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Annotation 

The aim of this dissertation is to investigate the community structure of 

parasitoids and their interactions with their hosts – caterpillars in the rainforest 

of Papua New Guinea, focusing on beta diversity and altitudinal trends. We show 

that parasitoid beta diversity is higher than the beta diversity of their hosts, which 

was also projected in their interactions. The altitude plays important role in the 

diversity of parasitoids, where we show that Ichneumonidae are more diverse at 

high elevation than at low elevation, which was not observed for other large 

insect families. Further, we performed a manipulative experiment, exposing live 

caterpillars in different elevations of tropical rainforest. Caterpillars faced similar 

mortality from parasitoids between elevations, but higher mortality from 

predation at low elevation. In the last chapter, we point out how important is 

correct species identification because wrong identification can misinterpret 

observed interactions. 
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Terrestrial food webs of plants, herbivores and their natural enemies harbor more 

than 75 % of global biodiversity (Price 2002). Despite the diversity of parasitoids 

(they comprise up to 10 % of all described insect species) a little is known about 

parasitoid community structure, especially in the tropical rainforests (Godfray & 

Shimada 1999; Sharanowski et al. 2021). Yet, understanding parasitoid 

community structure is important because parasitoids affect entire communities; 

they are part of third or fourth trophic level affecting the abundance of their hosts 

and thus play a role in the regulation of insect herbivores, including pest species 

(Janzen 1995; Rosenheim et al. 1995; Hrcek et al. 2013). 

 

1.1. Diversity of species assemblages and their interactions 

 

In 1960, R.H. Whittaker proposed a way to quantifying the dissimilarity of 

species composition among pair of sites – the beta diversity. Beta diversity was 

then defined as the ratio between gamma (regional) and alpha (local) diversities. 

The differences in beta diversity among communities can be caused by species 

replacement (species turnover), or nested loss of specimens (nestedness; Baselga 

2010). Dissimilarity in species composition among communities changes the 

composition of food web interactions (beta diversity of interactions). The 

interaction turnover can by caused by the species turnover when the interactions 

are gained or lost with presence or absence of species, or by “rewiring” of the 

interactions, where the same species make different interactions within different 

assemblages (Poisot et al. 2012). 

Revealing basic processes affecting the diversity within each trophic level is 

essential because the diversity of higher trophic levels is affected by lower trophic 

level (“bottom-up effect”). Lower trophic levels serve as a matrix for a diversity 

of higher trophic levels (Janzen 1970; Lewinsohn & Roslin 2008), but at the same 

time, higher trophic levels shape abundance and diversity of lower trophic levels 

in co-evolutionary feedback ("top-down effect"; Holt 1977; Frost et al. 2016). 

We know relatively a lot about the distribution and diversity of the lower trophic 

levels represented by plants and herbivorous insect (Novotny et al. 2007; 

Murakami et al. 2008; Raven et al. 2020), or about alpha diversity of higher 

(third) trophic levels, e.g., parasitoids (Hoffmeister 1992; Greeney et al. 2012; 

Hrcek et al. 2013).  
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The diversity of caterpillars is driven by a diversity of their host plants, 

mainly in tropical areas (Lewinsohn et al. 2005; Novotny et al. 2006). In general, 

the alfa diversity of tropical host plants is high, therefore the alfa diversity of 

caterpillars is also high (Lewinsohn & Roslin 2008). However, at a larger spatial 

scale, caterpillar beta diversity is relatively low (Dyer et al. 2007; Novotny et al. 

2007). In contrast, we have lack of information about the components of beta 

diversity of the third trophic level, represented mainly by parasitoids (Cuevas-

Reyes et al. 2007; Maunsell et al. 2015; Pereira Martins et al. 2019). 

 

1.2. Parasitoids 

 

Parasitoids are insects that lay their eggs on or in the bodies of their hosts, 

primarily other insects (or rarely other arthropods). The term parasitoid was first 

used by Reuter (1913) to make a distinction between parasites (host is harmed 

but generally not killed) and predators (multiple preys are killed). Parasitoid’s 

larvae are feeding like true parasites, but the single host is eventually killed unless 

the host successfully defends itself with its immune system. Adult parasitoids are 

free-living (Godfray et al. 1994; Quicke 1997). 

The majority of parasitoids belongs to the order Hymenoptera (75 % of species), 

mainly to suborder Apocrita (so-called “Parasitica”). The most prominent 

Hymenoptera parasitoids are Ichneumonidae, Braconidae, Chalcidoidea and 

Proctotrupoidea. A substantial diversity of parasitoids is contained in the Diptera 

order, mainly the family Tachinidae. The remaining groups of parasitoids are 

representatives of Coleoptera, Lepidoptera, Neuroptera or Trichoptera (Eggleton 

& Belshaw 1992; Shaw 1994; Godfray & Shimada 1999). 

Parasitoids attach to the specific developmental stage of the host - eggs, larvae, 

pupa and, more rarely, adults (Price 1972; Waage & Hassell 1982) and emerge 

either from the same stage or host is not killed until it enters a later developmental 

stage (Soller & Lanzrein 1996). Larvae are the most commonly attacked stage 

(Hawkins et al. 1997). The parasitism rate in exposed hosts is usually 10 – 20 % 

(Singer & Stireman 2003; Barbosa & Caldas 2004). 

Obtaining good quality data about parasitoids and their hosts is difficult 

(Shaw 1997). Morphological identification of parasitoids, and also their hosts, is 

problematic due to their high diversity and impossibility to reveal cryptic species 

(Pfenninger & Schwenk 2007; Smith et al. 2008) and must be combined with 
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molecular identification (Sigut et al. 2017). A potential possible source of the 

interaction data is mass rearing campaigns of likely hosts, like those of Daniel H. 

Janzen in Costa Rica (Janzen 2000), Lee A. Dyer across North and Central 

America (Gentry & Dyer 2002), or Vojtech Novotný in Papua New Guinea (of 

which this thesis is part of), and several others (Stireman et al. 2005). 

 

1.3. Parasitoid specificity 

 

Parasitoids are typically divided into two major groups depending on the effect 

on host development and the intimacy of contact between parasitoid larvae and 

host individuals (Askew & Shaw 1986). Parasitoids allowing their host to 

continue in development after oviposition are termed koinobionts; those that kill 

or paralyze their hosts permanently at the time of oviposition are termed 

idiobionts. Most koinobionts are endoparasitoids, whose larvae live and feed 

inside of the host body. In contrast, idiobionts are typically ectoparasitoids and 

feed on the outside surface of their hosts and usually attack older host larvae or 

pupae to obtain enough food supply for the development of the parasitoid. 

Idiobionts usually attack concealed larvae of mining insect (miners) and 

folivorous insect protected by plant tissue (borers or gallers). On the other hand, 

koinobionts usually attack the younger larval stages of exposed hosts. Host larvae 

are not completely paralyzed or killed and larvae of koinobionts are growing 

together with their host. Parasitized host are therefore exposed to potential 

predation of the host, and koinobionts therefore sometimes affect the behaviour 

of their host (Holt & Lawton 1993; Grosman et al. 2008). 

Hawkins (1994) identified the degree of host concealment as a key parameter for 

parasitoid communities. Parasitoid species richness and parasitism rate increase 

with the degree of concealment. The most attacked are leaf-miners and gallers, 

followed by case bearers and web-tiers. The lowest parasitism rate is recorded 

for exposed feeders and leaf-rollers. Endophagous hosts are preferred by 

hymenopteran parasitoids, and ectophagous hosts by dipteran parasitoids 

(Stireman & Singer 2003; Hrcek et al. 2013). This is not caused just by 

morphological adaptation but also by their host specificity. Host specificity is an 

important factor affecting food web interactions and obtaining information about 

the parasitoid host specificity requires a study on a broad range of potential hosts 

(Mills 1992; Connahs et al. 2009). Host specificity varies among the parasitoid 
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groups and feeding mode of the host. Hrcek et al. (2013) analyzed a diverse 

community caterpillar and their parasitoids in lowland forest in Papua New 

Guinea. He found that far more species and a higher proportion of species of 

Braconidae were host species-specific. Also, Tachinidae, unexpectedly showed 

higher host specificity than Ichneumonidae. It could mark that the 

Ichneumonidae family showing a rather low species richness on external feeding 

tropical hosts. Stireman et al. (2017) conducted a research on the host specificity 

of tachinid flies. Tachinids were often called as generalists among parasitoids, 

however, according to it seems, that truly generalized tachinids may be rare, most 

species known as generalists are complexes of closely related taxa (Smith et al. 

2007). 

 

1.4. Diversity of parasitoids – latitudinal gradient 

 

One of the clearest patterns in ecology is a latitudinal pattern of diversity, with 

higher species richness at low latitudes than at high latitudes (Gaston & 

Blackburn 2000). Among insects, we observe some exceptions which do not 

follow the latitudinal pattern of diversity. Well-known are aphids, bumblebees or 

sawflies which have their centers of diversity in the temperate zone (Dixon et al. 

1987). Among parasitoids, there could be one important exception – a family 

Ichneumonidae – parasitoid wasps, possibly the world largest animal family 

(Gauld et al. 2002). Ichneumonids are often mentioned as an example of an 

anomalous diversity pattern with the highest diversity at temperate zones (Owen 

& Owen 1974; Janzen 1981). 

Owen & Owen (1974) found out that Ichneumonids are more abundant at the 

temperate than at the tropical localities. This unusual pattern soon became known 

as an anomalous diversity gradient (Rathcke & Price 1976) and has been 

replicated by several other studies (Janzen & Pond 1975; Timms et al. 2016). 

This unexpected pattern initiated further work and many hypotheses were put 

forward to explain the anomalous diversity. 

In 1975, Janzen and Pond have introduced a fragmentation hypothesis which 

postulates that biomass of tropical host species is divided into many dissimilar 

species, each one often being too rare to sustain a species of parasitoids and 

parasitoids in a community, therefore, increase non-linearly with host diversity. 
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Rathke and Price (1976) have proposed a predation hypothesis. They 

suggested that predation is more severe in the tropics and parasitized host tend to 

be particularly susceptible to predation. Parasitoids might prolong host 

development, force the host to act abnormally (e.g., become sluggish) and it 

causes a greater exposure to predation. The third hypothesis suggested by Gauld 

et al. (1992) is called a nasty host hypothesis (NHH). The NHH says that possible 

herbivorous hosts in tropics are more toxic than equivalent possible hosts in 

temperate forests. The toxicity is a good defense mechanism against bird 

predation and parasitoids as well (Greeney et al. 2012). Sime and Brower (1998) 

tested the NHH on a toxic group of butterflies and their specialist ichneumonid 

parasitoids. They found out that the species richness of toxic caterpillars 

increases dramatically towards to tropics whereas their parasitoids do not. They 

discussed that possible trend might be affected by the host specificity of 

parasitoids. In temperate regions, parasitoids tend to be more polyphagous than 

in a tropical forest. 

Quicke (2012) tested a relationship between life strategy (idiobionts vs 

koinobionts) and both latitude and body length of Ichneumonidae and 

Braconidae. For both families, the proportion of described koinobionts 

significantly increases with latitude. Life history was also significantly correlated 

with the body size of both families, the proportion of koinobionts decreases with 

increased body size latitude. 

All previous hypotheses trying to explain the anomalous diversity 

phenomenon are based on reduced accessibility of hosts to parasitoids in tropical 

rainforests. However, a few recent studies show that this pattern could also be 

caused by a lack of knowledge and by biases in the data (Quicke 2012; 

Veijalainen et al. 2014). The bias is caused mainly by missing data across the 

world, missing studies from higher elevation at tropics or by the big number of 

cryptic species which have not been revealed. 

Timms et al. (2016) published a study where the species richness of 

Ichneumonidae along the latitudinal gradient was tested. In the study, they have 

also included data from arctic regions which have not been often used in previous 

comparisons. They demonstrated a wide variety of latitudinal patterns, reflecting 

ecological variation between subfamilies. Besides, they showed models where 

host taxon and subfamily identities were better predictors of the shape of the 

relationship between subfamily abundance and latitude than other characteristics 
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previously hypothesized to be important (life history of parasitoids or body size). 

They also noticed that only for of the Ichneumonidae subfamilies show the 

anomalous diversity gradient. A good way to improve the current data might be 

more accurate studies in tropical ecosystems, mainly at higher elevation where 

parasitoids are still not well documented. 

 

1.5. Diversity of parasitoids – elevational gradient 

 

Ecological studies focused on diversity patterns across spatial environmental 

gradients are becoming more popular, mainly for possible distribution shifts 

caused by global warming (Burrows et al. 2014; Maunsell et al. 2015; Sam et al. 

2020). However, information about parasitoid community and interactions within 

food webs in higher elevation sites are still not well documented (Peck et al. 

2008; Hall et al. 2015; Jeffs et al. 2021). The study of parasitoid communities at 

higher elevations in tropical regions may thus be one of the possible ways of 

resolving the anomalous diversity pattern in parasitoids on an analogous 

temperature gradient. Timms et al. (2016) found that only a few subfamilies of 

the Ichneumonidae family are following the anomalous diversity trend and the 

remaining are increasing with latitude. The anomalous subfamilies can be 

affected by missing information from higher elevation at lower latitudes. Studies 

of tropical Ichneumonidae show different diversity trends along with altitude. 

Connahs et al. (2009) recorded a high proportion of Ichneumonids at higher 

altitudes and far more braconids in the lowlands of Ecuador. The high proportion 

of braconids over ichneumonids was found also by studies focused on lowlands 

only (Janzen & Gauld 1997; Hrcek et al. 2013). On the other hand, Veijalainen 

et al. (2014) argue that Ichneumonidae at the tropics are more species-rich at 

middle elevations (also known as mid-elevation peak). Parasitoids were collected 

and compared with different places with different elevation (Ecuador, Peru, 

Costa Rica and Georgia (USA)). Finally, van Noort (2004) published a 

taxonomic study where Ichneumonidae were more species-rich at lower 

elevations in the Gabon mountains. 

Different trends of parasitoid diversity may be connected with the feeding 

strategy of parasitoids as well as their hosts, which could be essential for the 

understanding of changes in host-parasitoid relationship along an altitudinal 

gradient (Péré et al. 2013). For example, the parasitism rate of ectoparasitoids 
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feeding on ectophagous hosts decrease with increasing elevation and the same 

pattern was observed also for parasitoid species richness (Péré et al. 2013). 

Morris et al. (2015) studied food-web interactions of cavity-nesting 

Hymenoptera along an altitude gradient in Australia. They found a general 

decrease in parasitism rate across elevation sites. More studies interested in food 

web changes along altitudinal gradient mainly focused on leaf miner 

communities (Cagnolo et al. 2010; Maunsell et al. 2015). Maunsell et al. (2015) 

found parasitoids of miners to be more generalists at lower elevations than in 

highland, where parasitoids were attacking only single host species. Hanson and 

Gauld (1995) proposed a theory that a higher proportion of tropical koinobiont 

ichneumonids are nocturnal at lower altitudes. It could relate to a lower 

temperature and easier searching activities during the night. Koinobionts are 

usually more host-specific, usually attacking external feeding hosts. With the 

changing altitude, temperature and feeding strategy of parasitoids we can expect 

species turnover, as was observed on parasitoids of geometrid caterpillars in 

Ecuador (Connahs et al. 2009). More braconids were observed at lower altitude 

while ichneumonids were more frequent at higher altitudes. If we take into 

account that ichneumonids-koinobionts have high host specificity and with 

increasing elevation, host specificity is increasing, it would be interesting to 

compare two different guilds of host – ectophagous caterpillars (e.g. Connahs et 

al. 2009) and endophagous larvae of mining insect (e.g. Maunsell et al. 2015).  

 

1.6.  Mortality of herbivore hosts 

 

Herbivorous insects are attacked by a taxonomically and ecologically diverse 

collection of natural enemies including vertebrate predators, invertebrate 

predators, insect parasitoids, nematodes, fungi, protists, bacteria, and viruses 

(Hawkins et al. 1997). These organisms are representing “top-down” control 

agents (effect of natural enemies). For parasitoids, the host is a source of food 

supplies but also a source of living space. The parasitoids can thus be killed with 

the host by other predators or parasitoids on the same trophic level (intraguild 

predation; Van Veen et al. 2008). Other effects which affect hosts are “bottom-

up” controls represented by host plants and their defensive strategies designed to 

avoid or reduce damage caused by herbivores (Hunter & Price 1992). The 

influence of plant factors is greatest in the early stages of larvae, but the older 
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stages are more affected by predators and parasitoids. Overall, parasitoids kill 

more herbivores in a temperate zone than do either predators or pathogens, 

however, in tropics predators and pathogens are possibly more important agents 

of mortality (Hawkins et al. 1997; Low et al. 2014). 

 

“Bottom-up” 

Host plants affect the rate of herbivory mainly through their defensive strategies 

(e.g. secondary metabolites, morphological adaptations or trichomes; Ehrlich & 

Raven 1964; Volf et al. 2015). As a response to these adaptations, we can find 

herbivores with different levels of host specialization (Redmond et al. 2019). 

Generalists respond to overall host plant chemistry and trichomes, whilst 

specialists respond to secondary metabolites and host plant phylogeny (Volf et 

al. 2015). Host plants and their secondary metabolites affect not only herbivores 

but also the parasitoid community through the trophic cascade. Herbivores can 

use secondary metabolites for their defense against parasitoids or predators (The 

NHH; Gauld et al. 1992)). For some groups of toxic caterpillars species, a trend 

of increasing diversity towards tropics was observed whereas their specialist 

parasitoids did not follow (Sime & Brower 1998). Another way, how host plants 

deal with their enemies is through releasing volatiles attracting predators and 

parasitoids to reduce herbivory (Dicke & van Loon 2000; Klemola et al. 2012). 

 

“Top-down” 

Arthropods, mainly parasitoids and ants, and birds represent the main source of 

mortality of herbivores (Lovei & Ferrante 2017). Avian predators are not 

attracted by volatiles directly, but they hunt caterpillars mostly visually (Lichter-

Marck et al. 2015). Birds can play important role in intraguild predation because 

they can feed on herbivores attacked by other arthropods (Mooney 2007). In a 

tropical rainforest, Sam et al. (2015) tested the main sources of possible mortality 

on artificial caterpillars. They found that ants had a stronger influence at the lower 

elevation, however, in higher elevation birds were more important. 

Unfortunately, in their study they could not test an influence of parasitoids which 

play an important mortality factor, directly affecting host abundance and, 

indirectly, affect even host plants (Hawkins & Sheehan 1994; Stiling & Moon 

2005). Libra et al. (2019; Chapter III.) tested how invertebrate predators and 

parasitoids affecting the predation rate of live caterpillars in tropical rainforest, 
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and they found that the predation rate of externally feeding caterpillars decreases 

with the elevation, however, did not find any difference in parasitism rate. This 

trend was also shown in a global study of Roslin et al. (2017) where they found 

a significant effect of invertebrate predators at lower elevation in tropics, and the 

importance of invertebrate predators decreased towards the poles. Mortality 

factors on external feeding hosts and herbivores in different habitats are not 

known and should be studied more deeply. A combination of traditional methods 

of observation, manipulative experiments and molecular methods would be very 

useful to describe interactions within food webs. 

 

 

1.7.  Classic taxonomy and molecular identification 

 

The development of molecular methods, mainly DNA barcoding, allows the 

identification of species that are morphological uniform even to well-trained and 

skilled taxonomists (Hrcek & Godfray 2015; van Nouhuys 2016). A detailed 

recognition of species is necessary because it strongly affects how the whole food 

web structure and interactions within the web are perceived. Smith et al. (2006) 

conducted a study focused on host specificity of tachinid parasitoids which are 

widely presented as relative generalists in the species of hosts. DNA-barcoding 

has changed the original 16 morphospecies of apparently generalist tachinid fly 

parasitoids into a complex of at least 73 species. On the other hand, Condon et 

al. (2014) revealed a wider spectrum of hosts thanks to DNA barcoding. 

Parasitoid wasps hatched out of Blepharoneura fly hosts were referred to as 

highly host-specific. 

However, a test of the presence of parasitoid tissue inside of host pupae 

revealed that the parasitoids are attacking multiple host species although they are 

not able to develop in most of them. The presence of foreign tissue in a sample 

tissue could be used to track trophic interactions in yet another way. Wirta et al. 

(2015) tested remaining tissue inside of parasitoid’s guts with highly specific 

genetic markers which helped to identify the hosts of the parasitoids. 
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1.8. Aims and Scope of this thesis 

 

Parasitoids shape communities of their herbivorous hosts and affect whole food 

web interactions (Memmott et al. 1993; Godfray & Hassell 1997). This 

dissertation aims to describe community patterns of parasitoids from tropical 

rainforest and help to understand how food web interactions of parasitoids and 

their hosts are structured in unexplored localities. 

 

In Chapter I. we described parasitoid beta diversity of externally feeding 

caterpillars across the lowland tropical rainforest of Papua New Guinea. Because 

our data used in Chapter I. and II. comes from mass-rearing project, that allowed 

us to compare the dissimilarity in parasitoid diversity with the diversity of their 

hosts. In addition, we compared also tritrophic interactions and their dissimilarity 

with a distance. We also compared how less common plants and caterpillars 

affect the interactions within food web. 

 

In Chapter II. we compared the diversity of parasitoid communities between 

low-elevation and high-elevation tropical rainforest of Papua New Guinea. The 

elevational comparison can indirectly substitute the latitudinal gradient with a 

decrease of temperatures from the equator to the poles. We found out that 

Ichneumonidae were more species-rich at high elevation in contrast to 

Braconidae and Tachinidae, which were more species-rich at low elevation. 

Further, we tested theories used for explaining the anomalous latitudinal gradient 

of Ichneumonidae, with higher diversity in a colder environment. Thanks to the 

mass rearing of caterpillars, we could compare also hyperparasitoids and their 

diversity between elevations. 

 

Because one of the potential explanations of the difference in Ichneumonidae 

diversity is the higher predation rate of their hosts in warmer habitats, we 

conducted an experiment, where we exposed live caterpillars to invertebrate 

predators and parasitoids in different elevations (Chapter III). This was the first 

study where live externally feeding caterpillars were exposed to invertebrate 

predators and parasitoids in a tropical region. 
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The precise identification of all participants in food web interactions is crucial 

(Derocles et al. 2015). In Chapter IV. we described three new species of tachinid 

parasitoids that were reared from externally feeding caterpillars in Japan during 

mass rearing project (Volf et al. 2019). Except for the description of new species, 

we also provided new parasitoid host records and oviposition strategies for 

already known tachinid parasitoids. We also provided two identification keys for 

two genera with all currently described species. 
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Abstract 

The patterns of multitrophic interactions are key to understanding mechanisms 

of biodiversity origin and maintenance. Here we analyze beta diversity of all 

trophic levels in the parasitoid-herbivore-plant interactions across 500 km of 

continuous lowland rainforest in Papua New Guinea. The beta diversity was 

higher for parasitoids than their caterpillar hosts. Both beta diversity values 

increased with distance and were driven by species turnover rather than 

nestedness. The dissimilarity of interactions between parasitoids and caterpillars 

was significantly increased with increasing distance, and it was caused by species 

turnover. Moreover, the dissimilarity of interactions between parasitoids and 

caterpillars was higher than for caterpillars and their host plants. That indicates 

the tri-trophic network of plants, caterpillars and their parasitoids can generate 

highly heterogeneous environment for the upper trophic level despite a largely 

homogenous environment of lowland tropical forest. 
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Elevational contrast in parasitoid community structure in tropical 

rainforest: Ichneumonidae are more diverse in highlands. 
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Abstract 

 

Ichneumonidae parasitoids represent a rare example of an anomalous 

latitudinal gradient of diversity, decreasing from temperate to tropical 

regions. Here we used quantitative rearing data on caterpillar-parasitoid 

communities from Papua New Guinea rainforests to show that 

Ichneumonidae, but not other parasitoids, exhibit a similarly unusual 

gradient of decreasing diversity from low to high elevations. The latitudinal 

trends have been explained by several theories based on host ecology, but 

not tested for the lack of data. Our analysis of elevation trends showed that 

caterpillar diversity and feeding mode, plant diversity, and parasitoid host 

specificity did not have a significant effect on Ichneumonidae diversity so 

that the gradient is not due to host-related factors. Instead, an increase in 

body size with elevation in the parasitoid community is consistent with 

Bergmann’s rule and thermal ecology could explain anomalous diversity 

gradients in Ichneumonidae. 

 

Keywords: parasitoid, diversity, Ichneumonidae, altitude, latitude 
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Abstract 

Dipteran parasitoids are important natural enemies of herbivorous insect, 

however, very little is known about their diversity and their life history. In 

this study, we described tachinid parasitoids reared from caterpillars 

sampled from tree canopies (0.2 ha plot) of a deciduous forest at Hokkaido, 

Japan (Tomakomai Experimental Forest). From 16 405 sampled 

caterpillars, we reared 77 tachinid parasitoids to belong to seven species. 

Three of the species were newly described (Blepharomyia brevicornis sp. 

nov., Cyzenis equifacialis sp. nov., Cyzenis tetrasetosa sp. nov.). For both, 

the new and already described species the host records have been added. 

For reared Eulasiona zimini Mesnil the female was described for the first 

time. The parasitism rate and natural history of these tachinids were briefly 

discussed. We also noted that the genus Eulasiona (Townsend) was moved 

to the subfamily Tachininae from the current taxonomic position in 

Dexiinae subfamily. 

 

 

Keywords: Tachinidae, diversity, parasitoid, Diptera, Lepidoptera 
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The aim of this dissertation was to describe the community structure and 

diversity trends of parasitoids in the species-rich tropical rainforest of 

Papua New Guinea. In addition to, the potential predation risk to 

caterpillars and indirectly also affecting parasitoids was also documented. 

Finally, new species of parasitoids were described, as the whole thesis is 

based on thorough species identification. 

Chapter I. describes the beta diversity of parasitoids in the continuous 

lowland rainforest of Papua New Guinea reared from more than 27 000 

externally feeding caterpillars, their hosts. In addition to it shows how 

interactions between parasitoids and their hosts change across the forest. 

Parasitoids had lower site occupancy than caterpillars and their 

metapopulation dynamics was, therefore, faster than that of their caterpillar 

hosts. Parasitoid beta diversity was higher than the hosts’, and the 

dissimilarity of parasitoid communities increased with the distance much 

steeper than was recorded for caterpillars. It seems that the tri-trophic 

network of plants, caterpillars and their parasitoids can generate a highly 

heterogeneous environment for the upper trophic levels despite a largely 

homogeneous environment of lowland tropical forest. Moreover, the 

changes in the dissimilarity of interactions were caused mainly by species 

turnover, which indicates that parasitoids are quite stable with their host 

preferences and they do not “rewire” their interactions with other hosts.  

Chapter II. shows how the diversity of parasitoid communities changing 

between low and high elevational sites within the tropical rainforest.  

The parasitism rate did not differ between low and high elevations (10.2 % 

vs 13.4 %). The diversity of Ichneumonidae family was reversed in 

comparison to two other important parasitoid families (Braconidae 

(Hymenoptera) and Tachinidae (Diptera)) and showed higher diversity in 

high than low elevation. Because with increasing elevation the temperature 

decrease, we tested the potential explanation of this anomalous trend used 

previously to explain the latitudinal anomalous diversity trend of 

Ichneumonidae. It seems that their reverse altitudinal diversity trend is not 

explained by host-related factors, where we found no effect of caterpillar 

diversity and their feeding mode, or plant diversity. Instead of this, we 

found that the body-size of the parasitoid community was bigger in a colder 
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environment thus an increase in body size with elevation in the parasitoid 

community is consistent with Bergmann’s rule and thermal ecology could 

explain anomalous diversity gradients in Ichneumonidae. 

Chapter III. demonstrates the contrast in the predation pressure to 

parasitoid’s hosts – externally feeding caterpillars. For the first time in a 

tropical rainforest, with exposure of live caterpillars, the contrast in 

mortality factors was quantified. A total of 800 live caterpillars of Talanga 

excelsalis moresbyensis Strand (Lepidoptera: Crambidae) was exposed on 

saplings of Ficus copiosa Steud. (Moraceae) at two elevations in a primary 

tropical rainforest in Papua New Guinea (200 and 1 200 m a.s.l.). The 

disappearance of caterpillars exposed at low elevation was higher (43 %) 

than those exposed at high elevation (12 %). The disappearance was 

considered mainly because of the predation by invertebrate predators 

because the potential migration of caterpillars was not recorded. The 

estimated predation rate was corresponding with studies using artificial 

caterpillar models (Roslin et al. 2017). In terms of parasitism rate, there 

was no difference between elevations (13 vs 12 %). The combination of the 

disappearance and parasitism rate indicates that caterpillar hosts suffer a 

much higher mortality risk at a low elevation of tropical rainforest than 

those caterpillars living in higher elevations.  

Chapter IV. is based on the taxonomy and description of unknown species 

of dipteran parasitoids (Tachinidae) from Japan. General knowledge of 

trophic interactions is rarely known, especially from species-rich areas. The 

data used in Chapters I., II. & IV. comes from massive rearing projects, due 

to which the interactions between parasitoids, caterpillars and host plants 

are documented. In the last chapter, seven dipteran parasitoid species were 

obtained from caterpillars sampled at 0.2ha of species-rich temperate forest 

in Japan. Three species were newly described, four of them were already 

known. For all reared species, their host species and ovipositing strategies 

were documented. For Cyzenis and Blepharomyia genera, the identification 

key was provided, and for Eulasiona zimini (Mesnil, 1963) missing 

description of female was finally provided. The last chapter represents the 

necessity of proper description of all participants in food web interactions 

for more accurate results and better interpretation of observed results. 
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Discussion and future directions 

In the past, studies focused on food web interactions were very often 

limited to only several species, however, thanks to large rearing projects, 

we can extend the knowledge up to the large scale and get deeper into 

mechanisms affecting each trophic level in broad context. Our results 

showed how parasitoid communities can be dissimilar even within the 

homogenous rainforest, and how drastically the parasitoid diversity can 

differ between two elevational sites (even on the family level). Hence, 

drawing conclusions based only on local small datasets might be 

misleading. This can be reflected even on larger scales, as it might be in the 

case of the anomalous diversity gradient, where higher diversity of 

Ichneumonidae at high latitude was proposed from a small dataset (Owen 

& Owen 1974), without sufficient explored tropical mountain habitats 

(Santos & Quicke 2011). Then, for revealing the latitudinal trend of 

Ichneumonidae, multiple site comparison along latitudinal gradient will be 

needed, also including sites from high elevations from tropics. Our studies 

are focused on parasitoids of externally feeding caterpillars, and it allow us 

to test possible explanations of diversity trends. However, similar large 

rearing projects including multiple sites located in high elevations will 

probably not happen in near future (unfortunately). Possible substitution 

might be in global diversity comparison programs such e.g., LIFEPLAN 

project led by Tomas Roslin and his colleagues or The Global Malaise Trap 

Program (GMP) led by Paul Hebert and his team. They use standardized 

methodology (Malaise traps) across whole world, and the obtained data 

will be analyzed via modern molecular techniques (GMP: DNA barcoding; 

LIFEPLAN: metabarcoding). Important part of such comparison is the 

long-term sampling, because of the seasonality of some taxa (Shapiro & 

Pickering 2000; Sääksjärvi et al. 2004). That standardized methodology 

allows to make a proper comparison (Volf et al. 2019), where diversity of 

particular parasitoid taxa can be compared on global scale. 

Rearing projects on such scale as the team of V. Novotný conducted, 

are very important, despite they are extremely time-consuming (…and 

resource demanding). However, without such observations, we cannot 

properly describe even basic ecological questions, such as whether the beta 
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diversity of parasitoids and their hosts differ. This thesis is based on such 

data, where thorough species concept was used for all types of analyses. As 

far as possible, we combined morphological identification with molecular 

techniques for accurate species determination. The precise identification of 

species is important for interpreting interactions within food webs (Smith 

et al. 2007). With current advanced molecular techniques (e.g. DNA 

metabarcoding of light trap material; Zenker et al. 2020) there are 

possibilities to obtain information on local diversity, however, the natural 

history of the species is mostly unknown, and the chance of getting better 

insight into different theories explaining differences in diversity is low. 

Additionally, advanced statistical techniques allow us to perform 

metacommunity analyses which could explain observed patterns of species 

distribution, their abundance and eventually the interactions of species 

within food webs (Start & Gilbert 2016) 

As was already mentioned, studying of trophic interactions on large 

scale is difficult. Another possibility of revealing the mechanics affecting 

the interactions is to switch from large-scale surveys to experiments, which 

allow to test more focused questions tasked for particular system or 

phylogenetically related organisms (Segar et al. 2020; Jeffs et al. 2021). 

Our experiment shows how important higher trophic levels, as predators 

and parasitoids, are in affecting the community of herbivorous insect. It 

shoes that the mortality agents in combination with defense mechanisms of 

plants are also an important part of the mosaic explaining the higher 

diversity of tropical insect in comparison to those occupying temperate 

regions.  

The experimental approach might help us to reveal mechanisms 

affecting the structure of food web interactions, whereas e.g. we can test 

and predict how the global warming and, therefore, increase of temperature 

affect the interactions (Maunsell et al. 2015; Thierry et al. 2021). 

Furthermore, such manipulative experiments in combination with 

knowledge of life history of parasitoids (e.g., host specificity; Yousuf et al. 

2021)) can provide valuable information for potential biological control of 

pests and invasive species and their impact to native communities 

(Henneman & Memmott 2001; Meineke et al. 2014). 
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