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ABSTRACT: Conservation strategies involving relocations, repatriations, and translocations (RRT) 
have been carried out, are underway, or are advocated for a number of endangered and threatened 
amphibians and reptiles. However, recent reviews of RRT projects involving birds and mammals 
suggest that the success rate is low and that the factors that lead to endangerment operate to impede 
effective RRT results. In this paper, we review available information on RRT projects involving 
amphibians and reptiles, examine the motives for advocating RRT strategies, and recommend 
biological and management criteria that should be considered prior to undertaking RRT projects. 
Most RRT projects involving amphibians and reptiles have not demonstrated success as conservation 
techniques and should not be advocated as if they are acceptable management and mitigation 
practices. We urge caution in accepting claims of success and urge colleagues to publish detailed 
methods and results of past and ongoing RRT projects. 
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agement 

THE concept of re-establishing popula- 
tions of endangered or threatened species 
in areas where they have been extirpated 
has become extremely popular in recent 
years. For example, Griffith et al. (1989) 
reported that approximately 700 translo- 
cations or repatriations occurred each year, 
mainly in the United States and Canada. 
Variously termed "reintroductions", 
"translocations", and "repatriations", such 
programs have the laudable goal of re- 
ducing the probability of extinction by in- 
creasing the number of viable populations 
or increasing the number of individuals in 
small populations (Campbell, 1980; Scott 
and Carpenter, 1987). Repatriations into 

natural habitats are frequently combined 
with captive-breeding programs at zoolog- 
ical parks (Scott and Carpenter, 1987) and 
may spark wide public interest. 

Despite the increasing popularity of re 
patriation programs as a conservatioi 
technique, serious questions have arisen 
about the theory behind such programs 
and their effectiveness (British Herpeto- 
logical Society, 1983; Campbell, 1980; Co- 
nant, 1988; Griffith et al., 1989; Mlot, 1989: 
Scott and Carpenter, 1987; Tasse, 1989). 
In a comprehensive review of the success 
of repatriation and translocation programs 
for birds and mammals, Griffith et al. 
(1989) found an overall project success rate 
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f 44%. They noted that success rates were of individuals into geographic areas not 
.,pparently dependent on a variety of eco- historically occupied by that species are 
logical factors, including the quality of the termed translocations. Relocation involves 
habitat where the release occurred, wheth- moving an animal or population of animals ' 

er the individuals released were wild or away from an area where they are im- 
captive-bred, and the feeding habits of mediately threatened (e.g., by develop- 

ment) to an area where they would be less adults. 
There has been considerable recent in- prone to habitat loss; ideally, relocated an- 

terest in the conservation of reptiles and imals should be moved to habitats where 
mphibians despite the fact that they lack they historically occurred, but this is not 
he broad public appeal of birds and mam- always the case. 
rials. In the United States. Puerto Rico, There is considerable confusion in the 
and the U.S. Virgin Islands, 11 species of literature concerning what the term "suc- 
amphibians and 29 species of reptiles are cess" means in the context of repatriation 
currently on the federal list of Endangered or translocation programs. Because the goal 
and Threatened Wildlife and Plants, with of any conservation program is the estab- 
many other species protected by state and lishment (or enhancement) of a viable, self- 
territorial regulations. Frequently, man- sustaining population, we follow Griffith 
agement,conservation, and recovery plans et al. (1989) in defining a repatriation, re- 
or endangered or threatened reptiles and location, or translocation as successful only 
mphibians involve repatriation, reloca- if evidence is presented that a self-sustain- 
ion, or translocation (hereafter referred to ing population has been established. Hence, 

as RRT) programs. Such programs often 'the presence of some breeding individuals 
become highly visible and intertwined with does not, in our opinion, constitute evi- 
local political concerns. For example, re- dence for success unless it can be shown 
location programs for the gopher tortoise that the population is at least stable. Be- 
(Copherus polyphemus) have been used cause many endangered reptiles and am- 
as mitigation allowing development of up- phibians have long life spans (e.g., sea tur- 
lands habitats throughout Florida. Given tles, tortoises), determining the success of 
he extremely limited resources (both in a given release may be difficult and time- 
m e  and money) available for conserva- consuming. Nonetheless, we suggest that 

[ion programs for reptiles and amphibians, the burden of   roof is on the investigator 
a detailed understanding of the effective- to show that a self-sustaining population 
ness of repatriations or translocations is es- exists before declaring success; to do oth- 
sential (Scott and Carpenter, 1987). How- erwise would be to imply that the ~ roba-  
ever, we are unaware of any critical review bility for extinction has been lowered for 
of the success of repatriation or translo- that species, when, in fact, this may not 
cation programs for amphibians and rep- be true. 
tiles. In this paper, we provide such a re- Our review is based on published ref- 
iew. erences in the open literature, unpublished 

references (often in the form of reports to 
DEFINITIONS various resource management agencies), 

A wide variety of terms have been used and personal communications solicited 
to refer to programs where animals are from colleagues. We recognize that we may 
released into areas where they have be- have missed RRT programs whose results 
come extirpated or rare (British Herpe- remain unpublished. - 
tological Society, 1983; Conant, 1988; Grif- 
fith et a].. 1989: Mlot. 1989; Scott and DISCUSSION OF RRT PROGRAMS 
Carpenter, 1987; Tasse, 1989). For the We documented RRT that had 

rposes of this paper, we define the re- been carried out for 25 species of am- 
ase of individuals of a species into an area phibians and reptiles (Table 1). We con- 

irmally or currently occupied by that sider the RRT programs for Chelonia my- 
'pecies as a repatriation, whereas releases dm separately, but combine RRT programs 



TABLE I.-Tabulation of actual and planned RRT projects involving amphibians and reptiles, U = unknown, E = eggs, L = larvae, J = juveniles, H = 

hatchlings, A = adults, N = not successful, C = casual observations. Reasons for relocation failure as follows: I = unknown, 2 = unsuitable habitat, 3 = 
unsuitable developmental conditions, 4 = human predation, 5 = animals moved away from release site, 6 = mongoose predation, 7 = poor release design. 

Repro- 
Species h a t i o n  Stage s-s duction Follow-up Reference 

RRT projects completed or in progress 
Amphibians 

Salamanders 
Plethodontidae 

Plethodon idahoensis 
Salamandridae 

Trittirus vitiafus 
. Frogs 

Biifonidae 
i n f o  calamita 
Peltophryne lemur 

Pelobatidae 
Pelobates syriaciis 

Reptiles 
Turtles 

Cheloniidae 
Caretta caretta 
Chelonia mydas 

Lepidochelys kempi 
Clielydricioc 

Macroclemys temmincki 
Testudiniciae 

Geochelone elcphantoptis 

hfontana 

USSR 

Englaiicl 
Puerto Rico 

USSR 

Virginia 
Caribbean 
Florida 
Texas 

Georgia 

Galapagos Is 

Seychelles 

Southeast USA 

California 

A? 

J 

I.. u 
J ,  A 

L. I 

K 
H 
H 
E 

H 

I 

A 

A 

A 

Anon (1990) 

Bcebee (19831; Corbett (1989) 
Miller (1985h Paine and Duval (1985); Paine e l  

al, (1989); Paine (personal communication) 

Goncliarov et al. (1989) 

DocM (1988~1 
Carr (1984); Dodd (19821; Huff (1989); Parsons 

(1962) 
Caillouet and Landry (1989) 

MacFarland et al. (1974); Bacon and Reynolds 
119821: Snell lner'ional communicatinnl 

s t iddar te l  al. (1982); Samour et al. (1987); 
Spratt (1989) 

Bard (1989); Burke (1987, 1989a.b); Diemer 
(1986. 1987. 19891; Dietlein and Smith (1979): . .. 
~ n o n i n  (1i86). FGFWFC (1989); Fucigna 
and Nickerson (1989); Godley (1989); Layne 
(1989); Lolio~fener and Lohmeier (1986); 





340 HERPETOLOGICA 

for other species. Of these RRT projects, 
five (19%) were classified as successful, six 
(23%) were unsuccessful, and 15 (58%) 
could not be classified although in six in- 
stances reproduction occurred. Thus, the 
success rate for RRT programs for reptiles 
and amphibians is considerably lower than 
for birds and mammals (44%: Griffith et 
al., 1989). Moreover, the success rate for 
reptiles and amphibians varied phyloge- 
netically; of the five successful programs, 
four involved crocodilians. If projects were 
considered individually rather than by 
species, especially for all gopher tortoise 
RRT's, the success rate would be lowered 
considerably. Although reproduction may 
have occurred, no RRT program has yet 
established a self-sustaining population of 
snakes, turtles, frogs, or salamanders. 

We recognize that some of the cases 
marked as "unknown" could eventually 
prove to be successful, such as projects in- 
volving the Aldabrii and Galapagos tor- 
toises and Galapagos land iguana. We also 
note that some of the cases currently listed 
as successful are based on limited follow- 
up data, and long-term studies could show 
that initial optimism was premature. There 
are few published accounts dealing with 
the rationale, methodology, results, and 
criteria for success of conservation-related 
repatriation, relocation, or translocation 
projects (but see Stubbs, 1989). 

Examples of RRT Projects 
In the following section, we summarize 

data on several representative RRT activ- 
ities. While space limitations preclude a 
detailed summary of each actual or pro- 
posed RRT project listed in Table 1, a sum- 
mary can be obtained by contacting the 
authors. 

Bufo houstonensis.-Conservation ef- 
forts for the Houston toad have involved 
extensive data collection on both natural 
populations and the husbandry of toads in 
captivity. The project was begun in 1978 
by the Houston Zoo to identify remaining 
populations and to either supplement ex- 
isting populations or to start new popula- 
tions in protected areas using wild adults, 
naturally deposited eggs, or captive-reared 
juveniles and adults. Ten sites at Attwater 

Prairie Chicken National Wildlife Refnz,. 
(APCNWR) were chosen in 1982 for . .. 
introduction, and tadpoles or juveniles v, ,, 
observed 6 wk after the 1982 and J 1 
releases. Detailed descriptions of husba,,~ 1~ 
ry, sites, release methods and numbers, awl 
monitoring are contained in unpublishrd 
reports to the U.S. Fish and Wildlife Srr. 
vice (Quinn, 1980, 1981; Quinn and Frr- 
guson, 1983; Quinn et al., 1984). However. 
despite careful laboratory and field tecl,. 
niques and the introduction of 0.5 milli, , 
individuals since 1982 (adults, juven 
recent metamorphs, tadpoles), not even. , 

new population of the Houston toad I):,, 
been successfully established at APCNW11 
(H. Quinn, personal communication). 

Lepidochelys kernpi.-From 1978 
through 1988, freshly deposited Kernp's 
ridley eggs (1000-3000/yr) were trans- 
ported from Rancho Nuevo, Mexico, 1'8 
Texas in an attempt to establish a nt-, 
nesting colony on protected Texas beach 
Eggs were incubated in sand at Padre 
land and hatchlings were allowed to entci 
the water at Padre Island National Sea- 
shore to allow for possible imprinting on 
environmental cues. Hatchlings were then 
shipped to a National Marine Fisherie5 
Service rearing facility at Galveston for 
head-starting. More than 17,000 hatcli- 
lings were imprinted at Padre Island, ai, ' 
>12.000 turtles have been released aft 
head-starting. Details of the project, 1 9  

eluding rationale and objectives, metli. 
odology of transport, rearing, and release. 
numbers of turtles involved, and mortality 
and disease, have been outlined in a pop- 
ular book (Phillips, 1989) and discussed b! 
many papers in a symposium volume ed- 
ited by Caillouet et al. (1989). The Padre 
Island phase of the Kemp's ridley projec' 
was terminated after the 1988 season. 

Gopherus polyphemus.-The most nu 
merous and extensive relocations and 
translocations of any amphibian or reptile 
species involve the gopher tortoise in the 
southeastern United States. Although 
thousands of animals have been moved 
from one area to another, particularly 
within Florida, in efforts to mitigate de- 
velopment or mining of the tortoise's re- 
maining habitat, few details are available 
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id these relate to only a few projects 
~ a r d ,  1989; Burke, 1987, 1989b; Diemer, 

1986, 1987,1989; Doonan, 1986; Fucigna 
jnd Nickerson, 1989; Stout et al., 1989). 
additional animals have been released into 
populations from which they did not orig- 
inate after use in tortoise races (e.g., Diet- 
Iein and Smith, 1979), although this prac- 
tice now has ceased. Other efforts have 
ought to establish populations in areas that 
lay be outside the historic range (e.g., in 
i e  Fall Line Hills of Alabama), in isolated 

 cations at the limits of the species' range 
\e.g., in Tangipahoa Parish, Louisiana), or 
n reclaimed phosphate mines (Godley, 
1989). 

Diemer (1989) reviewed relocations of 
gopher tortoises that occurred in Florida 
prior to 1987. Details were provided on 
line additional relocations at a 1987 sym- 
osium sponsored by the Florida Game 
nd Fresh Water Fish Commission (Burke. 

i989b; Fucigna and Nickerson, 1989; God- 
ley, 1989; Layne, 1989; Stout et al., 1989). 
Four studies followed tortoises 2 yr or less. 
Each of the four short-term relocations in- 
volved moving a group of tortoises from 
one or more sites to one or more different 
'ites. Generally about 50% of relocated tor- 
oises remained within 0.5 km 1 yr after 

Â¥lease 
Additional details are available from two 

studies reported at the 1987 symposium. 
Burke (1987, 1989b) reported that 35 of 
85 relocated tortoises in south Florida re- 
mained 2 yr after relocation, an "appar- 
ently stable population". Although his 
study was of short duration, Burke (1989b) 
vncluded that tortoises could be relocated 
rairly successfully" and that his work did 

~t support social factors as influencing 
~ccess rate. In a central Florida relocation 

Bard, 1989; Doonan, 1986), two of 12 ra- 
dio-tagged tortoises could be accounted for 
dter 41 mo while only three of 30 non 
radio-tagged animals were ever recap- 
lured after release. Seven relocated tor- 
toises were recaptured on 11 occasions 
wmpared with 144 captures of resident 

ftoises on 188 occasions. 
Until 1990, moving tortoises from one 
ea to another was accepted as a conflict 

Â¥litigatio measure, especially for Devel- 

opments of Regional Impact (DRI's), by 
the State of Florida, particularly in the 
rapidly growing central and southern 
regions of the state. Between 75 and 100 
relocations, involving thousands of tor- 
toises, have occurred or been authorized 
(D. Wood and J. Diemer, personal com- 
munication). Details concerning these re- 
locations are unknown. 

Lacerta agiiis.-After a severe fire on 
a nature reserve in 1976, surviving sand 
lizards were collected. In 1978, they were 
moved to an outdoor vivarium. In 1981, 
the vivarium held a breeding colony, the 
purpose of which was to furnish animals 
for eventual reintroduction to the burned 
area (Spellerberg and House, 1982). Liz- 
ards were released in 1981 and recolonized 
the burned area. By 1988, the heathland 
community had recovered and sand liz- 
ards were again prevalent (Spellerberg, 
1988). Details concerning follow-up sam- 

. pling or lizard numbers were not present- 
ed. Other relocations and translocations of 
this species have occurred throughout 
southeastern England (primarily Dorset), 
and more recently in northwestern areas. 
for at least 20 yr. However, little infor- 
mation appears in the literature concem- 
ing specific details. Four populations from 
releases 17 yr ago continue to survive: one 
survives after 13 yr, two survive after 5 yr, 
and only two have disappeared because of 
fire (Corbett, 1988). A population in the 
Inner Hebrides continues to survive 14 yr 
after establishment although this area is 
outside the known distribution and cli- 
matic requirements for the species (Cor- 
bett, 1988). 

Crocodilians in India.-Relocation ef- 
forts in India have been summarized by 
de Vos (1984) and Choudhwy and Chow- 
dhury (1986), including discussions of ob- 
jectives, criteria for relocation, problems, 
and the need for monitoring the release. 
However, specific data on individual rein- 
troductions and the long-term status of in- 
troduced animals is unavailable. 

More than 1000 muggers (Crocodylus 
palustris) have been reintroduced in 22 
locations as of 1986. As of 1986, 1022 salt- 
water crocodiles (C. porosus) had been re- 
introduced in India in five locations 
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(Choudhury and Chowdhury, 1986). Re- 
introduction of both species is thought to 
be successful. 

The reintroduction of gharials (Gaviahs 
gangeticus) to areas where they had been 
eliminated or severely reduced is touted 
as a major conservation achievement in 
India. As of 1986, 1456 gharials had been 
released in eight locations (Choudhury and 
Chowdhury, 1986). Specific details are 
available only for the reintroduction at the 
National Chambal Sanctuary where mon- 
itoring has been conducted since 1975 (Rao, 
1990). In 1988, 50 nests at 15 sites were 
reported, and the nesting population was 
estimated at 50 animals (Rao, 1990). A to- 
tal of 1287 captive-raised gharial have been 
released in the Chambal River, and the 
total population estimate based on 1987- 
1988 surveys was 804, 

Because the success rate of RRT move- 
ments for conservation-related purposes is 
not very high, the reasons for advocating 
such efforts as conservation strategies 
should be examined. We suggest the fol- 
lowing reasons may help to explain the 
advocacy of RRT movements as conser- 
vation practices, and we recommend a 
change in attitudes concerning these prac- 
tices. 

Good publicity.-Moving animals from 
one area to another for what promoters 
describe as conservation-related purposes, 
particularly popular species such as sea 
turtles and tortoises, creates favorable me- 
dia attention and publicity. Media atten- 
tion in turn can be used to increase the 
public's awareness of problems facing the 
species and perhaps generate funding for 
other less public activities such as land ac- 
quisition and basic research. However, the 
"30-second spot" or short newspaper story 
may create a false positive image for the 
non-involved public, affected individuals 
(e.g., land developers or home owners), 
advocacy groups, and even land managers 
and agency administrators. The result is a 
belief that such movements are a proven 
conservation strategy that benefits the in- 
dividual animal and species. Critical ex- 

aminations of relocation results and c ,  
sequences are rarely part of me< 
coverage. From a cynical point of vie.. 
positive public perception of the succry, 
of human-mediated animal movemen,, 
may be desirable if alternatives are difii. 
cult to undertake or costly (see Political 
concerns below). 

Some relocations are successful.-Then- 
have been successful conservation re la t~!~ 
RRT movements involving amphibians 3 

reptiles (Table 1). for example, among 
crocodilians and for the sand lizard in Bn,, 
ain. Although there is not much in for^ 
mation in the published literature, croco- 
dilian biologists have exchanged 
unpublished information on relocation and 
reintroduction techniques through corrc- 
spondence and attendance at the meetings 
of the Crocodile Specialist Group of tin 
International Union for the Conservatic, 
of Nature and Natural Resources. Lik 
wise, conservation groups in England aii 
closely situated to exchange information 
on sand lizard relocations. Exchange of in- 
formation has undoubtedly facilitated the 
success of these efforts. 

Perceived successes.-Perceived suc- 
cesses result from inadequate information 
presented to the general public, inappro- 
priate extrapolation of results from or. 
study to other taxa, and premature repor 
of success. 

Some individuals and organizations (e.g.. 
Tasse, 1989) have advocated RRT move- 
ments as a conservation strategy based on 
limited success in a few species: for ex- 
ample, the Arabian oryx repatriation or 
the rock wallaby translocation from Aus- 
tralia to Hawaii. We believe such advo- 
cacy is naive and ill-informed. If two spe- 
cies have similar biological requirements 
and evolutionary history, extrapolation of 
the results from one taxon to the other may 
be initially justified. However, we do not 
recommend the automatic acceptance of 
positive results on one species as a substi- 
tute for critical experimentation and long- 
term monitoring of the related species, The 
recent publication of critical examinations 
of movement-related management of a 
wide variety of birds and mammals should 
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Of greater concern to us, however, is 
the premature claim of "success" by re- 
searchers involved with RRT movements. 
For instance, we fail to understand how a 
50-60% desertion rate by gopher tortoises 
relocated in south Florida, surroundedby 
urban development and monitored for only 
i yr or less, can be heralded as a success 
~ n d  proof that relocation works (Burke, 
1989b). Such claims give credence to the 
perception that RRT movements are prov- 
en management strategies that can be used 
to mitigate questions of habitat loss. In turn, 
this perception undermines efforts to pro- 
tect existing habitat and appears to provide 
an easy way out of difficult land use ques- 
tions. Until long-term studies have dem- 
onstrated otherwise, human-mediated 
movements of amphibians and reptiles 
should not be taken as proven conservation.. 
strategies, but only as experimental strat- 
egies designed to fit specific needs. Re- 
searchers should temper their claims of 
success with a recognition of the need for 
long-term evaluation. If they do not, edi- 
tors should. 

Lack of information on failures.-We 
suspect one of the most likely reasons hu- 
man-mediated movements of animals for 
conservation purposes are continually pro- 
posed is the lack of information on what 
has been attempted in the past. Informa- 
tion on criteria for RRT movements, tech- 
niques, and results are very difficult to ob- 
tain for most studies, even those claimed 
as "successes". Data on negative results are 
virtually impossible to find. Perhaps the 
reasons for failure of most RRT move- 

mane way of dealing with problems related 
to habitat loss. However, most relocated or 
translocated animals move off the reloca- 
tion or translocation site, and long-term 
studies have yet to demonstrate the effec- 
tiveness of these techniques. When the an- 
imals die becomes more important than if 
they die. In addition, commensals and oth- 
er less glamorous members of the threat- 
ened community often are not considered. 
Rather than creating within-habitat pro- 
tected areas or dealing with the larger is- 
sues of habitat protection in rapidly grow- 
ing areas, relocation allows an expedient 
answer to a crisis demanding immediate 
attention. As such, relocation and trans- 
location efforts have become the "cost of 
doing business" rather than well thought 
out strategies for effective conservation. 

Humane considerations.-Concern for 
the fate of individual animals has sparked 
interest in moving them from harm's way. 
Concern is shown generally for the larger 
and more charismatic or benign reptiles, 
particularly tortoises, although humane 
reasons are sometimes used as a justifica- 
tion for relocating crocodilians or smaller 
species. Relocating animals for humane 
considerations can be used to foster inter- 
est in nature and involve individuals, es- 
pecially young persons and the elderly, in 
active participation in conservation issues 
and activities. However, animals relocated 
for humane reasons should be released in 
accordance with the same scientific prin- 
ciples that guide other relocations and 
translocations. 

Self-interest.-We have received re- 
ports that a few consultants have promoted 
relocation not as a measure to mitigate 
habitat-related conflicts, but because they 

nents are unknown. However, we con- 
>ider it essential that both positive and neg- 
ative results be made available in accessible 
sources if mistakes are to be avoided in the 

I future. 
Political concerns.-Relocation has been 

advocated in areas where rapid develop- 
ment is occurring, particularly involving 
tortoises in south and central Florida. Mov- 
ng animals rather than killing them dur- 
ng construction would seem to be a hu- 

want to make a large profit from the re- 
location. Rumors exist of consultants 
charging clients exorbitant fees for relo- 
cations of tortoises in south Florida (G. 
Dalrymple, personal communication). 
While we believe that most consultants op- 
erate within professional and ethical 
guidelines, reasons for relocating amphib- 
ians and reptiles should not be based solely 
on the profit to be made from the relo- 
cation. Consultants should ensure that sci- 
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entitle principles guide the relocation and 
that provisions for the long-term survival 
of the relocated animals are in place prior 
to relocation. 

In addition to the recommendations we 
have made in the preceding text, the topics 
discussed below should be addressed prior 
to advocating or undertaking RRT projects 
for conservation purposes. Lack of clearly 
defined objectives, methodology, measures 
of success, and provisions for long-term 
follow-up studies is an indication of a proj- 
ect likely to fail. In addition, we cannot 
over-emphasize the need to publish the 
results of RRT experiments in appropriate 
journals. The methodology and results of 
both successful and unsuccessful RRT ex- 
periments need to be presented in detail 
to ensure that future efforts benefit from 
past experience. Unfortunately, it is our 
experience that seemingly obvious ques- 
tions often are not asked during the plan- 
ning stages of RRT projects. 

Know Causes of Decline 
A sound recovery plan for any species 

should start with a detailed understanding 
of what caused the species to become en- 
dangered or threatened. Consequently, 
RRT programs should only be attempted 
if (a) the causes of the original decline are 
reasonably well understood, and (b) those 
problems have been eliminated. In several 
cases, an understanding of why the species 
became endangered or threatened was not 
apparent (e.g., Bufo houstonensis, Pelto- 
phryne lemur) or was ignored (e.g., Amei- 
ua polops), and these RRT programs have 
not been successful. 

Know Biological Constraints 
Although intuitively obvious, the need 

for RRT projects to operate within the bi- 
ological constraints imposed by the species 
must be re-emphasized. Several projects 
have failed, at least in part, because of lack 
of attention to the biological requirements 
of the species (Beebee, 1983; Berry, 1986; 
Dodd, 1988a). Biological constraints to 
conservation are those factors that set the 
limits within which human-mediated ac- 

3 .  

tions can be taken: i.e., they comprise 
animal's life history requirements. T, 
include habitat, demographic, and I , ,  
physical components. Various authors hdM 
discussed the need to consider the bioloe. 
ical and habitat requirements of herpi. 
tofaunal species in specific RRT project. 
(ex . ,  Bloxam, 1982; Berry, 1986; Dierner 
1989). 

Habitat constraints.-We refer to haIL 
itat constraints as the physical charact, 
istics, both macro and micro, that in 
ence a species' presence. These inclu., 
sufficient space for feeding, reproductio~, 
cover, and social interaction of all life 
stages; space to allow for a population suf- 
ficiently large so that environmental fluc- 
tuation and demographic stochasticity dn 
not lead to extinction (Soul&, 1983); food 
of proper nutrient content and availability 
especially for herbivores; habitats free fro, 
adverse disturbance, especially from thc 
related to human activity, roads, and pr, 
dation or modification by introduced, fe- 
ral, or domestic animals (especially dogs. 
cats, mongooses, pigs, and cattle); habitats 
designed to minimize "edge effects"; hah- 
itats without unnaturally large concentra- 
tions of natural predators, such as raccoon< 
and ravens; and habitats free of toxic pol- 
lutants. Appropriate habitats should l 
available for all phases of the life cycle. 

In addition to the size and disturbanc, 
factors above, the proper habitat must bi, 
available in sufficient quality. Factors to 
be considered include vegetative structure 
(e.g., important for gopher tortoises and 
many lizards), friable soils (for digging 
species), moisture requirements and ac- 
cess, access to dispersal agents (e.g., off- 
shore currents for sea turtles), and acces 
to symbionts (e.g., bacteria to aid gut fer 
mentation in herbivorous species). 

For wide ranging species, corridors for 
dispersal or migration (Harris, 1988; Har- 
ris and Gallagher, 1989) should be factored 
into the selection of RRT sites. Active man- 
agement should be planned for RRT re- 
lease sites (Griffith et al., 1989). but we 
caution that single species management 
may have detrimental effectson other sen- 
sitive species and should generally be 
avoided. 
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, , ,2i'r(ivhic constraints.-Population 

,: 
<tics of both the released animals 

, .il,imals already on-site, if any, 
, , (  , , cons ide red  prior to undertaking 
I ,,,,jrcts. Factors include knowledge 

, , , , , ~ i  [lie age and size structure of af- 
, , , ,llliinats, sex ratios, and social struc- 

, , I  structure must be considered 
, , of mating system, spacing and 

, , , , n t  patterns, and cannibalism. 
i ,',,,.sical constraints.-As ecto- 

, , i~~phibians and reptiles have ther- 
, zirements not common to endo- 
, HRT projects should consider 
, , . , I I / c c ~  biophysical requirements, es- 
, , , , I  I D  ensure the presence of undis- 
, asking sites. Amphibians and rep- 
. . need a proper environment for 

l o p m e r i t  (temperature, moisture, 
, , 11;inge. waste excretion, pH, ion 

, .ition). For species with environ- 
. a *  x determination (ESD), sex ratios 

iffected by the location of nest 
I 1 1  reason of deposition (e.g., Mro- 
, k i  r t  al.. 1984; Mrosovsky and Pro- 
. 1989; Vogt and Bull, 1984). ESD 

I ..iSrcts existing and future population 
! t n ,  f i i i - I , .  Many reptiles have ESD (Deem- 

I I2erguson, 1988). especially those 
I for RRT projects (crocodilians, 

!! ~ , .  

habitat, demographic, and bio- 
. I  inluirements of species are care- 
nsidered, RRT success will be ran- 

! .unl most likely to fail. We 
1 1 1 1 n i t l  that thorough knowledge of a 

I : life history requirements be a pre- 
u \ i l r  lo  the adoption of RRT strategies. 

' 1  1." k of information on the life histo- 
' 1 i tphibians and reptiles, especially 

' ~t geographic regions, emphasiz- 
a Â ¥ i  for basic research. 

l'oimlation Genetics and 
Social Structure 

I n a t i o n  biologists have recently 
* ' 1  considerable attention on the con- 
! tlie minimum viable '  uson, on, 1983; Samson et al., 1985; ., . , , , (  . 1981; Shaffer and Samson, 1985): 

1111nber of breeding individuals in 
t ion  needed to avoid possible del- 
rffects of inbreeding and loss of 

genetic variability as the result of drift 
(Simberloff, 1988). Although the exact 
consequences of small population size re- 
mains unclear (Simberloff, 19881, a con- 
sideration of population genetic factors is 
considered to be essential to successful 
management (Frankel and Soul&, 1981; 
Lande, 1988). 

The RRT programs that we reviewed, 
with the exception of the Puerto Rican 
crested toad project, did not give any con- 
sideration to population genetics when 
planning the repatriation or translocation. 
Even for Peltophryne lemur, studies on 
mitochondria1 DNA began long after ini- 
tial repatriation attempts. Although theex- 
act numbers of individuals used in RRT 
programs often are not available, in several 
cases (e.g., many gopher tortoise pro- 
grams), the number of individuals released 
is clearly much smaller that the 50-500 
number frequently cited as the minimum 
necessary to sustain a viable breeding pop- 
ulation (see Simberloff, 1988, for a review 
and critique of these numbers). In addi- 
tion, because many newly-released indi- 
viduals do not become part of the breeding 
population, the actual number of animals 
released may need to be much higher than 
the theoretical effective population size. If 
the planners of RRT programs rejected the 
idea of a minimum viable population size 
because of a sound theoretical argument, 
we would have little basis for criticism. 
However, to neglect the subject entirely 
suggests either ignorance of the conse- 
quences of small population size or wishful 
thinking that the project may "work out" 
despite the small number of individuals 
released. 

In a similar manner, we suggest that 
more specific attention should be devoted 
to the social structure of the released group 
of animals based on specific information 
from natural populations. For example, if 
natural populations of a species have a 
characteristic sex ratio, then that sex ratio 
should be maintained among released an- 
imals because of its potential bearing on 
social interactions (e.g., dominance, hier- 
archies, harem formation, movements 
away from areas). Obviously, detailed in- 
formation on the life history and popula- 
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tion ecology of the managed species is re- Because of the threat of disease t r m  
mission, we recommend that health chy timet 
be adopted for animals scheduled to cess." 

Disease Transmission relocated or translocated prior to ac~, , ,1 ~Ucce 
There are few studies on the effects of movement, particularly for groups such ;,\ (e.g., 

disease on natural populations of amphib- tortoises that are known to be susceptit>i,, ley, 1 
ians and reptiles. However, disease may be to contagious diseases. Release of long-term ' and t 
confined to localized populations and have captives should always be discouraged re10c 
serious consequences, at least on a short- Health checks should include clinical era). man; 
term basis (e.g., Dodd, 1988b). Of more uation using hematologic diagnosis (Ro5,. LC 
immediate concern is the potential for in- kopf and Woerpel, 1982) by a veterinari:.' divic 
traducing disease to wild populations from familiar with herpetofaunal patholci SUCCI 

either captive animals released into the Keeping animals in a pen or "half\\ cons 
wild or from moving diseased animals from house" may increase the opportunity i , lif e-' 
one population to another. observe disease problems prior to relea-ic 1 For 

For example, disease has proved cata- but may expose animals to other problem5 grar 
strophic and led, in part, to federal pro- including disruptionof social behavior am1 but 
tection for the desert tortoise in the west- vandalism. Individuals from an area with tern 
ern Mojave Desert (U.S. Fish and Wildlife known disease problems, such as Sanilx'l ore! 
Service, 1990b). The disease affects the up- Island, should never be moved to area, the 
per respiratory tract, hence the name up- where they could infect wild populatioi; Lor 
per respiratory disease syndrome (URDS), lea: 
and combined with nutritional problems Need for Long-term Monitoring rat1 
and long-term environmental stress is There is a critical lack of informati~u to 
nearly always fatal. Preliminary work sug- on the long-term success or failure of hcr- "ec 
gests that the agent is a Mycoplasma ()a- petofaunal-related RRT projects even 
cobson and Gaskin, 1990) that is spread when monitoring has been incorporate11 vol 
from individual to individual through di- into management and conservation pro- be 
rect contact. URDS is common in captive grams. Except for the study of gopher tor- Â£0 

reptiles (Jacobson and Gaskin, 1990), and toises by Layne (1989), Aldabra tortoises to1 
the locations of areas where the disease was in the Seychelles [Table 1). and the moi, ra 
first observed suggest that it may have been itoring of crocodilian repatriation projec bim 
introduced to wild populations from re- in India, details of reputed successes, sui., nc 
leased captives. as with sand lizards in Great Britain, arc, cc 

A similar URDS has been diagnosed in lacking, sh 
the population of Gopherus polyphemus For the other studies that we reviewed. lo 
on Sanibel Island, Florida, and more re- data are either unavailable or the projects 01 
cently near Ft. Myers and along the Ta- have not been monitored long enough to sl 
miami Trail. While it is premature to spec- evaluate success or failure. We are es- V 
ulate whether the disease is identical with pecially critical of claims of relocation sl 
URDS in desert tortoises, preliminary data "successes" involving long-lived specie. s 
suggest that transmission is directly from where monitoring occurred for a relative!! i' 
one tortoise to another, and that thedisease short time. For example, Burke (1989a 
is highly contagious and often fatal (G. claimed relocation had no effect on exist- 
McLaughlin, personal  communication)^ ing social structure of resident tortoises. 
Captive tortoises are known to have been and that tortoises could be successfully re- t 
released on Sanibel Island, and it is possible located (Burke, 1989b) despite data to the i 

that the disease was introduced by a re- contrary on related species (Berry, 1986). 
leased captive. The appearance of URDS He monitored relocated animals for only 
in a wild population is cause for concern, 2 yr at the end of which only 41% of the 

for only 10% of the time it takes to reach 

. . 
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sexual maturity hardly qualifies as enough 
time to measurelong-term relocation "suc- 
cess." Likewise, we suggest that claims of 
success involving other tortoise relocations 
<e-g., Fucigna and Nickerson, 1989; God- 
ley, 1989; Stout et al., 1989) are premature 
and tend to foster a false impression that 
relocation and translocation are proven 
management techniques. 

Long-term monitoring of marked in- 
dividuals will be required to establish the 
success or failure of RRT projects. What 
constitutes "long-term" will depend on the 
life-history characteristics of the species. 
For instance, a long-term monitoring pro- 
gram might continue 10-15 yr for a toad, 
but extend >20 yr for tortoises. Such long- 
term monitoring will establish not only the 
presence of released individuals but also 
the success or failure of reproduction. 
Long-term monitoring will ensure that re- 
lease sites can maintain their integrity 
rather than become susceptible themselves 
ro destruction or encroachment from 
'edge-eff ects". 

We recommend that RRT projects in- 
volving amphibians and reptiles should not 
be attempted unless provisions are made 
for a biologically-based, long-term moni- 
toring program. Considerationssuch as du- 
ration of monitoring that are based on non- 
biological priorities should not eclipse the 
reed for evaluation within the biological 
,onstraints of the species. RRT movements 
should be considered experimental unless 
long-term studies document the feasibility 
of the movement on the same or a related 
species. Periodical evaluation is important. 
We caution our colleagues to exercise re- 
straint when evaluating the "success" of 
such movements based on short-term mon- 
toring and data collection. 

SUMMARY 
It is not our intention to belittle any of 

the biologists or RRT programs reviewed 
in this paper. We recognize that decision- 
making in conservation biology often is 
made by non-scientists or under crisis cir- 
cumstances. Nonetheless, our review casts 
iloubt on the effectiveness of RRT pro- 
:rams as a conservation strategy, at least 

~r most species of amphibians and rep- 

tiles. Although RRT programs may work 
under certain circumstances, they should 
not be used unless all parties involved are 
prepared to make the necessary commit- 
ment for collecting baseline data, releasing 
animals under appropriate circumstances, 
providing for follow-up studies at periodic 
intervals, and publishing the methodology 
and results of the program regardless of 
whether the outcome is positive or nega- 
tive. If such commitments cannot be made, 
other conservation strategies should be 
considered. 
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RELOCATIONS, REPATRIATIONS, AND 
TRANSLOCATIONS OF AMPHIBIANS AND 

REPTILES: TAKING A BROADER VIEW 

RUSSELL L. BURKE 
Department of Biology and Museum of Zoology, University of Michigan, 

Ann Arbor. MI 48109 USA 

THE review of "relocation, repatriation 
and translocation" (RRT's) of amphibians 
and reptiles by Dodd and Seigel (1991) 
provides a summary of the literature on 
the use of these techniques for conserva- 
tion purposes. Their recommendations are 
generally sound, and apply not only to these 
conservation practices, but equally well to 
any of the myriad possible techniques used 
to help insure the preservation of a species. 
However, I believe that the evidence they 
use for support is weak, that their dissat- 
isfaction with past efforts is only partially 
justified, and thus their conclusions ex- 
treme. Basically, the question that they at- 
tempt to answer is: given that conservation 
dollars are always limited, are RRT's cost 
effective and appropriate procedures for 
amphibian and reptile conservation pro- 
grams? They find that these techniques 
have been successful in only a fewcases, 
and thus they propose a rigid set of criteria 
to be addressed before any future attempts 
are begun. My comments on their work 
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focus on two main points: whether am- 
phibians and reptiles are generally poo, 
candidates for RRT's, and how succes! 
should be determined. 

REPTILES AND AMPHIBIANS AS RRT 
CANDIDATES 

As Griffith et al. (1989) did for a much 
larger number of studies of birds and 
mammals, Dodd and Seigel reviewed RRT 
programs for 25 species of amphibians and 
reptiles and found that of the 11 projects 
that could be defined as successful or un- 
successful by their standards, five (45%) 
were successful. This is slightly higher than 
the success rate reported for 198 RRT's 
reviewed by Griffith et al. Even so, the use 
of this type of analysis is exceedingly crude, 
because it assumes that snakes, lizards, tur- 
tles, crocodilians, salamanders, and anu- 
rans have comparable potential for suc- 
cessful RRT. Certainly there is wide 
variation within each order as  well as be- 
tween them, and anyone considering an 
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