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Chapter 1

1 Introduction

Population Viability Analysis

Population viability analysis (PVA) iswidely applied to assess extinction
probabilities and loss of genetic diversity (Soulé 1987, Lindenmayer et a. 1993)
in endangered wildlife populations. This approach allows wildlife managers to
simulate extinction processes that act on small populations of organisms, and
therefore to assess their long-term viability (Clark, Backhouse, and Lacy 1991;
Crone and Gehring 1998). PVA istypically carried out through Monte Carlo
computer simulations employing a model that accounts for the average condition
aswaell as natural variability (stochasticity) of the factors that influence population
dynamics. Therefore, thistype of analysis may also be viewed as aform of risk
assessment in biological conservation (Ginzburg et a. 1982). Information
required by these studies usually includes fecundity, mortaity, carrying capacity,
metapopul ation structure, natural variation in life history attributes, aswell as
probability and effect of catastrophes. A plethora of PVA model building tools
are now available including ALEX (Possingham and Davies 1995), GAPPS
(Harris, Metzger, and Bevins 1986), INMAT (Mills and Smouse 1994), POPGEN
(Kelly and Durant 2000), RAMAS (Ferson and Akgakaya 1989, Akgakaya 1998,
Ferson 1990), and VORTEX (Lacy 1993) (see reviews by Boyce (1992) and
Beissinger and Westphal (1998) for further background). Brook, Burgman, and
Frankham (2000) compared historical information with predictions from five of
these commonly used PVA models and concluded that results produced were not
only remarkably ssmilar across models, but also that PV A predictions are expected
to be relatively accurate given adequate model input data.

PVA is often used to assess the likely future of endangered species and, if
needed, to recommend management objectives intended to achieve relevant
conservation goals. Conservation goals may vary in different cases, but the
following are commonly applied in PVA: probability of persistence and retention
of genetic diversity (expressed as expected heterozygosity) of at least 95 percent
and 90 percent, respectively, over the next 100 years (e.g., Shaffer 1987, Soulé et
al. 1986). Despite its widespread use, some of the standard applications and
assumptions for conducting PV A have been questioned (Brook 2000, Caughley
1994, Taylor 1995, White 2000). In particular, since PVA focuses on single
species, this approach should be combined with an ecosystem-level strategy to
enhance the effectiveness of the conservation effort (e.g., Meffe and Carroll 1994).
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In the present study, stochasticity refers only to natural variation of model
factors caused by environmental, demographic, and genetic variability. In
contrast, uncertainty refers only to estimation error in parameter estimates of
model factors. A parameter characterizes the true value of a model factor,
whereas a parameter estimate represents the best approximation to that true value
based on available knowledge. Uncertainty in parameter estimates arises from
limitations of the methods used to estimate parameter values, such as sampling
error, measurement error, expert opinion error, etc. In that regard, Kendall (1998)
indicated the importance of separating stochasticity from uncertainty when
estimating vital rates, whereas White (2000) addressed approaches for
accomplishing that objective. Unfortunately, the concepts of stochasticity and
uncertainty are inconsistently applied throughout the literature (e.g., seeusein
Burgman, Ferson, and Akcakaya (1993) as opposed to Rossing, Daamen, and
Jansen (1994a,b) and Committee on Applications of Ecological Theory to
Environmental Problems (1986)). However, based on the definitions provided
above, we can state that while stochasticity is usually accounted for in PVA,
uncertainty is not, such that values of factors representing average conditions as
well as natural variability are assumed to be true or free of estimation error. This
approach will be referred to here as the “ no-uncertainty assumption.”
Nevertheless, under amore redlistic view, error associated with parameter
estimates of all those factors should be accounted for explicitly.

Natural resource managers frequently make decisions based on incomplete
information about the system that they are working in (Soulé 1985, Diamond
1986). Inthat regard, Clark, Warneke, and George (1990) suggested that
management usually involves uncertainty, and that identifying the sources and
conseguences of uncertainty constitute very important management information.
Moreover, consistent and explicit trestment of uncertainty is essential to ensuring
defensible environmental management decisions (Marshall, Haight, and Homans
1998).

Both data and theory employed in PV A contain some degree of uncertainty
(Shaffer 1990, Mace and Lande 1991, Primack 1993). Lindenmayer et a. (1993)
stated that PV A data are often unavailable or incomplete, and stressed the
significance of not only identifying important factors that deserve thorough study
but also obtaining accurate parameter estimates. Likewise, Mattson and
Craighead (1994) emphasized the critical importance of developing a protocol that
incorporates uncertainty into parameter estimation and management of endangered
species. Lastly, Boyce (1992) suggested that error propagation may be assessed
by simulation methods, whereas Botsford and Brittnacher (1998) and White
(2000) indicated that analyses that do not account for uncertainty can
underestimate the probability of extinction.

One of the approaches for addressing error in PV A consists of using
minimum, average, and maximum values as parameter estimates (Hamilton and
Moller 1995, Marmontel, Humphrey, and O’ Shea 1997). On the other hand,
Ludwig (1996) compared maximum likelihood and Bayesian approaches to
assessing risk of extinction under uncertainty in parameter estimatesin asimple
regression model, and concluded that maximum likelihood and similar methods
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Chapter 1

grossly underestimate the risk of early population collapse. Finally, and partly
analogous to the method proposed and implemented in this study, White (2000)
suggested that a ssimulation method based on running numerous PVA using
different possible sets of parameter estimates would alow one to obtain a
probability of persistence and its confidence interval as a function of estimate
uncertainty.

Models employed in conservation (as well asin many other ecological
applications) are idealized and smplistic versions of the processes involved. This
study, however, does not attempt to account for model uncertainty. The objective
of the present study is to demonstrate one approach for incorporating uncertainty
in PVA and assessing itsimpact on establishing specific management objectives.
Here, PVA was applied to a single population of black-capped vireo (Vireo
atricapillus), a species familiar to us from related field research activities
sponsored by the U.S. Army at Fort Hood, Texas.

Black-Capped Vireo

The black-capped vireo is one of approximately 260 neotropical migrant land
bird species (Dobkin 1994) that breed in North America and migrate primarily to
Central and South America during the winter. The black-capped vireo was listed
as an endangered species by the U.S. Fish and Wildlife Service in 1987 (Ratzlaff
1987) and has been the subject of a number of studies that evaluated factors
threatening its persistence (Graber 1957, 1961; Tazik 1991; Grzybowski, Tazik,
and Schnell 1994). Grzybowski (1995) summarizes the life history and ecology of
this species.

Habitat destruction, low fecundity (mainly caused by brown-headed cowbird
[Molothrus ater] parasitism), and harassment by birders are believed to be the
main causes of the decline of this species (Ratzlaff 1987). The recovery priority
of the black-capped vireo was classified by the U.S. Fish and Wildlife Service
(1991) as 2C, which characterizes a species with a high degree of threat, high
potential for recovery, and in conflict with construction or development projects or
other forms of economic activity. Reed (1992) assigned rank 1 to this species,
which characterizes the most vulnerable group of neotropical migrant birds, taking
into account range, habitat specificity, geographic distribution, and existence of
large populations.
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2 Methods

A PVA was conducted for the black-capped vireo using available knowledge
to assign valuesto al model factors based on Graber (1957, 1961), Tazik (1991),
Grzybowski, Tazik, and Schnell (1994), Grzybowski (1995), and expert opinion.
The computer simulation program VORTEX (Lacy 1993), version 6.30, was used
for all smulations. VORTEX was selected because it not only incorporates the
fundamental factors for modeling small populations, but this program is aso
among the most widely used tools for conducting PVA (Caughley 1994).
VORTEX is an individual-based population model that simulates the fate of small
populations by accounting for mate selection, reproduction, mortality,
metapopul ation dynamics, supplementation, harvesting, carrying capacity,
occurrence of catastrophes, as well as genetic, demographic, and environmental
stochagticity. While other PVA software might yield different quantitative results
(Millset a. 1996, Brook et a. 1997, Brook, Burgman, and Frankham 2000), the
genera approach and conclusions are expected to be comparable (Brook et a.
2000).

Two main situations were simulated regarding estimation error: one assuming
no uncertainty, the other accounting for uncertainty. In turn, scenarios relevant to
conservation analysis were simulated under each of these two error assumptions as
explained in the following sections.

Simulation Under the Assumption of No
Uncertainty

Scenarios in this section were run based on the assumption that values of
factorsin the PVA model have no estimation error. The first scenario consisted of
the premise that neither conservation measures nor changes in the current
environmenta conditions and trends would take place over the smulated 100-year
period. Thisset of conditionsisreferred to as the “unmanaged scenario.”
Parameter estimates for one black-capped vireo population were obtained based on
our best currently available knowledge on this species and its environment. Those
estimates are presented in Table 1 (VORTEX factors not included in thistable
were not accounted for in this study). This unmanaged scenario was carried out
through 2,000 stochastic simulation runs.

Chapter 2
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Chapter 2

Table 1

Values Entered into VORTEX to Characterize the Unmanaged

Scenario

Factor Value
Environmental variation in reproduction and mortality Uncorrelated
will be

Types of catastrophes 1

Mating system Monogamous

Age in which individuals of each sex normally begin

Females: 1 year

breeding Males: 1 year
Age beyond which all animals die 9 years
Proportion of males at birth 0.50

Maximum number of young per female per season 8

Reproduction is assumed to be density Independent

Percentage of brood sizes

Zero: 62.60%

The remainder distribution was assigned
discretionary values to obtain a fecundity level
equal to 0.80 young fledged per female per
year

Standard deviation due to environmental variation of
percentage of breeding females

35.21

Percentage mortality by age and sex in immature

Females: 57.00%

individuals

individuals Males: 57.00%
Standard deviation due to environmental variation of Females: 13.61
percentage mortality by age and sex in immature Males: 13.61

Percentage mortality in adults for each sex

Females: 43.00%

Males: 35.48%
Standard deviation due to environmental variation of Females: 10.27
percentage mortality in adults for each sex Males: 8.47
Probability of occurrence of a catastrophe 5%
Severity of a catastrophe with respect to reproduction 0.65
Severity of a catastrophe with respect to survival 0.65
Percentage of males in the breeding pool 83.80%

Initial population size

3,367 (following a stable age distribution)

Carrying capacity

6,313 individuals

Expected rate of change in carrying capacity over a

specified period

-2.2% per year over 100 years

If either of two commonly applied conservation goals, namely probability of
persistence of at least 95 percent and retention of genetic diversity (expressed as
expected heterozygosity) of at least 90 percent over the next 100 years, was not
achieved, “conservation scenarios’ would be simulated so as to reach those goals.
Two key factors modifiable as management objectives for this species are
fecundity and carrying capacity. Fecundity in the black-capped vireo depends
largely on the degree to which cowhbird parasitism can be controlled. Carrying
capacity depends on the amount of available habitat. The chosen conservation
scenarios would be as follows: carrying capacity was to be maintained constant at
the current level, whereas fecundity would be increased in steps of 0.1 starting
from a base of 0.8 young per female per year (fecundity under the unmanaged
scenario) until the two conservation goals were achieved. Incidentally, evidence
from limited field data also indicates that following implementation of cowbird
control, natural variahility of the percentage of breeding females declined to 9.11,
wheress the percentage of nonbreeding females declined to 26.57. Therefore,
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these latter values would aso be employed in the conservation simulations. Again,
2,000 stochastic ssimulation runs would be carried out to evaluate each
conservation scenario.

Simulation Accounting for Uncertainty

The strategy proposed to account for uncertainty in parameter estimates
congists of running numerous entire standard PVA. In each of those PVA, factors
depicting both average conditions and stochasticity take on parameter estimates
that represent only one set of possible true parameter values. Those estimates, in
turn, are randomly and independently sampled from the corresponding error
probability density functions. Accordingly, if either the probability of persistence
or retention of expected heterozygosity achieved across al those standard PVA is
lower than the conservation goals, the entire smulation analysisis repeated after
establishing more demanding management objectives for the factors under
management control. This process continues until all conservation goals are
achieved.

In the absence of statistical error estimates for the black-capped vireo PVA,
maximum uncertainty was assigned to parameter estimates through the so-called
noninformative prior uniform distribution (e.g., Box and Tiao 1973, Goovaerts
1997). Edtimation error was only assigned to factors out of management control
that take on numerical values, with the following eceptions: (a) types of
catastrophes are assumed known; (b) age in which individuals of each sex
normally begin breeding is a well-known value for the black-capped vireo; and (c)
maximum number of young per female per season is not relevant considering the
approach taken to model fecundity. The upper and lower bounds believed to
characterize the range of possible true parameters of the remaining factors are
listed in Table 2. Characterization of estimation error was carried out through the
beta distribution (e.g., Hogg and Tanis 1988). This distribution was used because
itis: (a) flexible, and thus able to characterize different levels of uncertainty (the
uniform distribution being one special case); and (b) bounded at both extremes,
which ensures that the values generated will originate from within the specified
possible range.

Thefirst set of smulations would consist of running 100 standard PVA
generated by adding uncertainty to the conservation scenario that achieved the
conservation goals under the no-uncertainty assumption. Estimates of the factors
out of management control in each of those PV A would be sampled from the
uniform distributions given by the bounds provided in Table 2. The range of
population dynamics given by the resulting estimates of average conditions and
natural variability within each of those 100 standard PV A would in turn be
simulated through 100 stochastic smulation runs.

Chapter 2
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Chapter 2

Table 2

Management Control

Upper and Lower Bounds for the Estimates of Factors Out of

Factor Lower Bound Upper Bound
Age beyond which all animals die 6 years 12 years
Proportion of males at birth 0.35 0.65

Percentage mortality by age and sex in immature Females: 48.00% Females: 66.00%
individuals Males:  48.00% Males:  66.00%

Standard deviation due to environmental variation
of percentage mortality by age and sex in immature

Females: 7.61

Females: 19.61

S Males: 7.61 Males:  19.61
individuals

- Females: 33.00% Females: 53.00%
Percentage mortality in adults for each sex Males:  28.48% Males:  42.48%
Standard deviation due to environmental variation Females: 5.27 Females: 15.27
of percentage mortality in adults for each sex Males:  3.47 Males:  13.47
Probability of occurrence of a catastrophe 1% 9%
Severity qf a catastrophe with respect to 0.45 0.85
reproduction
Severity of a catastrophe with respect to survival 0.45 0.85
Percentage of males in the breeding pool 71.80% 95.80%

Initial population size

1,734 (following a
stable age distribution)

5,000 (following a
stable age distribution)

Carrying capacity

5,000 individuals

7,626 individuals

If conservation goals could not be achieved at first, the same ssimulation
strategy would be implemented again after establishing more demanding objectives
for the factors under management control. If needed, this approach would be
consecutively applied until al the conservation goas were reached. In these
scenarios, carrying capacity would also be maintained constant at the current
level, whereas fecundity would be increased in steps of 0.1. Here, too, 100
standard PVA (with 100 stochasticity runs per PVA) would be conducted for each
fecundity level. This stepwise procedure may beillustrated as follows:

Step 1: Set Initial Management Objectives. Establish objectives that
meet conservation goals not accounting for uncertainty. In this case:
constant carrying capacity, and fecundity of 2.5 young per female per
year (as shown below in the Results chapter).

Step 2: Uncertainty Monte Carlo Simulation (100 iterations). In each
iteration, generate one parameter estimate for each factor out of
management control by sampling from its beta distribution.

¥, Step 2.1: Stochastic Monte Carlo Simulation (100 iterations).
Simulate range of population dynamics using average conditions as
well as demographic, environmental, and genetic stochasticity from
parameter estimates generated in Step 2.

Y. Step 2.2: End Stochastic Monte Carlo Simulation Iteration.

Step 3: End Uncertainty Monte Carlo Simulation Iteration.

Methods




Step 4: Evaluate Management Strategy. |f conservation goals are met
across al uncertainty Monte Carlo smulation iterations, go to Step 6. If
not, go to Step 5.

Step 5: Set More Demanding Management Objectives. In this case:
increment fecundity by 0.1 young per female per year. Go to Step 2.

Step 6: Select Final Management Objectives. Management objectives
that achieved conservation goals under uncertainty are selected. Inthis
case: final fecundity rate of 3.5 young per female per year and constant

carrying capacity.

Chapter 2 Methods



3 Results

Simulation Under the Assumption of No
Uncertainty

Unmanaged scenario

In the unmanaged scenario under the assumption of no uncertainty, the
population went extinct in every simulation run. Therefore, both probability of
persistence and expected heterozygosity retained at the end of the next 100 years
were equal to zero (Figures 1 and 2). The mean time to extinction was
17.8 years.

—X—=—Unmanaged scenario |- - - - - - L

—@— Conservation scenario

Probability of Persistence (%)
a
o

0+--\----- - T T

301\ L

20 | S A

10 | S

0 (X XX X —— X ——X——X

10 40 50 60 70 80 90 100
Years

Figure 1. Probability of persistence over 100 years under the no-uncertainty
assumption for both unmanaged and conservation scenarios
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—@— Conservation scenario

Expected Heterozygosity Retained (%)

60 70 80 90 100

Years

Figure 2. Expected heterozygosity retained over 100 years under the no-
uncertainty assumption for both unmanaged and conservation
scenarios

Conservation scenario

The conservation goals were met when fecundity was set to 2.5 young
fledged per female per year with carrying capacity held constant. This scenario
produced a probability of persistence equal to 98.7 percent (Figure 1), whereas
the final expected heterozygosity retained was equal to 97.3 percent (Figure 2).
These levels of fecundity and carrying capacity constitute the management
objectives required to meet the conservation goals under the no-uncertainty
assumption. In addition, the lower variability in the percentage of breeding
females achieved through cowbird control described earlier is likely to have also
played a role in the achievement of the conservation goals, thus becoming a
collateral management objective as well.

Simulation Accounting for Uncertainty

The first set of simulations under conditions of uncertainty, with carrying
capacity constant and fecundity set to 2.5 (fecundity objective under the no-
uncertainty assumption), resulted in an average probability of persistence of
58.2 percent, and retention of expected heterozygosity of 78.1 percent, both short
of the established conservation goals. In the second series of simulations,
fecundity was incremented in steps of 0.1 until both conservation goals were
achieved. Both conservation goals were only achieved when fecundity equaled
3.5 young fledged per female per year (Figures 3 and 4). Specifically, this last
set of simulations produced an average probability of persistence equal to
95.4 percent and retention of expected heterozygosity of 97.6 percent.
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Figure 3. Probability of persistence at the end of 100 years as a function of
different levels of fecundity when accounting for uncertainty
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Figure 4. Expected heterozygosity retained at the end of 100 years as a
function of different levels of fecundity when accounting for
uncertainty
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4 Discussion

Results of this study indicate that maintaining habitat conditions as well as
improving fecundity rates through management would play a centra rolein the
conservation of this species. Habitat has been declining steadily at least over the
last several decades (e.g., Graber 1961, Grzybowski, Tazik, and Schnell 1994).
Avoiding additional loss would imply conserving currently suitable habitat as well
as replacing portions lost to land-use changes and vegetation succession. Clearly,
because this species migrates over the winter, the required carrying capacity
should be ensured not only over its breeding grounds but aso across its wintering
habitat.

Fecundity in the black-capped vireo has decreased largely due to cowbird
parasitism (Grzybowski 1995). Management actions successful in reducing this
negative impact have included trapping and shooting cowbirds, and destroying
cowbird eggs found in black-capped vireo nests (Grzybowski 1990). Additionally,
the recovery plan for this species (U.S. Fish and Wildlife Service 1991)
recommends an integrated approach to management of land, habitat, and grazing
as abasis for reducing cowbird parasitism over the long term. That recovery plan
proposes generating large patches of vireo habitat away from the presence of cattle
to simultaneously reduce two factors that seem to favor the presence of this
parasite: amount of edge and cowbird food in vireo habitat. Lowering the relative
abundance of edge should also decrease the negative impact that various nest
predators may have on the fecundity of the black-capped vireo. Reducing
harassment by birders may aso prove important in increasing fecundity rates.

The workshop on viability analysis of the black-capped vireo (U.S. Fish and
Wildlife Service 1995) employed the RAMAS program and the no-uncertainty
assumption to conduct the PVA simulations. Similar to results obtained in the
present study under the no-uncertainty assumption, they concluded that a fecundity
of at least 2.5 young fledged per female per year would be necessary to achieve the
desired conservation goals. That result arose from analyzing a broad range of
possible initial population sizes and variability in survival and fecundity rates.
However, that analysis aso concluded that any fecundity rate larger than 2.0
young fledged per femae per year would be enough to achieve the conservation
godsif theinitial population size were of similar magnitude to that employed in
the present study. Additionally, given the presence of uncertainty in most
parameter estimates, the application of those management objectives might prove

Chapter 4
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insufficient since the management objectives would be based on an overestimate of
our knowledge about the system faced by this species.

Accounting for uncertainty in model parameter estimates is expected to
produce uncertainty in model outcomes expressed as a broader distribution of
possible future probabilities of persistence and retention of genetic diversity. For
that reason, adding uncertainty to the selected conservation scenario under the no-
uncertainty assumption is likely to produce average results that fall short of the
conservation goals. This situation became apparent in the black-capped vireo
example. Inthat case, the high threshold levels of the conservation goals (95
percent persistence and 90 percent genetic retention) were first met by establishing
management objectives based on the assumption of no error in estimates of the
factors out of management control (Figure 5). However, when error was
incorporated (Figure 6), some of the worse-than-average possible combinations of
estimates sampled from the error distributions resulted in scenarios that produced
probabilities much lower than the acceptable threshold levels for the conservation
gods. This circumstance could not be compensated for in the better-than-average
combinations sampled from the same distributions since the maximum achievable
probability (one) is much closer to the goal s than the minimum probability (zero).
Only by establishing more demanding objectives than those suggested by the no-
uncertainty assumption analysis were the conservation goals achieved (Figure 7).
Specificaly, this example required increasing fecundity by 40 percent (from 2.5 to
3.5 young per female per year) to meet those conservation goals.

Even though the resulting fecundity objective might be unattainable, this
approach allowed researchers to quantify the impact of uncertainty in the analysis.
That impact may be regarded as the additional cost to achieve the conservation
goals as compared to the approach that ignores estimation errors. On the other
hand, carrying capacity was always held constant at the estimated current level in
the conservation analyses. Clearly, if adequate habitat cannot be maintained, the
conservation goals proposed above could not be achieved. Nonetheless, the
conservation goals might also have been reached if, instead of assessing only the
effect of increasing fecundity rates, different combinations of fecundity and
carrying capacity objectives had been evaluated. However, that search would
have taken more computational effort than afforded by the resources available
during this study.
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Conservation Scenario
Under No Uncertainty

Unmanaged Scenario

Persistence Probability
Under No Uncertainty
Meets Goal

, | Persistence Probability

Under No Uncertainty is Lower Than Goal
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Figure 5. Hypothetical representation of the unmanaged and conservation

scenarios with respect to probability of persistence assuming no
estimate uncertainty. The more favorable conditions are for the
endangered species; the higher the scenario will be located on the
“Simulation Scenario” axis. Each scenario will result in a single
probability ranging from 0 to 1 on the “Persistence Probability” axis.
In the black-capped vireo example, the unmanaged scenario was
represented by fecundity = 0.8 and annual change in carrying
capacity = -2.2%, whereas the conservation scenario by

fecundity = 2.5 and constant carrying capacity. The former scenario
did not meet the conservation goal, whereas the latter did
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Figure 6. Hypothetical representation of explicitly adding uncertainty in
estimates of factors out of management control to the conservation
scenario under no uncertainty displayed in Figure 5 (in this study:
fecundity = 2.5 and constant carrying capacity). While pursuing those
management objectives, uncertainty will produce multiple possible
better and worse scenarios. The overall average probability of
persistence resulting from all those scenarios is expected to be lower

than the persistence goal, as occurred in the black-capped vireo
example
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Figure 7. Hypothetical representation of establishing conservation
management objectives to achieve the persistence goal in spite of
uncertainty in parameter estimates of factors out of management
control. By pursuing more demanding management objectives, an
overall average probability of persistence that meets the persistence
goal will eventually be achieved despite explicitly simulating better
and worse possible scenarios generated by uncertainty. In the black-
capped vireo example, the successful conservation scenario under
uncertainty was accomplished by fecundity = 3.5 and constant

carrying capacity
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Chapter 5

5 Conclusions/Management
Implications

It can be concluded that the assumption of no uncertainty in parameter
estimates of PV A models may lead to an overly optimistic outlook of the species
fate and, therefore, to the establishment of lower management objectives than
required to achieve conservation goals. Moreover, the potentia for not meeting
those goals as uncovered by the explicit smulation of uncertainty can be overcome
by implementing more rigorous management objectives, and possibly aso by
reducing uncertainty about the parameter estimates. Both approaches entail costs
that must be assessed in the context of endangered species management plans.
The trade-off between costs and uncertainty isacritica element in environmental
decision making, yet one that is typically overlooked (Marshall, Haight, and
Homans 1998).

The strategy proposed herein is meant to quantify the impact of uncertainty
and to provide atool for enhancing the chances of meeting the conservation goals
despite current levels of uncertainty. But what might happen if estimation errors
were reduced? Decreasing this uncertainty implies obtaining improved parameter
estimates (with lower associated estimation error), which in turn will represent an
enhanced knowledge of the system. This new information will depict stochastic
and average system conditions for the endangered population that may or may not
differ considerably from those previoudy thought to occur. Therefore,
implementation of the analysis proposed herein after incorporating this new
information may in turn suggest management objectives that are more or less
demanding than those abtained under higher uncertainty. For example, if the
condition of the system portrayed by the improved estimatesis similar to that
under higher uncertainty, the management objectives should be less demanding due
to lower error in parameter estimates. If conditions turn out better than under
higher uncertainty, the management objectives will be even less rigorous due to
both a more favorable system for the species and alower uncertainty in estimates.
However, if conditions happen to be much worse than portrayed by the previous
estimates, management objectives may need to be even more demanding than
under higher uncertainty. In that case, the reduction in estimation error would not
compensate for the realization that the species faces a significantly less favorable
system.

Conclusions/Management Implications
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One approach to reducing uncertainty in parameter estimates would consist of
improving our knowledge of the estimated values by obtaining information from
scientifically sound data collection and experimentation. While natural variahility
(i.e., demographic, environmental, and genetic stochasticity) cannot be reduced,
the precision of our estimates of variability as well as those of other model factors
can be improved through such studies. As noted by Bessinger and Westpha
(1998), PV A should be applied in conjunction with field studies and experiments
designed to identify limiting factors, test hypotheses and evaluate management
options. Likewise, sengitivity analysis (McCarthy, Burgman, and Ferson 1995) of
the PVA model may help direct studiesin a more efficient way by identifying the
degree to which different factors affect predictions. All these strategies may be
incorporated into an adaptive management approach intended to dynamically
improve our understanding of population processes and management decisions for
achieving conservation goals.

Chapter 5  Conclusions/Management Implications
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