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SUMMARY

We outlinc the use «rf rricrosatellite rnarkers to study the conservation biology and

genetics of black grouse (felrzl() Ietri.\) and other grouse species. Microsatellites are useful

in conservation genetics because they allow the detection «rf fine scale genetic structure.

migration and possible negative efïects of inbreeding in locarl populations while requiring
minute samples o1'tar_eet DNA. Thus non-invasive techniques such as using shed feathers

or tàecitl samples provide enough DNA fbr PCR-based genotyping. We have developed

rnicr<rsirtellite libraries tbr both black grouse(Iz,trao terri-\) and capercaillie (Tetrcn urogul-
1a.s). These markers contain a high number olalleles and allow us to adclress the qucstions

outlined above. ln tl'ris paper we show that tht: markers are variable. ancl allow genotypic

assignment o1'black gr()use to leks separated by only 5.5 km.

lntroduction

Black grouse (Teîrao relrl.r) populations in Western Europe have during
the last decades become increasingly fragmented and numbers have declined
(SroncH 2000). Remaining popr-rlzrtions are in many areas of the distribution
now so isolated that dispersal between popr-rlation fragments probably has
become impossible. Conservationists are thus Iàcing several problems when
rnana-qing black grouse populations. Among these are: whart is the population
genetic structLlre of tl.re rer.naining black grouse populations '? Is dispersal bet-
wecn fragments still pclssible 'l Have isolated populations lost genetic
variation '? Are local popr-rlations sr-rffering frorn inbreeding depression? In
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order to be able to answer such qr"restions, conservationists are in need of gene-
tic mzrrkers that allow the detection of fine scale genetic variation, that do not
rely on destructive sampling and that are cost effective. The use of microsatcl-
lite markers meets rnanv of these demands-

In small ancl isolated populations there is growing concern that inbree-
ding, mating between close kin, may have a detrimental etfect on population
persistence (Cuenr-EswonlH and Cunnlnswonrs 1987, NewueN and Prr-soN
1997). Inbreeding. mating between closely related individuals, sometimcs, bur
not always leacl to inbreeding depression, i.e. a loss of fitness in comllarison
with outbred individuals (Crr,rnll,swoRru and Cuanlsswonru 1987). This is
well establishecl in fèral and captive populations (Ralls et ul. 1988, Lacy er a1.

l9c)3) ancl data from wild popr"rlutions are accumulating (Kellen 1998,
CnNorRex and Ror"'l 1999). Frorn a population genetic point of view, inbree-
ding is manilêsted as a dellciency of heterozygotes in the population and there
are two nrajor explanations fbr inbreeding depression (CHe,nleswonru and
Cua.ueswor<TH 1987). First, inbreeding depression may be due to the expres-
sion of reccssive deleterious alleles (partial dominance hypothesis). Second, it
could be due to a loss of a general heterozygote advantage affècting loci linkecl
to fitness because inbred individuals tend to be homozygous (overdominance
hypothesis). There is as yet no general consensus in fàvour of any of these twcr
theses.

One example fiom a wild population where inbreedin,t depression may
have contributed to local extinction is the case of a butterfly species, the
Glanvillc fritillary (Melitaea cin-ria). A n'retapopulation system ol'this species
has been extensively studied on the Àland islancls in the Baltic Sea between
Swcden and Finland (SaccH[nr et ctl. l9L)6. 1998. NrErratNEN ?/.r1. 2001). Here
subpopulations signified by low levels of heterozygosity (possibly due to
inbreedin-e) were rrlore likely to go extinct than subpopulations that were more
heterozygous (Saccheri et trl. 1998.). This example thus fit the scenario that low
levels of genetic variation and possibly inbreeding effects rnay contribute to
local extinctior.r. Other populations have obviously been severely inbred and yet
no negative el'fccts of this have becn observed. The case ol' the Mauritir-rs kes-
trel (Falco punct(ttLls) may serve as example of this kind (GnoonaBR:n)GE et ol.
2000). On the islancl of Mauritius in the Indian Ocean the population number
were down to one brecding pair around 1975. Since then. and with the aid of a
cr>nservation program, nuntbers has increased to about 2-50. This population has
thr-rs faced considerablc inbreeding without any observable negative efïects on
reproduction. How can these two contrasting observatiorrs be reconciled ?

One pclssible solution is that there are, at least, two aspects of genetic
variation inrportant lbr conservation. On one hand high genetic viLriation is
good tbr a population. This means that when conditions change therc is genetie
variation to select fl'orn and the population may adapt to new conditions (LaNoe
and Scrrcr,rsKE 198-5). This can be refèrred to as the adaptability of a popula-
tion, which is impr>rtant for long-time persistence. On the other hand all genetic
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variation comes from mutations some, if not most, which are detrimental to
individual fitness. The accumulation of such mutations is refcrred to as the
genetic load of the population (Cnow 1993). One reason lbr why inbreeding
depression may lead to reduced fitness is, as discussecl above, that inbreeding
leads to the phenotypic expression of such alleles.

Population dynamic processes may affèct the genetic variation of popu-
lations. Severe reductions (bottlenecks) affect the genetic diversity in such a

way that alleles are purged from the population. This effect obvior:sly affècts
both good and bad alleles at cach locr-rs and thus reduces the genetic loard
(Krnr<eernrc'« and J,q.nNt 2000). Applied to the blltterfly ar.rd kestrel cases
above, we may imagine the following scenarios. ln thc case of the kestrel popu-
lation. the bottleneck may have been so severe that almost all deleterious alleles
were lost. Thus breeding between close relatives fbllowing the bottleneck did
not lead to inbreedir.rg depression. In the case of the Glanville fiitillary only
some small populations were purged. However, the larger populations persisted
and these are the ones that are the source tbr immigrants that re-colonise the
patches that became extinct. Since the large populations are not purged genetic
variation, includin-e deleterious alleles. n'ray persist in the population and
inbreeding depression may be observed.

When applied to black grouse it is thus clear that it is needed to establish
the patterns of genetic variation in threatened and isolated populations. Whether
black grouse populations are facing a genetic load problern, sufÏ'er fiom inbree-
ding depression or lack genetic variability are all fàctors that may afÏèct the
persistence of populations. However, the conservation measures to counleract
such problems are diflèrent. It is therefbre important to study these in relation
to possible conservation measures such as captive breeding programs and trans-
locations of individuals between populations. Such measures cannot be under-
taken until empirical knowledge has been gained.

Microsatellites

Microsatellites are short tandem sequences ol DNA (e.g.( GATA)p) sc:rtte-
red throughout the genome. Microsatellite loci usually are co-dominant markers,
showing sirnple Mendelian inheritance and allele tiequencies usually do not
deviate from what is expected fiom Hardy-Weinberg equilibrium. Allele numbers
at loci is sometimes large and thus genetic variation is easy to score. This is done
by PCR (Polymerase Chain Reaction) which has the advantage that minute
samples of DNA are enough to type any given individual. The DNA content of a

moulted feather or even in fàecal droppings is enough (see TesrRlnr et ul. 1999).
This allows non-invasive sampling and thus microsatellites are excellent tools for
the study of genetic variation of endangered wild populations. A disadvantage
with microsatellites is that loci are otïen species specific and the probability that
arry given locus will amplify a PCR product using a cross-specific primcr-pair
might be low and even if it does, shows a decreased lcvel of polymorphism.
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Microsatellites have been used successfully to estimate exchange rates
between vertebrate populations (WasEn & SrRosECr 1998) and dispersing
individuals can be assigned with great reliability to the poprrlation of origin
(Favne et ul. 1997). We have therefbre developed microsatellite libraries lbr
bolh Terrao species (Pren'rNev & HôcluNo unpublished, SEcr.LencuER eî dl.
2000). High levels of variability could be detected with those markcrs, which
makes them useful for fine-scaled population genetic studies.

Methods

Microsatcllite markers were screened and developed as described in
Sc.cet-eecHet et dl. 2000 and PrEnrNey and HôoluNo (unpublished). Herc wc
report on overall genetic diversity (heterozygosity, H, and mean squared dis-
tance of allele sizes, mean l) fiom a Finnish population of black grouse where
we have blood sampl ed 132 males and genotyped these at l5 microsatellite loci
(see bekrw). H was calculated as the mean number of heterozygous loci of all
loci screened for each individual. Mean r/r was deflned as the squared ditfè-
rence in repeat units between two alleles at a locus averaged over all loci at
which an individual was scored (Cour-soN et al. 1998. Pr-:NaeERToN et ul. 1,999.
Srars et al. 20OO) such that:

mean rf = I /r? :n(ia -,b)l

where io and i5 are the lengths in repeat r-rnits of alleles a and b at |ocus I

and rz is the total number ol loci.

We collected tèathers from two different black grouse leks in Scotland
(Abernethy Forest, Stathspey, Scotland, UK ). We observed birds at lck I fl'on-r
the 6-'7.5.2000, at lek 2 fiom 7-8.5.2000. Atier observations we collected all
feathers, which could be fbund on the leks and stored them dry. We samplecl ,10

feathers at lek I and 14 fèathers at lek 2. The distance between both sitcs is
5.46 km. DNA was extracted from the feather shaft using standard protocols.
Laboratory procedures fbr the amplification and visualisation of allelic cliver-
sity at each locus follow that in the above cited studies. Brielly, alleles where
amplified using PCR, separated using polyacrylamide electrophoresis and
visualized using silver staining. Individuals were typed for 7 loci. Only santples
where a1 least 4 loci could be typed have been included in the analysis (?8
samples tiom lek 1, I I samples from lek 2).

Results

Genotypic diversity proved to be substantial in the Finnish black grousc
population. Average mean z/t was nbout -5 and the average mean heterozygosity
(H) was about 0.75 (Fig. l). Thus these markers contain sr-rbstantizrl genetic
variation.
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Mean d-squared

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Mean Heterozygosity

Fig, 1. Distribution of a) mean r/' and b) mean heterozygosity firr 132 male black glouse
where at lùast seven of fifteen microsatellite loci were genotyped.
Verteilung von a) ntittleretn d2 urtd b) mirtlerem Hetero:.t'gotiegracl .fiir l -12

Birkhâhne. Minde.stens 7 wtn l5 Mikrosatellitett vturdett Setot)'Pisie r1.

Di,stribution de tt) tl: motettne et b) ltétéro::'gotie tnoyentrc pour l-12 tétra's lt'res
mâles oir au ntoiu:i 7 loci dc nticrosutellite.s lsur l5 ottt été Sétlot!'pé.t.
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Individuals cor-rld be typed and identified correctly using the microsatel-
Iite markers (Fig.2).

At lek I the -qenetically identified number of individuals matches the
number of observed males, at lek 2 we could only detect 7 individuals. where 8
males have been observed.

Usir.rg two differer.rt assignment tests (CounNel et al. 1999, Pnrrcue,n»
2000) we could assign all genetically typed individuals except one ro the lek
where they have been sar.r.rpled.

I observed

tr identified genetically

tr assigned

lek 1 lek 2

Fig.2. Individuals observed, genetically typed and assigned on two dil'ferent black gnruse
leks being -5 km apart.
Beobachtete, genetis(Jt idenrili;ierte und korrekt aug,eordne îe (as,si.gnment-te:;t)
Birkliiltne ttrt :.wei verschiedenan, 5km entt''ernte n, Ba!:1tlàt:en.
lrulividus ob.se n,és, tt'1té.s génétitluement et correctement attribués sur tleux urènes
de puracle distuntes de 5 km.

Discussion

As shown by our Finnish data microsatellites are very variable genetic
markers suitable for the detection of fine scale genetic structure. The level of
genetic variation detectable is much higher than for other genetic techniques
such as tm-DNA sequencing, restriction fragment analyses and RAPD varia-
tion. using lèathers tbr population analysis provides a non-invasive tool. which
is especially valuable for endangered wild populations. We showed that we
could identify 19 or-rt of 20 birds correctly, although we sampled only once at
each lek. with little effort the sample size could be increased and therefbre pro-
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blems of non-usâble samples, due to DNA degradation could be avoided. To
assign unknown samples to the population of origin however a reference data-
base must be established first.

We conclude that with these genetic markers we are able to address the
above outlined questions of population structure on a small scale. This will pro-
vide valuable information for conservationists managing declining and frag-
mentecl black grouse populations
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ZUSAMMENFASSUNG :

Wir zeigen die Môglichkeiten von genetischen Markern Iür den Naturschutz am Beispiel

des Birkhuhns (Tetrao tetrix) auf. Mikrosatelliten Marker sind fïr den Artenschutz besonders geei-

gnet. Nur geringe Mengen an DNA sind notwendig um Informationen ùber die genetische Struktur,

den Austausch zwischen Populationen und mtigliche negative Effekte von Ir.rzucht in kleinen
Populationen ermtiglichen. Mittels PCR kann selbst DNA von Mausert'edern oder Kotproben fïr
eine Genotypisierung verwendet werden. Wir haben für das Birkhuhn hochpolymorphe
Mikrosatelliten entwickelt, die uns ermôglichen die ausgel'ührten Fragen zu beantworten. Wir zei-

gen, dass mit diesen hochvariablen Markern eine genoypische Zuordung von Birkhàhnen zu

Balzplâtzen nrôglich ist, die nur 5.-5. km von einander entfernt liegen.

Schlüsselwôrter : Microsatellites. Birkhuhn. Auerhuhn. Naturschutz Inzucht
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RESUME : lntérêt des marqueurs microsatellites pour l'étude et la conservation
du Tétras lyre.

Les nlicrosatellites 
- 

marqueurs en tandem d'ADN 
- 

se révèlent du plus haut

intérêt pour l'étude de la génétique et donc de Ia conservation des Tétras lyres et autres

tétraonidés dont les populations d'Europe centrale et occidentale sont de plus en plus iso-
lées et fiagilisées. Au départ d'échantillons minimes de séquences cibles d'ADN, il est en

elÏèt possible cle détecter des structures génétiques à très fine échelle. d'identiiler des mar-
queurs populationnels, de mettre en évidence des déplacements et mouvements migra-
toires. de mettre au jour d'éventuels effets négatifs de I'endogamie, d'évaluer la diversité
et donc le pouvoir d'adaptabilité des petites populations insularisées en danger d'extinc-
tion. ll est de toute prenrière importance porrr les conscrvilti()nnistes que ces perspectives

reposent sur des techniqLles non invasives respectant I'intégrité des oiseaux ; des plumes ou

cles tèces récoltées sur le terrain fournissent en efïet suff isamment d'ADN pour réaliser des

analyses fines des génotypes. Au départ d'un important échantillon flnlandais, les auteurs

ont d'abord constitué pour les deux espèces de tétras européens 
- 

Tétras lyre et Grand
Tétras 

- 
une bibliothèque <le marqueurs microsatellites de référence. Ils ont ensuite

récolté cles plumes sur deux arènes de parade en Ecosse. Les marqueurs considérés
contiennent un nombre important d'allèles dont on peut déterminer la diversité. Celle-ci se

révèle importante pour le vaste échantillon finlandais. Por.rr l'échantillon écossais, l9 coqs

sur 20 ont pu être identifiés génétiquement et être assignés sur cette base à l'une ou I'autre
de deux arènes distantes seulement de -5,-5 km. La technique se révèle donc pleine de pro-
nrcsse pour fournir l'information nécessaire à une politique de conservation.

Mots-clés : Tetao /c/rr-r. Tétras lyre, Tetruo urogallL.ts, grand Tétras, populations isolées,

marqueurs génétiques. microsatellites, lechniques non-invasives, conservation
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Genetic approaches to conservation in black
grouse

by

Cernot SECELBACHER & Jacob HÔCLUND

In our talks we demonstrated the possible use ol'genetic inforn.ration for
conservation in black grouse. We have developed species-specific microsatel-
lite markers and coulcl demonstrate the use of fèathers and droppin-1ls as non-
invasive sampling techniques. Although tèather and faeces sernrples require spc-
cial precautions in sampling and analysising, we could show that these
techniques provide infbrmation about connectivity and population structure.
This allows us to gain information about gene flow, inbreeding trnd population
size and leads finally to concrete conservation plans. In the workshop discr-rs-
sion we focused on questions concerning the zrpplication of molecular methods
in black grouse. One aim was to build a network of people doing research on
genetic topics and field workers interested in genetic analysis. We discussed
questions of inbreeding and restocking especially in small vulnerable popula-
tions. One rnajor problem of restocking programs is that local adaptation might
be lost, when introducing birds fiom elsewhere. On the other hand possible
inbreeding depression could be avoided by restocking. As we do not know
much about the genetic composition of black grouse populations in Central
Europe we emphasised the importance of screening the populations with gene-
tic markers befbre making conservation decisions. All researchers, especially
those that study small populations, might address genetic questions and send
samples for analyses to the authors, which will coordinate the I'r-rrther genetic
network on black grouse. A cletailed description how to san-rple feathers is
published on the webpage http://www.ulg.ac.be/museezoo/cccc .
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