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The study of parasitoid communities is an active and dynamic
field. Most studies, however, are focused primarily on parasitic
wasps, despite the thousands of other insect parasitoids
distributed across many lineages. Although questions in
parasitoid community ecology are much the same for different
groups, answers to these questions may not be due to differing
biological traits. The ecology of non-hymenopteran (‘NH’)
parasitoid communities is poorly known, but recent work
indicates that habitat and host traits have strong impacts on the
size and composition of these parasitoid assemblages. Recent
food-web analyses indicate that host ranges vary widely within
and among taxa and associations are shaped by host ecology
and defenses. Evidence is also accumulating for strong
‘bottom-up’ and ‘top-down’ multi-trophic interactions between
NH-parasitoids and nonadjacent trophic levels, as well as
trait-mediated indirect effects on communities. Recent
technical and conceptual advances in characterizing and
comparing food webs, consideration of phylogenetic history,
and increasing anthropogenic impacts provide many new and
stimulating areas of research on parasitoid communities.
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Introduction

The great diversity and ecological importance of insect
parasitoids is well established with thousands of pub-
lished studies focused on parasitoids and their relation-
ships with hosts. The vast majority of these have focused
on hymenopteran parasitoids, that is, the parasitic wasps.
Indeed, the term ‘parasitoid’ is often used synonymously
with parasitoid wasp. Yet, there exist many other groups
of insect parasitoids belonging to an array of different
insect orders and families [1]. Emphasis on hymenopteran
parasitoids is warranted due to their incredible diversity,
the broad range of hosts they attack, and their frequent
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use of economically important pests as hosts. But, what is
true for one lineage of parasitoids may not be true for
them all. Differences in behavior, physiology, morpholo-
gy and life history at the species level are likely to
translate into differences in structure, dynamics, and
stability at the community level. Here, I focus on the
understudied parasitoid cousins of the Hymenoptera,
briefly reviewing our knowledge of their communities
based on recent studies, where major gaps in our knowl-
edge lie, and what areas of future research might be most
promising. Given the paucity of research on most other
taxa, [ primarily focus on parasitoids in the order Diptera,
which comprise the majority of the ‘other’ parasitoids.

At least 21 families of Diptera [1] and 11 families of
Coleoptera [2] contain species with parasitoid lifestyles.
Unlike the Hymenoptera, in which the parasitoid habit
appears to have evolved only once [3], ‘parasitoidism’ has
evolved dozens of times in these orders from a variety of
ancestral feeding niches. In the Diptera alone it is estimat-
ed that parasitoids may have evolved in over 100 lineages
[1]. With so many varied origins and histories, it is difficult
to characterize these communities and their interactions
with hosts as a group. It is easier to characterize them by
traits they collectively lack relative to hymenopteran para-
sitoids than the many varied adaptations of particular taxa.
Primary among these is the absence of a piercing, appen-
dicular ovipositor by which to insert eggs into the bodies of
their hosts or drill through substrates to attack concealed
hosts (e.g. wood, soil, plant tissues). Associated with this is
the lack of accessory glands containing paralytic venoms,
viral particles, or other substances to subdue hosts or their
immune defenses. The absence of these tools has resulted
in rare use of certain types of hosts (e.g. gall-forming
insects, leafminers) as well as novel adaptive strategies
for attacking others (e.g. host-seeking planidial/triungulin
larval forms in several fly and beetle families and microtype
eggs that are ingested by hosts in Tachinidae [4,5]). In
addition, parasitism of quiescent stages such as eggs or
pupae is unusual in most NH-parasitoids (with notable
exceptions), hyperparasitism is virtually unknown, and
aphids and their ilk (Sternorrhyncha) are rarely attacked.
These differences in host location and attack strategies
likely have consequences for parasitoid host ranges, para-
sitism rates, the types of hosts they attack, defenses of their
hosts and other aspects of the structure and dynamics of
their communities.

Community size and structure

Among the most fundamental topics of community ecology
is how species diversity is distributed in space and time and
what factors shape this distribution (Figure 1). For most
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An illustration of some of the major areas of research in parasitoid
community ecology. (1) Diversity and composition of parasitoid
communities, (2) Host range and food-web structure of parasitoids, (3)
Competition and indirect interactions between parasitoids, (4)
Parasitoid assemblage size and parasitism frequency of hosts, (5)
Direct and indirect interactions with predators/hyper-parasitoids, (6)
Top-down and bottom-up interactions between parasitoids and non-
adjacent trophic levels. The surrounding boxes represent that all of
these patterns and processes may vary across multiple environmental
scales. Understanding this variation and its causes is one of the major
areas of current research on parasitoid communities.

groups of NH-parasitoids we have little information on
what or how many species occur in communities, let alone
how they vary across habitats and what underlying factors
determine their richness. Thus, basic descriptive studies
based on field sampling or host-rearing are needed to
establish baseline data on the composition of NH-parasit-
oid communities. However, there has been progress in
understanding diversity of some NH-parasitoid communi-
ties. For tachinid flies, sampling studies have examined
how community composition and diversity varies across
microhabitats [6], between forest canopy and the under-
story [7], relative to size and isolation of habitat fragments
[8°°], and in relation to agricultural habitats and the land-
scapes that surround them [9°,10,11,12°°] (see below).
Some general conclusions that can be taken from these
studies are that, firstly, Tachinid parasitoid communities
vary substantially with habitat, despite strong dispersal
abilities, secondly, local communities are strongly affected
by the surrounding landscape matrix, and thirdly, effects of
habitat can be complex and include interactions between
local habitats and surrounding landscapes [9°,10]. Work on

other NH-parasitoid groups is limited. Studies of ant-
parasitizing phorid fly communities have found that para-
sitoid diversity is positively related to host diversity and
abundance and that habitat features can influence com-
munity composition [13,14]. Habitat associations of
sciomyzid flies, many of which are parasitoids, have also
received some attention from researchers due to their
dependence on particular wetland habitats where their
snail hosts are found (e.g. [15]).

At the level of host species, richness of NH-parasitoid
assemblages and parasitism frequencies have been
found to depend on host abundance, gregariousness,
feeding niche, and defensive strategies [16-18,19°°].
Strengths of these effects vary among parasitoid groups.
Tachinid flies dominate the parasitoid assemblages of
exposed caterpillar hosts, whereas assemblages on
concealed caterpillars are dominated by Hymenoptera
[18,19°°]. As might be expected, indirectly ovipositing
Tachinidae are more likely to attack concealed hosts
than those directly laying eggs on hosts [19°°].
Observations of increased richness of tachinid assem-
blages with polyphagy of caterpillar hosts has been
attributed to the relative polyphagy of tachinids,
allowing them to opportunistically attack hosts occur-
ring in a variety of habitats [18]. The few studies of
other NH-parasitoid communities on hosts have also
found that parasitoid assemblage size varies with host
traits. For example, larger bumblebee species tend to
harbor greater numbers and diversity of conopid para-
sitoids [20,21]. Host plant identity can also have dra-
matic effects on susceptibility to parasitoids (see
Section ‘Indirect Interactions’). At somewhat larger
scales, landscape structure can influence parasitism risk,
as exemplified by Roland and Taylor’s [22] classic
study demonstrating that parasitism of forest tent cater-
pillars by four dipteran parasitoid species was strongly
and differentially influenced by landscape structure in a
fragmented landscape.

Many documented examples exist of interspecific para-
sitoid competition (e.g. [23]). However, there is limited
evidence that this is a major factor in determining
NH-parasitoid assemblage sizes on hosts [24,25]. This
relative lack of evidence may be due to the lack of
community-level analyses evaluating if and how intra-
guild competition has shaped patterns of host use in
parasitoids, and this may be a promising area for future
research. Observations that parasitoid guilds appear to
partition hosts according to ontogeny (Hymenoptera:
young hosts, Diptera: late instars [26]) hint at possible
character displacement, but it is unclear if this might be
the result of past competition.

Geographic patterns in NH-parasitoid diversity are not well
understood. Some hymenopteran parasitoids do not exhibit
typical negative latitudinal gradients in species richness

Current Opinion in Insect Science 2016, 14:87-93

www.sciencedirect.com



[27], but see [28], and it has been inferred that this may be a
general pattern for parasitoids [29]. Hypotheses to explain
this pattern include the resource fragmentation hypothesis
(i.e. low host resource density makes specialized parasitoid
lifestyles unviable), and the ‘nasty host’ hypothesis (i.e.
potential hosts in the tropics are chemically defended
against parasitoids [29]). Although explicit tests of latitudi-
nal patterns have not been conducted, anecdotal evidence
from sampling regimes and rearing programs, suggest thatat
least some NH-parasitoid communities are as rich or richer
in the tropics than at temperate latitudes [30].

More research focused on patterns of parasitoid commu-
nity structure relative to host traits, habitats and geogra-
phy is needed. Only a handful of studies have
investigated these issues in NH-parasitoids, and those
that have are focused mostly on tachinids due to
their frequent attack of caterpillars. Most hosts of other
NH-parasitoids are rarely reared (e.g. ants, plant-hoppers,
beetles, spiders) and thus host associations are spotty at
best and little quantitative sampling of adults has been
conducted. In addition, few studies have moved beyond
these patterns to test hypotheses for their underlying
causes, examine how they vary across ecological commu-
nities (though see [16]), and explore the implications for
the population and community dynamics of their hosts.

Interaction structure: host specialization

Most of what we know about NH-parasitoid—host com-
munity structure is derived from large scale rearing pro-
jects of caterpillars (e.g. [31]). Of particular interest has
been the degree of parasitoid specificity and the deter-
minants of their host ranges. High levels of specialization
may lead to lower connectance of parasitoid—host inter-
action webs, greater compartmentalization, lower redun-
dancy, and decreased nestedness, which can influence
dynamics, stability, and energy flow of communities
[32,33°°]. Host range in NH-parasitoids has received
attention because, unlike most Hymenoptera, some
groups are thought to possess relatively broad host ranges.
Indeed, the dichotomy of parasitoids as either relatively
specialized koinobionts or more generalized idiobionts
does not apply to other parasitoids as nearly all would be
classified as koinobionts, yet they range widely in level of
host specificity.

Although the notion that tachinid parasitoids are relative-
ly polyphagous is supported by rearing studies [34,35],
when molecular data has been employed to differentiate
cryptic species, the number and degree of specialized taxa
has been found to increase dramatically [35]. A recent
study by Hreek ez a/. [19°°] failed to find any differences in
host range between tachinid and hymenopteran parasi-
toids of a community of tropical caterpillars, and analyses
of caterpillar-tachinid food-webs from Ecuador suggest
that host range is extremely variable, with both polypha-
gous and highly specific taxa (Figure 2).
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A semi-quantitative food-web of tachinid-caterpillar associations from
an Ecuadorian cloud forest based on a long term rearing study.
Widths of top (tachinids, blue) and bottom (host caterpillars) bars are
proportional to the number of tachinids reared or hosts attacked
(respectively), and widths of connectors (red) indicates frequency of
host use. Data are shown for tachinid morphospecies reared on >5
occasions. Names of taxa are omitted for clarity.

One hypothesized reason for why tachinids and many
other NH-parasitoids exhibit relatively broad host ranges
is that they possess ‘indirect’ oviposition strategies, that
is, adult females do not deposit offspring directly on the
host but rather in environments frequented by the host.
However, comparisons of direct and indirect oviposition
strategies have generally not found strong differences in
host range [19°°,34,36]. Interestingly, Hrcek ez a/. [19°°]
found that tachinids were both more specific and more
generalized than hymenopteran parasitoids (more ex-
treme host ranges), suggesting the existence of additional
behavioral or physiological strategies.

Host ranges in other NH-parasitoid taxa are relatively
poorly known. Phorid parasitoids of ants are often excep-
tionally specialized, as they typically use species specific
pheromones to locate their hosts [37]. Such specificity is
also found in other parasitoid taxa that utilize specific host-
derived cues (e.g. [4,38]). In other NH-parasitoid lineages
host ranges can be broad or highly variable (e.g. [39]).

The determinants of host range in NH-parasitoids are not
well known, but it appears that host-habitat plays a
prominent role in determining host associations in many
taxa (e.g. [30,34,40]), perhaps more so than in the Hyme-
noptera. Recent work on conopid parasitoids indicates the
strength of immune response is an important determinant
of bumblebee host use [41]. Such physiological con-
straints need to be explored more widely in NH-para-
sitoids. One intriguing pattern emerging from analyses of
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parasitoid—host communities is that the parasitoid
richness and attack rates are higher in hosts that are
well-defended from predators [17,18]. It has been pro-
posed that such hosts offer ‘enemy free space’ [42] for
parasitoids, an argument recently elaborated by Murphy
et al. [43°°]. These studies have also found that host traits
that predispose or protect hosts from parasitism by hy-
menopteran parasitoids, often do not have the same
effects on other parasitoids, hinting at differences in
how they interact with hosts.

Interaction structure: food webs

Parasitoid-host interaction webs offer excellent oppor-
tunities to understand food-web structure. They are
easier to quantify than predator—prey webs and may be
simpler in structure due to greater compartmentalization.
In recent decades they have been the subject of many
food web studies (see [44]). However, few of these have
involved NH-parasitoids, and those that have rarely
consider how parasitoid groups differ in their interaction
structure. This lack of attention is due in part to the focus
on highly tractable systems in which NH-parasitoids are
rare or absent (e.g. leaf-miners, gallers, aphids) and the
tendency to treat parasitoids as a group regardless of
disparities in phylogeny and life history.

The failure to consider differences among parasitoid
groups may obscure important variation in food-web
structure and its larger effects. For example, Morris
et al’s [45°] innovative comparative study of parasitoid
food webs concluded that the general structure of these
networks does not vary latitudinally. However, only six of
28 food webs included hosts likely to host NH-parasitoids
(i.e. leaf chewers), and five of these were temperate (the
other being Hawaii). Clearly, little can be concluded from
this analysis about how leaf-chewer-parasitoid webs vary
with latitude, let alone how NH-parasitoid food webs
vary. This is not to criticize the approaches used by this
and other studies, but to point out the weakness in our
knowledge and understanding of NH-parasitoid food
webs.

Recent improvements in the characterization, analysis
and comparison of parasitoid—host interaction networks
promises to bring new insight into our understanding of
food web structure and stability, and at least some recent
studies have included NH-parasitoids. For example,
Peralta ez al. [46] compared replicate food webs of cater-
pillars across a habitat gradient in New Zealand and
found that greater complementarity (resource partition-
ing) leads to higher parasitism, greater redundancy
stabilizes parasitism over space, and greater connectance
increases variability in parasitism rates. Approximately
25% of the parasitoids in this study were not Hymenop-
tera, though they were not considered separately. Studies
such as this and those of T'ylianakis ez@/. [47] that not only
characterize food webs, but compare replicate food webs

across environments or gradients are particularly likely to
lead to insights into how communities are assembled,
how they function and why they vary. Consideration
of variation among parasitoid clades will improve this
insight.

Indirect interactions

In addition to direct interactions among species,
indirect interactions can have powerful and dispropor-
tionate effects on communities (e.g. [48]). For parasit-
oid-host communities there are several potentially
consequential avenues of indirect effects. One such
indirect interaction is apparent competition, that is,
when hosts indirectly compete by hosting enemies of
one another [49]. For example Barbosa ¢z /. [50] found
that numerically dominant and subdominant herbivore
species were strongly linked through shared parasitoids,
and they hypothesized that these indirect interactions
were responsible for population suppression of the
subdominant herbivores. Such interactions may be
important in both determining the richness and abun-
dance of herbivore communities and driving diversifi-
cation of host—parasitoid systems.

Another interesting and important type of indirect inter-
action is the non-lethal effect of phorid parasitoids on
behavior of their ant hosts [51°,51°]. These strong, indi-
rect effects have been harnessed for biological control of
invasive ant species, with the prediction that non-lethal
effects of reduced ant foraging may equalize the balance
of competition between the invasive and native ants [53].
Such phorid-ant systems provide some of the clearest and
most fascinating examples of trait-mediated indirect
interactions in terrestrial ecosystems (e.g. [54,55°]).

Multi-trophic effects on non-adjacent trophic levels are
common indirect interactions in parasitoid communities
and form the basis of many biological control programs.
Parasitoid communities can affect host—plants or prey of
their hosts and be affected by these lower trophic levels
(Figure 1). Strong effects of host plants on attack rates of
parasitoids of herbivorous hosts have been observed in
multiple studies, particularly for NH-parasitoids (e.g.
[19°°,40,56°°]). Such effects are likely mediated by vary-
ing olfactory and visual cues among plant taxa that are
used in parasitoid host finding [56°°]. Plants can also
affect parasitoids by altering host quality or defenses
[57]. For example, experimental studies have shown that
tachinid parasitoids can be adversely affected by host-
plant diets of their hosts (e.g. [58,59]). Despite a growing
number of studies investigating how secondary chemistry
of host—plants affects parasitoid survival and develop-
ment (directly or via effects on immune responses
[60]), very few systems have been studied in depth.
Investigation of the ‘bottom-up’ indirect effects of sec-
ondary plant metabolites on parasitoids is a compelling
area for future research.

Current Opinion in Insect Science 2016, 14:87-93

www.sciencedirect.com



Parasitoid communities in a changing world
It is increasingly difficult to study ecological communities
without considering how they are influenced by anthro-
pogenic environmental changes. Recognition of anthro-
pogenic effects is not new to parasitoid researchers due to
the long history of research in agricultural systems, but
relatively little of this work has been focused on commu-
nities of NH-parasitoids. Recently, several studies have
examined how tachinid parasitoid communities respond
to landscape fragmentation and composition in anthropo-
genically modified systems. Incldn and colleagues [9°]
observed strong effects of local habitat and landscape on
tachinid communities in an orchard agro-ecosystem.
They also demonstrated benefits of organic agriculture
on tachinid diversity at local and landscape levels (Inclan
et al. [10]). Similar research by Letourneau ez a/. [11,12°°]
found that in organic farms embedded in landscapes with
higher proportions of semi-natural vegetation relative to
cropland exhibited greater tachinid richness, abundance,
and parasitism rates.

The response of NH-parasitoid communities to habitat
changes in non-agricultural habitats has also received
some attention (e.g. [22]). Incldn ez a/. [8°°] found that
tachinid parasitoid communities respond to both frag-
ment area and isolation in remnant grassland fragments
consistent with island biogeographic theory. One reveal-
ing study of the effects of habitat fragmentation focused
on a community associated with bracket fungi in an old
growth boreal forest [61]. These authors found that the
primary parasitoid in the system (a tachinid fly) was
completely lost from forest fragments isolated for more
than 12 years. Negative effects of fragmentation have also
been found in tropical forest inhabiting phorids [62], a
notable exception to the paucity of such studies on other
parasitoid groups.

The significant patterns revealed by initial studies of
anthropogenic effects on parasitoid communities demon-
strate the insight that can be gained inexpensively with
taxonomic knowledge, creative ecological questions, and
fieldwork. Still, there are few studies asking how NH-
parasitoids might respond to climatic warming or other
types of climate change (though see [31]), how they are
affected by invasive species and biotic homogenization,
or how their community structure is altered in urbanized
landscapes. These are promising and relatively open areas
for future research [63°].

Future research directions

Perhaps the most pressing need for research on NH-para-
sitoids is simply to acquire more basic ecological data for
more taxa. We know virtually nothing about communities
of most non-hymenopteran parasitoids. For example, the
carabid genus Lebia (parasitoids of Chrysomelidae) con-
tains 450 described species, but only four species have
known hosts [63]. Likewise, in the Neotropical region, only
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2% of species of leathopper-attacking ‘big-headed’ flies
(Pipunculidae) have known hosts [64]. Even for the rela-
tively well studied Tachinidae, host associations are un-
known for the majority of species. We cannot hope to
understand the structure and dynamics of these commu-
nities if we don’t even know what hosts they interact with.
Furthermore, ecological studies of ‘parasitoids’ should
distinguish between different guilds and clades of para-
sitoids to assess if and how they differ in interaction
structure and relationships with hosts (e.g. [19°°]).

As mentioned above, effects of anthropogenic change on
parasitoid communities is another rich source of research
opportunities. Due to their relatively high trophic posi-
tion and specificity, parasitoids are ideal ‘indicator’ spe-
cies of environmental stress and change. They are highly
dependent on the existence of viable populations of their
hosts and are prone to local extinction to due relatively
small population sizes. Thus parasitoid communities can
both reflect changes at lower trophic levels and serve as
harbingers of changes to come. Understanding how an-
thropogenic environmental change affects parasitoid
communities is a rich, if alarming, area for future study
(e.g. [50,63°)).

One research area that promises to dramatically improve
our understanding of parasitoid-host associations and
interaction webs is the use of molecular tools to identify
taxa. Not only have such tools altered our understanding
of the specificity and diversity of parasitoids [33°°,34],
sensitive high-throughput sequencing techniques have
opened up whole new possibilities for understanding both
the realized and potential (unsuccessful) interactions
between parasitoids and hosts [47].

Finally, a fascinating recent research area is attempting
to understand not just how parasitoid communities
function and are structured, but why; i.e. how do com-
munities form over evolutionary time scales, and how do
interactions shape the evolution of the constituents?
Studies of parasitoid community phylogenetics have
harnessed increasingly available and powerful genetic/
genomic tools to assess phylogenetic diversity of commu-
nities, signals of coevolution and the processes of
community development and change (e.g. [65]). Unfor-
tunately, exploration of these questions and application of
these techniques to dipteran or other parasitoids has
lagged behind hymenopteran parasitoid—host systems
that are more amenable to study. These are just a few
examples of the many areas of parasitoid community
ecology that are in need of exploration, particularly for
non-hymenopteran parasitoids. In some ways this review
has been more about what we do not know that what we
do know, because we know so little about most NH-
parasitoid groups. This can be viewed as a disheartening
lack of attention or as an exciting void in our knowledge
awaiting exploration.
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