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RESTRACT

To be most effective, a proorsm of oame menagement must recoonize that
a wildlife species is not gemetically uniform. Moreover, the genetic
guality of a ponulation i= subject to degradation if care is not taken to
assure its ouality. This paper discusses some sources of genetic quality
and steps which may be teken to sssist in its preservation.

INTRODUCTION

Wildlife managers are paylng Incressing sttention to the germetic
guslity of the oopulations they manage. Yelt current practices fall far
short of producing the advantages that woild mesult from optimal genetic
mananement. Thers are several bona fide reasons for this lag. First, an
appreciation of the genetic diversity present in natural populations has
only recently been developed. Second Is the difficulty in resolving the
biolonical significance of this diversity. Thirnd, the curricula of
wildlife management trainees has not emphasized penetics.

Wild1{fe management has rightly emphasized habitat Improvement as a
means for improving the ouality of the species In ocuestion. The velue of
this approsch, when properly apolied, is Incontrovertible. However,
snother Important comoonent of the species-hebitat system is the penetic
ouality of the ponulation. An understanding of the nature of this
component of the system together with the ability to manipulate it, could
pay grest cividends. The manager's work could be made more productive and,
perhaos, at l=ss mupense. The genetic lessons learned by breeders of
domestic livestock are readily sooliceble to many problems with wildlife.
Faillure to exploit the potential values of genetic management would be
unjustified.
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GEMETIC DIVERSITY

In workino out practical procedures for genetic management, the first
problem is to determine the kinds and extent of genetic d!versity present
in the species. Some differences may be relatively simple, e.g., those
hetween snow oeese and blue peess. These are referred to as gualitative
traits. At the nhenotynic level they are usually so rare, or of such
small hiolonical significance, that they are of little value as tools in
wildlife manpagement. However, at the biochemical level rdiscrete
differsnces such as those seen in different forms of enzvmes or otbker
oroteins may ke valuable in evalustiing the genetic structure of
populations,

In contrast to simole cualitstive veriatlion, ouvantitstive differences
are of much more interest to the game menaoer because such tralts as
reoroductive perfommance, orowth rates, end stature fall within this
coterory. Unfortunatelv, the gemetlc basis of these tralts is not as
rlear-cut as with pualitstive traits. Moreover, In neneral, envirormental
effects sopear to be more Imoortant in the determinetion of the definitive
phenotypes in these cases. Monetheless, they are of such 'moortance that
the extra effort reguired to terse out the role of the genes In the
muantitative traits is well repald. For example, feed efficlency, rate of
galn and egg oroduct fon in chickens have all been wvastly Improved through
the gpolication of the proper technigues of genetic management.

Genetic diversity {5 maintained by the action of four factors;
mutation, oene flow, nommalizimg =election and large, stahle population
size. Mutation typically results in the introduction of a small, steady
flow of new genetic material Into the gene pool. Admittedly most of these
newly arlsen varfants sre soon Jost from the pooulatlon simply due to
chance even If they do not convey & disedvantage on the carrier. However,
some faw, ususlly those convering some slight edventage or with effects
nearly neutral as compsred to the pre-existing alleles, will be retalned or
eyen incresse in the gene pool. Hence they contribute to the maintenance
of pemetlc diversity.

Gene flow was long considered to be a major source of nenetic
diversity. It has its hesis in migration, 1.=., animals migrating from one
nopulation and being incorporated into the bresding stock of another
pooulation would introduce "forefon™ genetic materisls. The extent of pene
flow in natural population was examined by Raven snd Ehrlich (1970) and
they concluded thet it was far less significant force in malnteining
riversity than has reen oreviously assumed (Mayr 1963). Fortunately, Tor
the game manager, the ab'lity to transplant stocks permits Rim to use
artificlal nene flow much more effectively than might occur In natural
populations.

Homallzing selection describes the situation in which those
individuals lving near the rean of the pooulation distribution leave
relatively more offspring in the next peneration than those lying near



g! ner extreme. The effect of such selectior is to maintein the structure
cf the population In its present state. Since Individuals lying near the
mean are usuelly beterczygous at more loci than those at the extreme, then
rommalizing selection acts to maintain penetic diversity by tending to keep
contrasting alleles In the gene pool. Without doubt, this is the most
jmportant mechanicsm responsible for maintaining diversity.

The reason large, stable pooulation slze tends to maintsln diversity is
that under these clrcumstences genetic Jrift carmot be very effective,
Cenetic drift Is an outcome of small ncoulatlon effects, Imsoine Flipoinmg
8 penny ten times. A result of 7 heads and 3 talls would be no great
surorise, but it would be & 20 percent deviation from the expected 5:5
ratio. Mext, Imagine s trial of 100 flips. A result of the same percent
devietion, l.e., 70 heads end 30 tails woulr lesd you to suspect comething
was wrong with the coin. In just the same way, varlation in cenetic
structure of pooulations can he affected by the number of trlals. A large
stable population of 1000 individuals would have 2000 gametes drawn every
generetion to form the rext generation. A pecoulation of 10 would result
from only 20 oametes. Other factors heino ignored, the expected proportion
of the gametes drawn in =ach case would be predicted by the proportions of
the various alleles present in the preceedino oeneration. However, in
small ponuletions, the potentiality for devistlons from expectetions are
greater than In larne populations. Conseguently, chenges In allellc
frequencies simoly due to the eccidents of oametic samoling are expected to
gccur more ofter In smaller than In larger oooulations. This ohenomenon,
called oenetic drift, has ootentlally dangerous conseguences in wildlife
management. It 1s one mechanism by which the oenetic diversity of a
pooulation mey be degreced.

So far we have discussed the nature and malntenance of gemetic
diversity, but have not specifically addrezsed the issue of its biologicsl
significance. Tt might Initially sppear that a genetically homogeneous,
phenotypicelly uniform stock might ke more easily menaged than cne with
areater diversity. BSut let us exanine the consequences of reducing
diversity by contldering inbreeding. Inbreeding of close reletives is a
very sffective way to reduce the range of genetic heterogeneity in &
population since it tends to eliminate certain alleles arnd increase the
proportions of their alternates. One of the most often cited cases of
reduction of fitress is seen in corn (Zea mays) (Neal 1935).

Figura 1 shows the effects of inbreeding on yield. Mot only nlants,
but animels also show these effects as shown by the work of Albolanalp
(1574). Some of his data are presented in Table 1.

The date in Table 1 were derived from lines which were only 25 percent
Inbred. Yet, the reduction of ouality in important traits 1s obvious.
Mote also the rather striking differences when comparing chickens and
turkeys with ouail and chukars. The two former species have been under
domestication for a long period and have undergone exten=sive inbreeding
during this oerind. This would have exhausted part of their oenetic



diversity and conseguently reduced the potential for further inhreecing
dgpression, The ouall and partridge are nearer the ratural condition and
the drastic effects on these species should he noted by those who would
attemot genetic management of wild species. They are much more subject to
the degradative sffects of inbreeding than species which have a long
history of domestication.
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Figure 1. Relationship between Inbreeding coefficlent and yleld in cotn
(Datas from Neal, 1935).

Tahle 1. Effects of inbreeding on four soecies of palliform birds.
{Outhreds = 100)

Japanese Chukar

Trait Chicken Turkey Quail Portridge
Hatchabllity =20.0 B3.4 T2 TL. 3
Fertility 57.1 98.9 75.2 7l.1
Female viablility 94,3 90.7 8l.5 2.1
Ego production 20.4 £9.5 83.9 g4.1
Total reproduction T4.4 61.6 35.9 3451
Mean lnhreeding depression 1,183 1.938 4.098 4,303



The reciprocal effect of Inbreeding deoression is celled heterosis, or
hybrid vigor. Although a number of matings between specles do produce
hiohly vigorous offsprings, e.o., the mule, this type of hybrld
{intersoecies) is of little relevance to game managers. The hybrid viger
we refer to Is that resultimg from crossing different strains of one
species. The l1iterature of plant end animal hreeding is replete with
gxamples. Everyone 1s now familiar with the great immect the use cof hybrid
corn has made on American egriculture. Although records of natural hybrids
are abunrant, rfata on the relstive vigor of these organisms is saldom
nathered. Yet, laboratory experimerts comparing beterozyootes and
homozygotes In frult flies (Wallece 1981) sungest thet the phenceenon of
heterosis is generally spolicable in most animals. Two field studies are
relevant to this problem, Sinoh and Zouros (1978) detemmined that hioher
Tevels of heterorygosity were associated with greater orowth rates in
oysters (Crassostrea). Batttaglia (1958) crossed two fems of the cepepod
crustacean, Tisbe reticulata, and showed that the heterozygotes have higher
survival than either of the homorygotes. The gains from cross-breeding
beef cettle suggest that ungulates are no exceptlon to the Increase of
vigor resulting from outbreeding.

FOPULATION SIZE AND TMBREEDING

Effective breeding population (Ng) 15 a term used by Wright (1948) to
denote a statistic useful in predicting the potential effects of ncoulation
zize and =tructure upon the varlance In pene freguencies In succeeding
generation=. Its significance can be understeod by consicdering a few
exgmples. First, I the numbers of the two sexes contributing gemetes to -~
the next generstion are uneoual, sey as In harem formers, the contribution
of the breeding meles will be disorooortionately orester than esch of the
females, 1.e., the males will he more "important™ penetically. The Mg in
this instance can be calculsted by the following eguation:

He = K 4N (1)
+Ne

Where M. and M¢ are the numbers of males and Females, respectively.
For exgrole, 8 hand of sheep which has 20 ewes and two rems would heve an
effective breeding size of only 7.27 instead of 22.

Armpther situation causing Mg to be misleadingly small 1s when
population numbers very during different generstions. This would exist not
only with cycles of sbuandance, but during periods of population growth.
For examole if a oopulation of 10 parents were to triple in numbers of
renroductives, in four succeeding cenerations, the value of Mg would be
calculated from the eouation:

TR 1 Qi |
it ?%14-”2\#% N (2)

Where t reoresents the number of generations and H%. Mo etc, represent
the numbers 'n each generstion, In the examole cifed, the effective



bresding oopulation over this interval turng out to be aporoximstaly 33.5.
It is far less than omne might have sssymed since the fimal populatlion was
P10, The reazon ageain is the disproportionate represantation of the genss
of certain individuals. In this case they are the original generation.

One megsure of Inbresding is the probahility that the two alleles &n
individual recefves gt - given locus are identical hy descent. That is,
that they are both conies of a specific, simmle oene nresent in zome
imdividual ancestor. It should be noted that an oroanism could be
remorygous, i.e., having both alleles at & locus fdertical, but if they
were derived from unrelated ancestors this does not represent inbhresding as
used here. The degree of inhreeding in a ponulation is deroted by F, t
coafficient of lrttreedir_!i. This value can be calculated in & number of
different weys echnioues for doing so are shown in a number of tests
cn population genetics (for exsmole, Falconer 1960; Spiess 1977). For our
present ournose, suffice It to say thsat values of F could tange from zero
in 8 totally outbred situstion to 1 in the cese of complets, total
inbreeding, ®.0., the offsoring resulting from moncoloids.

How let us tumn to an examination of the relationship hetween effective
breesding nopulstion and Inbreedino, Frackel and Scule (178]) following
Wright (1971), showed the loss of heterozygosity In & population as a
chanog In the inbreeding cosfficient of the population, This amounts to
the aguivelent of an Increase in Jnbreeding. Hetrozygosity is lost at a
rate aiven by the expression:

&F-ihc-%ﬂn‘.%‘f (3)

Where F is the change of inbreeding coefficient and the other notations
is 35 In {1).

One of the rules of good genetic managpement employed by the breeders of
domestic animals 1s to opemmit no more than 1 percent Inciease In Inbreeding
per oenaration, This substituting irto eguation 3:

2 Ne -'%1
H-E bl 5‘u

Ttws if the number In each sex reproducing were 25 of the F would not
excesd the ] percent per geperstion cefling. However, with uregual sex
ratio, as is tyolcal in many ungulate species, the situstion Is a bit more
comnlex, IFf tha =ex ratlo of repreductive adylts were, spy 5:1, then, Tor
example a population of 15 males would require 75 females for F to be no
more than 1 percent. Moreover, some oulck calculations would show thet 15
would he approximately the minimal number of males in a8 population wherein
the 1 percent 1imit per nemeration woulr® rot he exceeded. At numbers lower
than tris, the number of females recuired begin to skyrocket toward
kiologically untealistic levels.



DISCUSSION

In view of the foregoind, seversl ouestions concerning the genetic

management of wildlife stocks sorimg fmmedistely to mind, Amono them are:

1. If Inbresdimg §s s0 deleterious and such a likely outcome of small
oonulation effecte, how fs It that any of the small bands of
wildlife bave survived?

Z. What can ba done to counter the notential deleterious effects of
Inhreedi ng?

3. Would rot outbreeding, by Introducing new individuals from other
nooulations, tend to reduce the fitness locsl ponulstions had
achieved through a history of matural =election?

&. In esteblishirg @ new oocpulation in & previously urcccuofed area,
how many Irdividuals should be moved?

Consirering these ouestions en iatlm, first, why have sny small bands
survived? The snswer must naturally be eculvocal because the effects of
reift are not uniformly predictsble., The very reme sugpests that there 1s
no systematic effect from thls factor. However, it may be that some of
these oroenisms, e.o., small bands of sheep or noats have undergone a prior
history of Inbresdimo, like the chickens and turkeys slluded to esrlier and
consaquent ly do not suffer as much inbreeding denreseion as they might
otherwize. In view of the social structure of the species, they would be
expected to have lower M, than species which are monogamous. If the
assymption that they sre already rather hiohly inbred s true, this does
not invalidate the oroposition thet they would berefit from outbreeding.
Reference tr Figure 2 =hows the reletionship of lnbreeding end contirued
consanguineous matings.

Mote how the jncrement in F diminishes as the oenerations procesd. If a
nopulation is almeady at, say genaration 15, continued inbreeding for an
agditional 15 agererations will have & relatvely small »ffect on F as
compared to the foregoing 15 cenerations. Conversely, outbreeding after
the 15th peneration of inbreeding would be expected to produce » dramatic
reversal of inbresding depression. In fact, the resulting hybrid vigor
should he relatively greater in the first ration of outbreeding than in
the ensuing nererations. So, de=nite the fect that some nrganisms might
survive in the face of high levels of Inbreeding, these are the populations
which may respond most favorably to outbreeding. This pessibility should
he ponsldered for exploitatlon.

The snswer to the first guestlon Immediately =uppests an answer to the
second, l.e., what can be done to counter Inbreed’ng deoressicn? The
answer s to outbreed by introducing unrelsted snimals into the small
fsolated stocks. The number regulired to offset the effects of drift Is
surprisingly small. Wright (1%3l) oroposed that the introduction of one
outside Individual Into 2 populetion every generation 1s adeguate to offset
the effects of drift.
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Figure 2. Effect of rifference breeding systems on Irbree’ing coefficient.

The third question concerns the disruption of an adapted population by
introduring individuals from other =tocks. The guestion is valid, but when
al]l factors are considered the prohlem is, on balance, a relatively small
one. Most large mammals pre more clo=ely adspted to the general niche than
they are to the specific set of physical end biotic parameters in their
immediate envirormemt. Such factors as general vigor, fecundity and
digease resistance sre general sdaptations, not adaptations to @ particular
gecoraphic area., Consaguertly, the speclal (locel) sdeptedness is not
nearly so important in these socially end physiologically well buffered
animals. PAny slight dimfrnution In special sdsotedrmess caused by the
introduction of rew indivduals is likely to be more than offset by the
increase in the fitness of oenersl sdeoted treits. Moreover, selection
should continue to sct to eliminate the undesirable slleles which reduced
speclal adaoterness. %o, unless the deoression cauvsed by Introduction was
l:n'.:ui_.- :r:trm. the population's genetic ouality would be Improved at 1ittle
MeL CNSks

In introducing rew individuals, the oroblem of disesse control should
be oiven a aoreat deal more ettentlon then the sttemustion of fitress,



In answaring the last ovestion (sfze of a rew colony?) several
constraints must be considered. MNaturally, svallable fiscal and biclogic
respurces aTe orimery conCerns. WIth respect to oemetic guallity, the
rumber to be transplanted i{s not ouite so important a5 the genetlic
structure of the transolanted animals and the prosoects for their rumericsl
expansion. If thay have come from an inbred stock, they would be less
1{kely to be successful Yhan those derived from 2 penetically heterorensous
nopulation. [f they are from a oopulation of the latter type, and have the
prosoect For ranid nomerical increase. laroe nunbers are mot so imoortant.
There is no sbsolute threshold value for adequate and unadeguate numbars,
but 2 aroun of 15-20 which actu=lly particinate in breeding cer trarenit a
reglthy fraction of the rernetic diversity of the parent oopulation to the
rewly estah]l ished colony. IF there were "regualftv in the sex r=tio the
Mg would be reduced sccording to the ecuation given previously. But if
the populstion expanded oulckly esnough ever this problem would become
inconseouential. The point to be made here Is that we should not attempt to
establ ish colonles in habitate extensve enouoh to conta'n relatively large
populations. Otherwise, we must expect to play penetic nursemsids every
oeneration or so.
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