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Abstract

Time to extinction (TTE) is an estimate of how long a population, species or wider biological
group persists before reaching a stated endpoint, such as extinction, local loss or a defined level of
severe decline. The estimate depends on where the clock starts, what endpoint stops it, what
evidence is available and how uncertainty is handled. In conservation biology, TTE is usually
estimated by projecting possible population futures under specified threats and management
choices. In historical and fossil records, TTE is inferred backwards from incomplete evidence
such as sightings, specimens, fossils, dated remains, environmental DNA and non-detections.
TTE complements extinction probability by showing how quickly loss is expected or inferred to
occur, not just whether it occurs within a chosen period. The concept is useful for comparing
collapse rates, intervention windows, extinction debts and uncertainty, provided each estimate
states the biological entity, spatial scale, start point, endpoint, evidence base, assumptions and
uncertainty.

Introduction

The phrase “time to extinction” (hereafter TTE) suggests a simple interval: begin with a
population, species or clade, wait until extinction and record how much time has passed. The
difficulty is that extinction is rarely observed directly, and the start of the clock is usually a
scientific or management choice rather than an obvious biological event. A population viability
analysis (PVA) model might start at the present assessment date. An extinction account might
start with the arrival of a major threat or the first sustained decline. A palaeontological analysis
might start from an occurrence horizon or from the inferred age of a taxon.

It is therefore better to treat TTE as an operational “clock” whose meaning changes with the
entity being timed, when the clock begins, what endpoint stops it and how uncertainty in
observation or process is handled. Formal treatments of persistence and viability have long made
this distributional character explicit (Ludwig, 1996; Lande et al., 2003; Grimm and Wissel, 2004).
The resulting estimate is conditional on the named clock, rather than a species-level life
expectancy.

What is being timed?

A TTE estimate first identifies the entity being timed, which might be a local population, a
metapopulation a species or a clade, represented in a model by state variables such as abundance,
occupancy or reproductive output. Loss of reproductive viability, functional extinction, eco-
logical extinction, quasi-extinction and species extinction are related endpoints, but they do not
answer the same question. A local population can be lost while the species persists elsewhere; a
species can be functionally absent from an ecosystem before the last individual dies; a model can
cross a quasi-extinction threshold while recovery remains possible.

The same interpretive choice applies to the start point, which in conservation settings might
be model initialisation, first detection of decline, formal listing, onset of a threat or the
implementation of a management decision. In historical accounts, the clock often begins with
habitat transformation, overharvest, disease introduction or predator arrival, while the last robust
evidence of persistence usually constrains the endpoint. In palaeobiology, it is typically con-
strained by stratigraphic intervals, fossil horizons, radiometric dates or inferred environmental
change.

Nor is the endpoint a trivial stopping rule, even when the word “extinction” seems unam-
biguous. Strict biological extinction is the death of the last individual, but this event is almost
never observed (Solow, 1993). Conservation modelling can measure extinction at zero abun-
dance, quasi-extinction below a decision threshold or loss of demographic viability (Brook et al.,
2000), whereas palaeontological analyses often estimate the unobserved end of a taxon’s true
temporal range from sampled occurrences (Signor and Lipps, 1982). The same word can
therefore describe a forecast, an inferred extinction window, a waiting-time distribution or a
realised taxon duration. A clear estimate states the entity, start point, endpoint, evidence stream
and uncertainty structure before interpreting the interval.
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Because entity, start point and endpoint all do substantive
work, neighbouring terms need to be kept distinct. Extinction
risk, extinction debt, extinction lag, quasi-extinction, last appear-
ance datum, inferred extinction, functional extinction and eco-
logical extinction can all modify the clock, but each carries its own
endpoint and evidence standard. TTE becomes comparable across
cases only when those boundary conditions are made visible
(Figure 1).

Forward estimates in conservation biology

In prospective conservation work, TTE asks how long a population
is expected to persist before crossing an extinction or quasi-
extinction endpoint under specified demographic, threat, environ-
mental and management assumptions. PVA is a standard applied
framework for this problem (Boyce, 1992).

In stochastic projection, each replicate either first crosses an
extinction or quasi-extinction endpoint at a particular time or
remains uncrossed by the chosen time horizon. The probability
of extinction (PE) or quasi-extinction (PQE) is the fraction of
replicates crossed over that horizon, with a zero threshold for PE
and a threshold above zero for PQE. TTE summaries describe when
crossing occurs and how those crossing times are distributed.
Minimum viable population analysis uses the related perspective
of asking what population size is needed to keep PE acceptably low
over a chosen time horizon (Shaffer, 1981).

The distinction is important because, unlike TTE, PE and PQE
are bounded cumulative summaries. If all replicates go extinct by a
given horizon (PE = 1), these metrics cannot distinguish immediate
collapse from slower failure. In one case, all replicates might be lost
early because initial abundance is low; in another, replicates might
decline chronically to extinction from high initial abundance. PE=1
for both, but the timing and distribution of extinction are very
different. Means, medians, quantiles, survival curves and the shape
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of the extinction-time distribution therefore add diagnostic infor-
mation for comparing management scenarios, sensitivities and
novel risks.

Because the output is conditional, the time scale cannot be
separated from the assumptions. A forecast over 20 years and a
forecast over 100 years might imply different management prior-
ities even for the same population. Over finite horizons, some
trajectories might not cross the endpoint, so mean TTE can be
conditional (e.g., only relevant to extinct populations or replicates),
right-censored, extrapolated or undefined. Likewise, a threshold
chosen for regulatory action may be appropriate for triage while
remaining different from biological extinction.

Extinction-time distributions also reflect model mechanisms,
because demographic, genetic and environmental stochasticity,
random catastrophes, density dependence, mating system, Allee
effects, spatial structure and management interventions all alter
the clock (Lande, 1993; Sather et al.,, 2004; Melbourne and
Hastings, 2008). Two populations with the same abundance
can therefore have different expected persistence times if their
variance structure, spatial structure or demographic architec-
ture differs.

This makes TTE useful for decision support, especially when
fixed-horizon PE (or PQE) is equal across alternatives or when
comparisons among management scenarios are relative rather than
absolute. A recent PVA for the Eastern Iberian Reed Bunting
(Emberiza schoeniclus witherbyi), for example, evaluated extinction
probabilities over multiple horizons and estimated mean extinction
times under baseline and management scenarios, showing how
intervention could delay or avert projected extinction (Alambiaga
et al., 2025). Such studies are most informative when they make
assumptions, endpoints and uncertainty visible. PVA reporting
protocols and modern appraisals stress that forecasts should be
tied to model structure, input data, scenario realism and uncer-
tainty (Pe’er et al., 2013; Chaudhary and Oli, 2020).
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Figure 1. One extinction, several clocks. Time to extinction is an elapsed interval only after the clock has been named. The same endpoint definition can yield different estimates
depending on whether timing begins at the onset of a threat (TTE A), the first detection of sustained decline (TTE B), formal assessment or predictive-model initialisation (TTE C) or
another explicit start point. The last confirmed record is evidence of persistence to that point in time. The true biological endpoint is often unobserved and is therefore better
represented as an inferred extinction window (red box) than as a single known date. The relative positions of events are schematic rather than to scale; uncertainty is represented

along the time axis.
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Backward estimates in historical and palaeontological
records

Historical and palaeontological studies often face the reverse prob-
lem: an extinction event has probably occurred, or almost certainly
occurred in deep-time cases, but the timing is uncertain. The
evidence is a sequence of sightings, specimens, dated remains,
fossils, environmental DNA, search records or non-detections.
The task is to infer an endpoint from an incomplete observation
process.

Retrospective studies typically estimate the endpoint first; the
elapsed TTE then depends on the chosen starting point, such as first
appearance, onset of decline, arrival of a threat or the beginning of
the sampled interval (Figure 1). A last record confirms persistence
at a particular time, but by itself does not locate the extinction event
(Figure 2). Sighting-record methods treat this as an endpoint-
estimation problem (Solow, 1993). The Dodo (Raphus cucullatus)
provides a useful illustrative example here because statistical treat-
ment of sighting records placed the inferred extinction time later
than the last accepted observation (Roberts and Solow, 2003). For
recently extinct or possibly extant mammals, rediscovery patterns
and detectability show why absence of recent records must be
interpreted through search effort, range, conspicuousness and tax-
onomy (Fisher and Blomberg, 2011). In this setting, TTE includes
uncertainty in both the biological process and the observation
process.

The same endpoint problem reappears over longer timescales in
palaeontology, where fossil occurrences are samples from an
incomplete temporal record and the youngest known fossil of a
taxon usually predates its true extinction. This is the Signor—Lipps
effect in general form: incomplete sampling makes observed last
appearances biased proxies for true extinction times (Signor and
Lipps, 1982). Statistical methods for range endpoints estimate
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confidence or probability intervals around true first and last
appearances, rather than assuming that observed appearances are
exact boundaries (Strauss and Sadler, 1989; Marshall, 2010). At
broader palaeobiological scales, inferred first and last appearances
are also assembled into taxon durations, survivorship curves and
extinction hazards, but these summaries inherit the same sampling
and taxonomic uncertainties (Alroy, 2008). The same logic applies
when radiocarbon dates, archaeological occurrences or ancient
environmental DNA signals extend or complicate inferred extinc-
tion windows. Debates over mammoth persistence show how new
evidence streams can shift the apparent endpoint while also intro-
ducing their own preservation and contamination uncertainties
(Wang et al., 2021; Miller and Simpson, 2022).

Direct sightings, dated bones, fossils, sedimentary DNA and
structured non-detections differ in temporal resolution, geographic
coverage and susceptibility to error. A robust extinction-time esti-
mate therefore needs a model of how evidence is generated and
preserved, as well as a model of population persistence.

The prospective and retrospective uses of TTE are linked by a
common inferential structure (Figure 2). Conservation biology
projects from an observed present towards a future endpoint.
Historical extinction studies and palaeontology infer from observed
remnants towards an unobserved past endpoint. Both require a
distinction between biological extinction and the evidence by which
extinction is forecast, inferred or declared.

Why the concept matters

By linking process to consequence, TTE gives biological meaning to
rapid collapse and delayed loss. Short expected times can indicate
rapid threat escalation, catastrophic mortality, strong demographic
vulnerability, Allee effects or late detection. Long times can indicate
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Figure 2. Two inferential directions for time to extinction. In prospective conservation analyses, time to extinction is commonly estimated by projecting population trajectories
forward from an observed or modelled current state until they first cross an extinction or quasi-extinction threshold; the result is a distribution of first-passage times, rather than a
deterministic countdown. In historical and palaeontological analyses, the direction of inference is reversed: accepted records, dated remains, fossils, environmental DNA, search
effort and non-detections are used to infer an unobserved extinction window after the last confirmed evidence of persistence. In both cases, the estimate depends on the endpoint,

evidence stream, observation process and uncertainty model.
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extinction debt, demographic lag, chronic attrition, refuge persist-
ence or slow failure of recruitment. These interpretations are most
useful when estimates are comparable in scale, endpoint and evi-
dence basis.

That interpretive value becomes practical when managers need
to compare intervention windows, decide whether monitoring is
likely to detect decline before irreversible loss, and communicate
urgency without reducing extinction to a countdown. A mean TTE
can be useful, but the mean alone can hide a wide, skewed, bimodal
or right-censored distribution of possible outcomes (Ludwig, 1996).
Likewise, a last sighting can be a strong datum without being a
biological endpoint. Uncertainty is therefore part of what the
estimate communicates.

The main misuse is to compare different clocks as if they were
the same estimate. A modelled time to quasi-extinction is not
directly comparable with an inferred extinction time from histor-
ical sightings or a fossil last appearance unless the endpoint,
evidence basis and observation process are explicit. TTE is there-
fore best viewed as an operational estimate of persistence or
endpoint timing.

Whether used prospectively in PVA and conservation-scenario
analysis or retrospectively in historical and palaeontological infer-
ence, the scientific content of TTE lies in the named clock and its
uncertainty. Useful statements specify the entity, scale, start point,
endpoint, evidence stream, observation process, model assump-
tions and uncertainty; that discipline is what allows estimates across
fields to inform one another.

Open peer review. To view the open peer review materials for this article,
please visit http://doi.org/10.1017/ext.2026.10026.

Acknowledgements. The author thanks the Cambridge Prisms: Extinction
editorial team for commissioning this Explainer.

Author contribution. Conceptualisation and writing: B.W.B.

Competing interests. B.W.B. is the co-Editor-in-Chief of Cambridge Prisms:
Extinction. Editorial handling and peer review of this article were managed
independently of the author. No other conflicts of interest are declared.

Data availability statement. No new data are associated with this article.
Ethics and approval. Not applicable.

Funding statement. This research received no specific grant from any fund-
ing agency, commercial or not-for-profit sectors.

Inclusivity statement. Not applicable.

References

Alambiaga I, Vera P and Monrés JS (2025) Population viability analyses
provide key insights into how alternative conservation efforts can prevent
the extinction of a marsh passerine. Scientific Reports 15(1), 34392. https://
doi.org/10.1038/s41598-025-17289-3

Alroy J (2008) Dynamics of origination and extinction in the marine fossil
record. Proceedings of the National Academy of Sciences 105(supplement_1),
11536-11542. https://doi.org/10.1073/pnas.0802597105

Boyce MS (1992) Population viability analysis. Annual Review of Ecology and
Systematics 23(1), 481-497. https://doi.org/10.1146/annurev.es.23.110192.
002405

https://doi.org/10.1017/ext.2026.10026 Published online by Cambridge University Press

Barry W. Brook

Brook BW, O’Grady JJ, Chapman AP, Burgman MA, Ak¢akaya HR and
Frankham R (2000) Predictive accuracy of population viability analysis in
conservation biology. Nature 404(6776), 385-387. https://doi.org/10.1038/
35006050

Chaudhary V and Oli MK (2020) A critical appraisal of population viability
analysis. Conservation Biology 34(1), 26—40. https://doi.org/10.1111/cobi.13414

Fisher DO and Blomberg SP (2011) Correlates of rediscovery and the detect-
ability of extinction in mammals. Proceedings of the Royal Society B: Biological
Sciences 278(1708), 1090-1097. https://doi.org/10.1098/rspb.2010.1579

Grimm V and Wissel C (2004) The intrinsic mean time to extinction: A
unifying approach to analysing persistence and viability of populations. Oikos
105(3), 501-511. https://doi.org/10.1111/§.0030-1299.2004.12606.x

Lande R (1993) Risks of population extinction from demographic and envir-
onmental stochasticity and random catastrophes. The American Naturalist
142(6), 911-927. https://doi.org/10.1086/285580

Lande R, Engen S and Saether B-E (2003) Stochastic Population Dynamics in
Ecology and Conservation. Oxford: Oxford University Press. https://doi.
org/10.1093/acprof:0s0/9780198525257.001.0001

Ludwig D (1996) The distribution of population survival times. The American
Naturalist 147(4), 506—526. https://doi.org/10.1086/285863

Marshall CR (2010) Using confidence intervals to quantify the uncertainty in
the end-points of stratigraphic ranges. The Paleontological Society Papers 16,
291-316. https://doi.org/10.1017/S1089332600001911

Melbourne BA and Hastings A (2008) Extinction risk depends strongly on
factors contributing to stochasticity. Nature 454(7200), 100-103. https://doi.
0rg/10.1038/nature06922

Miller JH and Simpson C (2022) When did mammoths go extinct? Nature
612(7938), E1-E3. https://doi.org/10.1038/s41586-022-05416-3

Pe’er G, Matsinos YG, Johst K, Franz KW, Turlure C, Radchuk V, Mal-
inowska AH, Curtis JMR, Naujokaitis-Lewis I, Wintle BA and Henle K
(2013) A protocol for better design, application, and communication of
population viability analyses. Conservation Biology 27(4), 644—656. https://
doi.org/10.1111/cobi.12076

Roberts DL and Solow AR (2003) When did the dodo become extinct? Nature
426(6964), 245-245. https://doi.org/10.1038/426245a

Sether B, Engen S, Lande R, Moller AP, Bensch S, Hasselquist D, Beier J and
Leisler B (2004) Time to extinction in relation to mating system and type of
density regulation in populations with two sexes. Journal of Animal Ecology
73(5), 925-934. https://doi.org/10.1111/j.0021-8790.2004.00869.x

Shaffer ML (1981) Minimum population sizes for species conservation.
Bioscience 31(2), 131-134. https://doi.org/10.2307/1308256

Signor PW and Lipps JH (1982) Sampling bias, gradual extinction patterns and
catastrophes in the fossil record. In Silver LT and Schultz PH (eds), Geological
Implications of Impacts of Large Asteroids and Comets on the Earth. Boulder,
Colorado: Geological Society of America, pp. 291-296. https://doi.org/10.1130/
SPE190-p291

Solow AR (1993) Inferring extinction from sighting data. Ecology 74(3),
962-964. https://doi.org/10.2307/1940821

Strauss D and Sadler PM (1989) Classical confidence intervals and Bayesian
probability estimates for ends of local taxon ranges. Mathematical Geology
21(4), 411-427. https://doi.org/10.1007/BF00897326

Wang Y, Pedersen MW, Alsos IG, De Sanctis B, Racimo F, Prohaska A,
Coissac E, Owens HL, Merkel MKF, Fernandez-Guerra A, Rouillard A,
Lammers Y, Alberti A, Denoeud F, Money D, Ruter AH, McColl H, Larsen
NK, Cherezova AA, Edwards ME, Fedorov GB, Haile J, Orlando L, Vinner
L, Korneliussen TS, Beilman DW, Bjerk AA, Cao ], Dockter C, Esdale J,
Gusarova G, Kjeldsen KK, Mangerud J, Rasic JT, Skadhauge B, Svendsen
JI, Tikhonov A, Wincker P, Xing Y, Zhang Y, Froese DG, Rahbek C, Bravo
DN, Holden PB, Edwards NR, Durbin R, Meltzer DJ, Kjer KH, Moller P
and Willerslev E (2021) Late Quaternary dynamics of Arctic biota from
ancient environmental genomics. Nature 600(7887), 86-92. https://doi.
0rg/10.1038/s41586-021-04016-x


http://doi.org/10.1017/ext.2026.10026
https://doi.org/10.1038/s41598-025-17289-3
https://doi.org/10.1038/s41598-025-17289-3
https://doi.org/10.1073/pnas.0802597105
https://doi.org/10.1146/annurev.es.23.110192.002405
https://doi.org/10.1146/annurev.es.23.110192.002405
https://doi.org/10.1038/35006050
https://doi.org/10.1038/35006050
https://doi.org/10.1111/cobi.13414
https://doi.org/10.1098/rspb.2010.1579
https://doi.org/10.1111/j.0030-1299.2004.12606.x
https://doi.org/10.1086/285580
https://doi.org/10.1093/acprof:oso/9780198525257.001.0001
https://doi.org/10.1093/acprof:oso/9780198525257.001.0001
https://doi.org/10.1086/285863
https://doi.org/10.1017/S1089332600001911
https://doi.org/10.1038/nature06922
https://doi.org/10.1038/nature06922
https://doi.org/10.1038/s41586-022-05416-3
https://doi.org/10.1111/cobi.12076
https://doi.org/10.1111/cobi.12076
https://doi.org/10.1038/426245a
https://doi.org/10.1111/j.0021-8790.2004.00869.x
https://doi.org/10.2307/1308256
https://doi.org/10.1130/SPE190-p291
https://doi.org/10.1130/SPE190-p291
https://doi.org/10.2307/1940821
https://doi.org/10.1007/BF00897326
https://doi.org/10.1038/s41586-021-04016-x
https://doi.org/10.1038/s41586-021-04016-x
https://doi.org/10.1017/ext.2026.10026

	Explainer: Time to extinction
	Introduction
	What is being timed?
	Forward estimates in conservation biology
	Backward estimates in historical and palaeontological records
	Why the concept matters
	Open peer review
	Acknowledgements
	Author contribution
	Competing interests
	Data availability statement
	Ethics and approval
	Funding statement
	Inclusivity statement
	References


