. 

Within the DNA barcoding project there was a  
special focus on Dutch flora and fauna. Two large 
projects involving the bryophytes and vascular 
plants managed to cover most of the flora of the 
Netherlands, with a combined total of over  
6,000 specimens. The Dutch fauna project mostly 
involved arthropod groups such as the Coleoptera, 
Diptera, Hemiptera and Hymenoptera, which were 
collected by both employees and amateur  

 
 
specialists, and covered over 10,000 specimens. 
The Lepidoptera were represented by over  
10,000 specimens as well, spread over several 
projects both Dutch and international. The Odonata 
collections of Naturalis provided the barcoding 
project with over 8,000 specimens from all over 
the world.

While there are currently no plans for a continua-
tion of the large-scale DNA barcoding, there will 
be an additional focus on the barcoding of fresh-
water organisms for the Water Framework  
Directive in the coming years with grants received 
from the Gieskes Strijbis Fonds. In addition to 
that, various projects have already been started 
using the DNA barcoding pipeline to solve  
different scientific questions.
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The overwhelming biodiversity on Earth is most 
clearly expressed in the variety of physical forms 
that species take. The evolution of diversification in 
these physical manifestations is the phenomenon 
that drives the research conducted within the  
Focus Group Character Evolution. 

Aims of the Focus Group
Naturalis Biodiversity Center aims to archive,  
exhibit, catalogue, and understand the diversity of 
life. The most eye-catching aspect of this biodiver-
sity is the endless variety of size and shape in living 
organisms. A fascination with this richness of form 
is, of course, the primary drive for most researchers 
at Naturalis, and this leads to the obvious and  
inescapable research focus on the evolution of 
form. From the sheer endless diversity of morpho-
logic traits we select a limited array of characters to 
study – in particular so-called 'key innovations': 
supposed crucial changes in shape and structure 
that have opened the way to new evolutionary path-
ways.

Research highlights
One key innovation is the origin of jaws and teeth in 
vertebrates. One Focus Group member who studies 
this set of characters is Martin Rücklin, who has 
made a name for himself by detailed investigations 
of teeth in palaeozoic fishes. To do so, he makes use 
of Synchrotron radiation X-ray tomography. This  
allows non-invasive research (no need to damage 
the fossils in any way), and also enables him to find 
growth-lines in the teeth and reconstruct the 
growth through life of a set of dental elements in 
fossil fishes.

One of Rücklin’s favorite fossils is Compagopiscis 
croucheri. This is a so-called placoderm, a group of 
ancient, extinct, armored fish that lived ca. 370 mil-
lion years before today thought to be descendants 
of the same ancestor that also gave rise to the  
modern bony fishes, rays, and sharks. However, 
whereas modern fishes clearly have teeth, a key  
innovation that has been credited with the amazing 

evolutionary fanning-out that fishes and their  
descendants (including ourselves) have enjoyed, 
 it has for a long time been unclear whether placo-
derms also possess true teeth. Many researchers 
thought that they only had tubercles that grew out 
of the skin.

A few years ago, Rücklin solved this question by 
showing that Compagopiscis indeed had true teeth, 
meaning that teeth evolved almost as soon as jaws 
did. In 2014, in the Journal of Paleontology, Rücklin 
and colleagues asked what led to the controversy 
on the evolution of teeth in placoderms and exam-
ined which methods had been used, and what errors 
they might have introduced. They gave them a full 
set of dental records with a level of detail that would 
make any dentist’s mouth water. They found that 
the fish’s teeth had grown in a long series of growth 
spurts, which proved that placoderm teeth grew 
and developed just like modern teeth do, giving  
further grist to the mill of those who think (like 
Rücklin) that teeth and jaws evolved hand-in-hand.

Another key innovation in a different group of  
(invertebrate) animals is the mollusk shell. Naturalis 
has always had a large and active team of malacolo-
gists, for whom snail shells are their bread and  
butter. Evolutionary innovations in shell design  
can precipitate species diversification, and many 
examples of species-rich groups of snails exist 
where this seems to have happened. One such 

group is the genus Plectostoma. This is a genus of 
tiny (but beautiful) land snails that occur in South-
east Asia. They are all characterized by a curious  
inversion in coiling: when the snail is almost mature, 
it turns itself upside down in its shell and continues 
to grow, thereby giving a counter-clockwise twist  
to the final whorl of the shell. The result is a remark-
ably irregularly coiled shell. Endless variations on 
this theme exist, with some species reversing just 
before the aperture, others reversing much earlier, 
or even multiple times. In addition, the shell may be 
adorned with spines and flanges, providing the 
tropical malacologist with an amazing set of forms. 

In May 2014, Thor-Seng Liew defended his PhD on a 
thesis entirely devoted to these snails, and the  
evolution of their shells. Liew described several new 
species (some of which almost or entirely extinct 
due to habitat destruction in Malaysia), invented a 
new way of modeling and quantifying shell shape 
(using the micro-CT-scanner), and reconstructed the 
evolutionary tree of the species (using DNA-se-
quences). In the end, he came up with a description 
of how the settings of the growth model of these 
snails has evolved throughout their history and  
given rise to the many forms we see today.

Over the next few years, the Focus Group will con-
tinue delving into these and other key innovations to 
understand how the amazing diversity of life has 
evolved.

Character Evolution

Fig. 1. A virtual dissection of the jaw with teeth of  
Compagopiscis croucheri, taken by using Synchrotron X-ray  
tomography, without damaging the specimen.  
Image courtesy: M. Rücklin.

Fig. 2. Plectostoma tohchin-
yawi. A newly-described  
species from Malaysia, 
named after the local politi-
cian and conservationist 
Dato’ Toh Chin Yaw (images 
made by micro-CT-scanning).
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Biodiversity has great societal value. Biodiversity 
supports life, is a fascinating scientific topic but  
is also under increasing threat caused by loss and 
fragmentation of natural habitats, over-exploitation, 
and global climate change. 

Aims of the Focus Group
The main mission of Dynamic Biodiversity is to  
unravel the processes that generate and maintain 
biodiversity. We are committed to understanding 
the natural variability of biodiversity and the govern-
ing processes and settings. This should enable us  
to assess the human role in the global biodiversity 
crisis we are experiencing today. Our extensive  
collections and databases create a solid foundation 
for the Focus Group 'Dynamic Biodiversity'.  
They allow for detailed comparison of temporal and 
spatial diversity patterns in marine and terrestrial 
environments. We study all levels of biodiversity, 
from single species to whole ecosystems. We have  
a unique range of experts, ranging from deep time 
geologists to zoologists and from species modelers 
to ecosystem service experts. 

Research highlights
The effect of glacial cycles on the Southeast Asian 
(SEA) rainforest during the Quaternary is unresolved. 
Using an extensive georeferenced database of col-
lection records for 317 Dipterocarpaceae species, 
we modelled their climatic niches, based on current 
climatic conditions. These distribution models were 
then hindcast onto historical climatic conditions of 
the last glacial maximum. The results indicate that 
central Sundaland, exposed because of lower sea 
levels at glacial maxima, harbored suitable environ-
mental conditions for Dipterocarpaceae and was 
probably covered by rainforest. 

Understanding the processes underpinning and 
supporting marine biodiversity is necessary to  
protect severely threatened marine ecosystems.  
In 2013 we finished ITN THROUGHFLOW aiming at 
unraveling the origins of extreme biodiversity in 
Southeast Asian reefs. At shorter time-scales we 

aim at generating time-series of reef ecosystem 
change in Indonesia, in this project, funded by the 
Portuguese Science Foundation, we demonstrated 
that the potential to recover from major perturba-
tion events differs along an onshore-offshore gradi-
ent. Furthermore, Frank Wesselingh was awarded 
ITN PRIDE studying the rise and demise of the  
endemic Caspian Sea fauna. 

The kingdom Fungi is one of the most diverse groups 
of organisms on Earth. They are integral ecosystem 
agents that govern soil carbon cycling, plant  
nutrition, and pathology. Fungi are widely distributed 
in all terrestrial ecosystems, but the distribution of 
species, phyla, and functional groups has been 
poorly documented. On the basis of 365 global soil 
samples from natural ecosystems, we contributed 
to determine the main drivers and biogeographic 
patterns of fungal diversity and community compo-
sition. The data reveal that climate and soil proper-
ties have the largest influence on fungal diversity 
and distribution and that many fungi are restricted 
to certain types of habitats. 

Ecological interactions are the glue of all eco
systems. We study how one of the best known  
mutualisms, pollination, is affected by global 
change. We assembled 32 million occurrence  
records of plants, bees, butterflies and hoverflies 
from the Netherlands, the UK and Belgium and 
spanning more than 80 years. We compared four  
20-year periods, comparing periods of rapid  
land-use intensification and natural habitat loss 
(1930-1990) with a period of increased conservation 
investment (post-1990). We found extensive species 
richness loss and biotic homogenisation before 
1990, whereas these negative trends became sub-
stantially less accentuated during recent decades, 
being partially reversed for certain taxa. These re-
sults highlight the potential to maintain or even re-
store current species assemblages (which despite 
past extinctions are still of great conservation val-
ue), in regions where large-scale land-use intensifi-
cation and natural habitat loss has ceased.
The use and factors underlying people’s decision to 
use traditional medicines (TM) among urban popu-

lations in developing countries are poorly docu-
mented. Interviews among 270 randomly selected 
citizens of Paramaribo yielded 144 medicinal plant 
species, of which Gossypium barbadense, Phyllan-
thus amarus and Quassia amara were most salient. 
66% had used TM the previous year, especially peo-
ple who suffered from cold, fever, hypertension and 
headache. The strongest explanatory variables 
were health status and (transfer of) plant knowl-
edge. Age, gender, education, income, government 

or doctors opinion had no influence. People’s main 
motivation to use TM was their familiarity with 
herbs. Given the frequent use of self-collected, 
home-prepared herbal medicine and the fact that 
illness and traditional knowledge predict plant use 
rather than poverty or a limited access to modern 
health care, the potential risks and benefits of TM 
should be put prominently on the national public 
health agenda.

Dynamic Biodiversity

Fig. 1. Amazonia showing the 
location of the Amazon Tree 
Diversity Network (ATDN) 
plots that contributed data 
to the analysis of hyper
dominance and hyper
diversity in the Amazon. 
Source: ter Steege et al., 
2013. Science 342: 1243092.

The vast extent and record diversity of the Amazon 
have hampered an understanding of basin-wide 
patterns. A team of 120 Scientist, coordinated from 
Naturalis, compiled and standardized species-
level data on more than half a million trees in  
1170 plots sampling all major lowland forest types 
to explore patterns of commonness, rarity, and 

richness. Analyses suggest that lowland Amazonia 
harbors 3.9 × 1011 trees and ~16,000 tree species. 
Just 227 'hyperdominant' species were so  
common that together they account for half of  
all trees in Amazonia, whereas the rarest  
11,000 species account for just 0.12% of trees.
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Interactions between species are ubiquitous in  
all ecosystems and they contributed significantly 
towards the increasing complexity in the evolution 
of life. Some interactions can involve a wide range 
of organisms that form complex networks of inter-
dependencies. Networks of interdependent species 
are often heterogeneous and have architectures 
that are well-defined by the phylogenetic relation-
ships between the interacting species. However,  
little is known about the evolutionary processes 
that generate these interdependencies.

Aims of the Focus Group
To increase our understanding of species interde-
pendencies and their importance for biodiversity 
maintenance, on-going research at Naturalis aims 
to address whether (1) phylogenetic relationships 
are a determining factor in shaping the architecture 
of species interdependencies; (2) both co-speciation 
and host shift events are important mechanisms for 
speciation of interacting species; and (3) the signa-
ture of species interdependencies (e.g. mutualism, 
parasitism, commensalism) shapes the architecture 
of the phylogenies of the associated taxa.

Research highlights
Exploratory marine biodiversity research in the Car-
ibbean and Curaçao in particular has been extensive 
in early and mid-20th century. The important Dutch 
Caribbean collections are now housed in Naturalis 
Biodiversity Center. The combination of taxonomic 
expertise and historical collections present in Natu-
ralis provides a solid basis for the study of biodiver-
sity changes caused by human-mediated processes. 
Selected taxonomic groups are used as a proxy to 
detect biodiversity changes in the area. 

In 2013, 3 members of the Naturalis Marine Biodiver-
sity Team performed fieldwork on the reefs of Cura
çao investigating crabs, shrimps and molluscs living 
in association with various invertebrate groups. Many 
new records for the Curaçao marine fauna were es-
tablished with regards to the targeted groups, includ-
ing new associations and species new to science.

Charles Fransen studied a group of symbiotic shrimp 
forming associations with various reef organisms 
like sponges, coelenterates, echinoderms, ascidians 
and molluscs. From Curaçao only 7 species were 
previously recorded in the scientific literature.  
Our recent inventory yielded 25 species constituting 
many new records for Curaçao. Among our findings 
is a new species which lives in association with a 
stony coral. Such an association has not been  
recorded for the Atlantic Ocean before. Another  
interesting observation was made during our dive 
with the Curasub. At about 220 m depth we observed 
echinoids hosting shrimps. These echinoids belong 
to the species Paleopneustes tholoformis. The shrimp 
species turned out to be a species (Diapontonia  
maranulus) only know from a dive to 244-309 m with 
the Johnson Sea Link submersible off Grand Bahama 
Island.

Sancia van der Meij studied coral-gall crabs (Crypto
chiridae), a family of small crabs that live in obligate 
symbiosis with stony corals. Most species have been 
described from the Indo-West-Pacific, only 4 species 
are known from the Caribbean. During our inventory 
at least 3 gall crab species were recorded from  

21 different coral hosts, 7 of which are new associa-
tions. One of the newly recorded gall crab species 
constitutes a range extension of a species described 
from Brazil. During a dive with the CuraSub a tunnel 
of the gall crab Opecarcinus hypostegus was  
observed in a colony of Agaricia lamarcki at approxi-
mately 60 meter depths. This is the first mesophotic 
record of a gall crab.

The third member of the team, Bastian Reijnen 
studied Octocorallia (gorgonians and soft corals) as 
well as members of the gastropod family Ovulidae. 
Most ovulid snails live in obligate symbiosis with 
octocorals and are therefore highly dependent on 
their coral hosts. We have possibly found 3 new 
species of gorgonians in the shallow waters around 
Curaçao. Close examination of our octocoral sam-
ples also revealed new host species for a number of 
Atlantic Ovulidae, for example Cyphoma signatum 
was found on a sea fan (Gorgonia ventalina) whilst  
it was only known from the octocoral Plexaurella  
dichotoma. In addition, deep diving with the Curasub 
revealed many rarely encountered species of Octo
corallia. One of the questions that arises from this 
deep dive with a submersible is if these gorgonians 

and soft corals will reveal new shrimp and/or ovulid 
species in the future. 

Besides species interdependencies in marine eco-
systems the Focus Group also investigated a highly 
specific interaction in terrestrial ecosystems.  
In 2013 and 2014 Vincent Merckx and Constantijn 
Mennes travelled to Australia and New Zealand to 
collect species of the mycoheterotrophic plant 
Thismia. These plants are parasitic on arbuscular 
mycorrhizal fungi. To track the evolutionary history 
of this interaction DNA extractions of Thismia roots 
were investigated with high-throughput sequencing 
by Sofia Gomes. Plant DNA data revealed that  
Thismia reached its current distribution by relative-
ly recent dispersal and speciation events, and rapid 
range extensions. DNA sequences of the root  
colonizing fungus shows that Thismia exclusively 
associates with a narrow range of Rhizophagus  
fungi. Closely related Thismia species growing at 
the same site were found to grow on similar fungi. 
These results demonstrate that AM specialist 
plants are capable of rapid range expansion and 
speciation without host jumping.

Evolution of  
Species Interdependencies

Fig. 3. Vincent Merckx investigating a flower of Thismia hillii 
in New Zealand. Photo: V.S.F.T. Merckx.

Fig. 1. Members of the Naturalis Marine Biodiversity Team in 
the Curasub. Left to right: Charles Fransen, Bastian Reijnen 
and Sancia van der Meij. Photo credit: Barry Brown,  
Substation Curaçao.

Fig. 2. A common sight on the reefs of Curaçao, Cyphoma 
gibbosum (Linnaeus, 1758) (vernacular name: Flamingo 
Tongue) on a Pseudoplexaura sp. Photo: B.T. Reijnen.
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Biology is becoming a computationally intensive 
science: data sets that are analyzed to answer  
biologically meaningful questions are growing  
in volume and complexity; analytical methods  
are becoming increasingly sophisticated.  
The Bioinformatics Programme at Naturalis  
Biodiversity Center, started in 2012, seeks to  
respond to this trend by developing informatics
oriented research projects and by supporting  
Naturalis researchers in developing computational 
research methodologies. 

Aims of the Programme
Researchers in the Bioinformatics Programme  
develop computational methods to sift through and 
analyze the wealth of digital observations coming 
out of labs, the field, and even old books. Our focus 
is on developing innovative, reusable, open source 
analysis methods that can be broadly applied to  
biological research questions.

Research highlights
The programme currently includes the activities  
of Hannes Hettling (phyloinformatics), Youri  
Lammers (bioinformatics), Serrano Pereira (image 
analysis), Hester Stekelenburg (text mining) and  
Rutger Vos (computational biology, leadership).  
We collaborate intensively with researchers and IT 
technologists within Naturalis, at the local level with 
Generade, at the national level with bioinformati-
cians and computer scientists through platforms 
such as DTL, VLPB, NBIC and SURFsara, and inter-
nationally in European and bilateral research  
projects. These collaborations form an important 
source of funding for our activities.

Recently, our bioinformatics contributions have 
played key roles in bringing several high-profile  
Naturalis projects in next-generation sequencing  
to completion. These projects include analysis of 
the king cobra genome, assembly and analysis of  
ancient genomes from old herbarium specimens  
of tomatoes, assembly of the genomes of two 
phytophagous insects, and the identification of the 

gut contents of a Holocene horse and a Holocene 
bison. Our current interests focus on the following 
research questions.

Can we place all organisms on the tree of life? – 
Where organisms fit on the tree of life is interesting 
in and of itself, but it also can tell us a great deal 
about what these organisms are like – at any level 
of organisation, from molecules to communities – 
and how they evolved to their current form.  
Reconstructing the tree of life using sophisticated 
algorithms operating on comparative data is the 
central project of the field of phylogenetics. Lots of 
data to work with, from DNA sequences to fossils, 
are publicly available. 

In collaboration with the University of Gothenburg, 
Sweden, and the European project BioVeL we have 
developed a knowledge system that automatically 
collects these data from public resources and inte-
grates them into large-scale phylogenetic analyses. 
The system uses clever informatics to bring order to 
the large number of different genes sequenced in 
different organisms and to subdivide the number-
crunching into manageable subtasks. The system 
fits fossils to the results of the calculations so that 
the final estimate not only describes in what order 
lineages split up to give rise to current species, but 
also when this happened.

Can computers identify protected species automat-
ically? – Taxonomic identification by experts, for 
example to inform conservation, is one of the core 
competencies of Naturalis. However, taxonomic  
expertise is rare and costly, while large amounts  
of reference data (DNA barcodes, images) are  
available that could form the basis of automated 
identification systems that could give 'good enough' 
results for certain cases. To demonstrate this for 
image data we have developed a system of artificial 
neural networks with which photographs can be 
classified to genus, section and species level. In our 
proof of concept, the system classifies slipper  
orchids and cross-references the results with more 
information about these charismatic, colourful, but 
endangered species.

Likewise, for DNA barcoding reference data we  
have developed a system that performs taxonomic 
identification of the constituents of biological  
mixtures – for example, blends of traditional  
Chinese medicine, or incense – and cross-references 
the results with the CITES appendices to detect 
whether the mixture contains materials from species 
in which international trade is prohibited. Our expe-
rience in constructing these identification systems 
and integrating their findings with additional data 
helps us in developing a new platform for freshwater 
quality assessment based on metabarcoding  
coupled with knowledge about ecological traits of 
detected species: the upcoming DNA Waterscan 
project.

How can we open up old books to new research? – 
High-quality databases of ecological traits of plants 
have many applications in research in ecology, 

functional diversity and evolutionary biology. Much 
knowledge on ecological traits is contained within 
published volumes of floristic treatments. Recent 
investments by Naturalis in digitization and optical 
character recognition of floras have made a wealth 
of 'raw' text data available, for which XML markup 
pipelines have been developed. Our experiences 
gained at the 2014 Hackathon have indicated that 
this XML might form the basis of further text mining 
to obtain standardized, comparative data sets.  
To this end we are developing pipelines that extract 
character-state matrices from marked-up floristic 
treatments.

In addition to our research, we seek to make a posi-
tive contribution to strengthen Naturalis’s research 
community, for example by organizing the colloquium 
series, some of the infrastructure for open source 
software development, and hackathons.

Bioinformatics
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Although we are living in a man-made, urbanized 
country with a considerable loss of biodiversity,  
the number of professional amateurs and hence  
biodiversity data is unparalleled. This makes the 
Netherlands a valuable experimental garden for the 
development of knowledge and innovative tools in 
bio assessments, for the benefit of a variety of 
stakeholders.

Aims of the Programme
The primary objective of the Nature of the Nether-
lands Programme is to utilize the knowledge of  
Naturalis and partners to address societal issues 
within our country. Therefore we collaborate with  
a network of specialists and institutes for stake- 
holders within different areas such as water man-
agement, nature management and conservation, 
public health and education. Our activities are based 
on taxonomic knowledge. Themes within the Pro-
gramme are aquatic biodiversity, invasive species, 
urban ecology, pollinators and the Dutch Caribbean. 

Highlights
One of the promises for future bio assessments  
is the use of molecular data. Naturalis invested 
heavily in the development of a reference library 
with DNA barcodes for the Dutch flora and fauna. 
Over 200 specialists from different NGO’s have been  
recruited to collect and identify specimens, which 
have been photographed and processed in our DNA 
labs and stored in our collection as verifiable vouch-
er specimens. We collected over 22,000 specimens 
resulting in over 23,000 barcodes. The barcodes have 
been used for biological control, invasive species, 
bird strikes and environmental research. In 2014 we 
started the project DNA Waterscan, funded by the 
Gieskes-Strijbis Fund, to develop an alternative  
assessment for water quality, based on DNA bar-
codes. We set up a collaboration with KWR Water
cycle Research Institute for joint projects within the 
realm of hydrogenomics.

In 2010 the islands of Bonaire, St. Eustatius and 
Saba became special municipalities within the 

Netherlands. Naturalis is involved in the Caribbean 
Netherlands Science Institute based on Statia and 
started a project to develop research and outreach 
activities on the Dutch Caribbean Islands. This has 
led to preparations for a tropical field course and 
terrestrial and marine expeditions in 2015, digitiza-
tion of Caribbean specimens within the collection of 
Naturalis and digitization of Caribbean literature, a 
photo exhibit about local biodiversity and a plan for 
outreach and education. To achieve all this there are 
several collaborations with NGO’s, local nature 
managers and local governments.

We moved the web platform Dutch Species Cata-
logue to our own ICT department by rebuilding and 
improving it, including an user friendly editorial 
module for the taxonomic thesaurus. We updated 
the information of most organisms with revisions of 
major groups such as beetles (4,000 species), flies 
(5,000 species) and vascular plants (3,700 species). 
Together with NGO’s and funded by the Netherlands 
Food and Consumer Product Safety Authority we 
collected data of established invasive animal spe-
cies and published the information in the species 
catalogue. Together with Natuurmuseum Nijmegen 
we started a project to collect all names of histori-
cal records of vascular plant species to add them  
to the catalogue. Preparations were made to syn-
chronize the taxonomy of the catalogue with the 
National Database Flora and Fauna, a joint project 
with NGO’s and provinces (BIJ12). The catalogue has 
been used in a variety of projects from Rijksmuseum 
and VU University Amsterdam to the radio program 
Vroege Vogels.

Several projects focused on the development of 
identification tools. We developed datasets, images 
and texts for digital multi entry keys for several 
groups of organisms including garden bees, beetles, 
dragonflies, grasshoppers, cockroaches, spiders, 
flies, ants and several marine groups. They are or 
will be published as part of the Dutch Species  
Catalogue. In the wake of this project we published 
reference cards and posters of groups including 
garden beetles, garden spiders, water bugs and  
ladybugs. These are used in several monitoring  

projects. We also produced 80 new drawings and 
texts for the Dierenzoeker (animal searcher) app for 
primary school children (Fig. 3).

Some new publications came to light in 2013/2014 
or were in preparation. Naturalis was involved in the 
publication of 2 new books with bees as a subject: 
Bijenplanten and Gasten van Bijenhotels. The in 
2012 published book De Bijen van Nederland made 
it to the last 5 of the Jan Wolkers Prijs 2013 for the 
most excellent nature books. We published the  
issues 39-43 of Nederlandse Faunistische Mede
delingen, Entomologische Tabel 7 on leaf beetles 
and an distribution atlas of true bugs. In 2013 we 
published a first volume of the Jaarboek Natuur, an 
initiative later merged in a joint project with WWF, 
Statistics Netherlands and NGO’s to publish a Living 
Planet Report for the Netherlands in the autumn of 
2015. Also in preparation are 2 new volumes in the 
book series Nature of the Netherlands focused on 
mammals and water beetles. An affiliated initiative 
of Naturalis is the digitization of over 60 nature 
magazines of Naturalis and partner organizations to 
make the articles readily accessible to research 
communities, published and to be published on a 
newly developed web platform Natuurtijdschriften.

Nature of the Netherlands

Fig. 2. Reference cards are a useful tool to involve general 
public in citizen science.

Zoekkaarten Natuur van Nederland

Bijen in de tuin

Bijen houden van bloemen. In een tuin met bloemen 
vliegen dus al snel bijen rond. Meer dan je denkt:  
in veel tuinen komen tientallen soorten voor.  
Hiervan kun je er 38 met deze zoekkaart op naam 
brengen. Buiten tuinen kun je nog veel meer  
bijensoorten tegenkomen: er zijn er meer dan 350  
uit Nederland bekend.

1    Aardhommel 11-23 mm 
Bombus terrestris mrt-sept

Zwart behaard borststuk met gele 
band aan de voorzijde, achterlijf met 
gele voorzijde, zwarte middenband  
en witte achterlijfspunt. Werksters en 
koninginnen nauwelijks te onder-
scheiden van veldhommel (2), maar 
gele banden meestal wat donkerder. 
Mannetjes in tegenstelling tot veld-
hommel meestal zonder gele haren op 
kop. Ook te verwarren met tuinhommel 
(3), die echter aan achterzijde van 
borststuk een extra gele band heeft. 
Nestelt gewoonlijk ondergronds, bij 
voorkeur in oude holen van muizen of 
mollen, tot anderhalve meter diep.

2    Veldhommel 9-21 mm 
Bombus lucorum mrt-sept

Zwart behaard borststuk met gele 
band aan de voorzijde, achterlijf met 
gele voorzijde, zwarte middenband  
en witte achterlijfspunt. Werksters en 
koninginnen nauwelijks te onder-
scheiden van aardhommel (1), maar 
gele banden meestal wat lichter.  
Mannetjes in tegenstelling tot aard-
hommel met gele haren op kop. Ook te 
verwarren met tuinhommel (3), die  
echter aan achterzijde van borststuk 
een extra gele band heeft. 
Nestelt gewoonlijk ondergronds, bij 
voorkeur in oude holen van muizen of 
mollen, tot circa 30 cm diep. 

3    Tuinhommel 11-22 mm 
Bombus hortorum mrt-sept

Borststuk zwart behaard met zowel 
aan voor- als achterzijde een gele band. 
Achterlijf geel behaard aan voorzijde, 
zwart op het midden en wit aan de  
achterlijfspunt. Verwarring mogelijk 
met aard- en veldhommel (1 & 2) die 
echter de gele band aan achterzijde van 
borststuk missen. Tuinhommel heeft 
bovendien een aanmerkelijk langere 
tong.
Vanwege lange tong sterke voorkeur 
voor planten met lange bloembuizen, 
zoals lipbloemen (dovenetel, rode  
klaver), smeerwortel en vingerhoeds-
kruid. Nestelt op of vlak onder de grond.

4    Vierkleurige koekoeks- 
hommel 13-16 mm 
Bombus sylvestris apr-aug

Borststuk zwart behaard met gele 
band aan voorzijde. Achterlijf zwart 

behaard met brede witte band op  
achterste helft, gevolgd door een smal 
zwart bandje en rood uiterste uiteinde 
(kenmerkend!). Bij mannetje aan voor-
kant van achterlijf meestal ook wat 
gele haren. 
Nestparasiet van met name de weide-
hommel (8). Vrouwtjes leggen eieren in 
nesten van deze hommels, waarna hun 
larven door de werksters van de weide-
hommels worden grootgebracht. 

5    Boomhommel 8-20 mm 
Bombus hypnorum mrt-aug

Borststuk geheel oranjebruin behaard, 
achterlijfspunt wit. 
Nestelt graag in boomholten, maar  
ook in allerlei kunstmatige holten,  
zoals vogelnestkastjes, spouwmuren, 
schuren en stallen.

6    Gewone koekoeks- 
hommel 17-22 mm 
Bombus campestris apr-sept

Borststuk zwart behaard met aan voor- 
en achterzijde een gele band. Achterlijf 
variabel gekleurd, van overwegend 
zwart met weinig geel tot bijna geheel 
geel behaard. Donkere exemplaren van 
andere hommels te onderscheiden 
doordat de lichte achterlijfsbeharing 
beperkt is tot de zijranden en geen  
volledige banden vormt. Lichte exem-
plaren zijn te onderscheiden doordat 
ze geen ‘strakke’ zwarte band over het 
midden van het achterlijf hebben.
Nestparasiet van onder andere akker-
hommel (9) en weidehommel (8). 
Vrouwtjes leggen eieren in de nesten 
van deze hommels, waarna hun larven 
door de werksters van deze hommels 
worden grootgebracht. 

7    Steenhommel 12-22 mm 
Bombus lapidarius mrt-sept

Mannetjes en vrouwtjes zeer verschil-
lend gekleurd. Koninginnen en werk-
sters zwartbehaard met roodbehaarde 
achterlijfspunt. Mannetjes met gele 
haren op kop, gele banden langs voor- 
en achterrand van borststuk, en oranje 
achterlijfspunt. Mannetjes te ver-
warren met weidehommels (8), maar 
die hebben doorgaans een band van 
gele haren aan de voorkant van het 
achterlijf.
Nestelt in allerlei holten, zowel boven- 
als ondergronds, zoals oude muizen-
holen, nestkastjes en spouwmuren. 

Basisbehoeften: bloemen en onderdak
Bijen houden van bloemen. Je vindt ze dus vooral in open, 
bloemrijk landschap, zoals in graslanden, heidevelden en 
tuinen. In parken en bossen zijn ze vooral in de open delen 
te vinden. Al in het vroege voorjaar vliegen de eerste bijen 
op wilgenkatjes en in de herfst zijn ze op bloeiende klimop 
te vinden.
Vrouwelijke bijen verzamelen stuifmeel, dat ze naar hun 
nest brengen. Hierop leggen ze een ei, waaruit een larve 
komt die zich met het stuifmeel voedt. Sommige bijensoor­
ten zijn heel kieskeurig en verzamelen bijvoorbeeld alleen 
stuifmeel op de bloemen van klokjes of beemdkroon.

Bijen bouwen nesten op uiteenlopende plekjes op  
verschillende manieren. Veel soorten nestelen in zelf­
gegraven holen in de grond. Andere nestelen in gangetjes 
die door kevers in dood hout geknaagd zijn, of in holle 
stengels van bijvoorbeeld vlier of braam. Behangersbijen 
bekleden hun nestwanden met stukjes blad, metselbijen 
verzamelen leem om de tussenwandjes van te metselen. 
Koekoeksbijen (zoals wesp­ en bloedbijen) maken zelf 
geen nest, maar leggen hun eieren stiekum in de nesten 
die andere bijen bouwen. 
De meeste bijensoorten leven alleen (solitair). Slechts  
enkele soorten, zoals hommels en de honingbij, leven in 
sociale volken. 

Bijen zijn een handje te helpen door een ‘bijenhotel’ op te 
hangen: een kunstmatige nestelgelegenheid voor bijen die 
in dood hout en holle stengels nestelen.

Meer weten? Kijk op www.bestuivers.nl

Bijen online determineren? Klik op Tuinbijen op  
www.nederlandsesoorten.nl/determineren

8    Weidehommel 9-17 mm 
Bombus pratorum mrt-sept

Aan voorzijden van borststuk en  
achterlijf zijn gele banden aanwezig en 
achterlijfspunt oranjerood behaard. 
Soms ontbreekt de gele beharing aan 
de voorzijde van het achterlijf, waar-
door verwarring mogelijk is met  
mannetjes steenhommel (7). Zulke 
exemplaren hebben meestal echter  
alleen zwarte haren op de kop, terwijl 
mannetjes steenhommel op de kop  
altijd veel gele haren hebben.
Nestelt in allerlei holten, zowel boven- 
als ondergronds, zoals in oude muizen-
holen en boomholten en schuren. 

9    Akkerhommel 9-18 mm 
Bombus pascuorum mrt-sept

Variabel gekleurd. Donkere exemplaren, 
die in Nederland vooral in het westen 
voorkomen, hebben oranje behaard 
borststuk en oranje behaarde achter-
lijfspunt, met verder zwarte beharing. 
Lichte exemplaren, in Nederland vooral 
in het oosten, overwegend oranje  
behaard en met witachtige haren aan 
zijkant borststuk. Allerlei tussen-
vormen komen voor.
Nestelt in allerlei holten, zowel boven- 
als ondergronds, zoals in graspollen, 
oude muizenholen en schuren. 

10    Vosje 12-14 mm 
Andrena fulva mrt-mei

Vrouwtje makkelijk te herkennen aan 
lange, dichte, vosrode beharing op  
bovenkant van borststuk en achterlijf, 
in combinatie met zwartbehaarde kop 
en onderzijde van borststuk en achter-
lijf. Verwarring kan optreden met rosse 
metselbij (11), maar deze is lichtbe-
haard op de onderzijde van borststuk 
en achterlijf. Het mannetje lijkt op  
andere soorten zandbijen (20) en is niet 
makkelijk te herkennen.
Nestelt in zelfgegraven gangen in de 
grond. 

11    Rosse metselbij  8-12 mm 
Osmia bicornis mrt-juni

Vrij grote, breedgebouwde bij met 
dichte beharing en zwakke metaal-
glans. Vrouwtje met kop en uiteinde 
achterlijf zwart behaard, borststuk 
lichtbruin en voorste helft achterlijf 
rossig behaard, buik met dichte rode 
beharing (‘buikschuier’). Mannetje met 
kop witachtig behaard, borststuk en 

achterlijf rossig behaard, op zwart-
behaarde achterlijfspunt na. Verwar-
ring mogelijk met vosje (10), maar die is 
op onderzijde borststuk en achterlijf 
geheel zwart behaard. 
Nestelt in dood hout en holle stengels, 
ook in muurspleten en andere kunst-
matige holten, zelfs in sleutelgaten. 
Veel in ‘bijenhotels’. 

12    Gewone sachembij 14-16 mm 
Anthophora plumipes mrt-mei

Grote, breedgebouwde bij met dichte 
beharing. Van het vrouwtje komen twee 
kleurvormen voor: een grijsgeel be-
haarde met een zwart behaarde ach-
terlijfspunt, en een zwart behaarde 
met oranjerode beharing van de  
achterschenen. Het mannetje heeft 
een heldergele voorzijde van de kop en 
is onmiskenbaar door de lange zwarte 
pluimpjes aan de middenpoten.
Nestelt op zonbeschenen plaatsen in 
de bodem en in wanden of muren, 
graag in leemachtig substraat.  
In tuinen vaak te zien op longkruid.

13    Bruine rouwbij 9-17 mm 
Melecta albifrons mrt-juni

Grote, breedgebouwde bij met enigs-
zins ‘gebocheld’ postuur. Borststuk 
lang, lichtbruin behaard en het zwarte 
achterlijf heeft grote zijvlekken van 
lichte (witachtige tot lichtbruine) be-
haring. Van andere grote, lichtbruin  
behaarde bijen te onderscheiden door 
de grote lichte achterlijfsvlekken (van 
beharing) en de tweekleurig behaarde 
achterschenen: boven licht en onder 
zwart.
Nestparasiet van de gewone sachembij 
(12). Het vrouwtje dringt het nest van 
de sachembij binnen om daar een ei te 
leggen op de stuifmeelvoorraad.  
De larve die uit het ei komt doodt de 
larve van de sachembij en eet het 
stuifmeel op.

14    Grote bladsnijder 12-16 mm 
Megachile willughbiella mei-aug

Grote, breedgebouwde bij met smalle 
lichte haarbandjes op het achterlijf. 
Vrouwtje met buikschuier: dichte  
beharing aan onderzijde achterlijf 
waarmee stuifmeel getransporteerd 
wordt. Buikschuier aan voorkant rood 
en aan achterkant zwart, in tegen-
stelling tot de geheel rode van de  
(duidelijk kleinere) tuinbladsnijder (15). 

Mannetjes van tuinbladsnijder te  
onderscheiden door de sterk verbrede, 
geelwitte voortarsen.
Nestelt in allerlei holten, zoals holle 
stengels, dood hout en ‘bijenhotels’, 
maar ook wel in de grond. De wanden 
van het nest worden bekleed met  
stukjes van bladeren, die de bij zelf 
met haar kaken uitknipt en naar het 
nest vervoert.

15    Tuinbladsnijder 9-12 mm 
Megachile centuncularis mei-sept

Vrij grote, breedgebouwde bij met 
smalle lichte haarbandjes op achterlijf. 
Vrouwtje met buikschuier: dichte  
beharing aan onderzijde achterlijf 
waarmee stuifmeel getransporteerd 
wordt. Buikschuier geheel rood, in  
tegenstelling tot de gedeeltelijk zwarte 
van de (duidelijk grotere) grote blad-
snijder (14). Mannetjes van grote blad-
snijder te onderscheiden door de smal-
le, zwarte voortarsen.
Nestelt in allerlei holten, zoals holle 
stengels, dood hout en ‘bijenhotels’, 
maar ook wel in de grond. De wanden 
van het nest worden bekleed met  
stukjes van bladeren, die de bij zelf 
met haar kaken uitknipt en naar het 
nest vervoert.

16    Honingbij 12-14 mm 
Apis mellifera jan-dec

Vrij grote, donkerbruine bij, vaak  
met gedeeltelijk oranje achterlijf.  
Op achterlijf (langs voorranden van de 
segmenten) zijn grijswitte dwarsband-
jes te zien die in het midden niet onder-
broken zijn. Van gelijkende bijensoor-
ten te onderscheiden door de behaarde 
ogen, de geheel donkere poten en de 
grijswitte achterlijfsbandjes.
Nestelt in Nederland vrijwel uitsluitend 
in bijenkasten van imkers. Bij uitzon-
dering vestigen aan imkers ontsnapte 
volken zich wel eens in een holle boom 
of oude schuur. Soms bouwen zulke 
zwermen vrijhangende raten aan  
bijvoorbeeld boomtakken, als zij geen 
geschikte holte kunnen vinden. Derge-
lijke schermen worden in Nederland 
meestal snel door imkers ‘geschept’. 

17    Pluimvoetbij 12-15 mm 
Dasypoda hirtipes juni-aug

Grote, slanke bij met lichtbruine be-
haring en lichte bandjes op achterlijf. 
Vrouwtjes onmiskenbaar door grote 

haarpluimen op achterschenen, waar 
grote klompen stuifmeel mee vervoerd 
kunnen worden. Mannetje kan verward 
worden met zandbijen, maar verschilt 
van andere algemene soorten door 
combinatie van geheel donkere poten 
en doorlopende lichte bandjes op  
achterlijf. Van de honingbij verschilt hij 
door de kale ogen. 
Nestelt in zelfgegraven gangen in 
zandgrond. De nestingangen zijn  
gemarkeerd met zandhoopjes. Bezoekt 
uitsluitend bloemen van (vooral gele) 
composieten.

18    Witbaardzandbij 10-12 mm 
Andrena barbilabris mrt-juni

Vrouwtje met lichtbruin behaard borst-
stuk en glimmend zwart achterlijf met 
smalle, in het midden onderbroken 
haarbandjes. Beharing achterschenen 
witachtig, achterscheen zelf is zwart. 
Van gelijkende soorten te onderschei-
den door formaat, ontbreken van  
metaalglans, onderbroken witte haar-
bandjes op achterlijf en kleur van de 
achterschenen en de beharing hiervan. 
Mannetje lijkt op andere soorten zand-
bijen (20) en is niet makkelijk te her-
kennen.
Nestelt in zelfgegraven gangen in de 
grond, vooral in open zandige bodems, 
ook tussen straatstenen. 

19    Meidoornzandbij 13-14 mm 
Andrena carantonica mrt-juni

Vrouwtje groot en geheel donker met 
bruine beharing, verschilt van honing-
bij door ontbreken van witachtige 
bandjes op achterlijf. Van grijze rimpel-
rug te onderscheiden door donkere 
achterschenen. Mannetje lijkt op  
andere soorten zandbijen (20) en is niet 
makkelijk te herkennen.
Nestelt in zelfgegraven gangen in de 
grond. 

20    Zandbij mannetje 6-14 mm 
Andrena sp. mrt-aug

Er komen verschillende soorten zand-
bijen voor in tuinen, waarvan de man-
netjes sterk op elkaar lijken (afgebeeld 
is mannetje van de meidoornzandbij 
(19)). Verwarring mogelijk met honing-
bij, zijdebijen, groefbijen en pluimvoet-
bij. Honingbij verschilt van zandbijen 
door behaarde ogen. Zijdebijen en 
pluimvoetbijen verschillen van veel 
soorten zandbijen door de doorlopende 

lichte haarbandjes op het achterlijf. 
Vrouwtjes groefbijen verschillen door-
dat zij een lengtegroefje middenop het 
laatste achterlijfssegment hebben. 

21    Grijze rimpelrug 13-14 mm 
Andrena tibialis mrt-mei

Vrouwtje is grote, donkere zandbij met 
bruine beharing en opvallend oranje-
rode achterschenen. Van gelijkende 
soorten te onderscheiden door ont-
breken van lichte haarbandjes op  
achterlijf. Mannetje lijkt op andere 
soorten zandbijen (20) en is niet  
makkelijk te herkennen.
Nestelt in zelfgegraven gangen in de 
grond, op vlakke, flink begroeide,  
zonnige plekken.

22    Zijdebijen 7-11 mm 
Colletes sp. juni-sept

Middelgrote bijen met lichtbruin tot 
oranje behaard borststuk en glimmend 
zwart achterlijf met doorlopende  
wit achtige bandjes. In tuinen komen 
twee soorten voor (duinzijdebij en 
wormkruidbij), die moeilijk uit elkaar te 
houden zijn. In het zuiden van Neder-
land kan in september de klimopbij op 
klimop voorkomen. Van andere bijen 
met vergelijkbaar uiterlijk te onder-
scheiden door geheel zwarte poten en 
korte lichte beharing op achterschenen. 
Nestelt in zelfgegraven gangen in de 
bodem op kale plekken, vaak in steile 
zand- of leemwandjes, ook wel in  
muren. Soms in grote groepen bijeen. 
Bezoeken vaak bloemen van composie-
ten, zoals boerenwormkruid, jacobs-
kruiskruid, guldenroede en kamille.

23    Roodgatje 10-12 mm 
Andrena haemorrhoa mrt-juni

Vrouwtje met oranjebruin behaard 
borststuk en glimmend zwart achterlijf 
met oranjerode achterlijfspunt; achter-
schenen oranje. Deze combinatie van 
kenmerken komt bij andere ‘tuinbijen’ 
niet voor. Het mannetje lijkt op andere 
soorten zandbijen (20) en is niet  
makkelijk te herkennen.
Nestelt in zelfgegraven gangen in de 
grond. 

24    Viltvlekzandbij 12-15 mm 
Andrena nitida mrt-juni

Vrouwtje is grote zandbij met oranje-
bruin behaard borststuk en glimmend 
zwart achterlijf, met langs de zijkant 

vlekken van korte, witte beharing.  
Verschilt van gelijkende soorten door 
zwarte achterschenen, zwarte achter-
lijfspunt en glimmend zwart achterlijf 
met witte haarvlekken. Mannetje lijkt 
op andere soorten zandbijen (20) en is 
niet makkelijk te herkennen.
Nestelt in zelfgegraven gangen in de 
grond. 

25    Gewone slobkousbij 8-12 mm 
Macropis europaea juni-aug

Middelgrote, zwarte bij met korte  
beharing en smalle, in midden onder-
broken witte haarbandjes op achterlijf. 
Kenmerkend is de beharing van de  
achterpoten: achterschenen lang en 
zeer dicht wit behaard, contrasterend 
met de zwarte beharing van de brede 
achtertarsen. 
Nestelt in zelfgegraven gangen in de 
grond, op goed verborgen plaatsen. 
Verzamelt uitsluitend stuifmeel op  
wederik.

26    Roodpotige groefbij 9-11 mm. 
Halictus rubicundus mrt-sept

Middelgrote bij met roodbruin behaard 
borststuk, glimmend zwart achterlijf 
met scherp afgetekende doorlopende 
witte haarbandjes, en oranjerode  
achterschenen met oranje beharing. 
Deze combinatie van kenmerken komt 
bij andere ‘tuinbijen’ niet voor. 
Nestelt in zelfgegraven gangen in de 
grond. Eind maart t/m mei zijn alleen 
vrouwtjes te vinden. Deze hebben 
overwinterd en leggen in het voorjaar 
nieuwe nesten aan. Vervolgens sterven 
zij, waarna in juni-september verse 
mannetjes en vrouwtjes verschijnen. 
Mannetjes sterven na de paring, terwijl 
vrouwtjes aan einde van zomer een plek 
zoeken om te overwinteren. 

27    Parkbronsgroefbij 6-8 mm 
Halictus tumulorum apr-sept

Kleine, donkere bij met bronsgroene 
glans. Achterlijf met lichte haarband-
jes. Groefbijen zijn van zandbijen te  
onderscheiden doordat zij een met 
lichte haartjes begrensd lengtegroefje 
hebben op het laatste achterlijfs-
segment. Er zijn diverse sterk gelijken-
de soorten groefbijen. Hiervan is de 
parkbronsgroefbij te onderscheiden 
doordat de lichte haarbandjes langs de 
achterranden van de segmenten liggen, 
in plaats van langs de voorranden. 

Nestelt in zelfgegraven gangen in de 
grond. April-juni zijn alleen vrouwtjes 
te vinden. Deze hebben overwinterd en 
leggen in het voorjaar nieuwe nesten 
aan. Vervolgens sterven zij, waarna in 
juni-september verse mannetjes en 
vrouwtjes verschijnen. Mannetjes 
sterven na de paring, terwijl vrouwtjes 
aan einde van zomer een plek zoeken 
om te overwinteren. 

28    Gewone geurgroefbij 6-9 mm 
Lasioglossum calceatum apr-sept

Kleine, zwarte bijen met lichte, in het 
midden onderbroken haarbandjes op 
achterlijf. Bij vrouwtje zijn achter-
randen van achterlijfssegmenten 
enigszins licht en doorschijnend.  
Bij mannetje kan achterlijf gedeeltelijk 
rood zijn. Bij mannetje zijn de poten  
gedeeltelijk geel. Verwarring is mogelijk 
met de parkbronsgroefbij, die echter 
een bronsachtige glans heeft; boven-
dien liggen de haarbandjes bij de park-
bronsgroefbij langs de achterrand van 
de segmenten en bij Lasioglossum -
soorten langs de voorrand. 
Nestelt in zelfgegraven gangen in de 
grond. April-juni zijn alleen vrouwtjes 
te vinden. Deze hebben overwinterd en 
leggen in het voorjaar nieuwe nesten 
aan. Vervolgens sterven zij, waarna in 
juni-september verse mannetjes en 
vrouwtjes verschijnen. Mannetjes 
sterven na de paring, terwijl vrouwtjes 
aan einde van zomer een plek zoeken 
om te overwinteren. 

29    Grote klokjesbij 8-10 mm 
Chelostoma rapunculi mei-aug

Kleine, slanke, zwarte bij met smalle, 
onderbroken witte haarbandjes op 
achterlijf. Vrouwtjes hebben witte 
‘buikschuier’: dichte beharing aan  
onderzijde van achterlijf waarmee 
stuifmeel getransporteerd wordt.  
Deze witte buikschuier onderscheidt 
de soort van gelijkende soorten die in 
tuinen voorkomen, zoals de blauwe 
metselbij (26) en groefbijen (27-29).
Nestelt in holle stengels en door kevers 
geknaagde gangen in dood hout, ook in 
‘bijenhotels’.

30    Blauwe metselbij 8-10 mm 
Osmia caerulescens apr-aug

Vrij kleine, donkerblauwglanzende bij 
met smalle lichte bandjes op achterlijf. 
Vrouwtjes met zwarte ‘buikschuier’: 

dichte beharing aan onderzijde achter-
lijf waarmee stuifmeel getransporteerd 
wordt. Deze zwarte buikschuier onder-
scheidt de soort van gelijkende soorten 
in tuinen, zoals de grote klokjesbij (30) 
en groefbijen (27-29).
Nestelt in dood hout, holle stengels, 
gaten in muren en ‘bijenhotels’.  
Bij bloembezoek sterke voorkeur voor 
lipbloemen, vlinderbloemen en  
slangenkruid.

31    Roetbijen 7-12 mm 
Panurgus sp. juni-aug

Vrij kleine, geheel glimmend zwarte 
bijen. Beharing zwart, behalve de  
oranjegeel behaarde achterschenen.  
In Nederland twee soorten, die moeilijk 
te onderscheiden zijn. 
Nestelt in zelfgegraven holen in de 
grond. 

32    Signaalwespbij 8-13 mm 
Nomada signata mrt-juni

Slanke, nauwelijks behaarde, wesp-
achtige bij met rood achterlijf met gele 
dwarsbanden. Vrouwtje verschilt van 
gewone wespbij (33) door aanwezigheid 
van gele vlekken op propodeum  
(achterste deel borststuk). Mannetjes 
moeilijk te herkennen.
Nestparasiet van het vosje (10).  
Vrouwtje dringt nest van vosje binnen 
om daar een ei te leggen op de stuif-
meelvoorraad. De larve die uit het ei 
komt doodt de larve van het vosje en 
eet het stuifmeel op.

33    Gewone wespbij 8-13 mm 
Nomada flava mrt-juni

Slanke, nauwelijks behaarde, wesp-
achtige bij met rood achterlijf met gele 
dwarsbanden.  Vrouwtje verschilt van 
signaalwespbij (32) door ontbreken van 
gele vlekken op propodeum (achterste 
deel borststuk). Mannetjes moeilijk te 
herkennen. 
Nestparasiet van zandbijen, waar-
onder meidoornzandbij (19) en viltvlek-
zandbij (24). Vrouwtje dringt nest van 
zandbij binnen om daar een ei te leggen 
op de stuifmeelvoorraad. De larve die 
uit het ei komt doodt de larve van de 
zandbij en eet het stuifmeel op.

34    Geelzwarte wespbij 10-13 mm 
Nomada succincta apr-juni

Slanke, nauwelijks behaarde, wesp-
achtige bij met geel en zwart getekend 

achterlijf. Verschilt van andere wesp-
bijen in tuinen door het ontbreken van 
rode tekening.
Nestparasiet van zandbijen, waar-
onder de viltvlekzandbij (24). Vrouwtje 
dringt nest van zandbij binnen om  
daar een ei te leggen op de stuifmeel-
voorraad. De larve die uit het ei komt 
doodt de larve van de zandbij en eet 
het stuifmeel op.

35    Geeltipje 4-7 mm 
Nomada sheppardana apr-aug

Kleine, donkere, nauwelijks behaarde 
bij met rode vlekjes op borststuk en 
achterlijf. Kenmerkend zijn de zwarte 
uiteinden van de antennen. 
Nestparasiet van groefbijen Lasioglos-
sum (29). Vrouwtje dringt nest van 
groefbij binnen om daar een ei te  
leggen op de stuifmeelvoorraad.  
De larve die uit het ei komt doodt de 
larve van de groefbij en eet het stuif-
meel op.

36    Maskerbijen 4-9 mm 
Hylaeus sp. mei-sept

Kleine, slanke, zwarte nauwelijks  
behaarde bijtjes die meer aan kleine 
graafwespjes doen denken dan aan  
andere bijen. Meestal is de voorzijde 
van de kop geel getekend (‘masker’) en 
zijn poten gedeeltelijk geel. In tuinen 
komen verschillende soorten masker-
bijen voor, die zeer moeilijk van elkaar 
te onderscheiden zijn. In tegenstelling 
tot andere bijen transporteren masker-
bijen stuifmeel niet in lichaams-
beharing, maar in een inwendige ‘krop’.
Nestelen in holle stengels van bijvoor-
beeld braam, riet of vlier of in door  
kevers geknaagde gangen in dood hout. 

37    Bloedbijen 5-8 mm 
Sphecodes sp. apr-sept

Kleine, nauwelijks behaarde, zwarte 
bijen met deels rood achterlijf.  
Er komen verschillende sterk gelijkende 
soorten voor, die alleen door kenners 
te onderscheiden zijn.
Nestparasieten van groefbijen en zand-
bijen. Vrouwtje dringt nest van de  
andere bij binnen om daar een ei te  
leggen op de stuifmeelvoorraad.  
De larve die uit het ei komt doodt de 
larve van de ‘gastheer’ en eet het stuif-
meel op. April-juni zijn alleen vrouwtjes 
te vinden. Deze hebben overwinterd en 
leggen in het voorjaar nieuwe nesten 
aan. Vervolgens sterven zij, waarna in 
juni t/m september verse mannetjes en 
vrouwtjes verschijnen. Mannetjes 
sterven na de paring, terwijl vrouwtjes 
aan einde van zomer een plek zoeken 
om te overwinteren. 

38    Grote wolbij 10-16 mm 
Anthidium manicatum juni-aug

Grote bij met wespachtig zwart-geel 
kleurenpatroon. Kan net als een zweef-
vlieg vliegend stilstaan in de lucht. 
Vrouwtje heeft witte ‘buikschuier’: 
dicht tapijt van lange haren onderop 
achterlijf, waarin ze stuifmeel trans-
porteert. Mannetje te herkennen aan 
drie zwarte doorns aan achterlijfspunt.
Nestelt in bestaande holten, zoals in 
hout en leem, holle stengels en muur-
spleten. Voor bouw van broedcellen  
gebruikt vrouwtje haren van behaarde 
planten, zoals slangenkruid, klit,  
muizenoor, prikneus, stinkende ballote 
en ezelsoor. Voor voedsel bij voorkeur 
op vlinderbloemen, lipbloemen en 
helmkruidachtigen.
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Zoekkaarten Natuur van Nederland

Bijen in de tuin

Bijen houden van bloemen. In een tuin met bloemen 
vliegen dus al snel bijen rond. Meer dan je denkt:  
in veel tuinen komen tientallen soorten voor.  
Hiervan kun je er 38 met deze zoekkaart op naam 
brengen. Buiten tuinen kun je nog veel meer  
bijensoorten tegenkomen: er zijn er meer dan 350  
uit Nederland bekend.

1    Aardhommel 11-23 mm 
Bombus terrestris mrt-sept

Zwart behaard borststuk met gele 
band aan de voorzijde, achterlijf met 
gele voorzijde, zwarte middenband  
en witte achterlijfspunt. Werksters en 
koninginnen nauwelijks te onder-
scheiden van veldhommel (2), maar 
gele banden meestal wat donkerder. 
Mannetjes in tegenstelling tot veld-
hommel meestal zonder gele haren op 
kop. Ook te verwarren met tuinhommel 
(3), die echter aan achterzijde van 
borststuk een extra gele band heeft. 
Nestelt gewoonlijk ondergronds, bij 
voorkeur in oude holen van muizen of 
mollen, tot anderhalve meter diep.

2    Veldhommel 9-21 mm 
Bombus lucorum mrt-sept

Zwart behaard borststuk met gele 
band aan de voorzijde, achterlijf met 
gele voorzijde, zwarte middenband  
en witte achterlijfspunt. Werksters en 
koninginnen nauwelijks te onder-
scheiden van aardhommel (1), maar 
gele banden meestal wat lichter.  
Mannetjes in tegenstelling tot aard-
hommel met gele haren op kop. Ook te 
verwarren met tuinhommel (3), die  
echter aan achterzijde van borststuk 
een extra gele band heeft. 
Nestelt gewoonlijk ondergronds, bij 
voorkeur in oude holen van muizen of 
mollen, tot circa 30 cm diep. 

3    Tuinhommel 11-22 mm 
Bombus hortorum mrt-sept

Borststuk zwart behaard met zowel 
aan voor- als achterzijde een gele band. 
Achterlijf geel behaard aan voorzijde, 
zwart op het midden en wit aan de  
achterlijfspunt. Verwarring mogelijk 
met aard- en veldhommel (1 & 2) die 
echter de gele band aan achterzijde van 
borststuk missen. Tuinhommel heeft 
bovendien een aanmerkelijk langere 
tong.
Vanwege lange tong sterke voorkeur 
voor planten met lange bloembuizen, 
zoals lipbloemen (dovenetel, rode  
klaver), smeerwortel en vingerhoeds-
kruid. Nestelt op of vlak onder de grond.

4    Vierkleurige koekoeks- 
hommel 13-16 mm 
Bombus sylvestris apr-aug

Borststuk zwart behaard met gele 
band aan voorzijde. Achterlijf zwart 

behaard met brede witte band op  
achterste helft, gevolgd door een smal 
zwart bandje en rood uiterste uiteinde 
(kenmerkend!). Bij mannetje aan voor-
kant van achterlijf meestal ook wat 
gele haren. 
Nestparasiet van met name de weide-
hommel (8). Vrouwtjes leggen eieren in 
nesten van deze hommels, waarna hun 
larven door de werksters van de weide-
hommels worden grootgebracht. 

5    Boomhommel 8-20 mm 
Bombus hypnorum mrt-aug

Borststuk geheel oranjebruin behaard, 
achterlijfspunt wit. 
Nestelt graag in boomholten, maar  
ook in allerlei kunstmatige holten,  
zoals vogelnestkastjes, spouwmuren, 
schuren en stallen.

6    Gewone koekoeks- 
hommel 17-22 mm 
Bombus campestris apr-sept

Borststuk zwart behaard met aan voor- 
en achterzijde een gele band. Achterlijf 
variabel gekleurd, van overwegend 
zwart met weinig geel tot bijna geheel 
geel behaard. Donkere exemplaren van 
andere hommels te onderscheiden 
doordat de lichte achterlijfsbeharing 
beperkt is tot de zijranden en geen  
volledige banden vormt. Lichte exem-
plaren zijn te onderscheiden doordat 
ze geen ‘strakke’ zwarte band over het 
midden van het achterlijf hebben.
Nestparasiet van onder andere akker-
hommel (9) en weidehommel (8). 
Vrouwtjes leggen eieren in de nesten 
van deze hommels, waarna hun larven 
door de werksters van deze hommels 
worden grootgebracht. 

7    Steenhommel 12-22 mm 
Bombus lapidarius mrt-sept

Mannetjes en vrouwtjes zeer verschil-
lend gekleurd. Koninginnen en werk-
sters zwartbehaard met roodbehaarde 
achterlijfspunt. Mannetjes met gele 
haren op kop, gele banden langs voor- 
en achterrand van borststuk, en oranje 
achterlijfspunt. Mannetjes te ver-
warren met weidehommels (8), maar 
die hebben doorgaans een band van 
gele haren aan de voorkant van het 
achterlijf.
Nestelt in allerlei holten, zowel boven- 
als ondergronds, zoals oude muizen-
holen, nestkastjes en spouwmuren. 

Basisbehoeften: bloemen en onderdak
Bijen houden van bloemen. Je vindt ze dus vooral in open, 
bloemrijk landschap, zoals in graslanden, heidevelden en 
tuinen. In parken en bossen zijn ze vooral in de open delen 
te vinden. Al in het vroege voorjaar vliegen de eerste bijen 
op wilgenkatjes en in de herfst zijn ze op bloeiende klimop 
te vinden.
Vrouwelijke bijen verzamelen stuifmeel, dat ze naar hun 
nest brengen. Hierop leggen ze een ei, waaruit een larve 
komt die zich met het stuifmeel voedt. Sommige bijensoor­
ten zijn heel kieskeurig en verzamelen bijvoorbeeld alleen 
stuifmeel op de bloemen van klokjes of beemdkroon.

Bijen bouwen nesten op uiteenlopende plekjes op  
verschillende manieren. Veel soorten nestelen in zelf­
gegraven holen in de grond. Andere nestelen in gangetjes 
die door kevers in dood hout geknaagd zijn, of in holle 
stengels van bijvoorbeeld vlier of braam. Behangersbijen 
bekleden hun nestwanden met stukjes blad, metselbijen 
verzamelen leem om de tussenwandjes van te metselen. 
Koekoeksbijen (zoals wesp­ en bloedbijen) maken zelf 
geen nest, maar leggen hun eieren stiekum in de nesten 
die andere bijen bouwen. 
De meeste bijensoorten leven alleen (solitair). Slechts  
enkele soorten, zoals hommels en de honingbij, leven in 
sociale volken. 

Bijen zijn een handje te helpen door een ‘bijenhotel’ op te 
hangen: een kunstmatige nestelgelegenheid voor bijen die 
in dood hout en holle stengels nestelen.

Meer weten? Kijk op www.bestuivers.nl

Bijen online determineren? Klik op Tuinbijen op  
www.nederlandsesoorten.nl/determineren

8    Weidehommel 9-17 mm 
Bombus pratorum mrt-sept

Aan voorzijden van borststuk en  
achterlijf zijn gele banden aanwezig en 
achterlijfspunt oranjerood behaard. 
Soms ontbreekt de gele beharing aan 
de voorzijde van het achterlijf, waar-
door verwarring mogelijk is met  
mannetjes steenhommel (7). Zulke 
exemplaren hebben meestal echter  
alleen zwarte haren op de kop, terwijl 
mannetjes steenhommel op de kop  
altijd veel gele haren hebben.
Nestelt in allerlei holten, zowel boven- 
als ondergronds, zoals in oude muizen-
holen en boomholten en schuren. 

9    Akkerhommel 9-18 mm 
Bombus pascuorum mrt-sept

Variabel gekleurd. Donkere exemplaren, 
die in Nederland vooral in het westen 
voorkomen, hebben oranje behaard 
borststuk en oranje behaarde achter-
lijfspunt, met verder zwarte beharing. 
Lichte exemplaren, in Nederland vooral 
in het oosten, overwegend oranje  
behaard en met witachtige haren aan 
zijkant borststuk. Allerlei tussen-
vormen komen voor.
Nestelt in allerlei holten, zowel boven- 
als ondergronds, zoals in graspollen, 
oude muizenholen en schuren. 

10    Vosje 12-14 mm 
Andrena fulva mrt-mei

Vrouwtje makkelijk te herkennen aan 
lange, dichte, vosrode beharing op  
bovenkant van borststuk en achterlijf, 
in combinatie met zwartbehaarde kop 
en onderzijde van borststuk en achter-
lijf. Verwarring kan optreden met rosse 
metselbij (11), maar deze is lichtbe-
haard op de onderzijde van borststuk 
en achterlijf. Het mannetje lijkt op  
andere soorten zandbijen (20) en is niet 
makkelijk te herkennen.
Nestelt in zelfgegraven gangen in de 
grond. 

11    Rosse metselbij  8-12 mm 
Osmia bicornis mrt-juni

Vrij grote, breedgebouwde bij met 
dichte beharing en zwakke metaal-
glans. Vrouwtje met kop en uiteinde 
achterlijf zwart behaard, borststuk 
lichtbruin en voorste helft achterlijf 
rossig behaard, buik met dichte rode 
beharing (‘buikschuier’). Mannetje met 
kop witachtig behaard, borststuk en 

achterlijf rossig behaard, op zwart-
behaarde achterlijfspunt na. Verwar-
ring mogelijk met vosje (10), maar die is 
op onderzijde borststuk en achterlijf 
geheel zwart behaard. 
Nestelt in dood hout en holle stengels, 
ook in muurspleten en andere kunst-
matige holten, zelfs in sleutelgaten. 
Veel in ‘bijenhotels’. 

12    Gewone sachembij 14-16 mm 
Anthophora plumipes mrt-mei

Grote, breedgebouwde bij met dichte 
beharing. Van het vrouwtje komen twee 
kleurvormen voor: een grijsgeel be-
haarde met een zwart behaarde ach-
terlijfspunt, en een zwart behaarde 
met oranjerode beharing van de  
achterschenen. Het mannetje heeft 
een heldergele voorzijde van de kop en 
is onmiskenbaar door de lange zwarte 
pluimpjes aan de middenpoten.
Nestelt op zonbeschenen plaatsen in 
de bodem en in wanden of muren, 
graag in leemachtig substraat.  
In tuinen vaak te zien op longkruid.

13    Bruine rouwbij 9-17 mm 
Melecta albifrons mrt-juni

Grote, breedgebouwde bij met enigs-
zins ‘gebocheld’ postuur. Borststuk 
lang, lichtbruin behaard en het zwarte 
achterlijf heeft grote zijvlekken van 
lichte (witachtige tot lichtbruine) be-
haring. Van andere grote, lichtbruin  
behaarde bijen te onderscheiden door 
de grote lichte achterlijfsvlekken (van 
beharing) en de tweekleurig behaarde 
achterschenen: boven licht en onder 
zwart.
Nestparasiet van de gewone sachembij 
(12). Het vrouwtje dringt het nest van 
de sachembij binnen om daar een ei te 
leggen op de stuifmeelvoorraad.  
De larve die uit het ei komt doodt de 
larve van de sachembij en eet het 
stuifmeel op.

14    Grote bladsnijder 12-16 mm 
Megachile willughbiella mei-aug

Grote, breedgebouwde bij met smalle 
lichte haarbandjes op het achterlijf. 
Vrouwtje met buikschuier: dichte  
beharing aan onderzijde achterlijf 
waarmee stuifmeel getransporteerd 
wordt. Buikschuier aan voorkant rood 
en aan achterkant zwart, in tegen-
stelling tot de geheel rode van de  
(duidelijk kleinere) tuinbladsnijder (15). 

Mannetjes van tuinbladsnijder te  
onderscheiden door de sterk verbrede, 
geelwitte voortarsen.
Nestelt in allerlei holten, zoals holle 
stengels, dood hout en ‘bijenhotels’, 
maar ook wel in de grond. De wanden 
van het nest worden bekleed met  
stukjes van bladeren, die de bij zelf 
met haar kaken uitknipt en naar het 
nest vervoert.

15    Tuinbladsnijder 9-12 mm 
Megachile centuncularis mei-sept

Vrij grote, breedgebouwde bij met 
smalle lichte haarbandjes op achterlijf. 
Vrouwtje met buikschuier: dichte  
beharing aan onderzijde achterlijf 
waarmee stuifmeel getransporteerd 
wordt. Buikschuier geheel rood, in  
tegenstelling tot de gedeeltelijk zwarte 
van de (duidelijk grotere) grote blad-
snijder (14). Mannetjes van grote blad-
snijder te onderscheiden door de smal-
le, zwarte voortarsen.
Nestelt in allerlei holten, zoals holle 
stengels, dood hout en ‘bijenhotels’, 
maar ook wel in de grond. De wanden 
van het nest worden bekleed met  
stukjes van bladeren, die de bij zelf 
met haar kaken uitknipt en naar het 
nest vervoert.

16    Honingbij 12-14 mm 
Apis mellifera jan-dec

Vrij grote, donkerbruine bij, vaak  
met gedeeltelijk oranje achterlijf.  
Op achterlijf (langs voorranden van de 
segmenten) zijn grijswitte dwarsband-
jes te zien die in het midden niet onder-
broken zijn. Van gelijkende bijensoor-
ten te onderscheiden door de behaarde 
ogen, de geheel donkere poten en de 
grijswitte achterlijfsbandjes.
Nestelt in Nederland vrijwel uitsluitend 
in bijenkasten van imkers. Bij uitzon-
dering vestigen aan imkers ontsnapte 
volken zich wel eens in een holle boom 
of oude schuur. Soms bouwen zulke 
zwermen vrijhangende raten aan  
bijvoorbeeld boomtakken, als zij geen 
geschikte holte kunnen vinden. Derge-
lijke schermen worden in Nederland 
meestal snel door imkers ‘geschept’. 

17    Pluimvoetbij 12-15 mm 
Dasypoda hirtipes juni-aug

Grote, slanke bij met lichtbruine be-
haring en lichte bandjes op achterlijf. 
Vrouwtjes onmiskenbaar door grote 

haarpluimen op achterschenen, waar 
grote klompen stuifmeel mee vervoerd 
kunnen worden. Mannetje kan verward 
worden met zandbijen, maar verschilt 
van andere algemene soorten door 
combinatie van geheel donkere poten 
en doorlopende lichte bandjes op  
achterlijf. Van de honingbij verschilt hij 
door de kale ogen. 
Nestelt in zelfgegraven gangen in 
zandgrond. De nestingangen zijn  
gemarkeerd met zandhoopjes. Bezoekt 
uitsluitend bloemen van (vooral gele) 
composieten.

18    Witbaardzandbij 10-12 mm 
Andrena barbilabris mrt-juni

Vrouwtje met lichtbruin behaard borst-
stuk en glimmend zwart achterlijf met 
smalle, in het midden onderbroken 
haarbandjes. Beharing achterschenen 
witachtig, achterscheen zelf is zwart. 
Van gelijkende soorten te onderschei-
den door formaat, ontbreken van  
metaalglans, onderbroken witte haar-
bandjes op achterlijf en kleur van de 
achterschenen en de beharing hiervan. 
Mannetje lijkt op andere soorten zand-
bijen (20) en is niet makkelijk te her-
kennen.
Nestelt in zelfgegraven gangen in de 
grond, vooral in open zandige bodems, 
ook tussen straatstenen. 

19    Meidoornzandbij 13-14 mm 
Andrena carantonica mrt-juni

Vrouwtje groot en geheel donker met 
bruine beharing, verschilt van honing-
bij door ontbreken van witachtige 
bandjes op achterlijf. Van grijze rimpel-
rug te onderscheiden door donkere 
achterschenen. Mannetje lijkt op  
andere soorten zandbijen (20) en is niet 
makkelijk te herkennen.
Nestelt in zelfgegraven gangen in de 
grond. 

20    Zandbij mannetje 6-14 mm 
Andrena sp. mrt-aug

Er komen verschillende soorten zand-
bijen voor in tuinen, waarvan de man-
netjes sterk op elkaar lijken (afgebeeld 
is mannetje van de meidoornzandbij 
(19)). Verwarring mogelijk met honing-
bij, zijdebijen, groefbijen en pluimvoet-
bij. Honingbij verschilt van zandbijen 
door behaarde ogen. Zijdebijen en 
pluimvoetbijen verschillen van veel 
soorten zandbijen door de doorlopende 

lichte haarbandjes op het achterlijf. 
Vrouwtjes groefbijen verschillen door-
dat zij een lengtegroefje middenop het 
laatste achterlijfssegment hebben. 

21    Grijze rimpelrug 13-14 mm 
Andrena tibialis mrt-mei

Vrouwtje is grote, donkere zandbij met 
bruine beharing en opvallend oranje-
rode achterschenen. Van gelijkende 
soorten te onderscheiden door ont-
breken van lichte haarbandjes op  
achterlijf. Mannetje lijkt op andere 
soorten zandbijen (20) en is niet  
makkelijk te herkennen.
Nestelt in zelfgegraven gangen in de 
grond, op vlakke, flink begroeide,  
zonnige plekken.

22    Zijdebijen 7-11 mm 
Colletes sp. juni-sept

Middelgrote bijen met lichtbruin tot 
oranje behaard borststuk en glimmend 
zwart achterlijf met doorlopende  
wit achtige bandjes. In tuinen komen 
twee soorten voor (duinzijdebij en 
wormkruidbij), die moeilijk uit elkaar te 
houden zijn. In het zuiden van Neder-
land kan in september de klimopbij op 
klimop voorkomen. Van andere bijen 
met vergelijkbaar uiterlijk te onder-
scheiden door geheel zwarte poten en 
korte lichte beharing op achterschenen. 
Nestelt in zelfgegraven gangen in de 
bodem op kale plekken, vaak in steile 
zand- of leemwandjes, ook wel in  
muren. Soms in grote groepen bijeen. 
Bezoeken vaak bloemen van composie-
ten, zoals boerenwormkruid, jacobs-
kruiskruid, guldenroede en kamille.

23    Roodgatje 10-12 mm 
Andrena haemorrhoa mrt-juni

Vrouwtje met oranjebruin behaard 
borststuk en glimmend zwart achterlijf 
met oranjerode achterlijfspunt; achter-
schenen oranje. Deze combinatie van 
kenmerken komt bij andere ‘tuinbijen’ 
niet voor. Het mannetje lijkt op andere 
soorten zandbijen (20) en is niet  
makkelijk te herkennen.
Nestelt in zelfgegraven gangen in de 
grond. 

24    Viltvlekzandbij 12-15 mm 
Andrena nitida mrt-juni

Vrouwtje is grote zandbij met oranje-
bruin behaard borststuk en glimmend 
zwart achterlijf, met langs de zijkant 

vlekken van korte, witte beharing.  
Verschilt van gelijkende soorten door 
zwarte achterschenen, zwarte achter-
lijfspunt en glimmend zwart achterlijf 
met witte haarvlekken. Mannetje lijkt 
op andere soorten zandbijen (20) en is 
niet makkelijk te herkennen.
Nestelt in zelfgegraven gangen in de 
grond. 

25    Gewone slobkousbij 8-12 mm 
Macropis europaea juni-aug

Middelgrote, zwarte bij met korte  
beharing en smalle, in midden onder-
broken witte haarbandjes op achterlijf. 
Kenmerkend is de beharing van de  
achterpoten: achterschenen lang en 
zeer dicht wit behaard, contrasterend 
met de zwarte beharing van de brede 
achtertarsen. 
Nestelt in zelfgegraven gangen in de 
grond, op goed verborgen plaatsen. 
Verzamelt uitsluitend stuifmeel op  
wederik.

26    Roodpotige groefbij 9-11 mm. 
Halictus rubicundus mrt-sept

Middelgrote bij met roodbruin behaard 
borststuk, glimmend zwart achterlijf 
met scherp afgetekende doorlopende 
witte haarbandjes, en oranjerode  
achterschenen met oranje beharing. 
Deze combinatie van kenmerken komt 
bij andere ‘tuinbijen’ niet voor. 
Nestelt in zelfgegraven gangen in de 
grond. Eind maart t/m mei zijn alleen 
vrouwtjes te vinden. Deze hebben 
overwinterd en leggen in het voorjaar 
nieuwe nesten aan. Vervolgens sterven 
zij, waarna in juni-september verse 
mannetjes en vrouwtjes verschijnen. 
Mannetjes sterven na de paring, terwijl 
vrouwtjes aan einde van zomer een plek 
zoeken om te overwinteren. 

27    Parkbronsgroefbij 6-8 mm 
Halictus tumulorum apr-sept

Kleine, donkere bij met bronsgroene 
glans. Achterlijf met lichte haarband-
jes. Groefbijen zijn van zandbijen te  
onderscheiden doordat zij een met 
lichte haartjes begrensd lengtegroefje 
hebben op het laatste achterlijfs-
segment. Er zijn diverse sterk gelijken-
de soorten groefbijen. Hiervan is de 
parkbronsgroefbij te onderscheiden 
doordat de lichte haarbandjes langs de 
achterranden van de segmenten liggen, 
in plaats van langs de voorranden. 

Nestelt in zelfgegraven gangen in de 
grond. April-juni zijn alleen vrouwtjes 
te vinden. Deze hebben overwinterd en 
leggen in het voorjaar nieuwe nesten 
aan. Vervolgens sterven zij, waarna in 
juni-september verse mannetjes en 
vrouwtjes verschijnen. Mannetjes 
sterven na de paring, terwijl vrouwtjes 
aan einde van zomer een plek zoeken 
om te overwinteren. 

28    Gewone geurgroefbij 6-9 mm 
Lasioglossum calceatum apr-sept

Kleine, zwarte bijen met lichte, in het 
midden onderbroken haarbandjes op 
achterlijf. Bij vrouwtje zijn achter-
randen van achterlijfssegmenten 
enigszins licht en doorschijnend.  
Bij mannetje kan achterlijf gedeeltelijk 
rood zijn. Bij mannetje zijn de poten  
gedeeltelijk geel. Verwarring is mogelijk 
met de parkbronsgroefbij, die echter 
een bronsachtige glans heeft; boven-
dien liggen de haarbandjes bij de park-
bronsgroefbij langs de achterrand van 
de segmenten en bij Lasioglossum -
soorten langs de voorrand. 
Nestelt in zelfgegraven gangen in de 
grond. April-juni zijn alleen vrouwtjes 
te vinden. Deze hebben overwinterd en 
leggen in het voorjaar nieuwe nesten 
aan. Vervolgens sterven zij, waarna in 
juni-september verse mannetjes en 
vrouwtjes verschijnen. Mannetjes 
sterven na de paring, terwijl vrouwtjes 
aan einde van zomer een plek zoeken 
om te overwinteren. 

29    Grote klokjesbij 8-10 mm 
Chelostoma rapunculi mei-aug

Kleine, slanke, zwarte bij met smalle, 
onderbroken witte haarbandjes op 
achterlijf. Vrouwtjes hebben witte 
‘buikschuier’: dichte beharing aan  
onderzijde van achterlijf waarmee 
stuifmeel getransporteerd wordt.  
Deze witte buikschuier onderscheidt 
de soort van gelijkende soorten die in 
tuinen voorkomen, zoals de blauwe 
metselbij (26) en groefbijen (27-29).
Nestelt in holle stengels en door kevers 
geknaagde gangen in dood hout, ook in 
‘bijenhotels’.

30    Blauwe metselbij 8-10 mm 
Osmia caerulescens apr-aug

Vrij kleine, donkerblauwglanzende bij 
met smalle lichte bandjes op achterlijf. 
Vrouwtjes met zwarte ‘buikschuier’: 

dichte beharing aan onderzijde achter-
lijf waarmee stuifmeel getransporteerd 
wordt. Deze zwarte buikschuier onder-
scheidt de soort van gelijkende soorten 
in tuinen, zoals de grote klokjesbij (30) 
en groefbijen (27-29).
Nestelt in dood hout, holle stengels, 
gaten in muren en ‘bijenhotels’.  
Bij bloembezoek sterke voorkeur voor 
lipbloemen, vlinderbloemen en  
slangenkruid.

31    Roetbijen 7-12 mm 
Panurgus sp. juni-aug

Vrij kleine, geheel glimmend zwarte 
bijen. Beharing zwart, behalve de  
oranjegeel behaarde achterschenen.  
In Nederland twee soorten, die moeilijk 
te onderscheiden zijn. 
Nestelt in zelfgegraven holen in de 
grond. 

32    Signaalwespbij 8-13 mm 
Nomada signata mrt-juni

Slanke, nauwelijks behaarde, wesp-
achtige bij met rood achterlijf met gele 
dwarsbanden. Vrouwtje verschilt van 
gewone wespbij (33) door aanwezigheid 
van gele vlekken op propodeum  
(achterste deel borststuk). Mannetjes 
moeilijk te herkennen.
Nestparasiet van het vosje (10).  
Vrouwtje dringt nest van vosje binnen 
om daar een ei te leggen op de stuif-
meelvoorraad. De larve die uit het ei 
komt doodt de larve van het vosje en 
eet het stuifmeel op.

33    Gewone wespbij 8-13 mm 
Nomada flava mrt-juni

Slanke, nauwelijks behaarde, wesp-
achtige bij met rood achterlijf met gele 
dwarsbanden.  Vrouwtje verschilt van 
signaalwespbij (32) door ontbreken van 
gele vlekken op propodeum (achterste 
deel borststuk). Mannetjes moeilijk te 
herkennen. 
Nestparasiet van zandbijen, waar-
onder meidoornzandbij (19) en viltvlek-
zandbij (24). Vrouwtje dringt nest van 
zandbij binnen om daar een ei te leggen 
op de stuifmeelvoorraad. De larve die 
uit het ei komt doodt de larve van de 
zandbij en eet het stuifmeel op.

34    Geelzwarte wespbij 10-13 mm 
Nomada succincta apr-juni

Slanke, nauwelijks behaarde, wesp-
achtige bij met geel en zwart getekend 

achterlijf. Verschilt van andere wesp-
bijen in tuinen door het ontbreken van 
rode tekening.
Nestparasiet van zandbijen, waar-
onder de viltvlekzandbij (24). Vrouwtje 
dringt nest van zandbij binnen om  
daar een ei te leggen op de stuifmeel-
voorraad. De larve die uit het ei komt 
doodt de larve van de zandbij en eet 
het stuifmeel op.

35    Geeltipje 4-7 mm 
Nomada sheppardana apr-aug

Kleine, donkere, nauwelijks behaarde 
bij met rode vlekjes op borststuk en 
achterlijf. Kenmerkend zijn de zwarte 
uiteinden van de antennen. 
Nestparasiet van groefbijen Lasioglos-
sum (29). Vrouwtje dringt nest van 
groefbij binnen om daar een ei te  
leggen op de stuifmeelvoorraad.  
De larve die uit het ei komt doodt de 
larve van de groefbij en eet het stuif-
meel op.

36    Maskerbijen 4-9 mm 
Hylaeus sp. mei-sept

Kleine, slanke, zwarte nauwelijks  
behaarde bijtjes die meer aan kleine 
graafwespjes doen denken dan aan  
andere bijen. Meestal is de voorzijde 
van de kop geel getekend (‘masker’) en 
zijn poten gedeeltelijk geel. In tuinen 
komen verschillende soorten masker-
bijen voor, die zeer moeilijk van elkaar 
te onderscheiden zijn. In tegenstelling 
tot andere bijen transporteren masker-
bijen stuifmeel niet in lichaams-
beharing, maar in een inwendige ‘krop’.
Nestelen in holle stengels van bijvoor-
beeld braam, riet of vlier of in door  
kevers geknaagde gangen in dood hout. 

37    Bloedbijen 5-8 mm 
Sphecodes sp. apr-sept

Kleine, nauwelijks behaarde, zwarte 
bijen met deels rood achterlijf.  
Er komen verschillende sterk gelijkende 
soorten voor, die alleen door kenners 
te onderscheiden zijn.
Nestparasieten van groefbijen en zand-
bijen. Vrouwtje dringt nest van de  
andere bij binnen om daar een ei te  
leggen op de stuifmeelvoorraad.  
De larve die uit het ei komt doodt de 
larve van de ‘gastheer’ en eet het stuif-
meel op. April-juni zijn alleen vrouwtjes 
te vinden. Deze hebben overwinterd en 
leggen in het voorjaar nieuwe nesten 
aan. Vervolgens sterven zij, waarna in 
juni t/m september verse mannetjes en 
vrouwtjes verschijnen. Mannetjes 
sterven na de paring, terwijl vrouwtjes 
aan einde van zomer een plek zoeken 
om te overwinteren. 

38    Grote wolbij 10-16 mm 
Anthidium manicatum juni-aug

Grote bij met wespachtig zwart-geel 
kleurenpatroon. Kan net als een zweef-
vlieg vliegend stilstaan in de lucht. 
Vrouwtje heeft witte ‘buikschuier’: 
dicht tapijt van lange haren onderop 
achterlijf, waarin ze stuifmeel trans-
porteert. Mannetje te herkennen aan 
drie zwarte doorns aan achterlijfspunt.
Nestelt in bestaande holten, zoals in 
hout en leem, holle stengels en muur-
spleten. Voor bouw van broedcellen  
gebruikt vrouwtje haren van behaarde 
planten, zoals slangenkruid, klit,  
muizenoor, prikneus, stinkende ballote 
en ezelsoor. Voor voedsel bij voorkeur 
op vlinderbloemen, lipbloemen en 
helmkruidachtigen.

Colofon
Een uitgave van EIS Kenniscentrum Insecten en Naturalis Biodiversity Center

Tekst en samenstelling: Menno Reemer
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Foto voorzijde: zijdebij (Cor Zonneveld)
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Fig. 1. Researchers collecting moth specimens on Statia in the Dutch Caribbean.  
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New research infrastructure and 
research projects
Based on a grant from the Fonds Economische 
Structuurversterking (Economic Structure  
Enhancement Fund) plus additional funding from 
the Netherlands Ministry of Education, Culture and 
Science, Naturalis continued to build on new  
research infrastructures, discussed below. Most  
elements of the infrastructure were finished by the 
end of 2014, but final decisions on the purchase of  
a new Transmission Electron Microscope and an  
additional micro-CT-scanner were postponed until 
early 2015. 

Laboratories
The morphological laboratory became fully equipped 
in period 2013-2014, but it was decided that an  
additional upgrade of certain aspects of this  
facility was needed. This was started in 2014 and 
continued in 2015. We further invested in high-end 
light microscopy, and a few culture facilities for  
dedicated support of successful research lines. 

The geological laboratory now consists of two parts: 
most of the common equipment is housed in our 
own premises, but the electron microprobe was 
placed in Utrecht as part of the National Geological 
Facility to be used by all geologists in the Nether-
lands. Our own laboratory replaced the outdated 
spectrophotometry equipment as well as invested 
in dark field and specialised compound micro-
scopes for large objects.

The DNA barcoding laboratory needed only minor 
replacements and additions. The ancient-DNA labo-
ratory had some minor upgrades and additional 
equipment was purchased for challenging DNA  
extractions. A project to select a professional  
Laboratory Information Management System,  
integrated with our own collection registration  
system, started with a project definition in 2014. 

It was decided not to invest in an additional Next-
Generation Sequencer, since we already have  

access to equipment of various institutions at the 
Bioscience park. The contract with BaseClear for 
Sanger sequencing was renewed. The staff of the 
laboratories, partly on short-term contracts, proved 
itself to be absolutely necessary for professional 
support of the research staff and teaching of  
students. 

Installation of the GIS laboratory (Geographic  
Information Systems) was completed. Dedicated 
high-end personal workstations, with software 
such as ArcGis and detailed maps of relevant areas, 
supported research projects for Ecological Niche 
Modelling or Species Distribution Modelling by  
several of our permanent staff, postdoctoral  
researchers and PhD candidates. 

On the other hand, we concluded that our 3D  
laboratory needed substantial upgrading, both  
in quality and quantity of computer power.  
Our present Micro-CT scanner, and a new one 
planned for 2015, produce many and large sized 
files that need to be analysed. Most 3D-modelling 
projects ask for high-end computer facilities;  
because of limitations of the software our High  
Performance Cloud-computing facility cannot be 
used. A project to redesign this laboratory was 
started late 2014 and budget has been allocated  
for this upgraded facility.

Economic Structure 
Enhancement Fund (FES)

Even more challenging was the development of a 
Naturalis data centre. Many of our new research 
projects (molecular lab, 3D and GIS lab) produce 
enormous amounts of data; this is also true for  
the digitisation of the collections. Our own infra-
structure for data storage was considered neither 
reliable nor sufficient, and for various reasons it 
was decided that this infrastructure had to be moved 
outside our own premises. Under supervision of our 
IT sector, Naturalis started this project in 2014, 
which will continue into 2015.

Finally, we continued to work on other infrastructure. 
The DNA barcoding database grew substantially due 
to collaboration of our staff with many professional 
amateurs in the Netherlands, herewith adding to 
the database of DNA barcodes of all Dutch species. 
Several other projects also contributed to the  
Naturalis database of currently more than 30,000 
barcodes, such as the inventory of Mount Kinabalu 
on Sabah carried out in September 2012, and the 
All-Odonate project, on which we have reported 
elsewhere in this report. The results of DNA bar
coding by Naturalis and CBS Fungal Biodiversity 
Centre will be made visible on a dedicated website 
EUBOLD, in collaboration with other barcoding  
centres in Europe.

New developments
DNA barcoding is a very promising method for  
applications in fields where reliable identification  
to species level is essential. A 1.2 million euro  
proposal to the Gieskes-Strijbis Fonds to develop 
an information system for water quality assessment 
in the Netherlands based on aquatic invertebrates, 
was awarded in 2014. The data, including those  
uploaded in the Barcode of Life Database at Guelph, 
Canada, proved to be of crucial importance for  
advice, e.g. on identification of just traces of  
corpses of birds after strikes with aircraft. It is a 
welcome continuation of the FES funding, and 
clearly shows the potential of the FES investments 
for society. 

The research infrastructure of Naturalis has proved 
to be successful in many ways. We have welcomed 
users from other research institutes, both from the 
Netherlands and from abroad, and various projects 
using our facilities have resulted in high-impact 
publications. A more detailed report on the activi-
ties and results of the FES Programme will become 
available by the end of 2015. 
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Staff of Naturalis is involved in the BSc and MSc
curriculums of our partner universities, but also of 
several other institutions, such as the University  
of Applied Sciences in Leiden. Per institution, the 
volume of the present activities in academic  
education amounts per year to:

University of Leiden
• �2 Chairs: Systematic Botany and Character  

Evolution and Biodiversity.
• �2 Extraordinary chairs: Economic Botany and Trop-

ical Plant Biogeography.
• �A substantial input of staff with responsibility for 

and/or significant contribution to 61 EC cursory 
BSc/MSceducation and ca. 700750 EC BSc intern-
ships plus 650-700EC MSc internships each year 
(Tree of Life; taxonomical, palaeontological and 
morphological expertise; methodological skills  
for (molecular) character analyses and phylogeny 
reconstruction; historical biogeography, spatial 
pattern analyses and ecological modelling;  
evodevo; evolution and speciation).

University of Amsterdam
• �1 Extraordinary chair in Functional Biodiversity 

and substantial involvement in 6 EC cursory BSc
education and structural contributions to 7 other 
courses plus 200-250 EC internships (zoological,  
ecological and evolutionary courses, various  
excursions, ethnobotany).

University of Wageningen
• �1 Chair in Biosystematics (until September 2013).
• �A substantial involvement in 12 EC BScand MSc 

courses and ca. 75 EC internships each year 
(Dutch and SW European flora and fauna and  
biosystematics, ethnobotany).

University of Utrecht
• �0.6 fte Appointment as Assistant Professor with 

responsibility for 24 EC cursory BSceducation plus 
200-250 EC internships (biodiversity, ecology and 
evolution, field course).

University of Applied Sciences, Leiden
• �0.4 fte Lectureship dedicated to provide courses 

and internships in the TopLab (diverse molecular 
techniques and bioinformatics for analysis and 
processing of results).

Additionally, the Netherlands Gemmological  
Laboratory organises 3 successful gemmological 
courses, 1 on HBO-level on contract basis, 1 at 
HBO-Zadkine and at the UvA (total 16 EC). Further-
more, individual staff members contribute more  
or less incidentally to ca. 5 EC education, e.g. at 
University of Groningen, University of Cologne,  
Museum für Naturkunde in Berlin and the Free  
University of Brussels.

Academic courses by Naturalis Biodiversity Center
Institution	 Level	 Title
Leiden University	 BSc 1 	 Project Popularisering van de Wetenschap
			   Tree of Life: Biodiversiteit Planten, Protisten en Fungi & Fylogenie
			   Excursies Flora en Fauna
			   Projecten Ecologie, Biodiversiteit en Natuurbehoud
		  BSc2	 Moleculaire Technieken
			   Zoölogie en ontwikkelingsbiologie
			   Evolutionaire analyse
			   Biodiversiteit I & II
			   Excursiecursus Flora
		  BSc3	 Minor Biodiversity and the Natural Environment
			   • �Module 1: Introduction to Dutch Landscapes
			   • �Module 3: Large scale patterns of biodiversity
			   • �Module 4: Evolutionary developments
			   • �Term paper
			   • �BSc projects & General research skills
		  MSc	 Orientation track Evolution, biodiversity and conservation
			   Orientation track Plant sciences and natural products
			   Development and evolution
			   Methods in biodiversity analysis
			   Plant families of the tropics
			   Economic botany
			   Seminar Biodiversity and conservation
		  University	 Crisis in biology
		  college 
University of Applied		  Genomics and sequencing
Sciences, Leiden		  Strategies for analyses
			   Sequence technics and data analysis
			   Infectious diseases
University of Amsterdam	 BSc1	 Keerpunten in de natuurwetenschappen
			   Regulering van vorm en functie van dieren
			   Organisme in het milieu
		  BSc2	 Evolutiobiologie theorie & practicum
		  BSc3	 Paleoecology
			   Biodiversity and global change
			   BSc projects
University of Applied		  Forensische biologie
Sciences, Amsterdam 
Wageningen UR	 BSc	 Biodiversiteit van Nederland
			   Webben van terrestrische biodiversiteit
		  MSc	 Advanced biosystematics
Utrecht University	 BSc	 Biodiversiteit en Landschap
			   Evolutie
			   Evolutie en biodiversiteit
			   Natuurbehoud, duurzaamheid en plantendiversiteit
Uppsala University, 	 BSc	 Fysiologi
Sweden		  Functional genomics
The Gemmological		  Foundation in gemmology
Association of Great Britain  
(Gem-A, London)	
Federation of European 	 MSc	 Diploma in gemmology 
Education in Gemmology 
(FEEG)  
Vrije Universiteit Brussel	 Population and conservation genetics

Education
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BSc- and MSc research projects by Naturalis Biodiversity Center
Title	 BSc students	 Naturalis supervisor
Development of a pipeline for automatic 	 Mirna Baak, 	 B. Gravendeel 
phenotyping and morphometric analyses of plants	 Hogeschool Leiden
Groundwater amphipods Madagaskar	� Jesper Brugman, 	 R. Vonk 

University of Amsterdam	
Assembly of PacBio and Illumina HiSeq reads /	 Josje Buren, 	 B. Gravendeel 
Bioinformatics analyses of the genome of	 Hogeschool Leiden 
Erycina pusilla	
Functional anatomy of insular woody species and	 Thibaud Chauvin, 	 F.R. Lens 
their herbaceous relatives	 Leiden University
Identification of the natural pollinators of the	 Emma de Haas, 	 B. Gravendeel 
orchid species Neottia cordata in The Netherlands	 Leiden University
In situ hybridization of orchid floral buds	� Sadhana Doebar, 	 B. Gravendeel 

Hogeschool Leiden 
Identificatie van Stigmella op eiken met 	 Hessel Hoekstra, 	 T.M. de Meulemeester 
morfometrie	 Leiden University
Generating DNA barcodes of leaf mining 	 Julian van der Hoogen, 	 B. Gravendeel 
Lepidoptera from degraded DNA in old collection	 Hogeschool van Amsterdam 
material as tool for agricultural pest identification
Identification and quantification of Hippocampus 	 Jeanine Joling, 	 B. Gravendeel 
(Seahorses) in Traditional Chinese Medicine (TCM)	 Hogeschool Leiden
DNA barcoding of Traditional Chinese Medicines 	 Maaike Karsten, 	 B. Gravendeel 
(TCMs) containing CITES protected tree ferns	 Hogeschool Leiden
Molecular dating of insular woody Canary Island	 Vé Koninck, 	 F.R. Lens 
groups	 Leiden University
Variation in shells of the planktonic pteropod 	 Sanne Kruijt, 	 K.T.C.A. Peijnenburg 
(Heliconoides inflata) along a naturally occurring	 University of Amsterdam 
gradient of ocean acidification
Salep orchid trade in Turkey	� Selay Kucukaladag, 	 B. Gravendeel 

Hogeschool van Amsterdam 
Assembly of PacBio and Illumina HiSeq read/	 Dennis Middendorp, 	 B. Gravendeel 
Bioinformatics analyses of the genome of	 Hogeschool Leiden 
Erycina pusilla
Earthworms in European temperate 	 R.J. Michielsen, 	 E.T. Pos 
agricultural systems	 Utrecht University
DNA-sequencing of Ptomaphagus	� Wesley van Oostenbrugge, 	 M. Schilthuizen 

Hogeschool van Amsterdam 
Revision Dimorphocalyx (Euphorbiaceae)	� Anne van Oostrum, 	 P.C. van Welzen 

Leiden University 
Molecular phylogeny and description of a new	 Bobby Prabowo Sulistyo, 	 B. Gravendeel 
species of Dendrochilum (Orchidaceae)	 Hogeschool Leiden
Screening antimicrobial effects of medicinal	 Melanie Richel, 	 B. Gravendeel 
plant extracts with Helicobacter bioassays	 Hogeschool Leiden
Expression of orchid floral developmental genes	 Peter van Schaik, 	 B. Gravendeel 
		  Hogeschool Leiden
Evolution of Eucomis	� Debbie Schoor, 	 T. van der Niet 

Leiden University 
Evolution of floral spur length	� Michelle Taal, 	 T. van der Niet 

Leiden University 
Salep orchid trade in Turkey	� Sedef Terzioglu, 	 B. Gravendeel 

Hogeschool van Amsterdam 
Wat weet het publiek over bestuiving	 Sahayra Tjon, VHL	 J.C. Biesmeijer
Evolution of Tulip Breaking Virus (TBV) by	 Katja Tkacova, 	 B. Gravendeel 
sequencing RNA from historical and extant tulip	 Hogeschool Leiden 
collections
Groundwater amphipods Madagaskar	� Justin Velinga, 	 R. Vonk 

University of Amsterdam 
Molecular diet analysis of Barnacle goose (Branta	 Tessa Verstraate, 	 M. Stech 
leucopsis) populations across the Greenland Sea	 Avans Hogeschool, Breda

Title	 BSc students	 Naturalis supervisor
DNA-sequencing of Ptomaphagus	� Stefan Visser, 	 M. Schilthuizen 

Hogeschool van Amsterdam 
Assembly of PacBio and Illumina HiSeq reads/	 Jan Willem Wijnands, 	 B. Gravendeel 
Bioinformatics analyses of the genome of	 Hogeschool Leiden 
Erycina pusilla
The Future of Amazonian Forests	� M.A.J. van der Velden, 	 E.T. Pos 

Utrecht University 
Title	 Msc students	 Naturalis supervisor
Documentation and identification of medicinal	 Siri Abihudi, 	 S. Veldman 
plants threatened by trade in Tanzania by means	 Muhimbili University  
of DNA barcoding	� of Health and Allied Sciences,  

Dar-es-Salaam, Tanzania 
Medicinal plants from Historia Naturalis 	 Mireia Alcantara Rodriguez, 	 T.R. van Andel 
Brasiliae (1648)	 Utrecht University
Tiny molluscs and big cooling: mollusc response	 Jonathan Arciszewski, 	 W. Renema 
across the Eocene-Oligocene Transition	 Leiden University
Mosasauruspathologie	� Dylan Bastiaans, 	 A.S. Schulp 

Utrecht University 
Triceratops	� Dylan Bastiaans, 	 A.S. Schulp 

Utrecht University 
Biodiversity indices under the loop: Recent shifts	 Sharina van Boheemen, 	 E.J. van Nieukerken 
in Dutch butterflies	 Leiden University
Coexistence in Erica in the Cape floral kingdom	 Roderick Bouman, 	 T. van der Niet 
		  Leiden University
Solving the species complex of the Oriental 	 Thijmen Breeschoten, 	 M. Schilthuizen 
arboreal Onthophagus species group	 Leiden University
Temporal and spatial differences of fish 	 Aline Duine, 	 N.J. de Voogd 
populations in the Thousand Islands and the Bay	 Utrecht University 
of Jakarta, Indonesia
Laag 14 Winterswijk	� Melanie During, 	 A.S. Schulp 

Utrecht University 
Explaining amphipacific distributions	 Conrad van den Ende, 	 P.C. van Welzen 
		  Leiden University 
Cryptic speciation of an Indonesian coral 	 Esther van der Ent, 	 N.J. de Voogd 
killing sponge	 Utrecht University
African medicinal plants traded in Matonge-Ixelles, 	Marie-C. C. Fundiko, 	 T.R. van Andel 
Brussels	 Leiden University
Carrion mimicry	� Frank Geers, 	 T. van der Niet 

Leiden University 
Erinaceid phylogeny	� Flora van Glabbeek, 	 L.W. van den Hoek  

Leiden University 	 Ostende
Inventory and comparison of the faunal diversity	 Marvin Groen, 	 B. Gravendeel 
from the Beekbergerwoud before and after its	 Leiden University 
clearing in 1871	
Evolution and development of the dermal skeleton	 Yae-Rim Hannah Park, 	 M. Rücklin 
in early jawed vertebrates	� Leiden University, Instituut	  

voor Biologie Leiden
Sponge microbial communities	� Glenn Hauquier, 	 N.J. de Voogd 

Leiden University 
Dental variations in the island ruminant 	 Jesse Hennekam, 	 L.W. van den Hoek 
Hoplitomeryx	 Utrecht University	 Ostende
How nutrients and floral diversity in field margins	 Ya-Hsien Huang, 	 L.G. Carvalheiro 
determine flower visitor communities	 Leiden University
Species boundaries in globally distributed 	 Rémy van der Hulst, 	 K.T.C.A. Peijnenburg 
Diacavolinia pteropods	 Leiden University
Science-policy interface in pollination 	 Nieke Knoben, Radboud	 J.C. Biesmeijer 
communication	 Universiteit Nijmegen
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Title	 Msc students	 Naturalis supervisor
Impact on tundra vegetation of foraging 	 Elspeth Kolvoort, 	 M. Stech 
behaviour and seasonal changes in diet of the	 Leiden University 
Barnacle goose (Branta leucopsis) in the Arctic
Quantification of MADS-box gene expression	 Kelly van Kooperen, 	 B. Gravendeel 
in Erycina pusilla	 Leiden University
Phylogenetic diversity and taxonomic richness	 Ruud Kuin, 	 J. Geml 
of the basidiomycete genus Entoloma in tropical	 University of Amsterdam 
lowland and mountain forest types on Mount  
Kinabalu, Borneo
Threeway meeting point Triturus Austria	� Patricia Lagler, Vienna	 J.W. Arntzen 
Phylogeography of Brachidontes sp. in Indonesia, 	 Christiaan de Leeuw, 	 K.T.C.A. Peijnenburg 
Palau, Papua New Guinae, and New Caledonia: 	 University of Amsterdam 
insights into the evolution of marine lake populations
Phylogeography of the Indo-pacific giant barrel	 Christiaan de Leeuw, 	 K.T.C.A. Peijnenburg 
sponge	 University of Amsterdam
Population structure of Brachidontes sp. Mussels	 Diede Maas, 	 K.T.C.A. Peijnenburg 
of marine lakes in Indonesia	 Wageningen UR
P-T conditions of the Dryos Unit and the underlying	 Christina Malandri, 	 L.M. Kriegsman 
Cycladic Blueschist Unit on Paros, Greece	 Utrecht University
Screening the potential of anti-diabetic Cucumis 	 Helen Mendel, 	 B. Gravendeel 
and Dendrobium extracts using qPCRs of Pck1 in	 Leiden University 
zebrafish
Plesiosauriër Maastricht	� Feiko Miedema, 	 A.S. Schulp 

Utrecht University 
The phylogeny of the mycoheterotrophic genus	 Angelo Moerland, 	 V.S.F.T. Merckx 
Epirixanthes (Polygalaceae) and its specificity to	 Leiden University 
clades of arbuscular mycorrhizal fungi
Deploying a novel method for identification of	 Collin Molenaar, 	 T.M. de Meulemeester 
inbreeding in bumblebees based on wing shape	 Leiden University
Pheromones to optimize crop pollination	� Collin Molenaar, 	 T. van der Niet 

Leiden University 
Wing morphometics in bumble bees	� Collin Molenaar, 	 T. van der Niet 

Leiden University 
Co-evolution from the pollinator’s perspective	 Harro de Moor, 	 T. van der Niet 
(Testing whether tongues evolve according to a	 Utrecht University 
trend from short to long in Prosoeca ganglbaueri?)
Predicting crop pollination in NL	� Jolien Morren, 	 J.C. Biesmeijer 

Leiden University 
Revision Blumeodendron (Euphorbiaceae)	� Marije Ottens-Treurniet, 	 P.C. van Welzen 

Leiden University 
Diversity and connectivity of Atlantic Arrow Worms	 Emma Otto, 	 K.T.C.A. Peijnenburg 
(Phylum: Chaetognatha)	 University of Amsterdam
Vallesian mammal biogeography of the Iberian	 Jeanne van de Put, 	 L.W. van den Hoek 
Peninsula in the Late Miocene	 Leiden University	 Ostende
Next Gen Phylogeography Pterosagitta draco	 Cas Retel, 	 K.T.C.A. Peijnenburg 
		  Leiden University
Evolution of asymmetric genitalia in Drosophila	 Flor Rhebergen, 	 M. Schilthuizen 
pachea	 Leiden University
Morphological traits associated with epiphyllous	 Marit van Santen, 	 S. Mota de Oliviera 
canopy specialists in leafy liverworts	 Leiden University 
(Lejeuneaecea)
Traits associated with canopy microhabitat 	 Marit van Santen, 	 M. Stech 
conditions in Amazonian Lejeuneaceae	 Leiden University
Amanita muscaria: an interdisciplinary approach	 Gennaro Scognamiglio. 	 J. Geml 
		  Leiden University
Right-handed snails and left-handed crabs	 Iris Sipman, 	 M. Schilthuizen 
(or vice versa)	 Leiden University
Protoceratops	� Stephan Spiekman, 	 A.S. Schulp 

Leiden University 
Screening Vanilla extracts with fungal assays	 Frederike Stock, 	 B. Gravendeel 
		  Hogeschool Leiden

Title	 Msc students	 Naturalis supervisor
Life history influences on range expansion and	 Thomas Swierts, 	 N.J. de Voogd 
population connectivity in a widely distributed	 University of Amsterdam 
marine sponge
Infestation patterns and population genetic	 Kaj van Tienderen, 	 S.E.T. van der Meij 
structure of galls crabs (Cryptochiridae) inhabiting	 Utrecht University 
corals (Scleractinia) along the Curacao coast
Reconstructing the transition from crust to	 Ann Vanderheyden, 	 J. Nuytinck 
milkcap (Russulales)	 Ghent University
Molecular identification of arctic Bryum 	 Julien Vollering, 	 H. Kruijer 
specimens, and effects of grazing on a 	 Leiden University 
Svalbard (Norway) bryophyte community
Morphology of female genitalia in Cholevidae	 Ruben Vijverberg, 	 M. Schilthuizen 
		  Leiden University
Insights on phylogenetic relationships within	 Yee Wah Lau, 	 L.P. van Ofwegen 
Caribbean octocorals, with a focus on Plexauridae	 Leiden University
Identification of the bluetongue disease vector	 Eelco Ufkes, 	 T.M. de Meulemeester 
Culicoides by wing shape	 Leiden University
Plants used for cultural bound diseases in 	 Tessa Vossen, 	 T.R. van Andel 
children in Surinam	 Leiden University
In situ sapphire growth in SE Sri Lanka	� Jorien van der Wal, 	 L.M. Kriegsman 

Utrecht University 
Identification of Dutch Andrena species by wing	 Dexter Wessel, 	 T.M. de Meulemeester 
shape	 Leiden University
Development of self learning software to identify	 Patrick Wijntjes, 	 B. Gravendeel 
illegally traded orchids	 Leiden University
Putting Species Distribution modelling to the test	 Stephanie IJff, 	 H. ter Steege 
		  Utrecht University
Molecular and morphological diversity of Bryum	 Tintin Zhou, 	 M. Stech 
across the Greenland Sea	 Leiden University
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In September 2014, the Naturalis Sector Research 
and Education was peer-reviewed by a committee 
of international experts, covering the assessment  
period 2009-2013. This independent evaluation was 
commissioned by the Ministry of Education, Culture 
and Science (OCW) following the Dutch Standard 
Evaluation Protocol (SEP) 2009-2015. In addition  
to the evaluation criteria as indicated in the SEP, 
OCW added some supplementary questions to be 
addressed during the review. These additional 
questions primary focussed on the Naturalis  
development in light of its recent formation through 
the merger of four research institutes, its position 
towards the partner universities and its unique  
position in being both a leading research institute 
and leading museum with a word-class collection.

The evaluation was performed by an international 
external Evaluation Committee, which was asked to 
provide an impartial assessment and appraisal of 
the Sector Research and Education.

Composition of the Evaluation 
Committee:
Prof. dr. Leo Beukeboom (chair)	 

Professor of Evolutionary Genetics, University of 
Groningen

Prof. dr. Stephen Blackmore	  
Former Regius Keeper of the Royal Botanic  
Garden Edinburgh

Prof. dr. Peter K.L. Ng	  
Professor of Systematics and Ecology, National 
University of Singapore, and Director of the  
Raffles Museum of Biodiversity Research, and 
the Tropical Marine Science Institute

Prof. dr. Katherine Willis	  
Professor of Biodiversity, University of Oxford 
and Director of Science at the Royal Botanic  
Gardens, Kew

Prof. dr. Geerat Vermeij	 
Distinguished Professor of Earth and Planetary 
Sciences, University of California

Prof. dr. Nico van Straalen	  
Professor of Animal Ecology, Vrije Universiteit 
Amsterdam

Assessment procedure
The Standard Evaluation Protocol 2009-2015  
requires the Evaluation Committee to assess four 
main aspects of the institute and its research.  
These are: 
• �Quality (sub-criteria: quality and scientific rele-

vance of the research, leadership, academic repu-
tation, organization, resources, and PhD training); 

• �Productivity (productivity strategy and the actual 
productivity); 

• �Societal relevance (such as societal quality,  
societal impact, valorisation); 

• �Vitality and feasibility (strategy such as strategic 
planning, SWOT-analysis, robustness and stability). 

These four main assessment criteria were rated  
according to a five-point scale, as specified in the 
SEP (5 Excellent, 4 Very good, 3 Good, 2 Satisfactory, 
and 1 Unsatisfactory).

Assessment
As part of the evaluation, Naturalis constructed  
a Self-evaluation report1, and provided this to the 
Committee together with the progress report 2009-
20122 and two bibliometric analyses by the Centre 
for Science and Technology Studies (CWTS)3, 4.  
The Self-evaluation report dealt with Naturalis’  
objectives, composition, quality and scientific rele-
vance, scientific output, earning capacity, academic 
reputation, links with academia and its role in other 
networks and organizations (‘combining forces’), 
societal relevance, viability, and future strategy.  
It included statistics on the progress of PhD  
students (gender, year of enrolment, success rates 

1. �Smets, E. (ed.). 2014. Self-evaluation report – Research & 
Education 2009-2013. Naturalis Biodiversity Center, Leiden. 96 pp.

2. �Duistermaat, L. & van Tol, J. 2014. Report 2009-2012 Naturalis 
Research and Education. Naturalis Biodiversity Center, Leiden. 224 
pp.

3. �Costas-Coesaña, R. 2014. Bibliometric research potential study 
of scholars affiliated with Naturalis Biodiversity Center, the 
Netherlands (2009-2011/12). CWTS, Leiden. 40 pp.

4. �van Wijk, E. 2014. Bibliometric research evaluation study of the 
past performance of Naturalis Biodiversity Center, the Netherlands 
(2009-2011/12). CWTS, Leiden. 44 pp.

External evaluation

per year) and a Strengths Weaknesses Opportuni-
ties and Threats (SWOT) analysis. The Appendix 
contained a list of Science Citation index (SCI)  
publications in 2013.

Another important element of the evaluation was the 
site visit in Leiden which took place from September 
17 (evening) until and including September 19. The 
site visit included interviews with members of the 
Management Team, the Supervisory Board, the  
Scientific Advisory Board, the senior research staff, 
the PhD candidates, the postdocs and the support 
staff, and visits to various research facilities  
(incl. laboratories and collection depots). All these 
elements were used by the Committee for their  
assessment. 

At the end of the site visit, the committee presented 
their main preliminary findings to the Naturalis  
Director, Management team and staff. Early 2015 a 
finalized assessment was presented in the formal 
Evaluation report5. The overall assessment was as 
follows.

“The committee was very much impressed by the 
fast and successful merger of the different insti-
tutes and collections into a world-class institute, 
including implementation of very complex process-
es such as digitization of collections and change in 
management. Many institutes and museums around 
the world have tried to merge scientific research, 
education and collections, but very few have  
succeeded to any significant degree. Naturalis is 
therefore a role model in this respect and this 
makes it all the more important as a platform for 
future work.” [– quote Evaluation Report].

5. �Romijn, M. & Evaluation Committee. 2014. Evaluation report 2009-
2013 of the Sector Research & Education. Naturalis Biodiversity 
Center, Leiden. 27 pp.

Considered all the criteria and sub-criteria listed 
above, the Evaluation Committee graded the  
institute as indicated below (scale 5-1):

Institute level
Quality	 4,5
A2 Leadership	 4,5
A3 Academic Reputation	 4
A4 Organization	 4
A5 Resources	 5
A6 PhD training	 4,5
Productivity	 4
B1 Productivity strategy	 3,5
B2 Productivity	 4
Relevance	 4,5
C1 Societal relevance	 4,5
Vitality and Feasibility	 3,5
D1 Strategy	 3,5
D2 SWOT analysis	 3,5
D3 Robustness and stability	 4

Fig. 1. From left to right: Prof. dr. Smets, Prof. dr. van Straalen, Prof. Ng., Dr. Dekker, Prof. dr. Vermeij, Mrs. Crul, Mrs. Vermeij, 
Prof. dr. Beukeboom, Prof. dr. Blackmore, Mrs. Romijn.

Fig. 2. Evaluation report presented to State Secretary  
Dekker (middle) by Director van Huis (left) and Chair of  
Naturalis Supervisory Board Brinkman (right).
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In the Evaluation Report the committee also pre-
sented ten conclusions and six recommendations. 
The Management of Naturalis and the Sector  
Research and Education in particular addressed the 
issues raised and the recommendations proposed 
by the Evaluation Committee in an formal reply6. 
The very positive Evaluation Report and our reply 
were presented to the State Secretary for Education, 
Culture and Science, Sander Dekker, on 23 April 

2015, completing the peer-review.
For the external evaluation Naturalis performed 
several analyses on different aspects of the Sector 
Research and Education, namely the publication 

6. �Smets, E. (ed.). 2014. Reply to the evaluation report 2009-2013 of 
the Sector Research & Education. Naturalis Biodiversity Center, 
Leiden. 6 pp.

output, the externally funded projects and the  
demography of the staff. Some of these analyses 
are presented graphically and described in the  
following paragraphs.

Personnel in numbers
For the external evaluation, per 31 December 2013, 
the demography of the Naturalis research staff  
(98 when excluding the support staff) was analyzed 
(Figs 3-8). For PhD candidates there is a more bal-
anced gender division (Fig. 7) and larger percentage 
of foreign nationalities (Fig. 8) than for research 
staff (resp. Figs 5 and 6).

Fig. 3. Division of the staff between different types of  
position.

Fig. 4. Division of the staff between different contract 
types.

Fig. 8. Division of PhD candidates (39 persons) based on  
nationality.

Fig. 5. Division of research staff based on gender. Fig. 6. Division of research staff based on nationality.

Fig. 7. Division of PhD candidates (39 persons) based on  
gender.

Fig. 9. Number of externally funded projects active in the 
particular year (e.g. a project that runs for two years is indi-
cated to be active in each year).

Fig. 10. Research budget per year available through external 
funding (e.g. a project that runs for two years the budget was 
equally divided over each project year).

Fig. 11. Total numbers of publications of the research staff 
and honorary researchers combined. This concerns all types 
of publications (in SCI and non-SCI journals, chapters in 
books, books, etc.).

Fig. 12. Number of publications in SCI-journals separately 
for the research staff and honorary researchers.

Fig. 13. Median SCI value for the SCI publications published 
by the research staff only.

Fig. 14. SCI-publications of the research staff based on their 
SCI value.
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Research contributions

Publications in numbers
For the external evaluation, per 31 December 2013, 
the Naturalis publications output was compared to 
the achievements in the previous years. Below some 
of the resulting graphs are presented. There is a 
steady increase over the last years with publishing 
516 publications in total, an increase of 90 publica-
tions since 2009 (Fig. 11). Also, there is a yearly  
increase in the number of SCI-publications (Fig. 12). 
In 2013 there were 191 SCI publications by the staff 
and 88 by the honorary researchers. The large  
increase in the number SCI publications by the  
honorary researchers has largely been caused by  
a change in policy and positive encouragement  
towards publishing in SCI journals. For the median 
SCI value, outside a peak in 2010, again a steady 
yearly increase is seen (Fig. 13). In comparison to 
2009, the median value has increased from 1,406 to 
2,368 in 2013, well above the median values (2013) 
for biology (1,432), plant sciences (1,337), zoology 
(0,987), mycology (1,805) and geology (1,139). Finally, 
the number of publications in the journals with an 
SCI lower than 3 has remained rather constant over 
the last years, but that there has been an increase 
in the number of publications in higher impact jour-
nals (Fig. 14). So has the number of publications in 
journals with a SCI above ten has doubled from 2012 
to 2013, while in 2009 the number of publications in 
this group was zero.
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Tinde R. van Andel1, Charlotte van ’t Klooster2,  
Diana Quiroz3, Alexandra M. Towns1,  
Sofie Ruysschaert4 & Margot van den Berg5

1 Naturalis Biodiversity Center, Leiden
2 Medical Anthropology, University of Amsterdam
3 Biosystematics, Wageningen University
4 WWF Suriname, Paramaribo
5 Institute for Linguistics, Utrecht University

Vernacular plant names provide insight into  
the process of useful plant species recognition,  
acquisition of new knowledge, and replacement of 
familiar useful species with new ones. This study 
tries to unravel the way in which the forced migra-
tion of nearly 11 million enslaved Africans to the 
Americas influenced their knowledge of plants.  
The combination of African, Amerindian and Euro-
pean words in one plant name illustrates the  
process of creolization and exchange of ethno
botanical information.

Nearly 300,000 West and Central Africans were  
enslaved and brought to Suriname between 1658 
and 1825, carrying with them little personal belong-
ings but a rich cultural and botanical knowledge. 
Slave ships, however, also transported African food 
crops, medicinal plants, fodder and weeds to the 
Americas. In order to survive in the Neotropical jun-
gle that was largely alien to them, enslaved Africans 
had to familiarize themselves with the American 
flora. The process of trying out unknown plants, 
recognizing familiar species, genera or families 
from Africa, learning new plants from Europeans or 
Amerindians and replacing African useful plants 
with American ones has hardly been documented. 

Local names hold the clue
We constructed a database of 2,350 vernacular 
names from Naturalis herbarium labels, literature 
(van ‘t Klooster et al., 2003; Burkhill, 1985-2010),  
and recent ethnobotanical fieldwork in Suriname, 
Ghana, Benin, and Gabon. We traced the origin of 
Afro-Surinamese (Sranantongo and Maroon) plant 
names to those plant names used by local Amerin-

dians, Europeans, and related groups in West and 
Central Africa. A strong correspondence in sound, 
structure, and meaning among Afro-Surinamese 
vernaculars and their equivalents in other languages 
for botanically related taxa was considered as  
evidence for a shared origin. For example, when the 
Gabonese Bapunu people use the name ‘musobisobi’ 
for the small tree Trema guineensis, and Aucan  
Maroons in Suriname call the related (and quite 
similar-looking) species Trema micantha ‘misobisobi’, 
we can conclude that they ‘remembered’ this 
(strictly Neotropical) species from Africa. In this 
way, we could determine which plants Africans  
recognized from their motherland on their arrival in 
the New World, and what plant names they learned 
from Europeans and Amerindians.

Surinamese trees with African names
Many plants that came with the slave ships, such as 
okra, sesame, yam, and weeds like Eclipta prostrata, 
kept their African names in Suriname. Typical Amer-
indians domesticates (Bixa orellana) and wild plants 
frequently used by indigenous groups (e.g. Siparuna 
guianensis) that do not occur in Africa, were called 
by their Amerindian name. About 65% of the Afro-
Surinamese plant names contained European lexical 
items, like ‘weti baka’ (white back) for the fern  
Pityrogramma calomelanos of which the leaves are 
white below. African slaves recognized a substan-
tial part of the Neotropical flora. We found that 20% 
of Sranantongo plant names and 43% of plant 
names among Maroons, descendants of escaped 
slaves that live in the forested interior, contain  
elements strongly resembling West African plant 
names for related genera and families. The greatest 
correspondence was found among plant names 
from Gabon and Angola, the main areas where the 
Dutch purchased their slaves. 

Better chance for best botanists
Corresponding plant names across the Atlantic 
show that African-born slaves in Suriname immedi-
ately started to classify and name the Neotropical 
flora. Only they remembered what the African  

Recognizing plants  
in a New World

congenerics looked like. Our results suggest that 
Africans in Suriname, particularly escaped slaves 
living in inland forests, transferred their cultural  
botanical heritage to the New World. The combina-
tion of African, Amerindian and European words in 
one plant name illustrates the process of creoliza-
tion and exchange of ethnobotanical information 
that has taken place. Quickly adapting oneself to  
a new environment was essential for the Maroon’s 
successful flight to freedom. Our research (van  
Andel et al., 2014) shows that by looking at herbarium 
labels, you can prove, even centuries later, that it 
were the best botanists (and those who stayed close 
to them) that stood a better chance to survive in the 
Surinamese jungle.

References
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Fig. 1. No surprise that this Surinamese tree’s got an African 
name: you can hardly notice the difference. (a) Staudtia  
kamerunensis var. gabonensis, mbona (Fang language,  
Gabon). Photo: http://congotrees.rbge.org.uk/, (b) Virola  
surinamensis, moonba (Saramaccan Maroon language,  
Suriname). Photo: Smithsonian Institute.

Fig. 2. Commelina, known in Ghana as ‘onyame bewu na 
mawu’ (Twi), meaning ‘only if God dies, then I will die too’. 
The Sranantongo name ‘Gado dede dan mi dede’ signifies 
exactly the same. Photo: Wikipedia.

2
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The flora of the Netherlands, although relatively 
very well known, continues to show new introduc-
tions. The identification of these exotic species is 
often severely hampered by the lack of monographic 
works, as is the case in Bitter-cresses (Cardamine, 
Brassicaceae). Here we report the identification  
by means of genomic weight of an Asian species 
naturalising in the Netherlands.

Since a few years, a winter-flowering, almost  
glabrous and small-flowered Cardamine  
(Brassicaceae) is encountered in Nijmegen (the 
Netherlands) that cannot be identified with regional 
floras. This form lacks a leaf rosette, has leaves 
without auricles, 3-lobed leaflets, and flowers with 
6 anthers (Fig. 1). Identification with standard floras 
always leads to C. flexuosa With., but plants do not 
fit there because of the absence of rosette leaves 
and other characters. Plants are similar to C. hirsuta 
L. in the lack of hairs. From literature it is known 
that C. hirsuta is strictly diploid, while C. flexuosa is 
strictly tetraploid (Lihová et al., 2006). Ploidy can  
be inferred from genome weight. Flow cytometry  
is a relatively simple method to measure this.  
To determine the nature of these remarkable plants 
– if it is one of the two species, or perhaps the  
hybrid between the two – we collected material  
of all three forms (C. flexuosa, C. hirsuta, and the  
deviating form). We harvested of each of the  
35 specimens fresh leaflets to establish the  
genome weight by flowcytometric analysis. Plants 
were pressed and dried to herbarium specimens for 
morphological analysis.

Not a hybrid
Flowcytometric analysis reveals that the deviating 
form is not one of the species or hybrids known 
from our country (Fig. 2). The diploid C. hirsuta has 
an average genome weight of 0,48 pg/2C, and  

C. flexuosa of 1,15 pg/2C. The measured values of 
the two species are well separated. However, the 
unknown Cardamine (called C. hamiltonii in Fig. 2) 
shows an even higher genome weight of 1,70 pg/2C. 
We can conclude that the unknown Cardamine is 
neither C. hirsuta, nor C. flexuosa, but also not the 
hybrid between the two species. The measure-
ments clearly indicate that we are dealing with  
another species, with a much higher genome weight 
corresponding with an octoploid genome. In the 
Netherlands, only C. pratensis has a similar genome 
weight (Table 1). Widening our scope from European 
to global we could match our form morphologically 
to an Asian species described as ‘Asian flexuosa’,  
a name already mentioned by Rutger Barendse on  
an internetforum for a record in Eindhoven (the 
Netherlands) in 2009. It is an octoploid species from 
Southeast Asia (Lihová et al., 2006). Similar plants 
have been reported from Germany, North America, 
Tenerife, Belgium and Spain. Differences with  
C. flexuosa and C. hirsuta include the absence of a 
rosette of leaves, glabrous leaf uppersides and 
short fruiting pedicels (2-6 mm long). 

Nomenclature
Recently, the Flora of North America recognized  
this taxon as Cardamine flexuosa subsp. debilis  
O.E.Schulz. However, treatment at species level  
is preferable. In his monography Schulz (1903)  
included several species as synonym under his 
newly described subspecies. The oldest name he 
mentioned, C. debilis D.Don is not available because 
it had been used for another species. For the  
second oldest, C. hamiltonii G.Don, we could not 
find any objections and therefore propose to use 
this name for plants that can be assigned to ‘Asian 
flexuosa’. The taxonomy of Asian Cardamine is  
the subject of study of the group of Marhold. It is 
possible that from their research older synonyms 
emerge. One of the names for which they will check 
the type specimen is C. obscura Hornem. For the 
time being, however, C. hamiltonii is the best name 
available for this addition to the flora of the  
Netherlands.

Identification  
by genome weight  
Cardamine hamiltonii G. Don

A recent introduction
From 2009 onwards, Cardamine hamiltonii has been 
reported from the Netherlands from many different 
locations, varying from between pavement, as a 
weed in pots and plant containers in garden centres, 
on cemeteries, in flowerbeds and green areas.  
The species seems to be a recent introduction.  
The national collection of Naturalis harbours under 
C. flexuosa, the species it is most likely to be  
confused with, no specimens that could be assigned 
to C. hamiltonii. The pathway of introduction seems 
to be the import of (bonsai) plants from Southeast 
Asia. As part of the long-year project Q-bank -  
Invasive plant species information system, the  
import of bonsai plants is screened on weeds by  
the NVWA. The third author (LD), being one of the 

curators of this information system, was able to 
identify four of these weeds as C. hamiltonii.
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Species	 DNA per nucleus (pg)
Cardamine impatiens	 0,43
Cardamine amara	 0,48
Cardamine hirsuta	 0,50
Cardamine flexuosa	 1,15
Cardamine corymbosa	 1,49
Cardamine hamiltonii	 1,70
Cardamine pratensis	 1,82
Cardamine bulbifera	 4,33

Fig. 1. Habit and details of 
inflorescence and flower  
of the deviating form of  
Cardamine (Brassicaceae). 
Illustration: Esmée Winkel.

Table 1. Summary of genome 
weight of the species of  
Cardamine from the  
Netherlands, ranked  
according to their weight. 
The meassurements are 
performed by the second 
author (BZ).

Fig. 2. Genome weight (pg/2C) to ploidy of three species of 
Cardamine in the Netherlands.
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Sea-beaners collect sea-beans, which are ‘seeds 
and fruits that are carried to the ocean, often by 
freshwater streams and rivers, then drift with the 
ocean currents and (hopefully!) wash ashore’ (www.
seabean.com). In 2012 an unknown, conspicuously 
furrowed sea-bean found among debris from the 
Dutch North Sea coast was brought to our atten-
tion. The story below reminds of the discovery  
of the coelacanth Latimeria chalumnae, which  
belongs to an order (lobed-finned fish) that was 
thought to be extinct, but which was recognized on 
a fish market in South Africa in 1938 and eventually 
(1952) found near the Comoros in the Indian Ocean. 
In our case, the ‘living fossil’ appeared to represent 
a new Sacoglottis fruit, most similar to a fossil 
type.

Unidentified sea-bean
The sea-bean closely matched a drawing in Gunn  
& Dennis’ World Guide to Tropical Drift Seeds and 
Fruits (1976). This picture was included in a plate  
illustrating mahogany (Swietenia mahagoni, Melia
ceae) from Florida. However, after checking mahog-
any fruits it became clear that neither the unknown 
sea-bean nor the drawing could possibly represent 
a Meliaceae fruit. After some research, the sea-bean 
was identified as an endocarp (inner hard part) from 
a fruit of a Humiriaceae species. A well-known sea-
bean from this almost completely Neotropical  
family is the blister pod (Sacoglottis amazonica). 
This endocarp, with large globular cavities (blisters), 
is one of the commonest tropical drift seeds in  
Florida. It is found on beaches around the North  
Atlantic Ocean and has occasionally also been  
collected in northwestern Europe. However, the  
unknown distinctly furrowed endocarp did not  
resemble the endocarp of S. amazonica, which is 
smaller and has a shallowly and irregularly furrowed 
surface. Consulting sea-beaner Ed Perry prompted 
the reply ‘This is Sacoglottis gabonensis! … related 
to blister pod …, but much rarer in drift.’ Following 

the included link to S. gabonensis on the sea-bean-
website provided photographs of two furrowed  
endocarps from Florida, undoubtedly of the same 
species as our specimen. An image of an additional 
specimen from Bermuda accompanied Ed’s reply. 
The African S. gabonensis is the only non-American 
species of the family Humiriaceae. Endocarps of 
this species are often found floating in rivers and  
on sea shores in the western part of tropical Africa. 
They are similar to those of S. amazonica, and con-
sequently do not resemble the unknown furrowed 
endocarp either. A request on Facebook (‘Sea Beans’ 
group) generated reports of several more specimens 
of the furrowed endocarp, including one from the 
Gulf of Mexico, which raised the number of available 
specimens to nine. 

New fruit resembling fossil species
The furrowed endocarps are woody and 54 to 72 mm 
long. The 5 valves are filled with globular cavities 
and each bears 2 prominent ridges along a median 
furrow. Some endocarps are covered with marine 
epibionts, such as barnacles and bryozoans. The 
observed characters indicate that the endocarps 
should be attributed to the genus Sacoglottis.  
However, the conspicuous ridges and furrows were 
not found on any described endocarp of an extant 
Sacoglottis species. The furrowed endocarps do  
resemble the fossil endocarp species Sacoglottis 
costata, which is based on a single specimen of  
unspecified Tertiary age from Colombia. It is difficult 
to define an essential difference between the  
extant furrowed endocarps and the fossil S. costata. 
Therefore, we did not erect a new species, but  
preferred to indicate the furrowed endocarps as  
Sacoglottis cf. costata. As common name, we  
proposed ‘furrowed blister pod’ (van der Ham et al., 
in press). 

From South America?
We can only speculate about the origin of the  
furrowed endocarps. Five specimens stranded in 
Florida indicate that the Caribbean Current might 
have been the way of transport. This would imply 

A new Sacoglottis fruit
Sea-beaners find living fossil

that the parent tree(s) of the furrowed endocarp,  
as S. amazonica, grow(s) somewhere in northeastern 
South America, within the reach of river systems 
like the Amazon, Orinoco, Magdalena, and Atrato 
Rivers. Transport from the Caribbean Current into 
the Gulf of Mexico, to Bermuda and via the Gulf 
Stream and the North Atlantic Drift to Europe is 
possible. Wherever occurring, the producer of the 
furrowed endocarps might be rare and threatened. 
In earlier times, its fruits might have been dispersed 
by a presently extinct megafauna, as known for  
several other large-fruited Neotropical species,  
including the humiriaceous Duckesia verrucosa and 
Endopleura uchi. In Africa, large mammals (e.g.  
elephants) are still known to forage for the fruits of 
S. gabonensis.
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Fig. 1. Sacoglottis cf. costata endocarp from South Padre Island, Gulf of Mexico, Texas. a. Apical view. b. Basal view. c. Lateral 
view. d. Micro-CT cross-section showing two fertile locules with remnants of seeds, and many small globular cavities.  
Scale bar = 1 cm.

Fig. 2. Map showing localities of stranded Sacoglottis cf. costata endocarps. 1, 4, 8: SE coast of Florida; 5: Middeldiep,  
Zeeland, Netherlands; 6: Lignumvitae Key, Florida; 7: Bermuda; 9: South Padre Island, Texas. Localities of two specimens  
(2, 3) unknown. 
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Current increases in global mean temperature  
and rainfall shifts are expected to leave large areas 
of the planet with less rain and extreme drought 
events. Forests and crops thus become highly  
vulnerable as extreme droughts hamper plant 
growth and survival. This study wants to investigate 
whether there is a correlation between secondary 
woodiness and drought stress resistance.  
Therefore, water transport measures in stems are 
carried out to estimate differences in drought  
resistance between herbaceous species and their 
closely related woody descendants.

Disruption of water transport
Understanding patterns of drought-induced tree 
mortality and crop productivity decline requires  
substantial knowledge of physiological mechanisms 
of plant drought resistance. This is especially critical 
with respect to hydraulic failure, which corresponds 
to the disruption of water transport in air-filled (= 
embolized) vessels when plants are exposed to water 
stress (Lens et al., 2013b). Species that are resistant 
to embolism are less prone to hydraulic failure be-
cause their xylem sustains more negative pressures 
without lethal levels of air bubble formation. Inter-
estingly, most trees operate very close to their em-
bolism threshold and thus appear highly vulnerable 
to drought-induced mortality under drier global 
change conditions. Embolism resistance is con-
trolled by a complex interaction of wood anatomical 
features. One of the hydraulically most important 
wood features are fine-scale modifications of in-
tervessel pits that can only be studied with a trans-
mission electron microscope (Lens et al., 2013b). An-
other crucial adaptation leading to greater embolism 
resistance is increased wood formation in the stem.

Vulnerability curves
Woody phenotypes that are derived from herba-
ceous relatives have been experimentally proven to 

be linked with increased embolism resistance in 
Arabidopsis, as shown in so-called vulnerability 
curves in which the percentage loss of hydraulic 
conductivity is plotted against the pressure needed 
to induce embolisms (Fig. 1). The pressure inducing 
50% loss of conductivity, or P50, is often used as a 
reliable proxy for drought stress resistance and is 
species specific. The more negative the P50, the 
more embolism resistant the species is.

Drought stress and wood formation
The majority of shifts from herbs towards woody 
shrubs in angiosperms has taken place in dry re-
gions (Lens, unpublished data), which emphasizes 
the potential role of drought stress in relation to in-
creased woodiness. These distribution data confirm 
our hydraulic experiments in Arabidopsis (Fig. 1)  
and in the daisy lineage (Lens, unpublished data).  
To provide more evidence for this novel correlation 
between drought stress and wood formation, Lens 
wants to focus on the Canary Island flora, which is 
known as the only secondary woodiness hot spot 
within Europe (Lens et al., 2013a), and the herba-
ceous relatives from the European mainland.  
We found that 220 secondarily woody species from 
38 independent angiosperm lineages are native to 
this archipelago, and most of them grow in the dry 
coastal regions (Fig. 2). The Canary Island flora 
therefore represents a unique case study, which will 
be further investigated by a new PhD student who 
will start in May 2015.

Other potential factors
We are also eager to explore other potential factors 
that play a role in wood formation. For example, the 
secondarily woody Begonia species on Mount Kina-
balu grow on very wet tropical mountain peaks with 
poisonous ultramaphic soils (Kidner et al., in press; 
Fig. 3). Furthermore, many of the native woody  
oceanic island endemics are released from seasonal 
growth conditions (especially frost), showing the 
potential effect of temperature as well in relation to 
wood formation. To dig deeper into the abiotic varia-
bles that could cause wood formation in otherwise 

Plant drought stress
The role of secondary 
woodiness

herbaceous angiosperms, we are performing niche 
modeling analyses on various groups to assess 
which specific environmental variables can be 
linked to the secondarily woody habit niche.
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Fig. 1. Vulnerability curves 
(VC) showing more embolism 
resistance in woody Arabi-
dopsis mutant compared  
to herbaceous wild-type 
(picture adapted from  
Lens et al., 2013b).

Fig. 2. The native Canary Island flora comprises in total 38 shifts to insular woodiness,  
positioned in the red branches of the angiosperm phylogeny.

Fig. 3. Two new Begonia  
species found during  
Mount Kinabalu expedition: 
a lowland herbaceous  
species (above: < 1000 m. asl) 
and a secondarily woody 
highland species (below:  
> 2000 m. asl).
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In tropical rain forests, most of the bryophyte  
diversity is found on the bark of trees. As epiphytes, 
these small plants can inhabit all forest strata, from 
the understory to the canopy. In this research we 
investigated the distribution patterns of epiphytic 
bryophyte communities at local and geographical 
scales, with a standard sampling procedure carried 
out in 9 sites across 2,800 km of Amazonian low-
lands. This was the first large scale inventory of  
the Amazonian bryoflora, including the canopy.  
The most exciting question of our work was to which 
extent the processes of environmental filtering  
and dispersal limitation shape bryophyte species 
composition on different spatial scales.

The vertical microenvironmental gradient estab-
lished from the bottom to the top of the canopy 
trees was the main driver of the local turn-over in 
community composition. More than one-third of the 
species showed a significant preference for a given 
height zone on the tree. Despite of the high species 
turn-over related to environmental conditions at  
local scale, the great majority of the species can be 
found everywhere across 2,800 km from east to 
west of the Amazon forest. Different than observed 
for tree species, bryophytes do not show any geo-
graphical pattern across the basin and no relation-
ship with gradients of rainfall or dry season length. 
Apparently, the full range of the environmental  
gradient that matter for epiphytic bryophytes – light 
intensity and moisture – can be observed on a single 
tree. Once this gradient is repeated in every canopy 
tree across the basin, no large scale geographical 
pattern emerge. Specific site conditions, however, 
do influence species composition. A small increase 
in altitude clearly shaped the bryoflora of two of the 
sampling sites – Tiputini, in Ecuador, and Saul, in 
French Guiana. These localities, far distant from 
each other, have the highest species richness and a 
closely related species composition, with the  
occurrence of some sub-montane and/or Andean 
elements, such as the genera Porotrichum and 

Neckeropsis and an increased frequency of the  
genus Plagiochilla.

The framework of the Neutral Theory of Biogeogra-
phy and Biodiversity was used to estimate recruit-
ment rates. Using sub-sets of our dataset and the 
concepts of metacommunity, local community and 
habitat species pool, we showed that establishment 
limitation had a clear variation along the height 
zones – being strongest at the two extremes of the 
gradient, i.e. the base of the tree and the outer  
canopy. On the other hand, dispersal limitation – 
expected to be reduced in the canopy, showed  
similar strength along the height zones.

The dispersal puzzle
Dispersal patterns of epiphytic bryophytes in the 
Amazon are thought-provoking. The current hypoth-
esis is that species inhabiting the canopy have high-
er chances of engaging in long-distance dispersal 
events, due to the greater exposure to wind currents. 
Because communities from the same height zone 
on a tree are subjected to the same environmental 
filtering, higher dispersal would lead to higher simi-
larity values between communities. At a local scale, 
similarity values obtained among outer canopy 
communities were indeed the highest recorded, 
lending support to the hypothesis of facilitated  
dispersal in the canopy. At a larger scale, contrary 
to the expectation, recruitment rates estimated to 
represent the immigration from the metacommunity 
to the local communities in each site – a process 
that takes place through long distance dispersal – 
indicated that the intensity of dispersal events in 
canopy communities is not higher than in other 
height zones on the host tree. Population studies on 
dispersal frequency and dispersal modes of canopy 
and understory species will help us understand why 
height zone has a stronger effect on dispersal at  
local scale. Do species from different habitats also 
show different dispersal strategies? Is the frequency 
of production of sexual and/or asexual propagules 
related to the frequency of long-distance dispersal 
events in the different taxa? These are the questions 
that will guide our future work.

Amazonian bryophytes
up in the canopy
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Fig. 1. Canopy opening in 
Cuieiras Biological Station, 
Central Amazon, Brazil.

Fig. 2. A liverwort species  
of the genus Plagiochila, 
growing on a tree branch.
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The effect of glacial cycles on South-East Asian 
(SEA) rainforest during the Quaternary is unre-
solved. Some historical evidence suggests that 
rainforests were confined to small refugia during 
glacial maxima, but dynamic vegetation models 
suggest that evergreen rainforests were wide-
spread. Because Dipterocarpaceae dominate  
current SEA rainforests, their distributions closely 
reflect general rainforest extent. Here, we use an 
extensive georeferenced database of collection  
records for 317 Dipterocarpaceae species to model 
their climatic niches, based on current climatic 
conditions. These distribution models were then 
hind-cast onto historical climatic conditions of the 
last glacial maximum. The results indicate that 
central Sundaland, exposed because of lower sea 
levels at glacial maxima, harbored suitable  
environmental conditions for Dipterocarpaceae 
and was probably covered by rainforest.

Until recently there was little conclusive evidence 
concerning the nature of vegetation that covered 
Sundaland at Quaternary glacial maxima, despite 
the fundamental importance of environmental  
history for diversity and conservation. At the glacial 
maxima of the Quaternary sea-levels were 120 m 
lower than today which exposed the landmass  
between the islands of Borneo, Sumatra, Java and 
the Malay Peninsula, a region known as Sundaland. 
It is since the discovery of 1 pollen core from the 
Malay Peninsula and 6 cores from southern Borneo 
that were all indicative for drier vegetation types 
and date back to the Pleistocene that the existence 

of a transequatorial savannah corridor on Sundaland 
at glacial maxima was proposed. The proposed  
savannah corridor ran from Thailand over the  
exposed Sunda shelf to the current island of Java 
and was supposedly used as dispersal route for the 
large megafauna, but also for humans. However,  
a recent analysis using a vegetation model in  
combination with paleoclimatic data proposed that 
the forests of South East Asia are currently in a  
refugial state, and that the distribution of lowland 
evergreen rainforest was much wider distributed  
on Sundaland at Quaternary glacial maxima.

Estimating niche dimensions
The rainforest of South East Asia are characterized 
by tree species that belong to the plant family of the 
Dipterocarpaceae that dominate these forests in 
number of stems but also in biomass. With recent 
efforts to digitize the botanical collections of  
Naturalis Biodiversity Center, the Forest Research 
Institute of Malaysia (FRIM), and Singapore Botanical 
Gardens it is now possible to plot the current distri-
bution of these species on the map of South East 
Asia. With the development of species distribution 
modelling techniques that relate the presence of 
species from the collection records to abiotic bio
climatic conditions it is now possible to estimate a 
species bioclimatic niche. Once the niche dimen-
sions are estimated, i.e. a species occurs at sites 
with mean annual temperature between 20-25°C and 
precipitation in the driest month exceeding 200 mm, 
it is possible to identify all localities that fulfil the 
niche requirements. That is not only possible for 
current bioclimatic conditions, but also for bio
climatic conditions at the last glacial maximum  
using paleoclimatic model predictions. 

Unlikely savannah corridor
We used the digitized collection records from 362 
Dipterocarp species and bioclimatic data describing 
the present conditions and the bioclimatic condi-
tions predicted by 2 paleoclimatic models (CCSM4 
and MIROC-ESM) that describe conditions at the 
last glacial maximum (LGM). The distributions  

Dipterocarp rainforests
covered Sundaland at
Quaternary glacial maxima

models of the 362 species were calibrated using  
the current bioclimatic conditions and subsequently 
hindcast on the LGM conditions predicted by  
2 paleoclimatic models. This allowed assessing 
whether the bioclimatic conditions on Sundaland 
were suitable to sustain Dipterocarp rainforest at the 
LGM. The results indicate that central Sundaland 
was likely covered with Dipterocarp rainforest, and 
that the presence of a transequatorial savannah 
corridor at the LGM is unlikely. At the same time the 
results show that the extent of Dipterocarp rainfor-
est was reduced compared to the present extent, 
despite the fact that large parts of Sundaland are 
presently flooded as a result of higher sea-levels.
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Fig. 1. Collections of all Dip-
terocarpaceae (purple), oth-
er botanical collections on 
Sundaland (red), and re-
maining botanical collec-
tions outside Sundaland 
(dark grey).

Fig. 2. Current and past Dipterocarp richness at the last glacial maximum according to hindcast results to paleoclimatic 
models CCSM4 and MIROC-ESM.
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Much remains unknown about the Amazonian flora, 
the richest assemblage of plant species on Earth. 
Tree inventories carried out over the past two  
decades have helped improve our understanding of 
regional scale patterns of distribution and abun-
dance in Amazonian tree communities, but similar 
advances at the basin-wide scale remain scarce. 
Until recently we did not know how many tree spe-
cies occur in the Amazon, how many tree species 
were recorded to date, how those species are  
distributed across the basin, and in what regions or 
forest types they are rare or common. So uncertain 
were patterns at the largest scales that even the 
simplest question of all - what is the most common 
tree species in the Amazon? - was never addressed 
in the scientific literature, much less answered.

The Amazon Tree Diversity Network is a loose  
network of ca 170 botanists and ecologists, main-
taining a growing plot database now close to 1,600 
plots in the 9 countries that have Amazonian rain-
forest, coordinated from Naturalis Biodiversity 
Center. Our first publication in 2000 (ter Steege  
et al., 2000) marked the start of the network. Since 
then the number of plots has been growing steadily 
and updates of our maps have been published  
regularly on the web (http://web.science.uu.nl/ 
Amazon/ATDN/), in various papers and now appear 
in text books. The database and/or its plots have 
been helpful in joint publications with other research 
groups and have been used in species estimation, 
carbon dynamics, remote sensing, leaf morphology, 
leaf physiology. Recently, we reported on the inter-
play between the geological history of the Amazon 
and it’s diversity (Hoorn et al., 2010).

1.4% Hyperdominant species
Our first analysis of Amazon wide structure of  
composition was published in 2013 (ter Steege et al., 
2013). Our analyses suggest that lowland Amazonia 
harbors 3.9 × 1,011 trees and ~16,000 tree species. 

We found 227 ‘hyperdominant’ species (1.4% of the 
total) to be so common that together they account 
for half of all trees in Amazonia, whereas the rarest 
11,000 species account for just 0.12% of trees. Most 
hyperdominants are habitat specialists that have 
large geographic ranges but are only dominant in 
one or two regions of the basin, and a median of 41% 
of trees in individual plots belong to hyperdominants. 
A disproportionate number of hyperdominants are 
palms, Myristicaceae, and Lecythidaceae.

Need for testing underlying causes
Finding that Amazonia is dominated by just 227 tree 
species implies that most biogeochemical cycling in 
the world’s largest tropical forest is performed by  
a tiny sliver of its diversity. The causes underlying 
hyperdominance in these species remain unknown. 
Both competitive superiority and widespread pre-
1492 cultivation by humans are compelling hypothe-
ses that deserve testing. Although the data suggest 
that spatial models can effectively forecast tree 
community composition and structure of unstudied 
sites in Amazonia, incorporating environmental data 
may yield substantial improvements. An apprecia-
tion of how thoroughly common species dominate 
the basin has the potential to simplify research in 
Amazonian biogeochemistry, ecology, and vegetation 
mapping. Such advances are urgently needed in light 
of the >10,000 rare, poorly known, and potentially 
threatened tree species in the Amazon.
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Fig. 1. Amazonia showing 
the location of the Amazon 
Tree Diversity Network 
(ATDN) plots that contribut-
ed data to the analysis of 
hyperdominance and hyper-
diversity in the Amazon. 
Source: ter Steege et al., 
2013. Science 342: 1243092.

Fig. 2. Cecropia latilobia dominates large stretches of forest 
along the fertile and highly dynamic, riverbanks of the  
Amazon river (Ilha Marchantaria, Brazil 2013).

Fig. 3. Sunset over the forest of Caxiuana National Forest 
(Brazil, 2014).
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The sister genera Macaranga and Mallotus (Euphor
biaceae) share much genetic information, which  
results in similar evolutionary developments in 
both genera. They show the same radiation in  
ecological niches and in a ‘synchronised’ dispersal 
via similar pathways. The major difference is that 
Mallotus speciated less often than Macaranga,  
resulting in more widespread species in Mallotus 
and more endemic species in Macaranga.

How congruent are sister taxa? The sister genera 
Macaranga and Mallotus contain mainly Asian  
species, but both distributions range from Africa 
and Madagascar via SE Asia to Australia and the  
W Pacific. Macaranga is far more species rich than 
Mallotus (280 versus 135 species), but Mallotus has 
more widespread taxa and a slightly wider distribu-
tion than Macaranga (Japan included). Both genera 
have a remarkable correlation between ecology and 
leaf shape. Species with narrow, small leaves are 
found in primary tropical rain forests, while species 
with large, broad leaves are pioneer species, which 
quickly invade open spaces, shade out the soil and 
facilitate seeds of primary forest trees to germinate. 
This group of taxa is of extreme importance in forest 
turnover. The majority of species facilitates ants to 
protect the leaves and flowers by offering them 
nectar via extrafloral nectaries and glandular scale 
hairs to even allowing them to nest in the pith of 
branches.

Dispersal through stepping stones
The phylogeny of both genera (e.g., Kulju et al., 2007) 
was dated via the program BEAST, whereby carefully 
selected fossils, those which could be identified 
correctly and related to the cladogram, acted as 
calibration points (Nucete et al., 2012) together with 
a maximum age derived from literature.

The dated phylogeny formed the input for a historical 
biogeographic analysis with the program RASP  
(S-DIVA option). The resulting areacladograms (see 
Fig. 1 for that of Macaranga; van Welzen et al., 2014) 
show highly similar patterns that correspond with 
the plate tectonic configurations of areas at various 
geological times. The ancestor of both genera existed 
ca 60 Ma on Borneo, where ca 25 Ma later both  
genera originated. The first speciation events were 
on Borneo followed by dispersal to SE Asia main-
land. As soon as stepping stones were available  
dispersal to New Guinea and Australia occurred  
(between 33 and 22 Ma), whereby the two genera 
were one of the early arrivals in Australia from  
W Malesia. They confirm the picture that the  
direction of dispersal was mainly towards Australia 
and not from Australia. Dispersal towards E Malesia 
and Australia occurred several times, sometimes  
on clade level, sometimes on the individual species 
level like many of the widespread taxa in Mallotus. 

Disjunct distribution
Both genera show a Palaeotropical intercontinental 
disjunctions (PIDs), a disjunct distribution between 
Africa and Asia (see article in this report: ‘Under-
standing disjunct distributions between Africa and 
Asia’). The cladograms of both genera show that dis-
persal occurred from Asia to Africa around 22 Ma in 
the early Miocene. Two species (or their ancestors) of 
Mallotus individually dispersed to Africa and Maca-
ranga developed even a complete clade in Africa, 
Magadascar and the Mascarenes. Within the African 
Macaranga clade one species re-dispersed to S Asia.

Dispersal routes
In the early Miocene the climate was warmer and 
wetter in S Asia and the Arabian Peninsula, consist-
ing of parallel islands, provided stepping stones  
between Asia and Africa. It is likely that both genera 
dispersed from India via SW Asia to Africa over land. 
The sister species of the re-dispersed Macaranga 
species occurs in Madagascar and the Mascarenes, 
therefore it is likely that this dispersal route was 
along the island chains in the Indian Ocean, perhaps 

Historical biogeography
Congruence in sister genera

even as late as during glacial periods. The fruits of 
Macaranga and Mallotus can ‘explode’ and shed the 
seeds around, but the fruits are also often eaten by 
birds and perhaps also bats, whereby the glandular 
scale hairs or extrafloral nectaries on the fruits may 
provide the reward for the disperser.
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Palaeotropical Intercontinental Disjunctions (PIDs) 
are disjunct distributions between Africa and Asia. 
Taxa are generally present in central Africa and 
Madagascar, absent in SW Asia and S Asia and  
present again from India throughout the rest of SE 
Asia, Malesia up to Australia and the W Pacific.  
Various plant groups show different pathways to 
pass the disjunction between Africa and Asia.  
The legume genus Aganope indicates vicariance 
between Africa and Asia. The legumes Brachy­
pterum scandens and Derris trifoliata display long 
distance dispersal along the coastal mangrove  
vegetations, while Ficus subsection Urostigma 
rafted with India to Asia and redispersed to Africa 
via the coastal regions.

PIDs are a distribution pattern, which is difficult to 
explain. They appear to be relict Gondwanan distri-
butions, but generally dated phylogenies show that 
the taxa originated far after the split up of Gondwa-
na. Sirichamorn et al. (2014) reviewed 4 alternative 
theories explaining the PIDs: (1) Gondwanan taxa 
rifted from Africa (and Madagascar) on India to 
Southeast Asia, known as the ‘Indian raft’ hypothe-
sis; (2) dispersal occurred via boreotropical forests 
during the Palaeocene and Eocene when these were 
warm and humid (the ‘Boreotropical migration’ hypo
thesis); (3) long-distance dispersal (LDD hypothesis); 
(4) overland dispersal between Asia and Africa via 
Arabia and south Asia during the first warm half of 
the Eocene (the ‘Miocene geodispersal’ hypothesis).

Explaining dispersal
Phylogeny reconstruction (Parsimony and Bayesian), 
dating with BEAST, and a historical biogeographic 
analysis (Lagrange, S-DIVA) were performed in  

Naturalis Biodiversity Center as part of the theses 
of the two first authors (Sirichamorn et al., 2014; 
Chantarasuwan, 2014). A comparable study was 
performed on Macaranga and Mallotus (Euphorbia
ceae; van Welzen et al., 2014; see article in this  
report: ‘Historical biography, Congruence in sister 
genera’). In all studies PIDs were present. Aganope 
has indigenous species in Africa and SE Asia, 
Brachypterum scandens and Derris trifoliata are 
widespread species ranging from Africa to Asia, both 
(regularly) found along or in mangroves. The basal 
clade of Ficus subsection Urostigma originated on 
Madagascar (with dispersal to the Mascarenes)  
followed by dispersal to Africa and to SE Asia, a  
later lineage (F. ingens) dispersed from India back  
to Africa. Macaranga showed dispersal once and 
Mallotus twice from India to Africa, probably all in 
the same period. One species of Macaranga later 
dispersed back to India from Madagascar and/or 
the Mascarenes.

‘Out of India’
In all but one study the taxa are too young for the 
‘Out of India’ and ‘Boreotropical migration’ hypothe-
ses. India separated ca 90 Ma from Madagascar and 
collided with Asia at ca 50 Ma. The Boreotropical 
forests in Europe and Asia had optimal conditions 
till a drastic drop in temperature at the end of the 
Eocene, beginning of the Oligocene (ca 34 Ma).  
The crown node of Aganope is dated at 18.8 Ma.  
This genus was probably widespread from Africa  
via Arabia and S Asia to SE Asia, whereby the drier 
colder climate after the Middle Miocene Climatic 
Optimum (17-15 Ma) caused desiccation of the Ara-
bian and SW Asian coast resulting in local extinction 
of Aganope and a vicariance between Africa and 
Asia. Brachypterum scandens and Derris trifoliata 
both have (like Aganope) light weight pods that are 
buoyant, indehiscent and water impermeable. 
These species may be hydrochore and their correla-
tion with mangrove indicates that LDD is the best 
fitting hypothesis to explain their distribution.  
Ficus subsection Urostigma probably originated on 
Madagascar and may have migrated via a rafting  
India to Asia (‘Out of India’ hypothesis).  

Understanding  
disjunct distributions 
between Africa and Asia

The re-dispersal from India to Africa (F. ingens or 
ancestral species) can best be explained by disper-
sal along the coastal regions of S Asia and the Arab 
Peninsula, similar to that of Macaranga and Mallotus 
(see article in this report: ‘Historical biogeography, 
Congruence in sister genera’). Finally, one species 
of Macaranga probably re-dispersed from the  
Mascarenes back to India via Indian Oceanic island 
arcs, another type of LDD.
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Fig. 1. Ficus middletonii –  
a. Twig with leaves and figs; 
b. basal bracts; c. ostiole;  
d. fig; e. fig in longitudinal 
section; f. staminate flower; 
g, h, i. pistillate flowers. 
Drawing: Anita Walsmit 
Sachs, 2011.
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Our work highlights that fungal communities found 
in the rhizosphere of Salix repens can have very  
different species composition due to edaphic  
factors and that the protection of areas that  
harbour such varied S. repens beds is vital for the 
conservation of co-habiting fungi, including many 
Red-Listed species. 

Fungal communities are notoriously difficult to fully 
characterize for ecological and biodiversity studies 
and for conservation purposes. Even for macrofungi 
(e.g., such as mushrooms, true and false truffles 
etc.), that have the longest history of diversity  
studies among fungi, basic questions about the 
number of species at a given location or differences 
in species richness among vegetation types have 
generally remained unanswered due to taxonomic 
problems and the scarcity of long-term sporocarp-
monitoring projects. 

Tradition of mushroom mapping
Despite the above challenges, significant advances 
have been made in our knowledge on taxonomy,  
distribution and conservation status of European 
macrofungi in the last two decades, based on  
sporocarp collections and on obtaining spatial and 
temporal information about fruiting. Collecting  
such data has been particularly successful in the 
Netherlands with a nation-wide network of parapro-
fessionals that have gathered huge amounts of data 
on the distribution and fruiting patterns of macro-
fungi. For example, the Working Group Mushroom 
Mapping Netherlands (Werkgroep Paddenstoelen-
kartering Nederland, WPN) has been mapping 
mushrooms since 1980, with an added monitoring 
program since 1998. As a result, an official national 
Red List of fungi was published in 1996, followed by 
a revision in 2008 (Arnolds & Veerkamp, 2008). 

New tools, frontiers and insights
Traditionally, our knowledge of fungal diversity has 
been based almost entirely on collections and the 
taxonomic study of sporocarps. In recent years, 
however, DNA-based studies of soil fungal commu-
nities have provided valuable insights into the biodi-
versity and ecology of fungi and provided evidence 
that there is an incredible amount of fungal diversi-
ty in soils that is still mostly unknown. Our large-
scale soil DNA sequencing projects aim to supple-
ment long-term sporocarp records with DNA-based 
species identification from soil samples for map-
ping purposes and to extend the taxonomic scope 
to all groups of fungi to be found in the soil. The first 
of the fungal diversity assessments has focused  
on Salix repens sand dune communities along the 
North Sea coast, because these areas are highly 
important for nature conservation, water resource 
management, and recreational purposes (Figs 1 & 
2). Based on more than 600,000 DNA sequences 
generated, we detected 1,211 distinct fungi in the 
sampled Salix repens beds with varying soil pH and 
moisture levels. Sites with lower pH generally har-
boured more diverse fungal communities. With re-
gard to ecological groups, dark-septate endophytic 
fungi were more diverse in acidic soils, ectomycor-
rhizal fungi were more species rich in calcareous 
sites, while various arbuscular mycorrhizal genera 
fungi showed opposing trends regarding pH (Fig. 3). 

Red-Listed fungi in new locations
Besides providing the first kingdom-wide diversity 
assessment for this coastal ecosystem, we also  
detected numerous Red-Listed species in the  
samples, often from previously unknown locations. 
The majority of them, such as Clavicorona taxophila, 
Pseudobaeospora pyrifera, Russula pascua, and 
several Tomentella species, to name a few, were 
found in multiple locations, indicating that they may 
be more widespread in the Netherlands than previ-
ously thought. In addition, we found several species 
that had never been reported from the Netherlands. 

Conservation metagenomics
Mapping rare fungi using soil DNA

Among these, species that usually occur in arctic-
alpine regions, such as Cortinarius favrei (Fig. 2) and 
Russula nana, are particularly interesting. In the 
Arctic, these species are symbionts of various 
dwarf willow species (e.g. Salix polaris, S. reticula-
ta), while in the Netherlands, they were detected in 
the soil under Salix repens (Geml et al., 2014).
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Fig. 1. Sampling sites along the coast of the  
Netherlands. 

Fig. 2. Dune slack vegetation with Salix repens with Cortinarius favrei (inset), a predominantly arctic-alpine ectomycorrhizal 
fungi never before reported from the Netherlands. Photo: J. Geml.

Fig. 3. NMDS ordination plot of fungal communities in Salix repens 
beds with vectors (r2 > 0.25) for soil pH and richness in the most  
diverse genera that correlated with the ordination axes.
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We provide an unprecedented insight into the  
enormous diversity of fungi in the Yungas, many of 
which are unknown. In addition, our work indicates 
that most of these fungi are specific to a certain 
habitat. Our work offers examples for the potential 
contribution of high-throughput soil sequencing 
studies to biodiversity assessments and landscape 
ecology that can provide crucial field data for  
conservation efforts.

The Andean cloud forests (i.e. the Yungas) are a  
system of tropical and subtropical montane forests 
developed on the eastern slopes of the Andes and 
represent one of the most diverse biogeographic  
regions globally (Fig. 1). Generally, the majority of 
biodiversity studies and conservation efforts are 
focused on vascular plants and vertebrates, while 
soils remain a relatively unexplored, yet presumably 
significant source of biodiversity. Despite their  
central roles in the functioning of terrestrial eco-
systems as plant symbionts and decomposers,  
an estimated 90% of all fungi are still unknown. 
Similarly, diverse fungal communities in the Yungas 
still remain virtually unexplored. 

Hyperdiverse soil fungal communities
Large-scale DNA sequencing projects have immense 
potential to augment our current knowledge of  
fungal diversity and to better understand environ-
mental factors that influence fungal community 
structure. Such undertakings are particularly  
important in poorly sampled and presumably highly 
diverse tropical and subtropical areas. We carried 
out a massive next-generation sequencing project 
of soil samples from 24 sites along the entire latitu-
dinal extent of the Yungas in Argentina to provide 
the first kingdom-wide fungal biodiversity assess-
ment for the Yungas (Geml et al., 2014). The selected 
sites represented three major altitudinal forest 
types: the piedmont forest (400-700 m above sea 

level), the montane forest (700-1500 m asl), and the 
montane cloud forest (1500-3000 m asl).
We observed 14,039 fungal Operational Taxonomic 
Units (OTUs, a proxy for species) in our soil samples. 
Despite the presence of more than 400,000 fungal 
ITS sequences in public databases, more than half 
of the OTUs in our samples could not be identified  
to species or species complexes. Because of the 
rigorous quality checks applied while processing 
the sequence data, our conservative estimates 
clearly indicate the need for further mycological  
research in the Yungas in particular and in the  
Neotropics in general. 

Strong habitat preference
Contrary to what has been observed for plants, 
where the piedmont and montane forests harbour 
many more species than the montane cloud forests, 
we did not find substantial differences in soil fungal 
diversity among the three altitudinal zones. On the 
other hand, the data suggest that fungal communi-
ties are strongly structured according to forest types 
(Fig. 2). Different fungal groups appear to prefer  
certain habitats and such turnover of taxa along an 
elevation gradient apparently does not affect sub-
stantially the richness in each zone. Our study docu-
ments a strong correlation between vegetation and 
fungal community composition in the Yungas, likely 
influenced by the presence of hosts for symbiotic 
fungi and substrate for decomposers, and by envi-
ronmental (microclimatic, edaphic etc.) differences. 
There are many fungi that exhibit certain host or  
substrate specificity and are restricted to suitable 
sites. For example, ectomycorrhizal and root endo-
phytic fungi were most diverse in the montane cloud 
forests, particularly at sites dominated by Alnus 
acuminata (Nouhra et al., 2014), while saprophytic, 
leaf endophytic and animal pathogenic fungi are 
most diverse at lower elevations (Figs 2 & 3).

Crucial role of scientific collections
Many fungi at the sampling sites likely are still  
undescribed, while others may remain unidentified 
because of the unavailability of reference sequence 

Fungi in the Andes
Hyperdiversity and altitudinal 
turnover

data from known species. Building a near-exhaustive 
reference sequence library for already described 
species with available voucher specimens, e.g. via 
large-scale DNA barcoding efforts at herbaria and 
culture collections, is urgently needed to close the 
gap in our knowledge and to make better use of 
high-throughput soil sequencing projects.
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Fig. 1. The mid-elevation 
montane forest zone of the 
subtropical Yungas forests 
in the Calilegua National 
Park, Argentina.  
Photo: J. Geml.

Fig. 2. NMDS ordination of fungal communities in the three 
altitudinal forest types with vectors (r2 > 0.25) of environ-
mental variables and richness in orders of ascomycetes.

Fig. 3. Observed richness of macrofungal genera in the order 
Agaricales in the altitudinal forest types.
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Entoloma is among the most diverse genera of 
mushroom-forming fungi and has a cosmopolitan 
distribution. However, species boundaries are 
mostly based on morphology, which often blurs 
evolutionary and distribution patterns. We used 
molecular phylogenetic analyses to study species 
limits with presumed distribution in North America, 
Europe and Australasia. Our results contradict  
previous assumptions and suggest that most  
species are not widely distributed. Moreover,  
several look-a-like and closely related species can 
be morphologically circumscribed.
 
Worldwide, more than 1,500 species of Entoloma s.l. 
(Agaricales, Fungi) have already been described, 
and likely many more await discovery and formal 
description, especially in the tropical regions.  
This group is also diverse with respect to ecological 
functions. For example, some species establish  
ectomycorrhizal (ECM) symbiosis with woody plants 
in order to obtain photosynthesized products in  
exchange of mineralized soil nutrients. Others are 
saprotrophic obtaining their carbon through decom-
position of dead organic matter. There are even some 
species that are parasitic on plant species of the 
family Rosaceae. However, despite their diverse and 
interesting ecology, much knowledge at the species 
level is still lacking, such as, species distribution 
patterns and phylogenetic relationships.

Studying species boundaries
In the last decade, Entoloma systematics has been 
the focus of a few molecular phylogenetic studies 
but none of these focused on their biogeography, 
and the actual distribution patterns of Entoloma spp. 
are still hindered by uncertainties in morphological 
species recognition criterions and lack of taxon sam-
pling. In our study, we focused on 4 morphological 

species complexes to study their phylogeography 
and key morphological traits that might be useful for 
the recognition of species boundaries. The species 
complexes we studied were: 1) Entoloma sinuatum, 
a notoriously poisonous ECM species, described  
initially from Europe and commonly recorded also  
in North America; 2) Entoloma bloxamii, a taxon  
included in the red list of European fungi initially 
described from Europe and also recorded in North 
America, with similar species recently collected in 
Australasia; 3) Entoloma prunuloides, the type  
species of the genus, initially described from Europe 
and also reported from North America; 4) Entoloma 
nitidum, initially described from Europe and recorded 
from North America and Australasia. 

A versatile toolbox
In our study we included 61 collections from  
3 geographic regions: North America, Europe and 
Australasia. We used 4 molecular markers (3 nuclear, 
including ITS – the official DNA barcode for fungi, 
and 1 mitochondrial), to reconstruct a maximum-
likelihood phylogeny and to perform statistical 
comparisons of the phylogenetic composition of 
these 3 main regions with Fast UniFrac analysis. 
Moreover, we also performed detailed morphological 
studies on relevant herbarium and recently collected 
specimens, targeting a wide-range of morphological 
characters beyond the traditional diagnostic and 
commonly recorded, in order to study formerly over-
looked but potentially informative combination of 
characters for species delimitation and recognition. 

Phylogenetic patterns uncovered
Our analysis indicated that the phylogenetic compo-
sition of Entoloma species is significantly different 
according to geographical regions, with the Austral-
asian group showing the strongest divergence.  
In fact, none of the collections studied from Austral-
asia was found to be conspecific with European and 
North American collections. However, the phyloge-
netic pattern uncovered suggests that Australasia 
might be an ancestral area for the group of species 
closely related with E. nitidum. Interestingly, the 

Solving a taxonomic puzzle
Entoloma phylogeography

true species seems to be restricted to the Holarctic 
region, with collections from North America and  
Europe being conspecific. Our study also revealed 
that E. sinuatum and E. prunuloides belong to dis-
tinct evolutionary groups (clades), but nevertheless, 
showed a similar distribution pattern. The collec-
tions from North America and Europe are closely  
related but do not seem to be conspecific with the 
European lineages, showing discrete morphological 
differences, especially in the coloration of the cap 
and spore size. Similarly, the true Entoloma bloxamii 
is also restricted to Europe. However, in this taxon, 
we uncovered several closely related but distinct 
taxa within Europe whose recognition was hindered 
by the formerly used broad morphological species 
concept of E. bloxamii. The main morphological  
differences are spore size, fruit-body proportions 
(stipe and cap), and the pigmentation patterns  
during fruit-body ontogenesis. Altogether we  
described 4 new taxa, out of the 5 discovered, and 
reclassified 2 other. Moreover, we were able to  
‘recover’ previously recognized taxa that had  
formerly been treated as synonyms based on  
morphological traits.
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Fig. 1. Phylogenetic tree showing E. bloxamii and E. prunu-
loides clade (B2). With * are the new species we discovered 
or reclassified.

Fig. 2. Morphological diversity in clade B2. From Morgado  
et al. (2013) Persoonia 31: 159-178.

Fig. 3. From left to right, Machiel E. Noordeloos, József Geml 
and Luis N. Morgado in 2011 during a field trip in Limburg.
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Understanding the effects of global warming in the 
ecosystems is currently one of the major concerns 
of our society. Even though many studies have  
already shown altered biodiversity patterns and 
ecosystem functions due to the recent global  
temperature increases, almost nothing is known 
about these effects on soil fungi. In our study, we 
show that the arctic fungal community also  
respond to increased temperatures with altered 
patterns of diversity and functions.

The arctic tundra extends throughout 8 million km2 
and is the coldest biome on earth. The enormous 
fluctuations in environmental conditions, such as, 
light and temperature, are a main driver in the life 
cycle of polar species. Therefore, it is expected that 
the recent warming, that is greatest in the Arctic,  
is causing major changes in this biome. In addition, 
a great portion of the Earth’s reactive carbon (C) is 
stored in the arctic permafrost and there are  
serious concerns about the effects of increased 
temperatures on C mobilization by soil microbes 
that could release major quantities of greenhouse 
gases into the atmosphere.

The Arctic black box
Fungi play crucial roles in the functioning of  
terrestrial arctic ecosystems as symbionts (e.g. 
mycorrhizae, endophytes, lichens) and decompos-
ers. It is estimated that arctic tundra plants obtain 
up to 86% of their nitrogen (N) through mycorrhizal 
fungi. Also, several other fungal groups appear to 
be abundant in the soil and in plant tissues, but  
little is known about their diversity, identity and 
ecological roles in the Arctic. Given their intimate 
relationships with plants in a wide range of symbi-
oses and their importance in nutrient cycling, fungi 

are expected to play an important role in how  
tundra communities respond to current and future 
changes in the Arctic.

From the tundra to the lab
As part of a large-scale ongoing effort, this project 
aimed to understand the effects of chronic increas-
es in temperatures during the summer period on the 
composition of fungal communities in dry and moist 
arctic tundra in northern Alaska. In each tundra 
type, we sampled soil from plots that were subject-
ed to increased summer air temperature by open 
top chambers during 18 consecutive summers, and 
adjacent areas with unaltered conditions (control). 
Then, we extracted DNA from the soil samples and 
sequenced all fungal species present in the soil 
through next-generation sequencing and compared 
the communities with statistical tools. 

Bird’s-eye view
We generated 2,068,216 quality-filtered sequences 
that could be assembled into 6,887 OTUs (opera-
tional taxonomic units, which are often used as a 
surrogate for species). Our analyses indicate that 
fungal community composition in the moist tundra 
changes significantly with warming, while in the dry 
tundra did not. The warming-induced changes be-
come even more obvious when we take into account 
that previous studies on warming-induced vegeta-
tion changes have generally reported changes in 
abundance of certain plant species, but not their 
presence or absence. In fungi, most of the differ-
ences in community composition among the control 
and warmed plots were caused by the presence  
of many OTUs in a particular treatment type and  
absence in the other. While the currently prevailing 
view is that altered vegetation, particularly altered 
composition of plants, drives fungal community to 
change in the Arctic, we argue that it is reasonable 
to conclude that species composition of fungal 
communities likely is more dynamic than that of 
plant communities.

Fungi in the arctic tundra
Effects of long-term summer 
warming

Zooming in
Another key finding is that various groups respond 
differently to warming, even within groups with 
broadly similar ecological functions. For example, 
OTU richness of ectomycorrhizal (ECM) ascomycetes 
was positively correlated with warming in both the 
moist and dry tundra types. On the other hand, OTU 
richness of ericoid mycorrhizal and ECM basidiomy-
cetes decreased with warming in the moist tundra. 
Zooming in further, our in-depth analysis of the  
ECM basidiomycetes further suggests that besides 
community composition and OTU richness, patterns 
of functional groups that scavenge the soil for  
different types of N sources were also significantly 
altered by warming, with one group showing a major 
decrease in richness while the other maintained. 
The saprotrophic fungi also responded to warming 
in distinct manners. On one hand, most saprotrophic 
and animal pathogenic ascomycetes had increased 
OTU richness in warmer conditions in both tundra 
types, possibly due to increased litter accumulation 

and increased decomposition rates. On the other 
hand, there was a significant decrease in OTU  
richness of several saprotrophic basidiomycetes 
genera, which might be a consequence of the  
warming-induced decrease in plant species diversity 
and therefore a less diverse array of plant substrates 
available for decomposers.
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Fig. 1. Open top chambers, 
which increase air tempera-
ture by 1.5 °C, in the dry  
tundra at Toolik Lake,  
Alaska.

Fig. 2. (From left to right) Luis Morgado, Tatiana Semenova 
and József Geml during fieldwork in Alaska.

Fig. 3. NMDS analysis showing the effect of temperature 
(axis 1) in ectomycorrhizal fungal community composition in 
the moist.
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Independently and on many different occasions, 
fungi that produce typical mushroom-like fruiting 
bodies have evolved into truffle-like and hypogeous 
(underground) species. It is generally believed that 
drought is the key selective pressure that causes 
this major morphological transition. The discovery 
of a large diversity of truffle-like milkcaps in tropical 
forests was unexpected and we hypothesize that 
evolutionary forces that drive this transition are 
more diverse than generally assumed.

The Russulaceae constitute a fascinating fungal  
radiation. The family has a global distribution and its 
members are ecologically important as ectomycor-
rhizal partner in many habitats, the 3 major genera 
(Lactarius, Russula and Lactifluus) are very species 
rich and some amazing morphological transitions 
occurred. On multiple independent occasions fruit-
ing bodies evolved from agaricoid (mushroom-like) 
to gasteroid (truffle-like and hypogeous) or pleuro-
toid forms (similar to the oyster mushroom, without 
a real stipe but laterally attached). Possibly the an-
cestor of the Russulaceae was even a saprotrophic, 
corticioid (crust-shaped) species that underwent  
a drastic morphological transition to an agaricoid 
form, independent of all other typical macrofungi.

Drought as selective pressure
Truffle-like and hypogeous fruiting bodies have de-
veloped in several groups of fungi. Various plausible 
selective pressures have been proposed to explain 
this transformation from agaricoid to gasteroid.  
It is often assumed that changing environmental 
conditions led to enclosed fruiting body morphology, 
offering protection against moisture loss or frost 
from the hymenium and thus preventing desiccation. 
Arid or seasonally dry climates thus exert a selection 
pressure towards a gasteroid fruiting body, espe-
cially in ectomycorrhizal fungi which provide the 
plants with extra water through their mycelium and 
help them to survive the xeric conditions. Gasteroid 

Russulaceae are indeed particularly well-represent-
ed and well-studied in Australia and dryer parts of 
North America. Records from the humid tropics so 
far seem rare and occasional. 

Unexpected diversity
Nevertheless, a striking diversity of sequestrate 
Russulaceae was encountered during expeditions  
in tropical South East Asian forests. The studies of 
Verbeken et al. (2014a; 2014b) report on collections  
of gasteroid representatives, encountered in tropical 
forests in the area around Shinharaja Forest  
Reserve, Sri Lanka, and around Chiang Mai, Northern 
Thailand. None of the collected specimens fits with 
previously described taxa, therefore 7 new species  
in the genus Lactarius are described. Molecular data 
were used to ascertain their phylogenetic position 
and full descriptions and illustrations are given (Figs 
1-3). It is striking that all tropical species have a very 
high spore ornamentation, either consisting of wings, 
or of isolated high spines, while all known Australian 
species have a much lower ornamentation that is 
usually subreticulate or formed of irregular warts, to 
sometimes even extremely low resulting in almost 
smooth spores, as in Lactarius glabrellus. 

Overlooked mushrooms
Wilson et al. (2011) show that the gasteromycete  
lineages within the Agaricomycetes might now be  
diversifying at rates comparable to, or exceeding, 
those of their nongasteroid relatives. Their analyses 
suggest that the net diversification rate of gasteroid 
forms exceeds that of nongasteroid forms, and that 
gasteroid forms will eventually come to predominate 
over nongasteroid forms in the clades in which they 
have arisen. The low number of gasteroid forms in 
the Agaricomycetes as a whole may reflect the  
relatively recent origin of many gasteroid lineages. 
The even more recent origin of gasteromycetization 
in the Russulaceae is suggested by several obser
vations. Firstly, the anatomy of the basidiomes is 
relatively simple and in no way comparable to the 
complex and specialized tissues found in highly 
evolved gasteroid groups such as Sclerodermatineae 

Tales of the unexpected
Hypogeous milkcaps

or Phallomycetidae. Secondly, none of the gasteroid 
lineages in Lactarius has evolved into a clade  
containing a diversity of species. On the contrary, 
the gasteroid species appear as independent and 
isolated incidents within the phylogeny (Fig. 3). It is 
generally assumed that dry climatic conditions are 
one of the driving forces that enhance the develop-
ment of gasteroid fruiting bodies. However, the  
current findings demonstrate a strong presence  
in tropical rainforests as well. In Sri Lanka for  
instance, the number of known gasteroid Lactarius 
species now exceeds the number of known agaricoid 
species. 
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Fig. 1. L. bisporus. Photo: F. Hampe.

Fig. 3. Phylogeny, gasteroid 
species in colour.

Fig. 2. L. echinus, microscopical features.
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Global warming has been increasing winter precipita-
tion in arctic tundra, visible as deeper snow cover 
during the prolonged winter season. Deeper snow 
keeps the soils warmer and alters communities of soil 
fungi. New fungal assemblages, in turn, are altering 
nutrient cycling in tundra soils in such a way that car-
bon stored as frozen organic matter is being released 
to the atmosphere as inorganic CO2, facilitating  
further warming of the climate. Our data suggest that 
under deeper snow slow-growing fungi forming li-
chens or living as endophytes of mosses decline and 
are being substituted by species able to rapidly break 
down complex organic substances. These changes 
will likely contribute to higher rates of decomposition 
in the arctic with greater release of carbon dioxide 
and implications for the Earth’s climate.

Arctic regions are characterised by a prolonged cold 
winter season and very short summer that result in 
a distinctive dwarf vegetation: tundra. Because low 
temperatures limit the activities of decomposer soil 
microbes, tundra soils store a large amount of  
carbon: carbon content in the active tundra soil layer 
only is equivalent to ca 70% of the carbon in the 
Earth’s atmosphere. Over the last decades, climate 
warming has been increasing the winter precipita-
tion in the Arctic, leading to deeper snow cover and 
higher soil temperatures in winter. Warmer soils  
facilitated growth and expansion of shrubs with 
substantial losses of shade-intolerant lichens and 
mosses. Taller vegetation, in turn, appeared to trap 
more snow resulting in even deeper snow cover and 
even higher soil temperatures. In our research pro-
ject, we studied the effect of increased snow depth 
on the communities of soil fungi that are known to 
form tight associations with arctic plants, and are 
among the most potent decomposers of organic 
substances on the Planet.

Experimenting with deep snow
In 1994 an experimental facility (Fig. 1) that simu-
lates increased winter precipitation was established 
in the arctic tundra. On the hillside, a wooden fence 
was constructed in such a way that it trapped the 
snow by creating a leeward drift. The results of 
these experiments confirmed a rapid increase in 
growth and coverage of arctic shrubs, and decline in 
mosses and lichens. Also, growing shrubs produced 
more leaves that created a thicker litter layer on the 
soil surface. After ca 18 seasons of the experiment, 
we collected the soil samples from the areas with 
natural and experimentally increased snow depth 
and compared fungal community compositions 
across the experimental and control plots. We  
hypothesised that under deeper snow fungal  
species associated with lichens and mosses would 
reduce, and species associated with shrubs and 
their leaf litter - increase. To assess the fungal  
communities, we used next generation sequencing 
that allows for the identification of thousands of 
fungal species based on their DNA (Geml et al. 2014; 
Morgado et al., 2014).

Changing fungal communities
We found that fungal communities in the Arctic are 
diverse (several thousand species) and changed  
significantly under deeper snow. As it was expected, 
we observed a reduction in number of species asso-
ciated with lichens and mosses and an increase in 
saprotrophic and insect pathogenic fungi (Fig. 2). 
We suggest that increased layer of leaf litter that 
formed across the shrub areas under deep snow 
could provide favourable conditions for insects, and 
in turn, led to a higher diversity of insect-pathogenic 
fungi. Specific fungal characteristics also shifted 
under the deep snow. We observed an increase in 
proportion of mycorrhizal fungi that form so-called 
rhizomorphs – hyphae that are better adapted to 
growth under the higher moisture levels (generally 
expected during the spring snowmelt), and may 
scavenge nitrogen not only from easily assessable 
inorganic compounds but also from complex organic 
molecules, facilitating the nutrient turnover in soil.

Deep snow, shrubs and fungi
Implications for climate change

References
Geml, J., Pastor, N., Fernandez, L., Pacheco, S., Semenova T., 

Becerra A., Wicaksono, C. & Nouhra, E. 2014. Large-scale 
fungal diversity assessment in the Andean Yungas  
forests reveal strong community turnover among forest 
types along an altitudinal gradient. Molecular Ecology 23: 
2452-2472.

Morgado, L.N., Semenova, T.A., Welker, J.M., Walker, M.D., 
Smets, E. & Geml, J. 2014. Summer temperature increase 
has distinct effect on the ectomycorrhizal fungal  
communities of moist tussock and dry tundra in Arctic 
Alaska. Global Change Biology.doi:10.111/gcb. 12716  
(early view).

▲ 
Fig. 1. Experimental  
facilities simulating climate 
change in the Arctic.  
Photo: T.A. Semenova.

◀ 
Fig. 2. Responses of  
fungal ecological groups to 
warming: saprotrophic and 
insect pathogenic species 
increased, and lichen- and 
moss-associated declined 
under the deeper snow.  
C-control plots, S-deep 
snow plots.
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The European amphibians and reptiles are well  
catalogued in morphologically recognizable species. 
There are, however, more species than meet the eye 
and increasingly molecular data assist with their 
recognition. The search is on. Discoveries are not 
just made in southern European peninsulas where 
diversity is high and species ranges are small,  
but also in the north where ranges are large and 
species are few.

European toads of the genus Bufo (Fig. 1) show a  
remarkable degree of morphological variation across 
their range. Most variation is along the north to south 
axis, with adult toads being small and smooth-
skinned in Scandinavia and large and spiny around 
the Mediterranean. While molecular genetic data 
support a deep genetic differentiation in two groups, 
the genetic divide is not latitudinal, as would be 
predicted from general morphology, but longitudinal 
(Arntzen et al., 2013a, b). Accordingly, the Spined 
toad, B. spinosus Daudin, 1803 can be defined as  
an Ibero-Maghrebian endemic, with populations in 
North Africa, the Iberian Peninsula, the southern 
fringe of the British Isles (i.e., Jersey, Arntzen et al., 
2014) and north of the Pyrenees, across the south-
ern part of France. The Common toad, Bufo bufo 
(Linnaeus, 1758), occupies the remainder of Europe 
(including the Apennine and Balkan peninsulas) and 
extends as far east as northern Kazakhstan and 
eastern Siberia.

How to tell species apart
Bufo bufo and B. spinosus classify as cryptic  
species: they appear similar in the field but are  
genetically distinct. However, once put on the right 
track by molecular-genetic species identifications, 
it turns out fairly straightforward to identify the two 
species on the basis of morphology as well. Where-
as French B. bufo toads have the poison glands on 
the back of their heads (the so-called parotoids)  
positioned in parallel, the parotoids of B. spinosus 

are diverging (Fig. 2). Another diagnostic character 
is the shape and size of the ‘inner metatarsus  
tubercle’ that helps the toads with digging (not 
shown). New data suggest that the diagnostic value 
of the morphological characters breaks down inside 
a narrow section of the species’ contact zone,  
presumably due to interspecific hybridization.  
From the combined morphological and molecular 
data a first, sketchy map of the distribution of the 
two species in France can be drawn (Fig. 3).  
The species’ contact zone bisects the country along 
a line from Caen in the Northwest to Lyon in the 
Southeast.

Mapping the contact zone
The two toad species in France are widely distribut-
ed, locally common and easily observed. Along with 
colleagues from Spain and Italy, Arntzen is mapping 
the contact zone in detail, from coast to coast.  
Molecular markers employed are diagnostic single-
nucleotide polymorphisms (SNPs) for one mitochon-
drial and four nuclear loci. We are especially inter-
ested in the extent of hybridization along different 
sections of the contact zone and whether this is  
influenced by environmental parameters such as  
altitude and soil type. An intriguing aspect is that 
the two toad species meet in the same region  
where two Triturus newts have obtained secondary 
contact.

References
Arntzen, J.W., McAtear, J., Recuero, E., Ziermann, J.M., Ohler, 

A., van Alphen, J. & Martínez- Solano, I. 2013a. Morpho-
logical and genetic differentiation of Bufo toads: two 
cryptic species in Western Europe (Anura, Bufonidae). 
Contributions to Zoology 82: 147-169.

Arntzen, J.W., Recuero, E., Canestrelli, D. & Martínez-
Solano, I. 2013b. How complex is the Bufo bufo species 
group? Molecular Phylogenetics and Evolution 69:  
1203-1208.

Arntzen, J.W., Wilkinson, J.W., Butot, R. & Martínez-Solano, I. 
2014. A new vertebrate species native to the British Isles: 
Bufo spinosus Daudin, 1803 in Jersey. Herpetological 
Journal 24: 209-216.

Two cryptic toad species 
that meet in France

Fig. 1. The Common toad, Bufo bufo. The one visible parotoid is marked by a bar. Drawing: B. Blankevoort.

Fig. 2. Poison glands at the back of the head 
(‘parotoids’) are placed in parallel in the Common 
toad, Bufo bufo (below) whereas in the Spined 
toad, Bufo spinosus, they are diverging (above). 
Drawing: B. Blankevoort.

Fig. 3.The known distribution of toads in France. Blue symbols are for 
Bufo bufo and red symbols are for B. spinosus. After Arntzen et al. 
(2013a).
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The disappearance of bees and other pollinators 
has been a regular headline in the media over the 
last decade. The media seem to have a better idea 
of this process than scientists, as many of these 
reports are merely anecdotal or address a single 
species, such as the managed honeybee. To fill this 
knowledge gap, we set out to obtain insight in the 
changes in species richness of pollinators and 
plants in NW Europe.

Studying change in biodiversity is often hampered 
by the lack of historic data. Systematic species  
recording only started fairly recently with the rise of 
ecology as a science in the middle of the 20th century. 
Looking back further is only possible if non-standard 
data sources are being used. These include museum 
collections and records from amateur inventories. 
In NW Europe we have a long tradition of biodiversity 
recording not only for iconic groups like birds, plants 
and butterflies, but also for bees and hoverflies, e.g. 
now organized by EIS Kenniscentrum Insecten. This 
allowed us to answer the important question: are 
pollinators and the plants the depend on declining? 
Pollinators are key ecosystem function providers 
with more than 80% of flowering plants dependent 
on animal (mostly insect) pollinators as well as more 
than two-thirds of our crop species. Consequently, 
a better understanding of the state of pollinators is 
essential. This work was part of the EU FP7 STEP 
project (for summary of results see Potts et al., 2015), 
which also addressed the main drivers of change 
and ecological and economic impacts of pollinator 
loss (see also Gonzalez-Varo et al., 2013).

Past declines have slowed
We found evidence of dramatic reductions in the  
diversity of species of bees, hoverflies, butterflies 
and wild flowers in Britain, Belgium and the Nether-
lands in the post war period (Carvalheiro et al., 

2013). But the picture brightened markedly after 
1990, with a slowdown in local and national bio
diversity losses among bees, hoverflies and wild 
plants. For example, the study found a 30% fall in 
local bumblebee diversity in all 3 countries between 
the 1950s and the 1980s. However, by 2010 that  
decline slowed to an estimated 10% in Britain, whilst 
in Belgium and the Netherlands bumblebee diversi-
ty had stabilized. The picture was better for other 
wild bees, with an 8% reduction in diversity in the 
Netherlands and a stable picture in Great Britain 
turning into significant increases (7% in the Nether-
lands and 10% in Britain) over the past 20 years. 
While these solitary bees continued to decline in 
Belgium, hoverfly diversity improved there, shifting 
from stable diversity in the 1980s to significant (20%) 
increases in recent decades. British wildflower  
diversity had declined about 20% from the 1950s to 
the 1980s, but again the declines have ceased in the 
past 20 years. Not all groups fared so well. Butterfly 
diversity continued to fall in all 3 countries at roughly 
the same rates as in the past. 

Drivers of richness change
This work is based on a very large dataset of species 
records, more than 30 million in total, and improved 
analytic methods. However, while we can use biodi-
versity records to measure changes in the diversity 
of pollinators, we can’t tell what’s happening to their 
overall abundance or to the quality of the pollination 
services they provide to wildflowers or agricultural 
crops. To study these issues would require a proper 
long term monitoring programme to be set up. More-
over, it is still unclear what drove the patterns of 
richness change here reported. It is possible that by 
1990 the most sensitive species had already gone 
and were, partially, replaced by generalist species. 
But that’s probably not the whole story, as there are 
still plenty of rare and vulnerable species present in 
recent records. There is a much more encouraging 
possibility: reducing environmental pollution,  
conservation work and agri-environment programs 
paying farmers to encourage biodiversity may be 
having an effect. We may also be seeing a slowdown 
of the drivers of decline. The postwar emphasis on 

Bees and wild flowers
Slow down in biodiversity loss

getting land into production and on more intensive 
farming has given way to a more stable situation in 
which the rate of landscape change has slowed and 
in which agrichemical excesses are regulated.

Wider study relevance
Most observers have been saying that the 1992 Rio 
Earth Summit targets to slow biodiversity loss by 
2010 failed, but what we are seeing is a significant 
slowing or reversal of the declines for wild plants 
and their insect pollinators. If what we take from the 

Rio targets is that the investment in conservation 
gave us no results, then that is a counsel of despair. 
This study brings a positive message for conserva-
tion. But some important groups are undoubtedly 
still declining, so continued and increased  
investment in conservation practices is essential  
for guaranteeing the persistence of a diverse  
assemblage of species. 
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Fig. 1. Change of species richness of flower visitors and plants through time at different spatial scales. Filled  
symbols indicate that change was significantly different from zero, otherwise symbols are open. 

Fig. 2. The pollen specialist bee Andrena hattorfiana  
(Fabricius) (Hymenoptera: Andrenidae) is rare in the study 
region foraging on Dipsacaceae. Photo: Nicolas J. Vereecken.
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Freshwater is one of Earth’s most vital resources. 
Covering less than 1% of the planet, it is also home 
to one tenth of all animal species. By comparison, 
saltwater covers 70% but only a quarter of diversity. 
Few groups represent both Earth’s most threat-
ened biodiversity and its greatest animal radiation 
- the insects - as well as the 6,000 species of  
Odonata, the dragonflies and damselflies. Building 
on a century of experience, researchers at Naturalis 
use the visual beauty and ecological sensitivity of 
these colourful aquatic insects to increase aware-
ness of nature’s diversity and vulnerability. Aiding 
species identification with field guides and hand-
books is the primary step to popularisation, and 
documenting their threat status in red lists is the 
first step to conservation.

Fifteen years in development, The Dragonflies and 
Damselflies of Eastern Africa by Dijkstra & Claus-
nitzer (2014) is the first handbook of its extent  
and detail to appear on tropical Odonata (Fig. 1).  
Extending from Sudan and Somalia to Zambia and 
Mozambique, including the entire eastern half of 
the Congo Basin, the book covers a third of Africa, 
about 10 million square kilometres, an area compa-
rable to China or the United States, and treats  
almost two thirds of the continent’s species. More 
than 500 species are illustrated with 1,120 original 
drawings and over 360 colour photographs portray-
ing 320 species. Identification keys to adult males 
of all species set a new standard for recognising 
‘the birdwatcher’s insects’ in Africa, detailed genus 
descriptions provide the most comprehensive  
account of their ecology and taxonomy so far, and 
all species have been furnished with a vernacular 
English name for the first time. 

From Europe to New Guinea
Our philosophy is that new frontiers in research, 
protection and appreciation of nature can only be 
opened if expertise on emerging flagship groups  

is expanded and disclosed. The Field Guide to the 
Dragonflies of Britain and Europe by Dijkstra &  
Lewington (2006) is probably the most successful 
publication on Odonata ever with 35,000 copies 
printed in five languages in the past decade. In 2014 
the first German and Spanish editions and the  
second Dutch edition appeared (Fig. 2). Kalkman & 
Orr’s (2013) Field Guide to the Damselflies of New 
Guinea allows easy identification in the region for the 
first time (Fig. 3). In the long run only local workers 
can obtain sufficient data on Papuan odonates. 
Therefore over 500 copies were distributed for free 
among students and enthusiasts in the region.  
Both the book’s content and mission were acknowl-
edged with the 2013 Whitley Award for the best  
Australasian natural history publication. The vision 
will be expanded in the next years: 100 free copies 
of the handbook are available for African research-
ers, a complementary guide for New Guinea’s  
dragonflies is in production, and an introduction to 
the highly threatened but poorly known Odonata of 
Madagascar has been commissioned. 

Guardians of the watershed
Knowing a species’ threat status is the initial step 
towards its application in environmental assess-
ments and conservation. Odonata are one of the few 
freshwater groups, and possibly the only insect  
order, where a global estimate of extinction risks is 
possible (Clausnitzer et al., 2009). As members of 
the IUCN Dragonfly Specialist Group we coordinated 
most regional Red List projects in the past decade, 
resulting in complete assessments of the fauna of 
Africa, Europe and large parts of Asia. With a Red 
List for the Near East over half the world’s species 
have now been assessed (Boudot & Kalkman, 2014). 
Further projects are being initiated, for example in 
the American tropics and Indonesia. 

Awareness for freshwater
Dragonfly field guides
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Naturalis holds the world’s foremost collection  
of Odonata, the dragonflies and damselflies, with 
almost 4,000 of the 6,000 named species. Our  
material allowed the first description of the fauna 
from Malaysia to New Guinea, one of the greatest 
and most endangered biodiversity hotspots, but 
also includes new samples of 4 in 5 African species, 
which may still await most change at the hand of 
man. This resource and our expertise are critical  
in supporting the growing popularity of Odonata. 
Scientists, conservationists and the public require 
robust knowledge of the species’ names and  
relationships to apply and appreciate them. We 
published the first globally agreed classification in 
2013 and the most complete molecular family tree 
for damselflies in 2014. These results are part of 
ongoing efforts to collate and analyse molecular 
data of all world’s species. 10,000 DNA-barcodes 
generated for 2,000 species will also expedite a 
stable taxonomy at the species level. 

Naturalis holds one of the most vast and valuable 
collections of Odonata, including about 10% of all 
name-bearing types. The foundation was laid by 
Maurits A. Lieftinck, who worked in Leiden until 
1969, after being curator and director of the Museum 
Zoologicum Bogoriense in the Dutch East Indies 
(now Indonesia) from 1929 to 1954. His treatment of 
New Guinea, Java, Borneo and other island faunas 
remains the base of Oriental odonatology.  
Dirk C. Geijskes succeeded Lieftinck, focusing on 
Suriname, and Jan van Tol followed him in 1985, 
making important acquisitions from South America 
(Jean Belle), the Philippines (Roland A. Müller) and 
Southeast Asia (Matti Hämäläinen). The present  
research group and our network added significantly 
in the last 15 years, sampling especially in the  
Old World tropics, describing many new species  
to science, and providing fresh insights into  
evolutionary relationships and historical  
biogeography.

Dawn of the damselflies
Naturalis’s molecular facilities opened new oppor-
tunities for the collection’s analysis. Nicknaming 
ourselves the Damselfly Workers at Naturalis (DAWN) 
we focussed on elucidating the relationships within 
the 3,000 species of the suborder Zygoptera. Phylo-
genetic reconstruction was based on mitochondrial 
and nuclear data of 59% of the 310 genera and all 
(suspected) families except for one with only a single 
species (Dijkstra et al., 2014). While the result was 
largely congruent with the traditional classification, 
we recognised 11 families on top of the 16 known, 
with another 7 likely to be separated in the future. 
This seems radical, but most changes were in 
smaller groups and the family affiliation of only 1  
in 5 damselfly species changed. All 11 extra families 
and the 7 potential ones came from just 2 former 
families, the Amphipterygidae and Megapodagrioni-
dae composed mostly of geographically isolated 
groups. These were ‘waste baskets’ for equally  
unusual taxa, which persisted in stable but isolated 
areas, with no or only very distant relatives surviving 
elsewhere (Kalkman, 2013). That we had fresh sam-
ples of over 9 in 10 of those relict genera for study  
is indicative of our collaborative network’s extent. 
While these groups were taxonomically fragmented, 
the largest damselfly family became even greater: 
several tropical groups were found to fall within the 
Coenagrionidae, including the famous helicopter 
damselflies of tropical America, which can be up  
to 15 cm long. In fact, the Common Red Damsel 
(Pyrrhosoma nymphula) that is seen in many Dutch 
gardens in spring is more closely related to these 
rainforests giants, than to the Azure Bluet (Coena-
grion puella) or Common Bluetail (Ischnura elegans) 
found nearby.

Wings won’t work
Odonata are famed for their mastery of flight and 
the lacelike intricacy of their wing veins. The shape 
and number of these veins vary greatly and are easy 
to quantify, forming the basis of odonate classifica-
tion for over a century. However, these characters 
show little congruence with molecular results,  

Diversity of dragonflies
Getting to know popular insects

suggesting they evolve rapidly, often in convergence. 
The most poignant example is Protoneuridae, which 
in its broadest historic definition encompassed  
almost 1 in 5 damselfly species. Defined by the  
reduction of the most peripheral vein in narrowed 
wings, the family dissolved completely into 6 clades 
from 5 families. Such findings challenge the current 
taxonomy for fossil Odonata, based almost entirely 
on wing veins. Our study forms the basis for more 
detailed analyses at the family level, and further  
results are expected in the next years. Meanwhile 
the proposed classification must be introduced to 
the community of dragonfly researchers and enthu-
siasts. We consistently attempt an active role in 
finding consensus among the many experts,  
explaining the taxonomic reasons for changes in 
classifications, and updating the textbooks  
(Dijkstra et al., 2013).

References
Dijkstra, K.-D.B., Bechly, G., Bybee, S.M., Dow, R.A., Dumont, 

H.J., Fleck, G., Garrison, R.W., Hämäläinen, M., Kalkman, 
V.J., Karube, H., May, M.L., Orr, A.G., Paulson, D., Rehn, 
A.C., Theischinger, G., Trueman, J.W.H., van Tol, J., von  
Ellenrieder, N. & Ware, J. 2013. The classification and  
diversity of dragonflies and damselflies (Odonata). In: 
Zhang, Z.-Q. (Editor). Animal biodiversity: An outline of 
higher-level classification and survey of taxonomic  
richness. Zootaxa 3703: 36-45.

Dijkstra, K.-D.B., Kalkman, V.J., Dow, R.A., Stokvis F.R. & van 
Tol, J. 2014. Redefining the damselfly families: a compre-
hensive molecular phylogeny of Zygoptera (Odonata). 
Systematic Entomology 39: 68-96.

Kalkman, V.J. 2013. Studies on the phylogeny and biogeogra-
phy of damselflies (Odonata) with emphasis on the  
Argiolestidae. PhD thesis, Leiden University. 

Fig. 1. Named after the ‘Good Hope’ motto of its native Western Cape, the relationships of the endangered new genus  
Spesbona were only revealed by our research. Photo: Jens Kipping.
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Specimen data in taxonomic literature are among 
the highest quality primary biodiversity data. 
Treatments from legacy taxonomic literature,  
including specimen data, were extracted using  
XML markup. In this structured form, data from  
literature can be combined with specimen data 
from other sources including collections databases. 
A series of charts is used to visualize legacy  
literature data and reveal key information  
at a glance. 

Our accumulated biodiversity knowledge includes 
an estimated 3 billion specimens in natural history 
collections and 500 million pages of printed text. 
We need this legacy data to address today’s  
challenging environmental questions, like setting 
conservation priorities and anticipating the effects 
of climate change on biodiversity and ecosystem 
functions that affect the lives of people. Computer 
models of the biosphere are becoming increasingly 
sophisticated and powerful. These models integrate 
data about biodiversity with physical geography and 
climate. To fully realize the benefits of these nascent 
technological advances, we have to bridge the gap 
between 250 years of knowledge accumulated in  
libraries and contemporary structured digital data 
so all can be used by computers. 

New set of tools
To mobilize the vast legacy of knowledge about the 
world’s biodiversity, we need to return to the biodi-
versity library of half a billion pages with a new set 
of tools to unlock structured data from legacy litera-
ture. Mark-up is a mechanism to make data in legacy 
biodiversity literature more accessible, especially 
for computer analysis. A computer program called 
GoldenGATE (available from http://www.plazi.org/

wiki/GoldenGATE_Editor) uses natural language  
processing to help recover the structured data from 
documents. Once ‘marked-up’ using GoldenGATE, 
the descriptions and data become available for the 
full range of applications. Our mark-up approach has 
been optimized to extract primary specimen data 
from legacy publications. A series of charts has 
been developed to visualize the content of specimen 
data in XML-tagged taxonomic treatments, either 
singly or in aggregate. These same data are also 
shared with the world’s largest aggregator of biodi-
versity records, the Global Biodiversity Information 
Facility (www.gbif.org), where they can be combined 
with data from other sources. 

Querying taxonomic literature
We recently undertook a pilot project to extract data 
from a selection of articles on spiders published in 
the zoological mega-journal Zootaxa. The analysis 
of structured data provides a unique way to look  
at a wide range of activities associated with biodi-
versity data. The 37 articles in this study contain 
212 species treatments and records of 4,773 speci-
mens. We learned that although the largest number 
of specimens came from Russia (Fig. 1), the largest 
number of treatments included specimens from 
China (Fig. 2). We also learned that the institution 
archiving the most specimens in this body of  
taxonomic research is the California Academy of 
Sciences (Fig. 3). The most active collector, credited 
with nearly one fifth of all specimens, is Yuri Marusik 
(Fig. 4). Ninety-one of the treatments are newly  
described species (Fig. 5), and one third of those 
were described based on a single specimen (Fig. 6). 
In this digital, interactive form, data from legacy 
taxonomic literature becomes available in a way  
that allows it to be recombined with other  
information and served in a variety of ways.  
This helps spread what we already know about  
biodiversity to a variety of users, ranging from  
scientists to the public. When we all have better  
access to the information that already exists in the 
global biodiversity library, this helps us do a better 
job of exploring what we don’t know and wisely  
applying what we do.

Unlocking biodiversity data
from legacy taxonomic literature

Figs 1-6. Selected materials citations data extracted from 212 treatments on spiders published in 37 open access articles  
in Zootaxa. 1. Proportion of specimens collected by country. 2. Count of treatments with specimens collected by country.  
3. Proportion of specimens by institutional collection code. 4. Proportion of specimens by collector. 5. Proportion of  
treatments by taxonomic status, including descriptions of new species (sp. nov.) and transfers of species from one genus  
to another (comb. nov.). 6. Number of specimens cited by treatments describing new species. 
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We analyzed the phylogeographic relationships of 
the eastern Mediterranean freshwater planarians 
of the genus Dugesia, estimated divergence times 
for various clades, and correlated their phylogeo-
graphic patterns with geological and paleoclimatic 
events, in order to discover which evolutionary  
processes have shaped the present-day distribution 
of these animals.

The Dugesia specimens were collected from fresh-
water courses and lakes in continental and insular 
Greece. Genetic divergences and phylogenetic rela-
tionships were inferred by using the mitochondrial 
gene subunit I of cytochrome oxidase (COI), and  
the nuclear ribosomal internal transcribed spacer-1 
(ITS-1) from 74 newly collected individuals from 
Greece. Divergence time estimates were obtained 
under a Bayesian framework, using COI sequences. 
Two alternative geological dates for the isolation of 
Crete from the mainland were tested as calibration 
points.

Isolated flatworms on Crete
A clear phylogeographic pattern was present for 
Dugesia lineages in the Eastern Mediterranean. 
Morphological studies, combined with information 
on genetic divergences, revealed that 8 out of the 9 
known species were represented in the samples, 
while additional new and still undescribed species 
were detected. Divergence time analyses suggested 
that Dugesia species became isolated in Crete after 
the first isolation of the island, and that their present 
distribution in the Eastern Mediterranean has been 
shaped mainly by vicariant events but also by dis-
persal events. During the Messinian salinity crisis 
these freshwater planarians apparently were not 

able to cross the sea barrier between Crete and the 
mainland, while they probably did disperse between 
islands in the Aegean Sea. Their dependence on 
freshwater to survive suggests the presence of  
contiguous freshwater bodies in those regions.

A major extinction
Our results also suggest that a major extinction of 
freshwater planarians on the Peloponnese may have 
occurred at the end of the Pliocene, while about  
2 My ago, when the current Mediterranean climate 
was established, the Peloponnese populations 
probably began to disperse again. At the end of  
the Pliocene, mainland populations of Dugesia  
colonized the western coast, including the Ionian  
islands, which were then part of the continent. 
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Flatworm phylogeography
Fluvial basin history  
underlies diversity

Fig. 1. Divergence times between Greek lineages of Dugesia. Vertical colour bars indicate opening of the mid-Aegean trench 
(MAT; blue) and Messinian salinity crisis (MSC; orange).

Fig. 2. Historical biogeographic scenario. Two main geological events, isolation of Crete and opening of the mid-Aegean trench 
(MAT), are shown as blue arrows. White arrows indicate our main dispersal hypotheses. Inset: condensed tree with  
divergence times.
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The analytical, hypothesis-testing nature of  
taxonomic research is underappreciated and forms 
a major constraint on the rate of taxonomic descrip-
tions. This point of view contrasts with suggestions 
that species discovery may be speeded up by,  
for example, DNA barcoding or online identification 
tools. It is only the training of a new generation of 
professional taxonomists that will increase the pace 
of the taxic inventory of the world’s biodiversity.

Taxonomy is the subdiscipline of systematic biology 
involved in species discovery and documentation, 
and in the construction of classifications. Unfortu-
nately, the status of the discipline of taxonomy 
among the natural sciences is generally poor.  
This has resulted in a discrepancy that is called the 
taxonomic impediment: on the one hand the poor 
reception of taxonomy, resulting in a decreased 
funding and dwindling number of professionals, and 
on the other hand the desire of society to make an 
inventory of the world’s biodiversity. Several ways 
have been suggested to improve this poor status of 
taxonomy as well as to overcome the taxonomic  
impediment and thus to speed up species discovery 
and documentation, such as: DNA barcoding,  
creation of databases of taxa and identification 
tools, online quantum contributions, standardiza-
tion of morphological features, training of a new 
generation of taxonomists. This study comments on 
desirability and effectiveness of these presumed 
remedies. It is argued that the analytical, hypothe-
sis-testing nature of taxonomic research is not well 
understood or appreciated and forms a major  
constraint on the rate of taxonomic descriptions. 

Complex and erratic interaction
The various components of the taxonomic method, 
such as exploration, data, analysis, and results,  
interact in a complex manner that resembles the  
erratic, bouncing behaviour of a pinball machine. 
When we encounter a specimen that we want to 

identify, the following process takes place. Starting 
with Exploration and Discovery and the formulation 
of a preliminary hypothesis on species identity,  
during each step the process bounces more or less 
erratically between Gathering Data, Interpreting 
Data, Community Analysis and Feedback until a 
stable species hypothesis can be formulated that 
can be incorporated into the existing knowledge and 
be used in scientific and societal contexts (Benefits 
and Outcomes) and also reflects on future rounds of 
Exploration and Discovery.

Endangered discipline
Species hypotheses probably are the most tested 
hypotheses in the natural sciences. The introduction 
of cybertaxonomy instrumentation and infrastruc-
ture will not alleviate the time-consuming, intrinsi-
cally analytical and hypothesis-testing process  
underlying the description and/or identification of 
each taxon. Long-term survival of the discipline of 
taxonomy, thus guaranteeing the future cumulative 
taxonomic output of amateurs and professionals,  
is endangered by a diminishing workforce of  
adequately trained professional systematists.  
The only way to increase the pace of a well-docu-
mented and scientifically useful taxic inventory of 
the world’s biodiversity is to increase the number  
of professional taxonomists.
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Pinball machine methodology
The analytical nature of 
taxonomy

Fig. 1. Pinball machine methodology in taxonomy.
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Through an integrative study, using information on 
morphology and DNA, we assessed the species  
diversity of dugesiid freshwater planarians in the 
northeastern Mediterranean. The study revealed 
that the morphological features used by taxono-
mists in comparative studies of dugesiid flatworms 
generally result in reliable identifications and  
delineations of species.

Integrative taxonomy is rapidly becoming the new 
conceptual framework for the formulation of stable 
species hypotheses. In an integrative approach  
several, independent data sources are used to  
formulate and test species boundary hypotheses.  
In this study we used the morphology and DNA of 
dugesiid freshwater flatworms from the north- 
eastern Mediterranean region to identify the  
animals that were collected during fieldwork.  
The morphological information obtained for the 
specimens was used in a traditional way by compar-
ing the organismal traits of the various populations 
and candidate species with those of known species, 
as documented in the taxonomic literature and as 
revealed by examination of histological sections  
of museum specimens. In the molecular species  
delimitation the General Mixed Yule-Coalescent 
method (GMYC) was used. 

High Dugesia species diversity
The combined, integrated results of our study  
supported the presence of 13 Dugesia species in  
the Hellenic area (including D. sicula Lepori, 1948,  

a pan-Mediterranean species). It culminated in  
the description of 4 new Dugesia species and we 
suggested the presence of 2 Confirmed Candidate 
Species. The results pointed to 12 GMYC-delimited 
units in Greece and 2 in Slovakia as Unconfirmed 
Candidate Species, and revealed the presence of  
an entirely new genus, represented by 2 newly de-
scribed species and a third Unconfirmed Candidate 
Species. Our results revealed a high diversity of 
dugesiid species in this relatively small region. 

Unexpected findings
Very interesting and unexpected were the finding of 
a completely new genus, Recurva, and the situation 
that on the island of Corfu populations of a par
ticular species actually grouped into 3 different 
evolutionary branches in the molecular tree. Also,  
a different species of the new genus Recurva was 
found on each of the widely separated islands of 
Rhodes, Cephalonia, and Paros. The species from 
Paros could only be identified molecularly and 
therefore remains at present undescribed and  
unnamed. The 3 different molecular branches that 
we found on Corfu coincide, at least partly, with 
morphological results and therefore 1 branch was 
described as the new species Dugesia parasagitta. 
Another branch concerns the already known species 
Dugesia sagitta, while the third branch at present 
remains unnamed.
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When morphology meets DNA
Identification of flatworms

◀ Fig. 1. External features of the new species Recurva postrema Sluys & Solà (2014)  
from Rhodes. 

Fig. 2. Recurva postrema Sluys & Solà (2014). Sagittal reconstruction of the copulatory  
apparatus. Abbreviations: bc, bursal canal; cb, copulatory bursa; cod, common oviduct; ed, 
ejaculatory duct; go, gonopore; od, oviduct; pp, penis papilla; sg, shell glands; sv, seminal 
vesicle; vd, vas deferens.

Fig. 3. Dugesia sampling sites on Corfu. Populations labelled with field codes (e.g. RS161) and locality codes (e.g. 34).  
Locations with asterisk have not been used in molecular analysis. Populations belonging to different clades encircled by  
different colours. Inset: molecular phylogenetic relationships resulting from GMYC analysis.
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Correct identification is of utmost importance in 
marine resource management. The quality of fish-
eries statistics depends on the ability to correctly 
assign landing and catch data to taxon-specific 
categories. The species name is the link to all  
relevant biological and ecological information in the 
literature. This information is fundamental in any 
attempt to manage a fishery. Correct identification 
is also important for those scientists gathering  
biological data relevant to marine resource  
management. Therefore, non-expert identification 
guides in the FAO FishFinder Programme will benefit 
fisheries workers gathering catch statistics and  
resource assessment information, and marine  
biologists researching information pertinent to  
resource management. This is particularly impor-
tant for the Eastern Central Atlantic area because 
it encompasses the highest diversity of marine  
organisms exploited by fisheries in the Atlantic 
Ocean. 

Since 1971 the FAO FishFinder Programme has  
produced identification tools for more than 8,000 
aquatic species. FAO FishFinder prioritizes the  
development of species identification guides for 
non-experts in developing countries. The programme 
supports sustainable fisheries management by  
providing scientists and fishery officers with the 
tools to accurately assess, monitor and report  
fishery catches at the species level.

Global catalogues
At the basis of the FAO FishFinder products are the 
global catalogues for selected species groups, e.g. 
for invertebrates like shrimps, lobsters, cephalopods 
and sea cucumbers and for vertebrates like sharks 
and rays, many commercially important bony fish 
groups, mammals and sea turtles. Naturalis has a 
long lasting cooperation with the FAO in preparing 
catalogues dealing with Crustacea. Catalogues on 
shrimps and lobsters were prepared by the late 

Prof. L.B. Holthuis (1980, 1991), former curator of 
Crustacea at Naturalis. These catalogues have also 
been digitally made available through our Naturalis 
ETI BioInformatics group through web based identi-
fication tools and on CD-ROM.

Field Guides
The FAO FishFinder Field Guides are being used by 
biologists, well-trained fishery officers and resource 
users. They are comprehensive with regard to the 
number of species included and are essential for 
scientific studies of aquatic ecosystems, either for 
fisheries or ecological research. These Field Guides 
play an important role in increasing a country’s  
scientific capabilities and knowledge regarding its 
aquatic resources.

Guide for Fishery Purposes
In the series ‘FAO Species Identification Guide  
for Fishery Purposes’, the first volume of ‘The living 
Marine Resources of the Eastern Central Atlantic’, 
dealing with crustaceans and molluscs was  
published in 2014 (Carpenter & De Angelis, 2014). 
The chapters on ‘Stomatopods’, ‘Shrimps and 
Prawns’, ‘Anomurans’, and ‘True Crabs’ were pre-
pared by Charles Fransen. The chapters comprise 
an illustrated explanation of technical terms,  
illustrated keys to families, genera and species  
occurring in the area with the emphasis on those  
of interest to fisheries. Species are illustrated  
presenting their diagnostic features. Information of 
distribution as well as habitat, biology and fisheries 
is provided. With this volume the collaboration  
between the FAO and Naturalis is being continued. 

FAQ FishFinder Programme
Non-expert identification guides
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Fig. 1. Book cover. Fig. 2. Example page of stomatopods.

Fig. 3. Example page of Shrimps & Prawns.
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During the last decades scientists of Naturalis  
Biodiversity Center have been involved in the  
discoveries of many new marine species around the 
islands Curaçao and Bonaire in the former Nether-
lands Antilles. Most of these species were inverte-
brates from shallow coral reefs, such as sponges, 
serpulid worms, and bryozoans. Marine biota at 
deeper parts of the seafloor were not investigated 
because they were not accessible for divers with 
SCUBA (self-contained underwater breathing  
apparatus). Availability of new techniques may  
offer opportunities to explore the biodiversity at 
these greater depths. Naturalis wants to take  
advantage of this possibility.

In November 2013 and March 2014, some staff 
members, PhD candidates and students of the  
Naturalis Marine Biodiversity Team were invited  
by the owner of the submersible Curasub, Adriaan 
‘Dutch’ Schrier, to join underwater surveys along the 
coastline of Curaçao. Curaçao is a Caribbean island, 
which used to be one of the former leeward Nether-
lands Antilles, but at present it is part of the Dutch 
Caribbean. The submarine dives were made down to 
300 m depth from Substation Curaçao, based at the 
Sea Aquarium, and at Porto Mari, more northward. 
Both sites are located at the sheltered western 
coast of Curaçao. In order to dive at Porto Mari, the 
submarine was transported on board RV Chapman, 
from where it was lifted by a crane and launched by 
means of a floating dock.

Corals in the twilight zone
During the trips photographs, samples, and video 
shots were taken. These can be used as evidence  
to support new records of marine life at mesophotic 
(30-200 m) and aphotic (> 200 m) depths. It was  
discovered that reef corals and their associated 

fauna can be studied in the twilight zone down to  
ca 80 m depth. Photographs were used to report  
that an association of a reef coral and a coral gall 
crab usually found at shallow depths, also can be 
observed at 60 m depth (van der Meij et al., 2015). 
During two surveys various small shrimps were  
photographed and collected at 210-220 m depth. 
These shrimps belonged to a commensal species 
that usually occurs in between the spines of a sea 
urchin. This shrimp species was only recorded once 
before, from the Bahamas, also with the help of a 
submersible (Fransen, 2014). 

13 New deep-sea sponge species
Guest researchers Dr. R.W.M. van Soest and Dr. L.E. 
Becking studied sponges from Klein Curaçao and 
Bonaire, which were collected from 100-142 m depth 
in May 2013. A total of 13 new species was described 
by them (van Soest et al., 2014). Deep-sea sponges 
were also observed in high diversity and high densi-
ties at Curaçao itself during the two dives at Sea 
Aquarium and Porto Mari, along with various kinds 
of cnidarians, such as sea anemones, zoantharians, 
gorgonians, antipatharians, stylasterids, and  
scleractinians.

Innovative research
More material was collected from Curaçao and it is 
likely that thanks to these specimens and those  
obtained during additional submersible surveys in 
the future, additional new and rarely known species 
will be discovered in the Dutch Caribbean. These 
samples have to be studied and described in collab-
oration with colleagues. It is a great opportunity and 
a challenge for Naturalis to endeavour in this kind of 
innovative research.

Discoveries with the Curasub
in the Dutch Caribbean deep
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Fig. 1. The Curasub offload-
ed from the RV Chapman off 
Porto Mari, Curaçao. Photo: 
B.W. Hoeksema.

Fig. 2. Sea urchin as host for commensal shrimps (arrows) at 
Curaçao. Photo: Curasub.

Fig. 3. An assemblage of sponges and cnidarians encoun-
tered down the slope at Substation Curaçao. Photo: Curasub.
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In October-November 2013 and in March-May 2014 
staff members, PhD candidates and MSc students 
of the Naturalis Marine Biodiversity Team performed 
fieldwork on the reefs of Curaçao investigating 
crabs, shrimps, mollusks and polychaetes living  
in association with various invertebrate groups. 
Additionally, octocorals and stony corals were 
studied as potential host species. SCUBA dives 
were made at various localities along the leeward 
coast and one at the northeast coast. Many new  
records for the Curaçao marine fauna were made, 
including new host-symbiont associations, species 
new to science and new insights in phylogenetic  
relationships.

Marine biodiversity research at Curaçao (Dutch  
Caribbean) has been carried out extensively in the 
20th century. Historical collections from there are 
now housed in Naturalis Biodiversity Center.  
In recent years there has been a renewed interest  
in the marine fauna and flora of the area because of 
anthropogenic threats to marine biodiversity, such 
as climate change, coastal development, tourism 
and the introduction of invasive species. The  
Naturalis Marine Biodiversity Team is developing  
research projects in the area, including those  
executed by MSc students. Selected taxonomic 
groups are used as a proxy to detect biodiversity 
changes.

Symbiotic shrimps
Charles Fransen studied a group of symbiotic shrimp 
forming associations with various reef organisms 
like sponges, coelenterates, echinoderms, ascidians 
and mollusks. Worldwide about 600 species of such 
shrimps have been recognized, 10% of which have 
been recorded in the Caribbean, which is a topic of 

ongoing research (Snijders & Fransen, 2010).  
Previously, from Curaçao only 7 species were  
reported in the scientific literature. Our recent  
inventory resulted in a total of 25 species, consti-
tuting 18 new records for Curaçao, including new 
species. One species has been found in between 
the tentacles of a stony coral, which has not been 
recorded in the Atlantic Ocean before. From present 
experience it is expected that further extensive  
research on the reefs of Curaçao will yield many 
new records for its marine fauna, as well as new 
species of shrimps.

Coral gall crabs
Sancia van der Meij and Kaj van Tienderen studied 
coral gall crabs of the family Cryptochiridae, which 
live in obligate symbiosis with stony corals. World-
wide around 50 gall crab species are recognized from 
shallow and deep reefs. Most species have been 
described from the Indo-West-Pacific, whereas  
only 5 are known from the Atlantic. From Curaçao  
3 gall crab species were recorded from 21 different 
host corals, 8 of which represent newly discovered 
associations. One of these crabs constitutes a range 
extension of a species described from Brazil, which 
therefore is also a new record for the Caribbean 
(van der Meij, 2014).

Snails and octocorals
Bastian Reijnen and Yee Lau studied Octocorallia 
(gorgonians and soft corals) as well as species of the 
gastropod family Ovulidae. Most ovulid snails live in 
obligate symbiosis with octocorals and are therefore 
highly dependent on their coral hosts (Reijnen et al., 
2010). Possibly new species of gorgonians have been 
discovered in the shallow waters around Curaçao. 
Close examination of the octocoral samples also  
revealed new host species for a number of Atlantic 
Ovulidae. Additionally, phylogenetic and morpholog-
ical studies have resulted in new insights in the  
systematics of the family Plexauridae (Octocorallia). 

New biodiversity research
at Curaçao

Christmas tree worms
Bert Hoeksema and Harry ten Hove have started  
a study on the host specificity of Christmas tree 
worms (Spirobranchus spp.) of the family Serpuli-
dae. These tube-building worms are most common-
ly associated with scleractinian corals. They are  
famous for their pairs of spiral-shaped, feathery 
tentacles, which show much colour variation. Off 
Curaçao, various new coral host species have been 
discovered and also worms that are not associated 
with corals but with other kinds of hosts, including 
Christmas tree worms themselves.

The collected material is currently analysed at  
Naturalis Biodiversity Center using e.g. molecular 
techniques to reveal phylogenetic relationships and 
discover possible cryptic species. More scientific 
publications on new associations and other interest-
ing observations are expected in the coming years. 
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Fig. 1. Two gall crabs inside an Agaricia agaricites coral at 
Curaçao, 2014. Photo: B.W. Hoeksema.

Fig.2. Two Cyphoma gibbosum snails dwelling on a Gorgonia 
coral at Curaçao, 2015. Photo: B.W. Hoeksema.

Fig.3. A Porites astreoides coral at Curaçao, 2014, inhabited 
by Christmas tree worms, Spirobranchus giganteus.  
Photo: B.W. Hoeksema.
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The Southeast Asian - West Pacific Centre of  
maximum marine diversity is known as the Coral 
Triangle. It contains the highest number of reef  
coral species, especially stony corals (Scleractinia). 
Most of these are known to host associated fauna, 
predominantly consisting of invertebrates and 
fishes that may act as parasites or commensals. 
The boundary of the Coral Triangle is not well  
defined due to lack of precise information on coral 
species richness around it. In order to get a clearer 
image of its delineation, areas outside the Coral 
Triangle were surveyed for their coral fauna, in 
which mushroom corals (Fungiidae) served as a 
model group.

The scleractinian family Fungiidae consists of  
52 species, which are popularly known as mushroom 
corals. These iconic animals occur on coral reefs  
in the tropical Indo-Pacific, from the coastlines of 
eastern Africa to those of Central America. Most 
species (80%) are free-living when full-grown. They 
can move and colonize all kinds of substrates,  
ranging from solid, rocky substrates of shallow reef 
flats to sandy sediments of the deeper reef bases. 

Naturalis studies
Mushroom coral research in Naturalis started with 
the sampling of reef corals during the Siboga Expe-
dition to eastern Indonesia (1899-1900). In November 
1982, Hoeksema started to use the coral reference 
collection of Naturalis as introduction and prepara-
tion for his first revision of the taxonomy, phylogeny 
and biogeography of mushroom corals, which was 
published in 1989. His field surveys started in 1983, 
in the Thousand Islands off Jakarta. In 1984-1986 
and 1993-1998 he lived in Makassar, which was used 
as base to visit other areas in Indonesia. The mush-
room coral diversity of the islands off Makassar, in 
eastern Indonesia and part of the Coral Triangle, is 
higher than that of Jakarta, in western Indonesia 
and outside the Coral Triangle.

Uncertain boundary
It appeared that the coral fauna in various areas 
outside the Coral Triangle was not investigated  
previously and that the position of its boundary was 
therefore uncertain. Hence, various areas in and out-
side its boundaries were studied for the presence or 
absence of mushroom coral species. Hoeksema 
found an ally in PhD candidate Zarinah Waheed, 
based at the Borneo Marine Research Institute,  
Universiti Malaysia Sabah, in Kota Kinabalu. They 
found the highest concentration of fungiid species 
(44) in Semporna, northeastern Borneo (Waheed & 
Hoeksema, 2013). 

Research in 2013 and 2014
In 2013 and 2014, various localities outside the Coral 
Triangle were surveyed for their mushroom coral 
fauna, with emphasis on species richness, ende-
mism, and the composition of associated fauna. 
Earlier, studies in Vanuatu (2006), Brunei (2012), and 
Kota Kinabalu (2012) showed that these areas out-
side the Coral Triangle were much richer in fungiid 
species than previously assumed and actually 
should be considered part of the Coral Triangle (Wa-
heed & Hoeksema, 2013; Hoeksema & Lane, 2014). In 
2013, Waheed and Hoeksema visited Layang-Layang 
atoll (northern part of the South China Sea), Langka-
wi islands (Andaman Sea), Tioman Island and Re-
dang Island (southern part of the South China Sea,  
adjacent to the Gulf of Thailand). In 2014, Hoeksema 
collaborated with local researchers to study the 
mushroom coral fauna of the Loyalty Islands and the 
southeastern part of New Caledonia, the Maldives, 
southern Japan, and the Saudi Arabian coast of the 
Red Sea. The mushroom coral faunas of New Cale-
donia and southern Japan were as rich as those 
known of several areas in the Coral Triangle. Some of 
these localities had species with very limited  
distribution ranges, exclusively outside the Coral Tri-
angle: Cantharellus doederleini in the Red Sea, Poda-
bacia lankaensis in the Maldives and Cantharellus 
noumeae in New Caledonia. In the coming years new 
taxonomic and biogeographic revisions of mushroom 
corals will be published based on the new results. 

Mushroom coral surveys
outside the Coral Triangle
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Fig. 1. Unique and rare mushroom corals outside the Coral Triangle: a. Cantharellus doederleini (Saudi Arabia, Red Sea),  
b. Podabacia lankaensis (Maldives), c. Cantharellus noumeae (New Caledonia).

Fig. 2. The Research Vessel Alis of the Institut de Recherche 
pour le Développement at Nouméa, New Caledonia,  
functioned as base to explore the reefs of the Loyalty  
Islands and New Caledonia.

Fig. 3. The position of the Coral Triangle and the Mushroom 
Coral Triangle. The latter is preliminary and based on  
presence/absence data of Fungiidae. Numbers indicate  
species richness of Fungiidae.
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Open ocean zooplankton are often viewed as slowly 
evolving species that have limited capacity to  
respond adaptively to changing ocean conditions. 
Hence, attention has focused on ecological  
responses. However, we ask: do plankton have  
significant capacity for evolutionary responses to  
a changing ocean? Given emerging evidence for  
regional-scale genetic isolation and expected 
strong responses to selection, we argue that  
zooplankton are well-poised for rapid adaptive  
responses to climate change. 

The oceans are changing on a global scale and,  
in some cases, at rates greatly exceeding those  
observed in the historical and recent geological  
record. Plankton, the organisms that drift with the 
ocean currents, show the most dramatic range 
shifts of any organisms reported in either terrestrial 
or marine environments (e.g. Beaugrand et al., 2009). 
Marine zooplankton serve as key links in the food 
web between microscopic plants and higher trophic 
levels (such as fish and whales) and are important 
mediators of biogeochemical fluxes in the ocean. 
Marine zooplankton are a phylogenetically diverse 
group (Fig. 1) with representatives from 12 animal 
phyla.

Evolution in the open sea
Although we know very little about the evolutionary 
potential of open ocean zooplankton, most authors 
have explicitly or implicitly assumed that zooplank-
ton have limited capacity to evolve on time scales 
relevant to adaptation to 21st century global change. 
This assumption is based, in part, on the idea that 
plankton are expected to be ‘high dispersal’ species, 
and gene flow is known to inhibit local adaptation. 
However, our review (Peijnenburg & Goetze, 2013) of 

45 primary studies on population genetics and  
phylogeography of marine zooplankton found that 
these species often do show significant spatial  
genetic structure, implying limits to dispersal in the 
open sea. A second reason to think that zooplankton 
have high capacity for evolutionary responses to 
global change is based on theoretical insights.  
Natural selection is expected to be a dominant force 
driving evolutionary change in species with large 
population size. Marine zooplankton have some of 
the largest populations on Earth (e.g. >1015 census 
size), and it can easily be shown that these popula-
tions should respond to even very mild selective 
pressures (Peijnenburg & Goetze, 2013). The wide 
occurrence of deviations from neutrality reported  
in plankton genetic studies (15 out of 20 studies) 
provides indirect support for the hypothesis that 
selection is a dominant force in the plankton.

Priorities for future research
Currently, little is known about adaptation of zoo-
plankton to local oceanographic conditions. Testing 
our hypothesis of high evolutionary potential in open 
ocean plankton will require research in at least two 
primary areas. First, the question of how pervasive 
selection is in driving population divergence in zoo-
plankton needs to be addressed. Second, the spa-
tial and temporal scales over which differentiation 
occurs in the open ocean need to be rigorously 
quantified. Next Generation Sequencing technolo-
gies have made it possible to rapidly generate large-
scale sequence data from non-model organisms at 
reasonable costs. We expect that these technolo-
gies will enable the field to move away from single 
marker studies and to allow comparisons of adap-
tive and neutral variation across genomes. 

Basin-scale transects
We also need rigorous sampling in terms of numbers 
of individuals sampled per population, and across 
space and time to increase the scientific rigor of 
plankton population genetic studies. For these  
reasons, our team has participated in two oceano-
graphic expeditions sampling ~13,500 km transects 

Ocean drifters
Evolution of marine zooplankton

in the Atlantic ocean in 2012 and 2014 (Figs 2 & 3) 
within the Atlantic Meridional Transect Programme 
(http://www.amt-uk.org). During these expeditions, 
we have collected a total of 97 plankton samples 
(from ~300m depth to the surface). Tows were con-
ducted with 0.71 m diameter bongo nets (200 and 
333 µm mesh sizes) and an RMT1 midwater trawl 
(333 µm mesh size) that has a nominal mouth area 
of 1 m2. Most tows were conducted at night to effi-
ciently sample the migratory plankton community.
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Fig. 1. Examples of the diverse zooplankton assemblage of the Atlantic Ocean (members of the phyla Arhropoda, Mollusca, 
Annelida, Cnidaria and Chaetognatha are shown). 

Fig. 2. Two meridional transects in the Atlantic ocean (AMT22 
and AMT24) plotted onto a map showing total alkalinity as 
measured from space (Land et al., 2015). Each square  
represents a plankton tow.

Fig. 3. The zooplankton team preparing for the AMT24 cruise 
with the research vessel ‘James Clark Ross’ in October 2014. 
From left to right: Erica Goetze, Katja Peijnenburg, Alice  
Burridge, and Michelle Jungbluth.
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Amphipods (9,500 species, example Fig. 1) are small 
crustaceans living mostly in marine coastal waters. 
This group also colonized ocean waters, and in the 
freshwater and terrestrial realm they conquered 
habitats such as rivers, lakes, moist forest floors, 
caves and groundwater. Although their fossil record 
is young compared to related crustacean orders and 
does not exceed Paleogene age, it is an important 
part of our research to infer a much older origin. 
This research is part of the international effort to 
detail the evolution of Pancrustacea and present 
their history of descent in public museums.

Especially the biogeography of members of the  
very rare amphipod suborder Ingolfiellidea (Fig. 2) 
suggests that the appearance of this group pre-
dates the opening of the Atlantic Ocean (Fig. 3).  
The Naturalis marine expedition team directs part 
of its specific searches to the habitat of shallow 
marine interstitial spaces within the coral reef  
debris. Recently, sampling in the Maldives and the 
Red Sea was successful in finding some specimens 
of ingolfiellids. New species are being described 
and their morphological characters coded and  
fitted into existing databases, with DNA vouchers 
stored for future research.

Studying the transition route
Naturalis is important for groundwater crustaceans 
as it has one of the few large European specialized 
collections on them, dating back 50 years. The Dutch 
Caribbean makes up a considerable part of the 
sampling efforts since that time. Given a specific 

array of animal groups in the underground what  
kind of research can be done on them? Crustaceans 
have colonized many different habitats and in doing 
so they must have gone through phases of a rather 
radical change of form in attempts to adapt to a 
new physical environment. The marine interstitial 
‘landscape’ lends itself quite good to study this 
transition route. Those populations that have the 
potential to colonize freshwater or vice versa, and 
those that move toward a secondary invasion of the 
marine environment are present in this habitat. One 
truly fascinating aspect of sampling in the narrow 
band of intertidal coast sediments is the encounter 
with certain rare but circumtropical genera that 
contain few species but nonetheless have occupied 
this habitat all over the tropical zone. It is possible 
that thousands of species show up after thorough 
sampling of this environment but it is also possible 
that it remains a species poor environment where 
only a few pre-adapted forms take their hold.

Convergent development
Repeated visits to the same island groups or to 
mainland karst areas have often revealed additional 
species each time a specific search was made.  
In other cases populations of the same species are 
distributed over different islands. This was encoun-
tered in the Canary islands for the widely separated 
islands Hierro and Tenerife. On the Philippines Ingol
fiella alba appears in littoral sands of more than one 
island and remains the only species known from that 
large archipelago. But in the small Indonesian Gura 
Ici island group in the Molucca Sea 2 species appear 
in syntopy in the same beach groundwater spot.  
After many years of sampling on the Caribbean  
islands of Aruba, Curaçao, and Bonaire 5 species in 
diverse aquatic habitats such as marine sublittoral 
carbonate sands, brackish caves and terrestrial 
groundwater were recognized. These examples lead 
to the expectation that an ocean spanning, circum-
tropical continuum exists of populations gradually 
changing in minor morphological adaptations and 
converging in functional form toward their environ-
ment. Such convergence could explain why a sublit-
toral reef sand inhabiting form from the Caribbean 

Marine groundwater 
crustaceans and reef fossils

is more similar to a form that lives in comparable 
micro-habitats in the Indian Ocean, than it is to a 
congener found a few kilometers away in a brackish 
cave bottom with other functional requirements to 
outward morphology. This convergent development 
can be observed in the close morphological resem-
blance of a species from the Caribbean island of  
Curacao and the species, recently discovered by us 
and described as Ingolfiella maldivensis. They both 
come from sublittoral reef sands. The Maldives have 
undergone dramatic sea level changes and these 
have changed the islands from karstic, well emerged 
platforms with ample subterranean habitat types to 
the flat atolls of today. Future discoveries of relicts 
of this subterranean diversification may reflect this 
geological past.

Fossil isopods in Eocene reefs
In search of the groundwater composition of early 
reefs museum collections in Northern Italy were 
visited. Several museums have extensive collections 

of regional excavations in Eocene tropical reef de-
posits. We redescribed isopod species present in the 
Verona museum of Natural History and will continue 
to search for other peracarid representatives in the 
numerous records. This is important and directly  
related to the question about when the abundant and 
diverse Amphipoda entered the crustacean stage.
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Fig. 1. Exceptionally large 
amphipods from the deep 
sea off New Zealand.  
The normal range is between 
3 cm and 0.5 cm.
Fig. 2. Unidentified ingolfiel-
lid from Namibian cave  
waters.

Fig. 3. Supposed continental configuration at the times of existence of deep inland freshwater Ingolfiellidea. Part of early 
branches in a phylogeny projected on Triassic geography.
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A meteorite that fell in a field near Diepenveen 
(Overijssel province, the Netherlands) in October 
1873 was rediscovered in a private collection  
late 2012 (Fig. 1). Its historical pathway from the 
observed fall, the immediate recovery by a local 
farmer and the various public and private collec-
tions holding it until it resurfaced in 2012, has  
been traced in detail. Its composition is unique. 
Scientific research on this special meteorite is now 
being carried out by an international consortium, 
including scientists of Naturalis Biodiversity  
Center.

It was quickly realized by Henk Nieuwenhuis, former 
director of the Royal Eise Eisinga Planetarium in 
Franeker, that the meteorite is of a relatively rare 
type, namely a carbonaceous chondrite, the first 

ever in the Netherlands. On 12 December 2013, the 
then owner, Mrs. Kiers, kindly donated the meteorite 
to Naturalis Biodiversity Center to curate it as  
national heritage, and to allow scientific research. 
The occasion led to a flood of media attention and 
to a meteorite weekend for the general public in 
January 2014.

Fifth Dutch meteorite ever
The Diepenveen is the fifth meteorite ever found in 
the Netherlands (after Uden 1840, Utrecht 1843,  
Ellemeet 1925 and Glanerbrug 1990), excluding a 
possible iron meteorite (Dordrecht, 1650) that was 
lost during the gunpowder disaster in Leiden in 1807. 
Chronologically Diepenveen is the third preserved 
Dutch fall. 

Which type?
Classifying the Diepenveen meteorite on subtype 
has proven to be less than straightforward. On the 
basis of mineralogy and petrology Diepenveen is a 
carbonaceous chondrite with similarities to the  
relatively rare subtype CM2. It contains a number  
of amino acids that are rare or absent on Earth. 
Minerals observed include olivine, clinoenstatite, 
various Fe-Ni phases - both metallic and sulphidic 
-, and hydrous phases. Some calcium-aluminium  
inclusions are present, characterized by diopside 
enclosing perovskite. The texture shows chondrules 
and fragments that have been aqueously altered to 
variable degrees and show no sign of significant 
thermal metamorphism, consistent with the history 
of other CM carbonaceous chondrites. Within the 
CM group, however, this meteorite features some 
unusual and unique aspects that raise the question 
whether it should be classified as CM or as C2- 
ungrouped instead. This classification issue is  
currently being discussed with the Nomenclature 
Committee of the international Meteoritical Society, 
where we are now registering the Diepenveen. 
Research results are preliminary and still under 
embargo, which means we cannot provide much  
detail at this moment, but Diepenveen is unusual in 
its age, and in its isotopic and organic composition. 

Out of the blue
The Diepenveen meteorite

The meteorite is a heterogeneous breccia and has 
all the characteristics of a regolith, i.e. the brecciat-
ed surface of an asteroid. Some of the meteorite’s 
unusual characteristics and its reflectance spec-
trum lead us to think it could be a sample of a spe-
cific, rare sub-group among the Near Earth Asteroid 
population. If correct, then Diepenveen provides us 
valuable insights into the character and history of 
the surface of these asteroids.

High-impact research
Current investigations of the Diepenveen meteorite 
by an international team from institutions in Europe 
and the USA, including NASA, use a large variety of 
sophisticated laboratory techniques that include 
microprobe mineral analyses, noble gas and isotope 
analyses, reflectance spectra and mass spectrom-
etry on soluble organics. We anticipate to submit  
a high-impact paper by late 2015 which will also 
highlight potential links with asteroidal targets  
of upcoming space missions.

Fig. 1. The Diepenveen  
meteorite in the original box 
in which it was kept in a 
school collection in the late 
19th and early 20th century.

Fig. 2. A microscopic view of 
the Diepenveen meteorite, 
showing a fragment in a 
brecciated matrix.
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How did recent vertebrates including us evolve? 
What are the main key-innovations in the evolution 
of jawed vertebrates? A deep-time analysis using 
developmental data is applied to answer these 
challenging questions. This study focusses on the 
organ systems of jaws and teeth as a model in  
evolutionary biology.

The evolution of jaws and teeth is considered to be 
an important novelty underpinning the evolutionary 
success of jawed vertebrates. Basal stages and the 
evolution and development of teeth and the origin  
of tooth replacement are controversial. A major 
problem is the nature of the available data, the  
development is inferred on the basis of the outside 
morphology of fossils. Due to the rarity of fossils 
and the two dimensionality of the sections, using 
destructive methods to investigate the inside for 
identifying lines of growth is restricted. To overcome 
these problems, non-destructive high resolution  
X-ray scans from a synchrotron source are used. 
Lines of arrested growth are identified and three  
dimensional computer models of growth stages are 
generated (Rücklin et al., 2014).

Dental evolution
Arthrodiran placoderms, a group of extinct armoured 
fishes, are identified to possess jaw bones with 
teeth. Teeth are consisting of dentine with a pulp 
cavity and are added in rows along the margin of the 
jaw. Teeth are not replaced in the first jawed verte-
brates. Reanalysis of supposed early dental struc-
tures in extinct jawless vertebrates, the conodonts, 
recovered that these elements are convergent to 
teeth in jawed vertebrates on the basis of phyloge-
netic congruence. Tooth-like patterning of pharyn-
geal denticles in the jawless thelodonts was also re-
analyzed using the synchrotron tomographic ap-
proach. A less strict patterning as suggested is re-
covered and together with a test of the phylogenetic 
congruence this patterning is identified as conver-

gence to tooth replacement patterns in jawed  
vertebrates (Donoghue & Rücklin, early online).

Teeth and jaws
On the basis of this research an evolution of teeth 
after or in concert with jaws is plausible. No princi-
pal difference of dermal external denticles and oral 
ones is evident and an evolution of teeth through 
expansion of dermal competence in the oral cavity 
is supported. No evidence for an evolution of teeth 
before jaws and separate evolution of teeth and 
dermal scales is found.

Non-destructive visualization
Applying micro-CT and synchrotron radiation X-ray 
tomography (SRXTM) enables non-destructive visu-
alization of the morphology of organisms (fossil and 
recent) in very high resolution and makes it possible 
to study their development and histology. Along with 
these methodological advances possibilities in  
visualising the digital data for science, outreach and 
education are enabled (Lautenschlager & Rücklin, 
2014). 3D scans can be used to create 3D models 
and published as 3D PDFs. Rapid prototypes or  
3D prints can be made on the bases of computer 
models changing the magnification and showing 
minute details or virtually preparing and reassem-
bling fossils. Anaglyphe stereo imaging and the use 
of 3D glasses can be used in presentations or  
museum exhibits. Using QR codes digital data can 
be linked and easily accessible using smart phones 
or tablet computers.

References
Donoghue, P.C.J. & Rücklin, M. early online. The ins and outs 

of the evolutionary origin of teeth. Evolution &  
Development 1-12.

Lautenschlager, S. & Rücklin, M. 2014. Beyond the print – 
virtual paleontology in science publishing, outreach, and 
education. Journal of Paleontology 88: 727-734.

Rücklin, M., Donoghue, P.C.J, Cunningham, J.A., Marone, F. & 
Stampanoni, M. 2014. Developmental paleobiology of the 
vertebrate skeleton. Journal of Paleontology 88: 676-683.

Vertebrate evolution
in deep-time

Fig. 1. Virtual section 
through the jawbone and 
teeth of the placoderm  
Compagopiscis croucheri.

Fig. 2. Virtual section and 
developmental model of 
pharyngeal denticles of the 
jawless fish Loganellia  
scotica.
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Right now, one dinosaur is conspicuously absent in 
the Oerparade exhibit at Naturalis: a large carnivore. 
With the new dinosaur gallery for the new museum 
currently in development, the herbivorous denizens 
of the Oerparade will at last find themselves accom-
panied by a genuine skeleton of a large carnivore: 
an adult Tyrannosaurus rex – arguably the most 
fascinating of all dinosaurs. With the new dinosaur 
gallery coming up, Naturalis set out to acquire a  
T. rex. Not a cast, but a real skeleton. Not exactly an 
easy task, but we succeeded!

Decent specimens of T. rex are exceedingly rare. 
Moreover, Naturalis was keen on actually excavat-
ing the specimen and performing all the research 
possible, instead of acquiring a skeleton on the 
market. In Fall 2013, an unusually complete skele-
ton emerged from the badlands of Montana, and  
in a matter of weeks, the specimen was excavated 
and moved to the laboratory of Black Hills Institute 
for preparation and mounting. The fundraising 
campaign to cover the expenses of acquiring and 
preparing the fossil successfully completed in late 
2014, and at the time of writing, preparation has 
started in earnest. In the next 18 months leading  
to the mounting of the specimen, Naturalis will be 
able to study the material in detail, as the bones 
emerge from the sandstone. The aim is to present 
the full story on the life and death of this 13-metre, 
adult female in the upcoming T. rex exhibition, 
scheduled to open in the Pesthuis in the second 
half of 2016.

Perfectly preserved
The specimen is very well-preserved. Sedimento-
logical analysis suggests that soon after her death, 
the bones were rapidly covered under some 3,25 
metres of sand – resulting in a perfect, undistorted 
3D preservation of the skeleton. With the exception 
of a leg and the tiny bones of the feet, arms and the 
tip of the tail, most of the rest of the skeleton is  

preserved, making it one of the most complete  
skeletons of T. rex ever discovered.

Addressing many questions
In addition to a detailed morphological description 
and comparison with other specimens, a wide range 
of other research questions will be addressed. The 
geological setting of the specimen has been studied 
in detail already (together with Amsterdam VU Uni-
versity), and most of the sedimentological analyses 
(grain size distribution, TGA, magnetostratigraphy, 
pollen, geochemistry) are completed or ongoing. 
The first CT scan of the many pathologies has been 
performed now (together with LUMC), and a diagno-
sis on the bony outgrowths adorning a tail vertebra 
should be in soon. With the isotope laboratory of 
Amsterdam VU University, the first samples of tooth 
enamel for stable isotope analysis (13C, 18O, as well 
as Sr) have been taken, which will provide informa-
tion on aspects of trophic level, diet, paleotempera-
ture and migration patterns.

Reconstructing dinosaur life
During her long life, the Naturalis T. rex suffered 
various injuries. Already at this stage, it is obvious 
she had an infection in her right upper jaw; her  
left lower jaw has been bitten by another T. rex,  
one of her ribs shows an intriguing, thick section 
suggesting a healed fracture, and her right lower leg 
suffered some serious trauma – also probably a 
healed fracture, or maybe a bone infection. These 
preliminary field observations will soon be further 
investigated together with the LUMC.
Similar to using tree rings to learn about the age of  
a tree, the Lines of Arrested Growth (LAGs) in dino-
saur bone are known to give some clues as to the 
age of the dinosaur. Together with VU Brussels,  
Naturalis will extract a few samples from the bones 
to count growth lines, to – hopefully – find out about 
the minimum age of the specimen. Given her size 
and a few other skeletal features, she is expected 
to be well beyond her late twenties. In collaboration 
with the Henry Mosley X-Ray Imaging Facility at the 
University of Manchester, additional histological 

Tyrannosaurus rex
on display at Naturalis in 2016

information using (non-destructive) X-ray micro- 
tomography should be recovered.
Prior to preparing the skull from the matrix,  
Naturalis will arrange for a detailed, high-resolution 
CT scan. Given the required X-ray energy and the size 
of the block this will by necessity be an industrial 
CT scanner. The CT scan will provide a road map for 
the preparation of the skull, but also help spatially 
resolve all kinds of delicate internal features, such 
as respiratory turbinates, the inner ear, etc. 
The bones of the left leg of the T. rex will have to be 
reconstructed by mirroring from the right leg. Using 
a 3D scan and 3D printing will considerably speed up 
this process, and will allow for a much better accu-
racy. Additionally, having a 3D digital model of the 
skeleton available, would allow for detailed biome-
chanical (computer) modeling, as well as much eas-
ier comparisons to be made with other specimens.

Fig. 1. Excavation site of T. rex in Montana, USA. Photo: Servaas Neijens.

Fig. 2. T. rex skull.  
Photo: Servaas Neijens.

Fig. 3. Tooth of T. rex. Photo: Servaas Neijens.
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In the framework of the Netherlands Gemmological 
Laboratory, the identification of gemstones and 
pearls for the private sector is part of the daily work, 
with systematic characterization of pearls and gems 
from different occurrences and new localities.  
We especially are alert with regard to new culturing 
techniques that produce cultured pearls with  
internal structures that closely resemble those  
of natural pearls, threatening the natural pearl 
market. Natural pearls are rare and fetch increasing 
high prices. Cultured pearls are over-produced and 
go down in price. Therefore great interest exists, 
not only in correct identification of natural pearls, 
but also in ‘the unusual’. In 2013-2014, we had the 
opportunity to look at unusual pearls, found in the 
Netherlands, and an exceptionally large pearl, with 
strong historic ties to the Netherlands.

Natural pearls are normally formed by bivalve mol-
lusks, of the Genus Pinctada. Historically, Pinctada 
radiata, occurring in the Persian Gulf and Red Sea, 
was an important producer of natural pearls, but 
Pinctada maxima and Pinctada margaritifera in the 
Pacific region, also produced significant numbers. 
‘Nacreous’ pearls formed by those species are a 
product of biomineralization, and usually consist of 
concentric layers of aragonite (calcium-carbonate) 
platelets (‘nacre’), embedded within an organic  
matrix, producing a smooth surface with a high  
luster and subtle play-of-color.

Dutch curiosities
Recently, some natural pearls were found in Zeeland, 
the Netherlands, reportedly from the Grevelingen-
meer and Westerschelde areas. These non-nacreous 
pearls were white, and displayed a dull lustre and 
showed an uneven, bumpy surface in the micro-
scope. X-radiography and micro-CT scanning of the 
pearls revealed concentric structures consistent 
with their natural origin. Raman spectroscopy  
typically identified not aragonite, but calcite as the 

sole component for these pearls. Calcitic pearls are 
very rare. A relatively low Mn and high Sr content 
(with SrO/MnO >>12) confirmed their saltwater origin. 
The host oyster for these pearls was identified as 
Crassostrea gigas (Thunberg, 1793), a common  
‘true oyster’ species in Zeeland, also known as the 
‘Japanese oyster’, which is harvested for its meat 
but not used for pearl cultivation. There is no human 
intervention in the growth of these oysters, which 
supports the conclusion that these pearls are truly 
natural. These pearls can be seen as curiosities 
from the Netherlands that are very rarely found.  
Although they have all the characteristics of natural 
pearls, due to their low lustre and imperfect surface, 
they are of limited commercial interest. However, 
larger pearls, such as the ~7.7 mm round sample 
(Fig. 1) may have considerable value – especially in 
light of the recent popularity of natural pearls from 
all types of mollusks. Concerning the relatively large 
size of this pearl, the growth must have started when 
the oyster was young and continued until the shell 
was of harvestable size (i.e. perhaps exceeding  
5 years). 

Sleeping Lion
Opportunities to thoroughly study exceptionally rare 
objects (with often great monetary value) are scarce. 
The Sleeping Lion (Fig. 3) is one of the largest-known  
nacreous pearls and has an interesting history.  
Early references indicate that the pearl was left to 
be auctioned in Amsterdam in 1778. A print of an 
‘Oosterse Paarel’ (oriental pearl) was found in the 
city archive of Amsterdam. It was accompanied by a 
note stating: ‘a large pearl, of 578 carats, visualizing 
a sleeping lion’, left by H.C. Sander, has been sold in 
the Munt, on 26th August 1778. Soon after it was 
sold for 2,100 Dutch guilders, it was offered for sale 
in St. Petersburg in 1779. After that, the pearl’s  
history was unknown until 1865, when the second-
known owner from Poland appeared, shortly before 
the return of the pearl to Amsterdam around 1868. 
Since then, it has been part of a Dutch private  
collection. The pearl was recently removed from its 
setting, allowing its weight to finally be determined 
at 2,373 grains (593 carats or 118.65 grams).  

Natural pearls
from the Netherlands

Comparing this weight with the mentioned  
578 carats, the carat weight used at the time  
(before the standardization of the metric carat  
in the early 20th century) must have been around 
0.2053 grams, which is exactly the value of the 
known London carat.

Largest freshwater pearl
High resolution X-ray micro-CT scanning revealed 
the inner structure of the pearl, and together with 
Raman spectroscopy confirmed that the Sleeping 
Lion is a naturally formed blister pearl, without any 
substantial hollow cavities. Strong fluorescence 
under X-rays, combined with relatively high concen-
trations of Manganese and low concentrations of 
Strontium, indicate that this pearl has a freshwater 
origin. It is therefore confirmed to be the largest 
natural freshwater blister pearl documented to 
date, slightly less in weight than the Pearl of Asia 

(2,420 grains), but larger than the Arco Valley Pearl 
(2,300 grains), both reportedly of saltwater origin. 
Taking into account its size and colour, it appears  
to be likely that the pearl was formed in a large 
freshwater mussel of the family Unionidae, some-
where in East Asia (China or Japan). The 18th century 
print with the subscript ‘Oosterse Paarel’ appears 
to support a Far East origin. Historical references 
also confirm that from early times, large baroque 
pearls were known to come from China and Japan.
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Fig. 1. Pearl (~ 7.7 mm in  
diameter), found in this  
‘Japanese oyster’, reportedly 
from Grevelingen, Zeeland, 
the Netherlands.  
Photo: D. van der Marel.

Fig. 2. Micro-CT images in 
the XYZ direction of the 
pearl depicted in Fig. 1, 
show concentric structures 
that confirm its natural  
origin.

Fig. 3. The Sleeping Lion 
pearl, which measures ap-
proximately 70 x 43 x 39 mm, 
displayed as drawn in 1778. 
Photo: J.C. Zwaan.
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Rapidly growing biological data volumes hold an 
unprecedented, yet incompletely explored poten-
tial to reveal how ecological and evolutionary  
processes generate and maintain biodiversity. 
Most biodiversity studies integrating ecological 
data and evolutionary history use idiosyncratic ap-
proaches for the reconstruction of time-calibrated 
phylogenies. To address this, the bio-informatics 
programme at Naturalis is developing an analytical 
framework, termed SUPERSMART: the Self-Updat-
ing Platform for Estimating Rates of Speciation  
and Migration, Ages, and Relationships of Taxa.  
The framework reconstructs dated phylogenies 
based on the assembly of molecular datasets and 
collects pertinent data on fossils of the species 
group of interest. The data handled for each step 
are continuously updated as databases accumu-
late new records. We exemplify the practice of our 
method by presenting comprehensive phylogenetic 
and dating analyses for the orders Primates and the 
Gentianales. We believe that this emerging frame-
work will provide an invaluable tool for a wide range 
of hypothesis-driven research questions in ecology 
and evolution.

The SUPERSMART framework mines public DNA  
sequence data to assemble so-called ‘supermatri-
ces’, that is, concatenated sets of the same gene  
in multiple species (Fig. 1). The framework automat-
ically selects the optimal set of these genes such 
that all species have sufficient data coverage while 

keeping the total size of the supermatrix within  
reasonable limits. From this data set a backbone 
tree is reconstructed, for which a variety of different 
methods are available. The resulting tree is scaled to 
evolutionary time using carefully selected fossil  
calibration points. Subsequently, the backbone tree 
is expanded to include all species of interest.  
Because in this step more closely related species 
are compared with one another, more sophisticated 
– but more computationally intensive – methods 
are used that consider scenarios where the history 
of a gene does not track the history of the species 
that carry that gene, as is frequently the case in 
closely related species. Because of the divide-and-
conquer approach that the framework takes, this 
method can be applied to larger sets of species  
than is normally possible. As we discuss below, the 
application of this method to the data sets that the 
framework selects gives results that conform well 
with previously published results, but allows such 
results to be generated more easily and at larger 
taxonomic scales.

Large orders well resolved
Fig. 2 shows the time-calibrated species level tree 
comprising 701 species in all 5 families of the plant 
order Gentianales: Apocynaceae, Gentianaceae,  
Rubiaceae, Loganiaceae and Gelsemiaceae. The 
analysis included as many as 54 different genetic 
markers, thus providing the hitherto most compre-
hensive species-level analysis of the order. The group 
is estimated to have originated ca 103 million of 
years ago (Ma). All families form distinct monophyl-
etic groups, and their relationship corroborates  
previous phylogenetic estimates, e.g. showing  
Rubiaceae as sister to the rest of the order. Higher-
level relationships within the Rubiaceae, the largest 
family with 13,514 species, are also in large agree-
ment with recent family-level phylogenetic analyses: 
subfamilies Cinchonoideae, Ixoroideae, and  
Rubioideae are found to be monophyletic, with  
Rubioideae as sister to the others. Furthermore,  
inter-tribal relationships within Rubioideae are 
largely consistent with their findings.

Ecology and Evolution
in the Era of Big Data

Splitting the monkey tree
Fig. 3 shows the results from the analysis of the  
order Primates using another way of visualising large 
trees. The topology of the extant lineages Strepsir-
rhini (78 Ma), Tarsiers (69 Ma), New World monkeys 
(50 Ma), Old World monkeys, and apes (33 Ma) is 
correctly reconstructed. The phylogeny is based on 
more than 20 markers, of which 3 had to be available 
for a species to be included in the backbone step of 
the analysis. The relationships among the families 
within the New World monkeys (Platyrrhini) are still 
unclear, but all genera are supported here as mono-
phyletic. Our results suggest an initial split of the 
family Pitheciidae and a close relationship between 
the families Atelidae and Cebidae. The Old World 
monkeys (Cercopithecidae) comprise the 2 mono-
phyletic subfamilies Colobinae and Cercopithecinae, 
which is in agreement with previously published  
primate trees. The Hominoidea are well resolved,  
including the resolution of the hominoid trichotomy. 
Relatively less data were available for the inference 
of the Tarsiformes and the Strepsirrhini. The Strep-
sirrhini split into Malagasy and non-Malagasy  
species. The lemurs are represented by 4 families 
that are well resolved in our tree. However, due to 
low sequencing data coverage within this group, 
many Strepsirrhine genera are represented by only 
their 2 backbone exemplar species.

Open source software
The SUPERSMART framework is being developed as 
open source software in collaboration with the Uni-
versity of Gothenburg and the Gothenburg Botanical 
Garden. In addition funding has been provided by the 
BioVeL project (http://biovel.eu), the European  
Research Council (http://erc.europa.eu) and the 
Swedish Research Council (http://www.vr.se). Infra-
structural support in the form of High Performance 

Compute resources has been provided by SurfSARA 
(http://surfsara.nl), the Uppsala Multidisciplinary 
Center for Advanced Computational Science (http://
www.uppmax.uu.se) and locally through the  
intensive collaboration between the bio-informatics 
programme and Naturalis’s ICT department, which 
provides HPC cloud computing infrastructure.
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Fig 1. Comparison of three methods for constructing large 
phylogenies: ‘supertrees’, ‘supermatrices’, and the  
SUPERSMART pipeline discussed here.

Fig 2. The SUPERSMART result for Gentianales comprises 
the Apocynaceae (blue), Gentinaceae (yellow), Rubiaceae 
(red), Loganiaceae (green), and Gelsemiaceae (turquoise). 

Fig 3. Result for the Primates, shown using OneZoom (http://
www.onezoom.org). Top left: Full tree; top right: zoom to the 
genus Saguinus; bottom: zoom to a branch comprising four 
species.
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In 2013 and 2014 the Sector Research and Education 
submitted nearly 99 research proposals for external 
financing, either as coordinator, PI or partner.  
Of these proposals nearly 40% was successful in  
obtaining funding. When differentiating between 
funding provided by the government through a fund-
ing allocation agency (e.g., NWO, STW, KNAW) or by 
the European Commission (EC) the success rate over 
this two year period was respectively 23% and 22%. 

In this overview the projects are presented that were 
terminated, started or ongoing in 2013 and 2014, with 
a Naturalis budget above €50.000. Projects that were 
granted financing in 2014, but have commenced in 
2015, such as the EU H2020-MSCA-ITN-2014 project 
‘Drivers of Pontocaspian biodiversity Rise and  
Demise’ [PRIDE] coordinated by Naturalis, are not 
included.

Indirect government funding
Time Capsule – T.R. van Andel (partner) – NWO / TNO 
Creative Industry Call 2012,  
1 October 2013-30 September 2017.

Plant use from the Motherland: linking Afro-Carib-
bean and West-African Ethnobotany – T.R. van  
Andel – NWO VIDI, 1 February 2010-31 January 2015.

Impact of Man and Climate on a Unique Tropical Eco-
system – P. Baas & T.J.J. Vernimmen (MSc) – ALW 
Open programme NWO PhD,  
1 October 2009-31 September 2015.

DNA barcoding of Tanzanian world-harvested  
medicinal plants to identify and monitor trade and 
commercialization – H.J. de Boer – WOTRO – TASENE 
programme, 1 September 2012-31 December 2014.

Functional genomics of orchids – A. Dirks &  
B. Gravendeel – NWO Doctoral Grants for Teachers,  
1 January 2014-31 December 2017.

Back to the future? Biodiversity gradients revisited 
– Dr. P.J.A. Kessler & N. Raes – NWO ALW Open pro-
gramme Postdoc, 1 May 2010-31 December 2013.

Does specialization lead to rarity? The distribution 
of mycoheterotrophic plants in relation to their  
mycorrhizal fungi – V.S.F.T. Merckx – NWO Veni,  
1 April 2012-31 July 2015.

Biodiversity, habitat partitioning and ecological 
functions of arctic fungi and their role in vegetation 
change due to climatic changes – E.F. Smets &  
J. Geml – ALW Open Programme PhD,  
22 August 2012-21 August 2016.

Green eScience & Virtual Lab for Plant Breeding 
(VLPB)-II – J. van Tol & E.F. Erik Smets – TTI Green 
Genetics & Partners,  
1 December 2012-15 June 2015.

DNA Waterscan (including ‘Ontwikkeling van eDNA 
methodiek voor inventarisatie van aquatische  
biodiversiteit’ project by B. Gravendeel (partner),  
1 April 2014-31 March 2015) – J. van Tol – Gieskes-
Strijbis Fonds & TKI Watertechnologie,  
1 January 2014-30 June 2019.

The role of floral volatiles in host specificity and 
host shifts in the fig-fig wasp mutualism – A. Olde-
beuving & J.C. Biesmeijer – NWO Doctoral Grants 
for Teachers, 1 July 2014-31 June 2018.

Biotic and abiotic drivers of shifting marine tropical 
biodiversity hotspots during the Eocene-Oligocene 
– W. Renema – ALW Open programme Postdoc,  
18 March 2013-17 March 2016.

Determinants of species diversity at 14 spatial 
scales in tropical microsnails from endangered 
limestone habitats – M. Schilthuizen – ALW Open 
programme Postdoc,  
1 June 2011-30 September 2014.

Morphospace in tropical microgastropods driven by 
Red Queen evolution – M. Schilthuizen – ALW Open 
programme PhD, 1 January 2010-31 July 2014.

On the origin of species assemblages – M. Schilt
huizen (partner) – NWO Vici (applicant Prof. R. 
Etienne), 16 July 2014-15 July 2019.

Assembling an arsenal: molecular basis of the  
venom-system in snakes – F.J. Vonk – NWO Veni,  
1 October 2014-30 September 2018.

European Commission
SUPER-B: SUstainable Pollination in Europe:  
joint Research on Bees and other pollinators –  
J.C. Biesmeijer (coordinator) – EU COST,  
4 April 2014-3 April 2018.

The Origin of Jawed Vertebrates and the Evolution 
of Morphology in Deep Time [JAWEVOL] –  
M. Brazeau – ERC Starting Grant,  
1 January 2013-31 December 2017.  
In 2013 M. Brazeau left Naturalis and took the grant 
to Imperial College London. His postdoc position in 
the project remained at Naturalis, with a budget of 
€ 162.000.

Development of Cost efficient Advanced DNA-based 
methods for specific Traceability issues and  
High Level On-site applicatioNs [DECATHLON] –  
B. Gravendeel (subcontractor) – EU KBBE CALL 
2013.3.5-01, 1 February 2014-31 January 2016.

Biodiversity Virtual e-Laboratory [BioVel] – R.A. Vos 
& J. van Tol (Partner) – EU FP7 Infrastructure,  
1 September 2011-31 December 2014.

NetBiome – CSA : Strengthening European research 
cooperation for smart and sustainable management 
of tropical and subtropical biodiversity in outermost 
regions and overseas countries and territories – 
S.E.C. Sierra & M. Stech (partner) – EU FP7-ENV-
2013-one-stage, 1 May 2013-30 April 2016.

Coordination and policy development in preparation 
for a European Open Biodiversity Knowledge  
Management System, addressing Acquisition,  
Curation, Synthesis, Interoperability and Dissemi-
nation (Pro-iBiosphere) – S.E.C. Sierra (coordinator) 
– EU FP7-INFRASTRUCTURES-2012-1; INFRA-2012- 
3.3, 1 September 2012-31 August 21014.

Cenozoic evolution of the Indonesian Throughflow 
(ITF) and the origins of Indo-Pacific marine biodiver-
sity: Mapping the biotic response to environmental 
change [Throughflow] – W. Renema & F.P. Wesse
lingh – FP7-PEOPLE-ITN-2008,  
1 January 2010-31 December 2013.

Other (e.g., contract research, foreign 
governmental subsidies, foundations)
Honey Bee Surveillance – J.C. Biesmeijer  
(coordinator) – Ministry of Economic Affairs,  
9 September 2014-31 May 2018.

Q-Bank – H. Duistermaat & E. Boer – Ministry  
EL&I / NVWA,  
1 November 2011-31 December 2014.

Uitbreiding soortenregister met data exoten (dieren) 
– B. van der Hoorn – Ministry EL&I / NVWA,  
1 December 2013-15 June 2014.

Uitbreiding soortenregister met data exoten  
(planten) – B. van der Hoorn – Ministry EL&I / NVWA, 
1 November 2014-1 May 2015.

Flora of the Guianas – S. Mota de Oliveira – Alberta 
Mennega Stichting & Stichting Van Eeden fonds,  
14 March 2011-31 December 2017.

Systematics, biogeography, and evolution of  
Impatiens, with a focus on southeast Asian taxa –  
T. van der Niet & E.F. Smets [PhD position S. Ruchi
sansakun] – Thai Ministry of Science and Technolo-
gy, the Ministry of Education and the lnstitute for 
the Promotion of Teaching Science and Technology 
(IPST), 1 November 2013-31 October 2017.

Botanical Inventory on Halmahera – M.C. Roos & P.C. 
van Welzen – Missouri Botanical Gardens & Weda 
Bay Nickel, 1 November 2013 – 29 February 2016.

Phylogeographical patterns between the rain  
forest and the Amazon forest: An approach with  
the family Dicranaceae s.l. (Bryophyta) and other 
haplolepideous mosses – M. Stech [PhD R. Gama 
Dias Neto] – CAPES (Brazil),  
10 September 2011-9 September 2015.

Filogenia molecular e evolução morfológica de  
Leucobryaceae Schimp. (Bryophyta, Dicranidae) – 
M. Stech [PhD Ms. M. Bonfim Santos] – CAPES  
(Brazil), 1 November 2013-31 October 2017.

Reducing the impact of Non-native species in  
Europe – J. van Tol – NVWA / INTERREG IVA 2 – 
RINSE, 1 January 2013-30 June 2014.

Kits van Waveren fellow ‘teneinde onderzoek te ver-
richten aan de taxonomie, fylogenie en biogeografie 
van Russulales’ – J.B. Mols & E.F. Smets – Stichting 
Rijksherbariumfonds Dr. E. Kits van Waveren,  
1 April 2013-31 March 2017.

Supersmart project – R.A. Vos – Gotenborg Botani-
cal Garden, 1 August 2014-31 July 2015.

Heruitgave en bewerking Bomenboek voor Suriname 
– T.R. van Andel – Alberta Mennaga Stichting,  
1 June 2014-31 May 2015.

Digitization of Asian, Australian, European and North 
American plant type specimens at the National Her-
barium of the Netherlands Phase 3 – M.S.M. Sosef 
& J.B. Mols – Andrew W. Mellon Foundation,  
1 November 2012-31 December 2015.

Climate Change Proofing of WWF Netherlands prior-
ity conservation areas – N. Raes – WWF Nether-
lands, 1 October 2014-30 June 2015.
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De inventarisatie, registratie en analyse van Neder-
landse algen – J. van Tol & H. Stegenga – GiMaris, 
24 February 2010-31 December 2014.

Living apart Together – on niche evolution in African 
Lianas – M.S.M. Sosef & E.F. Smets [PhD P.H. Hoek-
stra] – Alberta Mennega Stichting & Wageningen 
University, 1 November 2012-31 October 2016.

Biogeography and Evolution of the rattan Calamus 
javensis Bl. (Arecaceae, Calamoideae) Complex – 
P.C. van Welzen [PhD M. Atria] – Indonesian Directo-
rate General for Higher Education (DIKTI),  
1 December 2012-30 November 2016.

Taxonomy, systematics, and biogeography of Ficus 
subsection Urostigma (Moraceae) – P.C. van Welzen 
[PhD B. Chantarasuwan] – Royal Thai Government 
(Thailand), 1 September 2009-3 November 2014.

Systematics and biogeography of Aganope, Brachy
pterum and Derris (Fabaceae) in Asia – P.C. van 
Welzen [PhD Dr. Yotsawate Sirichamorn] – Royal 
Thai Government (Thailand),  
8 September 2008-28 November 2013.

The Position of Malaysia in the world’s centre of 
maximum marine biodiversity: Exploring the bound-
aries of the Coral Triangle – B.W. Hoeksema [PhD Z. 
Waheed] – Ministry of Higher Education, Malaysia,  
1 July 2010-31 December 2015.

Naturalis Expert Center
The Naturalis Expert Center is the front office for  
research requests from external parties, such as 

government and business. Besides the handling of 
identifications and smaller applied research ques-
tions, also business support is available for services 
and products which arise from the core competen-
cies of Naturalis. Consultancy can be divided into 
three main components: knowledge, expertise and 
contract research. The Expert Center plays an inter-
mediary role in contacts with third parties and or-
ganizes the administrative and organizational imple-
mentation of the resulting research project, all in 
close collaboration with the specialists (researchers, 
technicians and curators). The office is responsible 
for the technical completion, contracts and reports 
of the project. The Netherlands Gemmological Labo-
ratory (NEL) is also thus supported; the Expert Cent-
er organizes courses, workshops and presentations. 
Subsequently, the researchers are also supported 
with questions concerning nature legislation (CITES). 

In 2013 and 2014 the Expert Center, including  
the revenues of the NEL, brought in c. 95 k€ and  
c. 125 k€ respectively. Here we present 4 examples 
of our projects.

Bestiaire Disparu (2013) 
For this project the Expert Center made the arrange-
ments, drafted the agreement, and organised the se-
lection of objects and photo’s to be used in the book. 
The project resulted in a book, an advance royalty 
settlement, and the free use for non-commercial 
purposes of the high quality images – in total equiva-
lent to a revenue of c. 40 k€. The photographs of Nat-
uralis material were also used to create wallpapers 
with the Naturalis logo. They will probably be used 
(2015) for renewal of the website on extinct birds and 
possibly the Naturalis exhibitions.

Surinam Wellness Center
Commercial consultancy assignment of T.R. van  
Andel, selecting plants and instructions on the use 
of medicinal plants of Surinam for a local Welness 
Center.

Birdstrikes Identification Netherlands Royal  
Airforce and Schiphol Airport
The identification of birds involved in collisions with 
aircrafts (Fig. 1) via feather-recognition and DNA- 
research. Sometimes identification of bird remains 
provide us with insight into specific types of  
damage, cause, location, season and the height  
at which bird species are a hazard to aircraft.  
This information is helpful to the Bird control and 
for the planning around airports.

Gallery Brief New Exhibitions in Kuwait
Review on a final Gallery Brief, including content 
messages, content background and exhibit descrip-
tions. This assignment is a follow-up of the visit to 
Naturalis and the discussions and talks with A.S. 
Schulp, researcher and expert on the dinosaurs of 
the Arabian Peninsula.

Fig. 1. Example of a bird strike. Photo: Ton Mens (Schiphol).

New taxa



118 119Report 2013 -2014 Naturalis Research and Education Report 2013 -2014 Naturalis Research and Education

The research carried out by our staff and honorary researchers over the years 2013 and 2014, as presented 
in this report, has resulted in the description of more than 650 taxa.

For 2013 and 2014 a representative selection of new taxa is photographically presented below, followed by 
the total list of all new taxa.

2013
Crassignatha danaugirangensis Miller et al., 2013

Miller, J.A., Schilthuizen, M., Lilliendahl Burmester, 
J., van der Graaf, L., Merckx, V., Jocqué, M., Kessler, 
P.J.A., Fayle, T.M., Breeschoten, T., Broeren, R., Bou-
man, R., Chua, W.-J., Feijen, F., Fermont, T., Groen, 
K., Groen, M., Kil, N.J.C., de Laat, H.A., Moerland, 
M.S., Moncoquet, C., Panjang, E., Philip, A.J., Roca-
Eriksen, R., Rooduijn, B., van Santen, M., Swakman, 
V., Evans, M.N., Evans, L.J., Love, K., Joscelyne, 
S.H., Tober, A.V., Wilson, H.F., Ambu, L.N. &  
Goossens, B. 2014. Dispatch from the field:  
ecology of ground-web-building spiders with  
description of a new species (Araneae,  
Symphytognathidae). Biodiversity Data  
Journal 2: 1-13. 

Dendrocoelum mariae Stocchino & Sluys, 2013

Stocchino, G.A., Sluys, R., Marcia, P. & Manconi, R. 
2013. Subterranean aquatic planarians of Sardinia, 
with a discussion on the penial flagellum in the  
genus Dendrocoelum (Platyhelminthes, Tricladida, 
Dendrocoelidae). J. Cave Karst Stud. 75: 93-112.

Hamodactylus macrophthalmus  
Fransen & Rauch, 2013

Fransen, C.H.J.M. & Rauch, C. 2013. Hamodactylus 
macrophthalmus spec. nov., a new coral-associated 
pontoniine shrimp (Decapoda, Caridea, Palaemoni-
dae) from Indonesia. Zootaxa 3635: 286-296.  

Nippontonia christellae Fransen, 2013

Fransen, C.H.J.M. 2013. A new species of the sponge-
associated pontoniine shrimp genus Nippontonia 
Bruce & Bauer, 1997 (Decapoda, Caridea, Palaemo-
nidae) from Sabah, Malaysia. Zootaxa 3694: 343-357. 

Specklinia absurda Bogarín, Karremans &  

R. Rincón, 2013

Bogarín, D., Karremans, A.P., Rincón, R. & Graven-
deel, B. 2013. A new Specklinia (Orchidaceae:  
Pleurothallidinae) from Costa Rica and Panama. 
Phytotaxa 115(2): 31-41. 

(A) Habitus of living specimen. (B) Sagittal reconstruction of the 
copulatory apparatus.

Drawing and photo: C.H.J.M. Fransen.

Drawing: C.H.J.M. Fransen.

Photo: Diego Bogarín.

                                                              Students participating in a  
                                                           two-week tropical ecology field  
                                                         course offered by Naturalis  
                                                       Biodiversity Center and hosted by  
                                                  Danau Girang Field Centre (DGFC) in  
                                           Sabah, Malaysia, encountered this tiny  
                                  spider in the course of their studies. Students 
and lecturers participating in the course, along with members  
of the field station scientific staff, resolved to describe this 
species and investigate its ecology using only the resources 
available at the field station. The results were submitted in the 
form on a manuscript before the end of the course.
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Plantae (fossil plants)

Azolla astroborealis van der Burgh, Collinson, van 
Konijnenburg-van Cittert, Barke & Brinkhuis, 2013 
(Azollaceae): Review Palaeobotany Palynology 
194: 50-68.

Azolla nova van der Burgh, Collinson, van Konijnen-
burg-van Cittert, Barke & Brinkhuis, 2013 (Azol-
laceae): Review Palaeobotany Palynology 194: 
50-68.

Azolla nuda van der Burgh, Collinson, van Konijnen-
burg-van Cittert, Barke & Brinkhuis, 2013 (Azol-
laceae): Review Palaeobotany Palynology 194: 
50-68.

Plantae

Annea Mackinder & Wieringa, 2013 (Legumiosae, 
Caesalpinioideae): Phytotaxa 142: 1-14.

Annea afzelii (Oliv.) Mackinder & Wieringa, 2013  
(Legumiosae, Caesalpinioideae): Phytotaxa 142: 
1-14.

Annea laxiflora (Benth.) Mackinder & Wieringa, 2013 
(Legumiosae, Caesalpinioideae): Phytotaxa 142: 
1-14.

Campylospermum andongensis (Hiern) Biss., 2013 
(Ochnaceae): Blumea 58: 1-7.

Campylospermum auriculatum Biss., 2013 
(Ochnaceae): Blumea 58: 1-7.

Campylospermum costatum (Tiegh.) Biss., 2013 
(Ochnaceae): Blumea 58: 1-7.

Campylospermum gabonensis subsp. australis 
Biss., 2013 (Ochnaceae): Blumea 58: 1-7.

Campylospermum gabonensis subsp. gabonensis 
Biss., 2013 (Ochnaceae): Blumea 58: 1-7.

Campylospermum glaucifolium Biss., 2013 
(Ochnaceae): Blumea 58: 1-7.

Campylospermum glomeratum (Tiegh.) Biss., 2013 
(Ochnaceae): Blumea 58: 1-7.

Campylospermum longestipulatum (De Wild.) Biss., 
2013 (Ochnaceae): Blumea 58: 1-7.

Campylospermum lunzuensis (N.Robson) Biss., 
2013 (Ochnaceae): Blumea 58: 1-7.

Campylospermum lutambensis (Sleumer) Biss., 
2013 (Ochnaceae): Blumea 58: 1-7.

Campylospermum nutans (Hiern) Biss., 2013 
(Ochnaceae): Blumea 58: 1-7.

Campylospermum occidentalis Biss., 2013 
(Ochnaceae): Blumea 58: 1-7.

Campylospermum plicatum (Tiegh.) Biss., 2013 
(Ochnaceae): Blumea 58: 1-7.

Campylospermum warneckei (Gilg ex Engl.) Biss., 
2013 (Ochnaceae): Blumea 58: 1-7.

Chelonistele maximae-reginae de Vogel, Vugt, M.
Perry, E. Winkel & Hoogend., 2013 (Orchidaceae): 
Malesian Orchid Journal Vol. 12: 5-12.

Crotalaria tchibangensis Maesen, 2013 (Leguminos-
ae, Papilionoideae): Webbia 68: 97-101.

Dracontia montis-mortense Karremans & Bogarín, 
2013 (Orchidaceae): Systematic Botany 38(2): 
307-315.

Dracontia pileata Karremans & Bogarín, 2013  
(Orchidaceae): Systematic Botany 38(2):  
307-315.

Dracontia viridi-flava Karremans & Bogarín, 2013 
(Orchidaceae): Systematic Botany 38(2):  
307-315.

Epidendrum bogarinii Karremans & C.M.Sm., 2013 
(Orchidaceae): Icones Orchidacearum (Mexico) 
14(10): t. 1412.

Epidendrum inhibitiosum Karremans & Mel.Fernán-
dez, 2013 (Orchidaceae): Icones Orchidacearum 
(Mexico) 14(10): t. 1443.

Epidendrum microanoglossum Hágsater & Karre-
mans, 2013 (Orchidaceae): Icones Orchidacearum 
(Mexico) 14(10): t. 1457.

Erythrina wieringae Maesen, 2013 (Leguminosae, 
Papilionoideae): Webbia 68: 97-101.

Ficus chiangraiensis Chantaras., 2013 (Moraceae): 
Systematic Botany 38: 653-686.

Ficus middletonii Chantaras., 2013 (Moraceae):  
Systematic Botany 38: 653-686.

Ficus pseudoconcinna Chantaras., 2013 (Moraceae): 
Systematic Botany 38: 653-686.

Ficus virens var. dispersa Chantaras., 2013 
(Moraceae): Sytematic Botany 38: 653-686.

Ficus virens var. middletonii Chantaras., 2013 
(Moraceae): Systematic Botany 38: 653-686.

Gabonius Wieringa & Mackinder, 2013 (Legumiosae, 
Caesalpinioideae): Phytotaxa 142: 15-24.

Gabonius ngouniensis (Pellegr.) Wieringa & Mack-
inder, 2013 (Legumiosae, Caesalpinioideae):  
Phytotaxa 142: 15-24.

Heteroblemma (Blume) Cámara-Leret, Ridd.-Num. 
& Veldk., 2013 (Melastomataceae): Blumea 58: 
229-240.

Heteroblemma alternifolium (Blume) Cámara-Leret, 
Ridd.-Num. & Veldk., 2013 (Melastomataceae): 
Blumea 58: 229-240.

Heteroblemma barbatum (Bakh. f.) Cámara-Leret, 
Ridd.-Num. & Veldk., 2013 (Melastomataceae): 
Blumea 58: 229-240.

Heteroblemma bisetosum (Bakh. f.) Cámara-Leret, 
Ridd.-Num. & Veldk., 2013 (Melastomataceae): 
Blumea 58: 229-240.

Heteroblemma capillipes (Regalado) Cámara-Leret, 
Ridd.-Num. & Veldk., 2013 (Melastomataceae): 
Blumea 58: 229-240.

Heteroblemma decurrens (Cogn.) Cámara-Leret, 
Ridd.-Num. & Veldk., 2013 (Melastomataceae): 
Blumea 58: 229-240.

Heteroblemma flagellatum (Stapf) Cámara-Leret, 
Ridd.-Num. & Veldk., 2013 (Melastomataceae): 
Blumea 58: 229-240.

Heteroblemma formanii (Regalado) Cámara-Leret, 
Ridd.-Num. & Veldk., 2013 (Melastomataceae): 
Blumea 58: 229-240.

Heteroblemma kemulense (Regalado) Cámara-Leret, 
Ridd.-Num. & Veldk., 2013 (Melastomataceae): 
Blumea 58: 229-240.

Heteroblemma loratum (Stapf) Cámara-Leret, 
Ridd.-Num. & Veldk., 2013 (Melastomataceae): 
Blumea 58: 229-240.

Heteroblemma sandakanense (Regalado) Cámara-
Leret, Ridd.-Num. & Veldk., 2013 (Melastomata-
ceae): Blumea 58: 229-240.

Heteroblemma serpens (Stapf) Cámara-Leret, 
Ridd.-Num. & Veldk., 2013 (Melastomataceae): 
Blumea 58: 229-240.

Hymenostegia viridiflora Mackinder & Wieringa, 
2013 (Legumiosae, Caesalpinioideae): Blumea 58: 
13-17.

Lagerstroemia huamotensis W.J. de Wilde & Duyf
jes, 2013 (Lythraceae): Thai Forest Bulletin  
(Botany) 41: 93-96.

Lagerstroemia kratiensis W.J. de Wilde & Duyfjes, 
2013 (Lythraceae): Thai Forest Bulletin (Botany) 
41: 93-96.

Lagerstroemia vanosii W.J. de Wilde & Duyfjes, 2013 
(Lythraceae): Thai Forest Bulletin (Botany) 41:  
93-96.

Mallotus tokiae Welzen, 2013 (Euphorbiaceae):  
Thai Forest Bulletin (Botany) 41: 85-89.

Miliusa butonensis Chaowasku & Kessler, 2013  
(Annonaceae): European Journal of Taxonomy 54: 
1-21.

Miliusa codonantha Chaowasku, 2013 (Annonaceae): 
Willdenowia 43: 101-105.

Miliusa fragrans Chaowasku & Kessler, 2013 (An-
nonaceae): Nordic Journal of Botany 31: 680-699.

Miliusa hirsuta Chaowasku & Kessler, 2013 (Annon-
aceae): Nordic Journal of Botany 31: 680-699.

Miliusa intermedia Chaowasku & Kessler, 2013 (An-
nonaceae): Nordic Journal of Botany 31: 680-699.

Miliusa nakhonsiana Chaowasku & Kessler, 2013 
(Annonaceae): Nordic Journal of Botany 31:  
680-699.

Miliusa sessilis Chaowasku & Kessler, 2013 (Annon-
aceae): Nordic Journal of Botany 31: 680-699.

Miliusa thailandica Chaowasku & Kessler, 2013 (An-
nonaceae): Nordic Journal of Botany 31: 680-699.

Miliusa umpangensis Chaowasku & Kessler, 2013 
(Annonaceae): Nordic Journal of Botany 31:  
680-699.

Miliusa viridiflora Chaowasku & Kessler, 2013  
(Annonaceae): European Journal of Taxonomy 54: 
1-21.

Ptychopyxis esdras Stoops, 2013 (Euphorbiaceae): 
Nordic Journal of Botany 31: 94-112.

Specklinia absurda Bogarín, Karremans & R. Rincón, 
2013 (Orchidaceae: Pleurothallidinae): Phytotaxa 
115(2): 31-41.

Trichocentrum pupulinianum Bogarín & Karremans, 
2013 (Orchidaceae): Orchids 82(2): 106-110.

Winitia Chaowasku, 2013 (Annonaceae): Systematics 
and Biodiversity 11: 195-207.

Winitia	 expansa Chaowasku, 2013 (Annonaceae): 
Systematics and Biodiversity 11: 195-207.

Fungi

Entoloma bloxamii var. rubellum (Scop.: Gillet)  
Morgado & Noordeloos, 2013 (Entolomataceae): 
Persoonia 31: 159-178.

Entoloma brunneosericeum Noordeloos, Vila &  
Suarez, 2013 (Entolomataceae): Studies in Ento-
loma, Fungi non delineati 66: 3-62.

Entoloma caesiollamellatum (Noordeloos & Wolfel) 
Noordeloos & Morgado, 2013 (Entolomataceae): 
Persoonia 31: 159-178.

Entoloma fumosobrunneum Noordeloos & Morgado, 
2013 (Entolomataceae): Persoonia 31: 1591-78.

Entoloma ochreoprunuloides Noordeloos & Morgado, 
2013 (Entolomataceae): Persoonia 31: 159-178.

Entoloma ochreoprunuloides forma hyacinthinum 
Noordeloos & Morgado, 2013 (Entolomataceae): 
Persoonia 31: 159-178.

Entoloma pseudofavrei Noordeloos & Vila, 2013  
(Entolomataceae): Studies in Entoloma, Fungi non 
delineati 66: 3-62.

Entoloma pseudoprunuloides Noordeloos &  
Morgado, 2013 (Entolomataceae): Persoonia 31: 
159-178.

Fossil animals

Bystrowicrinus westheadi S.K. Donovan, 2013 (Cri-
noidea): Proceedings of the Yorkshire Geological 
Society 59: 211-218.

Crioceratites (Binelliceras) angulicostatiformis 
Hoedemaeker, 2013 (Ammonitoidea, Crioceratiti-
dae): Revue de paleobiologie 32(1): 1-209.

Crioceratites (Balearites) oicasensis Hoedemaeker, 
2013 (Ammonitoidea, Crioceratitidae): Revue de 
Paleobiologie 32(1): 1-209.

Crioceratites (Balearites) theodomirensis Hoede-
maeker, 2013 (Ammonitoidea, Crioceratitidae): 
Revue de Paleobiologie 32(1): 1-209.

Pseudothurmannia subgenus Kakabadziella Hoe-
demaeker, 2013 (Ammonitoidea, Crioceratitidae): 
Revue de paleobiologie 32(1): 1-209.

Pseudothurmannia (Kakabadziella) caravacaensis 
Hoedemaeker, 2013 (Ammonitoidea, Crioceratiti-
dae): Revue de Paleobiologie 32(1): 1-209.

Pseudothurmannia (Kakabadziella) ohmi valbon­
nettensis Hoedemaeker, 2013 (Ammonitoidea, 
Crioceratitidae): Revue de Paleobiologie 32(1): 
1-209.

Pseudothurmannia (Kakabadziella) tornajensis 
Hoedemaeker, 2013 (Ammonitoidea, Crioceratiti-
dae): Revue de Paleobiologie 32(1): 1-209.

Pseudothurmannia (Pseudothurmannia) arundi­
costata Hoedemaeker, 2013 (Ammonitoidea, 
Crioceratitidae): Revue de Paleobiologie 32(1): 
1-209.

Pseudothurmannia (Pseudothurmannia) dissiticos­
tata Hoedemaeker, 2013 (Ammonitoidea,  
Crioceratitidae): Revue de paleobiologie 32(1): 
1-209.

Pseudothurmannia (Pseudothurmannia) perevoluta 
Hoedemaeker, 2013 (Ammonitoidea, Crioceratiti-
dae): Revue de Paleobiologie 32(1): 1-209.

Roamerella S.K. Donovan & L.W. van den Hoek Os-
tende, 2013 (Brachiopoda, Lingulata; Devonian): 
Cretaceous Research 40: 1-2.
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Porifera

Antho (Antho) atlantidae van Soest, Beglinger &  
de Voogd, 2013 (Microcionidae): Zoologische  
Mededelingen Leiden 87(4): 275-404.

Antho (Antho) nuda van Soest, Beglinger & de Voogd, 
2013 (Microcionidae): Zoologische Mededelingen 
Leiden 87(4): 275-404.

Artemisina incrustans van Soest, Beglinger & de 
Voogd, 2013 (Microcionidae): Zoologische  
Mededelingen Leiden 87(4): 275-404.

Artemisina melanoides van Soest, Beglinger &  
de Voogd, 2013 (Microcionidae): Zoologische Me-
dedelingen Leiden 87(4): 275-404.

Clathria (Axosuberites) papillata van Soest,  
Beglinger & de Voogd, 2013 (Microcionidae):  
Zoologische Mededelingen Leiden 87(4): 275-404.

Clathria (Cornulotrocha) cheliglomerata van Soest, 
Beglinger & de Voogd, 2013 (Microcionidae):  
Zoologische Mededelingen Leiden 87(4): 275-404.

Clathria (Microciona) ascensionis van Soest,  
Beglinger & de Voogd, 2013 (Microcionidae):  
Zoologische Mededelingen Leiden 87(4): 275-404.

Clathria (Microciona) aurea van Soest, Beglinger & 
de Voogd, 2013 (Microcionidae): Zoologische  
Mededelingen Leiden 87(4): 275-404.

Clathria (Microciona) bicleistochelifera van Soest, 
Beglinger & de Voogd, 2013 (Microcionidae):  
Zoologische Mededelingen Leiden 87(4): 275-404.

Clathria (Microciona) boavistae van Soest,  
Beglinger & de Voogd, 2013 (Microcionidae):  
Zoologische Mededelingen Leiden 87(4): 275-404.

Clathria (Microciona) calloides van Soest, Beglinger 
& de Voogd, 2013 (Microcionidae): Zoologische 
Mededelingen Leiden 87(4): 275-404.

Clathria (Microciona) cancapseptima van Soest, 
Beglinger & de Voogd, 2013 (Microcionidae):  
Zoologische Mededelingen Leiden 87(4): 275-404.

Clathria (Microciona) capverdensis van Soest,  
Beglinger & de Voogd, 2013 (Microcionidae):  
Zoologische Mededelingen Leiden 87(4): 275-404.

Clathria (Microciona) conchicola van Soest,  
Beglinger & de Voogd, 2013 (Microcionidae):  
Zoologische Mededelingen Leiden 87(4): 275-404.

Clathria (Microciona) gorgadensis van Soest,  
Beglinger & de Voogd, 2013 (Microcionidae):  
Zoologische Mededelingen Leiden 87(4): 275-404.

Clathria (Microciona) hjorti van Soest, Beglinger & 
de Voogd, 2013 (Microcionidae): Zoologische  
Mededelingen Leiden 87(4): 275-404.

Clathria (Thalysias) minutoides van Soest,  
Beglinger & de Voogd, 2013 (Microcionidae):  
Zoologische Mededelingen Leiden 87(4): 275-404.

Clathria (Thalysias) vacata van Soest, Beglinger & 
de Voogd, 2013 (Microcionidae): Zoologische  
Mededelingen Leiden 87(4): 275-404.

Placospongia santodomingoae Becking, 2013  
(Placospongiidae): Zookeys, 298: 39-76.

Cnidaria: Octocorallia

Parasphaerasclera McFadden & Ofwegen, 2013  
(Alcyonacea): ZooKeys 346: 59-83.

Parasphaerascleridae McFadden & Ofwegen, 2013 
(Alcyonacea): ZooKeys 346: 59-83.

Sphaerasclera McFadden & Ofwegen, 2013  
(Alcyonacea): ZooKeys 346: 59-83.

Platyhelminthes

Dendrocoelum mariae Stocchino & Sluys, 2013  
(Tricladida, Dendrocoelidae): Journal of Cave and 
Karst Studies 75: 93-112.

Dendrocoelum nuraghum Stocchino & Sluys, 2013 
(Tricladida, Dendrocoelidae): Journal of Cave and 
Karst Studies 75: 93-112.

Dendrocoelum vesiculosum Stocchino & Sluys, 2013 
(Tricladida, Dendrocoelidae): Journal of Cave and 
Karst Studies 75: 93-112.

Dugesia effusa Sluys, 2013 (Tricladida, Dugesiidae): 
Zoological Journal of the Linnean Society 169: 
523-547.

Dugesia improvisa Sluys & Solà, 2013 (Tricladida, 
Dugesiidae): Zoological Journal of the Linnean 
Society 169: 523-547.

Dugesia naiadis Sluys, 2013 (Tricladida, Dugesiidae): 
Zoological Journal of the Linnean Society 169: 
523-547.

Dugesia parasagitta Sluys & Solà, 2013 (Tricladida, 
Dugesiidae): Zoological Journal of the Linnean 
Society 169: 523-547.

Dugesia superioris Stocchino & Sluys, 2013  
(Tricladida, Dugesiidae): ZooKeys 313: 25-43.

Phagocata obscura Stocchino & Sluys, 2013 (Pla-
nariidae): Journal of Cave and Karst Studies 75: 
93-112.

Recurva Sluys, 2013 (Tricladida, Dugesiidae): Zoolog-
ical Journal of the Linnean Society 169: 523-547.

Recurva conjuncta Sluys, 2013 (Tricladida,  
Dugesiidae): Zoological Journal of the Linnean 
Society 169: 523-547.

Recurva postrema Sluys & Solà, 2013 (Tricladida, 
Dugesiidae): Zoological Journal of the Linnean 
Society 169: 523-547.

Annelida

Kinabaluensis inobongensis Kappes, 2013 (Hiru
dinea, Haemadipsidae, Tritetrabdella):  
Contributions to Zoology 82: 185-197.

Kinabaluensis kinabaluensis Kappes, 2013  
(Hirudinea, Haemadipsidae, Tritetrabdella):  
Contributions to Zoology 82: 185-197.

Mollusca: Gastropoda

Afripupa misaliensis Gittenberger & van Bruggen, 
2013 (Vertiginidae): Zoologische Mededelingen 
87(2-5): 235-273.

Avakubia biokoensis de Winter & Vastenhout, 2013 
(Streptaxidae): African Invertebrates 54(2):  
605-663.

Avakubia crystallum de Winter, 2013 (Streptaxidae): 
African Invertebrates 54(2): 605-663.

Avakubia fruticicolada de Winter & Vastenhout, 2013 
(Streptaxidae): African Invertebrates 54(2): 605-
663.

Avakubia occidentalis de Winter, 2013 (Streptaxidae): 
African Invertebrates 54(2): 605-663.

Avakubia ortizdezaratorum de Winter & Vasten-
hout, 2013 (Streptaxidae): African Invertebrates 
54(2): 605-663.

Avakubia semenguei de Winter & Vastenhout, 2013 
(Streptaxidae): African Invertebrates 54(2): 605-
663.

Avakubia subacuminata de Winter & Vastenhout, 
2013 (Streptaxidae): African Invertebrates 54(2): 
605-663.

Metafruticicola crassicosta Bank, Gittenberger & 
Neubert, 2013 (Hygromiidae): Archiv für Mollusken
kunde 142: 67-136.

Metafruticicola monticola Bank, Gittenberger & Neu
bert, 2013 (Hygromiidae): Archiv für Mollusken-
kunde 142: 67-136.

Metafruticicola nicosiana maasseni Bank, Gitten-
berger & Neubert, 2013 (Hygromiidae): Archiv für 
Molluskenkunde 142: 67-136.

Metafruticicola pieperi Bank, Gittenberger & Neu-
bert, 2013 (Hygromiidae): Archiv für Mollusken-
kunde 142: 67-136.

Metafruticicola rugosissima Bank, Gittenberger  
& Neubert, 2013 (Hygromiidae): Archiv für  
Molluskenkunde 142: 67-136.

Metafruticicola uluborulensis Bank, Gittenberger  
& Neubert, 2013 (Hygromiidae): Archiv für  
Molluskenkunde 142: 67-136.

Microcystina rowsoni Gittenberger & van Bruggen, 
2013 (Euconulidae): Zoologische Mededelingen 
87(2-5): 235-273.

Pseudavakubia de Winter & Vastenhout, 2013 (Strep
taxidae): African Invertebrates 54(2): 605-663.

Pseudavakubia atewaensis de Winter, 2013 (Strep
taxidae): African Invertebrates 54(2): 605-663.

Pseudavakubia ghanaensis de Winter, 2013 (Strep
taxidae): African Invertebrates 54(2): 605-663.

Pseudavakubia liberiana de Winter, 2013 (Streptaxi-
dae): African Invertebrates 54(2): 605-663.

Pseudavakubia majus de Winter & Vastenhout, 2013 
(Streptaxidae): African Invertebrates 54(2):  
605-663.

Pupisoma (Ptychopatula) misaliensis Gittenberger 
& van Bruggen, 2013 (Valloniidae): Zoologische 
Mededelingen 87(2-5): 235-273.

Truncatellina bhutanensis Gittenberger, Leda & She
rub, 2013 (Vertiginidae): Basteria 77(1-3): 29-32.

Mollusca: Bivalvia

Cyclochlamys wakensis Dijkstra & Raines, 2013  
(Cyclochlamydidae): Basteria 77: 17-21.

Cyclopecten comptulus Dijkstra & Maestrati, 2013 
(Propeamussiidae): Zoosystema 35: 361-375.

Cyclopecten erythraeensis Dijkstra & Janssen, 
2013 (Propeamussiidae): Archiv für Mollusken-
kunde 142: 181-214.

Cyclopecten meteorae Dijkstra & Janssen, 2013 
(Propeamussiidae): Archiv für Molluskenkunde 
142: 181-214.

Parvamussium lamellatum Dijkstra & Maestrati, 
2013 (Propeamussiidae): Zoosystema 35: 361-375.

Parvamussium largoi Dijkstra, 2013 (Propeamussii-
dae): Vita Malacologica 10: 19.

Parvamussium orbiculatum Dijkstra & Maestrati, 
2013 (Propeamussiidae): Zoosystema 35: 469-479.

Parvamussium perspicuum Dijkstra & Maestrati, 
2013 (Propeamussiidae): Zoosystema 35: 469-479.

Parvamussium scutulatum Dijkstra & Maestrati, 
2013 (Propeamussiidae): Zoosystema 35: 361-375.

Parvamussium vesiculosum Dijkstra & Maestrati, 
2013 (Propeamussiidae): Zoosystema 35: 361-375.

Propeamussium arabicum Dijkstra & Janssen, 2013 
(Propeamussiidae): Archiv für Molluskenkunde 
142: 181-214.

Arthropoda: Arachnida: Acari

Albia ilikensis Smit, 2013 (Aturidae): Zootaxa 3716: 
207-235.

Albia papuaensis Smit, 2013 (Aturidae): Zootaxa 
3716: 207-235.

Australiobates elongatus Smit, 2013 (Hygrobati-
dae): Zootaxa 3716: 207-235.

Axonopsella bisetosa Smit, 2013 (Aturidae): Zootaxa 
3716: 207-235.

Djeboa curtipalpis Pešić & Smit, 2013 (Mideopsi-
dae): Zootaxa 3720: 1-75.

Djeboa ghanaensis Pešić & Smit, 2013 (Mideopsidae): 
Zootaxa 3720: 1-75.

Djeboa wondergemi Pešić & Smit, 2013 (Mideo
psidae): Zootaxa 3720: 1-75.

Dropursides Smit, 2013 (Hygrobatidae): Zootaxa 
3716: 207-235.

Dropursides aberratus Smit, 2013 (Hygrobatidae): 
Zootaxa 3716: 207-235.

Hydrobaumia purpurea Smit, 2013 (Anisitsiellidae): 
Zootaxa 3716: 207-235.

Koenikea sentaniensis Smit, 2013 (Unionicolidae): 
Zootaxa 3716: 207-235.

Limnesia multiscutata Smit, 2013 (Limnesiidae): 
Zootaxa 3716: 207-235.

Limnesia vogelkop Smit, 2013 (Limnesiidae): 
Zootaxa 3716: 207-235.

Mellamunda tasmanica Smit, 2013 (Athienemannii-
dae): Subterranean Biology 10: 37-42.

Neumania silvestris Smit, 2013 (Unionicolidae): 
Zootaxa 3716: 207-235.
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Oxus manokwariensis Smit, 2013 (Oxidae): Zootaxa 
3716: 207-235.

Partidomomonia elongata Smit, 2013 (Momoniidae): 
Subterranean Biology 10: 37-42.

Recifella fluviatilis Smit, 2013 (Unionicolidae): 
Zootaxa 3716: 207-235.

Unionicola novaeguineae Smit, 2013 (Unionicolidae): 
Zootaxa 3716: 207-235.

Wandesia minuta Smit, 2013 (Hydryphantidae): 
Subterranean Biology 10: 37-42.

Arthropoda: Crustacea

Hamodactylus macrophthalmus Fransen & Rauch, 
2013 (Decapoda, Caridea, Palaemonidae): 
Zootaxa 3635: 286-296.

Ingolfiella botoi Vonk & Jaume, 2013 (Amphipoda, 
Ingolfiellidae): Marine Biodiversity, doi 10.1007/
s12526-013-0193-0.

Nippontonia christellae Fransen, 2013 (Decapoda, 
Caridea, Palaemonidae): Zootaxa 3694: 343-357.

Arthropoda: Insecta: Odonata

Drepanosticta burbachi Dow, 2013 (Platystictidae): 
Odonatologica 42: 203-210.

Eoargiolestes Kalkman & Theischinger, 2013  
(Argiolestidae): International Journal of Odonatol-
ogy 16: 1-52.

Luzonargiolestes Kalkman & Theischinger, 2013  
(Argiolestidae): International Journal of Odonatol-
ogy 16: 1-52.

Matticnemis Dijkstra, 2013 (Platycnemididae):  
International Journal of Odonatology 16: 269-274.

Solomonargiolestes Kalkman & Theischinger, 2013 
(Argiolestidae): International Journal of Odonatol-
ogy 16: 1-52.

Podolestinae Kalkman & Theischinger, 2013 (Odona-
ta): International Journal of Odonatology 16: 1-52.

Pyrrhoargiolestes Kalkman & Theischinger, 2013 
(Argiolestidae): International Journal of Odonatol-
ogy 16: 1-52. 

Pyrrhoargiolestes lamington Kalkman, Richards & 
Polhemus, 2013 (Argiolestidae): International 
Journal of Odonatology 16: 53-65.

Pyrrhoargiolestes yela Kalkman, Richards & Pol
hemus, 2013 (Argiolestidae): International  
Journal of Odonatology 16: 53-65.

Spesbona Dijkstra, 2013 (Platycnemididae): Inter
national Journal of Odonatology 16: 269-274.

Stenocypha Dijkstra, 2013 (Chlorocyphidae): Inter-
national Journal of Odonatology 16: 269-274.

Arthropoda: Insecta: Hymenoptera

Apodesmia bruniclypealis Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Apodesmia melliclypealis Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Apsilocera acuticristata Mitroiu & van Achterberg, 
2013 (Pteromalidae): Zootaxa 3717(4): 448-468.

Apsilocera bicristata Mitroiu & van Achterberg, 
2013 (Pteromalidae): Zootaxa 3717(4): 448-468.

Apsilocera cornuta Mitroiu & van Achterberg, 2013 
(Pteromalidae): Zootaxa 3717(4): 448-468.

Apsilocera dentata Mitroiu & van Achterberg, 2013 
(Pteromalidae): Zootaxa 3717(4): 448-468.

Apsilocera dupla Mitroiu & van Achterberg, 2013 
(Pteromalidae): Zootaxa 3717(4): 448-468.

Apsilocera elongata Mitroiu & van Achterberg, 2013 
(Pteromalidae): Zootaxa 3717(4): 448-468.

Apsilocera fulvipennis Mitroiu & van Achterberg, 
2013 (Pteromalidae): Zootaxa 3717(4): 448-468.

Apsilocera longicornis Mitroiu & van Achterberg, 
2013 (Pteromalidae): Zootaxa 3717(4): 448-468.

Apsilocera maculata Mitroiu & van Achterberg, 2013 
(Pteromalidae): Zootaxa 3717(4): 448-468.

Apsilocera obtusicristata Mitroiu & van Achterberg, 
2013 (Pteromalidae): Zootaxa 3717(4): 448-468.

Apsilocera palliclava Mitroiu & van Achterberg, 
2013 (Pteromalidae): Zootaxa 3717(4): 448-468.

Apsilocera tuberculata Mitroiu & van Achterberg, 
2013 (Pteromalidae): Zootaxa 3717(4): 448-468.

Areotetes Li & van Achterberg, 2013 (Braconidae): 
ZooKeys 268: 1-186.

Areotetes albiferus Li & van Achterberg, 2013 (Bra-
conidae): ZooKeys 268: 1-186.

Areotetes carinuliferus Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Areotetes striatiferus Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Coleopioides Li & van Achterberg, 2013 (Braconidae): 
ZooKeys 268: 1-186.

Coleopioides diversinotum Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Coleopioides postpectalis Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Epimicta sulciscutum Zheng, Chen & van Achterberg, 
2013 (Braconidae): Zootaxa 3613(2): 190-194.

Ficobracon codonatus Huang & van Achterberg, 
2013 (Braconidae): Zootaxa 3640(3): 465-472.

Ficobracon rhiknosus Huang & van Achterberg, 
2013 (Braconidae): Zootaxa 3640(3): 465-472.

Fopius dorsopiferus Li, van Achterberg & Tan, 2013 
(Braconidae): ZooKeys 268: 1-186.

Indiopius chenae van Achterberg & Li, 2013  
(Braconidae): ZooKeys 268: 1-186.

Opiognathus aulaciferus Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Opiognathus brevibasalis Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Opius cheni Li & van Achterberg, 2013 (Braconidae): 
ZooKeys 268: 1-186.

Opius crenuliferus Li & van Achterberg, 2013  
(Braconidae): ZooKeys 268: 1-186.

Opius malarator Li, van Achterberg & Tan, 2013 
(Braconidae): ZooKeys 268: 1-186.

Opius monilipalpis Li & van Achterberg, 2013  
(Braconidae): ZooKeys 268: 1-186.

Opius pachymerus Li & van Achterberg, 2013  
(Braconidae): ZooKeys 268: 1-186.

Opius songi Li & van Achterberg, 2013 (Braconidae): 
ZooKeys 268: 1-186.

Opius wengi Li & van Achterberg, 2013 (Braconidae): 
ZooKeys 268: 1-186.

Opius youi Li & van Achterberg, 2013 (Braconidae): 
ZooKeys 268: 1-186.

Opius zengi Li & van Achterberg, 2013 (Braconidae): 
ZooKeys 268: 1-186.

Paroplitis vietnamensis van Achterberg & Fernández-
Triana, 2013 (Braconidae): Zootaxa 3722(4): 549-568.

Phaedrotoma acuticlypealis Li & van Achterberg, 
2013 (Braconidae): ZooKeys 268: 1-186.

Phaedrotoma angiclypeata Li & van Achterberg, 
2013 (Braconidae): ZooKeys 268: 1-186.

Phaedrotoma antenervalis Li & van Achterberg, 
2013 (Braconidae): ZooKeys 268: 1-186.

Phaedrotoma depressa Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Phaedrotoma depressiclypealis Li & van Achter-
berg, 2013 (Braconidae): ZooKeys 268: 1-186.

Phaedrotoma flavisoma Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Phaedrotoma nigrisoma Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Phaedrotoma protuberator Li & van Achterberg, 
2013 (Braconidae): ZooKeys 268: 1-186.

Phaedrotoma rugulifera Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Phaedrotoma semiplanata Li & van Achterberg, 
2013 (Braconidae): ZooKeys 268: 1-186.

Phaedrotoma striatinota Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Phaedrotoma vermiculifera Li & van Achterberg, 
2013 (Braconidae): ZooKeys 268: 1-186.

Rhogadopsis latipennis Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Rhogadopsis longicaudifera Li & van Achterberg, 
2013 (Braconidae): ZooKeys 268: 1-186.

Rhogadopsis maculosa Li, van Achterberg & Tan, 
2013 (Braconidae): ZooKeys 268: 1-186.

Rhogadopsis obliqua Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Rhogadopsis sculpturator Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Snellenius nigellus Long & van Achterberg, 2013 
(Braconidae): Ta p chí sinh ho c 35(3): 272-280.

Snellenius similis Long & van Achterberg, 2013  
(Braconidae): Ta p chí sinh ho c 35(3): 272-280.

Utetes longicarinatus Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Vadumasonium vardyorum van Achterberg & Broad, 
2013 (Braconidae): Journal of Hymenoptera  
Research 33: 91-98.

Xynobius notauliferus Li & van Achterberg, 2013 
(Braconidae): ZooKeys 268: 1-186.

Arthropoda: Insecta: Diptera

Archimicrodon malukensis Reemer, 2013 (Syrphidae): 
ZooKeys 288: 1-213.

Carreramyia megacera Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.

Carreramyia tigrina Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.

Ceratophya argentinensis Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.

Ceratrichomyia angolensis Reemer, 2013 (Syrphidae): 
ZooKeys 288: 1-213.

Ceratrichomyia bullabucca Reemer, 2013 (Syrphidae): 
ZooKeys 288: 1-213.

Diopsina fluegeli Feijen & Feijen, 2014  
(Diopsidae): Tijdschrift voor Entomologie  
156: 161-189.

Domodon Reemer, 2013 (Syrphidae): ZooKeys 288: 
1-213.

Domodon zodiacus Reemer, 2013 (Syrphidae):  
ZooKeys 288: 1-213.

Furcantenna nepalensis Reemer, 2013 (Syrphidae): 
ZooKeys 288: 1-213.

Heliodon Reemer, 2013 (Syrphidae): ZooKeys 288: 
1-213.

Heliodon doris Reemer, 2013 (Syrphidae): ZooKeys 
288: 1-213.

Heliodon elisabethanna Reemer, 2013 (Syrphidae): 
ZooKeys 288: 1-213.

Heliodon tiber Reemer, 2013 (Syrphidae): ZooKeys 
288: 1-213.

Hypselosyrphus amazonicus Reemer, 2013  
(Syrphidae): ZooKeys 288: 1-213.

Hypselosyrphus helvus Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.

Hypselosyrphus marshalli Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.

Hypselosyrphus maurus Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.

Hypselosyrphus pingo Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.

Hypselosyrphus pseudorhoga Reemer, 2013  
(Syrphidae): ZooTaxa 3697: 1-88.

Hypselosyrphus vexillipennis Reemer, 2013  
(Syrphidae): ZooTaxa 3697: 1-88.

Indascia gigantica Reemer, 2013 (Syrphidae):  
ZooKeys 288: 1-213.

Indascia spathulata Reemer, 2013 (Syrphidae): 
ZooKeys 288: 1-213.

Kryptopyga sulawesiana Reemer, 2013 (Syrphidae): 
ZooKeys 288: 1-213.

Laetodon Reemer, 2013	 (Syrphidae): ZooKeys 288: 
1-213.

Masarygus palmipalpus Reemer, 2013 (Syrphidae): 
ZooKeys 288: 1-213.

Menidon Reemer, 2013 (Syrphidae): ZooKeys 288: 
1-213.

Mermerizon Reemer, 2013 (Syrphidae): ZooKeys 288: 
1-213.

Mermerizon inbio Reemer, 2013 (Syrphidae):  
ZooKeys 288: 1-213.

Mermerizon mellosus Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.

Mermerizon mesmerizes Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.
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Metadon Reemer, 2013 (Syrphidae): ZooKeys 288: 
1-213.

Metadon achterbergi Reemer, 2013 (Syrphidae): 
ZooKeys 288: 1-213.

Microdon hauseri Reemer, 2013 (Syrphidae):  
ZooKeys 288: 1-213.

Microdon mandarinus Reemer, 2013 (Syrphidae): 
ZooKeys 288: 1-213.

Microdon shirakii Reemer, 2013 (Syrphidae):  
ZooKeys 288: 1-213.

Microdon yunnanensis Reemer, 2013 (Syrphidae): 
ZooKeys 288: 1-213.

Paramixogaster brunettii Reemer, 2013 (Syrphidae): 
ZooKeys 288: 1-213.

Paramixogaster sacki Reemer, 2013 (Syrphidae): 
ZooKeys 288: 1-213.

Peradon Reemer, 2013 (Syrphidae): ZooKeys 288: 
1-213.

Piruwa Reemer, 2013 (Syrphidae): ZooKeys 288: 
1-213.

Pseudomicrodon polistoides Reemer, 2013 (Syrphi-
dae): ZooKeys 288: 1-213.

Pseudomicrodon smiti Reemer, 2013 (Syrphidae): 
ZooKeys 288: 1-213.

Rhopalosyrphus abnormoides Reemer, 2013 (Syr-
phidae): ZooKeys 288: 1-213.

Rhopalosyrphus ecuadoriensis Reemer, 2013 (Syr-
phidae): ZooKeys 288: 1-213.

Rhopalosyrphus oreokawensis Reemer, 2013 (Syr-
phidae): ZooKeys 288: 1-213.

Rhopalosyrphus robustus Reemer, 2013 (Syrphi-
dae): ZooKeys 288: 1-213.

Stipomorpha crematogastri Reemer, 2013 (Syrphi-
dae): ZooTaxa 3697: 1-88.

Stipomorpha dichromata Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.

Stipomorpha elcopala Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.

Stipomorpha fallax Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.

Stipomorpha maculipennis Reemer, 2013 (Syrphi-
dae): ZooTaxa 3697: 1-88.

Stipomorpha mendax Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.

Stipomorpha panamana Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.

Stipomorpha spuria Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.

Stipomorpha zophera Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.

Sulcodon Reemer, 2013 (Syrphidae): ZooKeys 288: 
1-213.

Thompsodon Reemer, 2013 (Syrphidae): ZooKeys 
288: 1-213.

Thompsodon conspicillifrons Reemer, 2013  
(Syrphidae): ZooKeys 288: 1-213.

Ubristes ictericus Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.

Ubristes jaguarinus Reemer, 2013 (Syrphidae): 
ZooTaxa 3697: 1-88.

Arthropoda: Insecta: Lepidoptera

Pectinivalva (Menurella) quintiniae Hoare & van 
Nieukerken, 2013 (Nepticulidae): Zookeys 278: 
1-64.

Pectinivalva (Menurella) tribulatrix van Nieukerken 
& Hoare, 2013 (Nepticulidae): Zookeys 278: 1-64.

Pectinivalva (Menurella) xenadelpha van Nieukerken 
& Hoare, 2013 (Nepticulidae): Zookeys 278: 1-64.

Trifurcula (Glaucolepis) chretieni Z.Laštuvka, A.
Laštuvka. & van Nieukerken, 2013 (Nepticulidae): 
Tijdschrift voor Entomologie 156: 191-210.

Trifurcula (Glaucolepis) megaphallus van Nieuker
ken, Z.Laštuvka & A.Laštuvka, 2013 (Nepticuli-
dae): Tijdschrift voor Entomologie 156: 191-210.

Trifurcula (Glaucolepis) siciliae	Z.Laštuvka, 
A.Laštuvka. & van Nieukerken, 2013 (Nepticuli-
dae): Tijdschrift voor Entomologie 156: 191-210.

Arthropoda: Insecta: Coleoptera

Bolbochromus dumogensis Krikken & Li, 2013  
(Geotrupidae): Zootaxa 3731: 495-519.

Bolbochromus malayensis Li & Krikken, 2013  
(Geotrupidae): Zootaxa 3731: 495-519.

Bolbochromus mindanaicus Krikken & Li, 2013  
(Geotrupidae): Zootaxa 3731: 495-519.

Bolbochromus minutus Li & Krikken, 2013  
(Geotrupidae): Zootaxa 3731: 495-519.

Bolbochromus nomurai Li & Krikken, 2013  
(Geotrupidae): Zootaxa 3731: 495-519.

Bolbochromus pumilus Krikken & Li, 2013  
(Geotrupidae): Zootaxa 3731: 495-519.

Bolbochromus sinensis Krikken & Li, 2013  
(Geotrupidae): Zootaxa 3731: 495-519.

Malacotheria wanati Beenen, 2013 (Chrysomelidae): 
Genus 24(1): 65-108.

Metacycla daccordii Beenen, 2013 (Chrysomelidae): 
Entomologische Zeitschrift 123(4): 173-183.

Metalepta lojaensis Beenen, 2013 (Chrysomelidae) 
Entomologische Zeitschrift 123(4): 173-183.

Metacycla loptani Beenen, 2013 (Chrysomelidae): 
Entomologische Zeitschrift 123(4): 173-183.

Metrioidea astridae Beenen, 2013 (Chrysomelidae): 
Genus 24(1): 65-108.

Metrioidea aurantiaca Beenen, 2013 (Chrysomelidae): 
Genus 24(1): 65-108.

Metrioidea brunneipennis Beenen, 2013 
(Chrysomelidae): Genus 24(1): 65-108.

Metrioidea decorata Beenen, 2013 (Chrysomelidae): 
Genus 24(1): 65-108.

Metrioidea glabella Beenen, 2013 (Chrysomelidae): 
Genus 24(1): 65-108.

Metrioidea hirtipennis Beenen, 2013 (Chrysomelidae): 
Genus 24(1): 65-108.

Metrioidea ingeborgae Beenen, 2013 (Chrysomelidae): 
Genus 24(1): 65-108.

Metrioidea janbezdeki Beenen, 2013 (Chrysomelidae): 
Genus 24(1): 65-108.

Metrioidea monteithi Beenen, 2013 (Chrysomelidae): 
Genus 24(1): 65-108.

Metrioidea pilifera Beenen, 2013 (Chrysomelidae): 
Genus 24(1): 65-108.

Metrioidea undulata Beenen, 2013 (Chrysomelidae): 
Genus 24(1): 65-108.

Onthophagus aceroides Krikken & Huijbregts, 2013 
(Scarabaeidae): Zootaxa 3619: 501-525.

Onthophagus baiyericus Krikken & Huijbregts, 2013 
(Scarabaeidae): Zootaxa 3619: 501-525.

Onthophagus bituberoculus Krikken & Huijbregts, 
2013 (Scarabaeidae): Zootaxa 3619: 501-525.

Onthophagus daymanus Krikken & Huijbregts, 2013 
(Scarabaeidae): Zootaxa 3619: 501-525.

Onthophagus dissidentatus Krikken & Huijbregts, 
2013 (Scarabaeidae): Zootaxa 3619: 501-525.

Onthophagus kokocellosus Krikken & Huijbregts, 
2013 (Scarabaeidae): Zootaxa 3619: 501-525.

Onthophagus kokodentatus Krikken & Huijbregts, 
2013 (Scarabaeidae): Zootaxa 3619: 501-525.

Onthophagus kokopygus Krikken & Huijbregts, 2013 
(Scarabaeidae): Zootaxa 3619: 501-525.

Onthophagus kukali Krikken & Huijbregts, 2013 
(Scarabaeidae): Zootaxa 3619: 501-525.

Onthophagus ofianus Krikken & Huijbregts, 2013 
(Scarabaeidae): Zootaxa 3619: 501-525.

Pseudadimonia brachelytra Beenen, 2013 
(Chrysomelidae): Entomologische Zeitschrift 
123(4): 173-183.

Pseudoshaira bituberculata Beenen, 2013 
(Chrysomelidae): Entomologische Zeitschrift 
123(4): 173-183.

Shairoidea Beenen, 2013 (Chrysomelidae) Ento
mologische Zeitschrift 123(4): 173-183.

Shairoidea laevicollis Beenen, 2013 (Chrysomeli-
dae): Entomologische Zeitschrift 123(4): 173-183.

Shairoidea rotundipennis Beenen, 2013 (Chrysomel-
idae): Entomologische Zeitschrift 123(4): 173-183.

Shairoidea stricticollis Beenen, 2013 (Chrysomeli-
dae): Entomologische Zeitschrift 123(4): 173-183.

Lissamphibia

Triturus ivanbureschi Arntzen & Wielstra, 2013  
(Salamandridae): Zootaxa 3682: 441-453.
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Derris solorioides Sirich. & Adema, 2014

Sirichamorn, Y., Adema, F.A.C.B. & van Welzen, P.C. 
2014. Derris solorioides (Fabaceae), a new lime-
stone species with true-paniculate inflorescences 
from North-Central Thailand. Blumea 59: 98-102.

Dugesia bifida Stocchino & Sluys, 2014

Stocchino, G. A., Sluys, R. & Manconi, R. 2014.  
A new and aberrant species of Dugesia  
(Platyhelminthes, Tricladida, Dugesiidae) from  
Madagascar. ZooKeys 425: 71-88.

2014
Bathysalenia skylari  Jagt, Jackson & van der Ham, 
2014

Jagt, J.W.M., Jackson, J. & van der Ham, R.W.J.M. 
2014. Bathysalenia skylari, a new late Turonian (Late 
Cretaceous) saleniid echinoid from central Texas, 
USA. Cretaceous Research 51: 70-74. 

Blastomussa vivida Benzoni, Arrigoni & Hoeksema, 
2014

Benzoni, F., Arrigoni, R., Waheed, Z., Stefani, F. & 
Hoeksema, B.W. 2014. Phylogenetic relationships 
and revision of the genus Blastomussa (Cnidaria: 
Anthozoa: Scleractinia) with description of a new 
species. Raffles Bulletin of Zoology 62: 358-378. 

Cycloseris boschmai Hoeksema, 2014

Hoeksema B.W. 2014. The “Fungia patella group” 
(Scleractinia, Fungiidae) revisited with a description 
of the mini mushroom coral Cycloseris boschmai sp. 
n. ZooKeys 371: 57-84. 

Fig. 1. a. Habit and habitat; b. young pod; c. flower; d. young 
inflorescence, showing the leaf-like bracts subtending the 
lowermost lateral branches; e. mature pods, showing a seed 
and the dark area of the pericarp around seed; f. inflores-
cences. Photos: Y. Sirichamorn.

Fig. 1. Habitus of (A) living fissiparous and  
(B) ex-fissiparous animal.

Photo: B.W.M. van Bakel.

Photo: B.W. Hoeksema.

Photo: B.W. Hoeksema.
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Ficus cornelisiana Chantaras. & Y.Q.Peng, 2014

Chantarasuwan, B., Peng, Y.-Q., Baas, P., Rasplus, 
J.-Y., van Heuven B.J. & van Welzen, P.C. 2014. Ficus 
cornelisiana, a new species of Ficus subsection  
Urostigma (Moraceae) from the Sino-Himalayan  
region. Blumea 59: 6-9.

Lactarius aestivus Nuytinck & Ammirati, 2014

Nuytinck, J. & Ammirati, J.F. 2014. A new species of 
Lactarius section Deliciosi (Russulales, Basidiomy-
cota) from western North America. Botany 92 (10): 
767-774, 10.1139/cjb-2014-0102.

Opecarcinus cathyae van der Meij, 2014

van der Meij S.E.T. 2014. A new species of Opecarcinus 
Kropp & Manning, 1987 (Crustacea: Brachyura: 
Cryptochiridae) associated with the stony corals 
Pavona clavus (Dana, 1846) and P. bipartita Nemen-
zo, 1980 (Scleractinia: Agariciidae). Zootaxa 3869: 
44-52. 

Plantae (fossil plants)

Chiropteris monteagnellii Kustatscher, Dell’Antonio 
& van Konijnenburg-van Cittert, 2014 (Pterido-
phyta indet.): Acta Palaeontologica Polonica 59: 
741-755.

Cladophlebis ladinica Kustatscher, Dell’Antonio & 
van Konijnenburg-van Cittert, 2014 (Pteridophyta, 
Osmundaceae): Acta Palaeontologica Polonica 
59: 741-755.

Dicranophyllum gallicum var inversum van der Pas, 
Poppe, van Konijnenburg-van Cittert, van  
Waveren, 2014 (Dicranophyllales): Abstract book 
9th European Palaeobotany – Palynolgy Confer-
ence, Padova 2014: 294.

Germaropteris martinsii (Germar 1839) Kustatscher, 
Kerp & van Konijnenburg-van Cittert, 2014 
(Seedferns, Peltaspermaceae): Review of Palaeo-
botany and Palynology 208: 65-82.

Phlebopteris fiemmensis Kustatscher, Dell’Antonio 
& van Konijnenburg-van Cittert, 2014 (Pterido-
phyta, Matoniaceae): Acta Palaeontologica  
Polonica 59: 741-755.

Selaginellites coburgensis van Konijnenburg- 
van Cittert, Kustatscher, K.Bauer, Pott, 
Schmeissner, Dütsch & Krings, 2014 (Lycophyta, 
Selaginellaceae): Neues Jahrbuch für Geologie 
und Palaeontologie Abhandlungen 272: 115-127.

Plantae

Ammannia herbacea W.J. de Wilde & Duyfjes, 2014 
(Lythraceae): Blumea 59(1): 14.

Begonia gambutensis Ardi & D.C. Thomas, 2014  
(Begoniaceae): Edinburgh Journal of Botany 71(2): 
259-268.

Begonia siregarii Ardi & D.C. Thomas, 2014 (Begoni-
aceae): Edinburgh Journal of Botany 71(2): 259-
268.

Caulerpa section Cliftonii Draisma, Prud’homme 
van Reine & G. Belton, 2014 (Chlorophyta, Caul-
erpaceae): Journal of Phycology 50: 1020-1034.

Caulerpa subgenus Cliftonii Draisma, Prud’homme 
van Reine & G. Belton, 2014 (Chlorophyta,  
Caulerpaceae): Journal of Phycology 50:  
1020-1034.

Derris solorioides Sirich & Adema, 2014 (Fabaceae): 
Blumea 59: 98-102.

Epidendrum jorge-warneri Karremans & Hágsater, 
2014 (Orchidaceae ): Lankesteriana 13(3): 259-
282.

Ficus cornelisiana Chantaras. & Y.Q. Peng, 2014 
(Moraceae): Blumea 59: 6-9.

Guatteria darienensis Susana Arias & Maas, 2014 
(Annonaceae): Phytotaxa 173(2): 149-156.

Juncus batrachium Veldk., 2014 (Juncaceae): 
Blumea 59: 142-143. 

Fig. 1. a. Twig with leaves and figs; b. twigs with young leaves 
and figs; c. fig in longitudinal section, note the cadudous  
basal bracts. Photos: Yan-Qiong Peng.

Photo: B.T. Reijnen/S.E.T. van der Meij.
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Lankesteriana Karremans, 2014 (Orchidaceae): 
Lankesteriana 13(3): 319-332.

Meiogyne bidwillii (Benth.) D.C. Thomas, Chaowasku 
& R.M.K. Saunders, 2014 (Annonaceae): System-
atic Botany 39(2): 396-404.

Meiogyne heteropetala (F.Muell.) D.C. Thomas, 
Chaowasku & R.M.K. Saunders, 2014 (Annonace-
ae): Systematic Botany 39(2): 396-404.

Meiogyne insularis (A.C.Sm.) D.C. Thomas, Chao-
wasku & R.M.K. Saunders, 2014 (Annonaceae): 
Systematic Botany 39(2): 396-404.

Meiogyne trichocarpa (Jessup) D.C. Thomas, Chao-
wasku & R.M.K. Saunders, 2014 (Annonaceae): 
Systematic Botany 39(2): 396-404.

Miliusa astiana Chaowasku & Kessler, 2014 (Annon-
aceae): Nordic Journal of Botany, Early View: 2-EV.

Miliusa cambodgensis Chaowasku & Kessler, 2014  
(Annonaceae): Nordic Journal of Botany 32: 298-307.

Miliusa ninhbinhensis Chaowasku & Kessler, 2014  
(Annonaceae): Nordic Journal of Botany 32: 298-307.

Monanthotaxis paniculata P.H. Hoekstra, 2014  
(Annonaceae): Phytotaxa: 186: 106-112.

Monolophus amplexicaulis (Suksathan) Veldk. & 
Mood, 2014 (Zingiberaceae): Gardens’ Bulletin 
Singapore 66: 215-231. 

Monolophus appendiculatus (K. Larsen & Triboun) 
Veldk. & Mood, 2014 (Zingiberaceae): Gardens’ 
Bulletin Singapore 66: 215-231.

Monolophus bolavenensis (Picheans. & Koonterm) 
Veldk. & Mood, 2014 (Zingiberaceae): Gardens’ 
Bulletin Singapore 66: 215-231.

Monolophus bracteatus (K. Larsen & S.S. Larsen) 
Veldk. & Mood, 2014 (Zingiberaceae): Gardens’ 
Bulletin Singapore 66: 215-231.

Monolophus chayanianus (Tiyaw.) Veldk. & Mood, 
2014 (Zingiberaceae): Gardens’ Bulletin Singa-
pore 66: 215-231.

Monolophus jirawongsei (Picheans. & Mokkamul) 
Veldk. & Mood, 2014 (Zingiberaceae): Gardens’ 
Bulletin Singapore 66: 215-231.

Monolophus khaomaenensis (Picheans. & Mokkamul) 
Veldk. & Mood, 2014 (Zingiberaceae): Gardens’ 
Bulletin Singapore 66: 215-231.

Monolophus kuapii (K. Larsen) Veldk. & Mood, 2014 
(Zingiberaceae): Gardens’ Bulletin Singapore 66: 
215-231.

Monolophus larsenii (Suksathan & Triboun) Veldk. & 
Mood, 2014 (Zingiberaceae): Gardens’ Bulletin 
Singapore 66: 215-231.

Monolophus limianus (Mokkamul & Picheans.) 
Veldk. & Mood, 2014 (Zingiberaceae): Gardens’ 
Bulletin Singapore 66: 215-231.

Monolophus pedemontanus (Triboun & K. Larsen) 
Veldk. & Mood, 2014 (Zingiberaceae): Gardens’ 
Bulletin Singapore 66: 215-231.

Monolophus petelotii (K. Larsen) Veldk. & Mood, 
2014 (Zingiberaceae): Gardens’ Bulletin Singa-
pore 66: 215-231.

Monolophus phulangkaensis (Picheans.) Veldk. & 
Mood, 2014 (Zingiberaceae): Gardens’ Bulletin 
Singapore 66: 215-231.

Monolophus phuluangensis (Picheans. & Mokkamul) 
Veldk. & Mood, 2014 (Zingiberaceae): Gardens’ 
Bulletin Singapore 66: 215-231.

Monolophus phutokensis (Picheans.) Veldk. & 
Mood, 2014 (Zingiberaceae): Gardens’ Bulletin 
Singapore 66: 215-231.

Monolophus phuwoaensis (Picheans. & Koonterm) 
Veldk. & Mood, 2014 (Zingiberaceae): Gardens’ 
Bulletin Singapore 66: 215-231.

Monolophus saksuwaniae (K. Larsen) Veldk. & Mood, 
2014 (Zingiberaceae): Gardens’ Bulletin Singapore 
66: 215-231.

Monolophus satunensis (Picheans.) Veldk. & Mood, 
2014 (Zingiberaceae): Gardens’ Bulletin Singapore 
66: 215-231. 

Monolophus saxicola (K. Larsen) Veldk. & Mood, 
2014 (Zingiberaceae): Gardens’ Bulletin Singapore 
66: 215-231. 

Monolophus sikkimensis (King ex Baker) Veldk. & 
Mood, 2014 (Zingiberaceae): Gardens’ Bulletin 
Singapore 66: 215-231. 

Monolophus sirirugsae (Ngamr.) Veldk. & Mood, 2014 
(Zingiberaceae): Gardens’ Bulletin Singapore 66: 
215-231.

Monolophus tamdaoensis (Picheans. & Inthar.) 
Veldk. & Mood, 2014 (Zingiberaceae): Gardens’ 
Bulletin Singapore 66: 215-231.

Platystele catiensis Karremans & Bogarín, 2014  
(Orchidaceae): Lankesteriana 13(3): 259-282.

Platystele sylvestrei Karremans & Bogarín, 2014 
(Orchidaceae): Lankesteriana 13(3): 259-282.

Platystele tica Karremans & Bogarín, 2014 (Orchi-
daceae): Lankesteriana 13(3): 259-282.

Rinorea calcicola Velzen & Wieringa, 2014 (Violaceae): 
Phytotaxa 167: 267-275.

Thismia megalongensis C.Hunt, G.Steenbeeke & V. 
Merckx, 2014 (Thismiaceae): Telopea 16: 165-174.

Zygogynum whitmoreanum Vink, 2014 (Winteraceae): 
Blumea 59: 161.

Fungi

Lactarius aestivus Nuytinck & Ammirati, 2014  
(Basidiomycota, Russulaceae): Botany 92(10): 
767-774.

Lactarius glabrigracilis Wissitrassameewong & 
Nuytinck, 2014 (Basidiomycota, Russulaceae): 
Phytotaxa 188(4): 181-197.

Fossil animals

Andrenopteryx Dewulf & Engel, 2014 (Hymenoptera, 
Anthophila): ZooKeys 389: 35-48.

Bathysalenia skylari Jagt, Jackson & van der Ham, 
2014 (Euechinoidea, Salenioida): Cretaceous  
Research 51: 70-74.

Euglossopteryx Dehon & Engel, 2014 (Hymenoptera, 
Apidae): PLoS ONE 9(10): e108865.

Euglossopteryx biesmeijeri de Meulemeester, 
Michez & Engel, 2014 (Hymenoptera, Apidae): 
PLoS ONE 9(10): e108865.

Garganornis ballmanni Meijer, 2014 (Aves, Anseri-
formes): Comptes Rendus Palevol 13: 19-26. 

Hoplitomeryx devosi van der Geer, 2014 (Artiodacty
la, Cervoidea, Hoplitomerycidae): Zootaxa 
3847(1): 1-32.

Hoplitomeryx kriegsmani van der Geer, 2014 (Artio-
dactyla, Cervoidea, Hoplitomerycidae): Zootaxa 
3847(1): 1-32.

Hoplitomeryx macpheei van der Geer, 2014 (Artio-
dactyla, Cervoidea, Hoplitomerycidae): Zootaxa 
3847(1): 1-32.

Kozlowskia latorensis Martínez Chacón & Winkler 
Prins, 2014 (Productida, Productidae): Neues 
Jahrbuch für Geologie und Paläontologie, Abhand
lungen 272(2): 129-145.

Ophiocamax hystrix Jagt, Thuy, S.K. Donovan, 
Stöhr, Portell, Pickerill, D.A.T. Harper, Lindsay & 
T.A. Jackson, 2014 (Ophiuroidea): Geological 
Magazine 151: 381-393.

Palaeoloxodon lomolinoi van der Geer, Lyras, van 
den Hoek Ostende, de Vos & Drinia. 2014 (Pro-
boscidea, Elephantidae): Palaeogeography,  
Palaeoclimatology, Palaeoecology 404: 133-144.

Paragonaster(?) haldixoni Jagt, Thuy, S.K. Donovan, 
Stöhr, Portell, Pickerill, D.A.T. Harper, Lindsay & 
T.A. Jackson, 2014 (Asteroidea): Geological Mag-
azine 151: 381-393.

Protohabropoda Dehon & Engel, 2014 (Hymeno
ptera, Apidae): PLoS ONE 9(10): e108865.

Scontromeryx van der Geer, 2014 (Artiodactyla,  
Cervoidea, Hoplitomerycidae): Zootaxa 3847 (1): 
1-32.

Porifera

Antho (Acarnia) pellita van Soest, Meesters &  
Becking, 2014 (Microcionidae): Zootaxa 3878(5): 
401-443.

Aplysina sciophila Rützler, Piantoni, van Soest & 
Díaz, 2014 (Aplysinidae): Zootaxa 3805(1): 1-129.

Calyx magnoculata van Soest, Meesters & Becking, 
2014 (Phloeodictyidae): Zootaxa 3878(5): 401-443.

Caminus carmabi van Soest, Meesters & Becking, 
2014 (Geodiidae): Zootaxa 3878(5): 401-443.

Characella poecillastroides van Soest, Meesters & 
Becking, 2014 (Pachastrellidae): Zootaxa 3878(5): 
401-443.

Clathria (Microciona) acarnoides van Soest, 
Meesters & Becking, 2014 (Microcionidae): 
Zootaxa 3878(5): 401-443.

Discodermia adhaerens van Soest, Meesters & 
Becking, 2014 (Theonellidae): Zootaxa 3878(5): 
401-443.

Geodia cribrata Rützler, Piantoni, van Soest & Díaz, 
2014 (Geodiidae): Zootaxa 3805(1): 1-129.

Geodia curacaoensis van Soest, Meesters &  
Becking, 2014 (Geodiidae): Zootaxa 3878(5):  
401-443.

Mycale (Aegogropila) africamucosa van Soest, Beg-
linger & de Voogd, 2014 (Mycalidae): Zoölogische 
Mededelingen Leiden 88(4): 59-109.

Mycale (Aegogropila) syringosimilis van Soest, Beg-
linger & de Voogd, 2014 (Mycalidae): Zoölogische 
Mededelingen Leiden 88(4): 59-109.

Mycale (Aegogropila) tenerifensis van Soest, Beg-
linger & de Voogd, 2014 (Mycalidae): Zoölogische 
Mededelingen Leiden 88(4): 59-109.

Mycale (Carmia) atropha van Soest, Beglinger & de 
Voogd, 2014 (Mycalidae): Zoölogische Mede
delingen Leiden 88(4): 59-109.

Mycale (Carmia) guineensis van Soest, Beglinger & 
de Voogd, 2014 (Mycalidae): Zoölogische Mede
delingen Leiden 88(4): 59-109.

Mycale (Naviculina) cruzi van Soest, Beglinger &  
de Voogd, 2014 (Mycalidae): Zoölogische Mede
delingen Leiden 88(4): 59-109.

Mycale (Paresperella) janvermeuleni van Soest,  
Beglinger & de Voogd, 2014 (Mycalidae): Zoölo-
gische Mededelingen Leiden 88(4): 59-109.

Mycale (Rhaphidotheca) verdensis van Soest,  
Beglinger & de Voogd, 2014 (Mycalidae): Zoölo-
gische Mededelingen Leiden 88(4): 59-109.

Mycale (Zygomycale) sierraleonensis van Soest, 
Beglinger & de Voogd, 2014 (Mycalidae): Zoölo-
gische Mededelingen Leiden 88(4): 59-109.

Myrmekioderma laminatum Rützler, Piantoni, van 
Soest & Díaz, 2014 (Heteroxyidae): Zootaxa 
3805(1): 1-129.

Neopetrosia dutchi van Soest, Meesters & Becking, 
2014 (Petrosiidae): Zootaxa 3878(5): 401-443.

Neopetrosia eurystomata van Soest, Meesters & 
Becking, 2014 (Petrosiidae): Zootaxa 3878(5): 
401-443.

Neopetrosia ovata van Soest, Meesters & Becking, 
2014 (Petrosiidae): Zootaxa 3878(5): 401-443.

Niphates arenata Rützler, Piantoni, van Soest & 
Díaz, 2014 (Niphatidae): Zootaxa 3805(1): 1-129.

Pachastrella pacoi van Soest, Meesters & Becking, 
2014 (Pachastrellidae): Zootaxa 3878(5): 401-443.

Parahigginsia strongylifera van Soest, Meesters & 
Becking, 2014 (Heteroxyidae): Zootaxa 3878(5): 
401-443.

Phorbas aurantiacus Rützler, Piantoni, van Soest & 
Díaz, 2014 (Hymedesmiidae): Zootaxa 3805(1): 1-129.

Placospongia caribica Rützler, Piantoni, van Soest 
& Díaz, 2014 (Placospongiidae): Zootaxa 3805(1): 
1-129.

Plakinastrella stinapa van Soest, Meesters & Beck-
ing, 2014 (Plakinidae): Zootaxa 3878(5): 401-443.

Prosuberites carriebowensis Rützler, Piantoni,  
van Soest & Díaz, 2014 (Suberitidae): Zootaxa 
3805(1): 1-129.

Rhaphidhistia belizensis Rützler, Piantoni, van 
Soest & Díaz, 2014 (Trachycladidae): Zootaxa 
3805(1): 1-129.

Siphonodictyon occultum Rützler, Piantoni, van 
Soest & Díaz, 2014 (Phloeodictyidae): Zootaxa 
3805(1): 1-129.

Tetralophophora Rützler, Piantoni, van Soest & 
Díaz, 2014 (Plakinidae): Zootaxa 3805(1): 1-129.
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Tetralophophora mesoamericana Rützler, Piantoni, 
van Soest & Díaz, 2014 (Plakinidae): Zootaxa 
3805(1): 1-129.

Timea diplasterina Rützler, Piantoni, van Soest & 
Díaz, 2014 (Timeidae): Zootaxa 3805(1): 1-129.

Timea oxyasterina Rützler, Piantoni, van Soest & 
Díaz, 2014 (Timeidae): Zootaxa 3805(1): 1-129.

Wigginsia curlewensis Rützler, Piantoni, van Soest 
& Díaz, 2014 (Acarnidae): Zootaxa 3805(1): 1-129.

Xestospongia purpurea Rützler, Piantoni, van Soest 
& Díaz, 2014 (Petrosiidae): Zootaxa 3805(1): 1-129.

Cnidaria: Octocorallia

Complexum van Ofwegen, Aurelle & Sartoretto, 
2014 (Plexauridae): Zookeys 462: 1-10.

Complexum pusillium van Ofwegen, Aurelle & Sar-
toretto, 2014 (Plexauridae): Zookeys 462: 1-10.

Melithaea hendersoni Reijnen, McFadden, Herman-
limianto & van Ofwegen, 2014 (Melithaeidae): 
Molecular Phylogenetics and Evolution 70: 383-401.

Melithaea mcqueeni Reijnen, McFadden, Herman-
limianto & van Ofwegen, 2014 (Melithaeidae): 
Molecular Phylogenetics and Evolution 70:  
383-401.

Melithaea shanni Reijnen, McFadden, Hermanlimi-
anto & van Ofwegen, 2014 (Melithaeidae): Molec-
ular Phylogenetics and Evolution 70: 383-401.

Melithaea thorpeae Reijnen, McFadden, Herman-
limianto & van Ofwegen, 2014 (Melithaeidae): 
Molecular Phylogenetics and Evolution 70:  
383-401.

Melithaea wright Reijnen, McFadden, Hermanlimi-
anto & van Ofwegen, 2014 (Melithaeidae): Molec-
ular Phylogenetics and Evolution 70: 383-401.

Cnidaria: Scleractinia

Blastomussa vivida Benzoni, Arrigoni & Hoeksema, 
2014 (incertae sedis): Raffles Bulletin of Zoology 
62: 358-378.

Cycloseris boschmai Hoeksema, 2014 (Fungiidae): 
ZooKeys 371: 57-84.

Platyhelminthes

Dugesia bifida Stocchino & Sluys, 2014 (Tricladida, 
Dugesiidae): ZooKeys 425: 71-88.

Annelida

Turbocavus secretus Prentiss, Vasileiadou, Faul
wetter, Arvanitidis & ten Hove, 2014 (Polychaeta, 
Sabellida): Zootaxa 3900(2): 204-222.

Mollusca: Gastropoda

Bothropoma mediocarinata Reich & Wesselingh, 
2014 (Colloniidae): Annalen des Naturhistorischen 
Museums in Wien, Serie A 116: 5-126.

Clessiniella Zallot, Groenenberg, de Mattia, Fehér & 
Gittenberger, 2014 (Cochlostomatidae): Basteria 
78(4-6): 63-88.

Dalfreddia Zallot, Groenenberg, de Mattia, Fehér & 
Gittenberger, 2014 (Cochlostomatidae): Basteria 
78(4-6): 63-88.

Imerezia Zallot, Groenenberg, de Mattia, Fehér & 
Gittenberger, 2014 (Cochlostomatidae): Basteria 
78(4-6): 63-88.

Lovcenia Zallot, Groenenberg, de Mattia, Fehér & 
Gittenberger, 2014 (Cochlostomatidae): Basteria 
78(4-6): 63-88.

Plectostoma davisoni Liew, Vermeulen, Marzuki & 
Schilthuizen, 2014 (Diplommatinidae): Zookeys 
393: 1-107.

Plectostoma dindingensis Liew, Vermeulen, Marzuki 
& Schilthuizen, 2014 (Diplommatinidae): Zookeys 
393: 1-107.

Plectostoma ikanensis Liew, Vermeulen, Marzuki & 
Schilthuizen, 2014 (Diplommatinidae): Zookeys 
393: 1-107.

Plectostoma kayiani Liew, Vermeulen, Marzuki & 
Schilthuizen, 2014 (Diplommatinidae): Zookeys 
393: 1-107.

Plectostoma kubuensis Liew, Vermeulen, Marzuki & 
Schilthuizen, 2014(Diplommatinidae): Zookeys 
393: 1-107.

Plectostoma mengaburensis Liew, Vermeulen,  
Marzuki & Schilthuizen, 2014 (Diplommatinidae): 
Zookeys 393: 1-107.

Plectostoma relauensis Liew, Vermeulen, Marzuki & 
Schilthuizen, 2014 (Diplommatinidae): Zookeys 
393: 1-107.

Plectostoma tenggekensis Liew, Vermeulen, Mar
zuki & Schilthuizen, 2014 (Diplommatinidae): 
Zookeys 393: 1-107.

Plectostoma tohchinyawi Liew, Vermeulen, Marzuki 
& Schilthuizen, 2014 (Diplommatinidae): Zookeys 
393: 1-107.

Plectostoma whitteni Liew, Vermeulen, Marzuki & 
Schilthuizen, 2014 (Diplommatinidae): Zookeys 
393: 1-107.

Plesiotrochus hasibuani Reich & Wesselingh, 2014 
(Plesiotrochidae): Annalen des Naturhistorischen 
Museums in Wien, Serie A 116: 27.

Rissoina banyungantiensis Reich & Wesselingh, 
2014 (Rissoidae): Annalen des Naturhistorischen 
Museums in Wien, Serie A 116: 5-126.

Rissolina reticuspiralis Reich & Wesselingh, 2014 
(Rissoidae): Annalen des Naturhistorischen  
Museums in Wien, Serie A 116: 5-126.

Wagneriola Zallot, Groenenberg, de Mattia, Fehér & 
Gittenberger 2014. (Cochlostomatidae): Basteria 
78(4-6): 63-88.

Arthropoda: Arachnida: Araneae
Crassignatha danaugirangensis Miller et al., 2014 

(Araneae, Symphytognathidae): Biodiversity Data 
Journal 2: e1076.

Arthropoda: Arachnida: Acari

Africasia acuticoxalis Smit & Pešić, 2014 (Athienne-
manniidae): Zootaxa 3876: 1-71.

Albaxona mahuaensis Smit & Pešić, 2014 (Aturidae): 
Zootaxa 3876: 1-71.

Albia crocker Smit & Pešić, 2014 (Aturidae): Zootaxa 
3876: 1-71.

Arrenurus hastinapurensis Smit & Pešić, 2014  
(Arrenuridae): Ecologica Montenegrina 1: 109-112.

Atractides borneoensis Smit & Pešić, 2014  
(Hygrobatidae): Zootaxa 3876: 1-71.

Atractides crockerensis Smit & Pešić, 2014  
(Hygrobatidae): Zootaxa 3876: 1-71.

Atractides elburzensis Pešić, Smit & Saboori 2014 
(Hygrobatidae): Ecologica Montenegrina 1: 30-48.

Atractides neospatiosus Smit & Pešić, 2014  
(Hygrobatidae): Zootaxa 3876: 1-71.

Atractides sabahensis Smit & Pešić, 2014  
(Hygrobatidae): Zootaxa 3876: 1-71.

Aturus borneoensis Smit & Pešić, 2014 (Aturidae): 
Zootaxa 3876: 1-71.

Axonopsis caeca Smit & Pešić, 2014 (Aturidae): 
Zootaxa 3876: 1-71.

Axonopsis latipalpis Smit & Pešić, 2014 (Aturidae): 
Zootaxa 3876: 1-71.

Axonopsis longigenitalis Smit & Pešić, 2014  
(Aturidae): Zootaxa 3876: 1-71.

Axonopsis rugose Smit & Pešić, 2014 (Aturidae): 
Zootaxa 3876: 1-71.

Axonopsis truncate Smit & Pešić, 2014 (Aturidae): 
Zootaxa 3876: 1-71.

Bharatohydracarus africanus Smit, 2014 (Hungaro-
hydracaridae): Acarologia 54: 39-45.

Erebaxonopsis kipungitensis Smit & Pešić, 2014 
(Aturidae): Zootaxa 3876: 1-71.

Frontipodopsis suturalis Smit & Pešić, 2014  
(Frontipodopsidae): Zootaxa 3876: 1-71.

Hydrachna cordata Smit, 2014 (Hydrachnidae): 
Zootaxa 3827: 170-186.

Hydrachna curtiscutata Smit, 2014 (Hydrachnidae): 
Zootaxa 3827: 170-186.

Hydrachna longiscutata Smit, 2014 (Hydrachnidae): 
Zootaxa 3827: 170-186.

Hydrachna novaehollandica Smit, 2014 (Hydrachni-
dae): Zootaxa 3827: 170-186.

Hydrachna queenslandica Smit, 2014 (Hydrachnidae): 
Zootaxa 3827: 170-186.

Hygrobates acutipalpis Smit & Pešić, 2014 (Hygro-
batidae): Zootaxa 3876: 1-71.

Hygrobates hamatoides Smit & Pešić, 2014 (Hygro-
batidae): Zootaxa 3876: 1-71.

Hygrobates striatus Smit & Pešić, 2014 (Hygro
batidae): Zootaxa 3876: 1-71.

Javalbia borneoensis Smit & Pešić, 2014 (Aturidae): 
Zootaxa 3876: 1-71.

Javalbia kinabaluensis Smit & Pešić, 2014 (Aturidae): 
Zootaxa 3876: 1-71.

Javalbia magniseta Smit & Pešić, 2014 (Aturidae): 
Zootaxa 3876: 1-71.

Javalbia montana Smit & Pešić, 2014 (Aturidae): 
Zootaxa 3876: 1-71.

Javalbia reticulate Smit & Pešić, 2014 (Aturidae): 
Zootaxa 3876: 1-71.

Javalbia solitaria Smit & Pešić, 2014 (Aturidae): 
Zootaxa 3876: 1-71.

Javalbia uncinata Smit & Pešić, 2014 (Aturidae): 
Zootaxa 3876: 1-71.

Kawamuracarus biscutatus Smit, 2014 (Limnesiidae): 
Acarologia 54: 39-45.

Limnochares spinose Smit & Pešić, 2014 (Limno-
charidae): Zootaxa 3876: 1-71.

Ljania inconspicua Smit & Pešić, 2014 (Aturidae): 
Zootaxa 3876: 1-71.

Ljania obliterate Smit & Pešić, 2014 (Aturidae): 
Zootaxa 3876: 1-71.

Monatractides epiales Pešić & Smit, 2014 (Torren
ticolidae): Zootaxa 3840: 1-72.

Monatractides euterpe Pešić & Smit, 2014 (Torren-
ticolidae): Zootaxa 3820: 1-80.

Monatractides heracles Pešić & Smit, 2014 (Torren-
ticolidae): Zootaxa 3840: 1-72.

Monatractides melpomene Pešić & Smit, 2014  
(Torrenticolidae): Zootaxa 3820: 1-80.

Monatractides minuta Pešić & Smit, 2014 (Torren
ticolidae): Zootaxa 3840: 1-72.

Monatractides morpheus Pešić & Smit, 2014  
(Torrenticolidae): Zootaxa 3840: 1-72.

Monatractides phantasos Pešić & Smit, 2014  
(Torrenticolidae): Zootaxa 3840: 1-72.

Monatractides phobetor Pešić & Smit, 2014 (Torren-
ticolidae): Zootaxa 3840: 1-72.

Monatractides polyhymnia Pešić & Smit, 2014  
(Torrenticolidae): Zootaxa 3820: 1-80.

Monatractides terpsichore Pešić & Smit, 2014  
(Torrenticolidae): Zootaxa 3820: 1-80.

Monatractides thalia Pešić & Smit, 2014 (Torren
ticolidae): Zootaxa 3820: 1-80.

Monatractides urania Pešić & Smit, 2014 (Torren
ticolidae): Zootaxa 3820: 1-80.

Monatractides subgenus Vietsclio Pešić & Smit, 
2014 (Torrenticolidae): Zootaxa 3820: 1-80.

Neoatractides erato Pešić & Smit, 2014 (Torren
ticolidae): Zootaxa 3820: 1-80.

Neoatractides sunadaensis Pešić & Smit, 2014  
(Torrenticolidae): Zootaxa 3840: 1-72.

Neoatractides uniscutatus Pešić & Smit, 2014  
(Torrenticolidae): Zootaxa 3840: 1-72.

Oxus fuscus Smit & Pešić, 2014 Zootaxa (Oxidae): 
Zootaxa 3876: 1-71.

Protzia borneoensis Smit & Pešić, 2014 (Hydry-
phantidae): Zootaxa 3876: 1-71.

Pseudotorrenticola borneoensis Pešić & Smit, 2014 
(Torrenticolidae): Zootaxa 3840: 1-72.

Sperchon kinabaluensis Smit & Pešić, 2014 (Sper-
chontidae): Zootaxa 3876: 1-71.
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Sperchonopsis orientalis Smit & Pešić, 2014 (Sper-
chontidae): Zootaxa 3876: 1-71.

Thoracophoracarus koreanus Smit & Pešić, 2014 
(Arrenuridae): Systematic & Applied Acarology 
19: 431-434.

Thoracophoracarus uniacetabulatus Smit & Pešić, 
2014 (Arrenuridae): Zootaxa 3876: 1-71.

Torrenticola borneoensis Pešić & Smit, 2014(Torren-
ticolidae): Zootaxa 3840: 1-72.

Torrenticola calliope Pešić & Smit, 2014 (Torren
ticolidae): Zootaxa 3820: 1-80.

Torrenticola kinabaluensis Pešić & Smit, 2014  
(Torrenticolidae): Zootaxa 3840: 1-72.

Torrenticola neoindica Pešić & Smit, 2014 (Torren
ticolidae): Zootaxa 3840: 1-72.

Torrenticola sabahensis Pešić & Smit, 2014 (Torren-
ticolidae): Zootaxa 3840: 1-72.

Torrenticola schilthuizeni Pešić & Smit, 2014  
(Torrenticolidae): Zootaxa 3840: 1-72.

Arthropoda: Crustacea

Ingolfiella maldivensis Vonk & Jaume, 2014 (Amphi-
poda, Ingolfiellidae): ZooKeys 449: 69-79.

Metaniphargus shiroi Vonk & Gable, 2014 (Amphi
poda, Hadziidae): Zoological Science 31: 491-499.

Opecarcinus cathyae van der Meij, 2014 (Decapoda, 
Brachyura, Cryptochiridae): Zootaxa 3869(1):  
44-52.

Arthropoda: Insecta: Odonata

Allocnemidinae Dijkstra, Kalkman, Dow, Stokvis & 
van Tol, 2014 (Odonata): Systematic Entomology 
39: 68-96.

Amphicnemis triplex Dow, 2014 (Coenagrionidae): 
Odonatologica 43: 67-77.

Bornargiolestes fuscus Dow, 2014 (Incertae sedis): 
Journal of Threatened Taxa 6: 5700-5711.

Bornargiolestes reelsi Dow, 2014 (Incertae sedis): 
Journal of Threatened Taxa 6: 5700-5711.

Calicnemia fortis Dow, Zia, Naeem & Rafi, 2014 
(Platycnemididae): Zootaxa 3869: 338-342.

Coperini Dijkstra, Kalkman, Dow, Stokvis & van Tol, 
2014 (Odonata): Systematic Entomology 39: 68-96.

Devadattidae Dijkstra, Kalkman, Dow, Stokvis & 
van Tol, 2014 (Odonata): Systematic Entomology 
39: 68-96.

Idiocnemidinae Dijkstra, Kalkman, Dow, Stokvis & 
van Tol, 2014 (Odonata): Systematic Entomology 
39: 68-96.

Nososticta rufipes Theischinger & Kalkman, 2014 
(Platycnemidae): International Journal of Odona-
tology 17: 217-222.

Onychargiinae Dijkstra, Kalkman, Dow, Stokvis & 
van Tol, 2014 (Odonata): Systematic Entomology 
39: 68-96.

Onychogomphus marijanmatoki Dow, 2014  
(Gomphidae): Zootaxa 3795: 181-186.

Palaiargia benkeni Orr, Kalkman, Richards, 2014 
(Platycnemidae): International Journal of Odona-
tology 16: 309-325.

Palaiargia clarillii Orr, Kalkman, Richards, 2014 
(Platycnemidae): International Journal of Odona-
tology 16: 309-325.

Palaiargia quandti Orr, Kalkman, Richards, 2014 
(Platycnemidae) International Journal of Odona-
tology 16: 309-325.

Palaiargia tydecksjuerging Orr, Kalkman, Richards, 
2014 (Platycnemidae): International Journal of 
Odonatology 16: 309-325.

Prodasineura yulan Dow & Ngiam, 2013 (Platycnne-
mididae): Zootaxa 3670: 87-90.

Protostictinae Dijkstra, Kalkman, Dow, Stokvis & 
van Tol, 2014 (Odonata): Systematic Entomology 
39: 68-96.

Sangabasis bukid Villanueva & Dow, 2014 (Coena-
grionidae): Zootaxa 3815: 1-28.

Sangabasis bulba Villanueva & Dow, 2014 (Coena-
grionidae): Zootaxa 3815: 1-28.

Sangabasis cahilogi Villanueva & Dow, 2014 (Coena-
grionidae): Zootaxa 3815: 1-28.

Sangabasis carmelae Villanueva & Dow, 2014  
(Coenagrionidae): Zootaxa 3815: 1-28.

Sangabasis feliculoi Villanueva & Dow, 2014 (Coena-
grionidae): Zootaxa 3815: 1-28.

Sangabasis hamis Villanueva & Dow, 2014 (Coena-
grionidae): Zootaxa 3815: 1-28.

Sangabasis zamboanga Villanueva & Dow, 2014 
(Coenagrionidae): Zootaxa 3815: 1-28.

Teinobasis aquila Theischinger & Kalkman, 2014 
(Coenagrionidae): Odonatologica 43: 143-168.

Teinobasis lieftincki Theischinger & Kalkman, 2014 
(Coenagrionidae): Odonatologica 43: 143-168.

Teinobasis michalskii Theischinger & Kalkman, 2014 
(Coenagrionidae): Odonatologica 43: 143-168.

Teinobasis splendens Theischinger & Kalkman, 2014 
(Coenagrionidae): Odonatologica 43: 143-168.

Telosticta iban Dow, 2014 (Platystictidae): Zootaxa 
3784: 74-78.

Arthropoda: Insecta: Hemiptera:  
Heteroptera

Geovelia hispida Ye, Chen & Bu, 2014 (Veliidae): The 
Pan-pacific Entomologist 90(1): 19-22.

Arthropoda: Insecta: Hymenoptera

Andrena antoinei Michez & de Meulemeester, 2014 
(Hymenoptera, Anthophila): PLoS ONE 9(10): 
e108865.

Bombus cerdanyensis Dehon, de Meulemeester & 
Engel, 2014 (Hymenoptera, Apidae): PLoS ONE 
9(10): e108865.

Dinotrema brevis van Achterberg & Vikberg, 2014 
(Braconidae): Zoologische Mededelingen Leiden 
88(1): 1-8.

Euagathis breviantennata van Achterberg & Shar-
key, 2014 (Braconidae): Journal of Hymenoptera 
Research 36: 1-25.

Euagathis pallitarsis van Achterberg & Sharkey, 
2014 (Braconidae): Journal of Hymenoptera  
Research 36: 1-25.

Euagathis setosimaculata van Achterberg & Shar-
key, 2014 (Braconidae): Journal of Hymenoptera 
Research 36: 1-25.

Gasteruption aciculatum van Achterberg, 2014 
(Gasteruptiidae): ZooKeys 458: 1-188.

Gasteruption agrenum van Achterberg, 2014 
(Gasteruptiidae): ZooKeys 458: 1-188.

Gasteruption brevibasale van Achterberg & Saure, 
2014 (Gasteruptiidae): ZooKeys 458: 1-188.

Gasteruption coriacoxale van Achterberg, 2014 
(Gasteruptiidae): ZooKeys 458: 1-188.

Gasteruption flavimarginatum van Achterberg, 2014 
(Gasteruptiidae): ZooKeys 458: 1-188.

Gasteruption heminitidum van Achterberg, 2014 
(Gasteruptiidae): ZooKeys 458: 1-188.

Gasteruption henseni van Achterberg, 2014  
(Gasteruptiidae): ZooKeys 458: 1-188.

Gasteruption ischnolaimum van Achterberg, 2014 
(Gasteruptiidae): ZooKeys 458: 1-188.

Gasteruption nigrapiculatum van Achterberg, 2014 
(Gasteruptiidae): ZooKeys 458: 1-188.

Gasteruption paglianoi van Achterberg & Saure, 
2014 (Gasteruptiidae): ZooKeys 458: 1-188.

Gasteruption pseudolaticeps van Achterberg, 2014 
(Gasteruptiidae): ZooKeys 458: 1-188.

Gasteruption punctifrons van Achterberg, 2014 
(Gasteruptiidae): ZooKeys 458: 1-188.

Gasteruption schmideggeri van Achterberg & Saure, 
2014 (Gasteruptiidae): ZooKeys 458: 1-188.

Gasteruption scorteum van Achterberg, 2014 
(Gasteruptiidae): ZooKeys 458: 1-188.

Gasteruption smitorum van Achterberg, 2014 
(Gasteruptiidae): ZooKeys 458: 1-188.

Idiastoides Braet & van Achterberg, 2014  
(Braconidae): Zootaxa 3869(2): 189-197.

Idiastoides keltimi Braet & van Achterberg, 2014 
(Braconidae): Zootaxa 3869(2): 189-197.

Jezonogonalos elliptifera Chen, van Achterberg,  
He & Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Jezonogonalos jiangliae Chen, van Achterberg, He & 
Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Jezonogonalos luteata Chen, van Achterberg, He & 
Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Jezonogonalos nigrata Chen, van Achterberg, He & 
Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Leptotrema wilhelmense Braet & van Achterberg, 
2014 (Braconidae): Zootaxa 3869(2): 189-197.

Lycogaster angustula Chen, van Achterberg, He & 
Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Lycogaster flavonigrata Chen, van Achterberg, He & 
Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Lycogaster nigralva Chen, van Achterberg, He & Xu, 
2014 (Trigonalyidae): ZooKeys 385: 1-207.

Metopheltes clypeoarmatus Reshchikov & van 
Achterberg, 2014 (Ichneumonidae): Biodiversity 
Data Journal 2: e1061.

Mirax caspiana Farahani, Talebi, van Achterberg & 
Rakhshani, 2014 (Braconidae): Annales Zoologici 
(Warszawa) 64(4): 677-682.

Miropotes orientalis Fernández-Triana & van 
Achterberg, 2014 (Braconidae): Tijdschrift voor 
Entomologie 157: 59-77.

Neurogenia auco Reshchikov & van Achterberg, 
2014 (Ichneumonidae): Tijdschrift voor Entomolo-
gie 157: 123-135.

Orthogonalys cheni Chen, van Achterberg, He & Xu, 
2014 (Trigonalyidae): ZooKeys 385: 1-207.

Orthogonalys clypeata Chen, van Achterberg, He & 
Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Orthogonalys robusta Chen, van Achterberg, He & 
Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Parasapyga boschi van Achterberg, 2014  
(Sapygidae): ZooKeys 369: 61-77.

Parasapyga yvonnae van Achterberg, 2014  
(Sapygidae): ZooKeys 369: 61-77.

Perilitus luteoides Madl & van Achterberg, 2014 
(Braconidae): Linzer biologische Beiträge 46(1): 
5-220.

Phaenocarpa manuelae Madl & van Achterberg, 
2014 (Braconidae): Linzer biologische Beiträge 
46(1): 5-220.

Phanerotoma andamanensis Gupta & van Achter-
berg, 2014 (Braconidae): Zootaxa 3856(4): 595-600.

Protohabropoda pauli de Meulemeester & Michez, 
2014 (Hymenoptera, Apidae): PLoS ONE 9(10): 
e108865.

Pseudogonalos angusta Chen, van Achterberg, He & 
Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Ropalidia parartifex Tan & van Achterberg, 2014 
(Vespidae): ZooKeys 391: 1-35.

Sigalphus anjae van Achterberg, 2014 (Braconidae): 
Zoologische Mededelingen Leiden 88(2): 9-18.

Taeniogonalos bucarinata Chen, van Achterberg, He 
& Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Taeniogonalos cordata Chen, van Achterberg, He & 
Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Taeniogonalos geminata Chen, van Achterberg, He 
& Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Taeniogonalos sculpturata Chen, van Achterberg, He 
& Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Taeniogonalos subtruncata Chen, van Achterberg, 
He & Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Taeniogonalos triangulata Chen, van Achterberg, He 
& Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Taeniogonalos tricolorisoma Chen, van Achterberg, 
He & Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Taeniogonalos uncifera Chen, van Achterberg, He & 
Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Teranishia crenulata Chen, van Achterberg, He & 
Xu, 2014 (Trigonalyidae): ZooKeys 385: 1-207.

Teranishia glabrata Chen, van Achterberg, He & Xu, 
2014 (Trigonalyidae): ZooKeys 385: 1-207.

Teresirogas billbrysoni Quicke & van Achterberg, 
2014 (Braconidae): Zootaxa 3881: 237-257.

Teresirogas prestonae Quicke & van Achterberg, 
2014 (Braconidae): Zootaxa 3881: 237-257.

Teresirogas williamsi Quicke & van Achterberg, 2014 
(Braconidae): Zootaxa 3881: 237-257.
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StaffTherophilus vizekae Madl & van Achterberg, 2014 
(Braconidae): Linzer biologische Beiträge 46(1): 
5-220.

Arthropoda: Insecta: Diptera

Callicera exigua Smit, 2014 (Syrphidae): Zootaxa 
3779: 585-590.

Callicera scintilla Smit, 2014 (Syrphidae): Zootaxa 
3779: 585-590.

Domodon peperpotensis Reemer, 2014 (Syrphidae): 
Tijdschrift voor Entomologie 157: 27-57.

Microdon colakriki Reemer, 2014 (Syrphidae):  
Tijdschrift voor Entomologie 157: 27-57.

Peradon satyricus Reemer, 2014 (Syrphidae):  
Tijdschrift voor Entomologie 157: 27-57.

Peradon sciarus Reemer, 2014 (Syrphidae):  
Tijdschrift voor Entomologie 157: 27-57.

Arthropoda: Insecta: Coleoptera

Clitenososia vazquezi Beenen, 2014 (Chrysomelidae): 
Genus 25: 451-457.

Diacantha kippenbergi Beenen, 2014: (Chrysomelidae): 
Entomologische Blätter und Coleoptera 110: 83-86.

Radymna latifrons Beenen, 2014 (Chrysomelidae):  
Entomologische Blätter und Coleoptera 110: 83-86.

Radymna maculicollis Beenen, 2014 (Chrysomelidae): 
Entomologische Blätter und Coleoptera 110: 83-86.

Pisces

Upeneus nigromarginatus Bos, 2014 (Mullidae):  
Raffles Bulletin of Zoology 62: 745-753.
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Dr. Herre Stegenga	� Postdoc,	 Phycology, life histories and systematics 
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Dr. Erica Tetetla Rangel	 Postdoc 	� Biodiversity patterns, landscape ecology, 
ecological niche modelling, tropical  
biomes. — Project funded by CONACyT, 
Mexico.

Ms. Mega Atria	 PhD candidate	� Biogeography and evolution of the rattan 
Calamus javensis Bl. (Arecaceae, Calam-
oideae) complex. — Fellowship DIKTI  
Indonesia. Promotor: P.C. van Welzen.
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project T.R. van Andel funded by NWO. 
Promotor: M.S.M. Sosef. Daily supervi-
sor: T.R. van Andel. 

Mr. Saroj Ruchisansakun	� PhD candidate,	 Systematics, evolution, and pollination 
from 1 October 2013	� biology of Balsaminaceae in SE Asia. – 

Fellowship Thai Institute for the Promo-
tion of Teaching Science and Technology. 
Promotor: E.F. Smets. Daily supervisor: 
T. van der Niet.

Ms. Rachel Schwallier	 PhD candidate	� Niche differentiation of tropical pitcher 
plants. — Private funding. Promotor: 
E.F. Smets. Daily supervisors: B. Graven-
deel and N. Raes.

Ms. Tatiana A. Semenova	 PhD candidate	� Biodiversity and habitat partitioning of 
root-associated fungi and their role in 
vegetation change due to climatic 
changes. — ALW open programme  
funded by NWO. Promotor: E.F. Smets. 
Supervisor: J. Geml.
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Dr. Yotsewate Sirichamorn	 PhD candidate	� Systematics and biogeography of  
Aganope, Brachypterum and Derris  
(Fabaceae) in Asia. —Fellowship Com-
mission on Higher Education Thailand. 
Promotor: P.C. van Welzen. PhD defence: 
30 September 2014, Leiden University.

Dr. Alexandra M. Towns	 PhD candidate	� Fertility and fontanels: Women’s  
knowledge of medicinal plants for repro-
ductive health and childcare in western 
Africa. — Vidi project T.R. van Andel 
funded by NWO. Promotor: E.F. Smets. 
Daily supervisor: T.R. van Andel. PhD  
defence: 28 November 2013, Leiden  
University.

Ms. Sarina Veldman	� PhD candidate,	 Identifying and monitoring trade in 
from 1 February 2013	� wild-harvested medicinal plants by 

means of genomic-based DNA barcod-
ing. — TASENE project funded by 
WOTRO. Promotor: S.L. Baldauf.  
Daily supervisors: H.J. de Boer and  
B. Gravendeel. 

Dr. Robin van Velzen	 PhD candidate	� Evolution of associations between  
Cymothoe butterflies and the Rinorea 
host plants in tropical Africa. Promotor: 
M.S.M. Sosef. Daily supervisor:  
F.J. Bakker. PhD defence: 11 December 
2013, Wageningen University.

Ms. Tamara J.J. Vernimmen	 PhD candidate	� Impact of man and climate on a unique 
tropical ecosystem. — NWO ALW Open 
programme. Promotors: E.F. Smets and 
P. Baas.

Mr. Wout J. Holverda	 Botanical assistant	� Flora of the Netherlands.
Dr. A.J. (Bert) Lever	� Programme Coordinator 	 Naturalis Dutch Caribbean Project. 

Caribbean Netherlands,  
from 1 August 2014	

Dr. Soraya E.C. Sierra Daza	 Project manager 	� Biodiversity, data mobilization,  
e-taxonomy, floras, faunas, infrastruc-
ture and collaboration projects inter
operability, legacy literature, technical 
and semantic interoperability, sustaina-
bility, systematics, taxonomy. — Pro-
iBiosphere project funded by EU FP7. 

Mrs. R. (Chequita) Bhikhi	� Project assistant,	 - 
from 1 September 2014

Mr. Bardo A. Cornelder	� Teaching assistant, 	 - 
�from 12 May 2014  
until 11 July 2014, and  
from 20 October 2014 

Mrs. Susana Arias Guerrero	� Project assistant, 	 - 
from 1 March 2014	

Mr. Thomas D. Hamann 	� Project assistant,	 - 
until 23 March 2014 and  
from 20 October 2014

Mrs. G.H. (Eva) Kralt	� Project assistant, 	 - 
from 6 May 2013  
until 5 May 2014	

Mrs. Hester M. Stekelenburg	� Project assistant, 	 - 
from 29 November 2014

Research associates and correspondents

Dr. Frits A.C.B. Adema; Prof. dr. Pieter Baas; Dr. Max J. van Balgooy; Dr. Olaf Banki; Mrs. Chequita Bhikhi; 
Mrs. Rosa Delia Búcaro; Mr. Jean Claessens; Prof. dr. A. (Toine) Cleef; Dr. Thomas L.P. Couvreur; Mrs. Ruth 
Cozien; Dr. Roy H.J. Erkens; Dr. Christina Flann; Mr. Jan Hengstmengel; Mr. Wilbert Hetterscheid; Mr. Leo
nardus M. Jalink; Mrs. Marion J. Jansen-Jacobs; Dr. Jan de Koning; Mr. M.J.H. (Joop) Kortselius; Mr. Carel 
Kreutz; Mrs. Hiltje Maas; Prof. dr. Paul J.M. Maas; Prof. dr. David J. Mabberley; Prof. dr. L.J.G. (Jos) van der 
Maesen; Dr. I.M. (Inga) Melcher; Mr. Rene C.M.J. van Moorsel; Mr. Emile Nat; Dr. M.E. (Chiel) Noordeloos; Dr. 
Willem Prud’homme van Reine; Dr. Jeanette W.A. Ridder-Numan; Dr. Colin E. Ridsdale; Mr. Harry C. Roskam; 
Mr. Andre Schuiteman; Mr. Erik Simons; Dr. Claudia C. Soliz Gamboa; Dr. Anastasia Stefanaki; Dr. A. (Dries) 
Touw; Dr. Jan-Frits Veldkamp; Dr. Jaap J. Vermeulen; Dr. Wim Vink; Dr. Eduard F. de Vogel; Mr. Lubbert 
Westra; Dr. Willem J.J.O. de Wilde; Dr. Brigitta E.E. de Wilde-Duijfjes; Mr. Jaap Wisman; Dr. Ben J.M. Zonne
veld.

Department of Geology
Name	 Position	 Expertise
Dr. Leo M. Kriegsman	� Head of the department, 	 Metamorphic geology, petrology,  

Senior researcher	 tectonics, geodynamics, volcanology.
Dr. Steve K. Donovan	 Senior researcher	� Palaeozoic and Mesozoic invertebrates, 

Echinodermata, Crinoidea, UK, Antilles, 
Jamaica, trace fossils, crabs, barnacles, 
history of geology.

Dr. Lars W. van den Hoek Ostende	 Senior researcher	� Fossil microvertebrates, the fossil  
insectivores of the Neogene, and mainly 
the Miocene.

Dr. Willem Renema	 Senior researcher	� Fossil foraminifera, stratigraphy,  
palaeoenvironment, biogeography.

Dr. Anne S. Schulp	� Senior researcher, 	 Mesozoic macrovertebrates, mosasaurs,  
from 1 February 2013	� dinosaurs, dinosaur tracks, stable iso-

topes, biomechanics, palaeopathology, 
Maastrichtian.

Dr. Isabel van Waveren	 Senior researcher	� Permian, Carboniferous, fossil plant 
taphonomy, early conifers, differential 
growth.

Dr. Frank P. Wesselingh	 Senior researcher	� Fossil Mollusca, Cenozoic, biodiversity, 
landscape evolution, taxonomy, turno-
ver, extinction, immigration.

Dr. J.C. (Hanco) Zwaan	 Senior researcher	� Mineralogy, natural history, geology, 
gemmology, emerald, pearls.

Dr. Martin Brazeau	� Research fellow, 	 Devonian fishes. — ERC Starting grant 
until 31 August 2013	� project ‘The origin of jawed vertebrates 

and the evolution of morphology in deep 
time’ funded by EU.

Dr. Martin Rücklin	� Research fellow, 	 Palaeozoic fishes, developmental 
from 15 April 2013	� evolution, assembly of body plans, ver-

tebrates, palaeontology. — First year 
within the ERC Starting grant project 
‘The origin of jawed vertebrates and the 
evolution of morphology in deep time’ 
funded by EU.

Dr. Laura J. Cotton	� Postdoc, 	 ‘Biotic and abiotic drivers of shifting  
from 18 March 2013	� marine tropical biodiversity hotspots 

during the Eocene-Oligocene’. — ALW 
open programme, funded by NWO. 

Mr. Menno Booi	 PhD candidate	� Gymnosperms from the Early Permian  
of Jambi (Sumatra, Indonesia) and their 
implications for palaeoecology and  
palaeogeography. — Private funding. 
Promotor J.H.A. van Konijnenburg- 
van Cittert. Daily supervisor:  
I. van Waveren.
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Mr. Hylke F. Bosma	 PhD candidate	� Late Cretaceous conifers from Western 
and Central Europe. — Private funding. 
Promotor: J.H.A. van Konijnenburg-van 
Cittert.

Dr. Alexandra A.E. van der Geer	 PhD candidate	� The impact of isolation: Evolutionary 
processes in Hoplitomeryx. Promotor  
J. Reumer. Daily supervisor: J. de Vos. 
PhD defence: 12 May 2014, Utrecht  
University.

Mr. Pepijn Kamminga	 PhD candidate	� Ecomorphology in sharks. Promotor:  
M. Richardson. Daily supervisor:  
M. Brazeau.

Ms. P.A. (Anneke) Madern	 PhD candidate	� The rise and fall of a Miocene hotspot: 
palaeobiogeography of the early Val-
lesian mammals of the Vallès-Penedès 
(Catalonia, Spain). Promotor: P.C. van 
Welzen. Daily supervisor: L. van den 
Hoek Ostende.

Dr. Vibor Novak	 PhD candidate	� Larger benthic foraminifera in Miocene 
carbonates of Indonesia. — ITN grant 
funded by EU. Promotor: L.J. Lourens. 
Daily supervisor: W. Renema. PhD  
defence: 24 October 2014, Utrecht  
University.

Dr. Sonja Reich	 PhD candidate	� Seagrass mollusks as a model group  
for paleoecological and paleodiversity 
studies. — ITN grant funded by EU.  
Promotor: L.J. Lourens. Daily supervisor: 
F.P. Wesselingh. PhD defence: 24 June 
2014, Utrecht University.

Ms. Marianne K. van Abbe	 Project assistant	 -
Ms. Delia S. van Oijen	� Project assistant, 	 - 

from 1 June 2014 

Research associates and correspondents

Dr. Paul C.H. Albers; Dr. Antonio Alvarez-Valero; Dr. Charles E.S. Arps; Mr. Barry W.M. van Bakel; Dr. Gert D. 
van den Bergh; Mr. Johannes van der Burgh; Mr. Leon P.A.M. Claessens; Mrs. Francien E. Dieleman; Dr. M. 
(Thijs) Freudenthal; Dr. Alexandra A.E. van der Geer; Dr. Renate Helwerda; Mrs. Veronica Hernandez-Ballarin; 
Dr. Anneke H. van Heteren; Dr. Ph.J. (Flip) Hoedemaeker; Mr. Anton C. Janse; Mr. Arie W. Janssen; Mr. Nico 
M.M. Janssen; Dr. Jaap Klein; Prof. dr. J.H.A. (Han) van Konijnenburg-van Cittert; Mr. Wim J. Kuijper;  
Mr. Bernie M. Landau; Mr. Jacob Leloux; Prof. dr. George A. Lyras; Dr. Hanneke J.M. Meijer; Dr. Tom Meijer; 
Dr. Kenneth A. Monsch; Dr. Freddy A.D. van Nieulande; Dr. J.G.M. (Han) Raven; Dr. Paul Storm; Dr. Ahmed F. 
Tmalla; Mr. Simon R. Troelstra; Dr. John de Vos; Dr. Cor F. Winkler Prins.

Department of Marine Zoology
Name	 Position	 Expertise
Dr. Bert W. Hoeksema	� Head of the department, 	 Marine biodiversity, marine 

Senior researcher	� biogeography, marine conservation, 
stony coral taxonomy, coral phylogeny, 
coral symbionts, reef coral ecology.

Dr. Charles H.J.M. Fransen	 Senior researcher	� Crustacea, Decapoda, Caridea, taxono-
my, phylogeny, historical biogeography, 
phylogenetic ecology.

Dr. Dick S.J. Groenenberg	 Senior researcher	� DNA, phylogeny, natural history collec-
tions, taxonomy, evolution, identifica-
tion.

Dr. Leen P. van Ofwegen	 Senior researcher	� Octocoral taxonomy, phylogeny, marine 
biodiversity.

Dr. Martien J.P. van Oijen	 Senior researcher	� Fish-eating and shrimp-eating haplo
chromine cichlids, natural history  
collections.

Dr. Ronald Vonk	 Senior researcher	� Stygofauna, shallow marine interstitial 
and fossil crustaceans, fishes, island  
biogeography, subterranean habitats.

Dr. Nicole J. de Voogd	 Senior researcher	� Marine biodiversity, marine biogeogra-
phy, sponge taxonomy, sponge symbi-
onts, reef coral ecology, marine lakes.

Dr. Katja T.C.A. Peijnenburg	� Research fellow,	 Marine zooplankton, chaetognaths,  
from 1 April 2013	� pteropods, marine invertebrates, phylo-

geography, phylogeny, marine lakes, 
morphometrics, molecular markers,  
mitogenomics, ocean acidification,  
molecular evolution.

Ms. Alice K. Burridge	 PhD candidate	� Evolution in marine planktonic gastro-
pods. — Naturalis and University of  
Amsterdam. Promotor: S.B.J. Menken 
and J. Huisman. Daily supervisor: 
K.T.C.A. Peijnenburg.

Ms. Sancia E.T. van der Meij	 PhD candidate	� The evolutionary history of parasitic  
coral gall crabs and their coral hosts. 
Promotor: E. Gittenberger. Daily super
visors: B.W. Hoeksema and C.H.J.M. 
Fransen.

Mr. Bastian T. Reijnen	 PhD candidate	� Evolution of parasite-host interactions 
in the sea. Promotor: E. Gittenberger. 
Daily supervisors: L.P. van Ofwegen and 
B.W. Hoeksema.

Mr. Kaveh Samimi Namin	 PhD candidate	� The Persian Gulf as a model environment 
for assessing global warming effects on 
reef corals. — Private funding. Promo-
tor: E. Gittenberger. Daily supervisors: 
B.W. Hoeksema and L.P. van Ofwegen.

Ms. Zarinah Waheed	 PhD candidate	� The position of Malaysia in the world’s 
centre of maximum marine biodiversity: 
Exploring the boundaries of the Coral 
Triangle. — Fellowship Malaysian  
Government. Promotor: E. Gittenberger. 
Daily supervisor: B.W. Hoeksema.

Mrs. Cessa Rauch	� Project assistant,	 - 
from 15 September  
until 26 October 2014

Mr. Francisco Rocha Pires	� Project assistant,	 - 
from 15 January  
until 19 December 2014

Research associates and correspondents

Dr. Lisa E. Becking; Dr. Ir. Arthur B. Bos; Ir. Marco A. Faasse; Dr. Arjan Gittenberger; Dr. Harry A. ten Hove; 
Prof. dr. J.A.J. (Hans) Metz; Dr. Annelies C. Pierrot-Bults; Mrs. Marjolein Rensing; Dr. Jacco C. van Rijssel; 
Dr. Eugenia M. Nijgh de Sampayo; Dr. Nadia K. Santodomingo Aguilar; Dr. Rob W.M. van Soest; Prof. dr. 
Gerard van der Velde; Mrs. Wallie H. de Weerdt; Mr. Marnix M. de Zeeuw.

Department of Terrestrial Zoology & Supra-departmental programs
Name	 Position	 Expertise
Dr. Jan van Tol	� Associate director,	 Odonata, Platystictidae, phylogeny,  

Head of the department	� biogeography, Southeast Asia, DNA  
barcoding, biodiversity informatics,  
zoological nomenclature.
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Prof. dr. J.C. (Koos) Biesmeijer	 Scientific director	� Pollination, bees, crops, ecosystem ser-
vices, identification keys, tropical forest, 
pollinators, fragmentation, invasive  
species, social insects, honeybees,  
social behaviour.

Dr. ing. C. (Kees) van Achterberg	� Senior researcher, 	 Hymenoptera, taxonomy, systematics 
until 31 May 2013	� and phylogeny of Braconidae, Stephani-

dae, Pamphiliidae and Heloridae.
Dr. J.W. (Pim) Arntzen	 Senior researcher	� European amphibians, systematics, bio-

geography and hybrid zones, evolution-
ary biology, master control (Hox) genes, 
gene flow.

Dr. Tom van Dooren	� Senior researcher, 	 Bioinformatics. 
until 31 January 2013	

Mr. Tom Hakbijl	 Researcher	� Entomoarchaeology, palaeo-ecology, 
stored product arthropods, cultural  
entomology.

Dr. Herman de Jong	 Senior researcher	� Systematic entomology, Diptera, Tipuli-
dae, biogeography.

Mr. Roy M.J.C. Kleukers	 Senior researcher	� European Invertebrate Survey, faunistics 
and taxonomy of European Orthoptera.

Dr. Jeremy A. Miller	 Senior researcher	� Araneae, spiders, biodiversity, cybertax-
onomy, impact of land use on inverte-
brate ecosystems.

Dr. Erik J. van Nieukerken	 Senior researcher	� Lepidoptera, leaf miners, systematics, 
web based taxonomy, biogeography, in-
sect-plant relationships.

Prof. dr. Menno Schilthuizen	 Senior researcher	� Speciation, land snails, beetles, left-
right asymmetry, chirality, genitalia, 
predator-prey interactions, Cepaea, 
Cholevidae, Diplommatinidae, Albinaria, 
Borneo, Malaysia, Crete, the Nether-
lands, invasive species.

Dr. Ronald Sluys	 Senior researcher	� Platyhelminthes, Tricladida, systematics, 
phylogeny, biogeography, biodiversity, 
birds.

Dr. Sandrine A. Ulenberg	� Senior researcher,	 Biosystematics of Lepidoptera,  
until 31 October 2014	� Hymenoptera: Chalcidoidea, pest risk 

assessment, speciation, natural history.
Dr. Rutger A. Vos	 Senior researcher	� Phyloinformatics, genomics, bioinfor-

matics, computational biology, software 
engineering.

Dr. A.J. (Ton) de Winter	 Senior researcher	� Non-marine Mollusca, taxonomy,  
biogeography, Africa, slugs, Arionidae, 
Streptaxidae, invasive species, anatomy, 
phylogeny, Europe, Atlantic Islands.

Mr. Berry van der Hoorn	 Program manager 	 Nature of the Netherlands.
Dr. Luisa G. Carvalheiro	� Postdoc, 	 Community ecology, food webs,  

from 1 September 2013 	 plant-insect interactions, biodiversity 
until 30 June 2014	� dynamics, ecosystem services, pollina-

tors. — STEP project funded by EU.
Dr. K.-D.B. (KD) Dijkstra	� Postdoc, 	 Odonata, phylogeny, biogeography,  

from 8 September 	 biodiversity. 
until 31 December 2014

Dr. Heike Kappes	� Postdoc, 	 ‘Determinants of species diversity at  
until 30 September 2014	� 14 spatial scales in tropical microsnails 

from endangered limestone habitats’. – 
ALW Open programme funded by NWO. 

Dr. Thibaut M. de Meulemeester	 Postdoc 	� Systematics of bee cryptic taxa and bee 
fossils, morphometrics, bumblebee nest 
architecture, tools for identification and 
monitoring of bees, wing shape.

Dr. Freek J. Vonk	� Postdoc,	 Venom, reptiles, snakes, accessory 
from 1 October 2014 	� gland, genome, evolution. – Veni project 

‘Assembling an arsenal: molecular basis 
of the venom-system in snakes’ funded 
by NWO.

Dr. Ben M. Wielstra	� Postdoc, 	 uropean amphibians, systematics,  
until 30 June 2013	� Ebiogeography and hybrid zones, evolu-

tionary biology.
Mr. Jesus Aguirre Gutierrez	 PhD candidate	� Pollinator distribution across time and 

spatial scales in the Netherlands.  
Promotor: J.C. Biesmeijer. Daily super
visor: E.E. van Loon.

Mr. Camiel Doorenweerd	 PhD candidate	� Evolution and diversification of leafmin-
ing Lepidoptera and northern hardwood 
forest trees. Promotor: S.B.J. Menken. 
Daily supervisor: E.J. van Nieukerken.

Dr. Vincent J. Kalkman	 PhD candidate	� Studies on phylogeny and biogeography 
of damselflies (Odonata) with emphasis 
on the Argiolestidae. Promotor: P.C. van 
Welzen. Daily supervisor: J. van Tol.  
PhD defence: 19 December 2013, Leiden 
University.

Dr. Philippe J.R. Kok	 PhD candidate	� Islands in the sky: species diversity,  
evolutionary history and patterns of  
endemism of the Pantepui herpetofauna. 
– Private funding. Promotors: E. Gitten-
berger and E.F. Smets. Daily supervisor: 
M.S. Hoogmoed. PhD defence: 28 May 
2013, Leiden University.

Dr. Thor-Seng Liew	 PhD candidate	� ‘The evolution of shell form in tropical 
terrestrial microsnails’. —ALW open  
programme funded by NWO. Promotors: 
M. Schilthuizen and P. Brakefield. PhD 
defence: 18 June 2014, Leiden  
University.

Mrs. Aafke Oldebeuving	� PhD candidate,	 ‘The role of floral volatiles in host  
from 1 September 2014	� specificity and host shifts in the fig-fig 

wasp mutualism’. — Doctoral grant 
funded by NWO. Promotor: J.C. Bies
meijer. Daily supervisors: J.C. Biesmeijer 
and J.J.M. van Alphen.

Drs. André J. van Loon	 Data Editor	� European Invertebrate Survey, faunis-
tics.

Mr. Sander Bakker	� Project assistant, 	 - 
from 9 June 2014 
until 25 September 2014	

Mr. Pasquale Ciliberti	� Project assistant, 	 - 
from 15 October  
until 15 December 2013

Mrs. Olga J.P. Crapels	� Project assistant, 	 - 
from 1 February 2014

Mr. W.R.C. van Esch	 Project assistant	 -
Mr. Guido O. Keijl	 Project assistant	 -
Mr. Leon M. Marshall	� Project assistant, 	 - 

from 1 June 2014  
until 31 July 2014

Mr. Rob Portegies	 Project assistant	 -
Mrs. Dominique van der Sterren	� Project assistant, 	 - 

until 31 August 2014
Dr. Jaap J. Vermeulen	� Project assistant,	 - 

from 1 July 2014 
until 30 November 2014
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Mr. Mart K. Vogel	� Project assistant, 	 - 
from 28 July 2014

Mr. Rob de Vries	� Project assistant, 	 - 
from 5 April 2013  
until 31 May 2013

Mrs. Irma T.M. Jorritsma	� Editor Nature of the 	 - 
Netherlands Year report,  
from 1 June 2013 
until 31 October 2013

Dr. Hannes Hettling	� Bioinformatics,	 - 
from 1 February 2014	

Mr. Serrano W. Pereira	� Bioinformatics,	 - 
from 1 February 2014

Research associates, correspondents and EIS

Prof. dr. Ing. Kees van Achterberg; Prof. dr. Jacques J.M. van Alphen; Dr. Berend Aukema; Prof. dr. Ruud A. 
Bank; Mr. Ron A. Beenen; Dr. Matty P. Berg; Dr. Leo H.M. Blommers; Dr. A.S.H. (Bram) Breure; Dr. Claartje 
M.A. ten Broek; Dr. A.C. (Dolf) van Bruggen; Dr. Pingping Chen; Mr. Ed O. Colijn; Dr. Christa L. Deeleman- 
Reinhold; Mr. Henk Dekker; Mr. Henk H. Dijkstra; Dr. K.-D B. Dijkstra; Dr. Tom J.M. van Dooren; Dr. J.P. (Hans) 
Duffels; Dr. Willem N. Ellis; Dr. W.N. (Marien) Faber; Dr. Hans R. Feijen; Mrs. J.J. (Cobi) Feijen-van Soest;  
Dr. Frietson Galis; Dr. Haio B.P.E. Gernaat; Dr. Cees Gielis; Prof. dr. Edi Gittenberger; Dr. Matti K. Hämäläinen; 
Dr. Peter J. van Helsdingen; Mr. Dirk Jan Hermes; Dr. Rienk de Jong; Dr. Ing. Vincent J. Kalkman; Dr. Joris 
Michiel Koene; Mr. Bram Koese; Dr. Bas Kokshoorn; Mr. Jacques C. Koster; Mr. Jan Krikken; Mrs. Annemarie 
Kroon; Mr. Peter H.C. Lina; Mrs. Monica Lodi; Mr. Henk P.M.G. Menkhorst; Dr. Iva Njunjic; Dr. Jinze Noordijk; 
Dr. Pjotr Oosterbroek; Dr. Willy de Prins; Dr. Menno Reemer; Dr. Johan van Rooijen; Dr. Franklin D. Ross;  
Mr. Harry Smit; Mr. John T. Smit; Ir. D.M. (Menno) Soes; Dr. Max Sparreboom; Dr. Dennis R. Uit de Weerd;  
Dr. Ben M. Wielstra; Annie C.M. Zuiderwijk.

Laboratories
Dr. Arjen G.C.L. Speksnijder	 Head of Laboratories, from 16 May 2013
Ms. Els Baalbergen	 Molecular laboratory, until September 2013
Mr. Kevin Beentjes	 Molecular laboratory
Mr. Roland P.T. Butôt	 Molecular laboratory
Dr. Rory Dow	 Molecular laboratory
Mrs. J.E.M. (Elza) Duijm	 Molecular laboratory
Mr. Marcel C.M. Eurlings	 Molecular laboratory
Ms. Sofia I. Fernandez Gomes	 Molecular laboratory, from 6 January 2014 until 31 May 2014
Mr. Kasper P. Hendriks	 Molecular laboratory, from 15 January 2013 until 28 December 2013
Mr. Martijn de Jong	 Molecular laboratory
Ms. Aline M. Nieman	 Molecular laboratory
Mr. Frank R. Stokvis	 Molecular laboratory
Dr. Oscar Vorst	 Molecular laboratory, until 31 August 2013, and from 1 March 2014
Mr. C. (Kees) van den Berg	 Morphology laboratory
Mr. C.M. (Marco) Brand	 Morphology laboratory, until 5 July 2013
Mr. Thijmen Breeschoten	 Morphology laboratory, from 7 January 2013 until 15 March 2013
Mrs. Bertie-Joan van de Heuven	 Morphology laboratory
Mr. J.C. (Sjaak) Koster	 Morphological laboratory, until 31 July 2014
Mr. Rob J.A. Langelaan	 Morphology laboratory
Mr. Dirk van der Marel	 Geology laboratory
Mr. Maarten van ‘t Zelfde	 GIS laboratory
Mr. Youri Lammers	 Bioinformatics, from 11 February 2013
Dr. Klaas Vrieling	 DNAmarkerpoint

Volunteers

Mr. J.E. (Eric) Buter; Mr. J.M. (Hans) de Groot; Mr. Wim Star.

T.R. van Andel	� Journal of Ethnobiology and Ethnomedicine (member of editorial board, 
since 2013)

		  Treub Foundation for Tropical Research (member of board, since 2010)
		  Hortus Botanicus Amsterdam (member of board, since 2009)
		�  Van Eeden Fund for botanical research in Suriname and Dutch Antilles 

(member of board, since 2009)
J.C. Biesmeijer	� UN IPBES Pollinator Assessement (coordinating lead author, 2014-2016)
		�  Functional Biodiversity, University of Amsterdam (professor by special 

appointment, since 2012)
		  Journal BioRisk (member of editorial board, since 2010)
		  Contributions to Zoology (member of editorial board, since 2010)
		�  Apimondia, Standing Commission for Bee-flora and pollination  

(president, 2009)
H.J. de Boer	� Phytotaxa (associate editor, since 2014) 

Journal of Ethnobiology and Ethnomedicine (associate editor, since 
2013) 
PhytoKeys (associate editor, since 2012) 
Uppsala Botanical Society, K.V. Ossian Dahlgrens Scholarship Fund 
(member of board, 2009-2014) 
Uppsala Botanical Society, Elias Fries Scholarship Fund (member of 
board, since 2007)

S.K. Donovan	� Journal of Latin American and Caribbean History (member of editorial 
board, since 2014) 
GeoResJ (executive editor, since 2013) 
Proceedings of the Geologists’ Association (member of editorial board, 
since 2013) 
Fellow of the Geological Society of America (2013) 
Proceedings of the Yorkshire Geological Society (member of editorial 
board, since 2012) 
Palaeontographical Society (secretary, since 2011) 
Geological Journal (UK) (member of editorial board, since 2007; book  
review editor, since 2009)

C. Doorenweerd	� Dutch Entomological Society microlepidoptera Section ‘Snellen’  
(secretary, since 2014)

H. Duistermaat 	� Stichting Nationale Plantencollectie Collectiecommissie (SNP)  
(since 2013) 
�Nationale Database Flora en Fauna (member of validation team,  
since 2010)

C.H.J.M. Fransen	� World Register of Marine Species (WoRMS) (editor, since 2011) 
Crustaceana Monographs series (editor, since 2010) 
Stichting L.B. Holthuis Fonds (treasurer and secretary, since 2008) 
Arquipélago (Bulletin of the University of the Azores, Life and Marine 
Sciences) (member of advisory board, since 2001) 
Stichting Jan Joost ter Pelkwijk Fonds (treasurer and secretary,  
since 1992) 
Crustaceana (member of editorial board, since 1986)

Extramural functions
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J. Geml	� Mycological Society of America Biodiversity Specific Expertise  
Committee (member, since 2014) 
Persoonia (co-editor-in-chief, since 2012) 
MycoKeys (editor, since 2011) 
Diversity (editor, since 2009)

B. Gravendeel	� University of Applied Sciences, Leiden (Biodiversity Chair, since 2012) 
Taxon (assistant editor, since 2010) 
Netherlands Organisation for Scientific Research: Earth and Life  
Sciences Open Program (evaluation committee, member since 2011) 
IUCN/SSC Orchid Specialist Group (member, since 2011) 
Studiegroep Europese en Mediterrane Orchideeën (SEMO) (member, 
since 2010) 
KNNV Werkgroep Europese Orchideeën (WEO) (member, since 2000)

R.W.J.M. van der Ham	 Grana (editor, since 2010) 
L. van den Hoek Ostende	� New and Old World Database (NOW) (associate coordinator, since 2014) 

Regional Committee on Neogene Stratigraphy (RCMNS) (member of 
committee, since 2013) 
Comptes Rendus Palevol (associate editor, since 2011)

B.W. Hoeksema	� Netherlands Organisation for Scientific Research: Earth and Life  
Sciences. Research programme Netherlands Caribbean (member of 
committee for programme development, 2013) 
AcroporaNet (member of board, since 2010) 
Treub Foundation for Tropical Research (member of board, since 2010) 
Marine Biodiversity (associate editor, since 2008) 
World Register of Marine Species (WoRMS) (editor, and member of 
steering committee, since 2008) 
ZooKeys (editor, since 2008) 
Scientific Committee for Oceanographic Research (SCOR) (member for 
the Netherlands, 2004-2014)

H. Kappes	� Akademie für ökologische Landesforschung (Münster) (member, since 
2007) 
Arbeitskreis Mollusken NRW (deputy chairman, since 2005)

A.P. Karremans	� Icones Orchidacearum (editor, since 2011)  
Lankesteriana (managing editor, since 2011)

R.M.J.C. Kleukers	� Entomologische Tabellen (editor-in-chief, since 2008) 
Articulata (member of Wissenschaftliche Beirat, since 2005) 
Nederlandse Faunistische Mededelingen (editor-in-chief, since 2000) 
SoortenNL (member of board, since 2000)

L.M. Kriegsman	� Hans de Bruijne Stichting (member, until 2014) 
Museologia Scientifica (member of editorial board, since 2007)  
Geotectonic Research (associate editor, since 2003)

F.P. Lens	� I.W. Bailey Award (member of committee, 2014)  
Journal of Plant Hydraulics (associate editor, since 2014) 
New Phytologist (advisory board member of section Physiology &  
Development, since 2013) 
University of Bordeaux Visiting Professor (2013) 
International Association of Wood Anatomists (editor special issue 4, 
2013) 
FPS COST Action FP1106 Studying Tree Responses to extreme Events:  
a SynthesiS (STReESS) (management committee representative for the 
Netherlands, since 2012) 
International Association of Wood Anatomists (executive secretary, 
since 2011) 
International Association of Wood Anatomists Journal (associate editor, 
since 2009)

S.E.T. van der Meij	� World Register of Marine Species (WoRMS) (taxonomic editor  
(Cryptochiridae), since 2014) 

J.A. Miller	� International Society of Arachnology (member of council, since 2013) 
Plazi (member, since 2013) 
Biodiversity Data Journal (deputy editor-in-chief, since 2012) 
California Academy of Sciences (research associate, since 2009) 
ZooKeys (editor, since 2008) 
Zootaxa (editor, since 2008)

J.B. Mols	� Dutch node of Global Biodiversity Information Facility - NL-BIF -  
(member of board, since 2009) 
Martha Tilaar Foundation (treasurer, since 2009) 
Professor Lam Fund (secretary and treasurer, since 2007) 
“Leidse Bibliotheekstichting” Collectanea Botanica (treasurer, since 
2007)

E.J. van Nieukerken	� Fauna Europaea project (steering committee, since 2014; group  
coordinator Lepidoptera) 
Tijdschrift voor Entomologie (associate editor, since 2014; editor-in-
chief, 1998-2013) 
Society for Management of Electronic Biodiversity Data (member of 
council, until 2013) 
Societas Europaea Lepidopterologica (general secretary, since 2011) 
Scratchpads, Vibrant project (ambassador, since 2011)  
ZooKeys (editor, since 2008) 
Werkgroep Vlinderfaunistiek (chair, since 2007) 
Nota Lepidopterologica (editor, since 2000)

J. Nuytinck	� Dutch Mycological Society (NMV) (member of Scientific Committee and 
Committee for Dutch names of mushrooms, since 2013)

L.P. van Ofwegen	 Zookeys (editor) 
K.T.C.A. Peijnenburg	� Dutch Scientific Committee on Oceanic Research (SCOR) (member, 

since 2014) 
Journal of Plankton Research (member of editorial board, since 2012) 
Journal of Sea Research (member of editorial board, since 2011)

A.S.J. van Proosdij	� Van Eeden-fonds (Van Eeden Foundation) (secretary, since 2009)
W. Renema 	� Frontiers of Biogeography (editor, since 2013)  

Palaeontological Association (member of council, 2008-2011) 
Indo-Pacific Ancient Ecosystems Group (IPAEG) (co-founder, since 2006)

M.C. Roos	� Foundation for International Nature Conservation - Van Tienhoven 
Stichting - (member of board, since 2005) 
Teaching Committee Biology, Leiden University (1999-2014; chairman, 
2009-2014) 
Treub Society for Tropical Research (financial control committee,  
since 1997; member of board, since 1993) 
Newsletter Treub Foundation for Tropical Research (editor, since 1993)  
Foundation Flora Malesiana (secretary, since 1991)

M. Schilthuizen	� Heredity (editor, since 2013) 
Research School Production Ecology & Resource Conservation  
(member research committee, since 2013) 
Netherlands Prize for Zoology (member selection committee, since 
2012) 
Netherlands Organisation for Scientific Research: Earth and Life  
Sciences Open Program (member evaluation committee, since 2010) 
Stichting Bargerveen (member of board, 2009-2014) 
Contributions to Zoology (editor, 2008-2013) 
Treub Foundation for Tropical Research (member of board, since 2008) 
Heimans & Thijsse Foundation (member of board, since 2007) 
Royal Society’s “SouthEast Asia Rainforest Research Programme”, 
SEARRP (member, since 2001)
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A.S. Schulp	� Teylers Museum, Haarlem (honorary curator of palaeontology,  
since 2014) 
Natuurhistorisch Museum Maastricht (guest researcher, since 2013) 
Paleobiologische Kring KNGMG (member of committee, since 2013) 
Museum Hofland, Laren (member of advisory board, since 2010) 
Society of Vertebrate Paleontology Program for Scientists from  
Economically Developing Nations (member of committee, since 2009) 
Faculty of Earth and Life Sciences, Amsterdam VU University (guest  
researcher, since 2006)

R. Sluys	 Species Diversity (member of editorial board, since 1996)
E.F. Smets	� Royal Flemish Academy of Belgium for Science and the Arts (member, 

since 2013) 
European Journal of Taxonomy (member of advisory editorial board, 
since 2012) 
Graduate School for Production Ecology and Resource Conservation 
(PE&RC) (member of board, since 2012) 
National Authority for Data concerning Nature (member of committee of 
scientific advisors, since 2012) 
Natural History Museum Stuttgart and the Natural History Museum 
Karlsruhe (member of scientific advisory board, since 2012) 
Fungal Biodiversity Centre, CBS-KNAW (member of scientific advisory 
board, since 2011) 
International Organisation for Systematic and Evolutionary Biology 
(member of council, since 2011) 
Feddes Repertorium (member of advisory board, since 2009) 
Leopold III-Fund for Nature Research and Nature Conservation, Belgium 
(member of board, since 2009) 
Alberta Mennega Foundation (member of board, since 2007) 
Professor Lam Fund (chair of board, since 2007) 
'Leidse Bibliotheekstichting' Collectanea Botanica (chair of board, 
since 2007)  
Examination committee Biology, Leiden University (member, 2006-2013) 
Flora Malesiana Foundation (vice-chair of board, since 2006) 
National Geographic Nederland – België (member of advisory board, 
since 2006) 
Consortium of European Taxonomic Facilities (member of board of  
directors, since 2005) 
Dr. E. Kits van Waveren Foundation (chair of board, since 2005) 
Hortus botanicus Leiden (scientific director, since 2005) 
Katholieke Universiteit Leuven (special chair of Systematic Botany, 
since 2005) 
Linnean Society (foreign member, since 2005)  
Universiteit Leiden (chair of Systematic Botany, since 2005) 
National Botanic Garden of Belgium (member of scientific advisory 
board, since 1997) 
Alumni Society PDL, Belgium (member of board, since 1991)

M.S.M. Sosef	� Flore d’Afrique Centrale (member of editorial team, since 2010) 
Plant Ecology and Evolution (member of editorial board, since 2010) 
Central Africa Red List Authority (member, since 2009) 
Global Taxonomy Initiative, Convention on Biological Diversity - national 
focal point (since 2006)  
Alberta Mennega Foundation (member of board, since 2005) 
Treub Foundation for Tropical Research (member of board, since 2005) 
ETI Bioinformatics (member of board, since 2004) 
Moabi Foundation (member of board, since 2004)

M. Stech	� Bryophyte Diversity and Evolution (member of editorial board, since 
2014) 
Tropical Biology (member of editorial board, until 2013)

H. ter Steege	� Museu Paraense Emilio Goeldi, Belem, Para, Brazil (visiting professor, 
2014 – 2016) 
Plant Ecology and Evolution, Royal Belgian Academy of Sciences  
(associate editor, since 2014) 

Programma Ecologia de Longue Duração MAUA, INPA, Manaus, Brazil 
(member, since 2014) 
Utrecht University (associate professor 0/0 aanstelling, since 2012)  
Continental Ecuador Vegetation Map Project, Ministry of the Environ-
ment, Ecuador (scientific advisor, since 2011) 
European Network for Neotropical Research in Evolution and Biogeog-
raphy (ENNREB) (member, since 2010) 
International Science Committee of the Iwokrama International Centre for 
Rainforest Conservation and Development, Guyana (member, since 2009) 
Boletim do Museu Paraense Emílio Goeldi: Ciências Naturais (member 
of editorial board, since 2008) 
Schure-Beijerinck-Popping Fonds (KNAW) (member of board, 2008 - 2013) 
RAINFOR Network, Amazon Forest Inventory Network (member, since 
2003) 
Amazon Tree Diversity Network (coordinator, since 2001) 
Association for Tropical Biology and Conservation (ATBC) (member, 
since 1990)

J. van Tol	� Species 2000 (board of directors, since 2013) 
International Commission on Zoological Nomenclature (president since 
2009; commissioner since 2001) 
ZooKeys (subject editor Odonata, since 2008) 
Dutch node of Global Biodiversity Information Facility (NL-BIF)  
(honorary treasurer, since 2006) 
International Journal of Odonatology (editor, since 1998) 
Deutsche Entomologische Zeitschrift (editor, since 1996)

N.J. de Voogd	� Zootaxa (editor, since 2014) 
World Register of Marine Species – WoRMS - (editor, member of steering 
committee, since 2012) 
Journal of the Marine Biological Association of the United Kingdom  
(editor, since 2011) 

F. Vonk	� Toxins (member of editorial board, since 2013) 
Journal of Venom Research (member of editorial board, since 2011)

R. Vonk	� World Register of Marine Species (WoRMS) (editor, since 2013) 
Contributions to Zoology (member of editorial board, since 2007) 
Fauna Europaea (taxonomic expert, since 2000)

R.A. Vos	� Frontiers in Bioinformatics and Computational Biology (review editor, 
since 2011) 
PhyloInformatics Research Foundation (member of board, since 2010)

I.M. van Waveren	� IGCP 575 UNESCO project (treasurer, since 2010)  
SYNTHESYS (member of selection committee for applications to the 
Netherlands, since 2009)

P.C. van Welzen	� Flora Malesiana (chief editor, since 2013) 
School of Environmental and Rural Science of the University of New 
England, Armidale, NSW, Australia (adjunct professor, since 2011) 
Thai Forest Bulletin (editor, since 2009) 
Tropical Plant Biogeography UL (special chair, since 2008) 
Flora of Thailand (editor, since 2005) 
Flora of Thailand Project (member of scientific board, since 2005) 
International think tank ‘Kerr on the Web’ (member, since 2005)

F.P. Wesselingh	� Cainozoic Research (associate editor, since 2011) 
Van der Lijn Prijs (member recommendation committee, since 2008) 
Netherlands Journal of Geosciences (member of editorial board, since 2005)

A.J. de Winter	 ZooKeys (editor, since 2013)
J.C. Zwaan	� Dr. Schürmann Foundation (member of board, since 2012) 

NEN Norm Commission on developing European CEN standard on  
Diamonds (member, since 2011) 
World Jewellery Confederation (CIBJO): Gemmological Commission 
(president, since 2011; vice-president, 2009-2011)  
International Gemmological Conference (ICG) (member of executive 
committee, since 2007) 
Federation of European Education in Gemmology (member of board, 
since 1996)
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In 2013 and 2014 the Sector Research and Educa-
tion (co-)organized the following conferences,  
symposia and workshops:

2013
Symposium ‘Drivers of plant speciation: understand-
ing the role of pollinators in shaping geographical 
variation in floral traits’, January 24, Drakensville, 
South Africa [T. van der Niet].

Workshop ‘E-platforms & e-tools for taxonomy’ as 
part of the EU funded pro-iBiosphere project, Febru-
ary 11-12, Leiden, the Netherlands [S.E.C. Sierra Daza].

Workshop ‘Legacy literature – Semantic mark-up 
generation, data quality and user-participation  
infrastructure’ as part of the EU funded pro-iBio-
sphere project, February 13, Leiden, the Nether-
lands [S.E.C. Sierra Daza].

Workshop ‘Prospective Literature – Toward Best 
Practices for data acquisition and curation using  
e-tools for taxonomy’ as part of the EU funded  
pro-iBiosphere project, February 13, Leiden, the 
Netherlands [S.E.C. Sierra Daza].

Symposium ‘Systematics as an integrative science’ 
during the Conference BioSyst. EU 2013. Global 
Systematics!, February 18-22, Vienna, Austria  
[E.F. Smets].

Session on Evolutionary and Ecological Wood Anat-
omy during the International Symposium on Wood 
Structure in Plant Biology and Ecology, April 17-20, 
Naples, Italy [F.P. Lens].

Workshop ‘Requirements of users of Flora, Fauna or 
Mycota publications or services’ as part of the EU 
funded pro-iBiosphere project, May 21, Berlin,  
Germany [S.E.C. Sierra Daza].

Workshop ‘Measuring and constraining the costs  
of delivering services’ as part of the EU funded  
pro-iBiosphere project, May 22, Berlin, Germany 
[S.E.C. Sierra Daza].

Conferences,  
symposia and workshops

Workshop ‘Coordination and routes for cooperation’ 
as part of the EU funded pro-iBiosphere project, 
May 23, Berlin, Germany [S.E.C. Sierra Daza].

Member of Organizing Committee of 9th International 
Flora Malesiana Symposium ‘Contributions of Flora 
Malesiana to the welfare of people in Asia’, August 
27-31, Bogor, Indonesia [E.F. Smets].

Workshop ‘How to improve technical cooperation 
and interoperability at the e-infrastructure level’  
as part of the EU funded pro-iBiosphere project, 
October 8, Berlin, Germany [S.E.C. Sierra Daza].

Workshop ‘How to promote and foster the develop-
ment & adoption of common mark-up standards & 
interoperability between schemas’ as part of the EU 
funded pro-iBiosphere project, October 8, Berlin, 
Germany [S.E.C. Sierra Daza].

Workshop ‘User engagement and benefits’ as part 
of the EU funded pro-iBiosphere project, October 9, 
Berlin, Germany [S.E.C. Sierra Daza].

Workshop ‘Towards sustainability towards service: 
Meeting to evaluate business models currently in 
use by partners and relevant non-partners’ as part 
of the EU funded pro-iBiosphere project, October 
10, Berlin, Germany [S.E.C. Sierra Daza].

2014
Symposium ’Plant-animal interactions‘ at the 20th 
Congress of the Association for the Taxonomic 
Study of the Floral of Tropical Africa (AETFAT),  
13-17 January, Stellenbosch, South Africa [T. van 
der Niet].

Workshop ‘Mark-up of biodiversity literature’ as part 
of the EU funded pro-iBiosphere project, February 
10-11, Berlin, Germany [S.E.C. Sierra Daza].

Workshop ‘Alternative business models as part of 
the EU funded pro-iBiosphere project, February  
11-12, Berlin, Germany [S.E.C. Sierra Daza].

Session on Tropical Ecology during the Netherlands 
Annual Ecology Meeting, February 11-12, Lunteren, 
the Netherlands [H. ter Steege].

Data Enrichment Hackathon as part of the EU  
funded pro-iBiosphere project, March 17-21, Leiden, 
the Netherlands [S.E.C. Sierra Daza & R.A. Vos].

Workshop ‘Phylogenetic Methods and barcoding’ 
Nederlandse Mycologische Vereniging, April 14,  
Wageningen, the Netherlands [J. Nuytinck].

IAWA bark workshop, May 16-28, Brotas, Brazil  
[F.P. Lens].

Model Evaluation Workshop as part of the EU  
funded pro-iBiosphere project, June 9 & 10, Meisse, 
Belgium [S.E.C. Sierra Daza].

WikiMedia training as part of the EU funded pro-
iBiosphere project, June 11, Meisse, Belgium  
[S.E.C. Sierra Daza]. 

Workshop ‘Biodiversity Catalogue’ as part of the EU 
funded pro-iBiosphere project, June 11, Meisse, 
Belgium [S.E.C. Sierra Daza]. 

Final Conference EU funded pro-iBiosphere project, 
June 12, Meisse, Belgium [S.E.C. Sierra Daza].

Interim Workshop / Colloquium ‘It’s the season’ of 
the Regional Committee on Neogene Stratigraphy, 
September 5-7, Vienna, Austria [L.W. van den Hoek 
Ostende].

Workshop ‘Identifying and monitoring trade in  
Tanzanian wild-harvested orchids by means of DNA 
barcoding’ as part of the NWO funded TASENE  
project, November 25, Dar es Salaam, Tanzania  
[H.J. de Boer, B. Gravendeel, T.R. van Andel].

Workshop ‘Macroecology meets macroevolution: 
evolutionary dynamics of niches over phylogenies’ 
during the Joint 2014 Annual Meeting British Eco-
logical Society and Société Française d’Ecologie 
December 9-12, Grand Palais, Lille, France [N. Raes 
& R.A. Vos].
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On November 12th 2013 Barbara Gravendeel present-
ed the aim of this chair at the University of Applied 
Sciences for an audience of 250 invited guests in  
Leiden during a lecture entitled ‘Biodiversity as  
inspiration for innovation’. Examples were given of 
newly developed products derived from natural  
history collections. The main motivation for funding 
this chair was explained, sc. to engage students and 
teachers in societally relevant practical work with 
the aim of ensuring that training in research skills in 
the educational curricula continues to be up-to-date. 

Teaching
Students and teachers from 5 Dutch Universities of 
Applied Sciences approached the chair over the 
past 2 years, indicating the large demand for  
biodiversity based applied education. A total of  
16 students carried out internships lasting from  
5 to 9 months, 14 students were co-supervised in 
3-month Degree Minors specializing in Analytical 
Chemistry, Bioinformatics, Biology and Molecular 
Diagnostics, Forensic Science and Microbiology, 
and 11 teachers brushed up their research skills.

Research
The demand for biodiversity based business initia-
tives is large, and the numerous stakeholders that 
initiated projects with the chair in the short period 
since its establishment reflect this.

The Dutch customs laboratory requested help with 
metabarcoding of confiscated products containing 
CITES protected plants. Herbal tablets and roots of 
slimming cactus (Hoodia gordonii), Indian Snakeroot 
(Rauvolfia serpentina), Gaharu (Aquilaria) and orchids 
were analyzed by matching DNA barcodes with data 
obtained from well identified herbarium material 
(Fig. 1). A special web based bioinformatics tool,  
the HTS barcode checker pipeline, was developed 
for fast and accurate data analysis. These studies 
were published in Biodiversity and Conservation, 
BMC Bioinformatics, Journal of Ethnobiology and 
Ethnomedicine, Journal of Forensic Sciences and 
TRAFFIC Bulletin.

The 100 Tomato Genome Sequencing Consortium 
consulted the chair for help with analyses of  
Ancient DNA of tomatoes stored in the herbarium to 
compare the genetic variation in the modern tomato 
(Solanum section Lycopersicon) with wild relatives 
by whole-genome sequencing. This study was  
published in Plant Journal. 

Rijk Zwaan was aided with the identification of an 
unknown pathogen. This pathogen was identified 
using nondirected sequencing, in which the genomes 
of both the host plant and endosymbionts were  
retrieved. By using a host plant species with a 
known genome, the resulting reads could be filtered 
for nonhost reads after which the pathogen could 
be identified.

A molecular diagnostic tool was developed for  
Koppert Biological Systems to detect a strain of  
the biological control agent Trichoderma harzianum. 
Parts of the genome of this fungal species were 
mined for diagnostic markers. Subsequently,  
a quantitative PCR tool was developed for fast  
assessment of the degree of infection.

In collaboration with Praktijkonderzoek Plant &  
Omgeving (PPO) Bleiswijk, extracts of Vanilla pods 
and selected compounds were tested on fungal  
bio-assays. Results obtained provided the first  
scientific proof for the antimicrobial effects of  
extracts of orchids traditionally used as anti-itch 
plants. Cultivation requirements were calculated 
based on herbarium collections and a new biobased 
medicinal device preventing Candidiasis is currently 
being developed.

Members of the Pleistocene Mammal Society (WPZ) 
provided coprolites of extinct megafauna (Bison 
priscus, Equus lenensis, Myotragus balearicus). DNA 
and morphological analyses in combination with 
hindcast modelling of food species shed light on  
the reasons why these animals went extinct. These 
studies were published in Journal of Quaternary 
Science, Nature, Quaternary Research and  
The Holocene.

Biodiversity Chair
at Hogeschool Leiden

The Ministry of Economic Affairs asked for help with 
the investigation of a dead canid found by the road-
side in the Noordoostpolder on July 2013. Combined 
microscopic, DNA and isotope analyses of the car-
cass and its stomach contents showed that it was  
a purebred wolf (Canis lupus) that was shot prior to 
illegal transport to our country. The city archive of 
Ghent provided material of a wolf trophy from  
Flanders (Fig. 2) that could be linked to documents 
dating back to the 16th century with Ancient DNA 
and isotopes. These studies were published in Lutra 
and Handelingen der Maatschappij voor Geschiede
nis & Oudheidkunde. Funding was obtained from the 
Netherlands Organization for Scientific Research, 
Ministry of Education, Culture and Science, Gener-
ade, the European Union’s Seventh Framework  
Programme sponsored DECATHLON project,  
TKI water and Kenniscentrum Plantenstoffen.

Outreach
Fifteen interviews were given for national new 
spapers, radio and television about the first wolf 
found in 150 years in the Netherlands, 6 about new 
discoveries from coprolites of extinct megafauna, 
and 3 on genomic analyses of herbarium preserved 
tomatoes. Three invited lectures on Wildlife  

Forensics were given in Amsterdam, Groningen and 
Reunion and 2 on Metabarcoding for the Nether-
lands Bioinformatics Centre and Centre for  
Bioscience and Diagnostics.

Fig. 1. Orchid tubers sold in 2014 (left) and ca. 1950 (right) on 
Turkish markets. Photos: Selay Kucukaladag and Barbara 
Gravendeel.

Fig. 2. Right front paw of a mature male grey wolf (Canis  
lupus) killed by a trophy hunter in 1732. Photo: Michel Burez.



162 163Report 2013 -2014 Naturalis Research and Education Report 2013 -2014 Naturalis Research and Education

Name	 Award
H.J. de Boer	� The King Carl XVI Gustaf of Sweden 50th Anniversary Award for Science,  

Technology and Environment. Research award for young scientists with regard 
to sustainable use of natural resources and biodiversity conservation (27 May 
2013). 
F.H.L. van Os-prize by the Nederlandse Vereniging voor Geneeskruidenonder-
zoek for his thesis ´Snake Gourds, Parasites and Mother Roasting: Medicinal 
Plants, plant repellants, and Trichosanthes (Cucurbitaceae) in Lao PDR’ (14 
June 2013).

L.G. Carvalheiro	� Scientific Honours - Nature Research Highlight (doi: 10.1038/498008b), related 
to Carvalheiro et al., 2013. The bees are back in Europe. Nature 498, 8. doi: 
10.1038/498008b (http://onlinelibrary.wiley.com/doi/10.1111/ele.12121/abstract) 
(06 June 2013).

T. Chaowasku	� International Association for Plant Taxonomy (IAPT) Research Improvement 
Grant for Plant Systematics (2013).

S.K. Donovan	� Fellow of the Geological Society of America in recognition of distinguished  
contributions to the geosciences (2013).

P. Kamminga	� AllGenetics EMPSEP Award: First prize for best delegate talk at 19th European 
Meeting of PhD students in Evolutionary Biology (2013).

M. Schilthuizen	 Second prize in Ig Nobel 24/7 Battle (2013).
R. Schwallier	� P.E.O. ScholarAward for 2014-2015. This award is merit-based for women of the 

U.S. and Canada who are pursuing a doctoral level degree. The Scholar Award 
‘supports research for women who will make significant contributions in their 
fields’ with a monetary award of $15,000.

E.F. Smets	� Elected as Member of the Royal Flemish Academy of Belgium for Science and 
the Arts (2013).

A.M. Towns	� Edmund H. Fulling award by the Society for Economic Botany - best contributed 
oral paper at the annual meeting of the Society for Economic Botany by a junior 
professional with a degree for no more than five year (2013).

H.J.C. Zwaan	� Dr. Edward J. Gübelin Most Valuable Article Award – third place for the article: 
Zwaan, J.C., Jacob, D., Häger, T., Cavalcanti Neto, M.T.O. & Kanis, J. 2012.  
Emeralds from the Fazenda Bonfim region, Rio Grande do Norte, Brazil. Gems & 
Gemology, Vol. 48, No. 1, pp. 2-17 (2013).

Awards 2013-2014 Professor Lam Student Prize

Since 1963 the “Stichting Rijksherbariumfonds  
Professor Lam” aims to promote plant systematic 
research in its broadest sense. To implement this 
aim, the Board of the foundation decided in 2008 to 
reinstall the Professor Lam Student Prize. Each 
year the board of the “Stichting Rijksherbariumfonds 
Professor Lam” will award this Prize to one student 
(BSc, MSc or PhD) affiliated to then the National 
Herbarium of The Netherlands and now Naturalis 
for an outstanding article or book dealing with a 
Naturalis research related topic published in the 
preceding year. From 2010 onwards a special honors 
was given to the best paper by a BSc or MSc  
student, when the Professor Lam Student prize was 
awarded to a PhD. 

In the period 2013-2014, the Professor Lam Student 
Prize 2012 & the Professor Lam Student Prize 2013 
have been awarded.

The laureates are:
2012: �Mr. Robin van Velzen for the paper ‘DNA Bar-

coding of Recently Diverged Species: Relative 
Performance of Matching Methods, PlosOne 7 
(1): e30490. 2012. R. van Velzen, E. Weitschek, 
G. Felici & F.T. Bakker.

2013: �Mr. Abishkar Subedi for the ‘Collection and 
trade of wild-harvested orchids in Nepal, 
Journal of Ethnobiology and Ethnomedicine 9, 
article 64. A. Subedi, B. Kunwar, Y. Choi, Y. Dai, 
T. van Andel, R.P. Chaudhary, H.J. de Boer &  
B. Gravendeel.
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Applications granted in 2013
Title/Grant	 Applicant	 Naturalis supervisor(s)

Coral-killing sponges along an environmental 	 Esther van der Ent - 	 N.J. de Voogd 
disturbance gradient in the Spermonde 	 MSc student,  
Archipelago, South-West Sulawesi, Indonesia / 	 University of Utrecht 
Study travel Indonesia, grant € 1500	

Evolutionary analyses of modern sharks / Study 	 Pepijn Kamminga -	 M. Brazeau 
travel USA, grant € 500	 PhD candidate, Leiden		
	 University, Naturalis 

Feeding behaviour and prey choice by Drupella 	 Angelo Moerland -	 B.W. Hoeksema 
snails at Koh Tao, Gulf of Thailand / Study travel 	 MSc student, 	  
to Thailand, grant € 1000	 Leiden University

The Position of Malaysia in the world’s centre of 	 Zarinah Waheed -	 B.W. Hoeksema 
maximum marine biodiversity: exploring the 	 PhD candidate, Naturalis	  
boundaries of The Coral Triangle / Study travel  
Malaysia, grant € 1000	

History
From 1930 until her death in 1950 Alida M. Buiten
dijk has been associated with the museum, first as 
a writer 2nd class and eventually as Curator of the 
Arthropoda non-Insecta department. She left  
Naturalis a large bequest to meet study costs of 
those so designated by the director of the museum. 

Aim
The aim of the A.M. Buitendijk Fund is to financially 
support in journeys that contribute to the study of 

A.M. Buitendijk Fund

natural history or museum expert knowledge.  
In practice, the fund focuses on research that has  
a relatively large impact on Naturalis (ongoing re-
search, collection, publications). Beneficiaries may 
include employees, visiting staff and volunteers. 

Recommendation Committee
B.W. Hoeksema (Department head Marine Zoology) 
& C. Pepermans (Head Library collections and  
Geological collections).

Applications granted in 2014
Title/Grant	 Applicant	 Naturalis supervisor(s)

Reef-dwelling Octocorals of Curaçao: an inventory 	 Yee Wah Lau -	 B.T. Reijnen 
on species richness and abundance / Study travel 	 MSc student, 	 L.P. van Ofwegen 
to Curaçao, grant € 400	 Leiden University	 B.W. Hoeksema

Hoe langer hoe beter? Een test van Darwin’s 	 Harro de Moor -	 T. van der Niet 
theorie over co-evolutie in plant-bestuivings-	 MSc student, 	  
sytemen / Study travel to South Africa, grant € 400	 University of Utrecht

Asymmetry in Handedness correlated to ecology 	 Cessa Rauch -	 C.H.J.M. Fransen 
in species of Pontoniinae / Study travel to Curaçao, 	 MSc student, 	 B.W. Hoeksema 
grant € 400	 Leiden University

Infestation patterns and population genetic 	 Kaj van Tienderen -	 S.E.T. van der Meij 
(Scleractinia) along the Curacao coast / Study 	 MSc student, 	 B.W. Hoeksema 
travel to Curaçao, grant € 400	 University of Utrecht	
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History
The foundation is named after Jan Joost ter Pelkwijk. 
He was a young enthusiastic biology student who 
assisted the Nobel prize laureate Niko Tinbergen for 
two years in the Zoological Laboratory at Leiden 
University. In 1942, at the age of 27 Ter Pelkwijk fell 
in a battle at the Java Sea when his ship was hit by 
the Japanese air force. In his memory, his father 
raised the Jan Joost ter Pelkwijkfonds. 

Aim
The aim of the Jan Joost ter Pelkwijkfonds is  
to facilitate scientific zoological research at or in  
cooperation with Naturalis Biodiversity Center. 
Staff members of Naturalis cannot apply for grants. 
Support is usually given to BSc, MSc, PhD students 
and foreign visitors that are not in the position to 
pay for their visit.

Board
E. Gittenberger (chair), C.H.J.M. Fransen (secretary/
treasurer), G.R. de Snoo & Niko ter Pelkwijk.

Applications granted in 2013
Title/Grant	 Applicant	 Naturalis supervisor(s)

Coral-killing sponges along an environmental 	 Esther van de Ent -	 N.J. de Voogd 
disturbance gradient in the Spermonde Archipelago, 	 MSc student	  
South-West Sulawesi, Indonesia	 Utrecht University

The case of Proteus: The authenticity of 	 Melanie van der Heiden -	 J.W. Arntzen 
Paul Kammerer’s pictures	 MSc student	
		  Leiden University

Establishing additional diagnostic DNA-barcodes of 	 Stefan Visser,	 M. Schilthuizen 
the family Cholevidae (Coleoptera) for the purpose 	 Wesley van Oostenbrugge - 
of forensic science	 Students Hogeschool	
		  van Amsterdam

Jan Joost ter Pelkwijkfonds

Applications granted in 2014
Title	 Applicant(s)	 Naturalis supervisor(s)

Reef-dwelling Octocorals of Curaçao: an inventory 	 Yee Wah Lau -	 L.P. van Ofwegen, 
on species richness and abundance	 MSc student	 B.T. Reijnen,
		  Leiden University	 B.W. Hoeksema

What happens where the crested newt 	 Maarten de Leeuw,	 J.W. Arntzen 
(Triturus cristatus) meets with the marbled newt 	 Machiel Visser - 
(Triturus marmoratus)	 MSc students	
		  Leiden University

Population characteristics and prey choice of 	 Angelo Moerland -	 B.W. Hoeksema 
Drupella spp. and Morula spinosa at Koh Tao, 	 MSc student	  
Gulf of Thailand	 Leiden University

Does size matter? A test of Darwin’s theory on 	 Harro de Moor -	 T. van der Niet 
co-evolution in pollinator-plant evolution	 MSc student	
		  Leiden University

Asymmetry in handedness correlated to ecology in 	 Cessa Rauch -	 C.H.J.M. Fransen, 
species of Pontoniinae (Crustacea, Decapoda)	 MSc student	 B.W. Hoeksema
		  Leiden University	

Infestation patterns and population genetic structure 	Kaj van Tienderen -	 S.E.T. van der Meij, 
of galls crabs (Cryptochiridae) inhabiting corals 	 MSc student	 B.W. Hoeksema 
(Scleractinia) along the Curaçao coast	 Leiden University
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History
The foundation is named after Emile Kits van  
Waveren (1906-1995). He was a physician with keen 
interest in systematic mycology. As a honorary staff 
member of the Rijksherbarium (later Nationaal  
Herbarium Nederland) and under the guidance of  
Dr. Cornelis Bas, he contributed substantially to the 
taxonomy of various genera of Agarics, in particular 
the genus Psathyrella, for which he produced a  
European Monograph which is widely appreciated 
and used to date. 

Applications granted in 2013-2014
Title/Grant	 Applicant	 Naturalis supervisor(s)

Reconstruction of the evolution of the genus 	 J. Nuytinck –	 J. Geml, 
Lactarius (Russulales)	� Kits van Waverenfellow, 	 E. F. Smets 

Naturalis Biodiversity Center

Flora Agaricina Neerlandica - Study on the genus 	 J. Wisman –	 J. Nuytinck 
Russula	� Honorary staff  

Naturalis Biodiversity Center	

L.B. Holthuis Foundation

Aim
The aim of the Rijksherbariumfonds E. Kits van  
Waveren is to promote systematic mycology, in par-
ticular of Agaricales, under auspices of the former 
Rijksherbarium, now part of Naturalis Biodiversity 
Center. This is mainly done by providing funds for 
the appointment of temporary scientific staff at 
Naturalis (so-called Kits van Waverenfellows).  
In addition the foundation supports publications 
and provides travelling grants for honorary  
scientific staff. 

Board
E.F. Smets (chair), M.E. Noordeloos (secretary),  
B. Sanson (treasurer), A. Verbeken (UGent) &  
Th.W. Kuyper (WUR) (members).

History
The foundation is named after the late curator of 
Crustacea at Naturalis Biodiversity Center, Prof. dr. 
L.B Holthuis. He was the foremost carcinologists of 
his age. When he passed away in 2008, after working 
at the museum for 68 years, he left his ‘Krabbelaria’ 
to his successor Dr. Charles H.J.M. Fransen. Among 
this collection of ’krabbelaria’ were stamps, coins, 
antique tiles, vases, carved ivory and all kinds of 
other artefacts depicting crabs, shrimps and  
lobsters from mugs to Chinese porcelain. Part of 
this collection has been auctioned after his death. 
The revenue from these auctions form the capital 
stock of the L.B. Holthuis Foundation. 

Applications granted in 2013
Title/Grant	 Applicant	 Naturalis supervisor(s)

Revision of the pontoniine shrimp genera 	 Joni Eilbracht -	 C.H.J.M. Fransen, 
Phycomenes, Rapipontonia and the Periclimenes 	 MSc student	 S. de Grave 
iridescens species complex based on both 	 Leiden University 
morphological and molecular characters	

Out of Grapsidae? On the phylogenetic origin of the 	 Sancia van der Meij -	 E. Gittenberger, 
gall crab family Cryptochiridae (Decapoda: 	 PhD student	 B.W. Hoeksema, 
Brachyura)	 Leiden University	 C.H.J.M. Fransen

Applications granted in 2014
Title	 Applicant	 Naturalis supervisor(s)

Infestation patterns and population genetic 	 Kaj van Tienderen -	 S.E.T. van der Meij, 
structure of galls crabs (Cryptochiridae) inhabiting 	 MSc student	 B.W. Hoeksema 
corals (Scleractinia) along the Curacao coast	 Leiden University

Asymmetry in handedness correlated to ecology in 	 Cessa Rauch -	 C.H.J.M. Fransen, 
species of Pontoniinae (Crustacea, Decapoda)	 MSc student	 B.W. Hoeksema
		  Leiden University

Rijksherbariumfonds  
Dr. E. Kits van Waveren

Aim
The aim of the L.B. Holthuis Foundation is to  
facilitate scientific carcinological research at or in 
cooperation with Naturalis. Support is usually given 
to BSc, MSc and PhD students and foreign visitors 
that are not in the position to pay for their visit.

Board
B.W. Hoeksema (chair), C.H.J.M. Fransen (secretary/
treasurer) & P.M. Kroonenberg.
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Martin-fellowship
Intended applicants for the Martin-fellowship are 
young, promising researchers (pre- or postdoctoral), 
such as advanced MSc students, recent MSc gradu-
ates who are preparing for a PhD project, postdocs, 
or recent PhDs who are intending to elaborate part 
of their thesis or wish to prepare for a postdoctoral 
research project. Other young researchers can also 
apply. Collaboration with Naturalis scientific staff 
of one of the research departments is a prerequisite. 

Species composition of seven Crested Newt 	 Patricia Lagler -	 J.W. Arntzen 
populations in a contact zone of Triturus cristatus, 	 University of Natural 
T. dobrogicus and T. carnifex in the Waldviertel 	 Resources and Life 
(Austria)	 Sciences, Vienna, Austria

Leafrollers (Lepidoptera, Tortricidae) of Vietnam: 	 Svetlana V. Nedoshivina -	 E.J. van Nieukerken 
biodiversity, DNA barcoding and taxonomy	� Ulyanovsk State  

Pedagogical University,  
Ulyanovsk, Russia

The effect of temperature variability and life-history 	 Tries Razak -	 B.W. Hoeksema 
strategy on the response of coral to long-term 	 The University of 
increase in sea water temperature	� Queensland, Brisbane,  

Australia

Coral communities of the Persian Gulf	 Kaveh Samimi-Namin -	 L.P. van Ofwegen,
		�  Five Oceans Environ- 	 B.W. Hoeksema 

mental Services, Muscat,  
Oman 

Tropical western Pacific marine paleo-biodiversity: 	 Moriaka Yasuhara -	 W. Renema 
a micropaleontological approach	� University of Hong Kong,  

Hong Kong, China

Applications granted in 2014
Title	 Applicant	 Naturalis counterpart

Petrology and geochronology of ultra-high-	 Prasanna L. Dharmapriya -	L. Kriegsman 
temperature granulites from the Highland Complex 	 University of Peradeniya,  
of Sri Lanka	 Peradeniya, Sri Lanka	

Plants for family health in the Dutch Caribbean	 Michaela Hammer -	 T.R. van Andel
		�  Oregon State University,  

Corvallis, USA

Reconstructing amphibian population connectivity in 	 Ruben Iosif -	 J.W. Arntzen 
a heterogeneous landscape over a 35 year interval 	 Ovidius University of 
with the novel CircuitScape approach	 Constanta, Pitesti, Rumenia

On the origin of Pontocaspian gastropods	 Pavel D. Frolov -	 F.P. Wesselingh
		�  Geological Institute of the  

Russian Academy of Sciences,  
Moscow, Russia

Martin and Temminck  
fellowships

The fellowship is not intended to support visitors 
who only want to use Naturalis research collections. 
Publications resulting from a fellowship should  
carry Naturalis as address.

Board
B.W. Hoeksema, L.M. Kriegsman & J. van Tol.

Applications granted in 2013
Title	 Applicant	 Naturalis counterpart

Paleoenvironmental reconstruction of the 	 Gema M. Alcalde -	 L.W. van den Hoek 
Villafranchian fossil site of Tegelen (Limburg) from 	 Complutense University	 Ostende 
ruminant ecomorphology	 of Madrid, Madrid, Spain

Larger benthic foraminifera in the Pleistocene	 Belinda Dechnik -	 W. Renema
		�  The University of Sydney,  

Sydney, Australia

Diversity of sponges in the Strait of Lembeh 	 Tri Aryono Hadi -	 N.J. de Voogd 
(North Sulawesi)	� Research Centre for  

Oceanography (PPO-LIPI),  
Bitung, Indonesia

Octocorals of the Siboga Expedition to eastern 	 Yosephine T. Herman-	 L.P. van Ofwegen 
Indonesia	� limianto -Research Centre  

for Oceanography (PPO- 
LIPI), Jakarta, Indonesia

Microgastrinae (Hymenoptera: Braconidae) from 	 Jose Fernández-Triana -	 C. van Achterberg 
the Arabian Peninsula	� Canadian National  

Collection of Insects and  
Biodiversity Institute of  
Ontario, Ontario, Canada

Diversity of mushroom corals in the Strait of 	 Bambang Hermanto -	 B.W. Hoeksema 
Lembeh (North Sulawesi)	� Research Centre for  

Oceanography (PPO-LIPI),  
Bitung, Indonesia
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A genomic framework for chaetognath taxonomy	 Ferdinand Marlétaz -	 K.T.C.A. Peijnenburg
		�  University of Oxford,  

Oxford, UK

Coral communities of the Persian Gulf	 Kaveh Samimi-Namin -	 L.P. van Ofwegen, 
		�  Five Oceans Environ- 	 B.W. Hoeksema 

mental Services, Muscat,  
Oman

Marine biodiversity on volcanic slopes	 Singgih Afifa Putra -	 B.W. Hoeksema
		�  Bogor Agricultural  

University [IPB], Bogor,  
Indonesia

Paleocene-Eocene larger Foraminifera in Cuba and 	 Ana I. Torres Silva -	 W. Renema 
Caribbean realm and transatlantic correlation of 	 University of Vienna,  
their biostratigraphy	 Vienna, Austria

Temminck-fellowship
Intended applicants for the Temminck-fellowship 
are experienced, internationally known scientists 
who, for example, wish to carry out some research 
during their sabbatical. Collaboration with Naturalis 
scientific staff of one of the research departments 
is a prerequisite. The fellowship is not intended to 
support visitors who only want to use Naturalis re-

search collections. Publications resulting from a 
fellowship should carry Naturalis as address.

Board
B.W. Hoeksema, L.M. Kriegsman & J. van Tol.

Revision of the plant genus Drypetes (Putranjivaceae 	 Geoffrey A. Levin -	 P.C. van Welzen 
or Euphorbiaceae s.l.) in Malesia	� University of Illinois,  

Champaign, USA

The vole fauna of Bicakci (Anatolia, Turkey)	 Alexey S. Tesakov -	 L.W. van de Hoek
		�  Geological Institute of 	 Ostende 

the Russian Academy of  
Sciences, Moscow, Russia

Applications granted in 2014
Title	 Applicant	 Naturalis counterpart

Soft corals of the family Xeniidae	 Yehuda Benayahu -	 L.P. van Ofwegen
		�  Tel Aviv University,  

Tel Aviv, Israel

A phylogenetic trifecta: cospeciation of corals, gall 	 Christopher B. Boyko -	 S.E.T. van der Meij, 
crabs and their parasites	� American Museum of 	 C.H.J.M. Fransen, 

Natural History, New York, 	B.W. Hoeksema 
USA

Exploring salamander morphospace by CT scan data, 	 Ana Ivanović -	 J.W. Arntzen 
3D geometric morphometrics and phylogeny	� University of Belgrade,  

Belgrade, Serbia

Hidden biodiversity in tropical rain forests: A case 	 Nhi Thi Pham -	 S.A. Ulenberg, 
study on the ichneumonid wasps (Hymenoptera: 	 Institute of Ecology and	 C. van Achterberg 
Ichneumonidae) in northern Vietnam	� Biological Resources,  

Hanoi, VietnamApplications granted in 2013
Title	 Applicant	 Naturalis counterpart

At Europe’s eastern gate: ecosystem dynamics in 	 M. Cihat Alçiçek -	 L.W. van de Hoek 
and basin evolution in the Late Neogene of Anatolia	� Pamukkale University, 	 Ostende 

Denizli, Turkey

Soft corals of the family Xeniidae	 Yehuda Benayahu -	 L.P. van Ofwegen
		�  Tel Aviv University, Tel Aviv,  

Israel	
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Dr. Schürmann Foundation

History
Dr Heinrich Moritz Emil Schürmann, may be  
considered as an eminent representative of the pre-
Second-World-War generation of geologists. Born in 
Düsseldorf, Germany, he joined the Bataafsche  
Petroleum Maatschappij in 1913 after obtaining his 
doctor’s degree at the Rheinische Friedrich-Wilhelms-
Universität Bonn, and started his career as a geolo-
gist in Egypt with the Anglo-Egyptian Oil Fields Ltd. 
From 1914 to 1930 he worked in the Dutch East  
Indies. In 1930 he became Head of the Geology  
Division of Royal Dutch Shell in The Hague, a  
position which he retained until he retired in 1951. 

Schürmann’s interest and expertise covered many 
fields of geology, stretching from his services to the 
oil industry, obviously focussing on Phanerozoic  
hydrocarbon basins, to the Precambrian crystalline 
basement. In 1966 and 1974 Schürmann published 
two monumental monographs – both still consulted 
and cited - on the Precambrian of North Africa and 
adjacent northern Red Sea area.

Schürmann fostered numerous new initiatives, both 
internationally and in the Netherlands. He promoted 
isotope geochronology facilities in the Netherlands 
which, in 1962 led to the establishment of the  
Foundation for Isotope-Geological Research. His 
achievements were widely recognised and earned 
him, amongst others, the ‘Van Waterschoot van der 
Gracht penning’, the highest medal of distinction in 
the earth sciences in the Netherlands awarded by 
the Board of the KNGMG in 1972.

Aim
In 1949 Schürmann established the Stichting  
Dr. Schürmannfonds (Dr. Schürmann Foundation),  
initially in order to ensure the safe-keeping of the 
Schürmann collection of mainly Precambrian miner-
als and rocks (later on this collection was donated 
to Naturalis), and later mainly to foster and promote 
research on the study of – in his time still poorly 
known – Precambrian terrains in general and the 
Precambrian of Egypt in particular.

Board
A.B. Westerhof (chair), K. de Groot (treasurer),  
J.C. Zwaan (secretary), F.F. Beunk & W. Nijman.

Research sponsored by the  
Schürmann Foundation
During its more than 60 years of existence, the 
Schürmann Foundation has financially supported 
fieldwork research on Precambrian terrains all  
over the world; since 1981 to a total of more than 
200 projects. From 2002 to 2007 the Foundation 
also sponsored a special chair Precambrian System 
Earth (held by Professor Passchier) at the VU  
University Amsterdam to promote the integrated 
study of the early evolution of the Earth with  
emphasis on linking deep crustal and surface pro-
cesses. In addition the chair aimed at strengthening 
Dutch geological research into the Precambrian and 
stimulating public outreach, as well as international 
scientific cooperation.

Long-term research programmes sponsored by the 
Schürmann Foundation in the last two decades 
have been and continue to be:

Pilbara Project (1990-2006) 
Sedimentological and structural-geological investi-
gations in the granite-greenstone terrane of the west 
Australian Pilbara Craton (Ypma, Universities of 
Delft and Adelaide; Nijman and White, Utrecht  
University; Wijbrans, VU University Amsterdam); 
major aims have been the detailed structural  
history of the Archaean of especially the East  
Pilbara Craton and the reconstruction of its early 
Archaean sedimentary / volcanic environment.

Zimbabwe Project (1995-2000) 
Thrust deformation and sedimentation in the  
Zimbabwean greenstone belts (Dirks, previously 
University of Harare).

Earth’s Earliest Basins Project (since 1998) 
A follow-up to the Pilbara project aiming at the  
reconstruction of the Archaean sedimentary  

Publications
The above and earlier Martin- and Temminck fellow-
ships resulted in the following publications (printed 
in 2013-2014) (in bold: research staff of Naturalis  
Biodiversity Center).

Fernández-Triana, J., Ward, D.F., Cardinal, S. & van 
Achterberg, C. 2013. A review of Paroplitis (Braco-
nidae, Microgastrinae), and description of a new 
genus from New Zealand, Shireplitis, with conver-
gent morphological traits. Zootaxa 3722: 549-568.

Hoare, R.J.B. & van Nieukerken, E.J. 2013. Phyloge-
ny and host-plant relationships of the Australian 
Myrtaceae leafmining moth genus Pectinivalva 
(Lepidoptera: Nepticulidae), with new subgenera 
and species. ZooKeys 278: 1-64.

Ivanović, A. & Arntzen, J.W. 2014. Evolution of skull 
and body shape in Triturus newts reconstructed 
from three-dimensional morphometric data and 
phylogeny. Biological Journal of the Linnean Soci-
ety 113: 243-255.

Ivanović, A., Uzum, N., Wielstra, B., Olgun, K., Litvin-
chuk, S.N., Kalezic, M.L. & Arntzen, J.W. 2013. Is 
mitochondrial DNA divergence of Near Eastern 
crested newts (Triturus karelinii group) reflected 
by differentiation of skull shape? Zoologischer 
Anzeiger 252: 269-277.

Ivanović, A., Aljančič, G. & Arntzen, J.W. 2013. Skull 
shape differentiation of black and white olms 
(Proteus anguinus anguinus and Proteus a. par-
kelj): an exploratory analysis with micro-CT 
scanning. Contributions to Zoology 82: 107-114.

Ivanović, A., Cvijanović, M., Denoël, M., Slijepčević, 
M. & Kalezić, M.L. 2014. Facultative paedomor-
phosis and the pattern of intra- and interspecific 
variation in cranial skeleton: lessons from Euro-
pean newts (Ichthyosaura alpestris and Lissotri-
ton vulgaris). Zoomorphology 133: 99-109.

McFadden, C.S. & van Ofwegen, L.P. 2013. A second, 
cryptic species of the soft coral genus Incrusta-
tus (Anthozoa: Octocorallia: Clavulariidae) from 
Tierra del Fuego, Argentina, revealed by DNA bar-
coding. Helgoland Marine Research 67: 137-147.

McFadden, C.S. & van Ofwegen, L.P. 2013. Molecu-
lar phylogenetic evidence supports a new family 
of octocorals and a new genus of Alcyoniidae 
(Octocorallia, Alcyonacea). ZooKeys 346: 59-83.

McFadden, C.S., Brown, A.S., Brayton, C., Hunt, C.B. 
& van Ofwegen, L.P. 2014. Application of DNA 
barcoding in biodiversity studies of shallow- 
water octocorals: molecular proxies agree with 
morphological estimates of species richness in 
Palau. Coral Reefs 33: 275-286.

Poyarkov, N.A., Che, J., Min, M.S., Kuro-o. M., Yan, 
F., Li, C., Iizuka, K. & Vieites, D.R. 2012. Review of 
the systematics, morphology and distribution of 
Asian Clawed Salamanders, genus Onychodacty-
lus (Amphibia, Caudata: Hynobiidae), with the 
description of four new species. Zootaxa 3465: 
1-106. 

Reijnen, B.T., McFadden, C.S., Hermanlimianto, Y.T. 
& van Ofwegen, L.P. 2014. A molecular and mor-
phological exploration of the generic boundaries 
in the family Melithaeidae (Coelenterata:  
Octocorallia) and its taxonomic consequences. 
Molecular Phylogenetics and Evolution 70: 383-401.

Reimer, J.D., Poliseno, A. & Hoeksema, B.W. 2014. 
Shallow-water zoantharians (Cnidaria, Hexacor-
allia) from the Central Indo-Pacific. ZooKeys 444: 
1-57.

van Ofwegen, L.P. & Hermanlimianto, M.I.Y.T. 2014. 
Siboga plexaurids (Coelenterata: Octocorallia) 
re-examined. Zoologische Mededelingen 88: 19-58.

van Ofwegen, L.P., Benayahu, Y. & McFadden, C.S. 
2013. Sinularia leptoclados (Ehrenberg, 1834) 
(Cnidaria, Octocorallia) re-examined. ZooKeys 
272: 29-59.



176 Report 2013 -2014 Naturalis Research and Education

Naturalis publications

The projects have resulted in a considerable  
number of MSc and PhD theses, and articles in 
peer-reviewed magazines.

environment, its hydrothermal activity, signs of early 
life and structural control on the West Australian 
Pilbara and South African Barberton greenstone 
belts (Nijman, van Bergen, Utrecht University; de 
Wit, University of Cape Town; Kisch, Ben Gurion  
University, Israel).

CLM (subcratonic lithospheric mantle)  
Project (since 2003) 
Research programme conducted by Davies (VU Uni-
versity Amsterdam) focussing on the preservation 
and destruction of Archaean continents through the 
study of diamondiferous xenoliths in kimberlites in 
crustal remnants of the Tanzanian Craton, the 
Kaapvaal Craton, and the Aldan Shield of Siberia.

Namibia Project (since 2003) 
Tectonic evolution of Neoproterozoic mobile belts in 
Namibia (Kaoko- and Damara), with emphasis on 
extensive geologic mapping and structural-geologic 
analysis (Passchier, VU University Amsterdam /  
University of Mainz; Trouw, Federal University of Rio 
de Janeiro).

Barberton Drilling Project (since 2010) 
As a direct consequence of previous investigations 
in that area, Dutch geologists (Mason, van Bergen, 
Utrecht University; Vroon, VU University Amster-
dam) now participate in an ICDP (International  
Continental Scientific Drilling Program) - supported 
drilling project in the Barberton greenstone belt. 

Examples of smaller-scale fieldwork projects of the 
last decade sponsored by the Schürmann Founda-
tion are Ultrahigh-temperature (UHT) metamorphism 
in the Bakhuis Mountain area of Western Suriname 
(since 2006), Stratigraphy and Sedimentology of the 
Palaeoproterozoic of Eastern India (since 2006), 
Paleoproterozoic Stratigraphy and Structures of the 
Bergslagen area in Central Sweden (since 2008), and 
recently Tectonics and sapphire formation in the 
Precambrian lower crust of central-eastern Sri Lanka 
(this project is carried out by Naturalis researchers 
L.M. Kriegsman and J.C. Zwaan).
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Blumea – Biodiversity, Evolution 
and Biogeography of Plants
Blumea is an international journal on the biodiversity, 
evolution and biogeography of plants, including  
topics on systematics, floristics, phylogeny, morphol-
ogy and anatomy. For floristic studies, the focus is 
on tropical Africa south of the Sahara, tropical 
Southeast Asia with a strong emphasis on Malesia, 
and South America with emphasis on the Guianas. 
Papers in Blumea are subjected to peer review and 
are in English. Blumea is published three times a 
year, comprising c. 300 pages in total, in A4 format. 
Blumea is online via open access available through 
Ingenta: www.ingentaconnect.com/content/nhn/
blumea.
Editor-in-chief: P.H. Hovenkamp.
Associate editors: F. Adema, P.J.M. Maas, L.J.G. van der 
Maesen, M.S.M. Sosef & J.J. Vermeulen.

			   2013	 2014
Scient. papers		  40	 24
Total pages		  294	 162
SCI		  0.375	 0.340

Contributions to Zoology
Contributions to Zoology solicits highquality papers 
in all systematicsrelated branches of zoology and 
paleontology. Preference will be given to manu-
scripts dealing with conceptual issues and to inte-
grative papers (e.g., palaeobiology and biodiversity, 
morphology and phylogeny and character state  
evolution, phylogeny and historical biogeography, 
systematics and bioinformatics, bioinformatics and 
biodiversity, habitat disturbance and biogeography, 
etc. etc.). Reviews and alphataxonomic contributions 
may be considered for publication, but acceptance 
will depend on their high quality and exceptional 
nature.
Editor-in-chief: J.W. Arntzen.
Managing editor: S.E.T. van der Meij.
Associate editors: J.C. Biesmeijer, M. Brazeau, H. de Jong, 
V. Nijman, W. Renema, J. van Rooijen, R. Sluys,  
R.W.M. van Soest & R. Vonk.

			   2013	 2014
Scient. papers		  15	 17
Total pages		  208	 330
SCI		  2.029	 1.656

Entomologische Tabellen
In Entomologische Tabellen identification keys on 
the invertebrates of the Netherlands are published. 
It is a joined publication of the Nederlandse Entomo
logische Vereniging, European Invertebrate Survey 
– The Netherlands and Naturalis. Entomologische 
Tabellen is published on an irregular basis.
Editors: O. Vorst, J. Noordijk & R.M.J.C. Kleukers. 

			   2013	 2014	
Volumes		  1	 0	
Total pages		  92	 0	
2013: Volume 7: 	�	 De Nederlandse goudhaantjes 

(Chrysomelidae: Chrysomeli-
nae)

2014:	 -			 

Flora Malesiana
Flora Malesiana is a systematic treatment of the 
tropical plant and fern species in the Malay Archi-
pelago (Malaysia, Singapore, Brunei, Indonesia, 
Philippines, Timor Este, Papua New Guinea), esti-
mated at 40,000 species. It is the first flora for the 
region. Therefore, a more or less monographic  
approach is used to describe the species including 
long detailed descriptions and full synonymy, and 
literature references. Up to now 21 volumes have 
been published in series I (no. 2 and 3, intended for 
vegetation descriptions and ecology have never been 
written) and 4 volumes in series II (so far covering  
c. 20% of the flora). Treatments are made by inter-
nationally renowned taxonomists. The instalments 
contain family treatments, single when concerning 
a large family (or at most 2 instalments as with 
Moraceae), several together when small families are 
involved. Every family has introductory chapters 
about morphology, anatomy, pollen, and other  
topics when of interest, followed by a key to the 
genera, keys per genus and species descriptions. 

The reader can, in conjunction with the digital  
family key produced by Kew and Leiden, use Flora 
Malesiana to identify species, to get information 
about plants, uses, references, anatomy, vernacular 
names, pollen, pollination, etc. Quite often Flora 
Malesiana contains the first drawings of species.  
A Flora Malesiana Dataportal is under construction: 
dev.etaxonomy.eu/dataportal/floramalesiana/
Editor-in-chief: P.C. van Welzen.

			   2013	 2014	
Volumes		  1	 -	
Total pages		  140	 -	
2013: 	� Series 1: 21: 2 families:  

Lecythidaceae & Peraceae	
2014: 		  -			 

Flora of the Guianas
The Flora of the Guianas is a book series dedicated 
to the taxonomic treatment of all plant taxa occur-
ring within the political territories of Guyana, Suri-
nam and French Guiana. Based on studies of type 
specimens, herbarium collections, living plants,  
and all relevant literature, most of the treatments 
include also information on plant use, local names 
and ecological notes. Publication takes place in  
fascicles, each treating a single family or a group of 
related families, in the following series: A. Phanero-
gams; B. Ferns and Fern allies; C. Bryophytes;  
D. Algae; and E. Fungi and Lichens.
As an additional dissemination channel to the print-
ed copies, the Flora of the Guianas has started to 
move towards an online platform: we want to make 
information freely available; to speed up publication; 
to offer more tools for data representation as well 
as for plant identification; and finally, to build up an 
updated and dynamic Flora available for different 
end-users, with approximately 15,000 plant species 
when finished.
Editor: S. Mota de Oliveira.
Editorial board members: P. Acevedo-Rodríguez,  
P. Delprete, E. Lucas, O. Poncy, P. da Silva, N. Köster, 
B. Torke & D. Traag.

			   2013	 2014
Volumes		  1	 1
Total pages		  132	 129
2013: 	�	 Cladoniaceae. Series E: Fungi 

and Lichens, fascicle 3. 	
2014: 	� Gentianaceae. Series A:  

Phanerogams, fascicle 30.

Flore du Gabon
The Flore du Gabon series provides access to the  
information on the botanical wealth of this central 
African country, reputedly harbouring the richest 
lowland rain forest in Africa. The series was started 
in 1961 by the Muséum national d’Histoire naturelle 
(MNHN) in Paris. In 2005, a new editorial team was 
formed including Naturalis and two Gabonese  

colleagues. They developed a new and more concise 
format and rendered the goal to finish the series 
within 10 years. In 2014, Naturalis signed an MOU 
with the Botanic Garden Meeise (Belgium) to jointly 
support the production of this series. From 2015  
onward, 2 or 3 volumes are expected to be published 
each year, in order to keep up a steady and high pace 
of production. With 11% of all plant species being 
endemic to the country and some 80% of its surface 
being covered with a highly diverse lowland rain for-
est, Gabon is a botanical paradise and biodiversity 
hotspot. The Flore du Gabon provides the essential 
tools for reliable identification, stressing the need 
for simple and straightforward identification keys, 
diagnostic descriptions and clarifying illustrations. 
As such, it hopes to assist researchers, foresters 
and conservationists alike and to contribute to the 
survival of Gabon’s unique biodiversity. Flore du Ga-
bon is published for Naturalis and the Botanic Gar-
den Meise by Margraf Publishers.
Editors: M.S.M. Sosef, J. Florence, L.N. Banak & 
H.P.B. Bourobou.

			   2013	 2014	
Volumes		  1	 0	
Total pages		  94	 0	
2013: 	� Volume 45:  

Clusiaceae, Malvaceae
2014:		   -			 

Gorteria
Gorteria is dedicated to research on the wild flora of 
the Netherlands. The taxa treated must occur in the 
Netherlands, but the studies may cover a much  
wider area. The journal aims to be useful for a broad 
scientific audience and botanical research arena 
(systematics, floristics, ecology, vegetation biology), 
and focuses on amateur botanists, as readers as 
well as authors. Especially papers on the identifica-
tion and circumscription of critical or taxonomically 
challenging plant taxa are welcome. The journal is 
published in Dutch, with abstracts in English, and 
each volume consists of 6 fascicles. More informa-
tion can be found on: www.nationaalherbarium.nl/
gorteriaweb/.
In 2014, a special issue on the Dutch Brambles  
(Rubus L.) has been published as a triple issue of 
Gorteria, volume 36. 
Since March 9, electronic versions of all Gorteria 
and Gorteria Supplement publications have been 
stored in the Naturalis repository: http://repository.
naturalis.nl/ and are freely accessible to the public. 
Articles published in the current volume of Gorteria 
(Gorteria 37) will be accessible to the public after 
completion of the volume.
Editor-in-chief: M.C. Roos.
Editors: H. Duistermaat, J.D. Kruijer, B. Odé, 
R.C.M.J. van Moorsel, J.G.B. Oostermeijer &  
E.J. Slootweg.
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			   2013	 2014
Scient. papers		  3	 7
Total pages		  63	 167
SCI		  0	 -

Natuur van Nederland
The Natuur van Nederland series is a continuation  
of the Nederlandse Fauna series. It is published by 
Naturalis in cooperation with KNNV Publishers and 
European Invertebrate Survey. Each volume offers 
an overview of a particular species group of the 
Dutch flora or fauna. Subjects tackled are taxonomy, 
distribution, status, identification, ecology and  
aspects of their biology. Presently, 11 volumes have 
been published. A new volume, on mammals of the 
Netherlands, is in advanced stage of preparation. 
Website: science.naturalis.nl/en/research/publica-
tions/natuur-van-nederland/.
Editors-in-chief: G.O. Keijl & A.J. van Loon.

Nederlandse Faunistische 
Mededelingen
In the journal Nederlandse Faunistische Mededelingen 
original papers and short communications on the 
invertebrates of the Netherlands are published.  
It is especially targetting the working groups of the 
European Invertebrate Survey and related research-
ers with the aim to enhance the knowledge of Dutch 
biodiversity. The journal is published twice a year as 
a cooperation between the European Invertebrate 
Survey – The Netherlands and Naturalis. Addition-
ally, supplements are published dealing with a  
specific topic. Most papers are in Dutch with an 
English summary.
Editor-in-chief: R.M.J.C. Kleukers.
Editors: M.P. Berg, P.L.Th. Beuk, P.J. van Helsdingen, 
A. Kroon & M. Reemer.

			   2013	 2014
Scient. papers		  24	 27
Total pages		  250	 207

Persoonia – Molecular Phylogeny 
and Evolution of Fungi
Persoonia aims to publish papers dealing with  
molecular phylogeny and evolution of fungi. A further 
aim is to promote fungal taxonomy by employing a 
polythetic approach to clarify the true phylogeny 
and relationships within the fungi. The journal  
publishes highquality papers elucidating known and 
novel fungal taxa at the DNA level, and also strives to 
present novel insights into evolutionary processes 
and relationships. Papers to be considered include 
research articles and reviews. Papers are published 
using a Fast Track system. This implies that the  
papers are immediately published online and freely 
available through the internet via the Ingenta  
Connect website. Hard copy volumes are published 
twice a year, in A4 format and full colour, when the 

online published papers are bound. Persoonia is a 
journal published jointly by the Naturalis Biodiversity 
Center and the CBS-KNAW Fungal Biodiversity Center. 
Online papers in Persoonia can be found through 
www.ingentaconnect.com/content/nhn/pimj/pre
prints and www.persoonia.org.
Editors-in-Chief: J. Geml & P.W. Crous.

			   2013	 2014
Scient. papers		  19	 22
Total pages		  427	 600
SCI		  4.225	 5.3

Scripta Geologica
Scripta Geologica publishes original papers and 
monographs dealing with the various branches of 
vertebrate and invertebrate palaeontology, palaeo-
botany/palynology, stratigraphy, petrology and  
mineralogy, including gemmology. The journal  
appears twice per calendar year, although it may  
be supplemented by special (thematic) issues.  
Each issue has its own serial number. The focus of 
the journal is systematics, although papers on all 
aspects of the subjects listed above are welcomed. 
Only original papers that have not been submitted 
or published elsewhere will be considered for publi-
cation. The electronic version of Scripta Geologica is 
available at www.scriptageologica.nl. Back articles 
of Scripta Geologica are available through  
www.repository.naturalis.nl.
Managing editor: S.K. Donovan.
Editorial board: S.K. Donovan, L.W. van den Hoek 
Ostende, W. Renema & J.C. Zwaan.

			   2013	 2014
Scient. papers		  2	 24
Total pages		  321	 455

Zoologische Mededelingen
Zoologische Mededelingen publishes original papers 
and monographs dealing with various branches of 
vertebrate and invertebrate biology. The focus of the 
journal is systematics. The majority of the publica-
tions in Zoologische Medelingen are the result of  
research projects of Naturalis, or are based mainly 
or entirely on specimens in the collections of  
Naturalis. Only original papers that have not been 
submitted or published elsewhere will be consid-
ered for publication. The journal is accessible 
through: http://www.zoologischemededelingen.nl/. 
Back articles of Zoologische Mededelingen are  
available through www.repository.naturalis.nl.
Editor-in-chief: L.P. van Ofwegen.
Editorial board: C. van Achterberg, C.H.J.M. Fransen, 
L.P. van Ofwegen, M.J.P. van Oijen & A.J. de Winter.

			   2013	 2014
Scient. papers		  5	 4
Total pages		  412	 109

Publications 2013-2014
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This list includes the publications of permanent 
staff, students and honorary staff (names in bold) 
of Naturalis Biodiversity Center.

2013
SCI publications
Abbott, R., Albach, D.l., Ansell, S., Arntzen, J.W., Baird, 

S.J.E., Bierne, N., Boughman, J.W., Brelsford, A., Buerkle, 
C.A., Buggs, R., Butlin, R.K., Dieckmann, U., Eroukhmanoff, 
F., Grill, A., Cahan, S.H., Hermansen, J.S., Hewitt, G., Hud
son, A.G., Jiggins, C., Jones, J., Keller, B., Marczewski, T., 
Mallet, J., Martinez-Rodriguez, P., Most, M., Mullen, S., 
Nichols, R., Nolte, A.W., Parisod, C., Pfennig, K., Rice, 
A.M., Ritchie, M.G., Seifert, B., Smadja, C.M., Stelkens, 
R., Szymura, J.M., Vainola, R., Wolf, J.B.W. & Zinner, D. 
2013. Hybridization and speciation. Journal of Evolutionary 
Biology 26: 229-246.

Aguirre-Gutierrez, J., Carvalheiro, L., Polce, C., van Loon, 
E.E., Raes, N., Reemer, M. & Biesmeijer, J. 2013. Fit-for-
purpose: Species distribution model performance de-
pends on evaluation criteria – Dutch hoverflies as a case 
study. PLOS ONE 8: e63708.

Aliabadian, M., Beentjes, K., Roselaar, K., van Brandwijk, H., 
Nijman, V. & Vonk, R. 2013. DNA barcoding of Dutch birds. 
ZooKeys (Special Issue) 365: 25-48.

Annan, A., Baldwin, H.J., Corman, V.M., Klose, S.M., Owusu, 
M., Nkrumah, E.E., Badu, E.K., Anti, P., Agbenyega, O., 
Meyer, B., Oppong, S., Sarkodie, Y.A., Kalko, E.K.V., Lina, 
P.H.C., Godlevska, E.V., Reusken, C., Seebens, A., Gloza-
Rausch, F., Vallo, P., Tschapka, M., Drosten, C. & Drexler, 
J.F. 2013. Human Betacoronavirus 2c EMC/2012-related 
Viruses in Bats, Ghana and Europe. Emerging Infectious 
Diseases 19: 456-459.

Arntzen, J.W., McAtear, J., Recuero, E., Ziermann, J.M., 
Ohler, A., van Alphen, J. & Martínez-Solano, I. 2013.  
Morphological and genetic differentiation of Bufo toads: 
two cryptic species in Western Europe (Anura, Bufonidae). 
Contributions to Zoology 82: 147-169.

Arntzen, J.W., Recuero, E., Canestrelli, D. & Martínez-Solano, 
I. 2013. How complex is the Bufo bufo species group?  
Molecular Phylogenetics and Evolution 69: 1203-1208.

Aukema, B., Duffels, H., Günther, H., Rieger, Chr. & Strauss, 
G. 2013. New data on the Heteroptera fauna of La Palma, 
Canary Islands (Insecta: Hemiptera). Acta Musei Moraviae, 
Scientiae Biologicae 98: 459-493.

Baalbergen, E. & Donovan, S.K. 2013. Terrestrial arthropods 
from the Late Pleistocene of Jamaica: systematics, palaeo-
ecology and taphonomy. Geological Journal 48: 628-645.

Baas, P., Battigpaglia G., De Micco S., Lens, F. & Wheeler, 
E.A. 2013. Wood structure in plant biology and ecology. 
IAWA Journal 34: 329-509.

Bacela-Spychalska, K. & van der Velde, G. 2013. There is 
more than one ‘killer shrimp’: trophic positions and pred-
atory abilities of invasive amphipods of Ponto-Caspian 
origin. Freshwater Biology 58: 730-741.

Banaticla-Hilario, M.C., Sosef, M.S.M., McNally, K., Hamilton, 
N.R.S. & van den Berg, R.G. 2013. Ecogeographic variation 
in the morphology of two Asian wild rice species Oryza 
nivara and O. rufipogon. International Journal of Plant  
Sciences 174: 896-909.

Bank, R.A., Gittenberger, E. & Neubert, E. 2013: Radiation of 
an eastern Mediterranean landsnail genus: revision of 
the taxa belonging to Metafruticicola von Ihering 1892 
(Gastropoda, Pulmonata: Hygromiidae). Archiv für  
Molluskenkunde 142: 67-136.

Becking, L.E. 2013. Revision of the genus Placospongia  
(Porifera: Hadromerida: Placospongiidae) in the  
Indo-West Pacific. Zookeys 298: 39-76.

Becking, L.E., Cleary, D.F.R. & de Voogd, N.J. 2013. Sponges 
species composition abundance and cover in marine 
lakes and coastal mangroves in Berau, Indonesia. Marine 
Ecology Progress Series 481: 105-120.

Becking, L.E., Erpenbeck, D., Peijnenburg, K.T.C.A. & de 
Voogd, N.J. 2013. Phylogeography of the sponge Suber-
ites diversicolor in Indonesia: insights into the evolution 
of marine lake populations. PLOS ONE 8: e75996.

Beedessee, G., Ramanjooloo, A., Aubert, G., Eloy, L., Arva, D., 
van Soest, R.W.M., Cresteil, T. & Marie, D.E.P. 2013. Ethyl 
acetate extract of the Mauritian sponge Jaspis sp. induc-
es cell arrest in human promyelocytic leukemia cells.  
Environmental Toxicology and Pharmacology 36: 58-65.

Beedessee, G., Ramanjooloo, A., Suman-Boodhun, R., van 
Soest, R.W.M. & Marie, D.E.P. 2013. Acetylcholinesterase-
inhibitory activities of the extracts from sponges collected 
in Mauritius waters. Chemistry and Biodiversity 10: 442-451.

Bellemain, E., Davey, M.L., Kauserud, H., Epp, L.S., Boessen-
kool, S., Coissac, E., Geml, J., Edwards, M., Willerslev, E., 
Gussarova, G., Taberlet, P. & Brochmann, C. 2013. Fungal 
palaeodiversity revealed using high-throughput meta-
barcoding of ancient DNA from arctic permafrost.  
Environmental Microbiology 15: 1176-1189.
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Berg, C.C., Carauta, J.P.P. & Machado, A.F.P. 2013. Ficus  
goiana, a replacement name for a Brazilian species of fig 
(Moraceae). Phytotaxa 108: 54-56.

Bissiengou, P., Chatrou, L.W., Wieringa, J.J. & Sosef, M.S.M. 
2013. Taxonomic novelties in the genus Campylospermum 
(Ochnaceae). Blumea 58: 1–7. doi 10.3767/000651913X66 
7817.

Bissiengou, P., Wieringa J.J. & Sosef M.S.M. 2013. Taxonomic 
novelties in the genus Campylospermum (Ochnaceae). 
Blumea 58: 1-7.

Bogaerts, S., Sparreboom, M., Pasmans, F., Almasri, A., Beu-
kema, W., Shebab, A. & Amr, Z.S. 2013. Distribution, ecol-
ogy and conservation of Ommatotriton vittatus and Sala-
mandra infraimmaculata in Syria. Salamandra 49: 87-96.

Bogarin, D., Karremans, A., Rincon, R. & Gravendeel, B. 2013. 
A new Specklinia (Orchidaceae: Pleurothallidinae) from 
Costa Rica. Phytotaxa 115: 31-41.

Bos, A.R., Gumanao, G.S., Mueller, B. & Saceda, M.M. 2013. 
Management of crown-of-thorns sea star (Acanthaster 
planci L.) outbreaks: removal success depends on reef 
topography and timing within the reproduction cycle. 
Ocean and Coastal Management 71: 116-122.

Bos, A.R., Gumanao, G.S., Mueller, B. & Saceda, M.M. 2013. 
Size at maturation, sex differences, and pair density  
during the mating season of the Indo-Pacific beach star 
Archaster typicus (Echinodermata: Asteroidea) in the 
Philippines. Invertebrate Reproduction and Development 
57: 113-119.

Brambach, F., Nooteboom, H.P. & Culmsee, H. 2013.  
Magnolia sulawesiana described, and a key to the  
species of Magnolia (Magnoliaceae) occurring in Sulawesi. 
Blumea 58: 271-276.

Breeschoten, T., Clark, D.R. & Schilthuizen, M. 2013. Evolu-
tionary patterns of asymmetric genitalia in the beetle 
tribe Cyclocephalini. Contributions to Zoology 82: 95-106.

Breure, A.S.H. 2013. Annotated type catalogue of Orthali-
coidea (Mollusca, Gastropoda) in the Museum für 
Naturkunde, Berlin. ZooKeys 279: 1-101.

Cámara-Leret, R., Ridder-Numan, J.W.A. & Veldkamp, J.F. 
2013. Revision of Heteroblemma gen. nov. (Dissochaeteae 
– Melastomataceae) from Malesia and Vietnam. Blumea 
58: 229-240.

Carvalheiro, L.G., Kunin, W.E., Keil, P., Aguirre-Gutiérrez, J., 
Ellis, W.N., Fox, R., Groom, Q., Hennekens, S., van Landuyt, 
W., Maes, D., van de Meutter, F., Michez, D., Rasmont, P., 
Ode, B., Potts, S.G., Reemer, M., Roberts, S.G., Schami-
nee, J., Wallis de Vries, M.F. & Biesmeijer, J.C. 2013.  
Species richness declines and biotic homogenization 
have slowed down for NW-European pollinators and 
plants. Ecology Letters 16: 870-879.

Casewell, N.R., Wüster, W., Vonk, F.J., Harrison, R.A. & Fry, 
B.G. 2013. Complex cocktails: the evolutionary novelty of 
venoms. Trends in Ecology and Evolution 28: 219-229.

Castoe, T.A., de Koning, A.P.J., Hall, K.T., Card, D.C., Schield, 
D.R., Fujita, M.K., Ruggiero, R.P., Degner, J.F., Daza, J.M., 
Gu, W., Reyes-Velasco, J., Shaney, K.J., Castoe, J.M., Fox, 
S.E., Poole, A.W., Polanco, D., Dobry, J., Vandewege, 
M.W., Li, Q., Schott, R.K., Kapusta, A.K., Minx, P., Fes-
chotte, C., Uetz, P., Ray, D.A., Hoffmann, F.G., Bogden, R., 
Smith, E.N., Chang, B.S., Vonk, F.J., Casewell, N.R., Hen-
kel, C.V., Richardson, M.K., Mackessy, S.P., Bronikowsi, 
A.M., Yandell, M., Warren, W.C., Secor, S.M. & Pollock, 

D.D. 2013. The Burmese python genome reveals the  
molecular basis for extreme adaptation in snakes.  
Proceedings of the National Academy of Sciences of the 
United States of America 110: 20645-20650.

Chantarasuwan, B., Berg, C.C. & van Welzen, P.C. 2013.  
A revision of Ficus subsection Urostigma (Moraceae). 
Systematic Botany 38: 653-686.

Chaowasku, T. 2013. Miliusa codonantha (Annonaceae),  
a new species from the Indian eastern Himalaya, with a 
new combination, M. dioeca. Willdenowia 43: 101-105.

Chaowasku, T. 2013. Request for a binding decision on 
whether Huberia DC.(Melastomataceae) and Hubera 
Chaowasku (Annonaceae) are sufficiently alike to be  
confused. Taxon 62: 412-412.

Chaowasu, T. & Keßler, P.J.A. 2013. Seven new species of 
Miliusa (Annonaceae) from Thailand. Nordic Journal of 
Botany 31: 680-699.

Chaowasku, T., van der Ham, R.W.J.M. & Chatrou, L.W. 2013. 
Integrative systematics supports the establishment of 
Winitia, a new genus of Annonaceae (Malmeoideae,  
Miliuseae) allied to Stelechocarpus and Sageraea.  
Systematics and Biodiversity 11: 195-207.

Chen, D.-W., Chen, W., Liu, D., van Ofwegen, L., Proksch, P. & 
Lin, W.-H. 2013. Asteriscane-type sesquiterpenoids from 
the soft coral Sinularia capillosa. Journal of natural  
Products 76: 1753-1763.

Cleary, D.F.R., Becking, L.E., de Voogd, N.J., Pires, A.C.C., 
Polónia, A.R.M., Egas, C. & Gomes, N.C.M. 2013. Habitat- 
and host-related variation in sponge bacterial symbiont 
communities in Indonesian waters. FEMS Microbiology 
Ecology 85: 465-482.

Collet, P., Méléard, S. & Metz, J.A.J. 2013. A rigorous model 
study of the adaptative dynamics of Mendelian diploids. 
Journal of Mathematical Biology 67: 569-607.

Collinson, M.E., Smith, S.Y., van Konijnenburg-van Cittert, 
J.H.A., Batten, D.J., van der Burgh, J., Barke, J. & Marone, 
F. 2013. New observations and synthesis of Paleogene 
heterosporous water ferns. International Journal of Plant 
Sciences 174: 350-363.

Costello, M.J., Bouchet, P., Boxshall, G., Fauchald, K., Gordon, 
D., Hoeksema, B.W., Poore, G.C.B., van Soest, R.W.M., 
Stöhr, S., Walter, T.C., Vanhoorne, B., Decock, W. & Appel-
tans, W. 2013. Global coordination and standardisation in 
marine biodiversity through the World Register of Marine 
Species (WoRMS) and related databases. PLOS ONE 8: 
e51629.

David, P., Vogel, G. & van Rooijen, J. 2013. On some taxonom-
ically confused species of the genus Amphiesma Duméril, 
Bibron & Duméril, 1854 related to Amphiesma khasiense 
(Boulenger, 1890) (Squamata, Natricidae). Zootaxa 3694: 
301-335.

de Roos, A.M. & Metz, J.A.J. 2013. Ontogenetic symmetry  
and asymmetry in energetics. Journal of Mathematical 
Biology. 66: 889-914.

de Voogd, N.J., Cleary, D.F.R. & Dekker, F. 2013. The coral-
killing sponge Terpios hoshinota invades Indonesia.  
Coral Reefs 32: 755.

de Winter, A.J. & Vastenhout, N. 2013. Revision of the Afro-
tropical land snail genus Avakubia Pilsbry, 1919, with  
description of Pseudavakubia gen.n. and eleven new  
species (Gastropoda Pulmonata: Streptaxidae). African 
Invertebrates 54: 605-663.

de Zeeuw M.P., Westbroek I., van Oijen M.J.P. & Witte, F. 2013. 
Two new species of zooplanktivorous haplochromine  
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