
Received: 2 January 2021 Revised: 26 April 2021 Accepted: 2 May 2021

DOI: 10.1111/conl.12814

REVIEW

Insect threats and conservation through the lens of global
experts

Marija Miličić1,2 Snežana Popov3 Vasco Veiga Branco2 Pedro Cardoso2

1 BioSense Institute – Research Institute
for Information Technologies in
Biosystems, University of Novi Sad, Novi
Sad, Serbia
2 Laboratory for Integrative Biodiversity
Research (LIBRe), Finnish Museum of
Natural History Luomus, University of
Helsinki, Helsinki, Finland
3 Department of Biology and Ecology,
Faculty of Sciences, University of Novi
Sad, Novi Sad, Serbia

Correspondence
MarijaMiličić, BioSense Institute –
Research Institute for InformationTech-
nologies inBiosystems,University ofNovi
Sad,Novi Sad, Serbia.
Email:marija.milicic@biosense.rs

Additional supporting informationmaybe
foundonline in the Supporting Informa-
tion
section at the endof this article.

Funding information
KoneenSäätiö;Horizon 2020Frame-
workProgramme,Grant/AwardNumber:
664387;MinistarstvoProsvete,Nauke
i TehnološkogRazvoja,Grant/Award
Numbers: 451-03-9/2021-14/200125, 451-03-
9/2021-14/200358

Abstract
While several recent studies have focused on global insect population trends, all
are limited in either space or taxonomic scope. As global monitoring programs
for insects are currently not implemented, inherent biases exist withinmost data.
Expert opinion,which is oftenwidely available, proves to be a valuable toolwhere
hard data are limited. Our aim is to use global expert opinion to provide insights
on the root causes of potential insect declines worldwide, as well as on effective
conservation strategies that could mitigate insect biodiversity loss. We obtained
753 responses from 413 respondents with a wide variety of spatial and taxonomic
expertise. The most relevant threats identified through the survey were agricul-
ture and climate change, followedby pollution,while landmanagement and land
protection were recognized as the most significant conservation measures. Nev-
ertheless, there were differences across regions and insect groups, reflecting the
variability within the most diverse class of eukaryotic organisms on our planet.
Lack of answers for certain biogeographic regions or taxa also reflects the need
for research in less investigated settings. Our results provide a novel step toward
understanding global threats and conservation measures for insects.
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1 INTRODUCTION

Insects play a key role in providing numerous irreplaceable
services, many of which are critical to human survival and
wellbeing. Yet, most insects are noncharismatic at best
and perceived as pests at worst. As such, they receive little
attention (with a few exceptions, e.g., bees and butterflies,
which often capture the public’s attention), attracting
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few resources for monitoring and conservation (Krause
& Robinson, 2017; Mammola et al., 2020). Likewise,
recent studies on animal biodiversity confirm an under-
representation of insects in the published literature (Titley
et al., 2017). Nevertheless, declines have not only been
observed in relation to insect diversity and abundance
(Biesmeijer et al., 2006; Brooks et al., 2012; Roth et al.,
2020; Shortall et al., 2009), but also regarding total insect
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biomass. For example, one pioneer study conducted in 63
nature protection areas in Germany showed a dramatic
75% decline in total flying insect biomass, regardless of
habitat type (Hallmann et al., 2017).
When it comes to insect trends and threats, large-scale

studies and reviews covering this topic are scarce and
plagued by geographic and taxonomic biases (Cardoso
et al., 2019; Didham et al., 2020; Montgomery et al., 2020;
Simmons et al., 2019), with most literature being highly
focused on specific areas (with an overall research bias
on the Holarctic) and selected taxa not representative of
insects or even of insect subgroups (e.g., the large focus on
eusocial bees, only a part of all bees) (Goulson et al., 2015;
Wagner, 2020). The highest density of biodiversity research
occurs in temperate climates, markedly inWestern Europe
(Titley et al., 2017). Bearing in mind that an estimated 85%
of insect species are found in the tropics and south temper-
ate regions (Stork, 2018), under-representation of biodiver-
sity and conservation studies in these areas could lead to
false notions about the state of insect diversity and their
global spatial distribution. Hence, there is an urgent need
to know the status of insects across the globe and taxa.
Themost comprehensive study to date on insect declines

is the one by van Klink et al. (2020). In this paper, the
authors analyzed data from a total of 149 studies encom-
passing 1240 different sites in order to establish abundance
trends in populations of terrestrial and freshwater insects.
This effort nonetheless suffered from geographic bias with
74% of studies focusing on the Holarctic region. Addition-
ally, it also lacks an explicit summary of which taxa each
of its datasets covered, instead exploring further details on
the realms and stratums examined in each set. Finally, the
mix of data suffers from several problems of interpretation
(Desquilbet et al., 2020). While commendable and a con-
siderable effort on its own, it still leaves much potential
variation in the declines of unexplored regions and taxa.
Considering that global monitoring programs are not

implemented, and unbiased data are not available (Car-
doso & Leather, 2019), we must look for alternative strate-
gies to advance our knowledge on insects. Here we pro-
pose to use expert opinion. It frequently plays a funda-
mental role in conservation, providing substantive infor-
mation for decision making processes (Cook et al., 2010),
horizon scanning (Sutherland et al., 2004), and risk assess-
ments (Patterson et al., 2007). Moreover, the International
Union for the Conservation of Nature (IUCN) species
assessments, particularly regarding insects, almost invari-
ably depend on expert scientific judgment, and yet they
contribute to measure our progress toward global biodi-
versity conservation goals. Turning to expert knowledge to
generate comprehensive data gives us the opportunity to
access and explore valuable nonconventional data, over-

coming, at least partially, persisting geographic and taxo-
nomic data biases.
Our research focuses on the latest insights from experts

studying a wide variety of insects around the world. We
define experts as individuals possessing a high degree of
expertise related to insect taxa, including research, deci-
sion making, advocacy, applied science, and/or education.
Based on expert opinion obtained through the survey tack-
ling questions on main threats, as well as conservation
measures for insects, we identify the potential root causes
of insect population trends and extinctions across different
biogeographical regions and taxa. In addition, we identify
effective conservation strategies that could mitigate insect
biodiversity loss at a global level.

2 MATERIAL ANDMETHODS

We created a Google form query with 16 questions in six
main sections (Supplementary Material). The first set of
questions (1−4) aimed to provide information about the
demographic structure of the respondents (gender, experi-
ence, education, andwork responsibilities). Questions 5−7
were intended to reveal their biogeographic and taxonomic
expertise, which was used to sub-set the data. In the case
of taxonomic groups, we used order level. The only excep-
tion was for ants, which were analyzed as a separate group
since we considered them to be a distinct entity. Com-
pared to other Hymenoptera, we expected them to suffer
from different threats and require different conservation
actions. If the respondents’ expertise covered several bio-
geographic regions or taxonomic groups they could select
multiple regions and groups if threats and conservation
measures were deemed similar. If answers differed, they
were encouraged to fill the survey multiple times, one for
each region or taxon.Questions 8−9were related to the ser-
vices and disservices provided by insects. Questions 10−12
focused on the threats to insect populations and on their
current trends. Questions 13−14 addressed the current and
potential conservation measures focused toward insects,
including allocating potential funds for future projects.
Finally, questions 15 and 16 were intended to provide ref-
erences that support the previous answers and leave any
additional comments.
To ensure geographical coverage, we contacted around

100 entomological societies globally (list found on the web
page: www.entsoc.org), and asked them to distribute the
query among their members. We also contacted approxi-
mately 3000 corresponding authors from papers contain-
ing the word “insects,” published in international journals
in the last 10 years, found through Scopus search. Contact
emails were extracted manually from each paper.

http://www.entsoc.org
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To identify the variation in answers in regard to
demographic structure of the respondents, biogeographic
regions and taxa, we performed PerMANOVA with 99999
permutations within the R package vegan (Oksanen
et al., 2019), using all answers as response variables and
demographic structure of the respondents, biogeographic
regions and taxa as explanatory variables in the analyses.
In cases where respondents answered for multiple bio-
geographic regions or insect taxa, the answers were ana-
lyzed separately within each of the selected regions or
orders. To avoid dominance in answers coming from the
same respondent, we applied a weighted average, where
the weight of each answer was divided by the number of
answers coming from the same respondent (for multiple
regions or taxa). A weighted average was also used to over-
come possible unbalances in the number of answers for
different regions or taxa. Answers to questions regarding
threats and conservation of insects ranging from 1 to 5 (1,
not relevant at all; 2, little relevance; 3, somewhat relevant;
4, very relevant; 5, extremely relevant) were rescaled from
0 to 1 (0.2; 0.4, 0.6, 0.8, 1). The relevance score average
was bootstrapped (random selection of elements with rep-
etition) to obtain upper and lower confidence limits. The
procedure was conducted for answers from all regions and
taxa together for a global analysis, and then separately for
all eight biogeographic regions and all taxa for whichmore
than 10 answers were available (the remaining taxa were
grouped under “Other”).

3 RESULTS

We obtained 439 responses. Several doubtful answers were
eliminated, which included selection of only “unknown
relevance” options in the entire survey, selection of all
regions and all orders, or the indication that answers relate
to noninsects (spiders). In total, the final data set contained
429 responses from 413 participants. When responses that
contained selections of multiple regions or taxa were frag-
mented, we obtained a total of 753 answers.

3.1 Demographic structure of the
respondents

Participants in the survey were predominantly male (298),
researchers (359), with more than 10 years of experience
(291) and with a PhD (318) (Table S1). The PerMANOVA
analysis showed that in most cases, respondent demog-
raphy did not influence their answers regarding threats
and conservation of insects (Table S2). However, there was
within-group variation in answers based on respondents’
education. To account for this, all consecutive analyses

were conducted in two ways: (1) analyzing all answers
together, and (2) analyzing answers from respondents
holding a PhD degree versus answers from all respondents
with other levels of education. Separate analyses are pre-
sented in Supplementary Material (Figures S1–S8). In gen-
eral, the results between two groups were broadly similar,
with main difference being that respondents with other
levels of education placed smaller weight to agriculture as
a threat, than PhD holders.

3.2 Answers per region and taxon

Expertise on the Western Palearctic (Figure 1) and on the
orders Coleoptera, Lepidoptera, and Diptera were domi-
nant (Figure 2). The PerMANOVA analysis showed that
there were statistically significant differences in answers,
based on both biogeographic region and taxon (Table S4).

3.3 Threats

At a global level, the most relevant threats for insects iden-
tified by the survey were agriculture and climate change,
followed by pollution, natural system modifications, inva-
sive species, and residential and commercial development,
which all were significantly different from the first two, as
shown by the bootstrap analysis (Figure 3). The Afrotropi-
cal, Neotropical,Western Palearctic, andNearctic followed
the global pattern regarding the three top-rated threats.
In the Eastern Palearctic, Indomalayan, Australasian, and
Oceanian regions, residential and commercial develop-
ment was among the top-rated threats. The most notice-
able difference was in Oceania, where coextinctions were
listed among the most significant threats, next to those
coinciding with the global pattern (Figure 3).
Inmost cases, analyses per insect order revealed that the

trends followed the global pattern, with agriculture, cli-
mate change, and pollution being identified as the most
important threats for most orders (Figure 4). Contrast-
ingly, for the aquatic taxa (Ephemeroptera, Plecoptera, and
Trichoptera—EPT), however, natural system modifica-
tions were selected as the most relevant threat. These were
also among themost significant responses forOdonata. For
ants, in addition to agriculture and natural system modifi-
cations, invasive species were among the top-rated threats,
with no statistical differences from the first two.

3.4 Population trends

There was a perceived decreasing trend in almost all biodi-
versity parameters, excluding phylogenetic and functional
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F IGURE 1 Distribution of answers (with number of respondents) per biogeographical region. Biogeographic regions: a, Nearctic; b,
Western Palaearctic; c, Eastern Palaearctic; d, Oceania; e, Neotropics; f, Afrotropics; g, Indo-Malaya; e, Australasia

F IGURE 2 Distribution of answers (with number of respondents) per insect order
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F IGURE 3 Global and biogeographic section-based significance of most relevant threats for insects. Confidence limits were calculated
by bootstrap. Bars represent average relevance scores for each threat based on answers from respondents. Biogeographic regions: a, Nearctic;
b, Western Palaearctic; c, Eastern Palaearctic; d, Oceania; e, Neotropics; f, Afrotropics; g, Indo-Malaya; e, Australasia; i, global

F IGURE 4 Significance of threats for insects by order. Confidence limits were calculated by bootstrap. Bars represent average relevance
scores for each threat based on answers from respondents

diversities, for which the trends were mostly reported as
stable or unknown (Figure 5). It is also worth mentioning
that, except in the cases of species richness and abundance,
around one third of the respondents marked “unknown
trend” for the different measures. Regarding the stable
and positive trends, species richness was depicted as being
mostly stable in Oceania, Indomalaya, and the Afrotrop-
ics and beta diversity in space and time in the latter two.
On the other hand, biomass was thought to be most sta-
ble in the Indomalayan and Nearctic regions, while phy-
logenetic and functional diversity were marked as hav-
ing the steadiest trends in the Indomalaya, with 65% of

the answers focused on this area following this opin-
ion, possibly reflecting the fact that unique functions or
branches in the tree of life are not necessarily lost at
the same pace as other metrics, but not that they are
not lost at all. The highest number of answers for pos-
itive trends was for the complexity of ecological net-
works. Proportionally highest values were found for the
Australasian and Afrotropical regions, with 27% and 22%
of respondents indicating an increasing trend for this
parameter, respectively. Similarly, the Australasian region
had the highest percentage of answers indicating positive
trends in phylogenetic diversity, while the Afrotropics and
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F IGURE 5 Trends of insect populations. Values (number of answers) are represented in percentages

F IGURE 6 Global and biogeographic section-based significance of conservation measures for the preservation of insects. Confidence
limits were calculated by bootstrap. Bars represent average relevance scores for each conservation measure based on answers from
respondents. Biogeographic regions: a, Nearctic; b, Western Palaearctic; c, Eastern Palaearctic; d, Oceania; e, Neotropics; f, Afrotropics; g,
Indo-Malaya, h, Australasia; i, global

the Nearctic showed most positive trends in functional
diversity.

3.5 Conservation measures

The conservation measures considered most (and equally,
as revealed by the bootstrap) relevant for the global preser-
vation of insects were land management and land protec-
tion (Figure 6). In most cases, answers per biogeographic
region followed the global trend, with slight but nonsignif-
icant variations between land management and protec-
tion identified as the most important. However, focusing
on the differences between geographical regions, in the
case of the Nearctic, Indomalayan, and Eastern Palearc-
tic regions, education was listed among the most rele-

vant. In the Nearctic region, law and policy was also rec-
ognized among the most relevant conservation measures
(Figure 6).
There were some differences in answers regarding the

most relevant conservation measures between different
insect groups (Figure 7). In Hymenoptera, Hemiptera, and
Diptera, education was identified among themost relevant
conservation measures, next to land protection and land
management. In Diptera and Hemiptera, law and policy
were also marked as being highly important.
Regarding the allocation of the conservation invest-

ments, respondents would primarily dedicate funds for
research of insect biodiversity, followed by monitoring of
biodiversity and acquisition of new protected areas. Man-
agement of protected areas, education andmanagement of
unprotected areaswould follow,while the smallest amount
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F IGURE 7 Significance of conservation measures for the preservation of insects by order. Confidence limits were calculated by
bootstrap. Bars represent average relevance scores for each conservation measure based on answers from respondents

F IGURE 8 Allocation of funds for conservation investments.
Values are calculated as the mean percentage of all given answers
for each investment separately

of funds would be allocated to ex-situ conservation of
insects (Figure 8).

3.6 Services and disservices

Respondents of the query considered that the most rele-
vant services provided by insects are within provisioning
services, namely monitoring of habitat quality and bio-
control (Figure 9). Among regulating services, pollination

was depicted as themost significant, while nutrient cycling
through saprophagy and coprophagy were the most rele-
vant supporting services. Serving as models for scientific
research was themost significant cultural service provided
by insects. Pest damage to agriculture and acting as inva-
sive species were selected as main disservices of insects
(Figure 10).

4 DISCUSSION

Undoubtedly, an understanding of the pros and cons of
using expert opinion is valuable when gathering and inter-
preting data. Although we are aware of the fact that expert
opinion is prone to subjectivity, it has already proven to
be highly beneficial for conservation science (Martin et al.,
2012). For global insect conservation it offers the best avail-
able scientific knowledge and fresh perspectives on regions
and taxa that have largely remained unexplored. With
a wide geographical and taxonomic representation, our
study should paint a picture that if not more precise (less
variance), then arguably more accurate (less bias), while
by using a weighted approach for both regions and taxa we
further decrease potential biases.

4.1 Threats

Although recent research on the topic addresses the most
common threats for insects, they mainly provide a list of
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F IGURE 9 Relevance of insects to the provision of various ecosystem services, as selected by the respondents. Values inside the bars
represent the number of answers for the particular option

F IGURE 10 Relevance of insects to the provision of various ecosystem disservices, as selected by the respondents. Values inside the bars
represent the number of answers for the particular option

possible threats, without scoring their severity. The Con-
vention on Biological Diversity, representing one of the
most significant international legal instruments for biodi-
versity conservation, recognizes five major pressures (loss,
degradation, and fragmentation of natural habitats, over-
exploitation of biological resources, pollution, impacts of
invasive alien species and climate change, and acidifica-

tion of the oceans) (Secretariat of the Convention on Bio-
logical Diversity, 2014), but does not provide their ranking
of importance. To the best of our knowledge, there is only
one study scoring the threats for terrestrial, marine and
freshwater animal organisms, separately for vertebrates
and invertebrates (but not exclusively for insects). (Don-
aldson et al., 2016). Namely, this study included all animal
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species categorized as threatened on the IUCN Red List,
based on the available data in 2012, encompassing 10615
species in total, out of which 3642 were invertebrates (1553
among terrestrial, 1809 in freshwater, and 280marine). The
main threat for terrestrial invertebrates was agriculture,
as in our study. Land transformation caused by agricul-
tural activities leads to habitat loss and biotic homogeniza-
tion (Olden & Rooney, 2006), both of which subsequently
drive the loss of species (Dalzochio et al., 2018; Polus et al.,
2007).The second most significant threat in the study of
Donaldson et al. (2016) for terrestrial invertebrates was
hunting and trapping, which was not scored as extremely
relevant in our study. This is probably due to biases in the
IUCN red list, whose efforts often focused on taxa known
to be hunted for food or pets in many countries, including
mollusks and spiders, often hunted and included in illegal
pet trade (Fukushima et al., 2019). Despite its importance
(Fukushima et al., 2020), and as recognized by the respon-
dents, other threats should bemore important for the over-
all diversity of insects, most of which are not hunted,
given their little importance for human consumption. The
second most significant threat in our study was climate
change. This goes in hand with the existing concern that
current climate change impacts on biodiversity are several
magnitudes lower than those foreseen for the future and
also the fact that it is a recent concern, probably not con-
sidered by many of the assessors in IUCN in the past.
Considering the variety of contaminants in the environ-

ment that can threaten insects, it is not surprising that pol-
lution was rated as one of the most serious threats among
the respondents in our study. Specifically, it was depicted
as the secondmost relevant threat for both Coleoptera and
the EPT community. Due to their dependence on water, at
least during part of their life cycle, different water effluents
constitute a severe threat for these communities (Chi et al.,
2017). In a comparable study of Donaldson et al. (2016),
pollution was listed as number one stressor for freshwater
invertebrates, but not significant for the terrestrial ones.
Certain regions showed a contrasting pattern regarding

the scoring of the most severe threats, confirming the
presence of geographical variation. In Oceania, agricul-
ture was scored as being a less significant threat than
climate change. This might be due to sea-level rise, and
increased incidence and intensity of floods and droughts,
as a consequence of climate change (Campbell & Bedford,
2014). Additionally, coextinctions were also depicted as
a very important threat for Oceania. The insular nature
of this region supports high levels of localized endemism
(Kier et al., 2009), with the extinction of host animals or
plants for some insect groups promoting the extinction
of dependent insects as well. Oceania was also the region
where invasive species were given higher weight. Islands
are particularly prone to the effects of invasions due to

their spatial and temporal isolation (Borges et al., 2020),
with native species often incapable of adapting to new
competitors, predators, or parasite species. However, it is
worth noting that Oceania was the region with the lowest
number of respondents. Confidence intervals in this case
were proportionally high, so this result should be taken
with caution.
In the Indomalayan region, residential and commercial

development was marked as a very significant threat, not
significantly lower than agriculture and climate change.
Wattanachaiyingcharoen et al. (2016) found that a low
standard of management in the tourist industry in Thai-
land may cause an accelerated reduction of the fire-
fly fauna in this region. Furthermore, due to recent
unplanned developmental activities, some areas in the
Indomalayan region have displayed signs of rapid habi-
tat destruction, negatively affecting biodiversity (Bhat-
tacharya, 2019), which might explain why respondents
from this region gave increased weight to this threat.

4.2 Population trends

Due to the extent and severity of threats that insects are
facing worldwide (Cardoso et al., 2020; Wagner, 2020), it
was somehow expected that respondents would identify a
mainly decreasing trend in parameters reflecting the status
of insect populations. Depending on the drivers of change,
however, there might be some winners as well. Focusing
on the portion of answers indicating the existence of a sta-
ble, or even an increasing trend, it can be noted that cer-
tain biogeographic regions, according to experts, might be
less affected by insect population declines. A dominant
contribution of a particular insect order to all these pos-
itive trends was not observed. This might be interpreted,
albeit cautiously, as good news, indicating that there are
taxa from different orders managing to cope with the exist-
ing pressures causing insect declines.
It is hard to find one reason that would explain sta-

ble or positive trends in different biogeographical regions,
each of them possibly requiring different reasoning. We
hypothesize that the Afrotropics, Indomalayan, and Aus-
tralasian regions (i.e., certain areas in those regions),
which showed most stable and positive trends for differ-
ent population metrics, are less affected by habitat loss
than the others, providing relatively large areas of nat-
ural habitats, thus managing to sustain large and stable
populations of different insect groups. Globally, the levels
of deforestation in the period 2015–2020 had a decreasing
trend compared to 2010–2015 (FAO & UNEP, 2020). How-
ever, in spite of a generally decreasing trend, these levels
are still high, with the largest losses attributed to Brazil
(Weisse & Goldman, 2020). Another reason might be that
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in general there are less studies reflecting and quantify-
ing habitat loss in these areas, compared to the well inves-
tigated Western Paleartic or the Neotropics (Ramsfield
et al., 2016).
Nevertheless, it is noteworthy that in almost one third of

the answers respondents selected unknown trends, which
indicates that, even with the recent rise in the number of
papers tackling insect declines, the most diverse class of
animal organisms on the planet is still severely understud-
ied, hence a nuanced view of insect declines or increases
according to taxon and region is needed (Montgomery
et al., 2020).

4.3 Conservation measures

In our study, land management and land protection were
recognized as the most relevant conservation measures for
the global preservation of insects across regions and taxa.
Many regions worldwide have been lagging in the pro-
tection of relevant areas for insect conservation (Taylor
et al., 2018). Taking a landscape perspective to protection
and management of insect biotopes is in fact one of the
most effective ways to protect countless taxa, their unique
ways of life, evolutionary history, and complex networks
(Samways et al., 2020). Increasing the area and connectiv-
ity of protected zones promotes richer insect communities,
particularly regarding sensitive orderswith specific habitat
requirements, such as the EPT (South et al., 2019).
Next to land management and land protection, the

respondents highlighted education as a highly relevant
conservation measure. Education is listed as the second
most important conservation measure for the Indoma-
layan and Eastern Palearctic regions, before land pro-
tection (albeit not significantly). Information about the
Indomalayan fauna is politically and linguistically frag-
mented among numerous publications. Often it is not easy
to obtain information from conservation literature, as it
is more focused on vertebrate species while insects are
clearly under-represented (Di Marco et al., 2017). Insuffi-
cient research attention in these regions when it comes to
insects leaves a mark on environmental education activ-
ities. Education and education campaigns as a tool for
conservation were particularly recognized by those who
responded to the survey for the orders Hemiptera and
Diptera. Dealing with large gaps in taxonomical, biolog-
ical, and ecological knowledge of insects should be of
high priority on all educational levels. A recent, com-
prehensive review revealed that education, prompts and
feedback interventions resulted in positive environmen-
tal behavior when it comes to conservation volunteer-
ing (Thomas-Walters et al., 2020). However, the authors
argued that the strongest impact could be achieved only

by combined multiple interventions, which has been
also suggested by a recent study dealing with educa-
tion and behavioral transformations in the field of con-
servation policies (Marselle et al., 2020). Citizen science
projects combined with education programs could cre-
ate a natural learning environment and greatly increase
community-based conservation outcomes, providing data
with clear conservation relevance (Oberhauser & Prysby,
2008), as well as favoring connection between citizens and
scientists.
According to the respondents, the least relevant among

all conservation measures was species management. A
recent survey of biodiversity experts (Javeline et al., 2015)
identified managed relocation as one of the most effective
strategies in reducing extinction risks for insects due to
climate change. However, this strategy can lead to unin-
tended harmful consequences, such as putting nontarget
species at risk. A common challenge in insect species con-
servation and management is how to manage species of
which our knowledge is limited, particularly in relation to
life-cycle interventions,which is a pre-requisite for the suc-
cessful implementation ofmanagement actions.Moreover,
handling the enormous richness of insect orders makes
it difficult to manage species individually. Nevertheless,
species management may be a tool to be explored further
in insect conservation, namely for relatively well-known
species within very limited areas that undergo habitat
recovery. For instance, big progress in the Lord Howe
Island stick insect’s conservation story assures that care-
ful species management could lead to successful reintro-
duction of a critically endangered insect species within the
next few years (McGrath et al., 2017).
The respondents indicated that they would primarily

fund research and monitoring of insect biodiversity. It was
interesting to read one of the comments a respondent
wrote, “I enjoyed the allocation exercise. As with most of
the tropics, the Asian tropics host a high level of insect
biodiversity, but a relatively poor understanding of what
is out there and what to do with it. For this reason, my sug-
gested allocations were more heavily weighted to research
and monitoring then I might otherwise prefer (which is to
generally prioritize protected area establishment andman-
agement).” Incorporating insects into protected area mon-
itoring activities is possible only with well-documented
species inventories (McGeoch et al., 2011), which brings
us back to the recognized gaps in taxonomical, biological,
and ecological knowledge of insects and the need to build
unbiased monitoring programs at a global scale (Cardoso
& Leather, 2019). We do assume that experts involved in
insect-related research studies would place research and
monitoring at the top of the conservation measure invest-
ments scale, confirming the subjective view that expert
opinion sometimes brings. This was further verified by the



MILIČIĆ et al. 11 of 14

respondents engaged in management or decision making,
who prioritizedmanagement of both protected and unpro-
tected areas (and education) over research andmonitoring.

4.4 Services and disservices

A recent study shows that the most studied ecosystem ser-
vices provided by insects are pollination, biological control,
food provisioning and recycling organic matter (Noriega
et al., 2018). Beside biocontrol, the respondents selected
monitoring of habitat quality as the most relevant service
among provisioning services. Among the regulating and
supporting services, as expected, pollination and nutrient
cycling through saprophagy and coprophagy were selected
as the most significant. Most likely due to the subjective
nature of expert opinion, the experts in our study recog-
nized serving as models for scientific research as the most
significant cultural service provided by insects. Indeed,
this ecosystem service provided by insects has been dis-
cussed in many recent studies in different scientific fields
worldwide, including evolutionary (Wang et al., 2016),
toxicology (Coates et al., 2019), biomonitoring (Miguel
et al., 2017), and robotics research (Mintchev et al., 2017).
Although acknowledgment of cultural and spiritual val-
ues of insects in relation to their conservation has been
recently introduced in studies (Hill et al., 2019; Greyven-
stein et al., 2020), the respondents somehow neglected
these services.
Pest damage to agriculture and species invasions were

listed as the most significant disservices. The flows of ser-
vices and disservices, at least in agricultural ecosystems,
directly depend on how ecosystems are managed at differ-
ent landscape scales (Zhang et al., 2007) and this should
be considered when planning policy-relevant entomologi-
cal research that can influence agricultural practices. Con-
versely, most experts listed disservices such as disease
transmission and injuries and poisoning as not relevant at
all, probably due to prior knowledge (which has an effect
on general attitudes toward poisonous and venomous ani-
mals). A recent study (Tomažič et al. 2020) shows that
even a short exposure to live animals, perceived or actu-
ally dangerous, canhave a positive influence to humanatti-
tudes. The authors argue that the presentation of the com-
mon poisonous insects in themedia is unequal; positive for
bees, but less favorable for wasps and least for mosquitos.
A constructive expert role in public dialogues could con-
tribute to specific knowledge (Reincke et al., 2020) and
mitigate fears to appropriate proportions. In any case, this
is somewhat surprising, given the role of insects, namely
Diptera, in spreading numerous deadly diseases, butmight
reveal some bias against tropical settings in the expertise.

4.5 Implications for conservation and
management

Our study suggests that using inputs from experts can
provide useful insights on the planning and implementa-
tion of insect conservation management and policy. For
instance, although agriculture and climate change are pro-
foundly affecting biodiversity worldwide, there are certain
areas, mostly in tropical regions, where residential and
commercial developmentwas among the top-rated threats.
In this scenario, when threats recognized can be signifi-
cantly influenced locally or regionally (through the inte-
gration of biodiversity into local policies and developmen-
tal schemes), priority actions should be tailored to suit
these specific regions. One such conservation effort based
on extensive research on hoverfly species and their habi-
tats in Serbia enjoyed a high level of success generating an
important legal achievement; three areas were protected
based exclusively on hoverfly fauna (Pil & Vujić, 2004).
This is the first example of site protection hinged solely
on diversity and the importance of Dipteran species in
Europe (Vujić et al., 2016) and could serve as a model for
future use. Furthermore, insights from experts regarding
the allocation of funding might be a valuable asset when
shaping conservation policies, taking into account impor-
tant relations between threats, conservation actions, and
their impact on biodiversity, aswell as limited funds.Deter-
mining such relationships is crucial for selecting conserva-
tion actions thatwill lead to desired outcomes (Carwardine
et al., 2012).

5 CONCLUSION

Our study shows that experts consider agriculture, cli-
mate change, and pollution as the three main drivers
for insect declines, while land protection and land man-
agement are identified as the most prominent conser-
vation measures that might aid in the preservation of
insects and mitigation of negative consequences world-
wide. However, there was variation in both the threats
and conservation measures identified as the most rele-
vant across different biogeographic regions and taxonomic
groups. This suggests that each case must be studied
individually when addressing threats and designing con-
servation actions, depending on the target area or tax-
onomic group of species. A decreasing trend in param-
eters reflecting the status of insect populations, as well
as the extreme significance of insects, as reflected in the
numerous ecosystem services they provide, calls for global
monitoring programs and a specialized approach in con-
servation for each particular case. Expert opinion could
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be our best bet in many regions where data are scarce,
shedding new light on understudied regions and insect
taxa.
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