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sus model, we gradually increased carrying capacity (K) in order to
judge the subsequent affect of a growing population on heterozygosity
(H ) over 100 years. Increasing K from 70 to 500 resulted in an increase
in H from 72.2% to 92.4%, respectively (table 14.4). If the genetic goal
of panther recovery were to retain 90% of the population’s initial hetero-
zygosity (Soulé et al. 1986), then the population would need to be in-
creased to more than 300. ‘
Rapid recovery from a population bottleneck may be the most effec-
tive form of genetic management. Fortunately, demographic modeling -
suggests that the panther population could rapidly expand into addi-
tional habitat should it be made available. This focuses attention on the \
need for landscape management as part of Florida panther recovery,
but also raises the question of whether captive breeding should be revis- ‘
ited as a population-expanding mechanism. This approach was aban-
doned, presumably, under the perception that future genetic problems
could be circumvented with a large and rapid influx of genetic material
from another subspecies. Our analyses suggest that genetic management
alone may not be sufficient, because the introduction of Texas cougars
will not increase the total population size unless there is enough habitat’
for such growth to occur. Thus, along with a needed increase in genetic
variability, the Florida panther also requires a boost in carrying capacity.

Additional Variations on the Consensus Model

Whereas the consensus model indicates that genetics should play an
increasingly important role in future management, we also recognize
that the panther in south Florida has the capability for population
growth. Relatively low mortality (Maehr et al. 1991a), low adult turn-
over (Maehr 1997b), high kitten survival (Maehr and Caddick 1995),
recent records of the panther north of the population core (Layne and
Wassmer 1988: Maehr et al. 1992), and recent dispersal of south Florida
panthers to south-central Florida suggest that population expansion and
colonization may occur even without human intervention. This led us
to simulate the consensus model without the constraints of a finite range.
To do this, we increased the carrying-capacity limit to 300 and kept all
other model inputs constant. This resulted in the expansion of an initial
population of 60 to 300 within 20 years. While this scenario may be
unlikely under today’s landownership and management patterns, the fa-
cilitation of panther movement between south Florida and south-central
Florida, and the adoption of a statewide wildlife habitat conservation
plan (Noss 1987: Harris and Atkins 1991; Cox et al. 1994; Carr et al.
1998: Hoctor et al. 2000) could lead to population growth that would
enhance the long-term survival of the subspecies.
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Alternate Futures

We examined five possible future scenarios by altering three manage-
ment and habitat variables either singly or in combination (table 14.3)

The single effects of no population supplementation or 25% habitat lass
over 25 years had no effect on the 100-year persistence probability of
the simulated population. A combination of both 25% habitat loss and
no supplementation reduced the probability of persistence for 100 years
from 1.00 to 0.998. Adding the removal of panthers from the population
to both habitat loss and no supplementation reduced the survival proba-
bility to 0.992. Without the influence of rapid genetic deterioration in
the model, simulated populations were virtually assured of persisting for
at least 100 years. Although managed genetic introgression has already
(]crcurred, even the exclusion of two supplemental females per decade
from another population had little impact on the persistence probabili-
ties predicted by the consensus model. We believe that the very minor
impacts of these permutations on the consensus model are due to the
robust demographics that have been exhibited by the panther over the
last 15 years. )

Overview of Model Results

The development of our consensus model followed a progression of sim-
ulations that were overly pessimistic with regard to Florida panther
demographics (Seal and Lacy 1989, 1992). The early age of first repro-
duction in females, resistance to natural and artificial perturbations, and
low mortality in juvenile and adult age classes were population features
that required a decade for research to reveal. As recently as 1992 these
parameters were considered too optimistic, and another decade tran-
spired before panther PVA was revisited. In the short term, habitat loss
had little impact on survival prospects of the Florida panther. In tl;e.'.
long term, genetics were revealed as the most important factor leading
to population decline. Simulations that projected a future with signifi-
cantly higher carrying capacity resulted in larger final populations and
adequate genetic variability.

The iteration of panther PVA presented here has suggested that con-
servation of the subspecies need not be driven by a crisis mentality with
respect to short-term survival. Rather, the pursuit of efforts that facili-
tate I'(:"d.l or artificial population growth should be the primary focus of
agencies responsible for panther recovery. Thus, the immediate threats
to the panther’s future are those that reduce habitat availability or sever
t]?e connections between occupied habitat and habitat that can be colo-
nized. If any crisis exists, it is due to the reluctance of agencies to grapple
with the hurdles of not only securing existing panther jlal)i%at pll:ut
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increasing its distribution. The panther population has time; its habil
does not.

Future Needs .
We agree with Boyce (1992) and Reed et al. (1998) that most PVAs are

useful as starting points for management, but are not in and of them-
selves sufficient. Although our consensus simulation predicts a high
probability of survival for the panther, this future is contingent
the continued availability of habitat. Despite the relative ease with w!
ecological change can be determined (Harcourt 1995), habitat t
and its influence on panther population increase are the most poo
understood aspects of Florida panther conservation. There are ma
satellite and high-altitude images available for Florida. Yet analyse
lated to panther habitat have been only snapshots in time. Analyses ¢
panther habitat change over time have yet to be done. To more aceu-
rately predict the ability of the south Florida landscape to support a
panther population in the future, comparisons between aerial i
over time would allow managers to measure the rate of forest retreat
or expansion. Geographic information system (GIS) technology co
also create an image layer of permitted construction/agricultural a
ties that would allow the calculation of future changes. This would
hance the accuracy of predictions resulting from future Florida pan
viability analyses, and could quantitatively link ongoing panther manage-
ment activities with efforts to plan a statewide ecological reserve net=
work (Carr et al. 1998; Hoctor et al. 2000). The panther, as a flags
species, could help drive the ongoing efforts to conserve and res
native landscapes in Florida and the southeastern United States.
Our simulations suggest that, even with genetic supplementation, un=
der current conditions the south Florida panther population will have:
persistence problems in the long term. On the other hand, raising carry-
ing capacity results in rapid growth in modeled populations. Without
the initiation of extensive forest restoration, panther habitat availability
in south Florida will, at best, remain static for the next 100 years. Thus,
in situ population expansion will have to occur north of the Caloosa-
hatchee River. If the landscape can be managed to facilitate panther
movement across this landscape filter, or if panthers can be moved to
potential habitat, the population will be able to increase naturally.

A Metapopulation Approach .
Our final simulations examined the creation of a metapopulation by

allowing the existing population to colonize vacant range. To do this,
we divided existing range into the Everglades sink (N = 10 panthers)
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and the Big Cypress source (N = 50 panthers), and added a new region
n(_n-th of the Caloosahatchee River. We believe that the recent dispersal
of male panthers across the river and their use of potentially high-quality
habitat (Maehr et al. 1992) suggest that this area could be colonized
through dispersal from the south. With a 1% probability that an animal
will (.iispe{'se from either the Everglades or the Big Cypress in any direc-
tion in a given year, the Big Cypress core remained at 50, the Everglades
dropped to 5, and the new population north of the Caloosahatchee Rive;'
grew to 35 in 100 years. Increasing the probability of dispersal to 6%
increased the total population to 100, with additional growth (N = 44
panthers) in the colonized area. Probability of population persistence
ranged from 72 to 97% for the new population, 98 to 100% for the Big
Cypress core population, and 35 to 70% for the Everglades population

Persistence of simulated Everglades populations appears dependent'
upon frequent rescues by the Big Cypress core population. It is un-
known what panther population the landscape north of the Caloosa-
hatchee River can support. However, analyses by Cox et al. (1994) and
Maehr and Cox (1995) clearly demonstrate the potential of this land-
scape to support panthers.

LESSONS FROM THE PANTHER CASE STUDY

Our collaboration emphasized the advantages of multiple perspectives
in developing a credible PVA. This third iteration of a VORTEX—basea
panther PVA also demonstrated the need to periodically revisit previous
'fm'filyses, reevaluate available data, and renew simulations in light of new
information, compelling trends, and new management direction. It also
demonstrated that no matter how well-intended the participar;ts of a
PVA may be, they can make mistakes during the process. The results
of our analyses, with or without supplementation with Texas cougars
contrasts sharply with the results of the 1989 and 1992 PVAs. The 1989
pu.nther PVA and the version presented here have few similarities de-
Spltel four of the authors being participants in both simulations.
lefe‘rences in the results of the three PVAs conducted over a decade
;k’ere primarily due to the use of fewer guesses in the model inputs,
1 II:;{)Drtla)mtly‘ we follmd that kittens were surviving at a higher rate, fe-
ande:d el‘tgan b:l'eedmg 1.§ years earlier than other cougar populations,
(){‘fe]—(e du sumva'l was hlgher. Although one of the 1992 model runs
e avery optimistic view of panther demographics, it was discarded
ecause the consensus of experts at the time indicated that there was
no way that the population could be performing so well. The perfor-
mance of the Florida panther population over the last decade SIIJ) est
that the earlier optimistic run was probably correct, T
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The PVA model presented in this paper represents an evolution in
both demographic information and conservation thinking as applied to
the panther. The earliest applications of VORTEX to panther pe
tence occurred when there was great uncertainty about panther ecolo
and when ex situ conservation (captive breeding) was a more pop
small-population management tool. Today, panther demographics an
genetics are better understood, and the management focus is on in s
conservation (reserve creation and landscape management). The
presented here incorporated increased initial population size, increa
carrying capacity, and reduced mortality. Whether these changes ar
the result of improving demographic conditions in the population o
they reflect an improvement in the accuracy of field data is unknov

Our PVA model suggests that, despite a demographically secure p
ulation in the short run, genetic considerations may become more |
portant over time. Indeed, all of the initial independent models
considered the entire south Florida population predicted a very hig
probability of survival for 100 years. However, genetic complicatior
frequently drove the consensus model to extinction if it was allowed t
run for 500 years. Despite the uncertainty that pertains to short-ters
PVAs, this exercise helped create a consensus that genetic factors m
be considered in the long-term management of the subspecies. _

What sets this PVA apart from earlier panther PVAs is the availabi ity
of more current data and our consensus approach. The value of a
sensus goal for PVAs should not be underestimated. While previous p
ther PVAs were done in a group setting, neither the inputs nor the
sults were unanimously agreed to by participants. The five authors.
this paper have a wide range of perspectives on the Florida panther

on small-population management, but this was not an impediment
developing the consensus product. This diversity of expertise was li
a key factor leading to a better analysis than could have been done
a more narrowly focused group. Perhaps the clear ground rules for
ticipation and compromise gave all of us a sense of ownership, involv
ment, and bipartisanship that is not always possible with PVAs where
politics can influence the outcomes.
Both previous PVAs resulted in radical, single-pronged management
actions. It is clear, however, that no single approach will assure the fu=
ture of the Florida panther and the Florida panther genome. We hope
the PVA presented here will compel managers to consider multiple solu=
tions to the Florida panther’s small-population problem. Genetic resto-
ration, which dominates recovery efforts today, will be successful only
if it is part of a larger plan that considers demographic and landscape
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concerns. Ultimately, recovery should seek to expand from the quick-
fix solution of genetic introgression and embrace the long-term g%al of
conserving the Florida panther genome in an expanding landscape
The .subspecies' recovery plan calls for the reestablishment of at Ie;ast
tl iree l\flable populations in the panther’s historic range (U.S. Fish and
\.\'ildhfe Service 1987). Thus, we recommend that future recovery ef-
forts combine controlled genetic introgression with aggressive lmldsrza e
management that provides opportunities for the panther to colonize sip -
nificant new tracts of suitable habitat north of the Big Cypress sourcge
population. Should such efforts succeed and a third pop;ﬂaﬁ;n be es;
tablished, managers may wish to use artificial dispersal by movin iﬁdi-
viduals between populations. The movement of panthers amon gme’ta-
population patches would counter some future genetics probl%ms b
inc-llfeas-ing the effective population size, reducing male dominance angl’
maintaining proper sex ratios. Alleles could wink out in some pat‘ches
but be “recolonized,” just as natural subpopulations are by dispersers
Expanding numbers and distribution might also justify revisiting the role
of recovery technologies such as captive breeding and artificial repro-
duction, without the anxiety created by a crisis mentality. :
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