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Abstract 18 
In an article recently published in Nature Ecology & Evolution (Crossley et al. 2020 “No net 19 

insect abundance and diversity declines across US Long Term Ecological Research sites”), 20 
sampling effort within Long-Term Ecological Research (LTER) datasets was assumed to be 21 
consistent across years. This is unlikely the case in most long-term ecological monitoring efforts. 22 

It is definitely not a correct assumption for the Konza Prairie grasshoppers, the dataset included 23 
in their analysis that we are most familiar with, as is documented in the online meta-data. As 24 

sampling at Konza increased over the duration of this time series, Crossley et al's assumption of 25 

invariant sampling effort led to a biased result of increased grasshopper abundances over time. 26 

This is likely a general problem with Crossley et al.’s analysis, given the complex history of 27 
many long-term datasets at LTER sites. 28 

 29 
Response 30 
Crossley et al. (2020)1 conducted a meta-analysis to examine patterns of change in insect 31 

abundance across US Long-Term Ecological Research (LTER) sites, concluding “a lack of 32 
overall increase or decline”. This is notable if true, given mixed conclusions in the literature 33 

regarding the nature and ubiquity of insect declines across regions and taxonomic groups2–5.  34 
These data, downloaded from US LTER sites, represent unique time series of arthropod 35 
abundances. While such long-term datasets can provide much needed insights, capturing both 36 
steady changes and responses to sudden unpredictable events, they are also rarely uniform in 37 

sampling protocols across their full duration as a result of the changing goals and abilities of a 38 
research site to collect data. Crossley et al.’s results rely upon a key, but flawed, assumption, that 39 
sampling was collected “in a consistent way over time within each dataset”. Here we show this 40 

assumption incorrect, as is clearly documented in the meta-data (see CGR02 in 41 
http://lter.konza.ksu.edu/sites/default/files/MM.pdf), in one of their featured datasets — Konza 42 
Prairie (KNZ) grasshoppers — and that this error contributes to their key conclusion, a lack of 43 
evidence for net change in insect populations.  44 
 45 
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We refer to a dataset we know well6–9, which documents grasshopper abundance by species, 46 

collected on 14 KNZ watersheds with the full dataset duration spanning 1982-present (up to 47 
2015 included in Crossley et al. 2020). Crossley et al. analyze species within datasets separately 48 

(increasing the number of “Time trends” in their Table 1), but data from many of the LTER 49 
locations, including KNZ, are pooled across all sampling within an LTER (number of “Sites” in 50 
their Table 1). Importantly, the same number of watersheds (subsites) at KNZ are not sampled in 51 
all years, nor were the same number of samples collected within each watershed each year. The 52 
number of watersheds sampled per year varies from 6-14, and most notably, six bison grazed 53 

watersheds were added to KNZ sampling in 2002. Bison grazed watersheds support higher 54 
grasshopper densities, and more and different species composition6,7. When we analyzed these 55 
same data8, we accounted for this change in sampling effort, and documented a 2% annual 56 
decline in grasshopper abundance over 20 years, with only one common species increasing 57 
(individual species analyses are provided in Appendix 1, Figs. S3-S5)8. Crossley et al, in 58 

contrast, report no such decline in grasshoppers, and instead report most grasshopper species 59 
increased in abundance from 1982-2015. Crossley et al. note this discrepancy with both our 60 

study8 and another meta-analysis3 and suggest it is “driven by falling numbers of just two once-61 
dominant species… whereas many other formerly rare species have become more abundant and 62 

both evenness and species richness have increased”. However, we believe the discrepancy arises 63 
from not accounting for variable sampling effort and KNZ’s added sampling of more diverse 64 

grazed habitats midway in the time series. 65 
 66 
Finally, Crossley et al. include several taxa (i.e. Tettigoniidae, Oecanthinae, and Gryllidae) in 67 

their analysis of the KNZ grasshopper dataset. These taxa were only included in the dataset 68 
starting in 2013. Thus the apparent abrupt “increases” in these taxa further bias Crossley et al.’s 69 

results.  70 

 71 

We have not analyzed the other datasets included in Crossly et al. (2020). But given their 72 
mistakes with the KNZ data—driven by their key assumption of invariant sampling effort over 73 

the duration of LTER monitoring studies—we urge skepticism regarding their general 74 
conclusion of no net decline in insect abundances at US LTER sites in recent decades. Failure to 75 
take into account sampling effort in long-term datasets at best will increase measurement error 76 

and bias toward a null result (like Crossley et al’s overall conclusion). At worst, as we’ve shown, 77 
when a site’s sampling effort increases or decreases among years, it can generate even more 78 

erroneous conclusions regarding population change. Recently, a study reporting widespread 79 
collapse of rainforest insect populations at Luquillo, an LTER site, necessitated a similar 80 
correction5 . We echo those authors, when they suggest that scientists can avoid such fixable 81 
errors by contacting in advance (and even including as authors) the field biologists collecting 82 

these data. We also recognize, sadly, that corrections such as ours are rarely as widely cited as 83 
the flawed original report4,5. Like the ecology they document, it is important to take into account 84 
that long-term monitoring efforts by institutions like LTERs are themselves complex and full of 85 

history. 86 
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