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I, Carlos Carroll, Ph.D., declare as follows:

1. I am a research ecologist with the Klamath Center for Conservation
Research, and Conservation Science Advisor to the Wilburforce Foundation. My
qualifications to provide information relevant to recovery of the Mexican wolf (Canis
lupus baileyi) stems from more than two decades of work as a research scientist focused
on population viability and habitat analysis for wolves and other large carnivores. 1 have
authored over 40 research papers which have altogether received approximately 3,000
citations in the scientific literature. I served as a member of the Science and Planning
Subgroup of the Mexican Wolf Recovery Team convened in 2011, and as a technical
advisor to the previous Mexican Wolf Recovery Team in 2005. In the course of this
research, I have authored peer-reviewed papers on the science underpinning the recovery
of the Mexican wolf (e.g., Carroll et al. 2014, 2015). Further detail and documentation of
my credentials is provided in my curriculum vitae, a copy of which is attached to this
declaration as Exhibit 1.

2. In this declaration, I cite and discuss a number of scientific publications,
referencing them by author and date as is customary in scientific literature. A
bibliography of these cited references is attached to this declaration as Exhibit 2. This
declaration also references tables and figures presenting my recent modeling results
concerning the Mexican wolf population, which are collected and attached as Exhibit 3.

3. I submit this declaration to address two principal points concerning
conservation of the Mexican wolf. Firstly, wild Mexican wolves that are not
supplementally fed show statistically significant effects of inbreeding depression on litter
size, and this effect was not accurately estimated in analyses associated with the 2017
Mexican Wolf Recovery Plan (USFWS 2017a).

4. Inbreeding depression, the reduced biological fitness that occurs in a
population as a result of breeding of related individuals, has been identified as a major
threat to persistence and recovery of the Mexican wolf (USFWS 2017a). Inbreeding

continues to increase in both the wild and captive population (Fitak et al. 2018). Genetic
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threats resulting from inbreeding effects on survival and fecundity have been documented
in many small populations that have been studied (Frankham et al. 2017). Carroll et al.
(2014) found that the strength of inbreeding depression was the fourth most important
factor affecting extinction risk among simulated populations of Mexican wolves.

5. Population viability analysis (PVA) is a tool for systematically synthesizing
information on factors affecting the status of threatened species, and the influence of
these factors on population viability and endangerment. PVA can be an important tool in
informing development of recovery criteria, especially for well-studied species such as
the Mexican wolf. Inbreeding can affect fecundity (reproductive output) either by
increasing the odds of failure of a pair to produce any offspring or by reducing the litter
size of those litters that are produced. Previous Mexican wolf PVAs (Carroll et al. 2014)
modeled effects of inbreeding depression on litter size based on a previously published
analysis of data from the reintroduced, wild Mexican wolf population in the Blue Range
of Arizona and New Mexico (Fredrickson et al. 2007). The wild population was not
subject to extensive supplemental feeding at that time. Extensive supplemental feeding
of more than half of packs in the wild population occurred starting in approximately 2009
(USFWS 2017c). It is well known that inbreeding depression is environmentally
dependent, with greater inbreeding depression evident in harsher environments
(Armbruster & Reed 2005, Fox & Reed 2010, Yun & Agrawal 2014). Supplemental
feeding would be expected to mask inbreeding effects and allow pups that would
otherwise be compromised by inbreeding to survive. Despite this issue, which was raised
by participants in recovery planning workshops held in 2016 as well as by peer reviewers
of the U.S. Fish and Wildlife Service’s 2017 Mexican Wolf Recovery Plan (USFWS
2017a), the PVA underlying the 2017 Mexican Wolf Recovery Plan (Miller 2017)
analyzed the effect of inbreeding on litter size using data from both fed and unfed packs.
The analysis found no significant effects of inbreeding on litter size, and as a result, the
Miller (2017) PV A incorporates inbreeding effects on the probability of producing a

litter, but not as an influence on litter size.
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6. Working with Dr. Richard Fredrickson and other scientists, I re-analyzed
the data on litter size used in the Miller (2017) PVA to determine if the assumption
underlying the Miller (2017) PVA (that inbreeding influenced the probability of
producing a litter, but did not influence litter size) was correct. 1 used a zero-inflated
Poisson model, which, by allowing simultaneous estimation of effects on both litter
probability and litter size, may provide more accurate estimates than would development
of separate models for litter probability and litter size, the approach used by Clement and
Cline (2016) and Oakleaf and Dwire (2016).

7. Our analysis identified statistically significant effects of inbreeding on litter
size in unfed packs (which constitute 68 of a total of 116 pairings recorded). A model
containing inbreeding effects (Table 1in Exhibit 3) was 425% more likely than was a
model not containing such inbreeding effects. This model predicted that reproductive
output (a function of both the probability that a pairing produces a litter, and the size of
any resultant litter) for a 6-year-old female would be reduced by 0.72 pups per pairing as
inbreeding increased from 0.15 to 0.25, which is within the range of inbreeding currently
shown by wolves in the wild population. These predictions are similar to those from the
model of Fredrickson et al. (2007), which predicts a reduction of 0.82 pups per pairing
for an increase in inbreeding from 0.15 to 0.25. The relatively good agreement of these
two models strengthens confidence in their estimates, given that the 2018 analysis
included almost twice as many records (68 vs. 39 pairings) as did Fredrickson et al.
(2007).

8. I then compared my resulting model predictions to those from the 2017
PVA (Miller 2017) used by the U.S. Fish and Wildlife Service in developing the 2017
Mexican Wolf Recovery Plan (USFWS 2017a). Miller (2017) based predictions of litter
size on a combination of two models. The model of Oakleaf and Dwire (2016), which
did incorporate inbreeding effects, was used to predict the proportion of pairs which
would fail to have a litter. Then, the model of Clement and Cline (2016), which does not

incorporate inbreeding effects, was used to predict litter size. Predictions from the
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combined model thus do show inbreeding effects but they are reduced when compared to
effects predicted by either Fredrickson et al. (2007) or my 2018 analysis. Miller (2017)
estimated that the reproductive output for a 6-year-old female in an unfed pack would be
reduced by 0.29 pups per pairing as inbreeding increased from 0.15 to 0.25; thus the
strength of the effect in Miller (2017) is only 40% that shown in my 2018 model based on
data from unfed packs.

0. It is evident from these results that the strength of inbreeding effects was
underestimated in the Miller (2017) PVA, as would be expected if inbreeding effects
were being masked by feeding. In addition, the strong contrast between litter size in fed
and unfed packs observed in the Blue Range population (according to data reported in
Miller (2017)) suggests that any future reduction in intensive management intervention
via feeding, consistent with the Endangered Species Act’s goals for recovery of self-
sustaining populations, will reduce production of pups and potentially increase extinction
risk for the population. The unusually high proportion of packs (~70%; USFWS 2017c)
currently receiving supplemental feeding has resulted, and will in the near future continue
to result in increased population growth rate in the wild population. However, feeding
does not address, but rather only temporarily masks, the deleterious effects of inbreeding,
which will continue to increase in the wild population during the years when feeding is
employed, and become apparent via reduced litter size and other effects at the time that
feeding is discontinued or reduced.

10.  The fact that the Miller (2017) PVA underlying the 2017 Mexican Wolf
Recovery Plan (USFWS 2017a) underestimated the effects of inbreeding depression is
important for at least two reasons. Firstly, the Miller (2017) PVA, because it
underestimates the effects of inbreeding on reproductive output, as a result
underestimates the need for releases from the captive population which serve to reduce
inbreeding and enhance viability of the wild population. Secondly, the PVA may

underestimate genetic threats that arise due to small population size and consequently
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suggest as adequate population thresholds which in reality are insufficient to address
genetic threats over the long term.

11.  The second principal point I wish to address is that, based on my PVA
modeling, the rate of releases from the captive to the wild Mexican wolf population in the
Mexican Wolf Experimental Population Area (MWEPA) proposed in the Recovery
Implementation Strategy issued by the U.S. Fish and Wildlife Service in connection with
the 2017 Mexican Wolf Recovery Plan (USFWS 2017a) appears inadequate to alleviate
genetic threats, as measured by metrics such as gene diversity (GD), mean kinship (MK),
and founder genome equivalents (FGE). Given the significance of genetic issues as
threats to survival of the Mexican wolf, inadequate alleviation of those threats in turn
significantly decreases likelihood of successful recovery of the species.

12.  The PVA associated with the 2017 Mexican Wolf Recovery Plan (Miller
(2017)) clearly demonstrates that in order for Mexican wolf populations to achieve
recovery, a higher rate of releases from the captive to the wild population must occur than
was envisioned in the environmental impact statement associated with revisions to the
Mexican wolf 10(j) rule (USFWS 2014). Additionally, my subsequent analysis, which
consisted of simulations of population viability based on the model used in Miller (2017),
but with even higher rates of releases (Table 2 in Exhibit 3), demonstrates that a rate of
releases beyond that proposed in the recovery and implementation plans is necessary to
adequately alleviate genetic threats to the wild Mexican wolf population.

13. I performed additional simulations of population viability using PVA
model input files and parameters identical to those used in the
“379 200 200 249 EISx2 20 20 scenario of Miller (2017), which was the primary
scenario on which the 2017 Mexican Wolf Recovery Plan’s criteria were based.
Specifically, to ensure comparability with Miller (2017), I did not incorporate the results
of the new inbreeding model described above. The analysis differed from that of Miller
(2017) only in that I added two new scenarios that simulated the effects of higher rates of

releases to the wild population (Table 2 in Exhibit 3). Firstly, I simulated population
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viability using a release rate based on that proposed in the implementation plan (action
2.1.2, release 12 cross-fostered pups per year to the wild population in the MWEPA;
USFWS 2017b), continued for 17 years to match the duration of releases in Miller
(2017). Secondly, I simulated population viability using a release rate based on that
proposed in the implementation plan (release 12 cross-fostered pups per year to the wild
population) plus that proposed in the EISx2 scenario of Miller (2017) (14 pairs of adults
released with 3 pups each for a total of 71 wolves). In these scenarios, genetic diversity in
the wild population increases during the first 2 decades due to releases from the captive
population, and then declines steadily through the remaining decades of the simulation.

14.  Modeling results suggest that, given the other parameter values
incorporated in the “379 200 200 249 EISx2 20 20” scenario of Miller (2017), only
the most ambitious schedule of releases (cross-fostering plus EISx2) is able to meet
commonly proposed metrics for alleviation of genetic threats. For example, Dr. Phillip
Hedrick (pers. comm.) has proposed that an appropriate goal would be to bring the gene
diversity of the wild population in the MWEPA 50% of the way from its level assuming
no releases, to the level shown in the captive population. For the wild MWEPA
population, given a genetic diversity level assuming no releases of 0.665, and a level in
the captive population at 100 years of 0.785, this 50% goal would be 0.725, a level that is
nearly attained by the most ambitious release strategy that [ modeled (Figure 1 and Table
2 in Exhibit 3).

15. It is important to note that goals for genetic metrics relevant to recovery are
typically expressed in relation to a) the gene diversity present in the “founder
population”, i.e. those animals originally taken from the wild to form the captive
population; or b) the gene diversity currently held in the captive population. For example,
the goal for Florida panther recovery was to retain 90% of the current genetic diversity
for 100 years or longer (Seal and Lacy 1989). These goals are not typically expressed in
relation to the depleted gene diversity that the captive population may hold at some future

time, as they were in the recent Mexican Wolf Recovery Plan (USFWS 2017a), because
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such a “shifting baseline” represents an inadequate yardstick for alleviating genetic
threats. For example, Fitak et al. (2018) documented that a metric of genetic health
(observed heterozygosity) is declining steadily in the captive population at a rate of 0.6-
0.7%/year. Dr. Hedrick’s proposed goal to retain a gene diversity level of 0.725 in the
wild population (discussed above) represents a retention of 87% of the gene diversity
currently present in the captive population, so is less ambitious than the commonly
proposed goal of retaining 90% of the diversity currently present in the captive
population. However, achieving the goal proposed by Dr. Hedrick would still require the
most ambitious release rate evaluated here (cross-fostering plus EISx2).

16.  One can conceive of recovery as a three-legged stool supported by 1)
releases from the captive to the wild population, 2) rapid population growth of the wild
population due to, among other factors, access to sufficient suitable habitat (which is
important because genetic inbreeding is accentuated the longer a population remains
small), and 3) long-term population numbers sufficient to prevent continued genetic
decline. A high rate of initial releases, as one of these three factors, is not sufficient but
is necessary to achieve recovery. In the absence of sufficient releases, the genetic
diversity that forms the basis for recovery would not be present in the wild population.
PVA simulations (Miller (2017)) show that effects of decisions as to the rate of releases
from captivity, although immediately evident in terms of genetic metrics, may be difficult
to discern in the first two decades of recovery in terms of extinction risk. However, this
initial release rate strongly influences extinction risk several decades later, as populations
which received few releases show increased inbreeding depression and enter an
“extinction vortex”. Since the publication of the Mexican Wolf Recovery Plan, [ have
performed comprehensive sensitivity analyses of the PVA model used in Miller (2017),
and found that the number of initial releases from the captive to the wild population is the
second most important factor determining the ultimate genetic health of the wild

population.
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17. A high rate of releases in initial years also increases the resilience of the
population to periods of unfavorable demographic rates (i.e. high rates of human-caused
mortality) that may occur in the future, by ensuring higher reproductive potential due to
the presence in the wild population of pairs with lower inbreeding levels. Thus, initial
releases serve as a form of “insurance” for a successful recovery outcome, particularly for
species such as the Mexican wolf for which the captive population is much more
genetically diverse than is the wild population.

I declare under penalty of perjury that the foregoing is true and correct. Executed

this 18% day of July, 2018, at Orleans, California.

Lok Nsrtl

Carlos Carroll, Ph.D.
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Curriculum Vitae

Carlos Carroll

Personal Information

Address: Klamath Center for Conservation Research, PO Box 104, Orleans, CA 95556
E-mail: carlos@klamathconservation.org

Professional Qualifications

2000 Ph.D., Forest Science Oregon State University, Corvallis, Oregon
1997 M.S., Wildlife Science Oregon State University, Corvallis, Oregon

1994 B.A., Biology University of California Santa Cruz, Santa Cruz, California

Employment History

2004-present Conservation Science Advisor, Wilburforce Foundation, Seattle, WA
1999-present Director, Klamath Center for Conservation Research, Orleans, CA
1997-1999 Research Ecologist, Conservation Biology Institute, Corvallis, OR
1995-1997 Ecologist, USDA Forest Service, Pacific Southwest Experiment Station,

Redwood Sciences Laboratory, Arcata, CA

Professional Contributions and Distinctions

Member-at-Large, Society for Conservation Biology (Global) Board of Governors, 2011-2014
President, Society for Conservation Biology North America, 2014-2017

Treasurer, Society for Conservation Biology North America, 2017-present



Case 4:15-cv-00019-JGZ Document 221-2 Filed 07/20/18 Page 13 of 22

Publications

Refereed Articles

Carroll, C., Parks, S.A., Dobrowski, S.Z. and Roberts, D.R., 2018. Climatic, topographic, and
anthropogenic factors determine connectivity between current and future climate analogs

in North America. Global Change Biology Early View.

Belote, R.T., Carroll, C., Martinuzzi, S., Michalak, J., Williams, J.W., Williamson, M.A. and
Aplet, G.H., 2018. Assessing agreement among alternative climate change projections to
inform conservation recommendations in the contiguous United States. Scientific Reports

8:9441.

Stralberg, D., Carroll, C., Pedlar, J.H., Wilsey, C.B., McKenney, D.W. and Nielsen, S.E., 2018.
Macrorefugia for North American trees and songbirds: Climatic limiting factors and multi-
scale topographic influences. Global Ecology and Biogeography 27:690-703.

Michalak, J.L., Lawler, J.J., Roberts, D.R. and Carroll, C., 2018. Distribution and protection of
climatic refugia in North America. Conservation Biology Early View.

Carroll, C., B. Hartl, G.T. Goldman, D.J. Rohlf, A. Treves, J.T. Kerr, E.G. Ritchie, R.T. Kingsford,
K.E. Gibbs, M. Maron, J.E.M Watson. 2017. Defending the scientific integrity of
conservation-policy processes. Conservation Biology 31:967-975.

Littlefield, C. E., B. H. McRae, J. Michalak, J. J. Lawler, C. Carroll. 2017. Connecting today's
climates to future analogs to facilitate species movement under climate change.

Conservation Biology 31:1397-1408.

Belote, R. T., M. S. Dietz, P. S. McKinley, A. A. Carlson, C. Carroll, C. N. Jenkins, D. L. Urban, T.
J. Fullman, J. C. Leppi, G. H. Aplet. 2017. Mapping Conservation Strategies under a Changing
Climate. Bioscience 67: 494-497.

Carroll, C., D. R. Roberts, J. L. Michalak, et al. 2017. Scale-dependent complementarity of
climatic velocity and environmental diversity for identifying priority areas for conservation

under climate change. Global Change Biology 23:4508-4520.

Wang, T., A. Hamann, D. Spittlehouse, C. Carroll. 2016. Locally Downscaled and Spatially
Customizable Climate Data for Historical and Future Periods for North America. PLOS ONE

11(6): €0156720.

Carroll. C., J. ). Lawler, D. R. Roberts, and A. Hamann. 2015. Biotic and climatic velocity
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identify contrasting areas of vulnerability to climate change. PLOS ONE 10(10): e0140486.

Hamann, A., D. R. Roberts, Q. E. Barber, C. Carroll, and S. E. Nielsen. 2015. Velocity of
climate change algorithms for guiding conservation and management. Global Change

Biology 21:997-1004.

Wolf, S., B. Hartl, C. Carroll, M. C. Neel, D. N. Greenwald. 2015. Beyond PVA: Why Recovery

under the Endangered Species Act Is More than Population Viability. Bioscience 65:200-207.

Carroll, C., D. J. Rohlf, Y. W. Li, B. Hartl, M. K. Phillips, R. F. Noss. 2015. Connectivity
conservation and endangered species recovery: A study in the challenges of defining

conservation-reliant species. Conservation Letters 8:132-138.

Carroll, C. 2014. Can a conservation-oriented scientific society remain relevant in the 21st

century?. Conservation Biology 28:1137-1138.

Rohlf, D. J., C. Carroll, B. Hartl. 2014. Conservation-reliant species: Toward a biology-based
definition. Bioscience 64:601-611.

Schumaker, N. H., A. Brookes, J. R. Dunk, B. Woodbridge, J. A. Heinrichs, J. J. Lawler, C.
Carroll, D. LaPlante. 2014. Mapping sources, sinks, and connectivity using a simulation

model of northern spotted owls. Landscape Ecology 29:579-592.

Carroll, C., R. J. Fredrickson, and R. C. Lacy. 2014. Developing metapopulation connectivity
criteria from genetic and habitat data to recover the endangered Mexican wolf.

Conservation Biology 28:76-86.

Carroll, C., D. J. Rohlf, B. R. Noon, and J. M. Reed. 2012. Scientific Integrity in Recovery

Planning and Risk Assessment: Comment on Wilhere. Conservation Biology 26:743-745.

Carroll, C., B. McRae, and A. Brookes. 2011. Use of linkage mapping and centrality analysis
across habitat gradients to conserve connectivity of gray wolf populations in western North

America. Conservation Biology 26:78-87.

Carroll, C., D. S. Johnson, J. R. Dunk, and W. J. Zielinski. 2010. Hierarchical Bayesian spatial
models for multi-species conservation planning and monitoring. Conservation Biology

24:1538-1648.

Carroll, C. 2010. Role of climatic niche models in focal-species-based conservation planning:
assessing potential effects of climate change on Northern Spotted Owl in the Pacific

Northwest, USA. Biological Conservation 143:1432-1437.

Carroll, C., J. A. Vucetich, M. P. Nelson, D. J. Rohlf, and M. K. Phillips. 2010. Geography and
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recovery under the U. S. Endangered Species Act. Conservation Biology 24:395-403.

Carroll, C., J. R. Dunk, and A. J. Moilanen. 2010. Optimizing resiliency of reserve networks to
climate change: multi-species conservation planning in the Pacific Northwest, USA. Global

Change Biology 16:891-904.

Carroll, C. and D. S. Johnson. 2008. The importance of being spatial (and reserved): assessing
Northern Spotted Owl habitat relationships with hierarchical Bayesian models. Conservation

Biology 22:1026-1036.

Carroll, C. 2007. Interacting effects of climate change, landscape conversion, and harvest on
carnivore populations at the range margin: marten and lynx in the northern Appalachians.

Conservation Biology 21:1092-1104.

Carroll, C., and D. Miquelle. Spatial viability analysis of Amur tiger Panthera tigris altaica in
the Russian Far East: the role of protected areas and landscape matrix in population

persistence. Journal of Applied Ecology 43:1056-68.

Zielinski, W. J., C. Carroll, and J. Dunk. 2006. Using landscape suitability models to reconcile

conservation planning for two key forest predators. Biological Conservation 133:409-430.

Carroll, C., R. Rodriguez, C. McCarthy, and K. Paulin. 2006. Resource selection function
models as tools for regional conservation planning for Northern Goshawk in Utah. Studies in

Avian Biology 31:288-298.

Carroll, C. M. K. Phillips, C. A. Lopez-Gonzalez, and N. H. Schumaker. 2006. Defining recovery

goals and strategies for endangered species: the wolf as a case study. Bioscience 56:25-37.

Zielinski, W. J, R. L. Truex, F. V. Schlexer, L. A. Campbell, and C. Carroll. 2005. Historical and
contemporary distributions of carnivores in forest of the Sierra Nevada, California, U.S.A.

Journal of Biogeography 32:1385-1407.

Carroll, C., R. F. Noss, P. C. Paquet and N. H. Schumaker. 2004. Extinction debt of protected

areas in developing landscapes. Conservation Biology 18:1110-1120.

Carroll, C., R. F. Noss, P. C. Paquet, and N. H. Schumaker. 2003. Use of population viability
analysis and reserve selection algorithms in regional conservation plans. Ecological

Applications 13:1773-1789.

Carroll, C., M. K. Phillips, N. H. Schumaker, and D. W. Smith. 2003. Impacts of landscape
change on wolf restoration success: planning a reintroduction program based on static and

dynamic spatial models. Conservation Biology 17:536-548.
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Noss, R. F., C. Carroll, K. Vance-Borland, and G. Wuerthner. 2002. A multicriteria assessment
of the irreplaceability and vulnerability of sites in the Greater Yellowstone Ecosystem.

Conservation Biology 16:895-908.

Carroll, C., R. F. Noss, and P. C. Paquet. 2001. Carnivores as focal species for conservation

planning in the Rocky Mountain region. Ecological Applications 11:961-980.

Zielinski, W. J., K. M. Slauson, C. R. Carroll, C. J. Kent, and D. G. Kudrna. 2001. Status of

American martens in coastal forests of the Pacific states. Journal of Mammalogy 82:478-490.

Carroll, C., W. J. Zielinski, and R. F. Noss. 1999. Using survey data to build and test spatial
habitat models for the fisher (Martes pennanti) in the Klamath region, U.S.A. Conservation

Biology 13:1344-1359.

Noss, R. F., J. R. Strittholt, K. Vance-Borland, C. Carroll, and P. Frost. 1999. A conservation
plan for the Klamath-Siskiyou ecoregion. Natural Areas Journal 19:392-411.

Book Chapters

Carroll, C., W. D. Spencer, and J. C. Lewis. 2012. Use of Habitat and Viability Models in
Martes Conservation and Restoration. Pages 429-450 in K. Aubry, ed. Biology and
Conservation of Martens, Sables, and Fishers: A New Synthesis. Cornell University Press,

Ithaca, NY.

Carroll, C. 2006. Linking connectivity to viability: insights from spatially-explicit population
models of large carnivores. Pages 369-389 in K. Crooks and M. A. Sanjayan, eds. Connectivity

Conservation. Cambridge (UK): Cambridge University Press.

Carroll, C., R. F. Noss, N. H. Schumaker, and P. C. Paquet. 2001. Is the return of the wolf,
wolverine, and grizzly bear to Oregon and California biologically feasible?. Pages 25-46 in D.
Maehr, R. F. Noss, and J. Larkin, editors. Large Mammal Restoration: Ecological and

Sociological Challenges in the 21st Century. Washington, DC. Island Press.

Cooperrider, A., R. F. Noss, H. H. Welsh, Jr., C. Carroll, W. Zielinski, D. Olson, S. K. Nelson, and
B.G. Marcot. 2000. Terrestrial fauna of redwood forests. Pages 119-163 in R. F. Noss, editor,

The redwood forest: history, ecology, and conservation of the coast redwoods. Island Press,

Covelo, California.

Computer Software

Carroll, C. 2011. Connectivity Analysis Toolkit. Klamath Center for Conservation Research,

Orleans, CA.
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Table 1. Zero-inflated Poisson generalized linear mixed model of the relationship of litter size to
age of dam and inbreeding of pup. Model selection metrics including AIC (227.8) and BIC

(241.2) indicated this was the most-supported model of those evaluated. Data from unfed pairs
in Blue Range population (n=68 pairings of 38 different pairs).

Estimate Pr(>|z])
Conditional model:

Intercept 1.611 1.27e-08
Inbreeding (F) of pup -2.660 0.0265
Young dam (<4 years) -0.521 0.0273
Zero-inflation model:

Intercept -2.4148 0.001012
Old dam (>8 years)  3.6758 0.000726

Groups: Pairs (h=38)
Variance 3.655e-10
Standard deviation 1.912e-05

Table 2. Results of Vortex simulations comparing effects of release strategies on genetic metrics
for the MWEPA population, under the base scenario of Miller (2017)
(“379_200 200 249 [releases]20_20"). Genetic metrics for the captive population (SSP) under
the EISx2 strategy provided for comparison. Totals for the implementation plan strategy
assume release of 12 pups/year for 17 years (years 2-18) rather than for 16 years as stated in
the implementation plan, for comparability with Miller (2017).

Release strategy Total number | Total number | Genetic Mean Founder
of adults of pups diversity kinship genome
released into | releasedinto | (GD) at (MK) at equivalents
MWEPA (year | MWEPA year 100 year 100 | (FGE) at year
2-18) (year 2-18) 100
No releases 0 0 .665 342 1.46
EIS 14 21 .684 .320 1.56
EISx2 28 42 .705 299 1.67
Imp. plan 0 204 712 .287 1.74
EISx2 + Imp. plan 28 246 724 275 1.82
Captive population (SSP) NA NA .785 214 2.34
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Figure 1. Gene diversity results of PVA simulations of either Miller (2017)(EISx0, EISx1, EISx2) or
by C. Carroll using the PVA model of Miller (2017) in combination with higher rates of releases
from the captive to wild population (Impl. Plan, EISx2 + Impl. Plan). Results are compared
against a goal proposed by P. Hedrick to address genetic threats by increasing gene diversity in
the wild population to a point halfway between the level in the wild population at 100 with no
releases, and the level in the captive population at 100 years.
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