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Insects impact many aspects of human life, shaping ecosystems, driving economies, and serving as muses for the arts and 
music. They pollinate crops and gardens, and are food sources for many animals, including humans. They can vector pathogens 
that cause disease and can be pests in urban and rural settings. Given current rates of decline in insects, vital positive 
human–insect interactions may be disrupted, and negative interactions exacerbated as insect abundance and biodiversity 
decrease. Here, we review some of the ways that insects impact human quality of life and how their decline may impact 
humanity.
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Introduction
Insects are declining both in abundance (e.g. Hallmann et al. 
2017, Wagner 2020, Saunders et al. 2025) and in diversity (e.g. 
Sánchez-Bayo and Wyckhuys 2019). Declines have been 
reported in several insect groups when comparing collections 
made over decades. Winged insects and basal hexapods evolved 
∼400 million years ago (Labandeira 2006, Grimaldi 2010, 

Bernhard et al. 2014), long before our most distant, early homi-
nin ancestors evolved 6 to 7 million years ago (Brunet et al. 
2002). As such, we have never known a world without insects, 
and it is difficult to adequately predict how different an 
insect-free world would be. Insects are vital to the human con-
dition, providing ecosystem services like pollination and 
decomposition, but they are also shapers of human culture, 
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from Indigenous cultures to ecotourism and the pet hobby 
industry. They are used in forensic entomology and serve as 
food for countless organisms, including an estimated 2 billion 
of the world’s human population (Food and Agriculture 
Organization of the United Nations 2013).

There are over 1.1 million described insect species (Stork 
2018), and the ways that people interact with them vary dra-
matically across taxa. A single species, Apis mellifera, the 
Western honey bee, is beloved; people plant pollinator gardens 
to support honey bees, and honey bees are reared in backyards 
and agricultural hives. By contrast, Pediculus humanus, the 
head louse, or Cimex lectularius, the common bedbug, are 
almost universally reviled (Fig. 1). The ways that we interact 
with insects also vary regionally, as species of insects regularly 

encountered by people change from rural to suburban to urban 
settings. Furthermore, insects can be deadly in some regions of 
the world, but not in others; Anopheles mosquitoes vector the 
pathogen that causes malaria and are responsible for more than 
600,000 human deaths annually (Fig. 1; WHO 2025a). Indeed, 
to understand the impact of insect biodiversity loss and how it 
will impact people requires a global perspective that considers 
all aspects of the insect tree of life.

Here, we review the myriad roles that insects play in the con-
text of human health, economies, and culture, with an emphasis 
on the impact that declines in insects can have. While insects are 
involved in many aspects of human life, we have chosen here to 
focus on their impact on food, water, and energy, economies and 
livelihoods, human health and security, and cultural identity.

Fig. 1.  Insects can be appreciated for their beauty and cultural significance, like butterflies and (A) damselflies (illustrations: B. Klein), or for their 
ecosystem services, like pollinating bees and (B) decomposing dung beetles (multimedia models: B. Klein). Others are almost universally reviled, like (C) 
the human head louse, Pediculus humanus (photo: Stephen Doggett) and (D) the Asian tiger mosquito, Aedes albopictus (photo: Ary Faraji).
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Throughout our review, we implement standardized lan-
guage adopted by the Intergovernmental Science-Policy 
Platform on Biodiversity and Ecosystem Services (IPBES) to 
assess the available evidence and general consensus for our 
major conclusions (Díaz et al. 2015, Díaz et al. 2019). 
Conclusions are italicized and labeled into 4 categories: those 
based on meta-analysis, a similar synthesis, or many indepen-
dent studies that agree (well established); those for which there 
is broad agreement but limited research (established, but 
incomplete); those with many studies but inconsistent or con-
tradictory results (unresolved); and those with limited evidence 
and major gaps in understanding (inconclusive) (Figure SPM.
A2 in IPBES 2019, see also (Moss and Schneider 2000).

Access to Food, Water, and Energy
Pollination, Pest Regulation, and Decomposition 
Services by Insects Are Essential for Agricultural 
Crops and Wild-Collected Fruits and Seeds (Well 
Established)
Food security, fundamental to human survival, is intricately 
linked to insect biodiversity. Many insects pollinate crops, 
aerate soil, and cycle nutrients, all of which are essential 
ecosystem services that underpin food production. Insects 
pollinate approximately three-quarters of the world’s crops, 
accounting for over 40% of their yields (Siopa et al. 2024), 
and play a major role in the provisioning of vitamins and 
essential micronutrients for people (Eilers et al. 2011). In 
addition to agricultural plants, roughly 80% to 90% of wild 
plants are pollinated by animals, the vast majority of which 
are insects (Ollerton et al. 2011, Ollerton 2017, Rodger et al. 
2021, Tong et al. 2023), and many of these plants are central 
to food security. Wild-collected fruits and seeds are import-
ant in the diets of 100s of millions of people globally 
(Shackleton and De Vos 2022, Pironon et al. 2024) and are 
critical genomic resources for crop breeding (Migicovsky 
2025). As decomposers, insects influence soil fertility and 
structure, thereby affecting crop yields (Neher and 
Barbercheck 2019, Griffiths et al. 2021). Predatory and par-
asitoidal insects also regulate crop pests, reducing herbivory 
and maintaining yields (Stiling and Cornelissen 2005, 
Boldorini et al. 2024).

Insects Serve as Food for People, Livestock, and 
Animals that People Rely on as Food Sources (Well 
Established)
Eating insects as food (entomophagy) and using them as animal 
feed have been practiced for millennia, with the earliest records 
of entomophagy occurring over 10,000 years ago (Olivadese 
and Dindo 2023). Today, more than 1,600 insect species are 
traditionally eaten worldwide (Itterbeek and Pelozuelo 2022), 
and over 470 species are regularly eaten by people on the 
African continent alone (Kelemu et al. 2015). Far more insect 
species serve as feed for other organisms that people rely on. 
Many insects, especially grasshoppers, locusts, crickets, moth 
caterpillars, beetle larvae, and termites, are highly nutritious 
food sources and also benefit livestock production (van Huis 
et al. 2021, see Fig. 2 for examples of edible insect dishes). The 
use of insects as food and feed has grown rapidly in recent 
decades because insect farming requires less water, land, and 
chemical inputs than beef and other agricultural products (e.g. 

Oonincx and de Boer 2012, Matandirotya et al. 2022) and is 
a relatively sustainable food system that creates employment 
opportunities, especially in rural areas (Matandirotya et al. 
2022). Moreover, insects are a major food source for vertebrate 
species (Cook et al. in review), many of which are hunted, 
trapped, or fished for sport or subsistence (e.g. trout: Kruzhylina 
and Didenko 2011).

Access to Freshwater Is Regulated by Insects, 
Which Provide Critical Ecosystem Services Like 
Water Purification and Nutrient Cycling (Well 
Established)
Freshwater is a vital, limiting resource upon which much of 
life depends. Aquatic insects are key filters, purifiers, and indi-
cators of water quality. They maintain freshwater quality by 
breaking down organic matter and cycling nutrients, and also 
improve water clarity by limiting the amount of nitrogen and 
phosphorus available to algae (Suter and Cormier 2015). 
Because many aquatic insect taxa are sensitive to water quality, 
especially in their larval stages, they are critical for monitoring 
pollution and aquatic ecosystem health (Paisley et al. 2014, 
Castillo-Figueroa et al. 2018) and serve as bioindicators of 
water quality. Many plants also play a role in water purifica-
tion (Kola et al. 2025, Lu et al. 2025), and the insect pollinators 
play a key role in maintaining plant populations, thus indirectly 
supporting access to water through their many ecosystem 
functions.

Global Energy Demands Are Met In Part by Insects, 
Which Provide Pollination and Pest Regulation 
Services for Biofuel Crops, and Are Themselves 
Used in Insect-Based Biofuels (Established but 
Incomplete)
Many insects are pests of agricultural crops, but despite this 
status in some systems, insects also play vital roles in crop 
production. Given their important roles in soil formation and 
decontamination, plant pollination, and pest control (Grames 
et al. 2026), insects are fundamental to the production of bio-
fuel crops such as canola (Brassica), sunflowers (Helianthus), 
and jatropha (Euphorbiaceae) (Abrol 2024). These same func-
tional roles also make them indispensable for the population 
persistence of wild woody and herbaceous plants used for fuel 
(Landis and Werling 2010). The use of insects, such as termites 
and black soldier flies, as biofuels (e.g. to produce biodiesel or 
biogas) is an emerging field of research due to their efficient 
processing of organic waste and high lipid content (Ali et al. 
2022, Odoi-Yorke et al. 2025).

Economies and Livelihoods
Economies Driven by Edible Insects Improve 
Socioeconomic Well-Being in Rural Areas 
(Established but Incomplete)
The use of insects as food and feed has evolved from oppor-
tunistic collection of insects for food in early human history 
(Olivadese and Dindo 2023) to economies based on the col-
lection, rearing, and manufacturing of insect-derived prod-
ucts that form the backbone of economies in many developing 
regions (van Huis 2013, Kipkoech et al. 2023, Shen et al. 
2023, Caparros Megido et al. 2024) and in urban centers for 
use in pharmaceuticals and biotechnology. As a livelihood, 
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the collection and trade of edible insects contribute to socio-
economic well-being, especially for rural families, and con-
tribute to the Sustainable Development Goals of no poverty 
and achieving economic empowerment for women. Selling 
edible insects can generate roughly $3 USD per day in Nigeria 
(Adeoye et al. 2014), and in some cases, results in a house-
hold income greater than can be achieved by farming agri-
cultural crops (Chidumayo and Mbata 2002). The price per 
kilogram of grasshoppers is valued at more than goat meat 
(Agea et  al. 2008). Collectively, the economic value of 
mopane worms in southern Africa is valued at anywhere 
from $39 to 84 million USD annually (Hope et al. 2009, 
Hlongwane et al. 2021). Edible insects can provide a stable 
livelihood and buffer local economies and food security when 
other harvests fail (Hope et al. 2009, Imathiu 2020). The 
income generated from edible insect collection and rearing 
is typically used for basic household needs such as paying 
school fees for children or buying food (Hlongwane et al. 
2021), indicating the importance of this income source for 
fundamental quality of life in rural areas.

Women-Driven Economies in Lower- and 
Middle-Income Countries Are Heavily Dependent 
on Edible Insects (Established but Incomplete)
In regions where entomophagy is common, especially in many 
parts of Africa and Asia, the collection and trade of edible 
insects is a viable livelihood that has a relatively low cost of 
entry and is often dominated by women (Fig. 2; Hope et al. 
2009, Imathiu 2020) or youth (Bvochora and Galavotti 2025). 
The edible insect economy in these regions is nearly entirely 
driven by women, who are often responsible for the entire value 
chain, including collecting, processing, and selling insects 
(Adeoye et al. 2014, Kenis et al. 2025). For instance, in parts 
of southern Africa, more than 95% of mopane worm harvesters 
are women (Illgner and Nel 2000), and this number can be as 
high as 99% for commonly harvested and traded grasshoppers 
(Alaroker et al. 2025). Women are especially involved in insect 
harvesting, a practice passed down from generation to gener-
ation (Netshifhefhe et al. 2018) and often associated with sub-
stantial cultural traditions (Agea et al. 2008). Women are often 
less involved in later stages of the edible insect economy, such 

Fig. 2.  Entomophagy: (A) Joseph Yoon of Brooklyn Bugs creates culinary delights, here featuring ants, superworms, bee pollen, and honey, prepared in 
the United States (photo: B. Klein). (B) “Maungu” saturniid moth caterpillars feeding on mango tree leaves, they are a traditional delicacy in Kilifi, Kenya 
(photo: E.Kioko), (C) Orthoptera for sale on a food stall in Yunnan, China, and (D) Vespa sp. larvae (with nests featured on table) on sale for consumption 
at a market in Yunnan, China (photos C & D: J. Ollerton).
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as trade and marketing (Agea et al. 2008), and there are safety 
concerns during collecting (Netshifhefhe et al. 2018). More 
recently, efforts to farm insects such as crickets have the poten-
tial to transform women-driven economies. On farms in East 
Africa, more than 70% of all workers rearing black soldier flies 
as edible insects are women (Tanga and Kababu 2023); how-
ever, this sector is rapidly growing and general patterns of 
demography in this industry are unclear (Kenis et al. 2025). 
Many of these edible insects that form the basis of women-driven 
economies are predicted to be in decline; models by Shen et al. 
(2023) suggest that mopane worm habitat, for example, is pre-
dicted to decrease by 70% by the year 2080. Given the impor-
tance of insects to women-driven economies of insect rearing 
and harvesting, declines in insect abundance and diversity could 
result in the loss of these essential sources of protein, associated 
economic benefits, and related cultural heritage practices 
(Braun 2017), which in turn would negatively impact the lives 
of many women and limit their access to financial empower-
ment and independence.

Beekeeping Is Central to Social and Cultural Identity 
in Many Regions, and Is a Key Component in the 
Economies of Many Regions (Established but 
Incomplete)
Among pollinators globally, perhaps the most well-known is 
the Western honey bee (see Fig. 2), and while honey bees are 
important garden pollinators, they are not native to much of 
their habitat and are a “managed exotic” species. The Western 
honey bee is native to Europe, Africa and Western Asia, but 
it has been introduced everywhere except Antarctica as a vital 
pollinator for human agriculture (Moritz et al. 2005). Bees 
have been cultivated by people for honey for millennia with 
honey collecting depicted in the early Neolithic cave art at 
Cuevas de la Araña in Valencia, Spain (Kritsky 2020). For 
commercial beekeeping, colonies are transported across land-
scapes to provide pollination services for high-value crops, 
linking insect biology directly to food security and rural econ-
omies. During the last 20 years, honey bee hives have suffered 
from colony collapse disorder (CCD), where many to most 
members of a hive die off unpredictably. Research suggests 
that a combination of invasive hive beetles (Aethina tumida) 
and Varroa mites (Varroa destructor) that feed on developing 
bees in the hive, along with certain pesticides, may be the 
main cause of CCD. Bees have high economic value, as honey 
bee pollination services were estimated to be worth $235 to 
$577 billion USD globally in 2015 (Potts et al. 2016), while 
the honey industry was estimated at $8.58 billion USD glob-
ally in 2021 (Sokhai and Mardy 2024); the beeswax industry 
has not been thoroughly valued. A loss of honey bee ecosys-
tem pollination services could be mitigated by the presence 
of native pollinators in the wild, but not entirely in managed 
systems, and would result in the overall loss of added-value 
product revenue. Other than bees, several insects have long 
been domesticated for their products (e.g. Melillo 2014). 
Shellac is derived from lac insects (Kerria lacca), and cochi-
neal was used as a dye by the Inca and Indigenous Oaxacans 
long before European colonizers arrived and began exporting 
it as a commodity (30,000 kg in 1989; Ruiz 1991). The silk 
industry is primarily driven by a single species of moth 
(Bombyx mori) that has been managed for almost 5,000 years 
(Zhou 1980, Liu 2010). The global value of silk farming 
through production of textiles and other products was $13 

billion USD in 2025 and is expected to increase to more than 
$28 billion USD by 2034 (Silk Market Report 2026).

Recreational Activities, Including Hunting and 
Fishing, Are Dependent on Insect Ecosystem 
Services (Well Established)
Wildlife-based recreational activities such as birding, hunting, 
and fishing are a major economic sector in many parts of the 
world. In the United States alone, wildlife-based recreation is 
a $395 billion USD industry (USFWS 2022), in which more 
than 1 in 3 adults participate (USFWS 2022). While these activ-
ities largely center on interactions between people and nonhu-
man vertebrate animals, they are fundamentally dependent on 
insects. For instance, approximately 75% of terrestrial and 
freshwater bird species, many of which are waterfowl or upland 
gamebirds important to hunters, rely on insects as food, espe-
cially during the breeding season when energetic demands are 
highest (Whelan et al. 2015, Grames et al. 2023). Grizzly bears 
rely on army cutworm moths as a part of their diet, spending 
time in the summer at moth aggregation sites in places like 
Yellowstone National Park (French et al. 1994). Insects also 
make up the vast majority of the diet for freshwater salmonid 
fishes, especially during their juvenile stages. The importance 
of insects to the recreational fishing industry is underscored by 
the popularity of fly fishing. More than 8 million people engage 
in this sport in the United States each year, spending over $3.5 
billion USD on equipment and travel (USFWS 2015, 
Recreational Boating and Fishing Foundation 2025). (Losey 
and Vaughan 2006) estimated that insects contributed approx-
imately $27.9 billion USD to recreational fishing and $220 
million USD to commercial fisheries. In fly fishing, anglers 
intentionally imitate the morphology, coloration, and behavior 
of aquatic and terrestrial insect larvae, pupae, and adults using 
artificial “flies” to attract fish (e.g. Walton 1676, McCafferty 
1983). Because many fish exhibit selective feeding behavior, 
the success of fly fishing depends on how closely “flies” mimic 
the insect taxa, particularly the hatches occurring in a given 
area (McCafferty 1983). Other forms of freshwater fishing 
(both recreational and commercial) may also rely indirectly on 
insects because insects play a foundational role in aquatic food 
webs (e.g. Cummins 1973).

Entomotourism Is a Growing Sector of the Tourism 
Industry Globally (Established but Incomplete)
Insect-based tourism, or entomotourism, contributes to liveli-
hood security by directly linking income generation with the 
conservation and sustainable use of insects (Le et al. 2021). 
Across diverse geographic and cultural contexts, entomotour-
ism has been used to transform ecological processes into sus-
tainable economic opportunities that reinforce insect 
conservation. For example, more than 250,000 people travel 
to a monarch butterfly sanctuary in Mexico annually to witness 
the mass overwintering sites of this migratory species (Barkin 
2003, Huntly et al. 2005, Noort and Hamer 2005). In Australia 
and New Zealand, glow-worm tourism is a multi-million dollar 
industry. The Waitomo Caves in New Zealand, famed for their 
bioluminescent fungus gnat larvae (Arachnocampa luminosa), 
receive more than 400,000 visitors each year, with daily visi-
tation rates exceeding 2,000 people during the peak summer 
season (Baker 2003). There are also numerous regional 
firefly-watching initiatives across East and Southeast Asia and 
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an ever-expanding number of butterfly houses, insectaria, and 
insect-based festivals worldwide (Kanaujia and Rai 2023). 
Collectively, these insect-based tourism initiatives create 
employment opportunities such as guiding services, transpor-
tation, accommodation, dining, handicrafts, environmental 
education, and ecological monitoring and conservation man-
agement, especially in rural and biodiverse regions (e.g. Tisdell 
and Wilson 2004). The impact of the entomotourism sector on 
quality of life is evident in livelihood diversification, supple-
mentary household income, and local economic multipliers 
(Lemelin et al. 2019). Environmental education using insects 
allows an easy entry point into understanding biodiversity and 
conservation literacy. When supported by appropriate gover-
nance frameworks, environmental education, and equitable 
benefit-sharing, insect-focused tourism can deliver material, 
regulating, and non-material benefits while strengthening resil-
ience in rural and biodiversity-dependent communities.

Insect-Based Tourism Reinforces Sustainable Use of 
Natural Resources and Has Cascading Benefits to 
Local Communities (Established but Incomplete)
Nature-based tourism, including entomotourism, depends on 
the protection and management of biodiversity heritage and 
thus contributes indirectly to livelihood security by strength-
ening public awareness of insect conservation, habitat degra-
dation, and ecosystem function (e.g. Álvarez 2025). 
Entomotourism revenues incentivize the protection of forests, 
wetlands, mangroves, riparian corridors, and other habitats 
that sustain insect populations, thereby promoting local bio-
diversity conservation efforts (Álvarez 2025). By supporting 
insects and the ecosystem services they provide (pollination, 
nutrient cycling, water regulation, etc.), entomotourism 
enhances the local environment. This benefit has been realized 
in many regions where synchronized firefly displays have 
become focal attractions, such as Malaysia, Thailand, India, 

and Japan, as these natural phenomena occur only in extremely 
specific habitats and are dependent on habitat quality. For 
instance, communities near the Kampung Kuantan Firefly 
Reserve in Malaysia benefit from entomotourism, and local 
boat operators, guides, small vendors, and other service pro-
viders recognize that their income is dependent on the per-
sistence of healthy rivers and riparian systems (Li et al. 2022). 
Similar initiatives in other parts of Southeast Asia have demon-
strated that firefly-based tourism enhances community aware-
ness of ecosystem services, fosters stewardship attitudes, and 
strengthens local support for conservation initiatives (see inset 
box for a discussion of firefly-based entomotourism in the 
Smoky Mountains of the United States). Entomotourism also 
helps to reshape societal narratives that frame insects as pests 
by instead recentering their ecological and economic impor-
tance, fostering aesthetic appreciation, cultural identity, and 
emotional connections with nature (Kanaujia and Rai 2023). 
Empirical evidence indicates strong public acceptance of 
insect-based tourism, with high levels of willingness among 
both visitors and local residents to support conservation and 
environmental education activities (Saikim et al. 2015, 2020, 
Lemelin et al. 2017, Le et al. 2021). Overall, entomotourism 
is a relatively low-impact livelihood strategy that aligns biodi-
versity conservation with sustainable development objectives.

Human Health and Security
Anthropogenic Change May Increase Vector 
Populations While Reducing Their Natural Enemies 
(Established but Incomplete)
While many insects transmit pathogens, no other group comes 
close to the role that mosquitoes play in human health 
(Marquardt 2004), despite the fact that most mosquito genera 
do not vector pathogens that cause human diseases. The mor-
bidity and mortality associated with the malaria parasite 

Firefly Tourism as a Socio-Ecological Phenomenon: Opportunities and Uncertainties for Conservation (Established but 
Incomplete) 

Fireflies in particular are charismatic beetles whose bioluminescent courtship displays have recently drawn global attention through nature 
tourism (Lewis et al. 2021). There are over 2,200 firefly species worldwide (Xerces Society 2025), and their flash patterns (e.g. Hess 1920, 
Lloyd 1966, Carlson and Copeland 1985) and mechanisms of bioluminescence used for mating (e.g. Copeland and Moiseff 1994, Faust 2010), 
evading predators (e.g. Lewis and Cratsley 2008), and attracting prey (e.g. Eisner et al. 1997) have been well studied. In recent years, firefly 
watching has become a significant form of ecotourism, with more than 1 million people traveling annually to firefly-viewing sites in at least 
12 countries (Lewis et al. 2021). Fireflies have shaped the cultural identity of many regions where they occur. For example, 19 firefly species 
have been documented in Great Smoky Mountains National Park (B. J. Nichols, pers. comm.), with additional species likely to be discovered. 
One area of the park, Elkmont, has become globally renowned for the spectacular display of the synchronous firefly Photinus carolinus 
(Green 1956). Firefly tourism attracts visitors and creates unique economic opportunities for surrounding communities. Park officials admin-
ister an annual lottery to limit visitation to Elkmont during peak viewing to protect the population and its habitat. In 2024, more than 20,000 
people entered the lottery for 960 vehicle passes (GRSM 2025). Synchronous fireflies also provide a fundraising opportunity for the park’s 
nonprofit science partner, Discover Life in America (DLiA). Drawing on knowledge gained through coordinating the All Taxa Biodiversity 
Inventory in the Smokies, DLiA hosts an educational fundraising event adjacent to the national park to support biodiversity research and 
education. In recent years, additional populations of synchronous fireflies and other prominent species, such as the blue ghost firefly (Phausis 
reticulata [Say 1825]), have been discovered in parts of Tennessee, North Carolina, South Carolina, and Virginia, contributing to the growth 
of regional firefly ecotourism (Fallon et al. 2021, Lewis et al. 2021). As interest continues to grow, researchers emphasize the need for 
responsible management practices—including habitat protection, community involvement, and visitor education—to minimize impacts on 
firefly populations (Lewis et al. 2021).
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Plasmodium transmitted by Anopheles mosquitoes (see Fig. 2), 
for instance, caused an estimated 282 million cases and over 
600,000 deaths in 2024 (WHO 2025a). Additional arboviral 
diseases, such as chikungunya, dengue, eastern equine enceph-
alitis, West Nile, yellow fever, and Zika viruses, also have a 
substantial impact on human health (WHO 2025b), and the 
pathogens that cause them are vectored by genera like Aedes 
and Culex. These arbovirus diseases not only cause sickness 
but also impact quality of life by decreasing outdoor recreation 
and relaxation (Worobey et al. 2013, Halasa et al. 2014). Thus, 
changes in mosquito populations are likely to have a substantial 
impact on public health and quality of life. Insect decline may 
alter the ecological checks and balances that limit mosquito 
populations, and the loss of insect biodiversity could result in 
increased disease prevalence. In diverse ecosystems, mosquitoes 
may be suppressed by natural predators such as dragonflies in 
their juvenile aquatic stages (Fincke et  al. 1997) or aquatic 
insects that prey on mosquito larvae. There are many other 
vectors of disease-causing pathogens, thus the impact of changes 
in insect biodiversity and abundance may be broad (Fig. 1). For 
example, lice (P. humanus) transmit epidemic typhus, trench, 
and relapsing fevers; fleas (Siphonaptera: Pulicidae) carry 
plague, murine typhus, and tularemia; biting midges (Diptera: 
Ceratopogonidae) are vectors of the pathogen for epizootic 
hemorrhagic disease and bluetongue, and can transmit 
Oropouche viruses; black flies (Diptera: Simuliidae) can 
transmit the pathogen for African onchocerciasis or river blind-
ness and can transmit vesicular stomatitis; sand flies (Diptera: 
Phlebotominae) vector the pathogen for leishmaniasis; tsetse 
flies (Glossina spp.) are vectors for pathogens that cause African 
trypanosomiasis or sleeping sickness; and kissing bugs 
(Triatominae) carry Chagas disease or American trypanosomi-
asis. As insect community composition shifts as a result of 
anthropogenic change, natural predators are often lost from 
communities, resulting in enemy release and a marked increase 
in mosquito abundance (e.g. Rochlin et al. 2016, Hunt et al. 
2017). Initiatives that promote the stability of ecosystems and 
resilience of insect communities to global change, such as the 
One Health approach, may result in greater quality of life and 
reduced disease prevalence by supporting the insects that reg-
ulate vectors of pathogens that cause disease (e.g. Faburay 2015).

Insects Can Aid Legal Investigations Through Their 
Use in Forensic Entomology (Well Established)
Some insects, such as blow flies (Diptera: Calliphoridae), can 
locate and colonize decomposing human remains within min-
utes after death. Forensic entomologists can use insects to assist 
in determining a time of death; in this field, understanding the 
biology, development, and ecological succession of insect pop-
ulations and communities that colonize human remains is key 
(Kreitlow 2009). For instance, a time of colonization can help 
determine not only how long an individual has been deceased 
(Campobasso et al. 2001, Amendt et al. 2011), but insects can 
aid in detection of xenobiotics—foreign substances in a body 
such as drugs or heavy metals-in human remains (Jain et al. 
2024), and provide identifications through DNA analysis in 
investigations where no body is found (e.g. Wells 2002). Given 
the usefulness of insects to legal investigations, the field of 
forensic entomology has grown rapidly in the last 30 years 
(Wiraagni et al. 2024), with increased standardization to ensure 
that testimony based on evidence from insects is presented by 
qualified experts and supported by the scientific process 

(Koehler et al. 2023). The effectiveness of forensic entomology 
relies on biodiversity, as different insect species have different 
colonization times, developmental rates, habitat preferences, 
and behavioral responses that can aid investigations (but note 
that many commonly used species of forensic importance are 
currently abundant). Therefore, documenting and preserving 
insect biodiversity strengthens the reliability of insect evidence 
in legal investigations.

Cultural Identity
Emotional Connections to Insects Form A Core Part 
of Cultural and Personal Identity (Established but 
Incomplete)
Experiences involving insects often elicit strong emotional 
responses, fostering concern for biodiversity loss and encour-
aging pro-environmental behavior (e.g. Simaika and Samways 
2018). These experiences can take place in a tourism (e.g. see-
ing fireflies or glow-worms) or cultural institution (e.g. live 
butterfly houses) context. Live butterfly houses or vivariums 
are popular tourist attractions; over 50 countries have public 
live butterfly exhibits (Boppré and Vane-Wright 2012). In many 
regions, insects are integrated into cultural norms. In Japan, 
for instance, beetles are commonly kept as pets (Shiozawa and 
Sato 2025), and there are many insect-themed events ranging 
from beetle wrestling competitions to poetry competitions 
(Hosaka et al. 2016). Childhood experiences with insects, 
including as pets, result in more positive attitudes toward bio-
diversity conservation later in life (Hosaka et al. 2017). In many 
Western countries, insect hobbyists who breed insects have a 
deep understanding of the husbandry and life history traits of 
the insects they rear. This understanding may foster an emo-
tional connection to insect biodiversity and could help form an 
individual’s personal identity. The popularity of insect breeding 
is evident in the large beetle hobby trade, with pre-made sub-
strates and packaged foods available, and in the presence of 
insects far outside their native ranges. Some exotic stick insects, 
like the Indian walking stick (Carausius morosus), have estab-
lished populations in California, which is likely the result of 
escaped or released pets (UC ANR Publication 74157).

Insects Have Inspired Countless Works of Art (Well 
Established)
The visual arts portray insects as muses, totems, or symbols 
and are frequently crawling with insects (Fig. 3; Dicke 2000, 
Klein 2007, Rooney 2017), even tangibly, in the form of live, 
dead, or piecemeal insects, and especially in the form of their 
products used as art media (silk, wax, shellac, cochineal, etc.) 
(Klein 2022). Cave paintings of honey robbing in Africa and 
Europe, and aboriginal beeswax figures in Australia, reveal 
utilitarian practices and spiritual traditions deeply rooted in 
history, while using insects to comment on today’s destruction 
of the living planet reveal contemporary challenges (Klein and 
Brosius 2022, 2024). Charles Hogue, with the ambition of 
formalizing a field to study how insects have shaped human 
cultures across the world and throughout our history, pub-
lished a review nearly 40 years ago of what he called “cultural 
entomology” (Hogue 1987). Though few systematic reviews 
have followed (Berenbaum 1995, Klein 2024, Kritsky 2024), 
the field permeates myriad aspects of human endeavor, reflect-
ing the ubiquity of insects and their pervasive effects on our 
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Fig. 3.  Cultural entomology spans every human endeavor, from composing music and poetry to waging war, as recorded in this small sample of relevant 
books (top and bottom; photos: B. Klein). (A) The act of honey bee nest robbing is captured in millennia-old cave paintings, here in Cuevas de la Araña, 
Spain (max age 3000 BCE; composite image and tracing by B. Klein over photo by Gene Kritsky). It is a culturally common practice to deliberately adorn 
ourselves with insects, including (B) immature Margarodes sp. scale insects, strung into necklaces by Zulu people of southern Africa, and (C) Euchroma 
gigantea beetle elytra, traditionally worn as ear ornaments by the Awajún/Aguaruna in Brazil (The Field Museum of Natural History, #48807 and 28750-1, 
respectively; photos by B. Klein). We also fashion ourselves into insects, including (D) monarch butterflies, icons of ecotourism in Mexico, here 
personified/insectified by Day of the Dead celebrants (photo: Polo Aguila, a.k.a. Poloide93, Creative Commons).
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pursuits. Culture is often marked by the arts, and insects influ-
ence music (Coelho 2000, Rothenberg 2013), dance (Lonsdale 
1982), film (Bellin 2009, mostly in the context of fear, although 
several depict insects as compelling characters), oral traditions 
(Thomas 2003), and the written word, including the earliest 
documented sentence written in an alphabetic script (written 
about head lice; Vainstub et al. 2022). Countless literary touch-
stones (e.g. Franz Kafka’s The Metamorphosis) showcase our 
desire for the familiar or dread of the alien represented by 
insects.

Local and Indigenous Communities
Insects Play Diverse and Significant Roles in 
Indigenous Communities and Their Knowledge 
Systems (Well Established)
For many Indigenous communities, insects and other 
more-than-human relations are understood and cared for as 
kin. The role of insects, and other arthropods, in creation sto-
ries and storytelling has taught Indigenous Peoples lessons of 
relationality and interdependence. For example, Na’ashjé’íí 
Asdzáá (spider woman) taught the Diné how to skillfully weave 
blankets and rugs, providing essential skills for surviving win-
ters. Many cultural practices, including song and dance, show 
appreciation for insect life forms and recognize the significant 
ecosystem services they provide. The Hopi Butterfly Dance, for 
instance, is a social dance of prayer and thanksgiving for a 
successful harvesting season by recognizing butterflies as vital 
pollinators. Insects further serve as symbols of resilience, 
reflecting deep connections between people and more-than-
human relations. The ogweñ•yó’da’ (periodical cicada) helped 
the Onondaga Nation survive starvation by emerging in great 
numbers as a source of sustenance following attacks on their 
villages and food systems during the Clinton-Sullivan Campaign 
of 1779 (University of the State of New York 1929). Today, 
periodical cicadas continue to be honored as symbols of sur-
vival and resilience within the community. Globally, Indigenous 
communities have long recognized the importance of insect kin 
and their ecosystem services, contributing to biodiversity con-
servation and the protection of beneficial species. For example, 
the Blackfeet Nation built pollinator protections into their cli-
mate adaptation plans (Blackfeet Nation 2018) and the Karuk 
Tribe shapes Cultural Fire practices to promote ecological con-
ditions supporting healthy insect communities (Karuk Tribe 
2019). These efforts, representing only a small subset of 
broader efforts, have generated measurable benefits for local 
ecosystems while sustaining ceremonial and cultural practices. 
Indigenous communities maintain strong generational and 
place-based knowledge systems that help create deeper under-
standing of insect presence, behavior, and ecological roles. In 
the Amazon, honey collectors of the Enawene-Nawe Tribe 
identified 48 distinct stingless bee species based on morphology 
and ecological niche, of which only 21 were previously identi-
fied by Western scientists (dos Santos and Antonini 2008). This 
study highlights the significant gaps that remain in entomolog-
ical knowledge when Indigenous Knowledge is not meaning-
fully included. Indigenous Ecological Knowledge and 
stewardship practices are grounded in relationality and reci-
procity, emphasizing mutual responsibility between people and 
more-than-human kin. These knowledge systems are critical 
to ensuring healthy ecosystems, including diverse insect com-
munities that provide essential ecosystem services.

Integrative Summary
Insects precede all humanity and have shaped the human expe-
rience in many ways. We rely on insects for food, energy, eco-
system services, science, and products, and we interact with 
them in ways that inspire wonder, awe, and enjoyment of 
nature. Changes in insect biodiversity and abundance will neg-
atively impact human (and other animals’) access to food, 
water, and energy, so policy measures are needed to conserve 
key insect taxa that provide pollination, soil aeration, decom-
position, and water filtration services. In a changing world, the 
impacts that insects have on human health will likely be 
increasingly negative. Despite often negative interactions with 
insects in the context of food security and human health, insects 
are vital to many economies, from women-driven entomophagy- 
based insect-rearing operations to hobbies such as fishing, fire-
fly watching, and insect pet-rearing. In general, insects are 
woven into the fabric of human culture, and hence, the human 
experience is predicted to change profoundly as insect biodi-
versity is lost.
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