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ABSTRACT

donata, which includes dragonflies and damselflies, play
crucial roles in both terrestrial and aquatic ecosystems, serving
as key indicators for biomonitoring and as natural pest
controllers.  This chapter thoroughly examines the
morphological differences between the larvae and adults of the Odonata
suborders, Anisoptera (dragonflies) and Zygoptera (damselflies), alongside
an investigation into their habitats, locomotion, dietary habits, and
respiratory functions. It further explores the diversity across Odonata
families and assesses their essential ecosystem services, particularly
highlighting their role in sustaining environmental health and aiding in
agricultural pest management. By comparing dragonflies and damselflies,
this text accentuates their ecological value, especially in terms of
environmental monitoring and their effectiveness in managing populations
of disease vectors. This analysis aims to illuminate the pivotal role of
Odonata in maintaining ecosystem vitality and their beneficial influences
on human environments.
Keywords: Odonata, Biomonitoring, Ecosystem Services, Morphological
Characterization, Pest Control.

INTRODUCTION

Insects inhabit nearly every environment except the deep sea, with many
species residing in freshwater or salt marshes. Remarkably, insects like the
ocean striders of the genus Halobates thrive on open ocean surfaces, yet
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the sea largely remains unconquered by adult insects. Due to their
ubiquitous presence and impact on human life, insects are among the
most studied invertebrates. Their significant role in pollinating most
flowering plants (angiosperms), including crucial agricultural species,
underscores their ecological importance. This mutual dependence
between insects and flowering plants has fueled both their diversity and
the intricacies of their relationships, making the study of these interactions
a vibrant research area.

However, the rapid destruction of angiosperm habitats threatens
numerous insect species with extinction in the coming years. Insects also
draw scientific interest as vectors of diseases affecting humans and
vertebrates, transmitting ailments such as malaria, bubonic plague, and
Lyme disease through carriers like mosquitoes, sand flies, and ticks.

Besides being a menace to agriculture and spreading plant diseases,
insects produce commercially valuable products like silk, honey, and
beeswax, which find applications in various industries.

In biological control, insects like Odonata (dragonflies and damselflies)
play a critical role as predators of pest species, both in larval and adult
stages. Parasitoids, particularly from the Diptera (true flies) and
Hymenoptera (wasps) orders, are pivotal in managing pest populations by
developing inside and consuming their hosts.

The complex social behaviors, life cycles, and division of labor observed in
some insect groups have captivated researchers, highlighting the vital
functions insects serve in ecosystems. This chapter focuses on the
Odonata, detailing their characteristics and ecosystem services, aiming to
enrich the understanding of natural history enthusiasts, scientists, and
conservationists. It seeks to provide comprehensive yet accessible
information on Odonata and their role in ecosystems, hoping to contribute
meaningfully to the fields of entomology, environmental management,
and conservation biology.

ODONATA
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Odonata, encompassing dragonflies and damselflies, stand out as
emblematic creatures of freshwater ecosystems, boasting over 6500
species worldwide (Clausnitzer and Dijkstra, 2005; Adu et al., 2019). Their
considerable diversity, straightforward identification, and visibility have
rendered them invaluable for biodiversity studies (Vick, 2003; Adu et al.,
2015) and as prime bioindicators for assessing the ecological integrity of
ecosystems (Corbet, 2004). Belonging to the order of flying insects,
Odonata comprises dragonflies and damselflies, which are thought to
have first appeared during the Triassic period (Kohli et al., 2016).

The Odonata order is split into two suborders, each showcasing distinct
biological traits. Dragonflies, categorized under the suborder Anisoptera,
are generally larger, with their eyes close together and wings held open or
upright when at rest (Fig. 5). In contrast, damselflies belong to the
suborder Zygoptera and are typically smaller, with their eyes set wider
apart and wings held close to the body when at rest (Fig. 4). Both
suborders feature aquatic larvae, known as naiads (nymphs), and are
carnivorous throughout their life stages. Adult Odonata are adept fliers but
seldom walk, as their legs are adapted for seizing prey, feeding primarily
on insects.

SYSTEMATICS AND TAXONOMY

Odonata, encompassing dragonflies and damselflies, is closely linked to
mayflies and various extinct groups within Palaeoptera, though this
association might be paraphyletic due to shared wing characteristics,
including their articulation and positioning at rest.

In broader classifications, odonates are sometimes included within the
super-order Odonatoptera, excluding the ancient Protodonata (Trueman
and Rowe, 2008). In such contexts, the term Odonatoidea might be
employed instead of Odonatoptera to denote this broader grouping
(Lohmann, 1992).

Historically, Anisoptera, representing dragonflies, was treated as a sub-
order, alongside a third sub-order called Anisozygoptera, which refers to
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ancient dragonfly species (Rehn, 2003). The current consensus, as
reflected in the World Odonata List, acknowledges Anisoptera and
Zygoptera (damselflies) as sub-orders, with Anisozygoptera also
recognized, indicating a preference for these terms within the scientific
community (Bechly, 2002; Dijkstra, et al., 2011).

DISTINGUISHING FEATURES OF LARVAE
AND ADULTS DRAGONFLY AND
DAMSELFLY

Within the Odonata order, encompassing both dragonflies and
damselflies, all members undergo a life cycle that includes aquatic larvae
stages and terrestrial adult stages. This unique life cycle serves as the
initial distinguishing feature separating them from other orders of aquatic
insects. Furthermore, the differentiation between the suborders of
dragonflies (Anisoptera) and damselflies (Zygoptera) involves specific
characteristics:

Features of Larvae

Larvae of both dragonflies and damselflies exhibit varied body shapes,
ranging from elongated and thin to long and stout, or even rounded and
moderately flattened. The length of mature larvae across species spans
from 13 to 68mm, excluding any present gills.

At the order level, larvae of dragonflies and damselflies can be
distinguished from other aquatic insect larvae by distinct traits:

e The lower lip (labium) is long, elbowed, and folds back against the

head when not in use, hiding other mouthparts.
Wing pads are visible on the thorax.
Three pairs of segmented walking appendages extend from the
thorax.
The segmented legs end in two claws.
No gills are found on the abdomen sides, but some species possess
three flat, elongated gills at the abdomen's end.

At the suborder level, dragonfly larvae differ from damselfly larvae with

these features:
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Dragonfly Larvae (Fig 2) (Daigle, 1992)

Their bodies can be long and stout or rounded and flattened.
The head is narrower than the thorax and abdomen.
Gills are absent at the abdomen's end.

Three short, stiff, and pointed structures form a pyramid-shaped
valve at the abdomen's end (rectum).

Damselfly Larvae (Fig 4) (Daigle, 1991)

Elongated and thin bodies.

Bodies broader than the thorax and abdomen.

Three flat and elongated gills projecting from the rear of the
abdomen, facilitating their distinction.

Features Distinguishing Adult Odonates from other

adult aquatic insects.

Within the order Odonata, which includes dragonflies and damselflies,
adults can be distinguished from other adult aquatic insects through a

series of distinct characteristics (Fig 5, 6, & 7):

iii.
iv.

Vi.

The head is disproportionately large compared to the body.

The compound eyes, which occupy a significant portion of the head,
are large.

Their wings are membranous, featuring numerous veins.

At rest, their wings are either held extended above the body or
spread out to the sides.

All wings are elongated, with the hind wings being the same size as
or larger than the front wings.

The abdomen is notably long.

Adult Dragonfly (Fig 5)

Their wings are spread out to the sides when at rest.

Hind wings are broader at the base compared to the narrower
forewings.

The abdomen is long and stout.

223



Sustain@

Adult Damselfly (Fig 6, 7)
i. Their wings are held together and extended along the body when
they land.
ii. Forewings and hind wings are similarly shaped.
iii. The abdomen is elongated and very thin.

HABITAT, MOVEMENT, FEEDING AND
BREATHING OF THE ODONATES

Exploring the habitat, movement patterns, feeding mechanisms, and
respiratory systems of Odonata in detail is crucial, as it enhances our
understanding of these species and the ecosystem services they provide.
This chapter aims to illuminate the distinctive nature of Odonata and their
valuable contributions to ecosystems.

Odonates Habitats

Odonates, encompassing dragonflies and damselflies, inhabit a diverse
array of environments, including seeps, brooks, creeks, streams, pools,
ponds, lakes, reservoirs, swamps, and marshes (James and Rogers, 2011).
Most odonate larvae are found in still waters, such as lentic-littoral (near
the shore of lakes and ponds) or lotic-depositional (slow-moving waters
where sediments accumulate) habitats. A smaller number reside in lotic-
erosional habitats, characterized by faster-flowing waters that erode rather
than deposit materials. While some odonate families are versatile, thriving
in nearly all the aforementioned habitats, others display a more selective
habitat preference, necessitating specific environmental conditions.

Movement of Odonates

Odonate larvae, including both dragonflies and damselflies, exhibit
adaptations that enable them to thrive in aquatic habitats with varying
substrate types, ranging from firm to soft. These larvae typically fall into
one of four categories based on their movement habits: Climbers,
Crawlers, Sprawlers, or Burrowers. While damselflies rarely exhibit
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sprawling or burrowing behaviors, such modes of existence are relatively
common among dragonfly species.

Feeding Strategies of Odonates

All odonates are engulfing predators, capturing their prey with a
distinctive lower lip (labium) that is not found in other insects, whether
terrestrial or aquatic. This lower lip can swiftly extend in front of their head
to grasp prey with its sharp, finger-like lobes before bringing it back to the
mouth for consumption. Larger prey items are cut and torn into
manageable pieces with other sharp mouthparts. This unique feeding
mechanism allows odonate larvae to keep their legs free for movement
and substrate attachment.

Odonate larvae are visual predators, employing different strategies for
prey capture. Climbers and crawlers tend to actively stalk their prey,
whereas sprawlers and burrowers typically lie in wait to ambush their
targets. They feed on any prey they can overpower.

Breathing System of Odonates

The respiratory systems of odonate larvae differ between suborders.
Dragonfly larvae possess internal gills located within a chamber at the
abdomen's end, where they actively pump water to ensure a continuous
supply of oxygen-saturated water. Conversely, damselfly larvae have three
external, leaf-like gills at the abdomen's end for oxygen absorption. These
gills are fragile and can be lost without fatal consequences, as damselfly
larvae can also absorb oxygen through their skin and the thin lining inside
their abdomen.

In low oxygen conditions, both dragonfly and damselfly larvae can resort
to emergency breathing mechanisms. This includes climbing out of the
water to allow atmospheric oxygen to diffuse into their body through a
thin layer of water or directly exposing their internal or external gills to the
air. This adaptability highlights the remarkable physiological features that
enable odonates to occupy a variety of aquatic environments and
contribute significantly to their ecosystems.
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COMMON FAMILY OF ODONATA
(TABLE 16.1;16.2)

Odonata, a term which translates to "toothed-ones," encompasses over
5,000 extant species that are distributed across the sub-orders Zygoptera
(damselflies) and Anisoptera (dragonflies). The species count within each
sub-order is approximately equal. These species are further classified into
eight living superfamilies, which are subdivided into twenty-seven families
and encompass slightly more than six hundred genera.

Table 16.1: Suborder Zygoptera (damselflies)

Super Family Family

Hemiphlebioidea Hemiphleblidae

Coenagrionoidea i. Coenagrionidae
ii. Isostictidae

iii. Platycnemididae
iv. Platystictidae

v. Protoneuridae

vi. Pseudostigmatidae

Lestoidea i. Lestidae

ii. Lestoideidae

iii. Megapodagrionidae
iv. Perilestidae

v. Pseudolestidae

vi. Synlestidae

Calopterygoidea i. Amphipterygidae
ii. Calopterygidae
iii. Chlorocyphidae
iv. Dicteriadidae

v. Euphaeidae

vi. Polythoridae

Table 16.2: Suborder Anisoptera (dragonflies)

Super Famiy Family
Aeshnoidea i. Aeshnidae
ii. Gomphidae
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iii. Neopetaliidae
iv. Petaluridae

- Cordulegastroidea i. Cordulegastridae
- Epiophlebioidea i. Epiophlebiidae
- Lubelluloidea i. Cordullidae

ii. Libellulidae

Ecosystem Services Of Odonata
Odonates, encompassing dragonflies and damselflies, play multiple roles
in ecosystems, contributing to various services as discussed below:

As indicators of living organisms

Odonates, encompassing both dragonflies and damselflies, spend
portions of their immature and adult life stages within aquatic ecosystems.
They provide society with unique insights into the condition of these
environments. The presence of odonate larvae in water bodies serves as
an indicator of sufficient levels of dissolved oxygen, essential for the
health of aquatic habitats. However, odonates are sensitive to pollution,
particularly to environments contaminated with pesticide residues. This
intolerance makes them excellent bioindicators, signaling the absence of
harmful pollutants and the overall health of aquatic ecosystems.

Thus, the presence of swarming immature odonates in an aquatic
ecosystem suggests a high level of dissolved oxygen, distinguishing these
environments from polluted water bodies that contain residues of
pesticides, herbicides, and similar contaminants.

In Military Science

Interestingly, the design of commercial aircraft has been influenced by the
anatomical and flight patterns of odonates. Aeronautical engineers have
studied the aerodynamics of dragonfly flight, applying these findings to
the development of new wing designs for aircraft. This cross-disciplinary
application showcases the remarkable impact of nature on technological
innovation.
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Odonates Serve as Carnivores

Odonate larvae play a crucial role in regulating mosquito populations
within aquatic systems, effectively reducing insect pest numbers. Their
carnivorous nature allows them to consume significant quantities of
mosquito larvae in a short period. This natural pest control method
diminishes the need for chemical sprays and other harmful pest
management practices.

Advantageous to Human as Predator

The significant benefit of odonates, particularly adult dragonflies, to
humans lies in their essential role in controlling populations of mosquitoes,
midges, flies, and other bothersome insects (Muhammad and Umar, 2018).
Given the global awareness that mosquitoes can transmit disease-causing
organisms, including viruses, Dengue, and Malaria, odonates provide a
natural advantage by consuming these nuisance insects, thereby
contributing to the reduction of disease transmission risks.

Odonates as Sources of Food

Odonates serve as vital food sources for a wide range of species,
including mammals, birds, reptiles, amphibians, fishes, and even humans.
Across various parts of the world, insects are a significant component of
the diet. Odonates, both nymphs and adults, are notably nutritious,
comprising approximately 46 - 65% crude protein, making them an
important nutritional resource in many ecosystems and human cultures

alike.

Table 16.3: Comparison between dragonfly and damselfly

S/N | Dragonfly Damselfly

1. Dragonflies have large eyes The eyes are large but there is a

presence of gap in between eyes

2. The hind wings are slightly | Both hind and forewings are more
broader compared to the | or less similar size
forewings

3. The wings are positioned | The wings are placed
horizontally to the body in | perpendicularly to the body in
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dragonflies while at rest. damselflies when land on the
substrate.

@ £y Dragonfly

\ Life Cycle

\ Nymph

Figure 16.1: Life Cycle of Dragonfly Figure 16.2: Dragonfly Larva
Source: Encyclopedia britannica

s | © A
Figure 16.3. Llfe Cycle of Damselfly Figure 16.4: Damselfly Larva

Source: https://entnemdept.ufl.edu/creatures/misc/odonata/odonata.htm

Figure 16.5: (a) Adult Dragonfly (b) Adult Damselfly (c) Resting Damselfly
Source: https://entnemdept.ufl.edu/creatures/misc/odonata/odonata.htm
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CONCLUSION

The chapter delineates odonates, encompassing dragonflies and
damselflies, as integral components of the flying insect order.
Characterized by their life cycle stages—commencing as aquatic larvae
before transitioning to terrestrial adults—odonates are highlighted for their
pivotal role within ecosystems. Conclusively, the chapter underscores that
odonates provide significant economic advantages, enhance human well-
being through aesthetic and spiritual contributions, and act as efficient
predators of disease vectors and agricultural pests, thereby underscoring
their indispensable value
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