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SUMMARY 

Throughout the history of Linnean taxonomy, species have been described with varying 
degrees of justification. Many descriptions have been based on only a few ambiguous 
morphological characters. Moreover, species have been considered natural, well-defined 
units whereas higher taxa have been treated as disparate, non-existent creations. In the 
present thesis a few such cases were studied in detail. Often the species-level descriptions 
were based on only a few specimens and the variation previously thought to be 
interspecific was found to be intraspecific. In some cases morphological characters were 
sufficient to resolve the evolutionary relationships between the taxa, but generally more 
resolution was gained by the addition of molecular evidence. However, both 
morphological and molecular data were found to be deceptive in some cases. The DNA 
sequences of morphologically similar specimens were found to differ distinctly in some 
cases, whereas in other closely related species the morphology of specimens with identical 
DNA sequences differed substantially. This study counsels caution when evolutionary 
relationships are being studied utilizing only one source of evidence or a very limited 
number of characters (e.g. barcoding). Moreover, it emphasizes the importance of high 
quality data as well as the utilization of proper methods when making scientific inferences. 
Properly conducted analyses produce robust results that can be utilized in numerous 
interesting ways. The present thesis considered two such extensions of systematics. A 
novel hypothesis on the origin of bioluminescence in Elateriformia beetles is presented, 
tying it to the development of the clicking mechanism in the ancestors of these animals. 
An entirely different type of extension of systematics is the proposed high value of the 
white sand forests in maintaining the diversity of beetles in the Peruvian Amazon. White 
sand forests are under growing pressure from human activities that lead to deforestation. 
They were found to harbor an extremely diverse beetle fauna and many taxa were 
specialists living only in this unique habitat. In comparison to the predominant clay soil 
forests, considerably more elateroid beetles belonging to all studied taxonomic levels 
(species, genus, tribus, and subfamily) were collected in white sand forests. This 
evolutionary diversity is hypothesized to be due to a combination of factors: (1) the forest 
structure, which favors the fungus-plant interactions important for the elateroid beetles, (2) 
the old age of the forest type favoring survival of many evolutionary lineages and (3) the 
widespread distribution and fragmentation of the forests in the Miocene, favoring 
speciation.  
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1 INTRODUCTION 

1.1 Systematics 

 

“From the first dawn of life, all 
organic beings are found to resemble 

each other in descending degrees, so 

that they can be classed in groups 

under groups’’  

(Darwin, 1859 p. 411) 

It was only due to Darwin’s development 
of the theory of descent that discussions 
about the phylogenetic relationships and 
phylogenetic methods were initiated 
(Willmann, 2003). Systematics is a field 
of biology that aims at understanding the 
history of life by uncovering the pattern 
of events that led to the distribution and 
diversity of organisms (Lipscomb, 1998); 
more exactly, it aims at explaining bio-
logical variation by inferring relation-
ships and the unique features that con-
nect organisms to each other. It mostly 
deals with speciation events that took 
place millions of years ago. In order to 
reconstruct the tree of life, it must first be 
accepted that evolution leaves traces in 
organisms. These traces will be used as 
data to infer the sequence of past speci-
ation events. Because it is not possible to 
know what really happened in the past, 
we are bound to present different evolu-
tionary hypotheses, hypotheses which 
may or may not include the true history.  
The commonest methods in sys-

tematics can be divided into two logi-
cally different groups. One group in-
cludes clustering methods for distance 
data with (minimum evolution) or with-
out (UPGMA, Neighbour-joining) opti-

mality criterion (e.g. Saitou and Nei, 
1987); in these approaches, evolutionary 
hypotheses are based on the overall 
similarity of the organisms. The second 
group consists of methods utilizing dis-
crete characters together with optimality 
criteria. This group of methods can fur-
ther be divided into subgroups depending 
on whether an evolutionary model-based 
method (Maximum likelihood, Bayesian 
inference) (Felsenstein, 2004; Swofford 
et al., 1996) or a cladistic method (Farris, 
1983) is applied. An optimality criterion 
is applied for choosing between the com-
peting evolutionary hypotheses; thus the 
best hypothesis is the most optimal one. 

1.2 Cladistics 

A German entomologist Willi Hennig 
(1913-1976) is considered the founder of 
phylogenetic systematics, also known as 
cladistics. He defined the concept of re-
lationships as follows (Hennig, 1966): 
“A species x is more closely related to 
another species y than it is to a third spe-
cies z if, and only if, it has at least one 
stem species in common with species y 
that is not also a stem species of z.’’ The 
measure of phylogenetic closeness is, 
hence, the ‘‘relative recency of common 
ancestry.’ 
In a cladistic analysis, synapomor-

phies are ordered into a nested hierarchy 
choosing the character distribution that 
arranges the taxa in the simplest possible 
way. Thus, according to parsimony, 
which is its optimality criterion, the sim-
plest solution should be preferred as long 
as the “truth” is not known. Parsimony 
does not assume evolution has taken 
place in the simplest possible way but 
instead it aims at minimizing the overall 
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length of a tree and thus adding the 
smallest possible amount of ad hoc in-
formation (homoplasy) (Farris, 1983). 
Therefore parsimony can not be seen as 
an empirical assumption of reality but 
instead as a rule of inference (Albert, 
2005). According to Darwin’s (1859) 
description of evolution as “decent with 
modifications”, only heritable traits can 
evolve. As a result of this concept, any 
phylogenetic method that does not accept 
the independent evolution of similarities 
seems to promote minimization of the 
evolutionary process (Albert, 2005). 
Why to choose the simplest explana-

tion over the most probable one? Kluge 
(2002) argued that probabilities cannot 
be calculated for unique events like spe-
cies formation, since each species is the 
outcome of a unique event that either 
happened or not. This means that there is 
only one history of any particular species 
and it makes no sense to calculate the 
probability for the existence of it. Each 
point of common ancestry is not just 
unique but it is necessarily a unique 
event, therefore a reference class from 
which to sample cannot exist. As Wenzel 
(2002) states, “a carefully reasoned phi-
losophy is more important than a defini-
tive method devoid of philosophy”. His-
tory should not be described in terms of 
universal statements about abstract gen-
eralities because history is particular. The 
task of the historical sciences is to give 
an explanation, not a prediction. Because 
of this, it has been argued that frequency 
probability methods of estimation are not 
appropriate for making inferences about 
history (Siddall and Kluge, 1997). How-
ever, none of the systematic methods can 
be said to be superior to all others since 
uncertainty is a feature notably charac-
teristic of systematics. Thus, as the truth 

cannot be known, scientific inference 
that is most consistent in terms of phi-
losophy, theory and methodology is to be 
preferred.  

1.3 Homology, characters and 
cladograms  

All observations are consistent with all 
scenarios but not to an equal extent. This 
inequality is the factor which drives sys-
tematic analysis, forms the basis of tests 
and allows testable hypotheses to be 
formulated from general historical state-
ments (Wheeler et al., 2006). In other 
words, observations as such are not 
worth much before they have been or-
ganized based on homologies that reflect 
a testable hypothesis.  
A monophyletic group is character-

ized by synapomorphic, a polyphyletic 
group by homoplastic and a paraphyletic 
group by plesiomorphic characters 
(Farris, 1974). In contrast to mono-
phyletic groups, poly- and paraphyletic 
groups mean nothing without reference 
to character evidence. This is because 
monophyletic groups exist independently 
where as poly- and paraphyletic groups 
have no such independent existence 
(Farris, 1991). 
In terms of evidence, cladograms 

make statements of homology. Charac-
ters are homologues when they share a 
unique transformation leading to a com-
mon ancestor on a cladogram. There 
cannot be a claim of homology without 
reference to a cladogram, as the choice 
between cladograms cannot be made 
without statements of homology 
(Wheeler et al., 2006). The same applies 
to homoplastic characters, which can 
only be observed in a phylogenetic tree.  
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Traditionally the data used in phy-
logenetic analysis has been divided into 
morphological and molecular evidence. 
In order to avoid controversies regarding 
the suitability of each type of data, per-
haps the division should be made be-
tween phenotypic (morphology, behav-
ior, amino acid, pheromone profile etc.) 
and genotypic (nucleotide sequence) 
characters (Wheeler et al., 2006). Nowa-
days, it is often thought that molecules 
will automatically provide more infor-
mation about the relationships between 
groups than morphological structures. 
However, until the time that it is possible 
to compare whole genomes to each other 
relatively easily, the combined analysis 
of both genotypic and phenotypic data 
will provide the strongest explanatory 
power to our phylogenetic hypotheses 
(Wheeler et al., 2006). The total evidence 
approach, as defined by Kluge (1998; 
2004), argues that all evidence should be 
analyzed simultaneously, since it pro-
vides the severest possible test of alter-
native phylogenetic hypotheses and 
identifies the hypothesis(es) of greatest 
explanatory power (Kluge, 1997a; 1998), 
that is to say a hypothesis that provides 
an explanation for the similarity of con-
gruent shared derived traits as based on 
inheritance (Farris, 1983).  
The scientific character can be under-

stood in terms of hypotheses which can 
then be tested (Kluge, 1997; 1998). Refu-
tations and corroborations are the two 
alternative results when cladograms are 
tested and the least refuted cladogram is 
chosen to present the hypothesis of the 
relationships. Empirism is important to 
philosophy, methods and identity of 
cladism (Wenzel, 2002). The fact is that 
the most parsimonious cladogram maxi-
mizes explanatory power by minimizing 

requirements for ad hoc propositions of 
homoplasy, and is the most highly cor-
roborated, least disconfirmed, hypothesis 
of the evolutionary relationships of a 
group (Farris, 1983; Kluge, 2001a).  
In theory, any homologous character, 

from a morphological structure to a 
behavioral pattern, or from protein 
profiles to nucleotide sequences, can be 
used in a systematic study. However, 
each character type contains its own pros 
and cons and is subject to at least some 
level of subjectivity. Morphological 
characters are generally time-consuming 
to obtain due to the expertise needed, and 
thus morphological matrices often 
contain fewer characters than molecular 
ones. Despite being cheap and fairly easy 
to produce, sequence characters have 
their own problems. Albeit more than 
morphological characters, sequences are 
not completely free from subjectivity. 
Furthermore, there are only four different 
states in the sequence data (A, C, G, T/U) 
without intermediate states. It is not 
possible to use reciprocal illumination to 
study whether two identical bases are 
identical due to their shared ancestry. In 
addition, not all genetic regions are of the 
same value for solving each problem. 
Their usefulness strongly depends on the 
organism as well as the taxonomic level 
being studied. In population-level 
studies, it is common to make inferences 
about evolutionary relationships based on 
differences in isoenzymes, micro-
satellites or SNP’s (single nucleotide 
polymorphisms). However, their 
variation may in practice be so high that 
it does not make sense to utilize them 
when studying questions above the 
population level. In closely related spe-
cies, non-coding regions (e.g. internal 
transcribed spacers) are widely used be-
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cause the assumed low selection pressure 
they are subject to. At higher taxonomic 
levels, the regions studied should consist 
of more highly conserved sequences 
since the lineages have been apart from 
each other for potentially millions of 
years. 

1.4 Alignment of sequence 
data 

By making an alignment, one is formu-
lating hypotheses regarding homologies. 
Arranging morphological characters so 
that they can be compared reasonably is 
normally fairly straightforward; it is not 
common to end up comparing a leg to a 
hand. When it comes to DNA sequences 
with only four different states, the situa-
tion gets more complex. Multiple-align-
ment procedures transform the sequences 
of unequal length into identical-length 
character sets (Wheeler, 2003). This is 
done via insertion of gaps that symbolize 
insertion or deletions events. The prob-
lem is that each of the bases can change 
to another without intermediate states 
and therefore it is impossible to know 
whether two A’s are similar because they 
share a common ancestor. However, the 
homology statement we make for these 
bases nevertheless directly affects the 
inference we make regarding the evolu-
tionary relationships of the studied taxa. 
Aligning protein-coding genes may seem 
to be unambiguous because the sequence 
length is often invariable and the number 
of base changes is limited due to high 
selection pressure on the gene. Inevita-
bly, the problem arises when one is 
dealing with non-coding regions with 
multiple insertion/deletion (indel) events 
of different lengths. 

As in any other scientific discipline, 
repeatability and epistemological coher-
ence are the two elementary requirements 
of systematics. Repeatability means that 
it must be possible for other investigators 
to repeat the analysis and confirm the 
results presented by another researcher. 
Epistemological coherency requires that, 
for a scientific inference to be valid, it 
must be logically consistent – philosophi-
cally, theoretically, and methodologically 
(Grant and Kluge, 2003). Despite how 
simple these requirements may sound, 
they are sometimes compromised in sci-
ence. In systematics, an example of such 
a compromise is manual multiple se-
quence alignment, which is a preliminary 
step in positional homology identifica-
tion and is made by eye. A conventional 
phylogenetic process starts with the 
alignment step which is followed by a 
cladogram search. Cladogram searching 
does not test the hypothesis of homology 
made by the alignment but instead treats 
the alignment as background knowledge. 
Manual alignments gravely violate the 
criterion of repeatability as they gener-
ally completely lack systematic reason-
ing for the chosen hypotheses of posi-
tional homology and an explanation of 
how they were generated in the first 
place (Wheeler et al., 2006). Alignments 
generated with alignment programs using 
heuristic algorithms like ClustalW 
(Swofford et al., 1996; Thompson et al., 
1994) or Malign (Wheeler and Gladstein, 
1994) are repeatable and can in this sense 
be seen as preferred, if an alignment is to 
be done. The reason why it is still com-
monplace to produce alignments to infer 
phylogenetic relationships is simple: un-
til recently no phylogenetic software al-
lowing analyses of sequences of different 
lengths has been available. However, the 
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computer program POY (Wheeler et al., 
1996-2003) differs notably from a tradi-
tional two-step phylogenetical analysis, 
as it combines the processes of multiple 
alignment and cladogram searching into 
one step – making the generation of an 
alignment unnecessary. The program 
implements the concept of dynamic ho-
mology where characters are inferred a 
posteriori as a result of phylogenetic 
analysis. The default optimization 
method in POY is direct optimization. It 
simultaneously evaluates nucleotide-nu-
cleotide homologies and cladograms, 
finding the homologies that minimize the 
cladogram cost. As in all other optimiza-
tion methods implemented in POY (It-
erative pass, fixed states, search-based 
optimization), insertions/deletions (in-
dels) are treated as historical events and 
thus used as characters along with sub-
stitutions when making evolutionary hy-
potheses (Wheeler et al., 2006). 

1.5 Identifying species and 
barcoding 

Enormous challenges, such as the accel-
erating decline of the Earth’s biodiver-
sity, are faced by today’s systematists 
(Köhler, 2007). During the past years 
many countries and researchers have 
awoken to the fact that the the world is 
rapidly losing its biodiversity due to hu-
man activities, which the trend which is 
especially related to tropical forest de-
struction. The number of extinctions is 
increasing at an accelerating rate and 
species are going extinct before they are 
even known to exist. This is one reason 
why there has been a growing interest in 
identifying and classifying the world’s 
biodiversity. Hebert et al. (2003a) 

claimed that the world would need 
15 000 taxonomist to work in perpetuity 
to identify the biodiversity of life using 
traditional morphology-based methods 
and expertise. They have presented a 
solution called DNA barcoding, which is 
an example of DNA taxonomy (Tautz et 
al., 2002; 2003), a technique for charac-
terizing species using a short DNA se-
quence from a certain position in the ge-
nome. A stretch of 648 nucleotide base 
pairs of the cytochrome c oxidase subunit 
1 mitochondrial region (COI) is nowa-
days a standard barcode region for many 
animals. The supporters of DNA bar-
coding and other related techniques 
(Petersen et al., 2007) favor the tech-
nique because they claim that it is time- 
and cost-effective. Successful barcode 
identification depends upon genetic di-
versity being markedly lower within than 
between species (Hebert et al., 2004b). 
When this demand is fulfilled one should 
reliably be able to distinguish one species 
from another, based only on their bar-
code sequences. Also, it has been argued 
(Tautz et al., 2003) that sequence infor-
mation would not be influenced by sub-
jective assessments, giving the impres-
sion that nucleotide characters would not 
only be easier to produce but that they 
would also be more reliable than ‘sub-
jective’ morphological characters. 
However, detractors have criticized 

this single-gene method from both theo-
retical and practical perspectives. They 
argue that it is clear that non-identical 
sequences may remain unidentified, that 
they may end up wrongly placed and that 
there will always be internal points that 
cannot be identified unambiguously 
(Will and Rubinoff, 2004). The assump-
tion of genetic diversity being markedly 
lower within than between species is 
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likely to be broken sometimes, 
particularly when rates of speciation are 
greater than coalescence times of the 
gene in question (Nielsen and Matz, 
2006; Wiemers and Fiedler, 2007). In 
addition it has been pointed out that the 
statement that sequences are not influ-
enced by subjectivity completely ignores 
the difficulties in aligning sequences of 
different lengths, distinguishing paralogs 
from orthologs and even choosing an 
appropriate gene for the taxa in question 
(Lipscomb et al., 2003). It has been 
claimed that mtDNA barcodes achieve 
accuracies close to 100% in delimiting 
species (Hebert et al., 2004b; Kerr et al., 
2007), populations and even in higher 
taxa such as genera (Rach et al., 2008). 
However, many other studies give sig-
nificantly lower accuracy values (Elias et 
al., 2007; Whitworth et al., 2007). It has 
been noted (Meier et al., 2006; Wiemers 
and Fiedler, 2007) that the wide overlap 
between intra- and interspecific genetic 
variability is generally causing the mis-
identifications and that there was, in fact, 
a 6 % chance that two identical CO1 se-
quences belonged to different species. A 
commonly accepted 3 % species thresh-
old was found to be consistent with only 
47 % of the studied species profiles. In 
fact, intra- and interspecific sequence 
divergences in the Isoptera, Phthiraptera, 
Hemiptera, Coleoptera, Lepidoptera, 
Diptera, and Hymenoptera insect families 
has been reported to vary widely and 
overlap in almost half of the cases, the 
intraspecific variation being between 
0.04–26.0 and the interspecific between 
1.0–30.7% (Cognato, 2006). 
Some authors have stressed that, 

contrary to a common attitude in biology, 
‘taxonomy and systematics are not ser-
vice industries for other fields of inquiry’ 

(Carvalho et al., 2007; Lipscomb et al., 
2003) and the whole concept of DNA 
barcodes has been challenged by several 
authors (Lipscomb et al., 2003; Pennisi, 
2003; Seberg et al., 2003). Nevertheless, 
despite these opinions, less black and 
white views also exist (Köhler, 2007), 
and barcoding has triggered a hot debate 
that is still going on. 

1.6 Species concepts and 
higher taxonomic hierarchies 

There are an almost endless number of 
arguments regarding what defines a spe-
cies. The universally rejected typological 
species concept that dates back to Plato 
and was the concept used by Linnaeus, 
stated that species consist of similar indi-
viduals sharing a similar essence, that 
each species is completely separate from 
each other species, that each species is 
constant through time and that within 
species, there are strict limits to possible 
variation. The Nominalistic species con-
cept denied the existence of species as 
abstractions created by people and be-
lieved only in the existence of individu-
als (Bessey, 1908). The Biological spe-
cies concept depicts a species as “groups 
of interbreeding natural populations that 
are reproductively isolated from other 
such groups” (Mayr, 1982). This defini-
tion is perhaps one of the most widely 
used but it cannot be used unambigu-
ously for either hybridizing species or 
species reproducing asexually. As Aga-
pow (2005) asked, does this definition 
really mean that species started to exist 
only after sexual reproduction had 
evolved? The Evolutionary species con-
cept states that “a species is a lineage 
evolving separately from others and with 
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its own unitary evolutionary role and 
tendencies” (Simpson, 1961; Wiley, 
1978). However, it has been argued that 
this kind of definition applies to almost 
any incipient species or isolated popula-
tion (Mayr and Ashlock, 1991). Another 
widely used definition of species is the 
phylogenetic species concept (PSC). It 
defines a species as “an irreducible basal 
cluster of organisms, diagnosably distinct 
from all other clusters, and within which 
there is a parental pattern of ancestry and 
descent” (Cracraft, 1997). Although not 
all versions of the PSC take into account 
the evolutionary history of the group, the 
universal requirement for a species is the 
possession of a unique combination of 
characters. However, whenever we sam-
ple species we should remember that 
different species have different histories 
– some of them are well-established and 
others are still on their way to something 
a researcher would recognize as a spe-
cies. This makes the definition of a spe-
cies subjective irrespective of the specific 
definition we choose to use.  

1.7 Computational issues 

The number of possible cladograms is a 
function of the number of terminals. For 
n terminals, the number of fully resolved 
cladograms is then (2n-5)!/2n-3(n-3)!. 
Thus as taxa are added to the analysis, 
the number of possible cladograms in-
creases explosively. For 3 terminals, the 
number of possible cladograms is 3, for 4 
terminals it is 15 and for 10 it is already 
8*1012. To give an example of the mag-
nitude of the computational capacity 
needed, an exact search of a fairly small 
data set containing 30 taxa would require 
examining over 5*1038 cladograms 

(Felsenstein, 2004; Wheeler et al., 2006). 
Furthermore, the number of possible 
alignments for five DNA sequences of 
only five nucleotides each is 1.05*1018. 
If the number of inserted gaps is re-
stricted to three per each sequence, the 
number of possible alignments still re-
mains over 500 million (Slowinski, 
1998). Typical sequence data sets nowa-
days contain hundreds or thousands of 
nucleotides. Thus it follows that heuris-
tics drives the analyses even with a mod-
erate size sequence data set.  
In a cladistic analysis, cladogram 

search and cladogram cost occur as a 
nested pair. This is because during the 
search process for the optimal scenario 
(the cladogram with the lowest cost), the 
cost of each cladogram is determined. 
Generally, computational problems are 
divided into “easy” and “hard”. When an 
algorithm exists that can solve the prob-
lem in time O (nk) for some constant k, 
then the problem is referred to as “easy”, 
or P (polynomial time algorithmic solu-
tion). When the problem requires a su-
per-polynomial time but can be solved in 
polynomial time when given a solution, 
then the problem is referred to as “hard” 
or NP (nondeterministic polynomial 
time). However, when no known poly-
nomial time solution exists, but there is 
no proof of its nonexistence either, then 
the problem is referred to as NPC (NP-
complete problem). The fact that sys-
tematics is mostly dealing with NPC 
problems results in systematic analyses 
of most biologically interesting data sets 
being driven by heuristics, meaning that 
obtaining exact solutions is hardly ever 
possible. We are left to sample the tree 
space as extensively as possible and 
choose the phylogenetic hypothesis that 
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is best supported by the optimality crite-
rion we have chosen. 

1.8 The role of systematics in 
biodiversity studies 

Many of the Earth´s biodiversity hotspots 
are under threat at present. These habitats 
face a high risk of elimination, and be-
sides containing the sole remaining 
habitat for many plant and vertebrate 
species, they also harbor sizable propor-
tion of endemic invertebrate groups 
(Myers et al., 2000). One of the most 
diverse animal groups in tropical forests 
is the insects, of which it has been esti-
mated that up to 80 % still remain un-
known to science (Godfray et al., 1999). 
Because of deforestation and other hu-
man-related actions, tropical forests and 
tropical habitats are vanishing at an ac-
celerating pace (Whitmore and Sayer, 
1992) making it crucial to study these 
poorly known taxa. 
The number of species is perhaps the 

most commonly used biodiversity meas-
ure. It has been suggested that it corre-
lates with other biological measures and 
could therefore be used as a surrogate for 
all of them (Gaston, 1996). However, 
comparing the number of species be-
tween two regions is not the only way to 
measure biodiversity; the number of 
higher taxa has also been used to some 
extent (Balmford et al., 1996; Prance, 
1995; Williams and Gaston, 1994).  
Generally, taxa above species level 

are considered entirely subjective, hu-
man-invented creations without any bio-
logical reality that cannot be compared to 
each other –whereas species are regarded 
as something definable and real. This 
holds only if the emphasis is rigidly on 

categorical ranks rather than the mono-
phyletic groups placed in them; naturally 
the parasitoid wasp family Ichneumoni-
dae is not directly comparable to the 
mammalian family Hominidae. However, 
if the emphasis is on the groups placed in 
the categorical ranks, in other words, if 
the classification is based on a phyloge-
netic analysis, the comparison can be 
done in a meaningful way. Evolutionary 
clades share common ancestry and they 
are likely to be adapted to certain condi-
tions. When only ranks are studied, these 
potentially informative data are disre-
garded.  
The view of species as something de-

finable and real has become problematic 
due to phylogenetic analyses aiming at 
recovering natural groups defined by 
synapomorphies: it has been recognized 
that contrary to what is often thought, 
many species may actually be para-
phyletic (Funk and Omland, 2003; Ribas 
et al., 2007; Wahlberg et al., 2003) 
whereas higher taxonomical categories 
may form clearly definable monophyletic 
entities (Albrecht, 1990; Wahlberg et al., 
2003). Whenever vicariant events create 
potential for new speciation, the main 
population “left behind” will often con-
tain all of the variation present in the 
putative new species. In comparison, 
higher taxa like birds (Aves) are clearly 
very distinct today because all the inter-
mediate forms between them and the 
main mass they come from, the reptiles, 
have gone extinct, creating a large gap in 
presently observable variation. However, 
these extinct intermediate forms between 
dinosaurs and the present-day birds (e.g. 
Archaeopteryx) are known as fossils and 
fully reveal the gradual change (Prothero, 
2007). 
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That higher taxonomical categories 
are in many cases monophyletic whereas 
species can be paraphyletic seems to re-
sult from the long evolutionary history of 
the species belonging to higher taxa. 
Non-random extinction has created well-
defined and discrete clades. These enti-
ties above species level share common 
ancestry and are likely to have adapted to 
similar conditions. The present-day dis-
tribution of evolutionary clades sharing a 
common ancestor may reflect their co-
adaptation to a specific environment, e.g. 
a forest or soil type. Adding this infor-
mation to species number data can offer 
further insight into the evolutionary 
structure of the most diverse regions in 
the world, of which many are under 
threat at present (Myers et al., 2000). 
Oceanic islands are geologically 

young and typically have numerous en-
demic species that belong to a few recent 
immigrant groups. Speciation has often 
been equally extensive in the past, al-
though continental islands contain more 
balanced fauna (MacArthur and Wilson, 
1967; 2001). The mechanisms of island 
biogeography apply on many scales to 
fragmented environments everywhere. 
Thus the older the habitat type is, the 
more different phylogenetic lineages it is 
likely to harbor. The amount of speci-
ation that has taken place in recent times 
may vary, but the historical imprint of 
geologically old events remains. Hence it 
is likely that regions with many phyletic 
lineages of different ages have either 
existed in a continuum for a long time, or 
they have been in contact with such ar-
eas, irrespective of the rates of recent 
speciation (Muona, 1991).  

2 Aims of the thesis 

In the first part of this thesis, systematics 
was used to study the variation within 
different insect groups at the species (I), 
genus (II), subfamily (IV) and super-
family (III) levels, focusing on taxa 
whose affinities with their relatives have 
either not been known or have been 
questioned. The reliability of the de-
scriptions of closely-related taxa based 
on minute or ambiguous morphological 
characters was examined, as was the ca-
pability of molecular markers to provide 
a clear consensus regarding evolutionary 
relationships. 
In the second part of this thesis, the 

phylogenetic information was applied to 
fields of biology outside systematics, 
hypothesizing first regarding the origin 
of bioluminescence in the clicking 
elateroids (II) and then contributing to 
the task of studying the accelerating loss 
of biodiversity (V) by examining the di-
versity of elateroid beetles in the Peru-
vian Amazonian rainforest habitats.  
 
 

3 Organism groups 
studied 

3.1 Miarus beetles 
(Coleoptera: Curculionidae) 

Several complexes of closely related taxa 
are known from well-studied northern 
and central European beetle fauna. The 
descriptions of many such species are 
based on minute or almost non-existent 
morphological characters. One such ex-
ample is the weevil genus Miarus. Mia-

rus weevils (subfamily Gymnetrinae) 
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have specialized in feeding on Cam-
panula plants. The most widespread spe-
cies (Winkler, 1932) is the Palaearctic M. 
campanulae (Linnaeus 1767), originally 
described from Sweden as Curculio 
campanulae. Despite being practically 
indistinguishable from M. campanulae, 
an endemic M. fennicus was described 
from Finland (Kangas, 1978). However, 
Kangas claimed that the shape of the 
body and the elytral setae were not iden-
tical in the two forms and that the distin-
guishing feature between the two species 
was the difference in the structure of the 
male aedeagus – although he noted that 
even this character varied considerably. 
The use of aedeagus characters has 
proven to be problematic, and although 
Lohse and Tischler (1983) noted that it 
might be possible to separate the cam-
panulae group species based on their 
genitalia, they decided to leave the spe-
cies statuses open. Since the differences 
in the campanulae group male genitalia 
seemed to result only from intraspecific 
variation, all Scandinavian beetle cata-
logues followed Lundberg’s (1986) sug-
gestion and listed M. fennicus as occur-
ring only in Finland and M. campanulae 
in the other Scandinavian countries. This 
cast serious doubts on the separation of 
these taxa.  
In addition to M. fennicus, Kangas 

(1976) also described two new species 
from the M. graminis (Gyllenhal) spe-
cies-group, M. graminoides and M. dul-
cinasutus. He stated the main differences 
between the three species to be the body 
size, the number of scale rows on elytral 
interstices, the shape of the pronotum and 
the shape of the male aedeagi. M. grami-
noides was described as having single 
scale rows in its elytral interstices, 
whereas the other species had 2-3 rows. 

M. graminoides was reported to be the 
smallest species (2.4-2.8 mm), M. 
graminis the largest (3.0-3.5 mm), and 
M. dulcinasutus intermediate (2.6-3.5 
mm).  
Since the descriptions of both the 

campanulae and graminis groups were 
based on very vague morphological evi-
dence, a phylogenetic analysis of mo-
lecular characters was conducted in order 
to clarify the relationships within the 
genus.   

3.2 Thylacosterninae beetles 
(Coleoptera: Elateridae) 

The subfamily Thylacosterninae is a 
small group of beetles within the super-
family Elateroidea. It includes approxi-
mately 45 species placed in four genera: 
Balgus, Pterotarsus and Thylacosternus, 
distributed over the Neotropics; and Cus-
solenis, occurring in tropical Africa and 
Asia. Based on their combination of 
characters including features typical to 
other elateroid groups, these beetles have 
been proposed to be either eucnemids, 
elaterids, or throscid beetles (Bonvouloir, 
1875; Cobos, 1961; Crowson, 1955; 
Fleutiaux, 1926; Gardner, 1936; 
Lameere, 1900). Within the subfamily, 
separating the four existing genera based 
on their morphology was found to be 
complex. Based on morphological char-
acters, the genera Pterotarsus and Balgus 
could not be distinguished and the genus 
Cussolenis was divided into two groups – 
one including the African and the other 
the Asian specimens. Furthermore, de-
spite the uniform overall look of the ge-
nus Thylacosternus, the species included 
did not seem to share distinctive apo-
morphies. The purpose of the study was 



 
 
 
 

19 

to test the monophyly of the four existing 
thylacosternid genera and to examine the 
placement of the subfamily within the 
Elateroidea. 

3.3 Anischia and Perothops 

Anischia Fleutiaux and Perothops La-
porte are two unusual genera whose 
placement within the superfamily Elater-
oidea has been unclear. Anischia has 
been placed in Eucnemidae, Cerophyti-
dae, Elateridae, Anischiidae and also at 
the base of a clade comprising Throsci-
dae and Elateridae (Fleutiaux, 1936; 
Lawrence et al., 1999; Muona, 1995). 
Perothops has been included in Eucne-
midae and Perothopidae, although a rela-
tionship with the clade comprising 
Throscidae and Elateridae has also been 
considered (Arnett, 1963; Crowson, 
1955; Horn, 1878; Lacordaire, 1857; 
Muona, 1993; Schenkling, 1928). The 
separate discoveries of unusual, eucne-
mid-like larvae associated with adult 
Anischia as well as with Perothops made 
it necessary to study their affinity in re-
lation to the Eucnemidae, Cerophytidae, 
Throscidae and Elateridae families.  

3.4 Lamnatibia 

Recent studies have shown that a consid-
erable amount of South American ich-
neumonid fauna still remains unde-
scribed (Sääksjärvi, 2004; Sääksjärvi et 
al., 2003). Although the subfamily 
Pimplinae is one of the best known sub-
families in the Neotropics, the generic 
composition of the group is far from be-
ing clearly defined. The forests of Meso-

america and the Amazon, along with the 
Andean cloud forests are recognized as 
the hotspots for Latin American Ichneu-
monidae (Porter, 1980). Polysphincta is a 
genus group belonging to the pimpline 
tribe Ephialtini (Gauld et al., 2002b), 
whose species are koinobiont ectopara-
sitoids of spiders. Recently, several new 
Polysphincta taxa, including possibly 
new genera have been discovered in the 
Neotropics. The taxonomic status of one 
unique representative collected in the 
Columbian Andes was examined. Based 
on the uniqueness of the new form, its 
affinity with the other Pimplinae taxa 
could not be stated with certainty. It was 
thus included in the morphological data 
matrix of Gauld and Dubois (2006) and a 
phylogenetic analysis was conducted in 
order to reveal whether the description of 
a new genus would be justified. 

3.5 Diversity of elateroid 
beetles in the Peruvian 
Amazon 

The hypotheses that there is a correlation 
between the relative age of a habitat and 
its biodiversity was tested by comparing 
the diversity of two elateroid beetle 
groups (Elateridae, Eucnemidae) living 
in Amazonia, in one of the most diverse 
tropical areas of the world (Gentry, 1988; 
Wilson and Sandoval, 1996). The family 
Elateridae sensu Lawrence and Newton 
(1995) consists of of approximately 400 
genera and 9000 species and the family 
Eucnemidae sensu Muona (1993) of 195 
genera and 1500 species. The groups 
were chosen based on their ancient an-
cestry (> 100 my) and their tight associa-
tion with the forest due to the lignicolous 
life-style of their larvae, since the pur-
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pose was to test whether the phyletic 
structure of the groups reflects the age of 
the forest.  
 
 

4 Material and Methods 

4.1 Sampling, DNA 
sequences and 
morphological characters 

The material consisted of various insect 
groups: weevils (I), click beetles (II & 
III), false-click beetles (III & V) and 
parasitoid wasps (IV). Special attention 
was paid to sampling, and the geographic 
(I) and taxonomic ranges (II & III), the 
variation within and between species and 
genera (I), as well as within the subfam-
ily (II, IV) and superfamily (III), were 
covered as extensively as possible. The 
specimens were generally collected in 
alcohol to ensure they could also be used 
in molecular studies, although in some 
cases when fresh specimens were not 
available (II) dry material was used as 
the source of DNA.  
Hypotheses regarding the evolution-

ary relationships of the groups studied 
were based on their DNA sequences 
(I,II,III), morphology (IV,V) or a combi-
nation of both (II, III).  
Regardless of how optimal it would 

be to compare whole genomes when 
making phylogenetic interpretations, the 
availability of resources is generally the 
dominant factor setting limits on the ex-
tent of research. This is why it was nec-
essary to choose parts of the genome that 
most probably would allow sufficient 
differentiation to resolve the problem in 
question, and then compare these regions 
to each other. When relationships within 

a species are studied, the genetic markers 
utilized have to vary significantly more 
than when resolving the affinities 
between species or higher categories. In 
the present thesis three different genetic 
regions were utilized. In the Miarus pa-
per (I) mitochondrial cytochrome c oxi-
dase subunit 1 (CO1) was used in combi-
nation with nuclear internal transcribed 
spacer 2 (ITS2). Both  CO1 and ITS2 
have been widely used in phylogenetic 
studies (Becerra, 2004; Bergsten and 
Miller, 2007; Forgie et al., 2006;  but see 
also Leo and Barker, 2002; Ståhls et al., 
2004). In the Anischia and Perothops 
paper (III) CO1 sequences were analyzed 
both separately and in combination with 
morphological characters. In the Thyla-
costerninae paper (II) the phylogenetic 
information was obtained from the mito-
chondrial 16S rDNA sequences in com-
bination with morphology. The morpho-
logical data set of Anischia and Pe-
rothops (III) consisted of 118 characters 
and the data set of Thylacosterninae (II) 
of 125 characters altogether. In the case 
of the parasitoid wasp Lamnatibia, the 
morphological character list presented in 
Gauld and Dubois (2006) was utilized. 
No new characters were added due to the 
lack of material to code those characters 
for the other taxa. All sequences were 
submitted to GenBank. 

4.2 Analyses 

Parsimony was used as the optimality 
criterion in all analyses. The morpho-
logical data set of the parasitoid subfam-
ily Pimplinae and all separate morpho-
logical analyses were done using the 
software package NONA/PARANONA 
(Goloboff, 1999a) spawned in WinClada 
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(Nixon, 1999–2002). A heuristic search 
of 200 replications altogether (mult*N) 
was conducted, using one starting tree 
per replication (hold/), setting the num-
ber of maximum trees to keep in buffers 
during processing (hold) to 10 000, and 
using multiple TBR+TBR (mult*max) 
branch swapping as the search strategy. 
All characters were unordered and 
equally weighted. Nodal support was 
evaluated using the Jackknife resampling 
method (Farris et al., 1996). In Jackknif-
ing, the original data set is sampled with-
out replacement and the pseudoreplicate 
matrix obtained is analyzed for evolu-
tionary relationships. It is a common re-
sampling method used to assess the reli-
ability of phylogenetic inferences. As 
was stressed by Farris (1996) and later 
Grant and Kluge (2003), the actual sup-
port values (whether 85 or 90) are not 
important as such; jackknifing should 
rather be considered as a method for re-
covering ambiguities in data.  
The combined analyses in Miarus (I), 

Thylacosterninae (II) and Anis-

chia/Perothops (III) were all conducted 
utilizing a direct optimization method 
implemented in POY (Wheeler et al., 
1996-2003). The number of replicates 
was set from 100 (II, III) to 300 (I). A 
typical command line used was: poy -
parallel -norandomizeoutgroup -nolead-
ing -replicates 100 -buildsperreplicate 1 -
multirandom -ratchettbr 10 -ratchettrees 
2 -checkslop 20 -slop 1 -treefuse -fu-
selimit 10 -fitchtrees inputfiles >> out-
file.out. Parallel is a command that tells 
POY to be executed as a parallel process 
using PVM. Norandomizeoutgroup pre-
vents the randomising of the outgroup 
along with other terminals. Noleading 
causes leading and trailing gaps to be 
ignored in calculating tree cost. Repli-

cates 100 means that 100 random clado-
gram are built followed by swapping, 
followed by collecting the best results for 
final refinement and outputting of the 
best cladograms. Buildsperreplicates 1 
means that the program performs one 
additional sequence in the build phase of 
a single replicate. Multirandom spawns 
individual random replicates to slave 
nodes. Ratchettbr sets the number of 
ratchet iterations using TBR. Ratchet-
trees sets the number of trees saved dur-
ing ratchet iterations. Checkslop 20 
means that all the trees with lengths 
within 2 percents of the shortest one, will 
be branch-swapped. Slop sets the percent 
limit of suboptimal trees evaluated dur-
ing a search in tenths of a percenatge. 
Treefuse and fuselimit 10 define the use 
of 10 pairs of fusings during Goloboff's 
treefusing (1999b). Fitchtrees saves only 
different trees in the buffer and when the 
buffer is full, it ensures the randomness 
of the subset of trees stored in buffers by 
adding additional trees to full buffers 
through random replacement of stored 
trees. More detailed explanations are 
available in Wheeler et al. (2006). 

4.3 Diversity of elateroid 
beetles in the Peruvian 
Amazon 

The study took place in Allpahuayo Mis-
hana (RNAM), which is a national re-
serve of 57,000 hectares in size, located 
in the Peruvian Amazon (Box 1), 25 
kilometers southwest from the city of 
Iquitos (Department of Loreto; 3°57´S, 
73°26´W). The reserve consists of three 
main edaphic habitats: 1) forests growing 
on very nutrient poor white–sand (local 
name varillal; known elsewhere as caat-
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inga and campinas in Brazil, wallaba in 
Guayana and heath forest or kerangas in 
tropical Asia), 2) terrace forests and 3) 
clay forests (Anderson, 1981; Encar-
nación, 1985; Ruokolainen and Tuo-
misto, 1993; Ruokolainen and Tuomisto, 
1998). The reserve has the largest 
concentration of white-sand forest known 
in the northern Peruvian Amazon 
(Alvarez and Whitney, 2003). All the 
three forest types differ in e.g. their flo-
ristic and faunistic composition 
(Ruokolainen and Tuomisto, 1993; 
Ruokolainen and Tuomisto, 1998; 
Sääksjärvi et al., 2006) containing en-
demic species (Gentry, 1977) and unique 
communities of flora and fauna (see e.g. 
Alvarez and Whitney, 2001; Tuomisto 
and Ruokolainen, 1994; Whitney and 
Alvarez, 1998; Vormisto et al., 2000), 
along with high numbers of species 
(Dixon and Soini, 1975; Sääksjärvi, 
2004; Vásquez Martínez and Phillips, 

2000). However, white-sand forests, that 
especially in Western Amazonia occur as 
small isolated patches are known to pro-
vide harsh conditions to their inhabitants, 
and thus it is no surprise that the species 
numbers from white sand forests have 
been reported to be lower (MacKinnon et 
al., 1997; Ruokolainen and Tuomisto, 
1993) than from forests growing on clay 
soils.  
The sampling was conducted in two 

parts, the first part covering the period 
from August 1998 to January 1999 and 
the second from January 2000 to January 
2001. Altogether, four areas situated 
within the RNAM were sampled, and 
each location was sampled using five 
Malaise traps which were placed in dif-
ferent forest types. The total sample size 
(185 malaise trap months) presents one 
of the largest insect samples ever col-
lected in Western Amazonia.  
 

 

 

Box 1. The national reserve of Allpahuayo Mishana (RNAM) in Peru (Sääksjärvi et al. 2007). 
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5 Results 

5.1 Miarus beetles (I) 

5.1.1 M. campanulae / fennicus 

species group 

The affinity of M. fennicus to M. cam-

panulae was studied. The strict consen-
sus (Fig. 1) of the 15 MP trees (l=1136) 
from the combined analysis of the CO1 
and ITS 2 regions, groups all M. cam-
panulae and M. fennicus specimens to-
gether into one clade. This is congruent 
with the results of separate analyses of 
CO1 and ITS2. The jackknife value for 
the M. campanulae/M. fennicus group is 
87 and the clade is supported by 93 un-
ambiguous synapomorphies (all nodes in 
the strict consensus tree must exist with 
unambiguous support in all the funda-
mental trees). The results clearly show 
that the two described forms cannot be 
distinguished from each other based on 
their DNA sequences.  

5.1.2 M. graminis species group 

The relationships of the two proposed 
sibling species in relation to M. graminis 
were examined. The M. graminis group 
formed a monophyletic group in the 
combined analysis of CO1 and ITS2 re-
gions (Fig. 1). The jackknife value for 
the clade was 64 and it was characterized 
by a total of 84 unambiguous synapo-
morphies. One of the main characters 
defining M. graminoides and M. dulci-

nasutus, the number of elytral scale rows, 
was distributed randomly on the clado-

gram (Fig. 2) and thus no support for the 
existence of the proposed species was 
found.  

5.2 Thylacosterninae beetles 
(II) 

The morphological analysis, based on a 
total of 125 morphological characters, 
supported the monophyly of all four tra-
ditionally recognized genera. The com-
bined analysis of the morphological and 
mitochondrial 16S rDNA data sets re-
sulted in four MP trees of length 1185. 
Two of these solutions differed only in 
the placements of the three Balgus rugo-
sus species but this variation was of no 
further interest. In all the solutions, the 
Thylacosternus + Balgus and the Asian 
Cussolenis specimens formed mono-
phyletic groups but the placement of the 
African Cussolenis differed in the two 
main topologies (Figs 3 and 4).  
The placement of the thylacosternid 

beetles in relation to eucnemids, elaterids 
and throscids as well as the monophyly 
of the four genera within the subfamily 
Thylacosterninae were studied. Based on 
the mitochondrial CO1 gene and 118 
morphological characters, the subfamily 
Thylacosterninae was shown to be the 
sister group of the Elateridae (Fig. 5). 
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Figure 1. A strict consensus of the combined CO1 and ITS2 analysis. Jackknife values are 

presented above the nodes and the number of unambiguous synapomorphies below. FIN: Finland, 

SE: Sweden, DK: Denmark, EE: Estonia.
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Figure 2. The M. graminis clade obtained 

from the combined analysis. The number of 

elytral scale rows is given in parentheses. 

5.3 Anischia and Perothops 
(III) 

In addition to Anischia and Perothops, 10 
other genera representing all the sub-
families (excluding Phlegoninae) recog-
nized by Muona (1993) were chosen as 
the ingroup. The families Dascillidae, 
Eucinetidae and Scarabaeidae were used 
as outgoups in different combinations. 
Altogether 118 morphological characters 
were analyzed separately as well as to-
gether with a 1180 bp fragment of the 
mitochondrial CO1 gene. Dascillus as an 
outgroup polarizing the character states 
was found to provide the most detailed 
resolution for polarizing the characters 
within the ingroup. Morphological analy-
sis resulted in five trees of length 490 
which placed the genera Anischia and 
Perothops inside the Eucnemidae. How-
ever, morphology was not able to resolve 
the relationships between the three major 
clades, Eucnemidae, Elateridae and the 

clade comprising the families Brachyp-
sectridae – Cerophytidae and Throscidae. 
The combined analysis of both morpho-
logical and CO1 data sets produced one 
tree of length 2021 (Fig. 5). It supported 
the placement of the genera Anischia and 
Perothops in Eucnemidae, placing the 
Brachypsectridae – Cerophytidae –
Throscidae -clade as its sister group.  
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Figure 3. Topology I (L= 1185) resulting from the combined analysis of the 16S rDNA and 125 

morphological characters. Jackknife values are shown above the branches. The specimen code is 

given in parenthesis; note that some terminals contain >1 specimens. 

 

Figure 4. Topology II (L= 1185) resulting from the combined analysis of the 16S rDNA and 125 

morphological characters. Jackknife values are given for each node. The specimen code is given 

in parenthesis; note that some terminals contain >1 specimens. 
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’

Figure 5. The single most parsimonious tree (L= 2021) resulting from the combined analysis of 

the CO1 and morphological data sets.

 

5.4 Lamnatibia (IV) 

The examination of the specimens fol-
lowed the morphological character list 
presented in Gauld and Dubois (2006). 
The cladistic analysis resulted in 5200 
equally parsimonious trees (l=381). The 
strict consensus (Fig. 6) placed Lam-
natibia as part of the genus-complex 
Eruga/Acrydactyla/Zatypota, as the sister 
group of Eruga. The Lamnatibia-Eruga 
clade was characterized by four synapo-
morphies. Lamnatibia had nine apomor 
 

 
phies and although none of them was 
unique, their combination was very spe-
cial. Based on the phylogenetic analysis, 
a new genus Lamnatibia Palacio & 
Sääksjärvi with the type species Lam-
natibia andina was described. 
 

 

 

 



 
 
 
 

28 

 

Figure 6. A strict consensus tree (L= 381) showing the affinity of the genus Lamnatibia in relation 

to other Pimplinae ichneumonids. Character distribution is mapped onto the tree. Unique changes 

are indicated with filled circles, non-unique changes with open circles. Jackknife values are given 

for each nod
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5.5 Diversity of elateroid 
beetles in the Peruvian 
Amazon (V) 

Altogether, 64 Elateridae species be-
longing to 14 different genera and 40 
Eucnemidae species from 14 genera were 
collected. When the two groups were 
analyzed simultaneously, white-sand 
forests were found to harbor 32% more 
species (p=0.011), 34% more genera 
(p=0.059) and 39% more tribes 
(p=0.067) than clay soil forests (Fig. 7). 
In the case of Elateridae only, white-sand 
forests harbored 32% more species 
(p=0.036), 44% more genera (p=0.093) 
and 43% more tribes (p=0.054) than for-
ests growing on clay soils. The pre-
sentage of the elaterid white sand spe-
cialist species was 31% whereas it was 
21% in clay forests. 48% of the species 
were collected in the both forest types. 
Three elaterid genera and two subfami-
lies were found to be specialized on 
white sand and two genera and one sub-
family on clay soil forests. The average 
number of specimens/trap was 32.1 in 
clay soil forests and 43.3 in white-sand 

forests. Clay soil forests had an average 
of 3.07 specimens/species/trap, whereas 
the value in white-sand forests was 3.68. 
The trend favoring the white-sand forests 
was similar with the family Eucnemidae 
when it was analyzed separately: Traps 
contained on average 4.8 specimens/trap 
in clay and 6.2 in white-sand forests. On 
clay soils the number of speci-
mens/species/trap was on average 1.35, 
whereas in the case of white-sand forests 
it was 1.31. White-sand forests were 
found to contain more species (33%), 
genera (24%) and tribes (33%) than the 
clay forests. However, since the number 
of the eucnemid individuals was low in 
the data set the differences were not sta-
tistically significant due to the strong 
dependence of the p-value on the number 
of individuals. Altogether, 54% of the 
eucnemids were white sand specialists, 
13% were only collected from the clay 
forests and 33% occurred in both forest 
types. Seven eucnemid genera and one 
tribus were collected solely in the white 
sand forests, whereas none were special-
ized on clay forests. 

  
 

 

 

 

 

 

 

 

Figure 7. Mean number (SE) of Elateridae 

and Eucnemidae species, genera and tribes 

in clay and white-sand forests. Figures 

derived from Poisson regression analyses.  
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6 Discussion 

Variation within and between taxa was 
studied at different taxonomic levels in 
weevils, elateroid beetles and parasitoid 
wasps. The results clarify the evolution-
ary affinities between the taxa, contra-
dicting some previous hypotheses and 
confirming others. 

6.1 Species level variation 

Relying on the old typological species 
tradition, many species have been de-
scribed based only on minute or relative 
morphological differences. Since the 
descriptions of many studied species and 
genera were found to be based on am-
biguous or even non-existent features, it 
was assumed that the observed morpho-
logical differences might actually result 
from intraspecific variation. In the case 
of Miarus weevils (I) (Kangas, 1978) and 
Thylacosterninae elateroids (II) this was 
especially so since none of the previous 
attemps to classify them was based on 
phylogenetic analyses of larger sets of 
materials including specimens from dif-
ferent parts of their geographical range. 
The results confirmed this assumption; 
morphological characters alone were 
found to be insufficient for distinguish-
ing the closely-related Miarus weevils (I) 
from each other. The combined molecu-
lar data of CO1 and ITS2 showed the 
intraspecific variation within the genus 
Miarus, particularly within the M. cam-

panulae and M. fennicus species group 
(I). Altogether 11 M. campanulae speci-
mens were sampled from Estonia, Swe-
den and Denmark and 30 M. fennicus 
specimens from different parts of 

Finland. The description of the former 
was based on the form of the anterior 
part of the elytra as well as on the form 
of the soft parts of the male genitalia. We 
questioned the reliability of these char-
acters and our analyses (Fig. 1) con-
firmed that they failed to separate the 
two proposed species from each other. 
The description of M. fennicus appeared 
unjustified on the basis of morphology 
and is equally unsupported by the mo-
lecular data, so, the two species were 
therefore synonymized.  
Variation within species was also ob-

served within the M. graminis species 
group (I). Kangas (1976) also described 
two new species from the M. graminis 
species group, M. graminoides and M. 

dulcinasutus. The descriptions of these 
three species were based on body size 
(M. graminoides 2.4-2.8 mm, M. dulci-

nasutus 2.6-3.5 mm, M. graminis 3.0-3.5 
mm), the form of the pronotum, the 
number of elytral scale-rows (M. grami-

noides 1 row, the other two species 2-3 
rows) and the shape of male aedeagi. The 
result from the analysis of the combined 
data from the CO1 and ITS2 sequences 
did not support the division of the spe-
cies proposed by Kangas. Furthermore, 
when the syntypes were studied, it was 
observed that the differences in male 
aedeagi were again slight (also noted by 
Kangas, 1976) and we found that the size 
of the specimens were not in congruence 
with the sizes given in the original paper. 
In order to find any possible pattern be-
tween the scale rows and the species the 
number of elytral scale rows was plotted 
on the cladogram (Fig. 2). However, no 
pattern was found and the scale rows 
seemed to be distributed randomly over 
the clade, independently of the geo-
graphic origin or the clade structure. 
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What was observed was that the number 
of scale rows appeared to correlate di-
rectly with the size of the specimen; 
small specimens simply did not have 
enough space on their interstices for sev-
eral scale rows. Additionally, it was no-
ticed that many specimens had one row 
in some part but two or even three rows 
in some other parts of their elytras. 
Hence neither morphology nor molecules 
supported the existence of the forms M. 

graminoides and M. dulcinasutus.  
Most of the species descriptions of 

the group Thylacosterninae (II) are based 
on differences in color patterns or body 
proportions. These characters appeared 
very unreliable after examining several 
specimens belonging to the same species. 
In addition to finding many of the re-
ported morphological characters confus-
ing, molecular characters were found to 
be equally deceptive. At the species 
level, the mitochondrial 16S rDNA data 
seemed to give unpredictable results, 
either agreeing or not with traditional 
species level limits based on male geni-
talia and body structure. The sequences 
belonging to morphologically similar 
species were found to be different in the 
case of Thylacosternus, whereas the se-
quences of morphologically distant-
looking species were found to be similar 
in the case of Balgus. Two Thylacoster-
nus specimens of entirely different color 
that appeared to belong to two different 
species were examined. The 16S se-
quences of these specimens were identi-
cal, suggesting that the different colors 
were only due to within species varia-
tion. In the case of B. eschscholtzi, 
specimens from Honduras, Bolivia and 
Panama were examined. Based on the 
16S data, the specimens from Honduras 
and Panama were similar but they 

seemed to differ from the specimens 
collected from Bolivia. However, on the 
basis of male genitalia and body structure 
the Honduran specimens differed greatly 
from the others. The Panamanian speci-
mens appeared distinct as well, due to 
differences in their genitalia, hair color 
and body proportions. Morphological 
distinctiveness and 16S data did not seem 
to correlate consistently at the species 
level. In the Thylacosternus case, color 
differences did not correlate with struc-
tural details or with the 16S data. In the 
case of B. eschscholtzi, traditionally 
clearly different species had very similar 
sequences whereas very similar ones had 
distinctive 16S characteristics and on 
closer inspection also exhibited mor-
phological differences.  
The results suggested that when de-

tecting relatively recent diversification of 
species using 16S data, one should exer-
cise caution and always prefer a com-
bined analysis. The 16S gene provided 
additional resolution when added to the 
morphological data. Although the infor-
mation was useful at the family and ge-
neric level, its usefulness varied at the 
species level. However, comparing the 
two types of data revealed that some of 
the key characters traditionally used to 
separate the genera were incorrect and 
that the relationships were not as clear as 
previously thought. 

6.2 Genus and subfamily level 
variation 

The monophyly of the four genera within 
the subfamily Thylacosterninae was 
studied since the classification of thyla-
costernid elateroids (II) was not based on 
an analysis (Bonvouloir, 1875; Cobos, 
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1961; Crowson, 1955; Fleutiaux, 1926; 
Gardner, 1936; Lameere, 1900). In the 
analyses presented here, 125 morpho-
logical characters alone could not com-
pletely clarify the limits of the Thyla-
costerninae genera. All known African 
and Asian Cussolenis species shared di-
agnostic morphological synapomorphies 
respective to their continents. Combined 
analysis of the 16S gene and the mor-
phological data supported the same sce-
nario of the monophyly of the genera, 
stressing the distinctiveness of the Afri-
can Cussolenis clade (Figs 3 and 4). 
Based on this evidence, the African 
“Cussolenis” was defined as a separate 
genus, Lumumbaia.  
In the case of Lamnatibia (IV) the 

value of systematics was shown when 
this taxon, new to science, was discov-
ered. An unusual pimpline ichenumonid 
was collected in the Columbian Andes, 
and since its affinity to other Pimplinae 
genera could not be confirmed with cer-
tainty, the form was included in the mor-
phological data matrix presented in 
Gauld and Dubois (2006). Cladistic 
analysis of a total of 40 morphological 
characters showed the distinctiveness of 
Lamnatibia, which was characterized by 
a total of nine apomorphies (Fig. 6). 
Since Lamnatibia and Eruga constituted 
a monophyletic clade, it is justified to ask 
whether the former should have been 
treated as part of the latter. This was not 
done, since Lamnatibia differs from 
Eruga in three fundamental characteris-
tics (the very long maxillary palp, the 
presence of occipital carina and the pres-
ence of epicnemial carina). Taking into 
account these differences, the treatment 
of Lamnatibia as a subgroup of Eruga 
could have yielded a more diffuse defi-
nition of Eruga. Based on the analysis, 

the new genus Lamnatibia was de-
scribed. At the present moment, Lam-
natibia andina is the only known species 
of the monotypic genus Lamnatibia. 
However, it is likely that a more exten-
sive sampling of the yet unknown tropi-
cal locations could lead to the discovery 
of new Lamnatibia species. According to 
the available data, the distribution of 
Lamnatibia covers the Columbian Andes 
from North to South and thus it would 
not be surprising to find the genus also in 
Ecuador, Venezuela, Peru or Bolivia.  

6.3 Superfamily level 
variation 

Morphological characters alone were 
found to be insufficient to resolve the 
relationships between the major clades 
within Elateroidea (III). In addition to the 
118 morphological characters, CO1 data 
was needed to obtain a well-resolved 
hypothesis of the affinities within the 
superfamily. Both morphological and 
combined analyses placed the genera 
Anischia and Perothops in Eucnemidae, 
placing Perothops at the base of the 
family as suggested by Muona (1995) 
and embedding Anischia with more de-
rived eucnemids (Fig. 5). Although re-
solving the relationships within most 
families, morphology alone could not 
resolve the affinities between the three 
major clades, Eucnemidae, Elateridae 
and Brachypsectridae-Cerophytidae-
Throscidae. Combined analysis placed 
Eucnemidae as a sister group of the 
Brachypsectridae, Cerophytidae and 
Throscidae families, and Thylacosterni-
nae as a sister group of the Elateridae. 
The placement of thylacosternids 

within the superfamily Elateroidea was 



 
 
 
 

33 

also examined, especially in relation to 
the families Eucnemidae and Elateridae. 
Based on the combined analyses of mor-
phology and the CO1 gene, the subfam-
ily Thylacosterninae was found to be the 
sister group of Elateridae (Fig. 5) rather 
than belonging to Eucnemidae as sug-
gested earlier (Fleutiaux, 1926; Gardner, 
1936). 
When studying the internal relation-

ships within the superfamily Elateroidea 
(III), the non-elateroids were included in 
the analyses in different combinations 
also varying the outgroup. This was done 
keeping in mind the importance of sam-
pling in order to avoid long branch at-
traction (LBA) (Bergsten, 2005). The 
non-elateroid taxa included the families 
Dascillidae, Eucinetidae and Scarabaei-
dae. The best resolution for polarizing 
the characters within the ingroup was 
obtained when Dascillus (Dascillidae) 
was used as an outgroup and the two 
more distantly related families were re-
moved from the analysis. It was noticed 
that the most important thing was not 
which genus the outgroup was but 
whether Dascillus was included or not. 
The inclusion of Dascillus in the ingroup 
was helpful as well, suggesting that the 
two other non-elateroids (Phanaeus 
[Scarabaeidae] and Nycteus [Eucineti-
dae]) were too far from the ingroup to 
provide unambiguous character informa-
tion for the analysis. Bergsten (2005) 
pointed out that such situations may lead 
to ambiguous results not only with mo-
lecular but also with morphological data.  
The commonness of intraspecific 

variation and the fact that the sequences 
of two different species may turn out to 
be identical (and vice versa) make it im-
portant to be cautious when making 
evolutionary inferences based on only a 

few characters, whether they molecular 
or morphological. Care should especially 
be taken when making evolutionary in-
ferences based only on very short se-
quences like barcodes (Hebert et al., 
2003a; Tautz et al., 2002), particularly 
when they are being utilized without 
adequate sampling.  
To conclude, the present study em-

phasized the importance of utilizing all 
available data. Since morphological data, 
as well as different molecular data sets, 
were found to be sometimes misleading, 
there can be no justification for choosing 
one data type over another. Instead, 
evolutionary interpretations should be 
based on the combined analysis of all 
available evidence, also taking the qual-
ity of the data into consideration. Vast 
data sets as such are certainly not suffi-
cient for producing evolutionary hy-
potheses that stand up to a close 
examination, but emphasis should be put 
on careful analyses that are appropriate 
both in their methodology and philoso-
phy.   
Mishler and Donoghue (1982) con-

cluded: “There may not be a universal 
criterion to arbitrate between conflicting 
species classifications of a given genus 
but through the complex process that is 
science, the community of involved 
workers can and will hammer out criteria 
for making such decisions.”  No such 
criterion will be given in this thesis, 
however, since it seems that the more is 
known, the more complex everything 
gets. 
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6.4 Evolution of clicking 
ability and bioluminescence 
in elateroids 

Bocakova et al. (2007) presented an 
analysis of taxa within the Elateriformia, 
focusing on the evolution of neoteny and 
bioluminescence in this lineage. They 
used several different analytical ap-
proaches but did not clearly indicate 
which result they preferred. However, in 
all of the results presented, Elateroidea 
included all bioluminescent forms and 
excluded the possibility of a mono-
phyletic origin of bioluminescence. A 
multiple origin hypothesis of this feature 
is not all that surprising. According to 
Oba et al. (2003) the lampyrid luciferase 
is a truly bifunctional enzyme, operating 
not only as a fatty acid CoA ligase but 
also as a bioluminescent mono-oxy-
genase. (Oba et al., 2003). It is expected 
that high concentrations of enzymes in-
volved in releasing energy from fatty 
acids are close to the fat-body of any 
insect as well as present in the massive 
clicking muscle area in Elateroidea sensu 
Crowson (1955). Only a source of luci-
ferin to compete with fatty acids as a 
substrate (Day et al., 2004) is needed to 
create a potentially bioluminescent beetle 
with light production on the prothoracic 
and/or metathoracic-abdominal regions. 
The results of Viviani and Bechara 
(1996) suggested the same scenario 
showing that bioluminescence in lam-
pyrids is also catalyzed by extracts found 
from the non-related non-luminescent 
Tenebrio molitor. 
According to Branham & Wenzel 

(2001; 2003) and Bocakova et al. (2007) 
bioluminescence evolved repeatedly 
within the soft Elateriformia such as 
Lampyridae, Cantharidae and Phengodi-

dae. The multiple origin is also likely 
within Elateridae sensu Lawrence & 
Newton (1995) since the only known 
bioluminescent lineages are one species 
of Balgus and the tribe Pyrophorini. Ac-
cording to the results of Bocakova et al. 
(2007), the clicking behaviour has 
evolved and been lost many times within 
the Elateroidea. Taking into account (1) 
the complex structures needed to create 
the system and (2) the clear develop-
mental advantages of giving up the 
structures if selectively advantageous, 
the multiple loss of this feature appears 
much more likely than multiple evolu-
tions. The clicking mechanism is com-
plex and involves a large pro-mesotho-
racic muscle. A reduction of this muscle 
when adapting to a new way of life 
would release considerable resources for 
other developmental options. Independ-
ent origins of the clicking system also 
appear unlikely. 
The ancestral forms of Elateroidea 

are hypothesized to have developed the 
clicking ability, including the massive 
muscle involved in the clicking behav-
iour in the prothorax. The vast energy 
needs of the pronotal muscle would have 
been a pre-adaptation for developing the 
light-emitting system on the prothorax. 
Their presence in other body regions be-
yond the prothorax would then have been 
either a secondary or an independent de-
velopment. 
In contrast to other bioluminescent 

elateroid taxa, the elaterids have con-
spicuous pronotal lights. On the basis of 
peculiar pronotal gibbosities, the eucne-
mid genus Galbites and the elaterid ge-
nus Balgus were historically placed to-
gether as a group in Eucnemidae 
(Bonvouloir, 1875) since it appeared that 
the gibbosities on the pronotum were 
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homologous structures. However, analy-
ses showed them to be homoplasious 
features that had evolved in the same 
pronotal area in a similar fashion, but 
independently (Lawrence et al., 2007; 
Muona, 1993). The pronotal gibbosities 
that are widespread in Eucnemidae are 
always paired with a high, rounded 
pronotum in robustly built species (e.g. 
all Galbitini, Euryostes Bonvouloir, 
Arisus Bonvouloir, Temnus Fleutiaux, 
Temnillus Bonvouloir, large Fornax La-
porte spp. etc.). In Elateridae the gibbos-
ities are rare and only fully developed in 
the genus Balgus and they are the source 
areas of bioluminescence in Balgus 

schnusei Heller (Costa, 1984). Although 
the segment is smooth the luminescent 
“eyes” of the pyrophorine elaterids are 
located in the same region on the prono-
tum. The form and location of the gib-
bosities in Balgus indicate they are sites 
for muscular attachment, as is also sug-
gests by the presence of the light spots in 
the same region in the smooth Pyro-
phorini prothorax. 
Our hypothesis is that the clicking 

mechanism evolved in the ancestors of 
the whole Elateroid complex. The 
Eucnemidae and Throscidae, both with 
the clicking mechanism, were the first 
sister-groups to separate from the other 
groups (Bocakova et al., 2007). The re-
maining lineages included both clicking 
and non-clicking elaterids. The bifunc-
tional role of the pre-luciferase enzyme, 
in combination with the high energy de-
mand of the pronotal muscle were the 
necessary preadaptive features for lumi-
nescence to evolve in the prothorax (cf. 
Day et al., 2004). The so-far unknown 
sources of luciferin-type compounds or 
their precursors in beetles, whether of 
symbiotic origin or not, facilitated the 

development of pronotal light spots at the 
muscular attachment points as well as in 
the fat body region.  
Lineages evolving away from the 

compact elaterid-type body structure re-
tained a predisposition for luminescence, 
which had developed in their ancestral, 
clicking forms. Once a suitable luciferin 
or its precursor was available, they could 
develop luminescence. The clicking 
ability being lost and the muscles in-
volved being reduced, the location of the 
light-organs was not necessarily the same 
as in the clicking forms. The bifunctional 
role of the enzyme luciferase in insects is 
stressed here. Because of this, the insects 
were able to utilize any source of luci-
ferin-like compounds whenever they be-
come available and it was evolutionary 
advantageous (cf. Day et al., 2004). 
Day et al. (2004) stressed that some 

bioluminescent organisms synthesize 
luciferin themselves whereas others have 
acquired it from an external source. Our 
hypothesis predicts that originally the 
elateroids most likely acquired luciferin 
externally and after becoming available 
for any elateroid clade it could be picked 
up repeatedly. Since the preadaptive 
clicking mechanism is unique within 
beetles, the scenario also partly explains 
why bioluminescence is largely restricted 
to this one group of beetles. 
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6.5 Diversity of elateroid 
beetles in the Peruvian 
Amazon  

In addition to clarifying the role of 
white-sand forests in maintaining the 
phylogenetic diversity of elateroid bee-
tles (Coleoptera: Elateridae, Eucnemi-
dae) in the Peruvian Amazon, the inten-
tion was to draw some conclusions 
abouut the origin of these beetles in the 
Amazon region by examining their di-
versity at different taxonomic levels in 
different forest habitats.  
Based on The Zoological Record 

(1928-2004) and the world’s checklist of 
beetles (Schenkling, 1925-27), in total 92 
elaterid species and 29 genera are known 
from Peru. By sampling only one loca-
tion in the Peruvian Amazon, a total of 
64 elaterid species belonging to 14 dif-
ferent genera was obtained. The number 
of previously known Eucnemidae species 
from Peru is 10 and the number of genera 
is nine. The data contained four times as 
many Eucnemidae species as previously 
known from the country as a whole (40 
versus 10) and over 30 % more genera 
(14 versus 9). These numbers clearly 
show how little is actually known about 
the tropical insect diversity. The data 
included several species new to science 
and in addition many of the groups were 
found solely from one forest type. Ac-
cording to our results, white sand forests 
harbor substantially more elateroid bee-
tles than clay forests (Fig. 7), contrary to 
other findings for different organism 
groups (MacKinnon et al., 1997; Ruoko-
lainen and Tuomisto, 1993). The traps 
located in white sand forests generally 
attracted more specimens/trap and speci-
mens/species/trap than those located in 
rain forests growing on clayish soil, de-

spite the fact that all traps were placed in 
supposed insect flying routes. The differ-
ence in diversity is seen both in the spe-
cies numbers and in the number of higher 
taxa.  
Since in most animal and plant 

groups the local species richness of white 
sand forests is lower than in forests 
growing on clayish soils, there must be 
something in white sand forest condi-
tions that attracts and favors elateroid 
beetles. Judging from the complex forest 
structure (e.g. multilayered and high 
canopy, abundance of large trees and 
herbs, large amount of vines and epi-
phytes), one might have expected the 
clay forests to be richer in lignicolous 
beetles than the white-sand forests. The 
diversity of different kinds of white sand 
forests may partly explain the high spe-
cies, generic and tribal richness of elater-
oid beetles inhabiting these forests. The 
white sand forests are characterized by a 
rather simple physiognomy (e.g. uniform 
and rather low canopy height, most tree 
trunks less than 20 cm in diameter, 
dominance of some tree or palm species, 
absence of large herbs, trees and tree 
ferns), a thin layer of humus and tree 
roots and large amount of ectomychor-
riza. The abundance of fungi could con-
tribute to the high diversity of elateroid 
beetles, as most eucnemid and many 
elaterid larvae are highly specialized, 
utilizing wood infested with fungi (Ford 
and Spilman, 1979; Mamaev, 1976; 
Muona and Teräväinen, 2008).  
It seems that there are at least two 

geological processes behind the forma-
tion of the Western Amazonian white 
sands: some of the white sand formations 
develop slowly in situ, others form rela-
tively suddenly. Originally, the Eastern 
Amazon Basin has received the quartzitic 
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sands carried by rivers from the Guiana 
Shield in several pulses since the Oligo-
cene (Wesselingh, 2006). These sedi-
ments have been reworked by rivers re-
sulting in almost pure quartzitic deposits, 
some of which carry their original depo-
sitional structures. On the other hand, 
older white sand patches may form in 
situ by tropical weathering at sites of 
structural heights and they are formed 
over millions of years as part of the soil-
forming processes of the Amazon low-
lands. These sites have been reported 
along the Iquitos-Nauta highway 
(Kalliola and Paitán, 1998). 
Species richness appears to be a good 

surrogate for the number of higher taxa 
in elateroid beetles. Unlike the classifi-
cation of Eucnemidae, the classification 
of Elateridae is not based on any phy-
logenetic analysis. However, the trend 
still holds for both groups – the higher 
the species number, the higher the num-
ber of taxa above species-level. This 
suggests that the forests are likely to har-
bor fairly old faunas, an idea which is 
affirmed by recent amber findings close 
to the city of Iquitos and phylogenetic 
analyses of the eucnemid beetles. The 
amber findings support the existence of 
high-diversity tropical rain forests al-
ready maintaining a rich and complex 
entomofauna in Western Amazon during 
the middle Miocene (Antoine et al., 
2006). Also, phylogenetic studies based 
on both morphological and molecular 
data have shown that the South American 
Eucnemidae clades usually have as their 
sister group an African or an even more 
extensive Gondwanan clade, placing the 
origins of the fauna beyond 100 million 
years (Brustle et al., in prep.; Muona, 
1991).  

The results of the present study 
showed that the white sand forests harbor 
high levels of elateroid diversity at all 
taxonomic levels (Fig. 7). This was true 
both for groups that had been shown to 
be monophyletic (Eucnemidae) as well 
as for groups that have not been studied 
analytically (Elateridae).  
Based on this data we suggest that 

elateroid diversity in the Amazon has 
multiple origins. White sand forests in 
the Central and Eastern Amazon are ex-
tensive in comparison to those in West-
ern parts of the Amazon, where they oc-
cur in small patches (Anderson, 1981). 
Formerly, the majority of the Western 
Amazon was most likely covered by 
white sands, making white-sand soils 
more extensive there, as well as in the 
entire Amazon basin, than they are today 
(Ab’Sáber, 1982; Struwe et al., 1997). 
After the Andean uplifting in the mid-
Miocene clay forest became the prevail-
ing forest type (Fine et al., 2005; Huston, 
1994) and remnant white sand areas were 
patchily distributed. The high taxonomic 
diversity of elateroid beetles may be the 
result of the long existance of white sand 
forests in the Amazon region in compari-
son to clay soil forests. Although scat-
tered around the basin today, the white 
sand forests of the Western Amazon have 
been available for colonization from 
more widely distributed white sand for-
ests in the Central and Eastern Amazon, 
serving as refugial areas for many spe-
cies specialized to this forest type. More-
over, although the species richness in one 
white sand patch may be low overall, the 
vast heterogeneity in the different white 
sand types makes the diversity extremely 
high between patches (Fine et al., 2005). 
The high abundance of fungi in white 
sand forests could be the key factor in the 
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evolution of these beetles in those areas. 
Whenever a patch was colonized, it was 
an exceptionally favorable habitat and 
more so than the other forest types 
around it. The clay forests, on the other 
hand, are younger and less fragmented 
and harbor more generally distributed 
elateroid fauna. The differences in spe-
cies level diversity between the forest 
types are most likely due to the more 
extensive fragmentation of the white 
sand forests.  
White sand forests in the Western 

Amazon can be found near the city of 
Iquitos. With its 400,000 inhabitants the 
city is generally considered the most 
populous city in the world that cannot be 
reached by road. Within the region, a 
road built across the white sand forests 
has brought more people to the area, in-
creasing pressures due to deforestation 
and other human-related activities 
(Whitney and Alvarez, 1998). Despite 
the fact that these ancient forests have 
been known to be rich in endemic spe-
cies, they have overall been considered 
species-poor environments. Our study 
brings a new perspective to this view 
concluding that a big proportion of the 
Amazonian biodiversity would be lost in 
perpetuity by the disappearance of this 
unique forest type. 
 
 

7 Conclusions 

Historically, species and higher taxa have 
been defined with varying levels of justi-
fication. In many cases the description of 
a species has been based on a single 
specimen only or on the basis of differ-
ences in vague and ambiguous morpho-
logical characters. After studying a few 
of such groups it became clear that the 

variation observed in many sibling spe-
cies complexes may actually turn out to 
be intraspecific (I,II). Morphology was 
found to be capable of sufficiently re-
solving the relationships between the 
studied groups in some cases (IV), but 
generally more resolution was gained by 
the addition of molecular data (II, III).  It 
was also noted that both morphology and 
molecular data can be equally deceptive; 
the sequences of two morphologically 
apparently different species were some-
times found to be identical (I,II), whereas 
specimens having very similar sequences 
varied considerably in their morphology 
(II). It was concluded that traditional 
morphological characters are not suffi-
cient to separate the genera in Thylacos-
terninae (II). Many thylacosternid de-
scriptions are based on color differences 
but in the case of the genus Thylacoster-
nus (II) color differences did not corre-
late with structural details or with 16S 
data. The 16S gene provided more reso-
lution when added to the morphological 
data but although the information was 
useful at the family and generic level, its 
results contradicted with the morphologi-
cal data at the species level (II). The CO1 
region was found to be suitable for clari-
fying the relationships at the generic (I) 
and superfamily levels (III), but due to its 
varying nature the use of ITS2 was found 
to be appropriate only when studying 
relationships between closely related 
groups (I). Comparison of the morpho-
logical and molecular data sets to each 
other revealed that some of the key char-
acters traditionally used to separate the 
genera were incorrect (II). The common-
ness of intraspecific variation and the 
fact that the sequences of two different 
species may turn out to be identical (and 
vice versa), make it important to exercise 



 
 
 
 

39 

caution when making evolutionary infer-
ences based on small character samples, 
whether they are morphological or mo-
lecular. Since  both morphological as 
well as different molecular data sets were 
sometimes found to be misleading, there 
can be no justification for choosing one 
data type over another. Instead, the evo-
lutionary interpretations should always 
be based on a combined analysis of all 
available evidence. The quality of the 
data should also be taken into serious 
consideration. It has been showed that in 
the case of some fungi, up to 20 % of the 
named sequences in public data bases are 
misidentified (Vilgalys, 2003). Vast data 
sets as such are certainly not sufficient 
for producing evolutionary hypotheses 
that stand up to close examination. At-
tention should also be paid to epistemo-
logical coherency; for a scientific infer-
ence to be valid, it must be logically con-
sistent – philosophically, theoretically 
and methodologically. 
Properly conducted analyses produce 

robust results. These can be utilized in 
numerous interesting ways. My thesis 
considered two such extensions of sys-
tematics. 
An explanation of the connection 

between bioluminescence and the click-
ing mechanism of elateroid beetles is 
given for the first time. It is hypothesized 
that the clicking mechanism evolved at 
the base of the whole Elateroid complex, 
the families Eucnemidae and Throscidae 
being the most basal. The bifunctional 
role of the pre-luciferase enzyme, in 
combination with the high energy de-
mand of the pronotal muscle were neces-
sary preadaptive features for lumines-
cence to evolve in the prothorax. Once a 
suitable luciferin was available, lineages 
evolving away from the compact elat-

erid-type body structure retained a pre-
disposition for luminescence. These luci-
ferin-type compounds in beetles facili-
tated the development of pronotal light 
spots at the muscular attachment points 
as well as in the fat body region. This 
scenario predicts that the source for luci-
ferin is most likely external and after 
becoming available for any elateroid 
clade could be picked up repeatedly. It 
also explains why this feature is re-
stricted to this one group of beetles – the 
clicking mechanism being unique within 
the superfamily Elateroidea. 
In contrast to comparing only the 

number of species between two areas, the 
number of higher taxa was found to pro-
vide additional information about the 
origins of biodiversity. White sand for-
ests were found to harbor bigger elaterid 
and eucnemid diversity at all taxonomic 
levels than clay soil forests, in contrast to 
what has been suggested in previous 
studies. As hypothesized here, the older 
and more permanent white sand forests 
have accumulated a larger sample of 
evolutionary diversity. The present study 
is the first one to suggest that elateroid 
beetles in the Amazon originated in the 
white-sand type of forests and to recog-
nize the role of these forests in main-
taining elateroid biodiversity in the 
Amazon. 
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