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Are human remediation efforts responsible for increases in insect abundance?
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A recent meta-analysis by van Klink et al. (2020) reports that despite long-term global declines in terrestrial insects (i.e., "the insect
apocalypse" (1)), populations of freshwater insects have increased in total abundance (2). van Klink et al.'s study is unparalleled in scope,
and we applaud their valuable contribution as well as the efforts of numerous people involved in collecting the long-term data used in
their meta-analysis. The declines in terrestrial insect populations are indeed concerning, particularly given that insects compose ~80% of
known animal biodiversity and provide many ecosystem services that contribute to human wellbeing (3,4). Although the authors have
attempted to remain "cautious about generalizing these patterns", we have concerns about how they have interpreted trends for
freshwater insects, and particularly how their conclusions were described by various media sources (5,6).

Speci�cally, we feel that van Klink et al.'s assertion that increased abundance of freshwater insects broadly re�ects recovery from
degradation due to "improvements in water quality" needs to be interpreted carefully and with more nuance (7). In particular, we wish to
highlight three key points that should be useful for evaluating this study and any future studies examining long-term change in
freshwater insect abundance:

1) increasing insect abundance should not be con�ated with a 'positive' ecosystem response,

2) total aquatic insect abundance often increases following natural disturbance events, independent of environmental remediation
efforts; and,

3) common and widespread human perturbations can result in increases, as well as decreases, in total aquatic insect abundance.

With respect to our �rst point, increases in insect abundance (or biomass or production) do not inherently re�ect a positive change in
ecosystems, as increased abundance often occurs in response to human perturbation, and may further exacerbate alterations to
ecosystem processes. For example, inputs of contaminants to freshwaters can lead to large increases in the abundance of tolerant insect
taxa, including some mosquitos (Diptera: Culicidae) and midges (Diptera: Chironomidae) (8). Because contaminants may be incorporated
into insect tissues, high insect abundances can lead to further transfer and biomagni�cation through aquatic and riparian food webs (9).
Although increases in freshwater insect abundance may sometimes re�ect desirable ecosystem responses to remediation, and decreases
in abundance may re�ect responses to human perturbations, it is critical to acknowledge that these are not hard and fast rules.

To address our second and third points above, we qualitatively placed individual studies in van Klink et al.'s meta-analysis - when
possible - into three broad categories that characterize the primary focus of the study: responses to environmental remediation efforts,
responses to natural disturbance and variability, and responses to human perturbations. Of the studies we examined, many were focused
on environmental remediation. The focus of these studies, which clearly support van Klink et al.'s major conclusions, included the
remediation of point-source pollution and responses to landscape rehabilitation. However, a signi�cant number of other studies were
focused on long-term variability or responses to natural disturbance events such as wild�re and catastrophic �ooding. While some
studies within this category may re�ect long-term environmental improvements, there appear to be many cases of rebounding insect
populations following natural disturbances, independent of environmental remediation. Unfortunately, given the large-scale
observational nature of these particular studies, it was not always possible to attribute a mechanism to the changes in insect abundance.
Finally, and perhaps most importantly, we noted numerous studies in van Klink et al.'s study that were focused on changes in freshwater
insect abundance in direct response to human perturbations. These perturbations comprised a variety of threats to global freshwaters
including the construction and management of dams, nutrient enrichment, land use alteration, and climate change. Thus, it appears that
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many positive trends observed in van Klink et al.'s analysis are related to human perturbations and natural disturbances, in addition to
remediation efforts, a �nding that many other shorter-term studies corroborate (e.g., 10,11).

We did not quantitatively reanalyze van Klink et al.'s time series trends within the three categories described above. However, given our
expertise and familiarity with freshwaters in the western U.S., we closely examined the nine studies from this region that showed the
most pronounced and consistent increases in abundance (van Klink et al. 2020 supplemental S1: 'USA West'). Although three studies in
the western U.S. were indeed related to remediation efforts (Van Klink et al. supplemental refs. 122, 163/164, and 187), the remainder
reported positive trends that re�ected natural variation (ref. 91/92), recovery from �ooding (ref. 75) and wild�res (refs. 126, 134), and
responses to river impoundment and other human perturbations (refs. 129, 18). Therefore, many studies that exhibited the strongest
increases in freshwater insect abundance were unrelated to environmental remediation and contradict the author's major conclusions
and those of the media. These studies also underscore our �rst point: that increases in total abundance should not be con�ated with a
positive response or necessarily interpreted as a "good thing."

Freshwater ecosystems face myriad human perturbations and high rates of species extinctions (12-14). While losses of freshwater
biodiversity have been clearly documented (15), van Klink et al.'s study focuses on a global trend of increasing freshwater insect
abundance. At �rst glance, this result is puzzling; why are freshwater insect populations growing in the face of increasing threats?
However, it is important to acknowledge that both remediation efforts and perturbations to ecosystems can lead to increased insect
abundances. Perturbations such as elevated nutrient concentrations, climate warming, species invasions, and altered hydrology often
result in simpli�ed communities with populations that achieve higher abundances, resulting in higher overall abundance. Although van
Klink et al. do brie�y acknowledge that "other causes of this increase may have been climatic warming and an enhanced productivity
cause by nutrient enrichment," this point was unfortunately overlooked by various media sources, and van Klink et al. emphasized the
improved water quality explanation. Understanding the nuances of how insect abundance relates to multiple factors, including both
human remediation and perturbation, and clearly disseminating this information to the public, will be important for the future
protection and management of freshwater ecosystems.

References:
1. B. Jarvis, The insect apocalypse is here: What does it mean for the rest of life on Earth? The New York Times Magazine. 27 November
2018, 41–48 (2018).
2. R. van Klink, D.E. Bowler, K.B. Gongalsky, A.B. Swengel, A. Gentile, J.M. Chase, Meta-analysis reveals declines in terrestrial but
increases in freshwater insect abundances. Science. 368, 417-420 (2020).
3. R.M. May, How many species inhabit the earth? Scienti�c American. 267, 42-49 (1992).
4. J.E. Losey, M. Vaughan, The economic value of ecological services provided by insects. Bioscience. 56, 311-323 (2006).
5. K. Hunt, "Is the insect apocalypse really upon us? It's complicated, say researchers". CNN. 23 April 2020, https://www.cnn.com/2020/04
/23/world/insect-declines-scn/index.html (2020).
6. M. McGrath, Nature crisis: "'Insect apocalypse' more complicated than thought". BBC News. 23 April 2020, https://www.bbc.com
/news/science-environment-52399373 (2020).
7. M. Dornelas, G.N. Daskalova, Nuanced changes in insect abundance. Science. 368, 368-369 (2020).
8. V.H. Resh, D.M. Rosenberg, "Water Pollution and Insects" in Encyclopedia of Entomology Capinera J.L. (eds) Springer, Dordrecht
4158-4168 (2008).
9. D.M. Walters, W.F. Cross, T.A. Kennedy, C.V. Baxter, R.O. Hall, E.J. Rosi, Food web controls on mercury �uxes and fate in the Colorado
River, Grand Canyon. Science Advances. 6, eaaz4880 (2020).
10. W.F. Cross, J.B. Wallace, A.D. Rosemond, S.L. Eggert, Whole-system nutrient enrichment increases secondary production in a
detritus-based ecosystem. Ecology. 87, 1556-1565 (2006).
11. M.D. Munn, M.A. Brusven, Benthic macroinvertebrate communities in nonregulated and regulated waters of the Clearwater River,
Idaho, USA. Regulated Rivers: Research & Management. 6, 1-11 (1991).
12. A. Ricciardi, J.B. Rasmussen, Extinction rates of North American freshwater fauna. Conservation biology. 13, 1220-1222 (1999).
13. C.J. Vörösmarty, P.B. McIntyre, M.O. Gessner, D. Dudgeon, A. Prusevich, P. Green, S. Glidden, S.E. Bunn, C.A. Sullivan, C. Reidy
Liermann, P.M. Davies, Global threats to human water security and river biodiversity. Nature. 467, 555–561 (2010).
14. A.M. Michalak, Study role of climate change in extreme threats to water quality. Nature. 535, 349-350 (2016).
15. P.M. Stepanian, S.A. Entrekin, C.E. Wainwright, D. Mirkovic, J.L. Tank, J.F. Kelly, Declines in an abundant aquatic insect, the
burrowing may�y, across major North American waterways. Proceedings of the National Academy of Sciences. 117, 2987-2992 (2020).

view less

Are human remediation efforts responsible for increases in insect abunda... https://www-science-org.services.lib.mtu.edu/do/10.1126/comment.7469...

2 of 4 2022-05-02, 12:32

https://www.cnn.com/2020/04/23/world/insect-declines-scn/index.html
https://www.cnn.com/2020/04/23/world/insect-declines-scn/index.html
https://www.cnn.com/2020/04/23/world/insect-declines-scn/index.html
https://www.cnn.com/2020/04/23/world/insect-declines-scn/index.html
https://www.bbc.com/news/science-environment-52399373
https://www.bbc.com/news/science-environment-52399373
https://www.bbc.com/news/science-environment-52399373
https://www.bbc.com/news/science-environment-52399373
https://www-science-org.services.lib.mtu.edu/do/10.1126/comment.746993/full/#x746993
https://www-science-org.services.lib.mtu.edu/do/10.1126/comment.746993/full/#x746993

