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Foreword

The earth system is currently stressed severely due to human interventions. The eco-
logical footprint of humanity has exceeded 1.6 times the biocapacity of biosphere. So
much so that by 2050, twice as much food as today will be required to feed the world
population. The future of mankind will be profoundly influenced by the way biologi-
cal and natural resources are sustained, regulated and managed. This is because bio-
diversity is the foundation for sustainability and significantly contributes to quality of
life of people and makes positive impact on the structure and functioning of the
ecosystems. Arthropods constitute over 90 % of the animal kingdom. Bioecology of
arthropods is intimately linked with global functioning and survival. However, docu-
mented literature and understanding on insects far exceed other classes of arthropods
necessitating inputs on other classes of arthropods. This book titled Arthropod
Diversity and Conservation in the Tropics and Subtropics brings together contribu-
tions of workers on arthropods. This compilation is an initiative at capturing the
essentials of arthropod inventories, biology and conservation.

This edited compilation includes 26 chapters contributed by over 70 biologists
on a wide range of topics embracing diversity, distribution, utility and conservation
of arthropods and select groups of insect taxa. More importantly, the mechanism of
sustaining the ecosystems of arthropods, their services and populations is also given
in sufficient details. The use of modern biological tools such as molecular and
genetic techniques regulating gene expression, as well as conventional, indigenous
practices in arthropod conservation, are included. The contributors reiterate the
importance of documenting and understanding the biology of arthropods with a
holistic view before conservation issues at large are addressed. This is an important
book for zoologists, entomologists, ecologists, conservation biologists, policy mak-
ers, teachers and students interested in the conservation and management of biologi-
cal resources.

Goa University Madhav Gadgil
Taleigdo India

Centre for Ecological Sciences

Indian Institute of Science (IISc)

Bengaluru, India (previously)

December 2015



The trend in biological studies these days is towards biological diversity and conser-
vation. Generally, many focus on vertebrates and flowering plants, although arthro-
pods constitute more than 80 % of the total biota on planet Earth. Arthropods
provide a multitude of ecosystem services and these are crucial for human suste-
nance and welfare. The concern of entomologists and other arthropod workers is to
ensure sustenance of undisturbed populations, free from human interferences, by
providing and maintaining safer and quality habitats for arthropods. In view of the
importance and lack of published information on arthropod diversity and conserva-
tion, the current book, Arthropod Diversity and Conservation in the Tropics and
Subtropics, was planned.

This book highlights concerns of not only entomologists but also other biologists
studying arthropods to emphasize the importance of biological conservation of dif-
ferent communities of arthropods across the globe. Life forms dealt in this book
cover arthropods as a community because despite such an important and vital group
of animals, documented information on them with the exception of insects is scanty.
These include scorpions, shrimps, prawns, crabs, ticks, mites, spiders, centipedes
and millipedes that are unique in forms and distribution playing diversified roles in
multiple biotopes. The crux of the problem for the conservation of arthropods is that
the common public do not distinguish them as separate entities, recognize them as
an independent group and appreciate their roles. So a comprehensive understanding
on the roles of all the arthropod entities should be developed than insects alone.

Arthropods play an important role in maintaining the health of ecosystems, pro-
vide livelihoods and nutrition to human communities and are indicators of environ-
mental change. Yet the population trend of several arthropod species is showing a
decline. Arthropods evolved about 350 million years ago and constitute a dominant
group with 1.2 million species influencing earth’s biodiversity of animals, with
insects predominant having about one million species. They are intimately associ-
ated with living and nonliving entities, and hence, ecosystem services offered by
them are crucial. Arthropod conservation requires integrating conservation science
and policy, with long-term planning and action plans. An attempt has been made
here to indicate the mechanisms by which arthropod populations can be sustained in
ecosystems and certain problematic species be managed without creating environ-
mental side effects and economic burden. The plan for the conservation of arthro-
pods and ecosystems should include a mixture of strategies like protecting key
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habitats and genomic studies to formulate relevant policies for in situ and ex situ
conservation.

This book is a step forward in monitoring and encouraging people for their con-
tinued support in saving planet’s earth-limited biological resources and their poten-
tial habitats and increasing awareness in generating appropriate technologies for
their management. Implementing nature-friendly technologies to mitigate adverse
impacts on arthropod populations is the major concern aimed to be reinforced in the
minds of the public and its reinforcement amongst researchers in biological sci-
ences. We hope that this book will serve as an additional step in this direction.

Bengaluru, India Akshay Kumar Chakravarthy
2015 Shakunthala Sridhara



Arthropod Diversity and Conservation in the Tropics
and Subtropics

Knowledge available on arthropods in the tropics and subtropics does not do justice
to their diversity and abundance. Detailed knowledge on arthropod diversity is
required to develop integrated pest management and conservation strategies. Studies
on arthropods from undisturbed and wild habitat patches are equally important in
these tasks. However, it is not possible to collate information on all arthropod taxa,
but it is possible to extrapolate from documented information to arrive at decisions
on management/conservation issues, be it cropping systems or wild, urban or peri-
urban habitats.

The book, Arthropod Diversity and Conservation in the Tropics and Subtropics,
deals with select taxa of arthropods, their diversity, distribution, inventory and con-
servation issues. Currently, arthropod community is impacted by global warming
which forms one of the most important factors influencing arthropods across land-
scapes as it does the biodiversity across the globe. Secondly, arthropods can serve
as indicators of climate change. Two chapters in the book document data on this
aspect. Prasannakumar and Kumar deal with salient features of arthropods affected
by climate change. Arthropod-based molecules may hold promise for the new
emerging disease and maladies. With this hope, Anudita, Varunrajan and Deepa
have gained insights into the peculiar and interesting biomolecules from arthropods
that have practical implications in biological control of pests and health care. The
workers have emphasized the need to conserve arthropods. It will be interesting to
know how ecologically important are the parasites on the arthropods. Jayashankar
and his team have highlighted the role of arthropod parasites in regulating arthropod
populations. Scorpions are venomous creatures, and their looks are frightening.
Shakunthala Sridhara and co-workers have elucidated the evolutionary significance
of venom in the life history of scorpion. Researchers have also highlighted ecologi-
cal and biological aspects of other arthropod taxa namely crabs, Cladocera, milli-
pedes, spiders and mites. Similarly, two species of wasps, both parasitoid and select
phytophagous are dealt with. Ankita Gupta explores in an elegant way the distribu-
tion and diversity of braconid wasps which are parasitoids of pest species. Preethi
and Lakshmi Devi chose chalcid wasps that include parasitoid species and few
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phytophagous species to study their distribution and diversity in Kerala, South
India. Baaby Job and Olakkengill discuss at length diversity and distribution of
sphecoid wasps which serve well as bioindicators of habitat change in South India.

Ants are other important bioelements in tri-trophic interactions. Presty John and
Karmaly together have contributed a chapter on distribution and diversity of
Camponotus ants. Sirisena and three co-workers from Sri Lanka have described in
detail soft scales from the island country and unravel their peculiar characters. Fruit
flies are key pests of tropical fruits. Laskar and co-workers document fruit flies from
sub-Himalayan region to provide baseline data for their management.

Mrinmoy Das and others recorded faunal composition of scarab beetles in
Assam, East India. The scarab beetles are notorious pests of roots of many culti-
vated plants, and they also serve as prey for a number of predators. Abrol and Uma
Shankar have been studying honeybees over two decades and have pinpointed fac-
tors responsible for honeybee population decline particularly in tropics and subtrop-
ics. Khanjani from Iran determined factors for fluctuations in brown mite population
in cherry orchards, Iran. Although some of these studies are not as exhaustive as
insects and mites, they are expected to enlarge the scope of the book and underlie
the importance of looking arthropods in a holistic manner. Often biologists focus on
one specific taxon, ignoring others. However, it is desirable, while developing base-
line data of a locality, to consider as many taxa as possible for the conservation and
management of arthropods.

Mary and others have drawn attention of readers to giant moths that are special-
ists requiring unique combination of niche and food plants. Rapid population
decline of bees in the wild is of concern to biologists today. Ritesh Inamke et al.
discuss at length synthesis of management approaches for conserving insects. The
approaches may also apply to conservation of other arthropod taxa. Prabhulinga and
his team have worked on biological characteristics of a group of minute wasps
called Trichogramma which are essentially important parasites of pests of cultivated
crops because they kill the pests at egg stage and hence vital for the management of
these pests that destroy reproductive parts of crops. Subba Reddy Palli proposes that
by utilizing RNA interference technology, agricultural pests can be managed which
would obviate the need for pesticides and substantially contribute to conservation of
not only arthropods but natural resources. This is a revolutionary approach for pest
control and a huge step in reducing/preventing pesticide contamination of
environment.

Petersen and Reddy have drawn attention to methods that sustain Apis dorsata in
tropical environments, and they also have made concerted efforts in preserving bee
trees as a heritage site. Chandrika Mohan and co-workers worked out the possibili-
ties of using coconut water as a culture media for mass rearing mite which is a
predator on coconut mites. Rahul Ameen and his team provide evidence for using a
native Bacillus thuringiensis isolate against polyphagous, defoliator pest, Spodoptera
litura effectively.

Akshay Kumar Chakravarthy
Shakunthala Sridhara
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Impact of Climate Change on Arthropod
Diversity

N.R. Prasannakumar and K.P. Kumar

Abstract

Today, understanding the consequences of changes in biological diversity due to
global warming has become critically important. Climate change has profound
influence on arthropod diversity. Principal effects of climate change on arthropod
diversity include decrease in decomposers and predators and parasites and
increased herbivory which affects the structure and function of ecosystems. With
changes in arthropod communities, farmers are experiencing decreases in soil
fertility and crop productivity. Amelioration includes organic farming, cultiva-
tion of climate-resilient crops, the use of water energy, wind energy, maintaining
water bodies, reducing vehicular emissions, etc.

Keywords
Arthropod diversity ¢ Climate change * Global warming

1.1 Introduction

Diversity of arthropods is defined as the existing variations within the arthropod
communities from all the sources such as, inter alia, terrestrial, marine, and other
aquatic ecosystems. It also includes ecological interactions, within and between
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species and ecosystems (Mandal and Neenu 2012). Arthropods not only have a wide
range of diversified ecological roles in natural resources but also economic benefits
in agriculture (Wilson 1987; Isaacs et al. 2009). Their diverse functions include as
prey resources for many taxa, as important predators, and as pollinators and seed
dispersers (Bond and Slingsby 1984; Wilson 1987; Isaacs et al. 2009). Arthropods
are also important for decomposition and nutrient cycling, creating nutrient-rich
fertile soils for plants, community interactions, and food webs (Wilson 1987; Losey
and Vaughan 2006; Seastedt and Crossley 1984).

Climate change, a current global concern, may be due to natural phenomenon or as
a result of anthropogenic activity and exerts multitude of threats to all life forms. The
Inter governmental Panel on Climate Change (IPCC 2001) reported that increased
anthropogenic activities have been responsible for global warming, which is being
observed over the last five decades. Mean surface temperature rose by 0.6 + 0.2 °C
during the twentieth century all over the world. It has been predicted to increase by
1.4-5.8 °C from 1990 to 2100. The possible consequences of global warming would
not only be raised temperature but more crucially the rate of temperature raise (Root
and Schneider 1993). Besides, increase in atmospheric CO, concentrations and the
precipitation patterns are likely to have profound effects on overall growth of the
plants (Reddy et al. 2010). The preindustrial levels of carbon in atmosphere rose from
285 pmol 171(600 gigatonnes (Gt)) to the current level of 384 pmol 17/(800 Gt), which
is predicted to rise to 1000 Gt by the end of 2050 (IPCC 2007). Such an abnormal rise
in the levels of atmospheric CO, would result in direct and indirect global climate
changes. Climate change will also have prolonged influence on arthropod popula-
tions. It will affect arthropods (e.g., herbivore insects) directly through effects on
growth and development and indirectly by influencing host plants. On the other hand,
CO, would affect arthropod herbivores indirectly through host plants.

Anthropogenic activities that have been identified are major contributors to
global and regional climate change (IPCC 2001). The increasing frequency of cli-
matic disasters is depicted in Fig. 1.1. To understand climate change, it is important
to assess the cause by variety of factors from both humans and nature.

1.1.1 Impact of Climate Change on Arthropod Diversity

Climate change triggers considerable changes in flora and faunal diversity, their
population distribution and interactions with other biotic and abiotic elements (Figs.
1.2 and 1.3). Distribution of arthropods will be influenced by changes in the crop-
ping patterns due to climate change. Key insect pests such as cereal borers (Chilo,
Sesamia, and Scirpophaga) and pod borers (Helicoverpa, Maruca, and Spodoptera)
and sucking pests such as aphids and whiteflies may emigrate to cooler regions,
leading to higher damage in field and horticultural crops. Global warming will also
reduce the effectiveness of host plant resistance, transgenic plants, natural enemies,
biopesticides, and synthetic chemicals for pest management (Sharma 2010a, b).
Sabine Nooten et al. (2014) investigated potential effects of warmer climate on
insect fauna composition and structure through a multispecies transplant
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experiment. Eight native Australian plant species were transplanted into sites
approximately 2.5 °C (mean annual temperature) warmer than their native range.
Incidence of insect infestation was monitored for the next 12 months. The morpho-
species composition of Coleoptera and Hemiptera diversity differed distinctly
between transplants at the control compared to the warmer sites. Community struc-
ture of feeding was also differed between the controls and transplants. There were
considerable differences in community composition and feeding guild structure, for
phytophagus and non-phytophagus, between transplants and congenerics at the
warm sites. These results suggest that as the climate warms, considerable changes

in the composition of insect communities occur (Nooten et al. 2014).

It is very vital to understand the causes and consequences of climate change on a

wide range of biotic diversity (Chapin et al. 2000). Changes in vegetation and soil
characteristics resulting from climate change may especially be detrimental for
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arthropods because of their limited mobility, and many species require specific host
plants (Wilson 1987; Kremen et al. 1993; Burghardt et al. 2008). Soil moisture,
temperature, sunlight, and soil physical and chemical properties are also important
determinants of the distribution and reproductive success of many arthropod taxa
(Antvogel and Bonn 2001; de Souza and de Souza Modena 2004; Lassau et al.
2005).

1.2  Effect on Trophic Level

The trophic cascade concept, proposed by Hairston et al. (1960), has provided a
valuable conceptual framework for community ecology. The trophic levels are in
equilibrium because of interaction among biotic and abiotic factors in each and
every level. Increased biotic potential and decreased environmental resistance usu-
ally result in outbreak of a species, whereas increase in environmental resistance
and decreased biotic potential result in species extinction. Any alterations in trophic
levels owe changes in climate over time.

1.2.1 Effect of Rainfall on Arthropod Diversity

Under the scenario of global warming, worldwide changes in rainfall patterns have
been observed in recent decades (Karl and Trenberth 2003). For instance, regions
like Australia, New Zealand (Plummer et al. 1999), Southern Brazil, and Eastern
Argentina (Collischonn et al. 2001; Berbery et al. 2006) have received significantly
more annual rainfall. Rainfall plays key role in keeping the population dynamics of
any species in equilibrium by acting upon biotic potential and environmental resis-
tance (Lima et al. 2002; Sala 2006). Consequently, changes in rainfall pattern may
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affect the entire services of the ecosystem (Martin 2001; Duffy 2003). However,
based on currently available information, it is generated from arid and semiarid
ecosystems, where water availability plays a significant role on primary productiv-
ity (Jaksic 2001; Letnic et al. 2005; Holmgren et al. 2006). In such areas, productiv-
ity of pulses increases in rainy season, followed by bottom-up effects of climate that
occur with a lag through the food web (Ostfeld and Keesing 2000; Arim et al. 2007,
Farias and Jaksic 2007). Nevertheless, in ecosystems where plants did not often
experience problem of water deficit (e.g., wetlands), heavy rainfall led to floods
which lead to changes in the flora which in turn destroyed terrestrial habitat and the
biodiversity therein (Canepuccia et al. 2007, 2008).

A wide range of changes in precipitation are attributed to climate change which
in turn will have a major effect on the abundance and diversity of fauna. Extreme
climatic events such as drought are likely to decrease diversity as several trophic
levels and alteration in composition of arthropod fauna, which subsequently affects
the other associated taxa. In the forest ecosystems, chronic stress significantly
altered intra- and interspecies composition, and the trees growing under high stress
supported one-tenth the number of arthropods compared to trees growing under
more favorable conditions (Talbot Trotter et al. 2008). Increasing tree stress was
also correlated with an eight- to tenfold decline in arthropod species richness and
abundance. Arthropod richness and abundance on individual trees were positively
correlated with the tree’s radial growth during drought. Stone et al. (2010) sug-
gested that tree ring analysis could be used as a predictor of arthropod diversity.

Climate change aberrations alter the relative abundance of different insect spe-
cies rapidly, and the species failing to tolerate the stresses gets extinct (Jump and
Penuelas 2005; Thomas et al. 2004). The current extinction rates are 100—1000
times greater than the previous extinction rate, and nearly 45-275 species are
becoming extinct every day. Effect of prognosticated rainfall in Austria is predicted
to reduce abundance of spiders (Araneae, —47 %), cicadas, and leafthoppers
(Auchenorrhyncha, —39 %), beetles (Coleoptera, —52 %), ground beetles
(Carabidae, —41 %), leaf beetles (Chrysomelidae, —64 %), springtails (Collembola,
—58 %), true flies (Diptera, —73 %), and lacewings (Neuroptera, —73 %) but
increase the abundance of snails (Gastropoda, +69 %) (Zaller et al. 2014). Extreme
rainfall in the Pampas region of Argentina heavily affected the species migration
and limited their ability to expand their distribution range. The most affected among
the beetle species are the habitat specialists (Xannepuccia et al. 2009). Loss of habi-
tat has been observed at higher trophic levels, indirectly causing disturbances in
food chain and food webs of the ecosystem.

1.3  Impact of Temperature on Arthropods

Arthropods are poikilothermic with temperature of their body being approximately
the same as that of the environmental temperature. Therefore, temperature is prob-
ably the single most important factor influencing overall growth, development, and
behavior of the arthropods (Das et al. 2008). The effect of temperature on
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arthropods overwhelms the effects of other environmental factors (Bale et al. 2002).
Assessment made with every 2 °C rise in temperature on insect life cycle resulted in
one to five additional life cycles per season (Yamamura and Kiritani 1998).
Therefore, climate change resulting in increased temperature impacts crop pests in
several ways. Although in certain cases, temperature effects might tend to slow
down insect populations. However, warmer temperatures in cooler region result in
more diversified and abundant populations of insects (Neumeister 2010).

Millipede, Polydesmus angustus, was significantly affected when temperature
rose by 3.3 °C. Development was faster, with more number of individuals reaching
adult stage resulting in earlier reproduction in spring. The positive effect of tem-
perature helped the millipede females from overcoming post-diapause quiescence
in late winter at Paris, and they started laying eggs as soon as temperature condi-
tions improved (David et al. 2003). On the other hand, species that need a period of
coolness to end winter diapause, resume development and reproduction, e.g., like
the xystodesmid, Parafontarialaminata armigera (Fujiyama 1996) affected nega-
tively by warming. Likewise, due to warming acceleration of the exhaustion of
metabolic reserves in species that overwinter for long periods without feeding may
be affected negatively (David 2009).

The effect of temperature on locomotor activity is ecologically important for
arthropods, as it affects predator-prey interactions and activities such as sprinting
(Bauwens et al. 1995), flying (Machin et al. 1962), swimming (Turner et al. 1985),
and striking (Webb and Shine 1998). Studies by Carlson and Rowe (2009), on influ-
ence of temperature on striped bark scorpions, Centruroides vittatus, revealed that
scorpions had significantly higher sprint speeds (defensive repertoire) at warmer
temperatures. Males were significantly faster than females. At lower temperatures
sting latency was longer and sting rate lower. Intriguingly, females appear capable
of stinging at a higher rate than males. Desiccation enabled the scorpions to run
faster than control (hydrated) scorpions, probably due to weight loss.

Increased temperatures could also significantly affect arthropod survival, devel-
opment, distribution, and population size (Porter et al. 1991). Temperature influ-
ences insect physiology and development directly or indirectly through the
physiology of host plants. It can exert different effects on insect species depending
upon its development “strategy” (Bale et al. 2002). Insects with longer life cycle
tend to adopt to temperature changes over the course of their life history, while crop
pests with “stop and go” development strategy vis-a-vis temperature develop more
rapidly during periods of suitable environment. Increased temperatures hasten the
development of insects resulting in more generations and eventually leading to
more crop damage (Diku and Mucak 2010).

Reduction in parasitism occurs due to altered host-parasitoid interactions owing
to altered temperature (Lewis 1997). So is the gender ratio of thrips. Life cycle of
subterranean insects might be more gradually influenced by temperature than ter-
restrial pests because soil provides an insulating medium against buffer temperature
changes more than the air (Bale et al. 2002).

Although lower winter mortality of insects due to increases in winter tempera-
tures occurs, their outbreaks also increases (Harrington et al. 2001). Higher average
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temperature might create favorable environment for extension of range of some
crops to further north resulting in at least some of the insect pests of those crops to
shift to the expanded crop areas. Insect species diversity in an area tends to decrease
with higher latitude and altitude (Andrew and Hughes 2004). Rising temperatures
of temperate climates could result in more insect species attacking more crops.
Based on fossil records, it has been concluded that the diversity of insect species
and rate of their feeding had increased historically with increasing temperature
(Bale et al. 2002).

Increase in temperature may discourage the farmers to cultivate the host crop that
can result in decrease in populations of insect pests specific to those crops. Besides,
the factors that affect insect pests can also affect their natural enemies as well as
entomopathogenic organisms, thereby resulting in increased mortality of insect
populations. At higher temperatures, aphids have been shown to be less responsive
to alarm pheromone which results in greater predation (Awmack et al. 1997).

Rice was damaged more by bug outbreaks and their poleward geographic emi-
gration due to increase in the mean surface temperature by 1.0 °C over the last 40
years in Japan (Kiritani 2006). The winter mortality of adults of Nezara viridula and
Halyomorpha halys was found reduced by 15 % by each rise of 1 °C. More than 50
species of butterflies showed northward movements and 10 species of previously
migrant butterflies were found established on Nansei Islands during 1966-1987. It
has also been reported that due to global warming, there has been a decline in abun-
dance of Plutella xylostella and increase in natural enemies of H. armigera and
Trichoplusia ni due to increase in number of generations.

Global warming increased infestation by Heliothis zea in North America (EPA
1989) and H. armigera in North India (Sharma 2010a, b), resulting in increased
crop loss. The possible extension of overwintering period in H. zea due to climate
change is shown in Fig. 1.4. An increase of 2 °C will reduce the number of genera-
tion of cherry aphid, Rhopalosiphum padi (L.), depending on the variations in mean
temperature.
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Fig.1.4 Traps catch data indicating possible overwintering of corn earworm in Western New York
(Petzoldt and Seaman 2007)
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1.4  Impact of Elevated CO, on Arthropod Pests

Carbon dioxide emissions, the main contributor to global warming, are set to rise in
2014 reaching a record high of 40 billion tonnes. Carbon project in the UK has
projected a rise of 2.5 % in burning fossil fuels globally. The world oceans have
already become increasingly acidic as they absorb atmospheric carbon dioxide.
Water reacts with CO, to form carbonic acid lowering pH of oceans. In fact, ocean
pH has dropped from 8.0 to 7.7 by the twenty-first century. Mussels draw bicarbon-
ate ions from seawater and use proteins in their bodies to make crystals of calcium
carbonate to form their two-layer shells. In more acidic water, there are less bicar-
bonate ions available to make shells. Shells become more brittle in acidic water and
break. This means in the wild in the future, mussels become vulnerable to the attack
of predators as well as to the effect of ocean forces. It could also have effect on
yields of mussels available for human consumption (Times of India 2014).

Understanding alterations in insect feeding behavior by increased CO, and O;
will be important for predicting crop productivity as well as identifying minor pests
assuming the status of major pests in future (Baker et al. 2000). Elevated CO, have
an indirect effect on insect communities as changing host plant phenology creates
imbalance in the insect-plant relationships and tritrophic interactions. Both warmer
weather and elevated CO, alter the bionomics of insect pests (Hulle et al. 2008).
Phytophagous insects are directly affected by alteration in the quality of plant parts
exposed to elevated CO,. The carbon/nitrogen (C/N) ratio generally decreases in
plants grown under elevated CO,, and this reduces their nutritive value. In order to
compensate, insect tends to feed more leaf. Gypsy moth (Lymantria dispar) larvae
fed on quaking aspen (Populus tremuloides) leaves exposed to high CO, performed
poorer than larvae that were fed on leaves grown in ambient CO, (Cannon 1998).
However, the response of larvae to red oak (Quercus rubra) leaves illustrated that
this phenomenon was host plant dependent. Soybean grown in higher CO, condi-
tions suffered more damage from insects like Japanese beetle, potato leathopper,
western corn rootworm, and Mexican bean beetle than at ambient atmosphere
(Mahal and Agarwal 2010), perhaps due to increased level of simple sugars in soy-
bean leaves that might have stimulated insect feeding (Hamilton et al. 2005). Leaves
having lower nitrogen levels were eaten more by insects to obtain sufficient nitrogen
for their metabolism (Coviella and Trumble 1999; Hunter 2001). Further, the plants
exposed to elevated CO, had more carbon to nitrogen (C/N) ratios in tissues, result-
ing in slower developmental rates of insects and increase in duration of life stages,
thus rendering them vulnerable to attack by natural enemies (Coviella and Trumble
1999). To compensate the reduced nitrogen and tremulacin and due to increased
tannin and starch levels in the plants grown under enriched CO,, the feeding poten-
tial of the larvae was found to increase. Besides, there was decreased growth rate
and prolongation of developmental time in leaf chewers (Lepidoptera) but increased
abundance and fecundity in Homoptera (Rao et al. 2006).

The elevated CO, produced more plant size and canopy density with high nutri-
tional quality foliage and microclimate more favorable to pests and diseases. Insect
abundance has been shown strongly correlated with plant biomass and height as
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larger plants increased structural complexity and greater range of resources that
herbivores utilize (Lawton 1995).

Plant C/N ratios, condensed tannins, and gossypol were significantly higher,
while concentration of the nitrogen was considerably lower in plants grown under
elevated CO, levels compared to those grown in ambient CO, (Gao et al. 2008).
Cotton aphid survival significantly increased with high CO, levels, whereas there
are no significant differences in survival and lifetime fecundity of Papilio japonica.
However, stage-specific larval durations of the Japanese lady beetle were signifi-
cantly longer when fed on aphids from enriched CO, levels. It was opined that Aphis
gossypii may assume serious pest status under high CO, conditions because of
increased chance of survival of aphid and longer development duration of lady bee-
tle. In case of castor semilooper larvae, foliage from elevated CO, was consumed
more. The relative consumption rate of larvae increased, whereas the efficiency
parameters, viz., efficiency of conversion of ingested food (ECI), efficiency of con-
version of digested food (ECD), and relative growth rate (RGR), decreased in larvae
fed upon enriched CO, foliage. The consumption and weight gain of the larvae were
negatively and significantly influenced by leaf nitrogen, which was found to be the
most important factor affecting consumption and growth of larvae (Rao et al. 2006).

Generally larger biomass, leaf area, and C/N ratios were observed in the host
plants grown at enriched CO, than those grown at ambient CO, Plants with aphids
had stunted growth resulting in lower biomass and leaf area than those without
aphids (Hughes and Bazzaz 2001). The response of aphid populations to elevated
CO, was species specific with one species being increased (M. persicae), other
decreased (Acyrthosiphon pisum), and another three being unaffected. The C/N
ratio would also be influenced by the N content of the soil and the ability of plants
and organisms to fix atmospheric N (Hughes and Bazzaz 2001). Elevated CO, con-
centration increased the C/N ratio of plants, and a high C/N ratio negatively influ-
enced leaf chewers but did not influence phloem feeders. Many species of
phytophagous insects would encounter less nutritious host plants that would induce
both longer larval developmental periods and higher mortality (Coviella and
Trumble 1999).

Leaf-chewing insects consumed more foliage grown under high CO, levels than
those grown at ambient CO,. At elevated CO, clover shoot weight, lamina weight,
and laminar area were greater than at ambient CO,. Thrips population was not
appreciably affected by CO,, but laminar area scraped by pest feeding was signifi-
cantly greater at elevated than at ambient CO, (Heagle 2003).

Ambient CO, levels did not affect above ground net primary productivity for
positively dominant plant species in the understory community; C/N ratios of leaf
tissue for four of the positively dominant understory taxa, amounts of herbivory, and
arthropod abundance and richness across all trophic groups did not differ between
ambient and elevated CO, plots (Sanders et al. 2004).

Elevated CO, levels had narcoleptic and behavioral changes in insects, and pro-
jected concentrations of atmospheric CO, up to 1000 ppm are unlikely to affect
insects directly (Ziska and Runion 2007). Secondary CO,-induced effects through
crop hosts such as digestibility, chemical defenses, and canopy microclimate affect
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insect fecundity, or aphid populations could increase with increased CO, attributed
to more fecundity (Awmack et al. 1996) and take more time for settling (Smith
1996). The potato aphid, Aulacorthum solani, responded differently to elevate CO,
on bean (Vicia faba) and on tansy (Awmack et al. 1997). When plants were exposed
to enriched CO,, litter quality did not decline as consistently as tissue quality (Norby
and Cotrufo 1998). Cotrufo et al. (1998) grew rooted cuttings of ash in ambient and
CO,-enriched atmosphere and fed leaf litter from these plants to Oniscus asellus
individuals. High concentrations of CO, significantly lowered the adult weight of
aphid, Myzus persicae, compared to aphids fed on plants grown under ambient CO,
(Himanen et al. (2008).

Development, oviposition, and longevity of whiteflies were closely related to
temperature, and there was more delay in developmental period from eggs to adults
at low temperatures (Butler et al. 1983; Wang and Tsai 1996). It was also demon-
strated that oviposition rate was influenced by the environmental conditions and the
quality of the host plants (Byrne and Bellows 1991). However, Coll and Hughes
(2008) found that whitefly female oviposition or adult longevity was not affected by
elevated CO..

A decline in leaf miner population under elevated CO, compared to ambient CO,
was also documented (Stiling and Cornelissen 2007). Further, increase in insect
consumption of leaves was detected when caterpillars were exposed to elevated CO,
(Schadler et al. 2007). Lincoln et al. (1986) observed that larvae of the soybean
looper had higher feeding rates on plants grown under elevated carbon dioxide
atmospheres than ambient CO,.

1.5 Effect of Climate Change on Species Interactions

Arthropod-host plant interactions change vis-a-vis to the effects of CO, on nutri-
tional properties and secondary metabolites of the host plants as discussed above
(Sharma 2010a, b). Elevated levels of CO, induce more plant growth but may also
persuade more damage from phytophagous insects (Gregory et al. 2009). Higher
concentration of CO, in atmosphere is expected in the next century; many species
of herbivorous insects will encounter less nutritious host plants that may encourage
both prolonged life stages and higher mortality (Coviella and Trumble 1999). The
positive or negative effect of elevated CO, on phytophagous herbivores will not only
be species specific but also specific to each insect-plant system. Increased CO,
enhances more plant growth rates: concurrently the drought stress will probably
result in slower plant growth (Coley and Markham 1998). Thus climate change
might modify interactions between phytophagous insects and host plants in more
than one way (Bale et al. 2002; Sharma et al. 2010).

Increased CO, caused a slight decrease in nitrogen-based defenses and a slight
increase in carbon-based defenses like tannins (Gore 2006). Acidification of water
bodies by carbonic acid due to elevated CO, will affect the aquatic floral and faunal
diversity. Lower foliar nitrogen content due to CO, would cause an increase in food
consumption by the herbivores. Additionally severe drought may also increase the
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damage by insect species such as spotted stem borer, Chilo partellus on Sorghum
(Sharma 2010a, b). Endophytes which play an important role in conferring toler-
ance to abiotic and biotic stresses in grasses may also undergo a change due to dis-
turbance in the soil brought about by global warming (Newton et al. 2009).

Effects of ambient temperature on pollination success of alpine plants varied
depending on the flowering time of individual populations that showed seasonal
difference in thermal sensitivity and life cycle of pollinating insects (Kundo and
Hirao 2006). Evans et al. (2002) reported that climate change was likely to alter
balance between insects and their natural enemies and host interaction and thereby
affecting insect pest development too. Thomas et al. (2004) observed that the overall
performance of natural enemies altered vis-a-vis changes in herbivore quality and
size induced by elevated temperature and CO, effects on plants. The encountering
of pests by predators and parasitoids decreases due to production of additional plant
foliage or altered timing of herbivore life cycles in response to plant phenological
changes. Performance of natural enemies in controlling pests decreased if pest emi-
grate into other regions where the former is usually absent in those areas. In such a
scenario, a new community of enemies might then provide some level of control.

Butterflies with strong habitat specificity and lower mobility had reduced distri-
butions and fared worse under changing climate conditions than generalists occur-
ring in the same geographic range (Warren et al. 2001). This led to conclusion that
climate change will render habitat domination by mobile generalists. Voigt et al.
(2003) reported that species in higher trophic levels were sensitive to climatic
change due to the combined indirect effects of climate change on lower trophic
levels and greater sensitivity to abiotic stress. Changes in top trophic levels caused
trophic cascades and loss of predators, thereby disrupting interactions between
lower trophic levels including herbivores and primary producers.

Life history traits such as resource specificity, geographical locations, trophic
level, and dispersal ability are potentially good predictors of the magnitude and
direction of the response of insect species to climate change (Pelini et al. 2009). The
effect of climate change on species distribution and abundance involves not only
direct effect on each species individually in an ecosystem but also on species inter-
actions. Rapeseed-mustard is infested by two aphid species, Lipaphis erysimi and
M. persicae, the former being dominant during severe winters and the latter during
mild winters (Chander and Phadke 1994).

1.5.1 Effects on Farmers

Farmers are likely to encounter extensive effect on pest management strategies with
changes in climate. Entomologists expect that insects may expand their distribution
to newer areas and increase reproduction rates and overwintering success. This
means that it is likely that farmers will have more diversified insect pests to manage.
Based on current comparisons of insecticide usage between more southern states
and northern states, this is likely to mean more insecticide use and expenses for
northeastern farmers.



12 N.R. Prasannakumar and K.P. Kumar

Entomologists predict extra generations of important pests in India like brown
plant hopper, leathoppers, aphids, thrips, etc. as a result of higher temperatures,
probably necessitating more insecticide applications to maintain low damage
thresholds. The number of cultural practices used by the farmers could be altered as
per the changes in climate, although it is not clear whether these practices would be
helped, hindered, or not affected by the anticipated changes. Crop rotation as an
insect management strategy could be less effective with earlier insect immigration
or increased overwintering of insects.

1.5.1.1 What Farmers Can Do?

Farmers should understand and remember that climate change is likely to be a grad-
ual process. It is not precisely understood how climate change affects crops, arthro-
pods, diseases, and their relationships. If climate is warmer, it does increase in crop
yield and offset losses to pests. Clearly it will be important for farmers to be aware
of crop pest dynamics and be flexible in choosing both their management methods
and the crops they cultivate. Farmers should closely monitor the occurrence of pests
in their fields and should keep a close watch on severity and frequency, and cost of
managing pests over time will help in making decisions about whether it will be
economical to continue to grow same crop or alternative crop or use a certain pest
management technique. The farmers who make the best use of basics of integrated
pest management (IPM) such as monitoring, pest forecasting, record keeping, and
choosing economically and environmentally sound control measures are be most
likely to be successful in dealing with effects of climate change.

1.6  The Paris Agreement

A conglomeration of 195 countries met to adopt measures to mitigate adverse
effects of climatic change in Paris on December 12, 2015. These countries agreed to
the goal of keeping the increase in the global average temperature to “well below
2 °C and pursuing efforts to limit the temperature increase to 1.5 ‘C above preindus-
trial levels.” They also pursued a goal of zero net emissions — removing as much
greenhouse gases from the atmosphere as is being added to it, by the second half of
the century. United Nations Framework Convention on Climate Change (UNFCCC),
which convened the Paris talks, felt the necessity of cooperation to tackle climate
change. The UNFCCC, which dates from the 1992 Rio Earth Summit, called on
nations to act “in accordance with their common but differentiated responsibilities.”
The new agreement requires a flow of 100 billion a year from developed countries
to developing ones by 2020 to realize these goals. The pledges from China and India
alone could double the world’s wind and solar capacity within 15 years. Limiting
warming to 1.5 °C will require reforestation in large landscapes. But to soak up
really large amounts of carbon will require technologies capable of storing carbon
dioxide deep underground. One idea is to grow plants — those absorb carbon dioxide
out of the atmosphere, burning them in power stations, and burying the resulting
burned-off carbon. But doing this at the scale required would mean growing fuel
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over millions of square kilometers. The world does not have that much land to spare.
An alternative would be some sort of industrial process. This could be the beginning
of the end of the fossil fuel era. Coal firms, however, are clinging to the hope that
developing countries will provide enough new demand to persuade investors not to
dump their shares. India, for example, generates 71 % of its electricity from coal. Its
Intended Nationally Determined Contributions makes no commitment to cut total
emissions. Its pledge to install 100 gigawatts (GW) of solar power capacity by 2022,
up from just 5 GW now, would require reforms to its electricity sector that stretches
credulity. Energy markets may respond only when national governments are seen to
be serious at home about the environmental pledges they have made abroad (The
Indian Express, December 18, 2015).

1.7 Conclusions

Climate changes have serious positive and negative impacts on arthropod diversity
and abundance. Prediction of changes in geographical distribution and population
dynamics of arthropods will be useful to mitigate the negative effects of climate
change. For instance, pest outbreaks might occur more frequently, particularly dur-
ing extended periods of drought, followed by erratic rainfall. Likewise, temperature
directly affects insects, while CO, affects them through host plants. The probable
effects of climate change on pests may include expansion of their distribution
ranges, change in population growth rates, increased period of activity, alteration in
crop pest synchrony and natural enemy-pest interaction, changes in interaction
among pest species, and increased risk of invasion by migratory pests. Thus, adverse
effects of climate change on the activity and effectiveness of natural enemies and
other beneficial will be a major concern in future pest management programs.
Therefore, there is a need to have a concerted look at the likely effects of climate
change on crop protection and devise appropriate measures to mitigate the effects of
climate change on food security on regional scale keeping in mind the soil, water
availability, fertility, cropping patterns, and environmental factors, both existing and
predicted.
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Abstract

Arthropods, particularly insects, are endowed with the richest chemical diversity
which needs to be harnessed. Arthropods are reservoirs of neurotoxins, peptides,
terpenoids, saponins, sugars, etc., that have the potential to cure modern human
ailments like HIV, dengue, chikungunya, Ebola virus, Japanese encephalitis, and
other syndromes. Basic knowledge of chemical interactions among and between
organisms is important to understand the nature of disease treatment, controlling
pest and food production, to name a few examples. In order to achieve improved
livelihoods, it is necessary to use the chemistry of nature and to use it in a sus-
tainable manner. Isolation, characterization of the molecule, and mass produc-
tion need a holistic understanding of the chemical and physical properties of the
substances arthropods produce. Pharmacognosy is still naive and needs to be
further explored.
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2.1 Introduction

Arthropods use a wide variety of chemical substances for ecological adaptations,
and this is the encircling idea of the field of chemical ecology. Progress in the field
has advanced rapidly. There are enormous potentials for discovering natural prod-
ucts with numerous medicinal values from members of the phylum Arthropoda.
Insects represent 80-90 % of the world’s biodiversity, and hence, it is the largest and
the most diverse group on earth. So far, 950,000 species of insects have been
described, with some authors estimating that there are approximately 4,000,000
insect species on earth. Like all other organisms, insects and related arthropods
mainly utilize chemistry to adapt to environments such as defense against predation
or infection, communication and socialization, life cycle development, and surviv-
ing. The sheer number of insect species, to say nothing of the diversity of niches
they inhabit or the huge variety of ways they interact with other species and their
environment through chemistry, is awesome.

2.2 Entomotherapy and Ethnoentomology

The use of insects to treat medical ailments is termed as entomotherapy. Larval
therapy is a method wherein the damaged and decaying tissues of the wound are
allowed to be fed by the maggots of Lucilia sericata fly to heal the wound. Such
practices were used by traditional medicine followers in countries such as Australia,
Asia, and South America (Horobin et al. 2003; Wolff and Hansson 2003). Costa-
Neto (2005) summarizes a list of different arthropods, both aquatic and terrestrial
forms which include 14 orders spanning across insects, centipedes, and arachnids,
which are used by different communities around the globe. The commercial value
of the products based on insects was estimated to be worth more than hundred mil-
lion US dollar. Studying the nature of insects was one of the most important aspects
of chemical ecology. The exodus began for the isolation of “bombycol” from silk
moth by Butenandt et al. (1959); since then the beneficial aspects of insects were
explored for exploitation in the field of medicine, food, and industry. The early
record of using bee sting and bee venom for arthritis treatment was described by
Hippocrates (460-377 BC), and elsewhere leeches were used to remove “bad blood.”

Costa-Neto (2005) describes in his review how people of different cultures use
insects. The Arawak community of Guiana allow their babies to be stung by
Paraponera clavata to facilitate them to walk early. The adults tolerate the sting so
that they can gain immunity to the future stings. Marahna, a tribe from Brazil has a
different way of using a related species of ant (Pachycondyla commutata). The
women of the community undergo the stinging, and as a ritual these ants were
woven into strings and tied across the forehead and chest by the subject. A South
American tribe uses insects in an indirect way. They gather poisonous dart frogs
(Dendrobatidae) for the poison secreted in their skin. The frogs produce poison as
result of ingesting toxic arthropods which accumulate on their skin. This toxin was
used to poison their arrows to kill during hunting. Asian medicine even today has
exotic ingredients such as insects. From the early literatures of Chinese Materia
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Medica by Read and Shennong Pharmacopoeia (100-200 AD), a useful list of
medicinal arthropods is available, viz., bees, wasps, hornets, silkworm, caterpillars,
mantises, flies, stink bugs, cicadas, mole crickets, silverfish, cockroaches, dragon-
flies, locusts, and lice; and extending the list are other arthropods such as spiders
and scorpions. A few more to the list was provided in Compendium Materia Medica
(1578). Both Chinese and European medicines use the blood of Spanish fly which
contains cantharidin, is a potential blistering agent.

2.3 Venom and Neurotoxins

The class insecta embraces numerous poisonous insects. Among the arthropods,
more poisonous species are represented by centipedes, chelicerates, and
hymenopteran insects. Exclusively venomous arthropod groups are represented
among scorpions and spiders (King and Hardy 2013). Therefore, arthropod’s venom
is a rich source of biologically active molecules in the natural world (Cherniack and
Cherniack 2011; Pimenta and de Lima 2005; Schwartz et al. 2012).

The most popular venom to be explored is from spiders. Spiders, although a
small group and less diverse among the arthropods, possess diverse neurotoxins to
paralyze the prey. Some toxic compounds known from spiders include acylpoly-
amines, toxic peptides, sulfated nucleosides, polyamine compounds, and polyamine
neurotoxins. Estrada et al. (2007) compiled a list of acylpolyamines, toxic peptides
from different groups of spiders which have numerous potentias to treat pain and
diseases related to malfunctioning of central nervous system such as Alzheimer,
Parkinson, and Huntington disease. A study conducted by Schroeder et al. (2008)
has identified novel sulfated nucleosides and polyamine compounds using NMR
technology from more than 70 different spider species. Common pests such as the
violin spider (Loxosceles reclusa) and hobo spider (Tegenaria agrestis) which were
known for their toxicity for many years have such compounds. An array of poly-
amine neurotoxins from spiders are mostly found on the sensory receptors, which
can be explored for drug discovery.

The venom of the spiders has different modes of action. Argiotoxin, isolated
from the venom of Agelenopsis aperta, was effective against seizures which were
audiogenic and N-methyl-D-aspartate (NMDA) induced. The most extensively
studied spider for more than two decades, Phoneutria nigriventer, has some unique
neurotoxins such as PhTx-3 (Tx-3) with an inhibitory effect on Ca’**-dependent glu-
tamate release. On the other hand, the colonial spider Parawixia bistriata and
Chilean giant pink tarantula Grammostola spatulata have different modes of action;
the latter uses a combination of toxins to kill its prey. The toxic mixture acts on the
ion channels and inhibits their functions (Laurent et al. 2005). Voltage-gated cal-
cium channels like N, P, and Q type were targeted by grammotoxin SIA, a neuro-
toxin isolated from the venom of spider G. spatulata; because of the targeted site of
action, there are lots of avenues for potential research. There are few compounds
with structural and functional similarity between some neurotoxic compounds
found in spiders and other arthropods; one such compound is philanthotoxin
which was first discovered from a predatory wasp species Philanthus triangulum.
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Later such compounds were found in spider venom as well. This suggests a plausible
convergent evolutionary relationship between these two neurotoxins in bringing
down the prey. Philanthotoxin acts at the nerve junctions as a noncompetitive antag-
onist of both glutamate receptors and nicotinic acetylcholine receptors.

Many insect-related compounds have been developed as drugs. Structure—activ-
ity relationship (SAR) studies have used a chemical approach of producing over 100
analogs of philanthotoxin to improve specificity. Photolabile analogs are used to
probe receptor structure and to design more selective antagonists of specific human
receptors, with the goal of generating more useful compounds with therapeutic
potential. Neurotoxins from invertebrates are diverse, and compounds such as phil-
anthotoxin demonstrate numerous potentials and hence valuable in basic neurosci-
ence research. Insects, like many arachnids, have diverse compounds in their venom
such as poneratoxin, pederin, and philanthotoxin, to name a few. Poneratoxin is
produced by bullet ant (Paraponera clavata). Bite by this ant is most painful, and
the protein poneratoxin acts on the voltage-dependent ion channels in the insects.
Further exploiting this phenomenon in control of insects was proposed using expres-
sion of this protein in insects using viral vectors. The suitability of using this com-
pound and its analogs from other ant species needs to be explored. Pederin and
philanthotoxin from rove beetle Paederus fuscipes and digger wasp Philanthus tri-
angulum, respectively, have high potential as compounds for human medicine
(Estrada et al.2007; Schroeder et al. 2008; Schwartz et al. 2012; King and Hardy 2013).

24 Honey

Honey has rich tradition in human civilization, be it for therapeutic or cultural rea-
sons. Honey is produced by few genera of hymenopteran insects which include gen-
era Apis, Partamona, Tetragonisca, Plebeia, and Melipona. Meda et al. (2004) list a
few uses of honey in medical ailments such as topical applicator for treatment of
burns, cold, sore throats, flu, irritable bowel syndrome, and tuberculosis. Honey in
combination with lemon juice is used in the western cultures commonly against sore
throats, flu, and colds. Efem et al. (1992) suggested honey for wound dressing own-
ing to its antibacterial effects against both primary and secondary infections.
Honeybees in addition to honey collect propolis, a waxy material from flowers which
they use to seal the gaps in the comb. In addition to its structural function, it also has
antimicrobial, antimutagenic, and antioxidant properties (Wang et al. 2002).
Antimicrobial and antioxidant properties of honey and also four phenolic com-
pounds, chrysin, pinocembrin, p-hydroxybenzoic acid, and naringenin, depend on
the food source the bees forage.Hence, the antimicrobial and antioxidant properties
of the honey differ among species of bees and plants (Basson and Grobler 2008).
Honey is used in the treatment of skin disorders in combination with beeswax and
olive oil. Royal jelly, a food source for developing queen larva, contains many com-
pounds, of which 24-methylenecholesterol, 10-hydroxy-trans-2-decenoic acid, and
10-hydroxydecanoic acid have gained importance in traditional medicine and are
widely used (Figs. 2.1 and 2.2) (Suzuki et al. 2008; Leung et al. 1997; Miyata 2007).
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2,5 Medical Entomology/Pharmaceutical Entomology

Laurent et al. (2005) reviewed the literature on chemical molecules in insects,
and gave the application of such molecules in insect defense and medicinal
application.

Ramos-Elorduy (1988, 1999) suggested that “insects may prove a valuable
source of prototype drugs.” For instance, there are different species of cockroaches
found in the world; among them particularly species such as Eupolyphaga sinensis
and Opisthoplatia orientalis are mass cultured in China to be used as medicine for
“trauma and vulnerary.” On the other hand, other species of cockroaches are used
for internal feverish chills. Early writings found in Jing Shi Zheng Lei Da Guang
Ben Cao, a traditional medical writing by the Chinese during the Song Dynasty
(1280 AD), identify a list of medicinal insects and their uses (Namba et al. 1988).
The practice of using insects as medicine is increasing nowadays. In the orient, 43
species of insects have been identified for use as medicine. They belong to 16 fami-
lies and 6 orders.

Only two large-scale surveys of arthropods have been conducted to date: one in
the 1960s, which continues today in the group led by Pettit, and a second group led
by. Arthropod-based drug discovery by the Trowell group since 2002 at Australia’s
Commonwealth Scientific and Industrial Research Organization (CSIRO) and spun
off into the company Entocosm. Those studies began with over 1,000 arthropod spe-
cies, of which 80 % were insects that included representatives from 17 different
orders of insects. Both Entocosm and Entomed (Dimarcq and Hunneywell 2003)
were founded with the mission of discovering drugs from arthropods. The pharma-
ceutical company Merck has patented a scorpion toxin called margatoxin for use as
an immunosuppressant (Costa-Neto 2005). In 1991, the National Biodiversity
Institute of Costa Rica (INBio) entered into a US$1 million agreement with Merck
to test insect extracts for their efficacy against infections, AIDS, cancer, and inflam-
matory conditions. New advances in analytical chemistry, new disease models for
more efficient and high-throughput drug screening, and epidemics of emerging
pathogens and other diseases provide significant rationale for deeper exploration of
arthropods as sources of new drugs.

2.6 Cytotoxins and Anticancer Compounds

Arthropods have different groups of chemicals in their venoms and hence are desir-
able candidates for drug development. These chemicals are often used to paralyze
prey by virtue of their toxicity and to ward off predators. Most often even humans
are known to have physiological responses to these chemicals (Fox and Serrano
2007). The compounds with cytotoxic properties are often examined for their poten-
tial as anticancer chemotherapeutics. Farnesyl lamin, a cytotoxic compound, has the
ability to inhibit farnesyl protein transferase; pharmacological properties of this
compound were studied even before it was discovered from the natural source, an
ant species Monomorium fieldi from Australia. Oldfield (1984, 1989) reported that
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among the 800 terrestrial arthropods studied which include centipedes, millipedes,
crustaceans, insects, and spiders, around 4 % of the extracts were found to have at
least some anticancer properties. To treat snake bites and headache, centepedes
were ground into paste and used.

Maggot therapy, in addition to helping in the healing of bone tissue, also cleans
the dead tissues, by the action of endogenous antibiotics and the secreted ammonia,
and calcium carbonate provides a quick healing platform. Cantharidin is an example
of a cytotoxic compound from blister beetles (Meloidae) (Figs. 2.3a, b and 2.4) and
is being explored for potential medical application. Cantharidin, which is terpenoid
in nature, is derived from Lytta vesicatoria (Spanish fly), M. cichorii (Chinese blis-
ter beetles), and the bodies of blister beetle, Mylabris phalerata, and is used in tra-
ditional Chinese and Vietnamese medicine as an ingredient to treat esophageal
cancer, hepatoma, and skin diseases, and it has been found to inhibit the cancer cell
proliferation in cancer cell lines (Moed et al. 2001; Rauh et al. 2007; Liu and Chen
2009). Blister beetles when disturbed produce droplets of blistering blood poured
out from their leg joints so that it rubs off on the attacker. Blister beetles tradition-
ally have been used to remove warts and for cancer treatment, and Greeks used it for
enhancing sexual libido. Spanish fly is currently restricted for use only in animal
husbandry and wart treatment in the United States. Unlike most chemotherapeutic

Fig. 2.3 Maggots of
Lucilia sericata

Fig. 2.4 (a) Blister beetle (Epicauta sp., family Meloidae) deploying its typical defensive secre-
tion of blood (hemolymph) enriched in the blistering agent. (b) Cantharidin (Source: Aaron 2010)
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agents, cantharidin is found to act on leukemia progenitor and stem cells (Dorn
et al. 2009). Commercial products synthesized from cantharid will be available in
the supermarkets soon (Moed et al. 2001; Dorn et al. 2009).

Several fatty acids from insects also possess anticancer properties. Yoo et al.
(2007) reported that numerous compounds were isolated from the flower beetle
Protaetia brevitarsis. The scarab grubs were extracted in dichloromethane and fur-
ther fractionated on silica gel. The fraction which contained anticancer activity was
further analyzed by both NMR and GC-MS, which predominantly had two fatty
acids: palmitic acid and oleic acid. They have also reported that an authentic stan-
dard of palmitic acid induces apoptosis in colon cancer cells. At high concentra-
tions, fatty acids cause cell death by apoptosis or necrosis. Thus palmitic acid
induces apoptosis in cancer cell lines, especially in colon cancer (Yoo et al. 2007)
(Figs. 2.5, 2.6, and 2.7).

Pettit’s (1977) anticancer activity compounds are from insects, namely, Asian
rhino beetle (Trypoxylus (Allomyrina) dichotoma), the Asian butterfly Catopsilia
crocale, and the wasp Vespula pensylvanica. Few current examples include the
Texas lubber grasshopper Brachystola magna and the Asian butterfly Byasa poly-
euctes termessus. From grasshoppers (Brachystola magna) collected from Texas in
1967 and preserved in isopropanol, three antineoplastic agents were isolated. New
cytotoxic substances from butterfly extracts were identified by Pettit et al. (1991).

Fig. 2.5 Chinese
red-headed centipede
(Source: https://www.
sciencenews.org/article/
centipede-venom-fights-
pain)

Fig. 2.6 The forest or
wood scorpion
(Cercophonius squama)
(Source: http://www.
australiangeographic.com.
au/news/2013/12/
venom-of-deadly-
scorpions-has-medical-use)
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Fig. 2.7 Leech, Hirudo medicinalis (https://commons.wikimedia.org/wiki/File:Hirudo_medici-
nalis.jpg)

Ethanolic extracts of Byasa polyeuctes termessus were subjected to activity-guided
fractionation and were tested against the mouse-derived leukemia model P388. This
resulted in “papilistatin,” a new cancer cell growth inhibitor with the structure of
aristolochic acid. This is present in other Asian butterflies that feed on food plants
of the same genus (Aristolochia) as B. polyeuctes termessus (Pettit et al. 1991).

The nests of wasps is a store of anticancerous substances. “Paper wasps” (family
Vespidae) build their nests with cellulosic plant material collected from different
sources. Fujiwara et al. (2008) reported the first anticancer quinine 7, 8-seco-para-
ferruginone from nests of the social wasp Vespa simillima. 7, 8-Seco-para-
ferruginone and precursor ferruginol occur in the bark of Japanese cedar
(Cryptomeria japonica) plants and is collected by the wasps for nest construction.
The polyketide derivative pederin is a compound discovered in the hemolymph of
Paederus fuscipes (Family: Staphylinidae). It was discovered in 1953 by Pavan and
Bo from the extract of over 25 million field-collected beetles and this is another
potential anticancercompound. Pederin is the primary component responsible for
anticancerous property. It is produced by an internal symbiont present in the beetle,
Pseudomonas aeruginosa, and it functions as a chemical defense, effective against
spiders.

2.7 Antibiotics

Antimicrobial substances are important tools in the innate immune system for many
animals such as insects, which are likely to function as a defense against microbial
attack and infection. One such substance is the insect antimicrobial peptide.
Cecropins were the first antimicrobial peptides to be discovered, whereas defensins
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are another common class of antimicrobial peptides which are found in a wide vari-
ety of organisms from plants to insects to humans, and their biological activity
against bacterial and fungal pathogens has been reported. Melittin, a major compo-
nent in the sting venom of honeybees and cecropins, is effective against Gram-
negative bacteria. Genes encoding insect with antimicrobial peptides have even
been identified for their potential use in transgenic plant production. An antimicro-
bial factor, lucifensin from the maggot species Lucilia sericata, is used clinically for
better and faster wound healing (Opletalova et al. 2012). This peptide was found in
different tissues of the insect as well as its secretions and also found to be effective
against Micrococcus luteus.

Fly larvae (maggots) have been used for centuries to aid wound healing by
removing dead tissue quickly while simultaneously protecting against infection.
The isolation of antimicrobial substances from fly larvae was evident from several
recent studies (Horobin et al. 2003). In addition to the previously mentioned luci-
fensin, several substances isolated from larvae of Lucilia sericata have been shown
effective against a range of bacterial pathogens including methicillin-resistant
Staphylococcus — aureus  (MRSA).  Similarly an  antimicrobial lipid,
1-lysophosphatidylethanolamine (C16:1), has been isolated from the common
house fly (Musca domestica) (Meylaers et al. 2004). Another insect antimicrobial
substance is 5-S-GA, which is effective against both Gram-positive (Micrococcus
luteus) and Gram-negative (Escherichia coli and Staphylococcus aureus) bacteria
(Leem et al. 1996).

Aquatic beetles produce p-hydroxybenzoic acid, probably to prevent microbe
attachment to beetles, which would disrupt their ability to repel water. A similar
compound, p-hydroxycinnamaldehyde, is an antimicrobial isolated from another
Dipteran, the sawfly Acantholyda parki. Additionally to this cyclic proline dimer,
other dipeptides isolated from flesh flies, Sarcophaga peregrina (Leem et al. 1996)
and Neobellieria bullata (Meylaers et al. 2004) have been shown to possess antimi-
crobial properties. Apart from Lepidoptera and Diptera, antimicrobial properties
have also been discovered from Coleoptera and Hymenoptera. Glandular secretions
present in the nests of ants have also been shown to possess antifungal properties.
Other social insects, such as social bees, also use antimicrobial substances to con-
struct their nests.

2.8 Antiviral

Melittin and cecropins have been reported for anti-HIV activity. Melittin (from the
sting venom of honeybees) and its analogs have also been shown effective against
other viruses such as herpes simplex virus (Baghian et al. 1997; Matanic and Castilla
2004) and Junin virus (Matanic and Castilla 2004). Alloferons are another group of
insect-derived antiviral peptides, originally discovered in the hemolymph of experi-
mentally infected blowflies (Calliphora vicina). These peptides have been shown
effective against influenza and herpes simplex virus. A detailed study found that one
likely mode of action for alloferons against viruses could be activation of the NF-kB
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signaling pathway, which is found in nearly all animal cell types and is involved
with cell stress, free radicals, and antigens from viruses and bacteria.

Various modern bioassays with silkworm powder have been tested and shown to
inhibit absorption of glucose in human intestinal epithelium cells and reduce vaso-
pressin expression in the hypothalamus of diabetic mice. The constituents respon-
sible for the antidiabetic activity of silkworm powder are likely to include
sugar-mimetic a-glucosidase-inhibiting alkaloids such as 1-deoxynojirimycin
(DNJ) and other sugar-mimetic alkaloids including 1,4-dideoxy-1,4-imino-D-
arabinitol (D-AB1) (67) and 1,4-dideoxy-1,4-imino-D-ribitol (Han et al. 2007,
Konno et al. 2006).

References

Aaron TD (2010) Insects and their chemical weaponry: new potential for drug discovery. Nat Prod
Rep 27:1737-1757

Baghian A, Jaynes J, Enright F, Kousoulas KG (1997) An amphipathic a-helical synthetic peptide
analogue of melittin inhibits herpes simplex virus-1 (HSV-1)-induced cell fusion and virus
spread. Peptides 18(2):177-183

Basson NJ, Grobler SR (2008) Antimicrobial activity of two South African honeys produced from
indigenous Leucospermum cordifolium and Erica species on selected micro-organisms. BMC
Complement Altern Med 8:41-67

Butenandt A, Beckmann R, Stamn D, Hecker E (1959) Uber den Sexuallockstoff des seidenspin-
ners Bombyx mori. Reindarstellung und Konstitution. Z Naturforsch 14b:283-284

Cherniack EP, Cherniack EP (2011) Bugs as drugs, part two: worms, leeches, scorpions, snails,
ticks, centipedes, and spiders. Altern Med Rev 16:50-58

Costa-Neto EM (2005) Entomotherapy or the medicinal use of insects. J Ethnobiol 25(1):93-114

Dimarcq JL, Hunneyball (2003) Pharma-entomology: when bugs become drugs. Drug Discov
Today 8(3):107-110

Dorn DC, Kou CA, Png KJ, Moore MA (2009) The effect of cantharidins on leukemic stem cells.
Int J Cancer 124:2186-2199

Efem SE, Udoh KT, Iwara CI (1992) The antimicrobial spectrum of honey and its clinical signifi-
cance. Infection 20(4):227-229

Estrada G, Villegas E, Corzo (2007) Spider venoms: a rich source of acylpolyamines and peptides
as new leads for CNS drugs. Nat Prod Rep 24(1):145-161

Fox JW, Serrano SMT (2007) Approaching the golden age of natural product pharmaceuticals
from venom libraries: an overview of toxins and toxin-derivatives currently involved in thera-
peutic or diagnostic applications. Curr Pharm Des 13(28):2927-2934

Fujiwara Y, Mangetsu M, Yang P, Kofujita H, Suzuki K, Ohfune Y, Shinada T (2008) A quinone
isolated from the nest of Vespa simillima and its growth inhibitory effect on rat liver cancer cell.
Biol Pharm Bull 31(4):722-725

Han J, Inoue S, Isoda H (2007) Effects of silkworm powder on glucose absorption by human intes-
tinal epithelial cell line Caco-2. J Nat Med 1(4):387-390

Horobin AJ, Shakesheff KM, Woodrow S, Pritchard DI (2003) Maggots and wound healing: an
investigation of the effects of secretions from Lucilia sericata larvae upon interactions between
human dermal fibroblasts and extracellular matrix components. Br J Dermatol 148:923-933

King GF, Hardy MC (2013) Spider-venom peptides: structure, pharmacology, and potential for
control of insect pests. Annu Rev Entomol 58:475-496

Konno K, Ono H, Nakamura M, Tateishi K, Hirayama C, Tamura Y, Hattori M, Koyama A, Kohno
K (2006) Mulberry latex rich in antidiabetic sugar-mimic alkaloids forces dieting on caterpil-
lars. Proc Natl Acad Sci U S A 103(5):1337-1341



30 Anudita et al.

Laurent P, Brackman JC, Daloze D (2005) Insect chemical defense. Top Curr Chem 240:167229

Leem JY, Nishimura C, Kurata S, Shimada I, Kobayashi A, Natori S (1996) Purification and char-
acterization of N-b-Alanyl-5-S-glutathionyl-3,4-dihydroxyphenylalanine, a novel antibacterial
substance of Sarcophaga peregrina (flesh fly). J Biol Chem 271(23):13573-13577

Leung R, Ho A, Chan J, Choy D, Lai CK (1997) Royal jelly consumption and hypersensitivity in
the community. Clin Exp Allergy 27:333-336

Liu D, Chen Z (2009) The effects of cantharidin and cantharidin derivates on tumour cells.
Anticancer Agents Med Chem 9:392-396

Matanic VCA, Castilla V (2004) Antiviral activity of antimicrobial cationic peptides against Junin
virus and herpes simplex virus. Int J Antimicrob Agents 23(4):382-389

Meda A, Lamien CE, Millogo J, Romito M, Nacoulma OG (2004) Therapeutic uses of honey and
honey- bee larvae in central Burkina Faso. J Ethnopharmacol 95:103-107

Meylaers K, Clynen E, Daloze D, DeLoof A, Schoofs L (2004) Identification of
1-lysophosphatidylethanolamine (C(16:1)) as an antimicrobial compound in the housefly,
Musca domestica. Insect Biochem Mol Biol 34(1):43-49

Miyata T (2007) Pharmacological basis of traditional medicines and health supplements as cura-
tives. J Pharmacol Sci 103:127-131

Moed L, Shwayder TA, Chang MW (2001) Cantharidin revisited: a blistering defense of an ancient
medicine. Arch Dermatol 137:1357-1360

Namba T, Ma YH, Inagaki K (1988) Insect-derived crude drugs in the Chinese Song dynasty.
J Ethnopharmacol 24(2-3):247-285

Noda N, Umebayashi K, Nakatani T, Miyahara K, Ishiyama K (2005) Isolation and characteriza-
tion of some hydroxy fatty and phosphoric acid esters of 10-hydroxy-2-decenoic acid from the
royal jelly of honeybees (Apis mellifera). Lipids 40(8):833-838

Oldfield ML (1984) The value of conserving genetic resources. U.S Department of the Interior
National Park Service, Washington, DC

Oldfield ML (1989) The value of conserving genetic resources. Sinauer Associates, Sunderland,
pp 379

Opletalova K, Blaizot X, Mourgeon B (2012) Maggot therapy for wound debridement: a random-
ized multicenter trial. Arch Dermatol 148(4):432-438

Pavan M, Bo G (1953) Pederin, toxic principles obtained in the crystalline state from the beetle
Paederus fuscipes Curt. Physiol Comp Oecologia 3:307-312

Pettit GR (1977) Biosynthetic products for cancer chemotherapy. Springer US, Boston. ISBN
978-1-4684-7232-5

Pettit GR, Sengupta D, Herald CL, Sharkey NA, Blumberg PM (1991) Synthetic conversion of
bryostatin 2 to bryostatin 1 and related bryopyrans. Can J Chem 69:856—-860

Pimenta AMC, de Lima ME (2005) Small peptides, big world: biotechnological potential in
neglected bioactive peptides from arthropod venoms. J Pept Sci 11:670-676

Ramos-Elorduy C, Moreno Pino JM (1988) The utilization of insects in the empirical medicine of
ancient. Mex J Ethnobiol 8(2):195-202

Ramos-Elorduy J, Motte-Florae E, Pino JM, Andary C (1999) Les insectesutilisesen medicine
traditionnelle au Mexique: Perspectives. In Healing: yesterday today and tomorrow (CD
ROM). Erga Ediziones, Geneva, pp 271-290

Rauh R, Kahl S, Boechzelt H, Bauer R, Kaina B, Efferth T (2007) Molecular biology of canthari-
din in cancer cells. Chin Med 2:8-14

Schroeder FC, Taggi AE, Gronquist M, Malik RU, Grant JB, Eisner T, Meinwald J (2008) NMR-
spectroscopic screening of spider venom reveals sulfated nucleosides as major components for
the brown recluse and related species. Proc Natl Acad Sci U S A 105(38):14283-14287

Schwartz EF, Mourao CB, Moreira KG, Camargos TS, Mortari MR (2012) Arthropod venoms: a
vast arsenal of insecticidal neuropeptides. Biopolymers 98:385-405



2 Prospecting Arthropod Biomolecules for Medicinal and Therapeutic Use... 31

Suzuki KM, Isohama Y, Maruyama H, Yamada Y, Narita Y, Ohta S, Araki Y, Miyata T, Mishima
S (2008) Estrogenic activities of fatty acids and a sterol isolated from royal jelly. Evid Based
Complement Alternat Med 5:295-302

Wang XH, Andrae L, Engeseth NJ (2002) Antimutagenic effect of various honeys and sugars
against Trp-p-1. J Agric Food Chem 50:6923-6928

Wolff H, Hansson C (2003) Larval therapy — an effective method of ulcer debridement. Clin Exp
Dermatol 28:134-137

Yoo YC, Shin BH, Hong JH, Lee, Chee HY, Song KS, Lee KB (2007) Isolation of fatty acids with
anticancer activity from Protaetia brevitarsis larva. Arch Pharm Res 30(3):361-365



Conservation of Arthropod Parasites:
Restoring Crucial Ecological Linkages

M. Jayashankar, S.R. Amulya Prasad,
and Subhash B. Kandakoor

Abstract

Parasitic biodiversity is focussed as a key component of conservation targets
based on their ecological roles in the present review. Arthropods adopt parasitism
as one of the common strategies for survival. However, some parasites are threat-
ened by not only direct factors such as environmental conditions but also by
indirect ones such as the effect on their hosts/prey. Conservation of parasites
would help to sustain evenness in arthropod communities. Diptera, Hymenoptera,
and Siphonaptera are orders of insects, mites, and ticks implicated as vectors in
transmission of diseases in human populations and agricultural ecosystem of
tropics and subtropics. Recently, outbreak of Zika viral disease has been reported
in over 12 countries. This comprehensive review will be of value to scientists,
students, and policy makers for biodiversity management.
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3.1 Introduction

Arthropods are evolved from wormlike coelomic animals, much earlier to most of
other animals. There are parasites that exploit the host and some serve as hosts for
organisms. Arthropods are generally ectoparasitic on, or in the skin of vertebrate
hosts. Many arthropod species are hematophagous (rely on the blood), but others
can be histophagous (rely on tissues). Parasitic infestations are transmitted from one
host to another either by direct contact or by free-living larvae (Marquardt et al.
2000).

Mites and ticks are arthropods belonging to subclass Acari and class Arachnida.
Because of the small size, they largely go unnoticed. A huge number of mites live
as parasites on plants or animals and some on molds. To date nearly 30,000 mite
species have been identified. One family of mites, Pyroglyphidae or west mites, live
primarily in the nests of birds and other animals. These mites are primarily, largely
parasitic and consume the blood, skin, and keratin of hosts (Gémez et al. 2012).

Ticks parasitise mainly terrestrial vertebrates living on land. Parasite infections
are transmitted by bacteria, virus, rickettsia, protozoa, and other pathogens. They
feed mainly on the blood, and their mouthparts are armed with small backward-
facing teeth to aid in attachment. Two major tick families are identified based on
morphological features: the Ixodidae (hard ticks with a tough cuticle and a large
anterodorsal scutum) with some 650 species that attack reptiles, birds, and mam-
mals and the Argasidae (soft ticks) with 160 species that infest and mainly attack
higher vertebrates.

Fleas are wingless insects, have flattened body with hind limbs swollen, so that
they can jump. The larvae are not parasitic but feed on debris associated mainly with
bedding, den, or nest material, whereas the adult stages are parasitic and feed on
host blood. There are about 2500 species of flea; most are parasitic on mammals
(especially rodents) and some on birds. Flies and mosquitoes are winged insects
with two pairs of wings attached to the thorax and a well-developed head with sen-
sory and feeding organs. Species of fleas vary in their feeding habits, both as adults
(parasitic or free living) and larvae (parasitic or free living). There are over 120,000
species belonging to 140 families (Rendell and Verbeek 1996).

3.2  Why Study Parasites?

Parasites have a huge impact on the health and well-being of the human population,
particularly in the developing world. Parasites exploit resources of host to feed and
reproduce. This lowers host fitness to considerable extent. Parasites can negatively
impact human and animal health, food production, economic trade, and biodiver-
sity. They can be difficult to study and have been regarded as having little or no
influence on ecosystem functioning. Not surprisingly, parasitic biodiversity has not
been considered as an important group by biologists and conservationists (Gompper
and Williams 1998; Dunn et al. 2009; Griffith 2012). The stated goal of the field of
conservation biology is to maintain biodiversity, including the evolutionary
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processes that drive and sustain it (Meffe et al. 2006). Yet to ignore the conservation
of parasites is to ignore the conservation status of the majority of life on Earth, as
parasitism represents the most common consumer strategy on the planet (Poulin and
Morand 2000; Dobson et al. 2008). It also means neglecting a fundamental biologi-
cal relationship, as infection is fundamental to the ecological and evolutionary driv-
ers of biological diversity and ecosystem organization (Marcogliese 2004). Recent
research has shown that basic assumptions about parasites, their ubiquity, and rele-
vance need to be reexamined. Parasitism may be the most widespread trophic strat-
egy in the animal kingdom. Also, documented literature reveals that parasites are
diverse, have key roles in ecological and evolutionary processes, and that infection/
parasitism may paradoxically result in ecosystem services of direct human rele-
vance. Of the 42 broadly recognized classes, 31 are predominantly parasitic and
most others have multiple parasitic groups (Poulin and Morand 2000; de Mee(s and
Renaud 2002). Nest-dwelling ectoparasites feeding on the blood of nestlings and
adults constitute an important selective force affecting avian life history evolution
(Moller 1997). These ectoparasites may reduce the reproductive success of hosts by
reducing nestling growth (Merino and Potti 1995) or inducing nest desertion
(Oppliger et al. 1994) and may even affect parental health (Tomds et al. 2007). For
hole-nesters, fleas (Siphonaptera), flies (Diptera), and mites (Acarina) constitute the
most important class of nest-dwelling ectoparasites (Merino and Potti 1995; Rendell
and Verbeek 1996). Ectoparasitic faunas in bird nests vary depending on host spe-
cies, even in conditions of sympatry (Bennett and Whitworth 1992; Bauchau 1998).
These differences may depend on interspecific variation in host defenses based on
parental behavior, nestling immunity, or nest properties. Animal parasites and vec-
tors help veterinarians, fishery biologists, induce diseases of farmed animals (includ-
ing cultured fish), wild caught animals used for food or at risk from disease, and
forensic scientists. Parasites are ubiquitous in the lives of animalism in the wild and
constitute a major element of floral and faunal elements (Price 1980).

3.2.1 Major Ecological and Evolutionary Effects of Parasites

Parasites as vectors of disease causing pathogens can affect species distribution and
population (Nichols and Gémez 2011). By exploiting resources from hosts, para-
sites can change animals’ energy needs that affect growth, reproduction, competi-
tion, and survival. Some parasites even directly alter their hosts’ behavior and force
them to do their bidding. Parasites also drive adaptation and evolution as they and
their hosts engage in “evolutionary arms races.” Current investigations of food webs
indicate that ~75 % of the links in food webs involve a parasitic effect; these links
are keys of host population and for reducing the effect of toxicant. This means that
extinctions of parasite may have unpredictable effects that impact the population of
a wide range of living organisms. The parasitic fauna of any host species reflects its
interaction with the host’s feeding niche, latitudinal range, and social system.
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3.2.2 Coexistence and Evolution of Parasites and Humans

Using a Bayesian coalescent modeling approach, it is estimated that clothing lice,
Pediculus humanus humanus (Fig. 3.1), have evolved from head louse, Pediculus
humanus capitis, ancestors at least by 83,000 and may be 170,000 years ago (Toups
et al. 2011). Because clothing lice descended from head louse ancestors once
humans took to clothing. The emergence of clothing lice provides data on proxi-
mate dates of the period when man started using clothes. Sucking lice (Phthiraptera:
Anoplura) are obligate, permanent ectoparasites of eutherian mammals, parasitizing
12 of the 29 recognized mammalian orders and 20 % of all mammalian species.
These bloodsucking insects are morphologically adapted for life on mammals: they
are dorsoventrally flattened, are wingless with tibiotarsal claws for clinging to host
hair, and have piercing mouthparts. In the fore literature, more than 540 described
species of Anoplura have been documented. All modern mammal orders are sup-
posed to have diverged by 75 Ma, giving scope suitable habitat for the establishment
and speciation in sucking lice.

Although there is concern among experts on timing of diversification events in
the association between anoplurans and mammals, there is considerable disagree-
ment between the host and parasite phylogenies. These contrasting views may be
due to a complex history of host switching and extinction events that occurred
throughout the evolutionary association between sucking lice and mammalian hosts.
The second example is related to the Inca Empire of western South America.
Livestock levels over time are being studied because ancient Peruvian cultures
relied on domesticated animals (mainly llamas) for food, wool, fuel, fertilizer, and
transport. Changes in livestock densities affect the amount of dung and, therefore,
nutrients deposited. Variation in habitat enrichment influences the number and spe-
cies of mites present. Mites, e.g., Hydrozetes sp. (Figs. 3.2 and 3.3), are being

Fig.3.1 Pediculus
humanus humanus
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Fig.3.2 Microterys flavus
(http://boutique.crisop.fr/
microterys-flavus-10)

Fig.3.3 Hydrozetes sp.
(http://www.nhm.ac.uk/
research-curation/
life-sciences/terrestrial-
invertebrates/research/
mite-research/
archaeological-indicators/
index.html)

extracted from 1200 years of sediment samples from the in-filled lake basin of
Marcacocha in Peru to assess mites as indicators of changing livestock densities and
therefore agricultural activity, leading up to the end of the Inca Empire. The site is
an area of pasture on an ancient trans-Andean trading route where llama caravans
would have grazed and watered. Identifying the mites will shed light on their habitat
and food preferences (http://www.nhm.ac.uk/research-curation/life-sciences/terres-
trial invertebrates/research/mite-research/archaeological-indicators/index.html).
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3.2.3 Taxonomic Revision

Parasites should not be excluded while making decisions on conservation (Gomez
et al. 2012); rather they need to be included, because parasitism is perhaps the most
prevalent life scape on planet Earth. Of all the animal phyla, 9 are entirely parasitic,
22 are predominantly parasitic, and the rest have parasitic groups scattered through-
out them. There are an estimated 75,000-300,000 species that parasitize vertebrates,
excepting the ones that choose spineless hosts. According to Gémez et al. (2012),
numerically parasites may “outnumber free-living biodiversity by as much as 50
percent.” Comparing the phylogenetics of the parasite, host, and vector is leading to
better understanding of coevolution, co-speciation, and interactions between host-
parasite relationships.

Conventional taxonomic descriptions, revisionary systematics, and faunal sur-
veys are vital to the growth and development of collections and the preparation of
keys and to contribute to parasite diversity. A revision in taxonomic procedure is in
progress that will make taxonomy an even more reliable source of information for
ecologists, cybertaxonomy (cyber-enabled taxonomy), which is able to produce
results faster and better than ever before (Wheeler 2008, Wheeler and Valdecasa
2010). Quick gathering of biological data calls for development of suitable data-
bases so that it becomes convenient for handling, retrieving, and analyzing the data.
On vector biology, it is addressed by the development of VectorBase, a database that
gives storage and analysis for genomic data of insect and other arthropod vectors of
human diseases (Lawson et al. 2007). VectorBase contains information on genome
for Anopheles gambiae and for other insect vectors. In addition, genomic sequences
have initiated a community annotation system, a modern microarray expression
data repository, controlled vocabularies for addressing anatomy, and insecticide
resistance aspects (Topalis et al. 2008).

3.2.4 Parasites in Biological Control

A parasite is referred as a parasitoid when it fails to reproduce in its host but merely
eats it from inside. The term “parasite” means insects that parasitize other insects.
Many biological control workers, however, point to significant biological differ-
ences between such insects and other types of parasitic arthropods. “True” parasites
are usually much smaller than their host, have a shorter life cycle than their host,
and usually do not kill their host; examples include tapeworms and ticks. Recognizing
this distinction, Reuter in 1913 coined the term “parasitoid” for insects that parasit-
ize other insects. Some biological control workers prefer to use “parasite,” whereas
others use “parasitoid.”

Many of the agricultural, horticultural, and forestry pests are attacked by one or
more parasitoid species. It is estimated that, on a worldwide basis, there are about
68,000 species of parasitoids that are described. This forms about 10 % of all known
insect species. Entomologists believe that about 10 % of all insects living on Earth
are known to science and as many as 800,000 species of parasitoids actually live.
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Most parasitoids belong to two major groups of insects: the orders Diptera (the true
flies and their relatives), with about 15,000 known species of parasitoids, and within
Diptera, the Tachinidae which is specially important for the biological control of
agricultural, horticultural, and forestry pests. But the order Hymenoptera comprises
the largest group of parasitoids and forms the most important group of natural ene-
mies used in biological control programs. However, the parasitoids exist in several
other groups as well, and an estimated 3000 species form the other major group of
insects. The families of beetles that contain parasitoids are the carabids, one of the
largest families of beetles. Many predators are important in biological control.
About 500 species of ground beetles are parasitoids, primarily of soil-dwelling
insects. These are ectoparasites, anchoring to the outside of their primary host.
Several of these are in the genus Lebia that embraces parasites of Chrysomelidae.
Lebia grandis parasitizes pupae of Colorado potato beetle. Many species of rove
beetles (family Staphylinidae) are predators, and many of these are crucial for bio-
logical control; about 500 species are known to be parasitoids. The cedar beetles
comprise a small family, with only about a half dozen species. Members of the
genus Sandalus parasitize the nymphs of cicadas that are the soil borne, but are rare.
The larvae of select blister beetles (family Meloidae) attack ground-nesting bees;
some others attack the egg cases of grasshoppers. As egg cases carry several eggs,
entomologists consider this group of blister beetles to be predators. Because each
larva consumes only an egg case, others consider these to be egg-case parasitoids.
Most of the parasitoids attack the pupae of flies, such as scavenging flies (house-
flies, blowflies, flesh flies, etc.).

One species, Aleochara bilineata, is a common parasite of cabbage maggot.
Family Ripiphoridae is a small family of about 400 species that parasitizes larvae of
bees and wasps. Limited species of rhipidius are parasites of cockroaches. The
wingless, larviform female of the parasite lays eggs on the ground in areas fre-
quented by the hosts. The first instar attaches itself to a passing cockroach and
enters the body, completing its larval life as an endoparasite. The order Strepsiptera
is a small group of uncommon parasites closely related to the beetles. Bees, wasps,
leafthoppers, and plant hoppers are the most common hosts, but a few species attack
grasshoppers or bristletails. The order Neuroptera, which are predators, consists of
the lacewings and ant lions. Adult mantidflies (family Mantispidae) are predators
and have the front legs strongly modified for catching and holding the prey, similar
to the modifications of legs found in praying mantids. The larvae are all parasitic
within the egg sacs of spiders, which are ground dwelling.

3.2.5 In Agri-Horticultural Ecosystems

The egg parasitoids of the genus Trichogramma (Fig. 3.4) are the most frequently
produced natural enemies in the world (Li 1994). Commercially produced species
of Trichogramma parasitize the eggs of many lepidopteran pest species and have
been used as biological control agents against several agricultural pests. The short
generation time of Trichogramma wasps, and the fact that they can be reared on
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Fig.3.4 Trichogramma
sp. (http://www.ecured.cu/
index.
php/Trichogramma_spp.)

factitious hosts, allows these wasps to be produced rapidly and affordably (Li 1994;
Smith 1996). Despite the user-friendliness of Trichogramma species, there have
been at least as many failures of biological control using Trichogramma as there
have been successes (Smith 1996), and the quality of mass-reared wasps is one
potential factor of variability in the success of biological control programs (Bigler
1989; Cerutti and Bigler 1995; Kuhlamann and Mills 1999; Losey and Calvin 1995;
O’Neil et al. 1998). One parameter of natural enemy quality important to biological
control programs is whether fitness of commercially produced wasps is sustained
for long periods. Releasing the natural enemies to establish the population before
pest densities have begun to increase has an advantage. The natural enemy repro-
duces on the target pest or an alternate host, and its population increases to levels
sufficient to control the target pest later in the season. In China, inoculative releases
of Trichogramma produce wasps which later in the season move into adjacent fields
to suppress pests of cotton (Li 1994). Conservation as a biological control method
includes crop management measures that encourage natural enemies and beneficials
and increase their impact on pests. Interplanting ryegrass in seed corn production
fields lowered soil temperatures which otherwise would be lethal to released
Trichogramma (Orr et al. 1997). Trichogramma species commonly parasitize boll-
worms (corn earworm) on corn, sorghum, and other crop pests. These crops serve as
an important source of adult wasps that disperse to cotton (Oatman 1966).

Parasitic wasps form important natural enemies of aphids — categorized under
Aphelinidae and Braconidae. Aphelinus flavipes on cotton aphid is similar to A.
semiflavus. A. semiflavus parasitizes several aphid species, including the green
peach aphid A. colemani. This braconid wasp is cosmopolitan and occurs in many
parts of the world. It reproduces well on cotton aphid, green peach aphid, and other
species. This cosmopolitan species parasitizes numerous aphids in diverse culti-
vated ecosystems. In greenhouse, they parasitize larger aphids than does A. cole-
mani, particularly potato aphid and foxglove aphid, A. matricariae.

Most of the parasites of leaf miners parasitize the larvae and pupae. This
European braconid wasp, Dacnusa sibirica, is a solitary endoparasite of all instars
of Liriomyza bryoniae and L. trifolii, and the chrysanthemum leaf miner. Diglyphus
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isaea parasitizes L. trifolii, L. bryoniae, and chrysanthemum leaf miner. D. pul-
chripes parasitizes the vegetable leaf miner. The eucoilid wasp, Ganaspidium utilis
native to subtropical areas of North America, is a larval-pupal parasite of L. trifolii.
The American braconid wasp, Opius dimidiatus, is one of the most abundant larval-
pupal parasites of the vegetable leaf miner and L. trifolii. The braconid wasp Opius
dissitus is a parasite of the vegetable leaf miner in Florida which also parasitizes
L.trifolii. Opius pallipes, European braconid wasp, is a solitary endoparasite of all
instars of L. bryoniae and chrysanthemum leaf miner larvae.

The family Encyrtidae includes parasitic wasps that are important natural ene-
mies of soft scales. The cosmopolitan wasp, Coccophagus lycimnia, parasitizes
over 47 species of soft and armored scales and has proven effective against brown
soft scales in citrus and ornamental plants. Metaphycus helvolus, a small encyrtid
wasp from South Africa, attacks young nymphal stages of several species of soft
scales; M. helvolus readily attacks black and hemispherical scales, as well as brown
soft scale; Microterys flavus (Fig. 3.2) is another internal parasite of brown soft
scale. This parasite is also effective against other soft scales and commercially
available for release in citrus orchards.

Encyrtus infelix and Encyrtus lecaniorum have been successfully utilized alone
and in combination with Metaphycus helvolus for suppressing scales in French
greenhouses. E. lecaniorum parasitized hemispherical and soft brown scales more
effectively than M. helvolus or C. lycimnia. E. lecaniorum mimics ants that tend the
scales, thereby preventing the other parasites from attacking the scales. The ecto-
parasitic wasp Aphytis melinus (Figs. 3.5, 3.6, 3.7, and 3.8) from India and Pakistan
parasitizes select species of armored scales, including California red scale, ivy
scale, San Jose scale, and oleander scale.

The Mediterranean wasp Anagyrus pseudococci (Fig. 3.9) looks like Leptomastix
dactylopii, but it attacks half-grown to full-grown citrus mealybug nymphs.
Leptomastidea abnormis attacks only young, second-instar citrus mealybugs and
develops as a solitary endoparasitoid. The Brazilian wasp, L. dactylopii, is the most
frequently used parasite for suppressing citrus mealybug. Pauridia (=Hungariella)
peregrine is a solitary endoparasitoid of the long-tailed mealybug attacking the first

Fig.3.5 Aphelinus
semiflavus (http://ponent.
atspace.org/fauna/ins/fam/
aphelinidae/aphelinus_aph.
htm)
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Fig.3.6 Aphidius
colemani (http://www.
arbico-organics.com/
category/
pest-solver-guide-aphids)

Fig.3.7 Aphidius ervi
(http://www.arbico-
organics.com/category/
pest-solver-guide-aphids)

and second instars. H. peregrine has been used successfully in cultivated ecosys-
tems in subtropical areas and in greenhouses on ferns.

Select species of trichogrammatid and mymarid wasps parasitize eggs of thrips.
Most of the parasitic wasps that have been found to attack thrips larvae are tropical
or subtropical and belong to Eulophidae. Ceranisus (=Thripoctenus) spp. are eulo-
phid wasps that develop inside thrips larvae. After female wasps lay single eggs in
young thrips larvae, the thrips continue to appear and behave normally while the
wasps develop inside them. Ceranisus (=Thripoctenus) spp. are eulophid wasps that
develop inside thrips larvae. C. menes is a solitary endoparasitoid that attacks the
first instar of western flower thrips. It occurs worldwide and has been found parasit-
izing western flower thrips on alfalfa and roses in California. Thripobius semiluteus
is a parthenogenic wasp that was introduced in 1987 from Brazil and Australia as a
possible control agent for greenhouse thrips in avocado orchards in southern
California.
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Fig.3.8 Aphytis melinus
(http://
californiaagriculture.ucanr.
edu/landingpage.
cfm?article=ca.v047n01pl
6&fulltext=yes)

Fig.3.9 Anagyrus
pseudococci (http://
bio-bee.ru/wp-content/
uploads/2013/01/
anagirus-400-266.jpg)

Encarsia formosa is an effective parasite under greenhouse conditions in semi-
tropical areas of the New World. It has been used since the 1920s to suppress the
greenhouse whitefly in greenhouses. E. formosa also parasitizes sweet potato white-
fly in greenhouses, but this species is not a suitable host for this wasp, so pest sup-
pression is not satisfactory. Encarsia luteola resembles E. formosa but is slightly
smaller and lighter brown, and males are regularly produced. In the field it is usually
present on upper leaves and parasitizes greenhouse whitefly. Encarsia pergandi-
ella, an aphelinid wasp, native to North America, parasitizes greenhouse, sweet
potato, and banded-wing whiteflies. E. inaron is a Mediterranean species parasitizing
the pupae of greenhouse and sweet potato; E. lutea parasitizes sweet potato whitefly
pupae; E. meritoria from California parasitizes banded-wing, greenhouse, and
sweet potato whiteflies but prefers other species of chalcids, such as the Iris whitefly
(Aleyrodes spiraeoides). The aphelinid wasp Eretmocerus eremicus (=californicus),
indigenous to deserts in California and Arizona, parasitizes banded-wing silverleaf
and sweet potato whiteflies. Eretmocerus haldemani is primarily a parasite of sweet
potato and banded-wing whiteflies, although sometimes it will parasitize greenhouse
whiteflies. Eretmocerus mundus, a Mediterranean parasite of sweet potato whitefly,
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oviposits on nymphal whitefly stage, although it likes second and third instars.
Encarsia formosa is the most widely used parasite for suppressing whiteflies. It has
been extensively utilized for several years in commercial vegetable greenhouses all
over the world. The parasite can control whiteflies on vegetables like cucumber and
tomatoes and ornamental plants, such as poinsettia. On vegetable crops that can
tolerate a few whiteflies such as tomato, a single inoculative release of Encarsia
Jformosa may satisfactorily suppress.

3.2.6 In Animal Husbandry

Most of the parasites belong to Hymenoptera, and they have been frequently inte-
grated into pest management (IPM) systems to control houseflies and stable flies.
Predatory beetles and competitor, viz., dung beetles, have been used for the man-
agement of horn flies (Haematobia irritans) and other insects of veterinary
importance.

3.2.6.1 Transmission via Vectors

Parasites have both direct (the parasite is passed from one host to another through
air, food, or water) and indirect life cycle (parasite develops or multiplies in a vector
or in an intermediate host) (Marquardt et al. 2000). A vector is an invertebrate
organism that transmits the parasitic agent from one vertebrate host to the next. It
may be a mechanical vector (in which no development or multiplication takes place)
or a biological vector in which either multiplication or development occurs. The
host in which sexual development of the parasite (trematodes) takes place is the
definitive host (e.g., vertebrates), and asexual development takes place in the inter-
mediate host (e.g., snails). Transport or paratenic hosts are those in which a parasite
does not develop or multiply but is carried to the next host usually through ingestion
of the transport host.

Rapid and widespread urbanization brings an imbalance between development
and quality of natural habitats. This has resulted in the increase of urban pest popu-
lations like cockroaches, ants, termites, rats, crows, etc. Vector-borne diseases like
dengue, malaria, and filariasis are responsible for the prevalence of morbidity and
mortality across tropical countries. In epidemiology studies, any agent that carries
and transmits an infectious pathogen into another living organism is considered as a
vector. Further it is postulated that parasites cause population declines in threatened
mammals, have wide host ranges, and are transmitted via biting and bloodsucking
arthropods, contaminated food, and water (Pedersen et al. 2007). They are generally
ectoparasitic on the skin of vertebrate hosts. Many species are hematophagous (suck
blood), while others are histophagous (tissue feeders) and bite or burrow in dermal
tissues causing pain, infection and reactions that irritate the skin. Infestations are
transmitted from one host to another by direct contact or free-living larvae or adults
seek hosts for parasitizing.

Arthropods are involved in multiple parasitic relationships, either as parasites or
as vectors for other arthropods or microorganisms. Arthropod vectors causing
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diseases include arachnid vectors such as soft ticks, hard ticks, and mites and insect
vectors such as mosquitoes, flies (tsetse flies, sand flies, black flies, horseflies, biting
midges), lice (head or body lice, crab lice), flea (human flea, rat flea, cat flea, jigger
flea, bedbugs), and triatomine bugs (Arcari and Azzali 2000). Arthropods particu-
larly mosquitoes, flies, and ticks act as vectors for many of the neglected tropical
diseases affecting humans and domestic animals (Meyer 2012). Man continues to
be a victim of arthropod borne diseases such as malaria, dengue, dengue hemor-
rhagic fever, Japanese encephalitis, and plague (Artsob 2000). Larvae or nymphs or
adults may cross from one host to another to cause infections, while eggs or pupae
may contaminate existing natural resources. Insects (fleas, flies, and lice) and arach-
nids (ticks and mites) depend on close contact between hosts. Many adults actively
seek hosts to feed or oviposit. Winged insects (mosquitoes, flies) fly to new hosts to
feed, while fleas jump onto passing hosts. Some adult flies (botflies) do not feed on
hosts but oviposit eggs from which larvae emerge and feed on host tissues and flu-
ids. Tick larvae actively seek hosts by climbing vegetation and questing for passing
hosts. Some species complete life cycle on the same host (one-host ticks), while
others detach after feeding and drop to the ground to molt before seeking new hosts
and complete life cycle.

Transmission of diseases is the strategy used by protozoan parasites which
inhabit the blood or internal tissues inside its host. This strategy implicates a hema-
tophagous arthropod providing as an intermediary between successive vertebrate
hosts. Many diseases caused by protozoa are transmitted by a volley of arthropod
vectors. The vectors are not simply “flying syringes” but constitute a second host for
the protozoan parasite. So, the pathogenicity life history of vector-transmitted dis-
eases involves complex interactions and protozoan-vector interaction analogous to
the complex human-protozoan interactions. The triatomine bugs defecate during
feeding, and the excrement that contains the parasites inadvertently gets into the
open wound by the host responding to pain and irritation from the bite.

Crustaceans that are parasitic serve as both hosts and vectors of viruses and para-
sites and other microbial pathogenic organisms. Important groups of parasitic crus-
taceans affecting commercial aquaculture species are external parasites: the
Branchiura, Copepoda, and Isopoda. Crustacean parasites are numerous and have a
worldwide distribution in marine and brackish water aquaculture systems. Copepods
comprise the largest group of crustacean parasites on fish causing economical loss.
Parasitic crustaceans are abundant and are globally distributed in fresh, brackish,
and saline waters (Jithendran et al. 2008).

Vector transmission probably evolved multiple times. Vector transmission
embraces complicated complex interactions between humans and vectors. This
involves bioecology of human-arthropod interactions and bioecological cogni-
zances so vector-transmitted parasites exhibit complicated life history involving
interactions between humans, arthropods, and other organisms. An arthropod borne
pathogen is transmitted mainly in two ways i.e., mechanical transmission and bio-
logical transmission. In mechanical transmission, no reproduction or development
of pathogen takes place in the arthropod vector. But in the other type, the pathogen
undergoes some type of biological development in the system of arthropod vector to
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complete life cycle (Gubler 2009). The bioecology of vector species and their asso-
ciations with man serve as possible template for controlling the transmission of
diseases to humans.

3.3 Concerns and Threats: Parasite Paradox

Parasites like hosts are not immune to the threats that normally affect wild species,
and the present biodiversity crisis may well be primarily represented by the loss of
affiliate species (Dunn et al. 2009). Emergence of pandemics and emerging disease
pinpoint one of the consequences of global change but do not preclude that several
parasites are threatened by it. It is proven that it creates risks for parasite perpetua-
tion (Hudson et al. 2006; Lafferty 2012). For instance, land-use variation and con-
tamination can both reduce the abundance and diversity of parasite species (Lafferty
1997; Huspeni and Lafferty 2004; Bradley and Altizer 2007). Climate change
restricts parasite transmission (Afrane et al. 2012) resulting in phenological mis-
matches between parasites and hosts (Rohr et al. 2011). Parasites are threatened also
by deliberate actions by humans to suppress or eliminate them. In certain situations,
the extinction of parasites of public health or veterinary importance can be undoubt-
edly a gain, but suppression efforts affect populations beyond those initially tar-
geted (Kristensen and Brown 1999). In other situations, daily veterinary practices
can have the nontarget effect of eliminating intermediate hosts and interrupt enzo-
otic transmission cycles in species other than those receiving the treatment (Spratt
1997; Wardhaugh et al. 2001). Parasites and taxa are threatened not only by direct
environmental changes but also are adversely affected by the threats acting upon
their hosts (Colwell et al. 2012). Parasites’ dependense on host populations implies
that they are endangered and co-extinct when hosts reduce. Several parasites need a
threshold host population size for effective transmission. Few species of parasites
will be endangered much before this decline which is irreversible (Altizer et al.
2007; Powell 2011). However, extinctions in dependent taxa are likely to represent
the majority of extinction events in the current age of unprecedented biodiversity
loss (Koh et al. 2004; Dunn et al. 2009); discrepancies remain between the number
of documented and expected co-extinctions (Dunn et al. 2009). However, the threat
of co-extinction must be carefully analyzed in many parasite conservation pro-
grams. Estimating the extent of the co-extinction threat for specific parasites will
depend on the understanding of host and parasite behavior, natural history, phylog-
eny, and vital attributes such as host specificity and bioecology (Gémez et al. 2012).

Characterization of parasite species in wild animals is still in its infancy. Also,
complicated man-made and environmental change makes wildlife disease problem-
atic to forecast. Speeding-up changes in external factors, in addition to translocation
of hosts and parasites, act synergistically to produce hard-to-predict disease out-
comes in different ecosystems. These outputs are further complicated by the inti-
mate connections between diseases in wild animals and diseases in man and
domestic animals. Hence, it is important to unravel the interactions of parasites in
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wildlife, their response to environmental change, emerging diseases, and the role of
humans and domestic animals to parasitic infections.

3.3.1 Ticks

Ticks (Ixodidae) can affect considerable economic loss in livestock production, and
it becomes essential to control ticks, and it is virtually impossible to raise livestock
economically in several parts of the world. The factors considered in the monetary
losses in livestock production caused by ticks are unknown. However, results in
research programs show the effects of tick control as it is related to mineral supple-
ments, nutrition level, and cattle breed. Nevertheless data on control costs (inclusive
of labor, equipment, and chemicals) and the benefits derived from these control
programs are wanting. Ticks are the known vectors of agents that cause many eco-
nomically important diseases in domestic livestock (Hoogstraal 1970; Neitz 1956).
Some of the most important are anaplasmosis, east coast fever, theileriosis, babesio-
sis, equine encephalomyelitis virus, and Q fever virus (Berge and Lennette 1953;
Stoker and Marmion 1955).

Ticks directly cause poor health and production losses to hosts by several species
of parasites. Ticks transmit numerous kinds of viruses, bacteria, and protozoa
among domestic animals. These microbes infect diseases that can seriously devital-
ize or fatal to domestic animals and humans. Ticks are particularly important to
domestic animals in tropical and subtropical regions, where the higher temperatures
enable several species to multiply. Also, the large populations of wild animals in
warm countries provide a reservoir of ticks and infective microbes that spread to
domestic animals. Farmers of livestock regulate several methods to control ticks.
Veterinarians and animal health agencies work at private, national, and international
levels to decrease the harm caused by ticks and diseases transmitted by them.

Range of Ticks Affecting Domestic Animals
Rhipicephalus (Boophilus) annulatus engorged female

Ticks are related to spiders in Arthropoda. Ticks are in the subclass Acari which
comprises of several orders of mites and one tick order, the Ixodidae. There are also
parasitic mites, but all ticks are parasitic feeders on the blood. Few mite species are
mistaken for larval ticks at infestations, but their feeding habits are unique. All ticks
have an incomplete or partial metamorphosis: after the egg hatches, a series of simi-
lar stages (=instars) develops from a six-legged larva to an eight-legged nymph and
then a sexually developed, eight-legged adult. Ixodidae have the important genera
Amblyomma (Fig. 3.10), Dermacentor, Haemaphysalis, Hyalomma, Ixodes,
Margaropus, and Rhipicephalus. The important boophilid ticks, formerly of the
genus Boophilus, are now classified under a subgenus within the genus Rhipicephalus.
These genera are known as hard ticks because their outer surfaces contain hard
sclerites. Within ten genera are about 100 species of significance to domestic ani-
mals and humans (Taylor 2007).
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Fig.3.10 Adult male bont
tick, Amblyomma
variegatum (Fabricius
1794)

3.3.2 Mites

The most important groups of arthropods transmitting etiological agents pathogenic
to livestock are blood feeding and are inherently involved in transmission of dis-
eases. Ticks, mosquitoes, tsetse flies, and biting midges, for instance, have leading
roles in the transmission of pathogens causing severe livestock and poultry diseases.
Of lesser importance are hematophagous arthropod groups that mechanically trans-
mit pathogens. Horseflies, deer flies, stable flies, horn flies, and others have been
implicated in disease transmission although not by continuous feeding.

There are arthropod groups in which several species are not bloodsucking. They
are muscoid flies, grasshoppers, and beetles but, which by contact, transfer patho-
gens and serve as intermediate hosts of helminths. Meanwhile, instances can also be
cited for a range of transmission modes and cycles within each of the major class of
vectors.

The mite, Psorergates bovis, causes pruritus, but does little harm to cattle
(Geevarghese et al. 1997). But Psorergates ovis feeding on sheep induces inflamma-
tory and hypersensitive responses in the epidermis, resulting in intense pruritus and
formation of scabs. Further spread to the skin and fleece of sheep happens when the
sheep groom.

3.3.3 Mosquitoes

Mosquitoes are proven notorious as transmitters of severe human diseases. There is
little to document the adverse effects on public health due to malaria, yellow fever,
filariasis, and several mosquito-borne diseases of arboviral etiology. Rift Valley
fever and the equine encephalitides are prime diseases of livestock spread by mos-
quitoes. Although over 2500 species of mosquitoes have been described worldwide
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Table 3.1 List of diseases transmitted by arthropod parasites

Diseases Causal organisms Mode of transmission

Colorado tick fever Coltivirus Transmitted to humans by ticks

Fever Rickettsia rickettsii

Lyme disease Borrelia burgdorferi

Psoroptic skin disease Psoroptes ovis Transmitted to animals by mites

Psorergatic skin disease Psorergates bovis

Sarcoptic skin disease Sarcoptes

Mosquito-borne encephalitis | Mosquito-borne virus | Transmitted by mosquito

Plague Yersinia pestis Transmitted to human by infected
fleas

in 18 genera and subgenera, species of the greatest significance as vectors of patho-
genic agents are detected in the genera Aedes, Culex, Anopheles, and others.

The southern cattle tick, Boophilus microplus, is a vector of cattle babesiosis,
bovine anaplasmosis, and benign bovine theileriosis. This tick is present in the
warmer, humid regions of the West Indies, Mexico, Central America, South America,
Africa, Australia, the Orient, and Micronesia. Earlier it has been found in Southern
Florida and Southern Texas and is found in Puerto Rico and St. Croix, US Virgin
Islands. A closely related species, B. annulatus, the cattle tick, was the most signifi-
cant external parasite of cattle in the United States. It is a common vector of bovine
babesiosis and has also been implicated in the spread of bovine anaplasmosis,
bovine theileriosis, and spirochetosis of cattle, goats, sheep, and horses (Table 3.1).

3.3.4 Mosquito-Borne Encephalitis

Encephalitis is a disease caused by mosquito-borne viruses (arboviruses) adversely
influencing the central nervous system. Infections vary from un apparent to mild,
nonspecific illnesses (fever, headache, musculoskeletal pain, and malaise) to occa-
sionally severe illness of the central nervous system resulting in permanent neuro-
logic damage and death.

These viruses naturally infect a wide range of birds and mammals and are trans-
mitted between animals by mosquito vectors. Occasionally, infected mosquitoes
will attack man or cattle that are “dead ends” for the viruses, with little or no chance
of subsequent transmission to other mosquitoes. Often viral infections result in
severe illness or death of hosts like man or horses (EEE and WEE).

No commercial vaccine is available for humans, but vaccines for WEE and EEE
are readily available for horses. The best protective practices are protection from
mosquito bites, particularly during early evening hours, and repelling them away.
Mosquito populations can be suppressed by eliminating breeding sites for vector
species. Killing mosquitoes with area-wide applications of insecticides has been
most effective in preventing epidemics.
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Diseases like plague caused by bacteria Yersinia pestis are acute. Humans get
infected by the bites of infected fleas but also directly from exposure to tissues or
body fluids from diseased animals, especially when skinning animals. The symp-
toms of disease are sudden fever and shivering. Swollen and painful lymph nodes
(buboes) developed in the armpits, groin, and other areas 2-6 days following con-
tact. In addition to causing itchy bump, septicemic infection may develop involving
other organs. Secondary infection of the lungs results in plague pneumonia that can
be transmitted by a person to another by aerosol. The disease initially may be mild
and short-lived but often advances to a severe form.

One sixth of the world’s human population suffers from one or the other tropical
diseases, and children are often the most harmed. There are presently 14 listed
neglected tropical diseases (NTDs). Most can be prevented but the scale of the prob-
lem is huge. Further these diseases are now established on the global health agenda.
They have a plethora of hosts, a multitude of developmental stages, that often bear
little resemblance from one stage to another, and most forms remain hidden in other
animal guts and tissues. Arthropods are responsible for hundreds of millions of
cases of disease in man and animals every year. Over the past 30 years, there has
been a global reemergence of infectious diseases in humans and animals and vector-
borne diseases in particular, with an increased frequency of epidemic transmission
and expanding distribution on Earth. The major concern is that important vector-
borne diseases are found in the tropics and subtropics, in the areas where resources
are most limited and surveillance is poor or absent. With highly increased human
and animal mobility, globalization and trade has made these diseases not problems
of the tropics alone but of the world. This underscores the need for physicians and
veterinarians in non-endemic areas to be aware of vector-borne diseases and knowl-
edge about them. New, mode-of-action chemistries are urgently required to update
vector management practices in tropical countries where arthropod-borne diseases
are endemic, especially where vector populations have acquired insecticide
resistance.

34 Conservation Initiatives

The bioecology and control of parasite and vector interactions are vital to fully
understand epidemiology before effective control strategies can be developed.
Similarly, basic research on pathogen and blood-feeding insect vector biology along
with drug discovery programs, clinical trials of vaccines, and field-based studies on
vaccine efficacy are required.

Conservation of bloodsuckers and disease-causing agents is to explicitly weed
out death and disease. Under natural conditions, this is a normal part of a function-
ing ecosystem, but for human world, it is not easily acceptable. Parasites should be
recognized as “meaningful conservation targets no less relevant than their hosts.”
Only one parasite is listed in the IUCN Red List as endangered because of the rarity
of its host, the world’s smallest pygmy hog-sucking louse (Haematopinus oliveri)
(Whiteman and Parker 2005). It is estimated that there are between 75,000 and
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300,000 helminth species parasitizing the vertebrates. Of them 3-5 % are threat-
ened in the coming 50-100 years. Pandemics and emerging disease illustrate one of
the consequences of global climatic change. Similarly many parasite species are
also threatened by extinction.

3.4.1 Co-extinction of Species

The concept of co-extinction (parasites, mutualists, and commensals becoming
extinct alongside their hosts) has been around since the 1990s. In general, it is
expected that inefficiently transmitted parasites are lost initially; later efficiently
transmitted species with low host specificity will persist at low host densities. Host
variety of a parasite will reduce as each potential host is lost or declines in host
range and population. This indicates that parasitic species will decline at a rapid rate
than their host species. Populations of Galapagos mockingbirds, Nesomimus mela-
notis, have dropped dramatically since they were first described by Charles Darwin
in 1835 (http://www.nhm.ac.uk/research-curation/lifesciences/terrestrialinverte-
brates/research/mite-research/mites-galapogos/index.html). ~As  parasites are
directly affected by the number of mockingbirds, genetic data obtained from
research may help to conserve and reintroduce mockingbird populations. The trem-
atode Pleurogonius malaclemys infects snails only when the endangered diamond-
back terrapin, the single host for the trematode (Byers et al. 2011), and when a
diamondback terrapin population declines; it takes its parasites too.

3.4.2 Regulation of Host Populations

Parasites often serve as modulators of host population, which in generalist patho-
gens may result in strong frequency-dependent control over relative abundance
across the host community. When the black-footed ferret (Mustela nigripes) was
deloused during captive breeding after extinction in the wild, the ferret louse
(Neotrichodectes sp.) may become extinct. All species are important, and adding
back only the cute and charming ones undercuts the notion that reintroduction pro-
grams are about ecosystems, not just aesthetics. Determining the part played by
parasites in regulating natural ecosystems still remains a major challenge for biolo-
gists. If the core job of conservation biologists is to sustain functional food webs
and food chains, then it is crucial that parasites as an important and essential com-
ponent of biodiversity are sustained.

Parasites are also biotic entities of natural selection altering a range of host char-
acteristics, from phenotypic polymorphism and secondary sexual features to sexual
reproduction (Wegner et al. 2003; Lively et al. 2004; Blanchet et al. 2009). These
effects ultimately lead to biological diversification by changing host reproductive
isolation and speciation (Summers et al. 2003). Common conservation strategies for
hosts such as captive management, reintroduction, and translocation include wide-
spectrum veterinary treatments to limit or prevent parasite transmission (Phillips
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and Scheck 1991; Moir et al. 2012). By maintaining disease-free host populations,
the likelihood of conservation intervention success may be increased at the cost of
parasite decline, particularly, for parasites of endangered, rare, or spatially restricted
hosts (Gémez et al. 2012). For instance, the extinction of the louse Colpocephalum
californici is suspected to be associated with the ex-situ veterinary treatment of
California condors (Koh et al. 2004). However, such interventions can lead to unan-
ticipated and negative impacts for hosts, including increased susceptibility of hosts
to infection following reintroduction or translocation (Gompper and Williams 1998;
Almberg et al. 2012). This indicates that maintenance of host-parasite relationships
in managed wildlife populations can be beneficial and highlight vital play of the
vertebrate parasitologists in conservation programs.

3.4.3 Modulators of Competitive Interactions

The differential effects of infection of generalist parasites can regulate competitive
interactions. For instance, parapox virus-mediated competition can explain the eco-
logical success of introduced gray squirrels (Sciurus carolinensis) in Europe
(Tompkins et al. 2001). Infection can also affect reproductive behaviors and output,
for example, causing abortion or sterility. In the most extreme case, parasitic castra-
tors divert the host’s metabolism for their own reproductive success, driving changes
in host density and maturation rates (Lafferty and Kuris 2009).

3.4.4 Conservation vs Control

Parasitic agents which normally develop in hosts other than humans but can infect
humans if given the opportunity are called zoonotic agents. Modern research has
revealed that emerging diseases in humans have a zoonotic reservoir, that reservoirs
are often wildlife species populations (Jones et al. 2008), and that anthropogenic
influence is usually associated with human and wildlife disease emergence patterns
(Daszak et al. 2000).

Associations among competitors, predators, and preys have historically been
seen as the foundation of community structure. Parasites — long ignored in commu-
nity ecology — are now recognized as playing an important role in affecting species
interactions and consequently affecting ecosystem function. Parasitism can interact
with other ecological drivers, resulting in both detrimental and beneficial effects on
ecosystem services and biodiversity. Species interactions including parasites are
also vital to understanding several biological invasions and emerging infectious dis-
eases. This review combines community ecology and epidemiology to develop a
wide-ranging monitor of how parasites and pathogens alter different aspects of
communities, enabling the new emergence of ecologists to include parasites as a
prime consideration in future programs.
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Fig.2 Microterys flavus
http://boutique.crisop.fr/microterys-
flavus-10

Fig.3 Hydrozetes sp.
http://www.nhm.ac.uk/research-curation/life-
sciences/terrestrial-

invertebrates/research/mite-
research/archaeological-indicators/index.html

Fig.4 Trichogrammma sp.
(http://www.ecured.cu/index.php/Tricho
gramma_spp.)

Fig.5 Aphelinus semiflavus
http://ponent.atspace.org/fauna/ins/fam
/aphelinidae/aphelinus_aph.htm

Fig.6 Aphidius colemani
http://www.arbico-
organics.com/category/pest-solver-guide-
aphids

Fig.7 Aphidiu servi
http://www.arbico-
organics.com/category/pest-solver-
guide-aphids

Fig.8 Aphytis melinus
http://californiaagriculture.ucanr.edu/la
ndingpage.cfm?article=ca.v047n01p16

&fulltext=yes

Fig.9 Anagyrus pseudococci
http://bio-bee.ru/wp-
content/uploads/2013/01/anagirus-400-
266.jpg

Plate 3.1 List of select important parasitoids
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Diversity and Ecology of Scorpions:
Evolutionary Success Through Venom
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Abstract

The scorpions are lowly evolved but highly successful group of animals. This
success is discussed with relation to size, morphological diversity, efficient util-
ity of primitive sense organs, efficient foraging, feeding and digestion system as
well as life history strategies of utilizing venom for defense and offence, parthe-
nogenesis and increase in instars. In fact their life history strategies are unique
and adaptive to warm, arid and semiarid conditions. Research on scorpions in
India is two fold: Discovery and identification of new species, and Metabolic
studies and Physiological adaptations including rhythmicity. The chapter after
giving a brief classification of the order highlights the biology, the survival strat-
egies and the epidemiology of scorpion venom and also an account of species
diversity and distribution across the world. Brazil, Colombia, Peru, Panama, the
Amazonian Andes, Mexico, Iran, India, South Africa and the USA have maxi-
mum density and diversity of scorpions with high degree of endemism in Mexico,
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Iran, India and Brazil. However, all over the habitats of scorpions in developing
countries, development works have a serious impact on both density and species
composition.

Keywords
Adaptations ¢ Evolution ¢ Scorpions ® Venom ¢ Endemism

4.1 Introduction

Scorpions are one of the oldest known terrestrial arthropods with their fossils ageing
430 million years but interestingly appear much similar to the present-day species.
These venomous arthropods belong to class Arachnida, order Scorpiones, and are
distributed across several extant families and subfamilies and number about 1400
species globally. They have an elongated body and a segmented tail terminating in
a venomous bulby tip. There are four pairs of legs, and the head has a pair of pedi-
palps ending in plier like pincers which help in grasping (Polis 1990).

Scorpions are relatively big arthropods averaging a size of 6 cm. The males are
usually slender with longer tails than females. The black emperor scorpion, Pandinus
imperator, found in Guinea is the biggest scorpion, with a body length of about 18
cm, and weighs around 60 g. Hadogenes troglodytes, the rock scorpion from South
Africa, is the longest scorpion whose female attains a length of 21 cm. The smallest
scorpion, Microtityus fundorai, measures just 12 mm and is an inhabitant of the
Caribbean. Some ancestral forms were giants reaching a length of 35-100 cm.
Species from deserts and arid zones are usually yellowish to light brown in colour
compared to the brownish to black species inhabiting moist areas, mountains and
agricultural fields (Bastawade 2006; Ayal 2007).

4.2  Scorpion Classification

The classification of scorpions has undergone revisions as newer specimens are col-
lected across the globe. Stockwell (1989) proposed the creation of superfamilies
leading to several changes in the existing number of families, promoting some sub-
families to families, and revision of genera leading to newer families. Analysing the
various taxonomic publications including that of Stockwell and his own work,
Lourenco et al. (2001) proposed six Super families and gave their distribution.

4.2.1 Superfamily: Bothriuroidea Simon, 1880 (With One
Family)

Distribution: South America, Australia and India (Himalayas).
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4.2.2 Superfamily: Buthoidea C.L.Koch, 1837 (With Two
Families)

Distribution: all continents except Antarctica, in tropical, subtropical including
India and to some extent temperate regions.

4.2.3 Superfamily: Chaeriloidea Pocock, 1893 (With Two
Families)

Distribution: Asia-Bangladesh, India, Indonesia, Malaysia, Nepal, Singapore, Sri
Lanka and Vietnam.

4.2.4 Superfamily: Chactoidea Pocock, 1893 (With Five Families)

Distribution: North Africa, Southern Europe, Middle East, Southern Central Asia
including India, Pakistan, Indonesia, Malaysiia, South and Central America, Mexico
(Baja California) and Guatemala.

4.2.5 Superfamily:Vaejovoidea Thorell, 1876 (With Two
Families)

Distribution: Mexico and the South/Southern USA, Asia (Turkey) and Europe
(Greece).

4.2.6 Superfamily: Scorpionoidea Latreille, 1802 (With Eight
Families)

Distribution: Africa, South and Southeast Asia, Indonesia, North and Central
America, Northern South America, the Caribbean and Middle East.

4.3 Ecology and Behaviour

Scorpions inhabit diverse habitats although the greatest species diversity and greater
abundance are usually found in arid environments and deserts. They live success-
fully in grasslands, savannas, deciduous forests, montane pine forests, rain forests
and caves. They have also been found under snow-covered rocks at an altitude of
4000—4200 m in the Himalayas in Northern India. In contrast, some species occur
at a depth of more than 800 m (Polis 1990).

Scorpions are basically nocturnal and hide in their burrows and natural crevices
or lie under rocks and beneath loose tree barks. They can fluoresce under ultraviolet
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Fig.4.1 External morphology of a typical scorpion (Source: Polis 1990)

light, a character utilised by biologists to study them during night using ultraviolet
light. They show great adaptability to live successfully even under extreme condi-
tions like sandy areas with minimal water, hard rocky substances, cooler interiors of
caves, high desert temperatures up to 47 °C and intertidal zones and can tolerate
submersion under water for a day or 2 (Hadley 1974).

The body is composed of an anterior cephalothorax and an abdomen. They have
mouth parts called chelicerae, a pair of pedipalps which with their pincer-like func-
tion aid in prey capture and defense. They are also used in excavating burrows, dur-
ing courtship and are covered with sensory hairs. They have four pairs of legs. The
cephalothorax is covered by a carapace that has a pair of median eyes and two to
five pairs of lateral eyes (Fig. 4.1).

The abdomen has 12 distinct segments. The first seven segments form the meso-
soma (body) and the posterior five segments form the tail or metasoma. The tip of
the tail bears the telson which is a bulb-like structure containing the venom gland
ending in a curved sting to inject venom (Fig. 4.1). The ventral side of the body has
a pair of comb-like sense organs called pectins. They are used to sense the texture
and vibration of surfaces. Males have larger pectins than females with more teeth.
They also serve as chemoreceptors and detect pheromones (Polis and Yamashita
1991).

Scorpions perceive the environment through visual, tactile and chemical sense
organs. Although incapable of forming sharp images, their central eyes are one of
the most sensitive light receptors in the animal kingdom. Using the shadows cast by
the stars, they easily navigate during night. The lateral eyes called ocelli can sense
only changes in light intensity and help in establishing daily rhythms of activity
(Smith 1995). Some species are known to possess light receptors in the tail.
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Scorpions detect and intercept vibrations through both air and ground. Long thin
hairs, situated on the pedipalps, are deflected by all vibrations originating from the
air. By detecting the direction of air movement, they help in the capture of prey,
detect predators and navigate. The thin cuticle covering the slits in the tarsal leg
segments detects ground vibrations produced by prey, predators and mates.

Chemoreceptors are situated in the oral cavity and perceive taste. They are also
present in the pectins and help to locate prey in some species. The pectins of male
scorpions have more and bigger teeth and are used to detect the pheromones emitted
by the receptive females. Scorpions are nocturnal and carnivorous, often digging out
stationary prey, insect eggs and termites. But most of the time, they are opportunis-
tic feeders waiting for prey to come close rather than hunt them. They feed mostly
on insects, beetles, crickets, flies, wasps, spiders, centipedes, other scorpions, snails,
tadpoles, small snakes and rodents (Cloudsley-Thomson 1991). They can detect
vibrations from prey even at a distance of 20 cm. Once they catch the prey, it is
either killed or paralyzed with a powerful, venomous sting. The two pairs of chelic-
erae are employed to position the prey in the mouth to chew. As it masticates the
prey, digestive fluids secreted from the mid gut pour over it converting the prey into
an easily digestible matter. The liquefied portion is sucked into the stomach by a
pumping action. The indigestible matter, which is now a ball-shaped solid, is cast
aside. The external, partial digestion helps the scorpion to derive the maximum
nutrients from its prey, minimizing energy expenditure for the process of digestion.
Capture of prey, external digestion or suction is a slow process and can take several
hours. Scorpions are terrestrial foragers and, similar to other predators, return to the
same feeding area every night. When their territory is disturbed by natural calami-
ties or by anthropogenic activities, they enter human habitat particularly homes and
buildings (Polis 1990, 1993).

44 Life Cycle

Breeding is seasonal, mostly taking place during warmer months of spring. Males
are known to travel hundreds of metres to reach the receptive female attracted by the
sexual pheromone. During courtship, the male using pedipalps grasps the pedipalps
of females and leads her into a courtship dance and deposits his spermatophore on
a solid surface and then pulls the female over it. She, in turn, draws the spermato-
phore into her genital pore which is on the ventral side of the body at the anterior
portion. Fertilization is internal. Gestation is prolonged extending from few months
to over a year or 2 (Golizadeh et al. 2015).

Although scorpions are ovoviviparous, embryonic development is of two types:
apokogenic embryos develop from ova containing plenty of yolk, whereas katoiko-
genic embryos develop from yolkless ova. They receive nourishment through a spe-
cialised feeding apparatus, the diverticulum, which extends from the mother’s
ovariuterus. This “teat” receives and transports nutrients from the hepatopancreas of
the mother to the embryo. Some species reproduce parthenogenetically.
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The young are born alive and immediately climb onto the mother’s back. In most
species the mother folds her legs to form a “birth basket” to catch the young as they
are born. Averages of 25-35 young are born at a time. The process of giving birth
may last from several hours to several days. The young remain on the back of the
mother till the first instar (Fig. 4.2). After a few days, the translucent baby scorpions
climb down, moult and climb back to the mother’s back; stay there for another 4-5
days, and then leave to pursue their own individual life. The period from birth to
leaving the mother takes place about 1-3 weeks depending on the species. After
moving away from the mother, the young moult 5-6 times more to reach maturity.
Scorpion’s average life span is about 3-5 years although some species may live up
to 50 years (Polis and McCormick 1987; Polis 1990).

4,5 Metabolism and Physiology

Scorpions are highly flexible in their metabolism. The metabolic activities can be
slowed down to such a level that they can survive on as little as one insect in a year.
This capacity is of extreme survival value when food becomes scarce or absent or
during natural disasters. Not just slowing down, they are also capable of recovering
normal metabolism instantly at the sight of a prey and charge at them when condi-
tions become normal. They are also capable of consuming unlimited food when
available with the excess food being stored as fat in hepatic tissue. The capacity to
lower metabolism to the minimal levels coupled with almost nil activity during
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adverse conditions enables scorpions to thrive even in extreme, harsh environments
(Polis 1990; Cloudsley-Thomson 1991). Their water requirements are mostly met
from their prey and also by drinking from small pools, puddles and water bodies.
The baby scorpions stay on the back of their mothers till their first moult absorbs
moisture from the mother.

4.6 Antipredator Behaviour

Despite themselves being venomous predators, because of their relative larger bod-
ies and abundance, scorpions are readily available to predators like owls, lizards,
small snakes, bats and small rodents. A few vertebrates are known to be specialised
predator of scorpions, at least seasonally. A few larger arthropods such as spiders
and centipedes devour scorpions. Predation by other animals and cannibalistic
activities act as limiting factors on scorpion abundance and distribution.

Scorpions too have evolved certain anti predatory strategies, the most effective
and obvious one being the venom injecting. Venom is both offensive and defensive.
One of its components is toxic to invertebrate predators, while the other acts as a
deterent to vertebrate predators. Nocturnal life and living beneath solid objects are
also anti predatory adaptations. Even during night their activities are limited to a
few hours. On the other hand, some of their vertebrate predators have learnt to bite
off their tail, and a few others are immune to scorpion venom (Polis and McCormick
1987; Polis 1990).

4.7 Social Life

The social life of scorpions is poor and almost non-existent with very few excep-
tions. A vast majority of them are solitary living. Interactions with conspecifics are
limited to few stages of life, namely, at birth, during courtship and during cannibal-
ism. In contrast, most inter- and intraspecies interactions are highly aggressive with
few exceptions and occur for territorial defence and for accessing mates. Very few
intraspecies interactions come close to social behaviour such as mother-offspring
associations till the first moult of scorpion babies (Fig. 4.2) which in some cases
may extend up to few years. In extreme cases the offspring even after attaining
adulthood remain with adults forming family group; some of these family groups
cooperate in prey capture. Such behaviour is seen in emperor scorpions. Extended
families indulge in burrow digging and also share burrows. The bark scorpions in
Arizona overwinter in aggregates of 20-30 (Fig. 4.3). Bark scorpions are one of
the few scorpions that climb vertical walls but fail to cross horizontal ceilings
(Polis 1990).
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Fig.4.3 Winter aggregation of bark scorpions (Source: Dawn et al. 2001)

4.7.1 Survival Strategies

4.7.1.1 Parthenogenesis

Of the several theories advocated to explain regional abundance of scorpions geo-
graphically, parthenogenetic reproduction in at least one species, Tityus serrulatus,
in man-made environments in Brazil contributing to such regional, huge popula-
tions makes an interesting theory (Lourenco and Cuellar 1995). Depending on life
history strategies and their habitat types, scorpions are divided into two broad cat-
egories: equilibrium and opportunistic (Polis 1990). Equilibrium species inhabit
stable, natural environments, produce single-egg clutches, do not store sperm,
exhibit long life spans, have low population density and population peaks, have
weak mobility and are highly endemic (Lourenco 1991a, b; Polis 1990).
Contrastingly invasion of disturbed environments, production of multiple clutches
from a single insemination, elaborate sperm storage capacities, brief embryonic
diet, short life spans, high population density, rapid mobility and wide distribution
characterize opportunistic species as in genera Centruroides, Tityus and Isometrus
(Kovoor et al. 1987).

The opportunistic scorpion species, Tityus serrulatus, of Brazil is highly toxic
and was originally restricted to small areas of natural savannas. It has recently
invaded the expanding human settlements in Western Brazil and is a serious public
health hazard. Its population was characterized by the absence of males probably
due to parthenogenetic mode of reproduction resulting in all female populations
(Matthiesen 1962). Either the bisexuals in the populations were eliminated during
evolution or the species was parthenogenetic even before invading newer habitats
where bisexuals were also absent. Lourenco and Cuellar (1995) base their theory of
parthenogenesis as a life history strategy to explain the extraordinary proliferation
of T. serrulatus in Brasilia, the capital of Brazil which had earlier Tityus fasciolatus
as the dominant species (93 %) followed by Bothriurus araguayae and Ananteris
balzani during 1971-1975 (Lourenco 1981). Since its first appearance in the city in
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1980, T. serrulatus has reproduced profusely forming 70 % of total scorpion popu-
lation displacing I. fasciolatus as the dominant species. The life history traits of the
successful species are density-independent population fluctuation and parthenoge-
netic reproduction compared to bisexual, density-dependent population with 1:3 sex
ratio of T. fasciolatus. Similarly displacements of local species by 7. serrulatus are
occurring in other cities of Brazil, Colombia and Panama (Lourenco et al. 1994a, b).

Parthenogenesis is reported in four more species of scorpions, but their popula-
tions have both unisexual and bisexuals (Lourenco and Cuellar 1994). In natural
environments, having sexually heterogeneous populations, bisexuals tend to be
dominant and occupy more favourable areas of the habitat, pushing unisexuals to
the periphery (Lourenco 1991c). A similar colonization of favourable valleys with
subsoil water by 7" columbianus and invasion of human-altered environments by 7.
serrulatus are seen in Colombia (Lourenco and Cuellar 1994).

4.7.1.2 Polymorphism

Thirty-two species of scorpions whose sexually mature instars have been deter-
mined (Francke and Sissom 1984) have exhibited a seventh moult. Of these 15 spe-
cies which exhibited more than 1 adult instar, 3 were males, 6 were females and 6
belonged to both sexes. A detailed study by Benton (1991) on the life history of
Euscorpius flavicaudis in Southern England indicated two maturation strategies in
this species: (i) maturing at sixth instar (normal) and be small or (ii) delay maturing
till the seventh instar and be larger, 1.2 times in males and 1.21 in females, the big-
ger size bestowing both ecological and behavioural advantages. Large males have
bigger chelae, the weapons of offence and defense which help the male to dominate
smaller males in the fight for females during mating season and also aid the males
to “persuade” unwilling females to mate (Benton, in press). Thus, the seventh instar
males have a higher preseason reproduction success. The large females reproduce
heavier offspring as they consume more food and can easily capture relatively big-
ger prey (Polis and McCormick 1987).

4.7.1.3 Natural Threats
The major threats to scorpion populations are predators. Their location and other
prey are also important because birds not only predate on scorpions but also on
centipedes which occupy habitats similar to scorpions. Bird’s keen eyesight and
swift movements make them a formidable predator. The mammalian predators are
small rats and mice, while in deserts they are prone to be consumed by snakes and
lizards. Bats, notably the pallid bat, Antrozeus pallidus, an inhabitant of Western
USA, are immune to scorpion sting and are capable of detecting UV lights reflected
by scorpions and sweep down on them easily during the night (Fig. 4.4; Polis 1990).
Life of scorpions is also threatened by other cannibalistic scorpions. But this
phenomenon is rare and limited to certain inter- and intraspecific encounters such as
the female devouring the exhausted male after mating in some species if the male is
not quick enough to move away after mating. Starvation and fights over territory
also lead to cannibalism. Other mortality factors are parasites and pathogens.
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Fig. 4.4 The pallid bat with scorpion in its mouth (Source: http://blog.nature.org/sci-
ence/2013/08/12/scorpion-eating-bat/)

By far the most dangerous predator of scorpion is human being. In some parts of
the world, mainly China, scorpions are a delicacy eaten in vegetable and fruit prepa-
rations. However, the major threat is by anthropogenic activities such as expanding
agriculture, hydroelectric projects, road construction and land conversion for indus-
trial and agricultural purposes, all of which either destroy or fragment their natural
habitat. A classical example of such a tragedy is reported from Afghanistan (Stewart
2012). A 40-ha montane scrubland near the city of Ghazni, which had a sizable
population of Mesobuthus caucasicus, was converted into a military base during
2004-2006. The conversion process led to 50-fold increase in hard land surface and
20-fold increase in human population. Concrete walls, barriers and sandbags on
gravel substrate not only destroyed the habitat of scorpions but also raised ambient
temperature by 2.3 °C. Despite the presence of M. caucasicus in Ghazni city,
Stewart (2012) could not locate a single scorpion in the military base. He postulated
that the rapid anthropogenic activities at the base surpassed the scorpion’s capacity
to disperse to safer, alternate environments possibly leading to their extinction the
base.

Other factors detrimental to scorpions include the tendency of humans to kill
them as exotic pests and research on scorpion venom to exploit its medicinal proper-
ties. Despite predation, diseases, habitat destruction or fragmentation and detrimen-
tal human activities, scorpions are still thriving successfully all over the world, and
none of the species is at the risk of extinction. On the contrary, new species are
being discovered quite frequently.
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4.7.1.4 Scorpion Venom

Venom of scorpions has two primary functions, that of killing the prey and self-
defense. Additionally the sting may be used to subdue the female prior to mating.
Although all scorpions are venomous, their basic instinct is to escape and hide in
threatening situations. They are capable of controlling venom flow; as a result some
stings can be venom less or only mildly lethal. Of the nearly 1400 species, only 25
are known to have venom potent enough to kill human beings. The genera that are
notoriously lethal are Androctonus, Buthus, Hottentotta and Leiurus in North Africa
and Middle East; Tityus in South America; Mesobuthus throughout Asia including
India; Centruroides in Mexico, Southern USA, Central America and the Caribbean
and Parabuthus in Western and Southern Africa. The three most dangerous scorpi-
ons of the world are:

1. The Indian red scorpion, Hottentotta tamulus
2. The death stalker scorpion, Leiurus quinquestriatus
3. The Arabian fat-tailed scorpion, Androctonus crassicauda

4.7.1.5 Epidemiology of Scorpion Bites

In some of the underdeveloped and developing countries, scorpion stings may cause
severe deaths, but reliable data is not available as most victims do not seek medical
treatment preferring to go to local practitioners of traditional medicine. Some stud-
ies suggest mortality rates of up to 4 % in hospitals. Scorpion stings pose significant
public health threat in Sahara Africa, South Africa (Lamoral 1998), Iran (Mohseni
et al. 2013), and India (Bawaskar and Bawaskar 2012).

Scorpion bites have been reported from the Middle East, South India, Mexico
and Southern Latin America (Chippaux and Goyffon 2008). Tunisia is the most
affected with reported cases of 4000 stings per year (Mansour 2007). In Khuzestan
in South-Western Iran, scorpion stings are reported to cause significant human mor-
tality due to stings of Hemiscorpius lepturus (Pipelzaden 2007). An epidemiologi-
cal study over a period of eight years (2006-2012) in scorpion sting-prone areas of
Ramshir district in the province of Khuzestan in South-Western Iran indicated high
prevalence during June—October each year. More than 50 % of the victims were in
the age group of 15-34 years and were stung on legs and hands. The species involved
were Mesobuthus phillipsii, Hemiscorpius lepturus, Orthochirus iranus, Androctonus
crassicaudata and Scorpio maurus (Gholizadeh et al. 2015). In another study, most
victims were stung by H. lepturus although the number of collected species was
comparatively less. This paradox was attributed to the ecology, distribution of scor-
pion and their more frequent confrontations with humans (Mohseni et al. 2013).

In Asia, India is the most affected with a reported incidence of 0.6 % (Chippaux
and Goyffon 2008). People from endemic areas of Western Maharashtra, Karnataka,
Andhra Pradesh, Sourashtra in the state of Gujrat and Tamil Nadu are prone to scor-
pion stings during the hot periods of April-June and September—October. Higher
incidence of stings correlating with higher ambient temperature was attributed to
increased agricultural activities prior to monsoon rains (Bawaskar and Bawaskar
2012).
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Scorpion venom is a complex mixture of mucopolysaccharides, hyaluronidase,
phospholipase, serotonin, histamine, enzyme inhibitors and toxins which are mostly
neurotoxic. They affect the function of Na*, K* and other ion channels. On the posi-
tive side of venom, it is extensively used in physiological and pharmaceutical
research. The therapeutic properties of scorpion venom include anticancer, antimi-
crobial, antiepileptic, analgesic, antimalarial, pesticidal and insecticidal effects.
They are reported to modulate cardiovascular function and autoimmune disease
(Joseph and George 2012).

4.7.1.6 Clinical Manifestations

In severely affected people convulsions, paralysis and cardiovascular irregularities
precede death. Generally, the effects of venom depend on species of scorpion and
venom dose/body weight. Changes in body temperature are known to increase the
sensitivity towards venom and influence the action of the venom (Murthy and Zave
1998). In India, Israel, Brazil and Mexico, cardiac manifestations are common. The
other pathological results are tissue necrosis and haemolysis (Iran), neurological
effects (South Africa and the USA) and acute pancreatitis in Tunisia. Nowadays,
antivenoms are available against most lethal species bringing down death rates
(Bawaskar and Bawaskar 2012).

The venom of less hazardous scorpions produces hemotoxins which cause mild
to strong local effects. These consist of oedema, discolouration and pain. In fact the
sting is less painful than of a bee sting, and complete recovery occurs within min-
utes or hours or days depending on the species of scorpion and the mental status of
the victim. Early hospitalization and immediate administration of accurate doses of
scorpion antivenom are important actions to be taken when stung.

4.8 Venom Protein as Fingerprinting Tool for Taxonomy

Biotopic variations of the scorpion venom peptides were successfully used to sup-
plement species identification in India for Mesobuthus tumulus (Newton et al. 2007)
Later Salama and Sharshar (2013) measured total proteins and protein profiles using
SDS-PAGE bands of eight species of venomous scorpions collected from different
localities in Egypt. The calculated similarity coefficients of the protein bands of
these species were used to establish species-specific patterns in Androctonus
bicolor, Androctonus australis, Androctonus amoreuxi, Androctonus crassicaudata,
Leiurus quinquestriatus, Buthus arenicola and Orthochirus innesi (all belonging to
family Buthidae) and Scorpio maurus palmatus (family Scorpionidae). The identi-
fication starting from family to species level through genera tallied with morpho-
logically based classification. The electrophoresis patterns indicated that there were
inter-family, inter-genus and inter-species variations between species studied. The
study proposes to use variations in the venom protein both qualitatively and quanti-
tatively as supplementary evidence to morphological characteristics in identifying
scorpion species.
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4,9  Scorpion Diversity and Distribution

The impressive diversity and abundance of scorpions in tropical, Neotropical and
arid zones indicate that they contribute significantly to the biomass of animal com-
munities of the habitats (Polis 1993). Their role as both predators and prey makes
them an important link in the food web. Although their low metabolism limits role
in energy and nutrient recycling, their relatively high biomass and role in the food
webs make them an important component of community structure (Ayal 2007).

Scorpions successfully live in all terrestrial habitats, the exception being tundra,
high-latitude taiga and very high mountain tops (Fig. 4.5). The taxonomical rich-
ness of scorpions exhibit two types. One type is similar to other fauna and flora,
with maximum diversity prevailing in humid tropics and neotropics decreasing
towards poles and equator (Laurenco 1994). There are several reasons for greater
biodiversity in tropics. The foremost is the existence of large climatically similar
surface areas. Other factors include relatively small fluctuations in temperature,
high degrees of speciation and low levels of extinction. The second reason could be
historical-geographical with large areas of earth surface being tropical and subtropi-
cal during the tertiary geological period. Thus, both evolutionary and geological
processes of the past seem to have led to the high diversity of scorpions in tropics.
Thirdly, tropical areas receive more solar radiation than those in the temperate zone
leading to higher productivity and density. The higher temperatures can also shorten
generation times and increase maturation rates accelerating the speciation process
in the tropics (Lourenco 1994).
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The second interesting feature of scorpion diversity and distributions is their suc-
cessful colonization of arid areas. Unlike most animal groups which have rich biotic
representation in tropics compared to deserts and sandy areas, the most diverse
communities of scorpions are found in arid regions (Hadley 1974). Their remarkable
adaptation to such extreme ecosystems includes resistance to high temperatures
(Cloudsley-Thompson 1962), metabolic and behavioural adaptations, ability to con-
serve water for prolonged periods even under very low humid conditions and living
inside burrows deep enough not to feel the high ambient temperature (Hadley 1974).

Of the factors influencing scorpion diversity, rainfall, temperature and possibly com-
petitions are important, but not vegetation according to Koch (1981). Later Smith (1995)
argued that most species resistance will ultimately depend on long-term effects of chronic
disturbances such as wind and water erosion, nutrient drifts, etc. which in turn depend on
human’s management and exploitation of resources. These results were based on a long
and extensive study on the scorpions of Western Australian wheat belt. Later, Eric et al.
(2010) again based on studies in Australia suggested that ruggedness and edaphic factors
such as soil depth, texture and nutrient status were strongly correlated with the pattern of
scorpion species richness and distribution in arid areas. Prendini (2005) attributed the
species richness and endemism of South African scorpions to historical changes in geo-
morphology, climate and their ecological requirements. Summarily the available data
showed that globally, regional species diversity varied from 1 to 13, with most areas hav-
ing 3—7 species, and deserts averaging seven (Pollis and Yamashita 1991).

The following compilation is indicative of the adaptive radiation of scorpions in
their ecological niche and medical importance of their venom which is the extreme
evolution of self-defense. Countries having records of high venomation also have
great species richness; one probable reason could be more research being carried
out on the venom and its antidote and hence greater collection and sampling of
scorpions. In other words, given more attention to sampling and taxonomic catego-
rization, the number of scorpion species in many countries will be much greater
than the present figures. Thus, scorpions represent a silent, simple evolutionary suc-
cess despite the lack of sexual colouration, ornaments or vocal abilities, not chang-
ing much morphologically from millions of years. Probably intensive studies on
their metabolism and behaviour may shed light on the secrets behind their spectacu-
lar success. Following is their country wise distribution in tropics and neotropics:

4.9.1 Algeria

Three species belonging to families Buthidae and Scorpionidae were collected from
the pine, cedar and oak forests situated in the national park of Belezma in Northeast
Algeria (Sadine et al. 2012). Buthidae was represented by Androctonus bicolor and
Buthus accinatus and Scorpionidae by Scorpio maurus.

4.9.2 Australia

Scorpion diversity in Australia is low, only equalled by the former USSR which
had only 14 species recorded (Fet 2010). Altogether 43 species occurred belonging
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to four families—Buthidae (12 species), Bothiuridae (6 species), Liochelidae
(5 species) and Urodidae (20 species).

A later exhaustive study (Eric et al. 2010) across 179,000 km? in the arid zones of
North-Western Australia revealed richer species diversity. Temperature and soil
characteristics such as soil depth, texture and nutrient status were strongly correlated
with patterns of scorpion species richness and distribution. However, there was a
weak correlation between species diversity and sandiness of the soil.

4.9.3 Brazil

So far 150 species have been described in Brazil. The endemic taxa in this region
are very high, i.e. more than 80 %. At least 3 families, 6 genera and 14 species were
found in Rio Negro region, of which 93 % were endemic. The families were
Buthidae, Liochelidae and Chactidae. Buthidae was better represented than
Chactidae (Lourenco 1994, 1997). A new species, Opisthacanthus (family
Liochelidae) was reported in 2003 by Lourenco and Fe. In 2005 two new species of
Buthidae belonging to genus Tityus were described from Barcelona and Sdo Gabriel
da Cachoeira, respectively, in central and upper Rio Negro (Lourenco 2005),
namely, Tityus syloe and Tityus nelsini. These two species resemble two other spe-
cies of Tityus, namely, T. strandi and T. raquelae, distributed in Amazonas and Para
in Brazilian Amazonia.

The scorpions of Equador are one of the least studied in South Africa. It is only
since 1980 frequent studies have been carried out and several new species have been
described. The country has 47 species, 8 genera and 5 families (Brito and Borges
2015).

South America is the most studied area with high endemism of scorpions. The
belt comprising of Southern Colombia, Ecuador, north of Peru, Guyana, Imataca,
Manaus and Santa Marta has a record number of 126 species, 17 genera and 6 fami-
lies. Lourenco (1994) considers this region as the richest area in number of scorpion
species and more diverse than even Baja California Desert, the area with the highest
scorpion diversity and abundance in the world reported hitherto. With future studies
and discovery of newer species, this part of South America may have the highest
scorpion diversity in the world (Lourenco 1994).

Panama is inhabited by 3 families, five genera and 14 species. Tittyus tayvona is
the dominant species.

49.4 China

The scorpion fauna of China consisted of 53 species and subspecies belonging to
12 genera under five families. Of these, 33 species and 1 genus are endemic. The
topography and geography of east-west and north-south regions are distinct.
Accordingly the distribution and species richness of scorpion vary between these
localities. Only four species are recorded from east and Chinese islands. These are
Isometrus maculatus, Lychas mucronatus, Liocheles australasiae and Mesobuthus
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martensii martensii. Three species seem to be extinct or invalid, namely, Isometrus
heinansis (Lourenco et al. 2005), Lychas scutilus and Mesobuthus martensii mar-
tensii (Birula 1897). The genera Chaerilus, Euscorpius and Mesobuthus live in the
Western region of China, namely, Tibet, Yunnan and Xinjiang. These are the areas
of the richest scorpion diversity in China. Northern China has only two genera,
namely, Mesobuthus (eight spp.) and Rozanus (one sp.).

4.9.5 India

Of the nearly 120 species of scorpions reported in India, none are lethal to human
beings under normal circumstances. Despite the diversity and abundance, scorpions
in India are poorly understood in terms of their ecology, biology and behaviour.
Most studies are in the nature of discovery of newer species. The first major compi-
lation of Indian scorpions was by the British zoologist, Innes Pocock, in 1894. After
a century, Tikader and Bastawade (1983) published a book detailing the available
information and also describing several new species. The book still remains as the
reference guide for Indian scorpions. Of late there is a great surge of research on
surveying newer species of scorpions by three major teams: that of Lourenco in
Tamil Nadu, Pondicherry and Himalayas, Pande and his colleagues concentrating in
Maharashtra, and Zambre and Mirza reporting several species from Western Ghats
and also Andhra Pradesh and Kerala.

The Indian scorpions are classified into five main families, namely, Buthidae,
Chaerilidae, Euscorpidae (Vaejovidae), Liochilidae and Scorpionidae (Tikader and
Bastawade 1983). Some of the recently discovered scorpions in India are Euscorpiops
kamengensis from Arunachal Pradesh (Bastawade 2006), Euscorpiops bhutanensis,
Euscorpiops species either beccaloniae or a new taxon, Euscorpiops asthenurus,
Scorpiops leptochirus, Chaerilus pictus, Orthochirus krishnai (Zambre and
Bastawade 2009), Chaerilus annapurna from the high plateaus of the Himalayas
(Lourenco and Duhem 2010) and 14 other species.

Because of the diverse climate, geographic conditions, land use patterns, habi-
tats, lifestyles and cultural variability, scorpions in India present a unique assem-
blage of species with much variations. Although there is a lacuna on research on
Indian scorpions, new species are being discovered, and select aspects of physiol-
ogy on Heterometrus fulvipes have been documented. Based on the available date,
scorpions are categorised into burrowing, rock dwelling and arboreal. The burrow-
ing scorpions include several genera of buthids such as Odontobuthus, Androctonus,
Orthochirus, Compsobuthus and Mesobuthus, and chaerilids like Heterometrus and
Ischerids are true burrowing species. Heterometrus do not dig deep burrows only
pits to take shelter. They are just 6"—9” found beneath boulders. Ischerids excavate
deep burrows (1'-2’) which terminate in a bulb-like structure where the scorpions
dwell. Some buthids live in colonies in the same burrow. Vaejovids live inside cracks
and crevices of the rocks. Vaejovids and chaerilids live at high altitude; the former
occur both in the Himalayas and Deccan, while the chaerilids are known only from
the Himalayas.
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4.9.5.1 Species Diversity Studies

In a lone study on species diversity and microhabitat preferences in a heterogeneous
habitat of cultivated fields, mango orchards, boulders, rocks, different soil condi-
tions and scrubland, Pande et al. (2012) found five genera of three families, namely,
Buthidae, Scorpionidae and Euscorpidae, represented by eight species as measured
by quadrat sampling in Saswad-Jejuri in Western India. The overall species richness
was 0.7, Shannon diversity index was 1.1, and evenness index was 0.6. Hottentotta
tamulus was the dominant species and Heterometrus phipsoni was found in lowest
numbers. Hottentotta xanthopus was a co-dominant species. Hottentotta pachyurus
was found only under tree barks, whereas Isometrus rigidus was seen only under
heaped stone rubble. Both these species were microhabitat specific. H. phipsoni was
found only in scrub-land with stones but shared it with H. tamulus. The authors sug-
gest that these microhabitats need to be protected. There was species overlap in the
occupancy of other microhabitats, namely, loam and stones in hilltops, veldt with
stones, red and black soil in cropland, grassy hilltops with stones, black soil in
mango orchards, beneath tree barks, hill slopes with boulders and eucalyptus plan-
tations. These were grouped into two-clade microhabitats that were arid and xeric,
the second one with some vegetation. Wasteland like the current study area is under
the threat of developmental work, and hence scorpion fauna living here is prone to
destruction and migration if they survive. To save the scorpions, the authors advo-
cate impact assessment studies before initiating major land changes by both public
and private sector.

A second study, strictly speaking, was not on species diversity, but the research-
ers could capture four species of scorpions for their venom extraction work, thereby
identifying the scorpion habitats in the districts of Bellary and Chitradurga in
Karnataka (Nagraj et al. 2015). They were Hottentotta rugiscutis, Hottentotta tamu-
lus, Lychas tricarinatus (found underneath stone and dead wood situated in damp
soil) and Heterometrus swammerdami (burrow living at a depth of (5'-10").

4.9.5.2 Social Behaviour

A lone publication (Shivashankar 1994) indicated the presence of the mother and
young of Heterometrus fulvipes in the same burrow even after the completion of the
final moult. The group exhibited division of labour in foraging, burrow extension
activities and shared food.

4.,9.5.3 Breeding and Reproduction

Heterometrus fulvipes exhibited definite breeding season in July—August with a ges-
tation period of 11 months in South India (Subbaram and Reddy 1976). In
Heterometrus phipsoni, gestation was 71 days, parturition occurred in the month of
June, and the number of young born was only 7 (Mirza and Sanap 2009). Testicular
development of male H. fulvipes was identified to have four stages of development
occurring seasonally. These stages were accompanied by changes in protein con-
tent, glycogen and glucose levels in the testicular and pancreatic tissues. Seasonal
changes in the histology of the cephalothorax accompanied by changes in the bio-
chemistry of different tissues including testes indicated a possible role of neurose-
cretory cells in the courtship and mating behaviour of H. fulvipes (Soba et al. 2007).
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4.9.5.4 Laboratory Studies

In contrast to meagre studies on ecology and behaviour on scorpions in India as also
occurring elsewhere, significant research has been carried out on most aspects of
physiology of Heterometrus fulvipes mostly at Sri Venkateswara University,
Tirupati, in the early 1960s; later at Bangalore University, Bangalore, in the late
1960s; and at Nagarjuna University, in Andhra Pradesh presently. The work initi-
ated by the late Prof. Pampapathi Rao diverged in two mainstreams—biochemistry
and physiology on one hand and neurophysiology including receptors employing
electrophysiological techniques on the other hand. In fact it was for the first time
electrophysiological techniques were introduced to study the activity of the nervous
system and sense organs particularly in scorpions in India by Pampapathi Rao.
Briefly the investigation was in the following lines:

(i) Cardiac metabolism and haemolymph: The heart of male Heterometrus fulvi-
pes was morphologically bigger than that of female, was carbohydrate rich and
had greater rates of fatty acid conversion to citrate compared to smaller hearts
of females which were lipid rich, a biochemical status suited to higher meta-
bolic and physical activities of males (Padmanabhanaidu et al. 1984).

(i) Haemolymph: Three tests, namely, agglutination test, clearance test and
enzyme immunoassay tests, carried out on Heterometrus fulvipes indicated a
well-integrated internal defense system in the form of haemocytes and lymph
glands (Amarnath 1996).

(iii) Activity rhythms: Diurnal activity was demonstrated in H. fulvipes with peaks
of activity occurring during the first four hours of the night (Kasiah 1989).
Organs involved in locomotion, namely, leg, tail and pedipalpal muscles,
exhibited diurnal rhythmicity. Rhythmicity in physiological parameters such
as blood glucose and liver glycogen (Changal Raju et al. 1973), heartbeat,
muscle dehydrogenase (Venkateshwara Rao and Govindappa 1967), acid and
alkaline phosphatase activities (Chandrashekara Reddy and Padmanabhanaidu
1997), lipid levels (Mastaniah et al. 1978) and acetyl cholinesterase activity
(Uttaman and Srinivasa Reddy 1980, 1985) were reported for H. fulvipes.

(iv) Neurophysiology and sensory organs: Exhaustive laboratory investigations were
carried out, and significant information was generated on rhythmicity in neural
activity, vision,photo receptors, extraocular photo reception, cuticular sense organs,
giant fibres, neuro humoral secretions and biochemical studies on sub oesophageal
gland (Habibulla 1971, 2004; Ramakrishna and Pampapathi Rao 1970; Sanjeeva
Reddy and Pampapathi Rao 1970; Geethabali and Papmpapathi Rao 1973;
Geethabali 1976; Venkatachari 1971; Vasantha et al. 1977; Yellamma et al. 1980).

(v) Thermal acclimation: Acclimation to both low and high temperatures in H. ful-
vipes was studied in the laboratory (Vijayalakshmi 1964; Kalarani et al. 1991a,
b, 1992). Detailed investigations on oxygen consumption by the whole animal,
pedipalp and heart muscles, levels of glycogen, lactate, pyruvate in the pedipalp
and heart muscles, changes in the oxygen consumption, alpha phosphorylase
activity and isocitrate dehydrogenase activity in the hepatopancreas of animals
acclimated to temperatures below and above habitat temperature led to the con-
clusion that adaptation to low temperatures is more stressful.
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4.9.6 Iran

Due to the high incidence of sting, scorpion fauna of Iran particularly in South West
has been extensively sampled. An earlier report (Mirsha et al. 2011) recorded 51
species, 18 genera and 4 families, namely, Buthidae, Scorpionidae, Hemiscorpidae
and Diplocentridae. Buthidae was the most diverse. The greatest diversity was seen
in South-Western Iran probably due to more sampling. The authors suspect the pres-
ence of many more species.

4.9.7 Israel

Israel is inhabited by three families, namely, Buthidae, Scorpionidae and
Diplocentridae, spread across 9 genera and 19 species in its arid and mesic areas
(Levy and Amitai 1980; Levy and Alon 1983).

4.9.8 Malaysia

A preliminary checklist of scorpions at Kuala Lompat, Krau Wildlife Reserve,
Malaysia, revealed three species, namely, Heterometrus longimanus, Isometrus
zideki and Liocheles australasiae, belonging to three families: Scorpionidae,
Buthidae and Liochelidae (Izzat-Husna et al. 2014).

4,99 Mexico

According to the latest review of scorpion fauna of Mexico by Santibanez-Lopez
et al. (2016), the country harbours the highest diversity of scorpions in the world
including some of the world’s most medically important species. The 281 diverse
species of scorpions in Mexico represent 12 % global diversity. There are 9 families
and 38 genera. These include Buthidae, Euscorpidae, Superstitionidae,
Typhlochactidae, Vaejovidae, Diplocentridae, Chactidae, Caraboctonoidae.

Baja California Sur, coast of Guerrero, the Isthmus of Tehuantepec, Central
Valley in Oaxaca, the valley of Cuicatlan-Tehuacan (Southern Mexico) and the
Yucatan Peninsula (Eastern Mexico) are the hotspots of scorpion biodiversity in
Mexico (Williams 1980).

Apart from taxonomical, geographical and medicinal aspects, studies also have
been carried out on litter size, burrow size, density, biomass, life cycle, courtship,
mating plug and aspects of ecology to some extent.

4.9.10 South Africa

Prendini (2005) in his classical study compiled and analysed 140 scorpion species
of South African countries using a geographical information system. The taxo-
nomic composition of scorpions of South Africa was distinctly different in the
Western and Eastern regions. The greatest species richness and endemism
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characterized arid regions with rugged topography, complex geology or substratal
heterogeneity. The speciation, species richness and endemism were attributed to
historical changes in geomorphology, climate and specific ecological requirements.
The scorpion fauna of Southern Africa is very rich, and their composition differs in
north-eastern and north-western parts of the subregion. Most Southern species were
primitive, while those of north were more evolved (Hewit 1925). Prendini (2001)
very strongly argues for an ecological explanation within a historical context for
these regional differences for which he analysed the collected scorpions using a
geological information system.

4.9.10.1 Endemism

Forty-six percent of the genera and 96 % of the species of South Africa are endemic
to the subregion. Three genera, namely, buthids (Afroisometrus, Karasbergia and
Pseudolychas), buthriurids (Brandbergia and Lisposoma) and theliochelids
(Cheloctonus), are endemic to this region.

4.9.10.2 Spatial Distribution

Several genera are restricted to the Western region—Brandbergia, Lisposoma and
Karasbergia—while the Eastern region is inhabited by species belonging to the
genera Afroisometrus, Lychas, Pseudolychas, Cheloctonus and Opisthocanthus.
Three genera, viz. Hottentotta, Uroplectes and Hadogenes, are evenly distributed
between Eastern and Western regions. The two largest genera, Opistophthalmus and
Parabuthus dominate the arid Western half, but several endemic species of the two
genera inhabit both Eastern and Western parts of the regions. The species are also
associated with geomorphologic features of landscape such as sand systems, sandy
areas, mountain ranges with rugged topography, plains and alongside the river
Orange. Prendini (2001) attributes the high species richness and endemism to the
cumulative effects of geomorphology and palaeoclimatic changes.

4,10 Conclusion

In spite of occupying habitats less favourable compared to other animals and not hav-
ing undergone much evolutionary changes, scorpions have thrived and are living suc-
cessfully in all habitats except the extreme snowy, mountainous and aquatic mediums.
It appears that both behaviour and physiology have played a vital role in their success-
ful existence preventing them from reaching alarming situations, not at least immedi-
ately. However, the fast pace of development occurring in countries where it has the
greatest diversity, such as Brazil and other South American countries, Mexico and
India, is definitely going to threaten their survival, specially some of the endemic spe-
cies which did not have the necessity to evolve and migrate hitherto. When projects
seek clearance from the environment departments, keeping scorpions also in the pic-
ture is necessary to preserve the diversity and abundance of scorpions. The high
demand of pharmaceutical industry for research may affect their population levels.
Effects to breed them successfully in the laboratory may alleviate this threat.
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Further, it is not heartening to observe that most studies on scorpions have focused
on taxonomic diversity and historical biogeography in many species-rich and not so
rich countries, namely, Brazil, Andean Neotropical countries, Iran and the USA
(California). One exception is Prendini’s (2005) classical review on the scorpions of
South Africa who not only identified areas of species richness and endemism but also
related these to broad-scale land elements, phylogeny and historical geographical
changes. To some extent exhaustive studies have been carried out on the physiology
of one species (Heterometrus fulvipes) in India which is an encouraging trend. Such
studies across countries with similar or different ecosystem elements may throw
more light on the evolution, success and preservation of scorpions.

These remarkably successful groups of animals deserve and need to be studied in
detail—their ecology, biology, behaviour and other aspects—so as to understand the
secret of their abundance and distribution in various ecosystems of the earth apart
from their well understood venom.
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Abstract

Mangrove forests are the protective barrier of coastal inhabitants against natural
calamities and prevent soil erosion protecting the land behind. These typical eco-
systems provide areas for breeding, nesting, foraging and shelter for economi-
cally important organisms. Hence, most of the growing population in the world
live within easy reach of coastal areas. Crustaceans like lobsters, crabs, crayfish,
shrimps, barnacles, etc. are very important in the nutrient recycling and are most
crucial in human economy. Crustaceans are unique source of nutrients like pro-
teins, fats and minerals to aquatic life as well as to human beings. As mangroves
act as nursery, high juvenile abundance of many aquatic organisms is seen. Today
these economically important ecosystems are among the most threatened habi-
tats with 30-50 % of global loss due to natural and anthropogenic disturbances.
Awareness in public through media, Non Government Organisations (NGOs),
Government organisations and educational institutes who must come together
for restoration, rehabilitation and conservation of this delicate and precious
ecosystem.
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5.1 Introduction

Mangrove ecosystems are the woody halophyte-dominated forests located in
muddy, loose and wet soils at the junction of terrestrial and marine ecosystem rich
in productivity with commercially important fishes, crustaceans and molluscs.
Mangrove forests act as a protective barrier to the coastal inhabitants against the
natural calamities like flood, tsunami hurricanes and prevent soil erosion protecting
the land behind. A number of studies have shown that mangrove ecosystems act as
a natural green belt of the world TUCN 2005).

In India, mangroves are diverse with 125 species, of which 39 species are man-
groves and 86 species are mangrove associates, amounting to 56 % of the world’s
mangrove species with equally diverse fauna of birds, reptiles, fishes, crustaceans,
molluscs and insects including both resident and visiting fauna. Reptiles like snakes,
turtles, estuarine crocodiles and monitor lizards are common in mangroves which
survive the range of salinity. Mammals like various species of monkeys, otters,
deers, fishing cats and wild pigs are most common in mangrove forests (http://www.
indian-ocean.org/bioinformatics/mangroves/mangcd/fact.htm).

5.2 Mangrove

Mangrove forests are usually dominated by red mangrove (Rhizophora sp.), black
mangrove (Avicennia sp.) and white mangrove (Laguncularia sp.) The red man-
grove being the tallest with a maximum height of 25 m and acting as a basis for
detrital food chain in estuary has been well documented (Hutchings and Saenger
1987). Black mangrove is the second tallest species reaching a height of 20 m, and
the white mangrove is the smallest of the three mangroves with a maximum height
of 15 m. Mangrove forest are the most productive ecosystems (Por 1984), and they
hold an enormous carbon stock per unit area (Twilley et al. 1992). The mangrove
has aerial root system, either prop roots or stilt roots (Fig. 5.1) which are important
organs of breathing at high tides and help in anchoring of the plant which is a char-
acteristic of Rhizophora. They also occur in Bruguiera, Ceriops, Avicennia alba and
A. officinalis. These roots provide an important nursery ground for crustaceans,
molluscs and fishes (Odum and Mclvor 1990). Mangrove plants along with the root
system help in sedimentation (Krauss et al. 2003) by slowing water velocity (Mazda
et al. 1997).

Globally tropical mangroves are the most productive natural ecosystem (Alongi
2009), and their distribution is divided as the Atlantic East Pacific hemisphere and
the Indo West Pacific hemisphere, where the former one has less species diversity
than the latter (Fig. 5.3). Mangroves are globally distributed in four ecotypes: fringe,
riverine, basin and scrub forests (Twilley 1998) with key faunal species richnesses
(Lee 2008). The Matang Mangrove Forest Reserve that consists of roughly 40,151 ha
of pure and mixed stands of Rhizophora and Bruguiera had been established in
Perak, Malaysia (Gan 1995). The mangrove forest covers about 360,000 ha in India
(Govindasamy and Kannan 1996), which is the world’s fourth largest mangrove
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Fig.5.1 Prop roots or stilt roots
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Fig.5.2 Distribution of crustaceans and mangroves in Indian coasts

area (Mandal et al. 1995), of which 80 % are along the east coast and 20 % on the
west coast (Fig. 5.2).

The Forest Survey of India (1997) reported that the total mangrove area of India
is 4822 km? The major part of mangrove is found in states like West Bengal,
Andaman and Nicobar Islands, Orissa, Gujarat, Andhra Pradesh, Tamil Nadu,
Kerala, Goa, Maharashtra and Karnataka. The largest area of mangrove occurs at
the Sundarbans, West Bengal, followed by Andaman and Nicobar Islands. The
mangrove species diversity is highest in Orissa with 101 species, followed by 92
species in West Bengal and in Andaman and Nicobar Islands and the lowest of 40
species in Gujarat (Kathiresan 2000) (Fig. 5.3).
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Fig.5.3 World atlas of mangroves (Source: FAO 2008)

The Sundarbans mangroves are located in the coast of the Bay of Bengal (sharing
between India and Bangladesh). Sundarbans got this name, as the forest is domi-
nated by Heritiera tree species which is locally called ‘sundari’ because of its ele-
gance (Jain and Sastry 1983). The mangroves are spread to an area of 4262 km?, but
only 2320 km? is the forest, and the rest is water having the highest diversity with
69 species, 49 genera and 35 families, including two species, viz. Scyphiphora
hydrophyllacea and Atalantia correa which are reported for the first time from
Indian Sundarbans (Mandal et al. 1995). The royal Bengal tiger is the unique resi-
dent species of the Sundarbans. Honeybees occupy an important position in the
mangroves of the Sundarbans as honey and beeswax are important products obtained
from this ecosystem (Gopal and Chauhan 2002). Aegiceras corniculatum flowers
form a source of high-quality honey in this region (Wealth of India, vol. I. 1985)
followed by Avicennia marina and A. officinalis (Banerjee et al. 1989).

Pichavaram mangrove forest is located in the Southeast Coast, in the Cuddalore
district of Tamil Nadu State, which receives brackish water from Vellar estuary and
Coleroon estuary. Pichavaram mangrove ecosystem harbours 35 species of 26 gen-
era and 20 families, including one new species Rhizophora annamalayana Kathir
(Kathiresan 1995). The dominant mangrove species in Pichavaram is Avicennia
marina followed by Avicennia officinalis, Excoecaria agallocha, Rhizophora apicu-
lata and Rhizophora mucronata (Jyoti Srivastava et al. 2012). Pichavaram man-
groves harbour 46 species of crabs from five different stations (Ravichandran and
Kannupandi 2007). Being an ideal feeding and breeding ground for many commer-
cially valuable faunal species like fishes, prawns, molluscs, etc., it attracts a large
number of birds which in turn attract an appreciable number of tourists.
Chandrasekaran and Natarajan (1992) reported an annual harvest of 245 tons of
fish, prawn and crab from this mangrove ecosystem, and 3000 traditional poor
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Fig.5.4 Netravathi-Gurupur estuarine mangrove

fishermen living in 14 hamlets depend on this for their livelihood security. Eight
prawn species are dominant in Pichavaram mangroves (Kathiresan and Bingham
2001) and finfishes like Ambassis gymnocephalus, A. commersoni, Arius subrostra-
tus, Chanos chanos, Etroplus suratensis, Gerres filamentosus, G. abbreviatus, Liza
parsia, L. macrolepis, L. subviridis, Lates calcarifer, Lutjanus argentimaculatus,
Mugil cephalus, Osteomugil cunnesius, Pomadasys Pondicherry kaakan, Plotosus
canius, Scatophagus argus, Siganus javus, S. canaliculatus and Terapon jarbua
(Kathiresan 1999).

According to the Government of India report (1997), 6000 ha of mangrove cover
is present in Karnataka which is spread in estuaries of Netravathi-Gurupur, Mulki-
Pavanje, Udyavara-Pangala, Swarna-Sita-Kodi, Chakra-Haladi-Kollur, Baindur
hole, Shiroor hole Venkatapur, Sharavathi, Aghanashini, Gangavali and Kali river
estuarine complexes. Most mangroves are of the fringing type in linear formations
along the river or estuarine banks. Some of the mangrove species present in
Karnataka are Acanthus ilicifolius, Lumnitzera racemosa, Excoecaria agallocha,
Aegiceras corniculatum, Porteresia coarctata, Bruguiera cylindrica, Bruguiera
gymnorrhiza, Kandelia candel, Rhizophora apiculata, Rhizophora mucronata,
Sonneratia alba, Sonneratia caseolaris, Avicennia marina and Avicennia officinalis.
Netravathi-Gurupur estuarine mangrove complex is located near Mangalore joining
the Arabia Sea at right angle, whereas the Gurupura River runs parallel to the coast
before joining the Netravati River which together forms the estuarine mangrove
complex (Fig. 5.4). The influence of the tide is felt to a distance of about 20 km
inland. This estuarine complex harbours eight mangrove species and many associ-
ated plants along with molluscs, polychaetes, crustaceans (Penaeus indicus, P. mon-
odon, Metapenaeus monoceros) and a number of finfishes. Finfish and shellfish
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fisheries and aquaculture are important livelihood with clam, prawn and crab collec-
tion activities. The benthic animals and planktons play a crucial role in these estua-
rine and mangrove ecosystems like pelagic and terrestrial communities.

5.3  Crustacean Diversity in Mangrove Ecosystem

Crustaceans are the most diverse arthropod group under water, and few have evolved
to live on land, though they still require the damp area or an easy access of water to
live. Crustaceans include penaeid prawns, non-penaeid prawns, lobsters, crabs,
crayfishes, shrimps, barnacles, etc. which are important in human economy due to
their role in the marine and terrestrial food chain. Crustaceans are also very impor-
tant in the nutrient recycling. They possess hard and flexible exoskeleton, two pairs
of antennae, a pair of mandibles, a pair of compound eyes, a pair of maxillae and a
pair of appendages in each of the body segments. Most of them are dioecious and
free living, few are sessile and few others are parasitic. Reproduction is either
through the larval stage nauplius or miniature adults. The crustaceans and molluscs,
being the dominant macrofauna of the ecosystem, provide a major contribution to
the mangrove forest (Hutchings and Saenger 1987) as they make burrows helping
other faunal diversity to get the necessary ground for feeding and to establish the
boundary required for breeding. Some organisms like barnacles filter water through
these burrows. Globally the high number of juvenile crustaceans is found in man-
grove ecosystem. The main reason for this is the high abundance of food, lower
predation pressure due to shallow-water, microhabitats with higher turbidity and
reduced visibility (Beck et al. 2001) and their complex physical structure, for exam-
ple, root modifications (Lee 2008; Nagelkerken 2009).

To understand the significance of faunal diversity in mangrove ecosystem,
numerous studies have been carried out at the east and west coasts of India (Kumar
2001; Saravanakumar et al. 2007). Mud crabs, hermit crabs, lobsters, shrimps and
prawns are predominately present in these ecosystems. As mangroves bloom, ger-
minate and fruit, changes occur in invertebrate populations in response to change in
food resource. The mangrove ecosystem is continuously being utilised by the verte-
brates in these areas. Some vertebrates visit only during favourable periods. Over 90
% of commercial fishery and 70 % of sport fishery depend on the natural mangrove
ecosystem for food and habitat (Lewis et al. 1985). Mangroves are dominated by
marsh crabs near upper zones and fiddler crabs (Fig. 5.5) closer to shore. As fiddler
crabs feed on detritus and micro-organisms living in the detritus, they play a crucial
role in cycling of nutrients in the mangroves (Dev Roy and Sivaperuman 2012).
This nutrient cycling from the sediment is due to the digging behaviour of the bot-
tom strata and remineralisation action of the detritus in the ecosystem (Robertson
1991). Digestion of structural carbon aided by cellulase enzymes has been studied
on terrestrial detritivorous and herbivorous animals (Linton and Greenaway 2004,
2007). Recent studies also revealed the same in many estuarine animals, particularly
detritivorous grapsid crabs (Adachi et al. 2012). The diversity effects in the man-
grove ecosystem differ between top-down and bottom-up trophic levels in
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Fig.5.5 Fiddler crabs

detritus-based systems (Srivastava et al. 2009; Kominoski et al. 2010). Most of the
species are exclusively visitors including humans exploiting the same.

Comprehensive compiled lists of fishes, molluscs, crustaceans, echinoderms and
algae of economic importance associated with mangroves that report 732 species in
Western Central Pacific, 640 species in Eastern Indian Ocean and 654 species in
Western Indian Ocean have been prepared by Matthes and Kapetsky (1988). The
commercially important species among these are Mugil cephalus, Scylla serrata,
Penaeus sp., Crassostrea sp. and Meretrix sp. All over the world, about 65 bird spe-
cies have been listed as endangered or vulnerable. Saenger et al. (1983) have stated
that about 150-250 mangrove bird species would be in each of the main biogeo-
graphical regions. Aveline (1980) reports that decapod crustaceans are the primary
composition of mangrove forests’ invertebrate fauna, and these play a crucial role in
the mangrove ecosystem dynamics. Hamilton and Snedaker (1984) report that 60 %
of commercial catch depends on mangroves in Fiji.

A total of 3111 mangrove-inhabiting faunal species are distributed in different
states of India and include prawns, crabs, molluscs, fishes, insects, reptiles, amphib-
ians and mammals (Kathiresan and Quasim 2005). Till now 26 lobsters, 162 hermit
crabs, 705 brachyuran crabs and 84 prawns/shrimp species have been recorded in
India (Venkataraman and Wafar 2005). In India 11 species of edible crabs have been
identified (Portunus sanguinolentus, P. pelagicus, Charybdis feriatus, C. hicifem, C.
annulata, C. natator, Scylla tranquebarica, S. serrata, Matuta lunaris, Sesarma
tetragonum and Varuna litterata), inhabiting the coastal and brackish water environ-
ments and supporting the commercial fisheries. A total of 48 prawn species are
reported from the mangrove ecosystem of India with 34 in the east coast, 16 in Bay
Islands and 20 in the west coast (Kathiresan 2000). Samant (1986) recorded 121
species of birds along the Maharashtra coast. Approximately 60 % of commercially
important fish species are associated with mangrove ecosystem (Untavale 1986).
Molluscs are abundant in South Canara particularly clams during the non-monsoon
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period (Chatterji et al. 2002). The estimation of the Central Marine Fisheries
Research Institute (CMFRI), South Canara, showed an increase of bivalves harvest
with 4583 tons in 2006, compared to 905 tons in 1997. Boominath et al. (2008)
estimate harvest of 22,000 tons of edible bivalves per year from Aghanashini estu-
ary of Honnavar Forest Division worth of Rs. 66 crore at current market prices.

In mangrove ecosystem, copepods are the major planktonic component with
zooplanktonic copepods comprising 60-80 % of biomass (Lépez-Ibarra and
Palomares-Garcia 2006) and play the role as prey to many juveniles and immature
adults (Sommer et al. 2002). These copepods transfer energy and organic matter
from the primary producers to higher trophic levels of the aquatic system (Parsons
et al. 1984) though the abundance and distribution are influenced by hydrographical
conditions (Santhanam and Perumal 2003).

Barnacles are one of the most fouling organisms in the estuarine ecosystem, and
there are more than 1000 known species of barnacles (Chan and Lee 2007) in the
world. The barnacles in mangrove ecosystem attach to hard submerged object in the
estuarine water or other organisms like crabs, molluscs, shell of turtles, etc. or roots
and the lower region of mangrove plant (Grunbaum 2010; Madin 2010).

The mud crab Scylla sp. the most important large commercial crab species reach-
ing up to 3 kg in weight is found in mangrove habitats in the world. FAO (2012) and
Grubert et al. (2012) report 37,000 tons of Scylla sp. being caught globally exclud-
ing many countries that do not report the mud crab catches to FAO. This clearly
shows that the global mud crab catch is much higher than the given figures of
FAO. Joel et al. (1985) reported the distribution and zonation of 29 crab species in
the Pulicat Lake. Chakraborthy and Chowdhury (1992) studied 18 species of crabs
in the island of Sundarbans mangrove. Mangrove leaf litter decomposition by crabs,
lobsters and sesarmids plays a key role between primary and secondary producers
(Ajmal Khan et al. 2005). Mangrove trees shed about 7.5 tons of leaves per acre per
year, and the energies stored in these leaves are utilised by the crabs before these are
carried away by tides (Ashton 2002) and crucially contribute towards the secondary
production through the coprophagous food chain (Gillikin et al. 2001). The crabs
are a unique source of protein to aquatic life as well as to human being (Siddiqui and
Zafar 2002). Sesarmids depend on the sediments of mangroves than the leaves for
carbon assimilation (Bouillon et al. 2002; Skov and Hartnoll 2002). The other major
commercially valuable crustaceans associated in mangrove are prawns though a
large part of commercial harvest (Fig. 5.6) of prawn is in offshore sectors (Vance
et al. 2002).

The major part of juvenile stage in prawns is dependent on the mangrove ecosys-
tem as they supply all necessary environment and nutrients (Potter et al. 1986).
These juveniles spend only few months in the estuaries and then migrate to offshore
up to tens of kilometre which makes it difficult to quantify their nursery grounds.
The prawn fishery catch varies to a wide extent as the distribution is dependent on
the physical factors like salinity and temperature (Vance et al. 1985). Besides all
these factors, a greater abundance of prawn juveniles are found in mangrove areas
of estuaries than in the other parts (Primavera 1998).
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Fig.5.6 Commercial harvest of prawns

Some of the prawn and shrimp species reported in the Indian mangroves are
Metapenaeopsis coniger, Metapenaeus monoceros, M. affinis, M. brevicornis, M.
dobsoni, M. lysianassa, M. kutchensis, M. moyebi, Parapenaeopsis longipes, P.
sculptilis, P. stylifera, P. canaliculatus, P. indicus, P. japonicus, P. latisulcatus, P.
merguiensis, P. monodon, P. semisulcatus, P. penicillatus, Acetes erythraeus, A.
indicus, Solenocera crassicornis, Macrobrachium lamarrei, M. idella, M. idea, M.
dayanum, M. javanicum, M. malcolmsonii, M. mirabile, M. rosenbergii, M. rude, M.
scabriculum, Palaemon concinnus, P. debilis, P. styliferus, P. semmelinkii, P. tenui-
pes, Alpheus crassimanus, A. paludicola, Caridina gracilirostris, C. brachydactyla,
Lucifer hanseni and Thalassina anomala (Kathiresan and Rajendran 2005).

As the mangroves provide soft sediment for burrowing animals and hard rooted
structure for the animals requiring firm substratum with adequate nutrients, these
areas are abundantly inhabited by bivalves. Till date 5070 mollusc species have
been recorded in India with 3370 marine species (Venkataraman and Watar 2005),
the rest are freshwater and terrestrial species. As the molluscs are rich in nutrients
especially proteins, fats and minerals, mollusc (shell) fishery mainly includes
bivalves like clams, mussels and oysters. High juvenile abundance of many aquatic
organisms is seen in mangrove-associated areas like coral reefs and seagrasses
(Mumby et al. 2004; Jelbart et al. 2007).

5.4  Ecological and Economic Significance

Mangrove ecosystem provides many goods and services though all of which are not
quantified in terms of economic value. Mangroves, serving as a critical nursery for
many commercially important organisms, play an important role in the health and
the economic well-being of fisheries. Mangrove forests being the highly productive
ecosystem have also been a potential contributor of timber, poles, food, medicines
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Fig.5.7 Marine Fish Landing in India (Source: CMFRI 2013)

and a wide variety of other items, indicating conservation of this ecosystem to be a
realistic global economic investment (Ronnback 1999). Timber from mangrove is
widely used to produce charcoal, tannins and resins for dying and leather making,
furniture, bridges, poles for fish cages and traps, alcohol, boats and many other
products (Kathiresan and Bingham 2001). The major roles of mangroves and the
macrofauna associated with the ecosystem are in providing food security, coastal
protection, maintaining water quality, carbon dioxide fixation, source of medicine
and salt-resistant genes, dyes, fodder, paper pulp, timber, firewood, manure, fibre,
perfumes, recreation and tourism. The leaves, fruits, seeds and seedlings of
Avicennia marina and vegetative parts of other mangrove species are consumed as
vegetables, and some of the mangrove flora also has toxic compounds that are used
for their antifungal, antibacterial and pesticidal properties (Bandaranayake 1998).

Mangroves are among the most productive ecosystems as they provide support
both directly and indirectly to all life forms. The rich diversity in the mangrove
ecosystem influences primary producer abundance, nutrient input, tidal action,
annual production and many other factors in the ecosystem. In the past decade,
global production of shellfish has doubled in the coastal zone (Naylor et al. 2000).
Inhabitants of the estuaries and mangrove forest derive the major direct benefits
(Hamilton and Snedaker 1984) as these ecosystems are the important contributors
for coastal economy. The economy that depends on mangrove swamps, estuaries,
grass beds and coral reefs are severely affected worldwide as these areas are being
degraded or destroyed (Wilkinson 1992).

FAO (2012) reports a global consumption of 78.9 million tons of fish, crusta-
ceans and molluscs from oceans contributing to 16.6 % of global protein intake by
human in 2011. India has exclusive economic zone of 2.02 million sq. km and
0.53 million sq. km of continental shelf. CMFRI (2013) reports that India has an
average annual crustacean resource landing of about 4.36 lakh tons (Fig. 5.7) which
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is 15.9 % of marine fish landing that included 7.4 % penaeid prawns, 5.4 % non-
penaeid prawns, 0.1 % lobsters, 1.5 % crabs and 1.5 % stomatopods. In India the
east coast contributes 26.4 % and the west coast 73.6 % (Fig. 5.2) of the total crus-
tacean landing. The demand for fish, crustaceans, molluscs and their products has
seen a dramatic increase in the past decades due to the economic importance and
provides employment and livelihood to millions of people. Crustaceans and mol-
luscs take a crucial role in ecological functioning of mangrove ecosystem (Lee
1999). Thus, functioning of mangrove ecosystems is reflected by the richness and
abundance of species as they become an indicator of change in mangrove ecosys-
tem. Mangrove swamps, estuaries and lagoons and their grass beds act as ‘nurser-
ies’ and provide nutrients and shelter for economically important fishes, crustaceans
and molluscs, and these areas are among the world’s most ecologically critical and
threatened resources (Pauly and Ingles 1999). Fishery resources from the mangrove
ecosystem are regarded more valuable than the wood and other natural and agricul-
tural goods (Lacerda 1993). Man gets fish, crabs, shellfish, reptile skins, honey and
other products from most of the world’s mangrove forests (Nurkin 1994). Thus,
these ecosystems are an important economic resource and ecological asset to every
county. As numbers of molluscs are soft bodied, their shells are used in preparation
of a number of medicinal oils and medicines to treat many diseases. Apart from
these, molluscs like cuttlefish, squids and octopods are used as fish bait. Mangroves
also help greatly towards the recharge of underground water table.

5.5 Loss of Diversity

Hostile habitat and human abuse of mangroves are resulting in endangering this
unique ecosystem (Kathiresan and Ravikumar 1995), and today these ecosystems
are one among the most threatened ecosystems in the world (Kelleher et al. 1995).
Many studies have shown that these ecosystems are being destructed twice faster
than the well-publicised destruction of tropical rain forests. The consumption of
macro consumers like grapsid crabs and gastropods would significantly reduce the
detrital carbon stock in tropical mangroves (Kristensen et al. 2008; Lee 2008).
Natural and anthropogenic disturbances at various levels (Wolanski et al. 2000) are
serious threats to mangrove ecosystem functioning (Osborn and Polsenberg 1996).
Degradation and loss of mangrove are mostly due to salt production, wood extrac-
tion, coastal industrialisation and urbanisation, coastal aquaculture and other
anthropogenic activities (Macintosh 1996). These activities adversely affect the
crustacean fauna and their resources worldwide (Suseelan and Nair 1994).
Degradation or deforestation of mangroves has resulted in 1-2 % loss annually, and
thus approximately 30-50 % of global mangroves were lost in the past half century
(Polidoro et al. 2010). IPCC (2007) predicts that if the present rate of loss continues,
30-40 % of coastal wetlands and 100 % of mangrove forests (Duke et al. 2007)
could be lost from the world within the next century. Globally only 6.9 % mangrove
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area is covered under the existing protected area network (Giri et al. 2011). The
Government of India (1987) reports a loss of 40 % mangrove area in the last century
from India. Mangrove area of about 191,300 ha was lost during 1987-1997 all over
India. A total of 20 faunal species has been reported to be threatened from Indian
mangrove ecosystem (Dev Roy and Sivaperuman 2012).

The brackish water ecosystems that include estuaries, backwaters, saltwater
lakes, mangroves, etc., harbouring immense wealth of juvenile prawns, are reported
with considerable shrinkage due to an authorised and unauthorised reclamation in
the past few decades. Mangrove reforestation is limited to two to three species due
to economic reasons of the developing countries (Gan 1995). Overfishing has
resulted in depletion in number of fish, crustacean and molluscs. Some popular spe-
cies, like whales, dolphins and sea turtles, are on the verge of extinction. The recent
global mangrove forest estimate reveals that the loss is more than half of what it was
once (Spalding et al. 1997) and the remaining is in degraded condition (MAP 2005).
The survival of mangrove seedlings has been suggested to be affected by the attach-
ment of the barnacles in many areas (Havanon et al. 1995; Rawangkul et al. 1995).
This degradation will result in the reduction or loss of goods and services provided
by mangrove ecosystem (Duke et al. 2007). Vietnam, Mexico, Singapore, the
Philippines and Thailand have lost most of their mangrove as a result of urbanisa-
tion and exploitation (Spalding et al. 1997). All mangrove species are susceptible to
herbicide stress (Odum et al. 1982), and stress of single defoliation would kill the
entire plant.

Data on carbon storage in mangrove wood or sediments are very less, but the
available data suggests that mangrove forests can accumulate enormous carbon
(Twilley et al. 1992; Alongi et al. 2000). In Sawi Bay, carbon in mangrove sedi-
ments is derived from land and from phytoplankton stimulated by inorganic nutri-
ents (Ayukai and Alongi 2000). As mangroves are an important carbon sink which
get converted to biomass, the loss of these crucial ecosystems has resulted in a huge
loss of carbon, stored as mangrove biomass (Cebrian 2002). Human beings cut and
fill mangroves for agricultural and industrial development and urbanisation (Linden
and Jernelov 1980), and these mangroves are converted as salt flats to produce salt
(Nurkin 1994). The changed pattern of fishing creates biological damages to impor-
tant shrimp species, besides it has also generated social problems in many parts of
the world. Many countries do not report the actual figures of the resources that are
caught from these ecosystems despite producing thousands of tons of resources
which makes it difficult to assess the global loss. With the limited data that are avail-
able from different countries, FAO has assessed the loss of resources to an alarming
level requiring immediate attention.

5.6 Conservation

Natural conservation is the best way of conservation where it is being left alone
without interruption, as they are self-sustaining ecosystems. The best effort by
human in conservation could be by reducing and preventing future damages and
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taking steps to remove the past damages caused. The most common measures
adopted in tropical fisheries are restriction of fishing, closed seasons for fishing,
catch quotas allotment, mesh size regulation and restriction of juveniles capturing at
nursery grounds. These measures are drafted keeping in view of different breeding
periods and to have sustainable resource. Implementation of the above measures is
only possible by public understanding and participation. Governments and people
must understand the social and economic importance of mangrove ecosystem and
action to be taken towards the conservation and improvisation of these resources.
Following the Charter by the International Society for Mangrove Ecosystems (Field
1995) would be a great step towards the conservation. Restoration and rehabilitation
of mangrove plants should also be initiated, which are already being carried out in
few of coastal countries, though restoration and natural regrowth are slow (Sherman
et al. 2000). Countries like Papua New Guinea, Australia and Belize show no sub-
stantial change, and in few countries like Cuba, the restoration projects have helped
to regain mangrove forests (Field 2000). But due to the lack of proper planting
techniques and adequate site selection, there is a mixed outcome in most restoration
and rehabilitation projects (Ellison and Farnsworth 2000).

The Indian Constitution Amendment (1976) states that it shall be the duty of
every citizen of India to protect and improve the natural environment including for-
ests, lakes, rivers and wildlife. To advise the Indian Government about mangrove
conservation and development, a National Mangrove Committee under the Ministry
of Environment and Forests was set up by the Government of India in 1976. The
Environment (Protection) Act (1986) declares a Coastal Regulation Zone (CRZ) in
which industrial and other activities such as discharge of untreated water and efflu-
ents, dumping of waste, land reclamation and bunding are restricted in order to
protect the coastal environment. Mangroves are included in the most ecologically
sensitive category of coastal stretches.

As most rehabilitation projects adopt the monoculture or low diversity polycul-
ture with an emphasis on silviculture to produce timber, wood chips, charcoal and
fuel wood, it is highly difficult to restore fauna and ecosystem function of mangrove
forests (Ellison and Farnsworth 2000). Even then, if the hydrological and geomor-
phological conditions provided at optimal level and seedlings inoculated with bac-
teria that promote nitrogen fixation and plant growth (Holguin et al. 2001), the
rehabilitated forests can reach the biomass, structure and productivity in a long
period of 20-25 years (McKee and Faulkner 2000) and can reduce the loss of man-
groves worldwide to a level reducing not more than an annual global loss rate of
about 1 % (Kaly and Jones 1998). To reach high success in the rehabilitation, less
destructive mud crab cultivation has been trailed in most regions of the world
(Keenan and Blackshaw 1999). Till date high level of mangrove rehabilitation proj-
ects are successful only in Pakistan, Cuba and Bangladesh (Spalding et al. 1997)
wherein an impressive attempt along the large portion of tropical coastline has been
observed (Saenger and Siddiqi 1993). Though it is well known that the prohibition
is not possible due to socio-economic problems, attempts have to be made in con-
trolling the destruction of the juvenile prawns, and alternation for protection of
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young prawns in the estuarine systems has to be considered as prawn fishery is
mostly dependent on the emerging immature adults from the estuarine ecosystem.

Educating people by providing better vision on mangrove habitats, resources,
relevant legislation, policies and conservation strategies by awareness campaigns
along with magazines, films, posters, pamphlets, documentaries, exhibitions, study
tours, incentives for protection of mangroves, etc. would help in successful restora-
tion and rehabilitation of these ecosystems.
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Abstract

Crustaceans that include lobsters, crayfish, crabs, prawns, shrimps, and barnacles
are the most important part of the macrobenthic fauna. Crabs belong to the
infraorder Brachyura and are one of the dominating groups of decapod crusta-
ceans. Indian mangroves alone are serving as a good habitat for over 138 brachy-
uran crab species. The total number of freshwater crab species forms 65 % of
brachyuran species. But due to limitation in dispersal abilities, crabs have tended
to be endemic to small areas; as a result, a large proportion of them are threat-
ened to extinction. Culturing of crabs under captivity seems to alleviate the threat
to some extent. Due to the multiple roles of crabs such as indicators of pollution,
a good source of protein, an important stratum in the food web, and having direct
and indirect socioeconomic, medicinal, and sociocultural values, more attention
needs to be paid to explore the potential of different crab species for their eco-
nomic and/or medicinal value. The present study investigates the antimicrobial
and antifungal activity of the hemolymph of the South Indian field crab,
Oziotelphusa senex senex.
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6.1 Introduction

Crustaceans are the important part of macrobenthic fauna. Lobsters, crayfish, crabs,
prawns, shrimps, and barnacles are the different groups of crustaceans. The majority
of decapods occurring in tropical and subtropical regions of the world are exhibiting
a significant decline in species number in the temperate and cold regions (Boschi
2000). Classification within the order Decapoda of phylum Arthropoda depends on
the structure of the gills and legs and types of larval development, giving rise to two
suborders: Dendrobranchiata and Pleocyemata. The Dendrobranchiata consists of
prawns, including many species commonly referred to as ‘“shrimp,” while
Pleocyemata includes the remaining groups, including the “true shrimp” (Elena
Mente 2008). Those groups which usually walk rather than swim (Pleocyemata,
excluding Stenopodidea and Caridea) form a clade called Reptantia (Scholtz and
Richter 1995). Crabs, the decapod crustaceans, belong to the infraorder Brachyura,
which typically have a very short projecting “tail” (abdomen), usually entirely hid-
den under the thorax. Crabs belong to 93 families and exist in an array of microhabi-
tats across the oceans, freshwater, and even on land, and are found throughout the
world’s tropical and semitropical regions.

Order — Decapoda

Suborders
! !
Dendrobranchiata Pleocyemata
Super families Infraorders
1. Penaeoidea
2. Sergestoidea 1. Stenopodidea
2. Caridea
3. Astacidea
4. Glypheidea
5. Axiidea
6. Gebiidea

=

Achelata
Polychelida
. Anomura

. Brachyura

© o

1

o

-Caridea
Superfamilies - Procaridoidea, Galatheacaridoidea, Pasiphaeoidea,
Oplophoroidea, Atyoidea, Bresilioidea, Nematocarcinoidea,
Psalidopodoidea, Stylodactyloidea, Campylonotoidea,

Pal o ATeheoidon P o Pan ot
P Alp ! P

Physetocaridoidea, Crangonoidea
-Astacidea
Superfamilies - Enoplometopoidea, Nephropoidea, Astacoidea,Parastacoidea

- Glypheidea
Superfamily - Glypheoidea

-Anomura
Superfamilies - Aegloidea, Galatheoidea, Hippoidea, Kiwaoidea, Lithodoidea, Lomisoidea,
Paguroidea

Fig.6.1 Classification of order - Decapoda to the level of superfamilies (De Grave et al. 2009)
(Fig. 6.1)
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Brachyura

Sections
Dromiacea Raninoida Cyclodorippoida Eubrachyura
Subsections
Heterotremata Thoracotremata
-Dromiacea
Superfamilies- Dromioidea, H lod ioidea, H loid

-Heterotremata
Superfamilies-Aethroidea, Bellioidea, Bythograeoidea, Calappoidea, Cancroidea,
Carpilioidea, Cheiragonoidea, Corystoidea, Dairoidea, Dorippoidea,

Eriphioidea, Gecarci idea,Goneplacoidea, Hexapodoid
Leucosioidea, Majoidea, Orithyioidea, Palicoidea, Parthenopoidea,
Pil idea, Por idea, P idea, Pseudothelpt d
Pseudozioidea, Retropl idea, Trapezioidea, Trichodactyloidea,

Xanthoidea.

-Thoracotremata

Superfamilies - Thoracotremata, Cryptochiroidea, Grapsoidea, Ocypodoidea,
Pinnotheroidea

Fig.6.1 (continued)

6.2 Distribution, Ecological and Economic Importance
of Crabs

Brachyuran crabs are represented by 700 genera and up to 10,000 species world-
wide (Kaestner 1970; Ng 1988; Melo 1996; Martin and Davis 2001; Ng et al. 2008;
Yeo et al. 2008), out of which 2600 species are present in the Indo-West Pacific. In
India alone, 705 brachyuran crab species belonging to 28 families and 270 genera
have been reported by Venkataraman and Wafar in 2005. Maximum crab catches
were found in the Gulf of Mannar, Palk Bay, Nagapattinam, and Pondicherry of
Tamil Nadu coast (Rao et al. 1973), as well as Chennai coast of the same state. In
Indian mangroves, 138 brachyuran crab species were reported (Kathiresan and
Qasim 2005; Ng et al. 2008), with 19 species in the Gulf of Kutch (Gujarat state)
(Trivedi et al. 2012), 15 species in the Pondicherry coast (Satheeshkumar and Khan
2011), and 54 crab species belonging to family Portunidae from Chennai coast
(Krishnamoorthy 2007). In different areas of the Gulf of Mannar, the occurrence of
32 species in Manauli Island, 26 species in Appa Island, 22 species in Nallathanni
Island, and 18 species in Karaichalli Island were reported (Jayabaskaran and Ajmal
Khan et al. 2007). A total of 38 species of brachyuran crabs (Ravichandran and
Kannupandi 2007) were reported from Pichavaram mangrove areas.

Brachyuran crabs, a diverse group of crustaceans, are found at a depth of 6000 m
to seashore. They are dominant in many estuarine habitats where salinity and
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Infraorder - Caridea
Ex: Heterocarpus ensifer

Infraorder - Glypheidea
Ex: Mecochirus longimanatus
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Ex: Upogebia deltaura
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Fig.6.2 Representative species of different infraorders of Decapoda
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temperatures can fluctuate dramatically daily (Ng et al. 2008). Tropical and sub-
tropical regions have more number of crab species compared to temperate and cold
regions (Fransozo and Negreiros-Fransozo 1996; Boschi 2000).

The total number of freshwater crab species (undescribed species) is thought to
be actually 65 % higher, potentially up to 2155. All freshwater crabs belong to eight
families, each with a limited distribution. Although various crabs from other fami-
lies are also able to tolerate freshwater conditions (euryhaline) or are secondarily
adapted to freshwater, the phylogenetic relationships between these families are still
debateable, and it is not clear how frequently the freshwater lifestyle has evolved
among the true crabs. Few fossils of freshwater crabs have also been found; the old-
est fossil is Tanzanonautes tuerkayi, from the Oligocene epoch of East Africa.
Freshwater crabs are known to exhibit direct development and maternal care of a
small number of offspring. Marine crabs release thousands of larvae to the sea sur-
face. This resulted in limited dispersal abilities of freshwater crabs and they tend to
be endemic to small regions. Consequently, a large proportion of them are at the
verge of extinction.

Being the predominant group of the mangrove ecosystem (Macintosh 1996),
crabs are thought to play a significant ecological role in their structure and function
(Lee 1999). They act as connecting links between the primary detritus at the base of
the food web and consumers at higher trophic levels (Macintosh 1996). They play
an important role in nutrient recycling. The feces of all the crabs consist of carbon,
nitrogen, phosphorus, and trace metals which form a rich food for other consumers.
Crabs and their larvae are consumed by many predators and omnivorous fishes.
Thus they are of immense value in recycling nutrients. The burrowing activities of
crabs are known to improve soil aeration (Smith et al. 1991), allow seawater pene-
tration, and are responsible for nutrient exchange (Paphavasit et al. 1990). As a
result, the topography and textural properties of mangrove soils are altered (Warren
and Underwood 1986). Crabs along with other animals modify the mangrove sedi-
ment and thus have the potential to nourish mangrove vegetation, structure, and
productivity.

The South Indian edible freshwater crab, Oziotelphusa senex senex, is an inhabit-
ant of rice fields and irrigation canals. Although originally limited to freshwater, it
can also survive in 100 % seawater (Reddy and Reddy 2006). Their ecological role
through their important position in the food web in more than one level cannot be
ignored. They provide prey for many invertebrates and vertebrates and in turn feed
on a variety of plant materials competing with other small herbivores, small fishes,
prawns, and invertebrates (Gherardi et al. 1989). Thus crabs among other inverte-
brates are considered as an essential shell fishery product (Nalan et al. 2003) and
significant organisms inhabiting Southeast Asian freshwaters and play a key role in
recycling nutrients.

Perhaps another significant role of crabs is the transmission of diseases. Crabs of
the genera Sudanonautes and Liberonautes have been identified as secondary hosts
of lung flukes (Paragonimus spp.), several species of which cause pulmonary para-
gonimiasis in the rain forest regions of the West and West-Central Africa (Voelker
etal. 1975; Voelker and Sachs 1977; Cumberlidge 1999). The mode of transmission
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is through the consumption of partially cooked crab flesh (Ollivier et al. 1995). In
Southern Nigeria, crabs are often eaten raw, particularly by children, resulting in
high rates of infection (Udonsi 1987). Crabs also act indirectly as vectors of oncho-
cerciasis (river blindness), a disease caused by a blood fluke spread by black flies
(Diptera). Larvae of these flies have a phoretic association with crabs and other
freshwater invertebrates, most notably mayflies whose larvae and pupae attach
themselves to the carapace and leg bases of crabs.

6.3 Sociocultural Value

The association between crabs and religion dates back to the first century. Romans
worshiped the crab as a sea god and named the crab as Neptune. The crab, Charybdis
feriatus, has been called as symbol of the cross by Christians from the coastal areas
of India. They do not eat this crab and release it to the sea when accidently caught
along with fish. The abnormal growth of body cells due to cancer/tumor resembles
the nesting ground of Cancer spp., so the disease’s name denotes this killer disease.
Even in astrology, crabs represent one of the 12 powerful zodiac signs.

Chaeybdic feriatus

Charybdis feriatus

6.4 Socioeconomic Value

Crabs play a valuable role as indicators of pollution. Potamonautes warreni, found
commonly along the Orange River, has a large body and is easy to capture with bait.
The river drains much of the heavily polluted mining by products of the Northern
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South Africa. The crab is investigated as a possible bioindicator of metals in these
habitats (Van Eeden and Schoonbee 1991; Sanders et al. 1999; Schuwerack et al.
2001).

The smaller intertidal crabs are not economically valuable but can be used in the
preparation of high energy-yielding, cheaper artificial pellet feeds for the farming of
edible varieties of seafood. In some parts of the world, powdered crabs are fed to
livestock and poultry as a supplement to their diet (Panning and Peter 1933; Agarwal
and Kumar 1987). Crab’s powder is also used as fertilizer in agricultural operations
(Agarwal and Kumar 1987).

Crabs form an important constituent in the marine fish landings in the world.
Crab meat, frozen or dried, and crab concentrate of non marine species are consid-
ered as table delicacies and are exported (Samuel 1968). Live crabs, cut crabs, and
meat are exported from India to countries like Japan, the USA, France, Hong Kong,
Malaysia, and Singapore. Crabs have become a very important component of the
coastal and mangrove ecosystems worldwide because of their high consumer
demand fetching high prices both in local and export markets (Chitravadivelu 1994).
True brachyuran crab, Ranina ranina, fishery is also thriving commercially since
World War II (Brown and Caputi 1985). The meat of R. ranina is considered a deli-
cacy among the tourists, and its pegged price in Philippine Peso is 200-300/kg at
the local market in Zamboanga City in the southern part of the Philippines (Tito and
Alanano 2008). Although the mud crab fishery in the Philippines was started with
the work of Arriola in 1940 with the study of the life history of Scylla serrata, the
farming was started only 30 years earlier (FCI Act 1999). In Japan, Japanese mitten
crab, Eriocheir japonica, is a very popular seafood so much so that to replenish the
declining populations of this crab species, its restocking management programs
such as seed production, releasing young crabs, etc. are being taken up to protect the
natural population from extinction by overexploitation.

Although crabs are thought to be inferior to prawns and lobsters, they have a high
demand in Vietnam (Yeo et al. 2008), Australia (Gardner et al. 1998), and the USA
(Cohen and Carlton 1997). The ripening gonads and orange ovaries of matured
females of the Chinese mitten crab are considered delicacies (Veldhuizen and
Stanish 1999).

Freshwater crabs are eaten by human beings in many countries. The species con-
served in Africa are Sudanonautes aubryi in Ivory Coast (Bertrand 1979) and S.
africanus and S. kagoroensis in Nigeria (Okafor 1988; Cumberlidge 1991). Some
tribes do not eat them (Cantrell 1980). Large pseudothelphusid freshwater crab is
eaten by tribals in South America (Finkers 1986). In Thailand, large potamids and
parathelphusids are occasionally eaten by locals (Ng 1988). Potamids are important
in the diet of the rural and hill tribes of Northern Vietnam (Yeo and Ng 1998).
Liberonautes nanoides, the dwarf river crab, is caught during the dry season using
basket traps in Liberia (Sachs and Cumberlidge 1991). This small species is used as
an ingredient in soups.

Apart from being a table delicacy and a good source of protein, crabs are of use
in several other ways. They can tolerate a wide range of environmental variations
and are considered as plastic and thus are always chosen to test tolerance levels of
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aquatic fauna. Brachyuran crabs have been used as tools in the elucidation of physi-
ological mechanisms, fertilization, regeneration and cell association, and mecha-
nisms of drug action. Crabs have recreational values, such as fishing large and small
crabs, and are used esthetically too such as keeping colorful crabs in the aquarium.
More colorful Indo-Chinese potamid crabs of the genus Demanietta have a good
market as specimens for aquariums (Yeo et al. 2008). Potamonautes lirrangensis
(“Malawi blue crab”), which inhabits Lake Malawi and rivers in the upper Congo
catchment is sold frequently as an aquarium species locally (often under the name
P. orbitospinus).

Bacteria, viruses, fungi, and several other pathogens influence the shell diseases
among crustaceans. Shell infestation by biological agents such as bacteria (Sawyer
1991), fungi (Stentiford et al. 2003), dinoflagellates (Gottfried et al. 2003), and
foulers (Heath 1976) is a major problem in aquaculture, causing heavy economic
losses. Bacterial pathogens rank as the most common etiological agents of crusta-
cean decapods, as they cause more diseases than all other agents (Roberts 2004).
Gram-positive forms affect and cause serious diseases among crustaceans. Several
shell diseases caused by Vibrio, Pseudomonas, and Aerococcus are major causes of
economic loss (Prince et al. 1993). On the other hand, fungal growth on the surface
of eggs, larvae, and shell of adult causes extensive mortalities. Some of these infec-
tions become systemic and invade all body organs making crabs nonedible.

6.5 Maedical Importance of Crabs

The Central Institute of Fisheries Technology, Cochin, India, has been endeavoring
to develop a variety of prawn/crab products having food, medicinal, and industrial
value (Gopakumar 1993). Crab meat is believed to possess therapeutic qualities for
colds, asthma, and wheezing. Freshwater crabs are known to have toxic and medici-
nal properties especially to heal injuries and stomach ailments (Dai 1999). According
to the traditional belief, medicinal liquor prepared by baking the crab shell enriches
it with calcium (Sriphuthorn 2000). Crab curry is used to treat cold, asthma, and
typhoid and is given as tonic to convalescing patients (Anonymous 1972). The tonic
derived by pounding the whole body of freshwater crabs in a mortar is used to
detoxify the blood (Sriphuthorn 2000). This water is administered to women who
have a history of miscarriages.

A very interesting behavior is displayed by Potamonautes raybouldi, the tree-
hole crab of the East Usambara Mountains in Tanzania and the Shimba Hills in
Kenya (Bayliss 2002; Cumberlidge and Vannini 2004). Not the crab itself, but the
water from the tree hole in which it lived is reported to be medically important. The
value of the water is enhanced by the behavior of the crab. The crab neutralizes the
naturally acidic water in tree holes by crushing the shells of captured snails and add-
ing them into the water, resulting in increased pH and levels of dissolved calcium
(Bayliss 2002).
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Many highly active biocompounds have recently been isolated from reef brachy-
urans associated with antimicrobial, antileukemic, anticoagulant, and cardioactive
properties. The exoskeleton of many crustaceans including crabs is chiefly com-
posed of chitin, an animal polysaccharide. It plays an important role in biochemical
activities and chemical applications in medical and pharmaceutical industries
(Murugan and Ramakrishna 2004; Yadav and Bhise 2004; Takeuchi et al. 2001;
Kato et al. 2003). Chitin and its N-acetylated analogs are used for their antimicro-
bial, antitumor, and immuno-enhancing activities (Gohel et al. 2006). Similarly,
chitinolytic enzymes are used extensively in agriculture, biological, and environ-
mental fields. It is also believed that chitin-enriched crab’s shells help to reduce
cholesterol and triglyceride levels in the blood. Many physiologists, biologists, and
researchers have been using crabs as a biological model due to their ready avail-
ability (Warner 1977; Burggren and Mc Mahon 1988; Reinecke et al. 2003).

The development of resistance to antibiotics in aqua farms has led to the search
for alternate antimicrobial agents especially among arthropods. Such an activity
was detected in the hemolymph and/or hemocytes especially those of crustaceans
(Soderhall et al. 1996; Taylor et al. 1997). The antimicrobial activity and lysozyme
activity of the hemolymph of some crustaceans such as Heliothis virescens (Lockey
and Ourth 1996) and Manduca sexta (Mulnix and Dunn 1994), and antimicrobial
peptides isolated from the plasma and hemocyte of crabs (Shao-Yang et al. 20006)
provide scope for the exploration of the medical use of the hemolymph of some
common crustaceans to control pathogen proliferation. It has been observed that in
various invertebrate species, the hemolymph elicits the synthesis of a number of
antimicrobial peptides and proteins after bacterial injection (Noga et al. 1996). It is
believed that circulating hemocytes are playing an important role in the innate
immune system of invertebrates, including being the storage reservoir of several
immune components, such as lectins, coagulation factors, and protease inhibitors
(Hogq et al. 2003). Decapod hemocytes are known to contain several immune effec-
tors, and they play a major role in the cellular and humoral defense mechanisms of
the host (Ravichandran et al. 2010).

We investigated the antibacterial and antifungal activity of the hemolymph of the
South Indian edible freshwater/field crab, Oziotelphusa senex senex, a brachyuran
belonging to the family of Gecarcinidae on clinical pathogenesis in this study.

6.6 Materials and Methods

Collection of animals: Oziotelphusa senex senex, commonly known as the freshwa-
ter field crab (Fabricius) (Fig. 6.3), was used for the present investigation. The male
and female crabs were collected from rice fields and irrigation canals (free from
pesticides and pollutants) in and around Tirupati (Andhra Pradesh, South India).
Crabs were maintained in the laboratory at 28 + 1 °C in tubs partially filled with
freshwater. They were made to acclimatize to laboratory conditions (12:12 L: D) for
at least 7 days before experiments began. Water in the tubs was changed on daily
basis. Sheep meat ad libitum was provided as food for them. Crabs are starved for 1
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Fig.6.3 The freshwater crab, Oziotelphusa senex senex. (a) Female and (b) male

day before the commencement of the experiment to avoid changes due to prandial
activity.

Collection of hemolymph: Using the hypodermic syringe, the hemolymph was
collected from each walking leg of the animal. Hemolymph was collected in the
presence of sodium citrate buffer, pH 4.6 (2:1, V/V), to avoid hemocyte degranula-
tion and coagulation. Equal volume of physiological saline (0.85 %, NaCl, w/v) was
added to it. Hemolymph was centrifuged at 2000 rpm for 15 min at 4 °C to remove
hemocytes. Supernatant was collected by aspiration and stored at 4 °C until use.

Microbial strains used: Antibacterial activity of crab hemolymph was deter-
mined against four pathogenic bacterial strains, viz., Escherichia coli, Staphylococcus
aureus, Klebsiella pneumoniae, and Enterococcus faecalis (Fig. 6.4) and four
pathogenic fungal strains, viz., Aspergillus flavus, Aspergillus niger, Penicillium
citrinum, and Rhizopus spp. (Fig. 6.5).

Antibacterial assay: Antimicrobial activity of the hemolymph of the male and
female was tested separately against E. coli, S. aureus, K. pneumoniae, and E. fae-
calis through agar disk diffusion method (Benkerroum et al. 1993). Sterile Luria
agar plates were prepared, and 100 ul (105 CFU/ml) of each pathogenic bacterium
was evenly spread on the surface of the plates. Disks measuring about 0.5 mm diam-
eter dipped separately in the hemolymph of male and female crabs were placed in
each of the plates containing one of the above pathogenic bacterial strains. All the
plates were incubated at 37 °C for 24 h, and the zone of inhibition was observed
against respective controls prepared using LB medium.

Antifungal assay: Antifungal activity of the hemolymph of the male and female
was tested separately against A. flavus, A. niger, P. citrinum, and Rhizopus spp.
through agar disk diffusion method (Benkerroum et al. 1993). Sterile potato dex-
trose agar plates were prepared, and 100 pl (10° CFU/ml) of each pathogenic fungus
was evenly spread on the surface of the plates. Disks measuring about 0.5 mm diam-
eter dipped separately in the hemolymph of male and female crabs were placed in
each of the plates containing one of the above pathogenic fungal strains. All the
plates were incubated at 37 °C for 24 h, and the zone of inhibition was observed
against respective controls prepared using potato dextrose broth.
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Fig. 6.4 Bacterial pathogens. (a) Escherichia coli. (b) Staphylococcus aureus. (¢) Enterococcus
faecalis. (d) Klebsiella pneumoniae

Fig.6.5 Fungal pathogens. (a) Aspergillus flavus. (b) Aspergillus niger. (c) Penicillium citrinum.
(d) Rhizopus spp
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Statistical analysis: Differences in the zone width between the control and exper-
imental samples were measured. The significance was assessed using Student’s
t-test, and one-way analysis of variance (P < 0.05 level) was used to assess the dif-
ferences among the different concentrations of the sample.

6.7 Results and Discussion

Results of antimicrobial activity assay showed that hemolymph isolated from the
female and male crabs have significant inhibitory effect against E. coli, S. aureus, K.
pneumoniae, and E. faecalis (Fig. 6.4), but did not have any effect on the fungi A.
flavus, A. niger, P. citrinum, and Rhizopus spp. (Fig.6.5).

The antagonistic activity test carried out using 100, 75, 50, and 25 % of hemo-
lymph of female and male crabs separately showed that the hemolymph of both
sexes exhibited inhibitory effect against E. coli, S. aureus, K. pneumoniae, and E.
faecalis. The zone of inhibition against E. coli is found to be 0.5 + 0.10 cms with 25
% of hemolymph of the female and male which increased by 60 % (female) and 20
% (male) with 50 % of hemolymph, by 80 % (female) and 40 % (male) with 75 %
of hemolymph, and by 100 % (female) and 80 % (male) with 100 % of hemolymph.
The zone of inhibition against S. aureus is 0.1 + 0.10 cms with 25 % of hemolymph
of the female and male which increased by 500 % (female and male) with 50 % of
hemolymph, by 600 % (female) and 500 % (male) with 75 % of hemolymph, and
by 700 % (female) and 600 % (male) with 100 % of hemolymph. The zone of inhi-
bition increased by 300, 700, and 800 % with 50, 75, and 100 % of female hemo-
lymph, respectively, against K. pneumoniae, while the zone of inhibition was 400,
500, and 700 % with 50, 75, and 100 % of female hemolymph, respectively, against
E. faecalis (Figs. 6.6 and 6.7).

Only 100 (0.7 = 0.14 cms) and 75 % (0.5 £ 0.12 cms) concentrations of the
hemolymph of the male crab showed significant inhibitory activity against E. faeca-
lis, while 100 % only of the concentration of hemolymph caused the inhibition (0.2
+ 0.03 cms) of K. pneumoniae (Figs. 6.6 and 6.7). The female crab hemolymph
showed significantly higher activity compared to that of the male crab against all the
pathogens tested. Further the inhibitory effect of the hemolymph of the female crab
was found to be higher against E. coli at all the concentrations tested compared to
the rest of pathogenic bacteria.

These results showed that crabs have developed a range of self-defense mole-
cules in their blood system against pathogenic microorganisms, and the way of
domination changes among the different species of bacterial species.

Thus the hemolymph was found to show antibacterial activity against both gram-
positive and gram-negative pathogenic bacteria. The amount of total protein was
noticed to be 150 pg/ml and 162 pg/ml in the female and male, respectively (Priya
Rathna et al. 2014). Crabs are a wonderful resource of proteins with a wide range of
antimicrobial properties which is highly supported in the hemolymph study of
Charybdis lucifera (Stewart and Zwicker 1972), shore crabs (Carcinus maenas)
(Chisholm and smith 1992), and penaeid shrimp (Destoumieux et al. 1997). The
antimicrobial activity has been reported earlier in the hemolymph of the blue crab,
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Fig. 6.6 Antimicrobial activity of (a) 100 %, (b) 75 %, (¢) 50 %, and (d) 25 % hemolymph of
female and male crabs against E. coli, S. aureus, K. pneumoniae, and E. faecalis (values are mean
+ SD (n =5) of five individual observations)
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Fig.6.7 Percent change in antimicrobial activity of (a) 100 %, (b) 75 %, (¢) 50 %, and (d) 25 %
hemolymph of female and male crabs against E. coli, S. aureus, K. pneumoniae, and E. faecalis

Callinectes sapidus (Edward et al. 1996), Carcinus maenas (Schnapp et al. 1996),
mud crab Scylla serrata (Hoq et al. 2003), and Ocypode macrocera (Ravichandran
et al. 2010). The hemolymph of male C. lucifera also showed significantly higher
inhibition of P. aeruginosa compared to the hemolymph of the female crab
(Rameshkurmar et al. 2009).
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Earlier crab hemolymph was found to have lesser inhibitory effect on fungal
pathogens compared to bacterial pathogens (Kawababa et al. 1996). Among the six
different strains considered, hemolymph of both female and male C. lucifera caused
maximum inhibition of Fusarium moniliforme (Rameshkurmar et al. 2009).

The hemolymph of Portunus pelagicus exhibited activity against S. aureus,
whereas minimum activity was detected in P. sanguinolentus, C. lucifera, C. amboi-
nensis, and D. dehaani against K. oxytoca, L. vulgaris, S. aureus, and K. pneu-
moniae (Anbuchezhian et al. 2009). Arul Prakash et al. (2011) also observed the
hemolymph of Paratelphusa hydrodromous showing a significant zone of inhibition
against E. coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and
Staphylococcus aureus. The hemolymph of P. hydrodromous showed highest inhi-
bition zone against A. flavus, Rhizopus, A. niger, Mucor, and Aspergillus fumigatus.
Priya Rethna et al. (2014) also observed that the hemolymph of both male and
female Liagore rubromaculata shows inhibition of Vibrio cholerae, Salmonella
typhi, E. coli, Klebsiella oxytoca, Proteus vulgaris, and E. faecalis indicating its
wider applications.

Thus fast growth rate, high meat yield, and excellent palatability and resistance
to the pathogens have led the South Indian region to the development of rapidly
increasing aquaculture industry of different species of crabs (Reddy and Reddy
2006). Thus the development of inland crab fishery is safety warranted under the
aquaculture program for the economic development of the targeted people and the
country as a whole without disturbing the natural ecosystem.

The hemolymph of a female crab is found to have higher antimicrobial activity
against the tested pathogens. Though male crabs showed lower levels of antagonis-
tic activity against E. coli and S. aureus, they are found to possess no antagonistic
agents against K. pneumoniae. The antibacterial role of crab hemolymph proteins
identified against pathogenic bacteria which cause various diseases in humans pro-
vides scope for the development of drugs using the natural biota in an economically
viable manner. The isolation and development of the antimicrobial compounds from
hemolymph will provide an opportunity for the production of new compounds with
natural activities as alternatives to antibiotics. Further, to identify their chemical
nature and to evaluate their potency as novel drug and purification of the active
compounds are needed.
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Abstract

Millipedes, the ancient arthropods which belong to class Diplopoda, are the third
most diverse class of terrestrial arthropods, following Insecta and Arachnida
(Golovatch and Kime, Soil Org 81(3):565-597, 2009). They have a long and
distinguished history on our planet and existed on earth more than 100 times
longer than man, and their fossil records demonstrate their worldwide distribu-
tion (Almond, 1985; Hannibal, 1986). With an estimated total of more than
80,000 extant species, only about 12,000 millipede species have been formally
described in 3005 genera, 145 families and 16 orders (Shelley, 2007; Sierwald
and Bond, 2007). They also constitute one of the major groups of soil and litter
fauna in temperate and tropical environments. Millipedes play an important role
in energy flow as well as in the humification of soil and circulation of minerals in
terrestrial ecosystems.
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7.1 Introduction

Millipedes are a diverse group of invertebrates under phylum Arthropoda that are
the most vital consumers of detritus across several terrestrial ecosystems. They are
common litter and soil animals that occur in most parts of the globe’s natural zones
or belts except the snowy zones (Arctic and Antarctic) as well as the driest deserts
(Milkov 1997). In most cultures, the millipedes are called by local names, as they
have innumerable legs. For example, Miljoenpoot (Dutch), Tausendfiiler (German),
Quilopodo (Portuguese), Jongvoo (Swahili), Songololo (Zulu), Kaki seribu
(Indonesia) and Maravattai (Tamil). In Latin, the word ‘milli’ stands for thousand
and ‘pede’ for foot, so this arthropod ought to be a thousand-footed animal. However,
some millipedes have a lot of legs, but none actually have thousands. The record
holder is Illacme plenipes which has an amazing 350 pairs of legs and the millipede
Polyxenus lagurus with the least number of legs (24 legs or 12 pairs). But normally
most millipedes have 100-300 legs (Fig. 7.1).

One of the most notable characteristics of millipedes is the beautifully coloured
exoskeleton, compact, strong dorsal covering, which is fortified largely with cal-
cium salts, making the millipede incompressible. The animal is round and cylindri-
cal or hemispherical in shape. They have a relatively inflexible body composed of
three units: the head, a variable number of trunk segments and a pygidial segment
that contains the anus. The trunk following the head comprises a column or first
trunk unit, three segments embracing six legs, a pair per segment and many similar
leg-bearing ring segments, with four legs on each segment (Blower 1985). The body
segments bear a number of thigmotactic hairs sensitive to touch (Lawrence 1984).
The last leg-bearing segments are called telson, containing one or two apodous
rings. The telson is frequently utilised for the identification of millipede species. If
a moving millipede is observed from its side, it appears as a little gliding train, for
which the coordination of many legs is required.

In the mouthparts of millipedes, mainly a pair of mandibles is present, with a few
exceptions, the biting parts armed with blunt and rather clumsy ‘teeth’, which are

Fig.7.1 Millipede species: longest millipede, /llacme plenipes, and smallest millipede, Polyxenus
lagurus
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Fig. 7.2 Millipede species: largest millipede, Archispirostreptus gigas, and pill millipede,
Glomeris marginata

used to masticate and grind the bigger particles into smaller ones (Hopkin and Read
1992). The gnathochilarium, which serves as the floor of the buccal cavity, is rarely
involved in chewing. Along the front edge of the gnathochilarium, the taste organs
are found. As the food passes into the mouth, these organs contact the food initially.
The shape of the gnathochilarium changes from one order to another order, and
hence, it is also used in classification.

As millipedes live in dark areas, vision is not well developed. In the members of
Polydesmida, eyes are wanting (Blower 1985), while in the majority of the superor-
der Juliformia, a group of ocelli, just above the antennae, is found. Millipedes
exhibit a wide range of body lengths. The smallest millipede, Polyxenus lagurus, is
3-6 mm, whereas the largest millipede, Archispirostreptus gigas, is 275 mm in
length when fully matured. Compared to insects and spiders, millipedes as a taxon
are long-lived (Fig. 7.2). The pill millipede, Glomeris marginata, takes several
years to mature sexually and can live up to 11 years (Fig. 7.2).

7.2  Reproduction and Life Cycle

Millipedes have separate sexes and are typically sexual, having the openings of the
reproductive ducts of both male and female on the trunk’s seventh segment ring. In
all orders of Diplopoda, the female millipedes have a pair of oviducts, which sepa-
rately opens through the vulvae, posterior to the second pair of legs. Lawrence
(1984) noticed that the external male sex organs are often a helpful means to iden-
tify the species, whereas the females do not have these pads. After the process of
insemination, the female stores the sperm in the so-called spermathecae. The eggs
will only be fertilised when they leave the body at oviposition (Hopkin and Read
1992). Millipede eggs are usually laid in the soil in various forms and shapes. The
number of eggs laid by a female millipede varies widely from as few as 3 or 4 up to
2,000 eggs in one clutch. As the egg is energetically a closed biological system,
embryogenesis is largely dependent on the egg’s nutritive reserve, the yolk.
Generally, the eggs of millipedes are typically very yolky and are nutritious to
nurture the offspring until after emergence following the second moult because
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many immature millipedes remain in an egg capsule and do not feed till then. Except
for the males of Platydesmida, there are reports of other millipedes guarding their
eggs (Hopkin and Read 1992). Hatchlings are usually legless. They develop legs
and add segments at each moult. Born with only three pairs of legs, the larva pos-
sesses four ring segments fully developed. It soon sheds the skin; after every moult,
it initiates more ring segments as well as legs, appearing in the proliferation zone,
near the posterior end of the trunk. This process of embryonic development is called
as anamorphosis. The young larvae are pale in colour in comparison with the
matured ones, and they take more than 12 months to reach full size (Blower 1985).
Generally there are seven or eight moults after the six first-legged stadia. The skin
shedding also continues from time to time during the adult life. The whole process
of moulting lasts approximately 3 weeks, during which the millipedes are immo-
bile. The moulted skin is often eaten, because the cuticle is a rich source of calcium
salts, which is utilised for hardening the new cuticle (Lawrence 1984).

7.3 Natural Enemies and Defence

Diplopods are attacked by a variety of organisms, including vertebrates. The ali-
mentary canal of a number of South African birds had millipedes; it is an indication
that the birds can overcome the discouraging defensive glands. In South Africa,
assassin bugs, Lepidocoris elegans (Heteroptera: Reduviidae), consume mostly
larger species of the family Spirostreptidae (Fig. 7.3).

Similarly, parasitic mites attack Doratogonus in large numbers but rarely feed on
Chersastus (Lawrence 1984). The Southeast Asian ant, Probolomyrmex, is a spe-
cialised predator of Polyxenida (Ito 1998). Some millipedes of the order Julida are
often affected by Laboulbeniales, the ectoparasitic fungi (Rossi and Balazuc 1977).

Millipedes typically are slow-moving and non aggressive creatures. Even though
they may appear defenceless, the majority of millipedes exhibit three kinds of
defensive mechanisms against a number of predators.

First, most of the millipede species have a thick, hard exoskeleton that gives some
protection.

Fig.7.3 The predatory
bug, Lepidocoris elegans
(Heteroptera: Reduviidae)
attacking the millipede
Xenobolus carnifex
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Second, most millipedes have the ability to curl into a spiral or ball that protects the
sensitive head of the animals. For example, Eisner and Davis (1967) explained
that an African pill millipede, Sphaerotheriida sp., is able to escape predation
from a number of enemies because of its very hard exoskeleton and ability to
form into a tight ball. However, this millipede is unable to escape predation from
the banded mongoose, which hurls the millipede through its hind legs and
smashes the millipedes against a rock or another hard surface and then eats them.

Third, many millipedes employ a defensive secretion that can cause stinging, irrita-
tion or sedation of potential predators. In many instances, the exudates contain
hydrogen cyanide or quinones, but others discharge unusual molecules. Carrel
and Eisner (1984) found that predators like wolf spiders, Lycosa sp., which
attempted to prey upon quinazolinone-secreting millipedes, Glomeris margin-
ata, were quickly deterred by the exuded fluid; those few that persisted and con-
sumed some secretion were sedated for hours even if they had ingested less than
one droplet of the secretion. On the other hand, Polyzoniidae millipedes such as
Polyzonium rosalbum secrete ployzonimine, a well-known ant deterrent.

7.4 Pest Status

Though millipedes are mainly considered as saprophytes, some are treated as indoor
nuisance pests, as they crawl into basements, first-floor rooms, living room, outside
walls and ceilings of houses. Johns (1967) reported that the millipede, Ommatoiulus
moreletii, caused significant nuisance in New Zealand. Urban infestations by the
millipedes, Oxidus, have been reported in Tennessee, USA (O’Neil and Reichle
1970). Outbreaks of the train millipede, Parafontaria laminata, led to suspension of
the train service in central Japan (Fig. 5; Niijima and Shinohara 1988). Interestingly,
Alagesan and Muthukrishnan (2009) recorded a millipede, Xenobolus carnifex, as a
nuisance household pest especially among the poor hut dwellers in many southern
districts of Tamil Nadu, India. The millipede lives and infests the organic thatched
roof of the huts and drastically decreases the durability of the thatch. The poor
inhabitants have to endure a practically continuous shower of faecal pellets. During
the rainy season, the adults and larvae descend on all the household articles, food
and drinking water.

Alagesan and Ganga (1989) reported that the adults and juveniles of
Harpurostreptus sp. feed on tender buds and roots of newly planted tapioca and
cause stunted growth or death of the plant. Millipedes usually swallow the soft and
easily digestible parts, like young shoots or fine roots (Hopkin and Read 1992).
Studies have shown that sweet potato farmers of Northeastern Uganda considered
the millipedes as serious arthropod pest next to sweet potato weevils (Ebregt et al.
2005). Furthermore, other important crops, such as groundnut, maize, beans (kid-
ney beans and other grain legumes), sesame, sunflower, cotton, cabbage, cassava
and banana pseudostems, were also affected by millipede species (Ebregt et al.
2007).
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7.5 Millipede Evolution

The class Diplopoda is grouped together with Chilopoda (centipede), Pauropoda
and Symphyla under the superclass Myriapoda of subphylum Mandibulata
(Lawrence 1984; Blower 1985). The terrestrial millipedes were one of the first land
animals, arising during the Ordovician period more than 450 million years ago
(Wilson and Anderson 2004). According to the fossil record, diplopods became very
diverse and exceedingly common in the forests during Devonian and Carboniferous
periods (Shear and Kukalova-Peck 1990). Millipedes are the major components in
the evolutionary systematics of the phylum Arthropoda.

7.5.1 First Fossil Diplopod

Pneumodesmus newmani is a fossil millipede that lived 428 million years ago, in the
late Silurian period (Wilson and Anderson 2004). The oldest known creature to have
lived on land and the first myriapod was discovered in a layer of sandstone rocks on
the foreshore of Cowie, near Stonehaven in 2004 by Mike Newman, an amateur
palaeontologist from Aberdeen. The species was later given the specific epithet
‘newmani’ as an honour.

The single, 1 cm-long fragment of P. newmani depicts small paranota (keels)
high on the body and long, slender legs. The fossil is important because its cuticle
contains openings which are interpreted as spiracles, part of a gas exchange system
that would only work in air. This makes P. newmani the earliest documented arthro-
pod with a tracheal system and indeed the first known oxygen-breathing animal on
land.

Not only fossil evidence but also the results of recent molecular, genetic and
neuroembryological studies support the pancrustacean model in which millipedes
diverged from the crustacean-insect clade (Telford and Thomas 1995). For example,
hemocyanin proteins (Hc’s) in insects and crustaceans are more similar in amino
acid sequences to one another than they are to millipede Hc’s (Hanger-Holler et al.
2004). Likewise, phylogenetic analysis using the structure of three nuclear protein-
coding genes places the insect/hexapod clade deep within the crustaceans, far dis-
tant from the myriapods (Regier et al. 2005). Morphological data on neurogenesis
in the euarthropod group does not support the Atelocerata model, but it is consistent
with the pancrustacean model of arthropod phylogeny (Fanenbruck et al. 2004;
Harzsch 2006).

The phylogeny of the class Diplopoda at the ordinal level was well established
by Hoffman (1969). Extant millipedes are classified into sixteen taxonomic orders
(Shelley 2007) (Table 7.1).

The orders are combined into two subclasses (Penicillata and Chilognatha) based
on the presence or absence of a hard, calcified exoskeleton. The majority of milli-
pedes belong to the subclass Chilognatha, which has a calcified exoskeleton; hence,
the orders in this subclass are further grouped into two infraclasses, namely,
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Table 7.1 Classification and diagnostic features of Diplopoda

Bod
Subclass Infraclass Order Body shape Rings leng)t/h
Penicillata Polyxenida Unique through the Up to
tufts of setae 4 mm
Chilognatha | Pentazonia Glomeridesmida | Flat 22
Glomerida Short, flat 12 (may |2.5—

look like | 20 mm
11)

Sphaerotheriida Large, flat, 13 Up to
tank-like 95 mm
and
50 mm
wide
Helminthomorpha | Callipodida Round, with >30 Up to
longitudinal ridges 100 mm
Chordeumatida Short, body 26-32, |4-25 mm
tapering to end, most
long legs with 30
Julida Snake-like >30 10—
120 mm
Platydesmida Flat >30,up ' Upto
to 110 60 mm
Polydesmida In dorsal view 19-21, | 3-130 mm
forms without most
paranota, with 20
resembles

mealworm larvae

Polyzoniida Leech-shaped, >30
back domed or
arched, belly side

flat
Siphoniulida Nematode-like >30 Less than
7 mm
Siphonocryptida | Flat >30 Up to
10 mm
Siphonophorida | Long, worm-like | >30,up | Upto
and thin t0 192 |36 mm
Spirobolida Snake-like >30 Up to
200 mm
Spirostreptida Snake-like >30,up | 6-300 mm
to 90
Stemmiulida Laterally >30 Up to
compressed, higher 50 mm
than wide

Shelley (2007)



126 P. Alagesan

Pentazonia and Helminthomorpha. Pentazonia are relatively short, broad milli-
pedes, whereas Helminthomorpha are elongated, worm-like millipedes.

Millipedes are useful components of invertebrate diversity assessments and also
other biodiversity studies. Despite being conspicuous and abundant arthropods in
most habitats, the group is under investigated in several aspects. Relative to their
diversity in temperate ecosystems, there are few studies documenting aspects of the
group’s phylogeny, evolution, behaviour, physiology and ecology. Apart from
ignoring readily available sources of diagnostic characters, millipede biologists spe-
cialised in systematics have neglected many parts of the world, namely, the tropics.
In both the New and Old Worlds, millipede taxonomic endeavours have much
focused on temperate and northern hemisphere taxa. The millipedes’ diversity in
Europe and North America is extensively studied compared to other parts of the
world. This continues even today despite the acknowledgement among experts that
a rich tropical millipede fauna remains woefully understudied (Sierwald and Bond
2007). The temperate areas of Australia and South American countries in the south-
ern hemisphere have received very less attention in recent years. These understud-
ied areas pave way for new exciting frontiers of diplopodology to young
researchers.

7.6  Millipede Distributions

Since these animals are very slow in their movements, are cryptic in their habit and
have limited power of dispersal, every patch of land has different faunas of its own,
and it is so with tropical forests too. Millipedes with their long life cycles and large
number of stadia with frequent moults have limited power of dispersal. This results
in a high degree of speciation and endemism, which is very evident with the Indian
fauna also (Bano 1998). Perhaps their obscure nature might not have evinced inter-
est among the zoologists and entomologists, and thus there is a lack of expertise on
the subject. The taxonomy of this group remains at alpha stage, and the biology is
at infant stage, excepting for a small group of North European fauna (Hoffman
1990). Verhoeff (1936) reported a few species of millipedes from India. Carl (1941)
brought out a monograph on the millipede fauna of South Peninsular India and
Ceylon in which he reported several new genera and species.

The oldest millipede fossils, apparently detritovores (Crawford 1992), are docu-
mented from the mid-Silurian and Devonian periods. however, subsequently they
diverged into different species. Since the Carboniferous, those early diplopods rep-
resented six extinct orders and are recognised as fully terrestrial, in view of trachea
(spiracles). In spite of the long fossil record of Diplopoda, it remains so fragmentary
that only few extinct species appear relevant to modern millipede distributions. In
general, millipedes are typical of the forest floor, where they find not only enough
food and shelter like leaf litter or dead wood but also a sufficiently high humidity.
These animals are usually quite sensitive to water deficit, being meso- to hygro-
philes, and are calciphiles.
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7.6.1 Environments and Habitats

Typical habitat of the Diplopoda is temperate (especially deciduous), subtropical or
tropical forests (in particular, humid ones). The most typical habitats are leaf litter,
the litter/soil interface, the uppermost soil and dead wood. All kinds of milder envi-
ronments and habitats can be considered as rather typical, such as boreal forest,
compost, dung, greenhouses, etc. Millipedes, however, can also dwell high in the
mountains (above timberline), grasslands, caves, deeper in the soil, under the bark
of trees, desert and even in environments that can be considered as extreme.
Hopkin and Read (1992) concluded that there are five millipede life forms:

1. Bulldozers or rammers, represented chiefly by the long-bodied orders Julida,
Spirobolida and Spirostreptida;

2. Wedge types, or litter-splitters, with short-bodied Polydesmida equipped with
strong paraterga being the most typical order;

3. Borers, typified by the chiefly flat-bodied orders Chordeumatida, Polyzoniida,
Platydesmida and Siphonophorida;

4. Rollers, represented by Glomerida and Sphaerotheriida capable of
conglobation;

5. Bark dwellers, characterised by Polyxenida which is tiny, soft bodied and swift.

These diplopod morphotypes are distributed among the following universal ter-
restrial arthropod life forms:

(a) Stratobionts, restricted to litter and the uppermost soil, dominant in the
Diplopoda and represented by all five morphotypes

(b) Pedobionts or geobionts, mainly restricted to mineral soil and represented by
the smaller juloid, glomeroid and polydesmoid morphotypes, usually implying
body miniaturisation or elongation, shortening of appendages, often also deco-
louration of the teguments and loss of eyes

(c) Troglobionts, likewise represented by the juloid, glomeroid and polydesmoid
morphotypes, but usually implying a drastic elongation of the extremities,
depigmentation of the teguments, blindness, sometimes mouthpart modifica-
tions, often also ‘cave gigantism’

(d) Under-bark xylobionts or subcorticoles, represented by all five morphotypes,
but either particularly flat bodied (polydesmoids, platydesmoids) or miniature
(polyxenoids, glomeroids), often also especially thin (juloids)

(e) Epiphytobionts, again with all five morphotypes involved, but usually charac-
terised by very small body sizes

7.6.2 Extreme Environments

In spite of the group’s pronounced monotony, Diplopoda have managed, at least
marginally, to populate an adequate number of individuals even in the upheaval
habitat patches.
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7.6.2.1 Marine Littoral
Seawater is regarded as an insurmountable barrier for millipedes. Still there are a
few exceptions that can be termed as littoral species such as Thalassisobates litto-
ralis living under stones and seaweeds, in rock crevices or shortly above the tidal
zone, sometimes also in coastal caves around the Mediterranean, reported also from
the coasts of Sweden and Eastern USA (Enghoff 1987).

No special studies have been conducted to reveal the mechanisms of salt toler-
ance in these diplopods, but all these species represent the juloid, polydesmoid or
polyxenoid morphotype.

7.6.2.2 Freshwater Habitats
Millipede Polydesmus denticulatus can stay alive underwater for 75 days (Zulka
1996). It is noteworthy that all diplopods proven or suggested to be strongly associ-
ated with freshwater habitats appear to belong to the polydesmoid morphotype in
the tropics and subtropics; apparently due to a geologically far longer and stable
evolution, numerous terrestrial arthropods, including a few millipedes, have devel-
oped special adaptations to life underwater (Adis 1997).

Millipedes lacking any morphological and/or physiological adaptations must
rely on vertical migrations along the tree trunks to survive the flood period (Minelli
and Golovatch 2001).

7.6.2.3 Deserts

Deserticolous millipedes are also scarce, but some of them inhabit the globe’s
harshest deserts such as the Sonora and Kalahari. Perhaps the best-known example
is Orthoporus ornatus, a species living from Southern USA to Northern Mexico.
Among the adaptations to arid environments, this large species (up to 185 mm long)
shows a low rate of water loss due to a rather impermeable cuticle, waxy epicuticle,
ability of water uptake from unsaturated air, protection of eggs in pellets to prevent
water loss and the use of cracks, burrows, stones and other shelters to buffer the
wide temperature oscillations that occur in deserts.

In addition, the animals remain dormant deep in the soil most of their life, with
the most active periods coinciding closely with periods of rain, when swarming is
often observed. As a behavioural adaptation, individuals may thermoregulate by
alternately basking and retreating into cool shelters (Crawford et al. 1987). Similar
observations were made on the large spirostreptid Archispirostreptus syriacus in
Israel where, depending on locality, the life span varies from 9 to 11 years (Bercovitz
and Warburg 1985). Their large size seems to be an advantage as heat gain and loss
is less rapid, as is water loss (Hopkin and Read 1992). The soil, however, must
always be loose enough to penetrate, especially by active burrowers (Minelli and
Golovatch 2001).

7.6.2.4 High Mountains
Many mountains of temperate and tropical lands are to be regarded as natural foci
and refugia for millipedes. In the Himalayas, where the timberline lies well above
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4000 m MSL, the diversity of Diplopoda is quite pronounced, with over half of the
about 200 described species of Polydesmida.

Thus, among the 17 species of Nepalmatoiulus currently known from the
Himalayas, N. ivanloebli occurs between 2200 and 4800 m MSL representing per-
haps the highest altitude millipede recorded globally (Enghoff 1987).

7.6.3 Caves

Cavernicoles are common among Diplopoda. Few diplopods are endemic to lava
caves and none to snow, sea or salt caves (Vandel 1964). Until recently, the caves of
tropical countries, despite the rich fauna they had long been shown to contain, har-
boured only few millipedes.

The cave millipede Amplaria muiri was recorded by Shear and Krejca (2007) in
the crystal caves of California, USA. The lightly pigmented individuals that form
most of the cave population may be the result of growth and development in the
absence of light.

7.6.3.1 Deeper Soil

Geobites is a unique species among several species of millipedes. Some information
is available for the minute, parthenogenetic, calcicolous species, Geoglomeris sub-
terranea, seen in France, Britain and Ireland and occurs not only in the uppermost
soil, usually between 10 and 20 cm deep, but also under boulders, in ant nests and
in old chalk and limestone quarries (Lee 2006). Beyond any life form approach,
subsoils are used by most Diplopoda as shelter for aestivation, oviposition and
development.

The soil properties are crucial for numerous millipedes, especially calcicoles that
can tolerate neither increased acidity nor waterlogged habitats. Not surprisingly,
juvenile stadia in most species of diplopods can only be encountered in special
chambers more or less deep in the soil, whereas adults and certain advanced juve-
nile stadia are the only truly active stages. Sandy soils and friable loams are much
more easily penetrated than heavy clay soils and tend to have higher populations of
millipedes unless they are too dry (Golovatch and Kime 2009).

7.6.3.2 Other Extreme Habitats

Select species of diplopods are found in suspended soil (mainly of epiphytes); on
vegetation; in bird, ant and termite nests; under the bark of trees; and in dung and
compost. Many brightly coloured, apparently aposematic species of Desmoxytes
and Centrobolus typically inhabit arboreal vegetation in Southeast Asia (Enghoff
et al. 2007) and Southern Africa (Hoffman 1999), respectively. The millipede,
Pelmatojulus tigrinus, is a large juliform that feeds voraciously on large nests of
termites in Ivory Coast. The millipedes use termites both for shelter and as food,
which are rich in calcium (Mahsberg 1997). Several dozen species of Polyxenida,
Glomerida, Julida, Spirostreptida, Spirobolida and Polydesmida commonly occur
in ant nests all over the globe (Stoev and Lapeva-Gjonova 2005).
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The household millipede pest Xenobolus carnifex survives and reproduces suc-
cessfully both in natural and urban habitats of southern districts of Tamil Nadu,
India. It is pre adapted to survival in high ambient temperature and low relative
humidity for nearly 7 months in a year and to breeding in an unfamiliar breeding site
at 3—4 m elevation from the ground level. The other major adaptations found in this
species are resistance to desiccation and ability to climb vertical walls rapidly to
reach the roof of the huts (Alagesan and Muthukrishnan 2005).

7.7  Ecological Significance
7.7.1 Millipedes as Efficient Decomposers

Millipedes are appreciated for their ecological importance and have a crucial role in
fragmentation and decomposition of leaf litter, thus resulting in nutrient cycling
within the soil. Until recent past, the ecological role of the diplopods has been stud-
ied with an emphasis in temperate ecosystems but not in tropical forests, despite the
fact that millipedes reach their maximum diversity and biomass in this ecosystem
and are probably the biggest arthropods that occur in the soil and litter of this envi-
ronment (Swift et al. 1979). Usually millipedes are found in habitats containing
much leaf litter in order to feed, remain hidden and stay moist, all at the same time.
McBrayer and Reichle (1971) reported that millipedes are litter fragmenters.
Temperate species of millipedes tend to eat leaf litter about five times of their
weight. They digest some of the plant materials themselves, particularly any pro-
teins and simple sugars. Millipedes are often referred as ‘litter transformers and
ecosystem engineers’ similar to earthworms (Kaneko and Ito 2004).

Dangerfield (1993) states that millipedes as detritus feeders may process up to 30
% of the annual dead organic matter input to most soils and affect the decomposi-
tion of this material through fragmentation, inoculation with microbial spores and
physical disturbance. Kheirallah (1990) reported that soil macrofauna like milli-
pedes are known to contribute significantly to the breakdown of leaf litter by frag-
mentation and to install bacteria and fungi thus increasing the available colonisation
surface and hence may accelerate decomposition.

The role of millipedes in forest ecosystem is important, and they act as bulldoz-
ers or rammers, wedge type or litter-splitters, borers, typified rollers and bark dwell-
ers (Manton 1977; Hopkin and Read 1992). The survival of every deciduous forest
depends on millipedes, since diplopods are one of the prime mechanical decompos-
ers of wood and leaf litter, especially in the tropics. Millipedes proved to be the
important members of the detritus food web in the leaf litter-rich ecosystem
(Martens et al. 2002; Wilson and Anderson 2004).

Many millipedes have to find natural shelters, such as stones, trunks of fallen
trees and sometimes deserted termite mounds. In general they stay in the shallow
topsoil layer, but during the hot dry season, they can burrow to greater depths.
Though millipedes lack the necessary digging structure for burrowing, they are
found overwintering in burrows (Dangerfield and Telford 1991). Hopkin and Read
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(1992) reported that, the head capsular is usually heavily calcified to facilitate bur-
rowing. Besides, the ventral origin of the legs is seen as an adaptation for burrowing
(Manton 1985).

7.7.2 Effective Role in Nutrient Recycling

Millipedes are ecologically important in facilitating nutrient cycling through
decomposition of dead plant tissues, perhaps much more so than is envisioned
(Hattenschwiler and Gasser 2005). Since nutrient cycling is one of the key pro-
cesses governing ecosystem dynamics (Tilman et al. 1996), millipedes may have
tremendous impact on the ecosystem. In select tropical regions, millipedes are more
important than earthworms in soil recycling (Costaneto 2007). Dangerfield and
Milner (1996) reported millipedes as detritovores, apparently affecting nutrient
cycling through the redistribution of organic material and, consequently, the release
of chemical elements such as nitrogen (N) in the soil. Through this process, the mil-
lipedes improve the soil fertility and enhance the growth of bacterial and fungal
species in soil. Warren and Zou (2002) observed a significant positive correlation
between the biomass of millipedes and the nitrogen content of Leucaena in a planta-
tion in Puerto Rico. Parafontaria laminate increased nitrogen mineralisation with
discharge excretion as soil aggregates (Okai et al. 2008). Loranger et al. (2008) also
demonstrated high feeding preference of nitrogen-rich leaf litter by three millipede
species in semievergreen tropical forest of Guadeloupe.

Setala and Hunta (1990) revealed that soil fauna significantly increased the
release of N in microcosms that stimulated conifers. Diplopods have been experi-
mentally shown to have a significant effect on the mass loss of high C/N ratio of
litter comparing to low C/N ratio litter (Hattenschwiler and Gasser 2005). It is evi-
dent that the drastic reduction of C/N ratio may be due to the occurrence of milli-
pedes, and that favoured the growth of plants on forest floors. Diplopods are
important sinks for calcium (Ca) and accumulate Ca and magnesium (Mg) up to
fivefold higher than raw leaf litter (Krivollutzky and Pokarzhevsky 1977). Leaching
of Ca, Mg and nitrogen increased in proportion to the number of millipedes. Ashwini
and Sridhar (2006) also observed a positive correlation in pill millipede abundance
and biomass to soil calcium content in Western Ghats. The presence of millipedes
positively changes concentrations of many nutrients, not just ammonia, phosphorus,
calcium and magnesium (Smit and van Aarde 2001).

The contribution of the millipedes to the ecosystem is significant as they transfer
energy through their faeces and produce animal biomass for consumption by mem-
bers in the next trophic level which are called as secondary consumers. The degree
of alteration of food processed by these animals varies so widely according to the
morphology and physiology of their digestive tract that the faeces produced by one
group plays a different role in the food web of the ecosystem from that produced by
other groups.
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7.7.3 As Agents in Humification and Soil Enrichment

Soil formation is a complex process involving the participation of the edaphic mac-
rofauna. Millipedes constitute dominant components of soil fauna, and they have
prime ecological importance for litter breakdown within the decomposition cycle
and humification in the soil (Schifer 1990; Crawford 1992). Millipedes, woodlice,
earthworms and slugs are the major soil macrofauna demonstrated to increase the
nutrient leaching from dead leaf litter and enhance the humification of the soil
(Morgan et al. 1989). Bano (1992) also reported that millipedes play an important
role in the soil formation process. Categorised as predominantly saprophagous, mil-
lipedes contribute to improvement of the humic part of the soil and help to increase
the microflora through their faecal pellets.

Litter fragmentation and passage through the gut of macro-arthropods, such as
millipedes and isopods, favour the establishment of soil bacterial population
(Tarjovorsky et al. 1991). These epigeic invertebrates greatly affect decomposition
processes both directly through fragmentation of organic material and indirectly
through control or stimulation of microbial population and dissemination of their
propagules (Lavelle and Spain 2001). The composition of the symbionts swallowed
during host nutrition depends strongly on the degree of destruction of the leaf fall
consumed. Millipedes deprived of symbionts and own enzymes are largely charac-
terised by low assimilation rates. Apparently to avoid this and get inoculated, these
diplopods repeatedly eat their own faecal pellets (Sriganova 1980). The faecal pellet
of millipedes also acts as an important food source for coprophagic insects and
other saprophagous animals such as earthworms (Scheu and Wolters 1991).

The roles of the microorganisms associated with millipedes and the role of the
millipedes themselves are complicated by the practice of coprophagy, the ingestion
of faeces of one’s own or of another. Communities of microbes present in faeces can
be a source of nutrition for millipedes and/or a source of various enzymes which the
millipedes cannot produce themselves.

Many millipedes depend on the microbial population in their gut to derive nutri-
ents and energy from wood, foliage and detritus. Parle (1963) reported that the gut
of humus-feeding animals provides a favourable environment for microbial growth.
Symbiotic microflora in the gut of litter-feeding animal converts decaying organic
matter into assimilable energy (Bano et al. 1976). Cellulose and hemicellulose deg-
radation in a millipede gut due to a rich aerobic microbial population was observed
by Taylor and Crawford (1982).

Millipedes are not well equipped with specialised enzymes to enable them to
digest the plant litter itself. It is suspected that microorganisms in the alimentary
canal play a crucial role in the digestion of food (Blower 1985) and indirectly influ-
ence the fluxes of nutrients (Anderson et al. 1985). Leaf litter feeding by millipedes
affects decomposer soil microorganisms, which enhances the activity of the latter
and often increases biomass after litter passage through the millipede gut (Anderson
and Bignell 1980; Maraun and Scheu 1996). The digestive system of most milli-
pedes is rich in enzymes. Diplopods also appear to support temporary microbial
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symbionts that destroy cellulose, pectin and many plant products such as protein
and carbohydrates (Kozlovskaya 1976).

Anderson and Bignell (1980) found bacteria to be abundant in the gut of milli-
pede and in the faecal matter than in leaf litter that they feed upon. The presence of
cellulolytic enzymes in millipedes capable of cellulose degradation has been sug-
gested (Sriganova 1980). Millipedes break up dead plant material into small pieces
thus increasing the surface area. This is important because the surface is the only
part the bacteria and microfungi can reach and they are the main agents of recycling
in the soil. An American biologist calculated that millipedes in an unnamed forest in
USA contributed 2 tons of manure per acre per year to the forest floor.

7.7.4 Millipedes as an Alternative to Earthworm in Organic
Farming

It is one of the upcoming areas of research that millipedes can be also employed in
organic farming. Like vermicomposting, ‘milli-composting’ is an ecofriendly tech-
nique involving no pollution and hence is the most suitable method for converting
organic waste materials when compared to the conventional methods like landfill-
ing, incineration, biogas production, etc. Martens et al. (2002) reported that earth-
worms and millipedes proved to be the important members of the detritus food web
in the agricultural ecosystem and both use manure as the food source. Ashwini and
Sridhar (2006) studied that the millipede, Arthrosphaera magna, efficiently com-
posted the leaves of cocoa and acacia for organic farming. Since millipedes play a
significant role in the composting of plant residues, they should be considered as
economically significant producers of compost in organic farming, besides enrich-
ing the soil in terms of nutrition and soil microflora (Kania and Klapec 2012).

Karthigeyan and Alagesan (2011) reported that millipede compost derived from
various organic substances showed significant enhancement in the physiochemical
and biochemical constituents. Ramanathan and Alagesan (2012) explored through
laboratory experiments and found out that the compost processed by the millipede,
A. magna, is superior to vermicompost in enriching the nutrients and enhancing the
plant growth parameters. Millipede compost derived from various organic sub-
stances showed significant enhancement in the biochemical constituents (Kania and
Klapec 2012).

7.7.5 AsBioindicators

Several species of millipedes can serve as bioindicators of climatic conditions and
improve the structure and content of organic matter and nutrient elements of soil
(Loranger et al. 2007; Seeber et al. 2008). But the first study with diplopods, as pos-
sible bioindicators, was conducted by Hopkin et al. (1985) involving the assimila-
tion of metals by the species Glomeris marginata, and they found out a higher
uptake of copper, zinc and cadmium by the animals collected in soils contaminated
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when compared to those animals collected in non-contaminated environments.
Kazuyo and Junsei (2005) explained the strategies of saprophagous and metal accu-
mulation phytophagous soil invertebrates by comparing adults of the Isopoda,
Diplopoda and Gastropoda exposed to lead-, cadmium- and zinc-contaminated food
and soil for 3 weeks. Kazuyo and Junsei (2005) studied the distribution of elements
in the millipedes Oxidus gracilis and its relation to environmental habitats. But
Triebskorn et al. (1991) exposed several invertebrates such as isopods and diplo-
pods to different toxic substances and used the ultrastructural analysis to demon-
strate the applicability of using such animals in biomonitoring.
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Abstract

Spiders are invertebrate animals with two body segments, four pairs of legs and
without wings and mouth parts. They exclusively feed on insect pests and protect
the cultivated crops. They are at the top of the lower food web in any ecosystem.
Spiders maintain ecosystem balance. Nearly 45,000 spider species are known
worldwide. Spider silk is one of the best biomaterial on the earth having antimi-
crobial properties, high tensile strength and is biocompatible with humans. All
spiders produce silk, a solid protein strand expelled from spinnerets most nor-
mally found at tip of the abdomen. Silk is used to trap insects in webs, by many
species, and they hunt freely. It is also used in climbing, form smooth outer cov-
ering walls for burrows, and build egg sacs, wrap prey, and temporarily hold
sperm, among other applications. An abnormal fear of spiders (arachnophobia)
is one of the most common phobias, and spiders are often looked at as something
to be eliminated. Spiders have an awesome scope of variety in way of life, albeit
all are savage. Arachnids give a substantial number of free biological system
administrations.
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8.1 Introduction

Spiders are arthropods having four pairs of legs, eight eyes, and the capacity to
secrete silk immediately after birth. They are cosmopolitan. Spiders secrete venom,
not toxic to humans but show cytotoxicity. Many spiders can prepare the web but
not all. Though spiders have eight eyes, there are some spiders with six or four or
two eyes only. Spiders living in caves have no eyes. The sperm of the male spider
shows 9 + 2 arrangement of microtubules like those in prokaryotes, and hence
according to one theory, it is thought that the spiders have come from other planets.
The primary distinctions among insects and arachnids are the pedicel between the
cephalothorax and the gut and the nearness of spinnerets (Marina and Kleber 2008).
All spiders aside from families Uloboridae and Holarchaeidae can infuse venom to
secure themselves or to murder and condense prey. Only up to 200 species, how-
ever, have bites that pose health problems to humans (Diaz 2004). Several specie's
nibbles might be difficult; however it will not create enduring health concerns. Be
that as it may, in satisfying their own particular individual reason for survival,
upkeep, and multiplication, spiders likewise give a profitable part in biological sys-
tems and for people. Environmentally, they offer essential control of insects and
other prey populaces. while numerous insects are connected to fatalities or have
risky venoms, spiders do not inject venom unless squeezed, or generally debilitated.
In any case, they add to the marvel and assorted qualities of nature, and some are
even eaten routinely as nourishment/or as delicacy. They are also common animals
in popular culture, folklore, and symbolism.

8.2 Evolution

Trigonotarbids, spider-like creatures, were among the most known area arthropods.
Like spiders, they breathed through book lungs (the respiratory organ normal for
four-paired legs, disconnected developmentally to mammalian lungs), and strolled
on four pairs of legs with two extra legs adjusted to use around their mouth. In any
case, they were not true spiders, not in any case tribal to them, but rather spoke to
autonomous off shoots of the Arachnida. There are confirmations that these arthro-
pods advanced in states of sustenance hardship. Spiders can live without nourishing
for long stretch. Arachnids additionally eat a huge amount of prey when they are
accessible having the anatomical plausibility to extend their abdomen (Marina and
Kleber 2008).

True spiders developed around 400 million years prior and were among the pri-
mary species to live ashore. They are recognized by abdominal division and silk-
creating spinnerets. The Pedipalpi (counting whip scorpions) are accepted to
constitute the sister gathering to the Araneae (Coddington and Levi 1990).

The greater part of the early portioned fossil arachnids had a place with
Mesothelae, a gathering of primitive spiders with the spinnerets set underneath the
middle of the abdominal area, instead of toward the end as in modern species
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(Opisthothelae). They were likely ground-abiding predators of other primitive
arthropods. Silk has been utilized basically as a defensive covering for the eggs, a
coating for a retreat gap, and later may be for basic ground sheet web and trap
entry way development.

As plant and insect life advanced, so did the spiders’ utilization of silk. Spiders
with spinnerets toward the end of the midriff (Mygalomorphae and Araneomorphae)
seemed more than 250 million years back, apparently advancing the improvement
of more intricate sheet and labyrinth networks for prey catch both on ground and
foliage, and the advancement of the security dragline. (Networks can be utilized as
“security draglines” with the reason for tying the spiders; if an insect is brushed off
a tree limb, the dragline can help it to come back to its position.)

By the Jurassic period, the refined ethereal networks of the sphere-weaving
arachnids had been officially created to exploit the quickly expanding gatherings of
spiders. A cobweb safeguarded in golden, thought to be 110 million years of age,
shows confirmation of an immaculate circle web. It is trusted that cement catch
strings, rather than cribellate strings (more primitive strings with less aggregate
stickiness, and subsequently viability of getting prey, than cement catch strings),
advanced around 135 million years prior (Opell 1997). The capacity to weave
sphere networks is thought to have been “lost,” and some times even redeveloped or
advanced independently, in various types of spiders since its appearance.

Spiders can be arranged by procedures they use for entrapping. Spiders which
seemed earlier in the developmental scale nourish by sitting tight in a tunnel for
sustenance to tag along the prey before getting it. Trailing them were arachnids
which effectively meandered searching for sustenance and got it by trap or pursuing
it down. The advancement of flying insects produced an impetus for spiders to
advance better approaches for getting nourishment which could not be pursued ear-
lier; thus most airborne web weavers emerged.

* Most arachnids feast upon insects and different arthropods. Yet some have bigger
prey. Case in point, the shrieking spider or bird-eating spider has been archived
taking and bolstering on frogs and little birds.

* Spiders cannot eat strong sustenance — they suck out their prey’s body liquids
and gentler tissues utilizing strong stomach muscles.

* A spider intermittently sheds its skin (exoskeleton) so that it can grow (called
shedding).

» Spider silk is used to make networks or wrap up the gotten prey and is made
generally of proteins and amino acids. There are no less than seven distinctive
sorts of spider silk made for definite uses (e.g., web development, stay lines,
wrapping prey, and covering homes), and most arachnids have no less than three
sorts of spinnerets. These augmentations toward the end of their mid-region radi-
ate a fluid underweight which turns into the strings, some of which might be
exceptionally sticky.

Some tropical rainforest species spend their entire lives in the tree canopy. If a
storm, or a miss step, or an encounter with a predator causes these creatures to lose



142 G. Vankhede et al.

their footing and plummet to the forest floor; they could suffer fatal injuries or
quickly get eaten by ground-dwelling animals. At least one type of spider has
evolved a heroic solution to this potentially deadly problem. Should they teeter from
their canopy perch, species of the Selenops genus assume a superman-like pose —
aiming head first with two front legs extended and navigating their falls. The maneu-
ver is the first evidence that some spiders can control their aerial descents.

8.3  Ecological Significance

While spiders are generalist predators, in reality their diverse techniques for prey
catch frequently decide the sort of prey taken. In this manner, web-building spiders
seldom catch caterpillars. Interestingly, crab spiders trap prey in blossoms to catch
honey bees, butterflies, and other insects. Guilds are prey-capture methods that tend
to take certain types of prey by groups of families. A couple of arachnids are better
represented with considerable authority in their prey catch. Spiders of the genus
Dysdera catch and eat sow bugs, pill bugs, and scarabs, while privateer insects eat
just different arachnids. Bolas spiders in the family Araneidae use sex pheromone
analogs to catch only the males of certain moth species.

In spite of their by and large expansive prey ranges, spiders form the most critical
connection in the control of insects. Consistently on a normal glade, they eat up
more than 10 g/m? of insects and other arthropods.

Maintain Ecosystem Balance Spiders are polyphagous and eat an assortment of
accessible prey. They go after adult insects as well as feast upon their eggs and
hatchlings. They help in keeping up the biological system parity. Spiders are great
companions of ranchers as they control a wide range of vermin on the yield.
Numerous studies have shown that spiders can altogether decrease prey densities.
Spiders in a maize yield can discourage populaces of leafhoppers (Cicadellidae),
thrips (Thysanoptera), and aphids (Aphididae). Both web-weaving and chasing spi-
ders can control populaces of phytophagous Homoptera, Coleoptera, and Diptera in
agroecosystems. Spiders have additionally ended up being viable predators of her-
bivorous bugs in apple plantations, including the beetle, Anthonomus pomorum
Linnaeus, and Lepidoptera larvae in the family Tortricidae. Wolf spiders addition-
ally can lessen densities of sucking herbivores (Delphacidae and Cicadellidae) in
rice paddies.

Recent patterns in agriculture involving lessened pesticide use and environmen-
tal supportability have led to expanded enthusiasm for arachnids as potential bio-
control agents. The sphere-web weavers, Araneidae and Tetragnathidae sustain
upon Homoptera, for example, leathoppers, Diptera, and Orthoptera, particularly
grasshoppers. The sheet-web weavers, for example, Linyphiidae, Dictynidae, and
Theridiidae, catch Diptera, Hemiptera, and Homoptera (particularly aphids and
leathoppers) and also beetles in the family Curculionidae. The channel web weavers
(Agelenidae, Atypidae, Ctenizidae, and Eresidae) go after Orthoptera, Coleoptera,
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Argiope catenulata Peucetia viridans (female)

Annandaliella travancorica Argiope pulchella

Fig.8.1a Select species of spiders from South India

and Lepidoptera. Chasing spiders (Lycosidae, Oxyopidae, Thomisidae, and
Salticidae) every now and again catch Orthoptera, Homoptera, Hemiptera,
Lepidoptera, Thysanoptera, Diptera, and some Coleoptera and Hymenoptera.
While arachnids are generalist predators, in reality their distinctive techniques
for prey catch frequently decide the sort of prey taken. In this manner web-building
arachnids once in a while catch caterpillars, and crab spiders that snare prey in blos-
soms catch more honey bees, butterflies, and some flies than different insects.
Gatherings of families that tend to take certain sorts of prey as a result of their prey
catch techniques are frequently called societies. A couple of arachnids have more
practical experience in their prey catching capacities (Figs. 8.1a and 8.1b). Spiders
of the sort Dysdera catch and eat sow bugs, pill bugs, and beetles, while pirate
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Fig.8.1b Select species of spiders from South India (e-h, Photos of Rajendra Prasad BS)

spiders eat just different arachnids. Bolas spiders in the family Araneidae use sex
pheromone analogs to catch the males of certain moth species.

In spite of their by and large expansive prey ranges, spiders are a standout among
the most critical connections in the control of the populaces of insects. Consistently
on a normal knoll, they eat up more than 10 g/m* of insects and different
arthropods.

Water Percolation Different tarantulas and Geolycosa (Lycosidae) spiders make
tunnels in the dirt amid the midyear for rearing reason; and when the young ones are
scattered, these tunnels are cleared by grown-ups, and from thereon in the stormy
season, water gets permeated through these tunnels. As per one evaluation, there are
more than 300 gaps made by Geolycosa per acre of land. This unquestionably helps
the permeation of water in the dirt, expanding the water-holding limit of the soil.
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The vast majority of the spiders in nature eat mosquitoes and thus shield us from
malaria and other mosquito-borne ailments. Some pisaurid and tetragnathid spiders
eat mosquito hatchlings. The mud wasps, numerous pollinators, reptiles and some
birds nourish their young ones with spiders as spiders are rich in basic proteins.

8.4 Behavior

Spiders are air-breathing arthropods that have four pairs of legs and chelicerae with
teeth that infuse venom (Figs. 8.1a and 8.1b). They are the biggest order of arach-
nids and rank seventh in all-out species-assorted qualities among different gather-
ings of life-forms, which is reflected in their extensive differences in behavior
(Sebastin and Peter 2009).

Numerous spiders, yet not all, form networks. Different spiders utilize a wide
assortment of techniques to catch prey. There are a few perceived sorts of networks
which are as given beneath:

» Spiral orb webs, associated primarily with the family Araneidae

* Tangle webs or cobwebs, associated with the family Theridiidae

* Funnel webs

e Tubular webs, which run up the bases of trees or along the ground
* Sheet webs

The net-throwing spider weaves a little net which it appends to its front legs. It
then sneaks in sit tight for potential prey and when such prey arrives, rushes forward
to wrap its casualty in the net and nibbles and incapacitates it. Subsequently, spiders
consume less vitality by prey than primitive seekers which maintain a strategic dis-
tance from the the prey thus vitality loss of weaving a huge orb web is comparitively
less.

Bolas spiders are uncommon sphere-weaver spiders that do not turn the net-
works. Rather, they chase by utilizing a sticky “catch blob” of silk on the end of a
line, known as a “bolas.” By swinging the bolas at flying male moths or moth flies
adjacent, the spider may catch its prey rather like an angler catching a fish on a
snare. In light of this, they are likewise called calculating or angling spider. The prey
is baited to the spider by the creation of up to three pheromone analogs (Yeargan
and Quate 1997).

Jumping spiders, wolf spiders, and numerous different sorts of spiders chase
unreservedly. Some of these have improved visual perception. They are for the most
part vigorous and lithe. Some are astute seekers jumping upon prey as they discover
it or notwithstanding pursuing it over short separations. Some will sit tight to pass
prey in or close to the mouth of a tunnel. Dolomedes spiders chase by holding up at
the edge of a pool or stream. They clutch the shore with their back legs while what-
ever is left of the body lies on the water, with legs extended. When they distinguish
the swells from prey, they keep running over the surface to curb it utilizing their
principal legs, which are tipped with little hooks; like different spiders they then
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infuse venom with their empty jaws to execute and process the prey. They predomi-
nantly eat insects; however, some bigger species can get little fish (Barbour 1921).
Females of the water spider, Argyroneta aquatica manufacture submerged “plung-
ing ringer” networks which they load with air and use for processing prey, shedding,
mating, and raising offspring. They live totally inside the ringers, shooting out to
catch prey creatures that touch the chime or the strings that grapple it (Schiitz and
Taborsky 2003). A few arachnids chase different spiders utilizing duplicity; the
bouncing spider Portia imitates the development of caught insect prey on the net-
works of different spider. This draws in the proprietor of the web whereupon Portia
jumps and overpowers the proprietor.

Trap door arachnids build tunnels with a stopper like trap door made of soil,
vegetation, and silk. The trap door is hard to see when it is shut in light of the fact
that the plant and soil materials successfully disguise it. The spider identifies the
prey by vibrations and, when it approaches enough, jumps out of its tunnel to make
the catch. The Kaira arachnid utilizes a pheromone to pull in moths and gets the
insects with a bushel shaped from its legs (Levi 1993).

Spiders perform savagery under a variety of circumstances. The most generally
known case of savage consumption in spiders is when females tear up males some
times amid or after copulation. For instance, the male Australian redback spider
(Latrodectus hasselti) is killed by the female after he embeds his second palpus in
the female’s genital opening; in more than 60 % of matings, the female then eats the
male. Be that as it may, the hypothesis of the “conciliatory male” may have gotten
to be more prominent than reality. Some trust that this type of barbarianism just
happens in outstanding cases (Foelix 1982, 1996; Roberts 1995).

Male water spiders (Argyroneta aquatica) demonstrate an inclination for mating
with bigger females, while ripping apart females smaller than themselves (Schiitz
and Taborsky 2005). Young of the Stegodyphus lineatus eat their mother. Females of
Segestria florentina some of the time bite the dust while guarding her eggs, and the
hatched spiders later eat her. A few spiders, for example, Pholcus phalangioides,
will go after their own kind when nourishment is rare (Johnson and Andrew 2005).

Death feigning can be used in reproductive behavior of spiders. In the nursery
web spider, the male often fakes death to escape from getting eaten by females after
mating (Hansen et al. 2008). Spiders may reproduce abiogenetically or sexually. A
few species are popular for the way the females eat the male after copulation.

Spiders show differing levels of sociality. Though most arachnids are single and
even forceful toward different individuals from their own species, a few species in
few families demonstrate a propensity to live in gatherings, regularly alluded to as
states. These can form moderately durable conglomerations. Some of these con-
glomerations contain upwards of 50,000 individuals as in Anelosimus eximius. The
level of sociality regularly fluctuates between species (interspecies); however can
shift within a species (interspecies) too. A large number of these social arachnids
show helpful brood care, utilize the same home (web), and have some measure of
generational cover (Agnarsson and Coddington 2006). A few species, for example,
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Anelosimus eximius, show regenerative division of work. A few researchers con-
sider these species as eusocial because non reproductives or sterile individuals can
be viewed as laborers.

Albeit all arthropods use muscles joined within the exoskeleton to flex their
appendages. Spiders and some different gatherings still utilize water powered
weight to expand them. Arachnids can create weights up to eight times their resting
level to amplify legs (Parry and Brown 1959), and jumping spiders all of a sudden
expand the circulatory strain in the third or fourth pair of legs (Ruppert et al. 2004).

Expanding is utilized for the mechanical kiting spiders use to scatter through the
air. An arachnid or spiderling in the wake of birth will move as high as possible. The
spider then stands on raised legs with its midriff pointed upward. After that, it begins
discharging a few silk strings from its guts into the air, which naturally frame a
triangular-formed parachute. The arachnid can then give itself a chance to be
diverted by updrafts of winds.

A noxious spider, once restricted to Africa, is gradually spreading far and wide.
Also, it has discovered an approach to Malaysian shores. The brown widow arach-
nid (Latrodectus geometricus) is currently affirmed to exist in Penang, Selangor,
and Johor, after Universiti Malaya (UM) researchers concentrated on the physical
components and DNA bar coding of the spiders. These records were made in 2011
and 2012 (Santhosh et al. 2015).

The brown widow spider is among the 30 species of the genus Latrodectus. They
earned the name “widow” on the grounds that the female as far as anyone knows
eats the male in the wake of mating. Notwithstanding, this conduct has been just
convincingly archived for one species, the red-backed spider (Latrodectus hasselti),
that is found in Australia, New Zealand, and Japan. The name widow spider in a
flash strikes dread as their venom has endowed them with this reputation. Be that as
it may, while nibbles from the black widow (Latrodectus mactans, found in North
America) can be lethal, they have prompted passings in under 1 % of cases. A death
from infusion of venom (envenomation) from the brown spider is less known. A
case was accounted for in Madagascar in 1991.

The brown widow spider is very versatile and has discovered corners in 58
nations. They likely “hitchhiked” in transportation compartments into South and
North America, the Middle East, Central Asia, Indonesia, the Philippines, Singapore,
Malaysia, Japan, and Australia. They have yet to be accounted for Europe, except
Turkey.

8.5 Species Richness

The spear heading commitment to the scientific classification of Indian spiders is
that of European arachnologist Stoliczka (1869). Review of available literature
reveals that Blackwall (1867), Karsch (1873), Simon (1887), Thorell (1895), and
Pocock (1900a, b) were the pioneer workers on Indian spiders. They discovered
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numerous species from India. Tikader and Biswas (1981) considered 15 families, 47
genera, and 99 species from Calcutta and encompassing zones with representations
and portrayals. Contributions of B. H. Patel, U. A. Gajbe, G. C. Bhattacharya, B. D.
Basu, A. T. Biswas, R. Roy, K. Biswas, B. Biswas, V. Biswas, D. Raychaudhuri,
G. L. Sadana, and M. Siliwal are noteworthy. They have reported numerous new
arachnid species from India.

Arachnids contain one of the largest orders of animals. They are predators and
devour countless organisms, but do not harm plants. They live in extraordinary natu-
ral surroundings and live in every one of the ecological situations. The prey-seeking
capacity, wide host range, high fertility, and polyphagous nature make them a
potential predator in biocontrol applications. The different arachnid groups on
agrarian area are essential both regarding pest control and conservation
purposes(Tikader and Biswas 1981).

The substantial and predictable connection of altitude crosswise over gatherings
of arboreal arachnids can have vital ramifications in the light of environmental
change. Although the CIT reported significant differences in species richness at
high and low elevation, Hajian-Forooshani et al. (2014) found no differences
between the accumulation of species in sites at high or low elevations (Fig.8.2).

Number of spider species has been found increasing from Canada to the United
States to Mexico and Central America. That is by and large valid for spiders, and for
the most part genuine moving south from Scandinavia to North Africa or from
Siberia to the Indo-Pacific domain also. However, it is not as a matter of course valid
in converse, in moving from the tropics to south temperate regions. Take, for
instance, the family Anapidae, a gathering of modest spiders, normally under two
millimeters in length that turn little orb networks, which are typically not exactly a
centimeter in width, in wood litter and greenery. In the Nearctic locale, there is
only one genus, including standout species, limited to California and Oregon
(Platnick and Forster 1989). Three genera are reported in the American tropics, two
of which are endemic there, and the three genera together incorporate no less than
35 species (Platnick and Shadab 1978, 1979). Be that as it may, the south fauna, in
Chile and Argentina, is not similar to the fauna of North America; it incorporates six
endemic genera containing no less than 15 species (Platnick and Forster 1989). The
distinctions are much more pronounced in the Asian segment. In Asia itself, there
are around four genera and eight species, occcuring from Nepal to Malaysia and
Japan, and the tropical Eastern Indo-Pacific anapid fauna incorporates no less than
two genera and five species. However, the south calm fauna is by a wide margin the
largest: New Caledonia has 3 endemic genera, with 8 species; New Zealand has
another 3 endemic genera with 13 species; and Australia has another 10 endemic
genera with 37 species (Platnick and Forster 1989). One of those Australian genera
is known from peaks in Northern Queensland, and its nine species found on various
mountains there, could questionably be viewed as tropical as opposed to south mild,
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Fig.8.2 Estimated species accumulation curves for high and low elevations. High-elevation sites
(black; >740 masl) and low-elevation sites (white; <750 masl). The thin solid lines and dotted lines
represent 95 % confidence intervals for high- and low-elevation sites, respectively (Zachary Hajian
etal. 2014)

despite the fact that their connections are to other austral as opposed to tropical
genera (Platnick 2014).

Tropical forests show high arachnid diversity; however most related studies have
inspected a specific utilitarian gathering or layer of the living space and few have
evaluated the effects of unsettling influence on tropical Araneae diversity. Orchid I.
is 92 km off the southeastern coast of Taiwan, and its timberlands are the northern-
most tropical woods in East Asia. In this study, the spiders’ differences were con-
trasted in four sorts of environments and distinctive degrees of human unsettling
influences on this island. Natural surroundings sorts analyzed in this study included
essential backwoods, developed forests with a little level of unsettling influence,
kindling manors with a middle of the road level of aggravation, and meadows pro-
duced from the reasonable cutting of woodlands. Two reproduces were utilized for
all living space sorts, each containing four 5 x 5 m test plots. Spiders starting from
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the earliest stage, bushes, and shelter were gathered to acquire an extensive repre-
sentation of differing qualities from all microhabitats in the specimen plots. From
the 1718 specimens examples got, 123 species from 19 families were recognized.
The plenitude was the most astounding in the primary forest and least in the grass-
land plots. Plots in the four natural surroundings sorts did not contrast in Margalef
species lavishness, Shannon-Weaver capacity, or Simpson index. In any case, plots
in the essential woods had fundamentally brought down uniformity because of the
high relative abundance of overwhelming orb weaver species. Spiders society orga-
nizations of the natural surroundings sorts in Taiwan appear in Fig. 8.3. Consequences
of an UPGMA examination utilizing pair-wise Euclidean separations demonstrated
that the sample plots could be bunched into four particular gatherings, showing that
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Fig.8.4 Guild compositions of spiders collected from different layers of the wooded sample plots
(Data from the primary forest, cultivated woodland, and firewood plantation plots were combined
Kuan-Chou Chen and I-Min Tso 2004)

the synthesis of spiders among living space sorts extensively contrasted. Plots in the
essential backwoods, developed forest, and kindling ranch natural surroundings
were overwhelmed by space web manufacturers and orb weavers, while those in the
meadows contained a much higher extent of meandering sheet weavers and ground
runners (Kuan-Chou Chen and I-Min Tso 2004). Grasslands had very little of shrub-
bery layer and no shade spread, so the anticipating of seekers and ground-level web
builders expanded. The arrangements of spider societies of various layers of the
living spaces are presented in Fig. 8.4.

In the natural ecosystem (fallow land), the predator/parasitic taxa reported were
Formicidae (31 %), Araneae (29.1), Histeridae (13.2 %), and Carabidae (10.1 %). In
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Table 8.1 Taxonomic composition of pitfall-trapped predaceous and parasitic arthropods in a
continuously cultivated agroecosystem (vegetable field)

Mean | % of total

Total no. captures/month X) captured
Taxon Oct ‘ Nov ‘ Dec ‘ Jan ‘ Feb ‘ Mar ‘ Apr ‘ May
Insecta
Formicidae 81 0 |29 |48 |8 |11 115 | O |460 15.2
Histeridae 26 |54 8 |12 |19 |25 |24 |17 |23. 7.6
Carabidae 15 |10 2 148 |11 |91 |67 |16 | 325 10.7
Hymenoptera® 8 6 4 4 3 3 2 1 3.9 1.3
Diptera® 6 5 0 3 1 0 4 0 24 0.8
Staphylinidae 7 3 0 7 9 1 1 3 3.9 1.3
Anthicidae 0 1 0 1 3 4 5 1 1.9 0.6
Pentatomidae 1 1 0 1 0 0 1 0 0.5 0.1
Syrphidae 1 2 0 1 2 1 0 0 0.9 0.3
Myrmeleontidae 3 0 0 3 2 3 1 0 1.5 0.5
Dermaptera
Labiduridae 0 0 1 3 1.3 0.4
Cicindelidae 0 0 0 0 0 |49 0 0 6.1 2.0
Other arthropods
Araneae 226 391 |110 | 156 |140 |99 142 |20 |160.5 |53.0
Phalangida 44 |8 0 20 |11 |1 3 0 10.9 3.6
Solifugae 15 |2 0 1 1 1 5 0 3.1 1.0
Scorpionida 2 2 0 1 2 0 2 0 1.1 0.4
Chilopoda 0 0 0 0 0 2 0 0.3 0.1
Acari 10 |5 0 4 3 4 0 0 33 1.1
Total no. 445 1493 153 [310 292 |296 |377 |58 |2424 100.0

Source: Faragalla and Taher (1991)

Data for December is for 2 weeks only, due to a natural runoff

“Hymenoptera included: Vespidae, Eumenidae, Sphecidae, Mutillidae, and Braconidae
"Diptera included: Asilidae, Cecidomyiidae, Sarcophagidae, Tachinidae, and Bombyliidae

the continuously cultivated agroecosystem, these were Araneae (53 %), Formicidae
(15 %), Carabidae (10 %), and Histeridae (7.6 %) (Table 8.1). Arachnids in coffee
manors are to some degree cryptic as a result of their absence of reaction to agricul-
tural heightening. In Chiapas, Mexico, arboreal spiders were observed to be decid-
edly affected by shade tree and covering connectedness. Shade-developed espresso
offers more suitable territory for arboreal creepy-crawlies because of attributes of
shade trees (Zachary Hajian et al. 2014).

True spiders (Araneae) dwarf all different gatherings of arthropods and together
with harvestmen (Phalangida) and Solifugae were very much represented in Western
Saudi Arabia during 1985-1986 in various developed biological systems. Moreover,
five groups of true spiders had been gathered in sufficient numbers that warrant fam-
ily correlations. Of these, the Lycosidae is the most prevalent and dwarf the other
true spider families together with the rest of the arachnids put together. Their most
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Table 8.2 Pitfall-trapped spider, harvestman, and sun spider fauna in a ground-dwelling arthro-
pod complex of three ecosystems

% of all arachnids captured

Natural Vegetable Date palm-citrus
Taxa ecosystem field orchard
Order: Araneae
Family
Lycosidae 8.9 36.8 26.4
Zodariidae 0.6 4.2 3.3
Theridiidae 0.4 4.2 33
Gnaphosidae 0.9 2.9 3.0
Salticidae 0.1 0.9 0.1
Order: Opiliones or Phalangida 0.5 3.1 23
(harvestmen or daddy longlegs)
Order: Solifugae (sun spiders or wind 0.5 0.9 1.1
scorpions)

Source: Faragalla and Taher (1991)

astounding commonness was in the constantly developed agrobiological system
taken after by the date palm-citrus plantation agro-environment and the regular
agrobiological system (Table 8.2). It could be expressed from these outcomes that
Araneae represent a dominant group in the three agro-environments examined con-
trasted with predaceous/parasitic hexapod families (Faragalla and Taher 1991).

8.6  Spider Diversity

Spiders comprise one vast gathering of arthropods, with 45,741 spider species
placedin 114 families perceived from the World Spider Catalog (2015). Morphology-
based IDs of spiders are tedious and risky for a few reasons. It is troublesome or
difficult to distinguish adolescents of spiders as after each shed they seem distinc-
tive. Another test for distinguishing proof is striking sexual dimorphism, particu-
larly in some orb weavers (Nephila), or the absence of data on indicative characters
for one sex. In spite of the fact that there are around 44,957 portrayed spider species,
this speaks just a small amount of their aggregate differences. Marina and Kleber
(2008) embody information on differences of spiders in temperate ranges approxi-
mately 300 N and S from equator including desert and savanna contain higher quan-
tities of arachnids than tropical regions.

Nearly 1800 spider species from 443 genera are known from India. Among the
62 families, 5 families represented more than 100 species each, and they are
Salticidae (74 genera and 212 species), Thomisidae (40 genera and 178 species),
Araneidae (28 genera and 167 species), Gnaphosidae (30 genera and 148 species),
and Lycosidae (19 genera and 134 species) (Kuan-Chou Chen and I-Min Tso 2004).

Out of 1724 spider species recorded from the Indian sub-mainland, 102 species
are from mygalomorphs and 1622 species are from araneomorphs. Seventy species
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are solely recorded from the Karakorum zone. As indicated by an IUCN report eight
mygalomorph species have been considered as imperiled/fundamentally jeopar-
dized/close debilitated. Territory misfortune and debasement alongside worldwide
pet exchange are significant dangers for these spiders, and thus the species are under
threat in the Indian subcontinent:

Poecilotheria formosa Pocock (1899) — endangered

Poecilotheria hanumavilasumica — critically endangered

Poecilotheria metallica Pocock (1899) — critically endangered
Poecilotheria miranda Pocock (1900a, b) — endangered

Poecilotheria rufilata Pocock (1899) — endangered

Poecilotheria striata Pocock (1895) — vulnerable

Haploclastus kayi Gravely (1915) — endangered

Thrigmopoeus truculentus Pocock (1899) — near threatened (IUCN 2014)

PNANR WD -

8.7 Endemic Spiders

The first information on the endemic spider fauna of India came from the female
specimen of Oxyopes indicus (Walckenaer 1805). Thereafter, the work of Sundevall
(1833), Walckenaer (1841), Blackwall (1864, 1867), Simon (1864, 1885, 1887,
1888, 1889, 1892, 1893, 1895, 1897, 1900, 1901, 1902, 1905, 1906), Frauenfeld
(1867), Thorell (1887, 1891), Stoliczka (1869), O. P.-Cambridge (1870, 1874, 1877,
1885, 1890, 1892), Butler (1873), Wood Mason (1877), Keyserling (1890), Walsh
(1891), Peckham and Peckham (1895), Pocock (1895, 1899, 1900), Leardi (1901,
1902), Strand (1912), Hirst (1909), Narayan (1915), Gravely (1915, 1921, 1924,
1931, 1935), Chamberlin (1917), Hogg (1922), Hingston (1927), Sherriffs (1927),
Mukerjee (1930), Reimoser (1934), Caporiacco (1934, 1935), Bhattacharya (1935a,
b), Roewer (1942), and Fage (1946) initiated the spider research during British
India. These workers reported 408 spider species from India which are endemic to
India. Later on, spider research was geared up in India from 1962 by the work of
Tikader (1960-1991), Gajbe (1991, 2008), Biswas and Roy (2008), and Patel
(1973-2005) who reported more than 500 spider species endemic to India. Siliwal
and co-workers (2005-2015) reported 21 mygalomorphs endemic to India.
Notwithstanding the Indian specialists, expansive number of arachnologists outside
India has additionally reported spiders endemic to present day India. Prominent
among them are Prészynski, Platnick, Jager, Peckham and Peckham, Huber, and
Baehr (see Siliwal et al. 2015 for details).

Endemism is the environmental condition of a species being restricted to a char-
acterized geographic area, for example, an island, nation or other characterized
zone, or living space sort. Endemic spiders in India contain 1238 species from 58
families and 340 genera. The most characteristic families are Thomisidae, Salticidae,
and Gnaphosidae containing 11.66 %, 11.50 %, and 10.51 % precinctive/endemic
species separately among the aggregate 1238 endemic known spider species in
India. This has all the earmarks of being high endemism (Siliwal et al. 2015).
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8.8  Threats to Spiders

Populace of arachnids is diminishing gradually because of urbanization, water and
environmental changes. To save these spiders, water must be made accessible by
diving trenches in streams before the blustery season with the goal that water will
be accessible and keep up the moistness. Today the populace and assorted diversity
of pisaurids is influenced. From the information available for the previous five years
from India, it is unmistakably seen that no new species have been discovered from
these families and that their populace is diminishing. The following are threats
responsible for the decreasing population of spiders.

Climate Change Because of environmental change, the seasons have become
shaky. There can be downpours in summer or even in winter. Most spiders require
the right stickiness for survival, and their life cycles are synchronized with the blus-
tery season and winter. Most spiders lay egg sacs amid September/October, i.e.,
before the end of the stormy season. In the event that there are overwhelming down-
pours amid winter or if there is worldwide darkening, there is high mortality. In
view of unnatural weather changes, there is water shortage, bringing about a less
hygroscopic environment, and spiders cannot endure high temperatures. Streams
get dry, and there will be no water in downstream stores. These conditions are unfa-
vorable for the survival of spiders.

Grazing Nibbling by herbivores in timberlands prompts pulverization of the envi-
ronment of arachnids that possess grasses and bushes, for instance, Argiope (signa-
ture spider). Amid browsing, a few spiders are eaten up, and much of the time the
orb web is annihilated and these spiders need to spend more vitality for setting up
another web. Browsing additionally brings about slackening of soil on the slants,
along these lines prompting soil expulsion amid the stormy season as spillover. This
influences the development of bushes (living space debasement), influencing the
spiders populace. Eating additionally brings about the spread of Lantana camara (a
weed), which keeps down the development of bushes and grasses, influencing the
spider's natural surroundings seriously. In India most woodland living spaces are
confronting the issue of this weed smothering the development of endemic bushes
and grasses. To preserve arachnids, touching by residential herbivores must be kept
away from in backwoods to secure spider living spaces.

Deforestation/Habitat Loss Deforestation annihilates numerous normal territories,
influencing composition of animal and plant communities. At the point when tim-
berlands are chopped down and common progression is permitted to happen, an
alternate, widely varied vegetation colonizes the territory, influencing the spider
diversity and populace.

Besides, soil is lost when the organic litter of the timberland floor is washed
away. There are a variety of weeds that become established rapidly in clear-cuttings
in the wake of logging and/or blazing, and the vegetation is modified within a brief
time frame. The weeds make new territories for a wide range of arthropods. Be that
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as it may, spiders require appropriate spots to make their networks. They require
some investment to change in accordance with the new conditions.

An established instance of habitat misfortune is Thrigmopoeus truculentus in the
Western Ghats. This spider is classified as “closely threatened” as it does not meet
the “confined dissemination criteria.” The natural surroundings of Poecilotheria
hanumavilasumica (Rameshwaram parachute spider) are demolished on account of
different reasons, and because of the restricted region of dissemination of this spi-
der, its presence is in risk. It is announced as critically endangered.

Forest Fire Woods fires profoundly affect all arthropods in a forest environment.
Not just does the smoldering kill a great deal of arthropods straight forwardly, it
additionally modifies the ground vegetation and the natural soil spread, which thus
alters the conditions for ground-living animals. Workers examined the effect of the
wood fire on the soil pH and the number of spiders in the season. In a dry deciduous
forest, the plant litter begins rotting after the primary rains and structures, an appro-
priate environment for soil arthropods and microscopic organisms, which finishes
the rotting of the litter. Arachnids eat this arthropod populace, controlling them. The
excreta of the spiders fall on the soil, influencing its pH. Subsequently in a suste-
nance web, bugs assume a pivotal part as predators and are at the highest point of
this transitory biological community. At that point in the next months, grasses and
bushes establish, giving a decent natural surroundings to different spiders. Lower
differing qualities and a smaller populace of spiders were found in Melghat in flame
influenced compartments.

Scarcity of Water Spiders from the families Pisauridae and Tetragnathidae like to
live along streams and water bodies. On the off chance that water is not accessible
amid their life cycle stages, from the laying of egg sacs to advancement up to eight
or nine shedding stages, they cannot survive.

Pesticides Agriculturists use pesticides to shield their harvests from nuisances.
They splash pesticides to kill the pests, and at the same time, nontarget inverte-
brates, for example, spiders, are likewise killed. Really, spiders being summed up
feeders can feast upon an assortment of nuisances and secure the harvests; however,
ranchers use pesticides that execute the arachnids as well. A few uses of pesticides
for every season can decimate insect groups. A few pesticides are additionally held
in the webs of spiders and can be adverse to those arachnids that ingest their webs
day by day. Pests return and assault the product; however arachnids do not return so
effortlessly to the fields. This makes an unevenness, and the agriculturists are at a
misfortune. It takes more time for the populace densities of spiders to develop after
the use of spider sprays contrasted and plant hoppers and leafthoppers since arach-
nids have a more drawn-out era interim.
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To save spiders, the utilization of pesticides must be banned/minimized, and
agriculturists ought to be prepared about this. Indeed, even spiders can be utilized as
biocontrol operators. Yes, it is conceivable if arachnids are raised by infestation of
products. Luckily, the life cycle of farming money crops coincides with the life
cycle of spiders, i.e., June to December. Farmers can be prepared for rearing spiders
that have high fertility.

Agricultural Practices In India, agricultural practices are changing, and agricultur-
ists have quit utilizing natural manures. In one test, banana fields in which natural
compost was utilized had a significant high spider populace (780 Thelacantha per
section of land + 1240 Cyclosa per section of land + 2000 lycosids + other spiders)
contrasted with an agro field in which inorganic manures were utilized. The family
Lycosidae made up just 5 % of the group in customary fields where inorganic pesti-
cides were utilized; however, they made up 35 % in organic fields. Spider densities
were additionally observed to be expanded in banana and orange fields where straw
mulch was utilized as a ground spread to avoid water dissipation. Smoldering litter
and product remains decimate ground arachnids. To moderate ground-tunneling
spiders in agro-environments, agriculturists ought to furrow their fields before
March so that these spiders are not demolished as their tunneling exercises start
amid the principal week of April. They develop and mature before the onset of the
blustery season. Soil unsettling influenced by furrowing annihilates overwintering
locales and can kill any spider that effectively displays in the soil. The development
of homestead gear through a harvest field harms spider-catching networks and may
pulverize web connection locales. Thus, the spider density and diversity are higher
in organic fields than in traditional ones. Spiders have an extensive variety of prey
species, get critical quantities of their prey, and utilize different scrounging proce-
dures. Crop differing qualities additionally prompt an accessibility of option prey,
which may expand the spider-assorted qualities and also lessen the domain size of
arachnids, prompting a steady populace of spiders at high densities. Protection of
predators like spiders in the field can be proficient by lessening physical unsettling
influences to the living space. Consequently, to moderate and improve spider popu-
laces, rural frameworks ought to be controlled in routes useful to the requirements
of arachnids.

Use of Pesticides to Kill Mosquito Larvae For mosquito control, Indians use mos-
quito anti-agents in their homes. This has seriously influenced the number of inhab-
itants in house spiders, for example, Pholcus, salticids, and gnaphosids. Spiders in
houses are useful in mosquito control. A room of size 10 x 10 ft must have five or
six pholcids on the off chance that every one of the mosquitoes is to be nourished
on. Essentially, the larval stages of mosquitoes that possess water bodies can like-
wise be controlled by spiders, for example, tetragnathids, pisaurids, and lycosids,
living along trench, streams, and waterways.

However, we splash pesticides or phenyls to kill the larval stages. Spiders can
feed upon grown-up mosquitoes and also on the larval phases of a wide range of
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mosquitoes. Thus, spiders can be monitored by ceasing the utilization of mosquito
killing agents and pesticide sprays.

Urbanization is nothing but living space fragmentation, pulverization, and/or natu-
ral surroundings change. Generally agribusiness land or timberland area is utilized
for urbanization. This prompts low diversities and higher plenitudes of confined
species. Especially, spiders from the families Pisauridae, Tetragnathidae, and
Clubionidae lose their territories. Spiders from the families Salticidae, Uloboridae,
Therediidae, Pholcidae, Oonopidae, and Araneidae overwhelm urban territories. To
moderate spiders from the families Pisauridae, Tetragnathidae, and Clubionidae,
which have lost their environments, advancement of kitchen patio nurseries, foun-
dation of parks in cities and towns with moving water in drains, and manor of trees
can be taken up. The floor space index (FSI) of developments ought to be expanded,
with structures becoming vertically as opposed to on a level plane.

Development of Road Network India being a developing nation, advancement of
the street system in India is unavoidable at present. Tree felling is done to augment
existing streets. This devastates the living spaces of spiders that possess tree trunks,
e.g., spiders from the family Hersiliidae, a few spider salticid genera, for example,
Marengo and Myrmarachne and social arachnids from the family Eresidae. The
rundown is long. Indeed, even in woodlands, after the blustery season, utility streets
are repaired by cutting grasses developing on old streets. This practice ought to be
delayed till the end of December so that the spiders utilizing grass living spaces
grow totally and are scattered broadly. Something else, after a delayed time of
wrong practices, these species will get to be jeopardized. At present the vast major-
ity of the spiders are named Data Deficient and exploration is required. For preser-
vation of these arachnids, it is proposed here that, before felling of trees for building
up the street system, trees be planted first at the fundamental separation. Once these
develop, the old trees can be cut for new streets.

8.9 Trade

Species, for example, tarantulas, are gathered and killed on a substantial scale. A
portion of the animal groups, for example, dark widows, are gathered for venom in
India, and thus their populace is diminishing. Tarantulas, the unpleasant and crawly
creepy spiders, are in incredible interest the world over. Also, there is anxiety in the
Western Ghats, where the species is lessening due to a sudden forcefulness in the
unlawful exchange of these eight-legged arachnids. The poaching of spiders goes
unnoticed, and there is no development all things considered against the trade. The
International Union for Conservation of Nature has listed Poecilotheria regalis,
Poecilotheria striata, Poecilotheria hanumavilasumica, Poecilotheria miranda, and
Poecilotheria metallica in the Red Data Book as threatened with extinction.
Thrigmopoeus truculentus is categorized as “near threatened” because it does not
meet the restricted distribution criteria. Of the 90 tarantula species found in India,
there is a tremendous interest for 62 for decorative purposes. These mygalomorphs
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ought to be brought into the planned gathering under the Wildlife Protection Act, so
they are given security and hence can be moderated.

The essential driver of the decay of spider-assorted qualities is not immediate
human over abuse but rather territory decimation. At present a large portion of the
spider species in India is information insufficient. The timberland, watering system,
and farming divisions ought to work on the whole to take care of the issue of protec-
tion of spider by averting fire, sufficiently giving water to solid environments, and
taking after eco-accommodating agro and backwoods rehearses. Agriculturists spe-
cifically should quit utilizing fertilizers and pesticides and go for organic cultivat-
ing, utilizing integrated pest management. Scientists can chip away at spider
scientific classification to recognize more spider species from India.

8.10 Spider Silk

Spider silk is a case of a multifunctional fiber that assumes a key part in a spider’s
life and serves as an incredible model for the adaptable assembling of the up-and-
coming era of forte filaments. The discharges of the arachnid are a shelter for peo-
ple, for instance, silk. Arachnid silk has high rigidity, four to five times more than
that of iron. Subsequently, the recombinant silk delivered on substantial scale is
utilized to produce fabric from which impenetrable coats are fabricated. On the off
chance that spider silk bars of 5 mm measurement are utilized as a part of building
development rather than iron poles, seismic tremor confirmation houses can be built
as silk is versatile in nature. This is the nature’s blessing which is of extraordinary
use for the armed force of any nation. Parachute ropes can likewise be fabricated
from arachnid silk. German researchers have made guitar strings from arachnid silk.
The silk protein atoms can redirect the radio frequencies originating from rockets
and consequently can be utilized to mislead the rockets of foe. Along these lines,
spider silk proteins are helpful in guard at a huge scale.

Breast Implant Coatings Preclinical studies have demonstrated that silicone bosom
inserts are better acknowledged by the body when covered with a nonimmunogenic
spider silk film. In particular, capsular fibrosis and aggravation are altogether
lessened.

Durable Skin Barrier Solid skin barrier is being produced to give insurance to the
skin. Spider silk can viably rehydrate the skin and manufacture a defensive silk film
to restore the skin’s obstruction capacity.

Wound Care and for Wound Healing Because of the biocompatibility and biode-
gradability properties of the filaments, spider silk has turned into an alluring mate-
rial for analysts in regard to biomedical applications.

Antibiotic Surgical strings and gauzes can be set up from the spider silk. This silk
is biocompatible with people. The greater part of the birds inside line their homes
with arachnid silk in light of the fact that the spider silk is smooth and anti-infection.



160 G. Vankhede et al.

In the event that youthful ones are harmed with grass-sharp edges or their pointed
tips, they do not get bacterial contamination as they are in contact with antibacterial
silk.

Tissue Culture Spider silk covering offers an expanded hydrophilic, somewhat
adversely charged surface, which energizes authoritative. Additionally, the custom-
ized RGD (Arg-Gly-Asp) arrangement enhances cell connection and empowers
particular integrin authoritative. This totally straightforward covering permits exact
optical estimation. The tripeptide Arg-Gly-Asp (RGD) is the grouping inside a pro-
tein that intervenes cell connection and has been found in spider silk proteins which
go about as receptors for cell bond atoms.

Tissue Engineering Arachnid silk gives a reasonable 3D permeable framework that
impersonates the in vivo extracellular network and empowers cells to connect, relo-
cate, and develop. Arachnid silk protein is better than its RGD (Arg-Gly-Asp) areas
upgrading cell. The mechanical properties of this delicate material make it particu-
larly adjusted for tissue designing.

Reflects UV Rays Arachnid silk covering the egg sacs of spiders reflects UV beams
and hence secures the sensitive eggs. With this property, the spider silk is currently
used to produce UV-reflecting fabrics.

Drug Delivery Thus, spider silk is unmistakably a case of a multifunctional fiber
that assumes a key part in spider’s life and serves as a magnificent model for the
adaptable assembling of the up-and-coming era of forte filaments. Because of the
biocompatibility and biodegradability and also the mechanical properties of the fila-
ments, arachnid silk has turned into an appealing material for scientists in regard to
biomedical applications. Drug spider venom is utilized to make pharmaceuticals
against malignancy.

Pesticides from Spider Venom Presently, pesticides are likewise made from spider
venom. Venom from the world’s most noxious arachnids may spare the bumble
bees, giving a biopesticide that kills pests yet saves the valuable pollinators. Honey
bee populaces, both wild and hostage, are in decrease all through the world. Certain
pesticides used to ensure yields can scramble the cerebrum circuits of bumble bees,
influencing memory and route abilities they have to discover for sustenance, setting
whole hives under risk. Amazingly, the spider venom is not venomous for humans;
just slight unfavorably susceptible reactions are seen after envenomation.

8.11 Conservation

“If spiders disappeared, we would face famine.” This is how Norman Patnick talks
about spider conservation. Arachnids are essential controllers of insects. Without
arachnids, the majority of our yields would be devoured by pests. “Arachnids are
vital in natural cultivating, which depends on common foes.” Venom of spiders
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contains several distinct chemicals, some of which might be therapeutically
dynamic. Natural surroundings misfortune and discontinuity are the worst dangers
to spiders. Keeping up environmental heterogeneity and minimizing insect sprays
and different chemicals are the approaches to moderate spiders. Spiders are small to
the point that they may frequently be neglected in protection arranging. On one acre
of land of forest alone, spiders may devour more than 80 1b of insects, every year.
The pest populations in developed biological communities will explode without
spiders. So they should be conserved.
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Fluctuation of Brown Mite, Bryobia
rubrioculus (Scheuten) (Acari:
Tetranychidae) Population in the Cherry
Orchards of Hamedan, Western Iran

Mohammad Khanjani

Abstract

Brown mite, Bryobia rubrioculus (Scheuten) is the most important pest of cherry
and plum trees in West Iran. Mites caused considerable damage in select orchards
in West Iran. So its biology was studied during 2010 and 2011. This pest over-
wintered as egg on fruit tree shoots. Larvae of the first generation appeared early
in April at 10.58 °C. This pest completed 4-5 generations/year. Mite population
peaked in September. This database can be used to develop ecofriendly manage-
ment practices.

Keywords
Brown mite ¢ Hamedan ¢ Iran ¢ Fruit trees

9.1 Introduction

Fruit orchards and their products play an important role in the economy of Iran. One
can find different mites on the fruit trees especially cherry, black cherry and plum,
particularly Bryobia rubrioculus which is the most important one. The population
of this phytophagous mite in some of the Hamedan province is considerable, and it
should be controlled; otherwise optimum harvesting of product would not be pos-
sible (Khanjani and Haddad 2009). The insurgency of this pest is visible in orchards
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sprayed in previous years against other pests such as aphids and plum moth. Surely,
this insurgency occurred because of destroying natural enemies. For performing
successful control, sufficient time is needed, so the investigation of pest biology in
this area became necessary.

Bryobia rubrioculus, the mite on the fruit tree species, has long been confused
with B. praetiosa Koch, the grass species. B. rubrioculus is also known in literatures
as B. arborea (Morgan and Anderson 1957). The brown mite is an economic pest of
orchard trees such as cherry, plum, black cherry, apple, pear, peach and almond.

Brown mite is distributed in Europe (Austria, Belgium, Bulgaria, France,
Germany, West Greece, Hungary, Italy, the Netherlands, Poland, Portugal, Romania,
Spain, Switzerland) (Momen 1987; Carmona 1992), North America (USA;
Canada — Nova Scotia, Ontario, British Columbia) (Herbert 1962), Africa
(Mozambique, South Africa, Zimbabwe), Australia, New Zealand, Asia
(Afghanistan, China, India, Iraq, Iran, Japan, Lebanon, Turkey) (Charles 1998), and
South America (Argentina, Brazil, Chile, Uruguay) (Osakabe et al. 2000). This spe-
cies has been reported in Iran by Khalil Manesh in 1975 (Khanjani 2004; Khanjani
and Hadad-Iraninejad 2009).

9.2 Materials and Methods
9.2.1 Biology and Seasonal Fluctuation

For inspection of biological cycle of brown mite in the orchards, a sampling was
done between 2010 and 2011 in two different areas: one mountain zone, Heydareye
Ghazi-Khan, and foot of a mountain, Heydareye and Abbas-Abad in Hamedan.
After selecting a sampling zone, 20 trees infected by brown mite were marked, and
sampling was done twice per week. Sampling units were branches with 30-40 cm
length and 8—12 thickness. In this inspection 12 branches (40 cm) from four sides
and three levels of a tree were cut and placed in the paper bag with data such as the
zone of sampling and the date written on it, and then they were delivered to the
Bu-Ali Sina University’s Acarology Laboratory. For separation of active and inac-
tive stages, infected branches were plunged in hypochlorite sodium 2 %, and then
they were placed in different sifts according to their size; then the content of each
one was washed and transferred to Petri dishes which then were observed under
stereomicroscope. For fixing the exact time of winter egg hatching and commence-
ment of pest’s activity in the new year, the infected branches were cut and sent to the
lab, and after observing under stereomicroscope, the exact time of hatching were
defined.
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9.2.2 Biology in Laboratory

Mites were reared in the lab (25 +2 °C, 65 £ 5 %, light period 16:8) with a two-layer
tissue in them. A leaf was placed in the Petri dish on a wet tissue. For biological
details, larvae were released in the Petri dishes (0.2 m) on a receptacle leaf disc. The
life cycle of mites was monitored by changing the leaf disc once in every 3 days.
Different trees were used, but the endurance of black cherry leaf was layered so this
leaf was used for the rest of the examination. It should be considered that selection
of host’s type during training plays an important role because two hosts (primitive
and lab type) should be proportional.

9.3 Results and Discussion

This species normally occurs on cherry, black cherry and plum trees and is much
smaller than other members of the B . praetiosa. Not only is body length, width and
leg measurements considerably smaller, but the distance between the c/ setae is
only about half or slightly more than that of other species. A rather unusual feature
of many specimens is the wide spacing of the duplex setae on tarsus IV. B. rubriocu-
lus has propodosomal projection over the rostrum. The peritremes are astomosing
distally. The solenidion and proximal tactile setae on tarsus III are approximate and
subequal in length; these setae are reversed in position on tarsus IV, are subequal in
length and are separated. The life cycle of brown mite includes egg, larvae,
protonymph, deutonymph and female adult.

Egg Eggs are small, globular and dark bright red, deposited on leaf undersides.
Brown mite eggs hatch in early spring. The eggs hatch in as little as 9.68 + 0.66
days, depending on temperature, and the newly hatched mites (called larvae) imme-
diately begin to feed.

Larvae Length of body is 243 + 17 p; greatest width of body is 214 + 21 p. Anterior
propodosomal setae are short, slender and 11-13 p long. Propodosoma coarsely
granulates with a few wrinkles. Rest of the body on the dorsal side of the body sur-
face granulates and wrinkles. Newly hatched mites are red but turn green when
mites start feeding. The development time of larvae in 60 repeats was 4.12 + 0.17
days in the laboratory.

Protonymph Length of body is 377 + 41 p; greatest width of body is 311 + 44 p.
Propodosomal lobes are present. Anterior propodosomal setae are short and 8—11 p
long. The remainder of the dorsal setae spatulate, 19-25 p long. The development
time of protonymph in 34 repeats was 4.18 + 0.21 days in laboratory.
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Deutonymph Length of body is 430 + 57 p; greatest width of body is 347 + 38 p.
Propodosomal lobes are strongly developed. Anterior propodosomal setae are
14-19 p long. The remainder of the dorsal body spatulates, 19-25 p long. The
development time of protonymph in 30 repeats was 4.62 + 0.13 days in laboratory.

Adult Female Length of body is 652 + 77 p; greatest width of body is 491 + 45 p.
Propodosomal lobes are with a basal width of 115 + 14 p; height of outer lobes is 40
+ 8 p; and height of median lobes is 45 + 14 p. The dorsal body surface granulates
and wrinkles. Adult mites vary in colour from brownish green to reddish brown. The
legs are orange with the front legs approximately twice the length of other legs.

This mite has three resting stages. They are nymphochrysalis (larvae), deu-
tochrysalis (protonymph) and teliochrysalis (deutonymph). The development time
of these resting stages in 56, 28 and 21 repeats is as follows: 4.74 £ 0.19, 3.88 + 0.17
and 5.00 £ 0.22 days in the laboratory. Also, the period of preoviposition, oviposi-
tion and postoviposition in 22, 32 and 17 repeats is as follows: 9.18 + 0.65, 12.56 +
0.50 and 45.32 + 0.81 days.

Damage Brown mites feed on the upper surface of the leaf by piercing cells and
sucking the contents out. This feeding on young leaves shows up as whitish-grey
spots resulting in a stipple appearance when the leaves grow. Attack on newly
emerged leaves can result in discolouration of leaves when they fail to grow.

Biology Brown mites feed only during the cooler parts of the days and migrate off
the leaves during midday. They are not active during hotter periods such as summer.
This mite has two types of eggs: summer eggs and winter eggs. Winter eggs are on
the 1-year branches but summer eggs are on the leaves, although they are similar in
morphological character (Herbert 1962; Meyer 1987). Brown mite in all generation
leaves summer eggs on the leaves, but on the bark branch, spores, especially junc-
tion part of spores with branches, they leave two types of eggs. In winter the mite
undergoes aestivation as an egg on the 2nd or 3rd year branches about to sprout;
conjunction of main and offshoots in plum, cherry and black cherry trees; or on
Chionaspis asiatica (Herbert 1962; Keshavarze-Jamshidian 2004; Khanjani and
Haddad 2009; Eghbalian 2007). Host type is effective on quality and number of
generations of this mite. When it is on fruit trees, the period of living for one genera-
tion will be shorter, while on stone fruit, this period is longer. Of course, tempera-
ture has particular effect on this period; the lower the temperature, the sooner will
be the growth. The maximum effect was during larval period, protonymph and
deutonymph before and after hatching. Mite’s strain is effective on the rate of
growth especially hatching. Morgan and Anderson (1957) reported that 90 % eggs
of brown mite on apple tree at 23 °C are hatched but Herbert (1962) reported 26 %.
But in the current study, (25 °C) more than 90 % eggs hatched. At 25 °C, it takes
shorter time for hatching and more eggs would be hatched. At 25 °C also, when the
mites were offered leaves of apple, maximum number of eggs hatched. Leaves of
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stone trees are not parallel in all zones of Hamedan, for example, in mountainous
and cold condition like Heydareye Ghazi-Khan, they take 20-23 days more than in
plain areas. Accordingly eggs also hatch 20 days later in Abbas-Abad orchards.
This delay caused changes in mite’s generation period in different zones. Generally,
this mite has five generations in plain areas and four generations in mountainous
areas in Hamedan. Khanjani and Haddad (2009) also announced four generations in
a year on plum and black cherry in Hamedan.

Morgan and Anderson (1957) observed at least four generations on apple in
British Columbia. According to their report, this mite produces three generations in
apple orchards of Nova Scotia but the third generation is not perfect. They recorded
seasonal fluctuation of brown mite between 1960 and 1961. All the growth stages of
mite completed their duration 1 or 2 weeks earlier in 1960 than in 1961. The reason
may be the increase in average temperature by 5 °C in 1960.

Winter eggs begin to hatch when average temperature during the last 2 weeks
became 8.13 +2.54 °C, and a peak for hatching was on the 20th of April (Fig. 9.1).
At this time, average temperature was 14.9 °C and optimum threshold was 15 °C,
and pest’s larvae hatch in next 10 days after 30th of March. The maximum popula-
tion occurred in the second 10 days of September. The peak in population of first
active generation occurred at the beginning of April. The period before oviposition
took a long time about 1-10 days for which high temperature can be the reason, and
then oviposition occurred in 12—14 days gradually. In Hamedan, eggs hatched after
10 days and resulted in second-generation larva damaging fruit trees. A peak in
population of second-generation larvae was in the first 10 days of May, third genera-
tion second 10 days of June, fourth generation in July and the fifth generation at the
end of September or at the beginning of October. The fluctuations of the stages
protonymph, deutonymph and adult are as depicted in Figs. 9.2, 9.3 and 9.4.
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Fig.9.1 Seasonal fluctuation of Bryobia rubrioculus (larva) in Hamedan cherry orchards (2010)
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Media for Hirsutella thompsonii Fisher,
a Pathogen of Coconut Mite
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Abstract

Coconut eriophyid mite Aceria guerreronis Keifer has emerged as a major pest
of coconut in the country since 1998. Among the various biocontrol agents,
Hirsutella thompsonii is a promising fungal pathogen used in field biosuppres-
sion of the pest. Influence of various synthetic and laboratory-derived growth
media, viz., Potato Dextrose Agar (PDA), Sabouraud Dextrose Agar (SDA),
Glucose Yeast Extract Agar (GYA), and Carrot Agar (CA), was compared with a
locally available inexpensive substrate, coconut water on growth, and sporula-
tion of H. thompsonii. Fungal growth characters, viz., radial growth, conidial
production, and micromorphometry of the fungal mycelium and spore, were
recorded. Results indicated comparable growth in coconut water media (1.91
cm/20 days) to that of PDA (1.94 cm/20 days). In solid media, laboratory-derived
coconut water agar showed significantly higher spore count (12.9x 10*spores/
cm?®) followed by laboratory-derived PDA (11.38 x 10%*spores/cm?). Regarding
conidial production in broth culture, maximum spore production of H. thompso-
nii was observed in Sabouraud Dextrose broth (51.2x 10*spores/cm?). Coconut
water showed comparable spore count (18.2x 10%spores/cm?) to that of Potato
Dextrose broth (19.6x 10*pores/cm®) and Glucose Yeast Extract broth
(18.6x 10*spores/cm?). There was no significant difference in micromorphomet-
ric characters among the media tested. The results suggest the potential of using
coconut water for mass production of H. thompsonii in the laboratory.

C. Mohan (P<) » M.K. Radhika ¢ A. Josephrajkumar ¢ P. Rajan
Entomology Section, ICAR-Central Plantation Crops Research Institute,
Regional Station, Kayamkulam, Post. Krishnapuram,

Alappuzha 690 533, Kerala, India

e-mail: cmeperi @gmail.com

© Springer Science+Business Media Singapore 2016 173
A K. Chakravarthy, S. Sridhara (eds.), Arthropod Diversity and Conservation in
the Tropics and Sub-tropics, DOI 10.1007/978-981-10-1518-2_10


mailto:cmcpcri@gmail.com

174 C.Mohan et al.

Keywords
Coconut mite ® Coconut water * Fungal growth media ¢ Hirsutella thompsonii

10.1 Introduction

The acaropathogenic fungus, Hirsutella thompsonii Fisher, is a facultative pathogen
of many phytophagous mites especially those belonging to family Eriophyidae. The
geographic distribution of the fungus is widespread (Brady 1979). The isolation of
the fungal pathogen H. thompsonii from citrus rust mite, Phyllocoptruta oleivora
(Ashmead), and its successful cultivation on an artificial medium (McCoy and
Kanavel 1969) introduced the possibility of large-scale production of the fungus.
Promising results are reported on the efficiency of H. thompsonii to control citrus
red mite in the USA, Surinam, Israel, and China (McCoy 1996; Brussel 1975).
Biocontrol of the coconut mite, Aceria guerreronis, using H. thompsonii is being
investigated in various countries where eriophyid mite is a major problem of coco-
nut palm (Hall et al. 1980; Espinosa Becerril and Carrillo-Sanchez 1986; Lampedro
and Luis 1989; Moore and Howard 1996; Cabrera 2002). H. thompsonii has been
isolated from samples of coconut mites from India (Beevi et al. 1999; Nair et al.
2005), Sri Lanka (CFC/DFID/APCC/FAO 2004), and from samples of Colomerus
novahebridensis from the New Hebrides, New Guinea, and Sri Lanka (Hall et al.
1980). Mass production of the fungus has to be standardized for assuring a steady
supply for area-wide field delivery in mite management. Nutrients in the culture
media affect the growth and sporulation of fungus. Faster growth and better germi-
nation are important factors for a successful infection. The use of cheaper locally
available substrates reduces the cost of production of the fungus. Hence in this
paper, the potential of growing H. thompsonii in coconut water, a locally available
cheap substrate, is investigated and compared with other standard fungal growth
media, viz., Sabouraud Dextrose, Glucose Yeast Extract, Potato Dextrose, and
Carrot Agar.

10.2 Materials and Methods
10.2.1 Source of Fungal Culture

Culture of H. thompsonii Fisher (IMI 394108) maintained in the biocontrol labora-
tory of ICAR-Central Plantation Crops Research Institute, Regional Station,
Kayamkulam (9°8’ NL and 76°30'EL), Alappuzha District, Kerala, was used in the
study. The mother culture was subcultured in the laboratory at 28 +2 °C and 80+5 %
RH in PDA slants so as to obtain adequate culture for the experiment.
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10.2.2 Culture Media

Three commercially available media, viz., Potato Dextrose Agar (PDA), Sabouraud
Dextrose Agar (SDA), Glucose Yeast Extract Agar (GYA), and laboratory-derived
fresh media, viz., PDA and Carrot Agar (CA), were compared with coconut water
for growth and sporulation of the fungus in solid media.

10.2.3 Preparation of Solid Media

Commercially available powder forms of the fungal growth media (HiMedia), viz.,
Potato Dextrose Agar (39.0 g of PDA powder/1000 ml of distilled water), Sabouraud
Dextrose Agar (65.0 g/1000 ml distilled water), and Glucose Yeast Extract Agar
(28.4 g/1000 ml distilled water), were used for medium preparation. The powder
form of respective media was dissolved in 1000 ml distilled water by heating.

Laboratory-derived media, viz., PDA and Carrot Agar, were prepared by follow-
ing standard protocols (Aneja 2004) using infusion from fresh potatoes and carrot.
pH of the media was maintained at 6+0.2. Laboratory-derived coconut water agar
was prepared by dissolving agar by boiling in 500 ml coconut water collected from
mature coconuts and made up to 1000 ml by addition of fresh coconut water (pH
5.6).

Influence of Media on Radial Growth Twenty-five milliliter of the respective
media were poured into presterilized Petri dishes (90 mm) and allowed to solidify.
Following this, the Petri plates were inoculated with 5 mm diameter mycelia mat
from active-growing region of 2-week-old fungus culture maintained on PDA. The
plates were then sealed with Parafilm and incubated at 28+2 °C and 80+5%
RH. Ten replicates were maintained for each treatment. Radial growth was observed
as mean of two perpendicular diameters and was expressed in centimeters.
Observations were recorded from fourth day onward on alternate days for 20 days.
Data was statistically analyzed using ANOVA and means separated using least sig-
nificant difference.

Comparison of Media for Conidial Production Twenty-day-old Petri dish cul-
ture of H. thompsonii was used for observation on conidial production. Culture disk
of 1 cm diameter was taken from the medium with a sterilized cork borer and intro-
duced into a sterile test tube containing 5 ml of sterile distilled water. A drop of
Tween 80 was added and stirred well with a glass rod to dispense the spores. Spore
count was taken under microscope with the help of a hemocytometer. Data was
analyzed statistically using ANOVA.

Liquid Broth Media for Spore Count and Mycelia Mat Yield Liquid broth
media, viz., Potato Dextrose broth, Sabouraud Dextrose broth, and Glucose Yeast
Extract broth, were prepared by individually dissolving 24 g (Potato Dextrose), 30 g
(Sabouraud Dextrose) broth powder (HiMedia) in 1000 ml distilled water by boiling.
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For preparing Glucose Yeast Extract broth, 20 g yeast extract and 20 g dextrose were
added to 1000 ml distilled water. Coconut water (1000 ml) collected from mature
coconuts was used as media for comparison of growth and sporulation. Each medium
(100 ml) was transferred to a 250 ml conical flask plugged with cotton and sterilized
at 121 °C for 20 min at 15 1bs pressure. After cooling these flasks were inoculated
with 5 mm diameter mycelia mat. Ten replicates were maintained for each treatment.
Flasks were incubated at 28 °C on a shaker at 150 rpm for 2 days and then transferred
to incubator maintained at 28 +2 °C. After 20 days of incubation, conidial production
was counted. For this 1 ml Teepol was added to each flask. Flasks were shaken well
and spores were counted under microscope using a hemocytometer. Mycelia growth
was filtered from the liquid medium on a pre-weighed filter paper (Whatman No. 1)
and dried to constant weight at 60 °C. Data was analyzed statistically for comparing
treatments following analysis of variance.

Micromorphology of H. thompsonii H. thompsonii was grown in respective media
using slide culture technique (Aneja 2004). The slides after 10 days of growth were
observed under compound microscope (Leica DMLB). Morphological characters of
H. thompsonii, viz., size of conidia, diameter of mycelium, and distance between
two phialides, were measured using pre-calibrated compound microscope. The
observations were recorded for ten replicates for each growth medium.

10.3 Results

Among the various solid media tested, synthetic PDA (HiMedia) supported maxi-
mum growth of the fungus at 20 days of inoculation with a radial growth of 1.94 cm.
Coconut water in solid medium with agar is on par with synthetic PDA with radial
growth of 1.91 cm (Table 10.1). Synthetic SDA medium showed the least radial
growth of 1.54 cm compared to other media tested.

Regarding conidial production, coconut water agar showed the highest spore
count of 12.9x 10*cm?® followed by laboratory-derived PDA with a spore count of

Table 10.1 Radial growth of Radial
H. thompsonii in various growth
growth media at 20 days of Media (cm)
incubation PDA synthetic 1.94
SDA synthetic 1.54
GYA synthetic 1.73
PDA lab derived 1.65
Carrot Agar lab derived 1.79

Coconut water agar lab derived | 1.91
CD (p=0.05) 0.24
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Table 10.2 Spore count of Spore count

H. .zhompsom‘i in yarious Media (spores/cm®)

solid growth media PDA synthetic 7.36x10*
SDA synthetic 10.2x10*
GYA synthetic 6.54x10*
PDA lab derived 11.38x 10*
Carrot Agar lab derived 10.48x10*
Coconut water agar lab 12.9%10*
derived
CD (p=0.05) 2.15

Table 10.3 Spore count and yield of mycelia mat of H. thompsonii in various liquid media

Spore count (spores/ | Mean dry weight (g/100 ml) of H. thompsonii
Media cm?) in 20 days of incubation
Glucose Yeast Extract | 18.667x 10* 1.067
broth
Coconut water 18.217x 10* 1.017
Potato Dextrose broth 19.617x10* 1.045
Sabouraud Dextrose 51.183x 10* 1.306
broth
CD (p=0.05) 1.87 NS

11.38 x 10*%cm?® which were on par. There was no significant difference in spore
count of H. thompsonii grown in SDA and Carrot Agar (Table 10.2).

In liquid broth media, among the four liquid media tested, Sabouraud broth
showed highest spore count of 51.18 x 10* spores/cm?. Coconut water media showed
comparable spore count to that of Potato Dextrose broth and Glucose Yeast Extract
broth (Table 10.3). Yield of dry mycelia mat (per 100 ml of broth) did not differ
significantly among the various broth culture media tested (1.017-1.306 g/100 ml)
(Table 10.3).

There was no significant difference in various micromorphology parameters with
respect to the media in which the fungus was grown. Spore of H. thompsonii was
round to spherical in shape, and size varied from 2.652 p to 3.138 p grown in vari-
ous media (Fig. 10.1). Width of mycelia varied from 2.144 p in lab-derived PDA to
2.365 p in coconut water. There was no significant difference among the media used
with regard to hyphal width (Fig. 10.2). Length of hyphal internodes also did not
differ significantly. It varied from 41.71 p (SDA) to 43.37 p (GYA) (Fig. 10.3).

10.4 Discussion

In the present study, H. thompsonii grew successfully in all the media tested, and
there was significant difference in fungal growth among the media. Growth of H.
thompsonii in coconut water as solid media and liquid media was comparable with
other standard growth media. The observation on radial growth of H. thompsonii in
the present study also agrees with McCoy and Kanavel (1969) who reported the
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Fig.10.2 Mycelia width of H. thompsonii (mean+SD) grown in various media

highest growth rate of H. thompsonii (0.95 mm/day) in PDA followed by v-8 juice
agar and modified soil fungus (MSF) agar medium.

Various workers reported that H. thompsonii could be cultured on agar media
including Potato Dextrose, modified soil fungus medium, Sabouraud Dextrose
(McCoy and Kanavel,1969), potato carrot (Kenneth et al. 1979), Sabouraud maltose-
peptone grapefruit, and egg yolk (Brussel 1975). MacLeod (1960) found that higher
concentration of yeast in a liquid medium inhibited growth of Hirsutella gigantea.
Growth parameters of H. thompsonii on media with different concentrations of car-
bon and nitrogen sources were reported by McCoy et al. (1978) and Vey et al.
(1983).

Aghajanzadah et al. (2006) reported higher mycelia growth of H. thompsonii on
the synthetic medium (Sabouraud Maltose Broth) than on media prepared using
cheap crude and unprocessed materials, viz., Bengal gram, horse gram, red gram,
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Fig. 10.3 Length of hyphal internodes (mean+SD) of H. thompsonii grown in various growth
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maize, barley, sorghum, rice, and wheat, as sources of carbon and nitrogen in differ-
ent combinations.

Fungal growth media generally are a source of carbon, nitrogen, and vitamins. In
general, natural media are based on naturally available materials such as carrot,
potatoes, etc., and synthetic or defined media contain precise amounts of carbon,
vitamins, and minerals. Both potatoes and coconut water are found to be excellent
sources enriched with all common types of carbohydrates, proteins, amino acids,
vitamins, and minerals (Aykroyd 1963). In addition coconut water is rich in sugars
and minerals along with minor amounts of fat and nitrogenous substances. It also
contains protein, calcium, phosphorus, magnesium, iron, and copper in trace
amounts (CDB 2012). This unique composition of coconut water with adequate
sugar, nitrogen, and minerals could be supporting fungal growth by the easy avail-
ability of common metabolites in accessible forms. Previously, mass production of
the entomopathogen Metarhizium anisopliae infecting coconut rhinoceros beetle
using coconut water was reported by Dangar et al. (1991). Coconut water is used as
a growth supplement in plant tissue culture/micro-propagation owing to its chemi-
cal composition of sugars, vitamins, amino acids, and phytohormones (Jean et al.
2009).

Comparative nutritional studies showed that dextrose and sucrose at an optimum
concentration of 5 mg/ml and 10 mg/ml, respectively, were the most effective
sources of carbon (produced the greatest increases in weight) among sugars tested
for use in the large-scale production of the fungal pathogen Hirsutella thompsonii
in submerged culture. Inorganic nitrogen in a basal dextrose-salts medium was
unsuitable, but a combination of yeast extract and peptone at an optimum concentra-
tion of 5 mg/ml and 0.5 mg/ml, respectively, was the most effective source of
organic nitrogen. Higher concentrations of yeast extract appeared to have an
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inhibitory effect. The vitamin equivalents of yeast extract produced less growth than
yeast extract itself, an indication that amino acids influence growth more than vita-
mins. Although excellent growth occurred over a range of pH values from 6.0 t0 9.2,
the optimum pH appeared to be 7.5. Aeration was essential for growth. Sporulation
did not occur in submerged culture (McCoy et al. 1972).

A large-scale method for producing fungal pathogens for mites, Hirsutella
thompsonii and H. nodulosa in two-phase culture (liquid and solid), was developed
to induce conidiogenesis. The vegetative growth that was obtained in the liquid
media of soy meal with shaking, from an inoculum 0.5 g wet weight equivalent to
0.1 g of dry weight, was inoculated on eight solid supports. Generally for most of
the strains, the three supports yielding greater conidiogenesis were rice, barley, and
bran, excluding the strains whose greater sporulation is achieved in rice, oats, and
sorghum as compared to barley and bran, respectively. Maximum production of
conidia was obtained with HtM2, HtM4481, and HtC59 strains of H. thompsonii,
which reached on solid support 334.75, 269.68, and 137.12x 107 conidia, respec-
tively (McCoy et al. 1978).The virulence of Hirsutella thompsonii (Fisher) to
Brevipalpus phoenicis (Geijskes) was evaluated in laboratory grown on complete
and solid culture media (MC-S), complete and liquid culture media (MC-L), rice
(APC), and powdered rice (APC-SM) by Rossi-Zalaf et al. (2008). Adults were
confined to arenas prepared with citrus leaves in acrylic dishes containing water
agar. Conidial suspensions were prepared at different concentrations (3.2x10° to
1 x 10’spores/ml) and applied on mites to establish the table curve response on the
fourth day. In the field, adults were maintained in arenas prepared with fruits which
were placed in plants. In this test, four treatments were tried: H. thompsonii cultured
on rice (APC) at two concentrations (20 kg/ha and 10 kg/ha), H. thompsonii pro-
duced by liquid fermentation(MC-L) (5 L/ha), and control (sterile water). Adult
survival, number of eggs, and nymphs per fruit were observed 10 and 20 days after
the fungus application. The lowest LC,svalue calculated was from pathogen pro-
duced in MC-S (1.9x 10°conidia/ml). The LC,svalues calculated to APC and
APC-SM did not differ statistically. The LCysvalues to MC-L and MC-S were
1.9 x 10%nfective cells/ml and 2.2 x 10°conidia/ml. In the field, concentration and
time to death differed between treatments and control. The applications resulted in
reduction of adult survival and number of eggs.

In the present study, coconut water supported higher growth and better sporula-
tion of H. thompsonii as evidenced by radial growth, spore production, and yield of
dry mycelia mat. The micromorphometry of the hyphae and conidia produced was
also on par with measurement for these characters in other standard media. Hence
the present study indicates that coconut water is a potential media for laboratory
multiplication of H. thompsonii.
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Cladoceran Diversity, Distribution 1 1
and Ecological Significance

M. Karuthapandi and D.V. Rao

Abstract

Cladocerans invariably constitute a dominant component of limnological and
zooplankton systems. Cladocerans have a key role in aquatic food chain and
contribute to secondary production in aquatic ecosystems. Substantially cladoc-
erans represent a very old group of Palaeozoic origin and currently 620 species
are reported globally. In India so far nearly 130 species are recorded, of which
the highest taxon was documented from Northeastern India. Cladocerans have
been distributed in all the biogeographic regions with more endemic species in
the Australasia. Indialona ganapati is the only endemic taxa, restricted to central
India. Cladocerans are an important group for biomonitoring, and the group has
been used as indicator as well as test organisms for estimation of pesticide toxic-
ity levels and other environmental pollutants. They are also one of the major
natural food sources for the fishes, especially fry and fingerlings.

Keywords
Cladoceran ¢ Species diversity ® Importance ® Limnology

11.1 Introduction

Cladocerans are also called as water fleas and are minute crustaceans commonly
varying from 0.2 to 6 mm. Most cladocerans are filter-feeders, straining out minute
organic particles like bacteria, detritus and algae. They are present in all types of
water bodies and it inhabits pelagic, littoral and benthic zones. They are a vital
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constituent component of zooplankton community and particularly freshwater
monophyletic group of the micro-crustacean zooplankton. They are major food
source of many freshwater organisms like fish and other crustaceans and play an
important part in the food chain, trophic levels and energy transfer in the ecosystem.
They have been used as indicator as well as test organisms for estimation of toxicity
levels of pesticides and other environmental pollution.

They are minute, and the trunk and appendages of most cladoceran are enclosed
in bivalve carapace. The eye and ocellus are usually present. Some cladocerans
develop conspicuous head and tail spines, helmet or ‘neck-teeth’. Interestingly the
body is not segmented and bears a folded carapace. Sexual reproduction results in
dormant eggs. These eggs can be carried along by wind to far-off places and hatch
under favourable conditions allowing many species to have cosmopolitan distribu-
tion. Except for a few species, the life cycle is by asexual reproduction, with occa-
sional periods of sexual reproduction, and this phenomenon is known as cyclical
parthenogenesis.

11.2 Diversity

Globally, 620 species of cladocerans are reported from biogeographic regions, viz.
Palaearctic (245), Nearctic (189), Neotropical (186), Afrotropical (134), Oriental
(107), Australasian (158), Pacific Oceanic Islands (33) and Antarctic (12). Among
the global cladoceran faunal diversity, order Anomopoda contains 537 species, of
which 43 % constitutes Chydoridae and 19.5 % Daphniidae (Table 11.1). The fami-
lies Chydoridae, Daphniidae, Ilyocryptidae and Sididae have been studied more
than other families. The largest number of documented species is from Europe,
North America, Australia and South America and the smallest number from Africa
and Southern Asia (Forro et al. 2008). A high diversity of cladocerans has been
detected in the littoral zone of stagnant waters, as well as in freshwater aquatic
ecosystems.

About 137 species have been recorded so far from India (Chatterjee et al. 2013),
out of which nearly a hundred species have been well studied by Michael and
Sharma (1988). Systematic investigations on Indian freshwater Cladocera was first
conducted by Baird (1859), followed by several workers, viz. Biswas (1964a, b,
1965, 1971), Das and Akhtar (1970), Patil (1976), Nasar (1977) and Qadri and
Yousuf (1977). Cladoceran of Rajasthan was studied by Biswas (1971), Nayar
(1971) and Venkataraman (1990); Tamil Nadu by Michael (1973), Venkataraman
and Krishnaswamy (1984) and Venkataraman (1983); Little Andaman by
Venkataraman (1991); West Bengal by Venkataraman (1998); Nilgiri Biosphere
Reserve by Raghunathan and Rane (2001); Damodar River by Venkataraman
(2003); Melghat Tiger Reserve by Rane (2005); Kashmir by Siraj et al. (2006) and
Sharma and Chandrakiran (2011); Northeast India by Sharma and Sharma (2009a,
2010, 2012); Maharashtra by Padhye and Kotov (2010); and Madhya Pradesh
including Chhattisgarh by Rane (2011). Fernando (1980a, b) recorded 61 species of
Cladocera from the Indian subcontinent with detailed knowledge on the absence of
large Cladocera. Sharma and Michael (1987) identified 87 species, and later Michael
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Table 11.1 Cladoceran diversity in the world, oriental and Indian regions

India Oriental World
Order Anomopoda 114 89 537
Family Daphniidae 27 17 121
Family Moinidae 8 3 29
Family Dumontiidae 0 0 1
Family Ilyocryptidae 3 5 28
Family Bosminidae 5 4 14
Family Acantholeberidae 0 0 1
Family Ophryoxidae 0 0 3
Family Macrothricidae 8 12 60
Family Neothricidae 0 3
Family Eurycercidae 1 1 8
Family Chydoridae 62 48 269
Order Ctenopoda 16 15 50
Family Holopediidae 1 0 3
Family Sididae 15 15 47
Order Haptopoda 1 1 1
Family Leptodoridae 1 0 1
Order Onychopoda 5 1 32
Family Polyphemidae 1 1 2
Family Podonidae 4 0 17
Family Cercopagidae* 0 0 13
Total 137 107 620

*Indicates Invasive species not considered

and Sharma (1988) documented 93 species from India, of which over 60 species are
from tropical and subtropical region and 15-20 species from higher elevated lakes
and latitudes in the north.

Raghunathan (1989) recorded 106 species and Sharma (1991b) listed 109 spe-
cies which was confirmed later by Murugan et al. (1998). Among the 109 species of
Cladocera in India, three species were synonymised by Orlova (1998). Forty-nine
species of Cladocera were reported from Bihar; among these 29 species are new
records to Bihar and two species are new records to India (Sharma 2001). Detailed
studies of 190 species belonging to 49 genera and 10 families of cladoceran have
been recorded from India, of which 18 species are endemic to India (Raghunathan
and Kumar 2002). According to the annotated checklist of Indian Cladocera by
Chatterjee et al. (2013), only 130 species are valid from India. But many records
remain doubtful because Indian literature abounds with checklists riddled with
identification errors. In India, the cladoceran fauna from the northeast is the best
documented (Sharma and Sharma 1990, 2007, 2008, 2009a, b, 2011), with more
than 60 species identified. Cladoceran species richness and abundance often may be
influenced by the abiotic and biotic factors. The richest cladoceran faunal diversity
was recorded in Deepor Beel, Assam, India (Sharma and Sharma 2009b).
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11.3 Distribution

The species richness of cladocerans as a whole is projected to four times more than
what is known to science in the world (Fig. 11.1). This is projected from molecular
studies. Detailed studies, combining morphological analyses and molecular tools,
are especially promising for delineating species boundaries in groups with rela-
tively uniform morphology, fewer qualitative characters and widespread phenotypic
plasticity (Forro et al. 2008). Among other zoogeographical regions, Australasia is
rich in endemics, represented by one family, one subfamily, one tribe, 11 genera and
more than 83 species, while known endemics in Oriental and Neotropical regions
are of a lower rank or fewer (one tribe, one genus and more than 21 species and
three genera and more than 98 species, respectively). The Afrotropical region,
though poorly studied, seems to be especially deprived of known higher-level
endemic cladoceran taxa, being represented by a single endemic genus and more
than 24 endemic species (Forro et al. 2008).

The equatorial region has few Daphnia species (Fig. 11.2), all belonging to the
subgenus Ctenodaphnia, while the more northern parts have more species of
Daphnia. The limnetic Cladocera lacks the carnivorous Polyphemidae and
Leptodoridae at lower latitudes (equatorial). The common limnetic species of the
equatorial region are eurytopic and extend throughout the subcontinent (Fernando
and Kanduru 1984). Leydigia acanthocercoides inhabits aquatic weeds in polluted
ponds (Alam and Khan 1998). Venkataraman (2003) reported that Ceriodaphnia
cornuta, Moina micrura, Macrothrix spinosa and Chydorus barroisi can be used as
indicators of pollution. Daphnids and chydorids are contributing to higher diversity
in the water bodies of India (Sharma and Michael 1987). Indialona ganapati, the
endemic taxa, is restricted to central India. Nearly, 60—65 cladoceran species are
found in tropical and subtropical regions in India (Fernando and Kanduru 1984;
Sharma and Michael 1987). The highest cladoceran species (58) were recorded in

Cladocera species diversity among the varius biogeographic regions
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and around Deepor Beel, a Ramsar Site and a biodiversity hot spot of global impor-
tance in India (Sharma and Sharma 2013). About 51 Cladocera species belong to six
families that have been recorded from Western Ghats and surrounding areas of
Maharashtra and Goa (Padhye and Dumont 2015). Sharma and Sharma (2014)
reported that one should not highlight on comparing Cladocerans with poorly docu-
mented habitats/patches because the sampling may be incomplete or species inven-
tors may be lacking. Species documentation depends on expertise also.

11.4 Significance

Cladocerans are often the target groups of zooplankton studies; only limited reports
are available on their ecology, diversity and role in aquatic productivity in freshwa-
ter environs in India (Sharma and Sharma 2009a). Cladocerans are one of the
important groups for biomonitoring studies and are an important part of trophic
cascades of the aquatic system and highly responsive to pollutants; it can even react
to very low concentration of contaminants (Ferdous and Muktadir 2009; Sharma
and Chandrakiran 2011). Cladocera have been used as indicators as well as test
organisms for estimation of toxicity levels of pesticides and other environmental
pollutants (Frear and Boyd 1967; Muirhead-Thompson 1971; Canton and Adema
1978). According to Forro et al. (2008), cladoceran has immense direct and indirect
impact in economic front on fish food and phytoplankton. Besides, a high diversity
of the Cladocera can be found in the littoral zone of stagnant and ephemeral aquatic
bodies. These habitats are often adversely affected by human activities and espe-
cially in the absence of temporary water may result in decline of diversity and local
extinction.

Large cladocerans, especially Daphnia, feed on a wide variety of phytoplanktons
and other suspended matters, such as decayed plant material and clay particles.
They may greatly reduce phytoplankton abundance. There are several genera of
carnivorous cladocerans. It occurs normally from spring to early summer, reaching
densities of 10-30 animals per litre in ponds, lakes and reservoirs. In a special case,
a high density of 500 cladocerans per litre has been reported from a waste stabilisa-
tion pond (Stemberger et al. 2001). Large cladocerans and calanoid copepods in
general are more sensitive to pesticide toxicity than microzooplankton, such as
Bosmina and Ceriodaphnia. Cladocerans are an abundant group of animals in the
invertebrate world linked to macrophytes (Rocha and Por 1988). Cladocerans are an
important component of most freshwater lakes and ponds. In addition to serving an
important food item for planktivorous fishes and invertebrates, they are grazers on
smaller organisms like algae and detritus (Pennak 1978; Balayla and Moss 2004).
They play a crucial role in the recycling of nutrients in aquatic ecosystems (Hudson
et al. 1999; Urabe et al. 2002).Because of their intermediate tropic position, these
minute animals have a vital part in the energy through aquatic food web as well as
in regulating the transfer of contaminants and pollutants to higher trophic levels
(Hall et al. 1997) in aquatic ecosystems. The integral role of cladocerans in
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Table 11.2 Monthly densities of cladocerans (No/m?) in Guntur pond during October 2006 to
March 2007 (Gulam Mohideen et al. 2008)

S. October | November | December | January | February | March | Mean +

no. | Species 2006 2006 2006 2007 2007 2007 | SD
Daphnia magna |18 22 24 18 16 20 20 +2.83
Daphnia similis | 18 22 20 16 18 14 18 +£2.38

3 | Ceriodaphnia 46 48 52 45 47 44 47 +2.83
cornuta

4 | Ceriodaphnia 36 32 35 38 33 36 35+2.19
reticulate

5 | Moina micrura |40 45 43 36 34 30 38 +5.69

6 | Macrothrix 16 14 11 15 12 10 13 £2.37
goeldi

7 | Macrothrix 20 18 14 22 18 16 18 +2.83
hirusticornis

8 | Chydorus ciliatus | 12 10 16 14 10 12 12+2.34

9 | Leygidia 24 22 28 30 22 24 25+3.29
acanthocercoides

10 | Alona pulchella |18 16 20 14 16 12 16 £2.83

Daphnia magna

B Daphnia similis

O Ceriodaphnia cornuta
O Ceriodaphnia reticulata
B Moina m:'cruﬂ,a

B Macrothrix goeldi

B Macrothrix hirusticornis

O Chydorus ciliatus

M Leygidia acanthocercoides

B Alona pulchella

Fig. 11.3 Percentage composition of cladocerans in Guntur pond, Tiruchirappalli (Gulam
Mohideen et al. 2008)

freshwater ecosystem make them useful ecological and palaeolimnological indica-
tors (Stemberger et al. 2001; Jeppesen et al. 2011; Korhola and Rautio 2001).

The role of cladocerans as live food is gaining importance due to the scarcity of
Artemia cyst. The cladoceran neonates of different sizes can be used as live food to
feed economically important animals such as shrimps and fishes. So it is necessary
to identify suitable species for mass culture (Table 11.2 and Figs. 11.3, 11.4a, 11.4b,
and 11.4c; Gulam Mohideen et al. 2008). Mustaq (1990) found that certain cladoc-
eran species breed well in polluted waters and can serve as biological indicators of
water pollution. Sharma and Sharma (2008, 2009b) conducted studies on these fish
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1. Bosmina (Bosmina) longirostris (O. F Muller, 1776)
2. Bosminopsis deitersi Richard, 1895 3. Alona sp. 4. Camptocercus sp.
5. Chdorus sphericus (O. F Muller, 1776)

6. Coronatella rectangula rectangula (Sars, 1862)

Fig.11.4a The microscopic views of the cladocerans identified during the study
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7. Dunhevedia crassa King, 1853 8. Iphemeroporus barroisi (Richard, 1894)
9. Furyvalona orientalis (Daday, 1898) 10. Indialona ganapati Petkovski, 1966
11. Karualona karua (King, 1853) 12, Kurzia longirostris (Daday, 1898)

Fig.11.4b The microscopic views of the cladocerans identified during the study

food organisms in aquatic biotopes of conservation importance in Northeastern
India. They also (Sharma and Sharma 2011) carried out studies on alpha diversity
of cladoceran in Meghalaya, where biodiversity is poorly documented. Ariane et al.
(2015) worked on community of Cladocera in a tropical hyper-neurotrophic struc-
ture in Brazil. They reported low species richness of the Cladocera community at
eutrophic reservoir with high values of total phosphorus concentration in Danish
lakes. The dense cyanobacterial blooms recorded continuously at Garcas Reservoir
led to the replacement of large cladocerans like Daphnia gessneri for small cladoc-
erans like Bosmina huaroensis. Such replacements have also been recorded in a
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19. Scapholeberis kingii Sars, 1888 20, Simocephalus sp. 21. Macrothrix spinosa King, 1853
22, llvocrypitus spinifer Herrick, 1882 23 Moina sp. 24. Diaphanosoma excisum Sars, 1885
25. Latonopsis australis Sars, 1888.

Fig. 11.4c The microscopic views of the cladocerans identified during the study

hyper-neurotrophic water body in Argentina (Echaniz et al. 2008). In eutrophic
lakes, large cladocerans (e.g. Daphnia) disappear because they have a large cara-
pace opening which allows entry of cyanobacterial filaments in the filtering cham-
ber, thus favouring action of toxins present in cyanobacteria. In smaller cladocerans,
the carapace opening is too small for filaments and colonies of cyanobacteria to
enter, and toxins cannot harm the Cladocera. Small cladocerans like Bosmina have
a distinct mode of feeding. Bosmina can also devour bacteria and detritus (Demott
and Kertoot 1982). Studies on dynamics of Cladocera and other organisms
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contribute to understanding of zooplankton community as an index to assess aquatic
ecosystems in tropical and subtropical areas.

Knowledge on cladoceran diversity is still at infant stage. So few detailed studies
on Cladocera are available. Site-specific studies have revealed that Cladocera have
ecological significance in any aquatic ecosystem. Cladocera can be utilised to moni-
tor the health of aquatic ecosystems. A nationwide programme can be established to
detect changes and trends in the aquatic Cladocera that will result in making conser-
vation of water bodies more effective. Cladocera are an important prey for many of
the aquatic organisms. So conservation of Cladocera will result in the conservation
of aquatic life at large leading to the conservation of water bodies.
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Diversity and Distribution of Sphecoid 1 2
Wasps in Kerala, India: Bioindicators
of Habitat Quality

Baaby Job and J.L. Olakkengill

Abstract

Sphecoid wasps, superfamily Apoidea, series Spheciformes with 9706 species in
the world come under 318 genera. The life histories of Spheciformes include
hunting strategies and solitary to communal nesting to eusociality. They are
mainly beneficial and relatively harmless to man. The diversity and distribution
of sphecoid wasps at the genus level, with 9 subfamilies and 74 genera, are being
reported in India, out of which 8 subfamilies and 35 genera occur in Kerala. A
comprehensive analysis of these wasps in Kerala is provided. The food items and
habitat patches the wasps prefer are specific so that the changes in the population
of wasps can be related to changes in the food and habitat.

Keywords
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12.1 Introduction

The vast group of Apocrita of Hymenoptera, despite their importance, remain unex-
plored, especially Spheciformes which has been greatly neglected. The Spheciformes
are a highly diverse assemblage of solitary hunting wasps, most of which are
brightly colored and fast moving. It comprises 9706 described species under 318
genera (Pulawski 2012) with representations in all biogeographical regions and
shows great diversity in morphological and biological characteristics. The oldest
known record of sphecoid wasps is from the early Cretaceous, 135 million years
ago. The sphecoid wasps can be distinguished from the other hymenopteran groups
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by the presence of a pronotum with a lateral lobe separated from the tegula, the
presence of a cleaning pecten on the inner side of hind basitarsus, and simple
unbranched setae (Roche and Gadallah 1999). Adult sphecids feed on a variety of
food from nectar and honeydew to spiders and insects across several orders. Prey
paralysis and provisioning of nest is a common feature. Nests are constructed in
soil, wood, plant stems, twigs, and crevices or holes in rocks, stones, walls, etc.
Mating strategies include prenuptial flights, territorial defenses, and courtship activ-
ities (Ashmead 1894; Bohart and Menke 1976; Capinera 2003).

12.1.1 Economic Importance

Spheciformes are natural control agents of pests such as aphids, biting flies, cut-
worms, grasshoppers, and leathoppers and are used as biocontrol agents in the cul-
tivated fields and act as predators, pollinators, parasites, and parasitoids (Borror and
Delong 1988). They are valuable bioindicators responding to environmental distur-
bances and environmental variations and reflect the diversity patterns of other taxa.
They are regarded as nuisance by the people who cannot abide by the presence of
wasps, together with the fear of their overrated stinging power, and two species have
been reported to be pests in apiaries (Capinera 2003).

12.1.2 Sphecoid Wasps in India and Kerala

Though most species of Spheciformes have been collected and described from cen-
tral and northern parts of India, the sphecoid fauna of the country is still imperfectly
known. The pioneer studies of Indian Spheciformes were done by Fabricius (1781).
Bingham (1897) recorded as many as 168 species of sphecoid wasps as occurring in
the Indian subcontinent. Bohart and Menke (1976) published on the world fauna. In
Kerala, Sudheendra kumar and Narendran (1989, 1985) and Madhavikutty (2004)
worked on the sphecoid wasps. Some authors treat Spheciformes as a single family
Sphecidae (Bohart and Menke 1976; Gauld and Bolton 1988) or as a series of nine
families (Finnamore et al. 1993), giving family status to subfamilies and their tribes
being treated as subfamilies. This paper uses the classification set up by Bohart and
Menke (1976).

In determining the fauna of a country, faunistical studies on small regions are
important because individual habitats and the microclimate in a small region play an
important role on the distribution of insects (Gulmez and Tuzum 2005). The present
paper aims to provide data toward complete knowledge of the Indian fauna by ana-
lyzing the diversity and distribution of these wasps in Kerala.
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12.2 Materials and Methods

The insects were collected from urban and semi-urban areas of Kerala from 2010 to
2012. The insects were caught using sweep net and were killed with 10 % acetone
analytical grade as agent. Field studies were carried out from 9:00 am to 17:00 pm.
The specimens were mounted using no. 3 entomological pins and identified accord-
ing to Bohart and Menke (1976) using Leica MZ6 Stereo Zoom microscope.

12.2.1 Study Area

Kerala is one of the smallest states in India with an area of 38,863 km?, contributing
1.3 % of total area of India. Kerala is located between north latitude 8°18’ and
12°48" and east longitude 74°52" and 77°22’.

(a) Topography
The topography consists of eastern highlands comprising Western Ghats, cov-
ered with dense forests and high mountains with tea and coffee plantations,
midlands along the Central Kerala with paddy fields, pepper and tapioca fields
to a flat coastal belt of coconut trees; interconnected with canals and rivers.

(b) Climate
Kerala lies in the tropics and is subjected to humid tropical wet climate. It
receives an average rainfall of 3107 mm. Average daily temperature is around
36.7 °C with minimum 19.8 °C. The state enjoys four climatic seasons—sum-
mers (from March to June), southwest monsoon (from June to August), north-
east monsoon (from September to October) and the winter season with a chilly
climate from December to February.

12.3 Results

Out of the nine subfamilies and 74 genera reported in India (Bohart and Menke
1976), Kerala has recorded eight subfamilies and 35 genera (Sudheendra kumar and
Narendran 1989; Suresh et al. 1999) (Table 12.1). A total of 175 specimens belong-
ing to 15 genera were collected from the state and listed in Table 12.2 and Fig. 12.1.
The genus Chalybion Dahlbom showed the widest range of distribution suggesting
the ability of this group to exist in varied environmental conditions, provided with
their food sources.

12.4 Discussion
The collected specimens were represented in four subfamilies—Ampulicinae,

Sphecinae, Larrinae, and Nyssoninae—and 15 genera. Subfamily Sphecinae were
the most represented with six genera and showed almost cosmopolitan distribution.
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Table 12.1 Diversity of sphecoid wasps in Kerala, India

S1. no. Genus ‘ India ‘ Kerala
Subfamily Ampulicinae (Fig. 12.2)

1 Ampulex Jurine P P
2 Dolichurus Latreille P P
3 Trirogma Westwood P P
Subfamily Sphecinae (Fig. 12.3)

4 Sceliphron Klug P P
5 Chlorion Latreille P P
6 Chalybion Dahlbom P P
7 Sphex Linnaeus P P
8 Isodontia Patton P P
9 Prionyx Vander Linden P P
10 Podalonia Fernald P P
11 Ammophila W. Kirby P P
12 Parapsammophila Taschenberg P P
Subfamily Pemphredoninae (Fig. 12.4)

13 Mimumesa Malloch P A
14 Psen Latreille P A
15 Psenulus Kohl P P
16 Diodondus Curtis P A
17 Pemphredon Latreille P A
18 Polemistus Saussure P P
19 Stigmus Panzer P A
20 Carinostigmus Tsuneki P P
21 Spilomena Shuckard P A
22 Ammoplanellus Gussakovskij P P
Subfamily Astatinae (Fig. 12.5)

23 Astata Latreille P P
24 Dryudella Spinola P A
25 Dinetus Panzer P A
Subfamily Laphyragoginae

26 ‘ Laphyrogogus Kohl ‘ P ‘ A
Subfamily Larrinae (Fig. 12.6)

27 Larra Fabricius P P
28 Liris Fabricius P P
29 Paraliris Kohl P A
30 Dicranorhina Shuckard P A
31 Gastrosericus Spinola P P
32 Tachytes Panzer P P
33 Tachysphex Kohl P P
34 Parapiagetia Kohl P A
35 Holotachysphex de Beaumont P A
36 Prosopigastra A. Costa P P
37 Palarus Latreille P A

(continued)
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Table 12.1 (continued)
SI. no. Genus India | Kerala
38 Lyroda Say P P
39 Paranysson Guérin-Méneville P A
40 Solierella Spinola P P
41 Miscophus Jurine P A
42 Nitela Latreille P A
43 Pison Jurine P P
44 Trypoxylon Latreille P P
Subfamily Crabroninae (Fig. 12.7)

45 Oxybelus Latreille P P
46 Encopognathus Kohl P A
47 Entomognathus Dahlbom P A
48 Lindenius Lepeletier and Brulle P A
49 Rhopalum Stephens P A
50 Isorhopalum Leclercq P A
51 Crossocerus Lepeletier and Brulle P A
52 Crabro Fabricius P A
53 Piyuma Pate P P
54 Vechita Pate P A
55 Hingstoniola Turner and Waterson P A
56 Dasyproctus Lepeletier and Brulle P P
57 Ectemnius Dahlbom P A
58 Lestica Billberg P A
Subfamily Nyssoninae (Fig. 12.9)

59 Alysson Panzer P A
60 Nursera Cameron P A
61 Nysson Latreille P A
62 Synnevrus A. Costa P A
63 Brachystegus A. Costa P A
64 Dienoplus W. Pax P A
65 Gorytes Latreille P A
66 Lestiphorus Lepeletier P A
67 Ammatonius A. Costa P P
68 Hoplisoides Gribodo P A
69 Stizus Latreille P P
70 Stizoides Guerin-Meneville P A
71 Bembecinus A. Costa P P
72 Bembix Fabricius P P
Subfamily Philanthinae (Fig. 12.8)

73 Philanthus Fabricius P A
74 Cerceris Latreille P P

P Present, A Absent
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Fig.12.1 Distribution patterns of sphecoid wasps (Based on Table 12.2)

Most of the collected specimens showed marked variations at the times of their col-
lections. All of the specimens were collected in the morning, the insect’s activity
increasing with temperature, but collections were less after around 1:00 pm and
increased toward around 4-5:00 pm in the evening, displaying their diurnal nature.
The wasps also showed variations in the areas collected. While most of the Sphecinae
and Ampulicinae were collected from open areas, Liris Fabricius and Larra
Fabricius were collected from shady areas with patches of light, while Bembix
Fabricius was collected from sandy areas. Chalybion Dahlbom and Sceliphron Klug
were collected mainly from areas with loamy soil. Subfamily Laphyragoginae,
although reported in most other parts of India, has not been reported yet in Kerala

(Table 12.1).
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Fig.12.2 Sphecoid wasps: subfamily Ampulicinae

12.4.1 Subfamily Ampulicinae

These wasps are called as “cockroach wasps” because of their prey choice; one
cockroach prey is provided in each cell as food for the larvae. These wasps repre-
sented in six genera, out of which three, Ampulex Jurine, Dolichurus Latreille, and
Trirogma Westwood are reported from Kerala (Fig. 12.2). Ampulex Jurine is readily
identified in the field by metallic blue or black and red integument. Trirogma
Westwood is medium to large sized wasps, with white mandibles in males.
Dolichurus Latreille are small black wasps, often with red terminal abdominal seg-
ments. They run or skip over leaf litter, occasionally disappearing beneath the fallen
leaves to search prey. Among the three genera collected, Ampulex Jurine was the
most common, being collected from three Kerala districts: Ernakulam, Thrissur,
and Kasargod.

12.4.2 Subfamily Sphecinae

These are called ‘thread-waisted wasps’ on account of their cylindrical petiole.
They are cosmopolitan wasps, with large size and bright colors. They are common
inhabitants of fields, forests, and even garage lots. The genera Chalybion Dahlbom
and Sceliphron Klug were the most common specimens collected followed by Sphex
Linnaeus and Ammophila W. Kirby. Isodontia Patton was collected from the
Koothattukulam area in Ernakulam, Kerala (Figs. 12.3, 12.4, and 12.5). These dis-
play a variety of nesting habits from fossorial to nesting in preexisting cavities in
twigs and woods to social behavior. Preys include spiders, cockroaches, crickets,
grasshoppers, etc.

Chlorion Latreille: Length ranging from 16 to 37 mm, metallic green or blue
wasps. They can be identified from their well-developed foretarsal rake, spiracular
groove, and second submarginal cell receiving the first recurrent vein. Prey species
are crickets belonging to Gryllidae.

Sceliphron Klug: Cosmopolitan wasps with two subgenus—Scelipheron and
Proscelipheron. These are medium-sized wasps with lengths ranging from 12 to
32 mm and black body with yellow markings and are closely associated with human
habitations. They are called “mud dauber wasps” with reference to their habit of
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Fig.12.3 Sphecoid wasps: subfamily Sphecinae

Stigmus spp (http: www. bwars.com)  Carinostigmus spp (http:/fulker666.blog3 2. fe2 com)

Fig.12.4 Sphecoid wasps: subfamily Pemphredoninae

building nests with mud collected from a moist spot. They can be identified from
other groups of the subfamily by expanded third maxillary palpal segment. In sub-
genus Scelipheron, the hypostomal carina ends near the mandible socket, while this
is evanescent about halfway to the socket in Proscelipheron. Each mud nest consists
of six to seven cells of mud, each cell provisioned with spiders.
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Fig.12.5 Sphecoid wasps: subfamily Astatinae

Chalybion Dahlbom: These are cosmopolitan metallic blue wasps with lengths
ranging from 11 to 32 mm. They are the most common wasps, associated with
human dwellings and habitats. They are characterized by the absence of propodeal
enclosure and submarginal cell, one receiving both recurrent veins. These wasps
mass provision their mud nests with spiders, which is then sealed with a white
cementing substance.

Sphex Linnaeus: These are cosmopolitan and moderate to large wasps, with
black or golden yellow colors. They are identified with the length of petiole as mea-
sured along dorsum less than the combined lengths of hind tarsomeres II-IV and
complete spiracular groove on the propodeal side. Members of the genus Sphex dig
nests in soil with gravel and provision their nests with prey—Acrididae and
Locustidae, agricultural pests.

Isodontia Patton: “Grass carrier wasps.” These are moderate to large wasps,
11-33 mm, mostly black. These wasps use preexisting cavities like hollow plant
stems and crevices between stones for nesting. They are identified by the absence of
a complete spiracular groove and the anterior veinlet of the third submarginal cell
exceeding the length of posterobasal veinlet. They are nonfossorial; hence, either
the females lack a fore tarsal rake or the rake is poorly developed. Preys include
Gryllidae and Tettigoniidae.

Ammophila W. Kirby: These wasps range in length from 8 to 37 mm. They are
easily diagnosed by partly or all-red gaster, and the legs are commonly partly red,
with the legs and thorax covered with appressed silver hairs. They are characterized
by the presence of a long petiole, appearing two segmented; apex of sternum I does
not reach the base of II, with a long intervening space connected by ligaments.
Ammophila are generally solitary nesters, feeding on lepidopteran larvae.

12.4.3 Subfamily Larrinae

These are the largest subfamily with 18 genera reported in India, often dark-colored
wasps, sessile or petiolate. Most species are fossorial and are commonly known as
“digger wasps.” The most abundant in the collection was Liris Fabricius, followed
by Larra Fabricius and Trypoxylon Latreille. Pison Jurine was collected from
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Chelakkottukara area of Thrissur district, Kerala, and Tachysphex Kohl from
Ramapuram in Kottayam district, Kerala (Figs. 12.6, 12.7, and 12.8). Prey species
range from spiders, Orthoptera, Hemiptera, Dipterans, and hymenopterous adults to
lepidopterous larva. Larra Fabricius: These are small to large wasps, 6—25 mm long,
black wasps with a shiny gaster. Hind-ocellar scars are very small and obscure.
They are identified by the last tarsomere evenly arcuate, propodeal side punctate,
and pronotal collar flat or arcuate in front view. The subgenus Crotolarra is distin-
guished from the subgenus Larra by the absence of spine rows on the outer face of

Larra spp.

Tachysphex (https://ru.wikipedia.org)

Fig.12.6 Sphecoid wasps: subfamily Larrinae

*
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www.vespa-crabro.de) Oxvbelus spp. (http./ www.bwars.cont)

Crabro spp.(htip:

Fig.12.7 Sphecoid wasps: subfamily Crabroninae
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Fig.12.8 Sphecoid wasps: subfamily Philanthinae

foretibia. Larra females don’t construct their own nests and prey paralysis is tempo-
rary, the prey being mole crickets (Gryllotalpidae).

Liris Fabricius: These are dull black wasps with a fine appressed vestiture on the
abdomen. They range in length from 5 to 30 mm. They have a hind tibia with a sharp
polished carina, propodeum converging posteriorly from above, and reduced hind
ocellus and dentate mandibles. Prey species include crickets from the family
Gryllidae.

Tachysphex Kohl: These are 4—18-mm-long black wasps with the abdomen and
legs often partly or all red. Diagnostic features include inner orbits converging
above, hind-ocellar scars oval or oblong or accent marked, and long axes forming an
angle of 80°-130°. They have a pair of polished prominences just above the anten-
nal sockets. Prey consists of Orthoptera and nest is constructed in open sandy or
vegetated areas.

Pison Jurine: Black wasps with two or three submarginal cells in the fore wing,
entire mandible, emarginate eyes, and sessile abdomen. Prey species include a vari-
ety of spiders.

Trypoxylon Latreille: They are distinguished by single submarginal cell, emar-
ginate eyes, and slender clavate abdomen. Most of these exist in preexisting cavities
and are called “keyhole wasps,” with prey mainly being spiders.

12.4.4 Subfamily Nyssoninae
The second largest family is called “sand wasps” as the majority of these are found

in sandy habitats. The only genus collected was Bembix Fabricius; these were col-
lected from sandy mounds in parks from Nilambur area of Malappuram district and
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Nysson spp.(littp://www. arthropodafotos. de) Gorytes spp.(hitp://www. bwars. cont)

Fig.12.9 Sphecoid wasps: subfamily Nyssoninae

Thumburmuzhi in Thrissur, Kerala (Fig. 12.9). They are identified by totally reduced
anterior ocelli and reduced palpal segments and long labrum. They nest gregari-
ously and prey consists of Diptera. The digger wasps focus predominantly on habi-
tats influenced by anthropogenic disturbance, to allow burrowing activity and
subsequent nesting (Srba and Heneberg 2012).

The abiotic factors driving the presence and nesting of solitary hymenopterans
include light intensity, moisture, and soil (Schrimer et al. 2008; Hranitz et al. 2009;
Murray et al. 2009), and the biotic variables include floral abundance (Banaszak
1996), availability of pollen and nectar sources (Petanidou and Votou 1990), changes
in the availability of the preferred prey (O’Neill 2001; Polidori et al. 2007), or these
factors combined (Potts et al. 2005). In addition to specialization at different sizes
or types of prey, variability in the abiotic factors of the microhabitat conditions like
temperature, moisture, soil type, vegetation cover, and ground inclination was found
both necessary and sufficient to allow the parallel presence of viable populations of
several closely related sphecoid wasps (Srba and Heneberg 2012).

12.5 Conclusion

The occurrence of Spheciformes in a habitat is conditioned by moisture, but other
factors like the soil exposure also seem to be the determinant, relating to nesting
requirements. Soil type and prey abundance are important for the settlement of these
wasps (Gayubo et al. 2000). The collections of these wasps are a tedious process,
yet they have to be catalogued because of economic importance, especially in being
bioindicators of habitat quality and ecological disturbance (Gayubo et al. 2005).
The richness of wasp species has been shown to correlate with landscape complex-
ity and habitat diversity (Steffan Dewanter 2005).

The creations of protected areas were one of the first measures taken for the pro-
tection of biodiversity and are still the most widely used approach (Vieira et al.
2011). Aculeate hymenopterans, especially Spheciformes and Apiformes, gather
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exceptional characteristics as bioindicators, are a part of several functional niches
(predators, kleptoparasites, and pollinators), have economic importance (pollinators
and pest management), and are proven to be good bioindicators (predicting the
diversity of other groups of animals and for all the species of a given area (Klein
et al. 2002). In England, the Invertebrate Species-Habitat Information System
[ISIS], a classification system for conservation based on invertebrate communities
and their relation with habitats, is already being developed (Webb and Lott 2006).

Most of our conservation strategies are centered around hotspots, but little known
niches like these also have tremendous value in biodiversity conservation. Hence
the establishment of systems to evaluate the effectiveness of management of these
areas is crucial to validate their importance for conservation and guide the managers
towards conservation goals. Our current knowledge of these wasps is still imperfect,
and a proper understanding of their habitat requirements is a key prerequisite to
allow efficient conservation of individual species, before they are lost.
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Diversity and Distribution of Chalcid 1 3
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Abstract

Chalcidoidea is one of the most abundant and speciose group of highly diverse
parasitic Hymenoptera. The economic importance of the superfamily
Chalcidoidea lies in their worldwide use as biological control agents. They are
parasitic on economically important pests of Lepidoptera and Coleoptera and
some of them are keystone species. Chalcididae is a family consisting about 90
genera and 1500 species in the world. In the present study, the diversity and dis-
tribution of family Chalcididae in Kerala, India, has been reviewed. The speci-
mens were mainly collecte