
CHAPTER 6

Odonata immunity, pathogens, and
parasites
Adam Z. Hasik, Jaakko J. Ilvonen, Adam M. Siepielski, and Rosalind L.
Murray

Overview

Parasites and pathogens are a ubiquitous threat facing organisms within every ecological network. To protect themselves from

parasites, organisms have evolved immune defenses. Insect immunity has received a great deal of attention, with numerous

studies investigating the intersection of parasite pressure, immune function, and ecology. This chapter highlights how the inves-

tigation of odonate immunity has provided insight into how insect immunity operates within the ecological theatre under the

threat of parasites. It first explains why odonates are an excellent model system for studies of immunity and parasites. It then

reviews what is known of the parasites odonates harbor. Then, it covers the myriad mechanisms employed by odonates to defend

themselves from their parasitic enemies. It also discusses key ecological and evolutionary studies that fall at the intersection of

immunity and parasites.

6.1 Introduction

Parasites and pathogens (hereafter parasites) are part
of every ecosystem. Host organisms have evolved
immune defenses targeted toward reducing the costs
associated with parasite infection. Insects have an
innate immune function, which is generalized to resist
many enemies (Siva-Jothy et al., 2005). Yet host organ-
isms exist in complex ecological communities whereby
they interact with not only their many parasites, but
also competitors, predators, mutualists, and more.

Odonates are well suited for immunity and parasite
studies. Their ecology is well known, and a wealth of
studies have investigated the manner in which both
dragonflies (Duong and McCauley 2016; McCauley
et al., 2018; Murray et al., 2020) and damselflies
(McPeek 1998; Gosden and Svensson 2009; Siepielski
et al., 2020) persist in foodwebs, acquire resources, and
complete their life cycle. The foundation provided by
this detailed knowledge provides an ideal setting to

make connections between host–parasite interactions,
immunity, and the other aspects of odonate ecology.

In addition to studies dedicated to understanding
their ecology and role within ecological networks,
odonates have been used as model study systems to
investigate several parasites and immune parameters.
Furthermore, odonates have a cosmopolitan distribu-
tion, making them an exemplar system to study how
abiotic and biotic gradients contribute to changes in
immunity and parasite pressure. Because they are so
abundant and tractable for study, odonates are model
organisms for both lab-based and field-based experi-
mental and observational studies.

This chapter provides an overview of immunity and
parasites in odonates. First, it explores the many para-
sites known to attack odonate hosts. Second, it reviews
components of odonate immunity. Third, it exam-
ines the ecology and evolution of host-parasite inter-
actions and odonate immunity. Finally, it highlights
promising avenues for future research, both currently
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under-studied areas and novel research areas for both
odonate parasites and immunity.

6.2 Parasites

6.2.1 Viruses

Viruses exist in both larval and adult odonates (Rosario
et al., 2013; Dayaram et al., 2015; Johnston et al., 2015).
As a group, these findings demonstrate that odonate
viruses are ubiquitous and are not specific to a given
life stage or geographical location, nor do they have
an association with shared ancestry. However, studies
of viruses in odonates frequently examine abdomens
(including the gut) and this may be a methodological
issue, as odonates may accumulate viruses from the
lower trophic levels. Such studies can help us under-
stand the presence of viruses in general but become
problematic if the goal is to discover viruses that infect
odonates specifically. Indeed, Rosario and colleagues
(2013) discovered a mastrevirus (typically a plant par-
asite) in Erythemis vesiculosa and E. fusca.

6.2.2 Bacteria

Few studies have explored the relationship between
odonate hosts and their bacteria. Janssens and Stoks
(2013, 2014) studied how a non-pathogenic E. coli bac-
teria affected odonate individuals. Collectively, they
found that infection increased PO, reduced fat storage,
and reduced internal accumulation of the bacterium,
in addition to both decreasing and increasing growth
rates (changes in body mass). These latter findings
imply that infected individuals may speed up their
growth to shorten their exposure time to the parasitic
environment (Janssens and Stoks 2014).

6.2.3 Gregarines

Gregarines (Apicomplexa: Eugregarinorida) are pro-
tozoan endoparasites often found in both larval and
adult odonates (Ilvonen et al., 2018; McDevitt-Galles
et al., 2018). However, they have not been found
in newly emerged adults (Åbro 1974; Locklin and
Vodopich 2010), suggesting that either transmission
from larvae to adults does not occur and the different
gregarine species are stage specific, or that gregarines
pass into the hemocoel of the ecdysing adults and re-
emerge in the newly reformed gut afterwards. Hosts
become infected by ingesting oocysts that are either
transmitted by a prey vector (e.g. small dipterans,
see Åbro 1976) or by drinking oocyst-infected water

Figure 6.1 Female Leucorrhinia intacta dragonfly infected with
gregarines (denoted by the white arrow). In this case, infection is so
severe that the gut is almost completely full of gregarines. Image
credit: Kari M. Kaunisto.

(Córdoba-Aguilar andMunguia-Steyer 2013). Infective
stages of gregarines are then excreted into the local
environment by their hosts.

Gregarines use their host’s nutrients to develop,
grow, and reproduce, which can be particularly costly
for the hosts if they cannot compensate for those lost
nutrients (Tsubaki andHooper 2004).When infection is
severe, gregarines can also cause ruptures and gut wall
ulcerations, potentially blocking the intestinal tract in
extreme cases (Figure 6.1; Åbro 1974). These negative
effects likely reduce the host’s fat accumulation, fur-
ther reducing the host’s general condition (Siva-Jothy
and Plaistow 1999), egg production (Córdoba-Aguilar
et al., 2003), or muscle formation (Schilder andMarden
2007b). However, these costs tend to be associatedwith
severe gregarine infections, gregarines do not appear to
have amarked effect on their hosts if their numbers are
low enough (Locklin and Vodopich 2010).

6.2.4 Trematodes

Several studies have reported trematodes in different
odonate species (Macy and Basch 1972; McDevitt-
Galles et al., 2018; Rusconi et al., 2020), but how the
presence of these parasites affects odonates remains
unclear. However, some patterns of trematode–
odonate interactions have been observed. First,
odonate larvae often serve as second intermediate
hosts orparatenic hosts for trematodes. Because of this,
the numbers of trematodes infecting odonates tend
to be associated with the environmental factors that
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correlate with the definitive hosts of the trematodes
(Koprivnikar et al., 2017). Second, single trematode
species can infect several odonate species (Moravec
and Skoríková 1998; Park et al., 2004; Rusconi et al.,
2020). Finally, there are large differences in the level of
trematode infections observed between odonate hosts
(Rusconi et al., 2020). Surveys of odonates and
trematodes continue to be useful for elucidating
host–parasite interactions, although further stud-
ies are required to determine whether and how
trematode infections impact odonate physiology and
ecology.

6.2.5 Water mites

Water mite larvae (Acari: Hydrachnida) are ectopar-
asites of adult odonates (Figure 6.2), leaving when
the host returns to water to reproduce, after which
the mites complete their life cycle as predatory adults
(Smith et al., 2010). Larval water mites actively seek
their hosts, and even track the emergence of their
“preferred” host species (Smith 1988; Forbes et al.,
2002). Depending on the species, water mites find
their odonate host either in aquatic habitats by attach-
ing to larval odonates as they emerge from the water
(McDevitt-Galles et al., 2018) or in terrestrial habitats
by waiting for an adult odonate to land on emergent
vegetation (Forbes and Robb 2008). Larval water mites
are opportunistic parasites, and single species can
infect numerous odonate species (Zawal and Szlauer-
Łukaszewska 2012; Zawal and Buczyński 2013), while
a single odonate species can be infected by several

Figure 6.2 Male Enallagma geminatum damselfly with a “mite
shirt.” This is when infection by mites (denoted by the white arrow) is
so intense that many parts of the thorax and abdomen are obscured.
Image credit: Adam Z. Hasik.

water mite species (Zawal and Szlauer-Łukaszewska
2012; Mlynarek et al., 2013).

Water mite parasitism is affected by both host traits
(e.g. body mass) and environmental factors (e.g. pH,
conductivity, dissolved oxygen, and air temperature,
see Hasik & Siepielski 2022; LoScerbo et al., 2020; da
Silva et al., 2021). There is also substantial variance in
mite prevalence between and within species (Hasik &
Siepielski 2022; Ilvonen et al., 2016; Worthen and Hart
2016; Ilvonen et al., 2018), although there appears to be
no general trend toward either sex being more infected
(Ilvonen et al., 2016).

Larval water mites ingest odonate hemolymph
through a feeding tube that pierces the host’s cuti-
cle (Fig. 14.2a in Forbes and Robb 2008). Infection
with water mites not only reduces host survival, but
can also hinder the host’s movements when infec-
tion is severe (Åbro 1982; Forbes and Baker 1991).
Though it is a general defensive mechanism, resistance
to water mites is known to vary. Specifically, resistance
is greater when the host is rare (Forbes et al., 1999;
Lajeunesse et al., 2004), increases with both the preva-
lence and intensity of parasitism (Nagel et al., 2010;
Kaunisto et al., 2017), and increases with the degree of
local adaptation to parasites (Gómez-Llano et al., 2020).
Odonates resist larval water mites by encapsulating
their feeding tubes, which blocks the mite’s access to
hemolymph (Marmaras et al., 1996; Mlynarek et al.,
2015). The effects of water mites on odonate hosts are
varied and differential parasitism rates have been sug-
gested as a mechanism that allows the coexistence of
different color morphs within a species (Willink and
Svensson 2017). Additionally, water mites can have a
strong effect on intraspecies male–male competition
and decrease mating success in both sexes (Gómez-
Llano et al., 2020).

6.2.6 Parasitoids

There has been only one observation of an
adult odonate being the target of a parasitoid.
Von Ellenrieder and colleagues (2015) observed
a tachinid fly larva emerge from an adult male
Hetaerina caja dominula (Figure 6.3). Egg parasitism,
on the other hand, is commonly observed in odonates
(Harabiš et al., 2013; Harabiš et al., 2015; Harabiš
et al., 2019). Odonate eggs are immobile and nutri-
tious, a combination that makes them highly sought
after by parasitoids. Parasitoid wasps of the order
Hymenoptera are primarily generalist idiobionts that
target a wide range of insect taxa, including odonate
species. Prevalence of egg parasitism in odonates
varies substantially from 0% to 92% (Reinhardt and
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Figure 6.3 Adult male Hetaerina caja dominula damselfly
parasitized by a tachinid fly larva. Image credit: von Ellenrieder et al.,
2015.

Gerighausen 2001; Querino and Hamada 2009; Hara-
biš et al., 2019) and depends on the host and parasite
species, method of egg laying, and locality.

6.2.7 Coinfection

Few studies, limited to gregarines and water mite par-
asites, have explored the dynamics of odonate coinfec-
tion.Morrill and colleagues (2013) foundno correlation
between gregarines and live and resisted (dead) water
mites, but they did find a negative correlation between
the two parasites when using only live water mites.
Conversely, Kaunisto and colleagues (2015) found a
positive correlation between gregarine and water mite
numbers, but a later study (Kaunisto et al., 2018)
found a negative correlation between these two par-
asite types. Clearly, coinfection dynamics in odonate
hosts would benefit from further investigation.

6.3 Odonate immunity

6.3.1 Overview of insect immunity

Insect immunity is principally an innate rather than
adaptive system (Siva-Jothy et al., 2005; González-
Santoyo and Córdoba-Aguilar 2012). That is, insects
have generalizable defenses protecting against a wide
array of parasites, as opposed to the more nuanced
adaptive immunity that relies on prior exposure.
Despite the more general nature of insect immunity,
parasite-mediated selection still plays a role in the
evolution of immunity. Indeed, insects are known
to have “immune memory” similar to that of verte-
brates (Lanz-Mendoza and Garduño 2018), such that
individual insects are more successful at defending

against a parasite to which they have been previously
exposed. Indeed, work by Nagel and colleagues (2010)
has shown that previous parasitism by water mites
accurately predicted expression of resistance in a popu-
lation of Lestes disjunctus. Next, we summarize several
components of odonate immunity, trade-offs between
immunity and life history, and how they relate to local
ecological conditions.

6.3.2 Components of odonate immunity

Though several components of odonate immunity are
used as defenses against parasites, the vast majority of
odonate studies have investigated the phenoloxidase
(PO) cascade (Stoks et al., 2006; Contreras-Garduño
et al., 2008b; De Block and Stoks 2008; Mlynarek et al.,
2015; Hasik et al., 2021). This enzymatic cascade begins
with the activation of PO and produces melanin as its
end product, which is used to encase and kill foreign
bodies.

Nitric oxide (NO) is used to induce cellular and
humoral immune responses and cause damage to par-
asiteDNA (Rivero 2006). NOhas been used in far fewer
studies of odonate immunity (Contreras-Garduño
et al., 2008b; Córdoba-Aguilar et al., 2009; Córdoba-
Aguilar et al., 2012), yet NO can exhibit differential
expression to PO. For example, Córdoba-Aguilar and
colleagues (2009) found that NO expression decreased
somewhat during periods of limited resource avail-
ability, although PO was much more variable over the
same period. There are also trade-offs betweenNO and
certain aspects of host life-history, as Hetaerina ameri-
cana females express 10× more NO than females that
were submerged underwater (to emulate oviposition
behavior, see Córdoba-Aguilar et al., 2012), despite no
difference in PO expression among the two treatments.
A more complete understanding of the influence of
ecology on odonate immunity requires studies mea-
suring NO. Researchers can then ask questions about
which immune defenses are up- or down-regulated
and under which contexts.

In addition to PO and NO, the hemolymph of
odonates contains many hydrolytic enzymes used in
defense against parasites. For example, Dhanalak-
shmi and Reniprhba (2019) used zone-of-inhibition
assays to show that dragonfly hemolymph had antimi-
crobial properties against bacteria. In a process like
melaninization, hemocytes phagocytize and encapsu-
late invading parasites (Robb and Forbes 2006; De
Block and Stoks 2008). Studies investigating hydrolytic
enzymes have found that, much like other compo-
nents of immunity in odonates, females tend to have
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heightened hemocyte concentrations and antibacterial
activity compared to males (Robb and Forbes 2006, but
see Rolff 2001). This could be due to either increased
investment into immunity, or instead be a side-effect
of the need for both PO and hemocytes for egg tan-
ning, which is an important component of egg viability
(Robb and Forbes 2006).

Hydrolytic enzymes in odonates also appear to be
an age-dependent component of immune function.
Mature damselflies have greater hemocyte concen-
tration than newly emerged juveniles (Rolff 2001),
and mature individuals suffering an immune chal-
lenge expressed greater concentrations than controls,
despite there being nodifference between the two treat-
ments as newly emerged juveniles (Robb and Forbes
2006). Johnson and Rolff (2013) found that Coenagrion
puella injected with E. coli up-regulated nine differ-
ent immune genes, including genes responsible for
hydrolytic enzymes and antimicrobial peptides. Up-
regulation only during an immune challenge is likely
adaptive, as a constant expression of a given compo-
nent of immunity can result in self-harm for the host
(Sadd and Siva-Jothy 2006).

While not a component of odonate immunity per
se, exterior structures also play an important role in
defending the host against parasites. The first line of
defense is the cuticle, the hardened exoskeleton that
many parasites must overcome to gain access to the
host. Indeed, the thickness of dragonfly cuticles rel-
ative to those of damselflies may explain the com-
paratively low prevalence of ectoparasites in dragon-
flies (Ilvonen and Suhonen 2016; Ilvonen et al., 2018;
LoScerbo et al., 2020). While fewer studies have inves-
tigated these exterior structures, another promising
avenue for future study is the antimicrobial struc-
tures on dragonflywings. These nanotextured surfaces
shred bacteria (Bandara et al., 2017; Kamarajan and
Muthusamy 2020), providing an antiseptic surface and
another avenue of defense.

6.4 Ecology and evolution of immunity
and parasites

6.4.1 PO and food webs

Numerous studies have examined how biological
interactions such as predation and competition affect
PO in odonates (Duong and McCauley 2016; Murray
et al., 2020; Hasik et al., 2021). For example, male Het-
aerina americana damselflies compete for and defend
territory that females use for oviposition (Contreras-
Garduño et al., 2006; Contreras-Garduño et al., 2007;

Contreras-Garduño et al., 2008a). Territorial males that
successfully defend and maintain a territory have an
encapsulation ability ~50% greater than non-territorial
males, yet these territorial bouts with other males
can reduce encapsulation ability by ~60% (Contreras-
Garduño et al., 2006). Encapsulation ability is corre-
latedwith fat reserves (Contreras-Garduño et al., 2006),
and thus territorial male damselflies seem to prior-
itize competitive ability at the expense of immune
function.

Though conspecific competition can decrease PO
expression, predators can increase PO. Indeed, drag-
onfly larvae wound other dragonfly larvae when they
attempt to consume them. Because wound repair
requires PO-facilitated melanization, predator cues
from these dragonflies increase melanization ability
(Duong and McCauley 2016), and the mere presence
of dragonfly predators increasesmelanization (Murray
et al., 2020). Importantly, these effects of predators are
likely restricted to invertebrate predators of odonates,
as fish predators typically consume, not wound, lar-
val odonates. Thus, it is unlikely that odonates liv-
ing with fish will prime their immunity in the same
manner.

Investigations of the effects of environmental fac-
tors at the larval stage have uncovered inconsistent
relationships between resource availability, growth,
and PO. For example, Hasik and colleagues (2021)
found that PO in larval E. signatum was reduced in
lakes with limited prey availability, yet there was no
effect of increasing intraspecific competition on PO
(Figure 6.4). Campero and colleagues (2008) exposed
larval Coenagrion puella to a period of transient food
stress, which caused a reduction in PO as adults.
Jiménez-Cortés and colleagues (2012) provided larval
H. americana with either two or five prey items and
then measured body size and PO in adults and found
that larvae experiencing resource limitation expressed
reduced PO. These differences may be due to the
length of resource limitation, as the larvae in Campero
et al., (2008) were starved for a brief period and then
returned to a normal diet, while those in Jiménez-
Cortés et al., (2012) were given a constant reduced
amount of food. It could be that growth is prioritized
over PO in the short term, while neither growth nor
PO can recover from extended periods of resource-
limitation. Regardless, the contradictory and incon-
sistent relationships between PO and growth require
further study to understand if PO is uncoupled from
growth (as in Campero et al., 2008 and Hasik et al.,
2021) or more closely tied to it (as in Jiménez-Cortés
et al., 2012).
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Figure 6.4 Total PO of larval E. signatum increased with prey availability (panel h) but did not decline as resource competition (panels a-f) or fish
predator density (panel g) increased. Gray bands in all panels denote 95% CI, larger dark points in (a–f) denote density treatment means and one
s.e., while larger dark points in (g) and (f) denote lake means and one s.e. Small, light points in all plots denote total PO activity values from
individual damselflies. Image credit: Hasik et al., 2021, reprinted/adapted by permission from Springer Nature.

6.4.2 Metacommunity structure

Odonate parasites rely on their hosts for disper-
sal. Indeed, Arrenurus water mites utilize their insect
hosts for dispersal (Bohonak et al., 2004) and gre-
garines are transported with their odonate hosts
as they move from one suitable habitat to another
(Cielocha et al., 2011). Because of this, odonates likely

determine the metacommunity structure of their para-
sites. Though no odonate studies have quantified host–
parasite dynamics within metacommunities, hosts
shape parasite metacommunity structure in other sys-
tems (Dallas and Presley 2014; Bolnick et al., 2020),
including water mites attacking other insects (Baines
et al., 2020). Metacommunity structure in odonates and
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their parasites is likely to follow a hierarchical structure
both among and within populations and species (e.g.
Bolnick et al., 2020). For example, at the regional scale
there exists a pool of species. These species are limited
by their ability to disperse from one habitat to another,
and further limited within these habitats via ecological
filtering (McCauley 2007; Siepielski and McPeek 2013;
Renault et al., 2018). Within a given community, hosts
and their parasites are then going to be affected by
the local abiotic and biotic factors driving host–parasite
interactions. It follows that the metacommunity struc-
ture of odonate parasites is determined by their hosts,
which is in turn determined by the local environment.

6.4.3 Coevolution

Though several studies have investigated interactions
among odonate hosts and their parasites, the field cur-
rently lacks studies on coevolution between the two.
Most studies have focused solely on odonate hosts,
and few observational studies have investigated host–
parasite interactions from the perspective of mite para-
sites (e.g. Forbes et al., 1999; Forbes et al., 2002; Laje-
unesse et al., 2004). Forbes et al., (1999) investigated
associations between the dragonfly host species Sym-
petrum obtrusum and S. internum and water mite para-
site A. planus to understand if there were differences in
the ability of A. planus to engorge on each host. They
found that A. planus attacked both host species, yet A.
planus was more successful at parasitizing S. obtrusum
(only ~7% of mites resisted) compared to S. internum
(~93% of mites resisted). Further work by Forbes et al.,
(2002) showed that A. planus appears to track the more
susceptible S. obtrusum over the course of the season,
such that mite numbers peaked during the period of
maximum preferred-host availability. Interestingly, S.
obtrusum was much more common during the study
and S. internum was rarely encountered, suggesting
that host availability could be important for under-
standing these patterns—mites may be adapting to
the most common host species at the cost of adap-
tation to the less common (and more resistant) host
species. Indeed, Lajeunesse et al. (2004) showed that
infection by another mite species (Limnochares ameri-
cana) was both more prevalent and intense in the more
common host species (Leucorrhinia frigida) than the rare
host (Nannothemis bella) in field surveys. Experimen-
tal infection trials showed that L. americana mites were
more successful on L. frigida than N. bella, as the latter
host species tended to resist the mites. Although these
studies raise interesting questions about the nature
of co-evolution among odonates and their parasites,

little work exists in this area, especially with regard
to the perspective of the parasites and parasite fitness.
Clearly, future studies are needed if we are to better
understand the nature of host–parasite coevolution in
odonates.

6.5 Future research directions

In addition to those key gaps we noted previously, we
next outline several future research directions.

6.5.1 Genetics

The cryptic nature of infection by many odonate para-
sitesmakes detection difficult, and there is also no clear
consensus on howmany virus, bacteria, gregarine, and
water mite species attack odonate hosts. Yet the rise of
eDNA in freshwater systems (reviewed in Rees et al.,
2014) will make detection and identification of many
parasites more feasible. Such work has already been
shown to be tractable for gregarines infecting other
insect species (Singer et al., 2020).

Regarding immunity, an investigation of gene
upregulation is necessary to understand which genes
(if any) may be under selection. Previously, John-
ston and Rolff (2013) utilized RNAseq to demon-
strate that C. puella damselflies make use of two path-
ways to respond to wounding and an immune chal-
lenge, respectively. Nine immune genes related to
melanization and antimicrobial peptides were upregu-
lated when wounded (Johnston and Rolff 2013). These
results open the door for an exciting avenue for future
studies to investigate if and how immune genes are
under selection in natural populations.

6.5.2 Microbiome

The gut microbiome plays important roles in host pop-
ulations, providing nutrients, disrupting the ability
of parasites to colonize the gut, and aiding immune
defenses (reviewed in Engel and Moran 2013). Not
only can parasites affect microbiome community com-
position (Fredensborg et al., 2020), but changes in the
local environmental conditions (i.e. temperature) have
been shown to correlate with changes in the gut micro-
biome and immunity (Ferguson et al., 2018). Indeed,
the microbiome plays a major role in both the fit-
ness and overall health of animals (Mueller and Sachs
2015; Lloyd-Price et al., 2016). However, further study
is needed to know if and how microbiomes interact
with host immunity and parasites in odonates. Previ-
ous studies suggest that adult dragonflies may have



80 ORGAN I SMAL STUD I E S

more diverse microbiomes than other insects (Deb
et al., 2019), and the gut microbiome of larvae dif-
fers from that of the adults (Nobles and Jackson 2020).
These differences are potentially due to variation in
prey availability during the two life stages (Deb et al.,
2019). Such variation in the gut microbiome may have
implications for how each life-stage interacts with its
parasites. Interestingly, work with Libellula pulchella
has shown that infection with gregarines can trig-
ger metabolic syndrome (Schilder and Marden 2006,
2007a), a condition characterized by chronic changes
in metabolism that often leads to obesity. Specifically,
infection by gregarines interacts with the gut micro-
biome, resulting in chronic activation of p38 MAPK
(a stress signaling pathway, see Schilder and Marden
2007a) and subsequent deposition of lipids around the
flight muscles, which reduces muscle performance.

6.5.3 Climate change

A study of 105 odonate species predicted a pole-
ward migration rate of 4.5km/year under the inter-
mediate greenhouse gas emission scenario (Li and
Park 2020). If odonates track favorable climatic con-
ditions and move further toward the poles, several
alterations in the outcome of host–parasite interac-
tions are possible. Namely, odonates may suffer from
increased parasitism. Water mite parasitism generally
increases with mean diurnal temperature (da Silva
et al., 2021), and if temperatures continue to rise and
odonates cannot track favorable conditions or locally
adapt to warmer temperatures, they may be subjected
to additional parasitism. Furthermore, seasonality is an
important predictor of both water mite and gregarine
parasitism (Locklin and Vodopich 2010; Stolbov et al.,
2020), pointing to another avenue by which parasitism
may increase or decrease with changes in tempera-
ture, although this depends on both host and parasite
species.

Beyond direct interactions with parasites, climate
change may have indirect effects via effects on immu-
nity. Moore and colleagues (2021) found that male
dragonflies are selected to have less wing ornamenta-
tion in warmer climates, yet females do not face the
same selection pressure. Because wing pigmentation is
produced with melanin, this may be evidence for an
environment-mediated tradeoff. That is, warmer tem-
peratures result in less wing ornamentation, reducing
male quality on average as wing spots are a sexu-
ally selected trait known to correlate with fat reserves,
the ability to maintain a territory, and mating success
(Contreras-Garduño et al., 2007; Contreras-Garduño

et al., 2008a; Córdoba-Aguilar et al., 2009). However,
this may leave hosts less vulnerable to (and more able
to defend against) parasites. This is possible, as certain
odonate species have been shown to better resist water
mite infection at increased temperatures (Robb and
Forbes 2005). Thus, while increasing temperaturesmay
reduce male quality via effects on wing spot pigmen-
tation, male odonates may be better suited to defend
themselves against parasites, resulting in selection on
parasites to evolve more effective ways to exploit their
odonate hosts.

6.6 Conclusions

Parasites are an ever-present part of the lives of
odonates, during both their larval and adult stages.
Consequently, odonates possess many immune
defenses to mitigate the costs associated with these
multifarious attacks. The usefulness of odonates for
both experimental and observational studies has
allowed us to learn a great deal about how both
host–parasite interactions and immunity operate
within complex ecological communities. However,
there is more that we have yet to uncover. Namely,
more work is needed to understand components
of odonate immunity beyond PO. Additionally, the
prior focus on ectoparasitic mites and endoparasitic
gregarines means that our understanding of the many
other parasites of odonates is limited. While previous
studies provide the basis for understanding odonate
immunity and parasites, the field is ready for further
work to understand how interactions within com-
munities can mediate host-parasite interactions and
odonate immunity.
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