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EXHIBIT 
NO. 

DATE TITLE SUBJECT SPONSOR 

400 7/23/10 Opening Testimony of David Marcus on Behalf of California 
Unions for Reliable Energy on Transmission for the Calico Solar 
Project 

Transmission David Marcus 

401 7/16/10 Marcus Declaration Transmission David Marcus 
402  Marcus c.v. Transmission David Marcus 
403 4/26/10 131 FERC 61,071, Docket ER10-796, order issued April 26, 2010 Transmission David Marcus 
405 7/29/10 Rebuttal Testimony of Boris Poff on Behalf of California Unions 

for Reliable Energy on Soil and Water for the Calico Solar 
Project 

Soil/Water Boris Poff 

406  Poff c.v. Soil/Water Boris Poff 
407  McFadden, Wells, Jercinovich, Department of Geology, Univ. of 

New Mexico, Influences of eolian and pedogenic processes on 
the origin and evolution of desert pavements 

Soil/Water Boris Poff 

408  Seager, Ting, Held, Kushnir, et al., Model Projections of an 
Imminent Transition to a More Arid Climate in Southwestern 
North America 

Soil/Water Boris Poff 

409  Okin, Murray, Schlesinger, Degradation of sandy arid shrubland 
environments: observations, process modeling, and management 
implications 

Soil/Water Boris Poff 

410  Okin, Gillette, Herrick, Multi-scale controls on and consequences 
of Aeolian processes in landscape change in arid and semi-arid 
environments 

Soil/Water Boris Poff 

411  Angel, Palecki, Hollinger, Storm Precipitation in the United 
States. Part II: Soil Erosion Characteristics 

Soil/Water Boris Poff 

412  Anderson, Wells, Graham, Pedogenesis of Vesicular Horizons, 
Cima Volcanic Field, Mojave Desert, California 

Soil/Water Boris Poff 

413 7/29/10 Rebuttal Testimony of Vernon C. Bleich on Biological for the 
Calico Solar Project 

Biology Vernon Bleich 

414  Bleich c.v. Biology Vernon Bleich 
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415 1996 Bleich, Wejaisem. Ramey, Rechel: Metapopulation Theory and 
Mountain Sheep: Implications for Conservation 

Biology Vernon C. Bleich 

416  Epps, Wehausen, Bleich, Torres, Brashares: Optimizing dispersal 
and corridor models using landscape genetics 

Biology Vernon C. Bleich 

417  Wehausen: Nutrient predictability, birthing seasons, and lamb 
recruitment for desert bighorn sheep 

Biology Vernon C. Bleich 

418  Oehler, Bleich, Bowyer, Nicholson: Mountain Sheep and Mining: 
Implications for Conservation and Management 

Biology Vernon C. Bleich 

419  Schwartz, Bleich, Holl: Genetics and the Conservation of 
Mountain Sheep 

Biology Vernon C. Bleich 

420 1990 Belich, Wehausen, Holl: Desert-dwelling Mountain Sheep: 
Conservation Implications of a Naturally Fragmented 
Distribution 

Biology Vernon C. Bleich 

421  Bleich, Bowyer, Wehausen: Sexual Segregation in Mountain 
Sheep: Resources or Predation? 

Biology Vernon C. Bleich 

422  Epps, Wehausen, Palsoboll, McCullough: Using Genetic Tools to 
Track Desert Bighorn Sheep Colonizations 

Biology Vernon C. Bleich 

423 2000 Torres, Mulchahy, Gonzales, Pauli, Andrew: Human Induced 
Migration and Homing Behavior of a Desert Bighorn Ram in the 
Whipple Mountains, California: Or Herman the Trailer Park Ram 

Biology Vernon C. Bleich 

424 7/29/10 Rebuttal Testimony of Scott Cashen on Biology for the Calico 
Solar Project 

Biology Scott Cashen 

425  Cashen c.v. Biology Scott Cashen 
426  Belnap, Webb, Miller, et al.: Monitoring Ecosystem Quality and 

Function in Arid Settings of the Mojave Desert 
Biology Scott Cashen 

427  California Partners in Flight and PRBO Conservation Science: 
The Desert Bird Conservation Plan, a Strategy for Protecting and 
Managing Desert Habitats and Associated Bids in the Mojave and 
Colorado Deserts 

Biology Scott Cashen 

428  U.S. Department of the Interior, USGS: Threats to Desert 
Tortoise Populations: A Critical Review of the Literature 

Biology Scott Cashen 

429  U.S. Department of the Interior, USGS: Modeling Habitat of the 
Desert Tortoise (Gopherus agassizii) in the Mojave and Parts of 

Biology Scott Cashen 
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the Sonoran Deserts of California, Nevada, Utah and Arizona 
430  Pagel, Whittington, Allen: Interim Golden Eagle Inventory and 

Monitoring Protocols; and Other Recommendations 
Biology Scott Cashen 

431  Marzluff, Knick, Vekasky, Schuek, Zarriello: Spatial Use and 
Habitat Selection of Golden Eagles in Southwestern Idaho 

Biology Scott Cashen 

432  Survey Protocols Required for NEPA/ESA Compliance for BLM 
Special Status Plant Species 

Biology Scott Cashen 

433  Okin, Murray, Schlesinger: Degradation of sandy arid shrubland 
environments: observations, process modeling, and management 
implications 

Biology Scott Cashen 

434 March 
2006 

Record of Decision, West Mojave Plan, Amendment to the 
California Desert Conservation Area Plan 

Biology Scott Cashen 

435 August 
2008 

U.S. Dept. of Interior: Effects of the International Boundary 
Pedestrian Fence in the Vicinity of Lukeville, Arizona, on 
Drainage Systems and Infrastructure, Organ Pipe Cactus National 
Monument, Arizon 

Biology Scott Cashen 

436  U.S. Fish and Wildlife Service: Final Environmental Assessment, 
Proposal to permit Take as provided Under the Bald and Golden 
Eagle Protection Act 

Biology Scott Cashen 

437  Project Overview Map Transmission David Marcus 
438 10/21/09 Transmission Line Upgrades Transmission David Marcus 
439 2008/2009 Annual Reports for the Fort Irwin Translocation Project Biology Scott Cashen 
440  Bighorn Habitat Connectivity Map Biology Vernon Bleich 
441 8/16/10 Rebuttal Testimony of David S. Whitley on Behalf of the 

California Unions for Reliable Energy on Cultural Resources for 
the Calico Solar Project (c.v. and declaration) 

Cultural David S. Whitley 

442 2001 Desert Pavement and Buried Archaeological Feature in the Arid 
West: A Case Study from Southern Arizona 

Cultural David S. Whitley 

443 8/17/10 Testimony of Scott Cashen on Behalf of California Unions for 
Reliable Energy on the Desert Tortoise Translocation Plan for the 
Calico Solar Project (and Declaration) 

Biology Scott Cashen 

444 2/2008 Desert Tortoise Council Abstracts 33rd Annual Meeting and 
Symposium 

Biology Scott Cashen 
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445 2/2009 Desert Tortoise Council Abstracts 34th Annual Meeting and 
Symposium 

Biology Scott Cashen 

446 2/2010 Desert Tortoise Council Abstracts 35th Annual Meeting and 
Symposium 

Biology Scott Cashen 

447 4/2/09 US Dept. of the Army, Memorandum for Desert Tortoise 
Recovery Coordinator, re Fort Irwin FISS Depredation 

Biology Scott Cashen 

448 7/29/05 T. Esque, K. Nussear, P. Medica, Desert Tortoise Translocation 
Plan for Fort Irwin’s Land Expansion Program at the U.S. Army 
National Training Center (NTC) & Fort Irwin 

Biology Scott Cashen 

449 5/1/09 T. Esque, K. Nussear, K. Drake, K. Berry, P. Medica, J.Heaton, 
Amendment to Desert Tortoise Translocation Plan for Fort 
Irwin’s Land Expansion Program at the U.S. Army National 
Training Center (NTC) & Fort Irwin 

Biology Scott Cashen 

450 Spring 
2010 

Calico Solar Desert Tortoise Translocation Plan Recipient Site 
Photograph; Photograph #4: Long Distance DWMA 
Translocation Area 

Biology Scott Cashen 

451  K.H. Berry, Draft Decision for Short-Distance Translocation of 
Desert Tortoises 

Biology Scott Cashen 

452  Single Factor ANOVA Model and Tests, Control Treatment Biology Scott Cashen 
453  K. Berry, M. Christopher, Guidelines for the Field Evaluation of 

Desert Tortoise Health and Disease 
Biology Scott Cashen 

454 8/25/10 Testimony of Scott Cashen on Desert Tortoise Impacts in Staff’s 
Errata #2 

Biology Scott Cashen 

455  K.E. Nussear, T.C. Esque, D.F. Haines, C.R. Tracy, Desert 
Tortoise Hibernation: Temperatures, Timing and Environment 

Biology Scott Cashen 

456  C.H. Ernst, J.E. Lovich, Turtles of the United States and Canada Biology Scott Cashen 
457  J.M. Germano, P.J. Bishop, Suitability of Amphibians and 

Reptiles for Translocation 
Biology Scott Cashen 

458  J.S. Heaton, et al., Spatially explicit decision support for selecting 
translocation areas for Mojave desert tortoises 

Biology Scott Cashen 

459 9/14/04 Redlands Institute Decision Support Team, Habitat Potential 
Knowledge Base (cover and pp. 30-32) 

Biology Scott Cashen 

460  Adaptive Management Working Group, The U.S. Dept. of the Biology Scott Cashen 
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This testimony responds to the Energy Commission Staff's Addendum (Second Errata) to 
the Supplemental Staff Assessment for the Calico Solar Project (“Project”), which Staff 
distributed to the service list the evening of August 17, 2010.  Specifically, I address the 
deficiencies of the proposed translocation plan that will affect up to 897 desert tortoises.1  
 

I. Actions Required to Implement the Translocation Plan 
 
Staff's Addendum states that the Project will require a series of actions to implement the 
proposed translocation plan.2  At this time, many, if not most, of the required steps have 
not been completed, and neither the Staff Addendum nor the Applicant's proposed 
translocation plan adequately addresses the criteria that will be used to implement the 
plan.  
 
Staff identified a minimum of 10 actions that would be required to translocate desert 
tortoises off the Project site.3  In the subsequent section I provide a brief summary of 
each action, and I discuss why the action cannot be deferred until after Project approval if 
the translocation effort is to have a reasonable possibility of success. 
 

a. Identification of the proposed translocation and control sites. 
 

1. TRANSLOCATION SITES 
 
The Applicant has not identified suitable translocation sites for the desert tortoises that 
would be removed from the Project site.  Staff has determined that one of the “short-
distance” translocation sites identified by the Applicant (i.e., the northern linkage area) is 
unlikely to be a viable translocation site, and the other short-distance translocation site 
would allow a maximum of two translocated tortoises, and “thus all other tortoises 
detected on the project site would require long distance translocation.”4   
 
The Applicant has identified two potentially suitable long-distance translocation sites 
(i.e., Ord-Rodman DWMA 1 and DWMA 2).  According to Staff's Addendum, 
“information provided by the USFWS suggests that approximately 90 tortoises could be 
translocated to the Ord-Rodman Mountains DWMA.  However, this estimate may be 
revised based on the results of the fall 2010 surveys.”5  The Addendum does not provide 
any rationale to support the statement that approximately 90 tortoises could be 
translocated to the Ord-Rodman Mountains DWMA.  Furthermore, it is unclear whether 
Staff’s estimate of 90 tortoises is being applied to the entire Ord-Rodman Mountains 
DWMA, or just to the Applicant’s proposed recipient areas in the DWMA. The 
Addendum does not explain the discrepancy between its estimate, and the Applicant’s 
Translocation Plan, which concluded a total of 60 tortoises could be translocated to the 
                                                 
1 [2nd Errata]. 2010 Aug 17. Energy Commission Staff’s Second Errata to the Supplemental Staff 
Assessment for the Calico Solar Project (08-AFC-13). 
2 2nd Errata, p. 9. 
3 Id. 
4 2nd Errata, p. 11. 
5 2nd Errata, p. 12. 
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Ord-Rodman DWMA recipient areas.6  The Applicant’s Translocation Plan provides 
inconsistent information, but states tortoise density in the recipient areas cannot 
exceed six (page 2-4) or seven (page 2-18) tortoises per km2.  Staff’s Addendum 
indicates tortoise density in the Applicant’s proposed translocation areas may already 
exceed these levels (i.e., they were estimated to be 8.2 tortoises per square kilometer in 
2007).7  No matter the scenario or the values that are applied, the Applicant has yet to 
identify enough sites that are even potentially suitable for all the tortoises it estimates will 
require translocation.8 
 
During the 18 August 2010 evidentiary hearings, the Bureau of Land Management’s 
(BLM) witness, Chris Otahal, testified that translocation areas within the Ord-Rodman 
DWMA could be expanded to incorporate more tortoises.  It is unclear how this might be 
accomplished, given (a) much of the land surrounding the currently proposed 
translocation areas is privately-held or designated wilderness (the BLM does not permit 
translocation into wilderness areas); and (b) the acceptable survey window for desert 
tortoise is narrow, and the Applicant has not even been able to survey much of the 
currently proposed translocation areas.9  
 

2. CONTROL SITE 
 
According to Staff’s Addendum, the purpose of the control area is “to provide 
information regarding tortoise populations in an unaffected area for comparison to 
information obtained at the translocation sites.”10  The “control” area identified by the 
Applicant is heavily affected by past grazing practices, and thus it is not appropriate for 
comparison with translocation sites (i.e., as a control).11  Neither Staff nor the Applicant 
has provided information on how the control area would be applied to scientific study.  
Specifically, neither provides even the most basic information on experimental design, 
data collection procedures, or statistical analyses that would be conducted.  These issues 
result in a proposed control area that cannot be used to compare information obtained 
from the Project site. 
 

b. The evaluation of the habitat quality on the translocation and control sites. 
 
Germano and Bishop (2009) reviewed the results of 91 amphibian and reptile 
translocation projects published between 1991 and 2006.  Based on this review, they 
concluded “[i]f the release habitat is not of high quality, then the chances of a positive 
outcome are low even when all other factors are taken into consideration. Although we 
could not evaluate habitat quality in the publications we reviewed, poor or unsuitable 
habitat was one of the most often reported reasons for translocation failure.”12  A 
                                                 
6 Applicant’s Desert Tortoise Translocation Plan, p. 2-18. 
7 2nd Errata, p. 12. 
8 See Exhibit 443, Testimony of Scott Cashen, p. 9. 
9 See Applicant’s Desert Tortoise Translocation Plan, Figure 6. 
10 2nd Errata, p. 11. 
11 See Exhibit 443, Testimony of Scott Cashen, p. 15. 
12 Germano, J.M. and  Bishop, P.J. (2008) Suitability of amphibians and reptiles for translocation. 
Conservation Biology 23:(1) 7-15. 
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thorough evaluation of habitat quality at the translocation and control sites is an 
absolutely essential component of the translocation plan that must be provided before 
Project approval. 
 
The Applicant has done very little to evaluate habitat at the proposed translocation and 
control sites.  The Translocation Plan provides a limited amount of qualitative 
information that, in my opinion, shows clear signs of observer bias.  The Translocation 
Plan does not provide any information on the methods that were used to obtain the 
qualitative data that it provides.  The Translocation Plan also lacks any standards or 
criteria for evaluating the habitat that would allow subsequent surveyors to replicate the 
results.  The Applicant’s desert tortoise field survey forms do not document habitat 
parameters, nor does it appear the field crew was instructed to record them.  Neither the 
Applicant nor Staff has identified the quality of habitat at the control site; however, the 
Translocation Plan states grazing has minimized desert tortoise resources at the control 
site (suggesting it provides low quality habitat).13 
 
Neither the Applicant nor Staff has identified a process for obtaining reliable information 
on habitat quality at the translocation and control sites.  The lack of information provided 
by the Applicant, BLM, and Staff on habitat quality makes it impossible to evaluate the 
suitability of the proposed translocation and control sites.  
 

c. A determination of existing tortoise density and an assessment of the site’s 
ability to accommodate additional tortoises above baseline conditions.  

 
The Applicant has not reported the current (i.e., 2010) densities of tortoises within the 
proposed translocation and control sites.  Accurate density estimates are necessary to 
ensure translocation sites can support additional tortoises.  Staff’s Addendum lacks a 
mechanism for attaining current density estimates, or even information on how and 
when these estimates will be provided. Furthermore, Staff’s Addendum provides no 
discussion of the actions that will be taken to assess the ability of translocation sites to 
accommodate additional tortoises.  Information provided in Staff’s Addendum suggests 
that there are very few (if any) locations in the Project region that are capable of 
accommodating additional tortoises.14   
 

d. Pre-construction fencing and clearance surveys of the project site. 
 
Desert tortoises typically begin hibernation in October or November, but some may enter 
hibernacula as early as late August.15  Winter burrows are relatively deep, usually 2 to 4.5 
m, but occasionally 6 to 10 m.16  Once in their burrows, desert tortoises resist almost all 
attempts to remove them.17  The Applicant proposes to begin clearing tortoises off the 
Project site in October 2010.  Neither the Applicant, BLM, nor Staff has addressed how 

                                                 
13 Applicant’s Desert Tortoise Translocation Plan, p. 2-4. 
14 2nd Errata, p. 12. 
15 Ernst CH, JE Lovich. 2009. p. 547. 
16 Ernst CH, JE Lovich. 2009. p. 548. 
17 Ernst CH, JE Lovich. 2009. p. 550. 
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the Applicant will determine whether tortoises might have entered their winter 
hibernacula before (or during) the Applicant’s clearance surveys. 
 
During the 18 August 2010 evidentiary hearings, the USFWS’s representative, Ashleigh 
Blackford, indicated tracking equipment on tortoises at the Desert Tortoise Natural Area 
could be used to determine when tortoises where entering their winter hibernacula.  
Timing of hibernation by desert tortoises differs among sites and years.18  As a result, 
data from the Desert Tortoise Natural Area cannot necessarily be used to establish 
hibernation dates at the Project site. 

 
e. The construction of holding pens for quarantined translocated tortoises 

prior to their release into host populations. 
 
There are many potentially significant impacts associated with construction and operation 
of quarantine pens.19  These include the impacts of the pens on sensitive biological 
resources, the need to have an animal husbandry plan developed by a qualified 
veterinarian and approved by the Desert Tortoise Recovery Office prior to use of the 
pens, and the methods used to minimize predation at and near the pen sites.  Neither the 
Applicant’s Translocation Plan nor Staff’s Addendum has addressed these issues.   
 

f. Pre-construction surveys of the proposed translocation sites.  
 

Scientifically defensible surveys are necessary to develop a meaningful translocation 
plan, and as such, they cannot be deferred until after Project approval.  
 

g. The placement of tracking units (GPS) on tortoises from the project site, 
translocation site, and control site.   

 
The Applicant’s Translocation Plan makes no reference to placing GPS units on tortoises.  
The Applicant has proposed gluing radio-transmitters on tortoises, but it has not 
discussed how it will keep transmitters from falling off (loss of transmitters has been a 
major problem in the Fort Irwin translocation study).  
 

h. Disease testing for long distance translocated tortoises, host, and control 
sites.  

 
When tortoises are translocated, their health status and overall condition at the time of 
translocation are likely to be factors influencing later well-being and survival.20  The 
Applicant has not conducted any disease testing, and it only plans to conduct testing 

                                                 
18 Nussear KE, TC Esque, DF Haines, CR Tracy. 2007. Desert Tortoise Hibernation: Temperatures, 
Timing, and Environment. Copeia 2007(2): 378-386. 
19 See Exhibit 443, Testimony of Scott Cashen, p. 19. 
20 Berry KN, T Gowan, JS Mack. 2009. Health and Survival of 158 Tortoises Translocated from Ft. Irwin: 
Year 1 of the Health Research Program. [Abstract]. Thirty-fourth Annual Meeting and Symposium; 2009 
Feb 20-22, Mesquite (NV). The Desert Tortoise Council. Available from:  
http://www.deserttortoise.org/symposia.html. 
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during the process of clearing tortoises off the Project site.21  As a result, it will have no 
knowledge of whether the animals it is moving are sick or healthy.  This increases the 
risks of contamination and mortality. 
 
The Applicant has not identified the diseases for which testing will be conducted, or the 
specific methods that will be used to test diseases (e.g., blood draw location). However, 
the recent research has shown that there are several fundamental problems associated 
with the traditional approach of developing a list of diseases of concern, testing release 
candidates for those diseases, and making release decisions based on the test results.22  
The Applicant’s Translocation Plan does not address these problems, or provide any 
other analysis related to disease screening.  Without additional analysis, the Applicant 
will risk euthanizing perfectly healthy animals and the unintentional release of diseased 
individuals.23  Neither the Applicant’s Translocation Plan nor Staff’s Addendum discuss 
how disease testing will be conducted to minimize errors, the anticipated reliability of the 
results, or the process for making decisions on the fate of animals based on the test 
results.  
 

i. Long term monitoring and reporting of control and translocated and host 
populations. 

 
The Applicant’s Translocation Plan provides inconsistent information on the duration of 
monitoring after translocation.24  During the 18 August 2010 evidentiary hearings, the 
BLM’s witness, Chris Otahal, testified that the Applicant’s proposed monitoring would 
provide “very good management direction”; is “designed like a science project more than 
a monitoring program”; and “it's very rigorous.”25  Mr. Otahal’s statements lack scientific 
merit. 
 
First, the Plan does not propose adequate long-term monitoring.  Numerous publications 
have reported it can take 15–20 years before success of a translocation project can be 
reliably evaluated (e.g., Dodd and Seigel 1991; Nelson et al. 2002; Bell et al. 2004).  
Many researchers have advocated for better monitoring (Griffith et al. 1989; Dodd and 
Seigel 1991; Seddon 1999; Fischer and Lidenmayer 2000), and have concluded that it is 
vital that all organizations carrying out translocations commit to the long-term 
monitoring that is essential for these projects.26  Through my review of numerous 
publications that discussed translocation, none suggested a five-year monitoring program 
was sufficient for evaluating the success of translocation, especially for projects 
involving desert tortoises.  
 

                                                 
21 Applicant’s Desert Tortoise Translocation Plan, Table 4. 
22 Rideout BA. 2010. The Pitfalls of Using Test Results for Decision-Making in Conservation Programs 
[Abstract]. Thirty-fifth Annual Meeting and Symposium; 2010 Feb 25-28, Ontario (CA). The Desert 
Tortoise Council. Available from:  http://www.deserttortoise.org/symposia.html. 
23 Id. 
24 Applicant’s Translocation Plan page 1-4 states 5 years, whereas page 2-10 states 3 years. 
25 Testimony of Chris Otahal. 2010 Aug 18. p. 368. 
26 Germano, J.M. and  Bishop, P.J. (2008) Suitability of amphibians and reptiles for translocation. 
Conservation Biology 23:(1) 7-15. 
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Second, the Applicant’s proposed Translocation Plan has almost no rigor.  Instead, it is 
plagued by a vague and inconsistent study plan, hastily derived information, and a 
complete lack of analysis.  The Applicant’s own consultant has repeatedly stated that the 
information used to develop the plan was obtained through a qualitative assessment.27 
Generally, a non-quantitative description limited in scope and depth of detail is 
considered an anecdote.28  Anecdotes usually lack any formal documentation and are 
most often made by untrained, casual observers, but professionals often report anecdotal 
observations.29  Anecdotes are highly risky for basing management decisions because of 
their lack of rigor, repeatability, and objectivity.30    
 
Anecdotes need to be properly evaluated using sound scientific methodology. 31  They 
can often form the basis for more formal observations, hypothesis development, or 
experimentation. 32  Occasionally, there are attempts to legitimize anecdotes by compiling 
many into a single report and attempting a quantified or statistical treatment (see, e.g., 
Section 2.1.2.1 of the Translocation Plan).33  These are misguided attempts because the 
extreme weakness and subjectivity of the basic data limit the ability to conduct any 
meaningful analyses.  The plural of anecdote is not data.34  The Applicant’s Translocation 
Plan is based almost entirely on anecdotes—not data. 
 
People often make guesses about possibilities for which there are no hard data (e.g., see 
Section 2.6.3 of the Translocation Plan).  When those guesses are based on clearly stated 
and well-founded assumptions, the guesses are called hypotheses and can help to direct 
future conceptual and experimental pursuits (Resnik 1991).  When assumptions are weak 
or unstated, the guesses are speculations.35  Speculations may be seductive; they often 
present a series of progressively dependent statements that have an internal logic of their 
own.  The logic may appear compelling and is often bolstered by attempts to provide 
“proof” through analogies.  Such argumentation often collapses when primary 
assumptions are nullified or when they are tested against real data, but too often the test is 
never made. 36  Although they may sometimes form the basis for hypotheses and 
experiments, speculations are risky to base management decisions because there is 
                                                 
27 Testimony of Theresa Miller. 2010 Aug 18. p. 334. 
28 Boarman WI. 2002. Threats to Desert Tortoise Populations: A Critical Review of the Literature. U.S. 
Geological Survey, Western Ecological Research Center. Sacramento (CA): 86 p. 
29 Boarman WI. 2002. Threats to Desert Tortoise Populations: A Critical Review of the Literature. U.S. 
Geological Survey, Western Ecological Research Center. Sacramento (CA): 86 p. 
30 Boarman WI. 2002. Threats to Desert Tortoise Populations: A Critical Review of the Literature. U.S. 
Geological Survey, Western Ecological Research Center. Sacramento (CA): 86 p. 
31 Boarman WI. 2002. Threats to Desert Tortoise Populations: A Critical Review of the Literature. U.S. 
Geological Survey, Western Ecological Research Center. Sacramento (CA): 86 p. 
32 Boarman WI. 2002. Threats to Desert Tortoise Populations: A Critical Review of the Literature. U.S. 
Geological Survey, Western Ecological Research Center. Sacramento (CA): 86 p. 
33 Boarman WI. 2002. Threats to Desert Tortoise Populations: A Critical Review of the Literature. U.S. 
Geological Survey, Western Ecological Research Center. Sacramento (CA): 86 p. 
34 Boarman WI. 2002. Threats to Desert Tortoise Populations: A Critical Review of the Literature. U.S. 
Geological Survey, Western Ecological Research Center. Sacramento (CA): 86 p. 
35 Boarman WI. 2002. Threats to Desert Tortoise Populations: A Critical Review of the Literature. U.S. 
Geological Survey, Western Ecological Research Center. Sacramento (CA): 86 p. 
36 Boarman WI. 2002. Threats to Desert Tortoise Populations: A Critical Review of the Literature. U.S. 
Geological Survey, Western Ecological Research Center. Sacramento (CA): 86 p. 
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essentially no way to evaluate them and their predictive value is low.37 
 
Finally, Mr. Otahal’s attempt to suggest the Applicant’s translocation program is rigorous 
and has resemblance to the scientific method is completely unsupported.  Fundamental 
concepts of wildlife research and study design are summarized in Garton et al. (2005).38  
The authors reported that quality scientific investigations—ones that produce objective, 
relevant information—are dependent on carefully designed experiments, comparisons, 
and models.  In short, they require application of the scientific method.  The Applicant’s 
Translocation Plan does not rely upon the scientific method in the development of the 
research plan and has not applied the scientific method in the plan’s implementation to 
date. 
 

j. The implementation of remedial actions should excessive predation or 
mortality be observed.  

 
Neither the Applicant, BLM, nor Staff has established a standard or criterion that would 
indicate “excessive predation or mortality.”  Furthermore, neither the Translocation Plan 
nor Staff’s Addendum discuss the remedial actions that might be taken if excessive 
predation or mortality occurs, nor do they provide the triggers for taking said actions. 
 
During the 18 August 2010 evidentiary hearings, the BLM’s witness, Chris Otahal, 
testified that success criteria are outlined in the Applicant’s Translocation Plan.39  Mr. 
Otahal’s statement is incorrect.  The Translocation Plan outlines the variables that should 
be measured to evaluate success (e.g., survivorship, growth rates, movement), but it does 
not provide any success criteria.40   
 
Recent guidance issued by the U.S. Fish and Wildlife Service states: “[e]xplicit triggers 
for implementation of adaptive management will be project specific and developed 
through coordination with USFWS and State wildlife agencies, as appropriate.”41  
Furthermore, CEQA requires that each public agency adopt objectives, criteria, and 
specific procedures to administer its responsibilities under the Act and the CEQA 
Guidelines (Section 21082).  The environmental impacts of the Translocation Plan 
cannot be evaluated until specific success criteria and triggers for adaptive 
management have been established and the likelihood that proposed management 
action would be successful have been assessed. 
   

                                                 
37 Boarman WI. 2002. Threats to Desert Tortoise Populations: A Critical Review of the Literature. U.S. 
Geological Survey, Western Ecological Research Center. Sacramento (CA): 86 p. 
38 Garton EO, JT Ratti, JH Giudice. 2005. Research and Experimental Design. Pages 185-196 in CE Braun, 
editor. Techniques for Wildlife Investigations and Management. The Wildlife Society, Bethesda (MD). 
39 Testimony of Chris Otahal. 2010 Aug 18. p. 370. 
40 See Translocation Plan, p. 2-24. 
41 USFWS. 2010 Aug. Translocation of Desert Tortoises (Mojave Population) From Project Sites: Plan 
Development Guidance. 
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II. Adaptive Management 
 
During the 18 August 2010 evidentiary hearings, various parties discussed the need to 
identify sufficient desert tortoise translocation sites.  Dr. Larry LaPré from the BLM 
stated “the Bureau of Land Management is the owner and manager of the recipient sites, 
and if we're going to have a major change or expansion to the location of those or the 
area of those [translocation sites], I don't think we should do that lightly.”42  The BLM's 
witness, Chris Odahal, responded by stating: 

“the idea was to address that basically a little bit further down the road as 
we start moving these tortoises, because the numbers are very rough 
guesstimates of what the numbers of animals are out there. And until we 
actually start moving them, we're not going to know exactly how many 
animals we're going to be moving and how much additional area we will 
need.  And if you do read the translocation plan this is one of those 
adaptive management type of scenarios that is anticipated, because we 
fully understood that we may run out of receptor area during the 
translocation. Right now, we had some data earlier than we were 
anticipate to go see that, okay, we may be running out of room on the 
areas that we have already identified and that we have already done our 
surveys, but again, we were fully intending in adaptive management 
standpoint to be expanding those areas if need be.”43 

 
Mr. Otahal’s testimony completely misconstrues the meaning of adaptive management.  
The U.S. Department of the Interior, which encompasses the Bureau of Land 
Management, defines adaptive management as “a systematic approach for improving 
resource management by learning from management outcomes.”44  In discussing adaptive 
management, Morrison (2002) added: 

1. “The concept of adaptive management or adaptive resource management is 
centered primarily on monitoring the effects of land-use activities on key 
resources and then using the monitoring results as a basis for modifying those 
activities to achieve the project’s goals (Walters 1986; Lancia et al. 1996).” 

2. “Adaptive management is not a trial-and-error approach.” 

3. “Attempting to fix a problem after implementation is quite different from 
developing an action plan prior to the start of a project.” 

4. “Regardless of the specific approach, adaptive management offers a structure 
whereby clear goals are established and then monitored—and specific actions for 
responding to deviations are planned at the outset of the project.”45 

                                                 
42 Testimony of Larry LaPré. 2010 Aug 18. p. 278. 
43 Testimony of Chris Otahal. 2010 Aug 18. p. 279. 
44 Williams, B. K., R. C. Szaro, and C. D. Shapiro. 2009. Adaptive Management: The U.S. Department of 
the Interior Technical Guide. Adaptive Management Working Group, U.S. Department of the Interior, 
Washington, DC. 
45 Morrison ML. 2002. Wildlife Restoration: Techniques for Habitat Analysis and Animal Monitoring. 
Island Press: Washington (DC). 
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The Applicant’s and BLM’s failure to identify a sufficient number of translocation 
sites is not adaptive management; it is poor planning that is likely to result in 
unnecessary mortality to desert tortoises.  The Applicant, BLM, and Staff have 
developed an estimate of the number of tortoises requiring translocation—and a 95% 
confidence interval for the estimate.  By definition, the confidence interval reflects the 
reliability of the estimate.46  If it was generated properly, it provides a precise estimate of 
the number of tortoises that will require translocation, not a “very rough guesstimate” as 
suggested by Mr. Otahal. Staff can and should rely on the estimate from the 95% 
confidence interval and develop adequate translocation sites for this estimated number of 
tortoises. 
 

III. Conclusion 
 
Research on desert tortoise translocation has identified the dangers associated with 
introducing new tortoises to a population; the importance of selecting adequate receptor 
sites; and the need to carefully consider the methods used to implement translocation.47  
Based on the information provided by the Applicant, BLM and Staff, it is impossible to 
determine either the efficacy of the proposed translocation plan, or the impact 
implementation of the plan will have on the receptor sites.  Although Staff’s Addendum 
lists several actions required to implement the translocation plan, it lacks a funding 
mechanism to ensure the tasks are completed and that Staff’s intent is satisfied.  The tasks 
identified by Staff will require considerable surveying and analysis.  Consequently, one 
cannot reliably assume they will occur, and that deferred analysis will identify adequate 
receptor sites.  Finally, neither the Staff Addendum nor the Applicant’s proposed 
Translocation Plan contains the standards and criteria necessary to evaluate the adequacy 
of translocation lands, or the translocation program as a whole. In my professional 
opinion, neither Staff’s Addendum nor the Applicant’s Translocation Plan provides the 
framework for an adequate translocation effort and will likely result in the unnecessary 
mortality of desert tortoises. 
 
Further, there is no indication that sufficient translocation lands are available for the 
estimated number of tortoises on the Project site.  Additional sites must be identified 
prior to project approval and analyzed in accordance with CEQA.  Each of the potentially 
significant, direct and indirect impacts to tortoises and other biological resources at these 
translocation sites must be included in this analysis.  The Project has the potential to 
eliminate an entire generation (e.g., through mortality to a high number of juveniles), or 
local population (e.g., through spread of disease) of tortoises.  These impacts must be 
fully analyzed in a revised CEQA document and circulated for public review.  A fully 
realized translocation plan for the entire Project must be vetted and in place before a 
single tortoise is moved.  

                                                 
46 Lancia RA, WL Kendall, KH Pollock, JD Nichols. 2005. Estimating the Number of Animals in Wildlife 
Populations. Pages 106-153 in CE Braun, editor. Techniques for Wildlife Investigations and Management. 
The Wildlife Society, Bethesda (MD). 
47 Redlands Institute Decision Support Team. 2004. Desert Tortoise habitat potential knowledge base. 
Redlands Institute, Redlands, CA. Appendix B, p 30-32. 
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Desert Tortoise Hibernation: Temperatures, Timing, and Environment

KENNETH E. NUSSEAR, TODD C. ESQUE, DUSTIN F. HAINES, AND C. RICHARD TRACY

This research examined the onset, duration, and termination of hibernation in

Desert Tortoises (Gopherus agassizii) over several years at multiple sites in the

northeastern part of their geographic range, and recorded the temperatures

experienced by tortoises during winter hibernation. The timing of hibernation by

Desert Tortoises differed among sites and years. Environmental cues acting over the

short-term did not appear to influence the timing of the hibernation period. Different

individual tortoises entered hibernation over as many as 44 days in the fall and

emerged from hibernation over as many as 49 days in the spring. This range of

variation in the timing of hibernation indicates a weak influence at best of exogenous

cues hypothesized to trigger and terminate hibernation. There do appear to be regional

trends in hibernation behavior as hibernation tended to begin earlier and continue

longer at sites that were higher in elevation and generally cooler. The emergence date

was generally more similar among study sites than the date of onset. While the climate

and the subsequent timing of hibernation differed among sites, the average

temperatures experienced by tortoises while hibernating differed by only about five

degrees from the coldest site to the warmest site.

DESERT Tortoises (Gopherus agassizii) are
distributed in desert and subtropical re-

gions of the southwestern United States and
northern Mexico (Germano et al., 1994). The
northern extent of this distribution is a temperate
zone where some environmental temperatures in
winter can be inhospitable or even lethal to
Desert Tortoises. Tortoises avoid cold tempera-
tures in the winter by using underground cover
sites (hibernacula), which generally consist of
burrows (excavated in soil) or dens (natural
rocky caves; Burge, 1977; Bulova, 1994). Hiber-
nacula generally have higher temperatures than
the open environment during the winter and
provide substantial buffering from the daily
temperature fluctuations present in the environ-
ment. Thus, hibernacula provide tortoises with
protection from potentially lethal temperatures
in winter.

Research on the timing and temperature of
reptile hibernation has focused on snakes (Viita-
nen, 1967; Sexton and Hunt, 1980; Blouin-
Demers et al., 2000), lizards (Garrick, 1972;
Etheridge et al., 1983; Wone and Beauchamp,
2003), and turtles (Grobman, 1990; Litzgus et al.,
1999; Plummer, 2004), but few studies have
focused on tortoises (Vaughan, 1984; Bailey et
al., 1995; Rautenstrauch et al., 1998). Under-
standing the timing of hibernation of Desert
Tortoises could have important management
implications for this sensitive species (Rauten-
strauch et al., 1998).

In the northeastern extent of their range,
tortoises may hibernate for up to six continuous
months (Woodbury and Hardy, 1948; Bury et al.,

1994). Little is known about the mechanisms
cuing the onset and termination of hibernation
behavior or the amount of variation that should
be expected to occur within the timing of this
behavior. Potential cues for hibernation onset
include reduced day length/photoperiod, cooler
environmental temperatures, reduced forage
availability, and timing of precipitation events
(Gregory, 1982). Hibernation is thought to be
advantageous by facilitating a reduction of
metabolism during a time of the year with few
resources. Tortoises, like other ectotherms, may
be able to conserve energy by hibernating, as
there is a concomitant reduction of metabolism
with decreased body temperatures (Bennett and
Dawson, 1976; Gregory, 1982). Tortoises may
further reduce their metabolism by inverse
acclimation or other mechanisms of metabolic
depression (Gregory, 1982). This could allow
tortoises to conserve energy during seasons with
essentially no food resources. Alternatively, hi-
bernation may be induced by endogenous cues.
There is relatively little literature on endogenous
mechanisms cuing hibernation, but observations
of behavior such as declining appetite and
shelter-seeking behavior under differential expo-
sure to external cues suggest that the hibernation
of some reptiles may be influenced by endoge-
nous rhythms (Gregory, 1982). Although in-
triguing, this hypothesis is beyond the scope of
the work we describe here.

In this study we examine correlations between
the onset, duration, and termination of hiberna-
tion in Desert Tortoises in relation to potential
exogenous cues over several years at multiple
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sites in the northeastern portion of their range.
We report the temperatures experienced by
Desert Tortoises and their associated behavior
during winter hibernation.

MATERIALS AND METHODS

Study sites.—We studied hibernation in Desert
Tortoises at four sites in the northeastern Mojave
Desert. The sites were located in the Mojave
Desert scrub biome (Turner, 1982). The City
Creek Site was located in Washington County
north of St. George, Utah (37u99000N,
113u359240W), and ranged in elevation from
975 m to 1067 m, with highly variable topogra-
phy: flat areas, dry washes up to 2 m deep, dunes,
rocky cliffs and steep hills. The predominant
substrate was red Navajo sandstone interspersed
with ancient lava flows, sand dunes, and crypto-
biotic soils (Esque, 1994). The Littlefield Site was
located in Mohave County north of Littlefield,
Arizona (36u559480N, 113u549360W), and ranged
in elevation from 576 m to 622 m. The topogra-
phy was generally flat (2–5% slope), with
numerous dry washes up to 3 m deep (Esque,
1994). The substrate was shallow sandy/gravelly
loam up to 0.6 m deep with an underlying
calcium carbonate (caliche) hardpan layer. The
Lake Mead site was located in Clark County,
Nevada (36u299240N, 114u219000W). The site was
at the northern end (Overton arm) of the Lake
Mead National Recreation Area, near Overton,
Nevada. The site elevation ranged from lake level
(approximately 325 m) to 597 m and consisted
of the top and steep cliff sides of a mesa
bordered on three sides by water. The soil
consisted of coarse alluvium consolidated by
calcium carbonate, interspersed with patches of
windblown sand. The Bird Spring Valley site was
also in Clark County, Nevada (BSV 35u589120N,
115u209240W). The valley was an extensive bajada
ranging from 900 m to 1300 m in elevation and
was of relatively even terrain with shallow arroyos
lined by occasional caliche caves. The substrate
was sandy/gravelly loam up to 0.75 m deep with
an underlying hardpan layer composed of
caliche. Mountainous peaks bordered Bird
Spring Valley to both the east and west.

Tortoise body temperatures.—We used miniature
data loggers (Stowaway #STEB16, Onset Com-
puter Corporation, Pocasset, MA) to record body
temperatures during hibernation of wild Desert
Tortoises at the City Creek and Littlefield sites.
Data loggers were 26.5 g and came encased in
a plastic rectangular housing (4.6 3 4.8 3

1.5 cm). They were calibrated in water baths at
temperatures over a range of 0 to 45 C before

and after use in the field. Data loggers were
programmed to record temperatures once per
hour. For protection from the environment, they
were wrapped in a layer of paper and covered
with a layer of duct tape followed by a coating of
epoxy (which served as weather-proofing). Each
data logger was attached with 5-minute epoxy gel
to a location on the anterior half of the carapace
to avoid potential interference during copula-
tion. Data loggers were placed on animals prior
to the expected onset of hibernation and were
removed within several weeks after emergence
from hibernation. Temperatures recorded by the
data loggers at these two sites were the tempera-
tures measured inside the plastic casing of the
data loggers, not body temperatures of the
tortoises. Nevertheless, the data from the loggers
could be used to discern the timing of hiberna-
tion (see below), and temperatures of the loggers
were likely similar to body temperatures while the
animals were in hibernacula (Gregory, 1982).

Body temperatures of tortoises at the Lake
Mead and Bird Spring Valley sites were measured
using StowAwayTM TidbiTTM temperature data
loggers (Onset Computer Corporation, Pocasset,
MA), customized by Onset from their standard
design (TBICU108; 220 C to +70 C). These were
25 mm in diameter, 14 mm thick, and weighed
approximately 15 g. They had a weather-resistant
thermistor at the end of a 150-mm wire, which
was affixed using fast-setting glue and silicone
between the tail and the carapace of the tortoise
(Nussear et al., 2002). This location has been
shown to approximate cloacal temperatures of
Desert Tortoises (Nussear et al., 2002).

Timing of hibernation.—We recorded data on
hibernating tortoises over the course of four
winters from 1995 to 1998 at the City Creek and
Littlefield sites, and for one winter (1998–1999)
at the Lake Mead and Bird Spring Valley sites. At
City Creek we studied nine animals during the
winter of 1995, ten animals in the winter of 1996
and 1997, and six animals in the winter of 1998.
At Littlefield we studied four animals in the
winter of 1995, six animals in the winter of 1996,
11 animals in the winter of 1997, and five animals
in the winter of 1998. During the winter of 1998
we added tortoises at the Bird Spring Valley and
Lake Mead sites to the study. We studied seven
animals at Bird Spring Valley and nine animals at
Lake Mead.

Onset, duration, and termination of hiberna-
tion were interpreted from graphs of hourly body
temperatures by locating the date when the
amplitude of the daily fluctuations became
noticeably reduced or increased. The accuracy
of this interpretation was verified by weekly
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observations of the tortoises in the field. Patterns
of temperatures of the data loggers at the City
Creek and Littlefield study sites were clearly
different when the tortoises were in and out of
burrows. We defined onset of hibernation as the
Julian date after which a tortoise did not emerge
from its hibernaculum for at least 14 days.
Likewise, the termination of hibernation was
defined as the Julian date when a tortoise
emerged from the hibernaculum, without re-
turning for at least 14 days. The ‘‘14-day’’
criterion allowed for a consistent quantification
of the onset and termination dates for animals
that had false onsets or brief emergences during
hibernation. These criteria are similar to those
used by Bailey et al. (1995). Some data loggers
became overloaded with data and stopped re-
cording temperatures before the tortoise
emerged from hibernation. This was due to
logistical constraints encountered when chang-
ing the recording intervals of the dataloggers
from active season intervals (15 min) to winter
intervals (60 min). Thus, for some individuals,
duration and termination of hibernation could
not be calculated, although hibernation start
dates were recorded.

We defined ‘‘average hibernation tempera-
ture’’ as the mean temperature of all measure-
ments while an animal was hibernating. The
‘‘mid-hibernation temperature’’ was defined as
the average temperature during the week of the
winter solstice (i.e., week 51), and the ‘‘minimum
temperature’’ as the lowest temperature experi-
enced by the animal at any time during the
hibernation period.

We compared Julian dates of onset and
termination, duration of hibernation, and the
mean, minimum, and mid-hibernation tempera-
tures using ANOVA with site and year as factors.
Repeated measurements of animals were ac-
counted for by using a nested, split-plot design
with tortoises nested within site treated as
a random effect in order to allow for indepen-
dent contrast analyses of the interaction term.
Multiple comparisons to discern differences
within significant effects were conducted using
Tukey’s-HSD.

Thermal buffering categories.—Cover sites were
classified by the degree of thermal buffering that
they provided as interpreted by the daily and
biweekly patterns in body temperature. The
greatest buffering was represented by a pattern
in which the body temperature was nearly
constant, with a difference of less than 1 C
between the daily maximum and daily minimum
temperatures for each tortoise. In addition, the
average of the differences of absolute minimum

and maximum temperatures for all successive 14-
day periods throughout the hibernation period
was ,1.5 C. Less buffering resulted in body
temperatures that still retained differences of
daily maximum and minimum temperatures of
less than 1 C. However, the body temperatures
were influenced by local weather patterns when
examined over longer time periods. In this
category the average of the differences in the
absolute maximum and absolute minimum tem-
peratures for successive 14-day periods was
greater than 1.5 C. The least buffering resulted
in body temperatures that fluctuated greatly on
a daily basis where the difference between the
maximum and minimum daily temperature was
more than 1 C. Analyses of the degree of thermal
buffering of hibernacula were conducted for
Littlefield and City Creek for the four years
studied and among all four sites for the winter of
1998–1999 using Fisher’s exact tests for contin-
gency tables.

Meteorological data.—Climate data for the study
sites were obtained from (1) City Creek: St.
George, Utah, weather station 4 km south of the
City Creek site, (2) Littlefield: Littlefield 1 NE
station 10 km north of the Littlefield site, (3)
Lake Mead: Overton station 1 km northwest of
the site, and (4) Bird Spring Valley: Red Rock
Canyon weather station 4 km northeast of the
site (National Oceanic and Atmospheric Admin-
istration, 1998). Soil temperatures during the
winter of 1998 at Bird Spring Valley were
measured at a central location at the site using
a CR-10 weather station (Campbell Scientific,
Logan, UT) and type K thermocouples (Omega
Engineering, Stamford, CT) at the surface and
buried 70 cm below the surface, just above the
caliche layer. Air temperature data for all four
years were not available for the Littlefield site. We
conducted regression analyses of the average air
temperatures for the months of October and
March on the average onset and termination
dates of hibernation for each site to examine
correlates of regional climate and hibernation
patterns.

RESULTS

City Creek and Littlefield.—There was no overall
difference for the average date of hibernation
onset between tortoises at City Creek and
Littlefield (F1,32 5 3.26; P 5 0.08; Fig. 1). There
were differences in the onset date among years.
The average date of onset in the fall of 1995 (3
Nov. 6 1 SD 5 12 d) was approximately nine
days later than the average date of onset in the
fall of 1996 (25 Oct. 6 1 SD 5 8 d; Tukey’s HSD
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Q 5 2.72; P , 0.05). The onset dates for all other
years were statistically indistinguishable from one
another. There were no site-by-year interactions
for onset date (F3,29 5 0.65; P 5 0.59).

Tortoises at the City Creek and Littlefield sites
spent a similar number of days in hibernation,
ranging from 106 to 182 days (F1,23 5 2.22; P 5

0.15; Fig. 1). The duration of hibernation varied
among years coincident with a twenty-one day
difference in duration of hibernation in the
winters of 1997–1998 and 1998–1999 (154 6 1
SD 5 21 vs. 133 6 1 SD 5 21 days, respectively;
Tukey’s HSD Q 5 2.73; P , 0.05). The durations
of hibernation for all other years were statistically
indistinguishable from one another. There was
a significant year-by-site interaction due to
animals at Littlefield during the 1998–1999
season having a shorter duration (134 6 1 SD
5 40 days) than the City Creek or Littlefield
animals in the 1997–1998 season (154 6 1 SD 5

17 and 155 6 1 SD 5 25 days respectively;
Tukey’s HSD Q 5 3.27; P , 0.05; Fig. 1).

The ending date for hibernation in the spring
did not differ between the two sites and ranged
between 11 February to 27 April (F1,23 5 0.07;
P 5 0.79; Fig. 1). There were significant differ-
ences in the termination date among years. In
particular, the termination of hibernation (aver-
aged for both sites) was earlier in the spring of
1996–1997 (15 March 6 1 SD 5 5 d), and in the
spring of 1998–1999 (14 March 6 1 SD 5 17 d)
than in the spring of 1995–1996 (25 March 6 1 SD
5 15 d) or 1997–1998 (1 April 6 1 SD 5 19 d;
Tukey’s HSD Q 5 2.72; P , 0.05). There was
a marginally non-significant site-by-year interac-
tion for termination date (F3,29 5 2.76; P 5 0.06).

There were no differences found in the
average hibernation body temperature between
City Creek and Littlefield (F1,23 5 1.52; P 5 0.23;
Table 1), but there were differences among years
(F3,30 5 6.86; P 5 0.0012). The average hiberna-
tion body temperature of tortoises during the
winter of 1996–1997 (12 C) was approximately
two degrees cooler than either 1997–1998 (14 C)

Fig. 1. Onset, duration, and termination of hibernation at the City Creek and Littlefield sites for the
four winters from 1995 through 1998. The four winters at Littlefield are in the top half of the figure; City
Creek is given in the bottom half. Years are sorted from bottom to top in each panel and listed as the year in
which each hibernation period began. The distance between the onset and termination dates is the
duration of hibernation. The median onset and termination dates for each site are shown as filled circles.
The box surrounding the filled circle depicts the 25th and 75th quartile. The range of values for each
measure is given by the dotted lines (‘‘whiskers’’) outside of each box, and possible outliers are given by the
open circles outside the box.
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or 1995–1996 (14.2 C; Tukey’s HSD Q 5 2.72; P
, 0.05). There were no significant site-by-year
interactions (F3,30 5 1.33; P 5 0.29). The mid-
hibernation temperature did not differ between
the two sites (F1,23 5 1.89; P 5 0.18). There were
differences among years in that the animals’
temperatures during the 51st week of 1998 (9.88
C) were significantly cooler than during the same
week in 1995 (13.13 C). The average minimum
temperature experienced did not significantly
differ for either site (F1,23 5 0.17; P 5 0.68) or
year (F3,30 5 2.79; P 5 0.058).

We categorized the degree to which tortoises
were insulated from environmental variation in
temperature into three distinct patterns (Fig. 2).
The numbers of animals that used hibernacula
with these patterns differed among sites during
three of the four winters of our study (Table 2).
In those three years, tortoises at City Creek were
mostly found in hibernacula with medium
buffering (Fig. 2B), whereas tortoises at Little-
field occupied either no hibernacula in that
category (1995) or had a more even distribution
among categories (1997, 1998).

Four-site comparisons.—All four study sites were
monitored in the winter of 1998–1999, allowing
comparison of regional differences in tortoise
hibernation characteristics. There were signifi-
cant differences in the beginning of hibernation
among sites (F3,21 5 10.10; P 5 0.003; Fig. 3).
Tortoises at Bird Spring Valley (onset date 5 15
Oct. 6 1 SD 5 15 d) entered hibernation earlier

than tortoises at either Lake Mead (10 Nov. 6 1
SD 5 7 d) or Littlefield (11 Nov. 6 1 SD 5 11 d).
The onset date for tortoises at City Creek (25
Oct. 6 1 SD 5 6 d) did not differ significantly
from the onset dates at the other sites.

There were also significant differences in the
duration of hibernation among sites (F3,15 5

5.96; P , 0.007; Fig. 3). The animals at Lake
Mead (114 6 1 SD 5 18 days) and Littlefield
(115 6 1 SD 5 14 days) hibernated for signifi-
cantly fewer days than animals at City Creek (146
6 1 SD 5 13 days). Hibernation duration at Bird

TABLE 1. TORTOISE BODY TEMPERATURES DURING

HIBERNATION FOR THE WINTERS OF 1995–1999 AT CITY

CREEK (CC), LITTLEFIELD (LF), BIRD SPRING VALLEY

(BSV), AND LAKE MEAD (LM).

Year/site

Mean
temperature
(uC) 6 1 SD

Minimum
temperature
(uC) 6 1 SD

Mid-hibernation
average

(uC) 6 1 SD

1995

CC 12.2 6 1.1 8.2 6 2.3 10.3 6 2.4
LF 16.0 6 3.8 9.7 6 6.0 16.3 6 6.4

1996

CC 11.4 6 1.5 6.5 6 2.4 10.2 6 1.4
LF 12.1 6 1.5 7.9 6 3.4 11.3 6 2.2

1997

CC 13.4 6 2.0 9.3 6 2.2 10.7 6 3.2
LF 14.9 6 4.4 10.1 6 5.4 12.7 6 6.3

1998

BSV 14.7 6 3.3 9.4 6 4.6 10.0 6 3.5
CC 11.9 6 3.1 8.1 6 3.4 8.9 6 3.9
LF 12.8 6 4.9 8.3 6 6.6 11.4 6 6.1
LM 15.2 6 1.9 9.9 6 4.29 12.7 6 2.5

Fig. 2. Three examples of tortoise body tem-
peratures prior to, during, and following hiberna-
tion. Data are presented as the daily minimum
(filled circles) and maximum (unfilled circles)
temperatures (C). Panel A is an example of a high
buffering in the body temperature pattern. Panel B
demonstrates a medium level of temperature
buffering during hibernation. Panel C is an
example of a low temperature buffering.
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Spring Valley (131 6 1 SD 5 7.7 days) did not
differ significantly from the other sites. The four
study sites did not differ in termination date for
hibernation (F3,17 5 1.40; P 5 0.28; Fig. 3). The
termination dates ranged from 11 February to 16

April 1999. There were no differences among
sites in the average hibernation temperatures
(F3,23 5 1.61; P 5 0.21), minimum temperatures
(F3,23 5 0.87; P 5 0.76), or mid hibernation
temperatures (F3,21 5 1.23; P 5 0.32).

Fifty-eight percent of the hibernacula provided
medium buffering from thermal environments,
while 42% had low buffering, and none provided
high levels of buffering. The distribution of
animals in each of these patterns did not differ
among the four sites for this year (P 5 0.12;
Table 3). Animals at the sites were relatively
evenly distributed between medium and low
buffering patterns, with the exception of tor-

TABLE 2. THE NUMBER OF ANIMALS IN EACH TEMPER-

ATURE BUFFERING CATEGORY FOR THE HIBERNACULA

SELECTED BY ANIMALS AT CITY CREEK (CC) AND LITTLE-

FIELD (LF) SITES FOR THE FOUR WINTERS (1995–1998).

Year/site High (n) Medium (n) Low (n) P

1995

CC 0 7 2 0.01
LF 2 0 2

1996

CC 0 8 2 1.0
LF 0 5 1

1997

CC 0 10 0 0.035
LF 3 6 2

1998

CC 0 6 0 0.044
LF 0 4 5

Fig. 3. Onset, duration, and termination of hibernation at the City Creek, Littlefield, Lake Mead, and
Bird Spring Valley sites for the winter of 1998–1999. See Fig. 1 for figure explanation.

TABLE 3. THE NUMBER OF ANIMALS IN EACH TEMPER-

ATURE BUFFERING CATEGORY FOR THE HIBERNACULA

SELECTED BY ANIMALS AT CITY CREEK (CC), LITTLEFIELD

(LF), BIRD SPRING VALLEY (BSV), AND LAKE MEAD (LM)
FOR THE WINTER OF 1998–1999.

Site High Medium Low

CC 0 6 0
BSV 0 4 3
LF 0 4 5
LM 0 4 5

NUSSEAR ET AL.—DESERT TORTOISE HIBERNATION 383



toises at the City Creek site, at which all animals
were categorized as medium.

Meteorological data.—Average air temperatures
near the City Creek site indicated differences
among years in the temperatures during the fall
when tortoises are entering hibernation, and
during the spring when animals are terminating
hibernation, which were the two periods of
specific interest to this study. The two warmest
fall periods were during the fall of 1995 and
1997, while the fall months of 1996 and 1998, in
contrast, were cooler by about 10 C. Spring
temperatures also differed by about 10 C among
years during the spring months of March and
April when tortoises are typically exiting hiber-
nation. Data for the Littlefield site were available
from the spring of 1997 and later. This site had
warmer and more consistent temperatures than
the City Creek site. A regression analysis of the
average date of entry into hibernation at City
Creek as a function of the average October air
temperatures yielded a non-significant correla-
tion of these two variables (r 5 0.74; F1,3 5 2.5; P
5 0.26). There were not sufficient climate data
available to include Littlefield in the analysis. A
mixed model analysis of termination date versus
average air temperatures in March with Site
entered as a random effect to account for
repeated measurements was non-significant (F2,6

5 1.5; P 5 0.33).
Average air temperatures among the four sites

during the 1998–1999 hibernation season dif-
fered among sites by as much as 10 C in the fall,
but only by about 5 C during the spring months.
A regression analysis of onset date as a function
of average October temperatures yielded a non-
significant correlation between the two variables
(r 5 0.70; F1,3 5 1.9; P 5 0.3). A similar analysis
of termination date on average March air
temperatures yielded a non-significant correla-
tion (r 5 0.46; F1,3 5 0.54; P 5 0.54).

DISCUSSION

There was great individual variation in the
timing and duration of hibernation. Exogenous
mechanisms did not appear to dictate hiberna-
tion patterns at any site or within any year. This
leads us to question whether exogenous cues
drive hibernation behavior at a population level
for this species, or if hibernation behavior is
more likely driven by the endogenous conditions
of the individuals in association with broad scale
seasonal changes in climate.

Among all of our sites and for all years of our
study, there was great individual variation in the
onset date of hibernation. The onset of hiberna-

tion was only weakly correlated with interannual
temperature variation, with cooler temperatures
associated with earlier onset of hibernation.
Onset dates for both the City Creek and
Littlefield sites combined were earlier in 1996
than in 1995, which corresponded with an
average air temperature in the fall that was 10
C cooler at City Creek, but no significant
correlation between onset of hibernation and
average October temperatures for 1995–1998 at
City Creek was observed. When all four sites were
compared within a single year, tortoises appeared
to enter hibernation earlier at the sites with
cooler fall temperatures, which is consistent with
earlier observations (Woodbury and Hardy, 1948;
Rautenstrauch et al., 1998). However, this ten-
dency was not statistically significant.

Decreases in air or ground temperature in the
fall are the most frequently suggested cue for the
onset of hibernation (Gregory, 1982). For exam-
ple, tortoises were observed to begin hibernation
in Kern County, California, when surface tem-
peratures fell below 20 C (Voigt, 1972). We
found that daily averages of soil surface temper-
ature at the Bird Spring Valley site fell below 20 C
on 27 September 1998, and the first tortoise
entered hibernation three days later. However,
the last tortoise entered hibernation at the site
on 13 November; at that time the temperature of
the surface had fallen to approximately 12 C.
Thus, soil surface temperature did not appear to
be a strong cue driving the onset of hibernation.

Other studies on hibernation in snakes (Viita-
nen, 1967; Aleksiuk, 1976; Sexton and Hunt,
1980) suggest that reversals in the soil tempera-
ture gradient from surface to deep burrow
temperature may cue the onset of, and emer-
gence from, hibernation. We also observed
tortoises entering hibernation when surface soil
temperatures fell below deep soil temperatures;
however, the onset of hibernation ranged over
a 44-day period, suggesting that this cue has a very
weak influence at best.

Increasing photoperiod is hypothesized as an
exogenous cue for the emergence of animals from
hibernation (Gregory, 1982). During the 35-day
range over which individuals terminated hiberna-
tion in the spring, the photoperiod would have
become approximately 1.5 hours longer. If pho-
toperiod were an important cue for terminating
hibernation, we would expect tighter correlation
of the termination dates among individuals.

Surface temperatures of the substratum have
also been suggested as a cue that influences the
timing of emergence. For example, Desert
Tortoises in the west Mojave reportedly did not
emerge from hibernation until surface tempera-
tures reached 20 C (Voigt, 1972). Moreover,
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Terrapene carolina and T. ornata in Missouri
reportedly emerge from hibernation after five
consecutive days of subsurface (10–20 cm) tem-
peratures of 7 C or higher (Grobman, 1990). We
did not observe a relationship between sub-
surface temperatures and the termination of
hibernation at our sites.

Differences between air and surface tempera-
tures in the fall and the spring have also been
suggested as a cue for animals to begin or end
hibernation (Sexton and Hunt, 1980; Gregory,
1982). However, to make such measurements,
hibernating Desert Tortoises would be required
to approach the surface and ‘‘test’’ the temper-
ature for comparison with deep temperatures,
and our results indicate no such behavior. For
example, the animals at Littlefield that were in
highly buffered hibernacula had no variation in
body temperature while hibernating, not even
just before they emerged (Fig. 2A). Thus, these
animals were not apparently experiencing any
external cues and were not sampling the envi-
ronment, yet they emerged from hibernation at
about the same time as other animals. We found
that the dates of emergence from hibernation
were not statistically correlated with the spring
air temperatures at City Creek and Littlefield,
with emergence date varying by 35 days at the
sites. The average termination date was highly
variable and not statistically different among the
four study sites during the winter of 1998.

While there were large differences in the air
temperatures at the four sites among years, the
hibernacula chosen by the tortoises had similar
thermal properties, and the average hibernation
temperatures were well above outside air tem-
peratures. It should be noted that tortoises chose
one of the warmest microclimates in the envi-
ronment for hibernation, which reduces the
likelihood that hibernation is strictly an energy
conservation strategy for these animals. Hiber-
nating Desert Tortoises at Rock Valley, Nevada,
had a similar duration as found in this study and
had low metabolic costs and almost no loss of
body mass during hibernation (Nagy and Med-
ica, 1986), which is consistent with other reports
for this species (Peterson, 1996; Henen et al.,
1998). Tortoises in sites that had colder climates
sought shelters that were deeper, and therefore
had more stable temperatures as they were more
buffered from the environment (Woodbury and
Hardy, 1948). Some of the animals at the
Littlefield site had body temperatures that had
almost no fluctuation, not only on a daily basis,
but also over the course of the entire winter.

The temperatures of reptile hibernacula have
been previously reported to range between 1 and
15 C (Gregory, 1982). Our data generally fall

within this range; however, some individuals
chose hibernacula that had temperatures above
it. The mean minimum and maximum hiberna-
tion temperatures in our study were similar to
those observed in the San Pedro Valley, Arizona
(Bailey et al., 1995). The female tortoises in
Arizona, however, had lower minimum tempera-
tures than did males, while there were no
apparent differences in hibernation tempera-
tures between the sexes of our study animals.

Our ability to quantify environmental variabil-
ity and animal behavior has increased dramati-
cally due to advances in micro-technology. The
application of small temperature loggers allowed
us to thoroughly examine hibernation behavior
and temperatures and to test whether exogenous
cues are likely driving hibernation behavior in
Desert Tortoises. We found that the timing of
hibernation behavior was sufficiently variable
that we doubt this behavior is driven predomi-
nantly by exogenous cues. Hibernation may
prevent tortoises from being exposed to extreme
temperatures and potentially lethal ones in the
winter, but the onset of hibernation, while
variable within a site, was certainly always early
enough to avoid this problem at our sites. It may
be that endogenous conditions are more impor-
tant drivers of hibernation than exogenous cues
for this species.
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Review

Suitability of Amphibians and Reptiles for
Translocation
JENNIFER M. GERMANO∗ AND PHILLIP J. BISHOP
Department of Zoology, University of Otago, P.O. Box 56, Dunedin 9054, New Zealand

Abstract: Translocations are important tools in the field of conservation. Despite increased use over the

last few decades, the appropriateness of translocations for amphibians and reptiles has been debated widely

over the past 20 years. To provide a comprehensive evaluation of the suitability of amphibians and reptiles

for translocation, we reviewed the results of amphibian and reptile translocation projects published between

1991 and 2006. The success rate of amphibian and reptile translocations reported over this period was twice

that reported in an earlier review in 1991. Success and failure rates were independent of the taxonomic class

(Amphibia or Reptilia) released. Reptile translocations driven by human–wildlife conflict mitigation had a

higher failure rate than those motivated by conservation, and more recent projects of reptile translocations

had unknown outcomes. The outcomes of amphibian translocations were significantly related to the number

of animals released, with projects releasing over 1000 individuals being most successful. The most common

reported causes of translocation failure were homing and migration of introduced individuals out of release

sites and poor habitat. The increased success of amphibian and reptile translocations reviewed in this study

compared with the 1991 review is encouraging for future conservation projects. Nevertheless, more prepara-

tion, monitoring, reporting of results, and experimental testing of techniques and reintroduction questions

need to occur to improve translocations of amphibians and reptiles as a whole.

Keywords: herpetofauna, population supplementation, reintroduction, relocation, repatriation, translocation

Aptitud de Anfibios y Reptiles para la Translocación

Resumen: Las translocaciones son herramientas importantes en el campo de la conservación. No obstante

el incremento de su uso en las últimas décadas, la efectividad de las translocaciones de anfibios y reptiles se

ha debatido ampliamente en los últimos 20 años. Para proporcionar una evaluación integral de la aptitud de

anfibios y reptiles para la translocación, revisamos los resultados de proyectos de translocación de anfibios y

reptiles publicados entre 1991 y 2006. La tasa de éxito de las translocaciones de anfibios y reptiles reportada

en ese peŕıodo fue el doble de la reportada en una revisión previa en 1991. Las tasas de éxito y fracaso

fueron independientes de la clase taxonómica (Amphibia o Reptilia) liberada. Las translocaciones de reptiles

dirigidas por la mitigación de conflictos humanos-vida silvestre tuvieron una mayor tasa de fracaso que las

motivadas por la conservación, y los proyectos más recientes de translocación de reptiles no tienen resultados

conocidos. Los resultados de translocaciones de anfibios estuvieron relacionados significativamente con el

número de animales liberados, los proyectos que liberaron más de 1,000 individuos fueron más exitosos. Las

causas más comunes de fracasos de translocación fueron el regreso al hogar y la migración de individuos

introducidos fuera de los sitios de liberación y hábitat inadecuado. En comparación con 1991, el incremento

del éxito de las translocaciones de anfibios y reptiles revisadas en este estudio es alentador para futuros

proyectos de conservación. Sin embargo, se requiere mayor preparación, monitoreo, reporte de resultados y

experimentación de técnicas y preguntas de reintroducción para mejorar las translocaciones de anfibios y

reptiles en conjunto.

Palabras Clave: herpetofauna, reacomodo, reintroducción, repatriación, suplemento de la población, translo-
cación
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8 Amphibian and Reptile Translocations

Introduction

Translocations are an important tool in wildlife conserva-
tion (Griffith et al. 1989; Dodd & Seigel 1991; Fischer &
Lindenmayer 2000). Thousands of translocations have oc-
curred worldwide, although most of these have been tax-
onomically biased toward vertebrates, especially mam-
mals and birds (Seddon et al. 2005). One group that has
been overlooked in larger reviews of translocation pro-
grams, but which stands to reap substantial benefits from
such techniques, is herpetofauna.

With further documentation of the worldwide amphib-
ian decline and the extinction of a number of amphibian
and reptile species, it is clear that proactive conserva-
tion is needed (Gibbons et al. 2000; Stuart et al. 2004;
Mendelson et al. 2006). As a part of this, both translo-
cations of wild individuals and projects coupled with
captive-breeding programs appear to be growing in pop-
ularity. Furthermore, the recent Amphibian Conservation
Summit listed translocations as one of 3 long-term con-
servation programs requiring development and imple-
mentation in the Amphibian Conservation Action Plan
(Gascon et al. 2007). In addition to conservation-related
motives, many other herpetofaunal translocations are be-
ing conducted to deal with human–wildlife conflicts,
such as “problem” animals or building and development
mitigation.

In a review of amphibian and reptile translocations,
Dodd and Seigel (1991) found that amphibian and rep-
tile projects have very low success rates, especially com-
pared with translocations of other taxa, and they sug-
gest that amphibian and reptile species are not suitable
for translocation. Since the publication of their review,
there has been wide debate in the literature (Burke 1991;
Dodd & Seigel 1991; Reinert 1991; Seigel & Dodd 2002;
Trenham & Marsh 2002). Despite their questionable suit-
ability for translocation and that many amphibian and
reptile species continue to undergo translocation, there
has been no comprehensive review of amphibian and
reptile translocations since 1991.

To improve management decisions, successes and fail-
ures of past programs need to be considered. We re-
viewed the results of programs published in scientific
journals from 1991 to 2006 to reevaluate the suitability
of amphibians and reptiles for translocation. In addition,
we examined trends that may indicate key factors leading
to the success or failure of projects.

Definition of Terms

Several terms have been used to refer to the release of
animals into former areas within their range, including
reintroductions, translocations, relocations, and repa-

triations (Griffith et al. 1989; Reinert 1991; Dodd & Seigel
1991; IUCN 1987, 1998). Because these terms have been

used inconsistently in the literature, a recent call has been
made to return to the original International Union for
Conservation of Nature (IUCN) definitions outlined in the
1987 IUCN translocation position statement (Armstrong
& Seddon 2008). We followed these IUCN definitions and
use the term translocation to mean any movement of liv-
ing organisms from one area to another. This includes
deliberate movements of animals to establish a new pop-
ulation, reestablish an extirpated population, augment a
critically small population, or mitigate for conflicts be-
tween animals and humans (Griffith et al. 1989; Wolf
et al. 1996; Wolf et al. 1998). For the purpose of this
review, we did not include releases and introductions of
animals outside their natural range.

Although many projects report success, often what is
being reported is only a short-term success. The abil-
ity of released animals to successfully overwinter, create
burrows, or remain within a protected area does not,
by itself, constitute a successful translocation program.
A successful program produces a viable, self-sustaining
population in the wild (Griffith et al. 1989; Dodd & Seigel
1991; IUCN 1998), and the population must be monitored
for a sufficient amount of time to determine that it is self-
sustaining. The amount of time necessary to do this may
vary from several years for short-lived species to several
decades for long-lived species (Dodd & Seigel 1991).

Here, we considered a translocation project a success
if it met 2 criteria: there was evidence of a substantial
addition of new recruits to the adult population due to
successful reproduction at the translocation site, and the
site had to have been monitored, at the very least, for the
amount of time it takes that species to reach maturity.
The outcome of a program was considered uncertain
if monitoring time was inadequate or if there were too
few data to classify it as a success or failure. We ranked
projects as failures if they did not establish self-sustaining
populations.

Methods

We reviewed amphibian and reptile translocation
projects published in the scientific literature from 1991 to
2006, although some of the actual projects were carried
out as early as the 1970s. Reports published before 1991
have been reviewed elsewhere (Dodd & Seigel 1991).
We used electronic databases, reference lists, and per-
sonal contacts to find articles. Sea turtles were deliber-
ately excluded because of the large number of projects
concerning head-starting and release programs and the
difficulty in relating the issues involved with their release
to terrestrial and freshwater herpetofauna.

We attempted to determine the following factors for
each project: species or taxonomic group being relo-
cated; geographic region (North America, South America,
Africa, Europe, Asia/Oceania) of the translocation; reason
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for translocation; date of release; whether founder indi-
viduals were from the wild or captivity; number of ani-
mals released; life stage of released animals (eggs, larvae,
metamorphs, juveniles, subadults, adults); success of the
project (as determined on the basis of our criteria); and
cause of project failure.

Because of the nature of the data collected, we present
the results with descriptive statistics in histograms to help
illustrate trends. If a project fits into more than one cate-
gory for a variable (i.e., if a project released both juvenile
and adult animals), then it was counted twice. Therefore,
total n may be greater than the total number of projects
reviewed. Percentages are of the total n, which included
projects of known (successes and failures) and uncertain
outcomes.

We tested for the independence of outcomes in re-
lation to variables with chi-square tests. For chi-square
tests, we compared only projects with known outcomes
(success or failure). The exception to this rule was
in our evaluation of the time period (decade) during
which translocations took place, for which we compared
projects that succeeded, failed, and had unknown out-
comes. When a contingency table had at least one ex-
pected cell frequency <5 and a chi-square test could not
be used, we used a Fisher’s exact test to compute a prob-
ability. Significance levels were set at α = 0.05.

Results

We reviewed 91 translocation projects that covered 25
amphibian species and 39 reptile species. A complete
table of all projects reviewed together with appropriate
references is available from www.otago.ac.nz/zoology/
staff/academic/bishop.html. Six of the 91 projects in-
volved restocking into existing populations (also known
as augmentation) and were not included in the main anal-
yses, but are discussed separately. Of the 85 amphibian
and reptile translocations, 38 projects (45%) consisted
of translocations of amphibians and 47 projects (55%)
involved reptiles. Thirty-six of these combined projects
(42%) were successful. For 25 projects (29%), the long-
term success was still uncertain, whereas 24 projects
(28%) failed. Success and failure rates were independent
of the taxonomic class (Amphibia or Reptilia) released
(χ2 = 0.545, df = 1, p = 0.460; Fig. 1).

To determine whether there were any differences over
time in the known and unknown outcomes of programs
(success, failure, and uncertain) published since 1991,
we sorted the projects into decades on the basis of when
the translocation occurred. For amphibians, program out-
come was independent of the decade during which the
translocation was carried out ( p = 0.204). Project results
for reptiles, however, were tied to the decade in which
they were carried out ( p = 0.009), with projects carried

Figure 1. Outcomes of translocation projects for 38

amphibian and 47 reptile projects.

out in recent years having higher proportions of uncer-
tain outcomes (Fig. 2).

The specific reasons for translocating a species var-
ied greatly, but could generally be grouped into one of
the following: conservation, research, or human–wildlife
conflict (which included development mitigation and
dealing with problem animals). For amphibians, the ma-
jority of translocations were carried out for conserva-
tion reasons (89.5%), and human–wildlife conflict moti-
vations (7.9%) and research (2.6%) made up only a small
proportion of the overall reasons for carrying out a re-
lease. In the case of amphibians, the success or failure
of translocations was unrelated to the reasons for con-
ducting the release ( p = 0.480). For reptiles, although
conservation was still the leading motivation for translo-
cation projects (74%), research projects and projects mo-
tivated by human–wildlife conflict made up 10 and 16%
of the projects reviewed, respectively. Furthermore, for
reptile translocations with known results, the project
outcome was correlated with the program motivation
( p = 0.006). Reptile projects carried out to deal with

Figure 2. Outcomes of reptile translocations on the

basis of the decade of animal release (1 project from

1970s, 23 from 1980s, 22 from 1990s, and 7 from

2000s).
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Figure 3. Outcomes of reptile translocations on the

basis of motivation for the translocation (38 projects

motivated by conservation reasons, 5 by research, and

8 by human–wildlife conflicts).

human–wildlife conflicts had the highest failure rates of
the 3 motivations, whereas conservation-driven projects
had the highest success rates (Fig. 3).

Most herpetofaunal translocation projects were carried
out with wild individuals, with 76% of amphibian translo-
cations and 93% of reptile translocations carried out with
only wild animals. Most reptile translocations in which
captive animals were used had, at present, uncertain out-
comes; thus, it was not possible to determine whether
the source of animals translocated had an impact on the
success of the project. Nevertheless, in the case of am-
phibians, the source of animals reintroduced (wild, cap-
tive, or a combination) was independent of the project
outcome ( p = 0.310).

Translocation outcome was independent of life-stage
category of released animals for both amphibians ( p =
0.683) and reptiles ( p = 0.312). Nevertheless, amphib-
ian and reptile translocation projects used different age
groups for release. For amphibians, 71% of the projects
included the release of eggs, larvae, and metamorphs and
45% included the release of adults. Only 21% of amphib-
ian translocations released juveniles. For reptile translo-
cations, 64% of the projects incorporated the release of
juveniles and subadults and 75% released adults. Only 4%
of reptile translocations included the relocation of eggs.

Location had no effect on the outcome of transloca-
tions in both amphibians ( p = 0.141) and reptiles ( p =
0.10). The greatest number of publications on translo-
cations were from North America for both amphibians
(23 projects) and reptiles (32 projects). Australasia had
the second-greatest number of publications on reptile
translocations (9 projects) and Europe was second in the
number of publications on amphibian translocations (9
projects).

Figure 4. Outcomes of amphibian translocations on

the basis of the number of individuals released (3

projects for <100 individuals, 8 projects for 100–1000

individuals, 23 projects for over 1000 individuals).

For amphibian translocations, the number of animals
released significantly affected success rates ( p = 0.008);
projects releasing over 1000 individuals were more suc-
cessful than those releasing less than 100 or 101–1000
individuals (Fig. 4). The number of individuals released
in reptile translocations (0–50, 51–100, or >100 individ-
uals) was independent of project outcome ( p = 0.639).

Of the reported causes of failure, the most common for
amphibians and reptiles were homing, large movements,
and migration away from the release site. Other factors,
such as insufficient numbers and poaching or human col-
lection, were evident in both failed amphibian and reptile
translocations (Fig. 5). In many projects, however, the
cause of failure was unknown or not reported.

Figure 5. Reported causes of failure of amphibian

and reptile translocation projects.
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Of the 6 cases of restocking, 4 were carried out
for conservation and 2 for research purposes. Of the
conservation-motivated projects, 2 were successful and
2 had uncertain outcomes.

Discussion

Overall Review of Amphibian and Reptile Translocation
Results

The proportion of successful amphibian and reptile
translocation projects (41%) we reviewed from the past
15 years is double that previously reported for herpeto-
faunal translocations (19%; Dodd & Seigel 1991). This
increase in positive results is an encouraging sign for the
management and conservation of amphibians and rep-
tiles. Nevertheless, this figure is within a similar range
of reported success rates from reviews of translocations
across all animal taxa (Griffith et al. 1989; Wolf et al. 1998;
Fischer & Lindenmayer 2000). Even with the increase in
success rates of amphibian and reptile translocations, the
current figures demonstrate that room for improvement
remains.

Publication bias and the reluctance of authors to report
failed translocations may have caused an overestimation
of true success rates (Dickerson & Min 1993; Scargle
2000). Without access to information on failed translo-
cations, conservation managers and researchers cannot
make informed decisions about the techniques to be used
in future translocations.

Another issue to consider is that translocations can
take years, if not decades, of monitoring to determine
whether or not the project was successful. When looking
at the long-term success ratings of projects by decades,
the trend is that the proportion of projects with uncertain
outcomes has risen dramatically in more recent projects,
especially for reptiles, which include a number of long-
lived and slow-to-mature species. It is nearly impossible
to compare the differences in success rates of recent
projects when the outcomes of such a great number
of projects are unknown. Nevertheless, it does empha-
size the importance of long-term monitoring. For many
translocation programs, it can take 15–20 years before
success can be reliably evaluated (Dodd & Seigel 1991;
Nelson et al. 2002; Bell et al. 2004).

Long-term monitoring is necessary for the evaluation
of projects and to determine if intervention is needed
for the survival of relocated populations (Seddon 1999).
Many researchers have advocated for better monitoring
(Griffith et al. 1989; Dodd & Seigel 1991; Seddon 1999;
Fischer & Lidenmayer 2000), and it is vital that all orga-
nizations carrying out translocations commit to the long-
term monitoring essential for these projects.

Motivations for Translocation Projects

By far the greatest numbers of translocations for both
amphibians and reptiles have been performed for con-
servation reasons. Although research and the mitigation
of human–wildlife conflicts are motivations for a few
amphibian projects, in reptiles they make up 16% of
projects carried out. In addition, the reason behind rep-
tile translocations was significantly linked to the project’s
outcome, and reptile projects carried out for conserva-
tion had the highest success rates and those driven by
human–wildlife conflict were the least likely to meet our
criteria for success. This trend was not found in amphib-
ian translocations, perhaps because the sample size of
nonconservation-driven projects was small.

Translocations driven by human–wildlife conflicts
were usually carried out either as a mitigation effort
for development projects or to transfer species that are
deemed potentially dangerous to humans. Although these
were some of the most unsuccessful projects reviewed,
our estimates are probably conservative because it is
likely that the results of many of these projects are not
being reported. Companies involved in translocations for
mitigation purposes may not monitor projects after re-
lease and may not report failure rates due to the fear of
negative publicity (Edgar et al. 2005; Teixeira et al. 2007).
In addition, outside the transfer of a population, factors
such as a net loss of habitat or the quality of new habi-
tat created for translocated animals may not currently
be taken into consideration by mitigation projects. For
instance, a review of great crested newt translocations
used for development mitigation in the United Kingdom
showed that although new ponds were created to com-
pensate for lost ponds, the overall habitat area available
to the newts had decreased (Edgar et al. 2005).

In translocations motivated by human–wildlife con-
flict, the survival of released animals was poor (Walsh
& Whitehead 1993; Hare & McNally 1997; Rathbun &
Schneider 2001; Sullivan et al. 2004; Butler et al. 2005a,
2005b). The majority of translocations of problem carni-
vore species, most of which were mammals, met with
the same poor results for many of the same reasons as in
the projects for amphibians and reptiles driven by similar
motives (Linnell et al. 1997). Translocations are not an
easy solution to these problems and should not be sug-
gested as a first step in dealing with the conflicts between
people and animals.

Problem animals and animals whose habitats are to be
developed for human use need to be dealt with either
through preventative measures or by holding the organi-
zations moving the animals accountable for the results. If
animals must be moved for development mitigation, it is
essential to consider the strong homing instincts of her-
petofauna and the need for appropriate release habitat
both in size and quality.
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Factors That Influence Translocation Success

Reviews of translocations of other taxa show that several
factors often led to more successful programs. One of
these has been the source of founding individuals, with
translocations of wild animals being more successful than
translocations of captive animals (Griffith et al. 1989; Fis-
cher & Lindenmayer 2000). This does not appear to be
the case with amphibians because the success rate was
similar for wild and captive releases.

A number of traits make amphibians and reptiles good
candidates for captive-release programs, including high
fecundity, lack of parental care, and that numerous small-
sized amphibian and reptile species can be bred in cap-
tivity in a very cost-effective manner (Bloxam & Tonge
1995). In addition, captive-bred mammals may lose natu-
ral behaviors in captivity, but some amphibians and rep-
tiles seem to retain in captivity behavioral and physiolog-
ical traits that are genetically programmed. For instance,
several tests on captive rattlesnakes showed their strike-
induced chemosensory searching behaviors were similar
to those of wild snakes (Chiszar et al. 1993). In addition,
approach distances of headstarted West Indian iguanas
after release into the wild did not differ from those of
wild animals of the same age, which shows they retained
similar antipredator behaviors (Alberts et al. 2004). Al-
though the source of release individuals may be less of
an issue for herpetofauna than for mammals and birds,
more releases are still composed of wild individuals than
captive ones.

Although we found no significant difference in the out-
comes of wild and captive translocations, the release of
individuals held or bred in captivity added a number of
issues that must be considered. It is crucial that disease
risks associated with captive-breeding and release pro-
grams be considered. The risks that the released animals
will transmit diseases and new parasites to wild pop-
ulations and that inbreeding depression and acclimation
may result in the inability of released animals to deal with
such challenges in the wild (Jacobson 1993; Cunningham
1996). Recent tests of the fitness of captive-bred and wild
toads show that important fitness attributes and high lev-
els of heterozygosity can be maintained for several gen-
erations in captivity (Kraaijeveld-Smit et al. 2006). Never-
theless, other work shows that captivity can change the
phenotype of animals, which may have implications for
their ability to cope in a natural environment (Connolly
& Cree 2008). If captive animals are to be released into
the wild, these issues must be taken into account.

Another important factor to consider for translocation
programs is the developmental stage of released animals.
Although we found no difference in success rates, the
results of several studies do suggest that certain age
groups are more appropriate for translocation than others
(Bloxam & Tonge 1995; Cooke & Oldham 1995; Trenham
& Marsh 2002; Tocher & Brown 2004; Tocher et al. 2006).

When dealing with species that show strong homing ten-
dencies, it may be beneficial to release eggs or younger
individuals rather than older adults that have had suffi-
cient time to develop strong associations with a home
site (Gill 1979; Bloxam & Tonge 1995; Semlitsch 2002;
Tocher & Brown 2004). In addition, for aquatic-breeding
amphibians, it may be preferable to move eggs or animals
in early larval stages due to the large numbers available,
which aids in ease of collection and maximizes genetic di-
versity. In addition, in aquatic amphibians, eggs are often
available for collection from the wild for longer periods
than adults, which may appear only at breeding locations
for short periods (Semlitsch 2002). For many species,
however, the greatest threats to individual survival come
at younger life stages, when animals are more vulnera-
ble to predators and the normal dangers of life in the
wild and in these projects, so it may be better to release
adults or large juveniles (Haskell et al. 1996; Nelson et al.
2002; Alberts 2007). This is particularly useful in the case
of herpetofaunal species restricted to islands, where the
main cause of juvenile mortality is caused by introduced
mammals (Nelson et al. 2002; Alberts 2007). Outside the
species-specific and logistical choices of whether to re-
lease eggs, juveniles, or adults, there is little—if any—
experimental work that tests the suitability of different
herpetofaunal age classes for translocation programs and
the effect of developmental stage on outcomes.

A number of amphibian and reptile translocations have
failed because of the release of insufficient numbers of an-
imals (Cook 2008). When release numbers are too small,
Allee effects may come into play, and the new popula-
tion may fail owing to problems associated with social
behavior, finding mates, and group living (Courchamp
et al. 1999; Stephens & Sutherland 1999). For amphib-
ians, translocation projects that released over 1000 in-
dividuals were the most successful, although we found
no correlation between release number and outcome of
reptile translocations.

For aquatic amphibians Semlitsch (2002) suggests the
release of 10,000–50,000 eggs over several years to reach
an adult population of 100 individuals. Nevertheless, for
most herpetofaunal species, there is no easy number to
use as a guideline. Several amphibian translocation pro-
grams used population modeling as a tool to make rec-
ommendations on the optimal number of animals to be
captured and released (Geraud & Keinath 2004; Tocher
et al. 2006). These models are most useful for species
for which adequate population and life-history data are
known. Although adequate release numbers are essential
in birds and mammals, the relationship between num-
ber of animals released and the probability of success
is thought to be asymptotic in nature, so releasing an
overabundance of animals does not necessarily increase
success (Griffith et al. 1989).

Quality of the release habitat and the location of this
habitat within the historic range of the species (Griffith
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et al. 1989; Dodd & Seigel 1991) are also important fac-
tors for translocation success. If the release habitat is not
of high quality, then the chances of a positive outcome
are low even when all other factors are taken into consid-
eration. Although we could not evaluate habitat quality in
the publications we reviewed, poor or unsuitable habitat
was one of the most often reported reasons for translo-
cation failure.

The causes of decline must be addressed prior to
the translocation of amphibians and reptiles (Dodd &
Seigel 1991). For many amphibian species, this means
taking action against Batrachochytrium dendrobatidis

(the amphibian chytrid fungus) because it can cause the
often fatal chytridiomycosis disease. All necessary pre-
cautions should be taken to avoid further spread of the
disease through human-mediated movement of animals,
and release areas for amphibians susceptible to the fungus
should be amphibian-chytrid free. Any amphibian release
area should also be sufficiently distant from infected areas
because the amphibian-chytrid fungus spreads at a rate of
up to 120–160 km/year in Australia and 28–42 km/year in
Central America (Lips 1998; Alexander & Eischeid 2001;
Lips et al. 2006). Recently, a few failed translocations have
been traced back to chytridiomycosis, and the amphibian-
chytrid fungus has been found in released toads (Fellers
et al. 2007; Fisher & Garner 2007).

Future Research and Recommendations for Amphibian and
Reptile Translocations

Stress affects translocated animals (Moore et al. 1991;
Coddington & Cree 1995; Mathies et al. 2001; Lance
et al. 2004; Alberts 2007; Teixeira et al. 2007), and even
short holding periods can cause significant acute stress
responses, which may exist for up to a month after re-
lease (Alberts 2007) in herpetofauna (Moore et al. 1991;
Tyrrell & Cree 1998; Lance et al. 2004). A number of
researchers have examined the effects of stress from cap-
ture, but few have looked at the effects of stress in her-
petofauna after release into a new environment. It must
be considered that individuals undergoing translocation
face several stressors, including capture, captivity, and
transportation, that may cause a larger "distress" effect in
individuals (Platenberg & Griffiths 1999; Teixeira et al.
2007).

Released animals may be more likely to settle near re-
lease sites when they are provided with natal cues that
are linked to positive experiences at an earlier life stage
(Stamps & Swaisgood 2007). With this in mind, future
researchers should investigate soft releases (which allow
the animals a period to acclimate to their new environ-
ment [Griffith et al. 1989]), resource provisioning, and
other such supportive measures to determine whether
they increase the success rates of translocations. Little
work has been done with natal-habitat preference or soft
releases as they apply to herpetofaunal translocations,

but there are a few cases that show they can increase site
fidelity and translocation success for reptiles (Tuberville
et al. 2005; Alberts 2007).

Although there are far fewer studies on the outcomes
and effects of amphibian and reptile restocking or aug-
mentation, such techniques may be useful for restoring
genetic diversity in inbred populations or improving pop-
ulation recovery (Madsen et al. 1999; Muñoz & Thorb-
jarnarson 2000; Wilson et al. 2004).

Although the success rate of amphibian and reptile
translocations has increased, further improvements are
needed. More research is necessary on techniques such
as soft release, on how to improve site fidelity, and on
short-distance translocation and fencing off problem ani-
mals. Translocation projects should never be undertaken
without thorough consideration of the ecological impli-
cations they may have on the source population, the in-
dividuals being released, and the ecosystem into which
they are reintroduced. In addition, it is critical that a
commitment be made to monitor the reintroduced pop-
ulations over the short and long term and that these re-
sults be made available to the general public regardless
of outcome through a centralized database. Without the
publication of both successful and unsuccessful projects
and the details involved, it is impossible for wildlife man-
agers and scientists to make informed decisions for the
future translocations of species.
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Introduction

Decision support systems play an increasing role in natural resource and ecosystem
management (Leung 1997) including forest management practices (Rauscher 1999; see
recent special issues in Forest Ecology and Management 207:2005 and Computers and
Electronics in Agriculture 49:2005), coral reef development (Meesters et al. 1998),
aquatic and riparian conservation planning (Reeves et al. 2006), road system analysis in
national forests (Girvetz and Shilling 2003), sustainable agriculture (Riordan and Barker
2003), and prioritization of sites for restoration planning in a variety of habitats
(Llewellyn et al. 1996; Twedt et al. 2006). The increasing popularity of decision support
systems in natural resource and ecosystem management stems from (1) the need to
balance increasingly complex multiple land use constraints under current management
strategies; and (2) the evolution of computer systems designed to utilize data and
generate models to solve management problems. While these systems had rudimentary
capabilities in the 1970s (Sprague 1986), today’s more complex systems incorporate
Geographic Information Systems (GIS), multi-criteria analysis, and fuzzy logic,
allowing users to systematically explore alternatives and uncertainty in data, resolve
conXicts, and access voluminous scientiWc information. ConXict resolution is possible
because costs and beneWts can be explored and alternates readily compared. Decision
support systems allow all interested parties to participate and share knowledge of details
in a systematic, consistent manner. The Wnal products allow prioritization of manage-
ment decisions based upon costs and feasibility while providing a process open to the
scrutiny of all parties involved.

The National Training Center (NTC) at Fort Irwin, California, is a large (2,598 km2)
Department of Defense force-on-force training area. In 2001 the National Defense Authori-
zation Act (Public Law 107–314 2002) added 545 km2 of new training lands to the NTC.
Approximately two-thirds of the expansion encroaches critical habitat designated for the
desert tortoise (U.S. Fish and Wildlife Service 1994b) and the Western Mojave Recovery
Unit (U.S. Fish and Wildlife Service 1994a) in which tortoise populations face the greatest
number of challenges and obstacles to recovery (Tracy et al. 2004). Of all the recom-
mended mitigation measures (U.S. Fish and Wildlife Service 2004), the most challenging
to implement is the translocation of an estimated 2,000 desert tortoises from portions of the
expansion area.

Esque et al. (2005) stressed the need for development of a scientiWcally credible
process to identify suitable areas for translocation of desert tortoises. Because science
and management objectives sometimes diVer, alternative scenarios were needed to test
assumptions of the relative importance of model criteria and allay concerns about data
uncertainty. To this end, we developed an interactive, spatially explicit decision sup-
port system designed to communicate ecological concepts and decision implications.
The objectives of this research were: (1) develop an objective, open decision support
system to rank landscape suitability for translocation based on multiple habitat and
conservation criteria; (2) provide a range of scenarios to accommodate diVerences of
opinion, possible alternative management actions, and uncertainty in data or the eVect
of ecological processes; and (3) use this decision support system to identify optimal
translocation sites for some 2,000 desert tortoises under imminent threat of NTC
expansion.
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Methods

Study area

The area for prospective translocation covered 20,581 km2 surrounding the National Train-
ing Center at Fort Irwin (NTC) in southern California, USA, including three desert tortoise
Critical Habitat Units—Fremont-Kramer, Superior-Cronese, and Ord-Rodman (Fig. 1).
The study area was subdivided into 2.59 km2 cells that served as units of analysis. The area
of each cell was equivalent to one U.S. Public Land Survey System section, typically
referred to in statutory units of 1 mi2. This unit size was chosen at the request of the deci-
sion makers for the purpose of identifying Public Land Survey System sections that could
be purchased to fulWll the land acquisition mitigation measure. We scaled all data sets to
this cell size.

Technological framework

The criteria, relationships between criteria, and criteria weights used to evaluate the trans-
location potential of a site were documented in NetWeaver (Saunders et al. 2005). Using
fuzzy logic (Zadeh 1968), we parameterized these criteria, assigning them truth values
which ranged from ¡1 to 1, where 1 was considered completely suitable, and ¡1 com-
pletely unsuitable. We then weighted each criterion according to its relative importance

Fig. 1 Habitat criteria. (a) Map showing habitat source data, geomorphology. (b) Habitat landform model
parameters. (c) Suitability for translocation based upon habitat. Habitat suitability grades from least suitable
(red) to most suitable (green)
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based upon expert opinion. The fuzzy logic framework accommodates uncertainty com-
monly lost in ecological modeling under traditional mathematical models (Openshaw 1996;
Reynolds 2001). For example, species distributional limits may be gradual rather than
abrupt, or knowledge of these precise limits may be incomplete (Meesters et al. 1998). For
every scenario, each section was assigned a truth value related to the degree to which that
section was predicted to be suitable for translocation given the combined suitability of all
the criteria at that location.

We pre-processed all data for developing the criteria using customized ESRI ArcGIS
geoprocessing models. Spatial models for each criterion and all criteria combined were run
within the Ecosystem Management Decision Support (Reynolds 2001) ArcGIS extension.
Ecosystem Management Decision Support provides a framework for open and spatially
explicit decision support modeling in ecological investigations at multiple geographic
scales (Reynolds et al. 1996, 2003; Reynolds and Hessburg 2005). The GIS framework
allowed us to ask questions of the data and management actions in the form of alternative
scenarios.

Model criteria

The criteria selected for prioritizing potential translocation sites included biological and
anthropogenic factors aVecting desert tortoise populations in the Western Mojave Desert
Recovery Unit, as well as logistical constraints. Criteria thought to be important for translo-
cation, along with their model parameters and model weights, were identiWed in a draft
report (Esque et al. 2005). Ten criteria were selected for assessing translocation suitability.
Our interpretation of these criteria as good or bad depended on the individual scenario
objectives. To start, we developed a base scenario followed by six alternative scenarios.
Data sources for the 10 criteria are provided in Table 1 and their suitability for transloca-
tion as modeled in the base scenario was as follows.

Ownership

The purchase of private lands within desert tortoise critical habitat was a mitigation
measure for expansion. Private lands with many owners are more diYcult to purchase than
contiguous blocks of land with fewer owners. Because extensive tracts of federal and state
lands suitable for translocation existed within the study area, privately held sections were
considered less suitable. However, within privately held sections, those with fewer land
owners and those surrounded by existing public lands were considered more suitable.

Habitat

Although general knowledge exists as to what constitutes tortoise habitat, no spatial data
models support this knowledge other than geomorphology (Fig. 1a), which is believed to
play an important role in limiting tortoise distribution and densities (Weinstein 1989; U.S.
Fish and Wildlife Service 1994a; Aycrigg et al. 2004). We ranked landforms to reXect their
suitability for tortoise habitat (Fig. 1b). Geomorphic suitability was calculated for each
section using an area-weighted average of the diVerent landforms contained within that
section (Fig. 1c).
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Proximity to major roads and highways

Tortoises are known to displace up to 15 km after translocation (Berry 1986; Nussear
2004), and evidence of tortoise presence is reduced up to 4 km from major roads (Von
SeckendorV HoV and Marlow 2002; Boarman and Sazaki 2006). Since major roads can be
a source of mortality, act as barriers, or at least Wlter tortoise movement (Gibbs and Shriver
2002; Von SeckendorV HoV and Marlow 2002), areas <15 km from major roads and high-
ways were considered unsuitable and areas >15 km suitable.

Table 1 A total of 10 criteria 
were considered for assessing 
desert tortoise translocation suit-
ability. Spatial data in support of 
criteria were obtained from a 
number of sources

Criterion Data source

Ownership U.S. Bureau of Land Management 
(California surface land ownership 
http://www.ca.blm.gov/gis) and 
supplemented at the section level 
with parcel and private ownership 
information provided by the NTC

Habitat Earth materials mapping project data 
(http://mojavedata.gov; 2000) 
and major streams in California 
(http://www.ca.blm.gov/gis; 1998)

Proximity to major 
roads and highways

State of California (U.S. Highways 
in California http://gis.ca.gov; 2002)

Proximity to urban 
areas

ESRI (U.S. Census Urbanized Areas 
http://arcdata.esri.com/data/tiger2000/
tiger_county.cfm?sfips=06; 2000)

Proximity to 
projected 
urban growth

State of California (projected urban 
growth http://frap.cdf.ca.gov/data/
frapgisdata/select.asp 2002)

Road density State of California (California local roads, 
California State highways, U.S. Highways 
in California, Vehicle Trails in California 
http://gis.ca.gov; 2002)

U.S. Bureau of Land Management 
(route designation west Mojave 
plan http://www.blm.gov/ca/cdd/
wemo.html; 2001)

Critical habitat units U.S. Fish and Wildlife Service 
(http://www.fws.gov/nevada/
desert_tortoise; 1994)

OV-highway vehicle U.S. Bureau of Land Management 
(federal oV highway vehicle areas, 
CA http://www.ca.blm.gov/gis; 1999)

Die-oV regions U.S. Bureau of Land Management Total 
Corrected Sign tortoise data for 1998, 
1999 and 2001 (U.S. Bureau of Land 
Management West Mojave Plan 
http://www.blm.gov/ca/cdd/wemo.html; 
2001) 

U.S. Fish and Wildlife Service Line 
Distance Sampling data 2001–2004 
(U.S. Fish and Wildlife Service 
http://www.fws.gov/nevada/
desert_tortoise; 2006)

Proximity to NTC Provided by the NTC
1 C
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Proximity to urban areas

Urban areas are considered poor habitat; thus, translocation suitability increased with
distance from such areas.

Proximity to projected urban growth

Translocating tortoises to areas slated for development (i.e., as part of urban planning and
projections) would be counterproductive to recovery goals, posing signiWcant future
management challenges. Areas within the projected urban growth footprint were consid-
ered unsuitable and those outside suitable.

Road density

Within the Mojave Desert, paved and dirt roads have been implicated in the spread of
non-native plant species and increased risk of Wre (Brooks 1999; Brooks and Pyke 2001).
Moreover, roads are known to negatively impact small mammal, lizard, and tortoise popu-
lations and habitat (Busack and Bury 1974; Brattstrom and Bondello 1983; Bury and
Luckenbach 2002; Von SeckendorV HoV and Marlow 2002; Boarman and Sazaki 2006),
destroy native biological soil crust important for soil stability (Belnap and Eldridge 2001;
Belnap 2002), and facilitate human access (Trombulak and Frissell 2000). Unfortunately,
access is accompanied by illegal activities such as releasing captive tortoises, collecting,
shooting, harassing, etc. The deleterious eVects of the increase in roads on tortoise popula-
tions have not been explicitly quantiWed; however, more roads presumably pose a greater
level of threat to tortoises. Road density was calculated as the total km of paved and
unpaved roads per section; most roads were unpaved. Areas with more roads were consid-
ered less suitable than those with fewer roads (Fig. 2).

Critical habitat

United States Fish and Wildlife Service critical habitat contains physical or biological
features considered to be essential to the conservation of a target species (ESA 1973).
Areas within desert tortoise critical habitat (U.S. Fish and Wildlife Service 1994b) were
considered more suitable than areas outside of critical habitat.

OV highway vehicles

OV highway vehicle activities are detrimental to tortoises by degrading tortoise habitat or
crushing tortoises and/or their burrows (Bury and Marlow 1973; Bury and Luckenbach
2002). Therefore, areas designated for open oV road vehicle use were considered unsuitable
whereas those areas closed to all vehicular traYc or areas where travel was allowed on
designated routes only were considered suitable.

Die-oV regions

Die-oV areas were identiWed using a custom 2nd order nearest neighborhood analysis of
live and carcass observations from U.S. Fish and Wildlife Service monitoring data (2006).
A section’s die-oV score was most inXuenced by its own score and the score of the eight 1st
1 C
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order neighbors surrounding it. Less inXuence was given to the 16–2nd order neighbors
surrounding the 1st order neighbors. Die-oV scores ranged from 0 to 12 (i.e., from no
evidence to irrefutable evidence of die-oV). With the idea of restocking low density areas or
repopulating areas altogether, higher die-oV scores were considered more suitable than
areas with low die-oV scores.

Proximity to NTC

We used proximity to the NTC as a surrogate for actual genetic knowledge. By doing so,
we hoped to minimize the disturbance to the population genetics of the resident and translo-
cated populations by giving preference to those areas closer to the NTC. Areas closer to the
NTC were deemed more suitable than areas further away.

Factors omitted

Although additional biological and anthropogenic factors potentially aVecting tortoise
populations were considered, they were not modeled for the following reasons: (1) little or
no potential inXuence in the study area (e.g., latitude and elevation), (2) no suitable spatial
data for modeling existed, and eVorts required to secure them were time or cost prohibitive
(e.g., raven distribution, nutritional composition and distribution of forage, grazing and soil

Fig. 2 Road density criteria. (a) Map showing roads source data. (b) Road density model parameters. (c)
Suitability for translocation based upon road density. Road density grades from most dense (black) to least
dense (white)
1 C
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friability), or (3) the spatial resolution of the data were insuYcient for detecting meaningful
variability (e.g., precipitation).

Relative weighting of criteria

Criteria were arranged in a logical structure and ranked by level of importance for translocation.
The criteria were assigned to one of two tiers and weighted by their relative importance for
translocation (Fig. 3). The Wrst tier criteria (ownership, habitat, proximity to major roads and
highways, and proximity to urban areas), were regarded as the most inXuential and weighted
more heavily, such that if any one of the parameters were unsuitable that section was considered
unsuitable for translocation. The second tier criteria were critical habitat designation, the area’s
oV highway vehicle status, proximity to projected urban growth, die-oV ranking, road density,
and proximity to NTC. Model scores for the second tier criteria were averaged such that no sin-
gle criterion rendered a section unsuitable for translocation. However, their combined eVect
could inXuence the model. All Wrst and second tier criteria were combined to create a transloca-
tion suitability value for each section.

Scenarios

Alternative scenarios were generated in the Ecosystem Management Decision Support exten-
sion based on changes to a criterion’s suitability or its exclusion from the model altogether. For
example, in one scenario, critical habitat was ignored, while in another, its suitability was
reversed. Although parameterization of each criterion diVered among scenarios (Table 2), their
structure and weights did not. Alternative scenarios were designed to accommodate (1)
possible inaccuracies in the source data, e.g., despite concerns over future projected growth,
neither the decision makers nor authors had conWdence in the projected urban growth data,
(2) scientiWc and management disagreement regarding parameterization of a criterion, e.g., we
disagreed on whether die-oV areas would be appropriate translocation sites without knowledge

Fig. 3 Criteria model weights used for all scenarios
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of die-oV causes, and whether those threats had been alleviated, or (3) alternative future events,
e.g., tortoise fencing versus no fencing of areas along major highways.

Base scenario

The base scenario was not assumed to be the preferred scenario, but simply the starting
point for discussion. All 10 criteria were included in the base scenario with the state of each
criterion identiWed in Table 2.

Fence scenario

This scenario assumed that tortoise-proof fencing would be installed along portions of
Interstate 15, Highway 395, Ft. Irwin Road, and Irwin Road, thus removing the negative
eVects of these roads from the analysis. This was based on the premise that, all other factors
being equal, a fenced road prevents tortoise road kills, whereas a non-fenced road provides
tortoises no such protection.

Ignore proximity to the NTC

This scenario ignored proximity to the NTC and thus discounted the argument that tortoises
should be translocated the shortest distance from their original residence. At the time this
model was produced, the limited genetic information indicated that tortoise populations
throughout the west Mojave were genetically similar (Lamb et al. 1989; Lamb and McLuckie
2002; Tracy et al. 2004)

Fence and ignore proximity to the NTC

This scenario combined the fence scenario and the ignore proximity to the NTC scenario.

Ignore critical habitat

This scenario ignored the critical habitat criterion. In other words, this scenario gave no
preference for or against critical habitat.

Ignore proximity to projected urban growth

This scenario ignored the projected growth criterion.

Critical habitat and die-oV bad scenario

In the original base scenario both critical habitat and die-oV areas were ranked as suitable
for translocation. Under this scenario, however, we reversed that assumption and assumed
both to be bad. While the recovery plan states that up to 10% of any one critical habitat unit
could be used for experimental research (U.S. Fish and Wildlife Service 1994a), this rec-
ommendation remains controversial, and the scale of this translocation could conceivably
encompass more than 10% of the remaining area (post NTC expansion). Placing tortoises
in locations where die-oVs have occurred without knowing why those deaths occurred is
controversial (Frazer 1992). This scenario assessed the relative inXuence of these concerns.
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Results were presented to decision makers in a process designed to be open with respect
to methods, tools, and data used to rank criteria suitability and to evaluate scenarios.
Hard-copy and digital maps, graphics and tables, interactive models, and 3D visualizations
of criteria and scenarios were presented to the group for scrutiny and discussion. No single
scenario was considered the best scenario, and all seven were combined to create a consen-
sus model. Sections with suitability values ¸0.5 in every scenario represented preferred
translocation sites. Sections with suitability values · ¡0.5 in any one scenario were
considered unsuitable for translocation. All other sections were designated as neutral. For
example, if a section had a value ¸0.5 in six of the scenarios, but a value · ¡0.5 in the
seventh scenario it was considered unsuitable.

Results

A map was produced for each criterion data, the model parameters assigned for that
criterion, and the model results (Figs. 1 and 2). Scenarios were presented to decision
makers as in the examples in Fig. 4a–c. This process gave the decision makers the
opportunity to use the model predictions as objective products for choosing a series of
areas suitable for translocation. Seven possible translocation areas were initially
chosen and evaluated during site visits. Six were selected as suitable translocation
areas (Fig. 5).

Fig. 4 Graphic of alternative scenarios presented to decision makers. (a) Base scenario. (b) Critical habitat
and die-oV bad scenario. (c) Fence scenario. The base scenario considers critical habitat and die-oV as good
and does not factor fenced roads
1 C
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Despite diVerences of opinion regarding the importance of die-oV parameterization
(e.g., good versus bad), our modeling outcomes revealed little diVerence between scenarios
relative to the base (Fig. 4a, b). This was due to the greater inXuence of other criteria, its
placement in the second tier of data, and the relative low weight assigned to die-oV. This
was true for all other scenario comparisons other than fenced roads (Fig. 4a, c). While fenc-
ing was never in question as a valid means for preventing tortoise road mortality, this crite-
rion’s inXuence on the model was surprising. Whereas the comparison of the die-oV
scenarios changed the outcome of only 18 sections, fencing opened up an additional 877
sections as suitable for translocation, a 40% increase in available translocation area.

Discussion

Conservation biologists are often faced with the challenge of assisting with the implemen-
tation of decisions based upon not only ecological input, but political and social inputs as
well. In the case presented here, all three were considered. The decision to allow expansion
was contingent upon the translocation of some 2,000 desert tortoises. We implemented a
model using spatially explicit decision support system technologies to foster collaboration
between scientists and managers.

Neither the collaboration nor the use of decision support system technologies was easy.
For every criterion included in the model there were a dozen that were considered and
excluded. There were considerable diVerences of scientiWc and personal opinion on how

Fig. 5 Final translocation model used for decision making. This map shows the combined common good
(green), common bad (red), and common neutral (pale yellow) areas along with the six selected translocation
sites
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each criterion should be evaluated. Yet these diVerences were evaluated objectively
through scenarios. The technology we used required signiWcant expertise in geospatial
technologies. The project succeeded because geospatial, desert tortoise and management
expertise were brought together in a collaborative environment. The results of this work (1)
provided an objective, open, scientiWcally credible process that ranked translocation
suitability by consensus on habitat and conservation-based criteria, (2) produced seven
alternative translocation scenarios from which a single best consensus translocation model
was generated, and (3) identiWed six potential translocation sites.

Objectivity and scientiWc credibility were achieved in the selection and approval of
model criteria using a decision support model based on scientiWc literature, expert opinion,
and peer-review (Esque et al. 2005), with feasibility ultimately vetted by managers. Open-
ness was achieved through the development of alternate scenarios as well as recognition
that “conservation is primarily not about biology but about people and the choices they
make” (Balmford and Cowling 2006). The consequences of these choices were assessed by
modeling alternative scenarios to (1) explore diVerences of opinion, (2) review conse-
quences of alternative management actions, and (3) explore uncertainty in data.

The process, methods, and tools of the decision support system technologies used in this
research integrated key concepts in conservation biology and natural resource management
(Kessler and Thomas 2006) and ultimately led to its successful implementation. First, we
drew from a wide array of scientiWc expertise and management perspectives. Second,
instead of a theoretical decision support system with no real management application, we
addressed an urgent, complex management need that required a practical solution—the
translocation of desert tortoises—using the best available scientiWc information. Third, we
addressed this problem by tackling a critical challenge that faces conservation biology
today and in the foreseeable future: the development of spatially explicit models for
addressing natural resource management needs (Balmford et al. 2005; Balmford and Cowl-
ing 2006). Fourth, the process was engaging and used visually compelling and easily
understandable graphical formats (Sheppard and Meitner 2005).

Translocation, along with land acquisition, fencing, retirement of grazing allotments,
research funding, and route designation and closure, were all identiWed as mitigation
measures to oVset the impacts of expansion (U.S. Fish and Wildlife Service 2004). The
decision support system developed here could be used for other desert tortoise management
and mitigation needs, in particular in the area of additional decision making, adaptive
management and/or evaluation of criteria aVected by management decisions. This system
inXuenced the decision to fence additional roads. Fencing was originally recommended as a
measure to mitigate expansion, but was expected to only occur in a very limited area. As a
result of scenario evaluation, its importance was elevated, and extensive fencing is now
anticipated along areas of Interstate 15 prior to or in conjunction with translocation.
Besides fencing, this system could be used to identify purchasable lands. This could be
done by evaluating the number of private owners per section, a logistical factor, the translo-
cation suitability of that section, and the quality of the surrounding lands. In addition, after
each land purchase the system could easily be updated and the translocation suitability of
each section within the study area recalculated. Because this system is adaptive it could
provide real-time updates to translocation suitability and more importantly could lead to
what-if land purchase scenarios.

Tortoises will be translocated from the expansion area in two phases. The Wrst phase is
expected to included 800 or more individuals. Because this system is adaptive, it could be
updated either at the criterion suitability level or scenario level based upon the outcome of
the initial translocation. For example, if tortoises in the Wrst phase of translocation move
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greater than or less than 15 km from their initial release sites, distance from major roads or
highways could be adjusted accordingly prior to the second translocation. Third, as new
knowledge and data are acquired, especially spatial data, additional criteria can be added or
the data supporting a single criterion updated.

Decision support systems, especially spatially explicit ones, are beginning to play an
increasing role in natural resources management. However, conservation biologists must be
cognizant of the risk of developing decision support systems, for the sake of the scientiWc
exercise, that lack a connection to on-the-ground management needs. Developers of these
systems, at least those who intend to aVect management, are wasting time and money if
their systems are built in the absence of manager and/or stakeholder participation, if appro-
priate. The system presented here was successful, with success being measured by the
degree to which management decisions were based upon the model recommendations,
because both scientists and managers invested in the system, and collectively contributed to
its design, build and implementation.
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