
We are now entering a time of immense environ-
mental upheaval were, increasingly, experts are
required to provide conservation assessments.
Quantitative assessment of trends in range and abun-
dance is costly, requiring extensive field studies over
a long period of t ime (Burgman et al .  2000).
Unfortunately, many species are only known through
a few ‘chance’ sightings or a handful of specimens
and extinction may be even harder to ascertain
(Solow & Roberts, in press). 

Organisations such as CITES and the World
Conservation Union have considered a species to be
extinct when it has not been observed for 50 years
(Reed 1996). As a criterion, its usefulness was depen-
dent on the characteristics of the species in question.
For example, not observing a species of insect, with a
short generation time, would clearly not be compara-
ble with not seeing a turtle for 50 years, which spends
extended periods at sea. Revision of the categories
resulted in species being classified ‘extinct’ when
exhaustive surveys failed to produce any observations
over a time period appropriate to the species’ life his-
tory and throughout its known historical range (IUCN
2001).

Quantitative inference of threat and extinction.
Using a record of sightings, Solow (1993a, 1993b)
demonstrated two methods to test the hypothesis of
extinction on the basis of the period without sighting
and the previous sighting record. The indices produce
probabilistic inference of extinction in the absence of
biological information (Solow & Helser 2000), as lit-
tle is known of so many species, and extinctions are
rarely observed directly (Solow & Helser 2000,
Solow & Roberts, in press). Similar methods have
been presented which also look at the behaviour of

the most recent sightings in the record (Solow &
Roberts, in press) and can reduce the effect of periods
where little collection effort has occurred (McCarthy
1998). Examination of these indices has been carried
out with sighting data recorded for species of varying
taxa (see Burgman 1995, McCarthy 1998, Burgman
et al. 2000, Roberts & Wilcock, in press). Evaluation
against recognised conservation classifications sug-
gested that the indices can infer threat and aid in the
prioritisation of species for conservation attention
(McCarthy 1998). Specimen-based records provide
information on the distribution of taxa through time
and space (Ponder et al. 2001), of which there is a
wealth held in the taxonomic collections and libraries
of herbaria and museums. Methods such as these
potentially have wide application as indicators of
threat.

Lists of threatened species often form the primary
source of information in the allocation of limited
resources (Burgman 2002). Here we present a number
of quantitative methods for rapidly assessing threat
and extinction based on herbarium data.

Solow Equation. Using the time of the last sighting
(tn) the Solow equation gives the probability that n
observations occurred within the period 0  t tn,
given that sightings are equally likely to occur within
the period T (Solow 1993a) (Fig. 1). Therefore higher
probability values (>α) infer that extinction has not
occurred as the lack of sightings at the end of the
record could happen by chance. Low probabilities
( <α) infer that extinction has occurred as the sight-
ings are unlikely to have occurred in the time period 0

 t tn given the magnitude of T and/or n.
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Solow Equation for a declining population. The

Solow equation (1993a) is suitable for small popula-

tions that are predisposed to rapid extinction, as the

sightings are assumed to follow a stationary Poisson

process (Solow 1993b). However, in a declining pop-

ulation sightings are less likely to occur towards the

end of the period because sightings will reduce as the

population declines. Assuming that the sightings fol-

low a Poisson process with decreasing rate function

Solow developed the following equation (Solow

1993b).

where 

and the function Fs (t) is given by

Solow / Roberts Equation.The Solow/Roberts non-

parametric test (Solow & Roberts, in press) does not

require a complete sighting record, as the number of

sightings (n) is not required for its calculation (Solow

& Roberts, in press). Using tn, T and tn-1 (the second

to last sighting) the equation generates the probability

that another sighting will occur (Fig. 2). However, the

equation for a declining population does not make

any assumption that the sightings follow a Poisson

process.

Collection effort. Collection effort is clearly not a

uniform process and therefore it is important to elimi-

nate inaccuracies arising from trends in collection

effort through herbarium practices and access to

sites (i.e. wars, CITES and government permits,

funding, remote location, etc). Instead of using time

as a measure of the period between sightings collec-

tion effort can be used (Fig. 3). McCarthy (1998)

modified the Solow equation to incorporate an

index of collection effort for each year (ei) (Partial

Solow equation). Collection effort can be calculated

as the proportion of the total species observed in

each time unit (McCarthy, pers. comm. 2002),

assuming all species have an equal chance of being

observed at any time in the locality. If collection

effort does not vary over the period (0 to T), then

the equation reduces to the Solow equation

(McCarthy, 1998).
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Fig. 1. The Solow equation evaluates the probability
that n observations occurred before the last sighting during
the period T.
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Fig. 2. The probability of another sighting occurring is
generated based on the ratio between the periods tn-1<t<tn

and tn-1<t<T.
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Fig. 3. The Partial Solow equation generates probabili-
ties based on the collection effort producing n sightings
given the total effort within the whole period.



Partial Solow Equation.

This method can also be applied to the Solow /
Roberts equation.

Start Dates. In the case of say annual bird counts, it
is possible to select a start date for the period T, how-
ever in many cases this is rarely possible. By using
the first sighting as the start date the number of sight-
ings, n, reduces to n-1, limiting the number of species
with calculable probabilities.

Inferring decline. Increasing magnitude of p- v a l-
ues implies decreasing levels of threat (McCarthy
1998). If species were collected randomly and were
not in decline, then one would expect that the dis-
tribution would be uniform, for example species
that are presumed extinct would have the lowest p-
values (McCarthy 1998). If 50 species were exam-
ined, by chance we would expect 5 species to have
p-values below 0.1, 10 species below 0.2 and so
o n .

Testing the tests. Error rates can be calculated as the
actual proportion of extant species inferred as extinct
(p< α) for all sighting records and indices (McCarthy
1998).

Power of the indices is calculated as the proportion
of species correctly identified as extinct (McCarthy
1998).

IUCN categories of threat, where available, can be
used as a source of information for the ‘true’ status of
a species by which the equations can be evaluated
using the Spearman’s rank correlation (McCarthy
1998). 

An illustrated example. The record of A e r a n t h e s
a r a c h n i t e s (Thou.) Lindl. from Mauritius, Indian
Ocean, contains n = 5 collections during the 20th
century 1960, 1962, 1964, 1968 and 1973. If the
beginning of the observation period is taken to be
the time of the first collection in 1960, n is reduced

by 1, and T = 40 (i.e. from 1960 to 2000), the p-
value based on the assumption of a constant collect-
ing rate is 0.012. The smallness of this p-value is
due to the apparent decline in the collecting rate
over the observation period. If, instead, we assume
that the collecting rate declines exponentially, then
the p-value is 0.306, reflecting the expected increas-
ing difficulty in locating the species. While the col-
lection record gives some evidence of such a
decline, it is not possible to determine from so small
a record whether the exponential model is reason-
able. However, if we make no assumption of the rate
of decline then p = 0.15625. This would therefore
suggest that the species is still present on Mauritius.
Based on 16 months of field work in Mauritius, this
species still exists.
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