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ABSTRACT 14 

The main modes of action of insect parasitoids are considered to be killing their hosts 15 

with egg laying followed by offspring development (reproductive mortality), and 16 

feeding on them directly (host feeding). However, parasitoids can also negatively affect 17 

their hosts in ways that do not contribute to current or future parasitoid reproduction 18 

(non-reproductive effects). Outcomes of non-reproductive effects for hosts can include 19 

death, altered behavior, altered reproduction, and altered development. Based on these 20 

outcomes and the variety of associated mechanisms we categorize non-reproductive 21 

effects into: (i) non-consumptive effects; (ii) mutilation; (iii) pseudoparasitism; (iv) 22 

immune defense costs; and (v) aborted parasitism. These effects are widespread and can 23 

cause greater impacts on host populations than successful parasitism or host feeding. 24 

Non-reproductive effects constitute a hidden dimension of host-parasitoid trophic 25 

networks, with theoretical implications for community ecology as well as applied 26 

importance for the evaluation of ecosystem services provided by parasitoid biological 27 

control agents. 28 

 29 

 30 

Keywords: parasitism, population dynamics, trophic networks, pseudoparasitism, non-31 
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1. INTRODUCTION  33 

Insect parasitoids are important components of natural communities and are used to control 34 

insect pests in biological control programs worldwide, in addition to being fruitful models in 35 

theoretical ecology (Godfray 1994; Jervis 2007; Wajnberg et al. 2008; Heimpel and Mills 36 

2017). As biological control agents, their main mode of action is considered to be killing their 37 

hosts as a result of egg laying and offspring development, what we will term “reproductive 38 

parasitoid-induced mortality” (Fig. 1A). In many parasitoid species, adult females also feed 39 

directly on hosts (Jervis & Kidd 1986). Host feeding is another well understood mode of 40 

action of parasitoids, and contributes to future parasitoid reproduction (via nutrient intake 41 

necessary for egg maturation) while often causing host death (Fig. 1B) (Kidd and Jervis 42 

1989; Heimpel and Rosenheim 1995; Giron et al. 2004). Parasitoids can, however, negatively 43 

affect their hosts without their offspring successfully developing or directly feeding on them. 44 

These modes of action – which we will term “non-reproductive effects”– can have a variety 45 

of negative consequences for hosts (including mortality), but do not carry clear benefits for 46 

parasitoids in terms of current or future reproduction (Fig. 1C).  47 

Non-reproductive effects of parasitoids on their hosts and their associated mechanisms 48 

and outcomes are scattered throughout the scientific literature under highly variable 49 

terminology, and have never been properly defined and categorized. For example, at least 50 

nine terms have previously been used to describe host mortality without parasitoid 51 

reproduction: unsuccessful parasitism, non-reproductive killing, hypersensitivity, dudding, 52 

host destruction, surplus killing, abortion, residual mortality, and parasitoid-induced other 53 

mortality. These effects remain largely underappreciated and it is likely that they have often 54 

been overlooked. As previously recognized by several authors (e.g., Legner 1979; Van 55 

Driesche 1983; Barnay et al. 1999), failing to explicitly consider and measure non-56 

reproductive effects underestimates the impact of parasitoids by neglecting a major 57 

component of their direct and indirect ecological effects within insect communities. Ignoring 58 

non-reproductive effects also reduces the realism of host-parasitoid trophic networks and 59 

population dynamics models, most of which currently assume that each parasitoid oviposition 60 

results in host death and parasitoid offspring production (sensu Brodeur and Rosenheim 61 

2000; Condon et al. 2014; but see Heimpel et al. 2003; Abram et al. 2016; Kaser and Heimpel 62 

2015; Kaser et al. 2018). The aim of this paper is to review and categorize the effects of 63 

parasitoids that do not involve host feeding or the succesful production of offspring, but have 64 
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consequences for host and parasitoid fitness – and, therefore, have important implications for 65 

the evolution of host-parasitoid interactions, population dynamics, and biological control.  66 

2. MECHANISMS AND CONSEQUENCES OF NON-REPRODUCTIVE EFFECTS  67 

Parasitism involves a sequence of processes that enables parasitoids to locate, select, 68 

parasitize, and alter host physiology to allow the development of their offspring in the 69 

selected hosts (Vinson 1976; Vet and Dicke,1992; Godfray 1994). During this sequence, 70 

several mechanisms can result in a variety of outcomes that affect host and parasitoid fitness, 71 

even when the encounter does not end with the successful development of the parasitoid’s 72 

offspring (Fig. 2). Based on these mechanism-outcome associations, we propose a 73 

classification system, which will help to unify terminology and describe parasitoids’ non-74 

reproductive effects in the future. We classified mechanisms following the chronological 75 

order of the parasitism sequence: (i) host searching and acceptance behaviors that occur 76 

before ovipositor probing; (ii) ovipositor probing that includes physical damage and injection 77 

of chemical (e.g., venom) or biological (e.g., symbionts, viruses) factors; and (iii) egg laying 78 

followed by unsuccessful development of immature parasitoids (as eggs, larvae, or pupae) 79 

(Fig. 2). The resulting effects of each of these mechanisms can have a variety of outcomes for 80 

hosts. The outcomes, in order of increasing general impact on host fitness, are: (i) altered 81 

behavior; (ii) altered development; (iii) altered reproduction; and (iv) death (Fig. 2). Based on 82 

the processes resulting from each mechanism, we developed unified terms for five types of 83 

non-reproductive effects (Fig. 2), which are reviewed below. Terms were chosen based on 84 

their descriptive value as well as their current level of usage in the literature we reviewed. 85 

 86 

2.1 Non-consumptive effects  87 

Non-consumptive (or “trait-mediated”) interactions, constituting effects of natural enemies 88 

that do not result in prey or host consumption but cause them to adopt costly defensive 89 

behaviors, are increasingly being recognized as critically important components of ecological 90 

processes (Priesser and Bolnick 2008; Hermann and Landis 2017). For parasitoids, non-91 

consumptive interactions refer to non-reproductive effects in which parasitoids reduce host 92 

fitness, which can occur before they insert their ovipositor into the host but could also result 93 

from unsuccessful attacks by the parasitoid that hosts survive. One of the best-known 94 

examples is the dispersion of aphids responding to the alarm pheromone of nearby 95 

conspecifics being attacked by parasitoids. Many of these dispersing aphids drop from the 96 
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plant to the ground (Tamaki et al. 1970; Dill et al. 1990; Gowling and van Emden 1994) and 97 

some of them that cannot return to the plant die from starvation, desiccation (especially at 98 

high temperatures), or predation by ground-dwelling arthropods (Gowling and van Emden 99 

1994; Roitberg and Myers 1979). Similar effects may also result from aphids being directly 100 

contacted by parasitoids (e.g., through antennation) (Ingerslew and Finke 2016). Tamaki et 101 

al. (1970) were the first to measure the population-level consequences of non-consumptive 102 

effects in an aphid population using the pea aphid Acrythosiphon pisum (Harris) (Hemiptera: 103 

Aphididae). They showed that altered females (with ablated ovipositors that prevent 104 

parasitism) of the parasitoid Aphidius smithi Sharma & Subba Rao (Hymenoptera: 105 

Braconidae) caused about a 30% reduction in population growth of aphids relative to 106 

undisturbed controls. The presence of parasitoids can also alter host development (Fig. 2). 107 

For example, the proportion of winged dispersing offspring of the pea aphid A. pisum 108 

increases between 10-30% when female parasitoids were present (Sloggett and Weisser, 109 

2002).  110 

Other non-consumptive effect of parasitoids that result in costly host behavioral 111 

modification has been described in the seed beetle Mimosestes amicus (Horn) (Coleoptera: 112 

Bruchidae). Females sometimes cover their viable eggs with additional unviable eggs to 113 

reduce mortality of the protected eggs from parasitism by Uscana semifumipennis Girault 114 

(Hymenoptera: Trichogrammatidae) when adults or immature stages (i.e., parasitized eggs) of 115 

the parasitoid are present (Deas and Hunter 2011, 2013). However, this defensive strategy 116 

also incurs a cost for the host; the reproductive output of parasitoid-exposed beetles (which 117 

show high rates of defensive egg stacking) is up to ~50% lower than that of control beetles 118 

(Deas and Hunter 2011).  119 

 120 

2.2 Mutilation and pseudoparasitism 121 

When female parasitoids find a host, they may insert their ovipositor to assess the suitability 122 

of the host or to destroy competing offspring (ovicide or larvicide) before laying eggs. During 123 

this process, which may involve the injection of viruses, venom, teratocytes, or other 124 

biological/chemical factors, parasitoids may ultimately reject the hosts, or can be disrupted by 125 

predators, host defensive behaviors, competitors, or abiotic factors before laying an egg. For 126 

example, the parasitoid complex of the moth Epinotia tedella (Clerck) (Lepidoptera: 127 

Tortricidae) rejects about 75% of the larvae they probe (Münster-Swendsen 2002). 128 

Oviposition by parasitoids in the genera Aphytis (Hymenoptera: Aphelinidae) and 129 

Metaphycus (Hymenoptera: Encyrtidae) is often disrupted by ants (Barzman and Daane 2001; 130 
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Martinez-Ferrer et al. 2002). Two different, but often coinciding, non-reproductive effects 131 

can result from ovipositor insertion without egg laying: mutilation and pseudoparasitism (Fig. 132 

2). While mutilation can result from the mechanical damage (i.e., puncturing) to hosts 133 

resulting from ovipositor insertion during probing (Flanders 1953; Quendau et al. 1970), 134 

pseudoparasitism occurs when parasitoids inject chemical substances without laying eggs that 135 

alter host physiology (Jones et al. 1981; Münster-Swendsen 1994).  136 

The most commonly reported outcome of mutilation and pseudoparasitism on hosts is 137 

death. Interestingly, when parasitism, host feeding and mutilation/pseudoparasitism have 138 

been measured in a given host-parasitoid association, mutilation/pseudoparasitism can 139 

sometimes be the principal cause of host mortality. For example, Campbell (1963) estimated 140 

that ltoplectis conquisitor (Say) (Hymenoptera: Braconidae), a parasitoid of the gypsy moth 141 

Lymantria dispar (L.) (Lepidoptera: Lymantriidae), kills three hosts by lethal probing for 142 

every one host killed by host feeding, and 200 hosts by lethal probing for every one 143 

parasitoid offspring produced. Mutilation and pseudoparasitism can also have sub-lethal 144 

effects for surviving hosts, resulting in lower reproductive output (Cebolla et al. 2018; 145 

Ingerslew and Finke 2016). Finally, it is possible that mutilation may favor secondary 146 

infection of hosts by entomopathogens. Despite their potential detrimental effects on host 147 

populations, mutilation and pseudoparasitism have often been underestimated. Indeed, these 148 

effects are not always discernible from other causes (Legner 1979; Barrett and Brunner 1990; 149 

Mandeville and Mulleins 1992; Urbaneja et al. 2000; Lysyk et al. 2004; Grabenweger et al. 150 

2009; Keinan et al. 2012), or are sometimes erroneously attributed to host feeding (e.g., 151 

DeBach 1943).  152 

In some cases, effects of mutilation can be separated from unequivocal 153 

pseudoparasitism, which refers to the physiological changes in living hosts resulting from the 154 

injection of biological/chemical factors by parasitoid females or larvae (Brown and Kainoh 155 

1992; Jones et al. 1986b; Munster-Swendsen 1994; Tillinger et al., 2004; Vereijssen et al. 156 

2011). Host regulation by parasitoids (sensu Vinson and Iwantsch 1980) begins with the 157 

injection of various factors when adult females probe hosts, even in the absence of 158 

oviposition or immature parasitoid development (Jones 1986). The chemical composition of 159 

injected substances and their effects on host physiology were reviewed in detail by Asgari 160 

and Rivers (2011) and Strand (2014). Pseudoparasitism can result in temporary or permanent 161 

paralysis, suppression of immune responses, altered host development, reduced adult 162 

longevity and fecundity, host castration, and death (Tillinger et al., 2004; Asgari and Rivers 163 

2011; Ingerslew and Finke 2016). These effects arise from the need of parasitoids to regulate 164 
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host endocrinology in order to successfully complete immature development (Strand et al., 165 

1983; Jones 1986; Asgari and Rivers 2011), but in the case of pseudoparasitism they 166 

represent pathological symptoms with no function for the parasitoid. Unfortunately, studies 167 

focusing on host-parasitoid physiological interactions are rarely accompanied by 168 

investigations of the frequency of pseudoparasitism in nature and its implications for host-169 

parasitoid evolutionary relationships, population dynamics, and biological control. One 170 

notable exception consists of several studies of the forest pest Epinotia tedella (Cl.) 171 

(Lepidoptera: Tortricidae) in Denmark (Münster-Swendsen 1994, 2002). In this system, host 172 

larvae often escape parasitism by Apanteles (Hymenoptera: Braconidae) and Pimplopterus 173 

(Hymenoptera: Ichneumonidae) following probing but before the parasitoid lays an egg, 174 

possibly due to environmental factors and/or host defensive behavior. However, parasitoid 175 

probing (which likely includes the injection of chemical substances) results in less fertile or 176 

completely sterile hosts. Population dynamic models fit to long-term host-parasitoid 177 

population data showed that rates of successful parasitism were too low to account for the 178 

high correspondence between relative parasitism rates and variation in host densities from 179 

year to year. Rather, reduced host fertility (which was highly correlated with parasitism) was 180 

the key factor explaining variation in host densities. Including pseudoparasitism as the 181 

proximate cause of reduced host fertility in the model resolved this issue, with the assumption 182 

that 75% of all parasitoid attacks resulted in pseudoparasitism giving the best model fit 183 

(explaining 70-80% of the variation in host densities).  184 

 185 

2.3 Immune defense costs and aborted parasitism  186 

Parasitoids frequently lay their eggs in hosts that do not support the development of their 187 

offspring (Abram et al., 2016; Blumberg 1997; Kraaijeveld and Godfray, 1997; Heimpel et 188 

al. 2003; Desneux et al. 2009; Condon et al. 2014). Mortality of parasitoid offspring can 189 

occur at any time during parasitoid development and can have a variety of consequences for 190 

the host (Fig. 2). We designate two terms for non-reproductive effects caused by parasitoid 191 

oviposition followed by unsuccessful offspring development, depending on whether the 192 

negative effects for hosts are mediated by the host’s immune system (“immune defense 193 

costs”) or the immature parasitoid prior to its death (“aborted parasitism”). We recognize that 194 

these two terms do not necessarily describe mutually exclusive processes because immune 195 

responses may sometimes be involved in aborted parasitism. 196 

Immune defense costs are observed in host individuals surviving parasitism, and 197 

result from the physiological cost of mounting an immune defense against the immature 198 
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parasitoid (e.g., Kraaijeveld and Godfray 1997). For example, mounting an immune defense 199 

can negatively impact the body size, survival, offspring viability, fecundity, mating capacity, 200 

and competitive ability of surviving hosts (Kraaijeveld and Godfray, 1997; Fellowes et al. 201 

1998; Fellowes et al. 1999; Carton and David 1983; Hoang et al. 2001; Niogret et al. 2009; 202 

Lynch et al. 2016). For host life stages with immune responses, the immune system is 203 

activated when female parasitoids insert their ovipositors into hosts (Rivers et al. 2002), with 204 

the aim of inhibiting or preventing the development of immature parasitoids. Encapsulation is 205 

the most common defense mechanism mounted by host immune system in response to 206 

parasitoid eggs, and it can have a variety of consequences for the host (Salt 1968; Strand, 207 

1986; Strand and Pech 1995; Blumberg 1997). In some cases, parasitoid eggs are eliminated 208 

with minimal negative fitness consequences (e.g., Hoogendoorn and Heimpel, 2002). In more 209 

severe cases, the immune response has negative impacts on surviving host fitness (see 210 

above), or the immune system is exhausted and the host becomes more vulnerable to 211 

subsequent parasitoid attacks (Blumberg 1997; Tena et al., 2008). For example, when the 212 

host immune system is exhausted as the result of a first parasitism event that results in 213 

encapsulation, subsequent parasitism attempts (self- or conspecific-superparasitism, or 214 

multiparasitism) are more likely to result in successful parasitoid offspring development to 215 

adulthood (Blumberg and Goldenberg 1992; Guzo and Stoltz 1985; Ode and Rosenheim 216 

1998; Tena et al., 2008). All studies describing host immune system exhaustion are based on 217 

laboratory assays to date; thus, its incidence in the field remains unknown. This non-218 

reproductive effect would likely be common under conditions of high parasitism levels in the 219 

field (when super- and multi-parasitism are more likely), when as well as under mass rearing 220 

conditions or in laboratory colonies.  221 

Aborted parasitism occurs when developing parasitoids die for reasons other than the 222 

activation of the host immune system, and their host also dies due to actions of the immature 223 

parasitoid prior to its own death. For example, Gariepy et al. (2008) observed that 30-60% of 224 

Peristenus spp. offspring developing in plant bugs (Hemiptera: Miridae) advanced to the 225 

pupal stage, killing the host, but failed to emerge as adult wasps. Depending on the host-226 

parasitoid association, reasons for host death during aborted parasitism may include some 227 

combination of immature parasitoid feeding or the release of chemical compounds or 228 

teratocytes. The immature parasitoid may die due to poor host nutritional suitability, adverse 229 

environmental conditions, or competition. However, the exact mechanism by which the 230 

immature parasitoid causes host death is usually unclear. Quantifying the mortality caused by 231 

parasitism abortion can be relatively easy when parasitoids die late in their development 232 
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because they can be observed directly (Tena et al. 2012) or by performing host dissections 233 

(Gariepy et al. 2008; Abram et al. 2016). Aborted parasitoid eggs are often more challenging 234 

to detect; however, levels of aborted parasitism can still be estimated by comparing host 235 

mortality in the presence and absence of parasitoids (e.g., Abram et al. 2016). Aborted 236 

parasitism can represent the main cause of host mortality in many host-parasitoid associations 237 

(Desneux et al., 2009; Abram et al., 2016). However, as with other non-reproductive effects, 238 

aborted parasitism is not always distinguished from other causes of mortality (e.g., Minot and 239 

Leonard 1976; Godwin and Odell 1984; Scholler et al. 1996; Huang et al. 2017).  240 

3. OCCURRENCE, CONDITION-DEPENDENCE, AND COSTS  241 

3.1 Occurence across taxa, host stages, and life history characteristics  242 

Non-reproductive effects of parasitoids on their hosts appear to be general phenomena 243 

distributed across diverse host and parasitoid taxa with varying life histories, acting on a 244 

variety of host life stages. Significant non-reproductive effects have been observed in 245 

holometabolous (Lepidoptera, Coleoptera, Diptera) and heterometabolous host taxa 246 

(Hemiptera) acting on host eggs (e.g., Abram et al. 2016; Lashomb et al. 1987), nymphs 247 

(Flanders 1953; Tena et al., 2008; Desneux et al. 2009; Ingerslew and Finke 2016; Cebolla et 248 

al. 2018), larvae (Campbell 1963; Rahman 1970; Carton et al. 1983; Münster-Swendsen 249 

1994; Liu et al. 2015), pupae (Pimentel et al. 1978; Legner 1979; Geden et al. 2006, Geden 250 

and Moon 2009), and adults (Fusco and Hower 1974; Barratt et al. 1996; Goldson et al. 2004; 251 

Deas and Hunter 2011, 2013). Some qualitative trends and delimitations are notable: 252 

(i) Non-consumptive effects have been observed in mobile life stages of hosts 253 

(nymphs, larvae, adults) whose behaviorcan be altered by the presence of 254 

parasitoids (Tamaki et al. 1970; Sloggett and Weisser 2002; Fill et al. 2012; Deas 255 

and Hunter 2011, 2013; Ingerslew and Finke 2016); however, immobile host life 256 

stages may also be able to detect parasitoid presence and alter defensive 257 

morphology or physiology.  258 

(ii) Unequivocal pseudoparasitism has been observed only in koinobiont larval, egg-259 

larval, or adult endoparasitoids (which often inject venom or other regulatory 260 

substances but keep their hosts alive) (Brown and Kainoh 1992; Jones et al. 261 

1986b; Munster-Swendsen et al. 2002; Vereijssen et al. 2011). Permanent 262 

paralysis is mostly induced by idiobiont ectoparasitoid of lepidopteran larvae 263 

(Coudron et al. 1990; Casas, 1989; Charles et al. 2013). 264 
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(iii) Immune defense costs should be unique to endoparasitoids of insect life stages 265 

with encapsulation or other, similar immune defenses; for example, in dipteran 266 

pupae and larvae, hemipteran nymphs, and lepidopteran larvae (Pimentel et al. 267 

1978; Kraaijeveld and Godfray 1997; Hoang et al. 2001; Tena et al., 2008; 268 

Niogret et al. 2009). 269 

(iv) Aborted parasitism appears to be the most widespread non-reproductive effect 270 

type, occuring any time there is unsuccessful parasitoid development that causes 271 

death of any host life stage, in both endoparasitoids (Gariepy et al. 2008; Tena et 272 

al. 2012) and ectoparasitoids (Pawson and Peterson 1988; Kapranas et al. 2016), 273 

and koinobiont (Ryan 1985; Desneux et al. 2009) as well as idiobiont (Duan et al. 274 

2014; Abram et al. 2016) parasitoid species. 275 

These general observations should be considered preliminary, however, as studies of non-276 

reproductive effects have been focused on a restricted set of host-parasitoid study systems. 277 

More taxonomically widespread studies that make use of the unified terminology proposed 278 

herein, and take the possibility of non-reproductive effects into account – even in associations 279 

where they are less prevalent – would help to identify more systematic, quantitative patterns 280 

in the future. 281 

 282 

3.2 Condition-dependence  283 

Broadly, the incidence and magnitude of non-reproductive effects are influenced by similar 284 

factors as reproductive effects (parasitism). These factors include host characteristics (e.g., 285 

species, age), parasitoid characteristics (species, strain, nutritional regime), ecological 286 

variables (exposure time or number of attacks, ratios of hosts to parasitoids, presence of 287 

mutualist species), environmental factors (temperature), and more applied considerations 288 

(number of generations a parasitoid has been in culture, different shipments from commercial 289 

supplier) (Table 1). However, the relative impacts of a given factor on reproductive versus 290 

non-reproductive effects may differ, or even have different tendencies. For example, 291 

Bactrocera curcurbitae (Diptera: Tephritidae) pupal mortality from mutilation and/or 292 

pseudoparasitism by Spalangia endius (Hymenoptera: Pteromalidae) decreases with host age, 293 

whereas successful parasitism is highest at intermediate host age (Tang et al. 2015). This 294 

negative relationship between host age and mortality from mutilation/pseudoparasitism 295 

appears to be a general trend (Table 1). Martinez-Ferrer et al. (2003) found that the presence 296 

of host-attending ants reduced the negative effects of probing-induced mutilation of 297 

Aonidiella aurantii (Hemiptera: Diaspididae) by Aphytis melinus (Hymenoptera: 298 
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Aphelinidae); however, the reduction in probing was less than the reduction of reproductive 299 

parasitism, possibly because parasitism takes longer and is more likely to be interrupted by 300 

ants.  301 

 302 

3.3 Costs and benefits for parasitoids 303 

By definition, non-reproductive effects do not result in the production of parasitoid offspring 304 

(i.e., fitness gain). Thus, from the point of view of the parasitoid, non-reproductive effects 305 

can mostly be considered as costly constraints, or inefficiencies, arising from the need to 306 

search for hosts and overcome their structural, behavioral, and physiological defenses in the 307 

face of varying levels of host availability, host quality, competition, and environmental stress. 308 

Depending on the host-parasitoid system, the outcome, and the mechanism underlying the 309 

non-reproductive effect – that is, how far along in the host exploitation sequence the 310 

mechanism sits (Fig. 2) – these costs could range from minimal to relatively severe for 311 

parasitoids. For example, normal parasitoid foraging behaviors that mediate some non-312 

consumptive effects (e.g., antennation; Ingerslew and Finke 2016) would not incur any 313 

particular cost to the parasitoid, but probing and drilling behaviors that can cause host 314 

mutilation can be extremely costly in time (Beltra et al. 2015) and metabolic energy 315 

(Boisseau et al. 2017). Although we are unaware of any direct investigations into the cost of 316 

host regulatory chemical substances (e.g., venom) in parasitoids, it is plausible that there is a 317 

cost to their production and wasteful use during pseudoparasitism (Casewell et al. 2013; 318 

Kapranas et al. 2012). Reduction in host availability for parasitism and host-feeding would be 319 

a cost shared by all forms of non-reproductive effects. For example, non-consumptive effects 320 

can result in host dispersal from the local patch (e.g. crawling away, dropping) (Fill et al. 321 

2012), and reduced host reproduction (Deas and Hunter 2011). Mutilation, pseudoparasitism, 322 

and aborted parasitism, by killing hosts or lowering their quality, directly reduce the 323 

proportion of suitable hosts in a given environment (Islam et al. 1997). Finally, the non-324 

reproductive effects of costly host immune defense and aborted parasitism involve a cost for 325 

the parasitoid of laying eggs that do not result in offspring production. The fitness cost for the 326 

parasitoid of wasted eggs would be more severe if the parasitoid routinely experiences egg 327 

limitation (as opposed to time limitation) in a particular environment (Rosenheim 1999).  328 

 While most instances of non-reproductive effects of parasitoids on their hosts are 329 

certainly costly for parasitoids, a few studies have proposed potential fitness benefits. For 330 

example, in some cases, not using a given host for offspring production (while incidentally 331 

having non-reproductive effects on the host) may be adaptive; for example, when a parasitoid 332 
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mutilates a host while probing but determines that it is low-quality or unsuitable for 333 

parasitism (Desneux et al. 2009). In another relatively well-known example, parasitoids can 334 

exhaust the immune defense system of hosts that otherwise would be unsuitable by 335 

superparasitizing them (van Alphen and Visser 1990; Tena et al. 2008). Patel et al. (2003) 336 

proposed that host-killing (mutilation/pseudoparasitism) of Liriomyza trifolii (Diptera: 337 

Agromyzidae) larvae by Diglyphus intermedius (Hymenoptera: Eulophidae) could be an 338 

adaptive strategy by the parasitoid to prevent excessive leafmining by other unparasitized 339 

larvae on the same leaflet, which can cause desiccation, necrosis, and abscission, and thus 340 

reduce the chance of parasitoid offspring survival. In addition, killing unparasitized hosts 341 

may also increase the amount of resources available to parasitized hosts that continue to feed. 342 

Similarly, Vereijssen et al. (2011) argued that once a parasitoid has parasitized a host in a 343 

given patch, destroying other hosts in the patch could increase fitness (representation of her 344 

genome in the next generation) by reducing host availability for other parasitoid individuals. 345 

Pseudoparasitism could be beneficial for parasitoids at the population level if it lengthens the 346 

suitable stage of hosts by changing the concentration of juvenile hormone (Jones 1986), 347 

making them susceptible to parasitism for longer periods. Further theoretical work, including 348 

modeling, and experimental studies are needed to directly demonstrate an adaptive value for 349 

parasitoids of inducing non-reproductive effects on hosts.  350 

4. ECOLOGICAL AND EVOLUTIONARY IMPLICATIONS OF NON-351 

REPRODUCTIVE EFFECTS  352 

While non-reproductive effects result from aspects of parasitoid behavior and physiology that 353 

generally serve adaptive functions (host location, host feeding, host exploitation), the 354 

resulting effects themselves cannot be considered as adaptive strategies evolved by 355 

parasitoids to either exploit their hosts or expand their host range. However, from an 356 

evolutionary perspective, non-reproductive parasitism events could theoretically create 357 

favourable conditions for the establishment of new, viable host-parasitoid associations. 358 

Opportunities may occur for parasitoids to expand their host range following encounters with 359 

a potential new host species, as long as parasitoids possess pre-adaptations for location, 360 

development and reproduction on the novel host (Price 1980, Poulin 2011). These conditions 361 

may exist when an invasive species possessing similar ecological and physiological attributes 362 

to ‘traditional’ hosts becomes abundant in the environment. At first, maladaptive oviposition 363 

decisions by parasitoids causing non-reproductive effects could intensify (Heimpel et al. 364 

2003), leading to an evolutionary trap for indigenous parasitoids (Schlaepfer et al. 2005; 365 
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Abram et al. 2014). For example, Abram et al. (2014) showed that the indigenous generalist 366 

egg parasitoid Telenomus podisi Ashmead (Hymenoptera: Scelionidae) accepts eggs of the 367 

newly invasive alien stink bug Halyomorpha halys (Stål) (Hemiptera: Pentatomidae) at high 368 

rates and causes some host eggs to abort development, but their offspring cannot successfully 369 

develop. In this association, parasitoid females not wasting time and eggs in H. halys should 370 

pass more copies of their genes to the next generation, thereby relaxing the frequency of non-371 

reproductive effects on the host. On a microevolutionary time scale, however, behavioural 372 

mechanisms could evolve to minimize oviposition mistakes, and/or physiological attributes 373 

could be selected for that would improve the success of offspring development following 374 

these mistakes. Non-reproductive effects that formerly only killed the host (e.g., aborted 375 

parasitism) could pave the way for mutants in the parasitoid population whose offspring can 376 

occasionally undergo successful development in the invasive species. Thus, oviposition 377 

events that were formerly highly maladaptive would result in some offspring production, 378 

gradually relaxing selective pressure to avoid laying eggs in the invasive host. Ultimately, 379 

such a process could, in theory, lead to speciation in populations of parasitoids gaining the 380 

capacity to successfully attack novel hosts (Stireman et al. 2006). The role of non-381 

reproductive events in shaping parasitoid host range would be determined by ecological and 382 

physiological pre-adaptations to host exploitation, frequency of encounters with potential 383 

new hosts, the amount of genetic variation in relevant physiological and behavioural traits, 384 

and subsequent fitness benefits. 385 

There is currently little empirical evidence concerning the quantitative impacts of non-386 

reproductive effects of parasitoids on host-parasitoid interactions at population and 387 

community scales (but see Munster-Swendsen 1994; Munster-Swendsen 2002). However, a 388 

theoretical framework, mostly through modeling, is currently being developed and will help 389 

to acknowledge the relative importance played by non-reproductive parasitoid mortality in 390 

mediating direct and indirect effects at the ecosystem level (Abram et al. 2016; Kaser et al. 391 

2018). Abram et al. (2016) first developed a heuristic population dynamic model of egg-392 

limited parasitoids inducing aborted parasitism on host eggs. They concluded that abortion 393 

negatively impacts population growth of the host (and to a lesser extent, the parasitoid), and 394 

that the consequences for parasitoids are worst when parasitoid females are egg-limited. 395 

Kaser et al. (2018) investigated the population-level consequences of non-reproductive 396 

effects of parasitoids in the context of novel associations between invasive and native hosts 397 

attacked by native or exotic parasitoids. Indirect effects mediated by parasitoids were 398 

examined by constructing models examining population-level outcomes of non-reproductive 399 
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mortality for suitable (co-evolved associations) and unsuitable hosts (novel associations) 400 

attacked by either egg-limited or time-limited parasitoids. From model outputs, they 401 

concluded that non-reproductive parasitoid induced host mortality would influence indirect 402 

interactions in varying and often complex ways including apparent competition, apparent 403 

parasitism, apparent amensalism and apparent commensalism, depending on the mechanism 404 

of aborted parasitism and the degree of parasitoid egg limitation.  405 

Parasitoids are ubiquitous in terrestrial ecosystems and parasitism can exert a significant 406 

influence on food webs (Hawkins 1994; Quicke 2015). However, to our knowledge, there is 407 

no evidence concerning the contribution of non-reproductive effects to the structure and 408 

stability of ecological communities. Investigating the functional role played by this largely 409 

‘hidden dimension’ (sensu Condon et al. 2014) represents a new challenge for population 410 

ecologists. Broadening current host-parasitoid population and community models by adding 411 

the non-reproductive dimension could lead to a more comprehensive appreciation of the true 412 

range of interactions that determine community structure and function, and help to 413 

understand the potential of these effects to cascade through food chains and influence 414 

ecosystem services such as biological control (see section 5).  415 

5. IMPLICATIONS FOR BIOLOGICAL CONTROL OF INSECT PESTS  416 

Over the past several decades, a number of researchers have argued that only measuring host 417 

death from host feeding or resulting in parasitoid offspring emergence underestimates 418 

biological control impact of parasitoids (e.g., Campbell 1963; Legner 1979; Van Driesche 419 

1983; Neuenschwander and Madojemu 1986; Munster-Swendsen 1994; Abram et al. 2016; 420 

Cebolla et al. 2018). Our integrative review of a large body of literature further emphasizes 421 

this point, showing that non-reproductive effects are widespread, diverse, condition-422 

dependent (Table 1), and often comprise a large component of the impact of parasitoids on 423 

host populations. Thus, it is critical for biological control researchers to measure these effects 424 

in order to fully appreciate the magnitude of ecosystem services provided by these important 425 

natural enemies. However, the significance of non-reproductive effects for the applied aims 426 

of biological control programs depends on the approach (see also Abram et al. 2016); for 427 

example: 428 

Inundative/Augmentative biological control: Inundative releases of parasitoids 429 

aiming for short-term pest control can be successful even if most of the mortality caused to 430 

hosts is the result of non-reproductive effects (Huang et al. 2017). In mass-rearing systems 431 
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for inundative and augmentative biological control programs, non-reproductive effects can be 432 

ambiguous: on one hand, host immune system exhaustion due to superparasitism can allow 433 

the use of host material for rearing that would otherwise be unsuitable (Tena et al. 2008); on 434 

the other hand, they can lead to wasted or low-quality host material (e.g., dead or low-quality 435 

hosts that yield poor-quality parasitoids or no parasitoids at all).  436 

Conservation biological control: In our literature search, we did not find any case 437 

where non-reproductive effects of parasitoids were explicitly considered as part of 438 

conservation biological control programs (i.e., habitat management to provide nectar, shelter, 439 

alternative hosts, etc.; see Begg et al. 2017). However, conservation biological control  440 

strategies that provide alternative hosts to parasitoids (e.g., Bernal et al., 2001; Kapranas 441 

2007) could also consider conserving parasitoids that cause non-reproductive effects on the 442 

target host. 443 

Classical biological control: Ecological risk assessments for the introduction of 444 

parasitoids include estimating risk of candidate parasitoids to non-target host species in the 445 

proposed area of introduction. It is generally assumed that if a given host species is attacked 446 

by a candidate parasitoid (i.e., the parasitoid lays eggs in them) but is of low suitability for 447 

the immature parasitoid development, then this host is not under any real threat because it 448 

will be unable to support parasitoid populations (Heimpel and Mills 2017). This assumption 449 

may not be valid if the severity of non-reproductive effects are large, and the suitable target 450 

species that would support parasitoid populations often co-occurs (e.g., on the same host 451 

plant in the same habitat) with the unsuitable non-target species (see Condon et al. 2014). 452 

When non-target impact as a result of non-reproductive effects of parasitoids could 453 

potentially be severe and sustained, we suggest that these effects should be included as 454 

additional parameters used in non-target host range evaluation. 455 

To support a better understanding of the contribution of non-reproductive effects to 456 

the various types of biological pest control, we advocate for standardized measurement, 457 

calculation, and reporting. For example, non-reproductive effects should be: (i) reported with 458 

clear terminology along with known or hypothetical mechanisms and outcomes, according to 459 

our framework; (ii) reported separately from reproductive effects; (iii) reported as a 460 

percentage of the total number of hosts exposed to parasitism, and, when behavioral 461 

observations are available, the percentage of hosts attacked by the parasitoid; (iv) measured 462 

in assessments of parasitoid impact under various conditions by including unexposed controls 463 

in the experimental design to allow correction of mortality rates of exposed individuals (i.e. 464 

with Abbott’s formula; see Abram et al. 2016); (v) estimated in the field by applying 465 
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corrections derived from laboratory studies, when direct measurement in the field is not 466 

feasible (e.g. Van Driesche et al. 1987; Van Driesche et al. 1990). Sub-lethal non-467 

reproductive effects (e.g., reduction of host fecundity or longevity) could similarly be 468 

included in estimates of population-level impacts of parasitoids following calculations used 469 

to account for sub-lethal effects of pesticides (Sterk et al., 1999). Efforts should also be made 470 

to validate the accuracy of lab estimates in predicting field estimates of non-reproductive 471 

effects. Use of molecular diagnostic tools to assess levels of unsuccessful parasitoid attack 472 

could prove very useful in this regard (Gariepy et al. 2014; Condon et al. 2014; Gómez-473 

Marco et al., 2015). 474 

FUTURE ISSUES 475 

1. Non-reproductive effects should be included in models of host-parasitoid population 476 

dynamics and trophic networks.  477 

2. Theory and empirical data are needed to determine whether non-reproductive effects 478 

could increase parasitoid fitness under some conditions; for example, as a competitive 479 

tactic to increase resource availability for parasitized hosts. 480 

3. The role of community interactions (e.g., interactions with host mutualists, predators, 481 

competitors) on the frequency and magnitude of non-reproductive effects should be 482 

further examined. 483 

4. Quantitative and molecular methods should continue to be developed and 484 

implemented to evaluate the occurrence of non-reproductive effects in the field, and 485 

resulting impact on host populations.  486 

5. The role of symbiotic and pathogenic microorganisms in non-reproductive effects of 487 

insect parasitoids on their hosts should be explored. 488 
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Augmentative biological control: Intentionally increasing populations of an established 497 

biological control agent through the release of additional individuals. 498 

Classical biological control: The intentional introduction of an exotic biological agent for 499 

long-term pest control, involving the agent’s permanent establishment of self-sustaining 500 

populations.
 

501 

Conservation biological control: Manipulative management of habitats that increases 502 

population sizes of biological control agents and their impact on pests. 503 

Ectoparasitoid: Species in which eggs are laid and larvae develop on the exterior of hosts. 504 

Encapsulation: Cellular immune defense of insects against their parasitoids. 505 

Endoparasitoid: Species in which egg laying and development occurs within the host.  506 

Idiobiont parasitoids: Species that prevent further development of their host after 507 

oviposition by the maternal parasitoid. 508 

Inundative biological control: Application of large numbers of a biological agent to 509 

immediately reduce a pest population. 510 

Koinobiont parasitoids: Species whose hosts continue to feed and develop after 511 

parasitization, before eventually being killed by the immature parasitoid.   512 
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Table 1. Condition-dependence of non-reproductive effects by effect type. Mutilation, 513 

pseudoparasitism, and aborted parasitism are presented as one category because definitive 514 

categorization of many studies was not possible due to lack of mechanistic understanding.  515 

 516 

Effect type(s) Factor 
Relationship to strength of non-reproductive 

effects [References] 

Non-consumptive 

effects 

Host age/stage positive [1]; negative [2]  

Presence of parasitized hosts positive [3] 

Presence of female versus male 

parasitoids 

positive [4] 

Extreme high temperatures positive [5] 

Host plant resistance positive [6] 

Presence of other host species positive [7] 

Mutilation/ 

Pseudoparasitism/    

Aborted 

Parasitism* 

Host species varies among species [8–15] 

Host age/stage positive [16–18]; negative [19–26]; hump-

shaped [27,28]; no effect [29,30] 

Smaller host size distribution positive [31] 

Host rearing substrate varies among substrates [32,33] 

Parasitoid age no effect [29] 

Parasitoid species varies among species [8,12,15,23,34–37]; does 

not vary among strains [10]  

Parasitoid strain within species varies among strains [8]; does not vary among 

strains  [12,14] 

Parasitoid individual within 

species 

varies among individuals [8] 

Parasitoid shipment from 

commercial supplier 

varies among shipments [36] 

Number of generations parasitoid 

in culture 

no effect [10] 

Parasitoid heterosis positive [38] 

Parasitoid nutrition varies among nutritive regimes [39], no effect 

[40] 

Parasitoid:host density ratio positive [15,41–47], hump-shaped [48] 

Exposure time with parasitoid positive [47] 

Number of parasitoid attacks positive [33,49–51] 

Order of multiparasitism varies with species order and combination [52] 

Pre-exposure of parasitoids to 

host adults 

positive [53] 

Presence of host-attending ants negative [37] 

Temperature positive [17], negative [54], hump-shaped 

[55,56] 

Immune defense 

costs 

Density of competitors positive [57,58] 

Increased desiccation risk positive [59] 

Decreased nutrient availability for 

host 

positive [59] 

Host species does not vary among host species [58] 

Parasitoid species varies among species (longevity) [60], does not 

vary among species (fecundity) [60] 

*Effects on hosts may include results of host feeding in some studies where mechanisms were not distinguished. 517 

 518 

  519 



19 

 

 520 

Figure 1. Categories of the three different ways that parasitoids can negatively affect host populations, with the 521 

resulting benefits and costs for parasitoids and outcomes for hosts. Solid arrows show direct relationships; 522 

dashed arrows show indirect or conditional relationships. “Altered biological traits” are listed in Fig. 2. 523 

Asterisks (*) indicate that there is no cost for parasitoid species with concurrent host feeding (i.e., that can use 524 

the same host for progeny production and host feeding).   525 

 526 

 527 

 528 

Figure 2. Mechanisms and outcomes of non-reproductive effects of parasitoids on their hosts, with suggested 529 

terminology: (1) non-consumptive effects; (2) mutilation; (3) pseudoparasitism; (4) immune defense costs; (5) 530 

aborted parasitism.  531 



20 

 

LITERATURE CITED 532 

Abram PK, Brodeur J, Burte V, Boivin G. 2016. Parasitoid-induced host egg abortion: an 533 

underappreciated component of biological control services provided by egg 534 

parasitoids. Biol. Control 98:52-60 535 

Abram PK, Gariepy TD, Boivin G, Brodeur J. 2014. An invasive stink bug as an evolutionary 536 

trap for an indigenous egg parasitoid. Biol. Invas. 16:1387-1395 537 

Asgari S, Rivers DB. 2011. Venom proteins from endoparasitoid wasps and their role in host-538 

parasite interactions. Annu. Rev. Entomol. 56:313-335 539 

Bannerman JA, Gillespie DR, Roitberg BD. 2011. The impacts of extreme and fluctuating 540 

temperatures on trait‐mediated indirect aphid–parasitoid interactions. Ecol. Entomol. 541 

36:490-498 542 

Barnay O, Pizzol J, Gertz C, Kienlen JC, Hommay G, Lapchin L. 1999. Host density-543 

dependence of discovery and exploitation rates of egg patches of Lobesia botrana 544 

(Lepidoptera: Tortricidae) and Ephestia kuehniella (Lepidoptera: Pyralidae) by the 545 

parasitoid Trichogramma cacoeciae (Hymenoptera: Trichogrammatidae). J. Econ. 546 

Entomol. 92:1311-1320 547 

 Barrett BA, Brunner JF. 1990. Types of parasitoid-induced mortality, host stage preferences, 548 

and sex ratios exhibited by Pnigalio flavipes (Hymenoptera: Eulophidae) using 549 

Phyllonorycter elmaella (Lepidoptera: Gracillariidae) as a host. Environ. Entomol. 550 

19:803-807 551 

Barratt BIP, Evans AA, Johnstone PD. 1996. Effect of the ratios of Listronotus bonariensis 552 

and Sitona discoideus (Coleoptera: Curculionidae) to their respective parasitoids 553 

Microctonus hyperodae and M. aethiopoides (Hymenoptera: Braconidae), on 554 

parasitism, host oviposition and feeding in the laboratory. Bull. Entomol. Res. 86: 555 

101-108 556 

Barzman MS, Daane KM. 2001. Host‐handling behaviours in parasitoids of the black scale: a 557 

case for ant‐mediated evolution. J. Anim. Ecol. 70:237-247 558 

Beckage NE, Gelman DB. 2004. Wasp parasitoid disruption of host development: 559 

implications for new biologically based strategies for insect control. Annu. Rev. 560 

Entomol. 49:299-330 561 

Overview of the regulatory effects of parasitoid-injected compounds. 562 

Begg GS, Cook SM, Dye R, Ferrante M, Franck P et al. 2017. A functional overview of 563 

conservation biological control. Crop Prot. 97:145-158 564 



21 

 

Beltrà A, Soto A, Tena A. 2015. How a slow-ovipositing parasitoid can succeed as a 565 

biological control agent of the invasive mealybug Phenacoccus peruvianus: 566 

implications for future classical and conservation biological control programs. 567 

BioControl 60:473-484 568 

Bernal JS, Luck RF, Morse JG, Drury MS. 2001. Seasonal and scale size relationships 569 

between citricola scale (Homoptera: Coccidae) and its parasitoid complex 570 

(Hymenoptera: Chalcidoidea) on San Joaquin Valley citrus. Biol. Control 20:210-221 571 

Blumberg D, Goldenberg S. 1992. Encapsulation of eggs of two species of Encyrtus 572 

(Hymenoptera: Encyrtidae) by soft scales (Homoptera: Coccidae) in six parasitoid-573 

host interactions. Isr. J. Entomol. 25–26:57–65 574 

Blumberg D. 1997. Parasitoid encapsulation as a defense mechanism in the Coccoidea 575 

(Homoptera) and its importance in biological control. Biol. Control 8:225-236 576 

Boisseau RP, Woods HA, Goubault M. 2017. The metabolic costs of fighting and host 577 

exploitation in a seed-drilling parasitic wasp. J. Exp. Biol. 220:3955-3966 578 

Brodeur J, Rosenheim JA. 2000. Intraguild interactions in aphid parasitoids. Entomol. Exp. 579 

Appl. 97:93-108 580 

Brown JJ, Kainoh Y. 1992. Host castration by Ascogaster spp. (Hymenoptera: Braconidae). 581 

Ann. Entomol. Soc. Am. 85:67-71 582 

Campbell RW. 1963. Some ichneumonid-sarcophagid interactions in the gypsy moth 583 

Porthetria dispar (L.) (Lepidoptera: Lymantriidae). Can. Entomol. 95:337-345 584 

Carton Y, Kitano H. 1981. Evolutionary relationships to parasitism by seven species of the 585 

Drosophila melanogaster subgroup. Biol. J. Linn. Soc. 16:227-241 586 

Carton Y, David JR. 1983. Reduction of fitness in Drosophila adults surviving parasitization 587 

by a cynipid wasp. Experientia 39:231-233 588 

Casas J. 1989. Foraging behaviour of a leafminer parasitoid in the field. Ecol. Entomol. 589 

14:257-265 590 

Casewell NR, Wüster W, Vonk FJ, Harrison RA, Fry BG. 2013. Complex cocktails: the 591 

evolutionary novelty of venoms. Trends Ecol. Evolut. 28:219-229 592 

Cebolla R, Vanaclocha P, Urbaneja A, Tena A. 2018. Overstinging by hymenopteran 593 

parasitoids causes mutilation and surplus killing of hosts. J. Pest Sci. 91:327-339 594 

Thoroughly measures magnitude and condition-dependence of mutilation/pseudoparasitism. 595 

Charles JG, Sandanayaka WM, Chhagan A, Page-Weir NE. 2013. Survival of the gregarious 596 

ectoparasitoid Mastrus ridens on codling moth, Cydia pomonella, and non-target 597 

species. BioControl 58:505-513  598 



22 

 

Chau A, Mackauer M. 1997. Dropping of pea aphids from feeding site: a consequence of 599 

parasitism by the wasp, Monoctonus paulensis. Entomol. Exp. Appl. 83:247-252 600 

Condon MA, Scheffer SJ, Lewis ML, Wharton R, Adams DC, Forbes AA. 2014. Lethal 601 

interactions between parasites and prey increase niche diversity in a tropical 602 

community. Science 343:1240-1244  603 

Coudron TA, Kelly TJ, Puttler B. 1990. Developmental responses of Trichoplusia ni 604 

(Lepidoptera: Noctuidae) to parasitism by the ectoparasite Euplectrus plathypenae 605 

(Hymenoptera: Eulophidae). Arch. Insect Biochem. Physiol. 13:83–94 606 

Daane KM, Barzman MS, Kennett CE, Caltagirone LE. 1991. Parasitoids of black scale in 607 

California: establishment of Prococcophagus probus Annecke & Mynhardt and 608 

Coccophagus rusti Compere (Hymenoptera: Aphelinidae) in olive orchards. Pan-609 

Pacific Entomol. 67:99–106 610 

De Bach P. 1943. The importance of host-feeding by adult parasites in the reduction of host 611 

populations. J. Econ. Entomol. 36:647-658  612 

Deas JB, Hunter MS. 2011. Mothers modify eggs into shields to protect offspring from 613 

parasitism. Proc. R. Soc. B. 279:847e853 614 

Demonstrate a non-consumptive effect of an egg parasitoid on egg-laying adults of their hosts. 615 

Deas JB, Hunter MS. 2013. Delay, avoidance and protection in oviposition behaviour in 616 

response to fine-scale variation in egg parasitism risk. Anim. Behav. 86:933-940 617 

Desneux N, Barta RJ, Hoelmer KA, Hopper KR, Heimpel GE. 2009. Multifaceted 618 

determinants of host specificity in an aphid parasitoid. Oecologia 160:387-398  619 

Dill LM, Fraser AH, Roitberg BD. 1990. The economics of escape behaviour in the pea 620 

aphid, Acyrthosiphon pisum. Oecologia 83:473-478 621 

Duan JJ, Watt TJ, Larson K. 2014. Biology, life history, and laboratory rearing of Spathius 622 

galinae (Hymenoptera: Braconidae), a larval parasitoid of the invasive emerald ash 623 

borer (Coleoptera: Buprestidae). J. Econ. Entomol. 107:939-946  624 

Duodu YA, Davis DW. 1974. Selection of alfalfa weevil larval instars by, and mortality due 625 

to, the parasite Bathyplectes curculionis (Thomson). Environ. Entomol. 3:549-552.  626 

Eliopoulos PA, Kapranas A, Givropoulou EG, Hardy ICW. 2017. Reproductive efficiency of 627 

the bethylid wasp Cephalonomia tarsalis: the influences of spatial structure and host 628 

density. Bull. Entomol. Res. 107:139-147  629 

Fellowes MDE, Masnatta P, Kraaijeveld AR, Godfray HCJ. 1998. Pupal parasitoid attack 630 

influences the relative fitness of Drosophila that have encapsulated larval parasitoids. 631 

Ecol. Entomol. 23:281-284 632 



23 

 

Fellowes MDE, Kraaijeveld AR, Godfray HCJ. 1999. The relative fitness of Drosophila 633 

melanogaster (Diptera, Drosophilidae) that have successfully defended themselves 634 

against the parisitoid Asobara tabida (Hymenoptera, Braconidae). J. Evolut. Biol. 635 

12:123-128 636 

Fill A, Long EY, Finke DL. 2012. Non‐consumptive effects of a natural enemy on a non‐prey 637 

herbivore population. Ecol. Entomol. 37:43-50  638 

Flanders SE. 1953. Predatism by the adult hymenopterous parasite and its role in biological 639 

control. J. Econ. Entomol. 46:541-544  640 

Fusco RA, Hower AA. 1974. Influence of parasitoid-host density and host availability on the 641 

laboratory propagation of Microctonus aethiops [Hym.: Braconidae] parasitoid of 642 

Hypera postica [Coleop.: Curculionidae]. BioControl 19:75-83  643 

Gariepy TD, Kuhlmann U, Gillott C, Erlandson M. 2008. A large‐scale comparison of 644 

conventional and molecular methods for the evaluation of host–parasitoid associations 645 

in non‐target risk‐assessment studies. J. Appl. Ecol. 45:708-715  646 

Geden CJ, Moon RD, Butler JF. 2006. Host ranges of six solitary filth fly parasitoids 647 

(Hymenoptera: Pteromalidae, Chalcididae) from Florida, Eurasia, Morocco, and 648 

Brazil. Environ. Entomol. 35:405-412  649 

Geden CJ, Moon RD. 2009. Host ranges of gregarious muscoid fly parasitoids: Muscidifurax 650 

raptorellus (Hymenoptera: Pteromalidae), Tachinaephagus zealandicus 651 

(Hymenoptera: Encyrtidae), and Trichopria nigra (Hymenoptera: Diapriidae). 652 

Environ. Entomol. 38:700-707  653 

Ghimire MN, Phillips TW. 2007. Suitability of five species of stored-product insects as hosts 654 

for development and reproduction of the parasitoid Anisopteromalus calandrae 655 

(Hymenoptera: Pteromalidae). J. Econ. Entomol. 100:1732-1739 656 

Giron D, Pincebourde S, Casas J. 2004. Lifetime gains of host‐feeding in a synovigenic 657 

parasitic wasp. Physiol. Entomol. 29:436-442  658 

Godfray HCJ. 1994. Parasitoids: behavioral and evolutionary ecology. Princeton University 659 

Press.  660 

Godwin PA, Odell TM. 1984. Laboratory study of competition between Blepharipa pratensis 661 

and Parasetigena silvestris (Diptera: Tachinidae) in Lymantria dispar (Lepidoptera: 662 

Lymantriidae). Environ. Entomol. 13:1059-1063  663 



24 

 

Goldson SL, Proffitt JR, McNeill MR, Phillips CB, Barlow ND, Baird DB. 2004. Unexpected 664 

Listronotus bonariensis (Coleoptera: Curculionidae) mortality in the presence of 665 

parasitoids. Bull. Entomol. Res. 94:411-417.  666 

Gómez-Marco F, Urbaneja A, Jaques JA, Rugman-Jones PF, Stouthamer R, Tena A. 2015. 667 

Untangling the aphid-parasitoid food web in citrus: Can hyperparasitoids disrupt 668 

biological control? Biol. Control 81:111-121 669 

Gowling GR, van Emden HV. 1994. Falling aphids enhance impact of biological control by 670 

parasitoids on partially aphid‐resistant plant varieties. Ann. Appl. Biol. 125:233-242  671 

Grabenweger G, Hopp H, Schmolling S, Koch T, Balder H, Jäckel B. 2009. Laboratory 672 

rearing and biological parameters of the eulophid Pnigalio agraules, a parasitoid of 673 

Cameraria ohridella. J. Appl. Entomol. 133:1-9 674 

Guzo D, Stoltz DB. 1985. Obligatory multiparasitism in the tussock moth, Orgyia 675 

leucostigma. Parasitol. 90:1-10 676 

Hawkins BA, Sheehan W (Eds). 1994. Parasitoid community ecology. Oxford, United 677 

Kingdom: Oxford University Press. 678 

Heimpel GE, Mills NJ. 2017. Biological control: ecology and applications. Cambridge 679 

University Press.  680 

Heimpel GE, Neuhauser C, Hoogendoorn M. 2003. Effects of parasitoid fecundity and host 681 

resistance on indirect interactions among hosts sharing a parasitoid. Ecol. Lett. 6:556-682 

566 683 

Heimpel GE, Rosenheim JA. 1995. Dynamic host feeding by the parasitoid Aphytis melinus: 684 

the balance between current and future reproduction. J. Anim. Ecol. 64:153-167 685 

Heinz KM, Parrella MP. 1989. Attack behavior and host size selection by Diglyphus begini 686 

on Liriomyza trifolii in chrysanthemum. Entomol. Exp. Appl. 53:147-156  687 

Hermann SL, Landis DA. 2017. Scaling up our understanding of non-consumptive effects in 688 

insect systems. Curr. Opin. Insect Sci. 20:54-60  689 

Hoang A. 2001. Immune response to parasitism reduces resistance of Drosophila 690 

melanogaster to desiccation and starvation. Evolut. 55:2353-2358 691 

Examines interactive effects of adverse environmental conditions and costly host immune response. 692 

Hoddle MS, Sanderson JP, Van Driesche RG. 1999. Biological control of Bemisia 693 

argentifolii (Hemiptera: Aleyrodidae) on poinsettia with inundative releases of 694 

Eretmocerus eremicus (Hymenoptera: Aphelinidae): does varying the weekly release 695 

rate affect control? Bull. Entomol. Res. 89:41-51  696 



25 

 

Hoogendoorn M, Heimpel GE. 2002. Indirect interactions between an introduced and a native 697 

ladybird beetle species mediated by a shared parasitoid. Biol. Control 25:224-230  698 

Huang J, Hua HQ, Wang LY, Zhang F, Li YX. 2017. Number of attacks by Trichogramma 699 

dendrolimi (Hymenoptera: Trichogrammatidae) affects the successful parasitism of 700 

Ostrinia furnacalis (Lepidoptera: Crambidae) eggs. Bull. Entomol. Res. 107:812-819 701 

Ingerslew KS, Finke DL. 2017. Mechanisms underlying the nonconsumptive effects of 702 

parasitoid wasps on aphids. Environ. Entomol. 46:75-83  703 

Islam KS, Perera HAS, Copland MJW. 1997. The effects of parasitism by an encyrtid 704 

parasitoid, Anagyrus pseudococci on the survival, reproduction and physiological 705 

changes of the mealybug, Planococcus citri. Entomol. Exp. Appl. 84:77-83  706 

Jervis MA (Ed). 2007. Insects as natural enemies: a practical perspective. Springer Science & 707 

Business Media.  708 

Jervis MA, Kidd NAC. 1986. Host‐feeding strategies in hymenopteran parasitoids. Biol. Rev. 709 

61:395-434  710 

Jones D, Jones G, Hammock BD. 1981. Developmental and behavioural responses of larval 711 

Trichoplusia ni to parasitization by an imported braconid parasite Chelonus sp. 712 

Physiol. Entomol. 6:387-394  713 

Jones D, Jones G, Rudnicka M, Click A, Reck-Malleczewen V, Iwaya M. 1986. 714 

Pseudoparasitism of host Trichoplusia ni by Chelonus spp. as a new model system for 715 

parasite regulation of host physiology. J. Insect Physiol. 32:315321-319328.  716 

Jones D. 1986. Chelonus sp.: Suppression of host ecdysteroids and developmentally 717 

stationary pseudoparasitized prepupae. Exp. Parasitol. 61:10-17.  718 

Jones TS, Bilton AR, Mak L, Sait SM. 2015. Host switching in a generalist parasitoid: 719 

contrasting transient and transgenerational costs associated with novel and original 720 

host species. Ecol. Evolut. 5:459-465 721 

Kapranas A, Morse JG, Pacheco P, Forster LD, Luck RF. 2007. Survey of brown soft scale 722 

Coccus hesperidum L. parasitoids in southern California citrus. Biol. Control 42:288-723 

299 724 

Kapranas A, Hardy ICW, Tang X, Gardner A, Li B. 2016. Sex ratios, virginity, and local 725 

resource enhancement in a quasisocial parasitoid. Entomol. Exp. Appl. 159:243-251  726 

Kaser JM, Heimpel GE. 2015. Linking risk and efficacy in biological control host–parasitoid 727 

models. Biol. Control 90:49-60 728 

Kaser J, Nielsen AL, Abram PK. 2018. Biological control effects of non-reproductive host 729 

mortality caused by insect parasitoids. Ecol. Appl. In press 730 



26 

 

First study of indirect ecological consequences of non-reproductive effects. 731 

 Kaspi R, Yuval B, Parrella MP. 2011. Anticipated host availability increases parasitoid host 732 

attack behaviour. Anim. Behav. 82:1159-1165 733 

Keinan Y, Kishinevsky M, Segoli M, Keasar T. 2012. Repeated probing of hosts: an 734 

important component of superparasitism. Behav. Ecol. 23:1263-1268 735 

Kidd NAC, Jervis MA. 1989. The effects of host-feeding behaviour on the dynamics of 736 

parasitoid-host interactions, and the implications for biological control. Res. Pop. 737 

Ecol. 31:235-274  738 

Kraaijeveld AR, Godfray HCJ. 1997. Trade-off between parasitoid resistance and larval 739 

competitive ability in Drosophila melanogaster. Nature 389:278-280  740 

Lashomb J, Krainacker D, Jansson RK, Ng YS, Chianese R. 1987. Parasitism of Leptinotarsa 741 

decemlineata (Say) eggs by Edovum puttleri Grissell (Hymenoptera: Eulophidae): 742 

effects of host age, parasitoid age, and temperature. Can. Entomol.119:75-82  743 

Legner EF. 1979. The relationship between host destruction and parasite reproductive 744 

potential in Muscidifurax raptor, M. zaraptor, and Spalangia endius [Chalcidoidea: 745 

Pteromalidae]. BioControl 24:145-152 746 

 Legner EF. 1988. Quantitation of heterotic behavior in parasitic Hymenoptera. Ann. 747 

Entomol. Soc. Am. 81:657-681 748 

 Liu WX, Wang WX, Zhang YB, Wang W, Lu SL, Wan FH. 2015. Adult diet affects the life 749 

history and host-killing behavior of a host-feeding parasitoid. Biol. Control 81:58-64  750 

Lynch ZR, Schlenke TA, Roode JC. 2016. Evolution of behavioural and cellular defences 751 

against parasitoid wasps in the Drosophila melanogaster subgroup. J. Evol. Biol. 752 

29:1016-1029  753 

Lysyk TJ. 2004. Host mortality and progeny production by solitary and gregarious parasitoids 754 

(Hymenoptera: Pteromalidae) attacking Musca domestica and Stomoxys calcitrans 755 

(Diptera: Muscidae) at varying host densities. Environ. Entomol. 33:328-339  756 

Mandeville JD, Mullens BA. 1990. Host preference and learning in Muscidifurax zaraptor 757 

(Hymenoptera: Pteromalidae). Ann. Entomol. Soc. Am., 83:1203-1209  758 

Martinez-Ferrer MT, Grafton-Cardwell EE, Shorey HH. 2003. Disruption of parasitism of the 759 

California red scale (Homoptera: Diaspididae) by three ant species (Hymenoptera: 760 

Formicidae). Biol. Control 26:279-286  761 

McGonigle JE, Leitão AB, Ommeslag S, Smith S, Day JP, Jiggins FM. 2017. Parallel and 762 

costly changes to cellular immunity underlie the evolution of parasitoid resistance in 763 

three Drosophila species. PLoS Pathog. 13:e1006683  764 



27 

 

Minot MC, Leonard DE. 1976. Host preference and development of the parasitoid 765 

Brachymeria intermedia in Lymantria dispar, Galleria mellonella, and Choristoneura 766 

fumiferana. Environ. Entomol. 5:527-532  767 

Münster-Swendsen M. 1994. Pseudoparasitism: detection and ecological significance in 768 

Epinotia tedella (Cl.) (Tortricidae). Nor. J. Agric. Sci. Suppl. 16:329–335 769 

Münster-Swendsen M. 2002. Population cycles of the spruce needleminer in Denmark driven 770 

by interactions with insect parasitoids. In: Berryman A (ed) Population cycles. The 771 

case for trophic interactions. Oxford University Press, Oxford, pp 29–43 772 

Highlights the importance of non-reproductive effects on host-parasitoid population cycles  773 

Münster-Swendsen M, Berryman A. 2005. Detecting the causes of population cycles by 774 

analysis of R-functions: the spruce needleminer, Epinotia tedella, and its parasitoids 775 

in Danish spruce plantations. Oikos 108:495–502 776 

Niogret J, Sait SM, Rohani P. 2009. Parasitism and constitutive defence costs to host 777 

life‐history traits in a parasitoid–host interaction. Ecol. Entomol. 34:763-771 778 

 Neuenschwander P, Madojemu E. 1986. Mortality of the cassava mealybug, Phenacoccus 779 

manihoti Mat.-Ferr.(Hom., Pseudococcidae), associated with an attack by 780 

Epidinocarsis lopezi (Hym., Encyrtidae). Mitt. Schweiz. Entomol. 59:57-62 781 

Implicates non-reproductive effects impacts in success of a classical biological control agent. 782 

Neuenschwander P, Sullivan D. 1987. Interactions between the endophagous parasitoid 783 

Epidinocarsis lopezi and its host, Phenacoccus manihoti. Int. J. Trop. Insect Sci., 784 

8:857-859  785 

Ode PJ, Rosenheim JA.  1998.  Sex allocation and the evolutionary transition between 786 

solitary and gregarious parasitoid development.  Am. Nat. 152:757-761       787 

Ohno, K. 1987. Effect of host age on parasitism by Trissolcus plautiae (Watanabe) 788 

(Hymenoptera: Scelionidae), an egg parasitoid of Plautia stali Scott (Heteroptera: 789 

Pentatomidae). Appl. Entomol. Zool. 22: 646-648 790 

Parvizi Y, Rasekh A, Michaud JP. 2017. Cornicle secretions by Aphis fabae (Hemiptera: 791 

Aphididae) result in age-dependent costs and improved host suitability for 792 

Lysiphlebus fabarum (Marshall) (Hymenoptera: Braconidae). Bull. Entomol. Res. 793 

https://doi.org/10.1017/S0007485317001225  794 

Patel KJ, Schuster DJ. 1991. Temperature-dependent fecundity, longevity, and host-killing 795 

activity of Diglyphus intermedius (Hymenoptera: Eulophidae) on third instars of 796 

Liriomyza trifolii (Burgess) (Diptera: Agromyzidae). Environ. Entomol. 20:1195-1199 797 

https://doi.org/10.1017/S0007485317001225


28 

 

Patel KJ, Schuster DJ, Smerage GH. 2003. Density dependent parasitism and host-killing of 798 

Liriomyza trifolii (Diptera: Agromyzidae) by Diglyphus intermedius (Hymenoptera: 799 

Eulophidae). Fla. Entomol. 86:8-14  800 

Pawson BM, Petersen JJ. 1988. Dispersal of Muscidifurax zaraptor (Hymenoptera: 801 

Pteromalidae), a filth fly parasitoid, at dairies in eastern Nebraska. Environ. Entomol. 802 

17:398-402 803 

 Picard C, Auclair JL, Boivin G. 1991. Response to host age of the egg parasitoid Anaphes n. 804 

sp. (Hymenoptera: Mymaridae). Biocontrol Sci. Tech. 1:169-176 805 

Pimentel D, Levin SA, Olson D. 1978. Coevolution and the stability of exploiter-victim 806 

systems. Am. Nat. 112:119-125  807 

Pizzol J, Desneux N, Wajnberg E, Thiéry D. 2012. Parasitoid and host egg ages have 808 

independent impact on various biological traits in a Trichogramma species. J. Pest 809 

Sci. 85:489-496  810 

Poulin R. 2011. The many roads to parasitism: a tale of convergence. In: Rollinson D, Hay SI 811 

(Eds) Advances in parasitology. Academic Press, 74:40. 812 

Preisser EL, Bolnick DI. 2008. The many faces of fear: comparing the pathways and impacts 813 

of nonconsumptive predator effects on prey populations. PloS One 3:e2465 814 

Price PW. 1980. Evolutionary biology of parasites. Princeton University Press. 815 

Quednau FW. 1970. Notes on life-history, fecundity, longevity, and attack pattern of Agathis 816 

pumila (Hymenoptera: Braconidae), a parasite of the larch casebearer. Can. Entomol. 817 

102:736-745 818 

Quicke DL. 2015. The braconid and ichneumonid parasitoid wasps: biology, systematics, 819 

evolution and ecology. Wiley Blackwell. 820 

Rahman M. 1970. Mutilation of the imported cabbageworm by the parasite Apanteles 821 

rubecula. J. Econ. Entomol. 63:1114-1116 822 

Reed-Larsen DA, Brown JJ. 1990. Embryonic castration of the codling moth, Cydia 823 

pomonella by an endoparasitoid, Ascogaster quadridentata. J. Insect Physiol. 36:111-824 

118  825 

Rivers DB, Ruggiero L, Hayes M. 2002. The ectoparasitic wasp Nasonia vitripennis (Walker) 826 

(Hymenoptera: Pteromalidae) differentially affects cells mediating the immune 827 

response of its flesh fly host, Sarcophaga bullata Parker (Diptera: Sarcophagidae). J. 828 

Insect Physiol. 48:1053–64 829 



29 

 

Roitberg BD, Myers JH. 1979. Behavioural and physiological adaptations of pea aphids 830 

(Homoptera: Aphididae) to high ground temperatures and predator disturbance. Can. 831 

Entomol. 111:515-519  832 

Rosenheim JA. 1999. The relative contributions of time and eggs to the cost of reproduction. 833 

Evolut. 53:376-385  834 

Ryan RB. 1985. Relationship between parasitism of larch casebearer (Lepidoptera: 835 

Coleophoridae) and dead hosts in the Blue Mountains, 1973–1983. Can. Entomol. 836 

117:935-939  837 

Salt G. 1968. The resistance of insect parasitoids to the defence reactions of their hosts. Biol. 838 

Rev. 43:200-232  839 

Schlaepfer MA, Sherman PW, Blossey B, Runge MC. 2005. Introduced species as 840 

evolutionary traps. Ecol. Lett. 8:241-246 841 

Schöller M, Hassan SA, Reichmuth C. 1996. Efficacy assessment of Trichogramma 842 

evanescens and T. embryophagum (Bdhym.: Trichogrammatidae), for control of 843 

stored products moth pests in bulk wheat. BioControl 41:125-132  844 

Sinha TB, Singh R. 1980. Bionomics of Trioxys (Binodoxys) indicus, an aphidiid parasitoid 845 

of Aphis craccivora. III. Numerical aspects of the interaction of the parasitoid and its 846 

host. Entomol. Exp. Appl. 28:167-176  847 

Sloggett JJ, Weisser WW. 2002. Parasitoids induce production of the dispersal morph of the 848 

pea aphid, Acyrthosiphon pisum. Oikos 98: 323-333 849 

First to demonstrate an indirect influence of parasitoids on insect polyphenism (altered development). 850 

Spence JR. 1986. Interactions between the scelionid egg parasitoid Tiphodytes gerriphagus 851 

(Hymenoptera) and its gerrid hosts (Heteroptera). Can. J. Zool. 64:2728-2738  852 

Sterk G, Hassan SA, Baillod M, Bakker F, Bigler F et al. 1999. Results of the seventh joint 853 

pesticide testing programme carried out by the IOBC/WPRS-Working Group 854 

‘Pesticides and Beneficial Organisms’. BioControl 44:99-117 855 

Stireman JO, Nason JD, Heard SB, Seehawer JM. 2006. Cascading host-associated genetic 856 

differentiation in parasitoids of phytophagous insects. Proc. R. Soc. B. 273:523-530 857 

Strand MR, Ratner S, Vinson SB. 1983. Maternally induced host regulation by the egg 858 

parasitoid Telenomus heliothidis. Physiol. Entomol. 8:469–475 859 

Strand MR, Meola SM, Vinson SB. 1986. Correlating pathological symptoms in Heliothis 860 

virescens eggs with development of the parasitoid Telenomus heliothidis. J. Insect 861 

Physiol. 32:389-402  862 



30 

 

Strand MR, Pech LL. 1995. Immunological basis for compatibility in parasitoid-host 863 

relationships. Annu. Rev. Entomol. 40:31-56  864 

Strand MR. 2014. Teratocytes and their functions in parasitoids. Curr. Opin. Insect Sci. 6:68–865 

73 866 

Tamaki G, Halfhill JE, Hathaway DO. 1970. Dispersal and reduction of colonies of pea 867 

aphids by Aphidius smithi (Hymenoptera: Aphidiidae). Ann. Entomol. Soc. Am. 63: 868 

973-980 869 

First report of non-consumptive effects of parasitoids on aphids. 870 

Tang LD, Ji XC, Han Y, Fu BL, Liu K. 2015. Parasitism, emergence, and development of 871 

Spalangia endius (Hymenoptera: Pteromalidae) in pupae of different ages of 872 

Bactrocera cucurbitae (Diptera: Tephritidae). J. Insect Sci. 15 873 

http://dx.doi/org/10.1093/jisesa/ieu180 874 

Tena A, Kapranas A, Garcia-Marí F, Luck RF. 2008. Host discrimination, superparasitism 875 

and infanticide by a gregarious endoparasitoid. Anim. Behav.76: 789-799 876 

Tena A, Beltrà A, Soto A. 2012. Novel defenses of Protopulvinaria pyriformis (Hemiptera: 877 

Coccidea) against its major parasitoid Metaphycus helvolus (Hymenoptera: 878 

Encyrtidae): Implications for biological control of soft scales. Biol. Control 62:45-52 879 

 Thorpe KW, Raupp MJ, Odell TM. 1990. Assessing gypsy moth (Lepidoptera: 880 

Lymantriidae) larval mortality caused by the parasitoid Cotesia melanoscela 881 

(Hymenoptera: Braconidae): host age effects. Environ. Entomol. 19:771-775 882 

Tillinger NA, Hoch G, Schopf A. 2004. Effects of parasitoid associated factors of the 883 

endoparasitoid Glyptapanteles liparidis (Hymenoptera: Braconidae). Eur. J. Entomol. 884 

101:243-250  885 

Urbaneja A, Llácer E, Tomás Ó, Garrido A, Jacas JA. 2000. Indigenous natural enemies 886 

associated with Phyllocnistis citrella (Lepidoptera: Gracillariidae) in Eastern Spain. 887 

Biol. Control 18:199-207 888 

van Alphen JJ, Visser ME. 1990. Superparasitism as an adaptive strategy for insect 889 

parasitoids. Annu. Rev. Entomol. 35:59e79 890 

Van Driesche RG. 1983. Meaning of “percent parasitism” in studies of insect parasitoids. 891 

Environ. Entomol. 12:1611-1622 892 

Van Driesche RG, Bellotti A, Herrera CJ, Castello JA. 1987. Host feeding and ovipositor 893 

insertion as sources of mortality in the mealybug Phenacoccus herreni caused by two 894 

encyrtids, Epidinocarsis diversicornis and Acerophagus coccois. Entomol. Exp. Appl. 895 

44:97-100 896 

http://dx.doi/org/10.1093/jisesa/ieu180


31 

 

Van Driesche RG, Bellotti AC, Castillo J, Herrera CJ. 1990. Estimating total losses from 897 

parasitoids for a field population of a continuously breeding insect, cassava mealybug, 898 

Phenacoccus herreni (Homoptera: Pseudococcidae) in Colombia, SA. Fla. Entomol. 899 

73:133-143 900 

Applies correction from laboratory estimates of non-reproductive effects in the field. 901 

Vasquez LA, Shelton AM, Hoffmann MP, Roush RT. 1997. Laboratory evaluation of 902 

commercial Trichogrammatid products for potential use against Plutella xylostella 903 

(L.) (Lepidoptera: Plutellidae). Biol. Control 9:143-148 904 

Vereijssen J, Armstrong KF, Barratt BI, Crawford AM, McNeill M, Goldson SL. 2011. 905 

Evidence for parasitoid‐induced premature mortality in the Argentine stem weevil. 906 

Physiol. Entomol. 36:194-199 907 

Vet LEM, Dicke M. 1992. Ecology of infochemical use by natural enemies in a tritrophic 908 

context. Annu. Rev. Entomol. 37:141-172 909 

Vinson SB. 1976. Host selection by insect parasitoids. Ann. Rev. Entomol. 21:109-133 910 

Vinson SB, Iwantsch GF. 1980. Host regulation by insect parasitoids. Q. Rev. Biol. 55:143-911 

165 912 

Wajnberg E, Bernstein C, Van Alphen J (Eds). 2008. Behavioural ecology of insect 913 

parasitoids: from theoretical approaches to field applications. John Wiley & Sons. 914 

Zhang YB, Liu WX, Wang W, Wan FH, Li Q. 2011. Lifetime gains and patterns of 915 

accumulation and mobilization of nutrients in females of the synovigenic parasitoid, 916 

Diglyphus isaea Walker (Hymenoptera: Eulophidae), as a function of diet. J. Insect 917 

Physiol. 57:1045-1052 918 

  919 


