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Summary

Biodiversity patterns of herbivore scarab chafers of Sri Lanka with
particular reference to DNA based species delimitation, taxonomy,
morphospace, and assemblage composition (Coleoptera: Scarabaeidae)

The thesis consists of six independent chapters covering DNA-based species
delimitation, taxonomy, morphometrics, and synecology. The organism group on
which the study focussed on was herbivore scarabs which represent a very diverse
group of organisms. My work comprised four main field expeditions which were
performed for quantitative sampling with multiple UV light traps during wet and
dry seasons in Sri Lanka (chapter 2). Standardized sampling encompassed in total
15 localities (L1-L15), covering different forest types (evergreen wet lowland
forests, evergreen dry lowland forest, sub-montane forests and montane forests)
along an elevational gradient (0—2500m). Freshly sampled and well-preserved
ethanol specimens was the critical point for the molecular work of this study.

Herbivore scarabs referred to as "pleurostict chafers” (Coleoptera: Scarabaeidae)
are represented in Sri Lanka principally by the subfamilies Dynastinae,
Melolonthinae, and Rutelinae. They are example study group because of their
high diversity, presence of strongly differentiated male genitalia that allow precise
species diagnostics based on morphology and high regional endemism. A total of
4901 pleurostict scarab chafer specimen representing 105 morphospecies have
been examined. Multiple samples were DNA barcoded and delimited to species
using several de-novo species delimitation methods. Based on resulting molecular
operational taxonomic units (MOTUs), their species diversity, assemblage
composition and pattern of morphospace across different spatial scales was
inferred, also in comparison to morphospecies entities.

Chapter 3 DNA barcoding approaches have been widely used to explore the
diversity in biodiversity hotspots. However, DNA barcoding (i.e., species
delimitation and specimen identification based on a single gene fragment, e.g.,
COl sequences) also has been critically discussed due to many problems including
the nature of the used single mtDNA marker gene. While results of COI barcoding
have been so far mainly compared with morphospecies entities, the congruence of
the outcome of different DNA-based species delimitations has only rarely been
analyzed in detail. Outcomes have often been characterized as "different"” without
quantifying the difference, particularly in relation to delimitations based on
morphology. This chapter focused to explore how well COI barcode data reflects
morphological species entities and thus its utility for accelerated species



inventorization. This was studied by the example of the chafer lineage Sericini,
which is particularly species rich in Sri Lanka. Morphological sorting of captured
specimens (ca. 2300) resulted in a total of 45 morphospecies of which 280
individuals were selected for sequencing. These species included 41 Sri Lankan
endemics and representatives from all five Sericini genera occurring in Sri Lanka.
Eleven morphospecies were represented only by singletons. Different delimitation
methods were performed to investigate the congruence of morphology-based
species identifications with species entities (molecular operational taxonomic
units (MOTUS)) that were inferred based on COI data. These analyses included
the Poisson tree processes (PTP) model, statistical parsimony analysis (TCS),
Automatic Barcode Gap Discovery (ABGD), Assemble Species by Automatic
Partitioning (ASAP) and Barcode Index Number (BIN) assignments. Delimitation
methods resulted in different numbers of MOTUs. All methods showed both over-
splitting and lumping of species identified by morphology. Only 18 of the
observed 45 morphospecies perfectly matched MOTUs in all delimitation
methods. The congruence of delimitation between MOTUs and morphospecies
expressed by the match ratio was low, ranging from 0.57 to 0.67. The study
showed that empirical focused tests (this study) continue to be necessary to further
develop our understanding of frequently employed taxonomic markers and
methods, particularly in the light of potential drawbacks for accuracy of newly
emerging approaches such as metabarcoding or “exclusively COI barcode-based
species definitions”. The study confirmed that COI barcode data alone is unlikely
to correctly delimit all species, in particular, when using only a single delimitation
approach and suggested the integration of various approaches and data,
particularly morphology, to validate species boundaries. A comparison of the
outcome of all DNA-based species delimitation methods using Principal
Coordinate Analysis (PCoA) based on pairwise match ratios, in which no method
neither matched the other nor the morphospecies, confirmed this further.

Chapter 4 DNA-based species delimitation has become increasingly popular for
biodiversity assessments and their robustness is often measured by integrative
approaches by congruence of outcome from multiple delimitation methods.
However, often incongruent outcomes of species delimitation methods provide
may cause ambiguities for synecological studies. Here | investigated how
contrasting results of different species delimitations translate into conclusions of
synecological studies, exemplified by assemblages of phytophagous scarab
beetles in Sri Lanka in different elevations and forest types. Particularly, species
estimates based on complete assemblages and on cumulated species inventories
inferred from individually analysed subclades were investigated. These patterns of
assemblage similarity were analysed across different spatial scales with reference
to morphospecies and haplotypes. Such outcome is important for providing a



robust and stable reference point with biodiversity assessments, particularly for
those that have potential impact on decisions of conservation management. The
study revealed method-related ambiguity of species estimates, which included
particularly also subclade inferences, affected severely the certainty of
biodiversity patterns at most spatial scales. To bypass some of these difficulties of
incongruence with morphospecies or with the accurate species delimitation,
particularly with mtDNA data and single marker data (e.g., COI), the use of
haplotype data alone have been proposed as an unbiased and even more objective
measure for biodiversity. However, in this case study of tropical beetles,
haplotypes provided only very little explanatory information, since genetically
highly diverse populations widely lacked shared haplotypes for almost all
investigated entities.

Chapter 5 and 6 Fourteen new species of the Tribe Sericini Kirby, 1837 from Sri
Lanka, belonging to the genera Maladera Mulsant & Rey, 1871, Neoserica
Brenske, 1894 and Selaserica Brenske, 1897 were described. The descriptions are
completed by illustrations of their genitalia and the habitus and included
distribution maps and photos of the habitats. Chapter V presented the results of
the first field expedition and described four new Sericini species: Selaserica
athukoralai Ranasinghe et al., 2020, Neoserica dharmapriyai Ranasinghe et al.,
2020, Maladera cervicornis Ranasinghe et al., 2020, M. galdaththana Ranasinghe
et al., 2020. Chapter VI presented the results of the three subsequent expeditions,
which were able to discover further ten new species; Sel. fabriziae Ranasinghe et
al., 2022, Sel. sororinitida Ranasinghe et al., 2022, N. pophami Ranasinghe et al.,
2022, M. haniel Ranasinghe et al., 2022, M. kishi Ranasinghe et al., 2022, M.
windy Ranasinghe et al., 2022, M. karunaratnae Ranasinghe et al., 2022, M.
hiyarensis Ranasinghe et al., 2022, M. dambullana Ranasinghe et al., 2022, and
M. deenstana Ranasinghe et al., 2022. Further, new locality records for 33
previously known species were reported and the identification key to the
Maladera fistulosa group was updated, due to the addition of nine new species.
The study once more revealed a large amount of endemism, confirming that Sri
Lanka remains unexplored, and that night active chafers are still rather poorly
represented in material from occasional, non-specialized field surveys. The two
chapters updated the results of a previous monograph of Sericini of the Sri Lanka
(Fabrizi & Ahrens 2014), comprising now 91 species, 81 of them are endemic.

Chapter 7 Evolutionary success of lineages becomes visible by species diversity
or morphological disparity, but the link between both phenomena is poorly
investigated for invertebrates, particularly considering various ecochorological
scales. This chapter focused to investigate the morphospace, morphological
disparity, and species diversity for forest types, elevation zones, and each



collection site. Furthermore, the study attempted to quantify the effect of direct
competition among species by investigating local scale vs. higher spatial scale
patterns of the assemblages. Morphospace of phytophagous scarab lineages
reflects well general niche occupation at global scale according to their different
microhabitats and foraging behaviour. However, in previous studies single
lineages showed only little divergence and sampling was not yet considering local
assemblages. Therefore | explored at hand of these data, whether direct
competition between species is likely to occur. Twenty linear distance
measurement were taken from 384 adult specimens of 105 species. Morphospace
and morphological disparity was analysed separately for three different
monophyletic lineages (1) the entire assemblage, and two sister subclades, 2)
Sericini, and 3) Pleurosticts excluding Sericini. These analyses were performed
for three major chorological and landscape entities (1) forest type, 2) elevation
zone, and 3) sampling locality. At locality-level, morphospace occupation referred
to actually co-occurring species. The results corroborated a general correlation
between morphological disparity and species richness among phytophagous
chafers at different ecochorological scales showing contrasting patterns of
lineages at different geographical scale. The relation disparity versus species
diversity followed two distinctive patterns, one for the entire assemblage and
Pleurosticts excluding Sericini, and one for Sericini. For the first I found a
significant correlation between diversity and disparity between different forest
types and elevation zone with size-corrected data. The opposite was the case for
the different sampling locations in which Sericini showed significance, however,
the other two lineages not. These patterns were corroborated by body size
variation of the entire assemblage which was observed to shrink towards higher
altitudes with the general decrease of species diversity and morphological
disparity. The reason might be at larger geographical scales the relation of species
diversity vs. disparity is determined by the historical integration of a multitude of
species or lineages, while at local scale assembled species compete for space and
resources. However, future studies need to explore more rigorously community
composition at different landscape scales to disentangle the driving forces of
diversity vs disparity in the context of assemblage evolution among pleurostict
chafers.

Chapter 8 Very little is known about factors determining assemblage structure of
megadiverse tropical polyphagous-herbivore scarab chafers. Knowledge about
their actual assemblages, differences between habitats is even rarer. Most
available studies on chafer assemblages include either mostly only a part of the
assemblage, or assemblages from a single or a few distant localities. Factors
determining the assemblage composition so far never have been explored. This
chapter investigated the patterns of diversity and turnover of tropical pleurostict



chafers in Sri Lanka across different forest types, elevation zones, localities, and
habitats to examine which spatial component determines the assemblage
composition, and at which extent. Further the influence of lineage membership
and body size in shaping the species composition was assessed. The study is based
on 4847 specimens of 105 chafer morphospecies belonging to Rutelinae,
Melolonthinae, and Dynastinae recorded from 11 localities across Sri Lanka.
Species richness estimators suggested >89% of total species inventory had been
captured. While 82% of the individual locality assemblages showed more than
84% of sampling completeness (in terms of species composition), in two case
sampling completeness was quite a low with less than 50% (L9, L14). The species
accumulation curves for individual localities showed that about 80% or slightly
more of the expected species has been captured before the sixth trapping event
(i.e., half of the total trapping events for each individual trap). Many species were
geographically restricted, 67 species (from 105 total species) were found
exclusively in just one site.

Ordination analysis on species presence/absence data of the full chafer
assemblage generally showed different patterns between the different spatial
components. The results revealed that assemblages were shaped mainly by
locality stochastics, and to minor extent by the ecoclimatic conditions. Here,
locality stochastics represent a not further investigated multi-factor ensemble that
includes all environmental conditions at local scale such macrohabitat,
biogeography, edaphic conditions, land use, local climate and exposition to rain
and radiation. Macrohabitat had little effect on the assemblage composition. This
was true for the entire chafer assemblage but also for all single lineages or
different body size classes. However, in medium and large specimens contrasts
between localities were less pronounced, which was not the case for the lineages.
Contrasts of assemblage similarity between localities were much more evident
than those of forest types and elevation zones. Significant correlation between
species composition and geographic distance was found only for the assemblage
of small-bodied specimens. In general, species richness and abundance varied
significantly between collection seasons. But seasonal change (dry-wet) in species
composition was minor and only measurable in a few localities.
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Chapter 1 General Introduction

Chapter 1

Introduction

Biodiversity is threatened mainly by habitat loss and degradation, but also
invasive alien species, over-exploitation of natural resources, pollution, diseases,
and climate change (Isbell et al., 2017; Di Marco et al., 2019; Baguette et al.,
2022). Describing and analysing biodiversity and its major patters (e.g., Gaston,
2000; Holt et al., 2013) is key to investigate the underlying processes, causes of
diversification and to generate a solid knowledge basis for any conservation
effort. Many biogeographical and some macroecological patters such as species
turnover, alpha diversity at various geographical scales and species evolution can
be assessed already at hand of material from natural history collections. However,
the investigation of most macroecological patterns requires the knowledge of
small-scale patterns of diversification including habitat specificity, species
assemblage composition, or species turnover. All which have to be inferred by a
dedicated sampling design.

Vertebrates including mammals, birds, reptiles, and amphibians are intensively
studied components of tropical rainforests, but make up only a small fraction of
the total number of species (Corlett & Primack, 2011; Pillay et al., 2022). In
contrast, invertebrates, and especially insects, are the dominant fauna of the
rainforest contributing the majority of species (Erwin, 1982; Corlett & Primack,
2011). Arthropods, which represent 80-90% of known species on earth (Stork et
al., 2015), are known only fragmentarily in many aspects such as taxonomy,
ecology, and distribution; and comprehensive data on them are rare (Kitching et
al., 2001; Beck & Kitching, 2007; Beck et al., 2007; see also Hortal et al., 2015;
shortfalls of biodiversity). In most cases our knowledge relies only on museum's
specimens and thus suffer largely from sampling bias (Santos & Quicke, 2011).
Specifically, macroecological research until now has largely been driven by data
already available (Grytnes & Romdal, 2008; Decaéns, 2010; Economo et al.,
2015; Echevarria Ramos & Hulshof, 2019), revealing two major shortcomings:
limited coverage of biomes, taxa and spatial scales, and insufficient or unknown
data quality (Beck et al., 2012; Jetz et al., 2012). Observed large-scale
biogeographical patterns are known to differ strongly between different lineages



Chapter 1 General Introduction

and ecological guilds (e.g., Currie, 1991; Nielsen, 2019); thus, it may be expected
that this is eventually also the case at smaller geographical scales. Nevertheless,
restricted dispersal capacities and occurrence in micro-niches results in patterns of
higher endemism and reveal often finer and still unknown patterns (Buckley &
Jetz, 2007; Daru et al., 2020). At smaller scale diversity patterns the situation is
complicated, since studies often do not rely on proper species identifications
(Oliver & Beattie, 1996) and on representative species sampling (e.g., Kemp et
al., 2017).

For the present study, dedicated field surveys were conducted in Sri Lanka to
collect poorly studied pleurostict scarab chafers (Coleoptera: Scarabaeidae),
particularly the species-rich and highly endemic Sericini chafers, and to study
their biodiversity patterns. This study includes six independent chapters focus on
taxonomic revisions, species delimitation analyses, the study of morphospace
variation at different taxonomic scales and in different ecochorological scales, and
of spatiotemporal turnover across localities and different habitats. In outcome of
the study, several new species of the Sericini chafers were described.

Phytophagous scarab beetles - the study group

Beetles (Coleoptera) is the largest of all orders on the earth and comprise about
400,000 species. They constitute almost 40% of described insects and can be
considered as one of the most successful animals distributed in almost every
terrestrial natural habitat around the world (Crowson, 1981), with a huge variety
of living habits and various locomotion modes (Carpenter, 1899; Chapman,
1998). Approximately 90% of the lineages in Coleoptera emerged in the
Mesozoic, especially during the Jurassic— Cretaceous period. At the same time,
the tremendous success of the angiosperms (flowering plants) replacing rapidly
the dominating gymnosperms had dramatic environmental effects and led to and
autocatalytic soil revolution which impacted not only the interaction between
phytophagous insects and related plant groups but also for most soil living insects
(e.g., litter revolution; see Ahrens et al., 2014).

Phytophagous insects, which feed on various parts of plants, including roots,
stems, leaves, flowers, and fruits, either as larvae or as adults or in both stages,
constitute more than one quarter of all known animal species (Mitter et al., 1988).
Phytophagous scarabs are among the largest phytophagous beetle lineages, as a
very diverse group of some 30,000 described species of beetles (Scholtz &
Grebennikov, 2005) which includes more than two thirds of all species in the
superfamily Scarabaeoidea. Phytophagous scarab chafers represent as a
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monophyletic clade (Ahrens et al., 2014; McKenna et al., 2019) which is referred
to as "pleurostict chafers" or pleurosticts (Erichson, 1847; Ritcher, 1958; Ahrens
et al., 2014). Pleurosticts are usually subdivided into four major subfamilies
including: Dynastinae, Rutelinae, Melolonthinae (cock chafers), and Cetoniinae
(rose chafers), plus several other small groups (Smith, 2006). Most chafer species
of Dynastinae, Rutelinae, Melolonthinae are highly polyphagous, feeding on a
wide range of plant taxa with the adults generally feeding on leaves, while their
larvae primarily feed on soil humus, living roots. In contrast to that, Cetoniinae,
but also a few Rutelinae and Melolonthinae feed on flowers or pollen, their larvae
on decaying wood and humus (Figure 1.1) (Ritcher, 1958; Ahrens et al., 2014).

Figure 1.1. Pleurostict chafers in the field. Most species are highly polyphagous,
generally feeding on leaves, flowers or pollen of a wide range of plants (Photos: J.
Eberle).

The present studies focused on the three, principally herbivorous subfamilies
(Dynastinae, Rutelinae, Melolonthinae) which are all in majority active at night
and can be collected by light traps (Ahrens et al., 2007; Garcia-Lopez et al., 2013;
Eberle et al., 2014, 2016, 2017; Sipek et al., 2016). Pleurostict chafers,
particularly Sericini chafers (Figure 1.2) can be considered as suitable model
organisms because of many aspects: 1) their extreme diversity, especially in
tropical forests; 2) their strongly differentiated male genitalia, which allows clear
species diagnoses based on morphology, and especially genital morphology
(Dalstein et al., 2019; Lukic et al., 2021); 3) their high regional endemism
(Ahrens, 2004). Numerous recent studies from the host lab (e.g., Fabrizi &
Ahrens, 2014, 2018, 2019; Liu et al., 2014a-c, 2015, 2016, 2017a,b, 2019; Ahrens
et al., 2014a-c; Ahrens & Fabrizi, 2016; Rana et al. 2017; Shrestha et al. 2012;
Sreedevi et al. 2018, 2019) have discovered an enormous amount of new species
from Asian biodiversity hotspots and exhibited high levels of endemism. These
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have improved our knowledge of the distribution of many species and opened up
the possibility to investigate more in detail their macroecology and factors that
determine their diversity under the influence of the species relationships in their
natural assemblages.

Figure 1.2. Sericini collected during field work: Left side: Maladera sp., female; right
side: Selaserica sp. Sericini species are subject of all chapters of this thesis (Photos: J.
Eberle).

The causes for the high diversity of pleurostict chafers are yet poorly understood
(Ahrens et al., 2014; Eberle et al., 2014). Since they rapidly diversified with the
rise of angiosperms during the Late Cretaceous — Early Paleogene, one hypothesis
for their great species diversity is explained by insect-host plant co-diversification
(Ehrlich & Raven, 1964; Mitter et al., 1991; Farrell, 1998). Specifically, increased
differentiation among populations by more patchily distributed host resources
(niches, new plants) might cause increased speciation (Janz et al., 2006).
However, since many pleurosticts being polyphagous and not host specific (e.g.,
Popilia japonica (Rutelinae) is known to feed on 435 plant species out of 95
families; Fleming, 1972; Lessio et al., 2021), the “insect-host plant co-
diversification” cannot be the right hypothesis to explain their diversity. Thus,
alternative explanations are needed to explain their successful diversification
(Eberle et al., 2014).

Sri Lanka - study area and world biodiversity hotspot

Since Darwin’s (1859) time islands have provided natural laboratories for the
study of evolution, speciation and biodiversity (Veron et al., 2019). Sri Lanka is a
tropical island country which is part of the same shallow continental shelf as
India, and separated by an inlet of the Bay of Bengal known as the Palk Strait
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(Pathirana, 1980). From biogeographic point of view, Sri Lanka has always been
connected to the Indian subcontinent that was part of Gondwana (Figure 1.3).
Since the Pliocene, Sri Lanka’s geographic position has been similar to today.
Periodic low sea levels in the Pleistocene generated from time to time land
connections to India (Cooray, 1984) and facilitated a two-way dispersal of fauna
across the Palk Strait in repeated waves.

PERMIAN

250 million years ago

CRETACEOUS PRESENT DAY
65 million years ago

Figure 1.3. The geological history of India and Sri Lanka (red arrow) in relation to plate
tectonics. Sri Lanka has always been part of the Indian subcontinent (modified from
Dittus, 2017).

Wallace (1876) considered Sri Lanka, together with South India, as a distinct sub-
region of the Oriental region, thereby recognizing the distinction of its biota from
that of the rest of India. Later, Western Ghats together with Sri Lanka have been
identified as a biodiversity hotspot, which represents a 0.7% (2180 species) of
global endemic plants and 1.3% (355 species) of global endemic vertebrates
(Myers et al., 2000). Especially the perhumid South-West Sri Lanka can be
considered as a refugium (species survived when the climate was unsuitable in the
surrounding matrix and eventually expanded their ranges in favourable climates)
on account of its extraordinary endemism (Ashton, 2014; Gunatilleke, 2017,
Ranasinghe & Benjamin, 2018; Ellepola et al., 2022). Central highlands in Sri
Lanka were also recognized as endemic spots (Meegaskumbura & Manamendra-
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Arachchi, 2005; Benjamin & Kanesharatnam, 2016; Bopearachchi & Benjamin,
2021). However, the area above 500m contour covers only ca 9% of the total area
of the island (Wickramagamage, 2017). The combinations of the varied climate,
and the diverse topography have created a variety of ecosystems that harbour a
wide range of species and makes it a suitable study area to investigate the effect of
various ecoclimatic parameters in insect assemblage composition.

Beetle fauna exploration in Sri Lanka

The insect fauna of Sri Lanka is exceptionally rich representing 53% of the total
species diversity of the island (Wijesekara & Wijesinghe, 2003; Dangalle et al.,
2014). According to Bambaradeniya et al., (2006) 3,033 species of Coleoptera
belonging to 50 families were recorded from Sri Lanka so far, representing thus
the largest animal group in the island. However, many invertebrates including
beetles have not received much scientific attention. The exploration of the Sri
Lankan chafer fauna and descriptions of species is relatively limited during the
past few decades (Gunawardena & Gunatilake, 1993; Mayadunnage et al., 2007;
Dangalle et al., 2011a,b, 2012a,b, 2014; 2017, 2018; Kudavidanage and Lekamge,
2012; Wijekoon et al., 2012; Thotagamuwa et al., 2016, 2019; Hewavithana et al.,
2016; Abeywardhana et al., 2020; 2021a,b; Frolov & Akhmetova 2021). Fabrizi
& Ahrens (2014) have done an extensive taxonomic and biogeographic study on
Sericini chafers (Coleoptera: Scarabaeidae) from Sri Lanka based on collections
preserved in numerous European and North American museums as well as in
numerous private collections which resulted in 77 known species (76 endemics).

Overview on research question and aims

All studies related to biodiversity rely on an accurate delimitation of species
which is also crucial for a stable taxonomy. Therefore, beside determining species
based on morphological features, such as male genital structures, I used DNA
sequences to infer independently species entities and to build a first DNA barcode
reference library for the fauna. This way, | was able to explore ecological patterns
not only in the traditional way, based on morphology, but also based on state-of-
the-art DNA-based species delimitation methods.

My doctoral research work addressed the below shortly explained research
questions. The thesis consisted with six independent chapters covering species
delimitation and DNA barcoding, taxonomy, morphometrics, and synecology. The
present study contributes to a better understanding of megadiverse phytophagous
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scarab evolutionary biology on several levels, from the delimitation of species, as
its results translate into conclusions of synecological studies, the description of
new species, morphospace pattern and exploration of factors determining
assemblage composition exemplified by phytophagous scarab beetles in Sri
Lanka.

DNA-based species delimitation has become increasingly popular for such
biodiversity assessments. While results of COI barcoding have been so far mainly
compared with morphospecies entities, the congruence of the outcome of different
DNA-based species delimitations has only rarely been analysed in detail. A
detailed case study was performed using DNA barcode data along with a
morphospecies approach and explored how well COIl barcode data reflects
morphological species entities and thus its utility for accelerated species
inventorization. The chapter 3 focused on the investigation of the match of
morphospecies with the entities (MOTUS) inferred by commonly used species
delimitation algorithms (de novo species delimitation techniques including both
tree-based (mPTP, bPTP, mIPTP) and distance-based methods (AGBD, TCS,
ASAP)) based on a single gene fragment, i.e., COI sequences) and to investigate
how well these resulting MOTUs reflected species entities in a megadiverse
chafer group. So the study focused to investigate the performance of COI barcode
data, under a multi-specimen sampling within different geographic context, since
COl barcodes are widely used as a proxy for species taxonomy and for ecological
monitoring. Such empirical focused tests continue to be necessary to further
develop the understanding of frequently employed taxonomic markers and
methods.

The chapter 4 focused to explore how contrasting results of different species
delimitations translate into conclusions of synecological studies, exemplified by
assemblages of phytophagous scarab beetles in Sri Lanka from different
elevations and forest types. Further, to investigate species estimates based on
complete assemblages and on cumulated species inventories inferred from
individually analyzed subclades and to analyze patterns of assemblage similarity
across different spatial scales with reference to morphospecies and haplotypes. To
bypass some of these difficulties of incongruence with morphospecies or with the
accurate species delimitation, particularly with mtDNA data and single marker
data (e.g., COl), the use of haplotype data alone have been proposed as an
unbiased and even more objective measure for biodiversity. Therefore, the study
also focused to observe the use of haplotypes in compositional comparisons
within genetically highly diverse populations in tropics. At the same time, the
study aimed to build a phylogenetic tree based on COIl barcode data for Sri
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Lankan pleurostict scarab chafer assemblages using multiple specimens per
species in different geographic sites.

Many invertebrates including beetles have not received much scientific attention
in Sri Lanka, a part of the world's biodiversity hotspots. The exploration of the Sri
Lankan chafer fauna and descriptions of species is relatively limited. The chapter
5 and 6 focused to describe new species of the Sericini chafers with their
illustrations and distribution maps in Sri Lanka. Further, to report new locality
records for previously known species and to update the identification key to the
Maladera fistulosa group, due to addition of new species. These two chapters
were updating the results of a previous monograph of Sericini of the Sri Lanka
(Fabrizi & Ahrens, 2014).

Body size and shape variation (i.e., morphospace) are assumed to reflect
differences in the species ecology and behaviour. However, there have been few
studies on this to date, and these focused on large-scale spatial patterns of
taxonomic richness vs morphological diversity, with only sparse reference to local
phenomena. The chapter 7 focused to investigate the morphospace, morphological
disparity, and species diversity for three major levels of chorological and
landscape partition from regional to local scale, represented by forest types,
elevation zones, and collection sites. Further, the study attempted to quantify the
effect of direct competition among species by investigating local scale vs. higher
spatial scale patterns of the assemblages.

The chapter 8 focused to investigate the patterns of diversity and turnover of
tropical pleurostict chafers in Sri Lanka across different forest types, elevation
zones, localities, and habitats and to examine which spatial component determines
the assemblage composition, and at which extent. Further the study aimed to
assess the influence of lineage membership and body size in shaping the species
composition at different spatial scales, and to estimate association between
qualitative species composition similarity and geographic distances. This way, the
study expected to elucidate the dynamics of community assembly and
differentiation and to get insight to explain the high species richness and local
endemism in tropical chafers.
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Chapter 2 Field expeditions and sampling

Chapter 2

Field expeditions and sampling

2.1. Study area

Sri Lanka has a total area of 65,610 km”with a length of 432 km (268 miles) and a
maximum width of 224 km (139 miles). It is the twenty-fifth largest island in the
world by area, with latitudes ranging from 5°55'N to 9°51'N and longitudes from
79°41'E to 81°53'E, which is near-equator position (Erdelen, 1988). Two principle
monsoon rainfall seasons; southwest monsoon from May to September and
northeast monsoon from December to February and two inter-monsoon rainfall
seasons; first inter-monsoon from March to April and second inter-monsoon from
October to November has identified (Domroes, 1974). The variation of rainfall is
mainly affected by these monsoonal winds, the southwest monsoon brings moist
air from the Indian Ocean and provides rainfall to the southwestern part and the
Central Highland slopes; the northeast monsoon brings moist air from the Bay of
Bengal and causes rainfall across the whole country; distinct inter-monsoonal
periods receive conventional rains and cyclones. Based on annual precipitation,
three distinct tropical climatic zones are distinguished as; the ‘wet’, ‘dry’ and
‘intermediate zones’ (Puvaneswaran, Smithson, 1993). These regions receive
more than 2,500 mm; between 1,750 to 2,500 m and less than 1,750 mm of rain
respectively. In addition, two small areas at the extreme northwest and southeast
of the country have a very dry climate and are arid zones (Wijesinghe et al.,
1993). Average annual temperature is ranging from 28 °C to 31 °C in the
lowlands and decreases (16°C) rapidly in the highlands. The island’s elevation
ranges from the sea level to over 2,500m, and can also be divided as lowland
(<1000 m), midland (1000-1500 m) and highland (1500-2500 m) on the basis of
elevation.

2.2. Sampling methods and sampling design
Four field expeditions were conducted during 2019 and 2020 (in February-March/
October-November and June-July/ November-December, respectively) in Sri

Lanka (Figure 2.1). Sampling encompassed 15 localities covering different forest
types (lowland wet evergreen, lowland dry evergreen, sub-montane and montane
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forest) and altitudinal zones (0-2500m) of Sri Lanka (Figure 2.2). These sampling
periods met both rainy and dry seasons in the respective localities.

79°E 80°E 81°E 82°E

@ Dry evergreen forest
® \Wet evergreen forest
A Submontane forest
M Montane forest

9°N

Dry zone

7°N

Elevation
100-200
> 200m
> 500m

B > 1000m

N > 1500m

M > 2000m

I > 2500m

Figure 2.1. Map of Sri Lanka showing sampling sites. L1: Aranayake; L2: Riverston; L3:
NIFS Arboretum; L4: Deenston; L5: Nuwara Eliya; L6: Horton Plains; L7: Belihuloya;
L8: Hiyare; L9: Kottawa; L10: Kanneliya; L11: Piduruthalagala; L12: Uda Peradeniya;
L13: Gannoruwa; L14: Udawattakele; L15: Sera Ella. Symbols represent different forest

types.

Mainly three different methods were used to capture beetles; i) UV-light traps, ii)
manual collecting from a white sheet being illuminated with UV, blue and green
LEDs (LepiLED, © WIF, Dr Gunnar Brehm, Jena, Germany) (Figure 2.3) and iii)
some additional specimens were hand-collected during the day (partly by netting).
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Figure 2.2. Images of sampling habitats represent different forest types; A. lowland wet
evergreen forest, B. lowland dry evergreen forest, C. sub-montane, D. montane forest.

i) Light traps (Night sampling)

Six UV-light traps were placed in different sites (i.e., habitats) at each locality to
collect quantitatively comparable samples that are sufficiently complete to
represent the local assemblages. All traps were separated by at least 100 - 500m
distance depending on the landscape of the locality in order to not influence each
other. The traps were placed at a height of approximately 2 m above the ground
and positioned at the same spot for 2—-3 consecutive days. Traps were unattended
during activity and a timer activated the light from dusk to almost midnight (6 pm
to 11 pm). Beetles that were attracted to the light traps were stopped by
transparent polystyrene plates (32 cm in width) and fell into a sampling container
with preservation liquid (96% ethanol). Specimens were stored and in 96%
ethanol for later identification and/or DNA sequencing.

ii) Light sheet (Night sampling)

A white sheet was hanged under the bulb of UV, blue and green LEDs (LepiLED,
© WIF, Dr Gunnar Brehm, Jena, Germany). The Scarab beetles were selectively
collected from the sheet. This method followed every day from 6.30pm to
11.00pm. The sheet was set towards the forest as much as possible. Target beetles
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selectively collected from the sheet and preserve. When light was off other insects
fly away for their destinations.

Figure 2.3. Light trap in the field (left). Manual collecting from a white sheet illuminated
with UV light in the field (right).

iii) Sweep netting/hand collection (Day sampling)

The net was held with the hoop end and swing the net from side to side (back and
forth) in a full 180-degree arc through the ground vegetation. Targeted Scarab
beetles collected and preserved. This method performed only during the daytime.

The non-targeted insects preserved and stored (-20C) in the projects’ collaborative
institute “National Institute of Fundamental Studies, Kandy, Sri Lanka” for future
research purposes or to extend the proposed project further.

2.3. Collection and export permits

Permits for sample collection in Sri Lanka obtained through the projects’
collaborative institute “National Institute of Fundamental Studies, Kandy, Sri
Lanka” (Prof. Suresh Benjamin). Collection permits were issued by the
Department of Wildlife Conservation, Sri Lanka (permit no: WL/3/2/61/18), and
the Department of Forest Conservation, Sri Lanka (permit no:
R&E/RES/NFSRCM/2019-01 & R&E/RES/NFSRCM/ EXTENSION/2020).
Further by the Divisional Forest Office, Kandy, Sri Lanka (permit no:
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K/G/01/06/03); Galle (M/0/03/2019). However, the current legal framework for
biodiversity conservation allowing the export of specimens outside Sri Lanka is
very restrictive (Dias et al., 2020). Therefore permit process was taken more time
than expected.
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Abstract

DNA taxonomy including barcoding and metabarcoding is widely used to explore
the diversity in biodiversity hotspots. In most of these hotspot areas, chafers are
represented by a multitude of species, which are well defined by the complex
shape of male genitalia. Here, we explore how well COI barcode data reflect
morphological species entities and thus their usability for accelerated species
inventorization. We conducted dedicated field surveys in Sri Lanka to collect the
species-rich and highly endemic Sericini chafers (Coleoptera: Scarabaeidae).
Congruence among results of a series of protocols for de novo species delimitation
and with morphology-based species identifications was investigated. Different
delimitation methods, such as the Poisson tree processes (PTP) model, statistical
parsimony analysis (TCS), Automatic Barcode Gap Discovery (ABGD),
Assemble Species by Automatic Partitioning (ASAP) and Barcode Index Number
(BIN) assignments, resulted in different numbers of molecular operational
taxonomic units (MOTUSs). All methods showed both over-splitting and lumping
of morphologically identified species. Only 18 of the observed 45 morphospecies
perfectly matched MOTUs from all methods. The congruence of delimitation
between MOTUs and morphospecies expressed by the match ratio was low,
ranging from 0.57 to 0.67. TCS and multi-rate PTP (mPTP) showed the highest
match ratio, while (BIN) assignment resulted in the lowest match ratio and most
splitting events. mPTP lumped more species than any other method. Principal
Coordinate Analysis (PCoA) on a match ratio-based distance matrix revealed
incongruent outcomes of multiple DNA delimitation methods, although applied to
the same data. Our results confirm that COIl barcode data alone is unlikely to
correctly delimit all species, in particular, when using only a single delimitation
approach. We encourage the integration of various approaches and data,
particularly morphology, to validate species boundaries.

Keywords. taxonomic match ratio, barcoding, integrative taxonomy.
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3.1 Introduction

Many regions on Earth that are exceptionally rich in endemic species are facing
massive habitat loss (Costello et al., 2013). Most of those areas have been
identified as ‘biodiversity hotspots’ (Myers et al., 2000). In order to be able to
conserve the vast diversity of currently largely unknown species, one necessity is
to recognize them (Smith et al., 2005; Costello et al., 2013; Modica et al., 2014).
For this purpose, DNA barcoding approaches have been widely used to explore
diversity of both flora and fauna, especially in biodiversity hotspots where
efficient conservation priorities are imperative (e.g., Hebert et al., 2003a,b; Hebert
et al., 2004; Smith et al., 2005; Barber & Boyce, 2006; Lahaye et al., 2008,
Kadarusman et al., 2012; Nagy et al., 2012; Geiger et al., 2014; Grosjean et al.,
2015; Bezeng et al., 2017; Boissin et al., 2017; Barman et al., 2018; Oberprieler et
al., 2018; Jamaluddin et al., 2019). These techniques attempt species delimitation
and specimen identification based on a single gene fragment, e.g., from the COI
gene. The state of the art, advantages and drawbacks, as well as their current
usage have been extensively discussed in a number of works (e.g., Vogler &
Monaghan, 2007; Leliaert et al., 2014; Luo et al., 2018; Dellicour & Flot, 2018;
DeSalle & Goldstein, 2019; Rannala & Yang, 2020). Subsequently, approaches
have been employed (metabarcoding), which allow large-scale assessments of
biodiversity through environmental DNA (Taberlet et al., 2012; Heyde et al.,
2020; Hobern, 2021) in both terrestrial (Holdaway et al., 2017; Fernandes et al.,
2018) and aquatic habitats (Leduc et al., 2019). With such metabarcoding
approaches it is not only possible to rapidly assess biodiversity, but also to
investigate external impacts on poorly studied invertebrate communities in highly
diverse ecosystems (Dopheide et al., 2020; VVogler et al., 2021).

However, DNA barcoding also has been critically discussed since its first
emergence due to many problems coming particularly from the nature of the used
single mtDNA marker gene (Ballard & Whitlock, 2004; Krishnamurthy &
Francis, 2012; Eberle et al., 2020). Many empirical studies investigated the
robustness of DNA barcoding and the used species delimitation methods,
particularly in the context of inherent natural bias of species such as fluctuating
effective population size or unbalanced representation of specimen samples (e.g.,
Esselstyn et al., 2012; Fujisawa & Barraclough, 2013; Ahrens et al., 2016).

While results of COIl barcoding have been so far mainly compared with

morphospecies entities, the congruence of the outcome of different DNA-based
species delimitations has only rarely been analyzed in detail. Outcomes have often
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been characterized as "different” without quantifying the difference (e.g., Ahrens
et al., 2016; Dalstein et al., 2019; Lukic et al., 2021). These differences are
explored here in detail, exemplified by a case study of Sri Lankan Sericini
chafers.

Sri Lanka, together with Southern Indian Western Ghats, is one of the world’s
outstanding biodiversity hotspots, harbouring unique and threatened biota (Myers,
2000). So far, only a handful of larger barcoding studies have been conducted on
the Indian subcontinent. These include the identification of disease vectors
(Tabanid flies: Banerjee et al., 2015; sand flies: Gajapathy et al., 2016; biting
midges Culicoides: Harrup et al., 2016; mosquitos: Weeraratne et al., 2018), and
also of highly invasive agricultural pests (Fruit fly: Khamis et al., 2012; tea
mosquito bugs: Rebijith et al., 2012; Pentatomomorpha bugs: Tembe et al., 2014;
Kaur & Sharma, 2016; thrips: Tyagi et al., 2017; fall armyworm: Nanayakkara et
al., 2020). Further, barcoding approaches have been used to resolve taxonomic
questions in butterflies (Rajpoot et al., 2018; Goonesekera et al., 2019), fishes
(Senevirathna & Munasinghe, 2013; Dhaneesh et al., 2015; Lakra et al., 2016;
Raja & Perumal, 2017; Ekanayake et al; 2021), frogs (Biju et al., 2014,
Meegaskumbura et al., 2015), freshwater crabs (Beenaerts et al., 2010), spiders
(lleperuma Arachchi & Benjamin, 2019; Kanesharatnam & Benjamin, 2019),
snakes (Pyron et al.,, 2013) and snails (Raheem et al., 2017). Concerted and
comprehensive initiatives, which coordinate the sampling and data basing efforts,
as known from Europe and northern America for example, are yet missing.

For the highly diverse beetles, apart from a few isolated studies that were very
limited in taxon sampling (Dangalle et al., 2014; Asha & Sinu, 2020), DNA
taxonomy approaches including barcoding have not yet been applied in the
Western Ghats hotspot. This is even true for herbivore scarab chafers, of which
some species appear to be serious crop pests despite being highly endemic
(Ahrens, 2004; Ahrens & Fabrizi, 2016). In the last decade dozens of new
herbivore scarab species have been discovered from the subcontinent, and Asia in
general (e.g., Fabrizi & Ahrens, 2014; Liu et al., 2014a-c, 2015, 2016; Ahrens et
al., 2014a-c; Ahrens & Fabrizi, 2016).

Given the great use of COIl barcode data for biodiversity assessments (e.g.,
Arribas et al., 2020, 2021), we were interested in expanding the existing punctual
assessments of DNA barcoding (Ahrens et al., 2016; Dalstein et al., 2019; Lukic
et al., 2021) and in exploring, how well COI barcode data reflect species entities
in a understudied tropical hotspot. We chose Sericini chafer beetles (Coleoptera:
Scarabaeidae: Melolonthinae) as example study group, because species can be
well defined by strongly differentiated male genitalia (e.g., Eberle et al., 2016;
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Dalstein et al., 2019). We performed dedicated field surveys in Sri Lanka and
investigated the match of morphospecies with the entities inferred by commonly
used species delimitation algorithms based on the sequenced COI barcode data.
Such focused tests continue to be necessary to further develop our understanding
of frequently employed taxonomic markers in different organism groups,
particularly in the light of potential drawbacks for accuracy of newly emerging
approaches such as metabarcoding or “exclusively COI barcode-based species
definitions” (Sharkey et al., 2021a,b).

3.2 Materials and Methods

Specimen sampling

Sampling of adult Sericini chafers (Coleoptera: Scarabaeidae) was carried out at
twelve localities in Sri Lanka (Figure 3.1) during 2019-2020. These sites included
different forest types in different ecozones. Beetles were captured using UV-light
traps and manual collecting from a white sheet being illuminated with UV, blue
and green LEDs (LepiLED, © WIF, Dr Gunnar Brehm, Jena, Germany). Some
additional specimens were hand-collected during the day. All specimens were
preserved in 96% ethanol after collecting.

The collected specimens were presorted to morphospecies. For this purpose, all
male genitalia were dissected and labelled. Identification to species level was
done using recent literature (Fabrizi & Ahrens, 2014; Ahrens & Fabrizi, 2016;
Ranasinghe et al., 2020) and, in some cases, by comparison with type specimens.
Three to seven male individuals of each morphospecies per location were selected
for DNA extraction and subsequent sequencing (in total 280 individuals). The
species’ habitus and male genitalia were photographed of one selected specimen
per species, using a Zeiss AxioCam HRc camera (SteREO Discovery. V20).
Images at several focal points were taken using the Zeiss Axio Vision (ZEN pro)
software package and stacked with Zerene Stacker (Version 1.04)
(http://www.zerenesystems.com).
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Figure 3.1. Map of Sri Lanka showing collecting sites for this study. IDs refer to major
sampling localities: L1: Aranayake; L2: Riverston; L3: NIFS Arboretum; L4: Deenston;
L5: Nuwara Eliya; L6: Horton Plains; 7: Belihuloya; L8: Hiyare; L9: Kottawa; L10:
Kanneliya; L11: Piduruthalagala; L12: Uda Peradeniya.

DNA sequencing

DNA was extracted from mesothoracic leg and attached muscles using the
Qiagen® DNeasy Blood and Tissue Kit (Hilden, Germany) or the Qiagen®
BioSprint 96 magnetic bead extractor (Hilden, Germany). Lab work followed the
standard protocols of the German Barcode of Life project (Geiger et al., 2016).
The primers LCO1490-J) [5-CHACWAAYCATAAAGATATYGG-3] and
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HCO02198-JJ [5'-AWACTTCVGGRTGVCC AAARAATCA-37 (Astrin &
Stiiben, 2008) were used to amplify a 658 bp fragment at the 5-end of the
mitochondrial gene cytochrome c oxidase subunit 1. PCRs of 90 samples were
performed using the QIAGEN® Multiplex PCR Kit. The amplification products
were subsequently checked by electrophoresis on a 1.5% agarose gel containing
GelRed®. Successfully amplified DNA fragments were purified using Illustra™
ExoProStar™ Enzymatic PCR and Sequencing Clean-Up Kit. Forward and
reverse strands were sequenced by Macrogen Europe (Macrogen, Amsterdam, the
Netherland; www.macrogen.com). PCRs for 190 samples were done in 96-well-
plates. Unpurified PCR products were subsequently sent for purification and
bidirectional Sanger sequencing to BGI Tech Solutions (Hongkong, China).
Sequences were assembled, edited and aligned using Geneious R7 (version 7.1.9,
Biomatters Ltd.). All data are deposited in BOLD (project: SCOIB) and GenBank
(accession numbers MW698204 - MW698469) (see Supplement Table S3.1).

Phylogenetic analysis

Maximum likelihood (ML; Felsenstein, 1973) searches were performed in 1Q-
TREE version 1.6.12 (Nguyen et al., 2015) under the (GTR+F+I+G4) model of
nucleotide substitution that was inferred as the best fit model by ModelFinder
(Kalyaanamoorthy et al., 2017). A total of 1000 ultrafast bootstrap (Hoang et al.,
2018) replicates were done to assess branch supports. The tree search was
repeated ten times with the above parameters and the tree with highest likelihood
was selected for further analysis. The resulting tree was rooted with Apogonia sp
(X-SR0095) in FigTreev.1.4.4 (available from
http://tree.bio.ed.ac.uk/software/figtree). Split networks as implemented in
SplitsTreed v.4.16.2 (available from http://www.splitstree.org) (Huson & Bryant,
2006) were used to represent incompatible and ambiguous signals in the COI
dataset. Additionally, maximum likelihood searches were performed in PhyML
using automatic model selection by Smart Model Selection (SMS) (Lefort et al.,
2017) on the web server version (http://www.atgc-montpellier.fr/phyml/)
(Guindon et al., 2010).

Species delimitation
DNA-based species delimitation was performed using the Poisson tree processes
(PTP) model (Zhang et al., 2013), Statistical parsimony analysis (TCS)

(Templeton et al., 1992; 2001), Automatic Barcode Gap Discovery (ABGD)
(Puillandre et al., 2012), Assemble Species by Automatic Partitioning (ASAP)
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(Puillandre et al., 2021) and Barcode Index Number (BIN) assignments
(Ratnasingham & Hebert, 2013).

Poisson tree process modeling was performed with PTP web server
(https://species.h-its.org/; accessed on 09 February 2021) using the maximum
likelihood implementation (hereafter mIPTP; Zhang et al., 2013) with a single
Poisson distribution, as well as the Bayesian implementation (bPTP), which adds
Bayesian support (pp) values for putative species to branches in the input tree.
The PTP method infers speciation events based on a shift in the number of
substitutions between internal nodes (Zhang et al., 2013).

Further, multi-rate PTP (https://mptp.h-its.org/#/tree; accessed on 23 July 2021)
was performed. Multi-rate PTP (hereafter mPTP; Kapli et al., 2017) is an
improved method of PTP which does not require user-defined parameter as input
and using MCMC it computes the support values for each clade, which can be
used to assess the confidence of the ML delimitation. The 1Q-TREE result from
previous phylogenetic analysis was used as input for all PTP analysis.

Statistical parsimony analysis was performed as implemented in TCS v.1.21
(Clement et al., 2000). The procedure partitions the sequence data into clusters,
i.e. subgroups (or networks) of closely related haplotypes connected by changes
with a <95% probability to be non-homoplastic. Resulting networks have been
found to be largely congruent with morphospecies at the 95% threshold (Meier et
al., 2006; Ahrens et al., 2007) and are considered here as molecular operational
taxonomic units (MOTUES).

Automatic Barcode Gap Discovery (ABGD) was conducted using the ABGD
webserver (https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html; accessed on 09.
February 2021) with default parameters (i.e., using Jukes-Cantor model (JC69)
distances, a relative gap width of 1 and 50 steps, Pmin=0.001, Pmax=0.1, Nb bins
for distance distribution= 20) (Puillandre et al., 2012). ABGD applies a set of
prior intraspecific divergences to detect the position of the barcode gap, which are
iteratively refined. Alternatively, we reran the ABGD analysis with a distance
matrix generated through IQ-TREE analysis as the input file. This maximum
likelihood distance values (mldist file) reflected pairwise distances corrected by
the GTR-model.

Assemble Species by Automatic Partitioning (ASAP) was conducted using the
ASAP webserver (https://bioinfo.mnhn.fr/abi/public/asap/ accessed on 23 July
2021) using the distance matrix generated through 1Q-TREE analysis (Puillandre
et al., 2020). ASAP divides species partitions based on pairwise genetic distances.
ASAP also computes a probability of panmixia (p-val), a relative gap width
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metric (W), and ranked results by the ASAP-score: the lower the score, the better
the partitioning (Puillandre et al., 2021). Number of MOTUSs predicted by ASAP
1% and ASAP 2" scores were selected and compared with other methods. Finally,
MOTUs from Barcode Index Number (BIN) assignments (Ratnasingham &
Hebert, 2013) obtained from the BOLD data base (Project - SCOIB: Sericini COI
Barcoding) were included and compared with other delimitation results.

The accuracy of DNA-based methods with prior morphospecies assignment was
assessed by the match ratio (Ahrens et al., 2016): 2 X Nmatch/(Nmol + Nmorph), Where
Nmatch 1S the number of exact matches of morphospecies (all individuals) with
MOTUs of different delimitation methods, Nmo is the number of MOTUs that
resulted from different delimitation methods, and Nmepnh IS the number of
morphospecies (Table 3.1). All morphospecies were mapped onto the terminals of
the maximum likelihood tree along with the images of their male genitalia (lateral
view) and MOTUs obtained from different species delimitation methods (Figure
3.2).Further, the match ratios for all pairs of delimitation methods were calculated
and compared in a similarity matrix. The matrix was transformed into a distance
matrix and a Principal Coordinate Analysis (PCoA) was performed in PAST
v. 3.25 (Hammer et al., 2001) in order to compare similarity between different
methods.

Data handling

All raw data produced in the project are freely accessible and deposited in
dedicated databases for secure and curated long-term storage. Extracted DNA is
stored at -80°C in the DNA bank collection of the ZFMK
(https://www.zfmk.de/en/biobank).  Obtained nucleotide sequences  were
submitted to NCBI (accession numbers MW698204 - MW698469) and BOLD
databases (project: SCOIB) (see Supplement Table S3.1). Voucher specimens are
deposited in the insect collections of the ZFMK, each with a unique voucher 1D
that is linked to the corresponding DNA extract from that sample, to the DNA
sequences, and to the morphological data and images. VVoucher-related data and
IDs were stored in the ZFMK’s digital collection database.
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3.3 Results

Morphological sorting of captured scarab specimens (total ca. 2300) resulted in a
total of 45 Sericini morphospecies of which 280 individuals were selected for
sequencing. These species included 41 Sri Lankan endemics and representatives
from all five Sericini genera occurring in Sri Lanka. Thirty-four morphospecies
were represented by more than one individual and 11 were singletons. For 266
specimens, we successfully obtained COIl sequences (658 bp). From 266
individuals, 257 were assigned to putative morphospecies using male genital
preparations. Nine specimens were females which did not have suitable diagnostic
characters for morphospecies assignment; they were subsequently assigned to
species using the DNA sequences as they were clearly nested in the relevant
species clades (seven specimens: SR0088, SR0100, SR0118, SR0186, SR0190,
SR0350; SR0881) or unambiguously assigned to a species in all delimitation
methods (two specimens: SR0089, SR0095). Despite our repeated extensive
sampling (Figure 3.1), 75.5% of the taxa (34 morphospecies) were collected from
only single localities. For example, nine species (20% of all recorded species)
were only found at Deanston (L4), 10 species (22.2%) only at Dambulla (L3), six
species (13.3%) only at Aranayake (L1). However, 11 morphospecies (24.5% of
all recorded species) were represented in more than one locality, but no one was
found in more than half of all localities: Maladera badullana (3 sites), M. coxalis
(2 sites), M. dubia (3 sites), M. hortonensis (2 sites), M. karunaratnae (2 sites), M.
rufocuprea (5 sites), Serica fusa (3 sites), S. lurida (2 sites), Selaserica impexa (2
sites), Se. nitida (2 sites), and Se. pusilla (2 sites).

ML tree searches with IQ-TREE and PhyML obtained a similar tree topology
(Figure 3.2, Supplement Figure S3.1), with the exception of three cases. With 1Q-
TREE, M. hortonensis was sister to M. dubia + M. lindulana, whereas in the
PhyML tree M. lindulana was sister to M. dubia + M. hortonensis. In the second
case, Maladera sp. (female specimen, SR0089) was sister to M. bandarawelana in
the 1Q-TREE tree and to M. rotundata + M. igua + M. breviatella in the PhyML
tree. Finally, M. igua was nested within M. rotundata in the latter, whereas the
IQ-TREE resolved them as two sister species. However, several distinct clades
were equally recovered in both trees, such as the clade Selaserica + Periserica,
the Serica clade, the Neoserica clade, and the Maladera fistulosa clade. The latter
is a diverse, endemic radiation on the island that is characterized by entirely
reduced parameres. It included eight so far new, unnamed species, which will be
described in a separate publication.
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Species delimitation

The different species delimitation methods (bPTP, mIPTP, mPTP, TCS, ABGD,
ASAP, and BIN) resulted in different numbers of MOTUs (Table 3.1). We found
relatively limited congruence between molecular operational taxonomic units
(MOTUs) and morphospecies. None of the employed species delimitation
methods correctly inferred the same species partition that was obtained from prior
morphospecies assignments. The number of MOTUs varied from 35 to 61.

Parsimony network analysis subdivided the unique haplotypes into 53 different
MOTUs (i.e., networks). Thirty-three of them perfectly matched with the
morphospecies assignments and showed the highest, although moderate, match
ratio of all delimitation methods (0.67). Most over-splitting events could be
attributed to larger geographical sequence variation. Three different types of tree-
based PTP analyses (bPTP, mIPTP, mPTP) resulted in varying numbers of
MOTUs and matches with morphospecies. bPTP modelling showed low
congruence, mainly due to oversplitting, and resulted in 57 MOTUs with 30
matches with the morphospecies, displaying the second lowest match ratio (0.59).
mIPTP modeling resulted in 52 MOTUs with 32 matches with the morphospecies
and the second highest match ratio of 0.66. mPTP produced 35 MOTUs with 27
matches and the highest match ratio (0.67) similar to TCS analysis.

ABGD failed to identify a clear barcoding gap and thus resulted in unreliable
results that strongly depended on parameter choice. No consistent estimate of the
number of species was recovered across a range of initial parameter values. We
arbitrarily chose three partitions with a prior maximal distance (P) of 0.018, 0.015
and 0.010 that resulted in 43, 48, and 50 MOTUSs, respectively (hereafter as P43,
P48, and P50), and matched with 29, 29, and 30 morphospecies. All three choices
showed both lumping and splitting, and obtained match ratios between 0.63-0.66.
The performance of ABGD thus lied between bPTP and TCS. The two best scores
of ASAP partitioned species into groups containing 40 and 41 entities, and
matched with 27 and 28 morphospecies, respectively. The resulting match ratio
was 0.63 for the best scored partition, and 0.65 for the second partitioning. BIN
assignments revealed 61 MOTUs and matched with 30 morphospecies. It obtained
the lowest match ratio (0.57). BIN assignments showed more splitting events than
any other method, for example six MOTUs for 11 M. coxalis individuals collected
from two different geographic locations, whereas all other methods resulted in a
single MOTU for M. coxalis.
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Only 18 MOTUs were obtained from all methods and also perfectly matched
morphospecies. This included haplotypes from different geographic locations
(e.g., in Maladera rufocuprea and Serica fusa). Thirty-four morphospecies
assignments entirely matched with MOTUs of at least one delimitation method.
All methods showed both splitting (i.e., individuals of one morphospecies were
separated into two or more different MOTUs) and lumping of morphospecies (i.e.,
individuals of two or more different morphospecies were joined in one MOTU)
and produced different numbers of MOTUs and hence lower matching ratios
(Table 3.1). Individuals of Selaserica impexa were split into different MOTUs
according to their different geographic sampling locations with all delimitation
methods except mPTP, while other species were only split by ABGD and BINs
(Se. nitida), bPTP, BINs and TCS (Se. pusilla) or ABGD (S. lurida).

A few non-monophyletic species were observed: 1) Neoserica dharmapriyai was
nested within N. sexfoliata; 2) Maladera galdaththana nested within M. heveli; 3)
M. pubescens nested within M. windy; 4) one individual of M. anderssoni was
placed in the M. karunaratnae clade; 5) M. badullana and M. fistulosa were
mixed within one clade. Consequently, individuals of N. sexfoliata, M. heveli and
M. windy split into two or more MOTUSs, while nested species were resolved as
one MOTU or lumped with its sister species, resulting in low matches with
morphospecies. In the first case, N. sexfoliata split into two MOTUs and N.
dharmapriyai recovered as one separate MOTU that was nested within N.
sexfoliata in all methods except mPTP and ASAP where both species were
lumped into one MOTU. In the second case, M. galdaththana was lumped with
the four individuals of M. heveli in ABGD and ASAP, however, mIPTP, bPTP,
TCS, and BINs correctly assigned the species as a single MOTU. In mPTP several
but not all individuals of M. galdaththana and M. heveli, respectively, resulted as
separate MOTUSs. In the third case all individuals of M. pubescens, M.
dambullana, and M. windy were lumped together (bPTP, mIPTP, mPTP, ASAP),
whereas in TCS, ABGD and BIN additionally one individual from M. dambullana
and M. windy, respectively, was split off resulting in two additional MOTUs. M.
pubescens matched with prior morphospecies assignment in ABGD P48, ABGD
P50, and BIN assignments. Both, fourth and fifth case showed mixing of two
different morphospecies: one individual of M. anderssoni (SR0707) was placed in
the M. karunaratnae clade in all methods; moreover, M. badullana and M.
fistulosa were mixed in all methods thus both events resulted in lumping of
species.

M. cervicornis and M. haniel, which differ very distinctly in shape of their male
copulation organ, were lumped with all methods except in TCS. Whereas M. iuga
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and M. rotundata lumped in mPTP, ABGD, and ASAP. M. dubia showed
lumping with M. hortonensis only in ASAP 1% partition. Over-splitting was
observed in N. pophami (SR0346, SR0488 in mIPTP), M. heveli (SR0090 and
SR1100 in mIPTP), and M. kishi (all individals in bPTP) despite having identical
sequences and being sampled from the same locality. All those cases affect
matches with prior morphospecies assignments, hence decrease the match ratio in
different delimitation methods.

The PCoA ordination based on pairwise match ratios examined the similarity of
the ten different delimitation methods, which were all based on the same COI
fragment, and also in relation to their congruence with morphology-defined
species (Figure. 3.3). For COl-based species delimitation, four distinct clusters
were evident: one method resulted rather isolated (mPTP) and produced the
lowest number of MOTUs (n=35). TCS, BIN, and bPTP formed a second cluster;
a third cluster consisted of ABGD P48, ABGD P50 and mIPTP, while ASAP 1%,
ASAP 2" and ABGD P43 formed the last one. These clusters correspond
basically to the number of MOTUs of these methods (Nmotu = 53-61, 48-52, and
40-43 for cluster 2-4, respectively) and they appear rather independent from prior
morphospecies matches. This proposed ordination method can be used to show at
one glance how different delimitation methods performed on a particular problem
and to observe the similarity of COl-based delimitation compared to that of
morphology.

3.4 Discussion

This study focused on the investigation of the performance of COI barcode data
with various species delimitation approaches, since COI barcodes are widely used
as a proxy for species taxonomy and for ecological monitoring. Specifically, we
investigated how well the resulting MOTUs reflected species entities in a
megadiverse chafer group. While being rather uniform in external appearance,
Sericini chafers show extremely well differentiated genitalia even between closely
related species (e.g., Ahrens et al., 2016; Dalstein et al., 2019). The correlation
between divergent genital morphology and evolutionary entities was widely
confirmed by integrative taxonomy studies (e.g., Ahrens & Ribera, 2009; Eberle
et al., 2016), including even genomic data (Dietz et al., 2021). The resulting
maximum likelihood trees represent the first molecular phylogenetic hypotheses
for Sri Lankan Sericini. Two distinct clades of Selaserica that were previously
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also characterized by morphological data (Fabrizi & Ahrens, 2014) could be
confirmed in the present study. The two groups are characterized by the presence
or absence of a carinate hypomeron for the Selaserica splendifica group and the

Se. nitida group, respectively.
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Figure 3.3. Principal Coordinate Analysis (PCoA) of different species delimitation
methods and morphospecies based on pairwise match ratios.

Table 3.1. Match ratio (Ahrens et al., 2016) of DNA-based species delimitation methods
on Sericini chafer data based on number of MOTUs and number of matches between
MOTUs and morphospecies (Nmorph=45). Match ratio = 2 X Npatch/(Nmot + Nimorph)-

ABGD ABGD ABGD ASAP ASAP
bPTP mIPTP mPTP TCS BIN
P43 P48 P50 1st 2nd
N match 30 32 27 33 29 29 30 30 27 28
N MOTU 57 52 35 53 43 48 50 61 40 41
Match ratio  0.59 0.66 0.67 067 0.66 0.62 0.63 057 0.63 0.65
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The here observed low congruence of MOTUs with morphospecies (match ratio:
0.57-0.67) was not unexpected since previous studies on tropical Sericini have
showed similarly low match ratios (Ahrens et al., 2016, Dalstein et al., 2019,
Lukic et al., 2021). Some of them were subject to strong variation (between 0.14
and 1) depending on the different selected subclades being analyzed (Ahrens et
al., 2016). Even in absence of geographic sampling bias these have shown low
match ratios (0.59-0.77) (Lukic et al., 2021). Also the congruence between the
different delimitation methods, although using the same data, was moderate. This
is in line with graphical summaries of many DNA-taxonomy studies that have
shown rather inconsistent results among different species delimitation approaches
using the same marker (see above; e.g., Bergsten et al., 2012; Magoga et al.,
2021). However, some studies, particularly those with limited geographical (i.e.,
regional) scope in the northern hemisphere, showed almost perfect matches of
MOTUs with morphospecies among nearly 90% of the studied species (e.g.,
Hendrich et al., 2015; Pentinsaari et al., 2014; Rulik et al., 2017). So far
uninvestigated was their mutual multidimensional relations in terms of match
ratios (Figure 3.3) (Ahrens et al., 2016). The observed divergent clusters in the
plot of mutual match-similarity, also in context with morphospecies, provided
insight to the robustness and confidence of the results in a range of the used
species delimitation approaches. Even using the same genetic marker, results
differed conspicuously and call for caution regarding premature conclusions
(Ahrens et al., 2021).

Inconsistency between COI delimited species and morphospecies can have
different causes. In several cases, non-monophyly of morphospecies was linked to
splitting or lumping. Such cases were observed in the clades M. fistulosa group
and in Neoserica. Non-monophyly of species could be a result of introgression by
hybridization or incomplete lineage sorting (ILS). Both phenomena can result in
similar COI haplotypes across species boundaries and may consequently lead to
splitting and/or lumping. If this occurs in morphologically highly dissimilar
species (under the assumption that morphologically highly dissimilar species in
terms of male genital shape are not closely related), it would rather indicate
hybridization (Dalstein et al., 2019). In this study, hybridization may have
occurred in case of M. galdaththana and M. heveli. Both taxa have highly
dissimilar genitalia. In morphologically very similar species, non-monophyly
could be explained by either incomplete lineage sorting or introgressed DNA
(Eberle et al., 2016; Dalstein et al., 2019). These cases were: 1) Neoserica
dharmapriyai and N. sexfoliata; 2) M. pubescens, M. dambullana and M. windy;
3) Maladera anderssoni and M. karunaratnae and 4) M. badullana and M.
fistulosa. There are several tests to distinguish hybridization from incomplete
lineage sorting (Sang & Zhong, 2000; Joly et al., 2009), which is, however, often
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difficult in reality (Eberle et al., 2016). Based on the available data (i.e., part of
the COI gene), their application is impossible (Dalstein et al., 2019). Cross
contamination of specimens during DNA-extraction or PCR preparation could be
excluded based on the position of the single samples in the microtiter-plates,
particularly for the case of M. anderssoni / M. karunaratnae (in which one
individual of M. anderssoni was lumped with M. karunaratnae in all methods).

Inconsistency between MOTUs and morphospecies could have been caused by
highly rapid speciation: Maladera cervicornis and M. haniel, which here both
resulted as monophyletic sister taxa, have highly distinct male genitalia. They
lumped in all methods except TCS. This could be indicative that divergence of
their male genitalia is much faster and more distinct than mitochondrial molecular
divergence and lineage sorting, which, although being complete, was not
sufficient in terms of degree of divergence to delimit species unambiguously.
Similar evidence for multiple species have been shown by Eberle et al. (2016) and
confirmed with genomic data by Dietz et al. (2021).

Over-splitting of morphospecies encountered here was apparently also caused by
relatively deep coalescence, for example by considerable geographically
determined genetic variation of haplotypes (Sel. impexa). Specimens of this
species originated from two isolated lowland forest reserves without any
heterogeneous landscapes in between (L8 and L10; see Figure 3.1), so that
individuals might not be able to migrate between these populations. Splitting of
Se. pusilla (bPTP, TCS, BIN), S. lurida (ABGD), M. coxalis (BIN), and Sel.
nitida (ABGD, BIN) also were determined by distant geographic sample locations
of the specimens. Maladera coxalis, Sel. nitida, Sel. pusilla, and S. lurida were
recorded from different forests in the central highlands with complex elevation
patterns. A greater biodiversity is observed in these forests compared to lowland
forests (Meegaskumbura et al., 2015), since they are separated by steep
escarpments, gorges, parallel ridges, or peaks (Cooray, 1967), which may act as
geographical barriers for dispersal and may result in partial reproductive isolation.
However, spatial separation of individuals did not always cause over-splitting.
Morphospecies of M. dubia, M. hortonensis, M. rufocuprea, and Serica fusa were
collected from different geographical locations and still appeared as a single entity
in all analyses.

In general, as a result of limited dispersal, a negative relationship is expected for
the geographic distance and the mating probability of individuals, as predicted by
isolation by distance (Perez et al., 2018). Heterogeneous landscapes additionally
might affect levels of gene flow due to reduced dispersal in consequence of the
patchiness of preferred habitats (van Strien et al., 2015; Perez et al., 2018). Thus,

39



Chapter 3 Species delimitation

it is obvious that low dispersal propensity contributes to an elevated but unknown
extent of intraspecific, geographically structured divergence (Li et al., 2015).
Alternatively, genetic divergence may also result from ecological adaptation or
sexual selection (e.g., Boughman, 2001; Matsubayashi et al., 2013). What is
actually more likely for each case under study is often unknown, as is the case of
the Sri Lankan Sericini chafers studied here. Biased accumulation of mutations in
mtDNA after population separation of widespread species can obscure the limits
between putative species (e.g., Eberle et al., 2019). Restricted gene flow caused
by large distances between populations can result in increased divergence (Perez
et al., 2018; Bergsten et al., 2012) which can be exaggerated by (sex) biased or
limited dispersal. In result numbers of delimited entities can exceed the true
species numbers by orders of magnitude (Eberle et al., 2019). Moreover, the effect
of geography-induced genetic divergence depends on the latitude as well as the
involvement of diversity hotspots (Gaytan et al., 2020), which generally are also
refugial areas (Ahrens et al., 2013), characterized by long-term climatic stability
(Fjeldsaa et al., 1997, 1999; Harrison & Noss, 2017). All this would affect the
output of different species delimitation methods and in fact, none of the used
methods report accurate species numbers compared to prior morphospecies
assignments.

Besides the above discussed issues like incomplete lineage sorting and
introgression (e.g., Funk & Omland, 2003; Ballard & Whitlock, 2004), molecular
species delimitation approaches based on information from a single gene such as
the mitochondrial gene COI, are frequently hampered by pseudogene co-
amplification or Wolbachia infections (e.g., Song et al., 2008; Smith et al., 2012),
which may bias haplotype distributions. Furthermore, sampling size influences the
results of delimitation methods (e.g., Ahrens et al., 2016; Luo et al., 2018). Low
number of samples may affect species delimitation. Our sample size ranged from
5 to 10 individuals per species and sampling was the same for all delimitation
methods, and therefore did not affect their comparison. The estimation of a tree
topology also affects delimitation methods; relying on a single mitochondrial
DNA marker system is prone to errors that can mislead species delimitation and
identification (see Eberle et al., 2020).

The present study indicated that not the study organisms, i.e., the data itself is the
sole cause for incongruent species entities that were proposed by different
methods. If signals were inherent to the data that caused mismatches with
morphospecies, the same pattern of over-splitting and lumping would be expected
across all methods. This was not always the case (Figure 3.2). For example,
lumping of M. dubia and M. hortonensis only in ASAP 1% partition, split of M.
coxlis in BIN, split of S. lurida in ABGD P50 (Figure 3.2). However, several
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species and species complexes were incongruent between morphospecies and
several or all delimitation methods (e.g., M. heveli and M. galdaththana or M.
pubescens, M. dambullana, and M. windy). We conclude that in these cases the
used single marker system provided insufficient or misleading signal for accurate
delimitation of species.

In order to bypass some of these difficulties of incongruence of morphospecies
and species identification or delimitation with COIl data, there have been
proposals for a haplotype-based macroecology, as patterns of intraspecific genetic
diversity were found to be correlated with species richness (Papadopoulou et al.,
2011) even at different spatial scales (Baselga et al., 2015). This way, highly
valuable and easily produced data from, e.g., metabarcoding can be used (Taberlet
et al., 2012). This becomes especially relevant in absence of complete reference
barcode libraries in order to avoid high amounts of data deletion due to impossible
species assignments.

Our results confirm that COl DNA barcode data alone are inadequate to delimit
species, in particular in this case of Sericini chafers. Using various levels of
haplotype diversity for ecological or evolutionary assessments bear high levels of
uncertainty, as they might reflect different patterns at variable scales in time and
space. However, these patterns appear to be not entirely and stringently
evolutionary significant, as are those ones reflected by species. Thus, although
haplotype diversity and species diversity are correlated, any ecological approach
that does not take (true) species entities and species diversity in account, might
look at different ecological interrelationships and processes than those considering
true species (Papadopoulou et al., 2011; Thormann et al., 2016). Also, our results
strongly discourage approaches of a minimalist taxonomic procedure, defining
(new) species based on COIl barcode data alone, using a single species
delimitation approach only without morphological reference diagnoses (Meierotto
et al., 2019; Sharkey et al., 2021a,b) (see also Zamani et al., 2021; Ahrens et al.,
2021; Meier, et al., 2021; Fernandez-Triana, 2022).

Due to the severe impact of human activities including climate change, numerous
species risk going extinct before being discovered (Costello et al., 2013). An
estimated 10 million species remain to be discovered (Dayrat, 2004). A stable and
robust nomenclature is the basis of clear communication and scientific discussion
about biodiversity. Including true species entities within biodiversity research
incorporates evolutionary scales and processes at all time levels. In this manner,
species entities and names provide the ‘anchor’ to which all taxonomic,
ecological, molecular and conservation data are attached (International Trust for
Zoological Nomenclature 2008). Legal protection and policy are also linked to

41



Chapter 3 Species delimitation

names (i.e., species), not to actual (mortal) individuals (or haplotypes), on the
assumption that the groups indicated by the names are consistent through time and
among places.

Conversely, recent integrative taxonomy studies revealed how difficult it actually
is to infer species boundaries objectively and robustly and that, so far, no
infallible method for species delimitation exists, even when using genomic data
(e.g., Carstens et al., 2013; Rannala & Yang, 2020). New methods and data
sources continue to being developed and examined empirically (e.g., Fujisawa &
Barraclough, 2013; Ahrens et al., 2016; Eberle et al., 2019; Sukumaran &
Knowles, 2017), gradually converging to detecting species boundaries (Eberle et
al., 2020; Rannala & Yang, 2020; Dietz et al., 2021). However, issues of sampling
and the inherent nature of species (e.g., the fluctuation of effective population
size; Ahrens et al. 2016) are variables that will always impact large-scale
approaches and require continued integration with other sources of evidence
(Padial et al., 2010; Schlick-Steiner et al., 2010), thereby specifically accounting
for characteristics of every single species (e.g., Dufresnes et al., 2020; Campillo et
al., 2020; Hausdorf & Hennig, 2020).
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Figure S3.1. Maximum likelihood tree from PhyML analysis. Approximate likelihood
ratio test (aLRT) values >0.5 are shown next to the respective branches.
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Abstract

Biodiversity patterns are the sum of multiple overlapping species distributions.
Their analysis therefore requires proper species inference. DNA-based species
delimitation has become increasingly popular for such assessments and their
robustness is often measured by congruence of multiple delimitation approaches.
We explore how contrasting results of different species delimitations translate into
conclusions of synecological studies, exemplified by assemblages of
phytophagous scarab beetles in Sri Lanka from different elevations and forest
types. Particularly, we compared estimates based on complete assemblages and on
cumulated species inventories inferred from individually analysed subclades.
These patterns of assemblage similarity were analysed across different spatial
scales with reference to morphospecies and haplotypes. Method-related ambiguity
of species estimates, which included particularly also subclade inferences,
affected severely the certainty of biodiversity patterns at most spatial scales. In
this case study of tropical beetles, haplotypes provided only very little explanatory
information, since genetically highly diverse populations widely lacked shared
haplotypes.

4.1 Introduction

Because of compelling advantage over traditional approaches in terms of speed
and automation, DNA-based species identification has become a standardized and
broadly used molecular approach for rapid biodiversity assessments (Sun et al.,
2016; Gostel & Kress, 2022). Their use for biodiversity surveys compared to
conventional taxonomy appears immense, including metabarcoding of whole
organism communities (Creedy et al., 2022), environmental or extra-organismal
DNA (eDNA; Taberlet et al., 2012), ingested DNA (iDNA; Schnell et al., 2012).
All of them use high-throughput sequencing approaches (Leray & Knowlton,
2015), and are also comprised as next-generation biodiversity assessments
(Elbrecht & Leese, 2015; Creedy et al., 2022; Huang et al., 2022; Steinke et al.,
2022). This systematic large-scale DNA sequencing of entire communities allows
the assessment of molecular diversity as well as the variation in community
composition at species level and below (Baselga et al., 2015; Bush et al., 2019).
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However, the success of DNA-based species inference heavily depends on a
distinction between intraspecific and interspecific genetic variation across taxa
(Phillips et al., 2019, 2022), which is often referred to as barcode gap (Meyer &
Paulay, 2005; Ratnasingham & Hebert, 2013; Puillandre et al., 2012; 2021). For
the recognition of this gap, each study requires sufficient sampling effort to
capture adequate levels of within-species genetic variation (Meyer & Paulay,
2005; Eberle et al., 2020; Phillips et al., 2022). Independently of the type and
number of marker used for the species delimitation, researchers from early on
have recognized a certain incongruence between the outcome of DNA-based
identification and morphology-based species assignments (e.g., Esselstyn et al.,
2012; Fujisawa & Barraclough, 2013; Ratnasingham & Hebert, 2013; Ahrens et
al., 2016). This was reasons why 1) the term molecular operational taxonomic
units (MOTU) was introduced, which pragmatically defines groups of individuals
by similarity that can but must not represent true species (Floyd et al., 2002;
Blaxter et al., 2005), and 2) an integrative taxonomy and species delimitation was
propagated (e.g., Padial et al., 2010; Schlick-Steiner et al., 2010; Carstens et al.,
2013). Latter integrative framework would incorporate multiple lines of evidence
but also alternative delimitation approaches and methods (e.g., threshold-based,
character-based, tree- and coalescence-based methods) (Templeton et al., 1992;
2001; Will et al., 2005; Fujita et al., 2012; Puillandre et al., 2012; 2021; Zhang et
al., 2013; Kapli et al., 2017). Beyond that, it was found that inherent
characteristics of the species and assemblages itself such as fluctuating effective
population size (Esselstyn et al., 2012; Fujisawa & Barraclough, 2013; Ahrens et
al., 2016) and rareness of species (Lim et al., 2012; Ahrens et al., 2016) may have
an important impact on the outcome of the species inference in which sampling
design (i.e., the extent of taxa studied in a simultaneous species inferences step)
becomes a crucial issue (Ahrens et al., 2016; Luo et al., 2018; Zhou et al., 2019).

To bypass some of these difficulties of incongruence with morphospecies or with
the accurate species delimitation, particularly with mtDNA data and single marker
data (e.g., COl), the use of haplotype data alone have been proposed as an
unbiased and even more objective measure for biodiversity (Papadopoulou et al.,
2011; Garcia-Lopez et al., 2013; Baselga et al., 2015; Uscanga et al., 2021). A
haplotype-based biodiversity research appeared to be completely independent
from species concepts or delimitation methods including their assumptions
(Thormann et al., 2016) and is currently extensively used in ecological
metabarcoding studies (Galvez-Reyes et al., 2020; Noguerales et al., 2021;
Andujar et al., 2022). A haplotype-based macroecology (Baselga et al., 2013,
Papadopoulou et al., 2011) was shown to work well for exploring
macroecological patterns in poorly known biota and to predicting large-scale

62



Chapter 4 Multiple MOTUs and synecology

biodiversity patterns by using haplotype diversity as a proxy for genetic and
species diversity (Papadopoulou et al., 2011).

Among the different species delimitation methods proposed so far, the choice of a
particular method has a considerable effect on estimated species entities and thus
also on species richness estimates (Ahrens et al., 2016, Eberle et al., 2019; Zhou
et al., 2019). With the ongoing employment of integrative approaches using
multiple species delimitation methods, it became clear that neither of these always
perfectly matches the morphospecies entities (e.g., Ahrens et al., 2013, 2016;
Dalstein et al., 2019; Eberle et al., 2019; Lukic et al., 2021) nor do they rarely
ever match among each other (Ranasinghe et al., 2022a). Although metabarcoding
approaches use mainly distance based clustering algorithms with predefined
thresholds for species circumscription (Callahan et al., 2017; Piper et al., 2019),
several different pipelines or “cluster parameter values” are in use that may reveal
alternative outcome (e.g., Potter et al., 2017; Alberdi et al., 2018; Creedy et al.
2019; Bailt et al., 2020) The threshold values used for sequence filtering and the
number of reads for the identified MOTUs have an effect on the assessment
accuracy of data (Edgar & Flyvbjerg, 2015; Potter et al., 2017; Piper et al., 2019,
2022; Meyer et al., 2021). The choice of the clustering threshold at 3% pairwise
distance, as applied by the majority of studies (Elbrecht et al., 2017; Yu et al.,
2012; Alberdi et al., 2018), or at 2% for similar taxa (Beentjes et al., 2019;
Rossini et al., 2016; Smith et al., 2005) can have a significant impact on
taxonomic inferences. Each step can potentially introduce its own sources of
artefacts and biases which may inflate or deflate sample diversity estimates
(Zinger et al., 2019; Liu et al., 2020).

In this study, we investigate the impact of alternative species estimates (MOTUS)
on synecological analyses being applied to different entities of spatial scale
(regional to local). Synecological studies bring together diversity measures at
different collection points and integrate them into spatial entities with similar
characteristics, such as species number and composition, which is why the
methods that examine faunal similarity are applied in ecology as well as in
biogeography. Outcome from both is important for providing a robust and stable
reference point with biodiversity assessments, particularly for those that have
potential impact on decisions of conservation management (e.g., van Jaarsveld et
al., 1998; Ji et al., 2013; Floren et al., 2020; Uscanga et al., 2021; Yang et al.,
2021).
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4.2 Materials and Methods

Specimen sampling

The impact of alternative MOTU estimates for synecological analyses is
investigated at hand of Sri Lankan species assemblages of phytophagous scarab
chafers (Coleoptera: Scarabaeidae) (Ahrens et al.,, 2014). These beetles are
polyphagous herbivorous and generally nocturnal; and represented in Sri Lanka
by three subfamilies: Rutelinae, Melolonthinae and Dynastinae. Sampling of adult
beetles was carried out at fifteen localities during 2019-2020 (Ranasinghe et al.,
2020, 2022b) which included different forest types (evergreen wet lowland forest,
evergreen dry lowland forest, sub-montane forest, and montane forest) and
elevational zones. Beetles were captured using six UV-light traps per locality. All
specimens (for collection details, see Table S4.1) were preserved in 96% ethanol
after collecting. The collected specimens were presorted to morphospecies based
on genital morphology using available taxonomic revisions and keys (Arrow,
1910; Endrddi, 1985; Ahrens et al., 2007; Fabrizi & Ahrens, 2014; Ahrens &
Fabrizi, 2016; Ranasinghe et al., 2020, 2022b).

DNA sequencing

Three to seven individuals of each morphospecies per location were selected for
DNA extraction and subsequent sequencing (in total 565 individuals). DNA was
extracted from mesothoracic leg and attached muscles using the Qiagen® DNeasy
Blood and Tissue Kit (Hilden, Germany) or the Qiagen® BioSprint 96 magnetic
bead extractor (Hilden, Germany). Lab work followed the standard protocols of
the German Barcode of Life project (Geiger et al., 2016). The primers LCO1490-
JJ  [5-CHACWAAYCATAAAGATATYGG-3] and HCO2198-JJ [5-
AWACTTCVGGRTGVCC AAARAATCA-37 (Astrin & Stlben, 2008) were
used to amplify a 658 bp fragment at the 5’-end of the mitochondrial gene
cytochrome ¢ oxidase subunit 1. PCRs of 90 samples were performed using the
QIAGEN® Multiplex PCR Kit. The amplification products were subsequently
checked by electrophoresis on a 1.5% agarose gel containing GelRed®.
Successfully amplified DNA fragments were purified using Illustra™
ExoProStar™ Enzymatic PCR and Sequencing Clean-Up Kit. Forward and
reverse strands were sequenced by Macrogen Europe (Macrogen, Amsterdam, the
Netherland; www.macrogen.com). PCRs for 475 samples were done in 96-well-
plates. Unpurified PCR products were subsequently sent for purification and
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bidirectional Sanger sequencing to BGI Tech Solutions (Hongkong, China).
Sequences were assembled, edited and aligned using Geneious R7 (version 7.1.9,
Biomatters Ltd.). All data are deposited in BOLD (project: SCOIB) and GenBank
(accession numbers MW698204 - MW698469 (Sericini; Ranasinghe et al., 2022a)
and XX-XX, (other taxa; see Table S4.1)).

Phylogenetic analysis

Maximum likelihood (ML; Felsenstein, 1973) searches were performed in 1Q-
TREE version 1.6.12 (Nguyen et al., 2015) under the (GTR+F+I+G4) model of
nucleotide substitution that was inferred as the best fit model by ModelFinder
(Kalyaanamoorthy et al., 2017). A total of 1000 ultrafast bootstrap (Hoang et al.,
2018) replicates were done to assess branch supports. Then, the tree search was
repeated ten times with the above parameters and the tree with highest likelihood
was selected for further analysis.

Species delimitation

DNA-based species delimitation was performed using the multi-rate Poisson tree
processes (MPTP) model (Zhang et al., 2013), statistical parsimony analysis using
TCS (Templeton et al., 1992; 2001), Assemble Species by Automatic Partitioning
(ASAP) (Puillandre et al., 2021). Poisson tree process modeling was performed on
the mPTP web server (https://mptp.h-its.org/#/tree; accessed on 21 December
2021). mPTP (Kapli et al., 2017) is an improved method of PTP which does not
require user-defined parameters. Using MCMC, it computes support values for
each clade, which can be used to assess the confidence of the ML delimitation.
The 1Q-TREE result from previous phylogenetic analysis was used as input for all
PTP analysis.

Statistical parsimony analysis was performed as implemented in TCS v. 1.21
(Clement et al., 2000). The procedure partitions the sequence data into clusters,
i.e. subgroups (or networks) of closely related haplotypes connected by changes
with a <95% probability to be non-homoplastic. Resulting networks have been
found to be largely congruent with morphospecies at the 95 % threshold (Meier et
al., 2006; Ahrens et al., 2007) and are considered here as MOTUs.

Assemble Species by Automatic Partitioning (ASAP) was conducted using the

ASAP webserver (https://bioinfo.mnhn.fr/abi/public/asap/ accessed on 21
December 2021) (Puillandre et al., 2020), using the distance matrix generated by

65



Chapter 4 Multiple MOTUs and synecology

IQ-TREE. ASAP divides species partitions based on pairwise genetic distances.
ASAP also computes a probability of panmixia (p-val), a relative gap width
metric (W), and ranked results by the ASAP-score: the lower the score, the better
the partition (Puillandre et al., 2021). The number of MOTUs predicted by
ASAP’s best score was selected and compared with other methods.

Furthermore, we employed clustering algorithms similar to those used in
metabarcoding approaches, to explore the reliability of this critical step in current
metabarcoding analysis pipelines (Macher et al., 2018). Distance-based clustering
was done with the R-package (v. 4.1.2) spider (v. 1.5.0; Brown et al., 2012). A
threshold of 3% was applied to the pairwise distance matrix of all specimens
obtained from MEGA X (p-distance) (Kumar et al., 2018).

Since it is known that also the tree depth, i.e., the phylogenetic extent of sampling,
may impact species delimitation analysis (Ahrens et al., 2016), we reanalyzed the
current data set for its four principal monophyletic lineages as evident from the
Maximum Likelihood tree obtained with IQ-TREE: clade 1: Rhizotrogini (+
Leucopholini); clade 2: Apogonia spp. (Diplotaxini); clade 3: Sericini; clade 4:
Rutelinae + Dynastinae + Cetoniinae. Clade 1-3 formally comprise the subfamily
Melolonthinae, which, however, in most current molecular phylogenies does not
result monophyletic (Ahrens et al., 2014; McKenna et al., 2019). On these four
subclades, the same delimitation methods as described above were applied (i.e.,
mPTP, TCS, ASAP, and 3% clustering).

The accuracy of DNA-based methods with prior morphospecies assignment was
assessed by the match ratio (Ahrens et al., 2016): 2 X Nmatch/(Nmol + Nmorph), Where
Nmatch 1S the number of exact matches of morphospecies (all individuals) with
MOTUs of different delimitation methods, Nmg is the number of MOTUs that
resulted from different delimitation methods, and Nmopn IS the number of
morphospecies (Table S4.2). All morphospecies were mapped onto the terminals
of the maximum likelihood tree and MOTUs obtained from different species
delimitation methods, including subclade analysis (Fig. S1). Furthermore, the
match ratios for all pairs of delimitation methods were calculated analogously as
explained above and compared in a similarity matrix. Subsequently, the matrix
was transformed into a distance matrix and a principal coordinate analysis (PCoA)
was performed in PAST v.3.25 (Hammer et al., 2001) to visualize the similarity of
outcome between the different methods (Ranasinghe et al., 2022a). The same was
done for species inventories resulting from individual subclade analyses and
cumulated inventories from individually performed species delimitation analyses
on subclades, in which entities of each subclade delimitation were taken again
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together for the entire assemblage, to explore whether species delimitation on
subclades alone affected the overall outcome of delimitation analyses.

In addition, a few more alternative species delimitation approaches were
conducted for the full assemblage data, for which, however, we did not perform
synecological analyses, but we compared only the outcome of species
delimitation. Poisson tree process modeling was performed with PTP web server
(https://species.h-its.org/; accessed on 21 December 2021) using the maximum
likelihood implementation (hereafter mIPTP; Zhang et al., 2013) with a single
Poisson distribution, as well as the Bayesian implementation (bPTP), which adds
Bayesian support (pp) values for putative species to branches in the input tree.
Automatic Barcode Gap Discovery (ABGD) was conducted using the ABGD
webserver (https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html; accessed on 21
December 2021) using the distance matrix generated through 1Q-TREE analysis
with default parameters (i.e., a relative gap width of 1 and 50 steps, Pmin=0.001,
Pmax=0.1, Nb bins for distance distribution= 20) (Puillandre et al., 2012).
Distance-based clustering with 2% threshold was done with the R-package (v.
4.1.1). Then match ratio was calculated as above.

Synecological analysis

The analysis of species diversity and assemblage composition was performed for
different spatial levels (forest type, elevation, locality) using morphospecies and
the different MOTUs, namely haplotypes, mPTP clusters, TCS networks, ASAP
clusters and 3% and 2% clusters. Species and MOTUs composition of each of
these spatial entities was assessed for the entire assemblage, for individual
subclades, and for cumulative MOTUs of subclades. Forest types included four
entities: a) evergreen wet lowland forests, b) evergreen dry lowland forests, c)
sub-montane forests, and d) montane forests. Elevational zones (EZ) included five
entities: EZ1: 0-500 m, EZ2: 501-1000 m, EZ3: 1001-1500 m, EZ4: 1501-
2000 m, and EZ5; 2001-2500 m. Localities included all 15 individual sampling
localities. The dissimilarity in species/ MOTU composition of entities at each
spatial level was measured using the Jaccard index (i.e., presence-absence data)
using PAST v. 3.25 (Hammer et al., 2001). Results were visualized using non-
metric multidimensional scaling (NMDS) and single linkage clustering (based on
Jaccard index) at each spatial level.

Endemicity (unique vs shared occurrences) for entities at each spatial level was
calculated for the morphospecies and MOTUs for the entire assemblage, single
subclades, and cumulated species inventories from individually performed
analyses of species delimitation for subclades.
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4.3 Results

Of 4901 sampled specimens, 565 individuals were sequenced, of which 458
(81%) specimens representing 101 morphospecies were sequenced successfully
and included 332 distinct haplotypes. Of the 101 morphospecies 27 were
singletons (26.7% of all species), i.e., species represented by one specimen.
Sixteen morphospecies (i.e., 15.8% of all species) had infraspecific distances
larger than 3% (Fig. S6). Thirty-three morphospecies (or 12 haplotypes out of
332) were represented from more than one locality, but no one was found in more
than half of all localities. The resulting maximum likelihood tree (Fig. S1) showed
general agreement with subfamily and genus level classification (Ahrens et al.,
2014; McKenna et al., 2019). Monophyletic clades resulted for all tribes
(Diplotaxini, Sericini, Rhizotrogini and Leucopholini) and most subfamilies
(Rutelinae and Dynastinae), the latter two formed a monophyletic sister clade.
Melolonthinae was not monophyletic.

Species delimitation: full dataset vs subclade datasets

The different species delimitation methods (PTP, TCS, ASAP, 3% and 2%
clustering) resulted in different numbers of MOTUs (Table S4.2). We found
relatively limited congruence between molecular operational taxonomic units
(MOTUs) and morphospecies as well as among the different DNA-based
delimitation approaches (Figure S4.1). None of the employed species delimitation
methods identically inferred species partitions, neither the prior morphospecies
assignments. The total number of MOTUs varied from 82 to 129, compared to the
morphospecies count of 101. These contradictions arise from splitting (the
individuals of one morphospecies are assigned to two or more different MOTUSs)
or lumping phenomena (individuals of two or more different morphospecies are
fused into one MOTU) (Figure S4.1). Only 37 MOTUs were obtained from all
methods and also perfectly matched morphospecies. Eighty-three morphospecies
assignments entirely matched with MOTUs of at least one delimitation method.
Out of the 27 singleton morphospecies, 14 were also 'molecular singletons' for all
delimitation methods, i.e. they were the unique representatives of a MOTU, while
remaining 13 singletons, were lumped with other specimens into one MOTU.

Compared to the analyses of the full dataset, separate delimitation analyses on

individual subclades showed minor differences (ASAP more splitting; PTP and
TCS more lumping; 3%, 2% clustering with no differences). The match ratio was
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higher in few cases (clade 4: ASAP; clade 3: TCS; clades 2 and 4: 3%, 2%
clustering) for delimitation analyses on individual subclades (Table S4.2). The
match ratio compared to the morphospecies assignments was lower for cumulative
subclade analyses for ASAP, PTP, TCS, while for 3%, 2% it remained the same
(Table S4.2). The number of summed MOTUSs varied from 80 to 126 compared to
82 to 129 for the analysis of the full data set.

The PCoA ordination based on the similarity of pairwise match ratios of the
different delimitation methods, also in relation to their match with morphospecies
revealed contrasting patterns between the differently partitioned analyses (Figure
4.1); i.e. the full assemblage dataset, the four individual subclades, and for
cumulative subclade analyses. None of the DNA-based methods conformed with
prior morphospecies matches. Most importantly, the ordination patterns for the
full assemblage dataset and cumulative subclade dataset are highly contrasting.
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Figure 4.1. Principal coordinate analyses (PCoA) of results of different species
delimitation methods based on pairwise match ratios for the total assemblage, individual
subclades and cumulative subclade analyses. Clade 1: Rhizotrogini (+ Leucopholini);
clade 2: Apogonia spp. (Diplotaxini); clade 3: Sericini; clade 4: Rutelinae + Dynastinae +
Cetoniinae.
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Species richness and assemblage similarity

The operational taxonomic entities (haplotypes, morphospecies, MOTUs) that
were gained for the spatial partitions were similar between the full assemblage
and the cumulative subclade analyses within each species delimitation approach,
but differed strongly between the different delimitation approaches, also in
comparison to the morphospecies (Figure 4.2, see Figure S4.3 for subclades). The
numbers of unique and shared operational taxonomic entities for the spatial
partitions were inconsistent between delimitations. All MOTUs (except one
MOTU in ASAP) that occurred in montane forest were not found in other spatial
partitions. The most striking result here was that almost all haplotypes were
unique to each spatial entity and were restricted to either one forest type, elevation
zone, or locality, except only few cases. Twelve haplotypes were shared among
localities. This concerned in total only 10 morphospecies, in each case with single
species that shared haplotypes at a maximum of three locations or a single species
that shared haplotypes within two forest types (three individual cases) or adjacent
elevation zones (ten individual cases). In contrast to exclusive haplotypes,
morphospecies generally occurred at more than one locality and also higher level
spatial zones. Some, however, also occurred exclusively at a single entity. Shared
morphospecies were observed in 37 cases with a maximum of six localities; 21
cases for forest types and 30 cases for elevation zones and no species was found at
all elevation zones.

The assemblage’s compositional similarity (Jaccard index) was assessed for
morphospecies, haplotypes and for MOTUs from the total dataset and cumulative
subclade analysis. Outcome of the species delimitation approaches resulted in
considerably different species compositions, leading to considerable variation in
hierarchical clustering of spatial partitions (Figure 4.3; see Figure S4.4 for
subclades). For the clustering of haplotype composition there were of course no
alterations between full assemblage dataset or subclades (Figure 4.3; see Figure
S4.4 for subclades). However, levels of haplotype sharing was by two magnitudes
lower than that of MOTUs or of morphospecies (Table S4.3), which is why
relations between spatial entities remain often unresolved, or very weakly
connected.
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4.2. Number of “species entities” reported for morphospe01es haplotypes, PTP-clusters,
TCS networks, and distance clusters from the total assemblage and from cumulative
subclade analyses (indicated by asterisk) for forest types, elevation zones and sampling
localities. LW: wet lowland; LD: dry lowland; SM: sub-montane; MO: montane. EZ1: 0—
500 m, EZ2: 501-1000 m, EZ3: 1001-1500 m, EZ4: 1501-2000 m, EZ5; 2001-2500 m.
L1-L15 sampling localities.

Contrasting patterns of assembly composition were obtained between the full
assemblage dataset vs the cumulative subclade analyses with PTP (forest types)
and ASAP (elevation zone). Otherwise, very similar patterns were observed for
the respective pairs of taxon sampling and delimitation strategies, despite
generally differing total numbers of MOTUs. Match of compositional similarity
with morphospecies pattern was rarely found, however. NMDS based on species
compositional similarity (Jaccard index) showed similar results, although relations
among haplotypes did not reveal with the plot that their NMDS “ecospace” was
based simply on divergences rather than also on shared entities (Figure S4.2; see
Figure S4.5 for subclades).
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4.4 Discussion

Conflicts among different DNA-based species delimitation approaches are
common (Zhou et al., 2019), but comparative studies to detect such conflicts and
to show, how this translates into synecological signal in biodiversity assessments
are rare, if not lacking at all, particularly when beyond species diversity also the
similarity of the assessed probes or sites is investigated. Our study showed how
contrasting results of species delimitation translate into conclusions of
synecological studies, exemplified by assemblages of phytophagous scarab
beetles in Sri Lanka. Method-related ambiguity of DNA-based species estimates,
affected severely the certainty of biodiversity patterns at different spatial scales
such as different elevations, forest types or sampling localities. We also
demonstrated that differences in assemblage similarity patterns across different
spatial scales emerged when DNA-based species estimates were based on the
entire assemblage vs cumulatively composed assemblage with MOTUs delimited
from subclade datasets.

Our results demonstrated that the congruence between the different delimitation
methods was rather moderate as number of MOTUs varied from 82—-129 (also 80—
126 for cumulative analysis). TCS, 2%, 3% clustering produced higher species
numbers  (overestimation), while ASAP and mPTP lower numbers
(underestimation) than prior morphospecies sorting. Consequently, patterns
obtained by morphospecies, DNA-based delimitation methods and haplotypes
were strongly contrasting each other in both total diversity and similarity patterns
across different spatial scales and species turnover among assemblages (Fig. 2).
Resulting MOTUs were often incongruent with the morphospecies due to lumping
or splitting in different delimitation methods. In consequence, this resulted in
different similarity patterns across which was more evident when various spatial
scales were compared with reference to the morphospecies pattern. Shared
MOTUs among allopatric, slightly divergent genetic clusters represent recently
separated lineages that may have recently speciated or are still undergoing genetic
differentiation. Since most diagnostic morphological characters such as genital
organs in most insect are under strong selection they can evolve rapidly and often
result in clearly definable morphospecies while species are not yet sorted by
slowly recombining and possibly more slowly diverging mitochondrial haplotypes
(Thompson, 1998; Gibbs, 2017; Eberle et al., 2016; Dietz et al. in review). On this
may add patterns of introgression which is presumably more common in closely
related species and may further confound specimen identification using mtDNA
barcodes (Pentinsaari et al., 2014; Gibbs, 2017), which in the end will lead to
contrasting synecological patterns.

72



Chapter 4 Multiple MOTUs and synecology

Morphospecies PTP Clusters TCS Networks ASAP clusters 3% clusters 2% clusters
1.0, MOSMLW LD 1.0, MO SMLD LW 1.0, MOSM LDLW 1.0, MO SM LW LD MoLDSMLW o MQ SM LDLW
g
k]
Zos 05 05 05 05 05
& w
L @
00l L1 0.0 00l [ =" 0.0 00 T 00l LT 2
Z
-
Haplotypes PTP Clusters* TCS Networks* ASAP clusters* 3% clusters* 2% clusters*
10. MOLDSM LW 10. MOSMLWLD K ,  MOSMLDLW 1o, MO SMLWLD 10, MOLDSMLW o MOSMLDLW 5
! ! w
E
205 05 05 05 05 05
@
00 L1 ] 00 00 i 0.0 0ol LT o0l L=
Morphospecies PTP Clusters TCS Networks ASAP clusters 3% clusters 2% clusters
1o, F4 ES E3E2E1 10, B4 ES E3E2E E4 ESE2 E3 E1 E4 E5 E3 E2 E1 E4 ES E3 E2E1 E4 ESE2 E3 E1
10 1.0 10
2
£
&
Eo05 05 05 05 05 05
@ 0
@
0.0 0.0 0.0 0.0 0.0 0.0 -
N
s
Haplotypes PTP Clusters* TCS Networks* ASAP clusters* 3% clusters* 2% clusters® =
o
10, F4ES E2E3 E E4 E5 E3 E2 E1 E4 ESE2 E3 E1 E4 €5 E2 E3 E1 E4 E5 E3E2E1 E4 ESE2 E3 E1 >
’ 0 1.0 1.0 10 0 2
w
Z
z 0.5 05 05 05 05 05
@
0o 0.0 0.0 00 00 00
Morphospecies PTP Clusters TCS Networks ASAP clusters 3% clusters 2% clusters
15810912 4 7313141256 11 79141081 32413121556 11 12791314381 24151056 11 79148124 313151210561 1581 3 241314791210 561 056118 13 2 41314151279
10 10 10 10 10
z
5
% 0s 0s o5 05 0s 0s g
=
a1 01 o] (PP LET ol I -i_ ] | e L UL 0 LY 78
L
Haplotypes PTP Clusters* TCS Networks* ASAP clusters* 3% clusters* 2% clusters* g’
1413134 21512108 97 5 6 11 Ot 013461 B 21z E e 121314381 2 4157 9105611 121379148 1 3 2415105 1581 3 241314791210 6 611 05611813 2 41314151278 ==
10 10 0 0 1o o [
. £
= w
Eos 0s a8 0s 0s »
o ° g = T U
o LT T 01 o hd ot < T

Figure 4.3. Clustering analysis based on the Jaccard index among morphospecies,
haplotypes and MOTUs that result from delimitation of the total assemblage and from
cumulative subclade analyses (indicated by asterisk) for forest types, elevation zones and
sampling localities. Observed differences between total vs cumulative analyses are shown
in bold italics. LW: wet lowland; LD: dry lowland; SM: sub-montane; MO: montane.
EZ1: 0-500 m, EZ2: 501-1000 m, EZ3: 1001-1500 m, EZ4: 1501-2000 m, EZ5; 2001
2500 m. L1-L15 sampling localities.

Metabarcoding protocols for rapid biodiversity assessments, which also use COI
as the frequent marker of choice as in DNA barcoding approaches (Deagle et al.,
2014), include large-scale trapping, homogenised (‘souped’) mass-collected
specimens, (optionally) mass-PCR-amplified for the barcode gene of interest and
high-throughput sequencing and bioinformatic pipelines to process the resulting
huge number of sequences down to a data set of manageable size (Yu et al.,
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2012). As all other DNA-based species inference approaches, they suffer the same
above-mentioned problems. Each one of their highly automatized steps (see
above) can potentially introduce its own sources of artifacts and biases which
inflate or deflate sample diversity estimates (Zinger et al., 2019; Liu et al., 2020).
A majority of metabarcoding studies uses a 3% threshold clustering (Elbrecht et
al., 2017; Yu et al., 2012; Alberdi et al., 2018), while alternative clustering
thresholds with 2% may exaggerate the effect of species overestimation. Lineage-
specific differences in the amount of interspecific divergence between species will
lead to either overestimation or underestimation, depending on the cluster settings
(Beentjes et al., 2019).

The choice of the ‘clustering threshold” during species inference leads to different
number of MOTUs (Smith et al., 2005), as confirmed also here (Fig. 1), which
naturally alters the assemblage similarity. Barcoding studies suggest that there is
no universal genetic distance threshold value (or ‘barcode gap’) to group species
(Wiemers & Fiedler, 2007; Meier et al., 2008; Phillips et al., 2022). Using a fixed
genetic threshold to distinguish taxa with different evolutionary histories may
overestimate or underestimate species diversity (Meyer & Paulay, 2005; Ma et al.,
2022). However, growing evidence suggests that the overlap between mean intra-
and interspecific genetic distances is considerably greater with larger proportions
of closely related taxa particularly also due to quite commonly occurring
introgression (Ballard & Whitlock, 2004; Meyer & Paulay, 2005; Sun et al., 2016;
Edelman & Mallet, 2021). Although, new software arises constantly and hardware
improves rapidly in order to recover taxonomic information from a wider range of
taxa by de novo OTU-picking pipelines (Yu et al., 2012; Elbrecht & Leese, 2015;
Krehenwinkel et al., 2017), yet general problems given through the nature of
species in diverse lineages will remain.

In our study case, we noted highest levels of intraspecific divergence at 10.46%
(Figure S4.6), while in most species infraspecific divergences were rather low.
But we found deep coalescence (i.e., distinct infraspecific phylogenetic structure),
(e.g., Sophrops sp2, Apogonia glabrilinea, A. coriacea, M. galdaththana, M.
heveli), so more than one of the DNA-based species delimitation methods split
these morphospecies into different MOTUs. Such species with genetically well-
differentiated populations occur in time and space, possibly due to lack of gene
flow or by low dispersal between populations, for example, due to climatic
fluctuation during the Pleistocene in geographically highly structured areas
(Voris, 2000; Arora et al., 2010; Beck et al., 2017; Murria et al., 2017; Lukic et
al., 2021; Dinca et al., 2021; French et al., 2022). Nevertheless, nature of maternal
inheritance of mMtDNA and its very low recombination rate also affects and partly
causes the patterns of deep coalescence in mtDNA (Ballard & Whitlock, 2004).
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This is one of a major reason encountered for inconsistencies in species
delimitation output compared to morphospecies or nuclear genetic data.

Because of these problems, some previous studies on the genetic variation of
mtDNA have used haplotypes as proxies for genetic diversity in the framework of
a haplotype-based macroecology (Papadopoulou et al., 2011; Baselga et al.,
2013). They demonstrated the utility of haplotype data for exploring
macroecological patterns in poorly known biota and predicting largescale
biodiversity patterns based on genetic inventories of local samples (Papadopoulou
et al., 2011; Arribas et al., 2020). Metabarcoding-based haplotyping used this
approach as it allows access to the intraspecific diversity and facilitated enhanced
biodiversity monitoring (Sigsgaard et al., 2020; Shum & Palumbi, 2021).

Our results have shown, however, that the dissimilarity of assemblage
composition between haplotypes at diverse spatial levels (Table S4.3) was
extremely high. Almost all haplotypes were unique at any spatial entity, except a
few rare cases. Therefore, clustering of haplotype composition (based on shared
characteristics, i.e., haplotypes) resulted almost meaningless due to missing of
shared haplotypes. Therefore, the basis for an ordination was the amount of
divergence alone. This resulted in hierarchical clustering often in unresolved
polytomy of entities (see Figures 4.3, S4.4) which makes haplotypes a poor proxy
for compositional comparison of species diversity, at least in hyperdiverse and
ancient tropical habitats (Barros et al., 2020; Cruz-Salazar et al., 2021; see also
Rodriguez et al., 2015).

Haplotypes are simply products of divergence, species often carry more than a
single haplotype (or can be even heteroplasmic: i.e., the presence of multiple
haplotypes within an individual) (Gibbs, 2017). In contrast to that, species
integrate different patterns by dispersal, inheritance, introgression, and
recombination, all may occur at different intensity in time and space (Vellend &
Geber, 2005; Epp et al., 2018), having thus a more complex, integrative, and
significative meaning than simple diversity, i.e., the number of entities (e.g.,
MOTUSs). Moreover, haplotype-derived patterns might be confounded if mtDNA
groupings or genealogy does not reflect true species limits or the species’
geographic extent (Murria et al., 2017; Paradis, 2018; Salinas-lvanenko & Murria,
2021).
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Conclusion

DNA-based species identification is broadly used and popular for biodiversity
assessments compared to conventional taxonomy. However due to incongruent
outcomes from various species delimitation methods, particularly when
researchers follow an integrative taxonomic approach (Carstens et al., 2013)
provide certain ambiguities for synecological studies. Our study showed that such
method-related ambiguity of DNA-based species estimates affected severely the
patterns of faunal similarity and thus, the certainty of biodiversity patterns at
different spatial scales such as elevations, forest types, or sampling localities.
Nevertheless, even more contrasting patterns results from individual clade-wise
analyses of faunal similarity or even from cumulated species inventories from
individual clade-wise species delimitation analysis. In this context, our study
underlines the need of awareness when synecological observations from different
studies are integrated which use different species delimitation methods for their
biodiversity assessment. At the same time, this shows why searching proper
species boundaries should be the ultimate goal of biodiversity assessment to place
the trust in species delimitations to give an enduring meaning to biodiversity
research and its sustainable application (Carstens et al., 2013). In this even
morphospecies, especially due to its globally complete and enormous reference
system (Ahrens et al., 2021), remain a valid variable for biodiversity research.
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Figure S4.1c.

Figure S4.1. Maximum likelihood tree with information about morphospecies
assignments, sampling locations, results of species delimitations (mPTP, TCS, ASAP,
3%, 2% clustering). Blue boxes indicate agreement between molecular species
delimitation method and morphospecies assignment, while red boxes indicate
disagreement. Results from subclade analyses are shown in a separate column indicated
by “clade”. Ultrafast bootstrap supports (%) >50 are shown next to the branches.
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Figure S4.2. NMDS analysis (Non-metric Multidimensional Scaling: Jaccard index) for
morphospecies, haplotypes and MOTUs that resulted from delimitation of the total
assemblage and from cumulative subclade analyses (indicated by asterisk) for forest
types, elevation zones and sampling localities.
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Figure S4.3. Number of putative species entities reported in forest types, elevation zones
and sampling localities as morphospecies, haplotypes, PTP-clusters, TCS networks,
distance clusters for subclades.
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Figure S4.4. Clustering analysis (Jaccard Index) based on presence/absence for forest
types, elevation zones and sampling localities for morphospecies, haplotypes and MOTUs
for four subclade analysis. LW: wet lowland; LD: dry lowland; SM: sub-montane; MO:
montane. EZ1: 0-500 m, EZ2: 501-1000 m, EZ3: 1001-1500 m, EZ4: 1501-2000 m,
EZ5; 2001-2500 m. L1-L15 sampling localities.
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Figure S4.5. NMDS (non-metric multidimensional scaling: Jaccard index) based on
presence/absence of specis. Analyses were done for forest types, elevation zones and
sampling localities and for morphospecies, haplotypes and MOTUs and four subclade
analysis. LW: wet lowland; LD: dry lowland; SM: sub-montane; MO: montane. EZ1: 0-
500 m, EZ2: 501-1000 m, EZ3: 1001-1500 m, EZ4: 1501-2000 m, EZ5; 2001-2500 m.

L1-L15 sampling localities.

96



Supplementary figures to Chapter 4 Multiple MOTUs and synecology
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Figure S4.6. Frequency of intra-and interspecific distances of the phytophagous scarab
chafer data from Sri Lanka
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Chapter 5

New species of Sericini from Sri Lanka
(Coleoptera, Scarabaeidae) Part |

This chapter is published in:

Ranasinghe S., Eberle J., Benjamin S.P. & Ahrens D. (2020). New species of
Sericini from Sri Lanka (Coleoptera, Scarabaeidae). European Journal of
Taxonomy, 621, 1-20. https://doi.org/10.5852/ejt.2020.621

Authors’ contributions to the original article:
SR, JE: fieldwork collections; SR, DA: species identification, writing-original
draft; DA, JE, SB, SR: manuscript review and editing.

Abstract

In a recent project, extensive fieldwork was carried out in several parts of Sri
Lanka to investigate scarab biodiversity. Here we present the first results of this
survey and describe four new Sericini species: Selaserica athukoralai sp. nov.,
Neoserica dharmapriyai sp. nov., Maladera cervicornis sp. nov., M. galdaththana
sp. nov. Further, new locality records for 20 already known species are given. The
genitalia and the habitus of all new species are illustrated and photos of the
habitats of the new species are given.
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5.1 Introduction

After a detailed taxonomic treatment of specimens from numerous museums and
private collections, Fabrizi & Ahrens (2014) documented 77 valid species of
Sericini for Sri Lanka. Among them only one species (Maladera rufocuprea) is
widely distributed in the Oriental region, while some species are reported as
endemic to Southern India and Sri Lanka (e.g., Neoserica sexfoliata, Selaserica
meridionalis). However, the majority (67 species) are restricted to Sri Lanka,
which suggests that their distribution is likely relative to the ecoclimatic
particularities but also due to the long periods of isolation of the island.

The study of Fabrizi & Ahrens (2014) raised questions on the phylogenetic
position of several lineages within Sericini which need to be further explored. In
particular the endemic and very likely monophyletic Maladera fistulosa group,
characterized by entirely reduced parameres, the Serica fusa group, as well as the
genera Periserica and Selaserica. The way of choice to resolve this is a thorough
phylogenetic analysis of a data matrix that includes the islands scarab biodiversity
to the existing molecular data of Eberle et al. (2016) in which endemic taxa of the
Indian subcontinent and in particular those from Sri Lanka were underrepresented
or missing. Thus, a series of field expeditions to Sri Lanka was initiated in early
2019, with the aim of collecting fresh material for both morphological as well as
molecular phylogenetic studies.

Here we present the first results from this fieldwork, describing four new species
from Sri Lanka, belonging to the genera Maladera, Neoserica and Selaserica, and
report new locality records of twenty previously known species.

5.2 Material and methods

Sampling of adult Sericini (Coleoptera: Scarabaeidae) was carried out in seven
different localities (Figure 5.1) in the Kandy, Matale, Nuwara Eliya and
Rathnapura Districts from February to March 2019. Beetles were captured using
UV-light traps (Figure 5.2A). The traps were placed at a height of approximately
1-2 m above the ground and positioned at the same spot for 2-3 consecutive days.
A timer activated the light from dusk to midnight (6.00pm to 11.00pm). Beetles
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that were attracted to the light traps were stopped by transparent polystyrene
plates (32 cm in width) and fell into a container where they were preserved.
Whenever the circumstances at the sampling site allowed, we additionally used a
LepiLED® lamp (spectrum: mixed radiation) which was placed near a white sheet
and manually collected selected Sericini specimens (Figures. 5.2B—C). Some
specimens were hand-collected during the day. All specimens were preserved in
vials containing 96% ethanol.

The specimens were examined under a Wild M3Z stereomicroscope. Male
genitalia were dissected and glued to a pointed card. Identification to species level
was done using recent literature (Ahrens & Fabrizi 2016, Fabrizi & Ahrens, 2014)
and comparison with type specimens (deposited in ZFMK).

Newly discovered species and their genitalia were photographed using a Zeiss
AxioCam HRc camera. Multifocal images were taken using the Zeiss Axio Vision
software package, and stacked with Zerene Stacker (www.zerenesystems.com) to
obtain a single image with the entire area in focus. Maps of sample sites and
species distribution were prepared using Quantum GIS 3.6.2 (available on
https://www.qgis.org).

Abbreviations

ZFMK - Zoological Research Museum A. Koenig, Bonn, Germany;
NIFS — National Institute of Fundamental Studies, Kandy, Sri Lanka;
SNR - Strict Nature Reserve;

FR — Forest Reserve.

5.3 Results

Class Insecta Linnaeus, 1758
Subclass Pterygota Lang, 1888
Superfamily Scarabaeoidea Latreille, 1802
Family Scarabaeidae Latreille, 1802
Subfamily Melolonthinae Leach, 1819
Tribe Sericini Kirby, 1837
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Figure 5.1. Map of Sri Lanka showing collecting sites for this study. Numbers refers to
major sampling localities. 1, Aranayake; 2, Riverston; 3, NIFS Arboretum; 4, Deenston;
5, Nuwara Eliya; 6, Horton Plains; 7, Belihuloya.
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Figure 5.2. A Light trap in the field. B-C Live Sericini collected from the field A
Maladera breviatella male, C. Maladera sp. female. (Photos by JE).

5.3.1 Taxonomy

Selaserica athukoralai sp. n.
Figures. 5.3A-D

Type material examined.
Holotype
SRI LANKA -« J; Matale District, Riverston, Thelgamu oya bangalow;

7.53635607°N, 80.77234267°E; 509m; 15 Feb. 2019; Eberle & Ranasinghe leg.;
Black light; X-SR0175, 1036 Sericini Asia spec; ZFMK.
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Description. Length: 7.0 mm, length of elytra: 5.2 mm, width: 4.5 mm. Body
oval, reddish brown, antenna yellow, dorsal surface shiny and glabrous.

Labroclypeus subtrapezoidal, distinctly wider than long, widest at base, lateral
margins convex and strongly convergent to blunt anterior angles, lateral border
and ocular canthus producing an indistinct blunt angle, margins weakly reflexed,
anteriorly distinctly sinuate medially; surface nearly flat, shiny, finely and densely
punctate, distance between punctures subequal to their diameter, with a few fine
setae anteriorly; frontoclypeal suture feebly impressed and weakly angled
medially; smooth area in front of eye approximately twice as wide as long; ocular
canthus moderately long and narrow, sparsely punctate, with a single short
terminal seta. Frons shiny, with fine, moderately dense punctures, in posterior half
impunctate, surface glabrous except for a few setae beside eyes. Eyes moderately
large, ratio of diameter/ interocular width: 0.73. Antenna yellowish, with ten
antennomeres; club with four antennomeres, 1.2 times as long as remaining
antennomeres combined. Mentum elevated and anteriorly flattened.

Pronotum moderately wide, widest at posterior third, lateral margins convex and
evenly narrowed to the anterior and posterior angles, anterior angles moderately
produced and sharp, posterior angle strongly rounded; anterior marginal line
narrowly incomplete medially, anterior margin moderately produced medially;
surface densely and coarsely punctate, with microscopic setae in the punctures
and two long erect setae on each side; anterior and lateral borders sparsely setose,
basal margin without marginal line; hypomeron ventrobasally carinate, weakly
produced ventrally, on the carina with fine setae. Scutellum small, triangular, dull,
with fine and sparse punctures, each bearing a single very minute seta.

Elytra oblong, widest in posterior third, striae indistinctly impressed, finely and
densely punctate, intervals almost flat, with fine, sparse punctures concentrated
along the striae, punctures with minute setae, odd intervals with some erect long
setae; epipleural edge fine, ending at the convex external apical angle of elytra,
epipleura densely setose, apical border broadly membranous.

Ventral surface dull, thorax and metacoxa with large and dense punctures,
sparsely finely setose, metacoxa glabrous except for numerous short setae
laterally; each abdominal sternite with generally distributed fine and dense
punctures, each with a moderately long setae, with a transverse row of coarse
punctures each bearing a long seta, penultimate sternite apically with a shiny
smooth but very short chitinous border. Mesosternum between mesocoxae as wide
as mesofemur. Ratio of length of metepisternum/ metacoxa: 1/ 1.1. Pygidium
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weakly convex, shiny, finely and densely punctate, with a narrow, smooth
midline, beside apical border with some long setae.

Legs moderately broad; femur shiny, with two longitudinal rows of setae, finely
and sparsely punctate; metafemur almost impunctate, its anterior edge acute, with
a very fine, closely adjacent serrated line, anterior longitudinal row of setae not
reduced; posterior ventral margin almost straight, weakly widened in apical half,
nor ventrally nor dorsally serrated, glabrous. Metatibia moderately broad and
long, widest behind middle, dorsal and ventral margins in posterior two thirds
subparallel, ratio width/ length: 1/ 3.1, dorsally longitudinally convex, with two
groups of spines, basal one at middle, apical one at four fifths of metatibial length,
basally beside dorsal margin with a long serrated line, which ends shortly before
the middle of metatibia, adjacent to it some single punctures each bearing a single
spine; lateral face longitudinally convex, impunctate and glabrous; ventral margin
with three fine spines equidistant from each other, medial face smooth, apex
interiorly near tarsal articulation shallowly concave, nearly truncate. Tarsomeres
impunctate dorsally, ventrally with dense, fine setae; metatarsomeres ventrally
with a strongly serrated ridge, beside which is no strong longitudinal carina; first
metatarsomere little shorter than the two following tarsomeres combined and
twice as long as the dorsal tibial spur. Protibia moderately long, tridentate. All
claws symmetrical, feebly curved and long, with normally developed basal tooth.

Aedeagus: Fig. 5.3A-C. Habitus: Fig. 5.3D. Female unknown.

Diagnosis. Selaserica athukoralai sp. n. is in shape of aedeagus very similar to
Selaserica pusilla Arrow, 1916 and S. splendifica (Brenske, 1898). From both
latter taxa the new species differs by the different shape of parameres as well as

by the long lateral process on the right apex of the phallobase.

Etymology. The new species is named after Mr. N.P. Athukorala (NIFS) who
supported our expedition in many ways (species name, noun in the genitive case).

Distribution. See Fig. 5.5A.
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Neoserica dharmapriyai sp. n.
Figs. 5.3E-I

Type material examined.

Holotype

SRI LANKA -« &; Kegalle District, Pannala, Galdaththa, Aranayake;
7.16154167°N, 80.46388889°E; 294m; 03 Mar. 2019; Eberle & Ranasinghe leg.;
Black light; X-SR0035, 1035 Sericini Asia spec; ZFMK.

Description. Length: 7.5 mm, length of elytra: 5.2 mm, width: 4.5 mm. Body
oval, reddish brown, antenna pale, labroclypeus shiny, dorsal surface dull, except
the dense pilosity on head dorsal surface almost glabrous.

Labroclypeus broad and subtrapezoidal, widest at base, lateral margins convex
and strongly convergent anteriorly, anterior angles including anterior margin
strongly rounded, not sinuate medially, all margins strongly reflexed, lateral
margins producing a very indistinct angle with the ocular canthus; surface flat,
finely and densely punctate, densely erectly setose in coarser punctures mixed
with the fine ones; frontoclypeal suture finely incised, not elevated and weakly
angled medially; smooth area anterior to eye wide, almost flat, three times as wide
as long; ocular canthus long and broad (one third of ocular diameter), coarsely and
densely punctate, with a single terminal seta. Frons dull, with fine, moderately
dense punctures, with a few erect setae behind the frontoclypeal suture. Eyes
moderately large, ratio diameter/ interocular width: 0.66. Antenna with ten
antennomeres; club in male with five antennomeres and straight, 0.8 times as long
as remaining antennomeres combined. Mentum elevated and slightly flattened
anteriorly.

Pronotum widely transverse, widest at base, lateral margins in basal half almost
straight and slightly convergent anteriorly, in anterior half weakly convex and
evenly convergent anteriorly, anterior angles distinctly produced and acute,
posterior angles blunt; anterior margin indistinctly produced medially, with a fine
and complete marginal line, base of pronotum without marginal line; surface
densely and finely punctate, punctures with very minute setae only, otherwise
glabrous; lateral and anterior margin densely setose; hypomeron carinate,
ventrally slightly produced. Scutellum wide, triangular, at apex moderately
pointed, with fine, evenly dense punctures, with only very minute setae.

Elytra widest at middle, striae finely impressed, finely and moderately densely
punctate, intervals weakly convex, with fine and evenly dense punctures, except
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very minute setae in punctures only a few short setae on lateral odd intervals;
epipleural edge robust, ending at strongly curved external apical angle of elytra,
epipleura densely setose; apical border of elytra with a fine rim of microtrichomes
(100x).

Ventral surface dull, coarsely and densely punctate, metepisternum distally
impunctate, metasternum sparsely covered with fine, short or very minute setae,
metacoxa glabrous, with a few single setae laterally; abdominal sternites finely
and densely punctuate, with a transverse row of coarse punctures, each bearing a
robust seta, the two basal sternites additionally with dense setae beside the row.
Mesosternum between mesocoxae 1.5 times as wide as the width of mesofemur.
Ratio of length of metepisternum/ metacoxa: 1/ 1.62. Pygidium strongly convex at
apex and dull, coarsely and densely punctate, without smooth midline, glabrous
except some longer setae along the apical margin.

Legs broad and moderately long; femur with two longitudinal row of setae, finely
and sparsely punctate; metafemur dull, behind the posterior longitudinal row of
setae punctures finer and slightly denser, anterior margin acute, without serrated
line behind anterior edge, posterior margin smooth ventrally, strongly widened,
posterior margin finely serrated over its entire length dorsally, with just a few
short setae basally. Metatibia wide and flattened, short, widest at middle of
metatibial length, ratio of width/ length: 1/ 2.46, sharply carinate dorsally, with
two groups of spines, basal group at first third, apical group at three quarters of
metatibial length, basally with a few short robust single spines; lateral face weakly
longitudinally convex, finely and sparsely punctate, glabrous, smooth along the
middle; ventral margin finely serrated, with four robust equidistant setae; medial
face smooth and glabrous; apex finely serrated, interiorly near tarsal articulation
weakly concavely sinuate. Tarsomeres dorsally smooth and glabrous, neither
laterally nor dorsally carinate, ventrally robustly densely setose; metatarsomeres
with a strongly serrated ridge and a smooth subventral longitudinal carina; first
metatarsomere slightly shorter than following two tarsomeres combined and
slightly longer than dorsal tibial spur. Protibia short, bidentate; anterior claws
symmetrical, basal tooth of both claws bluntly truncate at apex.

Aedeagus: Fig. 5.3E-H. Habitus: Fig. 5.31. Female unknown.

Diagnosis. The new species resembles to Neoserica sexfoliata Moser, 1915 in
external appearance of the body and in the shape of parameres. Neoserica
dharmapriyai sp. n. may be distinguished from the former by the shorter antennal
club being composed of only five antennomeres, and by the shape of parameres:
the right paramere is only half as long as the left one, in N. sexfoliata both are
subequal in length.
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Etymology. The new species is named after Sasanka's husband Prasanna
Dharmapriya for his dedication to this project (species name, noun in the genitive
case).

Distribution. See Fig. 5.5B.

Figure 5.3. A-D Selaserica athukoralai sp. n. (holotype) E-I Neoserica dharmapriyai
sp. n. (holotype). A, E aedeagus, left side lateral view C, H aedeagus, right side lateral
view B, F, G parameres, dorsal view D, | habitus (not to scale). Scale: 0.5 mm.

107



Chapter 5 New species from Sri Lanka-Part |

Maladera galdaththana sp. n.
Figs. 5.4A-D

Type material examined.

Holotype

SRI LANKA - J; Kegalle District; Pannala, Galdaththa, Aranayake;
7.16154167°N, 80.46388889°E; 294m; 03 Mar. 2019; Eberle & Ranasinghe leg.;
Black light; X-SR0036, 1033 Sericini Asia spec; ZFMK.

Paratype

SRI LANKA + 1 &; Kegalle District; Alic Land Estate; 7.14420175°N,
80.4502789°E; 405m; 04 Mar. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0093; ZFMK.

Description. Length: 7.4 mm, length of elytra: 5.4 mm, width: 4.5 mm. Body
oval, dark brown, antenna dark yellowish, labroclypeus moderately shiny, dorsal
surface dull, with fine, sparse erect setae on the head, pronotum, and elytra.

Labroclypeus trapezoidal, distinctly wider than long, widest at base, lateral
margins convex and strongly convergent to broadly rounded anterior angles,
lateral border and ocular canthus produce an indistinct blunt angle, margins
weakly reflexed, anteriorly weakly medially; surface weakly convex, moderately
shiny, basis narrowly dull, coarsely and densely punctate, distance between
punctures less than their diameter, with erect setae in larger punctures;
frontoclypeal suture feebly impressed and weakly angled medially; smooth area in
front of eye approximately twice as wide as long; ocular canthus moderately long
and narrow, finely punctate, with a single short terminal seta. Frons with fine,
dense punctures, with dense erect setae being partly bent backwards. Eyes
moderately large, ratio of diameter/ interocular width: 0.66. Antenna yellow, with
ten antennomeres; club with three antennomeres, slightly longer than remaining
antennomeres combined. Mentum elevated and anteriorly flattened.

Pronotum widest at base, lateral margins nearly straight and convergent anteriorly,
in anterior third evenly convex and convergent to the anterior angles, anterior
angles moderately produced and moderately acute, anterior margin straight,
anterior marginal line very fine but complete medially; surface with fine dense
punctures mixed with large dense punctures, with fine adpressed white setae in
smaller punctures and long erect setae in larger ones; anterior and lateral borders
setose, basal margin without marginal line; hypomeron ventrobasally carinate and
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slightly produced ventrally. Scutellum broad, triangular, with fine and dense
punctures each bearing a single fine seta.

Elytra oblong, widest at middle, striae distinctly impressed, finely and densely
punctate, intervals weakly convex, with fine, dense punctures concentrated along
striae, with dense short white setae in punctures, odd intervals anteriorly with a
few long erect setae; epipleural edge robust, ending at the weakly convex external
apical angle of elytra, epipleura densely setose; apical border membranous, apex
covered with short microtrichomes.

Ventral surface partly dull partly moderately shiny, thorax and metacoxa with
large and dense punctures, densely shortly setose, including metacoxa, the latter
with numerous long setae laterally; each abdominal sternite, in addition to
generally distributed fine and dense punctures with a distinct transverse row of
coarse punctures each bearing a short seta, remainder punctures with short white
setae, penultimate sternite apically with a shiny smooth chitinous border which is
one third as long as sternite. Mesosternum between mesocoxae as wide as
mesofemur. Ratio of length of metepisternum/ metacoxa: 1/ 2.11. Median
apophysis of metacoxa with normal fine setae. Pygidium moderately convex,
coarsely and densely punctate, with a narrow, smooth midline, punctures with
short white setae and with numerous erect setae of different length.

Legs wide; femur with two longitudinal rows of setae, finely and densely
punctate; metafemur shiny, anterior edge acute, lacking an adjacent serrated line,
posterior ventral margin medially feebly concave, strongly widened in apical half
and indistinctly serrate apically, dorsally not serrated, glabrous. Metatibia wide
and short, widest at middle, ratio width/ length: 1/ 2.1, dorsally sharply carinate,
with two groups of spines, basal one shortly behind middle, apical one at four
fifths of metatibial length, basally beside dorsal margin with two robust spines;
lateral face longitudinally convex, with dense, fine punctures, along the middle
before apex impunctate, with minute setae in punctures; ventral margin with five
strong spines equidistant from each other; medial face impunctate, apex interiorly
near tarsal articulation shallowly concave. Meso- and metatarsomeres sparsely
punctate dorsally and minutely setose, ventrally with sparse, short setae;
metatarsomeres ventrally with a strongly serrated ridge, beside which is a strong
longitudinal carina; first metatarsomere distinctly longer than following two
tarsomeres and slightly shorter than extremely long (as long as metatarsomeres 1
and 2) and apically ventrally curved ventral tibial spur. Protibia short, bidentate.
All claws symmetrical, feebly curved and long, with normally developed basal
tooth.
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Aedeagus: Fig. 5.4A-C. Habitus: Fig. 5.4D.

Diagnosis. Maladera galdaththana sp. n. is in shape of aedeagus rather similar to
M. woodii Fabrizi & Ahrens, 2014. The new species differs by the shorter
parameres being at base also wider, by the denser long pilosity, and by the
extremely long ventral metatibial spur which is apically curved ventrally.

Variation. Length: 7.4-8.2 mm, length of elytra: 5.4-5.6 mm, width: 4.5-4.8 mm.

Etymology. The new species is named after its type locality ‘Galdaththa’, a small
undisturbed forest patch on a rock (adjective in the nominative singular).

Distribution. See Fig. 5.5C.

Figure 5.4. A-D Maladera galdaththana sp. n. (holotype) E-H M. cervicornis sp. n.
(holotype) A, E aedeagus, left side lateral view C, G aedeagus, right side lateral view B,
F parameres, dorsal view D, H habitus (not to scale). Scale: 0.5 mm.
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Maladera cervicornis sp. n.
Figs. 5.4E-H

Type material examined.

Holotype

SRI LANKA - 1 &'; Matale District; holotype of M. cervicornis sp. n.; Riverston,
Pitawala Pathana; 7.54976718°N, 80.75212294°E; 902m; 15 Feb. 2019; Eberle &
Ranasinghe leg.; Black light; X-SR0188, 1034 Sericini Asia spec; ZFMK.

Paratype

SRI LANKA « 1 &; Matale District; Riverston, Pitawala Pathana; 7.54976718°N,
80.75212294°E; 902m; 15 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0189; ZFMK.

Description. Length: 7.2 mm, length of elytra: 5.4 mm, width: 4.4 mm. Body
short oval, dark brown, antenna yellow, dorsal surface shiny, nearly completely
glabrous.

Labroclypeus short and rectangular, wider than long, widest at base, lateral
margins moderately convex and convergent to broadly rounded anterior angles,
lateral border and ocular canthus producing an indistinct blunt angle, margins
weakly reflexed, anterior margin almost feebly sinuate medially; surface slightly
convex, finely and densely punctate, distance between punctures smaller than
their diameter, with numerous erect setae in larger punctures; frontoclypeal suture
indistinctly incised and bluntly bent medially; smooth area in front of eye
approximately three times as wide as long; ocular canthus long and narrow,
minutely and superficially punctate, without a single short terminal seta. Frons
with fine, dense punctures, with a few long erect setae in larger punctures. Eyes
very large, ratio of diameter/ interocular width: 0.97. Antenna yellow, with ten
antennomeres; club with three antennomeres, as long as remaining antennomeres
combined. Mentum elevated and anteriorly flattened.

Pronotum wide, widest at base, lateral margins weakly convex and evenly
narrowed to the anterior angles, anterior angles moderately produced and sharp,
anterior marginal line very fine but complete medially, anterior margin straight;
surface finely densely punctate, except a few short and fine setae laterally
glabrous; anterior and lateral borders setose, basal margin without marginal line;
hypomeron ventrobasally carinate and slightly produced ventrally. Scutellum
short and broad, triangular, with fine and dense punctures, glabrous.
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Elytra short oval, widest shortly behind middle, striae distinctly impressed, finely
and densely punctate, intervals weakly convex, with moderately fine, dense
punctures and with dense, fine, short setae; epipleural edge fine, ending at the
weakly convex external apical angle of elytra, epipleura densely setose; apical
border narrowly membranous, apex covered with short microtrichomes.

Ventral surface shiny, thorax and metacoxa with large and dense punctures,
sparsely setose, metacoxa with minute adjacent setae in the punctures except for
numerous long setae laterally, apical margin weakly convex, without a broad rim
of long white microtrichomes; each abdominal sternite, in addition to evenly
distributed fine and dense punctures bearing each a fine seta, with a distinct
transverse row of coarse punctures each bearing a long and more robust seta, 3"
sternite with a sharp median tubercle being half as high as sternite length,
penultimate sternite apically with a shiny smooth chitinous border, which is a
quarter as long as the sternite. Mesosternum between mesocoxae as wide as
mesofemur, with a semi-circular ridge bearing robust setae. Ratio of length of
metepisternum/ metacoxa: 1/ 1.89. Pygidium moderately convex, moderately
finely and densely punctate, without smooth midline, punctures with short and
moderately dense, adjacent setae or with moderately dense, long, erect setae.

Legs short and wide; femur with two longitudinal rows of setae, finely and
densely punctate; metafemur shiny, anterior edge acute, lacking an adjacent
serrated line, ventral surface densely punctate and setose, posterior ventral margin
straight, only little widened in apical half, finely serrate apically, dorsally not
serrated, glabrous. Metatibia short, widest at middle, posteriorly only very little
narrowed, ratio width/ length: 1/ 2.87, dorsally sharply carinate, with two groups
of spines, basal one at middle, apical one at three quarters of metatibial length,
basally beside dorsal margin with two single punctures with serrated margins,
each bearing a single robust spine and beside them a longitudinal serrated line;
lateral face almost flat, with dense, large but superficial punctures and with
minute setae in the punctures; ventral margin with four strong spines equidistant
from each other, medial face smooth, apex interiorly near tarsal articulation
shallowly concave. Meso- and metatarsomeres finely and sparsely punctate but
glabrous dorsally, ventrally with sparse, short setae; metatarsomeres ventrally
with a strongly serrated ridge, beside which is a strong longitudinal carina; first
metatarsomere as long as following two tarsomeres combined and as long as
dorsal tibial spur. Protibia short, bidentate. All claws symmetrical, feebly curved
and long, with normally developed basal tooth.

Aedeagus: Fig. 5.4E-G. Habitus: Fig. 5.4H. Female unknown.
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Diagnosis. Maladera cervicornis sp. n. is in external morphology very similar to
M. kandyensis Fabrizi & Ahrens, 2014. The new species differs by the tubercle on
3" abdominal sternite as well as by the shape of parameres.

Etymology. The name of the new species is derived from the combined Latin
nouns cornu (horn) and cervus (deer), with reference to the shape of the
parameres, resembling the horns of a deer (noun in nominative case).

Variation. Length: 7.2-7.8 mm, length of elytra: 5.4-5.8 mm, width: 4.4-4.5 mm.

Distribution. See Fig. 5.5D.

5.3.2 New distribution records:
Maladera badullana Fabrizi & Ahrens, 2014

Material examined.

SRI LANKA -« 1 &; Nuwara Eliya District , Horton Plains; 6.80133047°N,
80.80275893°E; 2116m; 28 Feb. 2019; Eberle & Ranasinghe leg.; Hand
collecting; X-SR0070; ZFMK + 3 J&d&; Horton Plains; 6.81278056°N,
80.80444444°E; 2147m; 26 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0179, X-SR0180, X-SR0181; ZFMK+ 1 &; Horton Plains; 6.81437222°N,
80.80638889°E; 2146m; 28 Feb. 2019; Eberle & Ranasinghe leg.; Light sheet; X-
SR0121; ZFMK- 1 &; Horton Plains; 6.82978333°N, 80.80611111°E; 2154m; 26
Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-SR0045; ZFMK-. 3 &4J;
Hakgala SNR, Near Kande Ela resorviour; 6.90995856°N, 80.79366605°E;
1917m; 24 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-SR0075, X-
SR0076, X-SR0077; NIFS « 9 &J; Hakgala SNR, Near Kande Ela resorviour;
6.91085232°N, 80.79427602°E; 1914m; 23-24 Feb. 2019; Eberle & Ranasinghe
leg.; Black light; X-SR0011- X-SR0014, X-SR0027, X-SR0028, X-SR0136- X-
SR0138; ZFMKe3 J4d; Hakgala SNR, Near Kande Ela resorviour;
6.91133456°N, 80.79475087°E; 1907m; 23 Feb. 2019; Eberle & Ranasinghe leg.;
Black light; X-SR0020, X-SR0139, X-SR0140; ZFMK+ 7 4J; Hakgala SNR,
Near Kande Ela resorviour; 6.91179564°N, 80.79491161°E; 1882m; 23-24 Feb.
2019; Eberle & Ranasinghe leg.; Black light; X-SR0004- X-SR0006, X-SR0103,
X-SR0104, X-SR0176, X-SR0178; ZFMK+ 1 &; Hakgala SNR, Seetha Eliya;
6.9304544°N, 80.81356983°E; 1789m; 24 Feb. 2019; Eberle & Ranasinghe leg.;
Black light; X-SR0001; (ZFMK)e 4 J4d; Hakgala SNR, Seetha Eliya;
6.93074021°N, 80.8134195°E; 1773m; 24 Feb. 2019; Eberle & Ranasinghe leg.;
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Black light; X-SR0067, X-SR0129, X-SR0159, X-SR0163; ZFMKe 2 2d;
Galways Land NP; 6.96616216°N, 80.77744079°E; 1931m; 23 Feb. 2019; Eberle
& Ranasinghe leg.; Black light; X-SR0048, X-SR0049; ZFMKe 1 J; Galways
Land NP; 6.96747401°N, 80.77677784°E; 1982m; 23 Feb. 2019; Eberle &

Elevation 3
100-200
> 200m
= > 500m
== > 1000m
= > 1500m

= > 2000m
= > 2500m A

Figure 5.5. Distribution of the new species A, Selaserica athukoralai sp. n. B, Neoserica
dharmapriyai sp. n. C, Maladera galdaththana sp. n. D, M. cervicornis sp. n.
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Figure 5.6. Photos of the habitats of the new species A, Selaserica athukoralai sp. n. B,
Neoserica dharmapriyai sp. n. B-C. Maladera galdaththana sp. n. D, M. cervicornis sp.
n.

115



Chapter 5 New species from Sri Lanka-Part |

Ranasinghe leg.; Black light; X-SR0147; ZFMK- 1 &; Piduruthalagala
FR_outside; 6.97845°N, 80.77944444°E; 2013m; 25 Feb. 2019; Eberle &
Ranasinghe leg.; Black light; X-SR0151; ZFMKe+ 4 4J; Piduruthalagala FR;
6.98299444°N, 80.77305556°E; 2073m; 25 Feb. 2019; Eberle & Ranasinghe leg.;
Black light; X-SR0126, X-SR0128, X-SR0148, X-SR0150; ZFMKe 2 2
Piduruthalagala FR; 6.98955278°N, 80.77138889°E; 2192m; 25 Feb. 2019; Eberle
& Ranasinghe leg.; Black light; X-SR0022, X-SR0023; ZFMK

Maladera breviatella Fabrizi & Ahrens, 2014

Material examined.

SRI LANKA « 1 &; Matale District, Dambulla, NIFS Arboretum; 7.85783259°N,
80.67391938°E; 167m; 17 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0030; ZFMKe 1 &; Dambulla, NIFS Arboretum; 7.86011766°N,
80.67441844°E; 187m; 16 Feb. 2019; Eberle & Ranasinghe leg.; Light sheet; X-
SR0156; NIFS « 4 &J&; Dambulla, NIFS Arboretum; 7.86011766°N,
80.67441844°E; 187m; 17 Feb. 2019; Eberle & Ranasinghe leg.; Light sheet; X-
SR0051 to X-SR0054; ZFMK.

Maladera calcarata (Brenske, 1898)

Material examined.

SRI LANKA « 1 &; Matale District, Dambulla, NIFS Arboretum; 7.85766783°N,
80.67474244°E; 174m; 16 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0086; ZFMKe 1 &; Dambulla, NIFS Arboretum; 7.85783259°N,
80.67391938°E; 167m; 18 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0142; NIFS « 1 &; Dambulla, NIFS Arboretum; 7.85897387°N,
80.67533196°E; 203m; 16 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0100; ZFMK.

Maladera cinnaberina (Brenske, 1898)

Material examined.

SRI LANKA - 1 &; Kegalle District, Aranayake, near tea estate; 7.15068199°N,
80.46286137°E; 252m; 03 Mar. 2019; Eberle & Ranasinghe leg.; Black light net;
X-SR0094; ZFMKe 1 &; Pannala, Polwaththa, Aranayake; 7.15828056°N,
80.46666667°E; 238m; 03 Mar. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0155; ZFMK.

Maladera coxalis (Moser, 1915)

Material examined.

SRI LANKA -« 3 J4&; Kegalle District, Pannala, Galdaththa, Aranayake;
7.16154167°N, 80.46388889°E; 294m; 03 Mar. 2019; Eberle & Ranasinghe leg.;
Black light; X-SR0096, X-SR0132, X-SR0133; ZFMK.
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Maladera dubia (Arrow, 1916)

Material examined.

SRI LANKA + 2 &d; Nuwara Eliya District, Horton Plains; 6.80133047°N,
80.80275893°E; 2116m; 28 Feb. 2019; Eberle & Ranasinghe leg.; Hand
collecting; X-SR0069, X-SR0071; NIFS « 1 &; Horton Plains; 6.81437222°N,
80.80638889°E; 2146m; 28 Feb. 2019; Eberle & Ranasinghe leg.; Light sheet; X-
SR0120; ZFMK-+ 6 4'J'; Horton Plains; 6.82978333°N, 80.80611111°E; 2154m;
26 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-SR0046, X-SR0047, X-
SR0063 to X-SR0065, X-SR0168; ZFMK=+ 1 J&; Hakgala SNR, Near Kande Ela
resorviour; 6.91179564°N, 80.79491161°E; 1882m; 23 Feb. 2019; Eberle &
Ranasinghe leg.; Black light; X-SR0177; ZFMK+ 1 &; Hakgala SNR, Seetha
Eliya; 6.9304544°N, 80.81356983°E; 1789m; 24 Feb. 2019; Eberle & Ranasinghe
leg.; Black light; X-SR0025; ZFMK+ 2 JJ; Hakgala SNR, Seetha Eliya;
6.93074021°N, 80.8134195°E; 1773m; 24 Feb. 2019; Eberle & Ranasinghe leg.;
Black light; X-SR0130, X-SR0161; ZFMKe 2 J4d; Piduruthalagala FR;
6.98299444°N, 80.77305556°E; 2073m; 25 Feb. 2019; Eberle & Ranasinghe leg.;
Black light; X-SR0127, X-SR0149; ZFMKe 2 J4J; Piduruthalagala FR;
6.98955278°N, 80.77138889°E; 2192m; 25 Feb. 2019; Eberle & Ranasinghe leg.;
Black light; X-SR0184, X-SR0185; ZFMK.

Maladera fistulosa (Brenske, 1898)

Material examined.

SRI LANKA -« 1 &; Nuwara Eliya District, Hakgala SNR, Seetha Eliya;
6.9304544°N, 80.81356983°E; 1789m; 24 Feb. 2019; Eberle & Ranasinghe leg.;
Black light; X-SR0002; ZFMKe 2 J4d; Hakgala SNR, Seetha Eliya;
6.93074021°N, 80.8134195°E; 1773m; 24 Feb. 2019; Eberle & Ranasinghe leg.;
Black light; X-SR0160, X-SR0162; ZFMK.

Maladera heveli Fabrizi & Ahrens, 2014

Material examined.

SRI LANKA -« 1 &; Matale District, Dambulla, NIFS Arboretum; 7.85766783°N,
80.67474244°E; 174m; 18 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0090; ZFMK.

Maladera hortonensis Fabrizi & Ahrens, 2014

Material examined.

SRI LANKA -« 2 &d; Nuwara Eliya District, Horton Plains; 6.80735°N,
80.80472222°E; 2138m; 26 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0007, X-SR0008; ZFMK- 1 &'; Horton Plains; 6.82978333°N, 80.80611111°E;
2154m; 26 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-SR0170; ZFMK-«
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1 &; Piduruthalagala FR; 6.98955278°N, 80.77138889°E; 2192m; 25 Feb. 2019;
Eberle & Ranasinghe leg.; Black light; X-SR0182; NIFS « 4 4&'; Piduruthalagala
FR; 7.00029167°N, 80.77527778°E; 2483m; 25 Feb. 2019; Eberle & Ranasinghe
leg.; Black light; X-SR0083, X-SR0085, X-SR0167, X-SR0040; ZFMK.

Maladera lindulana Fabrizi & Ahrens, 2014

Material examined.

SRI LANKA - 1 J; Kandy District, Deenston, Knuckles South; 7.32972685°N,
80.86098159°E; 1169m; 21 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0108; ZFMKe 1 &; Deenston, Knuckles South; 7.32991027°N,
80.86093445°E; 1142m; 20 Feb. 2019; Eberle & Ranasinghe leg.; Light sheet; X-
SR0106; ZFMKe 1 &; Deenston, Knuckles South; 7.33077851°N,
80.86049097°E; 1156m; 19 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0174; ZFMKe 1 &; Deenston, Knuckles South; 7.33097004°N,
80.85934859°E; 1190m; 20 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0055; ZFMKe 1 &; Deenston, Knuckles South; 7.33616555°N,
80.85907541°E; 1197m; 21 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0123; NIFS.

Maladera pubescens (Arrow, 1916)

Material examined.

SRI LANKA « 2 J4&; Kegalle District, Pannala, Galdaththa, Aranayake;
7.16154167°N, 80.46388889°E; 294m; 03 Mar. 2019; Eberle & Ranasinghe leg.;
Black light; X-SR0037, X-SR0097; ZFMK.

Maladera rotundata (Walker, 1859)

Material examined.

SRI LANKA =+ 1 &; Kegalle District, Pannala, Galdaththa, Aranayake;
7.16154167°N, 80.46388889°E; 294m; 03 Mar. 2019; Eberle & Ranasinghe leg.;
Black light; X-SR0134; ZFMK.

Maladera rufocuprea (Blanchard, 1850)

Material examined.

SRI LANKA -+ 1 J; Ratnapura District, Belihuloya; 6.731762°N, 80.773989°E;
750m; 01 Mar. 2019; Eberle & Ranasinghe leg.; Black light; X-SR0158; ZFMKe
1 &; Kegalle District, Aranayake, near tea estate; 7.15050176°N, 80.46239683°E;
245m; 12 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-SR0062; NIFS « 3
43 Kegalle District, Aranayake, near tea estate; 7.15068199°N, 80.46286137°E;
252m; 10 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-SR0080 to X-
SR0082; ZFMK.
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Maladera weligamana (Brenske, 1900)

Material examined.

SRI LANKA -« 1 &; Kandy District, Deenston, Knuckles South; 7.33082417°N,
80.86203243°E; 1108m; 20 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0187; ZFMK.

Selaserica maculicauda (Arrow, 1916)

Material examined.

SRI LANKA -« 1 &; Nuwara Eliya District, Horton Plains; 6.7987251°N,
80.83160249°E; 2146m; 27 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0145; ZFMK.

Selaserica nitida (Candéze, 1861)

Material examined.

SRI LANKA -+ 1 &; Nuwara Eliya District, Hakgala SNR, Seetha Eliya;
6.92999891°N, 80.81359713°E; 1794m; 24 Feb. 2019; Eberle & Ranasinghe leg.;
Black light; X-SR0119; ZFMK.

Selaserica pusilla Arrow, 1916

Material examined.

SRI LANKA - 1 &; Matale District, Dambulla, NIFS Arboretum; 7.85897387°N,
80.67533196°E; 203m; 16 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0101; ZFMK.

Neoserica sexfoliata Moser, 1915

Material examined.

SRI LANKA « 1 &; Matale District, Dambulla, NIFS Arboretum; 7.86011766°N,
80.67441844°E; 187m; 18 Feb. 2019; Eberle & Ranasinghe leg.; Light sheet; X-
SR0115; ZFMK.

Serica fusa Brenske, 1898

Material examined.

SRI LANKA « 3 Jd; Nuwara Eliya District, Horton Plains; 6.81278056°N,
80.80444444°E; 2147m; 26 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0032 to X-SR0034; ZFMK- 3 4J'; Hakgala SNR, Near Kande Ela resorviour;
6.90995856°N, 80.79366605°E; 1917m; 24 Feb. 2019; Eberle & Ranasinghe leg.;
Black light; X-SR0164 to X-SR0166; ZFMK- 6 JJ; Hakgala SNR, Near Kande
Ela resorviour; 6.91085232°N, 80.79427602°E; 1914m; 23-24 Feb. 2019; Eberle
& Ranasinghe leg.; Black light; X-SR0042 to X-SR0044, X-SR0072 to X-
SR0074; ZFMKe 3 &, 1 Q; Hakgala SNR, Near Kande Ela resorviour;
6.91133456°N, 80.79475087°E; 1907m; 23 Feb. 2019; Eberle & Ranasinghe leg.;
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Black light; X-SR0141, X-SR0171 to X-SR0173; ZFMK-« 2 4J'; Hakgala SNR,
Near Kande Ela resorviour; 6.91179564°N, 80.79491161°E; 1882m; 23-24 Feb.
2019; Eberle & Ranasinghe leg.; Black light; X-SR0091, X-SR0152; NIFS « 2
4'3; Hakgala SNR, Seetha Eliya; 6.92999891°N, 80.81359713°E; 1794m; 24 Feb.
2019; Eberle & Ranasinghe leg.; Black light; X-SR0153, X-SR0154; ZFMK- 1 J;
Hakgala SNR, Seetha Eliya; 6.93074021°N, 80.8134195°E; 1773m; 24 Feb. 2019;
Eberle & Ranasinghe leg.; Black light; X-SR0068; ZFMK- 1 &; Galways Land
NP; 6.96616216°N, 80.77744079°E; 1931m; 23 Feb. 2019; Eberle & Ranasinghe
leg.; Black light; X-SR0050; ZFMKe 3 Jd&; Nuwara Eliya District,
Piduruthalagala FR_outside; 6.97845°N, 80.77944444°E; 2013m; 25 Feb. 2019;
Eberle & Ranasinghe leg.; Black light; X-SR0059 to X-SR0061; ZFMK+ 1 J;
Piduruthalagala FR; 6.98955278°N, 80.77138889°E; 2192m; 25 Feb. 2019; Eberle
& Ranasinghe leg.; Black light; X-SR0058; ZFMK.

Serica lurida Brenske, 1898

Material examined.

SRI LANKA - 2 4d; Kandy District, Deenston, Knuckles South; 7.32972685°N,
80.86098159°E; 1169m; 21 Feb. 2019; Eberle & Ranasinghe leg.; Black light; X-
SR0109, X-SR0110; ZFMKe 2 &4&, 1 Q; Deenston, Knuckles South;
7.32991027°N, 80.86093445°E; 1142m; 19-20 Feb. 2019; Eberle & Ranasinghe
leg.; Light sheet; X-SR0098, X-SR0099, X-SR0107; ZFMK- 1 &; Deenston,
Knuckles South; 7.33097004°N, 80.85934859°E; 1190m; 20 Feb. 2019; Eberle &
Ranasinghe leg.; Black light; X-SR0056; ZFMK- 1 &'; Deenston, Knuckles South;
7.33616555°N, 80.85907541°E; 1197m; 21 Feb. 2019; Eberle & Ranasinghe leg.;
Black light; X-SR0125; NIFS.

5.4 Discussion

This first supplement to the monograph of Sericini of the Sri Lanka (Fabrizi &
Ahrens, 2014), that includes the description of four new species, revealed
furthermore the high amount of endemism of the subcontinent and confirmed
another time, how unexplored Sri Lanka is yet. Efforts on additional and more
intensive sampling with light traps closer to remnant forest areas and not yet
explored areas off the so far protected areas, may reveal unknown taxa but also
complete the knowledge of the fauna in a more comprehensive way, covering the
entire land surface of the Island. Therefore, we plan further field work and
sampling effort.
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Abstract

Here we present the results of our field survey in Sri Lanka and describe ten new
Sericini species: Selaserica fabriziae sp. nov., Sel. sororinitida sp. nov., Neoserica
pophami sp. nov., Maladera haniel sp. nov., M. kishi sp. nov., M. windy sp. nov., M.
karunaratnae sp. nov., M. hiyarensis sp. nov., M. dambullana sp. nov., and M.
deenstana sp. nov. All seven of the newly described Maladera species belong to the
M. fistulosa species group, which is an endemic radiation in the island that is
characterized by entirely reduced or fused parameres. An updated key to the
Maladera fistulosa group is provided. Further, new locality records for 23 already
known species are given. The genitalia and the habitus of all new species are
illustrated, the distribution of the new species is shown with maps.
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6.1 Introduction

The fauna of the Sericini of Sri Lanka has been recently the focus of some intensive
investigations (Fabrizi & Ahrens, 2014; Ranasinghe et al., 2020). Currently, the Sri
Lankan fauna of Sericini comprises 81 species (Fabrizi & Ahrens, 2014; Ranasinghe
et al., 2020), 71 of them are endemic. For a more thorough investigation of the fauna,
we carried out a series of recent field expeditions to Sri Lanka, with the aim of
collecting fresh material for both morphological and molecular phylogenetic studies.
While the results from the first expedition in 2019 were published in Ranasinghe et
al. (2020), here we present the results of the three subsequent expeditions, during
which we were able to discover further ten new species belonging to the genera
Maladera Mulsant & Rey, 1871, Neoserica Brenske, 1894 and Selaserica Brenske,
1897. Furthermore, we report new locality records for twenty-three previously known
species.

6.2 Material and methods

Additional field surveys were carried out in order to collect Sericini beetles
(Coleoptera: Scarabaeidae) in fifteen different Sri Lankan localities (Fig. 6.1) in
Kandy, Kegalle, Matale, Nuwara Eliya and Galle Districts from October to November
2019, June to August 2020 and November to December 2020. Beetles were captured
using UV-light traps as explained in Ranasinghe et al. (2020) or by manual collecting
from a white sheet (Fig. 6.2) illuminated with UV light (LepiLED, © WIF, Dr Gunnar
Brehm, Jena, Germany). The preserved specimens were examined under a Wild M3Z
stereomicroscope. All male genitalia were dissected and glued to a card point.
Specimens were identified to species level using recent literature (Fabrizi & Ahrens
2014; Ahrens & Fabrizi, 2016; Ranasinghe et al., 2020) and, in some cases, by
additional comparison with previously examined type specimens.
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Newly discovered species were photographed using a Zeiss AxioCam HRc camera.
Multifocal images were taken using the Zeiss Axio Vision software package, and
stacked using Zerene Stacker (www.zerenesystems.com). Maps of sample sites and
species distribution were prepared using Quantum GIS 3.6.2 (https://www.qgis.org).
On the specimen labels, the terms “Forest Reserve” (FR) and “Strict Nature Reserve”
(SNR) were abbreviated, respectively.

Institutional abbreviations
NIFS — National Institute of Fundamental Studies, Kandy, Sri Lanka;
ZFMK - Zoological Research Museum A. Koenig, Bonn, Germany.

6.3 Results

6.1.1 Taxonomy

Class Insecta Linnaeus, 1758

Subclass Pterygota Lang, 1888
Superfamily Scarabaeoidea Latreille, 1802
Family Scarabaeidae Latreille, 1802
Subfamily Melolonthinae Leach, 1819
Tribe Sericini Kirby, 1837

Genus Selaserica Brenske, 1897

Selaserica fabriziae sp. nov.
Figs 6.3A-D, 6.7A, 6.8A

Diagnosis. Selaserica fabriziae sp. nov. is in shape of aedeagus rather similar to Sel.
sericea (Arrow, 1916), it differs by the shiny dorsal body surface and the shape of
parameres and phallobase: the median dorsoapical sinuation of phallobase is much
narrower (than in Sel. sericea), the parameres are bent dorsally at apex (not bent in
Sel. sericea).
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Figure 6.1. Map of Sri Lanka showing collecting sites for this study. Numbers refer to major
sampling localities. 1 = Aranayake; 2 = Riverston; 3 = NIFS Arboretum; 4 = Deenston; 5 =
Nuwara Eliya; 6 = Horton Plains; 7 = Belihuloya; 8 = Hiyare; 9 = Kottawa; 10 = Kanneliya;
11 = Piduruthalagala; 12 = Uda Peradeniya; 13= Gannoruwa; 14 = Udawattakele; 15 = Sera
Ella.
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Figure 6.2. A. Manual collecting from a white sheet illuminated with UV light in the field.
B-C. Live Sericini collected from the field. A. Maladera bandarwelana, male. C. Maladera
sp., female. (Photographs: C. Jayatissa).

Etymology. The new species is dedicated to Silvia Fabrizi, who passed away too
early, in memory of her and for all her efforts for Sericini taxonomy (noun in genitive
singular case). - We will not forget you, Silvial

Type material examined

Holotype

SRI LANKA « &; “X-SR0859, Sri Lanka, Galle District, Kottawa FR, 6.09812°N,
80.31610°E, 44m, 26-X-2019; Eberle, Bohacz & Ranasinghe, Black light”; ZFMK.

Paratypes

SRI LANKA -« 1 &; “X-SR1948, Sri Lanka, Galle District, Kottawa FR, 6.09712°N,
80.31666°E; 46m, 29-30-VI1-2020, Benjamin & Ranasinghe, Black light”; ZFMK « 1
J'; “X-SR1956, Sri Lanka, Galle District, Kottawa FR, 6.09712°N, 80.31666°E; 46m,
29-30-V1-2020, Benjamin & Ranasinghe, Black light”; ZFMK « 1 &; “X-SR1957, Sri
Lanka, Galle District, Kottawa FR, 6.09712°N, 80.31666°E; 46m, 29-30-VI-2020,
Benjamin & Ranasinghe, Black light”; ZFMK « 1 &; “X-SR1958, Sri Lanka, Galle
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District, Kottawa FR, 6.09712°N, 80.31666°E; 46m, 29-30-VI1-2020, Benjamin &
Ranasinghe, Black light”; ZFMK « 1 &; “X-SR1959, Sri Lanka, Galle District,
Kottawa FR, 6.09712°N, 80.31666°E; 46m, 29-30-V1-2020, Benjamin & Ranasinghe,
Black light”; ZFMK « 1 &; “X- SR1960, Sri Lanka, Galle District, Kottawa FR,
6.09712°N, 80.31666°E; 46m, 29-30-V1-2020, Benjamin & Ranasinghe, Black light”;
ZFMK « 1 &; “X- SR2118, Sri Lanka, Galle District, Kottawa FR, 6.09812°N,
80.31610°E, 44m, 11-X11-2020; Ranasinghe & Athukorala, Black light”; ZFMK « 1
& “X- SR2119, Sri Lanka, Galle District, Kottawa FR, 6.09812°N, 80.31610°E, 44m,
11-X11-2020; Ranasinghe & Athukorala, Black light”; ZFMK « 1 &; “X- SR2120, Sri
Lanka, Galle District, Kottawa FR, 6.09812°N, 80.31610°E, 44m, 11-XI11-2020;
Ranasinghe & Athukorala, Black light”; ZFMK « 1 &; “X- SR2121, Sri Lanka, Galle
District, Kottawa FR, 6.09812°N, 80.31610°E, 44m, 11-XI1-2020; Ranasinghe &
Athukorala, Black light”; ZFMK « 1 &; “X- SR2122, Sri Lanka, Galle District,
Kottawa FR, 6.09812°N, 80.31610°E, 44m, 11-XI1-2020; Ranasinghe & Athukorala,
Black light”’; ZFMK « 1 @; “X- SR1961, Sri Lanka, Galle District, Kottawa FR,
6.09812°N, 80.31610°E, 44m, 30-VI1-2020, Benjamin & Ranasinghe, Black light”;
ZFMK « 1 @;*X- SR2123, Sri Lanka, Galle District, Kottawa FR, 6.09812°N,
80.31610°E, 44m, 11-X11-2020; Ranasinghe & Athukorala, Black light”; ZFMK « 1
Q;“X- SR2104, Sri Lanka, Galle District, Kottawa FR, 6.09712°N, 80.31666°E; 46m,
11-X11-2020; Ranasinghe & Athukorala, Black light”; ZFMK.

Description
MEASUREMENTS. Length: 8.9 mm, length of elytra: 6.1 mm, width: 5.2 mm.

HABITUS AND COLORATION. Body oval, dark brown, antenna yellow, dorsal
surface shiny and glabrous.

HEAD. Labroclypeus subtrapezoidal, wider than long, widest at base, lateral margins
weakly convex and convergent to moderately rounded anterior angles, lateral border
and ocular canthus producing a blunt angle, margins weakly reflexed, anterior margin
shallowly sinuate medially; surface strongly convex medially, weakly shiny, anterior
half nearly impunctate, behind finely and densely punctate, distance between
punctures subequal to their diameter, with a few fine setae behind anterior margin;
frontoclypeal suture very feebly impressed and weakly angled medially; smooth area
in front of eye approximately three times as wide as long; ocular canthus moderately
long and narrow, impunctate but surface slightly concave, with a single short terminal
seta. Frons with fine, moderately dense punctures, posterior half impunctate, surface
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glabrous except for a few setae anteriorly beside eyes. Eyes moderately large, ratio of
diameter/ interocular width: 0.7. Antenna yellowish brown, with ten antennomeres;
club with four antennomeres, 1.3 times as long as remaining antennomeres combined.
Mentum elevated and anteriorly flattened.

PRONOTUM. Moderately wide, widest at base, lateral margins evenly convex and
narrowed to anterior angles, anterior angles strongly produced and sharp, anterior
marginal line widely incomplete medially, anterior margin moderately produced
medially; surface densely and coarsely punctate, glabrous; anterior and lateral borders
sparsely setose, basal margin without marginal line; hypomeron ventrobasally
carinate and but not produced ventrally. Scutellum wide, triangular, with fine and
dense punctures, each bearing a single very minute seta.

ELYTRA. Oblong, widest in posterior third, striae indistinctly impressed, finely and
densely punctate, intervals flat, with fine, moderately dense punctures concentrated
along striae, punctures partly with minute setae, without longer erect setae; epipleural
edge fine, ending at the convex external apical angle of elytra, epipleura densely
setose, apical border membranous, apex covered with short microtrichomes.

VENTRAL SURFACE. Dull, thorax and metacoxa with large and dense punctures,
sparsely finely setose, metacoxa glabrous except for numerous short setae laterally;
each abdominal sternite with generally distributed fine and dense punctures, without a
distinct transverse row of coarse punctures each bearing a short seta, punctures with
very short or minute setae, penultimate sternite apically with a shiny smooth but very
short chitinous border. Mesosternum between mesocoxae little wider than
mesofemur. Ratio of length of metepisternum/ metacoxa: 1/ 1.15. Pygidium lost in
holotype.

LEGS. Moderately wide; femur with two longitudinal rows of setae, finely and
moderately densely punctate; metafemur dull, anterior edge acute, with adjacent
continuously serrated line, anterior longitudinal row of setae complete; posterior
ventral margin almost straight, weakly widened in apical half, nor ventrally nor
dorsally serrated, glabrous. Metatibia moderately wide and long, widest behind
middle, dorsal and ventral margins in posterior two thirds subparallel, ratio width/
length: 1/ 3.2, dorsally weakly edged, with two groups of spines, basal one at first
quarter, apical one at three quarters of metatibial length, basally beside dorsal margin
with a very short serrated line; lateral face longitudinally convex, with very sparse
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and fine punctures, punctures glabrous; ventral margin with three strong spines
equidistant from each other, medial face smooth, apex interiorly near tarsal
articulation distinctly concave. Tarsomeres impunctate dorsally, ventrally with dense,
fine setae; metatarsomeres ventrally with a strongly serrated ridge, beside which is no
strong longitudinal carina, first metatarsomere one quarter of its length longer than
dorsal tibial spur, subsequent tarsomeres lacking in holotype. Protibia moderately
long, tridentate. Protarsomeres lacking in holotype.

AEDEAGUS. Fig. 6.3A-C.
HABITUS. Fig. 6.3D.

Variation. Length: 8.2-8.8 mm, length of elytra: 6.1-6.25 mm, width: 5.2-5.3 mm.
Pygidium moderately convex, shiny, finely densely punctate, without smooth midline,
glabrous except some longer setae along the apical margin. First metatarsomere one
quarter of its length longer than dorsal tibial spur, slightly shorter than following two
tarsomeres combined. Protibia moderately long, tridentate. Protarsomeres ventrally
with some yellow setae, protarsal claws symmetrical, feebly curved and short, with
normally developed basal tooth.

Female. Length: 8.8-9.2 mm, length of elytra: 6.2-7.0 mm, width: 5.5-5.7 mm. Eyes
as large as in male; antennal club as long as remaining antennomeres combined.

Distribution. See Fig. 6.7A.

Selaserica sororinitida sp. nov.
Figs 6.3E-H, 6.7B, 6.8B

Diagnosis. Selaserica sororinitida sp. nov. is in shape of aedeagus and external
morphology similar to Sel. nitida (Candéze, 1861) and Sel. knucklensis Fabrizi &
Ahrens, 2014. Selaserica sororinitida sp. nov. differs by the antennal club, which is
longer compared to Sel. nitida but shorter in comparison with Sel. knucklensis. From
both species Sel. sororinitida sp. nov. can be also distinguished by the shape of
aedeagus: the right paramere is in the new species shorter and less narrowed before
the apex (lateral view); the phallobase is not widened distally as in Sel. knucklensis.
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Etymology. The name is derived from the Latin noun “soror” (sister) with “nitida”
from the species Sel. nitida, with reference to the strong morphological similarity
with Sel. nitida (noun in nominative case).

Figure 6.3. A-D Selaserica fabriziae sp. nov., (holotype) E-H Selaserica sororinitida sp.
nov., (holotype) I-L Neoserica pophami sp. nov., (holotype) A, E, | aedeagus, left side lateral
view C, G, K aedeagus, right side lateral view B, F, J parameres, dorsal view D, H, L habitus
(not to scale). Scale: 0.5 mm.
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Type material examined

Holotype

SRI LANKA « J; “X-SR0670, Sri Lanka, Kandy District, Deanston, Knuckles South;
7.33159°N, 80.86110°E; 1139m; 17-X-2019; Eberle, Bohacz & Ranasinghe leg.;
Black light”; ZFMK.

Paratypes

SRI LANKA « 1 &; “X-SR0224, Sri Lanka, Kandy District, Deanston, Knuckles
South; 7.33082°N, 80.86203°E; 1108m; 17-18-X-2019; Eberle, Bohacz & Ranasinghe
leg.; Black light”; ZFMK « 1 &; “X-SR0227, Sri Lanka, Kandy District, Deanston,
Knuckles South; 7.33082°N, 80.86203°E; 1108m; 17-18-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0228, Sri Lanka, Kandy District,
Deanston, Knuckles South; 7.33082°N, 80.86203°E; 1108m; 17-18-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0229, Sri Lanka,
Kandy District, Deanston, Knuckles South; 7.33082°N, 80.86203°E; 1108m; 17-18-
X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 J; “X-SR0230,
Sri Lanka, Kandy District, Deanston, Knuckles South; 7.33082°N, 80.86203°E;
1108m; 17-18-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1
&' “X-SR0231, Sri Lanka, Kandy District, Deanston, Knuckles South; 7.33082°N,
80.86203°E; 1108m; 17-18-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK « 1 &; “X-SR0232, Sri Lanka, Kandy District, Deanston, Knuckles South;
7.33082°N, 80.86203°E; 1108m; 17-18-X-2019; Eberle, Bohacz & Ranasinghe leg.;
Black light”; ZFMK « 1 &; “X-SR0233, Sri Lanka, Kandy District, Deanston,
Knuckles South; 7.33082°N, 80.86203°E; 1108m; 17-18-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0234, Sri Lanka, Kandy District,
Deanston, Knuckles South; 7.33082°N, 80.86203°E; 1108m; 17-18-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0235, Sri Lanka,
Kandy District, Deanston, Knuckles South; 7.33082°N, 80.86203°E; 1108m; 17-18-
X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 J'; “X-SR0236,
Sri Lanka, Kandy District, Deanston, Knuckles South; 7.33082°N, 80.86203°E;
1108m; 17-18-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1
& “X-SR0237, Sri Lanka, Kandy District, Deanston, Knuckles South; 7.33082°N,
80.86203°E; 1108m; 17-18-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK « 1 &; “X-SR0240, Sri Lanka, Kandy District, Deanston, Knuckles South;
7.33082°N, 80.86203°E; 1108m; 17-18-X-2019; Eberle, Bohacz & Ranasinghe leg.;
Black light”; ZFMK « 1 &; “X-SR0511, Sri Lanka, Kandy District, Deanston,
Knuckles South; 7.33082°N, 80.86203°E; 1108m; 17-18-X-2019; Eberle, Bohacz &
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Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0512, Sri Lanka, Kandy District,
Deanston, Knuckles South; 7.33082°N, 80.86203°E; 1108m; 17-18-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0513, Sri Lanka,
Kandy District, Deanston, Knuckles South; 7.33082°N, 80.86203°E; 1108m; 17-18-
X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 J; “X-SR0514,
Sri Lanka, Kandy District, Deanston, Knuckles South; 7.33082°N, 80.86203°E;
1108m; 17-18-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1
4 “X-SR0515, Sri Lanka, Kandy District, Deanston, Knuckles South; 7.33082°N,
80.86203°E; 1108m; 17-18-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK + 1 &; “X-SR0516, Sri Lanka, Kandy District, Deanston, Knuckles South;
7.33082°N, 80.86203°E; 1108m; 17-18-X-2019; Eberle, Bohacz & Ranasinghe leg.;
Black light”; ZFMK « 1 &; “X-SR0517, Sri Lanka, Kandy District, Deanston,
Knuckles South; 7.33082°N, 80.86203°E; 1108m; 17-18-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0518, Sri Lanka, Kandy District,
Deanston, Knuckles South; 7.33082°N, 80.86203°E; 1108m; 17-18-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0519, Sri Lanka,
Kandy District, Deanston, Knuckles South; 7.33082°N, 80.86203°E; 1108m; 17-18-
X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 J'; “X-SR0520,
Sri Lanka, Kandy District, Deanston, Knuckles South; 7.33082°N, 80.86203°E;
1108m; 17-18-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1
d; “X-SR0521, Sri Lanka, Kandy District, Deanston, Knuckles South; 7.33082°N,
80.86203°E; 1108m; 17-18-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK « 1 &; “X-SR0941, Sri Lanka, Kandy District, Deanston, Knuckles South;
7.33082°N, 80.86203°E; 1108m; 17-18-X-2019; Eberle, Bohacz & Ranasinghe leg.;
Black light”; ZFMK « 1 &; “X-SR0942, Sri Lanka, Kandy District, Deanston,
Knuckles South; 7.33082°N, 80.86203°E; 1108m; 17-18-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0563, Sri Lanka, Kandy District,
Deanston, Knuckles South; 7.33616°N, 80. 85907°E; 1197m; 18-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0664, Sri Lanka,
Kandy District, Deanston, Knuckles South; 7.33501°N, 80. 85966°E; 1171m; 18-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &'; “X-SR0669, Sri
Lanka, Kandy District, Deanston, Knuckles South; 7.33159°N, 80. 86110°E; 1139m;
17-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 J; “X-
SR0915, Sri Lanka, Kandy District, Deanston, Knuckles South; 7.33159°N, 80.
86110°E; 1139m; 17-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK -« 1 &; “X-SR1135, Sri Lanka, Kandy District, Deanston, Knuckles South;
7.33501°N, 80. 85966°E; 1171m; 21-11-2019; Eberle & Ranasinghe leg.; Black light”;

132



Chapter 6 New Sericini from Sri Lanka- Partll

ZFMK « 1 Q; “X-SR0186, Sri Lanka, Kandy District, Deanston, Knuckles South;
7.33082°N, 80.86203°E; 1108m; 20-11-2019; Eberle & Ranasinghe leg.; Black light”;
ZFMK « 1 Q; “X-SR0239, Sri Lanka, Kandy District, Deanston, Knuckles South;
7.33082°N, 80.86203°E; 1108m; 18-X-2019; Eberle, Bohacz & Ranasinghe leg.;
Black light”; ZFMK « 1 Q; “X-SR0943, Sri Lanka, Kandy District, Deanston,
Knuckles South; 7.33082°N, 80.86203°E; 1108m; 17-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK « 1 Q; “X-SR2194, Sri Lanka, Kandy District,
Deanston, Knuckles South; 7.33082°N, 80.86203°E; 1108m; 05-XI1-2020;
Ranasinghe & Athukorala leg.; Black light”; ZFMK « 1 @; “X-SR2184, Sri Lanka,
Kandy District, Deanston, Knuckles South; 7.33159°N, 80. 86110°E; 1139m; 05-XII-
2020; Ranasinghe & Athukorala leg.; Black light”; ZFMK « 1 Q; “X-SR0793, Sri
Lanka, Kandy District, Deanston, Knuckles South; 7.33501°N, 80. 85966°E; 1171m;
18-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 Q; “X-
SRO795, Sri Lanka, Kandy District, Deanston, Knuckles South; 7.33501°N, 80.
85966°E; 1171m; 18-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK.

Description.
MEASUREMENTS. Length: 10.2 mm, length of elytra: 7.1 mm, width: 5.6 mm.

HABITUS AND COLORATION. Body oblong, reddish brown, antenna yellow,
dorsal surface shiny and glabrous, ventral surface dull.

HEAD. Labroclypeus subtrapezoidal, distinctly wider than long, widest at base,
lateral margins weakly convex and strongly convergent to strongly rounded anterior
angles, lateral border and ocular canthus producing an indistinct blunt angle, margins
weakly reflexed; anterior margin shallowly sinuate medially; surface almost flat,
finely and densely punctate, distance between punctures subequal to their diameter,
with a few robust setae anteriorly; frontoclypeal suture very feebly impressed and
curved medially; smooth area in front of eye approximately three times as wide as
long; ocular canthus moderately long and narrow, impunctate, with a single short
terminal seta. Frons with fine, sparse punctures, posterior third impunctate, surface
glabrous except for a few long setae beside eyes. Eyes large, ratio of diameter/
interocular width: 0.9. Antenna yellowish brown, with nine antennomeres; club with
four antennomeres, 1.2 times as long as remaining antennomeres combined. Mentum
elevated and anteriorly flattened.
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PRONOTUM. Moderately wide, widest at base, lateral margins in basal half almost
straight and weakly convergent, in anterior half weakly convex and distinctly
narrowed towards anterior angles, anterior angles moderately produced and
moderately sharp; anterior margin moderately produced medially, its marginal line
complete; surface moderately densely and finely punctate, glabrous; anterior and
lateral borders sparsely setose; basal margin without marginal line. Hypomeron
ventrobasally not carinate. Scutellum wide, triangular, with fine and dense punctures,
glabrous, apical portion completely impunctate.

ELYTRA. Oblong, widest in posterior third, striae distinctly impressed, finely and
densely punctate, intervals flat, with fine, sparse punctures, glabrous, only on
penultimate lateral interval a few single long, erect setae; epipleural edge fine, ending
well anterior to convex external apical angle of elytra; epipleura densely setose;
apical border membranous, apex covered with a narrow rim of short microtrichomes.

VENTRAL SURFACE. Dull, thorax and metacoxa with large and dense punctures,
with long and dense setae; metacoxa glabrous except for a few long setae laterally;
each abdominal sternite with evenly distributed fine and dense punctures, and with a
transverse row of coarse punctures each bearing a robust seta, other punctures with a
short or minute setae, penultimate sternite apically with a shiny smooth but very short
chitinous border. Mesosternum between mesocoxae little narrower than maximum
width of mesofemur. Ratio of length of metepisternum/ metacoxa: 1/ 1.28. Pygidium
weakly convex, shiny, finely densely punctate, with long fine setae along the apical
margin, otherwise glabrous.

LEGS. Moderately wide and shiny; femur with two longitudinal rows of setae, finely
and moderately densely punctate; metafemur with acute anterior edge, without an
adjacent serrated line, anterior longitudinal row of setae complete; posterior ventral
margin almost weakly convex, weakly widened in apical half, not serrated, glabrous;
posterior dorsal margin smooth, densely shortly setose. Metatibia moderately wide
and long, widest at apex, ratio width/ length: 1/ 3.3; dorsal margin longitudinally
convex, with two groups of spines, basal one at first quarter, apical one at three
quarters of metatibial length, without a serrated line; lateral face longitudinally
convex, with very sparse and fine punctures, glabrous; ventral margin serrated, with
five robust equidistant spines; medial face smooth; apex interiorly near tarsal
articulation concavely emarginate. Tarsomeres dorsally impunctate and glabrous,
ventrally with dense, long and robust setae; metatarsomeres ventrally with a serrated

134



Chapter 6 New Sericini from Sri Lanka- Partll

ridge, beside it without additional strong longitudinal carina; first metatarsomere one
third of its length longer than dorsal tibial spur, distinctly shorter than following two
tarsomeres combined. Protibia moderately long, tridentate, basal tooth smaller than
the two distal ones. Protarsomeres ventrally with long and dense yellow setae
forming a setose pad, protarsal claws symmetrical, basal tooth of claws sharply
pointed.

AEDEAGUS. Fig. 6.3E-G.

HABITUS. Fig. 6.3H.

Variation. Length: 9.9-12.0 mm, length of elytra: 7.1-8.1 mm, width: 5.3-5.8 mm.
Female. Length: 12.0-12.2 mm, length of elytra: 8.1-8.3 mm, width: 6.2-6.4 mm.
Eyes as smaller than in male; antennal club with three antennomeres and longer than

remaining antennomeres combined.

Distribution. See Fig. 6.7B.

Genus Neoserica Brenske, 1894

Neoserica pophami sp. nov.
Figs 6.31-L, 6.7C, 6.8C

Diagnosis. Neoserica pophami sp. nov. differs from the very similar N. kalaarensis
Fabrizi & Ahrens, 2014 in shape of parameres: the right paramere is slightly longer,
medially distinctly bent (lateral view) and much wider (dorsal view).

Etymology. The new species is named after Mr. Sam Popham, founder of the NIFS
Arboretum (noun in the genitive case).

Type material examined

Holotype

SRI LANKA -« &; “X-SR0346, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum, 7.85783°N, 80.67391°E, 167m, 13-X-2019, Eberle, Bohacz &
Ranasinghe, Black light”; ZFMK.
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Paratypes

SRI LANKA « 1 &; “X-SR0332, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85783°N, 80.67391°E; 167m; 13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”, ZFMK « 1 J; “X-SR0333, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E; 167m; 13-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 J&; “X-SR0348, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E; 167m; 13-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 &'; “X-SR0353, Sri
Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E; 167m;
13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK * 1 J; “X-
SR0357, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85783°N,
80.67391°E; 167m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”,
ZFMK « 1 &; “X-SR0360, Sri Lanka, Matale District, Dambulla, NIFS Arboretum;
7.85783°N, 80.67391°E; 167m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
light”, ZFMK « 1 &; “X-SR0365, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85783°N, 80.67391°E; 167m; 13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”, ZFMK « 1 &; “X-SR0369, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E; 167m; 13-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 &; “X-SR0370, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E; 167m; 13-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 &'; “X-SR0380, Sri
Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E; 167m;
13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 J; “X-
SR0383, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85783°N,
80.67391°E; 167m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”,
ZFMK 1 &; “X-SR0384, Sri Lanka, Matale District, Dambulla, NIFS Arboretum;
7.85783°N, 80.67391°E; 167m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
light”, ZFMK + 1 &; “X-SR0388, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85783°N, 80.67391°E; 167m; 13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”, ZFMK « 1 &; “X-SR0393, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E; 167m; 13-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 &; “X-SR0394, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E; 167m; 13-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK ¢« 1 J; “X-SR0401, Sri
Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E; 167m;
13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 &; “X-
SR1081, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85783°N,
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80.67391°E; 167m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”,
ZFMK « 1 &; “X-SR0471, Sri Lanka, Matale District, Dambulla, NIFS Arboretum;
7.85783°N, 80.67391°E; 167m; 12-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
light”, ZFMK « 1 &; “X-SR0473, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85783°N, 80.67391°E; 167m; 12-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”, ZFMK 1 J; “X-SR0474, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E; 167m; 12-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 J&; “X-SR0475, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E; 167m; 12-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 &'; “X-SR0488, Sri
Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m;
12-13-X_2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 &; “X-
SR0417, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85796°N,
80.67554°E; 181m; 12-13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”,
ZFMK « 1 &; “X-SR0423, Sri Lanka, Matale District, Dambulla, NIFS Arboretum;
7.85796°N, 80.67554°E; 181m; 12-13-X-2019; Eberle, Bohacz & Ranasinghe leg.;
Black light”, ZFMK « 1 &; “X-SR1014, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85824°N, 182m; 80.67506°E; 13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light” ZFMK « 1 9; “X-SR1042, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E; 174m; 12-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 Q; “X-SR1056, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E; 174m; 12-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK ¢ 1 Q; “X-SR1067, Sri
Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E; 174m;
12-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 @; “X-
SR1068, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85783°N,
80.67391°E; 174m; 12-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”,
ZFMK.

Description.
MEASUREMENTS. Length: 6.1 mm, length of elytra: 4.4 mm, width: 3.5 mm.

HABITUS AND COLORATION. Body oval, light reddish brown, antenna yellow,
dorsal completely shiny, except a few setae on head almost glabrous.

HEAD. Labroclypeus wide and subtrapezoidal, widest at base, lateral margins convex
and convergent anteriorly, anterior angles moderately rounded, anterior margin
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slightly sinuated medially, all margins moderately reflexed, lateral margins produce
an indistinct angle with the ocular canthus; surface weakly convex medially, densely
punctate, coarse and fine punctures mixed, with numerous erect setae; frontoclypeal
suture indistinctly incised, not elevated and weakly angled medially; smooth area
anterior to eye flat, three times as wide as long; ocular canthus moderately long and
wide (one third of ocular diameter), finely and densely punctate, with a single
terminal seta. Frons with fine, sparse punctures, with a few erect setae beside eyes.
Eyes moderately large, ratio diameter/ interocular width: 0.75. Antenna with ten
antennomeres; club with five antennomeres and straight, as long as the remaining
antennomeres combined. Mentum elevated and slightly flattened anteriorly.

PRONOTUM. Moderately transverse, widest at base, lateral margins in basal half
almost straight and moderately convergent anteriorly, in anterior half weakly convex
and evenly convergent anteriorly, anterior angles distinctly produced and moderately
acute, posterior angles blunt; anterior margin almost not produced medially, with a
robust and complete marginal line, base of pronotum without marginal line; surface
finely and densely punctate, punctures glabrous; lateral and lateral anterior margin
sparsely setose; hypomeron carinate, not ventrally produced. Scutellum wide,
triangular, at apex moderately pointed, with fine, moderately dense punctures,
glabrous.

ELYTRA. Widest shortly behind the middle, striae weakly impressed, finely and
moderately densely punctate, intervals flat, with fine and evenly moderately dense
punctures, except a few short setae on lateral intervals glabrous; epipleural edge
robust, ending at strongly curved external apical angle of elytra, epipleura densely
setose; apical border of elytra with a fine rim of microtrichomes (100x).

VENTRAL SURFACE. In major part dull, some parts shiny, coarsely and densely
punctate, metasternum sparsely covered with fine, short or very minute setae,
metacoxa glabrous, with a few long setae laterally; abdominal sternites finely and
densely punctuate, with a transverse row of coarse punctures, each bearing a robust
seta, the row of punctures on the first visible basal sternite fused to a robust
transverse carina bearing the setae, before the carina the fine punctation extremely
dense but glabrous. Mesosternum between mesocoxae 1.5 times as wide as the width
of mesofemur. Ratio of length of metepisternum/ metacoxa: 1/ 1.65. Pygidium
strongly convex and shiny, finely and moderately densely punctate, without smooth
midline, glabrous except some longer setae along the apical margin.
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LEGS. Wide and moderately long; femur with two longitudinal row of setae, finely
and sparsely punctate; metafemur shiny, behind the posterior longitudinal row of
setae punctures finer and slightly denser, anterior margin acute, without serrated line
behind anterior edge, posterior margin smooth ventrally, strongly widened, posterior
margin finely serrated over its entire length dorsally, with just a few short setae
basally. Metatibia wide and flattened, short, widest at apical second third of metatibial
length, ratio of width/ length: 1/ 2.8, sharply carinate dorsally, with two groups of
spines, basal group at first third, apical group at two thirds of metatibial length,
basally with a few short robust single spines, on basal quarter beside dorsal margin
with a short serrated line; lateral face weakly longitudinally convex, finely,
superficially and sparsely punctate, glabrous, widely smooth along the middle;
ventral margin finely serrated, with four robust equidistant setae; medial face smooth
and glabrous; apex finely serrated, interiorly near tarsal articulation weakly concavely
sinuate. Tarsomeres dorsally smooth and glabrous, neither laterally nor dorsally
carinate, ventrally robustly densely setose; metatarsomeres with a strongly serrated
ridge and a smooth subventral longitudinal carina; first metatarsomere slightly shorter
than following two tarsomeres combined and slightly longer than dorsal tibial spur.
Protibia short, bidentate; anterior claws symmetrical, basal tooth of both claws
bluntly truncate at apex.

AEDEAGUS. Fig. 6.31-K.

HABITUS. Fig. 6.3L.

Variation. Length: 6.0-6.8 mm, length of elytra: 4.3-4.7 mm, width: 3.2-3.6 mm.
Female. Length: 6.8-7.2 mm, length of elytra: 4.6-5.0 mm, width: 3.7-4.0 mm. Eyes
as large as in male; antennal club shorter little than remaining antennomeres
combined, the basal joint of club equals only 1/3 of the length of the club; pygidium

weakly convex.

Distribution. See Fig. 6.7C.
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Genus Maladera Mulsant & Rey, 1871

Maladera haniel sp. nov.
Figs 6.4A-D, 6.7D, 6.8D

Diagnosis. Maladera haniel sp. nov. is in external morphology very similar to M.
cervicornis Ranasinghe, Eberle, Benjamin & Ahrens, 2020, both having in common
the tubercle on abdominal sternite 111. Maladera haniel sp. nov. differs in the setose
pronotum, as well as the shape of parameres: the fused parameres are extremely long,
as long as the rest of the basal part of the phallobase.

Etymology. The new species is named for Suresh Benjamin’s son, Haniel P.
Benjamin (noun in apposition).

Type material examined

Holotype

SRI LANKA « &; “X-SR0251, Sri Lanka, Kandy District, Deenston, Knuckles South,
7.33082°N, 80.86203°E, 1108m, 18-X-2019, Eberle, Bohacz & Ranasinghe, Black
light”; ZFMK.

Paratypes

SRI LANKA « 1 &; “X-SR0245, Sri Lanka, Kandy District, Deenston, Knuckles
South; 7.33082°N, 80.86203°E; 1108m; 18-X-2019; Eberle, Bohacz & Ranasinghe
leg.; Black light”, ZFMK « 1 &; “X-SR0250, Sri Lanka, Kandy District, Deenston,
Knuckles South; 7.33082°N, 80.86203°E; 1108m; 18-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”, ZFMK « 1 &; “X-SR0947, Sri Lanka, Kandy District,
Deenston, Knuckles South; 7.33082°N, 80.86203°E; 1108m; 17-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 &; “X-SR0708, Sri Lanka,
Kandy District, Deenston, Knuckles South; 7.33097°N, 80.85934°E; 1190m; 18-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK 1 J'; “X-SR0552, Sri
Lanka, Kandy District, Deenston, Knuckles South; 7.33501°N, 80.85966°E; 1171m;
18-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 J; “X-
SR0776, Sri Lanka, Kandy District, Deenston, Knuckles South; 7,3577N, 80,85006E;
980m; 17-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”, ZFMK « 1 & «,
X-SR0781, Sri Lanka, Kandy District, Deenston, Knuckles South; 7,3577N,
80,85006E; 980m; 17-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”,
ZFMK « 1 &; “X-SR0783, Sri Lanka, Kandy District, Deenston, Knuckles South;
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7,3577N, 80,85006E; 980m; 17-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light
sheet”, ZFMK.

Description.
MEASUREMENTS. Length: 8.0 mm, length of elytra: 5.9 mm, width: 4.5 mm.

HABITUS AND COLORATION. Body short oval, dark brown, antenna yellow,
dorsal surface shiny, finely densely setose.

HEAD. Labroclypeus short and trapezoidal, wider than long, widest at base, lateral
margins strongly convex and convergent to widely rounded anterior angles, lateral
border and ocular canthus producing an indistinct blunt angle, margins weakly
reflexed, anterior margin almost weakly sinuate medially; surface slightly convex,
finely and densely punctate, distance between punctures smaller than their diameter,
with numerous erect setae in larger punctures; frontoclypeal suture indistinctly
incised and bluntly bent medially; smooth area in front of eye approximately three
times as wide as long; ocular canthus long and narrow, minutely and superficially
punctate, with a single short terminal seta. Frons with fine, dense punctures, with a
few long erect setae in larger punctures, setae on disc less dense. Eyes large, ratio of
diameter/ interocular width: 0.79. Antenna yellow, with ten antennomeres; club with
three antennomeres, as long as remaining antennomeres combined. Mentum elevated
and anteriorly flattened.

PRONOTUM. Wide, widest at base, lateral margins in basal half straight and weakly
convergent, in anterior half weakly convex and narrowed to anterior angles, anterior
angles moderately produced and sharp, anterior marginal line fine and complete,
anterior margin convexly produced medially; surface finely densely punctate, with
moderately dense, short and fine setae and dense long erect setae being directed
anteriorly; anterior and lateral borders sparsely setose, basal margin without marginal
line; hypomeron ventrobasally carinate and slightly produced ventrally. Scutellum
short and wide, triangular, with fine and dense punctures, with short, dense, fine
setae.

ELYTRA. Short oval, widest shortly behind middle, striae distinctly impressed, finely
and densely punctate, intervals weakly convex, with moderately fine, dense punctures
and with dense, fine, short setae as well as with sparse long erect setae; epipleural
edge fine, ending at the weakly convex external apical angle of elytra, epipleura
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densely setose; apical border narrowly membranous, apex covered with short
microtrichomes.

VENTRAL SURFACE. Shiny, thorax and metacoxa with large and dense punctures,
sparsely setose, metacoxa with minute adjacent setae in the punctures except for
numerous long setae laterally, apical margin weakly convex, without a wide rim of
long white microtrichomes; each abdominal sternite, in addition to evenly distributed
fine and dense punctures bearing each a fine seta, with a distinct transverse row of
coarse punctures each bearing a long and more robust seta, 3" sternite with a sharp
median tubercle being half as high as sternite length, penultimate sternite apically
with a shiny smooth chitinous border, which is a quarter as long as the sternite.
Mesosternum between mesocoxae as wide as mesofemur, with a semi-circular ridge
bearing robust setae. Ratio of length of metepisternum/ metacoxa: 1/ 1.93. Pygidium
moderately convex, moderately finely and densely punctate, without smooth midline,
punctures with short and dense, adjacent setae as well as with moderately dense, long,
erect setae.

LEGS. Short and wide; femur with two longitudinal rows of setae, finely and densely
punctate; metafemur shiny, anterior edge acute, lacking an adjacent serrated line,
ventral surface densely punctate and setose, posterior ventral margin straight, only
little widened in apical half, finely serrate apically, dorsally not serrated, glabrous.
Metatibia short, widest at middle, posteriorly only very little narrowed, ratio width/
length: 1/ 2.5, dorsally sharply carinate, with two groups of spines, basal shortly
behind middle, apical one at three quarters of metatibial length, basally beside dorsal
margin with two single punctures with serrated margins, each bearing a single robust
spine and beside them a longitudinal serrated line; lateral face almost flat, with dense,
large punctures and with minute setae in the punctures; ventral margin with five
strong spines equidistant from each other, medial face smooth, apex interiorly near
tarsal articulation shallowly concave. Meso- and metatarsomeres finely and sparsely
punctate but glabrous dorsally, ventrally with sparse, short setae; metatarsomeres
ventrally with a strongly serrated ridge, beside which is a strong longitudinal carina;
first metatarsomere as long as following two tarsomeres combined and as long as
dorsal tibial spur. Protibia short, bidentate. All claws symmetrical, feebly curved and
long, with normally developed basal tooth.

AEDEAGUS. Fig. 6.4A-C.
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HABITUS. Fig. 6.4D.
Variation. Length: 8.0-8.2 mm, length of elytra: 5.5-6.1 mm, width: 4.3-4.8 mm.
Female. Unknown.

Distribution. See Fig. 6.7D.

Maladera kishi sp. nov.
Figs 6.4E-H, 6.7E, 6.8D

Diagnosis. Maladera kishi sp. nov. is in external morphology very similar to M.
haniel sp. nov. Differs by lack of tubercle on abdominal sternite I11 as well as by the
shape of parameres: the fused parameres (distal aedeagal process) is simply pointed
and not bifurcate, while the lateral process on left side is more robust.

Etymology. The new species is named for Suresh Benjamin’s daughter, Kishi P. L.
Benjamin (noun in apposition).

Type material examined

Holotype

SRI LANKA « J; “X-SR0724, Sri Lanka, Kandy District, Deenston, Knuckles South,
7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz & Ranasinghe, Black
light”; ZFMK.

Paratypes

SRI LANKA « 1 &; “X-SR0730, Sri Lanka, Kandy District, Deenston, Knuckles
South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz & Ranasinghe,
Black light”; ZFMK « 1 &; “X-SR0731, Sri Lanka, Kandy District, Deenston,
Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz &
Ranasinghe, Black light”; ZFMK < 1 &; “X-SR0736, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz
& Ranasinghe, Black light”; ZFMK « 1 &; “X-SR0737, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz
& Ranasinghe, Black light”; ZFMK « 1 &; “X-SR0738, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz
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& Ranasinghe, Black light”; ZFMK « 1 J&; “X-SR0739, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz
& Ranasinghe, Black light”; ZFMK « 1 J&; “X-SR0740, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz
& Ranasinghe, Black light”; ZFMK « 1 J&; “X-SR0741, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz
& Ranasinghe, Black light”; ZFMK « 1 J&; “X-SR0742, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz
& Ranasinghe, Black light”; ZFMK « 1 &; “X-SR0743, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz
& Ranasinghe, Black light”; ZFMK « 1 &; “X-SR0749, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz
& Ranasinghe, Black light”; ZFMK « 1 &; “X-SR0750, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz
& Ranasinghe, Black light”; ZFMK « 1 &; “X-SR0697, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz
& Ranasinghe, Black light”; ZFMK « 1 J; “X-SR0701, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz
& Ranasinghe, Black light”; ZFMK « 1 &; “X-SR0924, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz
& Ranasinghe, Black light”; ZFMK « 1 &; “X-SR0925, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz
& Ranasinghe, Black light”; ZFMK « 1 &; “X-SR0926, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz
& Ranasinghe, Black light”; ZFMK « 1 &; “X-SR0927, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz
& Ranasinghe, Black light”; ZFMK « 1 J&; “X-SR0929, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.3389°N, 80.8510°E, 1192m, 18-X-2019, Eberle, Bohacz
& Ranasinghe, Black light”; ZFMK « 1 &; “X-SR0565, Sri Lanka, Kandy District,
Deenston, Knuckles South, 7.33616°N, 80.85907°E; 1197m; 17-18-X-2019, Eberle,
Bohacz & Ranasinghe, Black light”; ZFMK « 1 &; “X-SR0566, Sri Lanka, Kandy
District, Deenston, Knuckles South, 7.33616°N, 80.85907°E; 1197m; 17-18-X-2019,
Eberle, Bohacz & Ranasinghe, Black light”; ZFMK « 1 J; “X-SR0936, Sri Lanka,
Kandy District, Deenston, Knuckles South, 7.33616°N, 80.85907°E; 1197m; 18-X-
2019, Eberle, Bohacz & Ranasinghe, Black light”; ZFMK « 1 J; “X-SR0546, Sri
Lanka, Kandy District, Deenston, Knuckles South, 7.33501°N, 80.85966°E; 1171m;
17-18-X-2019, Eberle, Bohacz & Ranasinghe, Black light”; ZFMK « 1 J; “X-
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SR0548, Sri Lanka, Kandy District, Deenston, Knuckles South, 7.33501°N,
80.85966°E; 1171m; 18-X-2019, Eberle, Bohacz & Ranasinghe, Black light”; ZFMK
« 1 Q “X-SR0545, Sri Lanka, Kandy District, Deenston, Knuckles South, 7.33501°N,
80.85966°E; 1171m; 18-X-2019, Eberle, Bohacz & Ranasinghe, Black light”; ZFMK
« 1 Q “X-SR0567, Sri Lanka, Kandy District, Deenston, Knuckles South, 7.33616°N,
80.85907°E; 1197m; 18-X-2019, Eberle, Bohacz & Ranasinghe, Black light”; ZFMK
« 1 Q “X-SR0700, Sri Lanka, Kandy District, Deenston, Knuckles South, 7.3389°N,
80.8510°E, 1192m; 17-X-2019, Eberle, Bohacz & Ranasinghe, Black light”; ZFMK e
1 Q@ “X-SR0725, Sri Lanka, Kandy District, Deenston, Knuckles South, 7.3389°N,
80.8510°E, 1192m; 18-X-2019, Eberle, Bohacz & Ranasinghe, Black light”; ZFMK e
1 @ “X-SR0799, Sri Lanka, Kandy District, Deenston, Knuckles South, 7.33501°N,
80.85966°E; 1171m; 18-X-2019, Eberle, Bohacz & Ranasinghe, Black light”; ZFMK
« 1 @ “X-SR0800, Sri Lanka, Kandy District, Deenston, Knuckles South, 7.33501°N,
80.85966°E; 1171m; 18-X-2019, Eberle, Bohacz & Ranasinghe, Black light”; ZFMK.

Description.
MEASUREMENTS. Length: 9.2 mm, length of elytra: 6.6 mm, width: 5.2 mm.

HABITUS AND COLORATION. Body short oval, dark brown, antenna yellow,
dorsal surface shiny, finely densely setose.

HEAD. Labroclypeus short and trapezoidal, wider than long, widest at base, lateral
margins strongly convex and convergent to widely rounded anterior angles, lateral
border and ocular canthus producing an indistinct blunt angle, margins weakly
reflexed, anterior margin not sinuate medially; surface slightly convex, finely and
densely punctate, distance between punctures smaller than their diameter, with
numerous erect setae in larger punctures; frontoclypeal suture indistinctly incised and
bluntly bent medially; smooth area in front of eye approximately three times as wide
as long; ocular canthus long and narrow, minutely and superficially punctate, without
a short terminal seta. Frons with fine, dense punctures, with a few long erect setae in
larger punctures. Eyes large, ratio of diameter/ interocular width: 0.81. Antenna
yellow, with ten antennomeres; club with three antennomeres, little longer than
remaining antennomeres combined. Mentum elevated and anteriorly flattened.

PRONOTUM. Wide, widest at base, lateral margins in basal half straight and weakly

convergent, in anterior half weakly convex and narrowed to anterior angles, anterior
angles moderately produced and sharp, anterior marginal line fine and complete,
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anterior margin convexly produced medially; surface finely densely punctate, with
moderately dense, short and fine setae and dense long erect setae being directed
anteriorly; anterior and lateral borders sparsely setose, basal margin without marginal
line; hypomeron ventrobasally carinate and slightly produced ventrally. Scutellum
short and wide, triangular, with fine and dense punctures, with short, dense, fine
setae.

ELYTRA. Short oval, widest shortly behind middle, striae distinctly impressed, finely
and densely punctate, intervals weakly convex, with moderately fine, dense punctures
and with dense, fine, short setae as well as with sparse long erect setae; epipleural
edge fine, ending at the weakly convex external apical angle of elytra, epipleura
densely setose; apical border narrowly membranous, apex covered with short
microtrichomes.

VENTRAL SURFACE. Shiny, thorax and metacoxa with large and dense punctures,
sparsely setose, metacoxa with minute adjacent setae in the punctures except for
numerous long setae laterally, apical margin weakly convex, without a wide rim of
long white microtrichomes; each abdominal sternite, in addition to evenly distributed
fine and dense punctures bearing each a fine seta, with a distinct transverse row of
coarse punctures each bearing a long and more robust seta, penultimate sternite
apically with a shiny smooth chitinous border, which is a quarter as long as the
sternite. Mesosternum between mesocoxae as wide as mesofemur, with a semi-
circular ridge bearing robust setae. Ratio of length of metepisternum/ metacoxa: 1/
1.8. Pygidium moderately convex, moderately finely and densely punctate, without
smooth midline, punctures with short and dense, adjacent setae as well as with dense,
long, erect setae.

LEGS. Short and wide; femur with two longitudinal rows of setae, finely and densely
punctate; metafemur shiny, anterior edge acute, lacking an adjacent serrated line,
ventral surface densely punctate and setose, posterior ventral margin straight, only
little widened in apical half, finely indistinctly serrate apically, dorsally not serrated,
glabrous. Metatibia short, widest at middle, posteriorly only very slightly narrowed,
ratio width/ length: 1/ 2.4, dorsally sharply carinate, with two groups of spines, basal
well behind middle, apical one at four fifths of metatibial length, basally beside
dorsal margin with two single punctures with serrated margins, each bearing a single
robust spine and beside them a longitudinal serrated line; lateral face almost flat, with
dense, large punctures and with fine setae in the punctures; ventral margin with five
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strong spines equidistant from each other, medial face smooth, apex interiorly near
tarsal articulation shallowly concave. Meso- and metatarsomeres finely and sparsely
punctate but glabrous dorsally, ventrally with sparse, short setae; metatarsomeres
ventrally with a strongly serrated ridge, beside which is a strong longitudinal carina;
first metatarsomere little shorter than following two tarsomeres combined and as long
as dorsal tibial spur. Protibia short, bidentate. All claws symmetrical, feebly curved
and long, with normally developed basal tooth.

AEDEAGUS. Fig. 6.4E-G.
HABITUS. Fig. 6.4H.
Variation. Length: 8.9-9.2 mm, length of elytra: 6.6-7.1 mm, width: 5.1-5.6 mm.

Female. Length: 9.0-9.3 mm, length of elytra: 7.0-7.5 mm, width: 5.4-5.7 mm. Eyes
as large as in male; antennal club little shorter than the remaining antennomeres
combined.

Distribution. See Fig. 6.7E.

Maladera windy sp. nov.
Figs 6.41-L, 6.7F, 6.8E

Diagnosis. The new species is very similar to M. pubescens (Arrow, 1916) and M.
dambullana sp. nov. as well as M. bisornata Fabrizi & Ahrens, 2014. Maladera windy
differs from the first two by the distal aedeagal lobe (i.e, the fused parameres) having
a basal lateral lobe with grater-like surface, the ventral process of phallobase is
shorter, less pointed and not mesally extended; from M. bisornata, M. windy sp. nov.
differs by the longer and slightly reflexed distal aedeagal lobe (i.e, the fused
parameres).

Etymology. The name of the new species is derived from “Windy Holiday

Bungalow”, where the research group stayed during the second expedition in
Knuckles region (noun in apposition).
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Figure 6.4. A-D Maladera haniel sp. nov., (holotype) E-H M. kishi sp. nov., (holotype) I-L
M. windy sp. nov., (holotype) A, E, | aedeagus, left side lateral view C, G, K aedeagus, right
side lateral view B, F, J parameres, dorsal view D, H, L habitus (not to scale). Scale: 0.5 mm.
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Type material examined

Holotype

SRI LANKA « J; “X-SR0769, Sri Lanka, Deenston, Knuckles South, 7.35771°N,
80.85006°E, 980m, 17-X-2019, Eberle, Bohacz & Ranasinghe, Light sheet”; ZFMK.

Paratypes

SRI LANKA « 1 &; “X-SR0757, Sri Lanka, Deenston, Knuckles South, 7.35771°N,
80.85006°E, 980m, 17-X-2019, Eberle, Bohacz & Ranasinghe, Light sheet”; ZFMK
1 &; “X-SR0790, Sri Lanka, Deenston, Knuckles South, 7.35771°N, 80.85006°E,
980m, 17-X-2019, Eberle, Bohacz & Ranasinghe, Light sheet” ZFMK 1 &; “X-
SR0580, Sri Lanka, Deenston, Knuckles South, 7.35771°N, 80.85006°E, 980m, 16-X-
2019, Eberle, Bohacz & Ranasinghe, Light sheet”; ZFMK « 1 @; “X-SR0572, Sri
Lanka, Deenston, Knuckles South, 7.35771°N, 80.85006°E, 980m, 16-X-2019,
Eberle, Bohacz & Ranasinghe, Light sheet”; ZFMK « 1 @; “X-SR0574, Sri Lanka,
Deenston, Knuckles South, 7.35771°N, 80.85006°E, 980m, 16-X-2019, Eberle,
Bohacz & Ranasinghe, Light sheet”; ZFMK « 1 @; “X-SR0575, Sri Lanka, Deenston,
Knuckles South, 7.35771°N, 80.85006°E, 980m, 16-X-2019, Eberle, Bohacz &
Ranasinghe, Light sheet”; ZFMK.

Description.
MEASUREMENTS. Length: 6.0 mm, length of elytra: 4.1 mm, width: 3.4 mm.

HABITUS AND COLORATION. Body short oval, yellowish brown, antenna yellow,
dorsal surface shiny, densely finely setose.

HEAD. Labroclypeus subtrapezoidal, distinctly wider than long, widest at base,
lateral margins weakly convex and strongly convergent to widely rounded anterior
angles, lateral border and ocular canthus producing an indistinct blunt angle, margins
moderately reflexed, anteriorly distinctly sinuate medially; surface flat, finely and
densely punctate, distance between punctures smaller than their diameter, with
numerous erect setae in larger punctures; frontoclypeal suture fine and angled
medially; smooth area in front of eye approximately twice as wide as long; ocular
canthus short and narrow, finely and densely punctate, with a single short terminal
seta. Frons with fine, dense punctures, with dense short and sparse long erect setae.
Eyes large, ratio of diameter/ interocular width: 0.85. Antenna yellow, with ten
antennomeres; club with three antennomeres, as long as remaining antennomeres
combined. Mentum elevated and anteriorly flattened.
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PRONOTUM. Moderately wide, widest at base, lateral margins weakly convex and
evenly narrowed anteriorly, anterior angles strongly produced and sharp, anterior
marginal line fine and complete, anterior margin weakly produced medially; surface
finely and densely punctate, with dense moderately long setae being bent posteriorly
on entire disc and with a few sparse longer setae being directed anteriorly; anterior
and lateral borders setose, basal margin without marginal line; hypomeron
ventrobasally carinate and slightly produced ventrally. Scutellum short and wide,
triangular, with fine and dense punctures, with fine and dense adjacent setae.

ELYTRA. Short oval, widest shortly behind middle, striae indistinctly impressed,
finely and densely punctate, intervals flat, with fine, very dense punctures, with a fine
setae similar to those of the pronotum and a few sparser ones being longer and erect
or directed anteriorly, in particular on lateral intervals; epipleural edge fine, ending at
the weakly convex external apical angle of elytra, epipleura densely setose; apical
border narrowly membranous, apex covered with short microtrichomes.

VENTRAL SURFACE. Moderately shiny, thorax and metacoxa with large and dense
punctures, densely setose, metacoxa glabrous except for numerous long setae
laterally; each abdominal sternite, in addition to evenly distributed fine and dense
punctures bearing each a fine seta, with a distinct transverse row of coarse punctures
each bearing a long and more robust seta, penultimate sternite apically with a shiny
smooth chitinous border, which is a quarter as long as the sternite. Mesosternum
between mesocoxae as wide as mesofemur, with a semi-circular ridge bearing robust
setae. Ratio of length of metepisternum/ metacoxa: 1/ 1.9. Pygidium moderately
convex, finely and very densely punctate, without smooth midline, punctures with
short and moderately dense, adjacent setae, along the apical margin with a few long
erect setae.

LEGS. Short and wide; femur with two longitudinal rows of setae, finely and densely
punctate, densely setose; metafemur shiny, anterior edge acute, lacking an adjacent
serrated line, ventral surface densely punctate and setose, posterior ventral margin
straight, only little widened in apical half and very indistinctly serrate apically,
dorsally not serrated, glabrous. Metatibia short, widest at middle, posteriorly slightly
narrowed, ratio width/ length: 1/ 2.6, dorsally sharply carinate, with two groups of
spines, basal one shortly behind middle, apical one at four fifths of metatibial length,
basally beside dorsal margin with two single punctures with serrated margins, each
bearing single spines and beside them a longitudinal serrated line; lateral face almost
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flat, with dense, fine punctures and with minute setae; ventral margin with five strong
spines equidistant from each other, medial face smooth, apex interiorly near tarsal
articulation shallowly truncate. Meso- and metatarsomeres finely and densely
punctate and setose dorsally, ventrally with sparse, short setae; metatarsomeres
ventrally with a strongly serrated ridge, beside which is a strong longitudinal carina;
first metatarsomere little shorter than following two tarsomeres combined and a little
longer than dorsal tibial spur. Protibia short, bidentate. All claws symmetrical, feebly
curved and long, with normally developed basal tooth.

AEDEAGUS. Fig. 6.41-K.

HABITUS. Fig. 6.4L.

Variation. Length: 6.0-6.4 mm, length of elytra: 4.0-4.6 mm, width: 3.2-3.4 mm.
Female. Length: 6.5-6.8 mm, length of elytra: 4.6-5.0 mm, width: 3.6-3.7 mm. Eyes
slightly smaller than in male; antennal club little shorter than the remaining
antennomeres combined.

Distribution. See Fig. 6.7F.

Maladera karunaratnae sp. nov.
Figs 6.5A-D, 7G, 8F

Diagnosis. Maladera karunaratnae sp. nov. is in external appearance similar to M.
anderssoni Fabrizi & Ahrens, 2014 and M. romanoi Fabrizi & Ahrens, 2014 being,
however, the aedeagus has no ventral hook (lateral view), just a distinct ventral
convexity at middle.

Etymology. The new species is named after Prof. Inoka Karunaratne (University of

Peradeniya), in gratitude for her kind support for this project (noun in the genitive
case).
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Type material examined

Holotype

SRI LANKA + &; “X-SR1030, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum, 7.85796°N, 80.67554°E; 181m; 13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”’; ZFMK.

Paratypes

SRI LANKA « 1 &; “X-SR1010, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum, 7.85897°N, 80.67533°E; 203m; 11-12-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK « 1 J; “X-SR1087, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum, 7.85897°N, 80.67533°E; 203m; 11-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR1025, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum, 7.85766°N, 80.67474°E; 174m; 12-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &'; “X-SR1029, Sri
Lanka, Matale District, Dambulla, NIFS Arboretum, 7.85766°N, 80.67474°E; 174m,;
12-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 J; “X-
SR1113, Sri Lanka, Matale District, Dambulla, NIFS Arboretum, 7.85796°N,
80.67554°E; 181m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK « 1 &; “X-SR0887, Sri Lanka, Matale District, Riverston, Pitawala Pathana;
7.54976°N, 80.75212°E; 902m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
light”; ZFMK « 1 Q; “X-SR1088, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum, 7.85897°N, 80.67533°E; 203m; 11-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK.

Description.
MEASUREMENTS. Length: 5.6 mm, length of elytra: 4.2 mm, width: 3.2 mm.

HABITUS AND COLORATION. Body oval, brown, antenna, ventral side, and legs
yellowish, dorsal surface with iridescent shine, densely shortly setose, elytra with
numerous single erect setae.

HEAD. Labroclypeus subtrapezoidal, wider than long, widest at base, lateral margins
weakly convex and convergent to widely rounded anterior angles, lateral border and
ocular canthus producing an blunt angle, margins moderately reflexed; anterior
margin weakly emarginate medially; surface shiny, flat, finely and coarsely, densely
punctate, with a few erect setae in larger punctures and minute setae in the remaining
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punctures; frontoclypeal suture finely incised and weakly curved; smooth area in
front of eye three times as wide as long; ocular canthus long and narrow, sparsely
finely punctate, with a single short terminal seta. Frons with toment and iridescent
shine, with fine, dense punctures and short, erect setae in punctures, with a few long,
erect setae on disc and beside eyes. Eyes extremely large, ratio of diameter/
interocular width: 1.1. Antenna yellow, with ten antennomeres; club with three
antennomeres, straight, 1.2 times as long as remaining antennomeres combined.
Mentum elevated and anteriorly flattened.

PRONOTUM. Narrow, widest at base, lateral margins weakly convex and convergent
anteriorly; anterior angles moderately produced and sharp; anterior marginal line fine
and complete, anterior margin weakly produced medially; surface finely and densely
punctate, with short erect setae in punctures, and a numerous longer erect setae in
anterior part; anterior and lateral borders sparsely setose, basal margin without
marginal line; hypomeron ventrobasally carinate and slightly produced ventrally.
Scutellum short and wide, triangular, with fine and dense punctures and setae as in
pronotum.

ELYTRA. Short oval, widest at middle, striae indistinctly impressed, finely and
densely punctate, intervals flat, with fine, dense punctures, with short setae in
punctures; odd intervals with numerous longer, erect setae around which the smaller
setae are lacking circularly; epipleural edge fine, ending at the weakly convex
external apical angle of elytra, epipleura densely setose; apical border membranous,
apex covered with a rim of short microtrichomes.

VENTRAL SURFACE. Moderately shiny, thorax and metacoxa with large and dense
punctures, densely shortly setose; metacoxa with numerous long setae laterally; each
abdominal sternite, in addition to evenly distributed fine and dense punctures bearing
each a fine seta, with a distinct transverse row of coarse punctures each bearing a
long and more robust seta, penultimate sternite apically with a narrow, shiny smooth
chitinous border. Mesosternum between mesocoxae as wide as mesofemur, with a
semi-circular ridge bearing robust setae. Ratio of length of metepisternum/ metacoxa:
1/ 2.28. Pygidium weakly convex, finely densely punctate, with short dense setae,
and numerous long setae on apical half.

LEGS. Short and wide; femur with two longitudinal rows of setae, finely and densely
punctate, densely setose; metafemur shiny, anterior edge acute, lacking an adjacent
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serrated line, ventral surface densely punctate and setose; posterior ventral margin
straight, strongly widened in apical half and very indistinctly serrate apically;
posterior dorsal margin not serrated, densely setose. Metatibia short, widest at middle,
posteriorly slightly narrowed, ratio width/ length: 1/ 2.4, dorsally sharply carinate,
with two groups of spines, basal one shortly behind middle, apical one at four fifths
of metatibial length, basally beside dorsal margin with two single punctures with
serrated margins, each bearing single spines and a longitudinal serrated line in basal
half; lateral face longitudinal convex, with dense, fine punctures and with fine white
setae in punctures; ventral margin finely serrate, with five strong spines equidistant
from each other; medial face smooth, apex interiorly near tarsal articulation shallowly
truncate. Meso- and metatarsomeres dorsally densely and fine punctate, and densely
setose, ventrally with robust, dense, short setae; metatarsomeres with a strongly
serrated ventral ridge, beside it with a strong longitudinal carina; first metatarsomere
as long as two following tarsomeres combined and as long as dorsal tibial spur.
Protibia short, bidentate. All claws symmetrical, feebly curved and long, with
normally developed basal tooth, protarsal claws asymmetric, basal tooth of inner claw
widened and bluntly truncate at apex.

AEDEAGUS. Fig. 6.5A-C.
HABITUS. Fig. 6.5D.
Variation. Length: 5.6-6.0 mm, length of elytra: 4.0-4.5 mm, width: 2.8-3.4 mm.

Female. Length: 7.0 mm, length of elytra: 5.4 mm, width: 3.6 mm. Eyes as large as in
male; antennal club little shorter than remaining antennomeres combined.

Distribution. See Fig. 6.7G.

Maladera hiyarensis sp. nov.
Figs 6.5E-H, 6.7H, 6.8G

Diagnosis. Maladera hiyarensis sp. nov. is in external appearance similar to M.
anderssoni Fabrizi & Ahrens, 2014 and M. romanoi Fabrizi & Ahrens, 2014 being,
however, stouter in shape and larger, the aedeagus has the distal part longer and
narrower. The aedeagus is also rather similar to M. badullana Fabrizi & Ahrens,
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2014, but the ventral convexity is in this new species less pronounced and the distal
portion is longer and reflexed (lateral view).

Etymology. The new species is named after its type locality “Hiyare”, (adjective in
the nominative singular).

Figure 6.5. A-D Maladera karunaratnae sp. nov., (holotype) E-H M. hiyarensis sp. nov.,
(holotype) A, E aedeagus, left side lateral view C, G aedeagus, right side lateral view B, F
parameres, dorsal view D, H habitus (not to scale). Scale: 0.5 mm.

Type material examined

Holotype

SRI LANKA + &; “X-SR1946, Sri Lanka, Galle District, Hiyare FR; 6.05959°N,
80.31503°E; 116m; 01-V11-2020; Benjamin & Ranasinghe leg.; Black light”; ZFMK.
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Description.
MEASUREMENTS. Length: 6.8 mm, length of elytra: 4.8 mm, width: 4.1 mm.

HABITUS AND COLORATION. Body oval, reddish brown, frons, disc of pronotum
and a few spots on elytra dark brown, antenna and legs yellow, dorsal surface with
iridescent shine, densely and shortly setose, elytra with numerous single erect setae.

HEAD. Labroclypeus subtrapezoidal, little wider than long, widest at base, lateral
margins weakly convex and strongly convergent to widely rounded anterior angles,
lateral border and ocular canthus producing an indistinct blunt angle, margins
moderately reflexed; anterior margin very weakly emarginate medially; surface shiny,
weakly elevated medially, finely and densely punctate, distance between punctures
equal their diameter, with a few erect setae in larger punctures; frontoclypeal suture
fine and weakly angled medially; smooth area in front of eye approximately twice as
wide as long; ocular canthus moderately long and narrow, impunctate, with a single
short terminal seta. Frons with toment and iridescent shine, with fine, dense punctures
and minute setae in punctures, with a few long, erect setae on disc and beside eyes.
Eyes large, ratio of diameter/ interocular width: 0.79. Antenna yellow, with ten
antennomeres; club with three antennomeres, straight, 1.1 times as long as remaining
antennomeres combined. Mentum elevated and anteriorly flattened.

PRONOTUM. Moderately wide, widest at base, lateral margins in basal half straight
and convergent, in anterior half weakly convex and convergent anteriorly; anterior
angles moderately produced and sharp; anterior marginal line fine and complete,
anterior margin weakly produced medially; surface finely and densely punctate, with
short setae in punctures, otherwise glabrous; anterior and lateral borders sparsely
setose, basal margin without marginal line; hypomeron ventrobasally carinate and
slightly produced ventrally. Scutellum short and wide, triangular, with fine and dense
punctures, along midline narrowly impunctate.

ELYTRA. Short oval, widest at posterior third, striae indistinctly impressed, finely
and densely punctate, intervals flat, with fine, dense punctures, with short setae in
punctures; odd intervals with a few impunctate dots which are darker and each bear at
centre an erect seta; epipleural edge fine, ending at the weakly convex external apical
angle of elytra, epipleura densely setose; apical border membranous, apex covered
with a rim of short microtrichomes.
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VENTRAL SURFACE. Moderately shiny, thorax and metacoxa with large and dense
punctures, densely shortly setose; metacoxa with numerous long setae laterally; each
abdominal sternite, in addition to evenly distributed fine and dense punctures bearing
each a fine seta, with a distinct transverse row of coarse punctures each bearing a
long and more robust seta, penultimate sternite apically with a narrow, shiny smooth
chitinous border. Mesosternum between mesocoxae as wide as mesofemur, with a
semi-circular ridge bearing robust setae. Ratio of length of metepisternum/ metacoxa:
1/ 2.24. Pygidium weakly convex, finely densely punctate, with short dense setae,
and numerous long setae along apical margin.

LEGS. Short and wide; femur with two longitudinal rows of setae, finely and densely
punctate, densely setose; metafemur shiny, anterior edge acute, lacking an adjacent
serrated line, ventral surface densely punctate and setose; posterior ventral margin
straight, strongly widened in apical half and very indistinctly serrate apically;
posterior dorsal margin not serrated, densely setose. Metatibia short, widest at middle,
posteriorly slightly narrowed, ratio width/ length: 1/ 2.4, dorsally sharply carinate,
with two groups of spines, basal one shortly behind middle, apical one at four fifths
of metatibial length, basally beside dorsal margin with two single punctures with
serrated margins, each bearing single spines and beside them a longitudinal serrated
line; lateral face longitudinal convex, with dense, fine punctures and with short setae
in punctures; ventral margin finely serrate, with five strong spines equidistant from
each other; medial face smooth, apex interiorly near tarsal articulation shallowly
truncate. Meso- and metatarsomeres dorsally sparsely and very finely punctate and
with minute setae in punctures, ventrally with robust, dense, short setae;
metatarsomeres with a strongly serrated ventral ridge, beside it with a strong
longitudinal carina; first metatarsomere as long as two following tarsomeres
combined and as long as dorsal tibial spur. Protibia short, bidentate. All claws
symmetrical, feebly curved and long, with normally developed basal tooth, distal
protarsomeres lacking in holotype.

AEDEAGUS. Fig. 6.5E-G.
HABITUS. Fig. 6.5H.
Female. Unknown.

Distribution. See Fig. 6.7H.
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Maladera dambullana sp. nov.
Figs 6.6A-D, 6.71, 6.8H

Diagnosis. The new species is very similar to M. pubescens (Arrow, 1916). Maladera
dambullana sp. nov. differs from M. pubescens by the shape of aedeagus: the ventral
distal lobe (i.e, the fused parameres) is not extended mesally but constant in width
over its entire length.

Etymology. The name of the new species is derived from its type locality
“Dambulla” (adjective in nominative case singular).

Type material examined

Holotype

SRI LANKA + &; “X-SR0269, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum, 7.85766°N, 80.67474°E, 174, 13-X-2019, Eberle, Bohacz & Ranasinghe,
Black light”; ZFMK.

Paratypes

SRI LANKA « 1 &; “X-SR0254, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”, ZFMK « 1 &; “X-SR0257, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 &; “X-SR0258, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 &'; “X-SR0259, Sri
Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m;
13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 J; “X-
SR0262, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85766°N,
80.67474°E; 174m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”,
ZFMK 1 &; “X-SR0264, Sri Lanka, Matale District, Dambulla, NIFS Arboretum;
7.85766°N, 80.67474°E; 174m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
light”, ZFMK + 1 &; “X-SR0265, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”, ZFMK « 1 &; “X-SR0266, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”, ZFMK < 1 &; “X-SR0267, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-

158



Chapter 6 New Sericini from Sri Lanka- Partll

2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 J'; “X-SR0271, Sri
Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m;
13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 J; “X-
SR0272, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85766°N,
80.67474°E; 174m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”,
ZFMK « 1 &; “X-SR0279, Sri Lanka, Matale District, Dambulla, NIFS Arboretum;
7.85766°N, 80.67474°E; 174m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
light”, ZFMK « 1 &; “X-SR0281, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”, ZFMK + 1 &; “X-SR0282, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 &; “X-SR0283, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK 1 &'; “X-SR0284, Sri
Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m;
13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 &; “X-
SR0285, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85766°N,
80.67474°E; 174m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”,
ZFMK « 1 &; “X-SR0286, Sri Lanka, Matale District, Dambulla, NIFS Arboretum;
7.85766°N, 80.67474°E; 174m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
light”, ZFMK « 1 &; “X-SR0292, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”, ZFMK « 1 &; “X-SR0297, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 &; “X-SR0300, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 &'; “X-SR0486, Sri
Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m;
13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 &; “X-
SR0489, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85766°N,
80.67474°E; 174m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”,
ZFMK 1 &; “X-SR0490, Sri Lanka, Matale District, Dambulla, NIFS Arboretum;
7.85766°N, 80.67474°E; 174m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
light”, ZFMK + 1 J&; “X-SR0491, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”, ZFMK « 1 J; “X-SR0501, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-2019; Eberle,
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Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 J; “X-SR0507, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 J'; “X-SR0510, Sri
Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m;
13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 & “X-
SR1049, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85766°N,
80.67474°E; 174m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”,
ZFMK « 1 &; “X-SR0341, Sri Lanka, Matale District, Dambulla, NIFS Arboretum;
7.85783°N, 80.67391°E; 167m; 12-13-X-2019; Eberle, Bohacz & Ranasinghe leg.;
Black light”, ZFMK « 1 J; “X-SR0363, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85783°N, 80.67391°E; 167m; 12-13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”, ZFMK « 1 J; “X-SR0414, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85796°N, 80.67554°E; 181m; 12-13-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 &; “SR0301, Sri Lanka, Matale
District, Dambulla, NIFS Arboretum; 7.85824°N, 80.67506°E; 182m; 13-X-2019;
Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 J; “X-SR0985, Sri
Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85897°N, 80.67533°E; 203m;
11-12-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”, ZFMK « 1 J; “X-
SR0209, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85907°N,
80.67587°E; 160m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”,
ZFMK « 1 &; “X-SR0210, Sri Lanka, Matale District, Dambulla, NIFS Arboretum;
7.85907°N, 80.67587°E; 160m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
light”, ZFMK « 1 Q; “X-SR0261, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”, ZFMK « 1 9; “X-SR0263, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”, ZFMK.

Description.
MEASUREMENTS. Length: 5.6 mm, length of elytra: 4.1 mm, width: 3.1 mm.

HABITUS AND COLORATION. Body short oval, yellowish brown, antenna yellow,
dorsal surface shiny, densely finely setose.

HEAD. Labroclypeus subtrapezoidal, distinctly wider than long, widest at base,

lateral margins weakly convex and strongly convergent to widely rounded anterior
angles, lateral border and ocular canthus producing an indistinct blunt angle, margins
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weakly reflexed, anteriorly shallowly sinuate medially; surface slightly convex, finely
and densely punctate, distance between punctures smaller than their diameter, with
numerous erect setae in larger punctures; frontoclypeal suture almost invisible and
strongly angled medially; smooth area in front of eye approximately twice as wide as
long; ocular canthus short and narrow, minutely and superficially punctate, with a
single short terminal seta. Frons with fine, dense punctures, with long erect setae in
the punctures. Eyes large, ratio of diameter/ interocular width: 0.85. Antenna yellow,
with ten antennomeres; club with three antennomeres, as long as remaining
antennomeres combined. Mentum elevated and anteriorly flattened.

PRONOTUM. Moderately wide, widest at base, lateral margins weakly convex and
evenly narrowed to the anterior third, anteriorly stronger convex, anterior angles
strongly produced and sharp, anterior marginal line fine but complete medially,
anterior margin weakly produced medially; surface finely and densely punctate, with
dense moderately long setae being bent posteriorly on entire disc and with a few
sparse longer setae being directed anteriorly; anterior and lateral borders setose, basal
margin without marginal line; hypomeron ventrobasally carinate and slightly
produced ventrally. Scutellum short and wide, triangular, with fine and dense
punctures, with fine and dense adjacent setae.

ELYTRA. Short oval, widest shortly behind middle, striae indistinctly impressed,
finely and densely punctate, intervals flat, with fine, very dense punctures, with a fine
setae similar to those of the pronotum and a few sparser ones being longer and erect
or directed anteriorly, in particular on lateral intervals; epipleural edge fine, ending at
the weakly convex external apical angle of elytra, epipleura densely setose; apical
border narrowly membranous, apex covered with short microtrichomes.

VENTRAL SURFACE. Moderately shiny, thorax and metacoxa with large and dense
punctures, densely setose, metacoxa glabrous except for numerous long setae
laterally; each abdominal sternite, in addition to evenly distributed fine and dense
punctures bearing each a fine seta, with a distinct transverse row of coarse punctures
each bearing a long and more robust seta, penultimate sternite apically with a shiny
smooth chitinous border, which is a quarter as long as the sternite. Mesosternum
between mesocoxae as wide as mesofemur, with a semi-circular ridge bearing robust
setae. Ratio of length of metepisternum/ metacoxa: 1/ 1.93. Pygidium moderately
convex, finely and very densely punctate, without smooth midline, punctures with
short and moderately dense, adjacent setae, along the apical margin with a few long
erect setae.
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LEGS. Short and wide; femur with two longitudinal rows of setae, finely and densely
punctate, densely setose; metafemur shiny, anterior edge acute, lacking an adjacent
serrated line, ventral surface densely punctate and setose, posterior ventral margin
straight, only little widened in apical half and very indistinctly serrate apically,
dorsally not serrated, glabrous. Metatibia short, widest at middle, posteriorly slightly
narrowed, ratio width/ length: 1/ 2.18, dorsally sharply carinate, with two groups of
spines, basal one at middle, apical one at three quarters of metatibial length, basally
beside dorsal margin with two single punctures with serrated margins, each bearing
single spines and beside them a longitudinal serrated line; lateral face almost flat,
with dense, fine punctures and with minute setae in the punctures; ventral margin
with five strong spines equidistant from each other, medial face smooth, apex
interiorly near tarsal articulation shallowly truncate. Meso- and metatarsomeres finely
and densely punctate and setose dorsally, ventrally with sparse, short setae;
metatarsomeres ventrally with a strongly serrated ridge, beside which is a strong
longitudinal carina; first metatarsomere as long as following two tarsomeres
combined and a little longer than dorsal tibial spur. Protibia short, bidentate. All claws
symmetrical, feebly curved and long, with normally developed basal tooth.

AEDEAGUS. Fig. 6.6A-C.

HABITUS. Fig. 6.6D.

Variation. Length: 5.6-6.7 mm, length of elytra: 4.1-4.6 mm, width: 3.1-3.5 mm.
Female. Length: 6.0-6.5 mm, length of elytra: 4.7-4.9 mm, width: 3.7-3.8 mm. Eyes
slightly smaller than in male; antennal club little shorter than remaining
antennomeres combined.

Distribution. See Fig. 6.71.

Maladera deenstana sp. nov.

Figs 6.6E-H, 6.7J, 6.8l

Diagnosis. Maladera deenstana sp. nov. is in external shape and shape of aedeagus
similar to M. weligamana (Brenske, 1898). The new species differs from M.
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weligamana by the mesally more compressed aedeagus and having the distal part less
narrowed towards apex (all lateral view); the apical part is less narrowed a quarter
before apex than in M. weligamana (dorsal view).

Etymology. The new species is named after its type locality “Deenston”, (adjective in
the nominative singular).

Type material examined

Holotype

SRI LANKA « @; “X-SR0187, Sri Lanka, Kandy District, Deenston, Knuckles South;
7.330824°N, 80.862032°E; 1108m; 20-11-2019; Eberle and Ranasinghe leg.; Black
light”; ZFMK.

Description.
MEASUREMENTS. Length: 8.2 mm, length of elytra: 6.1 mm, width: 4.9 mm.

HABITUS AND COLORATION. Body oval, dark brown, antenna yellow, dorsal
surface dull, densely minutely setose, elytra with moderately dense, short setae.

HEAD. Labroclypeus subtrapezoidal, distinctly wider than long, widest at base,
lateral margins weakly convex and strongly convergent to widely rounded anterior
angles, lateral border and ocular canthus producing an indistinct blunt angle, margins
moderately reflexed, anteriorly distinctly emarginate medially; surface shiny,
convexly elevated medially, finely and densely punctate, distance between punctures
equal their diameter, with a few erect setae; frontoclypeal suture fine and weakly
angled medially; smooth area in front of eye approximately twice as wide as long;
ocular canthus short and narrow, finely and densely punctate, with a single short
terminal seta. Frons dull, with fine, irregularly sparse punctures, with a few longer,
adpressed setae on disc and beside eyes. Eyes moderately large, ratio of diameter/
interocular width: 0.66. Antenna yellow, with ten antennomeres; club with three
antennomeres, little shorter than remaining antennomeres combined. Mentum
elevated and anteriorly flattened.

PRONOTUM. Moderately wide, widest at base, lateral margins weakly convex and
evenly narrowed anteriorly, anterior angles moderately produced and moderately
sharp, anterior marginal line fine and complete, anterior margin weakly produced
medially; surface finely and densely punctate, with minute setae in punctures,

163



Chapter 6 New Sericini from Sri Lanka- Partll

otherwise glabrous; anterior and lateral borders sparsely setose, basal margin without
marginal line; hypomeron ventrobasally carinate and slightly produced ventrally.
Scutellum short and wide, triangular, with fine and dense punctures, along midline
impunctate.

ELYTRA. Short oval, widest at posterior third, striae indistinctly impressed, finely
and densely punctate, intervals flat, with fine, dense punctures, with a minute setae in
punctures and a few moderately dense, short setae on lateral intervals and posterior
half; epipleural edge fine, ending at the weakly convex external apical angle of elytra,
epipleura densely setose; apical border membranous, apex covered with a rim of short
microtrichomes.

VENTRAL SURFACE. Moderately shiny, thorax and metacoxa with large and dense
punctures, densely minutely setose, metacoxa with numerous long setae laterally;
each abdominal sternite, in addition to evenly distributed fine and dense punctures
bearing each a fine seta, with a distinct transverse row of coarse punctures each
bearing a long and more robust seta, penultimate sternite apically with a narrow,
shiny smooth chitinous border. Mesosternum between mesocoxae as wide as
mesofemur, with a semi-circular ridge bearing robust setae. Ratio of length of
metepisternum/ metacoxa: 1/ 2.0. Pygidium lacking in holotype.

LEGS. Short and wide; femur with two longitudinal rows of setae, finely and densely
punctate, densely setose; metafemur shiny, anterior edge acute, lacking an adjacent
serrated line, ventral surface densely punctate and setose; posterior ventral margin
straight, strongly widened in apical half and very indistinctly serrate apically;
posterior dorsal margin not serrated, densely setose. Metatibia short, widest at middle,
posteriorly slightly narrowed, ratio width/ length: 1/ 2.9, dorsally sharply carinate,
with two groups of spines, basal one shortly behind middle, apical one at four fifths
of metatibial length, basally beside dorsal margin with two single punctures with
serrated margins, each bearing single spines; lateral face longitudinal convex, with
sparse, fine punctures and with minute setae in punctures; ventral margin finely
serrate, with five strong spines equidistant from each other; medial face smooth, apex
interiorly near tarsal articulation shallowly truncate. Meso- and metatarsomeres
impunctate and glabrous dorsally, ventrally with sparse, short setae; metatarsomeres
ventrally glabrous, with a strongly serrated ridge, beside which is a strong
longitudinal carina; first metatarsomere as long as two following tarsomeres
combined and as long as dorsal tibial spur. Protibia short, bidentate. All claws

164



Chapter 6 New Sericini from Sri Lanka- Partll

symmetrical, feebly curved and long, with normally developed basal tooth, distal
protarsomeres lacking in holotype.

AEDEAGUS. Fig. 6.6E-GC.

HABITUS. Fig. 6.6H.

Female. Unknown.

Distribution. See Fig. 6.7J.

E G H

Figure 6.6. A-D M. dambullana sp. nov., (holotype) E-H M. deenstana sp. nov. (holotype)
A, E aedeagus, left side lateral view C, G aedeagus, right side lateral view B, F parameres,
dorsal view D, H habitus (not to scale). Scale: 0.5 mm.
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Figure 6.7. Distribution of ten new species. A. Selaserica fabriziae sp. nov., B. Sel.
sororinitida sp. nov., C. Neoserica pophami sp. nov., D. Maladera haniel sp. nov., E. M. kishi

sp. nov., F. M. windy sp. nov. G. M. karunaratnae sp. nov., H. M. hiyarensis sp. nov. I. M.
dambullana sp. nov., J. M. deenstana sp. nov.

6.3.2 Updated and corrected key to species of the Maladera fistulosa group (&)

1 Pronotum glabrous on disc, sometimes a few sparse setae on lateral pronotal
disc. Anterior marginal line of pronotum widely incomplete medially............. 2
17 Pronotum densely SEtOSE. ......c.ouuiniiniiii e 13
2  Apical margin of metacoxa slightly concave, glabrous. Metatibia basally with
a longitudinal serrated line............cooiiii i 3
2> Apical margin of metacoxa straight or convex. Metatibia basally without
a longitudinal serrated line...........coovvriiiiitii e 5

3 Metatibia more stout (ratio width/ length > 1/ 3.2)
3> Metatibia more slender (ratio width/ length < 1/ 3.7). Antennal club slightly

longer than the remaining antennomeres together. Apex of aedeagus more

strongly narrowed apically, median hook

absent
ventrally

........................................ M. hortonensis Fabrizi & Ahrens, 2014
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Figure 6.8. Photographs of the habitats of the new species. A. Selaserica fabriziae sp. nov. B.
Sel. sororinitida sp. nov., C. Neoserica pophami sp. nov., D. Maladera haniel sp. nov. and M.
kishi sp. nov., E. M. windy sp. nov., F. M. karunaratnae sp. nov., G. M. hiyarensis sp. nov.,
H. M. dambullana sp. nov., I. M. deenstana sp. nov.
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43

10

10°

11

11

12

12°

Metatibia ratio width/ length: 1/ 2.8. Antennal club 1.2 times as long as
remaining antennomeres together. Apex of aedeagus apically evenly narrowed
and dorsoventrally compressed................ M. lindulana Fabrizi & Ahrens, 2014
Metatibia ratio width/ length: 1/ 3.2. Antennal club 1.5 times as long as
remaining antennomeres together. Apex of aedeagus apically widened (lateral

view), with a median hook ventrally.......................... M. dubia (Arrow,
1916)

Basis of clypeus dull...........ooiiiiiii 6
Basis of Clypeus Shiny..........ooviiiiii e 9
Metatibia wide (ratio width/ length: 1/ 2.4-2.6). Metacoxal apophysis with very
dense, evenly short, scale-like setae............cccoeviieiiiiiiiiiii e, 7

Metatibia slender (ratio width/ length: 1/ 3.0). Metacoxal apophysis without
scale-like setae. Aedeagus with a single narrowly extended tube.....................
ettt es e ee e ee nn tee senees sen e oee e - e ML SCHINtIMeisteri Fabrizi & Ahrens, 2014
Body size smaller 10 mm (ca. 8.8 mm).......... M. woodi Fabrizi & Ahrens, 2014

Body size larger 10 mm(ca. 11.8 MmM).........ooooiiiiiiiiiii e 8
Aedeagus apically deeply bifurcate......... M. kuruwitana Fabrizi & Ahrens, 2014
Aedeagus apically not incised....................coooiii M. coxalis (Moser, 1915)
Distal operculum of aedeagus enlarged apically..........................ool 10
Apex of aedeagus almost evenly narrowed, distal operculum of aedeagus not
significantly enlarged apically...............coooiiiiii i, 11

Aedeagus ventrally with a large convex elevation at middle. Distal operculum of
aedeagus moderately large, not half as wide as width of aedeagus...................
............................................................... M. fistulosa (Brenske, 1898)

Aedeagus ventrally without a large convex elevation at middle. Distal operculum
of aedeagus large, as wide as width of
AedEAQUS. ...t M. poyagana Fabrizi & Ahrens, 2014
Aedeagus ventrally with a large convex elevation at
middle...........cooii M. badullana Fabrizi & Ahrens, 2014
Aedeagus ventrally without a large convex elevation at middle.................... 12

Aedeagus strongly compressed at middle, its distal part strongly narrowed
towards apex (lateral view) and distinctly narrowed a quarter before apex (dorsal
14 (51 T M. weligamana (Brenske, 1900)
Aedeagus moderately compressed at middle, its distal part less narrowed towards
apex (lateral view) and less narrowed a quarter before apex (dorsal
14 (51 P M. deenstana sp. nov.
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13
13°
14
14°
15
15°
16
16
17
17
18
18
19

19°
20

20°

21

21

22
22

Elytra with a longitudinal row of widely separated impunctate spots each bearing
at centre a coarse puncture with an erect seta.............cocoviiiiiiiiinninnns, 14
Elytra without widely separated impunctate spots bearing at centre a coarse
puncture With an erect Seta..........o.ovvriiriiii e, 17
Body shape more elongate. Distal part of aedeagus short and wide (lateral
1 (5174 T O 15
Body shape oval. Distal part of aedeagus longer and narrower (lateral
VIBW) e M. hiyarensis sp. nov.
Aedeagus with a ventral hooKk..............ooooiiiiiiiii e 16
Aedeagus without a ventral hook. ........................ M. karunaratnae sp. nov.
Pronotum with double pilosity composed of short adjacent and long erect setae.
Aedeagus, with a sharp ventral hook before the
middle...........oo M. anderssoni Fabrizi & Ahrens, 2014
Pronotum with simple pilosity composed of short adjacent setae. Aedeagus, with
a sharp ventral hook before the apex........... M. romanoi Fabrizi & Ahrens, 2014
Pronotum and elytra with fine and significantly larger punctures.................. 18
Pronotum and elytra only with fine, dense punctures. Elytra unicoloured........ 22
Aedeagus simple, without lobes or branches. Elytral intervals with dark stripes.

................................................. M. galdaththana Ranasinghe et al., 2020

Aedeagus with apical or lateral lobes or branches. ....................... 19
Apical margin of metacoxa without setae...................ooceiiiiiiiiiiiinn.... 20
Apical margin of metacoxa with dense short setae........................ooeenee. 21
Median apophysis of metacoxa with dense, evenly short setae. Ventral metatibial
spur slightly longer than the basal
metatarSOmMere. ........ovveeiiiieieeeeaane M. brincki Fabrizi & Ahrens, 2014
Median apophysis of metacoxa with moderately dense, unevenly long setae.

Ventral metatibial spur almost as long as the two basal metatarsomeres
combined........oeiiiiii M. heveli Fabrizi & Ahrens, 2014
Ventral metatibial spur almost straight and not elongated. Median apophysis of
metacoxa with moderately dense and unevenly short
SBLAC. .. i M. uggalkaltotensis Fabrizi & Ahrens, 2014
Ventral metatibial spur strongly curved and almost as long as the three basal
metatarsomeres combined. Median apophysis of metacoxa with very dense and
evenly short setae................cooeeenenin M. diyalumana Fabrizi & Ahrens, 2014
Apical margin of metacoxa with dense, short setae.......................oooeeeeen. 23
Apical margin of metacoxa without setae................cccoeviiiiiiiiiiiininenen.. 24
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23
23’
24
24°
25
25’

26
26°

27

27

28

28

29

29°
30

30°

31
31’

32

32’
33

Colour reddish brown, body smaller than 7.5 mm
.................................................. M. tricuspidata Fabrizi & Ahrens, 2014

Colour dark reddish brown, body larger than 8.0 mm.................................
................................................ M. nilaveliensis Fabrizi & Ahrens, 2014
Body smaller than 7.mm.... ... 25
Body larger than 7 mm...... ... 28
Antennal club as long as remaining antennomeres combined..................... 26
Antennal club slightly longer than the remaining antennomeres
combined..........oooveiiiiiiiiiiii, M. bisornata Fabrizi & Ahrens, 2014
Dorsal distal lobe of aedeagus simple..............coooeiiiiiiiiiiiiiieine. 27
Dorsal distal lobe of aedeagus with a long lobiform extension at the
DS ettt e M. windy sp. nov.
Ventral distal lobe of aedeagus (i.e., including the fused parameres) extremely

extended medially exceeding almost the maximum width of phallobase (dorsal
VIBW ) ettt et et e M. pubescens (Arrow, 1916)

Ventral distal lobe of aedeagus (i.e., including the fused parameres) not extended
mesally but constant in width over its entire length and being much narrower
than the phallobase (dorsal View).................coovinnene. M. dambullana sp. nov.
Aedeagus with at least two apical processes. ..........cooviiiiiiiiiiiiiiiiaeann., 29
Aedeagus with a single principal apical
PIOCESS. ..ttt ettt et e, M. yalaensis Fabrizi & Ahrens, 2014
Aedeagus with at two apical processes. 3" abdominal sternite without median
TUDICIC. .. e 31
Aedeagus with at three apical processes...........cooovivriiiiiiiiiiiiiiiiiinan... 30
3" abdominal sternite with a median tubercle. Right distal lobe of aedeagus split
[T 10 A1 1S 34
3" abdominal sternite without a median tubercle. Right distal lobe of aedeagus
not split before apex..........coooiiiiii i M. kishi sp. nov.
Median apophysis of metacoxa with dense, evenly short setae..................... 32
Median apophysis of metacoxa with moderately dense, unevenly long
SBLAC. .ttt M. mavilluensis Fabrizi & Ahrens, 2014
Aedeagus in lateral view strongly enlarged ventrally, with a marsupium-Ilike
EXCAVALION. ... M. flinti Fabrizi & Ahrens, 2014
Aedeagus in lateral not enlarged ventrally..................coooiiiiiiiiiii 33
Right lateral process of aedeagus convex at the
L]« F PP M. kandyensis Fabrizi & Ahrens, 2014
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33’ Right lateral process of aedeagus acute at the
(1] TSP M. hastata Fabrizi & Ahrens, 2014
34 Setae on disc of pronotum almost missing. Right distal lobe of aedeagus shorter,
shorter than the rest of the basal part of the phallobase, strongly narrowed
tOWArds aPeX.......oveuririiriiriiiianeaanan M. cervicornis Ranasinghe et al., 2020
34’ Setae on disc of pronotum dense. Right distal lobe of aedeagus extremely long,
as long as the rest of the basal part of the phallobase, equal in width over its
entire length. ... ... M. haniel sp. nov.

6.3.3 New distribution records
Maladera anderssoni Fabrizi & Ahrens, 2014

Material examined

SRI LANKA « 1 &; “X-SR0949, Sri Lanka, Kandy District, Deanston, Knuckles
South; 7.33082°N, 80.86203°E; 1108m; 17-X-2019; Eberle, Bohacz & Ranasinghe
leg.; Black light”; ZFMK « 1 &; “X-SR0950, Sri Lanka, Kandy District, Deanston,
Knuckles South; 7.33082°N, 80.86203°E; 1108m; 17-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0704, Sri Lanka, Kandy District,
Deanston, Knuckles South; 7.33097°N, 80.85934°E; 1190m; 18-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 J; “X-SR0705, Sri Lanka,
Kandy District, Deanston, Knuckles South; 7.33097°N, 80.85934°E; 1190m; 18-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &'; “X-SR0706, Sri
Lanka, Kandy District, Deanston, Knuckles South; 7.33097°N, 80.85934°E; 1190m;
18-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-
SR0707, Sri Lanka, Kandy District, Deanston, Knuckles South; 7.33097°N,
80.85934°E; 1190m; 18-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK « 1 &; “X-SR0709, Sri Lanka, Kandy District, Deanston, Knuckles South;
7.33097°N, 80.85934°E; 1190m; 18-X-2019; Eberle, Bohacz & Ranasinghe leg.;
Black light”; ZFMK « 1 &; “X-SR0710, Sri Lanka, Kandy District, Deanston,
Knuckles South; 7.33097°N, 80.85934°E; 1190m; 18-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0711, Sri Lanka, Kandy District,
Deanston, Knuckles South; 7.33097°N, 80.85934°E; 1190m; 18-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0922, Sri Lanka,
Kandy District, Deanston, Knuckles South; 7.33159°N, 80.86110°E; 1139m; 17-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 J'; “X-SR0923, Sri
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Lanka, Kandy District, Deanston, Knuckles South; 7.33159°N, 80.86110°E; 1139m;
17-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-
SR0559, Sri Lanka, Kandy District, Deanston, Knuckles South; 7.33501°N,
80.85966°E; 1171m; 18-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK.

Maladera bandarwelana Fabrizi & Ahrens, 2014

Material examined

SRI LANKA « 1 &; “X-SR0666, Sri Lanka, Matale District, Riverston, below the
Greenview lodge; 7.53830°N, 80.7511°E; 765m; 14-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0881, Sri Lanka, Matale District,
Riverston, below the Greenview lodge; 7.54976°N, 80.75212°E; 902m; 15-X-2019;
Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK ¢« ZFMK « 1 @; “X-SR0882,
Sri Lanka, Matale District, Riverston, below the Greenview lodge; 7.54976°N,
80.75212°E; 902m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK.

Maladera breviatella Fabrizi & Ahrens, 2014

Material examined.

SRI LANKA « 1 &; “X-SR2162, Sri Lanka, Kandy District, Udawattakele FR;
7.29590°N, 80.64224°E; 26-XI-2020; Ranasinghe & Athukorala leg.; Black light”;
ZFMK.

Maladera calcarata (Brenske, 1898)

Material examined.

SRI LANKA « 1 &; “X-SR0309, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85824°N, 80.67506°E; 182m; 13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK.

Maladera cervicornis Ranasinghe, Eberle, Benjamin & Ahrens, 2020

Material examined.

SRI LANKA « 1 J; “X-SR0621, Sri Lanka, Matale District, Riverston, Greenview
lodge; 7.53827°N, 80.75°E; 782m; 14-X-2019; Eberle, Bohacz & Ranasinghe leg.;
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Black light”; ZFMKe 1 &; “X-SR0622, Sri Lanka, Matale District, Riverston,
Greenview lodge; 7.53827°N, 80.75°E; 782m; 14-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMKe 1 &; “X-SR0623, Sri Lanka, Matale District,
Riverston, Greenview lodge; 7.53827°N, 80.75°E; 782m; 14-X-2019; Eberle, Bohacz
& Ranasinghe leg.; Black light”; ZFMK « 1 J; “X-SR0624, Sri Lanka, Matale
District, Riverston, Greenview lodge; 7.53827°N, 80.75°E; 782m; 14-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0625, Sri Lanka,
Matale District, Riverston, Greenview lodge; 7.53827°N, 80.75°E; 782m; 14-X-2019;
Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0626, Sri
Lanka, Matale District, Riverston, Greenview lodge; 7.53827°N, 80.75°E; 782m; 14-
X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &, “X-SR0653,
Sri Lanka, Matale District, Riverston, Pitawala Pathana; 7.5491°N, 80.75386°E;
880m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMKe 1 &, “X-
SR0867, Sri Lanka, Matale District, Riverston, Pitawala Pathana; 7.5491°N,
80.75386°E; 880m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK- 1 &, “X-SR0868, Sri Lanka, Matale District, Riverston, Pitawala Pathana;
7.5491°N, 80.75386°E; 880m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
light”; ZFMKe 1 &, “X-SR0869, Sri Lanka, Matale District, Riverston, Pitawala
Pathana; 7.5491°N, 80.75386°E; 880m; 15-X-2019; Eberle, Bohacz & Ranasinghe
leg.; Black light”; ZFMKe 1 &, “X-SR2237, Matale District, Riverston, Thelgamu
oya bungalow; 7.5363°N, 80.7723°E; 509m; 02-XI1-2020; Ranasinghe & Athukorala
leg.; Black light”; ZFMK.

Maladera coxalis (Moser, 1915)

Material examined.

SRI LANKA * 1 &; “X-SR0659, Sri Lanka, Matale District, Riverston, Greenview
lodge; 7.53804°N, 80.75027°E; 778m; 15-X-2019; Eberle, Bohacz & Ranasinghe
leg.; Light sheet”; ZFMK « 1 &; “X-SR0320, Sri Lanka, Matale District, Dambulla,
NIFS Arboretum; 7.85824°N, 80.67506°E; 182m, 13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0328, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85824°N, 80.67506°E; 182m, 13-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0329, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85824°N, 80.67506°E; 182m, 13-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK 1 &'; “X-SR0330, Sri
Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85824°N, 80.67506°E; 182m,
13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-
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SR0991, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85897°N,
80.67533°E; 203, 11-12-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK « 1 &; “X-SR0992, Sri Lanka, Matale District, Dambulla, NIFS Arboretum;
7.85897°N, 80.67533°E; 203, 11-12-X-2019; Eberle, Bohacz & Ranasinghe leg.;
Black light”; ZFMK « 1 &; “X-SR0993, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85897°N, 80.67533°E; 203, 11-12-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK « 1 J; “X- SR1004, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85897°N, 80.67533°E; 203, 11-12-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X- SR1005, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85897°N, 80.67533°E; 203, 11-12-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &'; “X-SR1094, Sri
Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85897°N, 80.67533°E; 203,
11-12-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-
SR1099, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85897°N,
80.67533°E; 203, 11-12-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK.

Maladera galdaththana Ranasinghe, Eberle, Benjamin & Ahrens, 2020

Material examined

SRI LANKA -« 1 &; “X-SR2048, Sri Lanka, Kandy District, Gannoruwa FR;
7.28342°N, 80.59840 °E; 592,5 m; 14-VII-2020; Ranasinghe & Athukorala leg.;
Black light” ZFMK + 1 &; “X-SR2245, Sri Lanka, Matale District, Riverston,
Thelgamu oya bangalow; 7.53635°N, 80.77234°E; 509 m; 01-X11-2020; Ranasinghe
& Athukorala leg.; Black light”; ZFMK.

Maladera kandyensis Fabrizi & Ahrens, 2014

Material examined

SRI LANKA « 1 &; “X-SR2163, Sri Lanka, Kandy District, Udawattakele FR;
7.29590°N, 80.64224 °E; 26-X1-2020; Ranasinghe & Athukorala leg.; Black light”
ZFMK + 1 &; “X-SR2045, Sri Lanka, Kandy District, Gannoruwa FR; 7.28368°N,
80.59874 °E; 578m; 15-VI1-2020; Ranasinghe & Athukorala leg.; Black light”
ZFMK.
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Maladera heveli Fabrizi & Ahrens, 2014

Material examined

SRI LANKA + 1 &; “X-SR0988, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85897°N, 80.67533°E; 203m; 11-12-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light” ZFMK « 1 J; “X-SR0989, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85897°N, 80.67533°E; 203m; 11-12-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 &; “X-SR0990, Sri Lanka, Matale
District, Dambulla, NIFS Arboretum; 7.85897°N, 80.67533°E; 203m; 11-12-X-2019;
Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 &'; “X-SR1006, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85897°N, 80.67533°E; 203m; 11-12-
X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 J&'; “X-SR1089,
Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85897°N, 80.67533°E;
203m; 11-12-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 J;
“X-SR1090, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85897°N,
80.67533°E; 203m; 11-12-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”
ZFMK « 1 &; “X-SR1091, Sri Lanka, Matale District, Dambulla, NIFS Arboretum;
7.85897°N, 80.67533°E; 203m; 11-12-X-2019; Eberle, Bohacz & Ranasinghe leg.;
Black light” ZFMK « 1 &; “X-SR1092, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85897°N, 80.67533°E; 203m; 11-12-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light” ZFMK « 1 J'; “X-SR0404, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.86011°N, 80.67441°E; 187m; 11-13-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Light sheet” ZFMK « 1 &'; “X-SR0406, Sri Lanka, Matale
District, Dambulla, NIFS Arboretum; 7.86011°N, 80.67441°E; 187m; 11-13-X-2019;
Eberle, Bohacz & Ranasinghe leg.; Light sheet” ZFMK « 1 &; “X-SR1037, Sri
Lanka, Matale District, Dambulla, NIFS Arboretum; 7.86011°N, 80.67441°E; 187m;
11-13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”; ZFMK.

Maladera iuga Fabrizi & Ahrens, 2014

Material examined

SRI LANKA « 1 &; “X-SR0543, Sri Lanka, Kandy District, Deenston, Knuckles
South; 7.35771°N, 80.85006°E; 980m; 17-X-2019; Eberle, Bohacz & Ranasinghe
leg.; Light sheet”; ZFMK « 1 &; “X-SR2000, Sri Lanka, Matale District, Dambulla,
NIFS Arboretum; 7.58507°N, 80.74714°E; 399m; 24-VI- 2020 ; Ranasinghe &
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Athukorala leg.; Black light”; ZFMK « 1 J; “X-SR2022, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.5845°N, 80.7472°E; 396m; 25-V1-2020 ; Ranasinghe,
Athukorala & Jayatissa leg.; Black light”; ZFMK.

Maladera laterita (Moser, 1915)

Material examined

SRI LANKA « 1 &; “X-SR0866, Sri Lanka, Matale District, Riverston, Pitawala
Pathana; 7.54911°N, 80.75386°E; 880m; 15-X-2019; Eberle, Bohacz & Ranasinghe
leg.; Black light”; ZFMK.

Maladera mollis (Walker, 1859)

Material examined

SRI LANKA « 1 &; “X-SR2027, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85783°N, 80.67391°E; 167m; 02-VII- 2020; Eberle, Ranasinghe &
Athukorala leg.; Black light”; ZFMK.

Maladera padaviyaensis Ahrens & Fabrizi, 2016

Material examined

SRI LANKA « 1 &; “X-SR1046, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85766°N, 80.67474°E; 174m; 13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”;

ZFMK ¢ 1 &; “X-SR1915, Sri Lanka, Matale District, Dambulla, NIFS Arboretum;
7.85796°N, 80.67554°E; 181m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
light”; ZFMK.

Maladera rufocuprea (Blanchard, 1850)

Material examined

SRI LANKA « 1 &; “X-SR0844, Sri Lanka, Galle District, Hiyare FR; 6.05871°N,
80.31538°E; 117m; 22-23-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”;
ZFMK « 1 &; “X-SR0845, Sri Lanka, Galle District, Hiyare FR; 6.05871°N,
80.31538°E; 117m; 22-23-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”;
ZFMK e« 1 &; “X-SR0846, Sri Lanka, Galle District, Hiyare FR; 6.05871°N,

176



Chapter 6 New Sericini from Sri Lanka- Partll

80.31538°E; 117m; 22-23-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”;
ZFMK + 1 &; “X-SR0847, Sri Lanka, Galle District, Hiyare FR; 6.05871°N,
80.31538°E; 117m; 22-23-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”;
ZFMK + 1 &; “X-SR0848, Sri Lanka, Galle District, Hiyare FR; 6.05871°N,
80.31538°E; 117m; 22-23-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”;
ZFMK -« 1 &; “X-SR0849, Sri Lanka, Galle District, Hiyare FR; 6.05871°N,
80.31538°E; 117m; 22-23-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”;
ZFMK + 1 &; “X-SR0850, Sri Lanka, Galle District, Hiyare FR; 6.05871°N,
80.31538°E; 117m; 22-23-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”;
ZFMK + 1 &; “X-SR0851, Sri Lanka, Galle District, Hiyare FR; 6.05871°N,
80.31538°E; 117m; 22-23-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”;
ZFMK + 1 &; “X-SR0852, Sri Lanka, Galle District, Hiyare FR; 6.05871°N,
80.31538°E; 117m; 22-23-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”;
ZFMK + 1 &; “X-SR0853, Sri Lanka, Galle District, Hiyare FR; 6.05871°N,
80.31538°E; 117m; 22-23-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”;
ZFMK + 1 &; “X-SR0854, Sri Lanka, Galle District, Hiyare FR; 6.05871°N,
80.31538°E; 117m; 22-23-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”;
ZFMK « 1 &; “X-SR0529, Sri Lanka, Kandy District, Deenston, Knuckles South;
7.35771°N, 80.85006°E; 980m; 17-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light
sheet”; ZFMK « 1 &; “X-SR0530, Sri Lanka, Kandy District, Deenston, Knuckles
South; 7.35771°N, 80.85006°E; 980m; 17-X-2019; Eberle, Bohacz & Ranasinghe
leg.; Light sheet”; ZFMK « 1 &; “X-SR0531, Sri Lanka, Kandy District, Deenston,
Knuckles South; 7.35771°N, 80.85006°E; 980m; 17-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Light sheet”; ZFMK « 1 &; “X-SR0532, Sri Lanka, Kandy District,
Deenston, Knuckles South; 7.35771°N, 80.85006°E; 980m; 17-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Light sheet”; ZFMK « 1 &; “X-SR0533, Sri Lanka,
Kandy District, Deenston, Knuckles South; 7.35771°N, 80.85006°E; 980m; 17-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”; ZFMK <1 &'; “X-SR0569, Sri
Lanka, Kandy District, Deenston, Knuckles South; 7.35771°N, 80.85006°E; 980m,;
17-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”; ZFMK <1 &; “X-
SR0570, Sri Lanka, Kandy District, Deenston, Knuckles South; 7.35771°N,
80.85006°E; 980m; 17-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”;
ZFMK « 1 &; “X-SR0571, Sri Lanka, Kandy District, Deenston, Knuckles South;
7.35771°N, 80.85006°E; 980m; 17-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light
sheet”; ZFMK « 1 &; “X-SR0752, Sri Lanka, Kandy District, Deenston, Knuckles
South; 7.35771°N, 80.85006°E; 980m; 17-X-2019; Eberle, Bohacz & Ranasinghe
leg.; Light sheet”; ZFMK « 1 J; “X-SR0753, Sri Lanka, Kandy District, Deenston,
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Knuckles South; 7.35771°N, 80.85006°E; 980m; 17-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Light sheet”; ZFMK ¢« 1 &'; “X-SR0754, Sri Lanka, Kandy District,
Deenston, Knuckles South; 7.35771°N, 80.85006°E; 980m; 17-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Light sheet”; ZFMK « 1 J; “X-SR0755, Sri Lanka,
Kandy District, Deenston, Knuckles South; 7.35771°N, 80.85006°E; 980m; 17-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”; ZFMK « 1 &'; “X-SR0762, Sri
Lanka, Kandy District, Deenston, Knuckles South; 7.35771°N, 80.85006°E; 980m,;
17-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”; ZFMK « 1 J&; “X-
SRO763, Sri Lanka, Kandy District, Deenston, Knuckles South; 7.35771°N,
80.85006°E; 980m; 17-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”;
ZFMK + 1 &; “X-SR0773, Sri Lanka, Kandy District, Deenston, Knuckles South;
7.35771°N, 80.85006°E; 980m; 17-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light
sheet”; ZFMK « 1 &; “X-SR0774, Sri Lanka, Kandy District, Deenston, Knuckles
South; 7.35771°N, 80.85006°E; 980m; 17-X-2019; Eberle, Bohacz & Ranasinghe
leg.; Light sheet”; ZFMK « 1 &; “X-SR0775, Sri Lanka, Kandy District, Deenston,
Knuckles South; 7.35771°N, 80.85006°E; 980m; 17-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Light sheet”; ZFMK « 1 &; “X-SR0779, Sri Lanka, Kandy District,
Deenston, Knuckles South; 7.35771°N, 80.85006°E; 980m; 17-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Light sheet”; ZFMK « 1 &; “X-SR0788, Sri Lanka,
Kandy District, Deenston, Knuckles South; 7.35771°N, 80.85006°E; 980m; 17-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”; ZFMK « 1 &; “X-SR0652, Sri
Lanka, Matale District, Riverston, Pitawala Pathana; 7.5491115°N, 80.7538616°E;
880m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &;
“X-SR0864, Sri Lanka, Matale District, Riverston, Pitawala Pathana; 7.5491115°N,
80.7538616°E; 880m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK « 1 &; “X-SR0865, Sri Lanka, Matale District, Riverston, Pitawala Pathana;
7.5491115°N, 80.7538616°E; 880m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.;
Black light”; ZFMK « 1 &; “X-SR0877, Sri Lanka, Matale District, Riverston,
Pitawala Pathana; 7.54976°N, 80.75212°E; 902; 15-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0878, Sri Lanka, Matale District,
Riverston, Pitawala Pathana; 7.54976°N, 80.75212°E; 902; 15-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR1082, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E; 167m; 15-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK.
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Maladera setosa (Brenske, 1896)

Material examined

SRI LANKA « 1 &; “X-SR1024, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85766°N, 80.67474°E; 174m; 12-13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK « 1 J'; “X-SR1035, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 12-13-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 J; “X-SR1047, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 12-13-
X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 J; “X-SR0372,
Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E;
167m; 12-13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &
“X-SR0457, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85783°N,
80.67391°E; 167m; 12-13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK « 1 &; “X-SR0460, Sri Lanka, Matale District, Dambulla, NIFS Arboretum;
7.85783°N, 80.67391°E; 167m; 12-13-X-2019; Eberle, Bohacz & Ranasinghe leg.;
Black light”; ZFMK « 1 &; “X-SR0465, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85783°N, 80.67391°E; 167m; 12-13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR1039, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E; 167m; 12-13-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR1052, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85783°N, 80.67391°E; 167m; 12-13-
X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0411,
Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85796°N, 80.67554°E;
181m; 12-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 ;
“X-SR0450, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85796°N,
80.67554°E; 181m; 12-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK « 1 &; “X-SR1013, Sri Lanka, Matale District, Dambulla, NIFS Arboretum;
7.85824°N, 80.67506°E; 182m; 13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
light”; ZFMK - 1 &; “X-SR0405, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.86011766°N, 80.67441844°E; 187m; 11-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK.
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Maladera tricuspidata Fabrizi & Ahrens, 2014

Material examined

SRI LANKA « 1 &; “X-SR0326, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85824°N, 80.67506°E; 182m; 13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK.

Maladera weligamana (Brenske, 1900)

Material examined

SRI LANKA « 1 J; “X-SR0815, Sri Lanka, Nuwara Eliya District, Hakgala SNR,
Seetha Eliya; 6.9307°N, 80.8134°E; 1773m; 20-XI-2019; Ranasinghe & Athukorala
leg.; Black light”; ZFMK « 1 &; “X-SR0835, Sri Lanka, Nuwara Eliya District,
Hakgala SNR, Seetha Eliya; 6.93045°N, 80.81356°E; 1789m; 20-XI-2019;
Ranasinghe & Athukorala leg.; Black light”; ZFMK.

Selaserica convexiuscula Fabrizi & Ahrens, 2014

Material examined

SRI LANKA « 1 &; “X-SR0858, Sri Lanka, Galle District, Kottawa FR; 6.09712°N,
80.3166°E; 49m; 26-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK
« 1 &; “X-SR2074, Sri Lanka, Galle District, Kottawa FR; 6.09712°N, 80.3166°E;
49m; 11-X11-2020; Ranasinghe & Athukorala leg.; Black light”; ZFMK.

Selaserica impexa Fabrizi & Ahrens, 2014

Material examined

SRI LANKA - 1 &; “X-SR0855, Sri Lanka, Galle District, Hiyare FR; 6.0587°N,
80.3153°E; 117m; 22-X-2019; Eberle, Bohacz & Ranasinghe leg.; Light sheet”;
ZFMK -« 1 J&; “X-SR0856, Sri Lanka, Galle District, Kanneliya FR; 6.2509°N,
80.340130°E; 56m; 26-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK -« 1 J&; “X-SR0857, Sri Lanka, Galle District, Kanneliya FR;6.25013°N,
80.338°E; 42m; 26-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK.
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Selaserica nuwarana Fabrizi & Ahrens, 2014

Material examined

SRI LANKA « 1 J; “X-SR2058, Sri Lanka, Nuwara Eliya District, Hakgala SNR,
Seetha Eliya; 6.9299°N, 80.81359°E; 1789m; 21-X11-2020; Ranasinghe & Athukorala
leg.; Black light”; ZFMK « 1 &; “X-SR2099, Sri Lanka, Nuwara Eliya District,
Hakgala SNR, Seetha Eliya; 6.93074°N, 80.81341°E; 1773m; 21-XI11-2020;
Ranasinghe & Athukorala leg.; Black light”; ZFMK.

Selaserica praetexta Fabrizi & Ahrens, 2014

Material examined

SRI LANKA - 1 &; “X-SR1973, Sri Lanka, Kandy District, Gannoruwa FR;
7.28329°N, 80.59819 °E; 528 m; 16-VI1-2020; Ranasinghe & Athukorala leg.; Black
light” ZFMK « 1 J&; “X-SR1974, Sri Lanka, Kandy District, Gannoruwa FR;
7.28329°N, 80.59819 °E; 528 m; 16-VI11-2020; Ranasinghe & Athukorala leg.; Black
light” ZFMK « 1 &; “X-SR1975, Sri Lanka, Kandy District, Gannoruwa FR;
7.28329°N, 80.59819 °E; 528 m; 16-VI1-2020; Ranasinghe & Athukorala leg.; Black
light” ZFMK « 1 &; “X-SR2042, Sri Lanka, Kandy District, Gannoruwa FR;
7.28329°N, 80.59819 °E; 528 m; 15-VI1-2020; Ranasinghe & Athukorala leg.; Black
light” ZFMK « 1 &; “X-SR2208, Sri Lanka, Kandy District, Gannoruwa FR;
7.28329°N, 80.59819 °E; 528 m; 25-XI1-2020; Ranasinghe & Athukorala leg.; Black
light” ZFMK « 1 &; “X-SR2209, Sri Lanka, Kandy District, Gannoruwa FR;
7.28329°N, 80.59819 °E; 528 m; 25 Nov. 2020; Ranasinghe & Athukorala leg.; Black
light” ZFMK < 1 &; “X-SR1972, Sri Lanka, Kandy District, Gannoruwa FR;
7.28342°N, 80.59840 °E; 592.5 m; 16-VI1I-2020; Ranasinghe & Athukorala leg.;
Black light” ZFMK « 1 &; “X-SR2046, Sri Lanka, Kandy District, Gannoruwa FR;
7.28342°N, 80.59840 °E; 592.5 m; 14-VII-2020; Ranasinghe & Athukorala leg.;
Black light” ZFMK « 1 &; “X-SR1970, Sri Lanka, Kandy District, Udawattakele FR;
7.29590°N, 80.64224°E; 16-V11-2020; Ranasinghe & Athukorala leg.; Black light”;
ZFMK 1 &; “X-SR2159, Sri Lanka, Kandy District, Udawattakele FR; 7.29690°N,
80.6448°E; 26-X1-2020; Ranasinghe & Athukorala leg.; Black light”; ZFMK * 1 J;
“X-SR2160, Sri Lanka, Kandy District, Udawattakele FR; 7.29690°N, 80.6448°E; 27-
X1-2020; Ranasinghe & Athukorala leg.; Black light”; ZFMK « 1 &'; “X-SR2017, Sri
Lanka, Matale District, Riverston, Pitawala Pathana, 7°55223°N, 80.75293°E, 888m);
24-V11-2020; Ranasinghe & Athukorala leg.; Black light”; ZFMK « 1 &; “X-SR2025,
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Sri Lanka, Matale District, Riverston, Pitawala Pathana, 7°55223°N, 80.75293°E,
888m; 23 -V11-2020; Ranasinghe & Athukorala leg.; Black light”; ZFMK.

Selaserica pusilla Arrow, 1916

Material examined

SRI LANKA - 1 &; “X-SR0654, Sri Lanka, Matale District, Riverston, Greenview
lodge; 7.53804°N, 80.75027°E; 778m; 15-X-2019; Eberle, Bohacz & Ranasinghe
leg.; Light sheet” ZFMK « 1 &; “X-SR0655, Sri Lanka, Matale District, Riverston,
Greenview lodge; 7.53804°N, 80.75027°E; 778m; 15-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Light sheet” ZFMK + 1 J; “X-SR0656, Sri Lanka, Matale District,
Riverston, Greenview lodge; 7.53804°N, 80.75027°E; 778m; 15-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Light sheet” ZFMK ¢ 1 J; “X-SR0627, Sri Lanka, Matale
District, Riverston, Pitawala Pathana; 7.54911N, 80.75386E; 880m; 15-X-2019;
Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 &; “X-SR0631, Sri Lanka,
Matale District, Riverston, Pitawala Pathana; 7.54911N, 80,75386E; 880m; 15-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 &; “X-SR0634, Sri
Lanka, Matale District, Riverston, Pitawala Pathana; 7.54911N, 80.75386E; 880m;
15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 J; “X-
SR0635, Sri Lanka, Matale District, Riverston, Pitawala Pathana; 7.54911N,
80.75386E; 880m; 778m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
light” ZFMK « 1 &; “X-SR0636, Sri Lanka, Matale District, Riverston, Pitawala
Pathana; 7.54911N, 80.75386E; 880m; 778m; 15-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light” ZFMK « 1 &; “X-SR0637, Sri Lanka, Matale District,
Riverston, Pitawala Pathana; 7.54911N, 80.75386E; 880m; 15-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 &; “X-SR0638, Sri Lanka, Matale
District, Riverston, Pitawala Pathana; 7.54911N, 80.75386E; 880m; 15-X-2019;
Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 & “X-SR0639, Sri Lanka,
Matale District, Riverston, Pitawala Pathana; 7.54911N, 80.75386E; 880m15-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 &; “X-SR0640, Sri
Lanka, Matale District, Riverston, Pitawala Pathana; 7.54911N, 80.75386E; 880m;
15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 &; “X-
SR0641, Sri Lanka, Matale District, Riverston, Pitawala Pathana; 7,54911N,
80,75386E; 880m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”
ZFMK « 1 &; “X-SR0642, Sri Lanka, Matale District, Riverston, Pitawala Pathana;
7,54911N, 80,75386E; 880m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
light” ZFMK « 1 &; “X-SR0643, Sri Lanka, Matale District, Riverston, Pitawala

182



Chapter 6 New Sericini from Sri Lanka- Partll

Pathana; 7,54911N, 80,75386E; 880m; 15-X-2019; Eberle, Bohacz & Ranasinghe
leg.; Black light” ZFMK « 1 &; “X-SR0644, Sri Lanka, Matale District, Riverston,
Pitawala Pathana; 7,54911N, 80,75386E; 880m; 15-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light” ZFMK « 1 J; “X-SR0645, Sri Lanka, Matale District,
Riverston, Pitawala Pathana; 7,54911N, 80,75386E; 880m; 15-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 &; “X-SR0650, Sri Lanka, Matale
District, Riverston, Pitawala Pathana; 7,54911N, 80,75386E; 880m; 15-X-2019;
Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 J'; “X-SR0651, Sri Lanka,
Matale District, Riverston, Pitawala Pathana; 7,54911N, 80,75386E; 880m; 15-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 &; “X-SR0671, Sri
Lanka, Matale District, Riverston, Pitawala Pathana; 7,54911N, 80,75386E;
880m;15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 J'; “X-
SR0672, Sri Lanka, Matale District, Riverston, Pitawala Pathana; 7,54911N,
80,75386E; 880m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”
ZFMK « 1 &; “X-SR0673, Sri Lanka, Matale District, Riverston, Pitawala Pathana;
7,54911N, 80,75386E; 880m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
light” ZFMK « 1 &; “X-SR0252, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85766°N, 80.67474°E; 174m; 12-13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light” ZFMK « 1 &; “X-SR0253, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 12-13-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 J'; “X-SR0256, Sri Lanka, Matale
District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 12-13-X-2019;
Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 J; “X-SR0287, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 12-13-
X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 &; “X-SR0295,
Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E;
174m; 12-13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 J;
“X-SR0296, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85766°N,
80.67474°E; 174m; 12-13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”
ZFMK « 1 &; “X-SR0298, Sri Lanka, Matale District, Dambulla, NIFS Arboretum:;
7.85766°N, 80.67474°E; 174m; 12-13-X-2019; Eberle, Bohacz & Ranasinghe leg.;
Black light” ZFMK « 1 J&; “X-SR0299, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85766°N, 80.67474°E; 174m; 12-13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light” ZFMK « 1 &; “X-SR0485, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 12-13-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 &'; “X-SR0487, Sri Lanka, Matale
District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 12-13-X-2019;
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Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 J'; “X-SR0504, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 12-13-
X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 &'; “X-SR0505,
Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E;
174m; 12-13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 J;
“X-SR0506, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85766°N,
80.67474°E; 174m; 12-13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”
ZFMK « 1 &; “X-SR0507, Sri Lanka, Matale District, Dambulla, NIFS Arboretum;
7.85766°N, 80.67474°E; 174m; 12-13-X-2019; Eberle, Bohacz & Ranasinghe leg.;
Black light” ZFMK « 1 J; “X-SR0508, Sri Lanka, Matale District, Dambulla, NIFS
Arboretum; 7.85766°N, 80.67474°E; 174m; 12-13-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light” ZFMK « 1 J; “X-SR0509, Sri Lanka, Matale District,
Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 12-13-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 &; “X-SR0998, Sri Lanka, Matale
District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 12-13-X-2019;
Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 J'; “X-SR0999, Sri Lanka,
Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E; 174m; 12-13-
X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 &; “X-SR1021,
Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85766°N, 80.67474°E;
174m; 12-13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light” ZFMK « 1 J;
“X-SR1033, Sri Lanka, Matale District, Dambulla, NIFS Arboretum; 7.85766°N,
80.67474°E; 174m; 12-13-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”
ZFMK « 1 &; “X-SR1048, Sri Lanka, Matale District, Dambulla, NIFS Arboretum;
7.85766°N, 80.67474°E; 174m; 12-13-X-2019; Eberle, Bohacz & Ranasinghe leg.;
Black light”; ZFMK.

Serica lurida Brenske, 1898

Material examined

SRI LANKA « 1 &; “X-SR0591, Sri Lanka, Matale District, Riverston, Pitawala
Pathana, 7°55223°N, 80.75293°E, 888m; 15-X-2019; Eberle, Bohacz & Ranasinghe
leg.; Black light”; ZFMK « 1 &; “X-SR0615, Sri Lanka, Matale District, Riverston,
Pitawala Pathana, 7°55223°N, 80.75293°E, 888m; 15-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0616, Sri Lanka, Matale District,
Riverston, Pitawala Pathana, 7°55223°N, 80.75293°E, 888m; 15-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 J; “X-SR0617, Sri Lanka,
Matale District, Riverston, Pitawala Pathana, 7°55223°N, 80.75293°E, 888m; 15-X-
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2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &'; “X-SR0618, Sri
Lanka, Matale District, Riverston, Pitawala Pathana, 7°55223°N, 80.75293°E, 888m;
15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-
SR0897, Sri Lanka, Matale District, Riverston, Pitawala Pathana, 7°55223°N,
80.75293°E, 888m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK « 1 3; “X-SR0898, Sri Lanka, Matale District, Riverston, Pitawala Pathana,
7°55223°N, 80.75293°E, 888m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
light”; ZFMK « 1 &; “X-SR0899, Sri Lanka, Matale District, Riverston, Pitawala
Pathana, 7°55223°N, 80.75293°E, 888m; 15-X-2019; Eberle, Bohacz & Ranasinghe
leg.; Black light”; ZFMK « 1 J; “X-SR0900, Sri Lanka, Matale District, Riverston,
Pitawala Pathana, 7°55223°N, 80.75293°E, 888m; 15-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0901, Sri Lanka, Matale District,
Riverston, Pitawala Pathana, 7°55223°N, 80.75293°E, 888m; 15-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0902, Sri Lanka,
Matale District, Riverston, Pitawala Pathana, 7°55223°N, 80.75293°E, 888m; 15-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK <1 J'; “X-SR0903, Sri
Lanka, Matale District, Riverston, Pitawala Pathana, 7°55223°N, 80.75293°E, 888m;
15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-
SR0904, Sri Lanka, Matale District, Riverston, Pitawala Pathana, 7°55223°N,
80.75293°E, 888m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK « 1 &; “X-SR0905, Sri Lanka, Matale District, Riverston, Pitawala Pathana,
7°55223°N, 80.75293°E, 888m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
light”; ZFMK « 1 &; “X-SR0906, Sri Lanka, Matale District, Riverston, Pitawala
Pathana, 7°55223°N, 80.75293°E, 888m; 15-X-2019; Eberle, Bohacz & Ranasinghe
leg.; Black light”; ZFMK « 1 &; “X-SR0907, Sri Lanka, Matale District, Riverston,
Pitawala Pathana, 7°55223°N, 80.75293°E, 888m; 15-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0908, Sri Lanka, Matale District,
Riverston, Pitawala Pathana, 7°55223°N, 80.75293°E, 888m; 15-X-2019; Eberle,
Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &; “X-SR0909, Sri Lanka,
Matale District, Riverston, Pitawala Pathana, 7°55223°N, 80.75293°E, 888m; 15-X-
2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 &'; “X-SR0910, Sri
Lanka, Matale District, Riverston, Pitawala Pathana, 7°55223°N, 80.75293°E, 888m;
15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”; ZFMK « 1 J; “X-
SR0911, Sri Lanka, Matale District, Riverston, Pitawala Pathana, 7°55223°N,
80.75293°E, 888m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black light”;
ZFMK « 1 &; “X-SR0912, Sri Lanka, Matale District, Riverston, Pitawala Pathana,
7°55223°N, 80.75293°E, 888m; 15-X-2019; Eberle, Bohacz & Ranasinghe leg.; Black
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light”; ZFMK « 1 &; “X-SR0913, Sri Lanka, Matale District, Riverston, Pitawala
Pathana, 7°55223°N, 80.75293°E, 888m; 15-X-2019; Eberle, Bohacz & Ranasinghe
leg.; Black light”; ZFMK « 1 J; “X-SR0914, Sri Lanka, Matale District, Riverston,
Pitawala Pathana, 7°55223°N, 80.75293°E, 888m; 15-X-2019; Eberle, Bohacz &
Ranasinghe leg.; Black light”; ZFMK.

6.4 Discussion

Although the sampling was mainly carried out at the same sites as in the first
expedition (Ranasinghe et al., 2020), we still found different species within the
assemblages, that had not been previously collected at the same site. This might be
due to seasonal change, as sampling was performed in both dry and wet seasons.
However, more thorough conclusions regarding temporal turnover of Sericini
assemblages would need long-term observation, and these data are analysed in a
separate paper, focussing particularly on the synecology of the species in relation to
their habitat. The study once more revealed a large amount of endemism, confirmed
that Sri Lanka remains unexplored, and that night active chafers are still rather poorly
represented in material from occasional, non-specialized field surveys.
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Abstract

Evolutionary success of lineages becomes visible by species diversity or
morphological disparity, but the link between both phenomena is poorly
investigated for invertebrates, particularly considering various ecochorological
scales. Here, we explore multiple tropical assemblages of phytophagous scarab
beetles (Coleoptera: Scarabaeidae) in Sri Lanka and infer their pattern of
morphospace and species diversity along forest types, elevation zones, and
collection sites. Morphospace including disparity was analysed using linear
distances measurements partitioned for three major lineages: 1) the entire
assemblage, and two sister subclades, 2) Sericini, and 3) Pleurosticts excluding
Sericini. The relation disparity versus species diversity followed two distinctive
patterns, one for the entire assemblage and Pleurosticts excluding Sericini, and
one for Sericini. For the first we found a significant correlation between diversity
and disparity between different forest types and elevation zone with size-corrected
data. The opposite was the case for the different sampling locations in which
Sericini showed significance, however, the other two lineages not. For
uncorrected raw data this tendency was similar, but less pronounced. These
patterns were corroborated by body size variation of the entire assemblage which
was observed to shrink towards higher altitudes with the general decrease of
species diversity and morphological disparity.

7.1 Introduction

Evolutionary success of lineages becomes visible by species diversity or
morphological disparity (Guillerme et al., 2020). However, the two phenomena
are not necessarily correlated (Ricklefs, 2012; Hopkins, 2013). High diversity
may be associated with high or low morphological disparity (Minelli, 2016;
Simdes et al., 2016), as can be low diversity. The informative value of disparity
on the evolutionary performance of organisms has been frequently investigated in
palaeontology (Heard & Hauser, 1995; Romano et al., 2017; Deline et al., 2018;
Romano, 2019), since discordance between taxonomic and morphological
diversity is also apparent over evolutionary timescales (Roy et al., 2004). Recent
studies of disparity specifically captured factors that affect morphological
evolution (Guillerme et al., 2020). Recognizing morphological differentiation in
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response to adaptation or in relation to rates of molecular evolution helps to
understand macroevolution of lineages, e.g., in respect of morphological key
innovations (Heard & Hauser, 1995; Eberle et al., 2014; Simdes et al., 2016;
Hopkins and Gerber, 2017; Nel et al., 2018). It has been shown that phylogenetic
sampling affects the evolutionary patterns of morphological disparity, at least
when being based on cladistic character matrices (Smith et al., 2021).
Macroevolutionary patterns are expected to be expressed in species assemblies at
various geographical scales (Jgnsson et al., 2015) and particularly at community
level (Ribera et al., 2001; Inward et al., 2011), where direct competition and stress
occur. At different chorological scales, patterns are not necessarily the same
(Ricklefs, 2012). Due to “environmental filtering”, co-occurring species are likely
to share traits that enable them to persist in a defined environment. On the other
hand, disparity in key ecological traits between sympatric species allows them to
coexist (Cardillo et al., 2008, Garcia-Navas, 2019).

Species richness is likely to increase the density of morphospace occupation
(Jensson et al., 2015; Triantis et al., 2016). Observed diversity across spatial
scales is the result of speciation and local interactions between species, primarily
of competition for shared resources (Ricklefs, 2012). Tropical regions harbour
many more species than temperate regions. Diverse rainforests with high
structural complexity possess a high number and variety of available niches
allowing the extensive co-existence of taxa with divergent functional traits
(Garcia-Navas, 2019). Studies on vertebrates suggest a general tendency for the
morphospace volume to increase with taxonomic diversity, while disparity within
defined lineages tends not to vary with richness, even for tropical-temperate
comparisons (Shepherd, 1998; Roy et al., 2004). However, there have been few
studies on this to date, and these focused on large-scale spatial patterns of
taxonomic richness vs morphological diversity, with only sparse reference to local
phenomena (Ricklefs, 2012).

Extant invertebrates have been rarely studied in this context, especially in tropical
regions (Triantis et al., 2016) and in the context of disparity vs. diversity, and if
so, often only body size rather than disparity was investigated (Brehm et al., 2019;
Salomao et al.,, 2021). Since their diversity is by several dimensions higher,
invertebrates are particularly suitable to test findings so far reported, mainly from
vertebrates. Therefore, we explore here multiple assemblages of tropical
phytophagous scarab beetles (Coleoptera: Scarabaeidae) and infer their pattern of
morphospace and species diversity along various spatial and ecological scales.
Phytophagous scarabs are a monophyletic clade (Ahrens et al., 2014; McKenna et
al., 2019) which so far is referred to as "pleurostict chafers" or Pleurosticts
(Ritcher, 1958; Ahrens et al., 2014). Pleurosticts are a very diverse group of some
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30,000 species, which rapidly diversified during the Late Cretaceous — Early
Paleogene. Adults feed unspecifically on leaves of angiosperm plants (Ahrens et
al., 2014), while larvae feed on humus and roots (Ritcher 1958). The causes for
their high diversity are yet poorly understood (Ahrens et al., 2014; Eberle et al.,
2014).

Body size and shape variation (i.e., morphospace) are assumed to reflect
differences in the species ecology and behaviour (Inward et al., 2011; Eberle et
al., 2014). Morphospace reflects at global scale the general niche occupation of
phytophagous scarab lineages (Pleurosticts) according to their different
microhabitats and foraging behaviour (Eberle et al., 2014). However, since single
lineages showed only little divergence and sampling was not yet considering local
assemblages, it remained obscure whether direct competition between species
occurred (Eberle et al.,, 2014). We addressed this by investigating the
morphospace, disparity, and species diversity in 14 different local assemblages in
Sri Lanka along an altitudinal and ecological gradient in the light of chorological
scale. At three major levels of chorological and landscape partition from regional
to local scale, represented by forest types, elevation zones, and collection sites, we
attempt to quantify the effect of direct competition among species by investigating
local-scale vs. higher spatial scale patterns of the assemblages. We expect the
morphospace of the co-occurring species to generally not overlap when
competition occurs. In absence of direct competition, we expect a link between
disparity and species diversity and thus a positive correlation at chorological and
ecological levels.

7.2 Materials and Methods

Specimens sampling

The studied species assemblage included all pleurostict chafers (Coleoptera:
Scarabaeidae) that were sampled during four field campaigns in Sri Lanka. This
tropical island is a highly suitable study area, with its topographic, climatic, and
vegetational diversity. Standardized sampling at 14 localities (L1-L14) covered
almost all major biomes, altitudinal zones (0-2500m) and different forest types
(Table S7.1, Figure 7.1). One locality (L7) was excluded from final analysis, as it
could not be sampled with the same frequency. We operated six UV-light traps
per locality. In total, 60—72 sampling events were conducted in each location
during both rainy and dry seasons. Specimens were sorted to morphospecies based
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on genital morphology using available taxonomic literature (Fabrizi & Ahrens,
2014; Ranasinghe et al., 2020).

Morphometric analysis and morphological disparity

Disparity may be assessed by qualitative characters or quantitative approaches
(body shape / morphospace) (Nel et al., 2018; Guillerme et al., 2020). For
compatibility with Eberle et al. (2014), we measured twenty linear distances
(Figure 7.2) of 384 adult specimens from 105 species (Table S7.2). Measurements
were taken directly from specimens using an ocular grid on a Wild M3Z
stereomicroscope.—Generally, the major component of variance in distance
measurements is explained through size (Jolicoeur, 1963; Eberle et al., 2014).
Therefore, we have done additional analyses that were corrected for size by log10
transformation (Mosimann & James, 1979) to render more linear relations among
variables and to obtain a similar dimension of variance (Ricklefs et al., 1981;
Klingenberg, 1996). Patterns of morphometric covariation were analysed with
principal component analysis (PCA) on raw and log-normalized data.
Morphospace disparity was calculated using PC loadings which represent >95%
cumulative variation.

Morphospace and disparity were analysed separately for three different
monophyletic lineages: 1) the entire assemblage (i.e., all Pleurosticts), 2) for
Sericini only, and 3) for Pleurosticts excluding Sericini (i.e., other Pleurosticts).
The latter two lineages are sister clades (Ahrens et al., 2014; McKenna et al.,
2019) being treated here separately to explore the impact of lineage choice (Smith
et al., 2021). Analyses were partitioned for three major chorological and
landscape entities (from regional to local scale) based on 1) forest type, 2)
elevation zone, and 3) sampling locality. Forest types included four entities: a)
evergreen wet lowland forests, b) evergreen dry lowland forests, ¢) sub-montane
forests, and d) montane forests. Elevation was partitioned in five units: EZ1: 0—
500m, EZ2: 501-1000m, EZ3: 1001-1500m, EZ4: 1501-2000m, and EZ5: 2001
2500m. At locality-level, morphospace occupation referred to actually co-
occurring species. Disparity was calculated as the mean and median of pairwise
Euclidean distances among species from resulting PC axes representing 95% of
cumulative morphospace variation for each of the three landscape partitions. The
outcome was compared with species' total body length (sum of pronotal and
elytral length).

Finally, MANOVA was performed on principal components that explained 95%
of total variation of subsets for each partition applying sequential Bonferroni
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correction. All analyses were done in PAST v. 3.25 (Hammer et al., 2001).
Finally, we assessed the Pearson coefficient between mean disparity and species
diversity for lineages and landscape partitions.
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7°N

Elevation
100-200
> 200m
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B > 1000m

B > 1500m

Bl > 2000m

Il > 2500m
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@ Dry lowland forest
® Wet lowland forest
A Submontane forest
W Montane forest

Figure 7.1. Map illustrating the location of sampling sites. L1: Aranayake; L2: Riverston;
L3: NIFS Arboretum; L4: Deenston; L5: Nuwara Eliya; L6: Horton Plains; L8: Hiyare;
L9: Kottawa; L10: Kanneliya; L11: Piduruthalagala; L12: Uda Peradeniya; L13:
Gannoruwa; L14: Udawattakele. Symbols represent different forest types; evergreen wet
lowland forest, evergreen dry lowland forest, sub-montane, montane forests.
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7.3 Results

Species diversity strongly varied among localities but generally declined from wet
lowland forest to montane forest and from the lowest elevation zone to the highest
(Figure 7.3). All assemblages included herbivore Rutelinae, Melolonthinae and
Dynastinae (Table S7.2) but not floricolous diurnal species (e.g., Cetoniinae).

Figure 7.2. Hlustration of the measured morphological traits (after Eberle et al., 2014).
Schematic drawings of a Sericini beetle, in (A) dorsal, (B) ventral, and (C) lateral aspect.
Body: BH - maximal body height, EH - maximal elytra height, EL - maximal elytra
length, Eld - maximal diagonal elytra length, EImb - length from maximal body width to
elytral apex, EW - maximal elytra width, Ewb - elytral width at middle of scutellum, PL -
maximal pronotum length, PW - maximal pronotum width; Head: ED - maximal eye
diameter, HW - maximal head with including eyes, 10D - minimal interocular distance
(dorsal view); Legs: MCL - maximal length of metacoxa, MFL - maximal length of
metafemur, MFW - maximal width of metafemur, MTL - maximal length of metatibia,
MTW - maximal width of metatibia, PFL - maximal length of profemur, PFW - maximal
width of profemur, PTL - maximal length of protibia.
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A minimum of 95% of the cumulative variation was represented by PC axis 1
(96.9%) for raw data, and by PC 1 and 2 for log-normalized data (86.8% and
7.18%, respectively) (Table S7.3). Plots of PC 1 and 2 confirmed major
morphospace divergence between principal pleurostict lineages while species of
diverse groups (Sericini, Adoretini) overlapped. Among all traits, particularly
body length and size of metacoxa contributed to divergence of morphospace
(Figure S7.3). Body length variation considerably differed between localities,
among generally smaller Sericini (4—13 mm) it was rather constant. It was higher
in wet lowland forests than any other forest type (Figure 7.3) and slightly
diminishing with increasing elevation except in Sericini.

Morphospace divergence and morphospace occupancy followed two distinctive
patterns, one for the entire assemblage and Pleurosticts excluding Sericini, and
one for Sericini. Divergence between species was generally reduced with size-
corrected data (Figures 7.3, S7.4), for Sericini it was the opposite. The
morphospace volume of the assemblages decreased from wet lowland forests, to
dry lowland forest, submontane forest, and montane forest (Figures 7.4A, S7.4A).
Montane forest species occupied less than a quarter of the entire morphospace.
The speciose Sericini again contrasted these patterns for forest types and elevation
zones. Their morphospace was more restricted and species of different forest
types and elevation zones partly overlapped considerably (Figure 7.4B, E).
Overlap was more pronounced with raw data (Figure 7.4B, E). Pleurosticts
without Sericini showed similar patterns for forest types and elevation zones as all
Pleurosticts (Figure 7.4C, F vs. 7.4A, D). No differences were observed between
the highest elevation zones (EZ4, EZ5) representing montane forest. Individual
localities (Figure S7.5a) revealed for the entire assemblage a generally limited
overlap in species' morphospace, while strong overlap occurred, also in Sericini
(Figure S7.5b), in some species-rich localities. Disparity for all lineages, except
Sericini, was similar between raw and log-normalized data, with highest mean and
median values for the wet lowland forest (Figure 7.3A; Tables S7.4, S7.5), and a
general drop from lowland to montane forest and/or higher elevations. In Sericini
disparity was almost constant but rather low.

MANOVAs on partitioned PC scores of entire assemblages showed significant
differences for log-normalized data, but differences were not significant between
sub-montane and wet lowland forest, and between dry lowland and montane
forest. Also highest elevation zones (EZ 4 vs 5) and lower elevation zones (EZ 1
vs 2/3, EZ 2 vs 3) showed no significant morphospace differences (Table S7.8).
Sericini and Pleurosticts excluding Sericini showed no significance (Table S7,
S8); the morphospace of the latter only significantly differed in EZ 5 from all
other elevation zones.
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Disparity partitioned by localities (Table S7.6, Figure 7.3C, F), revealed again
outstanding patterns of Sericini, where localities of montane forest (L5, L6, L11)
were distinct from all other. Here, MANOVA revealed maximal 25% of pairwise
locality comparisons of normalized morphospace data to be significant (Tables
S7.9, S7.10), for raw data even 50-90% less (and no significance for Pleurosticts
excluding Sericini).
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Figure 7.3. Lineage-specific disparity (A-F; mean Euclidean distances) and body size
variation (G-l) for the entire assemblages (all Pleurosticts), Sericini, and other
Pleurosticts (excluding Sericini) partitioned by forest type (A,D,G), elevation (B, E, H),
and location (C, F, 1) based on raw data (A, B, C) or log-normalized data (D, E, F).
Species numbers of lineages are shown by line graphs (A-F).

The relation of disparity versus species diversity followed again two distinctive
patterns, one for the entire assemblage and Pleurosticts excluding Sericini, and
another one for Sericini. For log-normalized data we found a significant
correlation between diversity and disparity between different forest types and
elevation zones, for all Pleurosticts and for Pleurosticts excluding Sericini, for
elevation zones only for the latter (Table 7.1). The opposite was observed for
sampling locations, for which only Sericini showed significant correlation. For
uncorrected raw data this tendency was similar, but less pronounced, and
generally not sufficiently clear to result significant.

196



Chapter 7

All pleurosticts

Disparity and diversity in chorological scales

Sericini

Other pleurosticts

045 Wet lowland (WL)
- Dry lowland (DL)
0.30 Submontane (SM)
Montane (MO)
0.15
0.00
%-0.15
=1
§-0.30
-4
-0.45
0.60
-0.75 B
3.00 4.50
¥
0.45 — EZ1
0.30
0.15
0.00 dg‘ .
= - |
=)
2-015
8
£-0.30
0.45
-0.60
-0.75 E F
1.50 0.00 1.50 3.00 4.50 -1.50 0.00 1.50 3.00 4.50
*
0.45
0.30 — L10
L9 WL
0.15 s |FA
3\ ' -_ L1
. L13
00 Q?ﬂ s 1%
L1z
§-0.15 ! — L3 DUEZ1
o — L2 SWEZz
s-ﬂ 30 L4 SMEZ3
4 — L5 MOEZ4
045 v
0.60
-1.50 0.00 1.50 3.00 4.50 -1.50 0.00 1.50 3.00 450 -1.50 0.00 1.50 3.00 4.50
PC1 96.9% PC1 96.9% PC1 96.9%
W Adoretus % Apogonia <& Brahmina © Parastasia W Mimela A\ Leucopholis | Popillia
O Anomala @ Sericini = Gametis ~+ Sophrops A Holotrichia < Dynastinae O Orphnus

Forest types

Elevation

Location
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Table 7.1 Pearson correlation between the mean disparity (derived from raw and size
reduced data) and species diversity for the entire assemblage (Pleurosticts all), Sericini,
and Pleurosticts excluding Sericini* (partitioned by forest types, elevation zones, and
localities). Significant correlation coefficients (p <0.05) are printed in bold.

Raw data Log-normal data
r P r P
Forest type
Pleurosticts (All) ~ 0.828 0.172 0.992 0.008
Sericini  -0.267 0.734 0.841 0.159
Pleurosticts (part)* 0.915 0.085 0.984 0.016
Elevation zone
Pleurosticts (All) ~ 0.875 0.052 0.810 0.097
Sericini ~ -0.099 0.874 0.261 0.672
Pleurosticts (part)* 0.902 0.036 0.890 0.043
Location
Pleurosticts (All)  -0.127 0.680 0.164 0.592
Sericini 0.651 0.016 0.774 0.002
Pleurosticts (part)* 0.280 0.355 0.445 0.128

7.4 Discussion

Our results, for the first time, corroborated a general correlation between
morphological disparity and species richness among phytophagous chafers at
different ecochorological scales showing contrasting patterns of lineages at
different geographical scale. The volume of morphospace that is occupied by
lineages is supposed to mirror the heterogeneity of the species’ ecological niches
and may thus indicate resource partitioning and competition (Inward et al., 2011).
While at larger geographical scales the relation of species diversity vs. disparity is
determined by the historical integration of a multitude of species or lineages, at
local scale assembled species compete for space and resources. If competition
occurs, we may expect an alteration between higher-scale chorological patters
(i.e., regional) versus local patterns which is what we observed here with the
phytophagous chafer assemblages.

198



Chapter 7 Disparity and diversity in chorological scales

We interpret the decreasing variation of morphospace and body size with
increasing elevation along associated forest types as reduced ecological niche
space in which generally less species co-occur (Figure 7.3). However, in contrast
to other Pleurosticts, Sericini showed almost constant size of morphospace
clusters across all landscape partitions, as well as almost constant disparity and
less pronounced altitude-related decrease of diversity (Figures 7.3, 7.4). Sericini
together with their Afrotropical sister lineage Ablaberini form the sister clade to
all other Pleurosticts (Ahrens et al., 2014; Eberle et al., 2017; McKenna et al.,
2019), therefore, the lineage incongruity in morphospace disparity cannot be
explained by different group ages. High species numbers of Sericini in particular
also at higher elevations reflect their evolutionary success (Ahrens, 2004) in
contrast to most other phytophagous Pleurosticts. This success might be linked to
adaptation to lower temperatures, for example by reduced size or optimized
digging mechanics and behaviour, which is reflected also in morphospace (Eberle
et al., 2014). This is linked with similar body size contrasts of lineages along the
elevational gradients which extends Horne et al.'s (2018) hypothesis that
temperature—body size trends of insect across altitudes are not stringent (but
sometimes present). Increased size in scarab chafers is generally linked with
significantly longer larval development: smaller species may have bivoltine cycles
(Ahrens et al., 2009), whereas larger species may have a 2- or 3-year life cycle
(Ritcher, 1958). Deviation from highly successful adaptations like faster
development is likely to result in reduced fitness of the species. Therefore, body
shape and size can become conserved, resulting in a narrow and constant
morphospace occupation. Consequently, local scale patterns of disparity among
Sericini (Figure S7.5b) go hand in hand with higher species diversity. On the
other hand, evolutionary key innovations in Sericini such as the metacoxal
enlargement or the modification of the elytral base (Eberle et al., 2014; Pacheco et
al., 2022), might have catalysed evolutionary change in other traits such as weight
reduction in Sericini (Ahrens, 2006; Eberle et al., 2014), so that directed selection
and competition would be triggered in multiple dimensions along a complex
evolutionary pathway.

Polyphagous herbivory and virtually unlimited food resources in a tropical forest
are supposed to exclude interspecific competition and to facilitate a similar
ecology of many species, particularly in Sericini (Eberle et al., 2014). Thus,
competition for food seems unsuited to explain divergence in morphospace of
Pleurosticts discussed here or earlier (Eberle et al., 2014). However, striking
morphospace divergence between pairs of sister lineages of Pleurosticts with
divergent feeding habits revealed that strong directed selection on morphospace
was linked with resource partitioning although being catalysed principally by
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other factors such as feeding related locomotion behaviour (Eberle et al., 2014).
This is also known from dung beetles for which resource competition and
partitioning is very well documented (Inward et al., 2011), also in connection with
parental care and reported parallelisms are a major indicator for selection pressure
(Emlen & Philips, 2006). Thus, from the shift of disparity patterns in assemblages
between local and regional scales, we may deduct resource competition and
partitioning also for Sericini.

Landscapes with high productivity and a multitude of ecological niches allow to
be populated by lineages with different ecological attributes. Since ecological
properties of species are reflected in their morphology (Wainwright and Reilly
1994), an increasing number of ecological niches also leads to increasing
morphological differentiation. Assemblages studied here showed higher species
richness and higher disparity in wet lowland forests and at low elevations.

However, morphological disparity can also be triggered when abiotic selective
constraints are weaker and biotic interaction and/or niche partitioning are more
important (Chartier et al., 2021). Areas with harsh environments like at higher
altitudes, with less resources and little habitat structure, allow only certain well
adapted species to survive (Garcia-Navas, 2019). Therefore, highest elevations
typically harbour the least species (McCoy, 1990), although the complexity of
climatic conditions, biogeographical history, focal taxon, as well as the
elevational and geographical extend of the mountains (Mani, 1968) are important
influencing factors. Yet, many studies report a significant decline of diversity with
increased elevation (Garcia-Lopez et al., 2012; Salomé&o et al., 2021), as reported
here. Decreasing disparity in our chafer assemblages was caused by the absence
of many unrelated species at higher elevations that were present in lower altitudes.
Factors that might explain reduced species richness in higher altitudes are lower
temperature and in result the reduced vegetation height. The first would not
favour larger species with long larval development. The latter reduces ecological
niches and increases interspecific competition. Non-overlapping clusters of
montane Sericini species in morphospace (Figure S7.5b) supported this theory by
suggesting interspecific competition. However, lowland species’ clusters were
also generally distinct (Figures 7.3, 7.4), but overlap between a few species
occurred, particularly in species rich assemblages. Thus, competition might exist
also in less harsh environments but its impact is likely less stringent due to more
ecological vacancies. It fits into this context that most closely related (and
morphologically most similar) species tend to not co-occur with each other
(Ahrens 2004; Fabrizi & Ahrens 2014) since diversification of Sericini in Asian
mountains seems to be particularly triggered by geography-driven speciation
(Ahrens, 2007; Eberle et al., 2017).
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However, in contrast to adults that may occupy the huge three-dimensional
angiosperm food space, very little is known about larval coexistence in the two-
dimensional soil layers, which might be more restrictive for coexistence of species
(Ahrens et al., 2009). Therefore, studies are needed that investigate larvae in
combination with adults in the framework of molecular phylogenies. We need to
explore more rigorously community composition at different landscape scales to
disentangle the driving forces of diversity vs disparity in the context of
assemblage evolution among pleurostict chafers. Furthermore, future studies
might consider in this point phylogenetic correction in disparity analysis (Brusatte
et al., 2011) to investigate more in detail the genealogic component of
morphospace divergence, particularly when comparing different systematic levels
(see also Eberle et al., 2014).
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7.6 Supplementary Figures
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Figure S7.3. Biplots of PC1 and 2 from principal components analysis, illustrating trait
contribution to the principal patterns of morphospace. A: raw measurements; B: log-
normalized measurements. Trait abbreviations are explained in Figure S2.
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localities.
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Figure S7.5b. Patterns of morphospace disparity of Sericini derived from raw
measurements in individual localities. Coloured dots represent single species. Locality
L12 had no Sericini recorded.
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Figure S7.6. Patterns of morphospace disparity (PCA plots of PC1 and PC2) derived
from raw and log-normalized measurements of Sericini chafers partitioned for forest
types, elevation zones, localities (enlarged visualization from Fig. 2). A, B: partitioned
for forest types; C, D: elevation zones; E, F: localities. A, C, E: from raw measurements
B, D, F: log-normalized measurements. Coloured dots represent single species, outlines
grouping according to forest types, elevation zones or localities.
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Abstract

Very little is known about factors determining the structure of megadiverse
tropical assemblages of polyphagous-herbivore scarab chafers (Coleoptera:
Scarabaeidae). Here, we examined factors determining chafer assemblage
composition, comparing the influence of ecoclimatic situation and macrohabitat
with determinants of the locality. We also explored the influence of lineage
membership and body size. Case study was the Sri Lankan fauna, which was
examined with field surveys during dry and wet seasons. We examined 4847
chafer individuals of 105 species sampled using multiple UV-light traps in 11
localities covering different forest types and altitudinal zones. Assemblages were
assessed for compositional similarity, species diversity and abundance for four
major eco-spatial partitions: forest types, elevational zones, localities, and
macrohabitats. Results revealed that assemblages were shaped mainly by locality
stochastics, and to minor extent by ecoclimatic conditions. Macrohabitat had little
effect on the assemblage composition. This was true for the entire chafer
assemblage but also for all single lineages or different body size classes.
However, in medium and large specimens contrasts between localities were less
pronounced, which was not the case for the lineages. Contrasts of assemblage
similarity between localities were much more evident than those of forest types
and elevation zones. Significant correlation between species composition and
geographic distance was found only for the assemblage of small-bodied
specimens. Seasonal change (dry-wet) in species composition was minor and only
measurable in a few localities.

8.1 Introduction

Describing and analysing biodiversity and its major patters is a key for
understanding the underlying processes and causes of diversification (Holt et al.,
2013). Taxonomy, ecology, and distribution of arthropods are, compared to plants
and vertebrates, only fragmentarily known and comprehensive data are rare
(Decaéns, 2010; Beck & Kitching, 2007; Stork et al., 2015; Nielsen, 2019). This
is particularly true for biodiversity hotspots (Myers et al., 2000). In most cases
they only rely on museum's collection specimens and thus suffer largely from
sampling bias (Santos & Quicke 2011; Echevarria et al., 2019). Nevertheless,
their often restricted dispersal capacities and their occurrence in micro-niches
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results in high endemism, fine scale and still unknown patterns (Buckley and Jets
2007; Daru et al., 2020; Baselga et al., 2022). This includes even large-bodied
taxa such as phytophagous beetles.

Diversity patterns of phytophagous beetles are known to be linked to species
turnover of their host plants (ddegaard, 2006; Kemp et al., 2017; Luo et al., 2021)
and their distribution is correlated with the region and forest type (Yotkham et al.,
2021). Other guilds, such as dung feeding beetles, respond to shade cover rather
than plant species composition, while their occurrence and relative abundance
varies according to their responses to microclimate (light intensity, temperature,
humidity) (Davis et al., 2013) or different factors (rainfall, temperature, and host
density/diversity) varying from regional to local scale as well as by responses to
current local functional ecological conditions (Tshikae et al., 2013). Such
correlation with environmental conditions, suggest that a strong role of lineage- or
species-specific traits such as dispersal capabilities or body size determines local
community composition (Murria et al., 2017). It was shown that insect body size
is affected by many climatic conditions along species ranges, especially when
they are distributed across climatic gradients at large spatial scales (Lira et al.,
2021; Romero et al., 2016; Brehm et al., 2019; Salomao et al., 2021). Changes in
body size may affect fertility, lifespan, population dynamics, and species
composition (Garcia-Robledo et al., 2020).

In contrast to most other herbivore insects being very host-specific, phytophagous
scarab chafers (Coleoptera: Scarabaeidae) feed unspecifically on leaves of a
variety of angiosperm plants and have had with worldwide ca. 30,000 extant
species a very successful follow-up evolution with angiosperms (Ahrens et al.,
2014). They spend in larval stage most of their lifetime on feeding soil humus or
roots (Ritcher, 1958). However, knowledge about their actual assemblages,
differences between habitats is even rarer (Ahrens et al., 2009; Garcia Lopez et
al., 2010, 2013). Most available studies on chafer assemblages include either
mostly only a part of the assemblage (Ahrens et al., 2007), or assemblages from a
single or a few distant localities (Ahrens et al., 2009; Garcia-Lopez et al., 2013),
despite chafers were found to be very suitable proxies for habitat conditions
(Eberle et al., 2017). Factors determining their assemblage composition so far
never have been explored.

Consequently, we investigate here the patterns of species diversity and turnover in
tropical phytophagous chafers in Sri Lanka, a global biodiversity hotspot (Myers,
2000), across different forest types, elevation zones, localities, and habitats. We
compared larger scale entities (such as forest type and elevation) versus smaller
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scale entities (such as localities and macrohabitats). We were interested in which
spatial component determines the assemblage composition, and at which extent.
In this context, we also assessed the influence of lineage membership and body
size in shaping the species composition. If body size (as proxy of dispersal
capability) had an impact assemblage composition, we would expect contrasting
patterns between entities of different spatial scales between smaller and larger
species assemblies, also in respect to phylogenetically partitioned assemblages.
This way, we expect to elucidate the dynamics of community assembly and
differentiation and to get insight to explain the high species richness and local
endemism in tropical chafers.

8.2 Materials and Methods

Study area and sampling

Four field expeditions were conducted during 2019 and 2020 (in February-March/
October-November and June-July/ November-December, respectively) during
rainy and dry seasons. Specimens were sampled using UV-light traps (Ranasinghe
et al., 2020) in 11 localities covering different forest types and altitudinal zones of
Sri Lanka (Figure S8.1). Sites were situated in evergreen wet lowland forests
(below 500m: L1, L8, L9; or above 500m: L12, L13, L14), in the evergreen dry
lowland forest (L3), in sub-montane forests (L2, L4), or in montane forests (L5,
L11) (Figure S8.1, Table S8.1). Six traps were placed in each locality at different
subsites (i.e., macrohabitats) at approximately 2 m above ground (Table S8.1).
They were positioned at the same spot for 2-3 consecutive days and ran from 6
pmto 11 pm. All traps (traps A-F) were separated by at least 100-500m distance
depending on the landscape of the locality to not influence each other. Beetles
were trapped in a sampling container with preservation liquid (96% ethanol) (for
trap design, see Ranasinghe et al., 2020; 2022). Specimens were stored in 96%
ethanol for identification and/or DNA sequencing. In total, we performed 10-12
trapping events per expedition and site, resulting in 60-72 tapping events in each
location.

Phytophagous chafers (Coleoptera: Scarabaeidae) in Sri Lanka include
Dynastinae, Melolonthinae, and Rutelinae. Specimens were identified to
morphospecies based on external and genital morphology using recent literature
(Fabrizi & Ahrens, 2014; Ranasinghe et al., 2020), some being subsequently
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examined by a specialist. Specimens are deposited in the Zoological Research
Museum A. Koenig, Bonn (ZFMK) and in the National Institute of Fundamental
Studies, Kandy, Sri Lanka (NIFS).

Assemblage characterization

Species richness and abundance was assessed by the mean number of individuals
or species per trapping event and site (i.e., total number of specimens per species
of a particular trap devised by number of used traps). This measure helped to
smooth out sampling biases due to electric failures and weather problems. Species
presence and absence data were used for the assessment of species composition
and assemblage similarity. Species accumulation curves were plotted for each trap
with the cumulative number of recorded species vs. number of cumulative
trapping events to assess sampling adequacy and comparability of the results.
Inventory completeness in each sampling locality was measured by observed
species in respect to the number of species predicted by the Chaol richness
estimator, i.e., the total number of species in each locality with lower and upper
limits (Chao & Lee, 1992; Zou & Axmacher, 2021). Sampling data (i.e.,
specimens per trap) were pooled for each trap from all four sampling campaigns
(2019 1, 2019 11, 2020 I, 2020 II). Later, data of each of the six traps were pooled
for a complete locality. A two-way cluster analysis (species vs locality) was
performed based on presence absence data using the Jaccard similarity index
(Jaccard, 1912) using PAST v. 3.25 (Hammer et al., 2001).

The alpha diversity was measured using Shannon index, Simpson index and
Evenness for each locality (Shannon, 1948; Simpson, 1949; Hill, 1973) being
calculated in PAST v. 3.25. Approximate confidence intervals for all these indices
were computed with a bootstrap procedure (number of random samples (default
9999) with 95 % confidence interval).

Partitioned assemblage assessment by body size and lineages

Differences in body size may reflect divergences in species ecology and
behaviour (Inward et al., 2011; Eberle et al., 2014; Lira et al., 2021). Thus, size
related differences in assemblage composition across different spatial scales may
provide insight to the causalities of these pattern. Therefore, observed specimens
were analysed according to these groupings: according to their body size, in three
groups: 1) smaller 7 mm; 2) 7-15 mm; 3) larger 15 mm. The respective total body
length was calculated using the sum of pronotal and elytral length (PL+EL). The
mean total body length of a species was determined by taking the mean value of
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3-5 individuals of the same species. Alternatively, species were grouped
according to their membership to phylogenetic lineages (following McKenna et
al. 2021): Dynastinae, Rutelinae, Melolonthinae (excluding Sericini), and Sericini
to explore also phylogenetic patterns of differences in assemblage composition
(Smith et al., 2021), also for comparison with body size classes.

Spatial turnover analysis

Non-metric  multidimensional ~ scaling analyses (NMDS) based on
presence/absence data (using Jaccard similarity indices) were performed for four
major spatial components i.e. (forest types, elevational zones, localities, and
habitats). For this purpose, each single trap was assigned for a particular spatial
component (Table S8.1). Forest types included four entities: a) evergreen wet
lowland forests, b) evergreen dry lowland forests, ¢) sub-montane forests, and d)
montane forests. Elevation was partitioned in five units: EZ1: 0-500 m, EZ2:
501-1000 m, EZ3: 1001-1500 m, EZ4: 1501-2000 m, and EZ5: 2001-2500 m.
Localities included the individual sampling localities. Habitat types included
seven entities: abandoned plantation, grassland, rock outcrop, hilltop, forest edges,
central forest, and disturbed forest. NMDS ordination was performed on the full
data set. Entities of spatial components (i.e., forest types, elevational zones,
localities, and habitats) were subsequently mapped on the ordination results.
Spatial turnover analysis was performed for the full assemblage and assemblage
partitions based on body-size and phylogenetic lineage membership (see above).
In this context, also the association between qualitative species composition
similarity and geographic distances of sampling sites was estimated by linear
regression using PAST. The relation was measured for both body size groups, and
for separate phylogenetic lineages.

Seasonal turnover analysis

Seasonality can strongly impact assemblage composition. Therefore, we assessed
the seasonal turnover for single traps and localities using NMDS ordinations
based on Jaccard indices from species presence-absence data. The turnover of
species composition in time was also evaluated for the localities through ANOVA
and Kruskal-Wallis tests as implemented in PAST. Finally, we compared also
seasonal turnover for lineage- and body-size partitioned assemblage data.
Additionally, seasonal emergence patterns of Sericini were evaluated using their
total evidence presence-absence data for each month. For this group there were
available all-year collection data based on revised museum specimens (Fabrizi
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and Ahrens, 2014), and on specimens of this work. This approach of comparison
was useful to identify and compare highly seasonal and/or rare species versus
common species.

8.3 Results

A total of 4847 specimens of 105 chafer species belonging to Rutelinae,
Melolonthinae, and Dynastinae were recorded (Table S8.2). Species richness
estimators suggested >89% of total species inventory had been captured. While
82% of the individual locality assemblages showed more than 84% of sampling
completeness (in terms of species composition), in two cases sampling
completeness was, with less than 50%, quite low (L9, L14) (Table S8.3). Species
accumulation curves for individual localities showed that about 80% of its local
assemblage has been captured in less than half of the total trapping events (before
34™ trapping event) (Figure S8.2). Similarly, species accumulation curves for
individual traps showed that about 80% or slightly more of the expected species
has been captured before its sixth trapping event (i.e., half of the total trapping
events for individual trap).

Melolonthinae was the most speciose subfamily (n=79), for which the highest
number of individuals was recorded (n=2504). Dynastinae had the lowest number
of species (n=8) and individuals (n=38), for Rutelinae we recorded 18 species in
531 exemplars. Among the Melolonthinae, Sericini was the most speciose
accounting 44.7% of all species (Figure 8.1). Many species were geographically
restricted, 67 species out of 105 (64% of total assemblage) were found exclusively
at just one site. L3 showed the highest alpha diversity and L13 showed the lowest
(Table S8.3). These patterns are also reflected by the results of the two-way
cluster analysis, once for the species occurring in different localities, and for the
different localities being encountered for the different species (Figure 8.2). This
way we could identify species with similar occurrence pattern.
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Figure 8.1. Total number of species (species richness) in different locations and in four
field campaigns; A,B. based on subfamily level/separate lineages; C,D. assemblage
sorted for body size.

Spatial turnover

Ordination analysis on species presence/absence data (NMDS) of the full chafer
assemblage showed generally different patterns between the different spatial
components (Figure 8.3A,F,K,P). The largest overlap of the clusters of entities
was observed for the macrohabitats, while overlap in forest types, elevation and
localities was limited to a few single entities. Here, most entities were well-
separated, the distances between them almost similar between entities of the same
spatial component, and similar patterns were also observed for single lineages, but
differences between the single entities (e.g., elevation zones or forest types) were
less pronounced with slightly larger overlaps. For Dynastinae, patterns were not

robust due to low representation (Figure 8.3). Species composition in the localities
of montane forests (L5, L11) resulted generally more similar (Figure 8.3), while
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assemblages of dry lowland forest were dissimilar for single lineages while there
was an overlap for the full assemblage analysis.

NMDS on species presence/absence data for the three different body size classes
showed similar overall patterns: large overlap for all partitions in macrohabitats,
and moderate to clear distinction for ecoclimatic zones (elevation, forest type) and
localities. Small and medium-sized assemblages showed somewhat contrasting
patterns for assemblages of large-bodied specimens for forest types, elevation
zones and localities (Figure 8.4), particularly because the latter was more poorly
sampled in terms of species and recorded localities. Again, spatial entities (e.g.,
elevation zones, or forest types) in partitioned analyses were less different than for
the full assemblage data (Figure. 8.4).
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Figure 8.2. Dendrogram from species presence data. Results of a UPGMA clustering of
localities is shown at the lower left of the figure, with 1000 bootstraps. Black square:
Presence; White square: Absence.
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Figure 8.3 NMDS analyses of assemblages from single trapping events separated by taxa
and different spatial and eco-spatial partitions; forest types (A-E), elevation zones (F-J),
localities (K-O) and habitats (P-T). Partitions are enclosed by convex hulls. Multiple
traps from one locality have the same colour and colours correspond to Figure S8.1. The
ordination was based on presence/absence data (Jaccard index).

A linear regression analysis showed overall no significant correlation (r= -0.029,
p=0.831), between species composition similarity and geographic distance among
localities (Figure 8.5). The relation was also tested for the assemblage partitioned
by body size and lineages (Table S8.4), but a significant dependence between
species composition and geographic distance was found only for the assemblage
of small-bodied specimens (r= -0.344, p=0.02).

Seasonal turnover

Species richness and abundance varied significantly between four field campaigns
(ANOVA, p<0.01) (Figure 8.1B). Species turnover among single traps between
four campaigns was not showing any difference in species composition (Figure
8.6). When data from each of the six traps were pooled for single locality and
field campaign, seasonal species turnover of localities varied between 19-61%
(Table S8.5). Kruskal-Wallis test for individual localities showed that L1, L2, L3,
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L9 had significantly different seasonal species turnover, while other localities did
not show any significant species turnover with the season (Table S8.5). Among
four studied campaigns, February (20191) and December (202011) campaigns
showed the highest faunal similarity (i.e., 49.2%) and lowest similarity (17%) was
found between October (201911) and June (20201) campaigns (Table S8.6).
Species turnover among four campaigns varied for lineage and body size
partitioned assemblage data, which showed significant difference except for large-
bodied and Dynastinae (Table S8.6).
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The comparison of our seasonal distribution data with the detailed seasonal
occurrence of Sericini of Fabrizi and Ahrens (2014) and Ranasinghe et al. (2020,
2020), revealed that some species were found to be highly seasonal, particularly
the rare species recorded with one or two individual’s occurrences only, while
some species were found all over the year (Table S8.7). Species diversity and
overall abundance of Sericini, varied greatly between months as two peaks were
observed in March and October in terms of both number of species and
individuals. In contrast to that, overall low species and individual numbers during
monsoon period (June—July) were low (Figure S8.3).

8.4 Discussion

In this study, we investigated for the first time the components determining chafer
assemblage composition, comparing the impact of the ecoclimatic situation with
macrohabitat and locality stochastics on the similarity of investigated entities.
Locality stochastics represent a not further investigated multi-factor ensemble that
includes all environmental conditions at local scale such macrohabitat,
biogeography, edaphic conditions, land use, local climate and exposition to rain
and radiation. We also explored the influence of lineage membership and body
size on assemblage composition across larger scale entities (such as forest type
and elevation) versus smaller scale entities (such as localities and macrohabitats).
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The comparison of chafer assemblage composition using different spatial and
ecological scales revealed that assemblages were shaped mainly by locality
stochastics, and to minor extent to the ecoclimatic conditions rather than by
macrohabitat. This was true for entire chafer assemblage but also for all single
lineages or different body size classes. NMDS plots of faunal similarity had the
largest overlaps among macrohabitat entities. In contrast to that overlap for forest
types, elevation zones, and localities was limited. However, in medium and large
specimens, contrasts between localities were less pronounced, which was not the
case for the lineages.
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Figure 8.6. NMDS analyses of assemblages from single trapping events separated by
sampling locality in the course of four field campaigns (2019 I, 2019 11, 2020 I, 2020 II).
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Although investigated macrohabitats were highly diverse, from ‘forest’ to
‘grassland’ to ‘abandoned plantation’, and they are known to provide multiple
niches (Bosc et al., 2019) for chafer species, only a few species were recorded for
specific habitats. Most species sorted rather by their locality rather than by
macrohabitat. This could be partly explained by the trapping method used, as fully
winged chafer beetles can arrive from other habitats over certain distances within
the same locality or even to adjacent localities. However, there was no relation
between species composition (for total assemblage) and geographic distance
(Figure 8.5), even for adjacent localities situated in the same forest type also in the
same mountain range (e.g., L2, L4). This observation is not surprising as previous
studies have also shown high turnover rates of assemblage composition at higher
elevations independently from geographical distance (Garcia Lopez et al., 2010).
The resulting significant correlation reported here for the assemblage of small-
bodied specimens is definitively linked to their limited dispersal capacity.
Additionally, influence from biogeographical factors should also be considered in
this context (Kemp et al., 2017) as several sampling localities are situated in the
central highlands within complex mountain systems (escarpments, ridges, or
peaks) which can act as geographical barriers (Meegaskumbura et al., 2015) for
dispersal (Perez et al., 2018).

Some of the divergent similarity patterns retrieved for the full assemblage (Figure
8.3A, F), for example between wet lowland forest and submontane forest or
between elevation zone 1 and 2, which are in turn not encountered for any of the
single lineages, reveal that occurrences of entire lineage members may also
impact on the apparent differentiation. The latter case is merely just caused by a
lack of Dynastinae and/or larger-bodied species in higher elevations/ submontane
forests since low temperatures do not favour larger species with long larval
development. In fact, even in mountain ranges with larger amplitudes of
elevations, the altitudinal differentiation of the fauna and assemblages in
phytophagous chafers is rather poor (Ahrens, 2004) compared to other insects
(Mani, 1968).

The strong divergence revealed for localities is in line with the rather high degree
of endemism in many phytophagous lineages (Ahrens & Fabrizi, 2016), despite
their rather large body size. Their assemblage pattern across local spatial scales
can be explained not only by poor dispersal capacities, but also because
emergence times are short compared to the entire life span, while endogenous
larvae do not disperse; and emergence during early night time often falls together
with heavy monsoon rains which narrow down the time window for potential
dispersal flights.
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Other lineages composed of larger species, such as Dynastinae, have greater
dispersal ability compared to smaller Rutelinae and Melolonthinae (Garcia Lopez
et al., 2013), and this has an impact on the faunal divergence pattern of
assemblages as shown as pronounced larger overlaps across different spatial
scales. However, we should not neglect lineage-specific sampling bias with the
used UV-light traps regarding the poorly sampled Dynastinae, in terms of species
and recorded localities.

Seasonality and weather patterns may strongly impact the patterns of assemblage
composition in ecofaunistic analyses (Gongalves, 2020; De Oliveira et al., 2021).
However, due to the tropical climate as well as with minor dry-wet seasonal
change together with monsoon effect in Sri Lanka (de Costa, 2008), rainy seasons
and dry seasons are alternating in shorter intervals, and quite constant temperature
and humidity throughout the year with continuously available food resources, thus
minor fluctuations of species numbers may have an influence even in the tropical
ecosystems. Many of our localities (except L1-L3, L9) did not show a significant
seasonal species turnover. Most of these exceptional localities experience stronger
dry-wet fluctuations than other localities according to their position in the island.
Similarly, short term meteorological events (Ahrens et al., 2009) also influence
capture rates and hence species composition in short-term surveys. In this context,
the record of rare species, which of course are expectedly linked to the amount of
collection efforts, might strongly influence the outcome.
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8.6 Supplementary Figures
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Figure S8.1. Map of Sri Lanka showing sampling sites. L1: Aranayake; L2: Riverston;
L3: NIFS Arboretum; L4: Deenston; L5: Nuwara Eliya; L6: Horton Plains; L7:
Belihuloya; L8: Hiyare; L9: Kottawa; L10: Kanneliya; L11: Piduruthalagala; L12: Uda
Peradeniya; L13: Gannoruwa; L14: Udawattakele. Symbols represent different forest
types.
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Chapter 9

General discussion and conclusions

The study contributed considerably to the knowledge of scarab chafer biology,
including their diversity, morphology, morphospace disparity, factors determining
assemblage composition and synecology.

The standardized six-UV light trap sampling design allowed a detailed research
on chafer assemblage diversity, turnover and their ecology. Standardized
sampling encompassed 15 localities (L1-L15), covering different forest types
(evergreen wet lowland forests, evergreen dry lowland forest, sub-montane forests
and montane forests) along an elevational gradient (0-2500m). In total, 60—72
sampling events were conducted in most localities during both the rainy and dry
seasons. Therefore, a quantitatively comparable sample which sufficiently
represents the entire locality was obtained for subsequent analyses.

The extensive fieldwork revealed the high amount of endemism and confirmed
how unexplored Sri Lanka is yet. Although the sampling was mainly carried out at
the same sites repeatedly during four expeditions, different species within the
assemblages were found that had not been previously collected. This might be due
to seasonal change, as sampling was performed in both dry and wet seasons.
Hence ‘new or rare’ species were reported in each expedition. Efforts on
additional and more intensive sampling with light traps closer to remnant forest
areas and not yet explored areas off the so far protected areas, may reveal further
unknown taxa but also complete the knowledge of the fauna in a more
comprehensive way, covering the entire land surface and landscape diversity of
the Island.

During the study, fourteen new species of the Sericini were described.
Consequently, the Sri Lankan fauna of Sericini now comprises 91 species, of
which 81 are endemic. The study once more revealed a large amount of
endemism, confirming that Sri Lanka remains unexplored, and that night active
chafers are still rather poorly represented in material from occasional, non-
specialized field surveys. Especially, most of the northern and eastern regions of
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the country, located in the dry zone, have received limited sampling coverage, and
that future surveys should focus on these regions.

The study confirmed that COI barcode data alone are unlikely to correctly delimit
all species, in particular, when using only a single delimitation approach. The
study showed that different delimitation methods (i.e., PTP, TCS, ABGD, ASAP
and BIN assignments) resulted in different numbers of MOTUs and the
congruence of delimitation between MOTUs and morphospecies expressed by the
match ratio was low. A comparison of the outcome of all DNA-based species
delimitation methods using Principal Coordinate Analysis (PCoA) based on
pairwise match ratios, in which no method neither matched the other nor the
morphospecies, confirmed this further.

Our study strongly discouraged approaches of a minimalist taxonomic procedure
(Sharkey et al., 2021a, b) defining (new) species based on COIl barcode data
alone, using a single species delimitation approach only and without
morphological reference diagnoses. A stable and robust nomenclature is the basis
of clear communication and scientific discussion about biodiversity. In this
manner, species entities and names provide the ‘anchor’ to which all taxonomic,
ecological, molecular and conservation data are attached (International Trust for
Zoological Nomenclature, 2008), also in legal protection and policy making
strategies.

Moreover, due to incongruent outcomes from various species delimitation
methods, particularly when researchers follow an integrative taxonomic approach
provide certain ambiguities for synecological studies. The study showed that such
method-related ambiguity of DNA-based species estimates severely affected the
patterns of faunal similarity and thus, the certainty of biodiversity patterns at
different spatial scales such as elevations, forest types, or sampling localities.
Nevertheless, even more contrasting patterns results from individual clade-wise
analyses of faunal similarity or even from cumulated species inventories from
individual clade-wise species delimitation analysis. In this context, the study
underlines the need of awareness when synecological observations from different
studies are integrated which use different species delimitation methods for their
biodiversity assessment. At the same time, the study showed why searching for
proper species boundaries should be the ultimate goal of biodiversity assessment
to place the trust in species delimitations to give an enduring meaning to
biodiversity research and its sustainable application. In this even morphospecies,
especially due to its globally complete and enormous reference system, remain a
valid variable for biodiversity research.
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In this context we discovered that almost all haplotypes were unique at any spatial
entity, except in a few rare cases. Therefore, clustering of haplotype composition
(based on shared characteristics, i.e., haplotypes) resulted almost meaningless due
to missing of shared haplotypes. Therefore, the basis for an ordination was the
amount of divergence alone. This resulted in hierarchical clustering often in
unresolved polytomy of entities (see Figures 4.3, S4.4) which makes haplotypes a
poor proxy for compositional comparison of species diversity, at least in
hyperdiverse and ancient tropical habitats (Rodriguez et al., 2015; Cruz-Salazar et
al., 2021).

The results of this study showed that phytophagous chafer assemblages were
shaped mainly by locality stochastics, and to minor extent by ecoclimatic
conditions. Locality stochastics represent a not further investigated multi-factor
ensemble that includes all environmental conditions at local scale such as
macrohabitat, biogeography, edaphic conditions, land use, local climate and
exposition to rain and radiation. Macrohabitat had little effect on the assemblage
composition. The significant correlation between species composition and
geographic distance for the assemblage of small-bodied specimens is definitively
linked to their limited dispersal capacity. Nevertheless, the study showed that
seasonal change (dry-wet) in species composition was minor and only measurable
in a few localities. Although seasonality and weather patterns may strongly impact
patterns of assemblage composition in ecofaunistic analyses (Gongalves, 2020),
due to the tropical climate as well as with minor dry-wet seasonal change (rainy
seasons and dry seasons are alternating in shorter intervals) together with the
monsoon effect in Sri Lanka, and quite constant temperature and humidity
throughout the year with continuously available food resources, thus minor
fluctuations of species numbers may have an influence even in the tropical
ecosystems.

The study for the first time, corroborated a general correlation between
morphological disparity and species richness among phytophagous chafers at
different ecochorological scales showing contrasting patterns of lineages at
different geographical scales. The study showed the volume of morphospace that
is occupied by lineages is supposed to mirror the heterogeneity of the species’
ecological niches and may thus indicate resource partitioning and competition
(Eberle et al., 2014). While at larger geographical scales the relation of species
diversity vs. disparity is determined by the historical integration of a multitude of
species or lineages, at local scale assembled species compete for space and
resources. However, future studies need to explore more rigorously community
composition at different landscape scales to disentangle the driving forces of
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diversity vs disparity in the context of assemblage evolution among pleurostict
chafers.
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Appendix to Chapter 3

Chapter 10

Supplement Tables

Table S3.1. Details of species; Voucher numbers, Species identification, sampling location (Sri Lanka) details with L numbers, Barcode Index Number (BIN)

assignments and GenBank accession numbers.

Species delimitation

Voucher ID Species District Location L Number BIN GenBank

X-SR0002  Maladera fistulosa Nuwara Eliya District Hakgala SNR L5 BOLD:AEH7081 MW698428
X-SR0004  Maladera badullana Nuwara Eliya District Hakgala SNR L5 BOLD:AEH7081 MW698377
X-SR0006  Maladera badullana Nuwara Eliya District Hakgala SNR L5 BOLD:AEH7081 MW698281
X-SR0007  Maladera hortonensis Nuwara Eliya District Horton Plains L6 BOLD:AEH5976 MW698406
X-SR0008  Maladera hortonensis Nuwara Eliya District Horton Plains L6 BOLD:AEH5976 MW698437
X-SR0022  Maladera badullana Nuwara Eliya District Piduruthalagala FR L11 BOLD:AEH7081 MW698340
X-SR0023  Maladera badullana Nuwara Eliya District Piduruthalagala FR L11 BOLD:AEH7081 MW698379
X-SR0025  Maladera dubia Nuwara Eliya District Hakgala SNR L5 BOLD:AEH6135 MW698210
X-SR0030  Maladera breviatella Matale District Dambulla L3 BOLD:AEH4423 MW698320
X-SR0032  Serica fusa Nuwara Eliya District Horton Plains L6 BOLD:AEH5844 MW698451
X-SR0033  Serica fusa Nuwara Eliya District Horton Plains L6 BOLD:AEH5844 MW698455
X-SR0034  Serica fusa Nuwara Eliya District Horton Plains L6 BOLD:AEH5844 MW698351
X-SR0035  N. dharmapriyai Kegalle District Aranayake L1 BOLD:AEH7083 MW698308
X-SR0036 M. galdaththana Kegalle District Aranayake L1 BOLD:AEH4344 MW698332
X-SR0037  Maladera pubescens Kegalle District Aranayake L1 BOLD:AEH3996 MW698417
X-SR0040  Maladera hortonensis Nuwara Eliya District Piduruthalagala FR L11 BOLD:AEH5976 MW698234
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X-SR0042
X-SR0043
X-SR0044
X-SR0045
X-SR0046
X-SR0047
X-SR0048
X-SR0049
X-SR0050
X-SR0051
X-SR0052
X-SR0055
X-SR0056
X-SR0058
X-SR0059
X-SR0060
X-SR0062
X-SR0063
X-SR0064
X-SR0068
X-SR0070
X-SR0080
X-SR0081
X-SR0083
X-SR0085
X-SR0086

Serica fusa

Serica fusa

Serica fusa
Maladera badullana
Maladera dubia
Maladera dubia
Maladera badullana
Maladera badullana
Serica fusa
Maladera breviatella
Maladera breviatella
Maladera lindulana
Serica lurida

Serica fusa

Serica fusa

Serica fusa
Maladera rufocuprea
Maladera dubia
Maladera dubia
Serica fusa
Maladera badullana
Maladera rufocuprea
Maladera rufocuprea
Maladera hortonensis
Maladera hortonensis
Maladera calcarata

Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Matale District
Matale District
Kandy District
Kandy District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Kegalle District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Kegalle District
Kegalle District
Nuwara Eliya District
Nuwara Eliya District
Matale District

Hakgala SNR
Hakgala SNR
Hakgala SNR
Horton Plains
Horton Plains
Horton Plains
Galways Land NP
Galways Land NP
Galways Land NP
Dambulla
Dambulla
Deenston
Deenston

Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR

Aranayake
Horton Plains
Horton Plains
Hakgala SNR
Horton Plains
Aranayake
Aranayake

Piduruthalagala FR
Piduruthalagala FR

Dambulla
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LS
LS
LS
L6
L6
L6
LS
LS
LS
L3
L3
L4
L4
L11
L11
L11
L1
L6
L6
L5
L6
L1
L1
L11
L11
L3

Species delimitation

BOLD:AEH5844
BOLD:AEH5844
BOLD:AEH5844
BOLD:AEH7081
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH7081
BOLD:AEH7081
BOLD:AEH5844
BOLD:AEH4423
BOLD:AEH4423
BOLD:AEH5722
BOLD:AEH5425
BOLD:AEH5844
BOLD:AEH5844
BOLD:AEH5844
BOLD:AEH5150
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH5844
BOLD:AEH7081
BOLD:AEH5150
BOLD:AEH5150
BOLD:AEH5976
BOLD:AEH5976
BOLD:AEH6472

MW698355
MW698368
MW698253
MW698260
MW698245
MW698391
MW698432
MW®698330
MW698229
MW698362
MW698285
MW698359
MW698214
MW698387
MW698354
MW698381
MW698220
MW698468
MW698257
MW698321
MW698326
MW698336
MW698353
MW698408
MW698211
MW698448
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X-SR0088
X-SR0089
X-SR0090
X-SR0093
X-SR0094
X-SR0095
X-SR0096
X-SR0097
X-SR0098
X-SR0099
X-SR0100
X-SR0101
X-SR0106
X-SR0108
X-SR0115
X-SR0118
X-SR0119
X-SR0121
X-SR0126
X-SR0127
X-SR0130
X-SR0132
X-SR0133
X-SR0134
X-SR0142
X-SR0145

Selaserica sp
Maladera sp
Maladera heveli

M. galdaththana
Maladera cinnaberina
Apogonia sp
Maladera coxalis
Maladera pubescens
Serica lurida

Serica lurida
Maladera calcarata
Selaserica pusilla
Maladera lindulana
Maladera lindulana
Neoserica sexfoliata
Selaserica sp
Selaserica nitida
Maladera badullana
Maladera badullana
Maladera dubia
Maladera dubia
Maladera coxalis
Maladera coxalis
Maladera rotundata
Maladera calcarata
Sel. maculicauda

Matale District
Matale District
Matale District
Kegalle District
Kegalle District
Kegalle District
Kegalle District
Kegalle District
Kandy District
Kandy District
Matale District
Matale District
Kandy District
Kandy District
Matale District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Kegalle District
Kegalle District
Kegalle District
Matale District
Nuwara Eliya District

Dambulla
Dambulla
Dambulla
Aranayake
Aranayake
Aranayake
Aranayake
Aranayake
Deenston
Deenston
Dambulla
Dambulla
Deenston
Deenston
Dambulla
Hakgala SNR
Hakgala SNR
Horton Plains
Piduruthalagala FR
Piduruthalagala FR
Hakgala SNR
Aranayake
Aranayake
Aranayake
Dambulla
Horton Plains
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L3
L3
L3
L1
L1
L1
L1
L1
L4
L4
L3
L3
L4
L4
L3
L5
L5
L6
L11
L11
L5
L1
L1
L1
L3
L6

Species delimitation

BOLD:AEH5331
BOLD:AEH7067
BOLD:AEH8286
BOLD:AEH4344
BOLD:AEH7181
BOLD:AEH3418
BOLD:AEH6262
BOLD:AEH3996
BOLD:AEH5425
BOLD:AEH5425
BOLD:AEH6472
BOLD:AEH5010
BOLD:AEH5722
BOLD:AEH5722
BOLD:AEH7100
BOLD:AEH6994
BOLD:AEH6994
BOLD:AEH7081
BOLD:AEH7081
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH6264
BOLD:AEH6264
BOLD:AEH5377
BOLD:AEH6472
BOLD:AEH4591

MW698227
MW698383
MW698205
MW698404
MW698389
MW698424
MW698392
MW698233
MW698366
MW698446
MW698277
MW698291
MW698415
MW698370
MW698293
MW698467
MW698331
MW698243
MW698375
MW698235
MW698419
MW698334
MW698426
MW698276
MW698454
MW698462
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X-SR0147
X-SR0149
X-SR0153
X-SR0154
X-SR0155
X-SR0158
X-SR0160
X-SR0161
X-SR0162
X-SR0167
X-SR0170
X-SR0174
X-SR0175
X-SR0177
X-SR0184
X-SR0186
X-SR0187
X-SR0188
X-SR0189
X-SR0190
X-SR0202
X-SR0206
X-SR0209
X-SR0210
X-SR0224
X-SR0227

Maladera badullana
Maladera dubia
Serica fusa

Serica fusa

Maladera cinnaberina
Maladera rufocuprea
Maladera fistulosa
Maladera dubia
Maladera fistulosa
Maladera hortonensis
Maladera hortonensis
Maladera lindulana
Selaserica athukoralai
Maladera dubia
Maladera dubia
Selaserica sp
Maladera deenstana
Maladera cervicornis
Maladera cervicornis
Periserica sp
Maladera coxalis
Selaserica pusilla
Maladera dambullana
Maladera dambullana
Sel. sororinitida

Sel. sororinitida

Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Kegalle District
Ratnapura District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Kandy District
Matale District
Nuwara Eliya District
Nuwara Eliya District
Kandy District
Kandy District
Matale District
Matale District
Kandy District
Matale District
Matale District
Matale District
Matale District
Kandy District
Kandy District

Galways Land NP

Piduruthalagala FR

Hakgala SNR
Hakgala SNR
Aranayake

Belihuloya

Hakgala SNR
Hakgala SNR
Hakgala SNR

Piduruthalagala FR

Horton Plains
Deenston
Riverston
Hakgala SNR

Piduruthalagala FR

Deenston
Deenston
Riverston
Riverston
Deenston
Dambulla
Dambulla
Dambulla
Dambulla
Deenston
Deenston
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LS
L11
LS
LS
L1
L7
LS
LS
LS
L11
L6
L4
L2

L11
L4
L4
L2
L2
L4
L3
L3
L3
L3
L4
L4

Species delimitation

BOLD:AEH7081
BOLD:AEH6135
BOLD:AEH5844
BOLD:AEH5844
BOLD:AEH7181
BOLD:AEH5150
BOLD:AEH7081
BOLD:AEH6135
BOLD:AEH7081
BOLD:AEH5976
BOLD:AEH5976
BOLD:AEH5722
BOLD:AEH8417
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH7391
BOLD:AEH7198
BOLD:AEH8443
BOLD:AEH8443
BOLD:AEH6212
BOLD:AEH8752
BOLD:AEH5010
BOLD:AEH7262
BOLD:AEH3995
BOLD:AEH7391
BOLD:AEH7391

MW698342
MW698259
MW698294
MW698439
MW698317
MW698263
MW698398
MW698322
MW698266
MW698206
MWG698367
MW698345
MW698298
MW698420
MW698403
MW698445
MW698230
MW698244
MW698453
MW698382
MW698443
MW698231
MW698226
MW698315
MW698223
MW698349
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X-SR0245
X-SR0251
X-SR0252
X-SR0269
X-SR0290
X-SR0301
X-SR0309
X-SR0319
X-SR0320
X-SR0326
X-SR0327
X-SR0333
X-SR0341
X-SR0346
X-SR0349
X-SR0350
X-SR0363
X-SR0372
X-SR0392
X-SR0404
X-SR0405
X-SR0406
X-SR0413
X-SR0414
X-SR0417
X-SR0423

Maladera haniel
Maladera haniel
Selaserica pusilla
Maladera dambullana
Maladera coxalis
Maladera dambullana
Maladera calcarata
Neoserica sexfoliata
Maladera coxalis
Maladera tricuspidata
Neoserica sexfoliata
Neoserica pophami
Maladera dambullana
Neoserica pophami
Maladera breviatella
Maladera breviatella
Maladera dambullana
Maladera setosa
Maladera coxalis
Maladera heveli
Maladera setosa
Maladera heveli
Selaserica pusilla
Maladera dambullana
Neoserica pophami
Neoserica pophami

Kandy District
Kandy District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District

Deenston
Deenston
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
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L4
L4
L3
L3
L3
L3
L3
L3
L3
L3
L3
L3
L3
L3
L3
L3
L3
L3
L3
L3
L3
L3
L3
L3
L3
L3

Species delimitation

BOLD:AEH8443
BOLD:AEH8443
BOLD:AEH5010
BOLD:AEH7262
BOLD:AEH8752
BOLD:AEH7262
BOLD:AEH6472
BOLD:AEH7100
BOLD:AEH8752
BOLD:AEH5496
BOLD:AEH7100
BOLD:AEH4365
BOLD:AEH7262
BOLD:AEH4366
BOLD:AEH4423
BOLD:AEH4423
BOLD:AEH7262
BOLD:AEH6169
BOLD:AEH6964
BOLD:AEH4245
BOLD:AEH6169
BOLD:AEH4245
BOLD:AEH5010
BOLD:AEH7262
BOLD:AEH4365
BOLD:AEH4365

MW698440
MW698254
MW698221
MW698449
MW698288
MW698361
MW698438
MW698452
MW698337
MW698225
MW698251
MW698239
MW698447
MW698287
MW698397
MW698215
MW698289
MW698402
MW698255
MW698459
MW698358
MW698297
MW698457
MW698363
MW698378
MW698280
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X-SR0452
X-SR0457
X-SR0471
X-SR0488
X-SR0500
X-SR0504
X-SR0505
X-SR0529
X-SR0530
X-SR0531
X-SR0534
X-SR0535
X-SR0543
X-SR0546
X-SR0548
X-SR0552
X-SR0559
X-SR0560
X-SR0563
X-SR0565
X-SR0566
X-SR0580
X-SR0583
X-SR0589
X-SR0591
X-SR0621

Maladera coxalis
Maladera setosa
Neoserica pophami
Neoserica pophami
Maladera heveli
Selaserica pusilla
Selaserica pusilla
Maladera rufocuprea
Maladera rufocuprea
Maladera rufocuprea
Maladera anderssoni
Maladera anderssoni
Maladera igua
Maladera kishi
Maladera kishi
Maladera haniel
Maladera anderssoni
Serica lurida

Sel. sororinitida
Maladera kishi
Maladera kishi
Maladera windy
Maladera cervicornis
Selaserica pusilla
Serica lurida
Maladera cervicornis

Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Kandy District
Kandy District
Kandy District
Kandy District
Kandy District
Kandy District
Kandy District
Kandy District
Kandy District
Kandy District
Kandy District
Kandy District
Kandy District
Kandy District
Kandy District
Matale District
Matale District
Matale District
Matale District

Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Deenston
Deenston
Deenston
Deenston
Deenston
Deenston
Deenston
Deenston
Deenston
Deenston
Deenston
Deenston
Deenston
Deenston
Deenston
Riverston
Riverston
Riverston
Riverston
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L3
L3
L3
L3
L3
L3
L3
L4
L4
L4
L4
L4
L4
L4
L4
L4
L4
L4
L4
L4
L4
L4
L2
L2
L2
L2

Species delimitation

BOLD:AEH8752
BOLD:AEH6169
BOLD:AEH4365
BOLD:AEH4366
BOLD:AEH4244
BOLD:AEH5010
BOLD:AEH5010
BOLD:AEH5150
BOLD:AEH5150
BOLD:AEH5150
BOLD:AEH8444
BOLD:AEH8444
BOLD:AEH8370
BOLD:AEH4589
BOLD:AEH4589
BOLD:AEH8443
BOLD:AEH8444
BOLD:AEH5425
BOLD:AEH7391
BOLD:AEH4589
BOLD:AEH4589
BOLD:AEH5536
BOLD:AEH8443
BOLD:AEH5009
BOLD:AEH5425
BOLD:AEH8443

MW698463
MW698286
MW698212
MW698373
MW698319
MW698312
MW698344
MW698301
MW698328
MW698461
MW698299
MW698284
MW698441
MW698265
MW698218
MW698219
MW698216
MW698249
MW698335
MW698264
MW698460
MW698303
MW698271
MW698365
MW698425
MW698341
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X-SR0627
X-SR0631
X-SR0652
X-SR0653
X-SR0654
X-SR0655
X-SR0659
X-SR0660
X-SR0664
X-SR0666
X-SR0669
X-SR0670
X-SR0672
X-SR0707
X-SR0708
X-SR0709
X-SR0713
X-SR0714
X-SR0717
X-SR0720
X-SR0721
X-SR0722
X-SR0723
X-SR0724
X-SR0730
X-SR0757

Selaserica pusilla
Selaserica pusilla
Maladera rufocuprea
Maladera cervicornis
Selaserica pusilla
Selaserica pusilla
Maladera coxalis
Maladera cervicornis
Sel.a sororinitida
M.bandarawelana
Sel. sororinitida

Sel. sororinitida
Maladera cervicornis
Maladera anderssoni
Maladera haniel
Maladera anderssoni
Serica fusa

Serica fusa

Serica fusa

Maladera dubia
Maladera dubia
Maladera dubia
Maladera dubia
Maladera kishi
Maladera kishi
Maladera windy

Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Kandy District
Matale District
Kandy District
Kandy District
Matale District
Kandy District
Kandy District
Kandy District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Kandy District
Kandy District
Kandy District

Riverston
Riverston
Riverston
Riverston
Riverston
Riverston
Riverston
Riverston
Deenston
Riverston
Deenston
Deenston
Riverston
Deenston
Deenston
Deenston
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hakgala SNR
Deenston
Deenston
Deenston

244

L2
L2
L2
L2
L2
L2
L2
L2
L4
L2
L4
L4
L2
L4
L4
L4
L5
L5
L5
L5
L5
L5
L5
L4
L4
L4

Species delimitation

BOLD:AEH5008
BOLD:AEH5008
BOLD:AEH5150
BOLD:AEH8443
BOLD:AEH5009
BOLD:AEH5009
BOLD:AEH6236
BOLD:AEH8443
BOLD:AEH7391
BOLD:AEH5956
BOLD:AEH7391
BOLD:AEH7391
BOLD:AEH8443
BOLD:AEH8445
BOLD:AEH8443
BOLD:AEH8444
BOLD:AEH5844
BOLD:AEH5844
BOLD:AEH5844
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH4589
BOLD:AEH4589
BOLD:AEH3994

MW698393
MW698302
MW698390
MW698405
MW698343
MW698217
MW698427
MW698246
MW698433
MW698309
MW698292
MW698395
MW698327
MW698348
MW698307
MW698305
MW698296
MW698385
MW698372
MW698431
MW698418
MW698273
MW698252
MW698283
MW698436
MW698369
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X-SR0769
X-SR0773
X-SR0774
X-SR0776
X-SR0781
X-SR0790
X-SR0808
X-SR0810
X-SR0815
X-SR0819
X-SR0820
X-SR0830
X-SR0833
X-SR0835
X-SR0837
X-SR0839
X-SR0840
X-SR0841
X-SR0843
X-SR0847
X-SR0855
X-SR0856
X-SR0857
X-SR0858
X-SR0859
X-SR0862

Maladera windy
Maladera rufocuprea
Maladera rufocuprea
Maladera haniel
Maladera haniel
Maladera windy
Serica lurida

Serica lurida
Maladera weligamana
Maladera dubia
Maladera dubia
Maladera dubia
Maladera dubia
Maladera weligamana
Maladera dubia
Maladera rufocuprea
Maladera rufocuprea
Maladera rufocuprea
Maladera rufocuprea
Maladera rufocuprea
Selaserica impexa
Selaserica impexa
Selaserica impexa
Sel. convexiuscula
Selaserica fabriziae
Maladera pubescens

Kandy District
Kandy District
Kandy District
Kandy District
Kandy District
Kandy District
Kandy District
Kandy District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Galle District

Galle District

Galle District

Galle District

Galle District

Galle District

Galle District

Galle District

Galle District

Galle District
Kegalle District

Deenston
Deenston
Deenston
Deenston
Deenston
Deenston
Deenston
Deenston
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hiyare FR
Hiyare FR
Hiyare FR
Hiyare FR
Hiyare FR
Hiyare FR
Kanneliya FR
Kanneliya FR
Kottawa FR
Kottawa FR
Aranayake

245

L4
L4
L4
L4
L4
L4
L4
L4
LS
LS
LS
LS
LS
LS
LS
L8
L8
L8
L8
L8
L8
L10
L10
L9
L9
L1

Species delimitation

BOLD:AEH3994
BOLD:AEH5150
BOLD:AEH5150
BOLD:AEH8443
BOLD:AEH8443
BOLD:AEH3994
BOLD:AEH5425
BOLD:AEH5425
BOLD:AEH7197
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH7197
BOLD:AEH6135
BOLD:AEH5150
BOLD:AEH5150
BOLD:AEH5150
BOLD:AEH5150
BOLD:AEH5150
BOLD:AEH7222
BOLD:AEH7223
BOLD:AEH7223
BOLD:AEH6645
BOLD:AEH6644
BOLD:AEH3996

MW698347
MW698400
MW698429
MW698421
MW698414
MW698456
MW698300
MW698236
MW698339
MW698222
MW698356
MW698401
MW698469
MW698310
MW698325
MW698306
MW698338
MW698399
MW698407
MW698275
MW698290
MW698413
MW698333
MW698268
MW698316
MW698272
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X-SR0864
X-SR0865
X-SR0866
X-SR0877
X-SR0881
X-SR0882
X-SR0887
X-SR0889
X-SR0895
X-SR0898
X-SR0901
X-SR0902
X-SR0906
X-SR0915
X-SR0922
X-SR0936
X-SR0949
X-SR0975
X-SR0985
X-SR0988
X-SR0989
X-SR0992
X-SR1010
X-SR1013
X-SR1014
X-SR1029

Maladera rufocuprea
Maladera rufocuprea
Maladera laterita
Maladera rufocuprea
M.bandarawelana

M. bandarawelana
M. karunaratnae
Serica lurida
Selaserica pusilla
Serica lurida

Serica lurida

Serica lurida

Serica lurida

Sel. sororinitida
Maladera anderssoni
Maladera kishi
Maladera anderssoni
Maladera coxalis
Maladera dambullana
Maladera heveli
Maladera heveli
Maladera coxalis

M. karunaratnae
Maladera setosa
Neoserica pophami
M. karunaratnae

Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Kandy District
Kandy District
Kandy District
Kandy District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District

Riverston
Riverston
Riverston
Riverston
Riverston
Riverston
Riverston
Riverston
Riverston
Riverston
Riverston
Riverston
Riverston
Deenston
Deenston
Deenston
Deenston
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
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L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L2
L4
L4
L4
L4
L3
L3
L3
L3
L3
L3
L3
L3
L3

Species delimitation

BOLD:AEH5150
BOLD:AEH5150
BOLD:AEH6029
BOLD:AEH5150
BOLD:AEH5956
BOLD:AEH5956
BOLD:AEH8445
BOLD:AEH5425
BOLD:AEH5009
BOLD:AEH5425
BOLD:AEH5425
BOLD:AEH5425
BOLD:AEH5425
BOLD:AEH7391
BOLD:AEH8444
BOLD:AEH4589
BOLD:AEH8444
BOLD:AEH6964
BOLD:AEH7262
BOLD:AEH5052
BOLD:AEH5052
BOLD:AEH6263
BOLD:AEH8445
BOLD:AEH6169
BOLD:AEH4365
BOLD:AEH8445

MW698282
MW698444
MW698465
MW698207
MW698374
MW698466
MW698237
MW698422
MW698208
MW698240
MW698371
MW698270
MW698304
MW698278
MW698450
MW698213
MW698396
MW698311
MW698380
MW698410
MW698224
MW698241
MW698232
MW698238
MW698256
MW698394
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X-SR1030
X-SR1046
X-SR1047
X-SR1087
X-SR1093
X-SR1100
X-SR1101
X-SR1109
X-SR1110
X-SR1113
X-SR1129
X-SR1130
X-SR1132
X-SR1133
X-SR1135
X-SR1154
X-SR1155
X-SR1158
X-SR1166
X-SR1167
X-SR1172
X-SR1173
X-SR1183
X-SR1185
X-SR1189
X-SR1191

M. karunaratnae

M. padaviyaensis
Maladera setosa
M.karunaratnae
Neoserica sexfoliata
Maladera heveli
Maladera heveli
Neoserica sexfoliata
Neoserica sexfoliata
M. karunaratnae

N. dharmapriyai
Maladera rotundata
Maladera rotundata
Maladera rotundata
Sel. sororinitida
Maladera badullana
Maladera badullana
Maladera fistulosa
Maladera hortonensis
Maladera hortonensis
Maladera hortonensis
Maladera hortonensis
Maladera hortonensis
Maladera badullana
Maladera badullana
Maladera badullana

Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Matale District
Kegalle District
Kegalle District
Kegalle District
Kegalle District
Kandy District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District

Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Aranayake
Aranayake
Aranayake
Aranayake
Deenston

Hakgala SNR
Hakgala SNR
Hakgala SNR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
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Species delimitation

BOLD:AEH8445
BOLD:AEH6028
BOLD:AEH6169
BOLD:AEH8445
BOLD:AEH7100
BOLD:AEH8286
BOLD:AEH8287
BOLD:AEH7101
BOLD:AEH7101
BOLD:AEH8445
BOLD:AEH7083
BOLD:AEH5377
BOLD:AEHS5377
BOLD:AEHS5377
BOLD:AEH7391
BOLD:AEH7081
BOLD:AEH7081
BOLD:AEH7081
BOLD:AEH5976
BOLD:AEH5976
BOLD:AEH5976
BOLD:AEH5976
BOLD:AEH5976
BOLD:AEH7081
BOLD:AEH7081
BOLD:AEH7081

MW698247
MW698209
MW698423
MW698258
MW698435
MW698204
MW698248
MW698458
MW698411
MW698442
MW698360
MW698262
MW698329
MW698388
MW698324
MW698416
MW698228
MW698350
MW698267
MW698314
MW698430
MW698242
MW698376
MW698346
MW698357
MW698386
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X-SR1192
X-SR1193
X-SR1195
X-SR1197
X-SR1210
X-SR1211
X-SR1212
X-SR1213
X-SR1218
X-SR1223
X-SR1228
X-SR1229
X-SR1230
X-SR1232

Maladera hortonensis
Maladera badullana
Selaserica nitida
Selaserica nitida
Selaserica nitida

Sel. maculicauda
Selaserica nitida
Selaserica nitida
Maladera hortonensis
Selaserica nitida
Maladera dubia
Maladera dubia
Maladera dubia
Selaserica nitida

Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District
Nuwara Eliya District

Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Horton Plains
Horton Plains
Horton Plains
Horton Plains
Horton Plains
Horton Plains
Horton Plains
Horton Plains
Horton Plains
Horton Plains
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L11
L11
L11
L11
L6
L6
L6
L6
L6
L6
L6
L6
L6
L6

Species delimitation

BOLD:AEH5976
BOLD:AEH7081
BOLD:AEH6994
BOLD:AEH6994
BOLD:AEH6993
BOLD:AEH4591
BOLD:AEH6993
BOLD:AEH6993
BOLD:AEH5976
BOLD:AEH6993
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH6993

MW698318
MW698279
MW698261
MW698384
MW698364
MW698313
MW698434
MW698409
MW698352
MW698412
MW698295
MW698323
MW698274
MW698464
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Table S4.1. Sample details: voucher number, species identification, locality id (Sri Lanka), barcode index number (BIN) assignments and

GenBank accession numbers.

Multiple MOTUs and synecology

VOLIJlgher Species District Location Logality BIN GenBank Elevation Forest
id zone
X-SR0002 Maladera fistulosa Nuwara Eliya Hakgala SNR L5 BOLD:AEH7081  MW698428 EZ4 MO
X-SR0004 Maladera badullana Nuwara Eliya Hakgala SNR L5 BOLD:AEH7081  MW698377 EZ4 MO
X-SR0006 Maladera badullana Nuwara Eliya Hakgala SNR L5 BOLD:AEH7081  MW698281 EZ4 MO
X-SR0007 Maladera hortonensis Nuwara Eliya Horton Plains L6 BOLD:AEH5976  MW698406 EZ5 MO
X-SR0008 Maladera hortonensis Nuwara Eliya Horton Plains L6 BOLD:AEH5976  MW698437 EZ5 MO
X-SR0022 Maladera badullana Nuwara Eliya Piduruthalagala FR ~ L11 BOLD:AEH7081  MW698340 EZ5 LW1
X-SR0023 Maladera badullana Nuwara Eliya Piduruthalagala FR ~ L11 BOLD:AEH7081  MW698379 EZ5 LW1
X-SR0025 Maladera dubia Nuwara Eliya Hakgala SNR L5 BOLD:AEH6135 MW698210 EZ4 MO
X-SR0030 Maladera breviatella Matale Dambulla L3 BOLD:AEH4423  MW698320 EZ1 LD
X-SR0032 Serica fusa Nuwara Eliya Horton Plains L6 BOLD:AEH5844  MW698451 EZ5 MO
X-SR0033 Serica fusa Nuwara Eliya Horton Plains L6 BOLD:AEH5844  MW698455 EZ5 MO
X-SR0034 Serica fusa Nuwara Eliya Horton Plains L6 BOLD:AEH5844  MW698351 EZ5 MO
X-SR0035 Neoserica dharmapriyai  Kegalle Aranayake L1 BOLD:AEH7083  MW698308 EZ1 LW
X-SR0036 Maladera galdaththana  Kegalle Aranayake L1 BOLD:AEH4344  MW698332 EZ1 LW
X-SR0037 Maladera pubescens Kegalle Aranayake L1 BOLD:AEH3996  MW698417 EZ1 LW
X-SR0040 Maladera hortonensis Nuwara Eliya Piduruthalagala FR ~ L11 BOLD:AEH5976  MW698234 EZ5 MO
X-SR0042 Serica fusa Nuwara Eliya Hakgala SNR L5 BOLD:AEH5844  MW698355 EZ4 MO
X-SR0043 Serica fusa Nuwara Eliya Hakgala SNR L5 BOLD:AEH5844  MW698368 EZ4 MO
X-SR0044 Serica fusa Nuwara Eliya Hakgala SNR L5 BOLD:AEH5844  MW698253 EZ4 MO
X-SR0045 Maladera badullana Nuwara Eliya Horton Plains L6 BOLD:AEH7081  MW698260 EZ5 MO
X-SR0046 Maladera dubia Nuwara Eliya Horton Plains L6 BOLD:AEH6135  MW698245 EZ5 MO
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X-SR0047
X-SR0048
X-SR0049
X-SR0050
X-SR0051
X-SR0052
X-SR0055
X-SR0056
X-SR0058
X-SR0059
X-SR0060
X-SR0062
X-SR0063
X-SR0064
X-SR0068
X-SR0070
X-SR0080
X-SR0081
X-SR0083
X-SR0085
X-SR0086
X-SR0088
X-SR0089
X-SR0090
X-SR0093
X-SR0094

Maladera dubia
Maladera badullana
Maladera badullana
Serica fusa

Maladera breviatella
Maladera breviatella
Maladera lindulana
Serica lurida

Serica fusa

Serica fusa

Serica fusa

Maladera rufocuprea
Maladera dubia
Maladera dubia
Serica fusa

Maladera badullana
Maladera rufocuprea
Maladera rufocuprea
Maladera hortonensis
Maladera hortonensis
Maladera calcarata
Selaserica pusilla
Maladera mollis
Maladera heveli
Maladera galdaththana
Maladera cinnaberina

Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Matale
Matale
Kandy
Kandy
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Kegalle
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Kegalle
Kegalle
Nuwara Eliya
Nuwara Eliya
Matale
Matale
Matale
Matale
Kegalle
Kegalle

Horton Plains
Galways Land NP
Galways Land NP
Galways Land NP
Dambulla
Dambulla
Deenston
Deenston

Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR

Aranayake
Horton Plains
Horton Plains
Hakgala SNR
Horton Plains
Aranayake
Aranayake

Piduruthalagala FR
Piduruthalagala FR

Dambulla
Dambulla
Dambulla
Dambulla
Aranayake
Aranayake

L11
L11
L11

L11
L11
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L6
LS
LS
LS
L3
L3
L4
L4

L1
L6
L6
LS
L6
L1
L1

L3
L3
L3
L3
L1
L1

BOLD:AEH6135
BOLD:AEH7081
BOLD:AEH7081
BOLD:AEH5844
BOLD:AEH4423
BOLD:AEH4423
BOLD:AEH5722
BOLD:AEH5425
BOLD:AEH5844
BOLD:AEH5844
BOLD:AEH5844
BOLD:AEH5150
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH5844
BOLD:AEH7081
BOLD:AEH5150
BOLD:AEH5150
BOLD:AEH5976
BOLD:AEH5976
BOLD:AEH6472
BOLD:AEH5331
BOLD:AEH7067
BOLD:AEH8286
BOLD:AEH4344
BOLD:AEH7181

Multiple MOTUs and synecology

MW698391
MW698432
MW698330
MW698229
MW698362
MW698285
MW698359
MW698214
MW698387
MW698354
MW698381
MW698220
MW698468
MW698257
MW698321
MW698326
MW698336
MW698353
MW698408
MW698211
MW698448
MW698227
MW698383
MW698205
MW698404
MW698389

EZ5
EZ4
EZ4
EZ4
EZ1
EZ1
EZ3
EZ3
EZ5
EZ5
EZ5
EZ1
EZ5
EZ5
EZ4
EZ5
EZ1
EZ1
EZ5
EZ5
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1

MO
MO
MO
MO
LD
LD
SM
SM
MO
MO
MO
LW
MO
MO
MO
MO
LW
LW
MO
MO
LD
LD
LD
LD
LW
LW
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X-SR0095
X-SR0096
X-SR0097
X-SR0098
X-SR0099
X-SR0100
X-SR0101
X-SR0106
X-SR0108
X-SR0115
X-SR0118
X-SR0119
X-SR0121
X-SR0126
X-SR0127
X-SR0130
X-SR0132
X-SR0133
X-SR0134
X-SR0142
X-SR0145
X-SR0147
X-SR0149
X-SR0153
X-SR0154
X-SR0155

Apogonia solida
Maladera coxalis
Maladera pubescens
Serica lurida

Serica lurida
Maladera calcarata
Selaserica pusilla
Maladera lindulana
Maladera lindulana
Neoserica sexfoliata
Selaserica nitida
Selaserica nitida
Maladera badullana
Maladera badullana
Maladera dubia
Maladera dubia
Maladera coxalis
Maladera coxalis
Maladera rotundata
Maladera calcarata
Selaserica maculicauda
Maladera badullana
Maladera dubia
Serica fusa

Serica fusa
Maladera cinnaberina

Kegalle
Kegalle
Kegalle
Kandy
Kandy
Matale
Matale
Kandy
Kandy
Matale
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Kegalle
Kegalle
Kegalle
Matale
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Kegalle

Aranayake
Aranayake
Aranayake
Deenston
Deenston
Dambulla
Dambulla
Deenston
Deenston
Dambulla
Hakgala SNR
Hakgala SNR
Horton Plains

Piduruthalagala FR  L11
Piduruthalagala FR  L11

Hakgala SNR
Aranayake
Aranayake
Aranayake
Dambulla

Horton Plains
Galways Land NP

Piduruthalagala FR  L11

Hakgala SNR
Hakgala SNR
Aranayake
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L1
L1
L1
L4
L4
L3
L3
L4
L4
L3
LS
LS
L6

L5
L1
L1
L1
L3
L6
L5

L5
L5
L1

BOLD:AEH3418
BOLD:AEH6262
BOLD:AEH3996
BOLD:AEH5425
BOLD:AEH5425
BOLD:AEH6472
BOLD:AEH5010
BOLD:AEH5722
BOLD:AEH5722
BOLD:AEH7100
BOLD:AEH6994
BOLD:AEH6994
BOLD:AEH7081
BOLD:AEH7081
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH6264
BOLD:AEH6264
BOLD:AEH5377
BOLD:AEH6472
BOLD:AEH4591
BOLD:AEH7081
BOLD:AEH6135
BOLD:AEH5844
BOLD:AEH5844
BOLD:AEH7181

Multiple MOTUs and synecology

MW698424
MW698392
MW698233
MW698366
MW698446
MW698277
MW698291
MW698415
MW698370
MW698293
MW698467
MW698331
MW698243
MW698375
MW698235
MW698419
MW698334
MW698426
MW698276
MW698454
MW698462
MW698342
MW698259
MW698294
MW698439
MW698317

EZ1
EZ1
EZ1
EZ3
EZ3
EZ1
EZ1
EZ3
EZ3
EZ1
EZ4
EZ4
EZ5
EZ5
EZ5
EZ4
EZ1
EZ1
EZ1
EZ1
EZ5
EZ4
EZ5
EZ4
EZ4
EZ1

LW
LW
LW
SM
SM
LD
LD
SM
SM
LD
MO
MO
MO
MO
MO
MO
LW
LW
LW
LD
MO
MO
MO
MO
MO
LW
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X-SR0158 Maladera rufocuprea Rathapura Belihuloya L7 BOLD:AEH5150 MW698263 L7 LW
X-SR0160 Maladera fistulosa Nuwara Eliya Hakgala SNR L5 BOLD:AEH7081  MW698398 EZ4 MO
X-SR0161 Maladera dubia Nuwara Eliya Hakgala SNR L5 BOLD:AEH6135 MW698322 EZ4 MO
X-SR0162 Maladera fistulosa Nuwara Eliya Hakgala SNR L5 BOLD:AEH7081  MW698266 EZ4 MO
X-SR0167 Maladera hortonensis Nuwara Eliya Piduruthalagala FR L11 BOLD:AEH5976  MW698206 EZ5 MO
X-SR0170 Maladera hortonensis Nuwara Eliya Horton Plains L6 BOLD:AEH5976  MW698367 EZ5 MO
X-SR0174 Maladera lindulana Kandy Deenston L4 BOLD:AEH5722  MW698345 EZ3 SM
X-SR0175 Selaserica athukoralai Matale Riverston L2 BOLD:AEH8417  MW698298 EZ2 SM
X-SR0177 Maladera dubia Nuwara Eliya Hakgala SNR L5 BOLD:AEH6135 MW698420 EZ4 MO
X-SR0184 Maladera dubia Nuwara Eliya Piduruthalagala FR  L11 BOLD:AEH6135  MW698403 EZ5 LW1
X-SR0186 Selaserica sororinitida Kandy Deenston L4 BOLD:AEH7391  MW698445 EZ3 SM
X-SR0187 Maladera deenstana Kandy Deenston L4 BOLD:AEH7198  MW698230 EZ3 SM
X-SR0188 Maladera cervicornis Matale Riverston L2 BOLD:AEH8443  MW698244 EZ2 SM
X-SR0189 Maladera cervicornis Matale Riverston L2 BOLD:AEH8443  MW698453 EZ2 SM
X-SR0190 Periserica sp Kandy Deenston L4 BOLD:AEH6212  MW698382 EZ3 SM
X-SR0202 Maladera coxalis Matale Dambulla L3 BOLD:AEH8752  MW698443 EZ1 LD
X-SR0206 Selaserica pusilla Matale Dambulla L3 BOLD:AEH5010 MW698231 EZ1 LD
X-SR0209 Maladera dambullana Matale Dambulla L3 BOLD:AEH7262  MW698226 EZ1 LD
X-SR0210 Maladera dambullana Matale Dambulla L3 BOLD:AEH3995  MW698315 EZ1 LD
X-SR0224 Selaserica sororinitida Kandy Deenston L4 BOLD:AEH7391  MW698223 EZ3 SM
X-SR0227 Selaserica sororinitida Kandy Deenston L4 BOLD:AEH7391  MW698349 EZ3 SM
X-SR0245 Maladera haniel Kandy Deenston L4 BOLD:AEH8443  MW698440 EZ3 SM
X-SR0251 Maladera haniel Kandy Deenston L4 BOLD:AEH8443  MW698254 EZ3 SM
X-SR0252 Selaserica pusilla Matale Dambulla L3 BOLD:AEH5010 MW698221 EZ1 LD
X-SR0269 Maladera dambullana Matale Dambulla L3 BOLD:AEH7262  MW698449 EZ1 LD
X-SR0290 Maladera coxalis Matale Dambulla L3 BOLD:AEH8752  MW698288 EZ1 LD
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X-SR0301 Maladera dambullana Matale Dambulla L3 BOLD:AEH7262 MW698361 EZ1 LD
X-SR0309 Maladera calcarata Matale Dambulla L3 BOLD:AEH6472  MW698438 EZ1 LD
X-SR0319 Neoserica sexfoliata Matale Dambulla L3 BOLD:AEH7100 MW698452 EZ1 LD
X-SR0320 Maladera coxalis Matale Dambulla L3 BOLD:AEH8752  MW698337 EZ1 LD
X-SR0326 Maladera tricuspidata Matale Dambulla L3 BOLD:AEH5496  MW698225 EZ1 LD
X-SR0327 Neoserica sexfoliata Matale Dambulla L3 BOLD:AEH7100 MW698251 EZ1 LD
X-SR0333 Neoserica pophami Matale Dambulla L3 BOLD:AEH4365 MW698239 EZ1 LD
X-SR0341 Maladera dambullana Matale Dambulla L3 BOLD:AEH7262  MW698447 EZ1 LD
X-SR0346 Neoserica pophami Matale Dambulla L3 BOLD:AEH4366  MW698287 EZ1 LD
X-SR0349 Maladera breviatella Matale Dambulla L3 BOLD:AEH4423  MW698397 EZ1 LD
X-SR0350 Maladera breviatella Matale Dambulla L3 BOLD:AEH4423  MW698215 EZ1 LD
X-SR0363 Maladera dambullana Matale Dambulla L3 BOLD:AEH7262  MW698289 EZ1 LD
X-SR0372 Maladera setosa Matale Dambulla L3 BOLD:AEH6169  MW698402 EZ1 LD
X-SR0392 Maladera coxalis Matale Dambulla L3 BOLD:AEH6964  MW698255 EZ1 LD
X-SR0404 Maladera heveli Matale Dambulla L3 BOLD:AEH4245  MW698459 EZ1 LD
X-SR0405 Maladera setosa Matale Dambulla L3 BOLD:AEH6169  MW698358 EZ1 LD
X-SR0406 Maladera heveli Matale Dambulla L3 BOLD:AEH4245  MW698297 EZ1 LD
X-SR0413 Selaserica pusilla Matale Dambulla L3 BOLD:AEH5010 MW698457 EZ1 LD
X-SR0414 Maladera dambullana Matale Dambulla L3 BOLD:AEH7262  MW698363 EZ1 LD
X-SR0417 Neoserica pophami Matale Dambulla L3 BOLD:AEH4365  MW698378 EZ1 LD
X-SR0423 Neoserica pophami Matale Dambulla L3 BOLD:AEH4365  MW698280 EZ1 LD
X-SR0452 Maladera coxalis Matale Dambulla L3 BOLD:AEH8752  MW698463 EZ1 LD
X-SR0457 Maladera setosa Matale Dambulla L3 BOLD:AEH6169  MW698286 EZ1 LD
X-SR0471 Neoserica pophami Matale Dambulla L3 BOLD:AEH4365  MW698212 EZ1 LD
X-SR0488 Neoserica pophami Matale Dambulla L3 BOLD:AEH4366  MW698373 EZ1 LD
X-SR0500 Maladera heveli Matale Dambulla L3 BOLD:AEH4244  MW698319 EZ1 LD
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X-SR0504 Selaserica pusilla Matale Dambulla L3 BOLD:AEH5010 MW698312 EZ1 LD
X-SR0505 Selaserica pusilla Matale Dambulla L3 BOLD:AEH5010 MW698344 EZ1 LD
X-SR0529 Maladera rufocuprea Kandy Deenston L4 BOLD:AEH5150 MW698301 EZ3 SM
X-SR0530 Maladera rufocuprea Kandy Deenston L4 BOLD:AEH5150 MW698328 EZ3 SM
X-SR0531 Maladera rufocuprea Kandy Deenston L4 BOLD:AEH5150 MW698461 EZ3 SM
X-SR0534 Maladera anderssoni Kandy Deenston L4 BOLD:AEH8444  MW698299 EZ3 SM
X-SR0535 Maladera anderssoni Kandy Deenston L4 BOLD:AEH8444  MW698284 EZ3 SM
X-SR0543 Maladera iuga Kandy Deenston L4 BOLD:AEH8370  MW698441 EZ3 SM
X-SR0546 Maladera kishi Kandy Deenston L4 BOLD:AEH4589  MW698265 EZ3 SM
X-SR0548 Maladera kishi Kandy Deenston L4 BOLD:AEH4589  MW698218 EZ3 SM
X-SR0552 Maladera haniel Kandy Deenston L4 BOLD:AEH8443  MW698219 EZ3 SM
X-SR0559 Maladera anderssoni Kandy Deenston L4 BOLD:AEH8444  MW698216 EZ3 SM
X-SR0560 Serica lurida Kandy Deenston L4 BOLD:AEH5425  MW698249 EZ3 SM
X-SR0563 Selaserica sororinitida Kandy Deenston L4 BOLD:AEH7391  MW698335 EZ3 SM
X-SR0565 Maladera Kishi Kandy Deenston L4 BOLD:AEH4589  MW698264 EZ3 SM
X-SR0566 Maladera Kishi Kandy Deenston L4 BOLD:AEH4589  MW698460 EZ3 SM
X-SR0580 Maladera windy Kandy Deenston L4 BOLD:AEH5536  MW698303 EZ3 SM
X-SR0583 Maladera cervicornis Matale Riverston L2 BOLD:AEH8443  MW698271 EZ2 SM
X-SR0589 Selaserica pusilla Matale Riverston L2 BOLD:AEH5009  MW698365 EZ2 SM
X-SR0591 Serica lurida Matale Riverston L2 BOLD:AEH5425  MW698425 EZ2 SM
X-SR0621 Maladera cervicornis Matale Riverston L2 BOLD:AEH8443  MW698341 EZ2 SM
X-SR0627 Selaserica pusilla Matale Riverston L2 BOLD:AEH5008  MW698393 EZ2 SM
X-SR0631 Selaserica pusilla Matale Riverston L2 BOLD:AEH5008  MW698302 EZ2 SM
X-SR0652 Maladera rufocuprea Matale Riverston L2 BOLD:AEH5150 MW698390 EZ2 SM
X-SR0653 Maladera cervicornis Matale Riverston L2 BOLD:AEH8443  MW698405 EZ2 SM
X-SR0654 Selaserica pusilla Matale Riverston L2 BOLD:AEH5009  MW698343 EZ2 SM
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X-SR0655
X-SR0659
X-SR0660
X-SR0664
X-SR0666
X-SR0669
X-SR0670
X-SR0672
X-SR0707
X-SR0708
X-SR0709
X-SR0713
X-SR0714
X-SR0717
X-SR0720
X-SR0721
X-SR0722
X-SR0723
X-SR0724
X-SR0730
X-SR0757
X-SR0769
X-SR0773
X-SR0774
X-SR0776
X-SR0781

Selaserica pusilla
Maladera coxalis
Maladera cervicornis
Selaserica sororinitida
M. bandarawelana
Selaserica sororinitida
Selaserica sororinitida
Maladera cervicornis
Maladera anderssoni
Maladera haniel
Maladera anderssoni
Serica fusa

Serica fusa

Serica fusa

Maladera dubia
Maladera dubia
Maladera dubia
Maladera dubia
Maladera kishi
Maladera kishi
Maladera windy
Maladera windy
Maladera rufocuprea
Maladera rufocuprea
Maladera haniel
Maladera haniel

Matale
Matale
Matale
Kandy
Matale
Kandy
Kandy
Matale
Kandy
Kandy
Kandy
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Kandy
Kandy
Kandy
Kandy
Kandy
Kandy
Kandy
Kandy

Riverston
Riverston
Riverston
Deenston
Riverston
Deenston
Deenston
Riverston
Deenston
Deenston
Deenston
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hakgala SNR
Deenston
Deenston
Deenston
Deenston
Deenston
Deenston
Deenston
Deenston
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L2
L2
L2
L4
L2
L4
L4
L2
L4
L4
L4
LS
LS
LS
LS
L5
L5
L5
L4
L4
L4
L4
L4
L4
L4
L4

BOLD:AEH5009
BOLD:AEH6236
BOLD:AEH8443
BOLD:AEH7391
BOLD:AEH5956
BOLD:AEH7391
BOLD:AEH7391
BOLD:AEH8443
BOLD:AEH8445
BOLD:AEH8443
BOLD:AEH8444
BOLD:AEH5844
BOLD:AEH5844
BOLD:AEH5844
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH4589
BOLD:AEH4589
BOLD:AEH3994
BOLD:AEH3994
BOLD:AEH5150
BOLD:AEH5150
BOLD:AEH8443
BOLD:AEH8443

Multiple MOTUs and synecology

MW698217
MW698427
MW698246
MW698433
MW698309
MW698292
MW698395
MW698327
MW698348
MW698307
MW698305
MW698296
MW698385
MW698372
MW698431
MW698418
MW698273
MW698252
MW698283
MW698436
MW698369
MW698347
MW698400
MW698429
MW698421
MW698414

EZ2
EZ2
EZ2
EZ3
EZ2
EZ3
EZ3
EZ2
EZ3
EZ3
EZ3
EZ4
EZ4
EZ4
EZ4
EZ4
EZ4
EZ4
EZ3
EZ3
EZ3
EZ3
EZ3
EZ3
EZ3
EZ3

SM
SM
SM
SM
SM
SM
SM
SM
SM
SM
SM
MO
MO
MO
MO
MO
MO
MO
SM
SM
SM
SM
SM
SM
SM
SM
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X-SR0790
X-SR0808
X-SR0810
X-SR0815
X-SR0819
X-SR0820
X-SR0830
X-SR0833
X-SR0835
X-SR0837
X-SR0839
X-SR0840
X-SR0841
X-SR0843
X-SR0847
X-SR0855
X-SR0856
X-SR0857
X-SR0858
X-SR0859
X-SR0862
X-SR0864
X-SR0865
X-SR0866
X-SR0877
X-SR0881

Maladera windy
Serica lurida

Serica lurida
Maladera weligamana
Maladera dubia
Maladera dubia
Maladera dubia
Maladera dubia
Maladera weligamana
Maladera dubia
Maladera rufocuprea
Maladera rufocuprea
Maladera rufocuprea
Maladera rufocuprea
Maladera rufocuprea
Selaserica impexa
Selaserica impexa
Selaserica impexa

Selaserica convexiuscula

Selaserica fabriziae
Maladera pubescens
Maladera rufocuprea
Maladera rufocuprea
Maladera laterita
Maladera rufocuprea
M. bandarawelana

Kandy
Kandy
Kandy
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Galle

Galle

Galle

Galle

Galle

Galle

Galle

Galle

Galle

Galle

Kegalle
Matale
Matale
Matale
Matale
Matale

Deenston
Deenston
Deenston
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hakgala SNR
Hiyare FR
Hiyare FR
Hiyare FR
Hiyare FR
Hiyare FR
Hiyare FR
Kanneliya FR
Kanneliya FR
Kottawa FR
Kottawa FR
Aranayake
Riverston
Riverston
Riverston
Riverston
Riverston

L10
L10
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L4
L4
L4
LS
LS
LS
LS
LS
LS
LS
L8
L8
L8
L8
L8
L8

L9
L9
L1
L2
L2
L2
L2
L2

BOLD:AEH3994
BOLD:AEH5425
BOLD:AEH5425
BOLD:AEH7197
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH7197
BOLD:AEH6135
BOLD:AEH5150
BOLD:AEH5150
BOLD:AEH5150
BOLD:AEH5150
BOLD:AEH5150
BOLD:AEH7222
BOLD:AEH7223
BOLD:AEH7223
BOLD:AEH6645
BOLD:AEH6644
BOLD:AEH3996
BOLD:AEH5150
BOLD:AEH5150
BOLD:AEH6029
BOLD:AEH5150
BOLD:AEH5956

Multiple MOTUs and synecology

MW698456
MW698300
MW698236
MW698339
MW698222
MW698356
MW698401
MW698469
MW698310
MW698325
MW698306
MW698338
MW698399
MW698407
MW698275
MW698290
MW698413
MW698333
MW698268
MW698316
MW698272
MW698282
MW698444
MW698465
MW698207
MW698374

EZ3
EZ3
EZ3
EZ4
EZ4
EZ4
EZ4
EZ4
EZ4
EZ4
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ2
EZ2
EZ2
EZ2
EZ2

SM
SM
SM
MO
MO
MO
MO
MO
MO
MO
LW
LW
LW
LW
LW
LW
LW
LW
LW
LW
LW
SM
SM
SM
SM
SM
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X-SR0882 M. bandarawelana Matale Riverston L2 BOLD:AEH5956  MW698466 EZ2 SM
X-SR0887 Maladera karunaratnae  Matale Riverston L2 BOLD:AEH8445  MW698237 EZ2 SM
X-SR0889 Serica lurida Matale Riverston L2 BOLD:AEH5425  MW698422 EZ2 SM
X-SR0895 Selaserica pusilla Matale Riverston L2 BOLD:AEH5009  MW698208 EZ2 SM
X-SR0898 Serica lurida Matale Riverston L2 BOLD:AEH5425  MW698240 EZ2 SM
X-SR0901 Serica lurida Matale Riverston L2 BOLD:AEH5425  MW698371 EZ2 SM
X-SR0902 Serica lurida Matale Riverston L2 BOLD:AEH5425  MW698270 EZ2 SM
X-SR0906 Serica lurida Matale Riverston L2 BOLD:AEH5425  MW698304 EZ2 SM
X-SR0915 Selaserica sororinitida Kandy Deenston L4 BOLD:AEH7391  MW698278 EZ3 SM
X-SR0922 Maladera anderssoni Kandy Deenston L4 BOLD:AEH8444  MW698450 EZ3 SM
X-SR0936 Maladera kishi Kandy Deenston L4 BOLD:AEH4589  MW698213 EZ3 SM
X-SR0949 Maladera anderssoni Kandy Deenston L4 BOLD:AEH8444  MW698396 EZ3 SM
X-SR0975 Maladera coxalis Matale Dambulla L3 BOLD:AEH6964  MW698311 EZ1 LD
X-SR0985 Maladera dambullana Matale Dambulla L3 BOLD:AEH7262  MW698380 EZ1 LD
X-SR0988 Maladera heveli Matale Dambulla L3 BOLD:AEH5052  MW698410 EZ1 LD
X-SR0989 Maladera heveli Matale Dambulla L3 BOLD:AEH5052 MW698224 EZ1 LD
X-SR0992 Maladera coxalis Matale Dambulla L3 BOLD:AEH6263  MW698241 EZ1 LD
X-SR1010 Maladera karunaratnae  Matale Dambulla L3 BOLD:AEH8445  MW698232 EZ1 LD
X-SR1013 Maladera setosa Matale Dambulla L3 BOLD:AEH6169  MW698238 EZ1 LD
X-SR1014 Neoserica pophami Matale Dambulla L3 BOLD:AEH4365  MW698256 EZ1 LD
X-SR1029 Maladera karunaratnae  Matale Dambulla L3 BOLD:AEH8445  MW698394 EZ1 LD
X-SR1030 Maladera karunaratnae  Matale Dambulla L3 BOLD:AEH8445  MW698247 EZ1 LD
X-SR1046 Maladera padaviyaensis Matale Dambulla L3 BOLD:AEH6028  MW698209 EZ1 LD
X-SR1047 Maladera setosa Matale Dambulla L3 BOLD:AEH6169  MW698423 EZ1 LD
X-SR1087 Maladera karunaratnae  Matale Dambulla L3 BOLD:AEH8445  MW698258 EZ1 LD
X-SR1093 Neoserica sexfoliata Matale Dambulla L3 BOLD:AEH7100 MW698435 EZ1 LD
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X-SR1100
X-SR1101
X-SR1109
X-SR1110
X-SR1113
X-SR1129
X-SR1130
X-SR1132
X-SR1133
X-SR1135
X-SR1154
X-SR1155
X-SR1158
X-SR1166
X-SR1167
X-SR1172
X-SR1173
X-SR1183
X-SR1185
X-SR1189
X-SR1191
X-SR1192
X-SR1193
X-SR1195
X-SR1197
X-SR1210

Maladera heveli
Maladera heveli
Neoserica sexfoliata
Neoserica sexfoliata
Maladera karunaratnae
Neoserica dharmapriyai
Maladera rotundata
Maladera rotundata
Maladera rotundata
Selaserica sororinitida
Maladera badullana
Maladera badullana
Maladera fistulosa
Maladera hortonensis
Maladera hortonensis
Maladera hortonensis
Maladera hortonensis
Maladera hortonensis
Maladera badullana
Maladera badullana
Maladera badullana
Maladera hortonensis
Maladera badullana
Selaserica nitida
Selaserica nitida
Selaserica nitida

Matale
Matale
Matale
Matale
Matale
Kegalle
Kegalle
Kegalle
Kegalle
Kandy
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya

Dambulla
Dambulla
Dambulla
Dambulla
Dambulla
Aranayake
Aranayake
Aranayake
Aranayake
Deenston

Hakgala SNR
Hakgala SNR
Hakgala SNR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Horton Plains

L3
L3
L3
L3
L3
L1
L1
L1
L1
L4
LS
LS
LS
L11
L11
L11
L11
L11
L11
L11
L11
L11
L11
L11
L11
L6
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BOLD:AEH8286
BOLD:AEH8287
BOLD:AEH7101
BOLD:AEH7101
BOLD:AEH8445
BOLD:AEH7083
BOLD:AEHS5377
BOLD:AEHS5377
BOLD:AEHS5377
BOLD:AEH7391
BOLD:AEH7081
BOLD:AEH7081
BOLD:AEH7081
BOLD:AEH5976
BOLD:AEH5976
BOLD:AEH5976
BOLD:AEH5976
BOLD:AEH5976
BOLD:AEH7081
BOLD:AEH7081
BOLD:AEH7081
BOLD:AEH5976
BOLD:AEH7081
BOLD:AEH6994
BOLD:AEH6994
BOLD:AEH6993

Multiple MOTUs and synecology

MW698204
MW698248
MW698458
MW698411
MW698442
MW698360
MW698262
MW698329
MW698388
MW698324
MW698416
MW698228
MW698350
MW698267
MW698314
MW698430
MW698242
MW698376
MW698346
MW698357
MW698386
MW698318
MW698279
MW698261
MW698384
MW698364

EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ3
EZ4
EZ4
EZ4
EZ5
EZ5
EZ5
EZ5
EZ5
EZ5
EZ5
EZ5
EZ5
EZ5
EZ5
EZ5
EZ5

LD
LD
LD
LD
LD
LW
LW
LW
LW
SM
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
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X-SR1211
X-SR1212
X-SR1213
X-SR1218
X-SR1223
X-SR1228
X-SR1229
X-SR1230
X-SR1232
X-SR1236
X-SR1237
X-SR1240
X-SR1247
X-SR1248
X-SR1249
X-SR1250
X-SR1251
X-SR1252
X-SR1253
X-SR1254
X-SR1255
X-SR1257
X-SR1258
X-SR1259
X-SR1260
X-SR1261

Selaserica maculicauda

Selaserica nitida
Selaserica nitida
Maladera hortonensis
Selaserica nitida
Maladera dubia
Maladera dubia
Maladera dubia
Selaserica nitida

Phileurus sp2
Anomala spl
Adoretus sp6
Holotrichia sp4
Apogonia coriacea
Sophrops sp2
Adoretus sp5
Apogonia sp8
Apogonia sp8
Apogonia sp8
Apogonia coriacea
Apogonia coriacea
Apogonia spl
Apogonia glabrilinea
Anomala spl
Anomala spl
Anomala spl

Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Matale
Matale
Kandy
Kandy
Kandy
Kandy
Kandy
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Kegalle
Kegalle
Kegalle
Kegalle
Kegalle

Horton Plains
Horton Plains
Horton Plains
Horton Plains
Horton Plains
Horton Plains
Horton Plains
Horton Plains
Horton Plains

Dambulla
Dambulla

Udawattakele FR
Udawattakele FR

Deenston
Deenston
Deenston
Hakgala SNR
Hakgala SNR

Galways Land NP

Hakgala SNR
Hakgala SNR
Aranayake
Aranayake
Aranayake
Aranayake
Aranayake

L6
L6
L6
L6
L6
L6
L6
L6
L6
L3
L3

L14
L14
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L4
L4
L4
L5
L5
L5
L5
L5
L1
L1
L1
L1
L1

BOLD:AEH4591
BOLD:AEH6993
BOLD:AEH6993
BOLD:AEH5976
BOLD:AEH6993
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH6135
BOLD:AEH6993

Multiple MOTUs and synecology

MW698313
MW698434
MW698409
MW698352
MW698412
MW698295
MW698323
MW698274
MW698464

EZ5
EZ5
EZ5
EZ5
EZ5
EZ5
EZ5
EZ5
EZ5
EZ1
EZ1
EZ2
EZ2
EZ3
EZ3
EZ3
EZ4
EZ4
EZ4
EZ4
EZ4
EZ1
EZ1
EZ1
EZ1
EZ1

MO
MO
MO
MO
MO
MO
MO
MO
MO
LD
LD
LW
LW
SM
SM
SM
MO
MO
MO
MO
MO
LW
LW
LW
LW
LW
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Multiple MOTUs and synecology

X-SR1263 Anomala sp2 Kegalle Aranayake L1 EZ1 Lw
X-SR1264 Anomala sp2 Kegalle Aranayake L1 EZ1 Lw
X-SR1265 Anomala sp2 Kegalle Aranayake L1 EZ1 Lw
X-SR1266 Leucopholis spl Kegalle Aranayake L1 EZ1 LW
X-SR1267 Adoretus sp4 Nuwara Eliya Hakgala SNR L5 EZ4 MO
X-SR1281 Adoretus sp4 Nuwara Eliya Hakgala SNR L5 EZ4 MO
X-SR1282 Adoretus sp4 Nuwara Eliya Hakgala SNR L5 EZ4 MO
X-SR1291 Adoretus sp4 Nuwara Eliya Hakgala SNR L5 EZ4 MO
X-SR1306 Sophrops spl Galle Hiyare FR L8 EZ1 Lw
X-SR1307 Mimelaspl Galle Hiyare FR L8 EZ1 LW
X-SR1309 Anomala spl Matale Dambulla L3 EZ1 LD
X-SR1311 Anomalaspl Matale Dambulla L3 EZ1 LD
X-SR1315 Adoretus sp7 Galle Hiyare FR L8 EZ1 LW
X-SR1318 Adoretus sp8 Kandy UdaPeradeniya L12 EZ2 LW
X-SR1319 Anomala sp2 Kandy UdaPeradeniya L12 EZ2 LW
X-SR1322 Apogonia sp12 Kandy Deenston L4 EZ3 SM
X-SR1323 Apogonia sp12 Kandy Deenston L4 EZ3 SM
X-SR1328 Apogonia solida Kegalle Aranayake L1 EZ1 LW
X-SR1331 Anomala spl Kegalle Aranayake L1 EZ1 LW
X-SR1334 Holotrichia spl Kegalle Aranayake L1 EZ1 LW
X-SR1336 Apogonia solida Matale Dambulla L3 EZ1 LD
X-SR1337 Apogonia solida Matale Dambulla L3 EZ1 LD
X-SR1342 Apogonia solida Matale Dambulla L3 EZ1 LD
X-SR1345 Holotrichia sp3 Matale Dambulla L3 EZ1 LD
X-SR1359 Xylotrupes sp5 Matale Dambulla L3 EZ1 LD
X-SR1360 Sophrops sp2 Kandy Deenston L4 EZ3 SM
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X-SR1363 Sophrops sp2 Kandy Deenston L4 EZ3 SM
X-SR1369 Apogonia spl Matale Riverston L2 EZ2 SM
X-SR1375 Anomala sp3 Kegalle Aranayake L1 EZ1 LW
X-SR1376 Anomala sp3 Kegalle Aranayake L1 EZ1 LW
X-SR1377 Anomala sp3 Kegalle Aranayake L1 EZ1 LW
X-SR1386 Apogonia ludificans Kandy Deenston L4 EZ3 SM
X-SR1392 Adoretus sp5 Kandy Deenston L4 EZ3 SM
X-SR1393 Popillia spl Kandy Deenston L4 EZ3 SM
X-SR1394 Popillia spl Kandy Deenston L4 EZ3 SM
X-SR1395 Popillia spl Kandy Deenston L4 EZ3 SM
X-SR1399 Gametis sp Kandy Deenston L4 EZ3 SM
X-SR1400 Adoretus sp5 Kandy Deenston L4 EZ3 SM
X-SR1405 Holotrichia sp5 Kandy Deenston L4 EZ3 SM
X-SR1406 Eophileurus sp6 Kandy Deenston L4 EZ3 SM
X-SR1407 Mimela spl Kandy Deenston L4 EZ3 SM
X-SR1410 Holotrichia spé Kandy Deenston L4 EZ3 SM
X-SR1412 Apogonia sp10 Kandy Deenston L4 EZ3 SM
X-SR1418 Sophrops spl Kegalle Aranayake L1 EZ1 LW
X-SR1420 Adoretus spl Kegalle Aranayake L1 EZ1 LW
X-SR1422 Apogonia spl Kegalle Aranayake L1 EZ1 LW
X-SR1423 Orphnus spl Kegalle Aranayake L1 EZ1 LW
X-SR1427 Orphunus spl Kegalle Aranayake L1 EZ1 LW
X-SR1428 Orphunus spl Kegalle Aranayake L1 EZ1 LW
X-SR1429 Holotrichia sp2 Kegalle Aranayake L1 EZ1 LW
X-SR1430 Holotrichia sp2 Kegalle Aranayake L1 EZ1 LW
X-SR1431 Holotrichia sp2 Kegalle Aranayake L1 EZ1 LW
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X-SR1432 Leucopholis sp2 Kegalle Aranayake L1 EZ1 LW
X-SR1433 Apogonia spl12 Kandy Deenston L4 EZ3 SM
X-SR1435 Brahmina spl Nuwara Eliya Hakgala SNR L5 EZ4 MO
X-SR1438 Apogonia coriacea Galle Kottawa FR L9 EZ1 LW
X-SR1439 Adoretus sp8 Kandy UdaPeradeniya L12 EZ2 LW
X-SR1440 Adoretus sp8 Kandy UdaPeradeniya L12 EZ2 LW
X-SR1443 Adoretus sp3 Galle Hiyare FR L8 EZ1 LW
X-SR1444  Sophrops sp2 Galle Hiyare FR L8 EZ1 LW
X-SR1455 Apogonia spl Galle Hiyare FR L8 EZ1 Lw
X-SR1456 Apogonia spl Galle Hiyare FR L8 EZ1 Lw
X-SR1459 Sophrops sp3 Galle Kottawa FR L9 EZ1 LW
X-SR1460 Apogonia coriacea Kandy Deenston L4 EZ3 SM
X-SR1461 Apogonia glabrilinea Kandy Deenston L4 EZ3 SM
X-SR1462 Apogonia glabrilinea Kandy Deenston L4 EZ3 SM
X-SR1467 Apogonia ludificans Kandy Deenston L4 EZ3 SM
X-SR1469 Apogonia glabrilinea Kandy Deenston L4 EZ3 SM
X-SR1470 Apogonia spl Kandy Deenston L4 EZ3 SM
X-SR1474 Apogonia ludificans Kandy Deenston L4 EZ3 SM
X-SR1475 Apogonia ludificans Kandy Deenston L4 EZ3 SM
X-SR1477 Sophrops spl Galle Hiyare FR L8 EZ1 LW
X-SR1478 Sophrops spl Galle Hiyare FR L8 EZ1 LW
X-SR1480 Sophrops sp2 Galle Hiyare FR L8 EZ1 LW
X-SR1485 Apogonia spl Galle Hiyare FR L8 EZ1 LW
X-SR1489 Leucopholis sp2 Galle Hiyare FR L8 EZ1 LW
X-SR1490 Xylotrupes sp5 Galle Hiyare FR L8 EZ1 LW
X-SR1492 Leucopholis sp2 Kegalle Galdaththa L1 EZ1 LW
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X-SR1493 Leucopholis sp2 Kegalle Aranayake L1 EZ1 LW
X-SR1494 Anomala sp4 Matale Dambulla L3 EZ1 LD
X-SR1497 Sophrops spl Matale Dambulla L3 EZ1 LD
X-SR1498 Sophrops spl Matale Dambulla L3 EZ1 LD
X-SR1499 Sophrops sp2 Matale Dambulla L3 EZ1 LD
X-SR1503 Apogonia spl Matale Dambulla L3 EZ1 LD
X-SR1504 Apogonia spl Matale Dambulla L3 EZ1 LD
X-SR1505 Apogonia spl Matale Dambulla L3 EZ1 LD
X-SR1510 Anomala sp4 Matale Dambulla L3 EZ1 LD
X-SR1511 Anomala sp4 Matale Dambulla L3 EZ1 LD
X-SR1520 Sophrops spl Matale Dambulla L3 EZ1 LD
X-SR1523 Apogonia sp5 Matale Dambulla L3 EZ1 LD
X-SR1524 Apogonia sp7 Matale Dambulla L3 EZ1 LD
X-SR1525 Apogonia sp7 Matale Dambulla L3 EZ1 LD
X-SR1526 Apogonia sp5 Matale Dambulla L3 EZ1 LD
X-SR1527 Apogonia sp7 Matale Dambulla L3 EZ1 LD
X-SR1528 Apogonia comosa Matale Dambulla L3 EZ1 LD
X-SR1537 Eophileurus sp2 Matale Dambulla L3 EZ1 LD
X-SR1541 Adoretus sp3 Matale Riverston L2 EZ2 SM
X-SR1542 Apogonia glabrilinea Matale Riverston L2 EZ2 SM
X-SR1543 Apogonia glabrilinea Matale Riverston L2 EZ2 SM
X-SR1545 Adoretus sp2 Matale Dambulla L3 EZ1 LD
X-SR1547 Sophrops sp2 Matale Dambulla L3 EZ1 LD
X-SR1548 Sophrops sp2 Matale Dambulla L3 EZ1 LD
X-SR1550 Orphunus spl Matale Dambulla L3 EZ1 LD
X-SR1551 Orphunus spl Matale Dambulla L3 EZ1 LD
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X-SR1561 Orphunus spl Matale Dambulla L3 EZ1 LD
X-SR1564 Apogonia comosa Matale Dambulla L3 EZ1 LD
X-SR1565 Apogonia sp5 Matale Dambulla L3 EZ1 LD
X-SR1578 Adoretus sp2 Matale Dambulla L3 EZ1 LD
X-SR1580 Xylotrupes sp5 Kegalle Aranayake L1 EZ1 LW
X-SR1583 Leucopholis sp2 Galle Hiyare FR L8 EZ1 LW
X-SR1588 Orphunus spl Matale Riverston L2 EZ2 SM
X-SR1590 Apogonia ludificans Matale Riverston L2 EZ2 SM
X-SR1591 Adoretus sp2 Matale Riverston L2 EZ2 SM
X-SR1593 Sophrops sp4 Matale Riverston L2 EZ2 SM
X-SR1594  Sophrops sp2 Matale Riverston L2 EZ2 SM
X-SR1595 Sophrops sp2 Matale Riverston L2 EZ2 SM
X-SR1596 Sophrops sp2 Matale Riverston L2 EZ2 SM
X-SR1599 Sophrops sp4 Matale Dambulla L3 EZ1 LD
X-SR1603 Adoretus sp3 Matale Dambulla L3 EZ1 LD
X-SR1611 Oryctes sp7 Galle Hiyare FR L8 EZ1 LW
X-SR1616 Anomala sp3 Matale Dambulla L3 EZ1 LD
X-SR1621 Sophrops sp4 Matale Dambulla L3 EZ1 LD
X-SR1624 Adoretus sp9 Matale Dambulla L3 EZ1 LD
X-SR1625 Adoretus sp9 Matale Dambulla L3 EZ1 LD
X-SR1626 Adoretus spl10 Matale Dambulla L3 EZ1 LD
X-SR1638 Orphunus spl Matale Dambulla L3 EZ1 LD
X-SR1641 Adoretus spll Matale Dambulla L3 EZ1 LD
X-SR1647 Eophileurus sp2 Matale Dambulla L3 EZ1 LD
X-SR1655 Orphunus spl Matale Dambulla L3 EZ1 LD
X-SR1661 Sophrops sp5 Matale Dambulla L3 EZ1 LD
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X-SR1662
X-SR1668
X-SR1669
X-SR1674
X-SR1677
X-SR1680
X-SR1681
X-SR1682
X-SR1684
X-SR1686
X-SR1688
X-SR1692
X-SR1693
X-SR1694
X-SR1695
X-SR1697
X-SR1698
X-SR1699
X-SR1702
X-SR1703
X-SR1704
X-SR1708
X-SR1709
X-SR1710
X-SR1713
X-SR1720

Sophrops sp5
Sophrops sp2
Anomala sp2
Adoretus sp7
Holotrichia sp5
Sophrops spl
Sophrops spl
Anomala spl
Sophrops spl
Mimela sp2

Leucopholis sp2

Anomala spl
Holotrichia sp7
Holotrichia sp2
Holotrichia spl
Apogonia sp8
Apogonia sp8
Apogonia sp8
Brahmina spl
Brahmina spl
Brahmina spl

Apogonia coriacea

Apogonia sp10

Apogonia coriacea

Adoretus sp10

Apogonia glabrilinea

Matale
Ratnapura
Ratnapura
Galle

Galle

Galle

Galle

Galle

Galle

Galle

Kegalle
Kandy
Kandy
Kandy
Kandy
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Matale
Matale

Dambulla
Belihuloya
Weddagala
Kanneliya FR
Kanneliya FR
Kanneliya FR
Kanneliya FR
Kanneliya FR
Kanneliya FR
Kanneliya FR
Aranayake
Kadugannawa
Kadugannawa
Kadugannawa
Kadugannawa
Horton Plains
Horton Plains
Horton Plains
Horton Plains
Horton Plains
Horton Plains

Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR

Riverston
Riverston

L3
L7
L16
L10
L10
L10
L10
L10
L10
L10
L1
L17
L17
L17
L17
L6
L6
L6
L6
L6
L6
L11
L11
L11
L2
L2
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EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ2
EZ2
EZ2
EZ2
EZ5
EZ5
EZ5
EZ5
EZ5
EZ5
EZ5
EZ5
EZ5
EZ2
EZ2

LD
L7
LW6
LW
LW
LW
LW
LW
LW
LW
LW
LW
LW
LW
LW
MO
MO
MO
MO
MO

MO
MO

MO
MO
SM
SM
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X-SR1722 Sophrops sp4 Kandy Deenston L4 EZ3 SM
X-SR1728 Adoretus sp3 Kandy Deenston L4 EZ3 SM
X-SR1729 Apogonia spl Kandy Deenston L4 EZ3 SM
X-SR1734 Sophrops sp4 Kandy Deenston L4 EZ3 SM
X-SR1737 Apogonia comosa Kandy Deenston L4 EZ3 SM
X-SR1738 Apogonia spl Kandy Deenston L4 EZ3 SM
X-SR1746 Apogonia spl Kegalle Aranayake L1 EZ1 LW
X-SR1749 Phyllognathus sp8 Kegalle Aranayake L1 EZ1 LW
X-SR1753 Mimelaspl Kegalle Aranayake L1 EZ1 Lw
X-SR1754 Oryctes sp7 Kegalle Aranayake L1 EZ1 Lw
X-SR1761 Xylotrupes sp5 Kegalle Aranayake L1 EZ1 LW
X-SR1765 Apogonia comosa Matale Dambulla L3 EZ1 LD
X-SR1773 Adoretus sp12 Matale Dambulla L3 EZ1 LD
X-SR1774 Adoretus sp12 Matale Dambulla L3 EZ1 LD
X-SR1789 Apogonia sp5 Matale Dambulla L3 EZ1 LD
X-SR1802 Apogonia sp15 Matale Dambulla L3 EZ1 LD
X-SR1840 Sophrops sp2 Kandy Udawattakele FR L14 EZ2 LW
X-SR1865 Selaserica nitida Nuwara Eliya Piduruthalagala FR ~ L11 EZ5 MO
X-SR1869 Selaserica impexa Galle Hiyare FR L8 EZ1 LW
X-SR1889 Apogonia sp5 Matale Dambulla L3 EZ1 LD
X-SR1893 Maladera karunaratnae Matale Dambulla L3 EZ1 LD
X-SR1895 Selaserica nitida Nuwara Eliya Hakgala SNR L5 EZ4 MO
X-SR1896 Selaserica nitida Nuwara Eliya Hakgala SNR L5 EZ4 MO
X-SR1904 Maladera calcarata Matale Dambulla L3 EZ1 LD
X-SR1915 Maladera padaviyaensis  Matale Dambulla L3 EZ1 LD
X-SR1921 Neoserica sexfoliata Matale Dambulla L3 EZ1 LD
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X-SR1924 Parastasia sp Kurunagala Muttetugala Road L19 EZ1 LW
X-SR1930 Parastasia sp Kandy Deenston L4 EZ3 SM
X-SR1935 Maladera lindulana Kandy Deenston L4 EZ3 SM
X-SR1943 Maladera fistulosa Nuwara Eliya Hakgala SNR L5 Ez4 MO
X-SR1946 Maladera hiyarensis Galle Hiyare FR L8 EZ1 LW
X-SR1947  Selaserica fabriziae Galle Kottawa FR L9 EZ1 LW
X-SR1955 Selaserica impexa Galle Hiyare FR L8 EZ1 LW
X-SR1962 Selaserica fabriziae Galle Kottawa FR L9 EZ1 LW
X-SR1963 Selaserica fabriziae Galle Kottawa FR L9 EZ1 LW
X-SR1964 Selaserica fabriziae Galle Kottawa FR L9 EZ1 LW
X-SR1970 Selaserica praetexta Kandy Udawattakele FR L14 EZ2 LW
X-SR1972 Selaserica praetexta Kandy Gannoruwa FR L13 EZ2 LW
X-SR1973 Selaserica praetexta Kandy Gannoruwa FR L13 EZ2 LW
X-SR1974  Selaserica praetexta Kandy Gannoruwa FR L13 EZ2 LW
X-SR1975 Selaserica praetexta Kandy Gannoruwa FR L13 EZ2 LW
X-SR1976 Anomala sp Kandy Udawattakele FR L14 EZ2 LW
X-SR1984 M. bandarawelana Matale Riverston L2 EZ2 SM
X-SR1985 M. bandarawelana Matale Riverston L2 EZ2 SM
X-SR1986 M. bandarawelana Matale Riverston L2 EZ2 SM
X-SR2000 Maladera iuga Matale Riverston L2 EZ2 SM
X-SR2017 Selaserica praetexta Matale Riverston L2 EZ2 SM
X-SR2022 Maladera iuga Matale Riverston L2 EZ2 SM
X-SR2025 Selaserica praetexta Matale Riverston L2 EZ2 SM
X-SR2027 Maladera mollis Matale Dambulla L3 EZ1 LD
X-SR2030 Maladera rufocuprea Matale Dambulla L3 EZ1 LD
X-SR2032 Maladera rufocuprea Matale Dambulla L3 EZ1 LD
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X-SR2034
X-SR2041
X-SR2042
X-SR2043
X-SR2045
X-SR2046
X-SR2048
X-SR2052
X-SR2058
X-SR2074
X-SR2075
X-SR2076
X-SR2077
X-SR2078
X-SR2087
X-SR2088
X-SR2089
X-SR2099
X-SR2111
X-SR2113
X-SR2125
X-SR2126
X-SR2129
X-SR2135
X-SR2136
X-SR2146

Maladera lindulana
Apogonia coriacea
Selaserica praetexta
Selaserica praetexta
Maladera kandyensis
Selaserica praetexta
Maladera galdaththana
Adoretus sp4
Selaserica nuwarana
Sel. convexiuscula
Sophrops sp2
Apogonia glabrilinea
Apogonia glabrilinea
Apogonia nietneri
Apogonia sp8
Apogonia sp8
Apogonia sp8
Selaserica nuwarana
Apogonia nietneri
Adoretus sp7
Anomala spl
Apogonia glabrilinea
Apogonia glabrilinea
Anomala spl
Parastasia sp
Holotrichia sp5

Kandy
Kandy
Kandy
Kandy
Kandy
Kandy
Kandy
Nuwara Eliya
Nuwara Eliya
Galle

Galle

Galle

Galle

Galle
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Nuwara Eliya
Galle

Galle

Galle

Galle

Galle

Galle

Galle

Galle

Deenston

Deenston
Gannoruwa FR
Gannoruwa FR
Gannoruwa FR
Gannoruwa FR
Gannoruwa FR
Piduruthalagala FR
Hakgala SNR
Kottawa FR
Kottawa FR
Kottawa FR
Kottawa FR
Kottawa FR
Piduruthalagala FR
Piduruthalagala FR
Piduruthalagala FR
Hakgala SNR
Kottawa FR
Kottawa FR
Hiyare FR

Hiyare FR

Hiyare FR

Hiyare FR

Hiyare FR

Hiyare FR

L4
L4
L13
L13
L13
L13
L13
L11
LS
L9
L9
L9
L9
L9
L11
L11
L11

L9
L9
L8
L8
L8
L8
L8
L8
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EZ3
EZ3
EZ2
EZ2
EZ2
EZ2
EZ2
EZ5
EZ4
EZ1
EZ1
EZ1
EZ1
EZ1
EZ5
EZ5
EZ5
EZ4
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1

SM
SM
LW
LW
LW
LW
LW
LW1
MO
LW
LW
LW
LW
LW
MO
MO
MO
MO
LW
LW
LW
LW
LW
LW
LW
LW
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X-SR2147 Maladera cinnaberina Kegalle Aranayake L1 EZ1 LW
X-SR2148 Maladera cinnaberina Kegalle Aranayake L1 EZ1 LW
X-SR2153 Maladera pubescens Kegalle Galdaththa L1 EZ1 LW
X-SR2154 Maladera pubescens Kegalle Galdaththa L1 EZ1 LW
X-SR2156 Apogonia solida Kegalle Aranayake L1 EZ1 LW
X-SR2157 Apogonia solida Kegalle Aranayake L1 EZ1 LW
X-SR2159 Selaserica praetexta Kandy Udawattakele FR L14 EZ2 LW
X-SR2160 Selaserica praetexta Kandy Udawattakele FR L14 EZ2 LW
X-SR2162 Maladera breviatella Kandy Udawattakele FR L14 EZ2 LW
X-SR2163 Maladera kandyensis Kandy Udawattakele FR L14 EZ2 LW
X-SR2164 Selaserica praetexta Kandy Udawattakele FR L14 EZ2 LW
X-SR2208 Selaserica praetexta Kandy Gannoruwa FR L13 EZ2 LW
X-SR2209 Selaserica praetexta Kandy Gannoruwa FR L13 EZ2 LW
X-SR2210 Selaserica praetexta Kandy Gannoruwa FR L13 EZ2 LW
X-SR2214 Anomala spl Kandy Gannoruwa FR L13 EZ2 LW
X-SR2215 Anomala spl Kandy Gannoruwa FR L13 EZ2 LW
X-SR2233 Adoretus sp8 Kandy UdaPeradeniya L12 EZ2 LW
X-SR2236 Anomala sp2 Kandy UdaPeradeniya L12 EZ2 LW
X-SR2245 Maladera galdaththana Matale Riverston L2 EZ2 SM
X-SR2246 Maladera galdaththana Matale Riverston L2 EZ2 SM
X-SR2247 Maladera athukoralai Matale Riverston L2 EZ2 SM
X-SR2251 Apogonia ludificans Matale Riverston L2 EZ2 SM
X-SR2253 Apogonia ludificans Matale Riverston L2 EZ2 SM
X-SR2262 Apogonia spl5 Matale Riverston L2 EZ2 SM
X-SR2350 Xylotrupes sp5 Kandy UdaPeradeniya L12 EZ2 LW
X-SR2354  Xylotrupes sp5 Kandy UdaPeradeniya L12 EZ2 LW
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X-SR2355 Xylotrupes sp5 Kandy UdaPeradeniya L12 EZ2 LW
X-SR2357  Alissonotum sp9 Kandy Gannoruwa FR L13 EZ2 LW
X-SR2358 Xylotrupes sp5 Galle Hiyare FR L8 EZ1 LW
X-SR2360 Holotrichia sp5 Galle Hiyare FR L8 EZ1 LW
X-SR2361 Holotrichia sp5 Galle Hiyare FR L8 EZ1 LW
X-SR2362 Leucopholis sp2 Galle Kottawa FR L9 EZ1 LW
X-SR2364 Xylotrupes sp5 Galle Kottawa FR L9 EZ1 LW
X-SR2365 Holotrichia sp5 Galle Kottawa FR L9 EZ1 LW
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Table S4.2. Number of MOTUs, number of matches between MOTUs and morphospecies (in parenthesis), and match ratios (Ahrens et al. 2016)
of DNA-based species delimitation methods. Numers are given for the total dataset, individual clades, and cumulative subclades. Match ratio = 2

x Nmatch / (Nmol + Nmorph).

PTP ASAP TCS 3% 2% bPTP mIPTP ABGD
Total dataset
N motu 85 (64) 82 (64) 129 (67) 107 (72) 126(65) 139(64) 107(72) 104(70)
Match ratio 0.69 0.70 0.58 0.70 0.58 0.54 0.69 0.67
Cumulative subclade dataset
N motu 80 (55) 92 (66) 126 (60) 107 (72) 125(65)
Match ratio 0,62 0,69 0,54 0,70 0.58
Cladel 11 (7) 9 (6) 21 (6) 19 (7) 22(5)
Match ratio 0,61 0,57 0,36 0,45 0,29
Clade2 13 (8) 15 (9) 18 (8) 16 (12) 17(10)
Match ratio 0,62 0,64 0,52 0,83 0,67
Clade3 40 (28) 44 (28) 60 (32) 48 (31) 58(31)
Match ratio 0,64 0,61 0,59 0,65 0,58
Clade4 16 (12) 24 (23) 27 (14) 23 (21) 28(19)
Match ratio 0,59 0,94 0,54 0,88 0,72
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Table S4.3. Species similarity among different forest types and elevation zones among morphospecies, haplotypes and MOTUs.
LW: wet lowland; LD: dry lowland; SM: sub-montane; MO: montane. EZ1: 0-500 m, EZ2: 501-1000 m, EZ3: 1001-1500 m,
EZ4: 1501-2000 m, EZ5; 2001-2500 m.

Morphospecies LW LD SM MO EZ1 EZ2 EZ3 EZ4 EZ5
LW 1 EZ1 1
LD 0,11 1 EZ2 0,19 1
SM 0,15 0,13 1 EZ3 0,07 0,12 1
MO 0 0,02 0,04 1 EZ4 0,01 0 0,03 1
EZ5 0 0 0,07 0,53 1
Haplotype
LW 1 EZ1 1
LD 0,006 EZ2 0,014 1
SM 0,005 0,006 1 EZ3 0 0,018 1
MO 0 0 0 1 EZ4 0 0 0 1
EZ5 0 0 0 0,076 1
mPTP MOTU
LW 1 EZ1 1
LD 0,27 1 EZ2 0,28 1
SM 0,26 0,22 1 EZ3 0,18 0,2 1
MO 0 0 0 1 EZ4 0 0 0 1
TCS MOTU
LW 1 EZ1 1
LD 0,13 1 EZ2 0,14 1
SM 0,10 0,06 1 EZ3 0,06 0,17 1
MO 0 0 0 1 EZ4 0 0 0 1
EZ5 0 0 0 0,38 1
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ASAP

3% clustering

2% clustering

LW
LD
SM
MO

LW
LD
SM
MO

LW
LD
SM
MO

0,22
0,23

0,183
0,105

0,14
0,11

1

0,19 1
0 0,02
1

0,125 1
0 0
1

0,08 1
0 0

EZ1
EZ2
EZ3
EZ4
EZ5

EZ1
EZ2
EZ3
EZ4
EZ5

EZ1
EZ2
EZ3
EZ4
EZ5

0,31
0,19
0,00

0,177
0,099

1,00
0,12
0,06
0,00
0

0,24
0,00

0,184

o

0,18
0,00
0

1
0,03 1,00
0,03 0,56
1
0 1
0 0,5
1,00
0,00 1
0 0,38
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Table S7.1: Details of sampling sites (Sri Lanka); L number, coordinates, elevation,
elevation zone and forest types. Elevation zones; EZ1: 0-500m, EZ2: 501-1000m, EZ3:
1001-1500m, EZ4: 1501-2000m, EZ5; 2001-2500m. Forest types; WL: evergreen wet
lowland forests, DL: evergreen dry lowland forests, SM: sub-montane forests, MO:
montane forests.

Permit no: WL/3/2/61/18, R&E/RES/NFSRCM/2019-01,
R&E/RES/NFSRCM/EXTENSION/2020, K/G/01/06/03, M/0/03/2019.

L Elevation Elevation Forest

Site Number Latitude Longitude (m) zone type
Aranayake L1 7.1519 80.4638 245 EZ1 WL
Riverston L2 7.5491 80.7539 882 EZ2 SM

Dambulla L3 7.8578 80.6739 167 EZ1 DL

Deenston L4 7.3299 80.8609 1142 EZ3 SM

Nuwara Eliya L5 6.9118 80.7949 1882 EZ4 MO
Horton Plains L6 6.8073 80.8047 2154 EZ5 MO
Belihuloya L7 6.7317 80.7740 750 EZ2 WL
Hiyare FR L8 6.0596 80.3150 116 EZ1 WL
Kottawa FR L9 6.0971 80.3167 49 EZ1 WL
Kanneliya FR L10 6.2501  80.3380 42 EZ1 WL
Piduruthalagala FR  L11 7.0003 80.7753 2483 EZ5 MO
Uda peradeniya L12 7.2470  80.6149 788 EZ2 WL
Gannoruwa FR L13 7.2834  80.5984 592.5 EZ2 WL
Udawattakele FR L14 7.2969  80.6448 616 EZ2 WL
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Table S7.2: Morphometric measurements and metadata of all studied specimens. Metadata include species identification, voucher number,
occurrence data regarding sampling location in Sri Lanka, elevation zone (EZ), and forest type (F). Units of measurements are mm. WL:
evergreen wet lowland forests, LD: evergreen dry lowland forests, SM: sub-montane forests, MO: montane forests; EZ1: 0-500m, EZ2: 501-
1000m, EZ3: 1001-1500m, EZ4: 1501-2000m, EZ5; 2001-2500m; L1: Aranayake; L2: Riverston; L3: NIFS Arboretum; L4: Deenston; L5:
Nuwara Eliya; L6: Horton Plains; L8: Hiyare; L9: Kottawa; L10: Kanneliya; L11: Piduruthalagala; L12: Uda Peradeniya; L13: Gannoruwa; L14:
Udawattakele.

Taxa L EZ F BH EH EL PL ED Eld ElImb EW Ewb PW HW 10D MCL MFL MFW MTL MTW PFL PFW PTL

Adoretus spl L1 EZ1 LW 028125 0,15625 046875 0,14375 0,09375 0,5125 0,25 03875 0,3 0,3 024375 0,15625 0,06875 0,19375 0,06875 0,19375 0,05625 0,13125 0,05 0,175
Adoretus sp10 L3 EZ1 LD 033125 0,1875 0,625 0,14375 0,125 0,65 0,34375 0,45625 0,375 036875 0,33125 0,1875 0,075 0,26875 0,075 0,28125 0,0625 0,21875 0,05 0,24375
Adoretus sp10 L2 EZ2 SM 034375 0,14375 0,6375 0,15 0,125 065625 0,34375 05125 0,39375 0,375 033125 0,1875 0,075 026875 0,06875 0,29375 0,0625 0,21875 0,05 0,24375
Adoretus sp1l L3 EZ1 LD 029375 013125 055625 0,13125 0,10625 056875 0,29375 0,40625 0,34375 0,325 028125 01625 0,06875 02125  0,0625 0,20625 0,05625 0,175 0,05 0,20625
Adoretus sp12 L3 EzZ1 LD 031875 0118125 05625 015625 0,1125 058125 03125 0,41875 0,34375 0,33125 0,25 0,14375 0,075 0,23125 0,075 0,24375  0,05625 0,175 0,05 0.2
Adoretus sp2 L3 EZ1 LD 0,2625 02 056875 0,14375 01 06 03125 04375 03625 0,34375 0,29375 0,175  0,0625 025 00625 0,21875 0,0625 0,15625 0,05 0,225
Adoretus sp2 L2 EZ2 SM 03 01875 0,575  0,1375 01 059375 03125 0,40625 035 03375 0,2875 0,175  0,0625 0,225 0,075 0,25 00625 01875  0,0625 02
Adoretus sp3 L8 EzZ1 Lw 03125 016875 05375 0,1375 0,09375 05625 0,28125 0,425 0,35 035 02625 0,15625 0,075 0,25 0,075 0,21875 0,0625 0,1875 005 01875
Adoretus sp3 L2 EZ2 SM 02875 01875 058125 0,15 009375 06125 0,325 0,525 0,38125 0,35 0,26875 0,15 008125 02375 0,08125 021875 0,05625 0,1375 0,0625 0,19375
Adoretus sp3 L3 EZ1 LD 030625 01875 056875 0,1375 0,09375 0,575 0,28125 0,41875 0,35 034375 025625 0,15625 0,0625 0,2125 0,075 0.2 0,05 0,14375 0,05 0,175
Adoretus sp3 L4 EZ3 SM 031875 0,175 0,58125 0,15625 01 059375 03125 04625 038125 034375 0,25625 0,15625 0,075  0,2375 0,075  0,2375 0,0625 0,1875 0,05 02
Adoretus sp4 L5 EzZ4 MO 04 02 08125 0,225 0,125 084375 04375 0,59375 05 046875 03375 02 01375 03375 011875 03125 0,08125 0,2875 0,075 03375
Adoretus sp4 L1l EZ5 MO 04125 021875 084375 0,24375 0,125 08625 046875 0,625 04875 045625 03375 0,20625 0,11875 0,375 0,11875 03 009375 025625  0,0625 0,325
Adoretus sp5 L4 EZ3 SM 04375 03125 0,78125 023125 0,1125 0,875 0,46875 059375 0,53125 046875 0,3625 0,225 0125 03625 01125 035625 0,10625  0,2625 0,075 0,28125
Adoretus sp6 L14 EZ2 LW 034375 0,25 0,7 0,15625 0,125 0,73125 0,375 0,475 04 038125 0,375 02 009375 03125 0,09375 0,325 0,0625 0,28125 0,0625 0,26875
Adoretus sp7 L8 EZ1 LW 025 01125 0,51875 0,125 0,09375 05 025 0,34375  0,2875 0,275 025625 01375 0,06875 0,20625 0,06875 0,20625 00625 0,1875 0,04375 0.2
Adoretus sp7 L10 EZ1 LW 0,24375 0,11875 05 0,125 0,09375 05125 0,28125 0,35 0,28125 0,275 0,25625 0,13125 0,075 02 00625 019375 0,05 015625 0,04375 0,19375
Adoretus sp7 L9 EzZ1 Lw 025 0,15625 05125 0,125 0,09375 0,5125 025 03375 028125 0,28125 02625 0,13125 0,075 0,20625 0,06875 0,20625 0,05 0,175 005 01875
Adoretus sp8 L12 EZ2 LW 034375 01875 06375 021875 01125 06625 034375 05375 0,425 0,40625 0,26875 0,125 0,125 025625 0,11875 0,28125 0,06875 0,23125 0,0875 0,24375
Adoretus sp9 L3 EZ1 LD 029375 0,875 053125 0,125 0,125 053125 0,28125 0375 03125 03125 0,28125 0,15625 0,09375 0,23125 0,08125 0,21875 0,0625 0,16875 0,05 0.2
M. anderssoni L4 EZ3 SM 025625 0,13125 04375 0,11875 0,06875 04375 0,21875 0,35 0,275 0,25 0,18125 0,06875 0,175 0,175 0,075 0,15625 0,0625 0,09375 00375 0,1125
M. anderssoni L4 EZ3 SM 025625 0,1375 0,43125 0,125 0,06875 045 023125 03625 0,29375 0,25625 0,175 0,075 0,175  0,1875 0,075 01625 0,04375 0,125 0,025 01125
M. anderssoni L4 EZ3 SM 0,25625 015 043125 0,11875 0,075 045 0,21875 0,325 0,26875  0,2375 0,175 0,075 0,18125 0,1875 0,075 0,16875 005 013125 00625 01125
Anomala sp L14 EZ2 LW 050754 03076 095356 033836 01538 1,06122 04614 081514 066134 0,63058 0,35374 0,19994 0,19994 0,41526 0,18456  0,3845 0,1538  0,3076 0,12304  0,3076
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Anomala spl
Anomala spl
Anomala spl
Anomala spl
Anomala spl
Anomala spl
Anomala sp2
Anomala sp2
Anomala sp2
Anomala sp3
Anomala sp3
Anomala sp4
Apogonia spl
Apogonia spl
Apogonia spl
Apogonia spl
Apogonia spl
Apogonia sp10
Apogonia sp10
A ludificans

A ludificans

A. nietneri
Apogonia sp15
Apogonia sp15
A. glabrilinea
A. glabrilinea
A. glabrilinea
A. glabrilinea
A. glabrilinea
A.solidasp 3
A. solida sp4
Apogonia sp5
Apogonia sp5

A. comosa

L3
L1
L17
L8
L13
L10
L1
L16
L12
L3
L1
L3
L1
L2
L8
L4
L3
L4
L11
L4
L2
L4
L3
L2
L1
L4
L2
L9
L8
L1
L3
L3
L3
L3

EZ1
EZ1
EZ2
EZ1
EZ2
EZ1
EZ1
EZ1
EZ2
EZ1
EZ1
EZ1
EZ1
EZ2
EZ1
EZ3
EZ1
EZ3
EZ5
EZ3
EZ2
EZ3
EZ1
EZ2
EZ1
EZ3
EZ2
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1

LD
LW
LW
LW
LW
LW
LW
LW
LW
LD
LW
LD
LW
SM
LW
SM
LD
SM
MO
SM
SM
SM
LD
SM
LW
SM
SM
LW
LW
LW
LD
LD
LD
LD

0,58444
0,5383
0,5383

0,49216

0,59982

0,52292

0,63058
0,6152

0,64596

0,86128

0,83052

0,52292

0,41875

0,35

0,34375

0,34375

0,34375
0,4875
0,5125

0,375
0,31875
0,31875

0,25
0,2875

0,41875

0,375
0,35625

0,375
0,39375

0,375

0,3625

0,34375

0,34375

0,28125

0,32298
0,33836
0,3076
0,27684
0,3076
0,29222
0,41526
0,3076
0,43064
0,49216
04614
0,29222
025
0,21875
0,23125
02
0,21875
0,325
035
0,2625
02125
0,20625
0,1875
0,16875
0,28125
0,28125
0,20625
025
0,26875
025
0,225
0,20625
023125
0,1875

0,98432
0,96894
1,01508
0,90742
0,9997
0,93818
1,09198
1,0766
1,1535
1,35344
1,3842
0,87666
0,71875
0,59375
06

06
05875
0,9375
1,03125
0575
056875
055625
04375
0,46875
0,66875
059375
0625
0625
063125
05625
0525
0,4875
051875
0,46875

0,33836
0,33836
0,33836
0,32298
0,32298
0,33836
0,33836
0,36912
0,3845
04614
04614
0,26146
0,19375
0,225
0,1875
0,15625
0,15625
0,2375
025
0,15625
015
0,15625
0125
0,1375
0,16875
0,15625
0,15625
0,15625
0,1625
0,15625
015
0,13125
0,1375
0,125

0,1538
0,1538
0,1538
0,1538
0,16918
0,1538
0,1538
0,1538
0,1538
0,18456
0,19994
0,1538
0,10625
0,09375
0,09375
0,09375
0,09375
0,125
0,125
0,08125
0,08125
0,0875
0,06875
0,08125
0,09375
0,09375
0,09375
0,09375
0,09375
0,09375
0,08125
0,06875
0,075
0,0625

1,0766
0,9997
1,0766

0,98432
1,0766

1,01508
1,2304

1,16888

1,27654

1,56876

1,538
0,93818
075
06125
0,61875
06

0,59375

0,84375

1,03125

0,625

0,59375

0,59375

0,46875
0,4875

0,69375

0,625
0,625
0,64375
0675
05875
055375
05

053125
0,4875

0,4614
0,4614
0,4614
0,4614
0,5383
0,4614
0,5383
0,5383
0,6152
0,769
0,769
0,4614
0,40625
0,28125
0,3125
0,3125
0,28125
0,46875
0,53125
0,3125
0,28125
0,28125
0,21875
0,21875
0,35
0,34375
0,28125
0,3125
0,3125
0,3125
0,28125
0,25
0,25
0,25

0,769
0,78438
0,8459
0,72286
0,769
0,79976
0,9228
0,9228
0,96894
1,10736
1,10736
0,6921
0,56875
0,475
0,48125
0,46875
0,46875
0,71875
0,7625
0,475
0,45625
0,4375
0,35
0,375
05
0,4875
05

05
0,54375
0,475
0,4375
0,3875
0,425
0,39375

0,66134
0,66134
0,67672
0,6152
0,6921
0,67672
0,769
0,769
0,81514
0,93818
0,9228
0,5383
05
0,40625
0,40625
0,3875
0,40625
0,53125
0,625
0,40625
0,38125
0,35

03
0,325
0,45625
0,40625
0,425
0,4375
0,53125
0,4125
0,38125
0,3375
0,34375
0,31875
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0,6152
0,59982
0,6152
0,56906
0,6152
0,6152
0,70748
0,6921
0,73824
0,8459
0,79976
0,47678
0,44375
0,3625
0,375
0,3625
0,3625
05
0,54375
0,35625
0,325
0,33125
0,26875
0,3125
04
0,3625
0,3875
0,3875
0,40625
0,34375
0,33125
0,2875
03
0,275

0,3845
0,3845
0,3845
0,33836
0,39988
0,3845
0,39988
0,39988
0,39988
0,47678
0,49216
0,32298
03
0,2625
0,2625
0,26875
0,2625
0,33125
0,34375
0,24375
0,21875
0,2375
0,2125
0,23125
0,2875
0,26875
0,26875
0,30625
0,31875
0,225
0,225
0,1875
0,19375
0,1875

0,18456
0,18456
0,18456
0,18456
0,19994
0,19994
0,2307
0,19994
0,2307
0,26146
0,27684
0,16918
0,2125
0,1875
0,16875
0,175
0,16875
02125
025
0,14375
0,125
0,15
0,1375
015
0,19375
0,1875
0,1875
02
0,20625
015
0,14375
0,11875
0,125
0,1125
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0,19994
0,18456
0,18456
0,16918
0,19994
0,18456
0,19994
0,18456
0,19994
0,29222
0,3076
0,18456
0,0625
0,0375
0,04375
0,04375
0,0375
0,08125
0,08125
0,04375
0,0375
0,05
0,03125
0,0375
0,04375
0,03125
0,05
0,05625
0,05625
0,05
0,0375
0,0375
0,0375
0,0375

0,44602
04614
04614

0,39988
04614
04614

050754

049216

049216

0,59982

058444

0,44602

0,34375
02625
02625
02625

024375

0375

0,40625

025625

024375

025

018125
02125

026875

025

026875
02625

028125

025

023125

021875

0,16875

019375

0,16918
0,1538
0,1538
0,1538

0,16918

0,16918

0,18456

0,18456

0,19994

0,26146

0,24608

0,12304

0,08125
0,0625

0,075
0,0625
0,0625

0,09375

0,10625

0,05625
0,0625
0,0625

0,04375

0,04375

0,06875
0,0625
0,0625
0,0625

0,06875
0,0625
0,0625
0,0625
0,0625

0,05

04614
04614
04614
0,3845
0,44602
0,43064
0,47678
0,4614
0,4614
0,55368
0,58444
0,3845
0,28125
0,2375
0,2375
0,21875
0,21875
0,34375
0,38125
0,21875
0,21875
0.2
0,1625
0,1875
0,225
0,21875
0,225
0,2375
0,25
0,21875
0,20625
0,1875
0,16875
0,16875

0,09228
0,10766
0,09228
0,09228
0,09228
0,09228
0,12304
0,12304
0,10766
0,1538
0,13842
0,0769
0,05
0,05
0,05
0,04375
0,0375
0,0625
0,06875
0,0375
0,04375
0,04375
0,03125
0,03125
0,04375
0,04375
0,03125
0,04375
0,04375
0,04375
0,0375
0,075
0,0375
0,0375

0,32298
0,3076
0,3076

0,24608

0,03076
0,3076

0,36912
0,3076
0,3076
0,3845
0,3845

0,24608

0,19375

0,175
0,1625
0,15625
0,175
0,25
0,2625

0,16875

0,14375
0,1875
0,1375

0,13125

0,175
0,15

0,19375
0,1875
0,1875

0,21875

0,15

0,13125
0,1875
0,1375

0,09228
0,10766
0,10766
0,10766
0,10766
0,12304
0,09228
0,09228
0,12304
0,13842
0,1538
0,0769
0,0625
0,0625
0,0625
0,05625
0,05625
0,08125
0,0875
0,04375
0,05
0,0625
0,0375
0,04375
0,0625
0,05
0,05625
0,05625
0,0625
0,05
0,0375
0,0375
0,0375
0,04375

035374
035374
0,3845
0,36912
0,33836
0,35374
041526
0,3845
0,3845
04614
04614
029222
0,1875
0,16875
0,1875
018125
015
0275
028125
0,1625
01375
0175
01375
011875
0175
0,16875
018125
0175
016875
0,15625
0,14375
015
01375
0125
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A.comosa
Apogonia sp7
Apogonia sp8
Apogonia sp8
coriacea
coriacea
coriacea
coriacea
coriacea
coriacea
badullana
badullana
badullana
badullana
badullana
badullana
badullana
badullana
badullana
badullana
badullana
badullana
badullana
badullana
badullana
badullana
badullana
badullana
badullana
bandarawelana

bandarawelana

S N

bandarawelana
Brahmina spl

Brahmina spl

L4
L3
L5
L6
L9
L9
L4
L5
L1
L9
L5
L5
Li1
Li1
L6
L5
L5
L6
L5
L1
L6
L1
L5
L5
L5
L5
L1
L1
L1
L2
L2
L2
L5
L6

EZ3
EZ1
EZ4
EZ5
EZ1
EZ1
EZ3
EZ4
EZ5
EZ1
EZ4
EZ4
EZ5
EZ5
EZ5
EZ4
EZ4
EZ5
EZ4
EZ5
EZ5
EZ5
EZ4
EZ4
EZ4
EZ4
EZ5
EZ5
EZ5
EZ2
EZ2
EZ2
EZ4
EZ5

SM

LD

MO
MO
LW
LW
SM

MO
MO
LW
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
SM

SM

SM

MO
MO

0,28125
0,3125
0,375
0,34375
0,59375
0,625
0,41875
0,51875
05
0,625
0,46875
0,425
0,4375
0,38125
0,34375
0,40625
0,3875
0,375
0,41875
0,375
0,40625
0,375
0,40625
0,40625
0,40625
0,34375
04
0,4375
0,43125
0,46875
0,46875
0,4625
0,61

0,6

0,23125
0.2

0,25
0,25
0,39375
0,39375
03
0,33125
0,325
0,3875
0,175
0,225
0,21875
0,1875
0,1875
0,23125
0,25625
0,1625
0,13125
0,1875
0,25
0,1875
0,23125
0,21875
0,19375
0,1875
0,21875
0,25
0,225
0,3125
0,28125
0,29375
031
0,34

0,50625
0,50625
0,6875
0,71875
0,90625
0,95
0,96875
1,0125
0,96875
0,90625
0,6875
0,75
0,75
0,6875
0,625
0,6875
0,71875
0,65
0,70625
0,6375
0,7375
0,6625
0,65625
0,70625
0,7125
0,71875
0,70625
0,71875
0,7375
0,75362
0,76
0,78
112
1,05

0,125
0,125
0,1875
0,175
0,25
0,25625
0,2375
0,25
0,25
0,25
0,1875
0,18125
0,19375
0,18125
0,15
0,1875
0,175
0,175
0,15625
0,16875
0,1875
0,175
0,1625
0,18125
0,1875
0,175
0,1875
0,1875
0,2
0,21875
0,21875
0,225
0,35
0,32

0,06875
0,06875
01
0,09375
0,14375
0,14375
0,1125
0,125
0,1125
0,1375
0,075
0,075
0,08125
0,08125
0,06875
0,075
0,075
0,075
0,06875
0,06875
0,06875
0,075
0,075
0,075
0,075
0,075
0,08125
0,075
0,08125
0,09375
0,0875
0,09375
013
012

0,53125
0,525
075
0775
0,9375
1
1,01875
1,04
0,95

1
07375
0,76875
079
0,74375
0,625
07375
071875
07
0,6875
0,65625
075
0675
0,70625
071875
0725
0,65
0,6875
075
075
0,78438
077
082
1,15
1,08

0,28125
0,21875
0,40625
0,40625
05
0,53125
0,53125
05

05
0,53125
0,40625
0,40625
0,40625
0,40625
0,325
0,375
0,3875
0,40625
04
0,34375
0,40625
0,375
0,40625
0,40625
0,40625
0,375
0,375
0,40625
0,40625
0,3845
0,4375
0,4375
0,58

05

0,425
0,45

0,5
0,5125
08
0,79375
0,7375
0,7875
0,73125
0,78125
0,56875
0,59375
0,5625
0,5375
05

0,55
0,54375
0,5375
0,5625
0,525
0,56875
0,58125
0,53125
0,5625
0,5625
0,5625
0,53125
0,5875
0,53125
0,73125
0,63125
0,66875
0,82
0,79

0,34375
0,35625
0,41875
0,4375
0,6375
0,625
0,58125
0,6375
0,58125
0,60625
0,4375
0,48125
0,44375
0,43125
0,39375
0,45625
0,425
0,43125
0,4375
0,4125
0,46875
0,40625
0,40625
0,45
0,45
0,45
0,4375
0,4625
0,4375
0,54375
05
0,5375
0,7

0,67
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0,3
0,29375
0,3875
0,39375
0,5625
0,58125
0,5125
0,5625
0,53125
0,6
0,375
0,4
0,3875
0,375
0,325
0,39375
0,39375
0,375
0,375
0,36875
0,375
0,34375
0,33125
0,375
0,35
0,35
0,35
0,375
0,375
0,4875
0,46875
05

0,64

0,6

0,1875
02
0,275
0,26875
0,36875
0,375
0,3125
0,3625
0,31875
0,38125
0,23125
0,23125
0,23125
0,2375
0,20625
0,23125
0,23125
0,21875
0,21875
0,21875
0,24375
0,21875
0,2125
0,225
0,21875
0,21875
0,21875
0,225
0,225
0,28125
0,275
0,28125
0,34

03

0,11875
0,13125
0,1625
0,16875
0,25
0,25
0,21875
0,2625
0,23125
0,25
0,13125
0,1375
0,1375
0,1375
0,1125
0,13125
0,13125
0,125
0,13125
0,125
0,13125
0,125
0,125
0,125
0,13125
0,13125
0,13125
0,13125
0,125
0,1625
0,16875
0,1625
021
02
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0,03125
0,0375
0,0625
0,0625
0,0625

0,075
0,075

0,08125

0,09375
0,0625

0,24375

0,25625

0,25625

0,25625

0,225
0,275
0,25625
0,25
0,2375
0,25
0,28125
0,25
0,25
0,2625
0,25625
0,25
0,2625
0,2625
0,2625

0,28125
0,2625

0,26875

0,16
0,13

0,20625
0,2125
0,2875

0,025

0,43125

0,44375
0,3625

0,425

0,39375
0,4375
0,2875

03
0,2875
0,275
0,25
0,28125
03

0,29375

0,25625

0,26875

0,29375
0,2625

0,26875

0,28125

0,28125

0,26875

0,275
03
0,2875
03
0,3125
0,325
0,48
0,45

0,04375
0,05625
0,08125
0,075
0,09375
0,09375
0,09375
011875
0,10625
0,09375
0,10625
01125
0,10625
01
0,0875
0,10625
0,10625
0,10625
0,09375
0,09375
01
0,0875
0,09375
01

01

01

01
0,10625
0,09375
01375
0,14375
015
019
016

0,18125
0,18125
0,26875
0,275
0,35625
0,375
0,34375
0,375
0,34375
0,375
0,25
0,25
0,21875
0,21875
0,19375
0,2375
0,225
0,225
0,2125
0,21875
0,25
0,21875
0,225
0,23125
0,2375
0,225
0,21875
0,2375
0,20625
0,24375
0,25625
0,25
0,48
043

0,03125
0,0375
0,05
0,05
0,0625
0,0625
0,0625
0,0625
0,075
0,0625
0,06875
0,06875
0,08125
0,06875
0,05625
0,075
0,06875
0,0625
0,0625
0,0625
0,06875
0,0625
0,0625
0,0625
0,0625
0,0625
0,06875
0,0625
0,06875
0,0875
0,0875
01

01

01

0,1375
0,18125
0,20625

0,2125
0,28125
0,29375

0,25

0,2625
0,26875
0,29375

0,175
0,175
0,175
0,175
0,13125
0,14375
0,14375
0,15625
0,15625

0,1375

0,1375
0,15625
0,15625
0,15625
0,15625
0,15625
0,15625
0,15625

0,1625
0,20625

0,1875

0,2125

03
0,25

0,04375
0,0375
0,0625
0,0625

0,08125

0,075
0,075

0,09375

0,06875

0,08125
0,0625
0,0625
0,0625
0,0625

0,05
0,05
0,0625

0,05625
0,0375

0,04375

0,05625

0,05625
0,0375
0,0375
0,0375
0,0375

0,05
0,05
0,0625

0,06875

0,06875
0,0625

01
01

0,125
0,125
0,2125
0,1875
0,26875
0,28125
0,2625
0,28125
0,25625
0,26875
0,18125
0,16875
0,15
0,15
0,13125
0,15625
0,14375
0,15625
0,13125
0,15
0,15625
0,13125
0,13125
0,13125
0,13125
0,13125
0,13125
0,1375
0,15625
0,1875
0,1875
0,1875
03

0,33
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M
M
M
M
M
M
M
M
M
M
M

Sel. convexiuscula

M
M
M

zZz =2 £ 22Kz zgxgxzx

=T 2 2L L
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0,64596
0,64596
0,769
0,769
0,15625
0,15625
0,1625
0,14375
0,125
0,075
0,075
0,09375
0,09375
0,09375
0,1125
0,09375
0,1375
0,10625
01125
0,125
0,33836
03
0325
0,30625
0,2625
0,20625
0,21875
0,15625
025
0,21875
01
05383
0,4614
0,63058

2,0763
2,1532
1,9994
2,24548
0,54375
0,5875
0,58125
0,5125
0,325
03
0,325
0,3125
0,33125
0,3375
0,29375
0,34375
0,31875
0,325
0,33125
0,28125
1,0766
1,07
0,84375
0,84375
0,78125
0,625
0,58125
0,55
0,6375
0,5625
05
1,47648
1,66104
1,66104

0,6152
0,6152
0,5383
0,63058
0,15625
0,15625
0,15625
0,1375
0,10625
0,1
0,10625
0,1
0,10625
0,10625
0,1
0,125
0,10625
0,1125
0,10625
01
0,21532
0,27
0,25
0,25
0,21875
0,18125
0,15625
0,175
0,19375
0,18125
0,14375
0,4614
0,5383
0,56906

0,3076
0,2307
0,3076
0,19994
0,0625
0,0625
0,0625
0,05625
0,04375
0,0375
0,0375
0,0375
0,0375
0,04375
0,04375
0,04375
0,04375
0,04375
0,04375
0,03125
0,09228
0,07
0,10625
0,10625
01
0,09375
0,09375
0,11875
0,075
0,08125
0,075
0,1538
0,16918
0,1538

2,2301
2,2
2,18396
23
0,53125
0,59375
0,60625
0,525
0,34375
0,3125
0,3375
0,35
0,34375
0,34375
0,3125
0,35625
0,33125
0,35
0,34375
03
1,09198
1,06
0,875
0,90625
0,7875
0,66875
0,6
0,58125
0,6625
0,59375
0,50625
1,6918
1,7687
1,8456

1,1535
1
1,1535
14
0,3125
0,325
0,34375
0,28125
0,15625
0,175
0,16875
0,14375
0,15625
0,15625
0,125
0,15625
0,15625
0,16875
0,15625
0,1375
0,64596
0,57

05
0,53125
0,46875
0,3625
0,34375
0,25
0,34375
0,28125
0,25
0,769
0,769
0,9997

1,6918
1,79946
1,64566
1,73794
0,43125
0,45625

0,45

0,4
0,275
0,23125
0,26875

0,2625
0,28125
0,28125

0,275
03
0,275
0,2875
0,275
0,25
0,769
0,72
0,71875
0,70625

0,6875
0,51875

0,4625

0,475
0,53125
0,46875

0,4125

1,3842
1,39958

14611

14611
14611
1,3842
1,538
0,34375
0,34375
0,34375
0,31875
0,23125
0,19375
0,21875
0,225
0,25
0,2375
0,21875
0,25
0,23125
0,225
0,23125
0,21875
0,67672
0,58
0,59375
0,59375
0,59375
0,4125
0,3625
0,375
0,43125
0,40625
0,3125
1,1535
1,2304
1,26116

282

1,24578
1,26116
1,1535
1,36882
0,31875
0,3125
0,3125
0,26875
0,2
0,1875
0,19375
0,2
0,20625
0,2
0,1875
0,21875
0,22
0,20625
0,19375
0,18125
0,56906
0,52

05
0,51875
05
0,34375
0,3125
0,325
0,375
0,34375
0,26875
1,03046
1,09198
1,0766

0,64596
0,66134
0,63058
0,769
0,19375
0,19375
0,19375
0,16875
0,13125
0,11875
0,125
0,125
0,125
0,125
0,125
0,13125
0,1375
0,125
0,13125
0,11875
0,33836
03
0,30625
0,3125
0,29375
0,225
0,20625
0,20625
0,2375
0,2125
0,1875
0,49216
0,5383
0,5383

0,3845
0,3845
0,3845
0,4614
0,1125
0,10625
0,1125
01
0,075
0,06875
0,075
0,075
0,075
0,075
0,06875
0,08125
0,08125
0,075
0,075
0,075
0,19994
018
0,18125
0,175
0,16875
0,10625
0,09375
0,125
0,15
0,13125
01
0,3076
0,35374

0,35374
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0,2307
0,27684
0,2307
0,26146
0,21875
0,225
0,23125
0,19375
0,11875
0,1125
0,1125
0,11875
0,125
0,11875
0,1125
0,125
0,125
0,1375
0,125
0,125
0,3076
025
03125
03

03
025
02125
0,19375
0,2375
0,20625
0,20625
0,36912
0,3845
0,3845

0,89204
0,78438
0,86128
0,8459
0,25
0,25
0,25
0,21875
0,13125
0,125
0,13125
0,125
0,1375
0,1375
0,13125
0,1375
0,13125
0,1375
0,13125
0,13125
0,3845
0,39
0,35625
0,34375
0,33125
0,275
0,24375
0,21875
0,2625
0,23125
0,21875
0,6921
0,6921
0,6921

0,24608
0,29222
0,26146
0,3076
0,09375
0,09375
0,0875
0,075
0,05625
0,05
0,05625
0,05625
0,05625
0,05625
0,05625
0,0625
0,05625
0,0625
0,05625
0,05
0,13842
0,13
0,175
0,15
0,15
0,125
0,10625
0,09375
0,1125
0,09375
01
0,3076
0,33836
0,3076

0,70748
0,78438
0,79976
0,769
0,20625
0,20625
02125
0,1875
011875
0,075
011875
0,10625
0,10625
0125
0125
013125
0125
0125
011875
0125
0,32298
035
0,28125
0,28125
025
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01875
01875
023125
0,20625
01875
0,59982
0,64596
0,59982

0,12304
0,13842
0,1538
0,1538
0,0625
0,06875
0,05625
0,05
0,0375
0,03125
0,03125
0,03125
0,03125
0,0375
0,0375
0,0375
0,0375
0,03125
0,03125
0,03125
0,0769
0,08
0,1125
01
0,09375
0,075
0,0625
0,0625
0,075
0,075
0,0625
0,1538
0,16918
0,1538

0,5383
0,55368
0,50754
0,59982

0,1375

0,15
0,14375
0,14375
0,06875

0,075
0,09375
0,06875
0,06875
0,0875
0,075
0,09375
0,08125
0,08125

0,0875

0,0875
0,26146

0,25
0,225
02
02

0,1875

0,1625
0,15625

0,1875

0,1375

0,125
0,47678
0,39988

0,4614

0,18456
0,16918
0,16918
0,18456
0,05625
0,05
0,05
0,04375
0,01875
0,025
0,025
0,025
0,025
0,03125
0,025
0,04375
0,025
0,025
0,025
0,025
0,0769
0,08
0,08125
0,075
0,075
0,06875
0,05625
0,05625
0,06875
0,0625
0,04375
0,1538
0,1538
0,16918

0,58444
0,6152
0,6152

0,769
0,13125
0,125
0,125
0,125

0,08125
0,0625

0,06875

0,08125

0,08125

0,09375

0,08125

0,09375
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0,075
0,0875
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0,2307
0,26
02
0,1875

0,16875
0,1375
0,1375
0,1375
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0,1125
0,1125

0,49216

0,47678

0,47678
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Mimela sp2
Sel. nitida
Sel. nitida
Sel. nitida
Sel. nitida
Sel. nitida
Sel. nitida
Sel. nitida
Sel. nitida
Orphnus dspl
padaviyaensis M.
Parastasia sp
Parastasia sp
Parastasia sp
Dynestinae sp2
Orphnus spl
Orphnus spl
Orphnus spl
Dynestinae sp8
N. pophami
N. pophami
N. pophami
Popillia sp.
M. pubescens
M. pubescens
M. pubescens
Sel. pusilla
Sel. pusilla
Sel. pusilla
Sel. pusilla
Sel. pusilla
Sel. pusilla
Sel. pusilla

Sel. pusilla

L10
LS
L11
L11
L6
L6
L6
L6
L6
L1
L3
L8
L19
L4
L3
L1
L3
L3
L1
L3
L3
L3
L4
L1
L1
L1
L3
L3
L3
L3
L3
L2
L2
L2

EZ1
EZ4
EZ5
EZ5
EZ5
EZ5
EZ5
EZ5
EZ5
EZ1
EZ1
EZ1
EZ1
EZ3
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ3
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ2
EZ2
EZ2

LW
MO
MO
MO
MO
MO
MO
MO
MO
LW
LD
LW
LW
SM
LD
LW
LD
LD
LW
LD
LD
LD
SM
LW
LW
LW
LD
LD
LD
LD
LD
SM
SM
SM

0,769
0,60625
0,5
0,54375
0,4875
0,5625
0,4875
0,46875
0,53125
0,325
0,35
0,63
0,61
0,82
0,58444
0,375
0,3375
0,325
0,275
0,2875
0,3125
0,2625
0,35
0,3076
0,28125
0,3125
0,25
0,2875
0,28125
0,28125
0,25625
0,26875
0,28125
0,275

0,36912
03

03
0,3375
03
0,28125
0,3625
0,28125
0,34375
02125
015
034
031
0,46
0,32298
0,21875
02
0,18125
0,1875
0,1625
0,14375
0,15625
0,125
0,10766
013125
0,15625
0,15625
0,1875
0,16875
015
0,1375
0,1375
0175
0,1625

1,0766
0,9228
0,9228

1

0,85
1,03046
097
1,02
0,98
0575
05375
085
095
1,14
1,10736
0575
055
0,5625
0,425

0,41875
04375
04125

05
0,4614
04375

0,44375

0,4625

05
0,46875
043125
045

0,46875

0,46875
04375

0,44602
0,275
0,25
0,28125
0,25
0,28125
0,28125
0,28125
0,275
0,21875
0,18125
0,43
0,45
0,58
0,5383
0,21875
0,21875
0,19375
0,21875
0,18125
0,14375
0,13125
0,23125
0,13842
0,1375
0,14375
0,11875
0,13125
0,125
0,1125
0,125
0,13125
0,125
0,1125

0,1538
01125
01
0,10625
0,1125
0,10625
0,11875
0,11875
0,1125
0,0625
0,0625
0,12
0,12
013
0,1538
0,05625
0,05625
0,09375
0,0375
0,0625
0,0625
0,0625
0,0625
0,0769
0,0625
0,0625
0,0625
0,0625
0,0625
0,0625
0,0625
0,0625
0,0625
0,0625

1,18426
0,9228
0,93818
1,02
0,95
1,0766
1,05
1,08

1
0,56875
058125
0,95
1,05
1,25
1,26116
0,59375
0,5875
0,5875
048125
0475
0,4625
04375
0,54375
0,49216
0,4625
0475
0475
05125
0,46875
045625
048125
048125
054375
045625

0,5383
0,5383
0,49216
0,53125
0,53125
0,50754
0,55
0,55

05
0,28125
0,3125
0,45

05

0,65
0,6152
0,28125
0,275
0,28125
0,21875
0,2375
0,21875
0,21875
0,25
0,27684
0,25
0,25
0,25
0,25
0,21875
0,21875
0,21875
0,21875
0,2375
0,21875

0,9997
07125
0,74375
075
0,68125
073824
0,7625
0,79375
08
051875
0475
0,86
097

11
0,9997
05125
0,49375
05
0,425
0,3625
0,35625
0325
053125
0,36912
0,3625
0,36875
0375
0,3625
0,35625
0,34375
035
0,36875
0,3875
0,34375

0,90742
0,5625
0,575
0,625
0,5625
0,60625
06125
0,60625
0,625
0475
0375
077
085

1
0,87666
0,46875
045625
0,46875
0,39375
03
0,28125
0,26875
05
0,29222
0,2875
0,29375
03
0,29375
0,2875
0,26875
0,28125
0,29375
03125
0,28125

283

0,769
0,53125
0,53125

0,5625
0,5125
0,56875
0,56875
0,58125
0,53125
0,4375
0,35
0,73
0,78
0,95
0,86128
0,46875
0,425
0,45
0,36875

0,275

0,25625

0,25
0,40625
0,27684
0,2625
0,2625
0,25625
0,2625
0,25
0,2375
0,25
0,25625
0,275
0,25

0,39988
0,3125
0,3125

0,35625
0,3125

0,33125

0,325

0,34375

0,31875
0,2875

0,20625

0,31
0,35
0,37
0,3845
0,2625
0,275
0,2875

0,18125

0,16875

0,15625

0,15625

0,21875

0,18456

0,16875

0,16875

0,18125

0,175
0,175

0,16875

0,16875

0,18125

0,18125

0,16875

0,24608
0175
0175

0,1875
0,175
0,1875
0,1875
0,175
0,1875
02
0,13125
0,22
023
0,25
0,24608
0,21875
0,1875
02
0,10625
01
0,0875
0,0875
0,1375
0,09228
0,0875
0,0875
0,0875
0,09375
0,09375
0,0875
0,0875
0,0875
0,09375
0,0875
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0,27684
0,21875
0,23125
0,25
0,225
0,24375
0,24375
0,25625
0,225
0,1375
0,2125
02
0,21
02
0,3076
0,13125
0,14375
0,14375
0,08125
0,1375
0,1375
0,13125
0,13125
0,16918
0,15625
0,1625
0,10625
02
0,1125
0,09375
0,10625
0,09375
0,1125
0,09375

0,55368
03375
0,34375
0,375
03375
0,3625
0,35625
0,38125
0,3625
0,23125
0,2625
043
04

045
0,63058
0,24375
0,225
0,225
0,20625
0175
0,15625
0,1625
0,2875
0,19994
0,19375
0,1875
0,16875
0,1875
0,1875
01375
0175
0,1875
0,1875
0,175

0,24608
0125
01375
013125
013125
01375
01375
0,14375
0,14375
0,10625
0,10625
017

02

025
02307
0,09375
01
0,09375
0,0875
0,06875
0,06875
0,06875
0125
0,09228
0,075
0,14375
0,0625
0,06875
0,0625
0,0625
0,0625
0,0625
0,0625
0,0625

049216
0,2875
0,30625
033125
03
03625
035
035
033125
0,19375
02125
025
032
033
06152
0,21875
02125
0225
01875
015
01375
01375
0,2875
016918
0,15625
0,14375
0,15625
01625
0,15625
01375
0,14375
015
0,15625
0,15625

0,13842
0,0875
0,09375
0,09375
0,08125
0,09375
0,09375
0,09375
01
0,075
0,0625
0,09
0,09
013
0,13842
0,0875
0,075
0,0875
0,0625
0,05
0,04375
0,0375
0,0625
0,04614
0,05625
0,05
0,04375
0,0375
0,05
0,0375
0,04375
0,04375
0,04375
0,0375

0,32298
0,21875
0,25
0,2375
0,2375
0,25
0,25
0,19375
0,275
0,1875
0,1375
0,32
0,28
0,33
0,43064
0,15625
0,15625
0,2125
0,175
0,1125
01
0,1125
0,1875
0,09228
0,18125
0,125
0,10625
0,125
0,125
0,125
0,1375
0,14375
0,125
0,1125

0,10766
0075
0,075
0,075

0,08125

0,08125

0,08125

0,08125

0,0875
0,09375
0,0625
014
012
015
0,1538
0,09375
0,0875
0,09375
0,0625
0,05
0,04375
0,0375
0,06875
0,04614
0,0375
0,0375
0,04375
0,04375
0,0375

0,04375

0,04375

0,04375

0,0375

0,04375

035374
02375
024375
025
025
0275
02375
0,25625
025
021875
01375
021

03

04
047678
021875
021875
021875
0,19375
0125
0,10625
01
021875
0,12304
011875
0125
013125
0,14375
0125
011875
0125
013125
0125
0125
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Sel. pusilla
Sel. pusilla
Sel. pusilla
Sel. pusilla
Rhizotrogini sp
rotundata
rotundata
rotundata
rotundata
rufocuprea
rufocuprea
rufocuprea
rufocuprea
rufocuprea
rufocuprea
rufocuprea
rufocuprea
rufocuprea
rufocuprea
rufocuprea
rufocuprea
rufocuprea
rufocuprea
rufocuprea
rufocuprea

rufocuprea

LT gEgggggggggggggg2gg£2££8

rufocuprea
Selaserica impexa
Selaserica impexa
Selaserica nitida
Selaserica nitida
Selaserica nitida
Sel. nuwarana

Sel. nuwarana

L2
L2
L3
L2
L14
L1
L1
L1
L1
L1
L1
L1
L7
L4
L4
L2
L8
L8
L2
L4
L4
L4
L8
L8
L8
L2
L2
L8
L8
L11
L5
L5
L5
L5

EZ2
EZ2
EZ1
EZ2
EZ2
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ1
EZ2
EZ3
EZ3
EZ2
EZ1
EZ1
EZ2
EZ3
EZ3
EZ3
EZ1
EZ1
EZ1
EZ2
EZ2
EZ1
EZ1
EZ5
EZ4
EZ4
EZ4
EZ4

SM
SM
LD
SM
LW
LW
LW
LW
LW
LW
LW
LW
LW
SM
SM
SM
LW
LW
SM
SM
SM
SM
LW
LW
LW
SM
SM
LW
LW
MO
MO
MO
MO
MO

0,28125
0,2875
0,28125
0,2625
0,48125
0,49375
045
0,41875
0,44375
0,425
043125
0,39375
0,40625
04125
0,40625
0,38125
0,40625
0,36875
0375
0,40625
0,40625
04375
041875
041875
0,40625
0,33125
035
045
0,4625
05625
058125
0525
0,44375
04375

0,1875
0,175
0,15625
0,125
0,275
0,26875
0,25
0,2125
0,19375
0,25
0,1875
0,2
0,20625
0,19375
0,2
0,1875
0,175
0,1875
0,1875
0,21875
0,20625
0,21875
0,23125
0,24375
0,21875
0.2
0,20625
0,3125
0,26875
0,375
0,375
0,34375
0,3125
0,28125

0,45625
0,45
0,49375
0,45
0,8125
0,65625
0,70625
0,69375
0,71875
0,65
0,5625
0,6
0,5875
0,56875
0,59375
0,55

0,6
0,53125
0,5375
0,5625
0,58125
0,6125
0,6625
0,59375
0,6375
0,5625
0,5625
0,75
0,7625
0,94
0,98
0,95
0,825
0,75

0,13125
0,125
0,1375
0,125
0,25625
0,2

0,2
0,1875
0,2

0,2
0,1875
0,19375
0,1875
0,175
0,1875
0,175
0,19375
0,175
0,175
0,18125
0,1875
02
0,2125
0,19375
0,19375
0,1625
0,1875
0,2375
0,25625
0,29375
0,29375
0,28125
0,21875
0,225

0,0625
0,0625
0,06875
0,0625
0,08125
0,075
0,075
0,075
0,075
0,06875
0,0625
0,075
0,0625
0,0625
0,0625
0,0625
0,0625
0,0625
0,0625
0,0625
0,075
0,06875
0,0875
0,08125
0,06875
0,0625
0,06875
0,1125
0,11875
0,10625
0,11875
0,10625
0,09375
0,09375

0,50625
0,475
0,5125
0,4625
0,875
0,75
0,73125
0,71875
0,7375
0,70625
0,5625
0,6625
0,63125
0,625
0,6
0,58125
0,625
0,5625
0,5875
0,625
0,6125
0,675
0,66875
0,6375
0,65
0,5625
0,6
0,79375
0,84375
1,02
0,98
1,01

08

0,77

0,25
0,25
0,25
0,21875
0,45
0,375
0,40625
0,40625
0,40625
0,3125
0,25
0,34375
0,28125
0,28125
0,2875
0,28125
0,3125
0,28125
0,28125
0,28125
0,3125
0,34375
0,34375
0,3125
0,3125
0,28125
0,28125
0,40625
0,4375
05

05

05
0,40625
0,40625

0,375
0,3625
0,39375
0,3625
0,68125
0,59375
0,61875
0,625
0,625
0,55
0,49375
0,5375
0,48125
0,48125
0,46875
0,45
0,45
0,48125
0,45
0,46875
0,46875
05
0,53125
0,48125
05
0,45625
0,48125
0,6125
0,6625
0,7875
0,7625
0,75625
0,60625
0,61875

0,2875
0,29375
0,3125
0,3
0,54375
0,475
0,4875
0,4875
0,50625
0,45
0,39375
0,40625
0,38125
0,3875
0,3875
0,35
0,40625
0,375
0,36875
0,3875
0,3875
0,40625
0,45
0,40625
0,41875
0,375
0,3875
0,5125
0,58125
0,625
0,6375
0,625
0,475
05

284

0,25625
0,25625
0,275
0,25
0,4875
0,44375
0,4375
0,4375
0,4375
0,40625
0,34375
0,38125
0,3625
0,3625
0,34375
0,325
0,34375
0,33125
0,3625
0,3375
0,34375
0,36875
0,38125
0,35625
0,35
0,3125
0,325
0,46875
0,46875
0,54375
0,5625
0,5375
0,4125
0,44375

0175
0175
0,1875
0,168