Translocation as a Species Conservation Tool:
| Status and Strategy
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Surveys of recent (1973 to 1986) intentional relcases of
nativc bh‘dsandmammzlstodicwﬂdinAustralia,
Canada, Hawaii, New Zealand, and the United States
were conducted to document current activities, identify
factors associated with success, and suggest guidelines for
cnhancing future work. Nearly 700 translocations were
conducted each year, Native game species constituted 90
percent of translocations and were more successful (86
perccat) than were translocations of threatened, endan-
gered, or sensidve ics (46 percent). Knowl of
habitat quality, locag;:la of release area within th::?:ﬁm
range, number of animals released, program length, and
reproductive traits allowed correct classification of 81
percent of observed translocations 2s successful or not.

mals to the wild in an attempt to establish, reestablish, or
ugment a population (1) and may consist of morc than onc
releasc. To date, translocations have bocn used 1o establish popula-
tions of nonnative species and restore mative species extirpated by
hundng. An increasing perception of the value of biological diversi-
ty has focused atention on translocations of rare native specics.
These latter ranslocatons are expensive (2, 3} and arc subject to
intensc public saudny (4). They have varied goals (3) that include
bolstering genetic heterogencity of small populations (5-7), cstab-
lishing sacellite populations to reduce the eisk of specics loss due to
catastrophes (8, 9), and speeding recovery of specics after their
habitats have been restored or recovered from the negative cffects of
environmental toxicants (2) or other limiting facrors.

In the face of increasing species extinction rates (10-12) and
impending reduction in overall biclogical diversity (12), wansloca-
tion of rarc specics may become 2n increasingly important conserva-
tion technique. If current patterns of habitat oss continue, natural
communitics may become restricred to disjunct habitat fragments
and mntervening developd.at may disrupe dispersal and interchange
mechanisms (2). Increased rates of extinetion may be expected in
small fragmented habitars (13) and translocation may be required to
faintain community composition, especially for species with lirnit-
ed dispersal abilides, ]

The immediacy of reduction in biodiversity (14} demands a
tigorous analysis of manslocation mcthedology, results, and strate-
8y- We need to know how well it works, what factors are associated
with suceess, and what strategies suggest greatest potential success.

We conducted three surveys of contemporary (1973 to 1986)
translocations of native birds and mammals in Australia, Canada,
Hawati, New Zcaland, and the United States (15). In the first
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-ened, endangered, or sensitive specics accounted for 7%. Ungy

survey, we obtained general information on the number of] pro-
grams complered by various organizations. In the fater surveys, we
sought detailed information on translocztions of (i) threasened,
cn or sensitive species and (i) native game birds and
mammals.

Current Status

At least 93 species of native birds and mammals were transtotated
between 1973, the year the Endangered Spedies Act became| faw,
and 1986. Most (90%) translocations were of game species; threar-
tlates
(39%), gallinaccous birds (43%), and waterfow! (12%) dominated
wanslocations of game spocies; raptors (28%) and marsupials (22%)
dominated threatened; endangered, or sensitive spedies transfoca-
tons.

A typical eranslocation consisted of six releascs ovér the courke of
3 years. Many (46%) released 30 or fewer animals and most (72%)
relcased 75 or fewer animals, '

The average number of translocations per reporting organiztion
doubled from 1974 (5.5) o 1981 (10.6) suggesting contemparaty
touals of 700 tranislocations per year. Most {98%}) of these were
conducted in the United States 2nd Canada. Effort was not unifbrm-
ly distribured; 21% of North American agencics conducted 718 of
Notth American translocdons. Only 27% of reporting ocganiza-
tons had protocols that specified the types of information th be
recorded during translocation programs.

Theoretical Considerations

A manslocation is a success if it results in a sclf-sustaiping
population; conversely, the founder group may become extiner,
Theoredcal considerations predicr that population pessistente is
more likely when the number of founders is large, the rate of
population increasc is high, and the cffect of competition is low (13).
Low variance in rate of increase (16), presence of refugial (9),
reduced environmental vadatdon (1 6}, herbivorous food habics (17),
and high genedic diversity among founders (18) may also enhance
persistence. Suitable, protected, and mainmined habitat, conumpl of
limidng factors, and proper carc and waining of captive r¢ared
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animals (3, 19) arc also considered prercquisites of a successhul
translocation,

We found that severl factors were associated widh success of
translocations (Table 1). Narive ganme specics were more likely to be
successfully ranslocated than were threatened, endangered, or
sensitive species. Increased habitar quality was associated with
greaer success. Translocacions into the core of species historical
ranges were mare successful than were those on the periphery of or
outside hiscorical ranges. Herbivores were more likely to be success-
fully translocared than cither camivores or omnivores, Transloca-
tons into areas with potental competrors of similar life form were
less successful than wznslocatons inco areas without competitors or
areas with 2 congeneric potential competitor. Early breeders with
large clutches were slighdy more likely o be successfully translocat-
ed than were species that bred late and had small ducches,

Translocations of exclusively wild-caughe animals were more
likely to succoed than were those of exclusively captive-reared
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‘ animals, success depended (P = 0, 10) on whether the source popu-

{ lation density was high (77% success, n = 109), medium (78%,
- =37}, or low (37%, u = 8). Success of translocations of wild-

animals (Table 1). Among manslocations of exclusively wild-caughe -

caught animals was also associated (P = 0.10}) with whedher the
| source population was increasing (83% success, n = 93), stable
] {63%,n = 49), or declining (44%, # = 9). Successful ranslocations
- released more animals than unsuccessful translocations (160 com-
pared to 54, respecrively; P = 0.024),

Qur results are consistent with analyses of naurally invading or
colonizing species that show (i) larger founder populations arc more
successfitl (20, 21), (i) chat habitat suitability is important (21), and

- (iil) increased number and size of clutches enhances successful
[ } invasion (22). Our datz also support the hypothesis that herbivores

Table 1. Perceritage suacess of intentional introductions or reintroductions
' (mlwﬁom)ofm&wbkdsmdmmnﬂsmﬂm“ﬂdindumﬂ:,
)'JCam.d;,Haw;i.i, New Zcaland, and the Unired States berwoen 1973 and
-~ 1986. Dat2 were obtained from a oonducxed in 1987 (15). The data
-+ include 134 cranslocations of birds and 64 wanslocatons of mamumals. For ali
1 variables listed, 3* was statistically. significant (P = 0.10), implying wruc
Jdiﬂ'm in the percentages of successful translocations among the carego-
rics.Anixmlsﬂutﬁmgivtbirﬁutagczorlcsswiduvaugcdmmof
three of mare are considered early brocders with large dutches; all others 2re
r_‘lhtc breeders with small dlurches, .

Trans-
i Variable locaions ~ Suocess
- (%}
: (n)
reatened, endingered, or sensitive spocics 80 44
ative game ' 118 86
Release area habicar
— r 63 84
Good 98 69
1 Firor poor 32 3s
Location of release
-, Core of historic range 133 76
| Periphery or outside 54 48
ild-caught 163 75
Captive-reared 34 38
“Adule food habic
Camivore 40 48
\... Herbivore 145 77
Omnivore 13 38
- broeder, large dutch {173 75
Late brecder, small duch 95 62
~Cotential competitors
Congeneric 39 72
B Similar 48 52
|| Neither 105 75
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are more successfidd invaders than camivores {17) and the conclusid
that, for bieds, morphologically similar species have 2 geeatke
depressing effect on successful invasion;than do congeneric speci
(23).

We found no consistent associadon of translocation success widh
rumber of releases, habirat improvement, whether the release was
hard (no food and shelger provided on site) or soft, immediate gr
delayed relcase on site, or average physical condition of animals 4¢
release. We were unable wo direedy evaluate genedc heterogencity
sex and age composition, or specific rearing and haadling proc
dures for released animals because of inadequate response to survey
questons,

-

Evaluating Alternative Strategies
Analyses of individual factors associated with transfocation suc
oess do not. adequately reflor the multivariace nature of zousl
translocztions. To overoome this problem, we used stepwise logistic
regression (24, 25) to develop peeliminary predicrive cquations for
esdrmadng the success of transtocations (Table 2). An expanded dany
setor independent sample would probably yield different regression
cocticients and cstimares of success than we repor. As a result]
extrapolation to conditions much different than those represenced
by our data and applications to individual species are discouraged.
The cocfficients from Table 2 can be used o plot predicted suc
of different kinds of translocations as 2 funcion of oontinuoq
varigbles such as the number released. We present an exampie for 2
threatened, endangered, or sensitive bird (Fig. 1). :
This exercise (Fig. 1) illustrares that the increase in suoocss
associated with releasing larger numbers of organisms quickly
becomes asymptotic, Releases larger than 80 to 120 birds do litde o
inereasc the chances that 2 trznslocadon will be suceessful for this
pardazlar set of conditions. The asymptotic property is consistent
across other classifications of the data but the inflection point varics.
For large native game mammals the asymptote is reached at releases
of 20 to 40 animals with a concurrendy higher predicted success.
The asymprotic propecty of the association of translocation
success and aumber seleased (Fig. 1) is consistent with theoregcal
predictions (13) and analytical treamments (26) that suggest a
theeshold population size below which exdnetion is likely, primarily
due to chance events affecting birth and death of individuals. The
cxistence of che infloction (Fig. 1) is also consistent with the
prediction of a threshold density below which populadon social
interactions and mating success are distupted (27), again leading o
diminished population viability.
The cocfficients from Table 2 and reladonships preseneed in Fig. 1
can be used to assess alternative strategies. Suppose 300 threatencd
and endangered birds are available for a transiocation program and
they must be released during a 3-year ime frame. Further suppase
that ewo potential translocation areas are available within the core of
the species historical range. If the goal of the transloeation is to
establish at least one goographically disjunct population to reduce
the risk of cataswrophic {oss of the spedies, how should the birds be
distributed between the two potendal translocaton areas to mini-
mize the probability that both translocations will fif?
I both releasc arcas have excellent habitat quality, and the areas
are independent, the answer is obvious. The birds should be divided
between the areas. The coeficients from Table 2 allow us 10 cstimate
the probability that a singic relcase of 300 birds will fail (1.0 minus |
probability of suceess) is 0.257. Two releases of 150 birds each have
individual probabilides of failure of 0.312. The probability that
both will fail is 0.312 X 0.312 = 0.097; substantial gain is achicved
by splitting the birds berween areas,
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I we complicate dhe picture and say that onc potendial arca has
excellent habicat qualicy and die other has oaly good habitar quality;
we scc that it remains slightly advantageous co split the birds
benween areas. Predicred * probabiticies of failure are 0,312 for

excellent and 0.698 for good habicac, respectively. The probabilicy -

chat both translocadons will &il is 0.312 x 0.698 = 0.218 com-
pared 10 0.257 for purdng all birds in 3 single excellene habicac
quality area. In this example, sfight advantage ro spliting the
translocated birds berween “aress is maintined down to 2 ol
release of 40 birds. However, with so few birds released che
probability that both eranstocations will il is increased to about
0.42, SN ' .

The model cocfficients i Table 2 may be used to evaluace other

scenarios. For example, given two alternatives, should. a given
number of bieds be released in good habirat quality in the core of the
historical specics range or in excellent habitac quality on the
periphery or outside dhe historical range? Good habita quality in
the core of the range is the bereer choice regardless of the number of
birds releasod. This suggests thae the physiological amplitude of 2
spedics may influence local population viabilicy.

Enbancing the Chances of Success

Without high habicat quality, transtocatons have low chanecs of
sucoess regardless of how many organisms are released or how well
they are prepared for the release, Active is roquired.
Ihﬁdug&mnumbcidmdﬁodmdmnuoﬂodandmm«sof
maintenance of habitat quality obtained prior to translocation.

Idendfication and reeention of adequace habicat will require a
combined species and ccosystem approach. Ecological information
will be necessary to identify critical fife hiscory eraits, factors
determining habitac quality, spedes inccrzctions, and minimem

Table 2. ise logistic ion (24) model coeflicients for predict
probability [P = 11 + ¢™)] of success of intentional hmdm%
tdumducﬁom(mloa&om}ofmdwb&dsmdmmmhindﬁmaﬁa,
Cmada,lm mmdw“b{.?vmmmmungmbuwmxmx

; x is the sum of applicable cocfficicnts arcgorical variables plus

j mcﬂidmtdumdzcvzlucofmr&nmmhblcs.mmdh
bascd on 155 manstocadions; 100 were of birds and 55 were of sammals.
Dara were obtained from a coxducted in 1987 (15). The seepwise
procedure was qun at the a = 0.10 leved for entry of ccrms and the o = .16
kevel for removal of eerms, Probability of targer vest statistics for the maoded
were 2, P = 0.90 (24); Hosmer-Lemeshow 32, P = 0,121 (24); Brown®s 3,
P = 0.537 (24). The mode] carvecdy dassificd 81.3% of observed transtoca:
tions based on a cutpoint of 0.50 in predicted probability of success,

. Coeflicicnt
Variable ~ (SE)
' T1418 (0738)
Theeztened, endangered, or sensitive species ~0.972 (0.253){1)*
" Native game o v 0.972 Euss;%l}
Birds =0.919 (0.374)(6}
Mammals 0.919 (0.374)(6]
Rdlease apea habiae :
Excelient 1.681 (0.438)(2
Good : 0.053 (0.314)(2
Fair or poor —1.734 (0.450)[2
Release arca .
Core of histatic range 1.028 (0267)[3
" Periphery or outside —1.028 (0.2%67)[3
Early beeeder, lagge dutch 1.080 (0.355)(S
Late broeder, large clutch -1.080 (0.355){5)
Log(number rékased) 0.887 (0.405){7)
Program length (years) 0.181 (0.074){4)

*Nurbeis in brackers ropresent order of crury.
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) - with a irze
-of three or less. Probabilities are based on stepwise fogistic regrestion mbdd | ]

habitac fragment size-(28). Regional approaches to

- establishing satellice populadons may occur when 2

1.0 e e— Fig. 1. Predicred freola. - '
bificy of succclsfil tepng. | | |
2 08 _ . 1 location as a function of ! | §
3 e e the number of apitnaly
:3: 0.6 /".’- xeleased duri Z a 3-mr
:I -~ pedod in dhe oo olthc|
£ 04 —{  Nisworic specics cange in
] e cther  exoclie (solid [_
fod i) o o
& /, Ime)bab;w: : " .
00 i : or sensitive bird specie:
2w 200 . 300 40 dhar firse
: Humber of birds released yeus of age| or
wverage duch (size

cocffidents (Table 2).

L0 »
diversity (29) will be essential 0 ensurc that existing specics 3 U
habigat assemblages ace identified, their interactions are underswoiod
u:dmnm;hzbimmpmmcmd.'rhc,hm:rapp ay
uldmately reduce the number of species that require translocation if [
it enhances understanding of the cffocts of habitat fragmentation on ]
pesistence of multiple disjunct populadons. :

We may reduce the need for and incarease the success of sransigea-
tions if we can improve our ability to identify potentially penubus ’J

situations and act before we are faced with a rescre, Simulatia l
modcling (28, 32) of the behavior of small populations of specics or
of groups of spocies with similar reproductive strategics can provide
guidance for establishing minimum populadion and vital rite po; |
Simulacions wili be most productive if set in a regional cor
addresses the interaction among metapopuladons and dh
relation among reserves or potential release sives (28).
The asymptotic nature of the relation between translocatio |
success and rumber of animals released emphasizes the p
welcasing large numbers of animals does littde 0o increase the suogess
of manslocations. Lack of demonstraced success after transl
large numbers of animals is cause for recvaluating other
associated with success.
The asymptotic levels do suggest thac there is 2 minimu Doy
of animals that should be released. Because longer translocatic i
programs are more successful (Table 2), the minimum -
be released over several years if insufficient animals are avai
i Capdve rearing programs that are focused o
ation should have the goal of establishing muldple self-spstaining |
populations so they can provide sufficient animals over an m of
years and increasc the success of these expensive (2, 3) programs. -
Those planning translocadons should adopt rigorous data reoord- | ]
ing pracedures (19, 30). Details of translocation atcempts should be |
assembled in a daeabase. It is critical thac both failures and successes
be adequately documenced. Permit-grantng agendies may| need [
assume che role of ensuring that adequatc records are kepe so the |
database can be increased and predicuability of success enbanood.
Boaause of the low success of translocations of small numbers of
axdangered, threatened, or sensitive specics, even in excellent
tac quaiity, it is clear that translocation must be considered
before it becomes a last resort for these species—before density
become low and populations are in decline. Both these traits
associated wich low chances of successful eranslocation, In addit
obaining sufficient numbers of animals 1o achieve
chances of success may be impossible. The greatest pot

population is expanding and numbers are moderate to hi
condidons are the ones that tend o make endan
biologists relax; our analysis suggests that these condidons

point out the time for 2cton.
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