Community and Ecology (2024) Volume 2 Issue 1 MARTS AND SCIENCE
doi: 10.59429/ce.v2i1.7755 R ARDseERCrTREs T T

RESEARCH ARTICLE
The great insect decline in Argentina

Nicolas Ferreiro

Instituto de Ecologia y Desarrollo Sustentable, Universidad Nacional de Lujan-CONICET, Lujan, Buenos Aires, 6700,
Argentina

* Corresponding author: Nicolas Ferreiro, nicolasferreiro@conicet.gov.ar

ABSTRACT

A 41% of arthropod species are declining, and one-third of all species are threatened by extinction. Changes in land
use are recognized as the primary cause of this decline. The scarcity of data for the Southern Hemisphere is partly due to
limited funding but particularly due to the hyperdiversity of tropical regions. The objective of this study was to investigate
the presence of this issue in scientific articles and the contribution of insects to the total number of threatened species in
Argentina. Globally, the percentage of articles related to insect extinctions in Google Scholar has grown exponentially
over the past twenty years, from 0.42% in 2000 to 6% in 2021. However, no significant growth was found in the number
of articles on this topic in Argentina during the study period. Currently, only 23 insect species are recognized as at risk
out of a total of 572 threatened species according to the "IUCN Red List of Threatened Species" for Argentina. These
species belong to the orders Odonata (8), Coleoptera (1), Lepidoptera (2), Hymenoptera (11), and Orthoptera (1 species),
representing only 4% of the total threatened species. In comparison, it is estimated that 26% and 27% of threatened species
in the much less diverse faunas of Germany and the United Kingdom, respectively, are insects. These results suggest that
the percentage of endangered insects in Argentina is being underestimated due to taxonomic and population knowledge
gaps, consistent with reports by other authors. In hyperdiverse countries like ours, only molecular techniques can process
large samples quickly enough to obtain estimates of insect diversity before they disappear.
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1. Introduction

Hundreds of moths, water bugs, and beetles once gathered under streetlights, while various bugs and
water beetles swam alongside children in pools during the summer of the 1980s. Gardens were filled with
dozens of species of wasps and spiders preying on colorful flies, butterflies, and grasshoppers. Even walking
sticks and praying mantises were still common in Buenos Aires province up until the 1990s. At the same time,
car trips often had to be paused to clean windshields from the insect mash, pantries faced weevil invasions,
and “devil's spit” [floating spider webs] sailed through our skies. I can attest to this as I was one of those who
reached biology, university, and science through these small creatures. Forty years later, the situation has
changed dramatically. In Buenos Aires, first “bagworm moths” disappeared, then fireflies, and for some years
now, the scientific literature has indicated that we are facing a major extinction of insects on a global scale.
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Some of the most relevant scientific findings highlighting this crisis include data from Malaise traps
between 1989 and 2014 in Germany, documenting a 75% reduction in airborne insect biomass over 27 years!!l.
Similarly, the German “Biodiversity Exploratories project” systematically sampled arthropod richness,
abundance, and biomass in 2008 and 2017 in grasslands and forests'?), reporting a decrease in richness close
to 35% in both environments. This led to the conclusion that insect extinction is a scientifically supported
phenomenon, at least in Germany. Moreover, the review by Sanchez-Bayo and Wyckhuys!® compiled data
from studies worldwide, revealing that 41% of insect species are declining and a third of all known species are
threatened with extinction. Although rates vary by order and spatial-temporal scale, the current estimated
annual decline in abundance is 1-2%!*.

The most critical causes of decline include habitat degradation and loss, agriculture, and climate
change!*>6l. Recently, increased nitrogen concentrations in aquatic and terrestrial environments have been
associated with declines in the abundance of hexapods and arachnids in experimental studies worldwide!”:*),
Aquatic insects, with limited dispersal capacity, are disproportionately affected by warming climates and
pollution in aquatic ecosystems. In fact, 41% of threatened insect species on the "IUCN Red List of Threatened
Species" are endangered due to water pollution.

The industrialization of agriculture in Europe after World War II, which involved consolidating family
farms into large commercial conglomerates, the incorporation and automation of machinery, and the
widespread application of insecticides and synthetic fertilizers, changed agriculture to the point of making it
incompatible with nature!®.. This process is currently underway in the tropics, where deforestation is affecting
arthropods in ways that are scarcely being measured”’. Globally, insects have been studied far less extensively
than other groups, such as plants and vertebrates, to the extent that only a small fraction of insect species have
been described. The lack of long-term studies on insect occurrence and population dynamics is particularly
severe outside of Europe and North America. This is also the case in our country, so the aim of this study was
to explore the relevance of this issue in indexed scientific articles from Argentina and to assess the contribution
of insects to the total number of threatened species reported for our country, comparing both to the global
situation.

2. Materials and methods

2.1. Estimating Reference to Insect Extinction in Scientific Articles

Searches were conducted on Google Scholar for articles from January 1, 2000, to December 31, 2021.
We considered publications in English within the field of biology focusing on current insects. The following
search terms were used to estimate (i) the number of biology publications: “biology — fossil,” and (ii) the
number of articles mentioning insect extinction: “insect + extinction + biology — fossil.” These searches were
repeated, adding the names of specific countries in English: Argentina, Brazil, Canada, China, Germany,
United States, Mexico, New Zealand, United Kingdom, and Russia (e.g.,
“insectt+extinction+biology+Argentina -fossil” and “biology+Argentina -fossil”).

2.2. Estimating Threat Levels

Searches were conducted on the "IUCN Red List of Threatened Species" to identify endangered species
(categories “critically endangered,” “endangered,” “vulnerable,” “lower risk,” and “near threatened”) for
Argentina, Germany, Brazil, Canada, China, United States, Mexico, New Zealand, United Kingdom, Russia,
and worldwide. As an estimator of the insect threat level, the ratio of endangered insect species to the total
number of threatened species (Tracheophyta + Vertebrata + Insecta) was used.
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2.3. Estimating Knowledge Level

Searches were conducted for the total number of Tracheophyta, Vertebrata, and Insecta species reported
for Argentina, Germany, Brazil, Canada, China, United States, Mexico, New Zealand, United Kingdom,
Russia, and globally. The ratio of Insecta species to the sum of Tracheophyta, Vertebrata, and Insecta species
was used as an estimator of insect biodiversity contribution.

3. Results and discussion

Globally, the percentage of articles related to insect extinctions has grown exponentially over the past
twenty years, from 0.42% in 2000 to 6% in 2021 (Figure 1). The rise since 2017 aligns with major scientific
reviews and meta-analyses>"!%, as well as with extensive coverage of the issue in major media outlets!' -7,
Analyzing the percentage of articles by country over time, distinct trends emerge, likely reflecting funding
opportunities and local issues. In Argentina, interest in the issue has remained relatively stable over the past
twenty years, with a modest increase from 3.3% in 2020 to 3.9% in 2021. However, the historical production

of insect extinction articles has been low for our country!!#2],
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Figure 1. Number of scientific publications referring to insect extinction during the period 2000-2021 per year in Argentina, Germany,
Canada, England, United States, China, Brazil, New Zealand, Russia, Mexico, and worldwide.

Globally, 3,068 insect species are threatened according to the "IUCN Red List of Threatened Species":
425 Critically Endangered (CR), 971 Endangered (EN), 949 Vulnerable (VU), 3 Lower Risk (LR), and 720
Near Threatened (NT) out of a total of 51,076 threatened species (IUCN 2023). In Argentina, only 23 insect
species have been recognized as endangered to date: CR (0), EN (3), VU (15), LR (0), and NT (5) out of a
total of 572 listed species. These species belong to the orders Odonata (8), Coleoptera (1), Lepidoptera (2),
Hymenoptera (11), and Orthoptera (1 species) and represent only 4% of the total threatened species in our
country?!l, In contrast, less extensive and ecologically diverse countries such as Germany and the United
Kingdom recognize that 26% and 27% of their threatened species are insects, respectively. These results
suggest that the percentage of endangered insects in Argentina is likely vastly underestimated due to taxonomic
and population knowledge gaps, especially in highly diverse areas (Tables 1 and 2). This aligns with findings
by Barahona-Segovia and Alvaro Zufiiga-Reinoso®?, who analyzed the number of threatened arthropod
species per square meter in neotropical countries, concluding that Argentina is one of the most critical
examples of arthropod knowledge deficits. They argued that Argentina lacks local lists of threatened
arthropods and has only a handful of species listed in the “IUCN Red List of Threatened Species,” despite
being one of the largest and most diverse countries in the region.
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Data scarcity in the Southern Hemisphere is partly due to limited funding but particularly to the
hyperdiversity, small size, and taxonomies based on insect chaetotaxy, which make sample processing and
identification nearly impossible except for a few well-studied taxonomic groups™. Janzen et al.*3! reported
14,520 “species” (barcode haplotype clusters) from a single Malaise trap in Costa Rica over two consecutive
years, of which no more than 2-3% had been identified by taxonomists!*!. “Armies of taxonomists would be
needed to sort, name, and curate large trap catches from the tropics, and even larger numbers of lifetimes and
resources to describe the world’s tropical insect species. It is likely that many will be driven to extinction by
anthropogenic stressors before they can be studied or, worse, their value realized,” suggest Wagner et al.[*],
Similarly, Rafael et al.* reported on Brazil: “The country has about 140 active taxonomists, meaning each
professional would handle 3,600 insect species. Each Brazilian taxonomist publishes, on average, about 100
species during their career, so it would take 2-3 thousand years to catalog the country's insect diversity.” Within
this limited framework, Lewinsohn et al.>! conducted a valuable approximation in Brazil by surveying local
researchers, compiling qualified data and opinions from 75 case studies over a range of 11 years for aquatic
insects and 22 years for terrestrial insects, corroborating trends noted globally. This approach might be partially
replicable to study trends in Argentina, but in any case, for hyperdiverse countries like ours, it is likely
necessary to implement molecular methods to obtain population-level species data from systematic, long-term
sampling.

Table 1. (A) Number and percentage of insect species among all threatened species according to [IUCN 2!l in Germany, Argentina,

Brazil, Canada, United States, Mexico, New Zealand, United Kingdom, Russia, and worldwide.

Number of threatened Number of total Percentage of insects among
insect species threatened species all threatened species
Argentina [26-30] 24 572 4%
Brazil [26-3137] 763 2831 27%
Canada [26-3138] 24 3758 0.6%
China [26-31,39] 68 1878 44%
Germany [26-31:40] 113 429 26%
Mexico [26-3141] 116 2906 4%
New Zealand 12631421 7 2225 0.3%
Russia [26-31:46] 63 3629 1.7%
United Kingdom[?6-31:44] 93 344 27%
USA [26-3143] 358 2476 14%
Whole world [26-31:47] 3068 51076 6%

Table 2. Number and percentage of insect species among all species in the three major groups of better-known diversity (Tracheophyta,

Vertebrata and Insecta) in Germany, Argentina, Brazil, Canada, United States, Mexico, New Zealand, United Kingdom, Russia, and

worldwide.
Number of insect species Number of total species Percentageﬂ(l)ef:r;)sei;t; among all
Argentina [26-36] 22272 35506 63%
Brazil 263137 110000 163205 72%
Canada (2313 38925 50157 87%
China [26-31.39 30000 97774 44%
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Germany [26-31:40] 33300 36554 91%
Mexico [(26-3141] 48000 76989 62%
New Zealand [26-3142] 20000 23861 84%
Russia [26-31:46] 31500 46039 68%
United Kingdom [26-31:44] 27000 30288 89%
USA [26-31,45] 91000 111717 81%
Whole world [26-31.47] 1000000 1434454 70%

Table 2. (Continued).

The analysis of the relationship between threat level estimators and knowledge level of entomofauna by
country revealed that more than 80% of identified species are insects in wealthy countries (Figure 2). In these
countries, which likely have a more detailed knowledge of their biodiversity, the percentage of threatened
species that are insects is less than 2% in Canada and New Zealand, about 14% in the USA, and over 25% in
Germany and the United Kingdom. In the remaining countries, insects made up 60-70% of all species. In
Argentina, China, Mexico, and Russia, insects represented less than 5% of threatened species, contrasting with
the situation in Brazil, where more than 25% of threatened species are insects. Assuming that Argentina, Brazil,
China, Mexico, and Russia have a similar level of biodiversity knowledge, the higher percentage of threatened
species that are insects in Brazil could be explained by: A) a higher degree of threat in Brazil, perhaps largely
due to the rapid deforestation of the Amazon rainforest, and/or B) greater knowledge of population dynamics
in Brazil compared to the other countries, possibly linked to the funding provided by wealthy countries highly

interested in the hyperdiverse local entomofauna.
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Figure 2. Relationship between the degree of threat and the level of knowledge of insects in Germany, Argentina, Brazil, Canada,
United States, Mexico, New Zealand, United Kingdom and Russia.
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4. Conclusion

Despite some controversy raised by critics citing inconsistencies in sampling sites and lack of taxonomic
determinations in Hallman et al.l'l, the recent increase in insect biodiversity in European rivers previously
highly polluted (van Klink et al. 2020), questioning conclusions drawn from databases built by volunteers, and
criticizing the statistics in Sdnchez-Bayo and Wyckhuys's meta-analysis®, there is now no doubt about the
global decline in insect abundance, diversity, and biomass*®). In fact, intergovernmental institutions have been
documenting declines in insect diversity for at least two decades!*’!, comparable to the decline in birds and
plants, although less than that of mammals®®). The seriousness of the situation is evident from the fact that
long-term data series are largely limited to protected areas, as many former sampling sites have been overtaken
by agricultural and urban expansion!!-!,

The recognition of the global biodiversity decline crisis has not been enough to halt the ecological disaster,
of which insect extinction is just one of the most recently publicized consequences. The progressive
detachment of societies from nature, both emotionally and intellectually, partly explains our failure to combat
overpopulation, overconsumption, and climate change, recognized as the main causes of biodiversity losst®!l.
Indeed, there is considerable global political consensus that human needs, business, economy, quality of life,
and social justice take precedence over any other living organism's requirements!>?.

Insects perform crucial ecosystem functions such as pollination, nutrient recycling, and soil formation, to
name just a few. However, public advocacy for this taxonomic group faces an additional challenge: the
aversion that many of its members provoke, such as mosquitoes that account for nearly one million annual
deaths®], aphids and flies that contribute to crop loss alongside other pests, amounting to approximately 30%
of crops lost yearly®, cockroaches that feed on our waste, flies that lay eggs on the deceased... For these
reasons, authors often resort to emphasizing the obvious: that insect disappearance would lead to the extinction
of insectivorous vertebrates'¥. In fact, the most effective results in species and ecosystem protection often fall
under “charismatic biodiversity” — organisms that people choose as desirable, often for aesthetic reasons.

Most insects are far from charismatic or even conspicuous, so it is unsurprising that their extinction holds
little interest for most people®). Donkersley et al.l**! proposed an “Entomology Fight Plan” consisting of 1)
proactively and publicly denouncing government inaction; 2) showcasing the technological knowledge derived
from insects to bridge the emotional and intellectual gap; and 3) presenting a united front, aligning insect
conservation with that of birds, plants, and mammals, showing interdependence and potential benefits.
Unfortunately, in Argentina, we know so little about how insect biodiversity is being lost that we can only
hope that ecosystem conservation initiatives, decided based on the needs of other organisms, will be enough
to save a considerable diversity of insects.

Extinctions are occurring so rapidly that most biologists agree we are in the early stages of the “Sixth
Mass Extinction,” and that we have already crossed the point of no return. Insect decline is only the latest
manifestation of a major global crisis that should, as a precaution, be extended to all other organisms that have
been even less studied than insects, such as mites, nematodes, fungi, bacteria, etc. Unless proven otherwise,
we should assume that most species of living organisms are declining due to human action and act accordingly.
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