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ABSTRACT: The mountain goat {(Oreamnos americanys) has been introduced
inta at least 29 areas. Eleven of these transplants were evaluated to
derermine what effects the demographic characteristics of the intro-
duced stock had on population growth. The averape rate of increase
for introduced populacions up te 20 years post-introduction was com
pared to the following paramerers using simple and mulelple reégress—
ions: the number of individuals released, the number of different
populations fros which the introduced goats were taken, the sex racio
of the animals released, the pnumber of introductions, the average
number of goats released per introduction, and the average time inter-
val berween subseguent introductions. Significance of these regress—
lons was tested using an F-test. For all parameters, either alone or
in combinacion, no significant correlaticons were found. This may
Indicate that other factors related Eo habltat qualiey and environment
mav be more important in influencing populatien growth than the demo—
araphic properties of the individuals reléansed. [n average, 13.5 poats
were released inm 2.] intreductions per population. The average male-
to-female vatio was 0.622. The mean number of populationa from vhich
transplanted poats were taken was 1.6. Tt was noted that the three
populacions having the highest rates of incresse had some factor such
as palt vhieh mav have oncouraged the population to stay together
rather than disporso.

0f all the Norcth American ungulates, the mountain goat is one of
the least studied and understood. The natural distribution of the
mountain goat during historical times has heen Testricted to the mount-
ainous regions of MNorth America, principally west of the Continental
Divide (Fig. 1}. There are many arcas of porencial habicar bevond che
native range of the mountain goat, especially in the Central and
Southern Rocky Mountains (Rutherford 1972a). Mountain goats have been
introduced into many areas where seemingly unoccupied niches cccur in
order to help meot the Increasing demands for hunting and non-consump-

tive uses of wildlife. Since the early=to-mid 1920's, more than 278
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Figure 1. Distribution map for the mountain goat in North America
showing the native (striped) and introduced (solid) range of this

specles (after Johnson 1977a).
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goats have been introduced in at least 29 areas (Table 1).

Though many reports have addressed the procedures uwsed in trapping
and transplanting mountain goats (Couey 1948; McDowell and Stockstad
1952, Rutherford 1972b, Rideouc 1974), few have looked at the demo-
graphic parameters of the groups of individuals which have been re-
leased. The purpose of this paper is to evaluate the performance of
successlul pountain goat transplants with respect to the charactarlstics
el the geats vhich were relessed. TFor this discussion, a "successful"
mountain goat transplant is defined as an introduction in which the
population increased and is still in existence. FKnowledge of what
effect thase parameters have on population growth would be useful in
formilating guidelines for future Introductions.

Ic 18 abvious that the habikat to which the goats are released
pust be suirable. Otherwvise, the new population cannot establish ftself
regardless of the quality or quantiey of individuals released. The
following analyses presuppose the above to be true, though relative
differences among habitats of different populations may oceur as well
as vary through time. It is also apparent that these envirotnmental

differences may influence the populacion response of imtroduced herds.

METHODS

Riney (1967) identified 5 tvpes of populntion responmes for incro-
duced species In nev habitacs: (1) size of the animal, (2) age structure,
{3) sex ratios, (4) population densicy, and (5) physical condition. 1

have chosen aspects of types 3 and & for gnalyvses based upon published
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gocounts. Specificallv, I examined che effcccs of che Tollowing

parameters on population proweh:
{1} mumber of individunls relensed.
{2) numbaer of difforent populations from which the
transplonted stock was taken.
(1) gex ratio of the introduced animals.
{4) overage number of poats reloosed per intreoeduction.
(5} number of Introductlons,
(6) average time incerval becween incroduecions.
Age vatlos for the introduced aonimals were omicoed from the analvses
since these were seldom reported.

ne would expect the number of goats introduced to bhove an effect
on how rapildly a population attainéd a particelor sfeze (Fig. 2}, cven
though the rate of increase would be independent of the number of goats
introduced during the Initial growth phase of the population. It appears
that many introduced mountain goat populations may incrcease cxponentially
until density-dependent factors become more influential. Exponential
growth phases have been demonstrated for mountain paat papilat ions on
Kodiak Island in Alaska (Hjeljord 1971) and the Gore Wampe In Colorade
{Theompson and Cuenzel 1978). Hicljord (1971) noted that mountain goot
populations do not appear to overshoot thelr earrving copacity as drastle-
glly ag some other ungulates (Klein 1988, Coughley 1970).

Inteoducing geats from different populations might Increase the
likelihood thot some of these Individuals could better explolt the new
habitat and increase the chances for o successful transplant. CGenerally,
introduced populations result from the teleade of relatively lew Individ-
uals which might cause proble=s associated with inbreeding. Selectling

animals for transplant from more than one population might alleviate some

of these potential problems.
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Figure Z. The effect of the number of animals introduced on population

growith assuming an exponential rate of increase of 0.235.
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The ratdie of males to Mlemales in the fntroduced stock mav influence
the rate of increase by affecting the potential number of offspring that
may be produced. This assomes that these animals survive and reproduce.
Since age=specific lfertility can fafluence population growth, age
ratios cannot be neglected. The number and frequency with which addi-
tional animals are releasad fnto the population might also be an imp-
ortant factor.

Published aceounts of mouncain goar introductions wers examined
and the & parasecers above were tabularized for comparison with popula-
tion growth daca. Perhaps the hesr measure of actual performance of an
introdured population with respect to population growth would be the
amount of time it took te reach o specified population mize following
release. By this approach, one could evaluate population growth as a
function of time after release. Unfortunately, very little continuous
dato on populacion sizes exist for introduced mountain goat herds and so
this method was abandoned.

Ingtead, | selected the average {observed) rate of increase, r,
ag the measure of population growth for comparison with the introduction
parameters. This was determined for each population by the following

equation?t

¢ (equacion 1)
where: N = initial population size (usually the numbar of
poacs introduced).
¥, = population size t years later,

£ = time interval in years from Hn to HE'
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However, the average rate of Increase must be used cantiously when
comparing populacions as discussed below.

The rate of incresse moy be considered as some Ffunctlon betwien
the difference in birth and death rates. For anv given value of T
there ave a variety of combinations of bilrch and deach rates. FEach
population has an intrinsic rate of Increase which may be subscoquently
reduced through density-dependent and densicyv=independent foctors.
Fregquently, T may decline as hipgher population densities are roeaehesd.
Denslty-dependent k}d production has been obsorvial io many mountali
goat populations (Hjeljerd 1971, Balley and Jolmson 1977, Stonelberg
and Foss 1977).

When tn-pating';'n, one must be careful to compare similar £ime
periods. Average rates of increase for older, stabilized populations
may be lower than r's for younger, expanding populations although an
slder population may have had a higher r when it was that young.
Presumeably, once an introduced mountain goat population bias reached
its habitac's carrying capacicy ond equilibrated, r would be averaped
with zero over time, unless some pertoarbacion digrupted the equd ] ibrdom.
For this reason, only r's determined for mountain goat populations up to
20 years post=release were used in the analvses. This perlod would be
comprised mostly of the growing phase of the populastion (Fig. 1). Wherse
multiple Introductions occured over several wvears, @ populotion estimate
taken after the introduction period was used as the initinl population
size, N_. in equation 1. The accuracy of the r determined for these
populations depends on the relisbility of the population estimates used.
Moch of the data on dntroduced mountain poot populaf joms cosld oot e

included in the analyses because of the sketchiness of the infarmation.
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Figure 3, Populatlon growth for 3 intreduced mountain goat herds.
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There are few mountain goat populatlons vhere consecutive populacion
data have been collected, particularly [or early vears [following
introduction.

The usable data were analyzed using simple and multiple regress-
long. All subsecis of the set of Intreduction parameters were regress—
ed ngalnst ? for that population. An F=test was performed to determine

the overall significance of the regression relationship.

RESULTS

The data [from eleven introduced mountain gost populations wsed in
the analysis were tabularized (Table 2). The results of the various
regression analvses were consiscent. None were significantly correlated
(p*7.5), but appeared to be quite independent of r. Figure & A, B, and
 shows 3 of the simple linear regressions and the scatter diagrams for
these data.

Baged upon the information in Tahle 1, an average of 13.5 goats
have heen released in 2.1 introductions per introduced population. The
mean male=to=lemale ratio for these introduced herds was 0.622. Goats
for trangplantcing were taken from an average of 1.6 different popula=

tioms.

BISCUSSTON

A was previously sentioned, the weak relationship between r and the
number of goats transplanted would be expected (Fig. &4A).  Howewver, other
factors associated with the number of poats introduced might have had some

influence on population growth. @me might expect the sex ratic of
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Fipure 4. Least squares regressions of (a) the number of goats
introduced, (b) the number of parent populations from which the trans-
plant stock were takenm, and {c} the ratio of males to females among
introduced goats on the average rates of increase of populations at

20 wears or less since trameplanmt.
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introduced goats and the number of different populations from which
these animals came to have some influence on population groweh though
the analvses did not support these expectations. It may be that the
available data are insufficient for making comparisens betwean pop=
ulation growth and these parameters. The range in number of goats
introduced is relatively narvow (4-27). Perhaps 1f daca were available
on populationz where more goats had been transplancted, cthen some differ-
ences might have been apparent.

Although the above argumencs may be true at least in part, the
seattering of che daca tends co indicacte that there is very little tend-
ency for chese faccors to correlate. Possibly, other aspects of the
demography of Introductions, for which little data exist, may be more
important. However, it seems more likely that factors such as habitac
quality and gquantity or severity of the environment may beé more imsportant
than these demographic considerations.

Though variations in reproductive output have been observed in intro-
duced mountain goat herds (Hibbs 196%, Bailey and Johnmon 1977), the
greater proportion of the variation in rates of increase may be explain-
e#d by variation in mortality rates as Caughley (1970) observed for
Himalayan thar (Hemltragus Jemlahicus) in New Zealand. The greater
portion of this mortallity may be attributable to losses in the kid and
vearling age classes (Hibbs 1965). 1t appears that as a mountain gosat
population begins to grow, the major portien of kid and vearling mortality
may be denslty=independent [(Balley and Johnson 1977), hence environmental

factors may play an {mportant role in determining r's. Adult morcality
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may be lower ss the population begins te grow as density-dependent In-

Fluences would be relatively minimal. Sinclair (1977) concluded thatr

juvenile morralicy of the African buffale (Svncerus caffer) was prob-

ably density=-independent while adult mortality was densitv=dependent.
Some mountain goat populacions exhibited fairlvy high r's follow=
ing inctroduction. The Crazy Mountains (Lenctfer 1955, Sctoncherig and
Foss 1977), Gore Range (Sandforc 1973, Dennev 1977, Thompson and
Guenzel 1978) and Black Hills {(Harmon 1946} populations hawve showen
tapld growth rates which could not be explalned by anvy of the para=
meters investigated. It may be that these populationE were somewhat
isclated so that goats did not tend to disperse far from the transplant
gite. Particularly noteable for the Crazy Mountains (Lentfer 1955) and
Gore Range (Thompson and Guenzel 1978) populations was the uwse of salt
to attract goats and keep them in the range. By keeping goats together,
thé opportunity for finding mates, even at low population densities,
would be enhanced and more females would be likely to breed and hear
voung than if chey dispersed. Survivorship and fercilicy in some of
these introduced populacions may he extremely high relacive to some
native goat populations. 1t may be erroneous to assume that morcality
patterns for native herds, especially for adults, would be similar to
those for increasing Introduced populoacions. Physleologically, these
high rates of Increase may not be too unlikely. Weoodgerd (1964} described
the dynamics of a bighorn (Ovis canadensis) population where T was de-
termined to be 0.263 (Buechner 1960). Since twinning Is considered to be
guite rare in bighorn populations (Ceist 1%71) but copmon in mountain

goat populacions (Brandborg 1933, Hibbs 1965, Balley and John=on 1977,
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Thompson and Guenzel 1978) as indicated by high kid:nanny raties, it
seems rengonnble to assuse that goat populations have the potential to
increase more rapidly than bighorn populations.

In conclugion, 1 feel that demopraphic eharscteristics af the
tranaplanted stock may have an influence on population growth, but
other [actors relating to the environment of che incrodeced populacion
are more important in influencing population growth. Sale or other
minerals may be useful in helping an introdoced population become
established. By evaluating the habitat of potencial cransplant sites,
wildlife managers may be better able to determine the potential success
of the transplant. Reinforcing che habicar evaluation with considera-
tion of the quality and quantity of the individunl goats selected for
release, chonees for a successfully established mowmtain goat popula=-

tion may be Improved.
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QUESTIONS - RESPONSES

Tom Butte: Could vou tell us how you calculated the rate in increase, what
you labled the rate in increase?

Rick Guenzel: Yes. The rate of increase, you can look at in a couple of ways.
Une of them; suppose you know what the population size is at sometime, like at
introduction or if your going to have multiple introductions you know what it
15 after the last introduction. You call that the initial population size and
you know at sometime later, as far as the average rate of increase goes, what
the population size is say "t" years later. You divide that population size
of "t" years later by the initial population size, take the natural log of
that, divide that by "t" years and that will give you an average rate of increase.
If you just wanted to get just the rate of increase and you had good data year
to year, you could just take the inftial population size in say N_ then the
population size then would be N +1 and so it would work out. You"could plot
those and that's how you could “get one determinant in the intrinsic rate.

Tom Butts: One thing that you mentioned was that you couldn't; you know you can
try to look at the sex ratios that were transplanted and yet you said there were
problems in calculating or getting from the data the age of the animals trans-
planted. I would think, number one, that would enter into your rate of increase
because 17 for instance you had a number of young or pre-breeding animals versus
if you had a number that were breedin an1md{s that would make & big difference.
I think the sex ratio thing is something that a lot of people in the past haven't
looked at carefully. When 1've looked at population rates of increase calculated
for bighorns for instance, they come up with a number, whatever you know little
"r" whatever you want to call it, but, and then they compare it to another
population and they say one population had this fast of a arowth rate compared

to the other, but I don't think they were done over & long period of time.

Rick Guenzel: Actually your right. The sex age ratio data is really important.
[ didn't have it so I couldn't use it. 1 think that even if 1 did it would
improve these, but 1 think it may be intuitive that other things are influencing
the rate of increase besides those as well.
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