
Could you begin by outlining the main aims 
and objectives of your research into hidden 
biodiversity?

We know surprisingly little about the extent 
of biodiversity on Earth, including that in 
our own backyards. Organisms believed to 
represent single species often turn out to be 
two or more species, each specialised for a 
particular mode of life. Our primary objectives 
are fi rstly, to reveal the richness of life, from 
molecular to organismal scales in a model 
group of organisms; secondly, to understand the 
evolutionary relationships among these species 
and among the differentiated forms within 
them species; and fi nally to identify the patterns 

that might be used as guides to discover 
biodiversity in other organisms. Specifi cally, 
we are integrating cytogenetic, molecular, 
morphological, and ecological approaches to 
screen the known species in a group of Black 
Flies (family Simuliidae) for hidden biodiversity 
(cryptic species, chromosomal and molecular 
forms); infer a phylogeny for understanding 
the evolution of biological traits; interpret the 
ecology of each species; and develop a model to 
predict the presence of hidden biodiversity. 

Cryptic polymorphism is common amongst 
organisms. Could you explain how your 
research will provide a model applicable to 
other species?

Polymorphism – variation in general – is 
the essence of life. Knowing which variation 
represents different species and is associated 
with particular ecologies or behaviours, such 
as the ability to become pests, to invade new 
areas, or to transmit disease agents, is essential. 
While it is not possible to screen all so-called 
species of organisms for cryptic species, useful 
indicators of hidden biodiversity are coming 
to light. For example, our research shows that 
putative species occupying a wide range of 
habitat types are typically composed of more 
than one species, each one a habitat specialist. 
We have been characterising the habitat of 
each member of the S. jenningsi group and then 
using ecological characters to test the relation 
between niche breadth and the presence of 
cryptic species, an approach that can be applied 
to any group of organisms.

Why is it vital to delineate putative species?

Each species represents a distinct evolutionary 
lineage protected from interbreeding, often for 
millions of years. Divergence of these lineages 
over time has resulted in different behaviours, 
ecologies and geographic distributions, some 
of which translate into different probabilities 
of becoming pests or different capacities for 
transmitting disease agents. The predictive 
power inherent in biology rests on the 
resolution of these different evolutionary 
lineages and the correct identifi cation of the 

organisms. Failure to recognise all species, 
including those that look alike, can result 
in expensive error cascades that obscure an 
understanding of ecosystem structure and 
function. For example, the ability to manage 
pests and control disease vectors is directly 
proportional to our knowledge of biodiversity.

What is the medical signifi cance of fl ies in 
the study of areas such as epidemiology?

Female Black Flies require a blood meal from 
birds and mammals, including humans, to 
mature their eggs. When these fl ies breach 
the blood stream of an animal, pathogens 
and parasites can be introduced. For humans, 
the greatest disease threat from Black Flies is 
onchocerciasis, or river blindness, caused by 
a parasitic worm transmitted by female Black 
Flies in Africa and parts of Latin America. Of 
roughly 30 lookalike species of East African 
Black Flies, only six transmit the causal agent 
of human onchocerciasis. In North America, 
the S. jenningsi group includes major Black 
Fly pests, with management programmes 
exceeding US $5 million annually; however, 
only some members of the group are pests. 
The pest problems are caused by the fl ies 
swarming around people, biting them, and 
sometimes causing allergic reactions. Although 
the members of the S. jenningsi group do not 
transmit disease agents to humans, they do 
transmit parasites to animals such as cattle.

How would you summarise the impact of 
your work? 

The central message from our work is that the 
total number of life forms on the planet is being 
underestimated. Most estimates of biodiversity 
do not take into account the remarkable 
frequency of cryptic species. The integrated 
approach that we are using to discover hidden 
biodiversity in Black Flies provides a template 
for investigating other organisms. On a fi nal 
note, I should point out that discovering and 
describing the biodiversity of Black Flies and 
other organisms is not an endpoint, but rather 
a means of addressing many fundamental 
questions about life on Earth.

Dr Peter Adler explains the drivers behind his research which examines Black Flies in order 
to reveal and predict hidden biodiversity in the widespread Simulium jenningsi group

Biodiversity 
breakthroughs
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BLACK FLIES ARE a collection of species of 
the family Simuliidae, with notable impact 
on human and ecosystem processes; some 
members of the family can produce nearly a 
billion fl ies per km of river every day. A team 
at Clemson University has been investigating 
the genetic relationships between seemingly 
identical species of Black Flies, providing 
information which could be essential for 
controlling individual species considered 
as pests. They have already found seven 
previously undiscovered species, mapped 
the polytene chromosomes of more than 
20 species, and shown the evolutionary 
relationships between numerous Black Fly 
species by producing a molecular phylogeny. 
What they revealed was that the species most 
closely related to the group being studied 
are found predominantly in the northern half 
of Eurasia. An ancestor of the Eurasian and 
North American species evolved the ability to 
breed in large rivers. In turn, this reveals the 
mechanism by which the fl ies colonise water 
space, leading to high population numbers. 
An ancestor of the North American group 
then developed the ability to colonise warm, 
sluggish rivers and streams, allowing the 
radiation of species into swamps and bayous. 
Since the density of colonisation and wide 
geographic distribution are important for 
the pest status of the fl ies, this represents an 
important discovery for the investigation. 

The breakthroughs being made by the 
group are, in part, due to their integrated 
approach. A major issue they have faced is 
the expectation that species will be visually 
distinct, something which has misled insect 
classifi cation for too long. Given that the 

species being studied interact through 
chemoreception, behaviour and other 
processes as much as sight, it is incorrect to 
assume that differences among species will be 
visually appreciable. “To discover species that 
appear structurally identical to one another 
or populations that might be in the process of 
becoming full species, we must use multiple 
approaches,” explains Dr Peter Adler, who is 
leading the project. This has resulted in an 
examination of molecules, chromosomes, 
organisms and ecological communities, which 
have to be placed in a hierarchical scale for 
investigation with each level symbiotically 
interacting with the others. In order to cover 
such a broad range of work, three primary 
investigators have worked on the project. 
Adler himself focuses on the cytogenetic and 
organismal sections of the analysis. He is 
joined by Dr J Kevin Moulton of the University 
of Tennessee and Dr John W McCreadie of the 
University of South Alabama, who investigate 
the molecular and ecological and modelling 
aspects of the investigation respectively. 

MATCHING MOLECULES

Moulton’s molecular investigation is 
providing the study with a wealth of insightful 
results, which can then be correlated with 
other elements of the investigation. Focusing 
on nuclear and mitochondrial genes, the 
researchers can recognise species in the 
Simulium jenningsi group and the relationships 
between them. This is providing some exciting 
results, as Adler explains: “The molecular 
results support those based on morphological 
and chromosomal characteristics in about 
two-thirds of the cases, and we are now trying 
to understand the cases without consensus”.

A major aspect of this work is related to the 
pest problems associated with the species, 
allowing the team to gather information 
about the specifi c species that cause pest 
problems and spread disease. The females of 
the different species studied are structurally 
indistinguishable from one another, but since 
they feed on blood, they are the major pests 
for humans and the vectors for disease in 

cattle. The research has created the possibility 
of closely studying these fl ies, answering 
questions about which animals serve as hosts 
for blood meals, as well as information about 
behaviour and ecology. These investigations 
would not be possible without molecular 
phylogeny, which provides a structure for 
identifi cation and analysis.

ECOSYSTEM ENGINEERS

The selection of the Black Fly as their model 
has been a major factor in the prjroct’s 
achievements thus far. The group has broken 
with the tradition of studying Drosophila 
(fruit fl ies), which have been the focus of 
the majority of investigations in this fi eld, 
resulting in a limited outlook for researchers. 
Moreover, Adler is fascinated by his chosen 
group of species: “Black Flies are somewhat 
paradoxical because the adults are nuisance 
pests or vectors of disease agents, but their 
larvae are among the most ecologically 
important organisms in the streams and 
rivers where they develop.” These ‘ecosystem 
engineers’, as some researchers have termed 
them, are also easily collected and studied. 
Furthermore, they have giant banded polytene 
chromosomes which provide a large amount 
of information on population structure, as 
well as information on reproductive isolation. 
Finally, Black Flies are incredibly abundant, 
and in some areas the larval faecal pellets 
are so numerous that they provide the main 
source of nutrients for the fertility of the rivers. 
Their role in ecosystem processes is matched 
by an internal biodiversity. The fl ies are host 
to a number of organisms, such as bacteria, 
and the symbiotic relationships provide 
another interesting focus for research, as little 
is known about these micro-communities and 
the life forms which breed there. 

FUTURE BIOLOGISTS

The team is aware of the scope of their work, 
but they have also been considering its 
limitations. As well as the colossal number 
of species which would have to be examined 
for a true study of biodiversity, there are a 

Flying high
Uncovering new species through a multidisciplinary approach, Clemson University’s Discovery and Prediction of 
Hidden Biodiversity in Black Flies project is using an innovative focus in order to forward their work on biodiversity
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limited number of individuals who possess 
the relevant taxonomic expertise and skills. 
The explosion in the technical tools available 
has led Adler to a conclusion about the nature 
of tomorrow’s researchers: “The successful 
biologists of the future will be those capable of 
the increasingly daunting task of mastering the 
concepts, nuances, and methods necessary for 
working at scales from molecule to organism 
– quite different from the typical situation 
today whereby biologists are skilled at only 
one level”. In order to address this, Clemson 
University is providing integrated biodiversity 
education and training to postdocs and 
students, as well as to visiting scholars who 
are seeking these skills. By providing channels 
for the constant development of a range of 
abilities in biologists, Clemson is enthusiastic 
about their career prospects in the study of 
biodiversity, and also increases the chances 
of continuing the colossal project, which is 
hinted at by the team’s results.

DISSEMINATION

In line with the group’s objective of producing 
the next generation of researchers to face 
the task of exploring biodiversity, they are 
also working hard to disseminate their 
fi ndings. Because of the public health 
implications of the work, the team 
has found that their websites, 
which are designed to 
convey information about 
personnel, research 

and the project publications, often receive 
attention from members of the general public 
looking for Black Fly information. They have 
found that one of the most effective methods of 
dissemination is through student ambassadors. 
Ambassadors are taught in the classroom, and 
become knowledgeable and eager to talk to 
others about what they have learned. Given the 
task of presenting a message on the richness of 
biodiversity, using students is an excellent way 
of widely publicising the message about the 
ways in which biodiversity affects society. 
It is hoped that these students could 
one day be researchers examining the 
questions posed by the project.

The team has already found seven previously undiscovered species, 

mapped the polytene chromosomes of more than 20 species, and shown 

the evolutionary relationships between numerous Black Fly species
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PETER H ADLER is Professor of Entomology 
at Clemson University, where he has held a 
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1984. His research focuses on the behaviour, 
ecology, genetics, systematics, and 
management of insects that affect the health 
and welfare of humans, domestic animals, 
and wildlife worldwide.
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