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Abstract
Population reductions are often used to assess extinction risk of species in the IUCN Red List. Guidelines for Red List assessments describe specific methods for calculating the amount of reduction for species with strongly fluctuating populations.
Recently, an alternative approach that involves expert opinion has been suggested for calculating population reduction in
insect species. We argue that, while populations with high temporal variability do present challenges, the alternative suggestion is unnecessary, and inconsistent with the IUCN Red List Categories and Criteria.
Implications for insect conservation Consistent application of standardized methods for calculating population reductions
allows robust and objective assessment of extinction risk faced by invertebrate species.
Keywords Threatened species · Red List · Population decline · Monitoring · Time series
Population reductions are a symptom of species endangerment, and are often used to assess species in the IUCN Red
List. A recent paper (Fox et al. 2019) focused on the issue of
calculating reduction for insect species with strongly fluctuating populations for use in the IUCN Red List assessments
of these species, and proposed an approach as an alternative
to the methods described in the Red List Guidelines (IUCN

Standards and Petitions Committee 2019). Specifically, they
took issue with the 10-year window for assessing extinction
risk and proposed using the available time series together
with expert opinion. In this note, we argue that, although the
concerns of Fox et al. (2019) are valid, their recommendation is unnecessary, as well as inconsistent with the IUCN
Red List Categories and Criteria.
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Population reductions are used in IUCN Red List criteria
A and C, and are scaled to generation length (IUCN 2012).
Here, for simplicity, we focus on past reduction under criterion A2, for a species with a short generation length such
that reduction is calculated over a 10-year period (different
considerations apply to species with long generation times,
and for projecting future reductions). When census data
include large fluctuations from year to year, calculating past
reduction based on the ratio of current population size to the
population size 10 years ago may result in large variation in
the calculated reduction amount, which may vary substantially as a new population size estimate becomes available
every year, as described by Fox et al. (2019). To reduce
this variability, the Red List Guidelines (IUCN Standards
and Petitions Committee 2019) prescribe fitting a model to
the census data, and calculating the reduction based on the
fitted values. When the available time series is longer than
10 years, the Guidelines prescribe fitting a decline model to
the whole time series, and calculating reduction based on the
fitted values of the last 10 years.
An important factor that determines how the reduction is
calculated is the model that is fitted. The Red List Guidelines
ask the assessors to fit a model that reflects the pattern of the
decline, which may be exponential, linear, accelerated, or a
more complex pattern, and which may be inferred from the
type of threat, as detailed in the Red List Guidelines (IUCN
Standards and Petitions Committee 2019; Sect. 4.5.1). The
assumed pattern of decline can make an important difference
to the calculated reduction. If the fitted model is exponential,
then which 10-year period is used to calculate reduction is
irrelevant. Exponential decline means that the annual rate
of decline is the same for all years. So, 10-year reduction
will be the same value regardless of which 10-year segment
Fig. 1  Example of calculating reduction after fitting an
exponential decline model to a
45-year time series of population sizes. The "data" (blue
markers) are produced by a
simple model of exponential
decline with variability in
annual rate of decline. An
exponential decline curve
(red) is fitted to these points.
Reduction over a 10-year
period is calculated as 32%
based on any 10-year period,
for example the last 10 years,
1 − (19,092/28,226), or the first
10 years, 1 − (75,009/110,892)
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is analyzed, such as the last 10 years or the first 10 years
(Fig. 1).
However, some threats result in changing rates of decline
through time. The Red List Guidelines give examples of
these. One example is a decline that is linear in population
size. If a similar number of individuals are removed from the
population every year, the decline will be linear in population size, which means the rate of decline will accelerate
over time. This might happen, for instance, if the species is
threatened with habitat loss, and a similar-sized area of habitat is lost every year. Sometimes even an increasing number
of individuals may be lost every year (for instance, if the
habitat area lost is increasing from year to year), resulting
in even a larger acceleration in the decline rate.
When the annual decline rate is changing, it is important
that the reduction is calculated from the last 10 years of
the fitted model. Otherwise, the reduction may be underestimated (if the annual decline is accelerating). Figure 2
demonstrates this with a simple example, based on population change simulated by removing a fixed number of individuals from a randomly fluctuating population. In this case,
the decline is linear in N (population size), and thus the
annual rate of decline is accelerating. Over the first 10-year
period, the average, model-fitted decline is less than 16%,
and it increases to over 35% in the last 10-year period. In
such cases where the annual rate of decline has a temporal trend, average annual rate of decline is meaningless and
should not be used. Instead, the reduction in the last 10-year
period should be used. Assessors must also consider future
reduction, especially when decline rate is increasing or may
increase, but this is outside the scope of this paper.
Another type of a changing rate of decline can happen after a one-time loss of habitat. Following a sudden
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Fig. 2  Example of calculating reduction after fitting a linear decline
(in N) to a 45-year time series of population sizes. The "data" (blue
markers) are produced by a simple model of removing a fixed number
of individuals from a randomly fluctuating population. A line (red)
is fitted to these points. Reduction over a 10-year period depends

on which 10-year period is used. In the first 10-year period, reduction is < 16% (1 − (79,855/94,849)), thus the Red List category
would be incorrectly determined as LC, if the first 10-year period
was mistakenly used. In the last 10-year period, reduction is > 35%
(1 − (27,376/42,370)), thus the Red List category is VU

Fig. 3  Example of calculating reduction after fitting a model of logistic decline to a new and lower carrying capacity to a 45-year time
series of population sizes. The "data" (blue markers) are produced by
a stochastic logistic model with an initial abundance (100,000) that
is above its carrying capacity (30,000). A line (red) is fitted to these

points. Reduction over a 10-year period depends on which 10-year
period is used. In the first 10-year period, reduction is > 60%, thus the
Red List category would be incorrectly determined as EN, if the first
10-year period was mistakenly used. In the last 10-year period, reduction is < 1%, thus the Red List category is LC

reduction in habitat, the population would be above its
carrying capacity, to which it might return in the long run,
provided that the remaining habitat is constant in area and
quality. Figure 3 demonstrates this with a simple example,

based on population change simulated by a logistic model
that starts with a population size far above the carrying
capacity. Over the first 10-year period, the average, modelfitted decline is more than 60%, and it decreases to almost
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0% in the last 10-year period. As in the previous case,
average annual rate of decline is meaningless and should
not be used. Instead, the reduction in the last 10-year
period should be used.
Fox et al. (2019) recognize that IUCN guidelines address
this issue, but consider the solution inadequate for several
reasons. First they state that the guidance "is optional,
dependent on the availability of long-term data and relies
on practitioners being familiar with the detailed IUCN guidance." The availability of data longer than 10 years is indeed
a requirement for fitting a data series longer than 10 years,
so this requirement is unavoidable. The reliance on assessors
being familiar with the guidance provided to them is also
unavoidable, and would apply to any other suggestion as
well, including those by Fox et al. (2019). Finally, dependence on data availability and assessor familiarity may make
the guidance conditional, but would not make it optional.
Fox et al. (2019) also claim that "high levels of inter-annual
population variability within the 10-year period are still
likely to strongly skew trends and therefore Red List assessments." As demonstrated above, if the population is declining exponentially, this is not an issue; and if it is declining
in any other pattern, it is important to base the reduction on
the last 10 years in order to accurately reflect the current
risk levels.

Following the IUCN guidance reduces temporal variation
of the Red List category. To demonstrate this, we analyzed
one of the species that Fox et al. (2019) reported as having
the most variable Red List category. The Clouded Yellow
(Colias croceus) population has high temporal variability,
and Fox et al. (2019) calculated its Red List category to be
changing from Endangered (EN) to Critically endangered
(CR), back to EN, and finally to Vulnerable (VU), within
a 15-year period. However, if all the available data for this
species (from UK Butterfly Monitoring Scheme; Botham
et al. 2020) are analyzed according to the Red List guidelines, the species is assessed at the lowest extinction risk
category of Least Concern (LC; Fig. 4).
However, Fox et al. (2019) are correct that if only a single
ten-year segment of the data given in Fig. 4 had been available, a larger reduction could have been calculated. Of the 31
possible 10-year segments (from 1979–1988 to 2010–2019),
11 would have resulted in a reduction of 30% or more.
Although this means that the reduction does depend on the
years for which monitoring data are available, note that these
11 10-year segments with > 30% reduction are limited to
only 2 periods: starting with 1979 to 1983, and 2000 to 2005
(Fox et al. 2019 focused on the second period). Both of these
periods include multi-year declines (e.g., 5 years of continual decline starting in 1983), and a precautionary stance
requires that "a reduction should not be interpreted as part of

Fig. 4  Population index of Clouded Yellow (Colias croceus). Note
the log scale of the vertical axis. The data (blue markers) are from
UK Butterfly Monitoring Scheme (Botham et al. 2020). A line (red)

is fitted to these points. Note that, because of the log scale, a linear fit
implies an overall exponential population change (in this case, exponential growth over 4 decades)
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a fluctuation unless there is good evidence for this" (IUCN
2012). The precautionary approach is especially important
when reductions continue for multiple generations of the
species. In this case (Fig. 4), even if only a single 10-year
segment had been available, subsequent years of data would
have indicated that the reduction was indeed part of a fluctuation, and the assessments would have gone back to being
non-threatened. Also note that longer segments would have
resulted in much less variation. For example, if only a single
twenty-year segment of the data in Fig. 4 had been available,
there would be < 5% chance of calculating a reduction > 30%
(this is because, of the 22 such segments, only one results
in such a reduction).
The alternative suggestion by Fox et al. involves a "provisional threat classification," which is then adjusted using
"expert judgement". This suggestion would lead to inconsistencies among assessments. The Red List process relies on
expert judgment on several important steps, such as determining what the threats are, which, as discussed above, can
offer clues about the expected patterns of decline. However,
other aspects of the assessment, including the time window
for calculating reduction, must be standardized for all species, in order to make the assessments comparable.
In many cases, selecting the correct pattern of decline
is difficult, because threats are poorly known and variable
in time. In such cases, statistical methods such as AIC and
break-point analysis (segmented regression) can be used to
determine which pattern is most supported statistically, and
if there are changing threat levels in the past. In any case,
reduction should be based on the last 10 years of the population trend fitted with these methods.
Even with sophisticated statistical methods, substantial
uncertainties may remain. Red List Guidelines emphasize
acknowledging all uncertainties, and encourage stating that
more than one Red List category is plausible. Even if a species is listed as EN, for example, the assessment may state
VU and CR as plausible categories. However, the uncertainty should not be used as a reason to avoid assessing a
species, or to list it as Data Deficient (unless plausible categories include both CR and LC), or to relegate the listing
decision to expert judgment.
The method described in the Red List guidelines of
fitting longer than 10-year/3 generation time series data
when available addresses the issue of inter-annual variability in population sizes. Calculating reduction based
on the fitted population values reduces the dependence of
the reduction on data from individual years. And, making this calculation for the last 10-years ensures standardization of the risk assessment process. Finally, the Red
List guidelines allow and encourage incorporating and
acknowledging uncertainties caused by not only natural
variability and measurement errors but also by lack of
information on threats. Assessors should not deviate from

these guidelines. One possible source of confusion is the
statement that fitting a time series longer than 10 years
"may give a more representative estimate" of population
reduction (IUCN Standards and Petitions Committee 2019;
p. 32). This does not mean that using longer time series
data, when available and reliable, is optional; rather, the
statement implies that in some cases this process may not
give a better estimate. This may be the case, for example,
if the population is declining exponentially with little variation, in which case the length of time series makes little
difference; or if part of the time series is not considered
as reliable, in which case the assessors may choose to not
use the whole time series. It may also be the case if the
wrong model is used. For example, in Fig. 3, if a linear
model is used instead of the logistic decline model, using
the whole time series would mistakenly imply a reduction,
while using only the data after the initial decline would
give a more representative estimate of reduction.
Two related issues warrant brief discussion. Firstly, for
short-generation species with currently stable or growing
populations, declines that have taken place as recently as
11–20 years ago, even large declines as in the third example
above, would not contribute to a threatened Red List status.
Assessing such a species as Least Concern (as in Fig. 3)
may seem inappropriate, because the large reduction is certainly a conservation concern. It is important to note that
the category label Least Concern only refers to the risk of
species extinction. It does not refer to other types of conservation concern, such as large historical declines resulting in
severely depleted populations, and contributing to a shifting
baseline. Such concerns are more appropriately incorporated
into recovery assessments, by determining species recovery
targets based on historical baselines, for instance with the
new IUCN Green Status of Species (Akçakaya et al. 2018;
Grace et al 2019), which complements the IUCN Red List.
Conservation priorities should be based not only on the
extinction risks of species (e.g., IUCN Red List) but also on
how much they have been depleted relative to baseline conditions and on their potential for full recovery (e.g., IUCN
Green Status of Species).
Secondly, for Red List assessment of most invertebrate
species, the main difficulty is scarcity of data, especially
widespread, long-term, standardized monitoring data
(Didham et al. 2020; Hochkirch et al. 2020). Establishment of programs such as the UK Butterfly Monitoring
Scheme (Botham et al. 2020) in countries rich in invertebrate diversity, engaging volunteer enthusiasm for charismatic taxa (Bried et al. 2020; van Strien et al. 2013), and
employing entomological radar (e.g., biodarproject.org)
and smart surveillance technologies (e.g., tumblingdice.
co.uk), would go a long way in reducing uncertainties in
the Red List status of these species.
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