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1. Introduction 

Soroye et al. (2021) state that the novelty of Soroye et al. (2020) is 
the link between climate change and climate sensitivity as drivers of 
biodiversity change. This may be true, but that analysis hinges on ac-
curate estimates of species' occupancy. Unfortunately species' occu-
pancy and the underlying data are biased in such a way that they cannot 
be used without properly accounting for these biases. 

In a response to our article on occupancy models and bumblebee 
declines, Soroye et al. (2021) argue that the more lines of evidence 
validating scientific claims, the better. We agree. In the case of Soroye 
et al. (2020), however, the “multiple lines of evidence” are based on a 
single dataset that was processed and collapsed by binning specimens in 
time and space. Such data processing could introduce systematic biases 
(e.g., when binning specimens in time, the authors used time intervals of 
different lengths in their historic and modern eras). In addition, obser-
vations themselves have high variation through time and space in their 
collection, curation, and identification (Ascher et al., 2020). Thus, any 
line of evidence based on these data must account for these potential 
biases. We have shown that such biases did exist (e.g., known site visi-
tation dropped dramatically between the historic and modern time 
period, particularly in North America) and that the method Soroye et al. 
(2020) used did not correct this bias. We then made methodological 
improvements that we showed reduced bias and subsequently applied 
this improved method to their data-set. Soroye et al. (2021) did not 
comment on the differences between our methodologies, but rather 
compared model-estimated declines to IUCN estimates (IUCN, 2020; 
Hatfield et al., 2015). 

This is, indeed, a potential model validation test — i.e., a new line of 
evidence. However, Soroye et al. (2021) only considered species that 

IUCN has listed as having an average decline different from zero (17/34 
species; IUCN does not list population increases). Soroye et al. (2021) 
then calculated the mean of the differences between model predictions 
and IUCN estimates. However, this is not meaningful, as negative and 
positive discrepancies can effectively cancel one another, falsely giving 
the appearance that a model is producing good estimates. We have 
expanded Soroye et al. (2021)'s Table 1 to include the species whose 
average decline is listed by the IUCN as 0 (17/34), calculated the 
average increase for these species, and then used RMSD (root-mean- 
squared deviation instead of the mean) to evaluate model performance 
(see Table 1). 

Our method was closer to IUCN estimates than their original method 
on the 17 species presented in their response (RMSD for Guzman et al. =
20.99, RMSD for Soroye et al. = 33.36; Table 1), and even more so on the 
complete set of 34 species (RMSD for Guzman et al. = 24.95, RMSD for 
Soroye et al. = 55.27; Table 1). Further, of the 17 species that are esti-
mated to be stable or increasing by the IUCN, Soroye et al. (2020) 
estimated 16/17 to be declining, whereas our method estimated 14/17 
to be stable or increasing. 

Soroye et al. (2021) also state that “occupancy estimates in Europe 
appear robust to changes in model parameterization.” We found an 
average 6% decline (95% BCI = [− 21%, 2%]), compared to (Soroye 
et al., 2020) who found a 17% decline (SE = 5%). We feel that a revised 
effect size that is one third in magnitude is a noteworthy change. The 
response by Soroye et al. (2021) does not challenge any of the claims 
made in our analyses. Given the biases we have documented there, we 
stand by our assertion that the climate analyses in Soroye et al. (2020) 
need re-evaluation before conservation action can be prioritized. 
Effective biodiversity stewardship continues to be our overarching goal. 

DOI of original article: https://doi.org/10.1016/j.biocon.2021.109217. 
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Table 1 
Including all species, the comparison between the estimates from the IUCN Assessment for North American Bombus spp. 
and the estimates from occupancy modeling by Soroye et al. (2020) and Guzman et al. (2021) show that the RMSD of 
Soroye et al. (2020) is much greater more than the RMSD of Guzman et al. (2021). The values of “current range size relative 
to historic range”, “persistence in current range relative to historic occupancy”, “current relative abundance relative to 
historic values” and “IUCN average decline” are all taken from the IUCN assessment. We note however, that IUCN average 
declines are bounded at zero, and do not show population increases. We have used the same calculation that IUCN uses, to 
calculate average increases which we label average change. The values highlighted in orange indicate those included in 
Soroye et al. (2021)'s Table 1. Since Bombus distinguendus has no values for persistence or current range relative to the 
historic period, we do not include it in community calculations. 

Species IUCN
status

Current
range 
rela�ve to
historic

Persist Rela�ve
abun

IUCN
aveg 
decline

Average
change

Soroye
change 
occu

Guzman
change 
occu

Soroye
diff

Guzman
diff

affinis CE 54.68 29.77 7.46 −69.36–69.36 −83.72 −69.00 14.36 −0.37
appositus LC 82.57 85.57 46.65 −28.40–28.40 −45.79 8.74 17.39 −37.14
auricomus LC 88.62 88.98 50.08 −24.11–24.11 −47.59 0.81 23.48 −24.92
bifarius LC 119.78 94.13 126.53 0 13.48 −51.16 −5.06 64.64 18.54
bimaculatus LC 96.56 204.77 188.19 0 63.17 −14.02 49.73 77.20 13.44
bohemicus DD 3.72 9.16 2.82 −94.77–94.77 −27.07 −72.58 −67.69 −22.19
borealis LC 92.98 98.78 86.91 −7.11–7.11 −68.22 −42.05 61.11 34.94
centralis LC 107.48 88.61 81.27 −7.55–7.55 −42.63 16.42 35.09 −23.96
citrinus LC 98.54 124.16 130.12 0 17.61 −42.67 4.84 60.28 12.76
cryptarum DD 28.94 268.16 71.87 0 22.99 −14.72 71.22 37.71 −48.23
dis�nguendus DD 0 NA 3789.38 0 1163.13 719.67 22.07
fervidus VU 86.98 85.84 38.04 −29.71–29.71 −40.86 −1.89 11.15 −27.83
flavifrons LC 79.45 131.91 161.79 0 24.38 −43.42 8.34 67.80 16.05
fraternus EN 71.38 43.33 14.4 −56.96–56.96 −68.59 −42.30 11.63 −14.67
frigidus LC 39.69 161.88 116.34 0 5.97 −58.59 −12.28 64.56 18.25
griseocollis LC 90.21 166.87 215.25 0 57.44 −18.15 40.62 75.59 16.82
hun�i LC 92.49 60.98 70.51 −25.34–25.34 −56.45 −8.11 31.11 −17.23
impa�ens LC 97.5 158.62 294.17 0 83.43 −33.58 20.74 117.01 62.69
insularis LC 89.31 86.28 87.29 −12.37–12.37 −56.28 −12.68 43.90 0.30
jonellus DD 35.83 198.31 294.02 0 76.05 −24.10 41.03 100.15 35.02
lucorum NA −40.16
melanopygus LC 71.48 99.33 81.85 −15.78–15.78 −44.88 13.51 29.10 −29.29
mixtus LC 51.94 141.35 263.61 0 52.30 −41.97 8.21 94.27 44.09
morrisoni VU 81.87 27.49 17.43 −57.74–57.74 −74.07 −50.81 16.34 −6.93
nevadensis LC 104.71 84.78 64.08 −15.48–15.48 −52.35 3.81 36.87 −19.28
occidentalis VU 77.96 72.56 28.51 −40.32–40.32 −53.19 −20.62 12.87 −19.70
pensylvanicus VU 81.18 53.24 11.44 −51.38–51.38 −65.77 −44.30 14.39 −7.08
perplexus LC 93.97 166.31 92.19 0 17.49 −33.55 29.53 51.04 −12.04
rufocinctus LC 91.45 106.47 154.88 0 17.60 −51.20 −10.61 68.80 28.21
sylvicola LC 90.03 82.86 96.41 −10.23–10.23 −55.52 −1.52 45.29 −8.71
ternarius LC 69.05 103.61 162.21 0 11.62 −58.80 −19.83 70.42 31.45
terrestris NA 22.67
terricola VU 63.69 67.32 19.17 −49.94–49.94 −66.10 −38.95 16.16 −10.99
vagans LC 106.68 103.69 108.97 0 6.45 −47.68 −4.99 54.13 11.43
vandykei LC 72.82 59.99 163.71 0 −1.16 −55.14 −0.69 53.98 −0.47
vosnesenskii LC 89.3 76.5 122.3 0 −3.97 −42.20 −4.30 38.23 0.34
Mean 76.55 103.99 105.17 −17.55 −3.99 −45.64 −3.62
RMSD (declining sp.) 33.36 20.99
RMSD (all sp.) 55.27 24.95
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