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ABSTRACT

Diving beetles (Coleoptera: Dytiscidae) are the largest family of aquatic beetles. They
inhabit almost all kinds of freshwater habitats but preferably lentic habitats. Their
morphology is highly adapted to lead an aquatic life. They are holometabolous insects
and are univoltine, semivoltine or multivoltine. They are consumed as food in various
countries around the globe including India. They are also linked to different human

cultures and mentioned in literature.

This study deals with the taxonomy, phylogeny and association of species presence
and absence with different habitats based on the presence or absence of species and
selected water parameters. Different freshwater habitats in the 14 districts were
sampled. One hundred and sixty sites were involved in the study. The freshwater
habitats were classified into 34 different types. Fifty-three species were observed and
recorded. Subfamily Hydroporinae formed the largest subfamily and Colymbetinae
formed the smallest subfamily. Two species are new reports to India. Eight species
are reported first time from Southern India. One subfamily, four genera and 23 species
are new records to Kerala state. Detailed descriptions, information on habitat and

location data and distribution of the species in India are provided.

A checklist for the diving beetles of Kerala was prepared by compiling the species
reports in previous studies and the current study. This has increased the number of

diving beetles reported from Kerala from 51 species to 74 species.

The phylogenetic study of Dytiscidae involving 26 sequences from 24 species under
five subfamilies and 10 genera  reveals monophyly of genera Leiodytes,
Hydroglyphus, Clypeodytes, Hydrovatus and Sandracottus. Meanwhile Genera
Copelatus, Laccophilus and Hydaticus form paraphyletic groups. The higher-level
phylogeny could not resolve indicating the need for further studies involving more

species and gene sequences.

Similarity of different habitats based on the presence and absence of 36 species in
different habitats and the effect of selected water parameters on species cooccurrence
was examined based on data collected from 160 study sites. The results showed that
there is similarity between smaller habitats, larger habitats and between smaller and

larger habitats. Similarity between smaller habitats can be due to the presence of



specialists and also due to water depth. Similarly larger habitats shows similarity due
to the specialists of that particular habitat. Similarity between smaller and larger
habitats could be due to the dispersal of species from larger habitats to new temporary
habitats for their survival. Congeneric species (e.g. Copelatus boukali, C. davidi and
C. sociennus) as well as species in different genera were found to be coexisting (e.g.

Lacconectus regimbarti, Hydaticus ricinus and Hyphydrus renardii).

This study presents pioneering and baseline data on diving beetles of Kerala from a
taxonomical, phylogenetic and ecological perspective. Many species commonly
distributed in Kerala as well as the neighbouring states have never been formally
reported and this study thus becomes a pioneering document for the same. Many first
reports from the study area indicate the lack of intensive studies on this group. Based
on the experiences of this study it is recommended that intensive and repeated
sampling in a smaller study area and phylogenetic examinations based on a multigene
and morphometric approach could yield novel species to the fauna and insights in the

systematics and evolution.
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General Introduction

change. Since insect biodiversity plays a crucial role in maintaining ecosystems, there
IS an increasing need for taxonomic information, especially for biodiversity
assessments aimed at achieving an environmentally sustainable future (Egambaram,
2017; Nayak et al., 2021).

1.2 Aquatic Insects

Insects dominate both terrestrial and aquatic environments. Almost all insect orders
include at least a few aquatic representatives (Staniczek, 2011). Aquatic insects
constitute only less than 1% of the total animal diversity (Pennak, 1978) and 3-5% of
the total insect fauna, yet they are taxonomically diverse (Daly et al., 1978). They
play crucial roles in the food chain and energy flow pathways within aquatic
ecosystems, significantly contributing to biomass production (Pennak, 1978). Many of
the aquatic insects are medically important as they feed on many insect vectors and
control their population. Besides that, they are also well known as biological
indicators of freshwater ecosystems (Lundkuvist et al., 2003; Culler and Lamp, 2009).

Aguatic insects are a heterogeneous assemblage of various insect orders. Most of the
aquatic insects are amphibiotic spending their initial life stages in association with
water and adult stage on land. Many other insect families spend their entire life stages
under the water or closely in association with the water. They have evolved various
mechanisms to survive in aquatic habitats such as presence of gills, ability to
exchange gas through the cuticle, ability to carry air bubble under elytra or between
the hairs present on their body for respiration and flattened legs provided with
natatory setae or hydrophobic legs to walk on water surface. These characters can
help to distinguish aquatic insects from nonaquatic ones. However, these adaptations

are not always identified, nor are they consistently visible (Yee and Kehl, 2015).
1.3 Aquatic Coleoptera

Order Coleoptera is the largest order in kingdom Animalia (Richards and Davies,
1977) consisting of more than 400,000 described species (Moodley et al., 2022).
Order Coleoptera constitutes one-fourth of all known animal species (Gullan &
Cranston, 2014) and are the most diverse group of animals on earth (Slipinski et al.,
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2011) successfully thriving in both terrestrial and aquatic habitats. Aquatic Coleoptera

is one of the major groups of aquatic insect fauna in freshwater ecosystems.

In a global assessment, it has been estimated that there are 12,600 species of
obligatory water beetles (J4&ch and Balke, 2008). In India, there are 776 species of
aquatic beetles recorded under 137 genera, 17 families and 3 suborders (Chandra et
al., 2017). Aquatic beetles have many adaptations that enable them to live in water.
They often possess streamlined bodies to minimize water resistance and the presence
of paddle-like legs fringed with long hairs (natatory setae) for swimming. Among the
aquatic beetles, the family Dytiscidae is the largest and one of the most commonly

encountered family in aquatic ecosystems.
1.4 Family: Dytiscidae
1.4.1 Introduction

Members of the family Dytiscidae are commonly known as diving beetles or
predaceous diving beetles. The name is derived from the Greek word ‘dytikos’,
meaning ‘able to dive’. This name aptly reflects their ability to submerge underwater.
Initially, most of the beetles which live underwater were placed in Dytiscidae but later
many were placed under other families. There are 4739 extant species in this family
(Nilsson and Hajek, 2024). However, as with any other taxa on earth, the number of

living species is likely to surpass the current total.

From lakes to phytotelmata, Dytiscids can be found in almost all kinds of freshwater
habitats. Family Dytiscidae is a highly diverse and abundant group and possesses the
perfect morphological features and respiratory mechanisms for an aquatic mode of
life. Even though they are very unique among other aquatic Coleoptera, they possess
some conspicuous morphological similarities with the family Noteridae, which
recently originated from Dytiscidae (Yee, 2023). Both of the families are streamlined

smooth and oval in shape.

Over the years, many beetle taxonomists have intensively studied this family,
resulting in a natural and comprehensive classification of the group. Recently, there
have been significant advancements in the biology, ecology, taxonomy and

phylogenetics of this family. However, the continuous discovery of new species
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indicates that their diversity and importance in aquatic habitats are much greater than

our current understanding.
1.4.2 Diving Beetles — a peep into the past

The first reference of family Dytiscidae is found in Systema Naturae (Linnaeus,
1758). Some of the diving beetles recorded therein remain in that original
classification. The eminent biologist Charles R. Darwin also had a link with the
family Dytiscidae. Diving beetles were present in the insect collection he made two
years before his voyage on HMS Beagle. The records of his insect collections were
published in several volumes of British Insects by James Francis Stephens in 1829.
Dyticus conformis, Hydaticus hybneri, Hygrotus scitulus, Hydroporus areolatus and
Colymbetes agilis are some of the dytiscids present in his collection. His insect
collections made during the Beagle voyage also had dytiscids including Colymbetes
signatus caught on board the ship (45 Miles from Cape St. Mary, Montevideo,
Uruguay) and is considered as one of the first observations on the dispersal of diving
beetles. In addition, Darwin also discovered several new species of dytiscids, which
were later compiled and published by C. C Babbington in 1841. Darwin’s research
article about the dispersal of a bivalve (Cyclas cornea) with the help of Dytiscus
marginalis, just 13 days before his death was his last living contribution to the
scientific world. While looking at his life, one may feel that his scientific journey

began and ended with diving beetles.
1.4.3 General Morphology

Adults of the family Dytiscidae are generally streamlined and dorso ventrally
flattened. The shape and size of the adults show intra and inter-specific variation. The
lateral outline of the body is continuous or interrupted between the pronotum and

elytron.
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Metacoxal process
Abdominal sternite I

-Abdominal sternite III

Addominal sternite IV

-Abdominal sternite V

"Abdominal sternite vI

-Abdominal sternite VII

-Abdominal sternite v

Figure. 1. Morphological characteristics of Dytiscidae: A) Dorsal view; B) Ventral view

(Diagram drawn by the scholar. Labels added in image editing software)

1.4.4 Agquatic Life

Both adults and larvae of diving beetles live underwater and have special adaptations
for thriving in an aquatic environment. Generally, adults have a smooth, compact and
streamlined body. The general morphology of an adult diving beetle is shown in
Figure. 1. There are intra and interspecific variations in the shape and size of the body.
Certain species are narrow and elongated and others are short and compact. There is a
pair of natatorial oar-like hind legs. The body shape and size are correlated to their
habitat. Narrow and elongated species are found in open water and are better
swimmers. Meanwhile, compact species are found in habitats with dense vegetation,
where they spend most of the time associated with the plants and do little open-water
swimming (Wolfe and Zimmerman, 1984; Ribera and Foster, 1997). Most of the
species possess a very large meta coxa for the support of large muscles inserted into
the meta trochanter, which in turn steer the large metathoracic swimming legs. Most
of them have flattened or laterally expanded and paddle-like legs with fringes of long
swimming hairs, mainly on the hind leg. The swimming hairs spread out to provide
maximum surface area to push the water while swimming. The simultaneous leg
movements during the swimming resemble the movements of the oars of a boat and

this makes them unique from other families of water beetles.
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Diving beetles possess a variety of surface sculptures such as punctures, setae,
impressed micro reticulations and striae. These structures do not interfere with their
ability to swim. Instead, these structures help to hold the boundary layer of water or
make it thicker while swimming (Wolfe and Zimmerman, 1984). Dytiscids are
positively buoyant, though, they can adjust the degree of buoyancy by regulating the
amount of air under the elytra or by ingesting and storing water in the expandable
region of the gut (Hicks and Larson, 1991). Larvae of diving beetle are negatively
buoyant and sink in the water (except Dytiscinae). Depending on the taxa, larvae may
burrow or live on the substrate, actively swim in the water or float. Most of the larvae
usually crawl but some are strong swimmers and live in the open water (e.g.
Dytiscinae). Abrupt contractions of the larval body or “shrimping movements” help in
swimming. Some larvae swim with the help of their legs provided with natatorial

setae.

Adults and larvae of almost all species are aquatic and breathe atmospheric oxygen.
Adults carry air bubbles under their elytra, where they come in contact with the
spiracles (tracheal openings). Once the air is used up, it comes to the surface of the
water to refill the air. They collect the air by extending the tip of their abdomen out of
the water surface. They can also extend the sub elytral bubble into the water column,
while they are underwater. Here the bubble acts as a physical gill and exchanges gases
with the water column. When threatened, the beetles expel the air bubble to reduce
buoyancy and sink to the bottom. Species living in habitats with high levels of
dissolved oxygen may exchange oxygen directly through the cuticle or specialized
pores (Madsen, 2009).

Most larvae, especially the larger ones and late instars, may need to surface and
collect atmospheric oxygen. Smaller species and the early instars can breathe through
their cuticle. Larvae use the spiracles at the tip of the last abdominal segment
(Urogomphus) to draw air from the atmosphere. Only the third instar has spiracles in
the thorax and abdomen to help the late instars in respiration, when they leave the
water body to pupate. Some larvae possess gills on either side of their abdomen in the

form of lateral elongated extensions (Miller and Bergsten, 2016).

Studies on pupae and pupation of this group is very less with only a few dytiscid
species being described so far. Pupae of diving beetles are exarate. The abdomen is

6
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nine-segmented and the last abdominal segment bears Urogomphus. Pupation takes
place in the damp soil near the water body or a few meters away (Main, 1934;
Holomuzki, 1988).

1.4.5 Habitats

Family Dytiscidae inhabit a variety of freshwater habitats. A few terrestrial species
have been reported but these are very rare and there is no extensive diversification in
terrestrial taxa. Nearly all species of diving beetles are closely associated with the
water. The most commonly found species of diving beetles are eurytopic, occurring in
different types of habitats. Some are stenotopic, occurring only in specialized habitats.
Other species could be placed between stenotopic and eurytopic due to their response
to environmental parameters. Several biotic and abiotic factors influence the
distributional pattern of diving beetles, such as water temperature, exposure to the
habitat, size of the water body, habitat stability, substrate type, water chemistry, water
movement, type and amount of vegetation, presence of prey, predators or competitors.
Though adults are able to disperse and are found in a wide range of habitats, larvae

and adults generally occur in the same habitat (Gioria, 2014).

Diving beetles are found in both lentic and lotic freshwater habitats. Species diversity
is much higher in lentic habitats possibly due to efficient partitioning and utilization
of resources available in larger water body in different zones (regions with vegetation,
margins, deeper reaches and wet substrate of extreme margins where there is no water
at all). Certain species are specialized in mineral substrates and some others are highly
tolerant to extreme salinity ranges (Timms and Hammer, 1988; Sanchez- Fernandez et
al., 2010; Cespedes et al., 2013; Pallares et al., 2015).

Dytiscids are less diverse in lotic habitats. Yet some dytiscid genera are entirely or
nearly lotic specialists with some specialised in large rivers or in small streams.
Certain species are confined to the interstices of margins of rivers and others survive

in the pools along the rivers or the pools in drying rivers (Miller and Bergsten, 2016).

Phytotelmata is one of the unique habitats that harbour unique fauna. They are
abundant in the tropical forests and are highly sensitive. Bromeliads, palm bracts and

tree holes are some of these special habitats. Species diversity is very low in this type
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of habitats but a large number of specimens can be collected. Laccophilus,
Lacconectus and Copelatus are very common to these sensitive habitats and most
species of these temporary habitats exhibit a high tendency for dispersal (Balke et al,
2008; Campos and Fernandes, 2011).

Hygropetric habitat characterised by a thin layer of water flowing over longitudinal or
vertical rock surfaces is another habitat utilized by diving beetles. Diving beetles
swim in the water layer over the rock surface in small cracks and on exposed rock
surfaces. These habitats are usually overlooked for dytiscids. There are considerable
numbers of hygropetric species that have been recorded from different regions of the
world, mainly from Venezuela, where there is the largest representation of this type of
habitat. The diversity of hygropetric diving beetle fauna of Venezuela gives insight
that other regions of the globe with similar habitats may be similarly productive
(Miller and Spangler, 2008; Miller and Garcia, 2011).

Diving beetles of subterranean habitats (caves, wells, boreholes, wash out from
springs etc.) are diverse and show distinct morphological features. The majority of the
species come under the subfamily Hydroporinae and a few under the genus

Copelatus.

Many taxa are able to live in nearly terrestrial habitats like muddy margins of streams
and hygropetric habitats. Diving beetles are also able to overwinter dry seasons in
terrestrial conditions. Most of them can survive in terrestrial habitats for at least some
time during their migration. Five species have been recorded as terrestrial (Brancucci,
1979; Watts, 1982; Brancucci, 1985; Balke and Hendrich, 1996; Brancucci and
Monteith, 1996; Brancucci and Hendrich, 2010) but it is difficult to establish whether
they are exclusively terrestrial (Miller and Bergsten, 2015).

1.4.6 Feeding

Dytiscid larvae are fluid feeders and prey on a wide variety of invertebrates and small
vertebrates. They use large sickle-shaped mandibles to capture and consume the prey.
Digestive enzymes are released through the medial channel of the mandible and are
injected into the captured prey to digest the tissues into a fluid form. The mandibles
are again used to suck the fluid into the closed mouth. The presence of medially
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serrated mandibles without a medial channel and the presence of a well-developed
crop in Hydrotrupes and Copelatus suggest solid feeding (Ruhnau and Brancucci,
1984; Beutel, 1994). Visual scanning and tactile and chemical cues are mainly used
for prey detection. Vegetation influences the hunting strategy they choose. High plant
density decreases the chances of cannibalism within the larvae leading to high species
richness in those habitats (Yee, 2010).

Adult diving beetles are carnivorous, feeding on captured prey. If fresh prey is not
available they are known to feed on recently dead animals. Hence, they are commonly
called “predaceous diving beetles”. Even though the adults occasionally feed on plant
materials (Deding, 1988), its importance in their diet is not yet gauged. But
experiments demonstrate that they can complete the developmental cycle in captivity
feeding solely on animals. Diving beetles compete with conspecifics, other species
and even between their life stages. They avoid competition by using different micro
habitats, shifting the time of hunting and also by changing their preferences for prey
(Holomuzki, 1985a; 1985b).

1.4.7 Development

Diving beetles are holometabolous insects (Error! Reference source not found.).
They usually lay eggs underwater or in the splash zone of the water body. The type of
oviposition is different across the family and the ovipositors are modified accordingly.
Some groups glue their eggs on aquatic plants or objects under the water or lay
randomly on the substrate. Females with this kind of egg-laying strategy as in the
genus Rhantus have short ovipositors bearing numerous tactile setae. Members of
Aciliini possess a long ovipositor for laying eggs in crevices or other hidden places
(Miller, 2001). Others have a saw-like or knife-like ovipositor, which is used to cut
the plant tissues, to lay the eggs (Jackson, 1960; Inoda, 2011). The time taken for the
hatching of the eggs depends on factors like water temperature, species and time of
the year. Usually, it will take 5-14 days to hatch the eggs. Some of them overwinter as
eggs (Sueselbeck, 2002).

Dytiscids have three larval instars. Larvae are fully aquatic. They leave the water
body only to pupate in the damp soil. Larval development depends on water

temperature to a certain extent (Inoda, 2003). Other factors affecting larval
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development are not known. During the larval stage, most weight gain happens in the
third instar (Kingsley, 1985). Only the third instar has functional spiracles on the
abdominal segments I- VII. They use these spiracles for respiration when they crawl
out of the water for pupation. Pupae and pupation are not well studied yet. Studies
(Main, 1934; Holomuzki, 1988) on the pupae, pupation site and mortality rate of the
Dytiscus species shows that pupation takes place near the water or a few meters away.
It develops near or under an object. The pupal cell is constructed by the larval
movements in the soil. But in some cases, larval mandibles are also involved in the
construction of the cell (Matheson, 1914). The species of the Carabid genus

Brachinus are known to parasitise Dytiscid pupae (Juliano, 1984).

/
/
/ \

\\J\
Larva Eggs

\

Figure. 2. Lifecycle of Diving beetles
(Diagram drawn by the scholar. Labels added in image editing software)

Most of the species studied so far, particularly temperate North American and
European species are univoltine or semivoltine (Miller and Bergsten, 2015). Among
the European diving beetles, there are five types of lifecycles, based on whether they
are univoltine or semivoltine and how they diapause (Nilsson, 1986a). Some species
overwinter as eggs, some as larvae and others as adults. Semivoltine species diapause
as eggs or larvae in the first winter and as adults in the second winter. This kind of
lifecycle can be visible in the eggs and larval development, with eggs hatching almost

immediately or nearly one year after oviposition. Similarly, larvae may have a rapid
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or extended development. The timing of their reproductive maturity is influenced by
their particular lifecycle strategy (Nilsson, 1986a). The phenology of developmental
stages and lifecycle strategy varies with climate and the seasonal propensity of
migration. Records show there are dytiscids which are moderately active under winter
ice (Roughley, 2000). There are considerably fewer studies on the life cycle strategies
of tropical species or species with a different type of seasonality. Dytiscids of these
regions may be multivoltine or they may receive life history cues from the rain or
other phenomena (Miller and Bergsten, 2015). Species in the areas experiencing
seasonal drying may undergo terrestrial diapause as eggs or adults until the habitat has
enough water (Garcia et al., 1990). When habitats become dry dytiscids remain
nearby or find new habitats. Especially larger water bodies with more permanency
may form temporary habitats till new habitats are formed due to rain or snow melting.
Species like those in the genus Eretes undergo mass migration from the drying
habitats (Kingsley, 1985). In the tropics during extensive rain, a large number of
diving beetles are attracted to the light, presumably dispersing to take advantage of
the newly formed habitats . It is clear that tropical diving beetles exhibit greater
seasonality than any other. For example, larvae are more common at certain times of

the year.
1.4.8 Mating

Dytiscids are very peculiar in different aspects of their mating systems. They have
unique sperm morphology, mating behaviour, genital morphology and secondary
sexual characteristics. Among the animals, dytiscids have the most complex and
diverse sperm morphology. In diving beetles, two or more sperms are found together
forming sperm conjugates (Higginson and Pitnick, 2011; Higginson et al., 2012a;
2012b). It may be a simple conjugate (two sperms attached at their head region),
complex (numerous sperms attached) or rouleaux type (thousands of sperm are
aligned in a string with their heads attached). Diving beetles show sperm
heteromorphism where sperm of different sizes and shapes are in the same male
ejaculate (Voinov, 1902; Higginson et al., 2012a; 2012b). In other cases, both fertile
and infertile sperm can be present in the ejaculate (Mukherjee et al., 1989).

Males possess stridulatory organs for sexual signalling. Females of the genus Rhantus

rely on chemical signalling in mate-finding (Herbst et al, 2011). Extreme sexual
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antagonism is also visible in this family. Males hold females under the water during
mating, a threatening behaviour which makes them unable to collect the atmospheric
air. Larger species of Cybistrinae and Dytiscinae have modified forelegs for holding
resisting females during mating. Few species show body shaking and male leg
fluttering suggesting sexual selection happens before insemination (Miller and
Bergsten, 2015). Meanwhile, Hydroporinae has a very complex and diverse female
reproductive tract morphology, sperm conjugation and simple mating behaviour
suggesting that sexual selection in this group happens after insemination (Miller and
Bergsten, 2015).

1.4.9 Defence

Vertebrates like birds and fishes are the common predators of dytiscids. The evidence
for the presence of dytiscids in the food of vertebrates also ascertains this. Sometimes,
the vertebrate attack is visible as scratches on their cuticle (Peddle and Larson, 1999).
Insects such as Hemiptera and Odonata also prey on dytiscids. Sometimes the larger
species of dytiscids prey upon smaller dytiscid species. Adults and larvae of diving
beetles employ different strategies such as cryptic colouration and rapid swimming to

avoid their predators.

Adults and larvae can bite but only the larger species cause remarkable pain.
Metathoracic legs which bear spine is also used for kicking. Larvae of certain groups
remain still when a predator approaches. This special tactic is called “thanatosis”.

Some larvae crawl and hide in the substrate when they get threatened.

Diving beetles possess two exocrine glands for the production of an array of defensive
chemicals. The prothoracic gland, situated at the prothorax is considered the primary
defensive gland and the products are released when an adult gets captured. The
secretions have a characteristic odour and help to deter predators (Miller and Mumma
1976a;1976b; Gerhart et al., 1991). Other than the defensive role, the constituents of
the secretions act like cannabimimetics and emulsifiers (Schaaf and Dettner, 2000).
Pygidial glands, the second defensive gland in Dytiscidae, are located at the apex of
the abdomen. The secretions are used for increasing wettability and as a defence
against microorganisms (Schildknecht and Buhner, 1968; Schildnecht, 1971; Dettner,
1985).
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Microsculptures and colouration in adults help to a great extent to hide themselves in
their habitat. Colourful taxa and dark species are found in habitats with mineral and
dark substrate or vegetation respectively. Bright colouration causes visual disruption

in predators and is also used for aposematism.
1.4.10 Ecology

Diving beetles can form distinct communities according to particular habitats.
Multiple species of similar or different sizes can be found coexisting and species of
these communities have distinct but overlapping environmental tolerance. Species
with similar dispersal tendencies and prey preferences co-exist. Some habitats are
very low in species richness while high in species abundance.

Factors such as habitat size, degree of permanence, water movement, temperature,
chemical factors of water, successional stage, exposure, vegetation and presence of
predators and prey may affect diving beetle distribution. Competing species may have
some effects on community structure (Larson, 1990). The extent to which these

factors influence the dytiscid community is yet to be fully determined.

As with any of the organisms, diving beetles are also associated with other organisms.
Many species of mites are known to have an association with diving beetles, of which
the biology of a particular mite species, Eylais Latreille, on dytiscid, is well-studied
(Aiken, 1985). Many of the fungi in the group Laboulbeniomycetes attack dytiscids
(Majewski, 1988; Majewski and Sugiyama, 1989; Lee and Choi, 1992; Lee and Lim,
1998; Santamaria, 2001; Rossi and Bergonzo, 2008) and are transmitted through
sexual contact (Goldmann and Weir, 2012). Dytiscids possess diverse microbial gut
fauna (Schaaf and Dettner, 1997), of which many are involved in the production of

steroid constituents in the prothoracic gland secretions (Schaaf and Dettner, 1998).

A bacterium in the group Rickettsia was isolated from a dytiscid in the genus
Deronectes and is found to be vertically transmitted within generations. Microsporidia
and gregarines have been isolated from the gut of Eretes stiticus and Dytiscus sp.
respectively (Kalavati and Narasimhamurti, 1976; Baudoin, 1968; Kalavati and
Prasada Rao, 1995). A species of ciliate parasite has been described from the

oesophagus of several species of Dytiscidae (Stammer, 1948). Some wasp species of
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the family Mymaridae and Eulophidae are known to parasitise diving beetle eggs
(Jackson, 1958a; 1958b; 1958c; Zerova and Fursov, 1995). Similarly, Myxobacteria
has been reported from dytiscid eggs, but their role is unknown (Jackson, 1959). A fly
in the family Anthomyiidae is also known to attack diving beetles (Chilcott and
James, 1966) and the Carabid larvae in the genus Brachinus parasitise the pupal stage
of diving beetles (Juliano, 1985; Saska and Honek, 2004).

1.4.11 Dispersal

Diving beetles are active during night and they fly long distances to disperse to new
habitats. The degree of tendency for dispersal varies across the group. Species in
habitats with recurring disturbance show frequent dispersal. For instance, members of
the genus Copelatus have a high tendency for dispersal and they can be seen flying
throughout the forest in the tropics during the rainy season. Species in permanent
habitats show less dispersal tendency. They disperse only during the rainy season to
find new habitats and return when the new habitat gets dried (Hilsenhoff, 1986).

In subterranean taxa, most of the species lost their ability to swim and fly since their
habitats are not subjected to disturbances and there is no opportunity to find another
habitat. Some species are dimorphic with respect to flight. Their dispersal tendency
depends on the season, population size and other factors (Jackson, 1952, 1955, 19564,
1956b; Spangler and Gordon, 1973; Bilton, 1994). The flight may be optional in
certain cases so the flight muscles break down to form energy for various

physiological purposes (Bilton, 1994).

Dytiscids use plain polarised light to find new habitats during their dispersal flights.
They spend some time on emergent vegetation probably for drying, before they take
their flight. Only a single species (Coelambus salinarius) is known to take flight
directly from the water body (Miller, 2013). Entering a water body is difficult for
small species, but it is overcome by the special movements of the body and also by
the application of the pygidial gland secretions (Dettner, 1985). The factors which
trigger dispersal may include water depth, the density of conspecifics, plants and prey.
Different species respond to different types of cues (Yee, Taylor and Vamosi, 2009).
The influencing factors for dispersal flight is poorly studied.
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1.5 Significance of the Study

When compared to other groups of insects, there are only few studies on the diving
beetles from Kerala and all of these are solely taxonomic. This include reports of 51
species from Kerala including the three new descriptions published recently (Ghosh
and Nilsson, 2012; Wewalka, 2017, Sheth et al., 2021; Anand et al., 2023). Therefore,
this study is the first comprehensive study on diving beetles from Kerala.

The current study can significantly increase our understanding of diving beetle fauna,
especially regarding Kerala state. In order to simplify identification of the species
recorded from this study, at the subfamily, genus and species levels, a taxonomic key
has been created through this study. The findings of this study will benefit
entomology enthusiasts, students and researchers who focus on this specific group of

insects or aquatic beetles or aquatic insects.

In India, there are very few molecular phylogenetic studies on the family Dytiscidae
(Sheth et al. 2021). The current study is a pioneering examination of molecular
phylogenetics of this group from the study area. As a result of this study, it would be
possible to contribute 26 COI gene sequences of dytiscids to the NCBI's GenBank
database. Present and upcoming researchers around the globe working on the
phylogeny of insects will have access to these sequences and can make use of them in

their studies.

Family Dytiscidae is an ecologically important insect group and can be used as an
indicator of water or wetland quality (Foster 1996; Painter 1999; Mebane et al, 2012).
Numerous studies support their use as biodiversity indicators alongside of other insect
groups and as a means of identifying regions deserving of conservation (Foster et al.,
1990; Foster and Eyre, 1992; Ribera and Foster, 1992; Dong et al. 2014). As
predators, they play a pivotal role in nutrient recycling. Moreover, they have an
important role in freshwater macroinvertebrate community structure formation.
Diving beetles are known to feed on smaller vertebrates and other invertebrates
including immature life stages of insects like mosquitoes and blackflies. So, they can
be used as biological control agents of disease-causing insects (Culler and Lamp
2009).
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Furthermore, according to Pemberton (1999), diving beetles possess anti-diuretic
properties and are consumed by people in many places in the world. Diving beetles'
exocrine glands produce diverse chemicals of which some are known for their
emulsifying and cannabimimetic properties. These could be beneficial to humans.
Nevertheless, little is known about the chemistry of diving beetles (Dettner, 2014) and
can be recognised as an important perspective for future research. Fundamental
knowledge essential for such applied research is obtained from taxonomical studies.

1.6 Objectives of the Study

X/
°

To prepare a preliminary checklist of the diving beetles of Kerala.

o

To conduct a taxonomic study of diving beetles collected during the study.

*

To develop taxonomic keys for the identification of family Dytiscidae.

0

K/
L X4

To study the phylogeny of Dytiscidae based on COI gene sequences.

X/
°

To study the habitat similarity and the influence of selected water parameters
on co-occurrence of dytiscid species.
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CHAPTER-2

A PRELIMINARY CHECKLIST
OF DIVING BEETLES
(COLEOPTERA: DYTISCIDAE)
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PLATE-1
Materials Used

1a. Plastic kitchen sieves of various size 1b. Brushes, Forceps & Needles

1c. Sample bottles 1d. Specimen tubes

le. D-frame pond net






PLATE- 2
Insect Collection

2e. Chembuthra (Thrissur) 2f. Karingachira (Ernakulam)






Plate 3- Study Sites in Different Districts in Kerala®
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