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Metapopulation Models,

Tenacious Tracking, and
Cougar Conservation

-

Paul Beier

- In 1987, the California Department of Fish and Game (CDFG) and the Uni-

. versity of California began a 5% year study to document the home range,
density, movements, food habits, reproduction, survival, and related parame-
ters for cougars ( Felis concolor) in the southern third of the Santa Ana Moun-
tains of southern California. When he hired me to lead this study in early

1988, Dr. Reginald Barrett ruefully quipped that urban growth in the study
area was so rapid that I would “document the demise of this cougar popula-

~tion.” Over the next few months, this remark seemed like a prophecy. After

. the death of the territorial male in February 1988, there was no reproductive
~ activity among the seven radio-tagged females and no evidence of a breeding
male in the study area for 12 months (Padley 1990). These temales were vis-
iting one another at intervals that seemed to coincide with estrus cycles
(Padley 1990), provoking among the field crew a spate of ribald humor that
gradually segued into anxiety. Increasingly concerned, [ expanded the study
in early 1989 to include the entire mountain range and was relieved to note
reproduction among the cougars to the north. Also at this time two young
males settled into the original study area and the females promptly stopped
visiting one another and started bearing cubs.

The optimism created by the 1989 birth pulse was soon tempered by the
high mortality observed in the new cohort and, moreover, by an awareness
that in less than S years urban sprawl could completely isolate the population

- and internally fragment at least one large piece of habitat from the core area.

- I'believed that maintaining connectivity within and beyond the Santa Ana

* Mountains would allow this population to persist and that unless habitat

~-areas functioned spatially as a metapopulation, this population was doomed.
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But 2 years of data provided only biological anecdotes to support this view,
and I did not know if my hunch was correct or, if it was correct, which meta-
population configurations would persist or fail. If those with power over land
use decisions were to be persuaded to limit urban growth, [ would need sci-
entific evidence that was both rigorous and easily understood. In particular, |

would need:

1. A population viability analysis (PVA) that would predict the fate of
cougar population under various scenarios, highlighting two ele-
ments at the heart of metapopulation dynamics—patch size and
patch connectivity. The emphasis on these clements was crucial be-
2use these are the two factors controlled by land use decisions.
Datch area is controlled by restricting human development; connec-
tivity is controlled by protecting corridors for wildlife movement to
adjacent populations. Although the predictions of my model would
also depend on age-specific survival rates, carrying capacity, subrou-
cines for various types of stochasticity, and the functions relating vital
rates to density, planning commissioners might be distracted by these
aspects of population ecology. To get their attention and keep it |
needed to highlight the extent to which the population’s fate de-
pended on land use decistons.

5 A PVA model that simulated cougar population dynamics realisti-
cally. Erroneous model predictions can arise from two interacting
sources: uncertainty in parameter estimates (which I address via sen-
sitivity analyses—making predictions under both high and low esu-
mates for poorly known parameters) and oversimplification of a
species’ life history (which | minimize by species-specific algorithms).
Because huge profits for developers are at stake, biologists repre-
senting development interests could rightly argue that planners
should not rely on a model that ignores certain aspects of cougar life
history, such as the cougars ability to shorten the interbirth interval
from about 24 months (when cubs survive to dispersal) to as lictle as
4 months (if cubs die early). Indeed a generic model that was too
pessimistic might not only limit development unfairly but also cause
a cougar population to be written off as a “hopeless case.” Generic
odels could also be too optimistic; by accounting only for females,
for instance, a model would fail to predict the lack of reproduction
observed when males were absent in 1988. Because the consequences
of error were so severe, | wanted the model to be as objective and re-
alistic as possible.

3. Data on corridor use. My data on the local population and published
values were available to estimate most vital rates, but | had no data
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on cougar immigration. In this landscape, dispersing cougars would
immigrate via narrow habitat corridors or not at all. T expected the
model to show that immigration was critically important to the
metapopulation. Thus, it would be crucial to know whether dis-
persing cougars would immigrate via such corridors into semi-
isolated habitat patches and to know where corridors should be re-
tained in the landscape.

Meeting these three needs became the focus of the past 3 years of the re-
search effort. This chapter recapitulates my published descriptions of the

~. population viability analysis (Beier 1993) and cougar use of corridors (Beter
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" 1995). In addition, I partition stochastic variation in observed survival rates
into environmental and demographic components, apply the model to an-
~other cougar metapopulation (in and near the Sanra Monica Mountains),
and discuss the successes and failures of this metapopulation analysis and
fieldwork in helping to conserve the Santa Ana Mountains metapopulation.

- Methods

I modeled population trajectories under various levels of habirtat area and

- immigration. Also, I used radio tracking to estimate population parameters,
" and document movement between habitat patches, and identify travel

routes and potential habitat corridors for the Santa Ana Mountain cougar
. metapopulation.

Stmulation Model

1 did not directly model the dynamics of an entire cougar metapopulation.
Instead, the model simulated the trajectory of a subpopulation linked to ad-
* jacent populations via several levels of immigration. Linked Leslie matrices
for males and females were used to model the Allee effect, make vital rates de-
pend on the density of same sex individuals, and allow for sex-biased immi-
gration. Additional subroutines introduced demographic and catastrophic
stochasticity into survival and fecundirty rates.

For each combination of input conditions, I simulated a 100-year popula-
tion trajectory 100 times, recording the number of runs on which the popu-
lation went extinct, mean population size in year 100, and other summary
statistics. | set the initial number of adults (animals 2 2 years of age) at car-
rying capacity (with equal numbers in each year class) and initial numbers of
~O-year-olds and 1-year-olds at 50 and 25 percent, respectively, of the total
number of adult females. This initial age distribution represents a population
that had stable reproductive and survival rates for the decade before the start
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of the simulations. Because all models are simplifications and thus prone to
error. and because I ran only 100 simulations per combination of input con-
ditions. | considered any extinction risk of 2 percent or greater to be signih-
cant and unacceptable.

The factors controlled by land use decisions were area of habitar and level
of immigration. I ran simulations starting with 200 km? of habitat and in in-
crements of 200 km? until the extinction risk declined to zero. No estimates
of immigration rates for cougars were available. Therefore, in addition to
simulating no immigration (no corridor), | simulated the three lowest levels
of immigration that would qualify the area as part of a metapopulation (that
is, interacting with adjacent groups of conspecifics): one male immugrant per
decade, two males per decade, and three males plus one female per decade. [f
these levels had no influence on population persistence, [ planned to simulate
higher immigration rates. The sex bias in these immigration rates reflects the
trcr that males are more likely than females to disperse out of thetr natal
mountain range (Ashman et ] 1983: Anderson et al. 1992).

For each combination of habitat area and level of immigration I simulated
the population dynamics under many combinations of estimates for life his-
tory and environmental Zceributes (Table 13.1). Because male and female
equilibrium densities and juvenile survival rates are hard to estimate, may
vary geographically, and have a profound influence on the results, the simu-
lations used 36 permutations of values for these parameters. [ used separate
estimates of carrying capacity for adult females and males because social in-
tolerance among adult femnales (calibrated to prey ~bundance and influenced
by vegetation and topography) s thought to regulate their density, whereas
cerritoriality among males (competing for access to females) regulates male
density (Seidensticker et al. 1973).

The model included subroutines to simulate density dependence (Table
13.2), including an Allee effect, inhibition of reproduction for the youngest
females when the population exceeded carrying capacity, enhancement of
survival rates at low densiry, and decline in survival rates (especially for juve-
niles and dispersers) at high density. Lacking empirical dara, I chose the sur-
vival rate funcrions for their computational simplicity (Beier 1993). How-
ever. | tested various alternative functions for density dependence in survival
cates and found that neither risk of extincuon nor ending population size
varied among them (Beier 1993). Extincuon risk was markedly higher 1n pre-
liminary analyses with density-independent survival rates, but this approach
also produced ending population sizes (for populations that survived) that far
exceeded carrying capacity (Beier 1993).

Most studies report adult sex ratios skewed toward females; at some age;
‘herefore. survival rates of males must be lower than those of females.




TABLE 13.1.

Values for biological parameters used in simulating cougar population dynamics

Parameter | Values used
Mean litter size 2.8
Juvenile survival rate’ 0.65 for temales, 0.60 for males
0.75 for temales, 0.70 for males
Adult survival race: 0.75
0.85

Probability that a resident  For 0- and 1-year-old fernales: 0%
female bears a litterina  For 2-year-old females: <40%
given year For older temales: 0% if litcer from previous vear survived
| year: 100% if litter trom previous year died

Maximum life span 12 years

Carrying capacity Sex ratio of 2 adult females per adult male:
(breeding adults per 0.4 temales, 0.2 males
100 km- 0.6 females, 0.3 males

0.8 temales, 0.4 males
1.0 females, 0.5 males
[.2 temales, 0.6 males

Sex ratio of 3—4 adult females per adult male:
0.8 females, 0.2 males
1.2 females, 0.4 males

Sex ratio of -1 adult female per adult male:
0.4 females, 0.4 males

0.8 females, 0.6 males
-_——— -

Source: Anderson (1983), Anderson et al (1989), Ashman et al. (1983), Beier and Barrert (1993),
Curriereral. (1977), Eaton and Velander (1977), Hembker et al. (1984), Hemker et al. (1986), Hop-
kins (1981). Hopkins (1989), Hornocker (1970). Lindzey et al. (1988), Logan et al. (1986), M.
Jalkotzy and 1. Ross. (Calgary, Alberta, unpublished data). Murphy (1983), Neal et al. (1987),
Quigley et al. (1989), Robinette et al. (1961), Robinette et al. (1977), Seidensticker et al. (1973).
Shaw (1977), Sitton and Wallen (1976), Young (1946), with justifications for specific values given
by Beier (1993).

Note: Survival and breeding probabilities are for a population at carrying capacity and were mod-
tfied as indicated in Table 13.2.
“A value of 2.4 produced population sizes much smaller than carrying capacity, even when used

together with optimistic estimates for other parameters. A value of 3.2 produced about the same ex-
tinction risk as a value of 2.8.

®Both sexes 0 and 1 vear old and males 2 vears old.

“Females > 2 years old and males > 3 vears old.



(€661) 119g Ul 135ad A1 A11021100U1 SEM BINWIIO ] ,,

‘A[pAandadsas ‘sajew pue sajruIj plo-1e3£-72 O

1quinu = N pue N puE ‘A2A1102ds21 ‘safeway pue sajew 3uipaaiq 10 Anoedes 3uidased = NN pue 4N ‘Koedes Juidired 1e 3181 [EAIAINS [ENUUE = G 70N

'SI[EWD) 01 $$IIDE
PUE S3110111131 JOJ S3[ELU SUOWE uonnadwod a1 o]
'SI[eWI)

wEEu%% pur s1apou Suowr co:cu&Eou 1221 O]
._E_uam% mcc:ﬁ S3[ELL 1NPE 01 3NP \C_._EEE REIIRIN ]

‘res1adsip Sunnp s3[ew 3NpE 01 0P ANTIIOU SE |[IM

SE $32IN0S21 POOJ 10§ SIS0 uowe uonnadwod 13331 0f
-sapeway Suisiadsip pue s1ayrow duowe uonmadwod 155y31 o]

A Mo A1aA 18 1d3doxa ppiur A334 s1153449
Y1 ‘e 11DYIp, YdE3 10§ 04C ] Aq sasealdut Jjew npe
yoes Jo A10111131 ISNEIDY “SUONBAIISQO (GG INO 1921 O,

.Ammm_ ‘e 19 huy_uﬁm:uﬁmuwv
JUDWIYSI|QBISD 28ue1 swoy 133je Ajuo srnpordar sajewdy 3dunoy

-(ssewr a1eU03U 3-0(¢ ‘sAep 7() uoNEISI3 JO 1500 MO

R . - . — o —— P E——— . - — ——— . — =t — - - - - — e amm —r—

u_ﬁEOmuﬁﬁ

CG'Q pUE G Usamlaq P1O s1eA4

S3NJeA 0] paleduni ,mm,cﬁzz\zwi =
¢G'O PUB () Usamiaq

Sanjea O1 paiedund Hm.:EZEv:w =

G0 pue ¢ uU2ami3q

sanjea 01 paiedunll ,w.cc‘zzxzzvm

G0 PUE €°() U22M12Q SAN[EA O]

paresun1 ‘. (AN/IN) ol AN/AM)S

10 o(AN/dN)S JO wnwituiws =

G 0 PUE € () U2oMm19q

sanjeA 01 paredunil .,m.:ﬁ N /IS

AT/ (wn - STT - AN~ DD
:Aq paydunuw si 3uipaa1q N

7 < S9Jewd ‘a1tl [BAIAING
p1o 1e34

{ < wu_.nﬂ_,_mﬁ ‘dl1e] _ﬁ},m}.uﬂm

I}

safeut Plo-1E34-7 ‘91El [PAIAING

safeu
p[O-1834-{ ‘A1E1 [BAIAING

q pjo-1eah-g—1 pue (1 ‘W)

SPJO-1E4-() ‘9IBI [EAIAING

JO 04 *(AUEDIEA JJE SILI0ILII) O[ELL

UFCOww N > NN Uay A\ u“uuu&u 2|1y

-sn1e1s Juipasiquou 03 paudisse

muuu.-ﬁ __:.5 u_ﬁEwm

1UaPIsaI e aeys ANjIqeqol |

sajewd) 133unof pasiq Y JO $$IXI U1

ST JUAPISI 0 0407 AN < AN VYN
wuapuadoput Aysus(y

Pa21q [[Im J[EWdj
1UAPISaI B aeyd ANjIqeqos ]

IZI1S I3

“Kitsuap 01 m_;w,co_ujum

- e - ——— e am e e — e el —_—

18l [EMA

s>iweudp uonejndod redno> Junefnuuts ul pasn sdiysuonepas quapuadsp-Aisua(g

el 319VL



13, METAPOPULATION MODELS, TENACIOUS TRACKING 299

Robinette et al. (1977), Ashman et al. (1983), Lindzey et al. (1988), and An-
derson et al. (1989) did not report sex differences in adult survival rates, how-
ever, nor did [ document them in this population (Beier and Barrett 1993).
Theretore, the model included a small difference berween the sexes in juve-
nile survival rates, with the sex-specific subroutines for density dependence
(Table 13.2) creating further sex differences in survival rates (especially for ju-
veniles) to maintain the specified adult sex ratio.

[ included two of the three types of stochasticity commonly included in
stmulation models (Table 13.3). Catastrophic stochasticity was included to
reflect low-frequency, high-magnitude events such as prolonged droughts or
severe epidemics that might cause large reductions in prey numbers. | mod-
eled this variation by decreasing carrying capacity by 20 percent for a 3-year
period starting every 25 years. Because demographic stochasticity arises from
binomial processes (such as surviving or dying, breeding or not breeding,
being born male or female), I modeled it by applying the appropriate proba-
bility to each simulated cougar (Table 13.3). If the survival rate for yearling

TABLE 13.3.

Stochasticity in population parameters used to simulate cougar population dvnamics

“-__—l—-_—_*_____‘__

Population Type of
parameter How stochasticity was modeled stochasticity
- Survival rate Each animal in an age class survived with Demographic
probability = density-dependent survival rate.
Primary sex ratio  Each newborn had 50% chance of being male. Demographic
Licter size Each litter had 2, 3, or 4 cubs, with probabilities ~ Demographic

appropriate to the specified mean litter size.

Immigration rate  Each vear | male or female immigrated with Demographic
probability = 0.1 - specified number of
immigrants per decade, and immigrants
were assigned to the 1-year, 2-vear, or 3-year
age class with probability = 0.3, 0.5, and 0.2,

respectively.
Probability thata  Fach female bred with probability = density- Demographic
resident female dependent probability of breeding for that
bred age class.
Carrying capacity  20% decrease in carrying capacity in years Catastrophic

25-27,50-53, 75-77 .4

Note: Demographic stochasticity was achieved by applying the appropriate age- and sex-specific
binomial probabilities to each animal.
Extinction risk did not decrease when a 0% decline was simulated; nor did it increase when 2

40% decline was used.
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males was 0.60 and there were two yearling males in a given year, for example,
all outcomes (2, 1, or 0 survivors) were possible (with binomial probabilities
0.36. 0.48, and 0.16, respectively) in a biologically realistic manner.
Environmental stochasticity, a third type of variation relevant to PVA, re-
flects low-magnitude, year-to-year variation in survival rates for all individ-
uals resulting from fluctuation in food crops, subepidemic diseases, poaching,
and similar factors. I attempted to estimate the magnitude of environmental
stochasticity from the observed month-to-month variation in survival rates of
radio-tagged cougars. In the absence of a catastrophe, this variation can come
from only two sources: variation due to sampling a small population with 2
given probability (that is, demographic stochasticity) and varaton in that
probability of survival (that is, environmental stochasticity) (Lacy 1993).
Therefore, | estimated environmental stochasticity by comparing observed
variation to the variation due to demographic stochasticity. The variance of
64 monthly survival rates for adults (mean = 97.51 percent) was 25.6 (5D =
5.06 percent). The variance expected if the observed variation were based
solely on demographic stochasticity was 30.5, yielding an estimate of zero
(rounding —4.9 to the nearest feasible value) for variance due to environ-
mental stochasticity. To further explore this issue [ examined the frequency
distribution of adult survival rates under the assumption that environmental
stochasticity contributed to the observed month-to-month variation (Table
13.4). This Monte Carlo sample contained significantly fewer outcomes near
the true mode and significantly more outcomes <0.80 (a monthly ratc never
observed in the field). Thus, incorporating environmental stochasticity 1nto
my PVA would have reduced the realism of the model and predicted higher

extinctrion risks.

Fieldwork in the Santa Ana Mountains

Study Area. The cougar metapopulation in the Santa Ana Mountains of
southern California consists of about 20 adults on about 2070 km* of habitat
with a tenuous linkage to a larger population in the Palomar Range (Figure
13.1) (Beier and Barrett 1993). The surrounding urban areas do not offer
even marginal cougar habitat. About 1270 km? of this habirat (61 percent) is
protected from urban uses, primarily within lands owned by the U.S. Forest
Service and U.S. Navy (Beier 1993). Of the protected land, about 11 14 km-
forms a contiguous block (the “protected core area”); it all private lands were
developed, the other 154 km? of protected land would be isolated into frag-
ments unusable by cougars. The terrain is rugged and elevation varies trom
zero to 1680 m. Vegetation includes chaparral, coastal scrub, oak (Quercis
agrifoliaand Q. engelmannii) woodlands, annual grasslands, and small areas of
coniferous forest on high-elevation, north-facing slopes. Few drainages have



pb1
This parag and Table 13.4 comprised my attempt to address a problem that was later addressed by Gould and Nichols (1998). My result is exactly equivalent (to 5 decimal places)  to their procedure, although I followed a field biologist's ad-hoc approach because that's who I am. I tried to publish this in my 1993 paper, but it got edited out. I believe I was first (by 5 years) in applying this to a PVA. White (2000) and White et al (2002) also address this issue.
Gould, WR and JD Nichols 1998 Estimation of temporal variability of survival in animal populations. Ecology 72:523-533.
White GC 2000. Population viability analysis... Pages 288-331 in L Biotani and TK Fuller, eds. Research techniques in animal ecology. Columbia.
White, GC, AB Franklin, and TM Shenk. 2002. Estimating parameters of PVA models. Pages 169-190 In Beissinger and McCullough, Population Viability Analysis, U Chicago Press. 
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* , TABLE 13.4.
" Relative frequency (%) of monthly survival rates for adult cougars in
ﬁ -;,- the Santa Ana Mountains (1987-1992) compared to that expected if
' ?“E environmental stochasticity (ES) is absent or accounts for half of the
'E*“ observed monthly variation
o -
i Expected trequency with
o demographic stochasticity evael_, |
' 5? Monthly Observed ES accounting for 50%
=E f_Lil;vival rate Frequency No ES~ of observed variance?
0.0-0.8 0/64 = 0.0% .7 5.5
3y 0.801-0.85 1/64 = 1.6% 2.8 3.2
o 0.851-0.9 10/64 = 15.6%  11.8 14.6
G0 0.901-0.95 2/64 = 3.1% 1.4 1.9
e 0.951-1.0 S1/64 =79.7%  82.3 74.8
% Note: Survival rate was computed as the number of cougars alive at the end of
"' the month divided by the number alive at the start of the month (mean 7.9
: range 5 to 12 animals at start of month). Expected trequencies were generated by

repeated sampling, applying to each animal alive at the start of a month either a
constant survival probability 0of 0.9751 (“no ES”) or a probability from a normal
distribution with mean 0.9751 and SD = 0.0358 (“ES accounting for 50% of

observed variance”).
“ Did not differ trom observed frequency distribution, two-sample Kol-

| mogorov-Smirnov test, = 0.06. Standard deviation of 0.0552 was nearly the
- same as the observed SD of 0.0506.

® Differed from observed trequency distribution, two-sample Kolmogorov-
o Smirnov test, P < 0.0005. Standard deviation of 0.732 was larger than the ob-
served SD of 0.05006.

" perennial aboveground water flow, but seeps and springs are well distributed
throughout the range.
Because mule deer ( Odocoileus hemionus) accounted for 81 percent of the
prey biomass consumed (Beier and Barrett 1993), deer density probably was
~ the ultimate determinant of carrying capacity. There were 2.3 to 4.6 deer per
Square kilometer in the Santa Ana Mounrtains (Beier and Barrett 1993).
Hunting (legal and illegal combined) took less than 5 percent of the adult
deer a year in one study area in the northeastern corner of the range (Envi-
ronmental Science Associates 1992).
The human population of the eastern half of Orange County and the
western sixth of Riverside County is projected to grow from 1.15 million in
1987 to 2.09 million by 2010 (Anonymous 1989). Most growth is expected

,if': - » . . . = . < - 39 » .
# M occur, not within existing cities, but via “planned communities” built in
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Flgure 13 1. Map ofthe srudy area in Los Angeles Rwermde Orange and San Diego
counties. California. All highways (numbers) shown are six- to ten- lane freeways.
The unshaded area includes 2070 km? of cougar habitat in the Santa Ana Mounrains
(including the Chino Hills) and a poruon of the larger habitart area in the adjacent
Palomar Range (east of Interstate 15). The center of the Santa Ana mountain rje.nge
< abour 65 miles southeast of Los Angeles and about 60 miles north of San Diego.
The dortted line encloses the protected core area (seven interconnected protected
parcels totaling 1114 km?). Urban (nonhabitat) areas are indicated by dense stippling
with the dashed line enclosing the 75 km? of suitable habiratin the San Joaquin Hills
(cougars recently extinct). Three habitat corridors are designated CC (Coal (,anvcm)

AT (Arroyo Trabuco), and P (Pechanga).
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?:‘ffbrivately owned open-space areas, including some of the best cougar habitat.
¥'Such rapid growth causes the outright loss of several square kilomerers of
& habitat a year in Orange and Riverside counties. In addition. some wildlands

Zare lost to the cougar population because they become isolated by freeways

.o

<= and other development. After urbanization isolated a 75-km? fragment of
"% cougar habitat (Figure 13.1: San Joaquin Hills) in the late 1970s, for ex-
7

'-._.J-

—_

...-L
! .

| --.:_ﬁ?f.;},?'f'ample, cougars became extinct there berween March 1987 and June 1990
" (Beier and Barrett 1990).

% Radio lelemerry. | captured and radio-tagged 21 aduir and 11 juventle

. cougars from 1988 to 1992 (Beier 1995; Beter ct al. 1995; Figure 13.2). To

= document travel paths, [ monitored animals overnight, determining the focal

" amimal’s location by ground triangulation every 15 minutes from before

" sunset until after sunrise on each of | 78 tracking sessions (Beier et al. 1995).
- Cougars traveled an average of 5.4 km per night (Beier et al. 1995). [ radio-
- tracked adults and juveniles to document the routes by which cougars traveled
- from the protected core area to smaller protected parcels surrounded by pri-
vate land. These smaller parcels (15,448 ha total) included six regional parks,
one state park, three private reserves, and a university field station. To docu-
ment use of corridors for dispersal, I followed the dispersal movements of the
* nine radio-tagged juveniles (all that survived to dispersal age) in relation to
. three potential corridors and several habitar peninsulas (Beier 1995). I identi-

: hed the three potential corridors (Figure 13.1: Coal Canyon, Pechanga, and

= Arroyo Trabuco) before radio-tracking the dispersers. These areas were not

" designed as wildlife movement corridors, but were simply habitats made

- linear by urban growth.

- The Coal Canyon Corridor (1.5 km long) provided the only potential
habitat link berween the Chino Hills and the rest of the Santa Ana Mountains
(Figure 13.3). Most of the corridor was occupied by two shrubless golf
courses and a horse stable devoid of understory. It was crossed by an eight-
lane freeway (State Route 91) with heavy night traffic that precluded any at-
grade road crossing. The only potential freeway undercrossings were a vehicle
underpass (not used at night but devegetated, brightly lit, and noisy at all
hours) and 2 2.6 X 3.3 m concrete box culvert 200 m long,

The Pechanga Corridor (4 km long) was the last potential habitat link be-
tWeen the Santa Ana Mounrtains and the Palomar Range. It was crossed by a
six-lane treeway (Interstate 15) and contained rwo golf courses. Although a
bridge over the Sanca Margarita River provided a quiet, well-vegetated, and
relatively dark freeway undercrossing, a cougar using this underpass must
also cross more than 400 m of golt course and skirt two fences along a golf
driving range. The corridor was bordered by tract homes and contained an

: oy ‘.I| ‘-.'u |'|-|r
ﬁo.‘t’.? '1#*"'.-: i e N
f". - f R A N | -: . '.'-lrj
r-. [ Y M
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Frgure 132, Female cougar F6 at caprure in May 1989,

tbandoned rock quarry. a two-lane paved road. several residences, and 4 con-
crete embankment on one side ot the main watercourse.

The Arrovo Trabuco Corridor (6 km long) was 400 to 600 m wide and
lined wich tract homes. Steep blutts (20 to 70 m deep) mimmized urban

\.'iStLIS.. IlUiSL‘, ;llld llg]lt p()Huti(m ill [hC QII'I‘{)_\’(}, .'.llld [h&.‘ dt)ﬂlil‘lilllf \'L';L'[thil}ll

was an oak-svcamore (Platanus racemosa) viparian forest. Unlike the other

two corrtdors., the arrovo was not the sole ink bevween the Laree habitar area
at cicher end (Frgure 13.1).

| estimated survival rates tor r.;tdi()-—t;lggcd adules o 2-vear-old anmmals With

stable home ranges) and juventles (dependent voung and dispersers lacking

stable home range) by using T-month time intervals and the produce fimit
procedure with staggered entry (Pollock cr al. 1989). The nroduct of 12
monthly rates vielded an estimate of annual survival race, and the average ot
these running products vielded a single poine estimace. | computed popula-
ton density by applving mark—recaprure estimators o the numbers of
cougars tagged and the numbers of tagged and unrageed animals killed on
depredation or by vehicles in three half-vear periods. Because road surveys tor
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Figure 13.3. The Coal Canvon Corridor, looking southward from the Chino Hills.
From the mouth of Coal Canvon (top of photo), northbound cougars had walk
under State Route 91, through an equestrian center (bare areas), and then across the
Santa Ana River (hidden in the riparian torese running from left center o lower
right) and a golf course (lower left) to ceach the southern edge of che Chino Hills (just

below bottom ot ph()m).

cougar tracks suggested that approximately 10 percent of suttable habirac

Patmriy

lacked resident females. and because female home ranges overlap broadly.
estimated carrying capacity tor temales as 20 percent higher than the max-
imum calculated density.

Results and Discussion

Both the model resules and the field data emphasize the importance o move-
ment corridors to maintenance of the Santa Ana and Santa Monica cougar
metapopulations. | describe my cttorts to bring this information to bear on
the land use decisions of the different jurisdictions witchin this area.

Population Model

One does not need a model to make the point that patch size and connec-
tivity are important tor keeping cougars on the landscape. These landscape
features are inherent in the metapopulation concept. The value ot the model
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is that it permits us to estimate which combinations of patch size and con-
nectivity will conserve a cougar population, given our best estimates for that
population’s carrying capacity, survival rates, and other parameters. In this
model, as expected. both area of habitat and the presence (or quality) of an
immigration corridor influenced the probability of extinction (Figure 13.4;
for other results see Beier 1993). Despite variation in biological parameters,
at least 98 percent of simulated populations persisted for 100 years when
there was more than 2200 km? of habitar available, except under the most
pesstmistic estimates of biological parameters (carrying capacity of no more
than 0.4 adult female and 0.2 adult male per 100 km* in concert with adule
survivorship < 0.75). With only 1000 km* of habitat and no immigration,
simulated populations had 98 percent persistence under only the most opti-
mistic estimates of biological parameters (carrying capacity greater thanl.0
adult female and 0.5 adult male per 100 km¢ in concert with adult survivor-
ship 2 0.85 and juvenile survivorship 2 0.65). Thus in the absence of an im-
migration corridor, the critically small habitat area lies berween 1000 and
2200 km*. Within this range, the critical size depended on demographic pa-
rameters.

Immuigration improved the probability of survival at surprisingly low
levels—as low as one male per decade. For any combination of biological pa-
rameter estimates, the critical habitat area was 200 to 600 km? smaller with
an tmmigration corridor than without. | simulated only three low levels of
immuigration, and certainly a corridor allowing more immigration would
make even smaller areas viable. Thus in areas where isolation or fragmenta-
tion of a cougar population appears imminent, protecting and enhancing any
remaining corridor is a valuable measure.

These minimum habitat areas (1000-2200 km?, depending on carrying
capacity and vital rates) would hold 15 to 20 adult cougars—far fewer than
necessary to preserve genetic variability over several centuries (Franklin
1980). Lacking a quantitative way to model how inbreeding would increase
extinction risk, I relied on the generalization that small populations will suc-
cumb to demographic events before inbreeding becomes a problem (Lande
1988), and my model ignored this risk. Mills and Smouse (1994), however,
argue convincingly that moderate levels of inbreeding depression can influ-
ence population persistence in the first few generations after habitat frag-
mentation and 1solation. [, therefore, stress that the minimum areas sug-
gested by this model will not guarantee survival of a cougar population. In
cases where no immigration corridor is provided, populations confined to
such small areas will require monitoring and perhaps periodic introduction of
new genetic material by translocation.

These minimum areas (and the number of cougars they contain) are
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Figure 13.4. Effect of habitat area and immuigration on cougar population persistence
given (A) a carrying capacity of 0.8 breeding adult female and 0.6 breeding adult
males per 100 km: or (B) a carrying capacity of 0.8 breeding adult female and 0.2
breeding adult male per 100 km?. In each graph the top through bottom lines indi-
cate the percentage of simulated populations that went extinct when the numbers of
immigrants per decade were 0, 1 male, 2 males, or 3 males and 1 female, respectively.
Juv Surv (juvenile survival rate) and Ad Surv (adulc survival rate) are defined in Table

13.1.
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comparable to the minimum arca and number suggested by Shatter (1983)
tor grizzly bears. Both my model and Shaffer’s are species-specific and incor-
porate density dependence. Morceover, both produce minimum arcas and
populations much smaller than predicted by analytic modcls (tor cxample.
Belovsky 1987), simulation models lacking densicy dependence (tor example,
Ginzburg eral. 1990), or models that incorporate fewer subroutines to mimic
cougar lifc history (Seal and Lacy 1989, although their model also models in-
breeding depression and uses lower survival and reproductive rate estimates).
[t is tempting to favor models that call for protecting larger arcas on the
grounds that they are more “conservative,” but such modcls have two draw-
backs. First. in the long run they undermine the credibiliey ot conservaton

hiology and PVA cspecially when p()pulations persist ander conditions chat
such models predict will lead to rapid extinction. Second. to the extent that

such analyses misclassify viable populations as *hopelessly”™ small, they can be
a less conservative approach.

The modeling exercise vielded two results relevant to how stochasticioy 1s
incorporated into PVA models. hirst, natural catastrophes of moderate
severity (up to 40 percent loss of carrving capacity), trequency (every 25
years), and duration (3 years) had little impact on extinction risk and were
not apparent in graphs of population trajectory (Beier 1993). Shatter (1983)
similarly concluded that catastrophes are unimportant to the population dy-
namics of grizzly bears. Second, observed variation in survival rates was at-
cributable entirely to demographic stochasticity: thus cnvironmental stochas-
ricity (ES) appeared trivial or absent in this population. Although ES. if 1t
exists, can greatly increase extinction risk (Shatfer 1987: Lande 1993) and
many PVAs theretore include subroutines for it, | am unaware ot previous at-
tempts to empirically measure ES fora PVA or (except tor Lacy 1993) to par-
tition observed variance between demographic stochasticity and environ-
mental stochasticity. Although ES is probably important for populations of
<mall-bodied or herbivorous animals (more at the mercy ot weather and other
cransient phenomena) and is obviously imporrant for exploited populations,

it should not be incorporated blindly into all PVA models.

Applying the Model to the Santa Ana Mountains

| estimated the carrying capacity for the Santa Ana Mountains as .30
breeding female and 0.30 breeding male per 100 km-. The mean annual suf-
vival rate was 0.74 for adults (0.9751 per month, SD = 0.0502, i = 04
months) and 0.48 for juveniles (0.9403 per month, 5D = 0.1045, n = 34
months). Using these estimates, the model predicted that the cougar popula-
“ion in the Santa Ana Mountains is clearly endangered. Although therc s low
(less than two percent) risk of extinction 1n the next 100 vears with the cur-
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rent 2070 km? ot habitat and no immigrartion, every parcel of habitat lost in-
creases the risk of extinction (Figure 13.5). Consistent with our field obser-
vations in 1988, the model also predicted frequent local shortages of breeding
males and an unstable sex and age structure under current conditions. If the
population is confined to the 1114-km? block of contiguous protected lands.
extinction risk rises to approximately 65 percent; an immigration corridor,
necessarily including some lands now in private ownership, greatly improves

the prognosis.

Applying the Model to the Santa Monica Mountains

Urban sprawl has created a second cougar metapopulation to the north of the
study area in the Santa Monica Mountains (660 km*), Simi Hills (130 km?),
and Santa Susana Mountains (contiguous with more than 5000 km? of
cougar habitat) (Figure 13.6). Using the most optimistic published estimates
for vital rates and carrying capacity, the model predicts that cougars would
rapidly become extinct in both the Santa Monicas and the Simi Hills if these
areas were 1solated from the Santa Susanas. Edelman (1990) identified several
potential movement corridors linking these areas (Figure 13.6), all on private
land, and the Santa Monica Mountains Conservancy is actively working to

o)
Q
-

T

Extinction risk (%)
N H
- -

e ]

Ofoo0  1a00 1800 2200
Area of habitat (km*)

Figure 13.5. Extinction risk for the cougar population in the Santa Ana Mountains.
The top through bottom lines give the percentage ot simulated populations that went
extinct within 100 vears when the numbers of immigrants per decade were 0, 1 male.
2 males, or 3 males and 1 female. respectively. From right to left, the verucal lines in-
dicate the total available habitat in 1992, the total habitat available if the Chino Hills
(150 km?) is lost, and the total area of the protected and interconnected habirat
block. Simulations were run with a carrying capacity of 0.80 breeding temale and

0.30 breeding male per 100 km+, an adultsurvival rate of 0.74, and a juvenile survival
rate ot 0.48.
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Figure 13.6. Map ot the mountain ranges that lic just northwest of Los Angeles: all
highwavs shown (numbers) are 4=12 lane treeways. All potenual connecuions are
threatened by urban development. The unshaded arcas indicate cougar habitat in the
Santa Monica Mountains (660 km ). Simi Hills (130 km-), Santa Susana Mountains
(>2000 km-, including conuguous areas to the norch). and potental connecrons

among these arcas, in refation to urban arcas (cross-hatched).

preserve these links. Because the average home range of an adulr fermale
cougar in southern California is abour 110 km- (Beier and Barrert 1993), the

Simi Hills are unhikely to support more chan two adulc female cougars and

often may be unoccupied for several vears after the death of resident females.
Nonctheless, the offspring of resident temales in the Simi Hills are the most
likely immigrants to the Santa Monicas, even if the Simi Hillf»: support
breeding females less than 50 percent of the time. Thus. cven if a formal
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survey for cougars classifies the Simi Hills as “suitable bur unoccupied”
habitat in any given year, from the perspective of the metapopulation this
habitat is as critically important as any occupied habita.

Use of Corridors by Dispersers

[ assessed corridor use from two perspectives. Borh dramatucally showed thac
cougars will disperse via habitat corridors in a landscape fragmented by ur-
banization and. morcover, that some dispersers will use corridors containing
unnatural teatures such as golt courses and major treewavs. Firse, trom che
perspective ot the dispersers, five ot the nine juveniles used corridors and one
of them used two corridors (Table 13.5). Sccond. all chree potential corridors
were used. Three dispersers successtully used the Arrovo Trabuco. Two radio-
tagged dispersers successtully used the Coal Canvon Corridor. a chird was hit
by a vehicle there, and tracks indicace that an uncollared juventle also used the
corridor. One disperser used the Coal Canvon Corridor more than 22 times
over 19 months to establish a home range thac included both the Chino Hills
and the northern part of the Santa Ana Mountains (Beter 1995). Ot the chree
dispersers cncountering the Pechanga Corridor, one apparently did not enrer
it, another traversed it in a single night, and a chird straved trom the corridor
into a residential arca where he was caprured bv animal control othicers. Be-
tween October 1990 and December 1993, five unradioed cougars were killed
by vehicles where [-15 crosses the Pechanga Cornidor. Although my carly ob-
servations (Beier 1993) led me to be pessimistic abour the uttlicy ot this cor-
ridor, the hve road-kills there suggest that successtul crossings also are likelv.

In addition, seven of the nine dispersers explored to che aps of habitat
peninsulas, making a total of ten such forays averaging 2.9 km in onc-way
length (Table 13.5). All peninsulas extend into dense urban arcas, and most
were heavily used during the day by humans. Despite intense monitoring of
20 radio-tagged adults. there was no cvidence that adult cougars visited any

of the ten habirart peninsulas.

Travel Paths Likely to Become Corridors

Inthe Santa Ana Mounrtains. overnight radio monttoring identified 18 roures
by which cougars traveled trom the 1114-km- protected core area to the 11

regional parks and reserves surrounded bv private land. Alchough only tour ot
these

|

these routes had significant human incrusions in 1992, 17 (includin:

J

four) were threatened by proposed highwav projects and anticipated urban
development. The only secure connection was provided by the Santa Mar-
garita River, which links the University of California Field Station to the pro-
tected core area.
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Bringing the Findings to Decision Makers

The model clearly showed that preserving the Pechanga Corridor 1s critcally
important to conserving the cougar population in the Santa Ana Mountains,
1nd feld data show thart the corridor is usable. Although the five jurisdictions
(City of Temecula, BLM, Pechanga [ndian Reservation, and San Diego and
Riverside counties) with authority over land use in the corridor do not coor-
dinate their plans, Temecula has authority over the part of the corridor most
threatened by urban encroachment. In 1992 1 provided written reports and
personally presented my findings to the city early in the process of arawing up
its first land use plan. The city ignored this input. zoning almost all land into
various urban uses, and has since approved every development proposal i its
jurisdiction. Because it is possible to create a corridor outside the ciry limits.
Temecula’s response was legal under state environmental law. But now the
only hope for this corridor lies in an effort by The Nature Conservancy to
protect key parcels via purchase or easements.

The model convincingly predicted that loss of the Coal Canyon Corridor
would guarantee the extinction of cougars from the 150 km¢ of habitat in the
Chino Hills (Figure 13.1), reducing by 7.5 percent the total habitat available
to the population and pushing the population toward the steeply rising part
of the risk curve (Figure 13.5). The 6 oldwork showed that in fact the corridor
was used. Because the local press covered these hindings prominently in 1990
1nd 1991, local awareness was much greater than in Temecula (which 1s not
served by its own print or broadcast media). Although less than 2 km long,
this corridor is within the jurisdiction of three counties and two incorporated
cities and is crossed by a state freeway. The Ciry of Yorba [ inda passed a res-
olution to preserve the part of the corridor 11 1ts wurisdiction so long as other
jurisdictions kept it intact. But early in 1991, a developer proposed to build
1500 homes on a 150-ha parcel in the mouth of Coal Canyon in the city ot
Anaheim—a project that would sever the corridor. 1 provided intormation,
attended meetings, and made three presentations to the city urging a scaled-
back project. Anaheim delayed its decision several times to allow the devel-
oper to present alternatives to the Coal Canyon Corridor. In each case, I
demonscrated that the alternative corridors were infeasible. Ultimately, Ana-
heim formally acknowledged that the project would destroy the corridor and
“result in the loss of potential for a cougar population to occur in the Chino
Hills.” When the citv hinted it would approve the project anyway because
other jurisdictions could destroy other parts of the corridor, supporters of the
corridor urged Anaheim to enter into a Coordinated Resources Management
Plan (CRMP), a voluntary legal mechanism for interjurisdictional cooperd”
cion, with the other parties. On 3 March 1992, the Anaheim City Council‘
perfunctorily declined to iniuate a CRMP and then, citing their lack of
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authority over the entire corridor, unanimously approved the development
project. Several groups. including the CDFG, sued Anaheim under the Cali-
tornia Environmental Quality Act. Although the sut cventually failed, 1t
delayed the project untl a downturn occurred in the housing market. The
developer 1s now willing to sell the parcel to the state if funding can be
obtained.

Our field data may mitigate the impact of a proposed tollroad in southern
Orange County that would slice through a pristine arca with no human resi-
dents along its 21-km length (Anonymous 1990 Figure 13.7). All-night
radio-tracking revealed the routes by which cougars craveled berween the pro-
rected core arca (cast of the proposed road) and five smaller arcas of dedicated
open space west of the road. Although these routes now traverse pristine open
space, they will become corridors (at best) as highwav-induced growth re-
moves the adjacent habitar. The regional transportation agency responded to
this information by proposing bridged undercrossings at the most important
crossing points (Figure 13.7), but preserving a corridor is not as simple as
building a bridge at one point along the corridor. The agency has acknowl-
edged that the tollroad. by providing “critical infrastructure to large expanses
of open space,” will induce massive urban crowth (Anonymous 1990).
(Under current policy, treeway access is a prerequisite for issuance of devel-
opment permits.) Such growth could scver all of the wildlife corndors, ren-
dering the underpasses pointless. Although state law requires mitigating the
impacts of induced growth, the agency retused requests (from muysclt and
CDFG) to purchase casements to the three most important corridors as mit-
igation for this induced growth. Because 1t was impossible to esumarte the
amount and location of induced growth. the agency argued that it was “spec-
ulative and infeasible” to mitigate for it and said that miugation should occur
in association with cach proposed development project. Having repeatedly
seen developers argue that it was “speculative and infeasible” to require them
to preserve part of a corridor when the next project might destroy another
section. | initiated a lawsuit on this issue with other plaintitfs in 1991. (The
lawsuit was dropped when I moved out of the state.) The tollroad stll lacks
some of its environmental permits, which may present opportunitics to deny
or mitigate the project or use 1t as a means tor obtaining comprehensive re-
gional planning. | also provided findings on travel routes between the pro-
tected core area and the other six protected parcels to the appropriate agen-
cies. This inforation caused the U.S. Forest Service to cancel a planned land
swap and greatly improved the land use plan for one rural area (Anonyvmous
1991).

In early 1992, the Mountain Lion Foundation, relying on the quarterly re-
ports from my study, filed a petition to list the cougar metapopulation in the
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A. Potential reserve areas in 1994 B. Proposed reserve design

Figure 13.7. Maps of the reserve plan proposed tor southern Orange County under
che first attempt at a regional conservation plan. A. Unshaded area indicates distrib-
ution of potential reserve areas (including disturbed habitats such as annual grass-
lands and a small amount of agriculeural land) in relation ro urban areas (cross-
hatched). B. The proposed NCCP reserve design. Additional  cross-hatching
indicates proposed urban developments. Heavy line indicates route of a proposed
freeway: transverse bars indicate underpasses were planned o allow for cougar move-
ments berween the protected core area (cast of the freeway alignment) and hive
smaller protected parcels to the west. The largest known concentration of the Cali-
tornia gnatcatcher and the San Diego cactus wren (two primary target species of the
NCCD) is indicated by the dashed line. Source maps: Habitar, Target Species. and

Reserve Concept Maps, Dudek and Associates, Encinitas, Calitornia, dated 3 Oc-

Santa Ana Mountains and Chino Hills as endangered under the Endangered
Specics Act. The California Department ot Fish and Game. which disagreed
with the Mounrtain Lion Foundation on many issues, opposed the petirion.
After the intal headlines, the petition recetved little media attention, and the
U.S. Fish and Wildlite Service delaved action tor 30 months bevond the dead-
line for response. Then, in December 1994, the service rejected the petition.

[n Julv 1991, the California gnatcatcher (olioptila californica californica)
was about to be listed as threatened under the Endangered Species Act, and
the coastal cactus wren (Campylorhynchus brunneicapilius sandiegensis), the
orange-throated whiprail lizard (Cnemidophorus hyperythrus), and the Santa
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Ana Mountains cougar population were under consideration for listing. At
this potnr the State of California initiated the Nartural Communities Conser-
vation Planning (NCCD) program (Anonvmous 1993). In March 1993. the
U.S. Fish and Wildlife Service accepted this effore as the vehicle for desig-
nating critical habitat for the gnatcatcher and for developing a biological re-
serve system for southern California thar would prevent the need for listing
other species.

The NCCP planning areas include the cnrire range of the Santa Ana
Mountains cougar populaticn. As part of the NCCP ctfore, a scientific review
panel (SRP) was convened. composed of conservation biologists whose exper-
tse included metapopularion dynamics. In August 1991 and again in [anuary
1992, | pleaded with the SRP to make 1n explicit map of the reserve areas. |
used as an example the three derajled maps provided by the northern spotted
owl recovery team (Thomas er al. | 990), which realized that broad cutdelines
alone would be subject to interpretation unfavorable ro the conservation of
the species. The SRP responded that producing a map was not part of its man-
date and assured me that the guidelines would be so explicit that CDFG, the
lead agency, would be forced to map an eftective reserve system. In November
1993, CDFG incorporated the SR report, including seven “basic tenets of
reserve design,” into its NCCP Conservation Guidelines.

Subsequent events show thar the SRP’s faith in the implementation
process was unjustified. California Department of Fish and Game has al-
lowed landowners and developers to draw the map of the proposed reserve for
southern Orange County. In fact, the map (Figure 13.74) violates five of the
seven basic tenets as follows (retaining the original numbering and wording):

“2. Larger reserves are better’ and “4. Keep habitar contiguous.” Two
areas proposed for urban developments would fragment the largest
known populations of gnatcatchers and cacrus wrens in southern
California. From a metapopulation perspective, these are clearly the
main source populations tor these two endangered species. Indeed.
1t would be difficult to draw 1 map that would inflict more discon.-
tinuity on these source populations.

'S, Link reserves via corridors.” The proposed urban developments
would prevent nonvolant animals from reaching over half of the
underpasses proposed as muitigations for impacts to animal move-
ment caused by the planned Foothill Tollroad (Figure 13.74). The
locations of these underpasses had been determined on the basis of
my data on cougars traveling from the protected core area to fve
protected parcels west of the tollroad.

« . . . . : . . :
0. Maintain reserve wunirs that are biologically diverse . . [tncluding/
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other habitat types that occur in a mosaic with CSS.” Virtually all rare
grassl;.md vegetaton hat occurs in a mosaic with coastal sage scrub

S dcsignatcd tor urban development.

T Protect reserves from encroachment. Blocks o [ habitat that lack roads or
ve otherwise inaccessible to human disturbance better serve target
specics. ... [ The| greatest potential for encroachment is from wurban
cdges. . .. [which provide access for] weees, cats, dogs, children,

lund) wildfire.” The reserve design as mapped cieates excessive
cdge, human disturbance, nd the need for more roads to connect

the developed arceas.

[Lessons
A metapopulation model in conjunction with site-specific data can mmHuence
Jdecisions on land use. Modcl prcdicti(:-ns Jlone could not be implcmcnted

without data on the location ot travel routes nd would not be persuasive

without data showing that the target species will use corridors.

My attcempts to bring these indings to decision makers had decidedly
Hived results. The main obstacle preventing the results of metapopulation
analvses from being implemented is the lack of regional planning authority.
Under the current mechanism for implementaton, concerned citzens must
detect and force muitgations on cach proposed project chat threatens the
metapopulation. For the cougar population in the Santa Ana Mountains, this
requires monitoring and being prepared to litigate decisions made by hive
county governments, seventeen municipal governments, two [ransporanon
wuthorities. and the world's largest water district. The linkages among meta-
population centers are most vulnerable. Because a corridor is only as strong as
ts weakest link. a single oversight on the part of conservationist volunteers is
sutfcient to lose a linkage and imperil the metapopulation.

A land use plan will fail to conserve a metapopulation if scientific advice
tor chat plan is limited to general rules ("preserve large arcas and connect
them”) and developers and politicians are crusted to draw the map from those
ules. To make their advice usetul, conservation biologists should develop
maps that present biologicallv optimal designs. Although nonbiological con-
iderations will influence the ultimate map, biologists should provide formal
and independent review of the final map for its consistency with stated con-
servation objecrives.

Biologists can be ettective advocates for incorporating metapopulation
concepts into land use planning, but only if they are committed to a su¥”
cained etfort: writng detailed comments, preparing testimony for publiC
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hearings, and meeting frequently with persons who mav not want biological
expertise. dcientific advocates must be scrupulously careful with the facts. ac-
knowledge the limits of the data or models they use. and admit to mistakes.
Biologists must resist well-meaning pressure from citizen activists to overstate
the biological evidence: overstatement is a sure wav to lose credibility.

Although a reserve designed for a cougar metapopulation would not
suffice for habitar specialists (such as the California gnatcarcher), an arca-
sensitive species such as the cougar is an appropriate umbrella specics (Noss
1991) tfor a regional conservation plan because its low density renders it most
sensitive to habitat tragmentation. Cougars also are more ltkely than less mo-
bile species to yield data on habitar linkages essential to metapopulaton func-
tion. Using telemetered cougars to identify movement corridors is certainly a
big improvement over the prevalent practice in southern California, which is
to label lefrover shards of habitat, and passages under bridges buile tor hydro-
logic or geologic reasons, as “wildlife corridors.”

There is a lack of data on whether most species use corridors (Chapter 5 in
this volume), and a few biologists have speculated chat connectivity might
have biological drawbacks in addition to benetits (Simberloff et al. 1992).
Clearly we nced more data and bertter data. But biologists should nort let de-
velopers misrepresent this spirit of inquiry as a disagreement among the ex-
perts on the value ot habitat connectivity. By such misrepresentation, devel-
opers have persuaded planning agencices that habitat tragmentation should
proceed unhindered and. morcover, that conscervationists should bear the
burden of proof for preserving each remaining corridor. Without abandoning
our scientific endeavors, we need to make decision makers hear our united
voice on the value of connectivity, thus shitting the burden of proot to those
who would destroy the last remnants of natural connectiviey.
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