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Abstract

Red List status of species should reflect species extinction risk. Because data

are limited and species response has a time lag, species may be threatened by

extinction even if they are not Red-Listed. The ability to predict species risk of

extinction from ecological characteristics holds promises for proactively

targeting conservation measures to species at high risk. In 2005, the risk of

extinction from ecological characteristics was predicted for 81 species of Finn-

ish butterflies. Now, after 15 years and two additional national Red List assess-

ments, these predictions are verified. Species with a higher risk of extinction

according to the original ecological extinction risk rank (EERR) have indeed

deteriorated further as judged by their Red List status, whereas species with a

smaller risk of extinction according to EERR retained their Red List status or

became more viable. The analysis confirms that predicting the risk of extinc-

tion based on ecological characteristics works in practice, and such a comple-

mentary approach to Red Listing could help us to advance conservation

biology from the crisis discipline toward prognostic conservation practice.
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1 | INTRODUCTION

Ecosystem degradation and biodiversity loss are acceler-
ating (IPBES, 2018, 2019). To stop the biodiversity crisis,
one of the most important challenges for conservation
biologists is to identify the ecological and life history
characteristics of species that might predispose them to
threats, leading to population declines and—eventu-
ally—to extinction (Davidson, Hamilton, Boyer, Brown, &
Ceballos, 2009; Kotiaho, Kaitala, Komonen, & Päivinen,
2005). Such knowledge could be used to proactively tar-
get conservation and monitoring actions to species,
which are not threatened yet, but could become so in the

near future (Coulthard, Norrey, & Shortall, 2019;
Zettlemoyer, McKenna, & Lau, 2019). Many indices are
used to monitor population trends and extinction risks
(Butchart et al., 2010), but to our knowledge few attempts
have been made to verify the predictive power of the
indices.

Red List categories of the International Union for
Conservation of Nature (IUCN) reflect species extinction
probability, but the underlying criteria are mainly based
on species population and range size, as well as changes
in them (IUCN, 2012). In real-world, data on population
and range size are limited, and thus Red List status of a
species may not reflect true extinction risk, or species at

Received: 9 November 2020 Revised: 8 April 2021 Accepted: 19 April 2021

DOI: 10.1111/csp2.446

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2021 The Authors. Conservation Science and Practice published by Wiley Periodicals LLC. on behalf of Society for Conservation Biology

Conservation Science and Practice. 2021;e446. wileyonlinelibrary.com/journal/csp2 1 of 4

https://doi.org/10.1111/csp2.446

https://orcid.org/0000-0003-4764-2556
mailto:atte.komonen@jyu.fi
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/csp2
https://doi.org/10.1111/csp2.446
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fcsp2.446&domain=pdf&date_stamp=2021-05-07


the risk of extinction may not be Red Listed at all
(Ocampo-Peñuela, Jenkins, Vijay, Li, & Pimm, 2016).
Furthermore, species biological traits expose them differ-
ently to environmental changes (Cardillo, Mace,
Gittleman, & Purvis, 2006), and such changes can affect
species with a time lag (Cowlishaw, 1999; Hanski &
Ovaskainen, 2002).

The index of ecological extinction risk (EERR) pre-
dicts the risk of extinction from ecological characteristics
for 81 butterfly species in Finland (Kotiaho et al., 2005).
EERR is based on six ecological characteristics (see
Methods). We projected the EERR of each species against
its Red List status in the 2001 Red List of Finnish Species
(see Rassi, Alanen, Kanerva, & Mannerkoski, 2001),
which follows the IUCN criteria and classifications
(IUCN, 2012). The EERR identified a few species, which
were not Red-Listed at the time, although they shared
ecological characteristics with Red-Listed species. Simi-
larly, EERR identified a few species, which were Red
Listed at the time, although they shared ecological char-
acteristics with species classified as the least concern.
Now, 15 years and two Red List assessments (Hyvärinen,
Juslén, Kemppainen, Uddström, & Liukko, 2019; Rassi,
Hyvärinen, Juslén, & Mannerkoski, 2010) later the origi-
nal EERR is revisited and analyzed for its predictive
power.

2 | METHODS

The original analysis of Kotiaho et al. (2005) was based on
six ecological characteristics: niche breadth measured as
larval host plant specificity (monophage or polyphage),
resource distribution (host plant distribution in Finland),
dispersal ability (on the scale 1 to 10, based on expert opin-
ion), adult habitat breadth (number of habitat types used),
length of the flight period, and body size (i.e., wingspan).

We analyzed changes in the overall Red List statuses
between 2001 and 2019 assessments using Mann–Whitney
U-test, with the normal approximation Z of the U-statistic
and asymptotic two-tailed significance. Response variable
was EERR, and the explanatory variable was whether the
species' Red List status improved or remained unaltered
(n = 63), or deteriorated (n = 18). The null hypothesis
was that the distribution of EERR ranks is similar for the
species in these two categories.

To obtain a more detailed understanding of the
changes in Red List status of the species with different
EERR, we divided the species in eight equally-sized
groups based on their EERR. There were 10 species in
each EERR group (1–10, 11–20, etc.), except in the last
one (EERR 71–81). For each species, we assigned a value
from 1 to 5 based on their Red List status, representing

critically endangered (CR), endangered (EN), vulnerable
(VU), near-threatened (NT), and least concern (LC),
respectively. We used the Friedman repeated-measures
analysis of variance by ranks to analyze whether the
average Red List status of the species across the three
Red List assessments (2001, 2010, and 2019) in each of
the EERR group has changed. Null hypothesis was that
the average ranks across the three Red List assessments
are similar; asymptotic two-tailed significance was used.

Pallas' Fritillary (Argynnis laodice; EERR 61) was not
evaluated in 2001 or 2010 Red List assessments, so the
species is included in the current analysis as a species
having no change in Red List status. In all analyses, we
considered only genuine changes in the Red List status
(see IUCN, 2012), that is, changes caused by increased
knowledge (1 spp.) or changes in criteria (7 spp.) were
considered “no change.” The IUCN criteria changed
between 2001 and 2010 assessments, so two of the seven
species faced genuine changes between 2010 and 2019.
These two species were considered as “deteriorated” in
the Mann–Whitney test and in the Friedman test
between 2010 and 2019.

3 | RESULTS

Altogether 18 (22%) species became genuinely more
threatened in 2001–2019, 2 (2%) became less threatened,
and 61 (75%) retained their threat status; none of the spe-
cies went back and forth in the Red List (Table S1).
Species which became more threatened since the 2001
Red List had higher ecological extinction risk in the
original analysis (i.e., smaller EERR; median = 20.5,
range = 54) than species which retained their Red List
status or became less threatened (median = 48.0, range
= 80; Mann–Whitney Z = �3.64, N = 81, p < .001). More
specifically, the Red List status of the species in EERR
groups 11–20 and 21–30 deteriorated since the 2001
assessment, whereas the Red List status of the species in
other EERR groups maintained or improved their status
(Figure 1).

4 | DISCUSSION

In general, the original predictions of Kotiaho et al.
(2005) have manifested themselves during the past
15 years. Species which had higher extinction risk based
on EERR became indeed more threatened, whereas spe-
cies which had lower extinction risk retained their Red
List status (LC) or became less threatened. Even though
the Red List status of the species with the highest extinc-
tion risk based on EERR (Group 1–10) did not deteriorate
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further, this is not a complete surprise. Some species, for
example, were so rare (CR) that the next step in the
extinction vortex would have been national extinction.
Yet, we stress that no decline in the Red List status does
not mean no threat of extinction, that is, many species
have retained their high Red List status.

The original EERR identified a few species, such as
Frigga's Fritillary (Boloria frigga) and Grizzled Skipper
(Pyrgus centaureae), which were not Red Listed in 2001,
although they shared ecological characteristics with Red-
Listed species (Kotiaho et al., 2005). Both of these species
have since become Red Listed, possibly because of the
delayed effect of peat extraction and ditching (Hyvärinen
et al., 2019). It is also likely that climate change has fur-
ther contributed to the decline, because both species have
a northern distribution in Finland. The EERR also
predicted that Purple Emperor (Apatura iris) should not
be Red Listed, which, indeed, became true in 2010 (Rassi
et al., 2010). Both Purple Emperor and White-letter hair-
streak (Satyrium w-album), which have become less
threatened, have a southern distribution in Finland.
These examples support the important role of climate
change for range changes of butterflies, and suggest that
the location of the species range (e.g., northerness or
southerness in a given region) should be taken into
account in extinction risk assessments.

Conservation assessment (e.g., IUCN Red List) is an
administrative tool. Its use as an indicator of extinction
risk in scientific studies must always be treated with cau-
tion. However, because Red List status (whether scientifi-
cally reliable or not) has real-world political and
management consequences, it is important to study how
Red List status corresponds to species ecology and
changes in distribution and abundance. The present anal-
ysis shows that the predicted risk of extinction based on
ecological characteristics revealed well the population
trends, that is, extinction risk, of butterflies in Finland.
Thus, this approach can complement Red Listing, which
are based on other (e.g., IUCN) protocols (see also
Davidson et al., 2009; Ocampo-Peñuela et al., 2016; Taft,
Roff, Komonen, & Kotiaho, 2014). The knowledge about
the distribution and abundance of butterflies in Finland
is excellent (Hyvärinen et al., 2019), so a similar proactive
approach in other regions, where data on species popula-
tion and range size are more limited, can be even more
helpful in targeting conservation measures. In the era of
the sixth mass extinction, conservation science must
become more proactive (Kotiaho & Mönkkönen, 2017;
Soulé, 1985), but—ultimately—proactive conservation
requires solid information on species ecology.

ACKNOWLEDGMENTS
We thank H. Högmander, A. Kankainen, M. Markkanen,
and H. Salonen for their help with statistics.

CONFLICT OF INTEREST
The authors have no conflict of interest.

AUTHOR CONTRIBUTIONS
Atte Komonen got the initial idea for re-analysis, Atte
Komonen and Janne S. Kotiaho wrote the paper.

DATA AVAILABILITY STATEMENT
All data used in this paper is accessible in Table S1

ORCID
Atte Komonen https://orcid.org/0000-0003-4764-2556

REFERENCES
Butchart, S. H. M., Walpole, M., Collen, B., van Strien, A.,

Scharlemann, J. P. W., Almond, R. E. A., … Watson, R. (2010).
Global biodiversity: Indicators of recent declines. Science, 328,
1164–1168.

Cardillo, M., Mace, G. M., Gittleman, J. L., & Purvis, A. (2006).
Latent extinction risk and the future battlegrounds of mammal
conservation. Proceedings of the National Academy of Sciences
United States of America, 103, 4157–4161.

Coulthard, E., Norrey, J., & Shortall, C. (2019). Ecological traits pre-
dict population changes in moths. Biological Conservation, 233,
213–219.

FIGURE 1 Mean rank of species across three Red List

assessments for eight ecological extinction risk rank (EERR) groups

of the 81 Finnish butterfly species. The group 1–10 indicates the
species with the highest ecological extinction risk. Decline in the

mean rank indicates deterioration in the average Red List status of

that EERR group; absolute values are not informative. Friedman

repeated measures analysis of variance by ranks: Group 1–10
χ2 = 1.5, p = .47; Group 11–20 χ2 = 9.6, p = .008; Group 21–30
χ2 = 9.5, p = .009; Group 31–40 χ2 = 0.7, p = .72; Group 41–50
χ2 = 0.0, p = 1.00; Group 51–60 χ2 = 4.0, p = .14; Group 61–70
χ2 = 0.0, p = 1.00; Group 71–80 χ2 = 0.00, p = 1.00; df = 2 in all

KOMONEN AND KOTIAHO 3 of 4

https://orcid.org/0000-0003-4764-2556
https://orcid.org/0000-0003-4764-2556


Cowlishaw, G. (1999). Predicting the pattern of decline of African
primate diversity: An extinction debt from historical deforesta-
tion. Conservation Biology, 13, 1183–1193.

Davidson, A. D., Hamilton, M. J., Boyer, A. G., Brown, J. H., &
Ceballos, G. (2009). Multiple ecological pathways to extinction
in mammals. Proceedings of the National Academy of Sciences of
the United States of America., 106, 10702–10705.

Hanski, I., & Ovaskainen, O. (2002). Extinction debt at extinction
threshold. Conservation Biology, 16, 666–673.

Hyvärinen, E., Juslén, A., Kemppainen, E., Uddström, A., &
Liukko, U. M. (2019). The 2019 red list of Finnish species. Minis-
try of the Environment and the Finnish Environment Institute:
Helsinki.

IPBES. (2018). Summary for policymakers of the assessment report
on land degradation and restoration of the intergovernmental
science-policy platform on biodiversity and ecosystem services.
Germany: Bonn.

IPBES. (2019). Summary for policymakers of the global assessment
report on biodiversity and ecosystem services of the intergovern-
mental science-policy platform on biodiversity and ecosystem ser-
vices. Germany: Bonn.

IUCN 2012. IUCN Red List Categories and Criteria, version 3.1. Sec-
ond edition. Gland, Switzerland, and Cambridge, UK: IUCN.

Kotiaho, J. S., Kaitala, V., Komonen, A., & Päivinen, J. (2005).
Predicting the risk of extinction from shared ecological charac-
teristics. Proceedings of the National Academy of Sciences United
States of America, 102, 1963–1967.

Kotiaho, J. S., & Mönkkönen, M. (2017). From a crisis discipline
towards prognostic conservation practise: An argument for set-
ting aside degraded habitats. Annales Zoologici Fennici, 54, 27–37.

Ocampo-Peñuela, N., Jenkins, C. N., Vijay, V., Li, B. V., &
Pimm, S. L. (2016). Incorporating explicit geospatial data shows

more species at risk of extinction than the current red list. Sci-
ence Advances, 2, e1601367.

Rassi, P., Alanen, A., Kanerva, T., & Mannerkoski, I. (2001). The
2000 red list of Finnish species. Ministry of the Environment
and the Finnish Environment Institute: Helsinki.

Rassi, P., Hyvärinen, E., Juslén, A., & Mannerkoski, I. (2010). The
2010 red list of Finnish species. Ministry of the Environment
and the Finnish Environment Institute: Helsinki.

Soulé, M. E. (1985). What is conservation biology? Bioscience, 35,
727–734.

Taft, H., Roff, D., Komonen, A., & Kotiaho, J. S. (2014). A compari-
son of three statistical methods for analyzing extinction threat
status. Environmental Conservation, 41, 37–44.

Zettlemoyer, M. A., McKenna, D. D., & Lau, J. A. (2019). Species
characteristics affect local extinctions. American Journal of Bot-
any, 106, 547–559.

SUPPORTING INFORMATION
Additional supporting information may be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Komonen A, Kotiaho JS.
Verifying the predicted risk of extinction based on
ecological characteristics. Conservation Science and
Practice. 2021;e446. https://doi.org/10.1111/
csp2.446

4 of 4 KOMONEN AND KOTIAHO

https://doi.org/10.1111/csp2.446
https://doi.org/10.1111/csp2.446

	Verifying the predicted risk of extinction based on ecological characteristics
	1  INTRODUCTION
	2  METHODS
	3  RESULTS
	4  DISCUSSION
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	  DATA AVAILABILITY STATEMENT

	REFERENCES


