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Studies d species-area curves and d the spatial correlation d biogeographic
ranges with climatic variables may dlow some crude prediction & amount o
extinction over largeregionsin theface d major environmental change. However,
these approaches tell little about the proximate causes o species loss. The
contention that failure o metapopulation dynamicsisat the root & many species
extinctionsissofar not borneout by observedrates d inter-popul ation movement.
Rather, most species that have a metapopul ation structure seem to have central
source populations and peripheral sink populations. Much d the extinction
recordedintheecological literature i s probably o such peripheral populationsand
their loss has little to do with species extinctions. The disappearance o central,
source populations is more important but its causes are not well documented.
Habitat lossis the single greatest ultimate cause o current extinction. However,
disappearance d the very last individuals o the last population d a species may
not be obvioudy related to habitat loss. Rather, it may seem mysterious, because
the last individualswill look healthy, or it may seem attributable to one d the
stochastic forceswidely assumed to set minimum viable popul ation sizes.
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Are ther e ecological reasonsfor extinction?

Raup (1991)argues that virtually dl geological mass extinctions, not only
the one at the end o the Cretaceous, were caused by meteorite impacts.
From the images that spring up in the mind's eye d a huge meteorite
striking the earth, one could easily conclude that therereally i s no ecology
that separates survivors o such impacts from species that are extin-
guished. It isjust amatter d luck - who happensto bein thewrong place
at thewrong time.
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Or are there biological reasons why most of the survivors are winners
and most of the extinct species are losers? Raup (1991)finds evidence for
this possibility to be very weak. He admits that some large taxonomic
groups seem to have survived mass extinction events better than others,
and that this tendency probably hasto do with biological characteristics
of speciesin those groups, but that is asfar as he goes. Most people who
have delved further have focussed on either body size or geographic range.

For body size, it has been claimed for both the Cretaceous mass
extinction {e.g. LaBarbera 1986) and some individual extinctions occur-
ring recently (e.g. Pimm et al. 1988) that large body sizeis correlated with
high extinction probability. It is not that body size per seis thought to
place a species at risk, but that it might be correlated with various life
history features, like relatively low reproductive rate or low density, that
predispose aspecies to be extinction-prone. For geographic range, theidea
isthat large geographic range hel ps a species avoid extinction, simply by
makingit morelikely that part o itsrangeisfar away fromwhatever events
cause the extinction (e.g. Hoffman & Szubdza-Studencka 1982; Martinell
& Hoffman 1983; Jablonski 1986), or that a species' range might just
happen to constitute a refuge, even if the range is small, because it
happens to be far away from the events that cause extinction (Vermeij
1986). Both of these claimed correlates o resistance to extinction have
been criticized (e.g. Tracy & George 1993), and, i nany event, neither would
tell us very much about the causes of population extinctions occurring
today or suggest ways to prevent them.

The species-ar ea curve and other large-scale
biogeogr aphic approaches

The tremendous attention focussed on extinction nowadays, motivated by
the prospect of an imminent or already begun mass extinction generated
by habitat destruction like the clearing o tropical moist forest, seems to
approach the problem from two very different directions. On the onehand,
one can look at the situation globally and try to think about global rates
O species- extinction that one might expect given global rates of environ-
mental habitat change. For example, | have considered what species-area
relationships tell us about current and future extinctions (Simberloff
1986a). Given current rates o destruction o moist neotropical forest, and
the fact that only about 1.5% o the habitat is set aside as reserves, |
suggested that, if current rates o destruction continue and if typical
speci es-arearel ationshi pshold, at sometimeinthe next century, the stage
will be set for aloss of about 2/3 of all plant and bird species. Thereisno
theory or even good empirical basisfor saying how long the extinctionswill
take, but if speciesrichness o birdsand plantsinthese remainingislands
of habitat conforms to typical species-area relationships (e.g. S = cA?,
where S= number o species, cisaconstant, and z is approximately 0.26),
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thiswould be the rough magnitude o thelosswe could expect over at most
afew centuries.

As another example d global or large-scale regional predictions o
species extinction, numerous authors have recently attempted to map
species biogeographic ranges, relate them to isopleths d temperature,
then predict what will happen to the ranges as global warming proceeds
(e.g. Schwartz 1993, and references therein).

But there are limits to how far one can take such approaches. For
species-area curves, some researchers have argued that the forces that
determine species-area relationships d very large areas like continents or
even 1/100 0 a continent differ from those that determine species-area
curves for small or medium-sized areas like islands and quadrats. The
latter comprise most o the empirical basis for the use d species-area
curves for prediction (Kangas 1987). In other words, just the fact that
islands conform to S = cA” needn't mean that one can extrapolate the
relationship to continents. For the global warming example, it has been
argued that range limits are not usually set smply by temperature (e.g,
Hengeveld 1990).

A very common complaint is that it matters a lot exactly which sites
would be left, since all areas d the same size do not have the same
richness. For example, Jablonski & Flessa (1986;cf. Jablonski 1986) have
effectively argued that a species-area relationship is an insufficientexpla
nation for the Permo-Triassic mass extinction because, if onelooksat the
distribution d marine families, a disproportionate fraction d them are
found in the shallow water around oceanic islands. Thus, even if one
eliminated all continental shelves, it still would not eliminate the habitat
d all speciesin most families (but see Paulay 1990). Many people have
argued similarly that one can forestall many d the extinctions predicted
from species-area rel ationships in moist tropical forest by saving particu-
lar 'hot-spots' d very high speciesrichness (e.g. Myers 1990).

Probably the biggest problem with using our knowledge d species-area
rel ationships to predict extinctionisthat if, in spite o our argumentsand
efforts, habitat continues to be destroyed, we not only cannot predict very
precisaly how many extinctionsthere will be and when they will occur, but
the species-area relationship tells us nothing about how to prevent some
d these extinctions. That is because the species-area relationship is
agnostic about the cause d extinctions. It isa rough empirical guide, not
a deductive law. Several forces singly or together might cause speciesto
be extinguished with loss o area, and the species-area rel ationship does
not show uswhich ones are acting to what extent. So d courseit cannot
tell us what to do to counteract these forces. Nor does the relation o
species ranges to temperature isopleths suggest how one might stem
extinctionin the face d global warming. An approximate correlationd a
range limit with an isopleth does not, by itself, reveal exactly what
physiological responses prevent a species from persisting beyond this
isopleth (Piggott 1970; Jablonski et al. 1985; Carter & Prince 1988).
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Local population extinction and itsrelationship to
species extinction

Because d these shortcomings in the use d the species-arearel ationship
and other large-scale approaches, many ecologists have lately focussed
their attention much more narrowly, on the extinction o particular popu-
lations rather than o entire species, to try to gain insight into the
extinction o entire species. This approach isfar afied from the normal
ambit o paleobiologists and has led to a separation of the paleobiological
and neobiological literatures on extinction. It has also led to confusion
about the meaning o theword 'extinction'.

A lot o population extinction must go on continually at the margins of
species ranges (Williamson 1989). Biogeographers and pal eobiologists
have not usually referred to such range changes as'extinction’, but lately
somedo (e.g. Hengeveld 1990). Peoplewho considered the phenomenon o
rangechangesat dl, and it wasuntil quiterecently arather arcanebranch
o biogeography, seemed not to conceived them as population extinction
or establishment, but rather as simply contraction or expansion within a
population. Cf course, without detailed information on which individuals
move where and who mates with whom, it is impossible to determine
whether these peripheral isolates are parts o a big population, inde-
pendent popul ationsthemselves, or parts o a 'metapopulation’, a concept
I will discuss in the next section.

Almost certainly many o these peripheral isolates qualify as '‘popula-
tions' by any traditional definitiond 'population’. In a classic study o the
distribution o Clematis fremontii var. riehlii (Erickson 1945), at a high
resolution o the mapping, ‘colonies occupying 'glades, some glades are
soisolated from other glades that geneflow by either immigration or pollen
transfer must be very rare. The same is true o the highest levd o
resolution, 'aggregation’. Now, Erickson did not map any part d this
biogeographicrange periodically for an extended time, but, if he had, | am
certain he would have found it changing from generation to generation.
Anyone who works with species in the fidd knows that published range
maps, including those that are dotsin map squares, are a caricature d a
dynamic entity with the dynamism and most o the detail omitted.

For example, for years| have sporadically sought red mangrove, Rhizo-
phoramangle, on the Gulf Coast of Florida. | knew at the outset therange
is dynamic not only from having seen entire mangrove forests killed by
hurricanes, but because | found recent large herbarium specimens from
sites many kilometers from any known Rhizophora | was excitedin 1970
to find what | assumed to be the northernmost Florida population of red
mangrove at Cedar Key (29° 10' N), consisting d threeindividuals, two o
which were producing seedlings. After many hours searching, | was
convinced there were no other Rhizophorawithin many kilometers. O
course, only 100 km south, there are several small, dense mangrove
swamps. Further north | searched many coastal areas and found no
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Rhizophom. This situation persisted until at least 1980. In 1986 | found
two Rhizophora, one d which was producing seedlings, in a remote site
about 60 km north o Cedar Key. | am certain there were no otherswithin
2 km. And in 1988, these two individuals were gone. In other words, the
boundary o the range o this specieswas changing by virtue d population
extinction and initiation.

This dynamism must typify many species, but this process is rarely
studied. Rapid range expansions, including disjunctions, are sometimes
published, but contractions are less frequently published, and the details
o the disappearance o peripheral populationsalmost never. Thereis not
even much research on the exact reasons why ranges terminate where
they do, which would have to be understood in order to understand why
the boundaries shift. Good studies are very rare, and usually entail both
laboratory tests and experimental transplant outside the existing range.
For example, Neilson & Wullstein (1983)asked exactly why the range o
Gambd's oak (Quercus gambelii) stopswhereit doesinthe AmericanWest.
The northern limit is set by seedling mortality caused by spring freezing
and summer drought, with a patchwork o suitable microsites getting
sparser and sparser asone movesnorth, until they are so sparsethat they
are rarely or never colonized. Given the vicissitudes o summer drought
and spring freezing, it is obvious that these peripheral populations go
extinct every so often.

Carter & Prince (1985), Prince & Carter (1985), and Prince et al. (1985)
studied the rangelimit in Britain o prickly lettuce (Lactuca scariola) with
some surprising results — the species does not get progressively rarer
towards the range limit, nor does plant vigor decrease. Instead thereisa
rather sharp boundary, with plants appearing healthy right up to it and
completely absent beyond it. There is no obvious single climatic correlate
d this boundary. They depict a situation much like that with Clematis.
Though there are no data on gene flow or other interactions, they view
British Lactuca as a metapopulation of more or less distinct populations.
They interpret thesudden rangelimit in termsd an epidemiol ogical model
for fugitive species in which a very small decline in suitability o the
environment, probably caused by many factors acting in concert, can
produce a distributional boundary that ismuch sharper than the environ-
mental gradientsthat causeit (Carter & Prince 1981, 1988).They conceive
o this phenomenon as one o populations going extinct or starting, and
datafrom one area show a big range expansion consisting o new popula-
tionsin 1977, followedfor several years by range contraction consisting o
disappearance o populations.

Whether thissituationwould obtain or thismodel apply to other species
is not known. But red mangroveis not a fugitive species and | have just
described some rather similar observations for this species. Both o these
situations seem to meto approximate the metapopulation model of Boor-
man & Levitt (1973), with alargecentral population that never goesextinct
surrounded by a bunch o small ephemeral populations. Pulliam (1988;
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cf. Pulliam & Danielson 1991) describe a very similar model in which a
'source’ part d the population provides most or all recruitment to other
parts o the population, denoted 'sinks’. He conceives o these dynamics
as within-population and the habitat as key to whether an area and its
associated individuals constitute a source or a sink. Aswill be discussed
inthefollowingsection, thedesignation o these dynamics aswithin-popu-
lational or metapopulational is quite arbitrary. Inany event, the only real
differencebetween the red mangroveand prickly | ettuce situationsand the
Boorman-Levitt mode is that the large central population might itself
comprise many more or lessdistinct populations. But the important point
would still be that these central populations do not go extinct, or do so at
amuch, much lower rate than the peripheral ones. One might even ask if
the processes that cause occasional extinction o a peripheral population
are the same ones that would threaten central populations. It isstill an
unanswered question, in spite d dogmatic statements to the contrary in
some conservation biology literature (e.g. Noss 1993), whether substan-
tial immigration into central populationsis important for their persist-
ence.

Whatever the significance o this extinction of peripheral populations,
quotes d extinction rates citing this phenomenon can be very misleading
intermsadf thethreat of species extinction. Thereisarelated way inwhich
ecol ogists sometimes inflate extinction rates. With increasing interest in
introduced species and the colonization process in general, there is a
growingtendency not to distinguish between propagules that never 'take'
and populations that did increase initially, but then disappeared. Many
times, the former are tallied into extinction rates; | have probably done
this myself at times when talking about disappearance o species from
small mangrove islands. It would be very difficult to prove, but almost
certainly the great mgjority of propagules that land either within or
outside the range o any species die without reproducing. Thisis almost
certainly the fate of most propagules deliberately or inadvertently intro-
duced far from their normal ranges. The disappearance o propagules can
be called 'local extinction', but its causes may not be closely related to
those causing the disappearance o existing, reproducing peripheral
populations, and are certainly not closdly related to the disappearance of
species.

Williamson (1989) suggests that many classic published examples o
'extinction’ of populations on mountaintop islands as ranges retracted
with Pleistocene climate change might not have been extinctions at all,
because the species might not have been maintaining populationstherein
the first place. Another possibility is that these populations were sinks,
maintained not by recruitment from within the site but by frequent
dispersal from elsewhere, and these populations thus did not contribute
to the regional persistence d the species.
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M etapopulationsas a hedge against extinction

There is intense interest in metapopulation structure as a hedge against
extinction nowadays; several models are reviewed by Hanski & Gilpin
(1991). The result o all these models is very straightforward. Single
populations that would not persist, or pairs d populations that could not
coexist, in one large population might do so, given the right parameters,
in a metapopulation o populations. Levins (1969) modeled this situation
and coined the term 'metapopulation’, though other work like that o
Andrewartha & Birch (1954) suggested the same pheonomenon even
earlier. In the conservation literature, metapopulations are usually
presented as an alternative to equilibrium island biogeographic models
and have largely replaced the latter (Merriam 1991). Some authors go so
far asto say simply that most species are distributed as metapopul ations
(e.g. Carter & Prince 1988; Wilson 1992; Noss 1993). But isthis true?

Hanski & Gilpin (1991) formally define a metapopulation as an en-
semble d interacting populations, each with a finite lifetime, and a
population as an ensemble of interacting individuals. The key isobvioudy
the definition o ‘interacting' - how much, and what kind o interaction?
They suggest that individuals that interact with one another in the course
d routine feeding and breeding constitute the local population, whereas
the metapopulation comprises populations united by infrequent move-
ment o individuals from one population to another, typically across
unsuitable habitat. So the key now becomesthe definition o 'infrequent'.
Theproblemisthat thislast definition o a metapopulationisvery closeto
a popular definition o species, namely an interbreeding or potentially
interbreedinggroup o populations. Arethere m y speciesthat are not, by
definition, metapopul ations? Some ecol ogists apparently think not - they
view any set o individuals that shows aggregation at any spatial scale as
a metapopulation. But dl species show aggregation at some scale.

Harrison (1991) recently clarified this matter greatly. She pointed out
that the essence o the metapopulation concept, from the standpoint o
persistence and extinction, i swhether regional persistence o the species
is maintained in the face d occasional local extinction d each discrete
population by recolonizationfrom existing popul ations. She then scanned
theliterature on local extinction and found very few examplesthat accord
with this modd. Two situati ons were most common. Onewas the situation
| described in the preceding section - small peripheral populationsthat do
occasionally go extinct and are re-established by colonizationfrom larger
populations that are effectively immortal. So the prevention o species
extinction in this case has nothing to do with the ongoing redressing o
local population extinction. Bahamian orb-weaving spiders fal into this
category [Schoener & Spiller 1987). So apparently do many butterflies
(Harrison 1991).

The second common situation she found was species with aggregated
distributions, but with dispersal among the aggregates so frequent that
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the entire system is effectivadly one extinction-resistant population. Cf
course there is no sharp distinction between metapopul ations with true
local extinction and aggregated populations in which the aggregations
shift. But, asHarrison indicated, if individuals typically inhabit morethan
one patch in their lifetimes, one would have to strain to call the system a
metapopulation. Very many o the classic cases pointed to in the conser-
vation literature as validating the metapopulation model may fal in this
category.

The misappropriation d the term 'metapopulation’, and the dynamics
thatitimplies, hasalready led to questionable management recommenda-
tions. For example, consider the study o risk d extinction by Pimm et al.
(1988)based onannual censusesd breeding birdson small islands off the
coast of Britain. Thisresearch has already been used as part o the basis
for the recovery plan d the northern spotted owl in the United States and
suggested as a guide to the mechanics o introduction or reintroduction
plansfor endangered birdsonthesmall islandsd New Zealand. Thisstudy
has been criticized on many grounds (Tracy & George 1993), but | think
the key problem was raised by Haila & Hanski (1993) - the data are not
about extinction at all, but about spatial shiftsin aggregationwithin large
populations. Actually, Smith (1975) anticipated this criticism in his
presidential address to the Ecological Society o America. He pointed out
that he could census an apple tree in his backyard, each time tabulating
the bird species present. The list would change, and one could call these
changes 'extinction' and 'immigration’, but this terminology would not
elucidate either the occupation d his tree by birds or the processes o
extinction and immigration.

A third sort o situation that Harrison found in theliterature, although
again not conforming to the metapopulation model, is perhaps more
germane to extinction as an ecological process and as a conservation
concern. Thiswas regiona decline d a species, usually in the context o
long-term habitat change entailing fragmentation. The most famous
example she cited is Brown's depiction d aseries o extinctions & moun-
tain populations o mammals caused by reduction and isolation of moun-
taintop habitats during post-Pleistocenewarming (Brown1971). The key
isthat the declined the species doesentail the apparent ‘winking ouf o
isolated populations, but these local extinctions are not usually redressed
by recolonization;it isanon-equilibrium situation leading to the regional
extinction d theentire species. Asnoted i n the preceding section, William-
son (1989) suggests that many o these abandoned sites never supported
ongoing populations to begin with, but even if they had [and some fossil
evidence (e.g. Grayson 1987; Harris 1990) argues in favor o the hypo-
thesis], the fact that some o thelossisd isolated, distinct populationsis
irrelevant to understanding why the loss is happening or what had
maintai ned the species before the loss.

In fact, it is likely that the aggregated nature of all species, whether
caused by habitat heterogeneity or any other forces, would lead any
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gradual species extinction to appear, at some point during the process, as
a metapopulation process. If we discount the sudden elimination o all
individuals by a catastrophe like a meteorite or a hurricane, the typical
extinction probably entails the disappearance d some aggregates rather
than others.

A good exampleisthe scops owl, Otus scops, a small bird that used to
be ubiquitousin south and central Europe, extending all theway to Asia.
Since the 1950s, everywhere throughout its range, it is declining, and in
some places it has disappeared. Arlettaz (1990; cf. Arlettaz et al. 1991)
seems to be the only one studying this declinein great detail, and heis
studying it inonly part of itsrange, Switzerland. Until the 1950s, thisowl
was quite common in many parts d Switzerland, with five major more or
| ess discrete aggregations, how much movement there was among themis
unknown. Now they remain only i n the southwest, in the upper part o the
Rhone valley in the canton d Valais. The nearest remaining populations
in France and Italy arefar away and rapidly declining themselves.

No one knows exactly how many owls there were in 1950, but it must
have been at least a few hundred, spread throughout the valley. By 1986
therewere only 22 pairs, by 1988 only 16-19 pairs. Two things happened.
First, until recently therewas simply increasing lossd peripheral individ-
uals, some o which probably constituted populations. But for most o this
time, therewasnot adecreasein density inthecenter o therange. In 1982
there were six occupied areas that probably constituted populations,
spread out over about 26 km; thelargest population wasin the middle. By
1985, the two westernmost and one easternmost populations had disap-
peared, leaving three. By 1988, only the central one d thesewas|eft. And,
beginning about fiveyears ago, this central one began to decline.

The first part o the decline, beginning in the 1950s, is not very
mysterious. There was a major intensification of agriculture, primarily a
doubling of the amount d vineyards, at the expense o the farms, open
woodland, and oak groves inhabited by the scops owl. As the vineyards
ascended the sides of the mountains, the scops owl retreated, until itisno
longer found below about 840 m, which happens to be the upper limit o
thevineyards. It cannot survivein the pine forests above 1200 m, soitis
now in a narrow band. Worsg, it does not favor steep slopes. The last,
declining population isin the singlesite that onewould have said hasthe
best habitat, from previous studies o habitat requirements.

But the declinein this last site, and the disappearance from the five
sites near it, is not wholly explained by agricultural change, because in
this one region the habitat has not been changed as much. It could wdll
bethat thefive extinction sitesweresimply sinksin a Boorman-L evitt type
metapopul ation, whoselocal populationswere continually replenished by
the central population which no longer produces individuals. If thiswere
so, the failure of metapopulation dynamics with the loss o individuals
from the five nearby sites would be irrelevant to the decline o the last,
central population. The decline in the central population is the most
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puzzling. Arlettaz (personal communication 1993) thinks it is simply a
case o recruitment falling to a point where it does not redress mortality,
but exactly why recruitment has fallen, if it has, is not known. This
certainly looks like a paradigmatic example d a minimum viable popul a-
tion size (Shaffer 1981; Simberloff 1988}, but it will probably beimpossible
to determine why popul ations below this minimum cannot persist before
the population goes extinct.

Thereis onefly in the ointment. Probably the fact that the scops owl
has declined everywhere is due to intensified and changed agriculture
everywhere, but one cannot discount the possibility that increased deser-
tification of the Sahel, itsoverwinteringarea, playsarole. However, at | east
for the Swiss population, no matter what happened in the Sahel, this owl
was doomed by habitat destruction.

So what is causing extinction of species nowadays?

Several tabulations recently o the known causes o contemporary extinc-
tion for various taxa are unanimous in agreeing that virtually all o itis
caused by humans, and that, o the human agencies causing extinction,
habitat modificationis by far the most common, though hunting and the
effects o introduced species are both important contributors (Ziswiler
1967; Fitter 1968; Ehrlich & Ehrlich 1981; Atkinson 1989; Johnson &
Stattersfield 1990). One extinction may produce others by removing akey
resource. Theloss o American chestnut (Castaneadentata) to introduced
chestnut blight (Cryphonectria parasitica) extinguished or endangered
several host-specific insects (Opler1979). Such cascades o extinction are
probably common but are rarely studied intensively.

Therecent focusd pal eobiol ogistson both massextinction and impacts
as their likely cause (e.g. Raup 1991) has tended to cause ecologists not
to pay much attention to the paleobiological literature on extinction.
Similarly, paleobiologistsview lists d causes o current extinction as not
too relevant to their concerns. Most d the current examples are o birds
and plants, rather than o marineinvertebrates, and many are o popula-
tions or subspecies, so would not easily have been detected if one had been
forced to depend on the fossil record. However, it seems possible that
greater attention by paleobiologistsand marine ecologiststo local disap-
pearance might inform the ecological literature and effect a rapproche-
ment.

| think it isimportant to recognizethat, except when al individuals of
a species are simultaneously eliminated, as by a meteor or a hurricane,
extinction is a multi-stage process (Simberloff 1986b). For example, lists
o causes d extinction have the eastern subspecies o the heath hen
{Tympanuchus cupido cupido) as having been eliminated in 1932 from the
United States because o habitat alteration by humans plus hunting, but
the story ismore complicated (Bent 1932; Simberloff 1986b). Hunting and
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habitat alteration in the heath hen's range stopped years before 1932.
Originally heath hens were found from Maine south to Virginia and were
common on sandy scrub-oak plains. They were hunted out o Connecticut
and mainland M assachusettsby 1850. A few persisted in Long I sland, Newv
Jersey, and the foothills o the Pocono Mountains d Pennsylvania, but by
1870 thelast heath hens were restricted to Martha's Vineyard, an island
off southeastern Massachusetts. By 1890 there were 200 birds left; by
1896, fewer than 100 survived.

Extinction would have followed quickly except for the establishment in
1908 o arefuge d 700 hafor the last 50 birds. The refuge habitat was
improved and by 1915 the popul ation was estimated at 2,000. Then came
aseriesd disastersthat ended in extinction. In spite o precautions, afire
during a gale in 1916 swept through the breeding area. A hard winter
followed, punctuated by an unprecedented flight o goshawks, and the
population was reduced to fewer than 150, mostly males. A dight rally
occurred during the next few years, but extensiveinbreeding appeared to
be accompanied by a declinein sexual vigor and a persistent great excess
o males. Worst d all, in 1920 a disease  domestic poultry killed many
heath hens. By 1927 therewereonly 13 birds, of which 11 weremales. In
1928 only two birdswere left, and the last one was |l ast sighted on March
11, 1932. Many bird-watchers travelled to Martha's Vineyard to see the
last heath hen.

In other words, even with habitat deterioration redressed and hunting
virtually stopped, several forces conspired to extinguish the heath hen.
One can say that the ultimate cause o death was human activity, but
eventually extinction was assured even if direct human activity stopped.
It is exactly like assigning death in some human diseases. The cause o
many cancer deaths is listed on death certificates as 'congestive heart
failure', but the patient was doomed by the cancer.

Soulé (1983) has argued that the proximate causes o extinction are not
very important: "The extinction problem has little to do with the death
rattle of the final actor. The curtain in the last act is but a punctuation
mark —itisnot interesting initself. What biologistswant to know about is
the processof declinein rangeand numbers'. In asense, heiscorrect. The
literature on minimum viable population sizes (e.g. Shaffer 1981; Simber-
loff 1988) suggests that several forces — environmental events, demo-
graphic stochasticity, various behavioral problems, and genetic stochas-
ticity — all conspire to place very small populations at disproportionately
great risks. For the heath hen, there are at least hints that all of these
forces came into play (Simberloff 1986b). So thereis no doubt that, if we
are going to be left with entire species consisting o single, rather small
populationsin single refuges, we are going to lose many o them.

Unfortunately, | think we have to accept that thisis going to happen
even if we argue as forcefully as we can against it, and we should study
the proximate causes as we fight the ultimate causes. There are two
reasons. First, we are losing the war to save many large reserves, even
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though we are winning some good battles. In many regions, like most of
Europe, the war is already lost. We should keep fighting, but we are
derelict if we ignorethelikelihood that, at |east for now, we cannot make
conservation a high enough priority to stop the habitat destruction.
Second, even though it is much harder to save small populations, itisnot
alwaysimpossible. The clearest evidence o thisisthat many species and
subspecies, even d vertebrates, are endemic to liny islands and probably
never had more than a few hundreds or even afew tens o individualsin
their entire history, yet have persisted long enough to have evolved into
distinct taxa and would probably not be considered tremendously threat-
ened were it not for human activity (e.g. Walter 1990). Mogt o these, d
course, are threatened now, but that i s alwaysbecause their populations
have been even further reduced by human activity (Johnson & Statters-
fidld 1990).

Above | argued that thelocal extinctions d populationsat theedged a
speciesrangewere not usually likely to tell us much about the reasonsfor
the extinction o entire species, except perhaps in the case d range
contraction generated by global warming. But | believethat, nevertheless,
from a conservation standpoint, it behooves us to study these small
populations carefully to see exactly why they are declining, if they are
declining, if we are to have any hope at all d saving them, at least
temporarily, until humankind comes to its senses and we can have
broadscal e habitat restoration.

One good exampleis the Puerto Rican parrot (Amazona vittata). Until
Hurricane Hugo struck in 1989, there were about 50 individuals in the
wild, all restricted to one forest that happened to be hit by the hurricane,
and another 50 in captivity. The hurricane killed about half thewild birds.
Plans had been afoot to re-establish a second population. But intensive
study o thelast population had already led to abig advancethat had, until
the hurricane, stabilized the situation and led to an increase from the low
of 13individualsin 1975. Thiswasthe discovery that nest predation and
nest competition by the pearly-eyed thrasher (Margarops fitscatus) were
crucial, and the developmentd nest modificationsand nest boxesthat the
parrot would tolerate and the thrasher would not, plus nest boxesthat the
thrasher would use (Snyder et al. 1987). Each thrasher pair established
near aparrot nest excludes other thrashersfromthevicinity becausethese
birds are highly territorial. This research, though seemingly mundane,
single-species natural history in an age that prizes overarching theory,
could be very consequential because other endangered West Indian par-
rots are also affected by the thrasher.

Of course, any species restricted to a single population at onesmall site
i sgreatly endangered by major catastropheslikecyclones. Theonly known
recent extinction d a bird by hurricanes isthat d a bullfinch subspecies
(Loxigilla portoricensis grandis) restricted to the small island o St. Kitts
(Raftaele 1977), but other species have come close (cf. Smberloff 1986bh,
1988), and tiny single populations o species endemic to sitesin cyclone
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belts, such asseveral birds d the Mascarenes (Simberloff 1992), must be
at great risk. In one sense, one could attribute extinctions by this routeto
a failure & metapopulation dynamics - there is no second population to
provide new colonists. However, the original maintenance o the species
need not have entailed occasional recolonizationfollowing occasional |ocal
extinction.

Finally, it iswdl to bear in mind, with respect to any declining species,
that the fact that some individuals at a site seem healthy and reproduce
does not mean the population can persist even in the absence o idiosyn-
cratic catastropheslike cyclones. For aspeciesto dwindleto extinction, or
to fail to colonize an area even where propagules continually land, it
sufficesthat the averagerate d reproduction be only slightly lessthan the
averagerate o mortality, the averagetaken over generations. Thus, many
populations, including the last populations o some species, might be
superficially healthy but among the living dead. It could be that range
contractions generated by global warming will seem mysterious for this
reason. If we are to know why remnant populations are declining, and
possibly how to alter their environment to change this situation, we have
to havevery detailed study.
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Streszczenie

Powiazanie wiedzy o areal ach zajmowanych przez poszczegolnegatunki ze
zmiennoscia Klimatu moze pozwoli¢ na przyblizone przewidywanieinten-
sywnosci wymierania na duzych obszarach w wyniku wielkich przemian
srodowiska. Podejscie takie niewidlejednak pomagaw ustal eniu ostatecz-
ng przyczyny wymierania.

Wiekszos¢ gatunkow ma swoje central ne popul acje zrédiowe i peryfery-
czne popul acje zanikowe. Wiekszosé zapi sanych w material e pal eontol ogi-
cznyrn przyktadoéw wymieraniaodnosi sie do populacji peryferycznych. Ich
koniec niewidle ma wspolnego z rzeczywistym wymieraniem gatunku.
O wide istotnigjszy jest zanik populacji centralnych, ale przyczyny tego
Zjawiska nie sa dostatecznie udokumentowane.

W czasach nam wspétcezesnych zanik srodowiskawtasciwego dlagatun-
ku jest najpowazniejszym czynnikiem wymierania. Smieré ostatnich osob-
nikéw ostatniej populacji niemusi by¢ jednak w oczywisty spoob zwiazana
ze zmianami w srodowisku. Najczesciej jest skutkiem dzialania nieidenty-
fikowalnych, zapewne przypadkowych czynnikow.



