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Abstract 50	

Insects play a key role in the regulation and dynamics of many ecosystem services (ES). 51	

However, this role is often assumed, with limited or no experimental quantification of its real 52	

value. We examined publication trends in the research on ES provided by insects, ascertaining 53	

which ES and taxa have been more intensively investigated, and which methodologies have 54	

been used, with particular emphasis on experimental approaches. We first performed a 55	

systematic literature search to identify which ES have been attributed to insects. Then we 56	

classified the references retrieved according to the ES, taxonomic group and ecosystem 57	

studied, as well as to the method applied to quantify each ES (in four categories: no 58	

quantification, proxies, direct quantification and experiments). Pollination, biological control, 59	

food provisioning, and recycling organic matter are the most studied ES. However, the 60	

majority of papers do not specify the ES under consideration, and from those that do, most do 61	

not quantify the ES provided. From the rest, a large number of publications use proxies as 62	

indicators for ES, assuming or inferring their provision through indirect measurements such as 63	

species abundances, species density, species richness, diversity indices, or the number of 64	

functional groups. Pollinators, predators, parasitoids, herbivores, and decomposers are the 65	

most commonly studied functional groups, while Hymenoptera, Coleoptera, and Diptera are 66	

the most studied taxa. Experimental studies are relatively scarce and they mainly focus on 67	

biological control, pollination, and decomposition performed in agroecosystems. These results 68	

suggest that our current knowledge on the ES provided by insects is relatively scarce and 69	

biased, and show gaps in the least-studied functional and taxonomic groups. An ambitious 70	

research agenda to improve the empirical and experimental evidence of the role played by 71	

insects in ES provision is essential to fully assess synergies between functional ecology, 72	

community ecology, and biodiversity conservation under current global changes. 73	
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 76	

 77	

Introduction 78	

Understanding, valuing, quantifying, and ensuring the provision of ecosystem services 79	

(ES) under current global changes have become increasingly important during the last two 80	

decades (Turner et al., 2007, Seppelt et al., 2011 and Díaz et al., 2013). Ecosystem services 81	

can be defined as the beneficial functions and goods that humans obtain from ecosystems, that 82	

support directly or indirectly their quality of life (Harrington et al., 2010 and Díaz et al., 83	

2015). These services are critical for human welfare (Daily et al., 2000), since they include, 84	

amongst others, the provision of food, fiber, and water, the regulation of floods, diseases and 85	

climate, the control of organic matter decomposition and nutrient cycling, the suppression of 86	

pests, and the cultural services associated with recreation or education (Millennium 87	

Ecosystem Assessment, 2003 and Díaz et al., 2015). The definition and interpretation of ES 88	

has varied considerably in the literature over the years (De Groot et al., 2002, Harrington et 89	

al., 2010 and Spangenberg et al., 2014), and this concept is often confounded with related 90	

terms such as “ecosystem functions” and “ecosystem goods” (Millennium Ecosystem 91	

Assessment, 2003 and Díaz et al., 2015). Ecosystem functions refer to all biogeochemical 92	

characteristics of ecosystems (including the structures and processes that may arise as 93	

emergent properties), regardless of whether they have a value, or benefit, for humans 94	

(Spangenberg et al., 2014). Whereas ecosystem goods correspond to the products of 95	

ecosystem services that can be traded by humans through either perception, expectations, 96	

experience, utilitarian use, or consumption (Díaz et al., 2015). 97	
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Insects (Arthropoda: Insecta) are the largest and most diverse group within the animal 98	

kingdom. They are key components in the provision, regulation, and dynamics of many 99	

ecosystem services (referred as insect ES herein; Weisser & Siemann, 2004 and Schowalter, 100	

2013). Insects are potentially involved in the four broad types of services defined by the 101	

Millennium Ecosystem Assessment (2003): (i) provisioning services, that correspond to 102	

material or energy outputs from the ecosystems; (ii) supporting services, that allow the 103	

maintenance of other ES; (iii) regulating services, that regulate the magnitude and 104	

directionality of ecosystem processes; and iv) cultural services, that do not provide material 105	

benefits but have an educational, spiritual and/or aesthetic value (GEO4, 2007 and Prather et 106	

al., 2013). Previous efforts to assign monetary values to several ES provided by insects 107	

usually understimated the value of these animals to our economies and quality of life (Beynon 108	

et al., 2015). Nevertheless, insects provide ES worth at least $57 billion per year in the United 109	

States alone (Losey & Vaughan, 2006), and insect pollination may have an economic value of 110	

$235 to 577 billion per year worldwide (IPBES, 2016). 111	

A realistic assessment of the contribution of natural resources and biodiversity for the 112	

delivery and maintenance of ES depends on having accurate information and a clear 113	

understanding of the processes involved in the provision of those services (Haines-Young & 114	

Potschin, 2010). There is a general lack of knowledge on the functional roles played by most 115	

species in nature (i.e. the so-called Raunkiaeran Shortfall; Hortal et al., 2015). This is 116	

particularly important when assessing the value of insect ES. Despite their enormous 117	

diversity, insects are often under-represented in ecosystem studies, so their contribution to 118	

ecosystem functioning has been comparatively less investigated than other organisms such as 119	

plants (Schowalter, 2016). As a consequence, we often lack a comprehensive understanding of 120	

the role of insects in many ecosystem processes that underlie ES. Although many efforts to 121	
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quantify insect ES have been developed in the last decade (e.g. Prather et al., 2013 and 122	

Boerema et al., 2017), their main focus is on a subset of either functional or iconic taxonomic 123	

groups, such as pollinating bees or dung beetles. 124	

Current knowledge on the ES provided by insects has usually been obtained from a 125	

variety of methodological approaches, ranging from field observations to manipulative 126	

controlled experiments, even though such relationships are often simply assumed (e.g. 127	

Philpott & Armbrecht, 2006 and Allsopp et al., 2008). Thus, assessment of insect ES includes 128	

a wide variety of approaches such as field observations, expert opinions or estimates, 129	

assumptions or inferences made from proxies of several aspects of biodiversity (e.g. species 130	

richness, total abundance, morphological traits), estimates inferred from trait values, and 131	

empirical data obtained from field and/or microcosm experiments that may or may not have 132	

been specifically designed to quantify the real ES provision in the first place. These 133	

approaches also differ widely in their replicability, accuracy, and applicability of their outputs, 134	

direct relevancy to the ES itself, as well as in their costs in terms of time and resources. 135	

Further, while they may allow inferring which insects provide which ES, proxies might not be 136	

approriate to reveal the mechanisms linking specific traits to particular ecosystem functions or 137	

services. A better quantification of the specific relationship between ES and specific traits 138	

provides a potentially useful link to the wide-scale prediction of ES (de Bello et al., 2010), 139	

although this information is limited to a few groups and ecosystems (see Hortal et al., 2015). 140	

This contrasts with greenhouse and cage experiments performed on individual species or 141	

simple communities, which enable either maintaining a tighter control of the environmental 142	

conditions or subjecting the object of study to well-defined treatments, or both (Lähteenmäki 143	

et al., 2015). This allows establishing –and measuring– direct links between given ES and 144	

particular individual(s), trait values, and functional compontents of biodiversity (e.g. Dias et 145	
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al., 2013 and Bílá et al., 2014), while revealing mechanisms behind the relationship between 146	

biodiversity and ES. However, these types of studies present several disadvantages, as they 147	

can be expensive and laborious. Further, synergies and/or antagonistic effects are difficult to 148	

control, and their findings might not be relevant or realistic when up-scaling to real-world 149	

conditions and/or when they are extrapolated to different taxa from the model species. 150	

We examine the general trends in published research on ES provided by insects, to 151	

provide an overview of the overall quality and extent of the current state-of-the-art on this 152	

topic. To do this, we conduct a systematic literature search, identifying which specific ES 153	

have been attributed to insects, which methodological approaches have been applied to 154	

describe and quantify these ES over time, and whether there are any important gaps in current 155	

knowledge. In particular, we seek to answer the following questions: (i) Which insect ES have 156	

been studied? (ii) Which methodological approaches have been used to study these ES? (iii) 157	

Which functional and taxonomic groups of insects have been investigated in this context? and, 158	

(iv) Which ecosystems have been monitored experimentally for examining insect ES? 159	

 160	

Materials and methods 161	

We performed a literature search using different online platforms to identify articles 162	

dealing with insect ES published during the last six decades (1956–2016, time interval 163	

preselected by default by many of the online platforms). Firstly, we conducted bibliographic 164	

queries in the ISI Web of Knowledge (WOK) and Scopus using the keyword string 165	

“(ecosystem* service* OR ecosystem* function* AND insect*)”, looking for matches in the 166	

title, abstract and/or keywords. In addition, we used the same keywords to retrieve articles 167	

from the group associated with “ecosystem services and insects” in ResearchGate 168	

(www.researchgate.net, one group: ecosystem service insects) and ACADEMIA 169	
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(www.academia.edu, three groups: ecosystem services, ecosystem service and ecosystem 170	

functions). Since the terms “ecosystem services” and “ecosystem functions” are often used 171	

very loosely in the literature, we widened our search by using both terms separately and 172	

thereafter discarded those references that were not clearly related to any insect ES. Therefore, 173	

from the initial search (updated on 30th December 2016) we retrieved 8,424 records (WOK: 174	

2,348, Scopus: 2,859, ResearchGate: 200, Academia: 3,017). We then eliminated conference 175	

papers, articles in press, duplicate records (i.e. articles that appeared more than once in the 176	

different search engines, or in the same platform due to typographical errors) and finally, all 177	

those references not related to any ES or insect group. The finally selected records included 178	

913 papers that provided ES estimates. 179	

The following information was collected from each selected publication: author(s); 180	

year of publication; journal; method used for quantifying each ES according to four 181	

categories: not quantified, proxies, directly quantified, and experiments (Table 1); trophic 182	

group(s); taxonomic group(s) (order and superfamily or family); ES studied (specific ES or 183	

ES in general); and any relevant additional observation as notes. To keep consistency with the 184	

literature, we used the term ‘biological control’ to refer to the most-adequate term “pest and 185	

pathogen suppression” (that includes both human-controlled and ‘natural’ regulation of pest 186	

populations). In addition, the type of ecosystem investigated and the location of the study 187	

were recorded for the experimental studies.  188	

This type of literature search has several limitations that we considered when 189	

analyzing the data and interpreting the results. Firstly, the search may miss some relevant 190	

papers, simply because either the title, the abstract or the keywords did not contain the focal 191	

keywords. In fact, our literature search was biased towards publications specifically referring 192	

to insect groups (i.e. studies that included the word ‘insects’ only), which could result in 193	
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missing some papers that focus on particular species (e.g. Apis mellifera), functional groups 194	

(e.g. pollinators) or larger groups of invertebrates that also include insects. Secondly, the 195	

approach we used might have overlooked publications that refer to a particular ES by its name 196	

(e.g. pollination) without quoting the words “ecosystem services” per se in their abstract or 197	

keywords. These limitations have been previously identified by other authors using similar 198	

search approaches (see Prather et al., 2013). Thirdly, the term “ecosystem service” is fairly 199	

recent, and its use was not common prior to the 1990s, so some older publications addressing 200	

some kind of insect ES may not have been detected by our search. Finally, we may have 201	

failed to include some works that were not indexed by the platforms used here. However, and 202	

despite these limitations, we believe that the data retrieved gives us enough relevant 203	

information to examine general trends in insect ES research and to identify knowledge gaps 204	

on the topic that could help us to develop future research strategies to better evaluate the ES 205	

provided by insects. 206	

 207	

Results 208	

Our search retrieved 913 articles, published from 1989 to 2016, with relevant 209	

information on the ES provided by insects (see Appendix A). There were no papers before 210	

1989 with the specific keyword string used for our search. These articles show an 211	

exponentially increasing trend in the number of insect ES studies over time (Fig. 1). 212	

Pollination, biological control, food provisioning, and recycling organic matter are the most 213	

well studied ES (Fig. 2A), although the role of insects has been investigated for many other 214	

services, some of them not previously detected by former reviews on insect ES (Table 2). 215	

Remarkably, 20% of the publications (N=184) mention ES in general without referring to any 216	

specific service (Fig. 2A), and without clarifying the role that the investigated insect groups or 217	
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species performed to deliver these services. ES of high socio-economic relevancy, such as 218	

pollination and biological control in agricultural ecosystems, are the most commonly studied 219	

and those with the highest proportion of experimental data supporting the link between the 220	

studied insects and the service provided (Fig. 2B). Indeed, there is a remarkable similarity 221	

between the proportions of studies focused on pollination, biological control, and nutrient 222	

cycling, and the functional groups performing these services (i.e., pollinators, predators and 223	

parasitoids, and decomposers, respectively; compare Figs. 2A and 2C). 224	

The majority of insect ES literature does not quantify the actual level or extent of the 225	

ES studied: categories not quantified and proxies together comprise 69.6% of all papers 226	

(N=635; Fig. 3A). These studies are not restricted to those not specifying the ES under 227	

consideration, but rather extend to all types of services (Fig. 2B). Strikingly, almost half of the 228	

publications retrieved by our search used proxies as indicators for ES (46.8%, N=427; Fig. 229	

3A), particularly for pollination and non-specified biological control services (Fig. 2B). Less 230	

than a third of studies actually quantify insect ES either directly or through experiments 231	

(N=278, 30.4%), although the proportion of these two kinds of studies together has increased 232	

steadily during the last 15 years (Fig. 3B). Interestingly, most of them perform direct 233	

measures without any experimental manipulation (N=222, 24.3% of all papers), whereas 234	

experimental studies undertaken either in the laboratory or in the field represented only 6.1% 235	

(N=56) of the total number of publications (Fig. 3A; see Appendix B). Pollination, biological 236	

control and nutrient cycling were the ES most studied using experiments (Fig. 2B). 237	

As identified above, insect ES are most commonly studied through proxies. These 238	

proxies are typically species abundance, species richness and, to a lesser extent, ecological 239	

diversity indices such as Simpson or Shannon, amongst others (sometimes referred to as alpha 240	

diversity, but see Magurran, 2004) (Fig. 3C). However, many other proxies have been used in 241	
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the literature, including species density, the number of functional groups, visitation rates, 242	

network complexity and modularity, and some functional traits (e.g. body size/biomass, 243	

behavioral traits, colony density, etc.) and associated measures of functional diversity, 244	

community mean trait value, species composition, beta diversity, niche overlap or endemicity, 245	

amongst others. Very few studies corroborated the existence of a direct link between the 246	

investigated proxy and the functional aspect that was intended to represent, at the studied 247	

geographical scales and/or for a specific taxonomic or trophic group (exceptions being, e.g., 248	

Arnan et al., 2013 and Rader et al., 2014). 249	

Pollinators, predators of pests, parasitoids, herbivores, and decomposers (especially 250	

dung beetles) were the most studied functional groups (Fig. 2C), together with some 251	

charismatic and/or easy to identify groups such as ground beetles or bumblebees. The order 252	

Hymenoptera –that includes many pollinators (particularly bees), parasitoids (commonly used 253	

for biological control), predators, and decomposers (such as ants)– has been the most studied 254	

taxonomic group, followed by Coleoptera and Diptera (Fig. 4A). In fact, hymenopterans have 255	

been comparatively overstudied if we take into account the total number of described species 256	

(Fig. 5). At a finer taxonomic level, several superfamilies or families also emerge as being 257	

highly studied subjects, including Apoidea (particularly Apidae), Formicidae, and Braconidae 258	

belonging to Hymenoptera; Carabidae, Coccinellidae, and Scarabaeidae within Coleoptera; 259	

Syrphidae among Diptera, and several families of termites from Blattodea (Fig. 4C). 260	

The most studied services using experimental approaches are biological control, 261	

pollination and decomposition (see Appendix B). Thus, the links with ES have been more 262	

often quantified in experimental studies for Hymenoptera and Coleoptera (Fig. 4B). A great 263	

amount of experimental evidence on insect ES comes from USA and Europe – in particular 264	

Switzerland, Germany, and Sweden, although a few studies have also been performed in 265	
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developing countries such as Costa Rica, Mexico, Philippines, Tanzania, Indonesia, Kenya 266	

and Argentina (see Appendix B). The ecosystems most commonly studied experimentally 267	

were agroecosytems, which included a long list of different types of crops (e.g. almonds, 268	

cabbage, cacao, cereals, coffee, rice, potato, wheat, etc.). The services provided by insects in 269	

grasslands and, to a much lesser extent, forests, savannas, wetlands, or lakes have also 270	

received some attention (see Appendix B). 271	

 272	

Discussion 273	

Research interest on the ecosystem services provided by insects grew during the last 274	

decade (Stout & Finn, 2015, and references therein). The increase in the number of papers 275	

published on this topic mirrors the pattern described by Hallouin et al. (2016) for ES in 276	

general, and reflects the expanding significance of identifying, analyzing, conserving, and 277	

managing ES under the global change scenarios that characterize the Anthropocene. This 278	

general interest has reached entomological research, resulting in a clear increase in the 279	

number of studies focusing on insect ES (compare our Table 2 with the list provided by 280	

GEO4, 2007 or Turner et al., 2007). Despite such recent efforts, the services provided by 281	

insects still remain relatively understudied compared to other groups. Insects comprise 49.9% 282	

of the 1,656,025 accepted species currently included in the Catalogue of Life (accessed on 283	

23rd December 2016; Roskov et al., 2017). However, a quick search in Scopus (using 284	

“ecosystem service*” AND [insect* OR coleop* OR hymenop* OR lepidop* OR dipter* OR 285	

bees OR beetle*], 26th January 2017) produced 1,102 documents on insect ES out of 16,476 286	

for ES in general. That is, about 6.7% of the total research output on ES is devoted to these 287	

invertebrates making up half of known diversity, and containing species and trophic groups 288	

with unique roles in ES provision. This comparatively low level of knowledge arises despite 289	
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the fact that, in many cases, it is likely that the majority of ES are supported by a relatively 290	

small number of invertebrate species (e.g. for pollination, Klein et al., 2015). 291	

 Remarkably, the majority of the studies on insect ES published so far are merely 292	

descriptive, either making no quantification of the ES or using proxies to indirectly link 293	

species and/or groups to particular ES, even for the better-studied groups such as bees (e.g. 294	

Eardley, 2000, Morandin et al., 2007 and Kimoto et al., 2012). Experimental studies and 295	

direct ES quantifications have become more common in recent years, but still account for a 296	

small proportion of published studies. Experiments are therefore needed to ascertain in detail 297	

which species or functional groups provide a particular service, and which mechanisms and 298	

aspects of biodiversity are behind the provision of each specific ES (e.g. Slade et al., 2007, de 299	

Bello et al., 2010 and Ibanez et al., 2013). A better understanding of the links between insect 300	

diversity, insect behavior, and interaction with organisms from different trophic levels in 301	

providing ES is also needed (Schmitz, 2008 and Brosi & Briggs, 2013). Considering that most 302	

information on insect ES comes from studies using proxies rather than direct quantifications 303	

or experiments, it is likely that most current knowledge on these services holds a high degree 304	

of uncertainty, for it is based only on estimates rather than quantitative assessments (Boerema 305	

et al., 2017). This lack of robust quantitative data can hamper the assessment of global change 306	

effects, preventing us from identifying and/or quantifying the impacts of environmental 307	

changes on ES, and therefore making it difficult to develop adequate actions to mitigate them. 308	

 309	

From proxies to experiments 310	

Further analyses are required to evaluate and determine why proxies are preferred to 311	

direct service quantifications and/or experiments in ES research, both in general and in the 312	

particular case of insects. Some ES, such as nutrient cycling or soil nutrient regulation, are 313	
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difficult to quantify and/or require laborious, expensive and time-consuming work, making 314	

the use of proxies more attractive (e.g. Hoffman et al., 1996 and Palin et al., 2011). In fact, 315	

there are no well-established standardized ways of quantifying the value for some ES, such as 316	

provision of nursery habitats, cultural, educational and pharmaceutical services, tourism, and 317	

quality of life (see Nallakumar, 2003 and Choosai et al., 2009). Quantifying the value of a 318	

number of ES, such as the spatial redistribution and accumulation of soil nutrients, seed 319	

dispersal and germination, or soil aireation, presents important methodological difficulties 320	

(see Folgarait, 1998, Pringle et al., 2010 and Wu et al., 2010). One big challenge to ES field 321	

experimentation is excluding a particular taxon (i.e. the insect-exclusion treatment) to measure 322	

the effects of individual taxa on the ES of interest, without having unintentional effects on 323	

other organisms. For example, methods to experimentally exclude insects can sometimes alter 324	

microbial activity due to changes in microclimate. This has strained efforts to accurately 325	

quantify the contribution of insects to the decomposition of both litter (Kampichler & 326	

Bruckner, 2009) and wood (Ulyshen & Wagner, 2013), and to nitrogen cycling in grasslands 327	

(Risch et al., 2015). Some success has been, however, achieved with dung beetles (e.g. Slade 328	

et al., 2007, Beynon et al., 2012, Griffiths et al., 2015, Lähteenmäki et al., 2015, and Slade & 329	

Roslin 2016). 330	

 The most commonly used proxies for insect ES are species richness and species 331	

abundance. However, these two metrics could only provide limited information on service 332	

delivery if they do not adequately capture the uneven contributions of different taxa to an ES 333	

(e.g. Klein et al., 2015). The relationship between taxonomic diversity and ecosystem function 334	

is often context-dependent (Tylianakis et al., 2008), and it is not uncommon for the effects of 335	

a single taxon on a particular service to eclipse those of all other species in a community (e.g. 336	

Straub & Snyder, 2006 and Klein et al., 2015). Studies addressing the importance of insects 337	
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for wood decomposition, for example, have shown termites to consume much more wood 338	

than all other insects combined (Ulyshen et al., 2014). Indeed, an increasing number of studies 339	

show the importance of considering functional aspects of biodiversity to improve our 340	

understanding of the relationships between proxies and ES (Díaz et al., 2013, Lavorel et al., 341	

2013, Moretti et al., 2013, Harrison et al., 2014 and Wood et al., 2015). 342	

Metrics related to functional diversity, functional identity or attributes (i.e. traits) that 343	

affect an ES (sensu Violle et al., 2007 and Díaz et al., 2013) may be more informative than 344	

those related to total abundance or taxonomic richness and permit to investigate the 345	

interactions among organisms from different trophic levels as one of the potentially most 346	

important mechanisms behind key ES (e.g. Lavorel et al., 2013 and Gagic et al., 2015). Trait-347	

based metrics can take into consideration that different species (and individuals) have 348	

different effects on the ecosystem, and assume that there may also exist some 349	

complementarity among species’ functioning leading to non-additive effects of the process in 350	

focus (Hoehn et al., 2008). Indeed, it has been argued that trait diversity at the community 351	

level is one of the key factors governing ecosystem properties (Hooper et al., 2005), 352	

sometimes exceeding species richness in importance (Hoehn et al., 2008). However, a proper 353	

use of traits to link diversity and ES requires good knowledge on which traits can be 354	

associated with a particular ecosystem function and/or service, the intraspecific variability of 355	

these traits, under what environmental conditions are those functional traits more important, 356	

and which component of the distribution of trait values within communities is most 357	

appropriate to account for service provision (i.e. mean or variance; e.g. Ricotta & Moretti, 358	

2011, Dias et al., 2013 and Griffiths et al., 2016a). 359	

Unfortunately, data on traits and knowledge on how these traits translate into ES are 360	

limited (Hortal et al., 2015), at least at the spatial scales relevant to the study of ES. This 361	
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shortfall is even more acute in insects and other soil invertebrates (but see e.g. Ibanez, 2012 or 362	

Martins et al., 2015). An adequate selection of traits genuinely related with the studied service 363	

can provide a mechanistic understanding of the role of insects in ES provision, and will 364	

ultimately have the greatest potential to infer ES delivery (e.g. Woodcock et al., 2013 and 365	

Griffiths et al., 2016b). However, often the traits used for ES analyses are chosen based on 366	

either readily-available trait data, or on traits used in previous studies, rather than on 367	

functional hypotheses linking traits, ecosystem functions, and their associated services. This 368	

can result in a consistent bias towards using small subsets of traits, some of which may have 369	

little value for particular functions or services. Even in those few studies where the traits were 370	

genuinely related to the ES studied, the data was typically limited to a handful of species, and 371	

their measurement was often labour intensive. Therefore, to improve the use of trait-based 372	

proxies for insect ES research further work is needed to provide experimental evidence on the 373	

relationship between trait variation and service provision. Initiatives to provide standardized 374	

measures of traits across terrestrial invertebrates and their effect on ecological functioning –375	

such as the invertebrate trait handbook proposed by Moretti et al. (2017)– are key for further 376	

advances on insect ES research.  377	

 378	

Functional and taxonomic biases 379	

The biases in insect ES research are both functional and taxonomic; not only some 380	

services are more studied than others, but also some groups are more investigated than others. 381	

The most-studied ecosystems are croplands and consequently, the focus is placed on those ES 382	

that have a larger impact on the goods we receive from these managed ecosystems, such as 383	

pollination and biological control, two services with high economic impacts (Losey & 384	

Vaughan, 2006). These two services are also the ones that have been most studied using 385	
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experimental approaches, together with nutrient cycling. A good example of why biases are 386	

often functional rather than taxonomic can be found by looking at the high proportion of 387	

papers that have focused on pollination. These often analyze more than one insect group or 388	

the whole community of pollinators, including Hymenoptera (predominantly Apoidea and 389	

some additional families), Diptera (Syrphidae), and Lepidoptera (e.g. Gardiner et al., 2010, 390	

and Lundin et al., 2013). This contrasts with the research on many ES of less obvious and/or 391	

indirect economic importance, such as dung removal, seed dispersal, soil aeration, pest control 392	

or soil water infiltration. These studies are typically constrained to a single trophic group 393	

and/or a single taxonomic group, hence providing very little information on the whole-394	

community responses and/or the interactions between organisms of different trophic levels, 395	

the resulting ES and functional and/or taxonomic groups. In addition, there is an evident bias 396	

in the literature we reviewed towards those groups that can be easily studied (e.g. towards 397	

above- vs. below-ground organisms), have larger body sizes (e.g. butterflies vs. flies), are 398	

readily identifiable (e.g. Carabidae are more often studied than the taxonomically complex 399	

Staphylinidae), or are more charismatic (e.g. bumblebees compared with flies). 400	

The publications that study multiple ES rarely focus on a single group of insects (e.g. 401	

Klein et al., 2006 and Campbell et al., 2012; but see Slade & Roslin, 2016). In fact, many 402	

recent articles considering several taxonomic groups have investigated how their combined 403	

responses to different stressors interact with service provision, such as biological control or 404	

pollination (e.g. Mody et al., 2011, Caballero-Lopez et al., 2012 and Stanley & Stout, 2013). 405	

However, very few studies have analyzed the possible range of interactions (from synergies to 406	

antagonistic or trade-offs) between two or more ES within a specific network or for the whole 407	

ecosystem (e.g. multitrophic relationships; see Perovic et al. 2017). A significant exception to 408	

this lack of knowledge are those studies investigating the interaction between different groups 409	
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of pollinators and those describing the regulating services provided by other elements of the 410	

ecological network, such as pest control provided by predators and parasitoids, or the effects 411	

of herbivores on the pollinated plants (e.g. Morandin et al., 2007 and Hegland et al., 2010). 412	

Current knowledge indicates that these regulatory relationships usually affect the network 413	

dynamics and hence, the supporting ES provided by insects in a negative way (Badano & 414	

Vergara, 2011). 415	

There are few quantitative assessments of the ES provided by several functional and 416	

taxonomic groups, either from experiments or from indirect quantifications. Our bibliographic 417	

search failed to find any information for several key functional groups, such as rhyzophagous 418	

insects, some decomposers, and many symbionts and kleptoparasites. Similarly, very few 419	

studies were found concerning several small insect Orders, such as Ephemeroptera, Plecoptera 420	

or Neuroptera. Therefore, the design of our review, which focused on describing publication 421	

trends rather than assessing knowledge gaps in a conceptual map, prevents us from resolving 422	

whether these groups are underrepresented in ES research, or if they actually provide few ES 423	

of minor importance, or whether the lack of general knowledge on their ecology and 424	

systematics is the main cause of their misrepresentation. However, the key ecological roles 425	

played by some of them in freshwater ecosystems (e.g. litter decomposition) suggest that 426	

many of these groups are likely to have a very significant role in the provision of many ES 427	

(Macadam & Stockan, 2015).  428	

Our bibliographic survey also pinpoints other biases that are common in biodiversity 429	

knowledge, such as the lack of data for many geographical areas and ecosystem types. 430	

Knowledge on all aspects of biodiversity is typically concentrated in northern temperate 431	

regions, particularly Europe and North America (Hortal et al., 2015). This widespread bias is 432	

also evident in the published work on insect ES; very little is known about the services 433	
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provided by insects in agroecosystems outside these two regions, with the exception of some 434	

limited work in tropical plantations (mostly coffee and trees) or savannas. However, the sheer 435	

lack of knowledge on insect ES throughout most of the world’s ecosystems makes more 436	

developed analyses on geographical and ecological biases premature. 437	

 438	

A cautionary note on insect disservices 439	

It is important to highlight that we did not include in our analysis papers studying 440	

disservices by insects for two main reasons. First, the goal of this paper was to characterize 441	

the trends in insect ES research and, in particular, how much current information comes from 442	

experimental evidence. Second, the study of insect disservices is a vast topic that would not 443	

be easy to embrace only using literature searches, and that definitively requires a separate 444	

analysis. However, the line that separates an ES from a disservice is sometimes very thin. In 445	

fact, in some cases, the same ecological function can be qualified as service or disservice 446	

depending on the perspective. While the effects of many foliage or root feeders might often be 447	

considered as disservices, they do provide regulating services by controlling the populations 448	

of both weeds and certain pests through herbivory and/or competitive exclusion, respectively, 449	

or by helping to maintain populations of generalist predators and parasitoids (e.g. Martin et 450	

al., 2010, Evans et al., 2011 and Eckberg et al., 2014). Herbivores also influence nutrient 451	

cycles and can contribute to soil fertility and enhance primary production (Belovsky & Slade, 452	

2000). Similarly, bark and wood boring insects, create suitable habitats for other insects (e.g. 453	

Zuo et al., 2016), and have been shown to facilitate colonization by fungi, thus indirectly 454	

accelerating the decomposition of woody debris (Strid et al., 2014 and Ulyshen et al., 2016). It 455	

is therefore important to understand which ecological functions performed by herbivores can 456	

in fact result in regulating services, and how they interact with supporting and provisioning 457	
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services.  458	

As a consequence of this, during our bibliographic search we found some articles that 459	

evaluated or studied ecosystem disservices, related to three main topics: (i) damage of 460	

agricultural crops by herbivores (e.g. Hiltpold et al., 2013 and Dale & Frank, 2014); (ii) 461	

damage to wood plantations by xylophagous insects (e.g. DeSantis et al., 2013 and Reich et 462	

al., 2014); and (iii) harmful effects on human health by hematophagous insects (e.g. 463	

Sommerfeld & Kroeger, 2013 and Muturi et al., 2014). Some of these studies were not 464	

discarded from our final list because they refer to ecological functions that can be classified 465	

either as services or disservices.  466	

 467	

Concluding remarks 468	

Knowledge on the ES provided by insects is relatively scarce and biased. This occurs 469	

despite their numerical abundance, the ecological functions they perform for the maintenance 470	

of ecosystem functioning, and their links to human well-being. Part of the reason behind this 471	

poor knowledge on insect ES is partly due to the traditional view of considering insects as 472	

mainly providers of disservices to humanity, through pest and parasite outbreaks. However, 473	

given the sheer diversity of insects and their key ecological role in all terrestrial and 474	

freshwater ecosystems, it is extremely likely that the economic and non-economic benefits 475	

provided by this group through many ES may exceed those harmful effects and disservices 476	

they cause, even when considering some specific areas such as crop production. Indeed, the 477	

value of many ES provided by insects, such as pollination, is widely accepted in financial, 478	

food security, and health terms. Valuing these services can therefore be a good way to 479	

stimulate and promote future research on them – through increasing financial support and 480	

societal engagement. 481	
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It is therefore essential to gain an increased understanding of the role played by insects 482	

in ES delivery. This requires combining the efforts of ES researchers (including ecologists, 483	

entomologists, economists, and social scientists) to identify direct links between insect species 484	

and the ES they provide, ideally through field observations and experiments. A good map of 485	

our current knowledge could help define further needs in insect ES research. Our work 486	

provides an insightful review of current knowledge in the area and identifies obvious gaps in 487	

the less-studied functional and taxonomic groups. Moreover, we also highlight the existence 488	

of knowledge gaps in the research of some ES that either have a lower direct economic value, 489	

or their study poses important methodological challenges. However, the nature of our analyses 490	

prevents us from obtaining a complete overview of what is actually known and a full 491	

distribution of the knowledge gaps, since we have characterized publication trends rather than 492	

the level of completeness, accuracy, and usefulness of the knowledge on each ES, ecosystem, 493	

and/or insect group. 494	

A clear shortfall in current knowledge is the lack of high-quality quantifications of ES 495	

delivery (Boerema et al., 2017), either directly in the field or through experiments. Ideally, 496	

such information should be obtained by adopting a robust and cohesive common framework 497	

for insect ES research, which clearly separates ES from ecological functions, which have been 498	

more commonly studied for insects. Many studies use the term ES very loosely; actually, 499	

some consider ecological functions of non-human value as services too. A conceptual and 500	

methodological framework that clearly links different components of biodiversity, the study 501	

of functions and the traits associated to them, and the quantification of the delivery of services 502	

can help to increase the research impact of insect ES in general, and for many seldom-studied 503	

groups in particular. This framework should consider the interactions and trade-offs among 504	

the services provided by different insect groups, allowing us to also identify and measure the 505	
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services provided by less diverse insect orders. A first step in the implementation of such 506	

framework is certainly to quantify insect ES provision in the field, but in the mean time, it is 507	

necessary to design and implement a combination of laboratory and field experiments, as well 508	

as the adoption of more mechanistic trait-based approaches that allow to disentangle both the 509	

direct and indirect contribution of insect biodiversity mediated by traits and trait-matching 510	

between organisms of different trophic levels. While the use of controlled microcosms can 511	

provide accurate information, manipulative field experiments are more realistic since they 512	

take into account a whole range of the interacting environmental factors. Obtaining accurate 513	

and comprehensive information on the ES provided by insects therefore requires joint efforts 514	

among ES researchers in implementing such an ambitious research program that combines 515	

both empirical and experimental evidence.  516	
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FIGURES AND TABLES 904	

 905	
 906	
Fig. 1. Temporal trends in the number of published articles dealing with ecosystem services 907	
provided by insects across all the literature analyzed from 1956 to 2016 using two search 908	
engines (ISI Web of Knowledge and Scopus) and two academic social networks 909	
(ResearchGate and ACADEMIA). See methods section for the keyword strings used in this 910	
search. Note that no article published before 1989 was retrieved using these search strings. 911	
 912	
  913	
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 914	

 915	
 916	
Fig. 2. Percentage and number of articles found in the literature search on ecosystem services 917	
provided by insects (1956-2016), examined at three levels: A) main ecosystem service 918	
categories; B) cumulative number of articles devoted to studying each one of these services in 919	
relation with the four main categories of quantification (not quantified, proxies, directly 920	
quantified and experiments) and, C) main functional insect groups studied (trophic groups). 921	
ES general refers to ecosystem services in general, with no specification of which type of 922	
services were investigated. See main text for more details.  923	
  924	
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 925	

Fig. 3. Percentage of articles retrieved in our literature review on the ecosystem services 926	
provided by insects (1956-2016), examined at three levels: A) type of approach used to 927	
quantify the ecosystem services provided by insects; B) cumulative percentage of articles over 928	
time in relation to the four main categories of quantification (not quantified, proxies, directly 929	
quantified and experiments) and, C) main proxies used in the papers that do not quantify 930	
directly an ecosystem service. 931	
  932	
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 933	
 934	
Fig. 4. Percentage and number of articles retrieved in our literature review on ecosystem 935	
services provided by insects (1956-2016), examined at three levels: A) higher-level taxonomic 936	
groups (i.e. orders); B) cumulative number of articles studying these groups in relation with 937	
the four main categories of quantification (not quantified, proxies, directly quantified and 938	
experiments); and, C) most studied taxonomic groups at superfamily/family level.  939	
 940	
 941	
  942	
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 943	

 944	
 945	
Fig. 5. Comparison of the total number of papers on ecosystem services provided by insects 946	
(1956-2016) in each major insect order (grey bars) and the number of described species in 947	
these major orders (black dots). 948	
  949	
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Table 1. Categories of quantification of the ecosystem services (ES) provided by insects used 950	
to classify the studies retrieved by our literature review. 951	

Quantification category Description Example 
Not quantified Assume the relationship between 

ES and the studied taxonomic or 
functional group following the 
criteria of experts. There is no 
attempt to measure the service, 
neither directly nor indirectly. 

Philpott and Armbrecht (2006) discuss 
the costs and benefits of promoting ants 
in agroecosystems from their functional 
role as predators and the known impacts 
of intensive agriculture practices on their 
diversity. No direct or indirect 
quantification of service delivery is 
either made or inferred. 

Proxies Use of biodiversity aspects –such as 
species richness or abudance– as 
proxies for ES provision, instead of 
quantifying the relationship 
between ES and insects. 

Frank et al. (2008) assess the potential 
benefits of promoting certain native 
plants in croplands, assuming that the 
richness and abundance of natural 
enemies inhabiting these plants are a 
good proxy for their effectiveness for 
biological control. 

Direct quantification Direct quantification in the field of 
the ES provided by insects, without 
following any experimental design. 

Thies et al. (2005) quantify the increase 
in aphid mortality by parasitoids in 
different landscape conditions, as a 
direct measure of his latter group on 
biological control. 

Experiments Quantification of the ES through 
laboratory or field experiments, 
with one or more environmental 
and/or biotic factors being 
controlled for. 

Brittain et al. (2010) measure pollinator 
abundance and richness, flower 
visitation rates, pollination of 
experimental potted plants and seed 
production to quantify pollination in 
their analysis of the benefits of organic 
farming in different landscape contexts. 
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Table 2. List of ecosystem services provided by insects across the literature review (1956- 952	
2016) with selected examples of each one. 953	
 954	

Ecosystem services Selected reference 
Provisioning services  
Alternative nutrition source Dzerefos and Witkowski, 2014 
Economic services Rodriguez et al., 2006 
Food chain supplementation Macadam and Stockan, 2015 
Industrial production Sehnal and Sutherland, 2008 
Medicine services Shi and Shofler, 2014 
  
Regulating services  
Below-ground exchange Folgarait, 1998 
Carbon absorption Metcalfe et al., 2014 
Climate regulation Hammer et al., 2016 
Control and suppression of pathogens Ryan et al., 2011 
Counteract climate change Premalatha et al., 2011 
Fungi control Schrader et al., 2013 
Gastrointestinal parasite control Sands and Wall, 2016 
Greenhouse gas emissions Slade et al., 2016 
Habitat genetic diversity Corbet, 1997 
Network services Hope et al., 2014 
Pest control Aluja et al., 2014 
Pollination Baron et al., 2014 
Population regulation Midega et al., 2015 
Soil fertility regulation Jouquet et al., 2011 
Soil nutrient regulation Shukla et al., 2013 
Soil nutrients spatial variability  Wu et al., 2010 
Soil erosion prevention Ganade and Brown, 1997 
  
Supporting services  
Biodiversity protection Choosai et al., 2009 
Decomposition Mitchel et al., 2014 
Dung removal Gray et al., 2014 
Hydrological soil properties Brown et al., 2010 
Mineralization Palin et al., 2011 
Nutrient accumulation Pringle et al., 2010 
Nutrient flow Bloor et al., 2012 
Recycling of matter Ulyshen et al., 2014 
Seed dispersal Leal et al., 2014 
Soil removal Giraldo et al., 2011 
Soil structure Jouquet et al., 2014 
Soil water infiltration Evans et al., 2011 
  
Cultural services  
Bioindicators tool Maleque et al., 2009 
Conservation tool Stout and Finn, 2015 
Cultural heritage Vidal et al., 2014 
Education Macadam and Stockan, 2015 
Recreation services Woodger, 2011 
Religion and spiritual values Ayieko and Oriaro, 2008 
Tourism services Nallakumar, 2003 
Urban quality life Morley et al., 2014 
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Appendix A. Supplementary data. List of references on insect ES selected after the 
bibliographic search from 1956-2016. 
	

Appendix B. Supplementary data. List of articles that quantified the ecosystem service 
provided by one or several groups of insects using an experimental approach included in the 
literature review from 1956-2016. This table provides the ecosystem service, trophic group, 
order, super/family, country, ecosystem and reference for each article found. Complete 
information about each reference can be found in Supplementary Appendix A.  
	



Year Authors Title Journal Volume Pages
1989 Addison Monitoring the health of a forest: A canadian approach ENVIRONMENTAL MONITORING AND ASSESSMENT 12 39-48
1990 Eggleton & Gaston Parasitoid Species And Assemblages - Convenient Definitions Or Misleading Compromises OIKOS 59 417-421
1991 Richardson & Mackay Lake Outlets And The Distribution Of Filter Feeders - An Assessment Of Hypotheses OIKOS 62 370-380
1992 Palmer & Okeeffe Feeding Patterns Of 4 Macroinvertebrate Taxa In The Headwaters Of The Buffalo River, Eastern Cape HYDROBIOLOGIA 228 157-173
1993 Irons et al. Ecological Adaptations Of Aquatic Macroinvertebrates To Overwintering In Interior Alaska (Usa) Sub-Arctic Streams CANADIAN J. OF ZOOLOGY-REVUE CANADIENNE DE ZOOLOGIE 71 98-108
1993 Petanidou & Vokou Pollination Ecology Of Labiatae In A Phryganic (East Mediterranean) Ecosystem AMERICAN JOURNAL OF BOTANY 80 892-899
1994 Andersen Are Cicadas (Diceroprocta-Apache) Both A Keystone And A Critical-Link Species In Lower Colorado River Riparian Communities SOUTHWESTERN NATURALIST 39 26-33
1994 Axelsen Host Parasitoid Interactions In An Agricultural Ecosystem - A Computer-Simulation ECOLOGICAL MODELLING 73 189-203
1994 Petranka et al. Effects Of Timber Harvesting On Low Elevation Populations Of Southern Appalachian Salamanders FOREST ECOLOGY AND MANAGEMENT 67 135-147
1995 Holl Nectar Resources And Their Influence On Butterfly Communities On Reclaimed Coal Surface Mines RESTORATION ECOLOGY 3 76-85
1996 Wallace & Webster The role of macroinvertebrates in stream ecosystem function ANNUAL REVIEW OF ENTOMOLOGY 41 115-139
1997 Paradise & Dunson Insect species interactions and resource effects in treeholes: Are helodid beetles bottomup facilitators of midge populations? OECOLOGIA 109 303-312
1997 Winchester The arboreal superhighway: Arthropods and landscape dynamics CANADIAN ENTOMOLOGIST 129 595-599
1998 Belaoussoff & Kevan Toward an ecological approach for the assessment of ecosystem health ECOSYSTEM HEALTH 4 42951
1998 Hammond & Miller Comparison of the biodiversity of Lepidoptera within three forested ecosystems ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA 91 323-328
1998 Siemann et al. Experimental tests of the dependence of arthropod diversity on plant diversity AMERICAN NATURALIST 152 738-750
1998 Zimmer & Parmenter Harvester ants and fire in a desert grassland: Ecological responses of Pogonomyrmex rugosus (Hymenoptera : Formicidae) to experimental wildfires in central New Mexico ENVIRONMENTAL ENTOMOLOGY 27 282-287
1999 Brewer & Atchison The effects of chlorpyrifos on cholinesterase activity and foraging behavior in the dragonfly, Anax junius (Odonata) HYDROBIOLOGIA 394 201-208
1999 Coulson et al. Heterogeneity of forest landscapes and the distribution and abundance of the southern pine beetle FOREST ECOLOGY AND MANAGEMENT 114 471-485
1999 Duelli et al. Biodiversity evaluation in agricultural landscapes: above-ground insects AGRICULTURE ECOSYSTEMS & ENVIRONMENT 74 33-64
1999 Grove & Stork The conservation of saproxylic insects in tropical forests: a research agenda JOURNAL OF INSECT CONSERVATION 3 67-74
1999 Hutcheson & Kimberley A pragmatic approach to characterising insect communities in New Zealand: Malaise trapped beetles NEW ZEALAND JOURNAL OF ECOLOGY 23 69-79
1999 Schowalter et al. Diversity of arthropod responses to host-plant water stress in a desert ecosystem in southern New Mexico AMERICAN MIDLAND NATURALIST 142 281-290
1999 Zamora Conditional outcomes of interactions: The pollinator-prey conflict of an insectivorous plant ECOLOGY 80 786-795
2000 Andersen & Muller Arthropod responses to experimental fire regimes in an Australian tropical savannah: ordinal-level analysis AUSTRAL ECOLOGY 25 199-209
2000 Ayres & Lombardero Assessing the consequences of global change for forest disturbance from herbivores and pathogens SCIENCE OF THE TOTAL ENVIRONMENT 262 263-286
2000 Brooks Annual and seasonal variation and the effects of hydroperiod on benthic macroinvertebrates of seasonal forest ("vernal") ponds in central Massachusetts, USA WETLANDS 20 707-715
2000 Eshleman A linear model of the effects of disturbance on dissolved nitrogen leakage from forested watersheds WATER RESOURCES RESEARCH 36 3325-3335
2000 Jung & Lunderstadt Effect of feces from pine-fed larvae of Dendrolimus pini L. (Lep., Lasiocampidae) on the germination and development of pine, birch and oak seeds J. OF APPLIED ENTOMOLOGY-ZEITSCHRIFT 124 253-258
2000 Lockwood & Sergeev Comparative biogeography of grasshoppers (Orthoptera: Acrididae) in North America and Siberia: Applications to the conservation of biodiversity JOURNAL OF INSECT CONSERVATION 4 161-172
2000 Raghu et al. Impact of habitat modification on the distribution and abundance of fruit flies (Diptera : Tephritidae) in Southeast Queensland POPULATION ECOLOGY 42 153-160
2000 Saiz et al. Biodiversity of the canopy arthropods associated to vegetation of the north of Chile, II region REVISTA CHILENA DE HISTORIA NATURAL 73 671-692
2000 Volney & Fleming Climate change and impacts of boreal forest insects AGRICULTURE ECOSYSTEMS & ENVIRONMENT 82 283-294
2001 Bellocq et al. Short-term effects of harvest technique and mechanical site preparation on arthropod communities in jack pine plantations JOURNAL OF INSECT CONSERVATION 5 187-196
2001 Cane & Tepedino Causes and extent of declines among native North American invertebrate pollinators: Detection, evidence, and consequences CONSERVATION ECOLOGY 5 1
2001 Chovanec & Waringer Ecological integrity of river-floodplain systems-assessment by dragonfly surveys (Insecta : Odonata) REGULATED RIVERS-RESEARCH & MANAGEMENT 17 493-507
2001 Drechsler & Settele Predator-prey interactions in rice ecosystems: effects of guild composition, trophic relationships, and land use changes - a model study exemplified for Philippine rice terraces ECOLOGICAL MODELLING 137 135-159
2001 Haddad et al. Contrasting effects of plant richness and composition on insect communities: A field experiment AMERICAN NATURALIST 158 17-35
2001 Jourdan et al. Little fire ant invasion (Wasmannia auropunctata) as a threat to New Caledonian lizards: Evidences from a sclerophyll forest (Hymenoptera: Formicidae) SOCIOBIOLOGY 38 283-301
2001 Santoro et al. Interactions between fire and bark beetles in an old growth pine forest FOREST ECOLOGY AND MANAGEMENT 144 245-254
2001 Spira Plant-pollinator interactions: A threatened mutualism with implications for the ecology and management of rare plants NATURAL AREAS JOURNAL 21 78-88
2002 Cardinale et al. Species diversity enhances ecosystem functioning through interspecific facilitation NATURE 415 426-429
2002 del Rosario et al. Cow manure in headwater streams: tracing aquatic insect responses to organic enrichment JOURNAL OF THE NORTH AMERICAN BENTHOLOGICAL SOCIETY 21 278-289
2002 Floren et al. Arboreal ants as key predators in tropical lowland rainforest trees OECOLOGIA 131 137-144
2002 Klein et al. Effects of land-use intensity in tropical agroforestry systems on coffee flower-visiting and trap-nesting bees and wasps CONSERVATION BIOLOGY 16 1003-1014
2002 Klein et al. Predator-prey ratios on cocoa along a land-use gradient in Indonesia BIODIVERSITY AND CONSERVATION 11 683-693
2002 Laurance et al. Ecosystem decay of Amazonian forest fragments: A 22-year investigation CONSERVATION BIOLOGY 16 605-618
2002 Malmqvist Aquatic invertebrates in riverine landscapes FRESHWATER BIOLOGY 47 679-694
2002 Memmott & Waser Integration of alien plants into a native flower-pollinator visitation web PROCEEDINGS OF THE ROYAL SOCIETY B-BIOLOGICAL SCIENCES 269 2395-2399
2002 Merritt et al. Development and application of a macroinvertebrate functional-group approach in the bioassessment of remnant river oxbows in southwest Florida JOURNAL OF THE NORTH AMERICAN BENTHOLOGICAL SOCIETY 21 290-310
2002 Richardson et al. How do nutrients and warming impact on plant communities and their insect herbivores? A 9-year study from a sub-Arctic heath JOURNAL OF ECOLOGY 90 544-556
2002 Vulinec Dung beetle communities and seed dispersal in primary forest and disturbed land in Amazonia BIOTROPICA 34 297-309
2002 Wardle et al. Linkages between plant litter decomposition, litter quality, and vegetation responses to herbivores FUNCTIONAL ECOLOGY 16 585-595
2002 Wilsey & Polley Reductions in grassland species evenness increase dicot seedling invasion and spittle bug infestation ECOLOGY LETTERS 5 676-684
2002 Xu et al. System-level responses of lake ecosystems to chemical stresses using exergy and structural exergy as ecological indicators CHEMOSPHERE 46 173-185
2003 Benstead et al. Relationships of stream invertebrate communities to deforestation in eastern Madagascar ECOLOGICAL APPLICATIONS 13 1473-1490
2003 Chapman et al. Insect herbivory increases litter quality and decomposition: An extension of the acceleration hypothesis ECOLOGY 84 2867-2876
2003 Gurung Insects - a mistake in God's creation? Tharu farmers' perception and knowledge of insects: A case study of Gobardiha village development committee, Dang-deukhuri, Nepal AGRICULTURE AND HUMAN VALUES 20 337-370
2003 Hulle et al. Aphids of sub-Antarctic Iles Crozet and Kerguelen: species diversity, host range and spatial distribution ANTARCTIC SCIENCE 15 203-209
2003 Jonsson & Malmqvist Mechanisms behind positive diversity effects on ecosystem functioning: testing the facilitation and interference hypotheses OECOLOGIA 134 554-559
2003 Latty et al. Beech bark disease in northern hardwood forests: the importance of nitrogen dynamics and forest history for disease severity CANADIAN J. OF FOREST RESEARCH-REVUE 33 257-268
2003 Matlock & de la Cruz Ants as indicators of pesticide impacts in banana ENVIRONMENTAL ENTOMOLOGY 32 816-829
2003 Ostman et al. Yield increase attributable to aphid predation by ground-living polyphagous natural enemies in spring barley in Sweden ECOLOGICAL ECONOMICS 45 149-158
2003 Reynolds et al. Response of soil invertebrates to forest canopy inputs along a productivity gradient PEDOBIOLOGIA 47 127-139
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2003 Schadler et al. Palatability, decomposition and insect herbivory: patterns in a successional old-field plant community OIKOS 103 121-132
2003 Schmidt et al. Relative importance of predators and parasitoids for cereal aphid control PROCEEDINGS OF THE ROYAL SOCIETY B-BIOLOGICAL SCIENCES 270 1905-1909
2004 Arditi et al. Does mutual interference always stabilize predator-prey dynamics? A comparison of models COMPTES RENDUS BIOLOGIES 327 1037-1057
2004 Bianchi & van der Werf Model evaluation of the function of prey in non-crop habitats for biological control by ladybeetles in agricultural landscapes ECOLOGICAL MODELLING 171 177-193
2004 Bustamante-Sanchez et al. Dung decomposition and associated beetles in a fragmented temperate forest REVISTA CHILENA DE HISTORIA NATURAL 77 107-120
2004 Davis et al. Reliability characteristics of natural functional group interaction webs EVOLUTIONARY ECOLOGY RESEARCH 6 1145-1166
2004 Kremen et al. The area requirements of an ecosystem service: crop pollination by native bee communities in California ECOLOGY LETTERS 7 1109-1119
2004 Leal et al. Distribution of Chironomidae larvae in an Amazonian flood-plain lake impacted by bauxite tailings (Brazil) AMAZONIANA-LIMNOLOGIA ET OECOLOGIA REGIONALIS 18 109-123
2004 Majer et al. Australian ant research: fabulous fauna, functional groups, pharmaceuticals, and the Fatherhood AUSTRALIAN JOURNAL OF ENTOMOLOGY 43 235-247
2004 Throop et al. Effects of nitrogen deposition and insect herbivory on patterns of ecosystem-level carbon and nitrogen dynamics: results from the CENTURY model GLOBAL CHANGE BIOLOGY 10 1092-1105
2004 Werner et al. Comparison of methods for sampling Thysanoptera on basswood (Tilia americana L.) trees in mixed northern hardwood deciduous forests FOREST ECOLOGY AND MANAGEMENT 201 327-334
2004 Woodcock & Huryn Effects of roadway crossings on leaf litter processing and invertebrate assemblages in small streams ENVIRONMENTAL MONITORING AND ASSESSMENT 93 229-250
2005 Aquilino et al. Reciprocal effects of host plant and natural enemy diversity on herbivore suppression: an empirical study of a model tritrophic system OIKOS 108 275-282
2005 Blanche & Cunningham Rain forest provides pollinating beetles for atemoya crops JOURNAL OF ECONOMIC ENTOMOLOGY 98 1193-1201
2005 Carlisle & Clements Leaf litter breakdown, microbial respiration and shredder production in metal-polluted streams FRESHWATER BIOLOGY 50 380-390
2005 Hierro et al. A biogeographical approach to plant invasions: the importance of studying exotics in their introduced and native range JOURNAL OF ECOLOGY 93 42125
2005 Kaspari Global energy gradients and size in colonial organisms: Worker mass and worker number in ant colonies P. OF THE NATIONAL ACADEMY OF SCIENCES OF THE USA 102 5079-5083
2005 Landis et al. Manipulating plant resources to enhance beneficial arthropods in agricultural landscapes WEED SCIENCE 53 902-908
2005 Mysterud et al. The short-term effect of sheep grazing on selected invertebrates (Diptera and Hemiptera) relative to other environmental factors in an alpine ecosystem JOURNAL OF ZOOLOGY 266 411-418
2005 Quintero & Roslin Rapid recovery of dung beetle communities following habitat fragmentation in central Amazonia ECOLOGY 86 3303-3311
2005 Stadler et al. Hemlock woolly adelgid in new england forests: Canopy impacts transforming ecosystem processes and landscapes ECOSYSTEMS 8 233-247
2005 Stone et al. Macroinvertebrate communities in agriculturally impacted southern Illinois streams: Patterns with riparian vegetation, water quality, and in-stream habitat quality JOURNAL OF ENVIRONMENTAL QUALITY 34 907-917
2005 Terblanche et al. The effects of acclimation on thermal tolerance, desiccation resistance and metabolic rate in Chirodica chalcoptera (Coleoptera : Chrysomelidae) JOURNAL OF INSECT PHYSIOLOGY 51 1013-1023
2005 Tscharntke et al. Landscape perspectives on agricultural intensification and biodiversity - ecosystem service management ECOLOGY LETTERS 8 857-874
2006 Baptista et al. Functional feeding groups of Brazilian Ephemeroptera nymphs: ultrastructure of mouthparts A. DE LIMNOLOGIE-INTERNATIONAL J. OF LIMNOLOGY 42 87-96
2006 Blanche et al. Proximity to rainforest enhances pollination and fruit set in orchards JOURNAL OF APPLIED ECOLOGY 43 1182-1187
2006 Branson et al. Sustainable management of insect herbivores in grassland ecosystems: New perspectives in grasshopper control BIOSCIENCE 56 743-755
2006 Brin & Brustel Saproxylic beetles response to cork-oak forests heterogeneity in the Massif des Maures (France) REVUE D ECOLOGIE-LA TERRE ET LA VIE 61 327-342
2006 Classen et al. Impacts of herbivorous insects on decomposer communities during the early stages of primary succession in a semi-arid woodland SOIL BIOLOGY & BIOCHEMISTRY 38 972-982
2006 Coelho & Ribeiro Environment heterogeneity and seasonal effects in ground-dwelling ant (Hymenoptera : formicidae) assemblages in the Parque Estadual do Rio Doce, MG, Brazil NEOTROPICAL ENTOMOLOGY 35 19-29
2006 Gathmann  Williams Insect emergence in Canadian coldwater springs: spatial and temporal patterns, and species-environment relationships A. DE LIMNOLOGIE-INTERNATIONAL J. OF LIMNOLOGY 42 143-156
2006 Kuhn et al. Relating geographical variation in pollination types to environmental and spatial factors using novel statistical methods NEW PHYTOLOGIST 172 127-139
2006 Logan et al. Temperature-dependent phenology and predation in arthropod systems ECOLOGICAL MODELLING 196 471-482
2006 Maleque et al. The use of arthropods as indicators of ecosystem integrity in forest management JOURNAL OF FORESTRY 104 113-117
2006 McKie et al. Mitigation or disturbance? Effects of liming on macroinvertebrate assemblage structure and leaf-litter decomposition in the humic streams of northern Sweden JOURNAL OF APPLIED ECOLOGY 43 780-791
2006 Moore Animal ecosystem engineers in streams BIOSCIENCE 56 237-246
2006 Noss et al. Recommendations for integrating restoration ecology and conservation biology in ponderosa pine forests of the southwestern United States RESTORATION ECOLOGY 14 43012
2006 Park & Lee Arthropod trophic relationships in a temperate rice ecosystem: A stable isotope analysis with delta C-13 and delta N-15 ENVIRONMENTAL ENTOMOLOGY 35 684-693
2006 Scherber et al. The effects of plant diversity and insect herbivory on performance of individual plant species in experimental grassland JOURNAL OF ECOLOGY 94 922-931
2006 Snyder & Johnson Macroinvertebrate assemblage recovery following a catastrophic flood and debris flows in an Appalachian mountain stream JOURNAL OF THE NORTH AMERICAN BENTHOLOGICAL SOCIETY 25 825-840
2006 Srivastava Habitat structure, trophic structure and ecosystem function: interactive effects in a bromeliad-insect community OECOLOGIA 149 493-504
2006 Tylianakis et al. Diversity, ecosystem function, and stability of parasitoid host interactions across a tropical habitat gradient ECOLOGY 87 3047-3057
2006 Venette & Gould A pest risk assessment for Copitarsia spp., Insects associated with importation of commodities into the United States EUPHYTICA 148 165-183
2006 Wardhaugh & Didham Preliminary evidence suggests that beech scale insect honeydew has a negative effect on terrestrial litter decomposition rates in Nothofagus forests of New Zealand NEW ZEALAND JOURNAL OF ECOLOGY 30 279-284
2006 Wilby et al. Arthropod diversity and community structure in relation to land use in the mekong delta, vietnam ECOSYSTEMS 9 538-549
2007 Albrecht et al. Interaction diversity within quantified insect food webs in restored and adjacent intensively managed meadows JOURNAL OF ANIMAL ECOLOGY 76 1015-1025
2007 Andersson et al. Measuring social-ecological dynamics behind the generation of ecosystem services ECOLOGICAL APPLICATIONS 17 1267-1278
2007 Araujo et al. Neotropical termite species (Isoptera) richness declining as resource amount rises: Food or enemy-free space constraints? SOCIOBIOLOGY 49 93-106
2007 Brague-Bouragba et al. Comparison of coleopteran and spider communities between a reforested area and a still steppe area in a pre-Saharan region of Algeria COMPTES RENDUS BIOLOGIES 330 923-939
2007 Classen et al. Season mediates herbivore effects on litter and soil microbial abundance and activity in a semi-arid woodland PLANT AND SOIL 295 217-227
2007 Crawford et al. Host-plant genotypic diversity mediates the distribution of an ecosystem engineer ECOLOGY 88 2114-2120
2007 Dasgupta et al. Is environmentally friendly agriculture less profitable for farmers? Evidence on integrated pest management in Bangladesh REVIEW OF AGRICULTURAL ECONOMICS 29 103-118
2007 Durance & Ormerod Climate change effects on upland stream macroinvertebrates over a 25-year period GLOBAL CHANGE BIOLOGY 13 942-957
2007 Fettig et al. The effectiveness of vegetation management practices for prevention and control of bark beetle infestations in coniferous forests of the western and southern United States FOREST ECOLOGY AND MANAGEMENT 238 24-53
2007 Hatfield & LeBuhn Patch and landscape factors shape community assemblage of bumble bees, Bombus spp. (Hymenoptera : Apidae), in montane meadows BIOLOGICAL CONSERVATION 139 150-158
2007 Haynes et al. Resource complementation and the response of an insect herbivore to habitat area and fragmentation OECOLOGIA 153 511-520
2007 Houghton The effects of landscape-level disturbance on the composition of Minnesota caddisfly (Insecta : Trichoptera) trophic functional groups: evidence for ecosystem homogenization ENVIRONMENTAL MONITORING AND ASSESSMENT 135 253-264
2007 Jacobs et al. Influence of boreal forest succession and dead wood qualities on saproxylic beetles AGRICULTURAL AND FOREST ENTOMOLOGY 9 42430
2007 Jactel &  Brockerhoff Tree diversity reduces herbivory by forest insects ECOLOGY LETTERS 10 835-848
2007 Johansson et al. Variable response of different functional groups of saproxylic beetles to substrate manipulation and forest management: Implications for conservation strategies FOREST ECOLOGY AND MANAGEMENT 242 496-510
2007 Kohler et al. Indirect effects of grassland extensification schemes on pollinators in two contrasting European countries BIOLOGICAL CONSERVATION 135 302-307
2007 Lach A mutualism with a native membracid facilitates pollinator displacement by Argentine ants ECOLOGY 88 1994-2004
2007 Larsson & Franzen Critical resource levels of pollen for the declining bee Andrena hattorfiana (Hymenoptera, Andrenidae) BIOLOGICAL CONSERVATION 134 405-414
2007 Long et al. Asymmetric competition via induced resistance: Specialist herbivores indirectly suppress generalist preference and populations ECOLOGY 88 1232-1240
2007 Majer et al. Invertebrates and the restoration of a forest ecosystem: 30 years of research following bauxite mining in Western Australia RESTORATION ECOLOGY 15 104-115
2007 Makino et al. Degradation of longicorn beetle fauna caused by conversion from broad-leaved to man-made conifer stands of Cryptomeria japonica in central Japan ECOLOGICAL RESEARCH 22 372-381
2007 Maleque et al. Line thinning fosters the abundance and diversity of understory Hymenoptera (Insecta) in Japanese cedar (Cryptomeria japonica D. Don) plantations JOURNAL OF FOREST RESEARCH 12 14-23
2007 Morandin et al. Can pastureland increase wild bee abundance in agriculturally intense areas? BASIC AND APPLIED ECOLOGY 8 117-124



2007 Nichols et al. Global dung beetle response to tropical forest modification and fragmentation: A quantitative literature review and meta-analysis BIOLOGICAL CONSERVATION 137 43466
2007 Nielsen Deforestation and biodiversity: effects of bushland cultivation on dung beetles in semi-arid Tanzania BIODIVERSITY AND CONSERVATION 16 2753-2769
2007 Pringle et al. Herbivore-initiated interaction cascades and their modulation by productivity in an African savanna P. OF THE NATIONAL ACADEMY OF SCIENCES OF THE USA 104 193-197
2007 Saint-Germain et al. Host-use patterns of saproxylic phloeophagous and xylophagous Coleoptera adults and larvae along the decay gradient in standing dead black spruce and aspen ECOGRAPHY 30 737-748
2007 Slabber et al. Acclimation effects on thermal tolerances of springtails from sub-Antarctic Marion Island: Indigenous and invasive species JOURNAL OF INSECT PHYSIOLOGY 53 113-125
2007 Taki & Kevan Does habitat loss affect the communities of plants and insects equally in plant-pollinator interactions? Preliminary findings BIODIVERSITY AND CONSERVATION 16 33-35
2007 Tylianakis et al. Habitat modification alters the structure of tropical host-parasitoid food webs NATURE 445 202-205
2008 Allsopp et al. Valuing Insect Pollination Services with Cost of Replacement PLOS ONE 3 e3128
2008 Arellano et al. Patterns of abundance and movement in relation to landscape structure: a study of a common scarab (Canthon cyanellus cyanellus) in Southern Mexico LANDSCAPE ECOLOGY 23 69-78
2008 Bouchard & Pothier Simulations of the effects of changes in mean fire return intervals on balsam fir abundance, and implications for spruce budworm outbreaks ECOLOGICAL MODELLING 218 207-218
2008 Buse et al. An endangered longhorn beetle associated with old oaks and its possible role as an ecosystem engineer CONSERVATION BIOLOGY 22 329-337
2008 Cole et al. Does foraging activity affect foraging success in the western harvester ant (Hymenoptera : formicidae)? ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA 101 272-276
2008 Davis et al. Effects of an Alien Ant Invasion on Abundance, Behavior, and Reproductive Success of Endemic Island Birds CONSERVATION BIOLOGY 22 1165-1176
2008 De la Mora et al. Arboreal Ant Abundance and Leaf Miner Damage in Coffee Agroecosystems in Mexico BIOTROPICA 40 742-746
2008 de Moor & Ivanov Global diversity of caddisflies (Trichoptera: Insecta) in freshwater HYDROBIOLOGIA 595 393-407
2008 Devaux et al. Environmental and landscape effects on cross-pollination rates observed at long distance among French oilseed rape Brassica napus commercial fields JOURNAL OF APPLIED ECOLOGY 45 803-812
2008 Forup et al. The restoration of ecological interactions: plant-pollinator networks on ancient and restored heathlands JOURNAL OF APPLIED ECOLOGY 45 742-752
2008 Franzen & Nilsson How can we preserve and restore species richness of pollinating insects on agricultural land? ECOGRAPHY 31 698-708
2008 Freymann et al. The importance of termites (Isoptera) for the recycling of herbivore dung in tropical ecosystems: a review EUROPEAN JOURNAL OF ENTOMOLOGY 105 165-173
2008 Heino Patterns of functional biodiversity and function-environment relationships in lake littoral macroinvertebrates LIMNOLOGY AND OCEANOGRAPHY 53 1446-1455
2008 Kaiser et al. Exotic pest insects: another perspective on coffee and conservation ORYX 42 143-146
2008 Klein et al. Advances in pollination ecology from tropical plantation crops ECOLOGY 89 935-943
2008 Landis et al. Increasing corn for biofuel production reduces biocontrol services in agricultural landscapes P. OF THE NATIONAL ACADEMY OF SCIENCES OF THE USA 105 20552-20557
2008 Larsen et al. Understanding Trait-Dependent Community Disassembly: Dung Beetles, Density Functions, and Forest Fragmentation CONSERVATION BIOLOGY 22 1288-1298
2008 Lau Beyond the ecological: Biological invasions alter natural selection on a native plant species ECOLOGY 89 1023-1031
2008 Lewis & Gripenberg Insect seed predators and environmental change JOURNAL OF APPLIED ECOLOGY 45 1593-1599
2008 Munoz & Cavieres The presence of a showy invasive plant disrupts pollinator service and reproductive output in native alpine species only at high densities JOURNAL OF ECOLOGY 96 459-467
2008 Nash et al. Effect of remnant vegetation, pesticides, and farm management on abundance of the beneficial predator Notonomus gravis (Chaudoir) (Coleoptera : Carabidae) BIOLOGICAL CONTROL 46 83-93
2008 Otterstatter & Thomson Does Pathogen Spillover from Commercially Reared Bumble Bees Threaten Wild Pollinators? PLOS ONE 3 e2771
2008 Pe'er & Settele The rare butterfly Tomares nesimachus (Lycaenidae) as a bioindicator for pollination services and ecosystem functioning in northern Israel ISRAEL JOURNAL OF ECOLOGY & EVOLUTION 54 11-136
2008 Pringle & Fox-Dobbs Coupling of canopy and understory food webs by ground-dwelling predators ECOLOGY LETTERS 11 1328-1337
2008 Proches et al. Herbivores, but not other insects, are scarce on alien plants AUSTRAL ECOLOGY 33 691-700
2008 Raffa et al. Cross-scale drivers of natural disturbances prone to anthropogenic amplification: The dynamics of bark beetle eruptions BIOSCIENCE 58 501-517
2008 Tscharntke et al. Landscape constraints on functional diversity of birds and insects in tropical agroecosystems ECOLOGY 89 944-951
2008 Tylianakis et al. Resource heterogeneity moderates the biodiversity-function relationship in real world ecosystems PLOS BIOLOGY 6 947-956
2008 Vandermeer et al. Clusters of ant colonies and robust criticality in a tropical agroecosystem NATURE 451 457-459
2008 Wade et al. Influence of food supplementation on the fitness of two biological control agents: a predatory nabid bug and a bollworm pupal parasitoid JOURNAL OF PEST SCIENCE 81 99-107
2008 Woodcock & Huryn The effect of an interstate highway on macroinvertebrate production in headwater streams FUNDAMENTAL AND APPLIED LIMNOLOGY 171 199-218
2009 Ackerman et al. Termite (Insecta: Isoptera) Species Composition in a Primary Rain Forest and Agroforests in Central Amazonia BIOTROPICA 41 226-233
2009 Aizen et al. How much does agriculture depend on pollinators? Lessons from long-term trends in crop production ANNALS OF BOTANY 103 1579-1588
2009 Brosi et al. Detecting changes in habitat-scale bee foraging in a tropical fragmented landscape using stable isotopes FOREST ECOLOGY AND MANAGEMENT 258 1846-1855
2009 Christie & Hochuli Responses of wasp communities to urbanization: effects on community resilience and species diversity JOURNAL OF INSECT CONSERVATION 13 213-221
2009 Coops et al. Prediction and assessment of bark beetle-induced mortality of lodgepole pine using estimates of stand vigor derived from remotely sensed data REMOTE SENSING OF ENVIRONMENT 113 1058-1066
2009 Creed et al. Dominant species can produce a negative relationship between species diversity and ecosystem function OIKOS 118 723-732
2009 Dangles et al. Crop damage increases with pest species diversity: evidence from potato tuber moths in the tropical Andes JOURNAL OF APPLIED ECOLOGY 46 1115-1121
2009 Eilers & Klein Landscape context and management effects on an important insect pest and its natural enemies in almond BIOLOGICAL CONTROL 51 388-394
2009 Exeler et al. Restoration of riverine inland sand dune complexes: implications for the conservation of wild bees JOURNAL OF APPLIED ECOLOGY 46 1097-1105
2009 Farwig et al. Isolation from forest reduces pollination, seed predation and insect scavenging in Swiss farmland LANDSCAPE ECOLOGY 24 919-927
2009 Gallai et al. Economic valuation of the vulnerability of world agriculture confronted with pollinator decline ECOLOGICAL ECONOMICS 68 810-821
2009 Gardiner et al. Landscape diversity enhances biological control of an introduced crop pest in the north-central USA ECOLOGICAL APPLICATIONS 19 143-154
2009 Isaacs et al. Maximizing arthropod-mediated ecosystem services in agricultural landscapes: the role of native plants FRONTIERS IN ECOLOGY AND THE ENVIRONMENT 7 196-203
2009 Johnson et al. Effects of shade and bird exclusion on arthropods and leaf damage on coffee farms in Jamaica's Blue Mountains AGROFORESTRY SYSTEMS 76 139-148
2009 Lagauzere et al. Effects of uranium-contaminated sediments on the bioturbation activity of Chironomus riparius larvae (Insecta, Diptera) and Tubifex tubifex worms (Annelida, Tubificidae) CHEMOSPHERE 76 324-334
2009 Lindsay & Cunningham Livestock grazing exclusion and microhabitat variation affect invertebrates and litter decomposition rates in woodland remnants FOREST ECOLOGY AND MANAGEMENT 258 178-187
2009 Maleque et al. Arthropods as bioindicators of sustainable forest management, with a focus on plantation forests APPLIED ENTOMOLOGY AND ZOOLOGY 44 43040
2009 Mandelik & Roll Diversity patterns of wild bees in almond orchards and their surrounding landscape ISRAEL JOURNAL OF PLANT SCIENCES 57 185-191
2009 Moretti & Legg Combining plant and animal traits to assess community functional responses to disturbance ECOGRAPHY 32 299-309
2009 Murray et al. Conservation ecology of bees: populations, species and communities APIDOLOGIE 40 211-236
2009 Palmer et al. The role of crop-pollinator relationships in breeding for pollinator-friendly legumes: from a breeding perspective EUPHYTICA 170 35-52
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Appendix B. Supplementary data. List of articles that quantified the ecosystem service provided by one or several groups of insects using an experimental approach 
included in the literature review from 1956-2016. This table provides the ecosystem service, trophic group, order, super/family, country, ecosystem and reference for 
each article found. Complete information about each reference can be found in Supplementary Appendix A.   
 

Ecosystem Service (s) Trophic Group (s) Order (s) Superfamily/Family Country Ecosystem Reference 
Biological Control Herbivors Insects - USA Grassland Eckberg et al. 2014 
Biological Control Parasitoids Hymenoptera - Argentina Chaco Serrano Forests Rossetti et al. 2013 
Biological Control Parasitoids Hymenoptera Braconidae Switzerland Agroecosystem (flowers and cabbage) Geneau et al. 2012 
Biological Control Parasitoids Hymenoptera Trichogrammatidae China Agroecosystem (cotton) Liu et al. 2016 
Biological Control Parasitoids/Predators Coleoptera/Hemiptera/Hymenoptera - USA Agroecosystem (alfalfa) Cardinale et al. 2003 
Biological Control Parasitoids/Predators Coleoptera/Hymenoptera Carabidae/Coccinelidae Sweden Agroecosystem (cereals) Caballero-Lopez et al. 2012 
Biological Control Parasitoids/Predators Coleoptera/Insects Coccinelidae/several families USA Agroecosystem (soybean) Gardiner et al. 2009 
Biological Control Parasitoids/Predators Insects - England Organic farms Macfadyen et al. 2009 
Biological Control Parasitoids/Predators Insects - Europe Agroecosystem (cereals) Thies et al. 2011 
Biological Control Parasitoids/Predators Insects - USA Urban to rural gradient Bennett and Gratton 2012 
Biological Control Parasitoids/Predators Insects - USA Agroecosystem (broccoli) Chaplin-Kramer and Kremen 2012 
Biological Control Parasitoids/Predators Insects - South Korea Agroecosystem (cabbage) Martin et al. 2013 
Biological Control Parasitoids/Predators Insects - Sweden Arable and semi-natural habitats Rusch et al. 2013 
Biological Control Predators Coleoptera Carabidae USA Agroecosystem (blueberries) Renkema et al. 2013 
Biological Control Predators Coleoptera Carabidae USA Agroecosystem and natural habitats Birthisel et al. 2014 
Biological Control Predators Hymenoptera Formicidae Mexico Agroecosystem (coffe) Larsen and Philpott 2010 
Biological Control Predators Insects - Philippines Agroecosystem (rice) Wilby et al. 2005 
Biological Control Predators Insects - USA Agroecosystem (potato) Straub and Snyder 2006 
Biological Control Predators Insects - Costa Rica Agroecosystem (coffe) Karp and Daily 2014 
Biological Control Predators Insects several families Switzerland Agroecosystem (cherry) Stutz and Entling 2011 
Biological Control Predators Insects several families USA Agroecosystem (cabbage) Northfield et al. 2014 
Biological Control Predators/Parasitoids Insects several families USA Agroecosystem (wheat) Safarzoda et al. 2014 
Biological Control Predators/Parasitoids Insects several families USA Agroecosystem (soybean) Liere et al. 2015 

Biological 
Control/Pollination Herbivors/Pollinators Coleoptera/Hymenoptera Curculionidae/Apoidea Sweden Agroecosystem (clover) Lundin et al. 2013 

Biological 
Control/Pollination Parasitoids/Pollinators Diptera/Hymenoptera/Insects 

Syrphidae/Apoidea/ 
several families England Agroecosystem (potato and wheat) Campbell et al. 2012 

Biological 
Control/Pollination Parasitoids/Pollinators Insects - Tanzania Agroecosystem (coffe) Classen et al. 2014 

Biological 
Control/Pollination Pollinators/Predators Hymenoptera Formicidae Indonesia Agroecosystem (cacao) Wielgoss et al. 2014 

Dung removal Coprophagous Coleoptera Scarabaeidae UK Grassland Beynon et al. 2015 
Dung removal Coprophagous Coleoptera Scarabaeidae France Grassland Tixier et al. 2015 
Dung removal Decomposers Hymenoptera Formicidae Kenya Savanna Milligan et al. 2016 

ES general several groups Insects several families USA Lakes McEwen and Butler 2010 
Food provision/Network Herbivors Lepidoptera - USA Agroecosystem (vineyards) Jedlicka et al. 2011 

Hydrological soil 
properties Coprophagous Coleoptera Scarabaeidae South Africa Grassland Brown et al. 2010 

Network control Predators Hymenoptera Formicidae South Africa Savanna Parr et al. 2016 
Nutrient acumulation Decomposers Blattodea - Kenya Savanna Pringle et al. 2010 

Nutrient cycling Necrophagous Insects several families USA Temperate forest Pechal et al. 2014 
Nutrient cycling Xilophagous Coleoptera/Isoptera Cerambycidae/Rhinotermitidae USA Pine forests Ulyshen et al. 2016 
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Pollination Pollinators Diptera/Hymenoptera/Insects 
Syrphidae/Apoidea/ 

several families Switzerland Agroecosystem (radish) Albrecht et al. 2012 
Pollination Pollinators Hymenoptera Apidae New Zealand Agroecosystem (cabbage) Sandhu et al. 2016 
Pollination Pollinators Hymenoptera Apidae Sweden Agroecosystem (faba bean) St-Martin and Bommarco 2016 
Pollination Pollinators Hymenoptera Apoidea Australia Eucaliptus forests Celebrezze and Paton 2004 
Pollination Pollinators Hymenoptera Apoidea Germany Grassland Ebeling et al. 2011 
Pollination Pollinators Hymenoptera Apoidea USA Agroecosystem (almond) Brittain et al. 2013 
Pollination Pollinators Hymenoptera Apoidea Germany Flowering plants Frund et al. 2013 
Pollination Pollinators Hymenoptera Apoidea Switzerland Grassland Buri et al. 2014 
Pollination Pollinators Hymenoptera/Insects Formicidae/several families South Africa Agroecosystem (mango) Carvalheiro et al. 2010 
Pollination Pollinators Hymenoptera/Lepidoptera Apoidea USA Prairie fen wetland Fiedler et al. 2012 
Pollination Pollinators Insects - France Flowering plants Fontaine et al. 2006 
Pollination Pollinators Insects several families UK Flower crops Carrie et al. 2012 
Pollination Pollinators Insects several families Italy Agroecosystem (vines) Brittain et al. 2010 
Pollination Pollinators Insects several families USA Agroecosystem (almond) Brittain et al. 2014 
Pollination Pollinators Insects several families Italy Agroecosystem (oilseed rape) Marini et al. 2015 

Pollination/Biological 
control Pollinators/Predators Insects several families Switzerland Agroecosystem (oilseed rape) Sutter and Albrecht 2016 

Recycling of matter Decomposers Collembola - Germany Agroecosystem (wheat) Wolfarth et al. 2013 
Recycling of matter Sapro/Xilophagous Blattodea/Coleoptera several families USA Temperate forest Ulyshen et al. 2014 

Seed dispersal Coprophagous Coleoptera Scarabaeidae Iran Rangeland Ardali et al. 2016 
Soil-water nutrient 

regulation/Soil water 
infiltration Decomposers/Predators Blattodea/Hymenoptera Formicidae England Agroecosystem (berries) Evans et al. 2011 

 
	


