
Translocation as a Species Conservation Tool: 
Status and Strategy 

Surveys of recent (1973 to 1986) intentional releases of 
native birds and mammals to the wild in Australia, 
Canada, Hawaii, New Zealand, and the United States 
were conducted to document current activities, identify 
factors associated with success, and suggest guidelines for 
enhancing future work. Nearly 700 translocations were 
conducted each year. Native game species constituted 90 
percent of translocations and were more successful (86 
percent) than were translocations of threatened, endan- 
gered, or sensitive species (46 percent). Knowledge of 
habitat quality, location of release area within the species 
range, number of animals released, program length, and 
reproductive traits allowed correct classification of 81 
percent of observed translocations as successful or not. 

A TRANSLOCATION IS THE INTENTIONAL RELEASE OF ANI- 

mals to the wild in an attempt to establish, reestablish, or 
augment a population (1) and map consist of more than one 

release. To date, translocations have been used to establish popula- 
tions of nonnative species and restore native species extirpated by 
hunting. An increasing perception of the value of biological diversi- 
ty has focused attention on translocations of rare native species. 
These latter translocations are expensive (2, 3) and are subject to 
intense public scrutiny (4). They have varied goals (3) that include 
bolstering genetic heterogeneity of small populations (5-7), estab- 
lishing satellite populations to reduce the risk of species loss due to 
catastrophes (8, 9), and speeding recovery of species after their 
habitats have been restored or recovered from the negative effects of 
environmental toxicants (2) or other limiting factors. 

In the face of increasing species extinction rates (10-12) and 
impending reduction in overall biological diversity (12), transloca- 
tion of rare species may become an increasingly important conserva- 
tion technique. If current patterns of habitat loss continue, natural 
communities may become restricted to disjunct habitat fragments 
and intervening development may disrupt dispersal and interchange 
mechanisms (2). Increased rates of extinction may be expected in 
small fragmented habitats (13) and translocation may be required to 
maintain community composition, especially for species with limit- 
ed dispersal abilities. 

The immediacy of reduction in biodiversity (14) demands a 
rigorous analysis of translocation methodology, results, and strate- 

survey, we obtained general information on the number of pro- 
grams completed by various organizations. In the later surveys, we 
sought detailed information on translocations of (i) threatened, 
endangered, or sensitive species and (ii) native game birds and 
mammals. 

Current Status 
At least 93  species of native birds and mammals were translocated 

between 1973, the year the Endangered Species Act became law, 
and 1986. Most (90%) translocations were of game species; threat- 
ened, endangered, or sensitive species accounted for 7%. Ungulates 
(39%), gallinaceous birds (43%), and waterfowl (12%) dominated 
translocations of game species; raptors (28%) and marsupials (22%) 
dominated threatened, endangered, or sensitive species transloca- 
t ion~.  

A typical translocation consisted of six releases over the course of 
3 years. Many (46%) released 30 or fewer animals and most (72%) 
released 75 or fewer animals. 

The average number of translocations per reporting organization 
doubled from 1974 (5.5) to 1981 (10.6) suggesting contemporary 
totals of 700 translocations per year. Most (98%) of these were 
conducted in the United States and Canada. Effort was not uniform- 
ly distributed; 21% of North American agencies conducted 71% of 
North American translocations. Only 27% of reporting organiza- 
tions had protocols that specified the types of information to be 
recorded during translocation programs. 

Theoretical Considerations 
A translocation is a success if it results in a self-sustaining 

population; conversely, the founder group map become extinct. 
Theoretical considerations predict that population persistence is 
more likely when the number of founders is large, the rate of 
population increase is high, and the effect of competition is low (13). 
Low variance in rate of increase (16), presence of rehgia (9), 
reduced environmental variation (1 6), herbivorous food habits (17), 
and high genetic diversity among founders (18) may also enhance 
persistence. Suitable, protected, and maintained habitat, control of 
limiting factors, and proper care and training of captive reared 
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animals (3, 19) are also considered prerequisites of a successful 
translocation. 

We found that several factors were associated with success of 
translocations (Table 1). Native game species were more likely to be 
successfully translocated than were threatened, endangered, or 
sensitive species. Increased habitat quality was associated with 
greater success. Translocations into the core of species historical 
Ganges were more successful than were those on the periphery of or 
outside historical ranges. Herbivores were more likely to be success- 
fully translocated than either carnivores or omnivores. Transloca- 
t i on~  into areas with potential com~etitors of similar life form were 
less successful than translocations into areas without competitors or 
areas with a congeneric potential competitor. Early breeders with 
large clutches were slightly more likely to be successfully translocat- 
ed than were species that bred late and had small clutches. 

Translocations of exclusively wild-caught animals were more 
likely to succeed than were those of exclusively captive-reared 
animals (Table 1). Among translocations of exclusively wild-caught 
animals, success depended (P 0.10) on whether the source popu- 
lation density was high (77% success, n = 109), medium (78%, 
n = 37), or low (37%, n = 8). Success of translocations of wild- 
caught animals was also associated ( P  s 0.10) with whether the 
source population was increasing (83% success, n = 93), stable 
(63%, n = 49), or declining (44%, n = 9). Successful translocations 
released more animals than unsuccessful translocations (160 com- 
pared to 54, respectively; P = 0.024). 

Our results are consistent with analyses of naturally invading or 
colonizing species that show (i) larger founder populations are more 
successful (20, 21), (ii) that habitat suitability is important (21), and 
(iii) increased number and size of clutches enhances successful 
invasion (22). Our data also support the hypothesis that herbivores 

Table 1. Percentage success of intentional introductions or reintroductions 
(translocations) of native birds and mammals to the wild in Australia, 
Canada, Hawaii, New Zealand, and the United States between 1973 and 
1986. Data were obtained from a survey conducted in 1987 (15). The data 
include 134 translocations of birds and 64 translocations of mammals. For all 
variables listed, X 2  was statistically significant (P 5 0.10), implying true 
differences in the percentages of successful translocations among the catego- 
ries. Animals that first give birth at age 2 or less with average clutch size of 
three or more are considered early breeders with large clutches; all others are 
late breeders with small clutches. 

Variable 
Trans- 

locations Success 

(n) 
(%) 

Threatened, endangered, or sensitive species 
Native game 
Release area habitat 

Excellent 
Good 
Fair or poor 

Location of release 
Core of historic range 
Periphery or outside 

Adult food habit 
Carnivore 
Herbivore 
Omnivore 

Early breeder, large clutch 
Late breeder, small clutch 
Potential competitors 

Congeneric 
Similar 
Neither 

are more successful invaders than carnivores (1 7 )  and the conclusion 
that, for birds, morphologically similar species have a greater 
depressing effect on successful invasion than do congeneric species 
(23). 

We found no consistent association of translocation success with 
number of releases, habitat improvement, whether the release was 
hard (no food and shelter provided on site) or soft, immediate or 
delayed release on site, or average physical condition of animals at 
release. We were unable to directly evaluate genetic heterogeneity, 
sex and age composition, or specific rearing and handling proce- 
dures for released animals because of inadequate response to survey 
questions. 

Evaluating Alternative Strategies 
Analyses of individual factors associated with translocation suc- 

cess do not adequately reflect the multivariate nature of actual 
translocations. To overcome this problem, we used stepwise logistic 
regression (24, 25) to develop preliminary predictive equations for 
estimating the success of translocations (Table 2). An expanded data 
set or independent sample would probably yield different regression 
coefficients and estimates of success than we report. As a result, 
extrapolation to conditions much different than those represented 
by our data and applications to individual species are discouraged. 

The coefficients from Table 2 can be used to plot predicted success 
of different kinds of translocations as a function of continuous 
variables such as the number released. We present an example for a 
threatened, endangered, or sensitive bird (Fig. 1) .  

This exercise (Fig. 1) illustrates that the increase in success 
associated with releasing larger numbers of organisms quickly 
becomes asymptotic. Releases larger than 80 to 120 birds do little to 
increase the chances that a translocation will be successful for this 
particular set of conditions. The asymptotic property is consistent 
across other classifications of the data but the inflection point varies. 
For large native game mammals the asymptote is reached at releases 
of 20 to 40 animals with a concurrently higher predicted success. 

The asymptotic property of the association of translocation 
success and number released (Fig. 1) is consistent with theoretical 
predictions (13) and analytical treatments (26) that suggest a 
threshold population size below which extinction is likely, primarily 
due to chance events affecting birth and death of individuals. The 
existence of the inflection (Fig. 1) is also consistent with the 
prediction of a threshold density below which population social 
interactions and mating success are disrupted (27), again leading to 
diminished population viability. 

The coefficients from Table 2 and relationships presented in Fig. 1 
can be used to assess alternative strategies. Suppose 300 threatened 
and endangered birds are available for a translocation program and 
they must be released during a 3-year time frame. Further suppose 
that two potential translocation areas are available within the core of 
the species historical range. If the goal of the translocation is to 
establish at least one geographically disjunct population to reduce 
the risk of catastrophic loss of the species, how should the birds be 
distributed between the two potential translocation areas to mini- 
mize the probability that both translocations will fail? 

If both release areas have excellent habitat quality, and the areas 
are independent, the answer is obvious. The birds should be divided 
between the areas. The coefficients from Table 2 allow us to estimate 
the probability that a single release of 300 birds will fail (1.0 minus 
probability of success) is 0.257. Two releases of 150 birds each have 
individual probabilities of failure of 0.312. The probability that 
both will fail is 0.312 x 0.312 = 0.097; substantial gain is achieved 
by splitting the birds between areas. 
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If we complicate the picture and say that one potential area has 
excellent habitat quality and the other has only good habitat quality, 
we see that it remains slightly advantageous to split the birds 
between areas. Predicted probabilities of failure are 0.312 for 
excellent and 0.698 for good habitat, respectively. The probability 
that both translocations will fail is 0.312 x 0.698 = 0.218 com- 
pared to 0.257 for putting all birds in a single excellent habitat 
quality area. In this example, slight advantage to splitting the 
translocated birds between areas is maintained down to a total 
release of 40 birds. However, with so few birds released the 
probability that both translocations will fail is increased to about 
0.42. 

The model coefficients in Table 2 may be used to evaluate other 
scenarios. For example, given two alternatives, should a given 
number of birds be released in good habitat quality in the core of the 
historical species range or in excellent habitat quality on the 
periphery or outside the historical range? Good habitat quality in 
the core of the range is the better choice regardless of the number of 
birds released. This suggests that the physiological amplitude of a 
species nlay influence local population viability. 

Enhancing the Chances of Success 
Without high habitat quality, translocations have low chances of 

success regardless of how many organisms are released or how well 
they are prepared for the release. Active management is required. 
Limiting factors must be identified and controlled and assurances of 
maintenance of habitat quality obtained prior to translocation. 

Identification and retention of adequate habitat will require a 
combined species and ecosystem approach. Ecological information 
will be necessary to identify critical life history traits, factors 
determining habitat quality, species interactions, and minimum 

Table 2. Stepwise logistic regression (24) model coefficients for predicting 
probability [P  = l / ( l  + e-")I of success of intentional introductions or 
reintroductions (translocations) of native birds and mammals in Australia, 
Canada, Hawaii, New Zealand, and the United States between 1973 and 
1986; x is the sum of applicable coefficients for categorical variables plus the 
applicable coefficient times the value of continuous variables. The model is 
based on 155 translocations; 100 were of birds and 55 were of mammals. 
Data were obtained from a survey conducted in 1987 (15). The stepwise 
procedure was run at the a = 0.10 level for entry of terms and the a = 0.15 
level for removal of terms. Probability of larger test statistics for the model 
were x2, P = 0.90 (24); Hosmer-Lemeshow x2, P = 0.121 (24); Brown's x2, 
P = 0.537 (24). The model correctly classified 81.3% of observed transloca- 
tions based on a cutpolnt of 0.50 in predicted probability of success. 

Variable Coefficient 
(SE) 

Threatened, endangered, or sensitive species 
Native game 

Birds 
Mammais 
Release area habitat 

Excellent 
Good 
Fair or poor 

Release area 
Core of historic range 
Periphery or outside 

Early breeder, large clutch 
Late breeder, large clutch 
Log(number released) 
Program length (years) 

*Numbers in brackets represent order of entry. 

4 AUGUST I989 

I o / Fig. 1. Prelctcd proba- 
b111ty of successful trans- 
locat~on as a h c t l o n  of 
the number of animals 
released durlng a 3-year 
per~od In the core of the 

= hlstorlc specles range in 
-r 0 4  
R I either excellent (sohd 

lme) or good (dashed 
/ hne) habltat qual~ty for a 

I , threatened, endangered, 
0 0  i __--- -- or sensitive b ~ r d  specles 

2 100 200 300 400 that first breeds at 2 
Number of birds released years of age or more 

wlth average clutch size 
of three or less Probabllltles are based on stepwlse loglstlc regression model 
coefficients (Table 2). 

habitat fragment size (28). Regional approaches to maintaining 
diversity (29) will be essential to ensure that existing species and 
habitat assemblages are identified, their interactions are understood, 
and remnant habitats are protected. The latter approach may 
ultimately reduce the number of species that require translocation if 
it enhances understanding of the effects of habitat fragmentation on 
persistence of nlultiple disjunct populations. 

We may reduce the need for and increase the success of transloca- 
tions if we can improve our ability to identify potentially tenuous 
situations and act before we are faced with a rescue. Simulation 
modeling (28, 32) of the behavior of small populations of species or 
of groups of species with similar reproductive strategies can provide 
guidance for establishing minimum population and vital rate goals. 
Simulations will be most productive if set in a regional context that 
addresses the interaction among metapopulations and the spatial 
relation among reserves or potential release sites (28). 

The asymptotic nature of the relation between translocation 
success and number of animals released emphasizes the point that 
releasing large numbers of animals does little to increase the success 
of translocations. Lack of demonstrated success after translocating 
large numbers of animals is cause for reevaluating other variables 
associated with success. 

The asymptotic levels do suggest that there is a minimum number 
of animals that should be released. Because longer translocation 
programs are more successful (Table 2), the minimum number may 
be released over several years if insufficient animals are available for a 
single release. Captive rearing programs that are focused on translo- 
cation should have the goal of establishing multiple self-sustaining 
populations so they can provide sufficient animals over a number of 
years and increase the success of these expensive (2, 3) programs. 

Those planning translocations should adopt rigorous data record- 
ing procedures (19, 30). Details of translocation attempts should be 
assembled in a database. It is critical that both failures and successes 
be adequately documented. Permit-granting agencies may need to 
assume the role of ensuring that adequate records are kept so the 
database can be increased and predictability of success enhanced. 

Because of the low success of translocations of small numbers of 
endangered, threatened, or sensitive species, even in excellent habi- 
tat quality, it is clear that translocation must be considered long 
before it becomes a last resort for these species-before density has 
become low and populations are in decline. Both these traits are 
associated with low chances of successful translocation. In addition, 
obtaining sufficient numbers of animals to achieve reasonable 
chances of success may be impossible. The greatest potential for 
establishing satellite populations may occur when a candidate 
population is expanding and numbers are moderate to high. These 
conditions are the ones that tend to make endangered species 
biologists relax; our analysis suggests that these conditions may 
point out the time for action. 
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What Has Caused the Secular Increase in 
Solar Nitrogen- 15 ? 

Well-documented variations in the 1 5 ~ / 1 4 ~  ratio in lunar 
surface samples apparently result from a secular increase 
in that ratio in the solar wind during the past few billion 
years. The cause of this change seems to lie in the solar 
convective zone but is inexplicable within our present 
understanding of solar processes. This problem therefore 
ranks with the solar neutrino deficiency as a major 
challenge to our solar paradigm. 

S TREAMING OUT FROM THE SUN AT A FEW HUNDRED KI- 

lometers per second, the Ions of the solar wlnd possess 
enough energy to penetrate several hundred angstroms Into 

so11 grains lylng on the lunar surface. Thls bombardment results In a 
population of solar wlnd atoms m lunar so11 that Increases wlth the 
length of tlme that the so11 1s exposed at the surface The bulldup of 
implanted atoms, and other exposure-related phenomena, 1s termed 
"matUratl~n", maturlty 1s a measure of the duratlon of that expo- 
sure. For elements that are heavlly depleted In the moon, resulting 

concentrations of implanted atoms can be high enough to permit 
separation of the solar wind signal from the indigenous lunar 
background. Thus, lunar sample analysis has complemented space- 
craft obsenlations as a source of compositional information about 
the solar wind, and has the added advantage that the record can go 
back about 4 billion years before the start of the space program. 
Similar analyses can be done for those meteorites that experienced 
exposure on the surfaces of their parent bodies, but the data that I 
discuss in this article were all obtained by analysis of lunar samples 
collected in the Apollo missions. 

The solar wind originates in the solar convective zone, from 
which gas flows, heated by some poorly understood process, to form 
the corona. Expansion of the corona generates the solar wind, which 
therefore samples, apparently with little distortion due to fraction- 
ation ( I ) ,  the outermost 1% of the solar mass. According to 
standard solar models, the composition of the convective zone is not 
significantly affected by nuclear transformations taking place deeper 
in the sun (2). If correct, this conclusion implies that any observed 
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