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Abstract: Current discussions of biodiversity frequently center on the question of species extinction, and
much of conservation biology focuses on this topic. We argue that species extinction often represents the end-
point of a process of population extinctions, and that the deletion of populations over much of a species’
range is likely to be of as much or more concern than the final extinction of that species. Population extinc-
tions often result from babitat destruction and modification, which can be widespread. The result is that spe-
cies can be deleted from most of their former range but continue to persist in small refuge areas. Moreover,
species additions in the form of invasive species are frequently more numerous than extinctions in any given
area. Such invasions often result in dramatic changes in ecosystem structure or function and can be instru-
mental in bastening the extinction of native populations. We examine these premises using two examples
JSrom California and Western Australia. These two contrasting areas show broadly similar trends in species
extinctions, range contractions, and invasions, and they illustrate the fact that, by concentrating on species
extinctions, many of the important buman effects on biodiversity can be overlooked.

Ampliando el Debate sobre Extincion: Eliminacion y Adicion de Poblaciones en California y Australia del Oeste

Resumen: Discusiones recientes sobre biodiversidad frecuentemente se centran en la extincion de las espe-
cies y una buena parte de la biologia de la conservacion se enfoca en este tema. Nosotros argumentamos que
la extincion de especies representa frecuentemente el punto final de un proceso de extinciones de poblaciones
¥ que la desaparicion de poblaciones en la mayoria del rango de una especie es probablemente tanto o mas
preocupante como la extincion final de las especies. Extinciones de poblaciones constantemente resultan de la
destruccion y modificacion del bdbitat; lo cual puedo ocurrir con una extension amplia. El resultado es que
las especies pueden ser eliminadas de la mayoria de su rango original, pero continiian persistiendo en pe-
querias areas de refugio. Mas aun, la adicion de especies en forma de especies invasivas son con frecuencia
mas numerosas que las extinciones en un drea determinada. Estas invasiones resultan frecuentemente en
cambios dramdticos en la estructura of funcion del ecosistema y pueden ser el instrumento acelerador de la
extincion de especies nativas. Examinamos estas premisas usando los ejemplos de California y Australia del
Oeste. Estas dos contrastantes dreas muestran amplias tendencias similares en la extincion de especies, con-
tracciones en rangos de distribucion e invasiones. Ademds ilustran el becho de que al enfocarnos en la extin-
cion de especies muchos de los impactos bumanos importantes en la biodiversiadad pueden ser desestimados.
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species. Species extinction rates are reported to be in-
creasing worldwide, and a large number of species are
regarded as endangered (Pimm et al. 1995; United Na-
tions Environment Program 1995). Although the focus
on the deletion of species is understandable and neces-
sary, it is also important to consider the overall dynamics
of changing biodiversity. This includes not only the loss
of species through extinction, but also the loss of popu-
lations through ecosystem modification and habitat loss
and the gain of species via invasions.

We point out that the extent of species additions is, in
fact, far greater than species losses, and that these addi-
tions can have significant effects on the ecosystems (and
their component biota) they invade. Further, although
extinction of species is the major focus for summary sta-
tistics relating to biodiversity, the extinction of popula-
tions through habitat loss and modification is a much
more prevalent and pressing problem (Ehrlich & Daily
1993; Daily & Ehrlich 1995). The species level is one of
several that need to be considered in a comprehensive
approach to biodiversity conservation (Noss 1990; Noss
& Cooperrider 1994). The focus on species extinctions
is necessary because population extinctions may be re-
versible, but species extinctions generally are not. More-
over, species are frequently the focus of conservation
legislation, as for instance in the U.S. Endangered Spe-
cies Act (Kohm 1991). In many cases, however, species
do not go extinct but are lost from a large part of their
former range. Habitat loss and modification thus result
in greatly reduced and/or fragmented populations.
These dual topics of species additions and population—
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rather than species—extinctions deserve increased at-
tention from conservation biologists and managers.

We examine these topics in detail for two different ar-
eas, California and Western Australia. These areas both
contain a range of environments and climatic types, in-
cluding extensive mediterranean-type and arid zones,
but they are distant geographically and have different ge-
ologies, biotas, and histories of colonization and devel-
opment (Hobbs et al. 1995b). The two areas thus pro-
vide contrasting cases with which to examine the
question of species deletions and additions.

California

Species Losses and Gains

We reviewed the literature on a number of taxonomic
groups to determine the total number of species present
in California, the number extinct, those considered en-
dangered by U.S. federal standards, as well as those of
special concern to the California Department of Fish and
Game. In addition, the number of known established in-
vading species is listed. Included in this analysis are but-
terflies, amphibians, reptiles, birds, mammals, freshwater
fish, and plants (Table 1). The resulting data show that,
at the dates of each review, of 8274 total species in
these categories 1109 were introduced (13.4%), 71 were
endangered, and 49 were extinct (Fig. 1a). Numbers for
endangered and extinct categories are inflated for a spe-
cies count because they include subspecies categories.

Table 1. Californian and Western Australian biota that are native, introduced, threatened, or extinct.
Location
species category Native Introduced Threatened Extinct
California®
Plants ~6300 1023 30 (7 ssp) 34
Mammals 160 17 3 (2 ssp) 1
Birds 265 19 13 (6 ssp) 2 (both ssp)
Reptiles 76 3 1 0
Amphibians 45 2 2 (1 ssp) 0
Freshwater fishes 66 44 14 7
Butterflies 253 1 8 (all ssp) 5 (4 ssp)
Western Australia”
Plants 12000+ 1032 232 52
Mammals 141 17 30 11
Birds 510 10 36 0
Reptiles 750 0? 7 0
Amphibians 76 0? 2 0
Freshwater fishes 60 9 0 0

“Data for California from Stebbins (1972), McGinnis (1984), Garth and Tilden (1986), Zeiner et al. (1988, 1990a, 1990b), Moyle and Williams
(1990), Steinbart (1990), Vuilleumier (1991), Hickman (1993), and Skinner and Pavlik (1994). The threatened category does not include 857
species considered rare and endangered by the California Native Plant Association and 13 frogs, 13 reptiles, and 37 mammals of special con-
cern to the California Department of Fish and Game. The extinct category does not include five mammal species extinct in California but ex-

tant elsewbere.

®Data for Western Australia from Serventy and Whittell (1976), Government of Western Australia (1992), and Keighery (1995). The threatened
category does not include 1200 “priority flora” (species of uncertain conservation status that require further survey, research, and monitoring)

and seven birds and four reptiles “in need of special protection.”
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Figure 1. Number of Californian butterflies, reptiles,
amphbibians, birds, mammals, plants, and fisb that are
native, introduced, endangered, or extinct (a). Per-
centage of Californian biota that are native versus in-
troduced species (b). Data and sources as in Table 1.

Certain groups have been heavily affected by invading
species, particularly freshwater fish and plants (Fig. 1b).
Nearly half the freshwater fish species present were in-
troduced, and Moyle (1996) points out that these nonna-
tive species dominate many of the freshwater systems in
California. Authorized and unauthorized introductions
of fish into California have been documented since the
1870s, and, although no authorized introductions have
been carried out since 1969, unauthorized introductions
(either deliberate or accidental) have continued since
then (Moyle 1976, 1996). Data on plant invasions col-
lated from previous studies and inclusions in state Floras
(Fig. 2) indicate that numbers of introduced plants in-
creased exponentially since European colonization but
may have slowed down recently (Rejmanek & Randall
1994). These authors also point out, however, that many
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Figure 2. Numbers of nonnative plant species re-
corded in California over time, as estimated from ac-
counts of the flora and other sources. Data from Rej-
manek and Randall (1994).

species introduced in the past are now increasing in
range and abundance.

Data on population extinctions are difficult to extract
from the literature, but a number of examples are avail-
able for birds, amphibians, and freshwater fishes. A study
by Soulé et al. (1988) documented the extinction of popu-
lations of birds from habitat patches following urban de-
velopment and suggested that the process of habitat attri-
tion and degradation, coupled with other factors such as
predation from domestic cats, have resulted in the local
extinction of a number of habitat-specific species.

For amphibians, the widespread decline of many spe-
cies has been reported worldwide, and the suggested
causes have been numerous (Hayes & Jennings 1986; Bar-
inga 1990; Blaustein & Wake 1990; Blaustein & Wake
1995). There is ongoing debate as to whether human in-
fluences are primary causes for these declines or whether
they reflect natural population variations (Pechmann &
Wilbur 1994). In California numerous studies have docu-
mented extinctions of populations of frogs and other am-
phibians over extensive areas of their former ranges (Steb-
bins & Cohen 1995). Fellers and Drost (1993) report a
study in which they resurveyed 16 historic localities and
34 other areas of suitable habitat of the Cascades frog
(Rana cascadae) and found two frogs at only one site.
They attributed the population extinctions at the other
sites to a combination of factors, principally the introduc-
tion of nonnative predatory fish, drought, and habitat loss
associated with management activities.

A series of studies has also documented extensive
population extinctions of the mountain yellow-legged
frog (Rana muscosa.). In a 1989 survey, Bradford et al.
(1994), found frogs in only 1 of 27 sites in which they
had been found 10 years previously. Other studies have
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found equivalent levels of extinction from former parts
of the frog’s range (Jennings et al. 1992; Stebbins & Co-
hen 1995). It is unclear what has caused this high level
of population extinctions; a variety of explanations have
been put forward, including drought, flood, pollution,
and introduced fish (Stebbins & Cohen 1995). Bradford
(1989) noted that frogs did not coexist with introduced
fish in high Sierra Nevada lakes, and he later postulated
that the fish effectively fragmented the frog habitat and
prevented recolonization of sites where local extinction
occurred (Bradford et al. 1993).

Further examples of extensive population extinctions
are provided by the foothill yellow-legged frog (Rana
boylii) and the red-legged frog (Rana aurora) (Hayes &
Jennings 1988; Stebbins & Cohen 1995). Habitat de-
struction was suggested as a major cause of decline in
both cases, and the impact of introduced species was
considered important for R. aurora. Further population
extinctions in these and other amphibian species are
documented for the Yosemite area by Drost and Fellers
(1996) and for the Central Valley by Fisher & Shaffer
(1996). Both studies suggest that introduced species may
be an important cause. A study of population extinctions
of California newts (Taricha torasa) also suggested that
introduced fish (Gambusia affinis) and crayfish (Pro-
cambarus clarkii) were the major agent causing local
decline or extinction (Gamradt & Kats 1996).

Many examples exist of fish species that have very lim-
ited natural distributions and are rare for that reason
(Minckley et al. 1991). But there are also examples in
which distributions have been dramatically reduced by
human activities. For instance, the Owens pupfish (Cyp-
rinodon radiosus) was originally widespread in marshes
and springs in the Owens Valley but declined dramati-
cally in the first half of this century because of river
channelization, water extraction, and the introduction
of predatory game fish (Minckley et al. 1991). The spe-
cies was thought to be extinct, but one population was
rediscovered in 1956. The species has since been the
subject of an intensive management program to increase
population numbers and range, although introduced
species continue to pose problems (Miller & Pister 1971;
Minckley et al. 1991). Introduced species have also been
implicated in range contractions and population extinc-
tions of the desert pupfish (Cyprinodon macularius)
(Schoenherr 1981). In the Salton Sea area, for instance,
C. macularius has been replaced by introduced species
such as the sailfin molly (Poecilia latipinna) and Zill's
chichlid (Tilapia zillii) in all but a few localized habitats
(Schoenherr 1981).

Habitat Losses

California has 4.1 X 10% km? of land and water surface.
Of this, 11% is utilized for agriculture and another 4.4%
represents urban, industrial, and road systems (Fay
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1993). Noss and Peters (1995) find California ecosys-
tems at extreme risk based on the number of endan-
gered ecosystem types, numbers of endangered species,
and the rate of development in the state. According to
Noss and Peters, nearly half of the natural communities
are rare or threatened. More specifically, Sawyer and
Keeler-Wolf (1995) note that 135 of 280 recognized veg-
etation types are rare enough to warrant special protec-
tion, and at least 50 have less than 900 ha of high quality
habitat. It is not clear, however, how many of these
communities were naturally rare or limited in extent.

Data on the loss of California’s habitats through time
do not exist in precise form, but the numbers that do ex-
ist are dramatic. Jones and Stokes, Associates (1987),
and Lekisch (1991) give comparable values for loss of
habitats of major biomes since the early 1800s. These
are 80%, 66%, and 89% loss of coastal wetlands, vernal
pools, and riparian woodlands, respectively. Loss esti-
mates for interior wetlands are 94% and 96%, respec-
tively, by these sources. The total area of wetlands in
California is estimated to have declined from 1.9-2.3 mil-
lion ha in 1850 to about 136,000 ha in 1980 (Smith
1993). Lekisch (1991) gives a figure of 99% loss for the
valley grassland that covered much of the Central Valley
and that was transformed by stock grazing, introduced
annual plants, and cultivation (Huenneke & Mooney
1989; Heady et al. 1992; Barbour et al. 1993). In addi-
tion, riparian forests in the Central Valley are estimated
to have declined from over 419,000 ha last century to
46,000 ha (11%) in 1980 (Katibah 1984). In 1985 only
136,000 ha of virgin redwood forest was left of the origi-
nal 909,000 ha. Westman (1981) also reports that 85-
90% of the coastal sage community has been lost.

These numbers give a sense of the loss of some key
ecosystem types but do not indicate the generalized deg-
radation of ecosystems due to fragmentation and direct
and indirect anthropogenic impact. Data collated by
Jensen et al. (1993) indicate that extensive ecosystem
conversion to agriculture and urban development is con-
tinuing, with, for instance, 1.4 million ha of grassland
and 260,000 ha of valley foothill woodland being con-
verted between 1950 and 1980. The task of document-
ing habitat change in California is an important one and
needs to be undertaken, even though the job will not be
easy because of the great number of habitat types and
the variety of disturbances to them.

Western Australia

Species Losses and Gains

Western Australia covers 2.53 X 10° km?, or about one-
third of the continent of Australia. It contains approxi-
mately half of the described plant species for the conti-
nent, and the southwest botanical province (0.3 X 10°
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km?) is a recognized hotspot for floristic biodiversity
(Groombridge 1992; Hopper et al. 1996). This area also
has the highest concentrations of declared rare flora in
Australia (this includes a variety of designations of en-
dangerment). Out of a total of around 12,000 species, 52
are thought to have gone extinct, 232 are considered
threatened, and a further 1200 are of uncertain status be-
cause of a lack of information. Greuter (1994) has esti-
mated that Western Australia has the highest rates of
plant extinction and endangerment of all the areas with
mediterranean climates. The flora is still under active re-
search, and estimates of total species numbers are ap-
proximate. By current estimates, approximately 8.6% of
the total flora is introduced, a figure that is lower than
for Australia as a whole. Over all the biotic groups con-
sidered here, 7.3% of the total number of species are in-
troduced, a figure markedly lower than that for Califor-
nia. The overall pattern of numbers of species in each
category is remarkably similar to that for California (Fig.
3a), although there is a higher percentage of introduced
mammals and a lower percentage of introduced species
in other groups in Western Australia (Fig. 3b).

Recent estimates indicate that plant introductions into
Western Australia continue, with numbers of naturalized
taxa increasing from 848 in 1985 (Green 1985; Keighery
1991) to 1032 in 1995 (Keighery 1995), and there are re-
cent examples of introduced species rapidly extending
their ranges (Dodd & Moore 1993). Introductions of
other groups also continue; Hutchison and Armstrong
(1993) detail the history of the recent invasion of a West-
ern Australian river system by the fish Perca fluviatillis.

No extinctions have been recorded for Western Aus-
tralian birds, reptiles, amphibians, or freshwater fishes.
Australia has one of the highest extinction rates for
mammals in the world, however, and the extinction rate
masks the more widespread problem of range contrac-
tions (Strahan 1983; Burbidge & McKenzie 1989; Kennedy
1990). Mammals that were formerly widely distributed
across the continent are now restricted to small refugia
or offshore islands. Twenty-one percent of the remain-
ing mammal species are considered threatened. Twenty-
six species now occur only as remnant populations oc-
cupying less than 20% of their former range (Short &
Smith 1994). It follows from this that many populations
of these mammals have gone extinct across the conti-
nent. Data from Kitchener et al. (1980) show the con-
trast in extinction rate within a particular region, com-
pared with the overall rate (Fig. 4). Of mammal species
originally found in the wheatbelt region 42% are now
extinct there, whereas only 14% of the same species are
extinct over the whole state. There is increasing evi-
dence that these population extinctions may have had
system-level repercussions, for instance by removing the
influence of soil disturbance and browsing by marsupi-
als (Noble 1993). But, it is difficult to assess these effects
accurately due to lack of baseline data.
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Figure 3. Number of Western Australian reptiles, am-
Dpbibians, birds, mammals, plants, and fresbwater fish
that are native, introduced, endangered, or extinct.
(a). Percentage of Western Australian biota that are
native versus introduced species (b). Data and sources
as in Table 1.

Despite there being no species extinctions recorded
for the other faunal groups, evidence for birds suggests
significant range contractions for many species. Over
half the bird species recorded from the agricultural area
in the southwest of the state have declined in distribu-
tion or abundance since the start of this century (Saun-
ders & Ingram 1995). This has resulted in population ex-
tinctions at local and regional scales (Saunders 1989,
1990, 1993). These declines are evident for the majority
of species whose primary habitat is native vegetation,
whereas species that have increased in abundance are
those associated with towns and agriculture (Fig. 5). A
striking illustration of the process of population extinc-
tion is the decline in range of the Carnaby’s cockatoo
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Figure 4. Numbers of mammal species originally re-
corded from the wheatbelt region of Western Austra-
lia, and the numbers of these species now extinct in
the wheatbelt, extinct on mainland Western Australia
but still present on offshore islands, and extinct over-
all (i.e., on mainland and offshore islands). Data from
Kitchener et al. (1980).

(Calyptorbynchus funereus latirostrus; Saunders 1990;
Saunders & Ingram 1995). In 1968 the species was re-
corded by 100% of observers distributed throughout the
14 million ha of the wheatbelt area, but by 1987 this had
declined to 31% of observers. Birds were found only
around the fringes of the agricultural area, where signifi-
cant amounts of adjacent native vegetation remained.

Habitat Losses

Large areas of Western Australia are arid or semiarid and
hence have been relatively little modified since Euro-
pean settlement. Most settlement occurs on the coast,
with the largest population densities in the southwest-
ern corner. The most significant impact over much of
Western Australia has been that of pastoralism, and a
high proportion of pastoral land is considered degraded
in some way (Hobbs & Hopkins 1990). Thus, habitat
modification rather than loss is the main concern for
much of the state.

The southwestern portion of the state is that most
heavily modified by human activities, and agriculture
and urbanization have resulted in significant reductions
in the area of many ecosystem types. The 1.56 X 10’
km? of land that has been cleared for agricultural pro-
duction in this area has resulted in significant reductions
in many vegetation types (Saunders & Hobbs 1992). Of
the 44 vegetation types recognized in the area, many
have been significantly reduced in extent, predomi-
nantly because of agricultural development (Table 2;
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Figure 5. Changes in range and/or abundance of resi-
dent passerines, categorized by babitat, in the wheatbelt
of Western Australia between the periods 1900-1937
and 1987-1990, as estimated from bistorical records
and volunteer recordings: decline in range and/or
abundance (—), no change or insufficient data to as-
sess change (D/?), increase in range and/or abundance
(+). Data from Saunders and Ingram (1995).

Fig. 6; Beard & Sprenger 1984; Hobbs et al. 1995a), and
9 inhabit less than 10% of their original extent. Two re-
stricted types are believed to have been almost com-
pletely eliminated. In addition to habitat loss due to
clearing, many vegetation types are threatened by degra-
dation of various sorts, including land clearing, second-
ary salinization, and introduced disease.

Discussion

Although species extinction is the focus of much conser-
vation activity and debate, we suggest that the addition
and deletion of populations over large parts of the Earth,
often in conjunction with massive losses of habitat, are of
equal concern. The process of species extinction is often
simply the endpoint of a process of population extinctions
throughout the former range of a species. At the same
time that native species populations are being driven to
extinction, populations of other native and nonnative spe-
cies are increasing. This represents a dual threat, not only
to biodiversity but also to the conservation and production
values of many ecosystems. Data on species extinctions
are relatively easily accessible, but data on population ex-
tinctions are difficult to assemble (Ehrlich 1994). The
same is also true of the increase in numbers of populations
of all but a few invading species. We believe that serious
efforts need to be taken to redress this lack of information
and concomitant lack of concern.



Hobbs & Mooney Population Deletions and Additions 277
Table 2. Vegetation units of southwestern Australia, showing their total original area, their percentage contribution to the area of the province,
and the percentage of each unit that has been cleared.*
Area  Percentage Cleared

Unit no. Pbysiognomic unit Floristic km? of total (%)
1 tall forest E.diversicolor, E.marginata, E.calophylla 4004 1.29 14
2 tall woodland Eucalyptus gomphbocepbala 69 0.02 94
3 forest Eucalyptus marginata 31802 10.26 44
4 woodland Eucalyptus calophyllia-E.wandoo 16697 5.39 94
5 woodland Eucalyptus astringens-E.accedens 958 0.31 72
6 woodland Eucalyptus gomphocephala * E.marginata 1039 0.34 90
7 woodland E.loxophleba, E.salmonopbloia, E.wandoo 41126 13.27 97
8 woodland Eucalyptus salmonopbloia-E.salubris 17580 5.67 78
9 woodland E.le souefii-E.transcontinentalis-E.oleosa 950 0.31 0
10 woodland Eucalyptus oleosa-E.flocktoniae 1575 0.51 0
13 open woodland mainly Eucalyptus wandoo 221 0.07 94
14 low forest Eucalyptus marginata 964 0.31 82
15 low forest Callitris preissii 29 0.01 100
16 low forest E.platypus or E.cornuta-E.lebmannii 113 0.04 2
17 low forest Acacia rostellifera 327 0.10 98
22 low woodland Agonis flexuosa 242 0.08 74
23 low woodland Banksia spp., = Eucalyptus marginata 6229 2.01 61
25 low woodland Allocasuarina buegeliana-Eucalyptus loxophleba 88 0.03 88
26 low woodland Eucalyptus marginata-Allocasuarina fraserana 901 0.29 41
27 low woodland Melaleuca spp. 926 0.30 49
30 low woodland and Banksia spp. + Eucalyptus marginata 680 0.22 100

scattered emergent trees
31 thicket with low woodland Allocasuarina campestris + E.wandoo or

and scattered emergent trees Melaleuca uncinata + E.loxophleba 441 0.14 98
35 scrub and scattered trees Acacia spp. + Eucalyptus and/or Callitris 5354 1.73 83
36 thicket Acacia-Allocasuarina-Melaleuca 35496 11.46 80
37 thicket Melaleuca rbaphiophylia 143 0.05 74
38 thicket Dryandra spp. and/or Eucalyptus spp. 497 0.16 18
40 scrub Acacia spp. 1109 0.36 78
41 scrub Melaleuca spp. 76 0.02 70
42 scrub Agonis flexuosa, Acacia, Eucalyptus 1636 0.53 12
44 sparse scrub Acacia spp. 121 0.04 66
45 mallee Eucalyptus spp. 46385 14.97 55
131 mallee and woodland patches Eucalyptus spp. 22219 717 40
47 mallee-heath E.tetragona + mixed Proteaceae-Myrtaceae 17114 5.52 69
47a tree heath Heterogeneous 3626 1.17 0
48 scrub heath Heterogeneous, Proteaceae-Myrtaceae 35070 11.32 61
49 heath Heterogeneous, Proteaceae-Myrtaceae 2554 0.82 41
51 sedgeland Cyperaceae, Restionaceae 449 0.16 48
119 succulent steppe, thickly wooded Atriplex, Maireana + Eucalyptus spp. 4486 1.44 87
121 succulent steppe, lightly wooded  Atriplex, Maireana + Acacia spp. 104 0.03 68
124 succulent steppe, unwooded Samphire: Halosarcia 313 0.10 64
125 bare areas, playa lakes 4896 1.58 30
126 bare areas, freshwater lakes 123 0.04 54
128 bare areas, rock outcrops 413 0.13 54
129 bare areas, drift sand 645 0.21 10
44 Units Total 309840 100 65

12.3% of state

*From Hobbs et al. (1995b), adapted from Beard and Sprenger (1984).

Extinctions

One result of the focus on species extinction by conser-
vation organizations and environmentalists has been the
questioning of the validity of that focus by those who ar-
gue that current environmental concerns are unfounded.
We do not have a clear picture of the number of species
present on Earth, and in many cases we do not know

current rates of extinction or have scant evidence to
support suggested rates (May 1988; Heywood & Stuart
1992; Reid 1992; Smith et al. 1993). In Western Austra-
lia, for instance, botanical exploration and taxonomic
work have resulted in a large increase in the number of
described plant species recognized over the past 30
years, and several species presumed extinct have since
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Figure 6. Reduction in area of vegetation types in
southwestern Australia, expressed as the number of
vegelation types experiencing different degrees of re-
duction from the original extent. Data from Beard
and Sprenger (1984); see also Hobbs et al. (1995a).

been rediscovered (Hopper et al. 1990; Hopper 1992).
In addition, published accounts differ dramatically in
their allocation of species to different categories (Mace
1994). For instance, estimates of threatened plant spe-
cies range from 30 to 887 for California and from 232 to
1432 for Western Australia, depending on which refer-
ence is cited or which categories of endangerment are
included.

Given this degree of uncertainty and taxonomic fluid-
ity, and the additional fact that many species are natu-
rally rare, it can be argued that the current concern over
species extinction is unfounded (Mann 1991). This argu-
ment is then used to criticize current thinking on the
need for conservation measures, especially where these
are expensive and run contrary to other societal objec-
tives (Easterbrook 1995; Simon & Wildavsky 1995).

This line of reasoning successfully ignores the bigger
picture of species extinctions, however, as highlighted
here: namely, that species extinction is simply the end-
point of a process of population extinctions. This is not
a new message (Shaffer 1981; Gilpin & Soulé 1986; Ehr-
lich & Daily 1993; Caughley 1994) but one that bears re-
peating because of its significance. Moyle and Williams
(1990) illustrate the problem in relation to the fishes of
California. Twelve percent of the native taxa are consid-
ered threatened or endangered, and only 36% are con-
sidered secure; the remaining taxa have declining popu-
lations but are not considered endangered yet. To be
listed as endangered, a species must already have ex-
tremely low numbers. The process of population extinc-
tion is intimately related to habitat loss (Ehrlich 1994),
and Hughes et al. (unpublished data) suggest that the re-
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lationship between the two is linear. Because we often
have little information on population extinctions, habi-
tat loss could be used as a surrogate measure. From the
data presented here, population extinction is therefore a
widespread phenomenon in both the regions studied
and most likely in many other parts of the world
(Hughes et al. unpublished data).

Local population extinctions form part of normal
metapopulation dynamics driven by demographic and
environmental stochasticity (Hanski & Simberloff 1997).
For instance, the bay checkerspot butterfly, (Euphy-
dryas editha bayensis) is thought to exhibit metapopu-
lation dynamics in the San Francisco Bay area, with a
core population on a large area of habitat and numerous
smaller populations in the surrounding district (Harrison
et al. 1988; McGarrahan 1997; Thomas & Hanski 1997).
As habitat decline and land-use change continue, how-
ever, opportunities for reestablishment of local popula-
tions that go extinct become increasingly scarce. In ad-
dition, extinction of components of the metapopulation
may have significant effects on its dynamics (Murphy et
al. 1990; Harrison 1994). Recent analyses suggest that
metapopulations may exhibit nonlinear dynamics and
collapse to extinction even with only small habitat
changes (Hanski et al. 1995).

Population extinctions may have important conse-
quences, especially where marked genetic variation ex-
ists between populations or where populations form
part of a larger metapopulation. There is increasing evi-
dence for the existence of complex patterns of genetic
variation among different populations of the same spe-
cies. For instance, plants such as Isotoma petraea and
Stylidium crossocepbalum in Western Australia have
been found to exhibit marked genetic variation across
their ranges (Coates & James 1979; James 1982; Lavery
& James 1986; Hopper 1992). Ehrlich (1992) has also
summarized evidence suggesting that different popula-
tions of the checkerspot butterfly (Euphydryas editha)
in California differ in genotypes, phenotypes, phenolo-
gies, resource use, and behavior. The retention of a few
populations will not, in that case, ensure the persistence
of the range of variation found in the species.

In addition to these considerations, loss of local popu-
lations means the loss of the functional role of these spe-
cies. This may be particularly important where the spe-
cies are keystones or “ecosystem engineers” (Mills et al.
1993; Jones et al. 1994; Stone 1995). Extinctions of pop-
ulations of economically important species can also
have important direct economic and social effects. For
instance, Lackey (1996) has recently pointed out that
many stocks (roughly equivalent to populations) of Pa-
cific salmon have declined or become extinct, even
though no species of salmon as a whole is threatened.

We need therefore to expand the focus of our efforts
from preserving endangered species to include prevent-
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ing the endangerment in the first place. A major focus of
concern should be on the ecosystem modification and
population declines that have resulted in species endan-
germent, rather than simply on the plight of the remain-
ing populations. This is not to suggest that efforts to
save species from extinction should be reduced. But, if
we focus on preserving a select group of species in dan-
ger of extinction and shy away from dealing with the
broader issues of system decline leading to the endan-
germent of those species, we will end up with many
more problems and endangered species to deal with.

A recent analysis of the plant communities of south-
western Australia identified the main processes threaten-
ing a range of communities thought to be in imminent
danger of major structural and floristic change (Govern-
ment of Western Australia 1992). The most frequently
cited threats were land clearing, secondary salinization,
and introduced disease. These processes are also impor-
tant threats to many of the species currently listed as en-
dangered. Tilman et al. (1994) have discussed the de-
struction of habitat in terms of creating an “extinction
debt,” a concept that essentially revisits the idea of spe-
cies “relaxation” (MacArthur & Wilson 1967; Diamond
1975). By reducing available habitat and driving popula-
tions to extinction, land clearing, fragmentation, and
degradation are producing a legacy of species that no
longer retain populations that are viable in the long term
and that are therefore doomed to extinction. These
same processes are significantly affecting large areas of
production and conservation lands in southwestern Aus-
tralia (Hobbs et al. 1993; Withers et al. 1994; George et
al. 1995). The processes leading to endangerment and
extinction are hence also leading to declining agricul-
tural and forestry production. A broader perspective of
the species extinction problem thus makes it evident
that species extinction is only one of a suite of conse-
quences of human use and modification of the earth’s
ecosystems.

Species Additions

Biotic invasions are ongoing worldwide, the full extent
of which has yet to be fully documented (Drake et al.
1989; U.S. Congress 1993). Nevertheless, invasions have
become recognized as a major factor forcing global envi-
ronmental change (Vitousek et al. 1996). The relatively
high levels of invasion by mammals, plants, and fish in
both California and Western Australia undoubtedly re-
sult mainly from the deliberate introduction of these or-
ganisms for agriculture, horticulture, or sport. In both
areas, recent indications suggest that relatively large
numbers of new species of plants continue to be intro-
duced (Rejmanek & Randall 1994; Keighery 1995).
There is still considerable potential for inadvertent intro-
duction of nonnative species in other groups—for in-
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stance, as contaminants of agricultural produce, in bal-
last water, or in other forms of transport (Carlton &
Geller 1993; Hedgpeth 1993).

Some commentators suggest that we should not be
concerned about species introductions because they
serve to increase the species diversity of an area (e.g., Si-
mon & Wildavsky 1995). This argument essentially ig-
nores both the value of retaining indigenous biotas
across the globe and the potential for invading species to
have deleterious effects on native species and on the
conservation or production values of ecosystems. We
have given several examples of the interaction between
invasion by nonnative species and the population extinc-
tion of native species. Invasions by individual species
also have the capacity to have major effects on the sys-
tems invaded. In tropical and arid Australia, plant inva-
sions lead to dramatic changes in ecosystem structure
and function (Braithwaite et al. 1989; Griffin et al. 1989;
Humphries et al. 1991; Humphries 1993). In southwest-
ern Australia, combined invasions by nonnative annual
plants lead to reduced regeneration of native species and
changed fire regimes (Hobbs & Atkins 1991). Invasions
in California also alter fuel loads and structures and
hence affect fire regimes (Robles & Chapin 1995), a com-
mon result of invasions—especially by grass species—in
many parts of the world (D’Antonio & Vitousek 1992).

It could also be argued that, given the large numbers
of introduced plant species in both California and West-
ern Australia, relatively few species actually cause any
major problems. But those few species are capable of
causing widespread ecosystem disruption and economic
loss. In addition, there is the potential for many more
species to become problems as they move from a “lag
phase” of relatively limited spread to a phase of expo-
nential population expansion (Hobbs 1993; Hobbs &
Humphries 1995; Crooks & Soulé 1996).

Invasions by foxes and feral cats have also had dra-
matic effects on the native fauna of Australia, to the ex-
tent that many once-widespread species are now either
extinct or restricted to small fractions of their original
range (Kinnear et al. 1988; Friend 1990; Hobbs et al.
1993). In addition to introduced species, native species
extending their range can also have significant impacts.
For instance, the galah (Cacatua roseicapella), which
has invaded the Western Australian agricultural area
from the arid zone, is implicated in woodland decline
because of its habit of ringbarking trees, and it competes
with native species such as Carnaby’s cockatoo (Saun-
ders 1990; Saunders & Ingram 1995).

These examples further illustrate the potential for in-
vasions to enhance the extinction or endangerment pro-
cess. We have not considered insect and disease organ-
isms here, although these groups constitute a major
threat to natural and production systems (Campbell &
Schlarbaum 1994; Withers et al. 1994).
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Conclusion

Unfortunately, given the current state of our knowledge
and the complexity of natural systems, it is usually difficult
to predict the impact of any given addition or deletion of a
species. Current rates of development and land-use
change inevitably lead to increased deletion of popula-
tions, regardless of whether or not the species as a
whole goes extinct. Habitat destruction and transforma-
tion are important ongoing processes leading to popula-
tion deletions in both the areas we examined, and we ar-
gue that these areas are representative of many parts of
the earth. Deletion of native populations and addition of
nonnatives may have unexpected and long-term ecologi-
cal consequences. Does it matter? In the end, human so-
ciety is faced with the prospect of (1) the majority of the
species native to a region being reduced to a few popu-
lations sequestered into increasingly small refuges and
(2) the remainder of the area being dominated by hu-
man activity and an increasingly homogeneous set of in-
troduced species. More open and rational debate on the
desirability and sustainability of such an outcome is ur-
gently required.

Acknowledgments

We thank A. Balmford, S. Hopper, D. Saunders, M. Soulé
and an anonymous referee for comments on the draft
manuscript. We also thank M. Rejmanek, J. Randall, and
D. Saunders for permission to use previously published
data.

Literature Cited

Barbour, M., B. Pavlik, F. Drysdale, and S. Lindstrom. 1993. California’s
changing landscapes: diversity and conservation of California vege-
tation. California Native Plant Society, Sacramento, California.

Baringa, M. 1990. Where have all the froggies gone? Science 247:
1033-1034.

Beard, J. S., and B. S. Sprenger. 1984. Geographical data from the vege-
tation survey of Western Australia. Area calculations. Vegmap Pub-
lications, Applecross, Western Australia.

Blaustein, A. R., and D. B. Wake. 1990. Declining amphibian popula-
tions: a global phenomenon? Trends in Ecology and Evolution 5:
203-204.

Blaustein, A. R., and D. B. Wake. 1995. The puzzle of declining am-
phibian populations. Scientific American 253:52-57.

Bradford, D. F. 1989. Allotopic distribution of native frogs and intro-
duced fishes in high Sierra Nevada lakes of California: implication
of the negative effect of fish introductions. Copeia 1989:775-778.

Bradford, D. F., F. Tabatabi, and D. M. Graber. 1993. Isolation of re-
maining populations of the native frog, Rana muscosa, by intro-
duced fishes in Sequoia and Kings Canyon National Parks, Califor-
nia. Conservation Biology 7:882-888.

Bradford, D. F., D. M. Graber, and F. Tabatabai. 1994. Population de-
clines of the native frog, Rana muscosa, in Sequoia and Kings Can-
yon National Parks, California. Southwestern Naturalist 39:323-327.

Conservation Biology
Volume 12, No. 2, April 1998

Hobbs & Mooney

Braithwaite, R. W., W. M. Lonsdale, and J. A. Estbergs. 1989. Alien veg-
etation and native biota in tropical Australia: the impact of Mimosa
pigra. Biological Conservation 48:189-210.

Burbidge, A. A., and N. L. McKenzie. 1989. Patterns in the modern de-
cline of Western Australia’s vertebrate fauna: causes and conserva-
tion implications. Biological Conservation 50:143-198.

Campbell, F. T., and S. E. Schlarbaum. 1994. Fading forests: North
American trees and the threat of exotic pests. National Resources
Defense Council, Washington, D.C.

Carlton, J. T., and J. B. Geller. 1993. Ecological roulette: the global
transport of nonindigenous marine organisms. Science 261:78-82.

Caughley, G. 1994. Directions in conservation biology. Journal of Ani-
mal Ecology 63:215-244.

Coates, D. J., and S. H. James. 1979. Chromosome variation in Stylid-
ium crossocepbalum F. Muell. (Angiospermae: Stylidiaceae) and
the dynamic coadaptation of its lethal system. Chromosoma 72:
357-376.

Crooks, J., and M. E. Soulé. 1996. Lag times in population explosions
of invasive species: causes and implications. Pages 39-46 in O. T.
Sandlund, P. J. Schei, and A. Viken, editors. Proceedings of the Nor-
way/United Nations conference on alien species. Directorate for
Nature Management/Norwegian Institute for Nature Research,
Trondheim.

Daily, G. C,, and P. R. Ehrlich. 1995. Population extinction and the
biodiversity crisis. Pages 45-55 in C. A. Perrins, editor. Biodiversity
conservation. Kluwer, Dordrecht, The Netherlands.

D’Antonio, C. M., and P. M. Vitousek. 1992. Biological invasions by ex-
otic grasses, the grass/fire cycle, and global change. Annual Review
of Ecology and Systematics 23:63-87.

Diamond, J. M. 1975. Assembly of species communities. Pages 342-
444 in M. L. Cody and J. M. Diamond, editors. Ecology and evolu-
tion of communities. Harvard University Press, Cambridge, Massachu-
setts.

Dodd, J., and J. H. Moore. 1993. Introduction and status of Kochia sco-
paria in Western Australia. Pages 496-500 in Proceedings of the
10th Australian weeds conference and 14th Asian Pacific Weed So-
ciety conference. Volume 1. Weed Society of Queensland, Bris-
bane, Australia.

Drake, J. A., H. A. Mooney, F. D. Castri, R. H. Groves, F. J. Kruger, M.
Rejmanek, and M. Williamson, editors. 1989. Biological invasions: a
global perspective. Wiley, New York.

Drost, C. A., and G. M. Fellers. 1996. Collapse of a regional frog fauna
in the Yosemite area of the California Sierra Nevada, USA. Conser-
vation Biology 10:414-425.

Easterbrook, G. 1995. A moment on Earth. The coming of age of envi-
ronmental optimism. Penguin Books, New York.

Ehrlich, P. R. 1992. Population biology of checkerspot butterflies and
the preservation of global diversity. Oikos 63:6-12.

Ehrlich, P. R. 1994. Energy use and biodiversity loss. Philosophical
Transactions of the Royal Society of London B 344:99-104.

Ehrlich, P. R., and G. C. Daily. 1993. Population extinction and saving
biodiversity. Ambio 22:64-68.

Fay, J. S., editor. 1993. California almanac. Pacific Data Resources,
Santa Barbara, California.

Fellers, G. M., and C. A. Drost. 1993. Disappearance of Cascades frog
Rana cascadae at the southern end of its range, California, USA. Bi-
ological Conservation 65:177-181.

Fisher, R. N., and B. Shaffer. 1996. The decline of amphibians in Cali-
fornia’s Great Central Valley. Conservation Biology 10:1387-1397.

Friend, J. A. 1990. The numbat Myrmecobius fasciatus (Myrmecobi-
idae): history of decline and potential for recovery. Proceedings of
the Ecological Society of Australia 16:369-377.

Gamradt, S. C., and L. B. Kats. 1996. Effect of introduced crayfish and
mosquitofish on California newts. Conservation Biology 10:1155-
1162.

Garth, J. S., and J. W. Tilden. 1986. California butterflies. University of
California Press, Berkeley.



Hobbs & Mooney

George, R. J., D. J. McFarlane, and R. J. Speed. 1995. The consequences
of a changing hydrologic environment for native vegetation in south
‘Western Australia. Pages 9-22 in D. A. Saunders, J. Craig, and L. Mat-
tiske, editors. Nature conservation 4: the role of networks. Surrey Be-
atty and Sons, Chipping Norton, New South Wales.

Gilpin, M. E., and M. E. Soulé. 1986. Minimum viable populations: pro-
cesses of species extinctions. Pages 13-34 in M. E. Soulé, editor.
Conservation biology: the science of scarcity and diversity. Sinauer
Associates, Sunderland, Massachusetts.

Government of Western Australia. 1992. State of the environment re-
port. Government of Western Australia, Perth.

Green, J. W. 1985. Census of the vascular plants of Western Australia.
Western Australian Department of Agiculture, Perth.

Greuter, W. 1994. Extinctions in Mediterranean areas. Philosophical
Transactions of the Royal Society of London B 344:41-46.

Griffin, G. F., D. M. Stafford-Smith, S. R. Morton, G. E. Allan, K. A. Mas-
ters, and N. Preece. 1989. Status and implicatons of the invasion of
Tamarisk (Tamarix aphbylla) on the Finke River, Northern Terri-
tory, Australia. Journal of Environmental Management 29:297-315.

Groombridge, B., editor. 1992. Global biodiversity. Status of the
Earth’s living resources. Chapman and Hall, London.

Hanski, I., and D. Simberloff. 1997. The metapopulation approach, its
history, conceptual domain, and application to conservation. Pages
5-26 in 1. A. Hanski and M. E. Gilpin, editors. Metapopulation biol-
ogy: ecology, genetics, and evolution. Academic Press, New York.

Hanski, I., J. POyry, T. Pakkala, and M. Kuussaari. 1995. Multiple equi-
libria in metapopulation dynamics. Nature 377:618-621.

Harrison, S. 1994. Metapopulations and conservation. Pages 111-128
in P. J. Edwards, R. M. May, and N. R. Webb, editors. Large-scale
ecology and conservation biology. Blackwell Science, Oxford,
United Kingdom.

Harrison, S., D. D. Murphy, and P. R. Ehrlich. 1988. Distribution of the
bay checkerspot butterfly, Euphydryas editha bayensis: evidence
for a metapopulation model. American Naturalist 132:360-382.

Hayes, M. P., and M. R. Jennings. 1986. Decline of ranid frog species in
western North America: are bullfrogs (Rana catesbeiana) respon-
sible? Journal of Herpetology 20:490-509.

Hayes, M. P., and M. R. Jennings. 1988. Habitat correlates of distribu-
tion of the California red-legged frog (Rana aurora draytonii) and
the foothill yellow-legged frog (Rana boylii): Implications for man-
agement. Pages 144-158 in Symposium—Management of amphibi-
ans, reptiles and small mammals in North America. Flagstaff,
Arizona.

Heady, H. F., J. W. Bartolome, M. D. Pitt, G. D. Savelle, and M. C.
Stroud. 1992. California prairie. Pages 313-335 in R. T. Coupland,
editor. Natural grasslands: introduction and western hemisphere.
Elsevier, Amsterdam.

Hedgpeth, J. W. 1993. Foreign invaders. Science 261:34-35.

Heywood, V. H., and S. N. Stuart. 1992. Species extinctions in tropical
forests. Pages 91-118 in T. C. Whitmore and J. A. Sayer, editors.
Tropical deforestation and species extinction. Chapman and Hall,
New York.

Hickman, J. C., editor. 1993. The Jepson manual. University of Califor-
nia Press, Berkeley.

Hobbs, R. J. 1993. Dynamics of weed invasion: implications for con-
trol. Pages 461-465 in editors. Proceedings of the 10th Australian
weeds conference and 14th Asian Pacific Weed Society confer-
ence. Volume 1. Weed Society of Queensland, Brisbane, Australia.

Hobbs, R. J., and L. Atkins. 1991. Interactions between annuals and
woody perennials in a Western Australian wheatbelt reserve. Jour-
nal of Vegetation Science 2:643-654.

Hobbs, R. J., and A. J. M. Hopkins. 1990. From frontier to fragments:
European impact on Australia’s vegetation. Proceedings of the Eco-
logical Society of Australia 16:93-114.

Hobbs, R. J., and S. E. Humphries. 1995. An integrated approach to the
ecology and management of plant invasions. Conservation Biology
9:761-770.

Population Deletions and Additions 281

Hobbs, R. J., D. A. Saunders, L. A. Lobry de Bruyn, and A. R. Main. 1993.
Changes in biota. Pages 65-106 in R. J. Hobbs and D. A. Saunders,
editors. Reintegrating fragmented landscapes. Towards sustainable
production and nature conservation. Springer-Verlag, New York.

Hobbs, R. J., R. H. Groves, S. D. Hopper, R. J. Lambeck, B. B. Lamont,
S. Lavorel, A. R. Main, J. D. Majer, and D. A. Saunders. 1995a. Func-
tion of biodiversity in the mediterranean-type ecosystems of south-
western Australia. Pages 233-284 in G. W. Davis and D. M. Richard-
son, editors. Mediterranean-type ecosystems: the function of
biodiversity. Springer, New York.

Hobbs, R. J., D. M. Richardson, and G. W. Davis. 1995b. Mediterra-
nean-type ecosystems: opportunities and constraints for studying
the function of biodiversity. Pages 1-42 in G. W. Davis and D. M.
Richardson, editors. Mediterranean-type ecosystems: the function
of biodiversity. Springer, New York.

Hopper, S. D. 1992. Patterns of plant diversity at the population and
species level in south-west Australian mediterranean ecosystems.
Pages 27-46 in R. ]J. Hobbs, editor. Biodiversity of mediterranean
ecosystems in Australia. Surrey Beatty and Sons, Chipping Norton,
New South Wales, Australia.

Hopper, S. D., M. S. Harvey, J. A. Chappill, A. R. Main, and B. Y. Main.
1996. The Western Australian biota as Gondwanan heritage—a re-
view. Pages 1-46 in S. D. Hopper, J. A. Chappill, M. S. Harvey, and
A. S. George, editors. Gondwanan heritage: past, present and fu-
ture of the Western Australian biota. Surrey Beatty and Sons, Chip-
ping Norton, New South Wales, Australia.

Hopper, S. D., S. van Leeuwen, A. P. Brown, and S. J. Patrick. 1990.
Western Australia’s endangered flora and other plants under con-
sideration for declaration. Department of Conservation and Land
Management, Wanneroo, Western Australia.

Huenneke, L. J., and H. A. Mooney, editors. 1989. Grassland structure
and function: Calfornia annual grassland. Kluwer, Dordrecht, The
Netherlands.

Humphries, S. E. 1993. Environmental impact of weeds. Pages 1-11 in
Proceedings of the 10th Australian weeds conference and 14th
Asian Pacific Weed Society conference. Volume 2. Weed Society of
Queensland, Brisbane, Australia.

Humphries, S. E., R. H. Groves, and D. S. Mitchell. 1991. Plant inva-
sions of Australian ecosystems. A status review and management di-
rections. Pages 1-127 in Kowari. 2. Plant invasions. The incidence
of environmental weeds in Australia. Australian National Parks and
Wildlife Service, Canberra.

Hutchison, M. J., and P. H. Armstrong. 1993. The invasion of a South-
western Australian river system by Perca fluriatillis. History and
probable causes. Global Ecology and Biogeography Letters 3:77-89.

James, S. H. 1982. The relevance of genetic systems in Isotoma pe-
traea to conservation practice. Pages 63-71 in R. H. Groves and
W. D. L. Ride, editors. Species at risk: research in Australia. Austra-
lian Academy of Science, Canberra.

Jennings, W. B., D. F. Bradford, and D. F. Johnson. 1992. Dependence
of the garter snake Thammnophis elegans on amphibians in the Si-
erra Nevada of California. Journal of Herpetology 26:503-505.

Jensen, D. B., M. S. Torn, and J. Harte. 1993. In our own hands: a strat-
egy for conserving California’s biological diversity. University of
California Press, Berkeley.

Jones and Stokes, Associates. 1987. Sliding toward extinction: the state
of California’s natural heritage. The California Nature Conservancy,
San Francisco.

Jones, C. G., J. Lawton, and M. Shackak. 1994. Organisms as ecosytem
engineers. Oikos 69:373-386.

Katibah, E. F. 1984. A brief history of riparian forests in the Central Val-
ley of California. Pages 23-29 in R. E. Warner and K. M. Hendrix,
editors. California riparian systems. University of California Press,
Los Angeles.

Keighery, G. J. 1991. Environmental weeds of Western Australia. Pages
180-188 in Kowari. 2. Plant invasions. The incidence of environ-

Conservation Biology
Volume 12, No. 2, April 1998



282 Population Deletions and Additions

mental weeds in Australia. Australian National Parks and Wildlife
Service, Canberra.

Keighery, G. J. 1995. How many weeds? Pages 8-12 in G. Burke, edi-
tor. Invasive weeds and regenerating ecosystems in Western Aus-
tralia. Institute for Science and Technology Policy, Murdoch Uni-
versity, Perth, Western Australia.

Kennedy, M., editor. 1990. Australia’s endangered species. Simon and
Schuster, Brookville, New South Wales, Australia.

Kinnear, J. E., M. L. Onus, and R. N. Bromilow. 1988. Fox control and
rock wallaby population dynamics. Australian Wildlife Research
15:435-450.

Kitchener, D. J., A. Chapman, J. Dell, B. G. Muir, and M. Palmer. 1980.
Conservation value for mammals of reserves in the Western Austra-
lian wheatbelt. Biological Conservation 18:179-207.

Kohm, K. A., editor. 1991. Balancing on the brink of extinction. The
Endangered Species Act and lessons for the future. Island Press,
‘Washington, D.C.

Lackey, R. T. 1996. Pacific salmon, ecological health, and public pol-
icy. Ecosystem Health 2:61-68.

Lavery, P., and S. H. James. 1986. Complex hybridity in Isotoma pe-
traea V1. Distorted segregation, gametic lethal systems and popula-
tion divergence. Heredity 58:401-408.

Lekisch, B. 1991. California. An environmental atlas and guide. Bear
Claw Press, Davis, California.

MacArthur, R. H., and E. O. Wilson. 1967. The theory of island bioge-
ography. Princeton University Press, Princeton, New Jersey.

Mace, G. M. 1994. Classifying threatened species. Philosophical Trans-
actions of the Royal Society of London B 344:91-97.

Mann, C. C. 1991. Extinction: are ecologists crying wolf? Science 253:
736-738.

May, R. M. 1988. How many species are there on Earth? Science 241:
1441-1449.

McGarrahan, E. 1997. Much-studied butterfly winks out on Stanford
preserve. Science 275:479-480.

McGuinnis, S. M. 1984. Freshwater fishes of California. University of
California Press, Berkeley, California.

Miller, R. R., and E. P. Pister. 1971. Management of the Owens pupfish
Cyprinodon radiosus, in Mono County, California. Transactions of
the American Fisheries Society 100:502-509.

Mills, L. S., M. E. Soulé, and D. F. Doak. 1993. The keystone species
concept in ecology and conservation. BioScience 43:219-224.

Minckley, W. L., G. K. Meffe, and D. L. Soltz. 1991. Conservation and
management of short-lived fishes: the Cyprinodontoids. Pages 247-
281 in W. L. Minckley and J. E. Deacon, editors. Battle against ex-
tinction. Native fish management in the American west. University
of Arizona Press, Tuscon, Arizona.

Moyle, P. B. 1976. Fish introductions in California: history and impact
on native fishes. Biological Conservation 9:101-118.

Moyle, P. B. 1996. Effects of invading species on freshwater and estua-
rine ecosystems. Pages 86-92 in O. T. Sandlund, P. J. Schei, and A.
Viken, editors. Proceedings of the Norway/United Nations Confer-
ence on alien species. Directorate for Nature Management/ Norwe-
gian Institute for Nature Research, Trondheim.

Moyle, P. B, and J. E. Williams. 1990. Biodiversity loss in the temperate
zone: decline of native fishes of California. Conservation Biology 4:
275-284.

Murphy, D. D., K. E. Freas, and S. B. Weiss. 1990. An environment-
metapopulation approach to population viability analysis for a
threatened invertebrate. Conservation Biology 4:41-51.

Noble, J. C. 1993. Relict surface-soil features on semi-arid mulga (Aca-
cia aneura) woodlands. Rangelands Journal 15:48-70.

Noss, R. F. 1990. Indicators for monitoring biodiversity: a hierarchical
approach. Conservation Biology 4:355-364.

Noss, R. F., and A. Y. Cooperrider. 1994. Saving nature’s legacy: pro-
tecting and restoring biodiversity. Island Press, Washington, D.C.

Noss, R. F., and R. L. Peters. 1995. Endangered ecosystems. Defenders
of Wildlife, Washington, D.C.

Conservation Biology
Volume 12, No. 2, April 1998

Hobbs & Mooney

Pechmann, J. H. K., and H. M. Wilbur. 1994. Putting declining amphib-
ian populations in perspective: natural fluctuations and human im-
pacts. Herpetologica 50:65-84.

Pimm, S. L., G. J. Russell, J. L. Gittleman, and T. M. Brooks. 1995. The
future for biodiversity. Science 269:347-350.

Reid, W. V. 1992. How many species will there be? Pages 55-74 in
T. C. Whitmore and J. A. Sayer, editors. Tropical deforestation and
species extinction. Chapman and Hall, New York.

Rejmanek, M., and J. M. Randall. 1994. Invasive alien plants in Califor-
nia: 1993 summary and comparison with other areas in North
America. Madrofo 41:161-177.

Robles, M., and F. S. Chapin, III. 1995. Comparison of the influence of
two exotic species on ecosystem processes in the Berkeley Hills.
Madrofio 42:349-357.

Saunders, D. A. 1989. Changes in the avifauna of a region, district and
remnant as a result of fragmentation of native vegetation: the
wheatbelt of Western Australia. A case study. Biological Conserva-
tion 50:99-135.

Saunders, D. A. 1990. Problems of survival in an extensively cultivated
landscape: the case of Carnaby’s Cockatoo Calyptorbynchus fu-
nereus latirostris. Biological Conservation 54:277-290.

Saunders, D. A. 1993. Community based observer scheme to assess
avian response to habitat reduction and fragmentation in south
western Australia. Biological Conservation 64:203-218.

Saunders, D. A., and R. J. Hobbs. 1992. Impact on biodiversity of
changes in land-use and climate. Pages 61-75 in R. J. Hobbs, editor.
Biodiversity in mediterreanean ecosystems in Australia. Surrey
Beatty and Sons, Chipping Norton, New South Wales, Australia.

Saunders, D. A., and J. Ingram. 1995. Birds of southwestern Australia.
An atlas of changes in the distribution and abundance of the wheat-
belt fauna. Surrey Beatty and Sons, Chipping Norton, New South
‘Wales, Australia.

Sawyer, J. O., and T. Keeler-Wolf. 1995. A manual of California vegeta-
tion. California Native Plant Society, Sacramento, California.

Schoenherr, A. A. 1981. The role of competition in the replacement of
native fishes by introduced species. Pages 173-203 in R. J. Naiman
and D. L. Soltz, editors. Fishes in North American deserts. John
Wiley & Sons, New York.

Serventy, D. L., and H. M. Whittell. 1976. Birds of Western Australia.
5th edition. University of Western Australia Press, Nedlands.

Shaffer, M. L. 1981. Minimum population sizes for species conserva-
tion. BioScience 31:131-134.

Short, J., and A. Smith. 1994. Mammal decline and recovery in Austra-
lia. Journal of Mammalogy 75:288-297.

Simon, J. L., and A. Wildavsky. 1995. Species loss revisited. Pages 346-
361 in J. L. Simon, editor. The state of humanity. Blackwell, Ox-
ford, United Kingdom.

Skinner, M. W., and B. M. Pavlik. 1994. Inventory of rare and endan-
gered vascular plants of California. California Native Plant Society,
Sacramento, California.

Smith, F. D. M., R. M. May, R. Pellew, T. H. Johnson, and K. R. Walter.
1993. How much do we know about the current extinction rate?
Trends in Ecology and Evolution 8:375-378.

Smith, S. W. 1993. Wildlife and endangered species: in precipitous de-
cline. Pages 226-240 in T. Palmer, editor. California’s threatened
environment: restoring the dream. Island Press, Washington, D.C.

Soulé, M. E., D. T. Bolger, A. C. Alberts, J. Wright, M. Sorice, and S. Hill.
1988. Reconstructed dynamics of rapid extinctions of chaparral-
requiring birds in urban habitat islands. Conservation Biology 2:75-92.

Stebbins, R. C. 1972. Amphibians and reptiles of California. University
of California Press, Berkeley.

Stebbins, R. C., and N. W. Cohen. 1995. A natural history of amphibi-
ans. Princeton University Press, Princeton, New Jersey.

Steinhart, P. 1990. California’s wild heritage: threatened and endan-
gered animals in the golden state. California Department of Fish
and Game, Sacramento, California.



Hobbs & Mooney

Stone, R. 1995. Taking a new look at life through a functional lens. Sci-
ence 269:316-317.

Strahan, R., editor. 1983. The complete book of Australian mammals.
Australian Museum/Angus and Robertson, Sydney, New South
Wales.

Thomas, C. D., and 1. Hanski. 1997. Butterfly metapopulations. Pages
359-386 in I. A. Hanski and M. E. Gilpin, editors. Metapopulation bi-
ology: ecology, genetics, and evolution. Academic Press, New York.

Tilman, D., R. M. May, C. L. Lehman, and M. A. Nowak. 1994. Habitat
destruction and the extinction debt. Nature 371:65-66.

United Nations Environment Program. 1995. Global biodiversity assess-
ment. Cambridge University Press, Cambridge.

U.S. Congress, Office of Technology Assessment. 1993. Harmful non-
indigenous species in the United States. U.S. Government Printing
Service, Washington D.C.

Vitousek, P. M., C. M. D’Antonio, L. L. Loope, and R. Westbrooks.
1996. Biological invasions as global environmental change. Ameri-
can Scientist 84:468-478.

Population Deletions and Additions 283

Vuilleumier, F. 1991. Invasions in the mediterranean avifaunas of Cali-
fornia and Chile. Pages 85-92 in R. H. Groves and F. di Castri, edi-
tors. Biogeography of Mediterranean invasions. Cambridge Univer-
sity Press, Cambridge, United Kingdom.

Westman, W. E. 1981. Diversity relations and succession in Californian
coastal sage scrub. Ecology 62:170-184.

Withers, P. C., W. A. Cowling, and R. T. Wills, editors. 1994. Plant dis-
eases in ecosystems; threats and impacts in south-western Austra-
lia. Journal of the Royal Society of Western Australia 77:97-186.

Zeiner, D. C., W. F. J. Laudenslayer, and K. E. Mayer, editors. 1988. Cal-
ifornia’s wildlife. Volume 1. Amphibians and reptiles. California De-
partment of Fish and Game, Sacramento.

Zeiner, D. C., W. F. J. Laudenslayer, K. E. Mayer, and M. White, editors.
1990a. California’s wildlife. Volume 2. Birds. California Depart-
ment of Fish and Game, Sacramento.

Zeiner, D. C., W. F. J. Laudenslayer, K. E. Mayer, and M. White, editors.
1990b. California’s wildlife. Volume 3. Mammals. California Depart-
ment of Fish and Game, Sacramento.

Conservation Biology
Volume 12, No. 2, April 1998



