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CHAPTER 10 

RAPID EVOLUTION IN LEKKING GROUSE: 
IMPLICATIONS FOR TAXONOMIC DEFINITIONS 
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AnSTRACT.-SpeCl6 and subspecies dl;'lineatiLl lh were traditlOnd.Jjy defined by rr1( l rpho]ogi­
cal and behavior"l traits, as well as by plumage ch Macteristi cs. rVloleclllar gtmetic datu have more 
reccntly been used 10 assess these clas~ificatians dnd, in Ulany case$, to redetJl1e them. The rccent 
prdcUce of utilizing molecular genetic data to examine taxonomic question.~ ha~ led some to sugge.'it 
that Ololecular generic methads are more appropriate than traditIOnal methods tar addressing Ia.xo­
nlmuc uncertainty and management units. We compared the North America.n Tetraonirtae--which 
hal'e been defLned using plllTndge, TIlorphol(lg}~ aTid behilvior--and cOlt:Hdered the effect::; of reder:­
nition using onlyncutral molecular genetic datil (mit()chondrial control region and cytodlrome OXI­

da:;e subunit 1). Using the criterion of reCipn)Cd! lT1l1IWphyly. we failed to rec0gnize the fivC' speCle~ 

whose mating system is highly polygynous, "vlth males di~playingon leks. In lek-breeding speCIes, 
sexclal sdection can act lo influence morphological and hehavioral traits at a rate much faster than 
can be tracked genetically. TInls, we suggest that at least for lek-breeding species, it is important to 
recogni7e the possibIlity that morphological and behavioral changes mny occur at MI decelerated 
ratc' cOlnp<1red with the processe'i that led to reciprocal !\lonophyly of putatively neutral genetic 
markers. Therefor!', it is particularly important to con~ider the possible disconnect between such 
lines of evidence when making taxonomic revisions <l.nd definitions of managemenlunits. 

Key words: gwuse, sexual selection, speciation, species concepts. 

Evoluci6n Rapida en los Tetraoninae con Asambleas de Cortejo: 
Implicaciones p3Ca 13s Definiciones Taxonomicas 

RE;,tlM£N.~Las dplimitacianes de cspecies y subpspecjps han 51do tradici<lnalmente dehllidas 
con base en caractcres morfo16gicos y de compartilm.iento, como tambh~n por L'<!l'ucterfsbcas del 
phuTI.<lje. Recientemente lambien se han \Isudo d,1t05 molecuJares genelico~ para evaluar <~;,tas 

clasifinK'<lnes, y en muchos CiI'iOS, para rpdefinirld;'. l.a prarticil reciente de usar datos !flo]eculares 
genet:co~ pura ft'sponder prpguntas taxononw:as ha U<,vada a <1lgunos a sugenr que '"ito, 11\(,to­
dos 'ion mas apl'Opi,~dosque los metodos lradicion,ll~ pMa abol'dar la inceltiduOlbre taxon6nucd 
y de(inir tmidades de manejo, CompMdfnos las pspec](;'s norteamericana;, de Tetraoninae--Ias 
cuales han sido defJnidd~ utihzando caracteres del plumaje, morfolugicos 'j de comportamiento-y 
considennn05 io;, dectos de redefinir <,stas esp€cies usalluo sulo datos TIt(lle<"\ll<iJ'es gel1eticos neu­
trales (re~i6n cont.rol fl)itocondrial y subunidaJ 1 de la citocromo oxidasa) Usando el crikria 
de l1lonofilia rpriproc<l., no fuimos caraces de r!'connCter las cinco especies que tJenen un .,istl'ma 
de apal'eamiento altdmente poliginico, con machos que se exhiben en asambleas de corte)o. En 
las especies que se reproducen en a~ambleas de cortejo, la accil'in de la selecci6n sexual puede 
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influ('IKiaf d los CiU'il('tl'res morfo\{lg',os y d(' cmuporlnmil'nto a nnn tasa nltwhn miis nip,da d(' 
la que ~e puede deleclar gendicamente. Por esto, stlgerirnos que, al menos en especies con asam­
bleas de cortejo, e~ importante reconocer la poslbilidad de que los cambios morIol6gicos y de 
comportamiento plleden ocurrir a lIna t'lsa acelerada en comp'lracion can los proce~os gue Bevan 
,1 le\ lTlO1ll'hllrl I"c"'ipwca dE' lo~ Jnarcadores genNicos prE'~urniblemE'nteneutraJes. POl" k\ tanto, e~ 

parll,-ularITIentco importJ.nte considerar I" posiblc dc'Sc,me"i6n entre esas line<ls cit' evidencia al 
l1<lCrr reVlSh)!'l'S taxc1norn,ras y drflr1Jr lInidad('s (10 man"Jo. 

THE DEllATE ·\S to hm..., to dassify organisms 
into species has been ongoing for over 150 ye<lrs 
(Darwin 1859, Mayr 1942b, Wiley 1978, Cracr<1!t 
19f\3, de Queiroz 1998, Wheeler and Meier 2000). 
New species concepts are added almost continu­
<1lly (Hey 2OCH) to address perceived failures of the 
ones in use, and the debate continues as biologists 
attempt to place discrete boundilries on a con­
tinuous process (Winker et aL 2(07). Consensus 
c'n how to define UnIts below the species level i::; 
('\"('n m•.lre difficult to achieve, !:w,au"p ;;ubspe­
ciflc boundarjes are nt'cessariJy even Jess discret.. 
and more ch.mgeable through time. As a result, 
the utility of the subspecies <lS a tilxonomic rank 
has been debilted widely (e.g., Wilson and Brown 
1953, Cill 1982, Mayr 1982a, Storer 1982, Cracraft 
1983, Haig et aL 2006, Phillimore and Owens 
2006). If correctly delineated, however, intraspe­
cific taxonomic units Ciln be important ror conser­
v<ltion efforts beC<luse they represent evolution.lry 
capilbility within a species and likely l~present 

incipient spt~cies in some cases (Moritz 1999, 
Hair; et al. 2006). Additionally, such units provide 
an ,\Venue for protE'ction, at least within North 
Americd. where legislation recognizes a range of 
designations below the species level (I-big et ill. 
2006; Daig and D'Elia, this vobme). 

Although subspecies (and species) hilw tTCI­
ditivnally been defined using traits related to 
plumage, morphology, and beha\,jOl~ advances 
tn llloiecLll,lr biology have led to the availability 
of reliltively ~imple genetic mmkers that measure 
pattems of genetic variation can t.lined in discrete 
loci thHt <ire Fresumed to be selectively np,urr,lI. In 
milny ("lSI'S, 1Ilolecll:<H' data sets me not congru­
ent With slIb:-.pecies defined by trndltjoll<ll meth­
ods (Zi.nk 1989, O'Brien and M<1yr 1991, Ball and 
Avise 1992, Burbrink et ai. 2000, Zink 2004). Fur­
ther, Zink (2004) argued tha t subspecies defined 
with ITaditional meU10ds may actually misiniorm 
conservation efforts, through misrepresentation of 
underlying piltterns of intraspecific variation, This 
J,lck of concordance among appro<tches has led 
some to stlggest th<lt molecular methods should 
bp used as tlw primary approach to defining such 
unit" for cOllServation (Moritz 1994, Zink 20(4). 

More specifically, it has been suggested that the 
criterion of reciprocill monophyly <1mong mito­
chondrial sequences (i.e., all members of a group 
sh<1re a more recent common ancestor with one an­
other Lhan ',vith other such monophyletic groups 
on il phylogenetic tree) should be used to define 
such units (Moritz J994, Zink 2(04). Others have 
advocaled more inclusive appruaches that com­
bine d<lta from plumage, morphology, and behav­
ior with neub'i11 molecular markers (Dizon et al. 
1992, Vogler dnd DeSalle 1994, Haig et al. 20(6). 

Here, we highhght a situation that lllustrates 
the continuing importance at considering bOlh 
molecular genetic and more traditional types of 
data vvhen making inferences ilboul species and 
subspecies delineations. Specificillly, in taxa with 
highly skewed mating systems thilt arc subject to 
sexual. selection, pa ttern~ of variation in neutral 
molecubr genetic markers may not appropriately 
reflect patterns of genetic variation thal undprlip 
b'aditional characteristics such as plumage, mor­
phology, or beh,wior th<lt may be subject to strong 
selection. WiLhin these taxa, using data from neu­
tml molecular markers alone or elevilting their 
significance in relation to other forms nf evidence 
may also misinform conservation efforts. 

Many instances of accelera ted evolutionary 
cbange rl'SUlting from natural or sexual sek'C­
tion have been examined (Meyer 1993, Nagt>! and 
Schluter 1998, Uy and Borgia 2000, Panhuis et al. 
2001, Genner and Turner 2005, Spaulding 2007). 
Organisms that Hre subject tn strong sexual selec­
tion because of highly skewed reprodudive suc­
cess among males can undergo rapid changes in 
morphology and behavior thilt Ciln be the driving 
force in speciation (EUsworLh et al. 1994, UJ' <lnci 
Bo(gia 2000, Panhuis et al. 2001, Spaulding 2(07). 
Among three !ekking species of pr<1irie grouse, 
Ellsworth et al. (1994) noted a disconnl'ct between 
strong morphologiciJl and behavioral differences 
and relatively low levels of mitochondrial and nu­
clear d iJferentlation. They sugges ted t.hat changes 
in morphology and behavior in these species oc­
curred more rapidly thiln usual, compared with 
rates of change in rnitochnndrial and nuclear 
markers (EUsworth et ill. 1994). Thus, taxa with 
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skewed mating systems and strong sexual selec­
tion may, as <I gener<ll rule, accumulate difierences 
in morphology and behavior at a greater rate, in. 
relation to the amount of differentiation of neutral 
molecular m,ukers, than is typical in species with 
more balanced mating systems. Consequently, if 
predetermined amounts or piltterns of differen­
tiation in neutral genetic markers are used as a 
criterion in "pecies (1r I>ubpp(iel> defmitions (;,ucb 
as a reqlllfement for reciprocal rnonophyly), the 
magnllud.e of morphological and behi'l\:ioral dif­
ferences separating recently diverged species will 
differ depending on the natural history-particu­
larly the ma ling systems-of the organisms under 
consideralion. Therefore, examining only neuh·al 
genetic dat.a or elevating the importance of such 
data over morphological and behavioral charac­
teristics may mislead the conservation of real evo­
Jutiondry units in these organisms. 

The molecular phylogeny of grouse (Tetraoni­
nae) <lnd other gilllifnrms h"s been studied previ­
ously using various mitochondriill and nuclear 
nLmkers (Gutierrez el "I. 2000, Lucchinj el a1. 2001, 
Dimclwff et al. 2002, Dl'Ovetski 2002). These studies 
eXilmined the historical reliltionship among all Tel­
riiOJlinaeand, in some cases, their placement within 
Gallifolmes. In the present study, we used North 
American Tetwoninae to reexamine phylogenetic 
relationships with a foeus on the role ot mating 
system;:,. Building on the work of Ellsworth et ,,1. 
(1994), WE' investigatl':'d the relatjonship beh·veen 
mating systems and speciation by examining the 
grollp oj grouse (filmily Philsianidae, subfam­
ily Tetr<loninae) found in North Americil, which 
includes a mnge of morphologically distincl spe­
cies, widely accepted by taxonomists, with mating 
systems thaI vary from monogamous to highly 
skewed (Wittenberg-er 1978). Our objective was to 
uveday taxonomic delineatiuns determined using 
traditional morphological, behavioral, and geo­
graphic methods with molecular genetic data. We 
e}.amint'd the level of concordance between data 
types and detemlined whether discontinuities 
were consIstent with different mating systems. We 
hypothesized that in species subjected to strong 
sexlwl seleclion either now or in the recent past, 
there would be less cuncordance bclweeJ1 tra­
dlhona [ ilnd molecular methods than in species 
without such strong sexual selection. 

METHODS 

Most previous molecular studies of grouse 
<.:harm,terized each species using a single exemplar 
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for phylogenetic l'l':'construction (Gutierrez et al. 
2000, Lucchini et al. 2001, Dimcheff et al. 20(2), 
Drovetksi (2002), however, used multiple indi­
vid uals from each species to reconstl11ct phylog­
enies using different genes. In the present study, 
\....e chose mitochondrial genes for which mulhplp 
exemplars from each taxon could be included, We 
obtained all publ ished complete mitochondrial 
control-region sequence tor North American 
grouse spexies that w(;~re available through Gen­
Bank, including species with llu·ee types of mating 
systems: monogamous, promiscuous with males 
dispersed, and highly promiscuous with lekking 
males (Witten berger ] 978). These three groups of 
species included Willow, Rock, and White-tailed 
pt<Jrmigan, all considered monogamous; Ruffed 
Grouse, "Blue Grouse" (see below), and Spruce 
Grouse, all considered promiscuous, with males 
dispersed; and Greater Sage-Grouse, Ctumison 
Sage-Grouse, Sh<lrp-tailed Grouse, Greater Prai­
rie-Chicken, ilnd Lesser Prairie-Chicken, all con­
sidered highly promiscuous, \'>'ilh lekking mllies 
(Wittenbergcl' 1978; scientifjc names of species 
are given in Table]). For most of these species, 
then:' were only a few complete control-region 
sequences, and these were used in our analysis. 
There were 59 sequences for Blue Grouse, so wp 
chose 13 of those sequences loosely representing 
different geographic locations £lnd spmming the 
two subspecies that are now recognized as full 
species, Dusky Crouse (Df'ndragllpus obsc/i1'lls) 
and Sooty Grouse (D. fuliginosus) (Barrowclough 
et al. 2(04). We refer lo both these species as 
"Blue Grouse" (D. ot'sum.ls) because this is how 
they wer\' defined originally using morphol,)gi­
cal charilcters. Within each Blue Grouse ]ociltion, 
WP randomly chose one sequence, Additionally, 
Wfo; ~fo;qtJenced the entire control region in five 
Gunnison Sage-Grouse and an additional seven 
Greater Sage-Grouse known to repre.sent both 
clades described by Kahn et al. (1999), beciluse 
lhe complete control- region sequences for Greil ter 
Sage-Grouse available in CenBank represented 
only one of lWo deeply divergent dades. 

To amplify the complete mitochondrial control 
regkm in Greater and Gunnison sage-grouse, a 
25-11L polymerase chain re<lction (PCR) was per­
formed with primers 16775L (Quinn J992) and 
H595 (Oyler-McCance et al. 2(07) using the fol­
lowing thermal proftie: preheat at 9""C for 2 min 
followed by 35 cycles of denilture at 94"( for 40 s, 
anneal at 55°C for 1 min, and extend at ?lee for 
4 min, TJle reactions concluded with a lO-min post­
heat at n°e. The peR products were prepared for 
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'JAI:U] :jpccics ino.:iudcd In the ~llldy, their mating system ,IS defined by Willenberger (1978), ,md the CenBank 
accession number,; of the sequenccs uSl"d in the study. 

Lltin nanw Common lIarn!' 

Lagt1pus rnuta Rock Ptarmigan 

1.. !l?g(lpHS WilJo\v 
Ptarmigan 

L leuCilra While-tiiiled 
Pt,H'!)"llgan 

BC1!:.1SJl un1!'Jf:lllb Ruffed Crouse 

Orndragapus Dusky Crouse 
()l'scurrl~ ("Blue 

(~roi.Jse'f 

herein; see 
texl) 

Fa lcipe i"111 ts Spruce Crouse 
canr7.dcn5i~ 

CfJ"J!roct'fcuS CreateI' Sage­
tfrflp;}(Jsitini.l~ Crouse 

Gunnison S,lge­
Crouse 

Tympatluchus Sharp-tailexl 
ph:.JSltlJldlus Crouse 

T. cupid,) Greater Pr,lirte­
Chickcn 

Less"r Prairi\'­
Chicken 

Maling system 

1vI onog,lmo1l5 

M,)nogamous 

Monog,i1nous 

PromiscuollS, milles 
di"perst~d 

f'r()mi:oC\lou~, m,lle~ 

di"pers~d 

Promiscuous, mille, 
dispersed 

Promiscuous, lek 
breeding 

Pr()Inlsclious,lek 
breeding 

Promiscuou", lek 
breeding 

PJ'omisctlous,lek 
brccdmg 

I'romi5,:UoUS, lek 
breeding 

Control-region 
acccssion numb"rs 

.-'\1-'18429':1, A1-'532445, 
AF<;32447, AF532449, 
AF532446, AF184294 

AI'532444, AF53244{1, 
AJ297169, Af53244:1, 
AF532442, AF53244J 

AF532437, r\f532439, 
A)297167, AJ297168, 
A1-'532438 

AF5324J5, Af532416, 
AF532417, A)297]57 

AY570309, AY570302, 
AY570308, AY570318, 
AY57031O, ,W57033l, 
AY570356, A)'570347, 
AY570346,.~Y570352, 

AY570354, AY570343, 
AY570332 

AF532454, AF532'153 

AY56930'3, AF532424, 
r\)297] 58, A)297] 59, 
/\1-'532423, GQ902779, 

CQ'i02780, CQ lJ 02781, 
GQ902782, GQ902783, 
CQ902784, GQ902785 

Af532425, G()c)02774, 
GQ902775, CQ902776, 
CQ902777, CQ90278 

A)297176, AF532436, 
AF532<J.35, A) 297! 77, 
:\Y569,\04 

AY569305, A)297171, 
A)2971 72, j-\f-~'i324J2, 

AF532431. Af'S12435 
II, 1-'532434, A)297174, 

AI297175, AF532433 

COJ llCCl~s"wn number" 

00431739, DQ4337':~8, 

OQ133737, OQ433736, 
DQ133734 

00433713, DQ4337 12, 
0(l433711, DQ433710 

DQ433714, DQ133717, 
DQ43371S, DQ433715, 
DQ433716 

DQ43276S, DQ4..14J4), 
AY666563, J\Y666214 

DQ433565, IJQ433564, 
DQ4'33563, DQ+33562, 
DQB3561, DQ432H84 

DQ43292'3, DQ433635, 
DQ433636, DQ433637 

DQ433466, DQ433465, 
DQ433464, DQ433463, 
DQ4328:14, CQ902786, 
GQ9027!:>7, GQ902788, 
GQ902789 

004321>33,OQ4328J2 

DQ434206, DQ434205, 
DQ434204 

AY666333 

0Q434203, DQ434202, 
DQ434201, DQ4342(1), 
DQ434199 

sequencing by adding5U exonuclease I (lO U !..L1-!, 
USB, CJevdand, Ohio) and 0.5 U shrimp alkaline 
phosphatase (1 U 1lL-'I, USB) and incubating at 
37"C for 3D-4:'i min. The enzymes were denatured 
by <1 15-min sove incubation. Sequencing was per­
formed using 2 ~L prepared template and a Quick 
Start Kit (Beckman Coulter, Fullerton, California) 
foll()l,.~'ing the manufacturer's protocol except us­
ing half reaction volumes (10 !..LL). Each product 
was sequenced using five primers to increase ac­
CUrilcy: 521H (Quinn and Wilson 1993), 16775L, 

H595, grouse internal CR A (AGTGTCAAGAT­
GATTCCCCATAC), and grouse internal CR B 
(CTCTGGTTCCTCGGTCAq. Sequences were vi­
sualized on a CEQ8000 XL DNA Analysis System 
(Beckman Coulter). 

For the aforemen lioned grouse taxa, we also 
obtained all published sequences of a portion of 
the mitochondrial cytochrome-r oxidase I gene 
(COT), also known as Ih« barcoding gene (He­
bert et al. 2003). There were fewer ptlblished se­
quences in this region, and aU the sequences were 
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published in two studies (Heberl et al 2003, Kerr 
et a1. 2007). To ensure that the COl sequences for 
Grea ter Sage-Grouse represented individ uals 
trom both of t.he deeply divergen t control-region 
cl<Jdes (K1hn et al. 1999), v'll' sequenced an llddi­
tional four Creater Sage-Grouse known to be rep­
rec;<>ntative of both clades. 

To sequence the Greater Sage-Grouse COl gene, 
25-flL peR,; were performed using primers Bird 
FI and Bird Rl (Kerr et al. 2(07) with the toliow­
ing touch-d()wn thermal profile: denature at 94"C 
for 30 s, aruleal al 60"C for 1 min, imd extend for 
2 min aL nee; subtract 1'C from UK' annealing 
lcmperillurL' per cycle [or 12 cycles; continue for 
23 cycles with a 30-s denature at '14"C anneal for 
1 min at 45°C and ext.end ilt nee for 2 min. The re­
actions conduded with .;I 20-min post-heat al 72°C. 
The products w'ere prepared for sequencing and 
sequenced as ilboVE' using both Bird F1 <lnd Bird 
R1 primers. 

Seqtlences from both ffiltochonddill regions 
\\'ere ,Jig-ned U1 SEQUENCHEK versi()11 4.5 (Cene 
Codes, Arm A.roor, Michigan). Wild Turkey (Mc­
leo.gris golJvpovo) control region and cor sequences 
(AF532414, DQ433016) were used as oUlgroups. 
Phylogenetic analyses wcore performed on both 
datil sets using Bayesian inference within MR­
BAYES, version 3.12 (Huelsenbeck and Ronquist 
2001, Ronquist and Huelsenbeck 20(3), Analysis 
of aligned sequences from each mitochondrial 
region was done by running four chains in each 
of the two independent analyses that MRBAYES 
executes ilS a defa ult. The d1ilin heating temperil­
lure IV,1,; set to 0.2. Tree ilnd parilmeler values 
were recoreit'd evc'ry 100 generations. At the end 
or the anillysis, the first 25~';' of stored trees were 
elimin,1ted and the remaining Lrees were compiled 
into a consensus tree by the program. For both 
data sets, 1 mil.lion generahons were completed, 
at which timco tIlE' final convergconce dillgnostic 
(awrage standard deviation of split frequencies) 
~vas 0,0073 fur the COl da ta set and 0.0119 for the 
control-region data seL 

T() determine whe ther d ifterent ana lytical meth­
ods gave congruent results, phylogenetic ,malyses 
of the,,!; d"La were Jlso done will1 m,)ximum­
rarsimclHy <lnalysis using the heuristic sei1!ch ,11­
gorilhm of PAUlO', version 4.0blO (Swofford 2(03). 
Ma>..imum tret'5 silved (MaxTret:'s) W<l~ set ilt 10,000 
and rilndom branch swapping was done using tret:' 
bi~ection~rt:'connection (fBR). Gaps were scored 
as a fifth base. A consen",us of.l million bl10btrap 
replicates wa:, used for the final tree. 
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RESULTS 

DNA sequence alignments 'were straighttor­
ward across COL, with 73'}'~ of sites (414 of 566) 
completely conserved. For the control-region 
sequence::-, 67% of SI tes (788 of J,177) were com­
pletely conserved. TI1i:, is consisten.t 'with the relit­
bve ease of alignments using coding regions (i.e" 
COL) as compared with those using non-coding 
regions (i.E'., control region), 

Ph ylogenetk ana lyses (BayeSian anti maxi­
mum parsimony) of the control-region sequence 
were concordant with taxonomic delineiltions 
defined using traditinnal methods in atl non­
lekking grouse. All formed well-supported recipro­
cally monophyletic groups, each with a posterior 
probilbility of lOO~f~ (Bayesian) and a bootstrap 
value of LOa (milximum parsimony). Blue Grouse 
formed two reciprocally monophyletic clades 
corresponding to the split described by Barrow­
clough et al. (2004) that ultimately led to the re­
cent eleVation of these two groups to full species 
status. The iive taxa that exhibit lekking behavior 
did not form reciprocally monophyletic groups 
with either Bayesian analysis (Fig. 1) or maxi­
mum-parsimony analysis (nol shown). Kahn. et 
ill. (1999) reported thal sequence data from the 
control region yield two dl'Cply divergent clades 
within Greater Sage-Grouse. Gunnison Sage­
Grousco fell into one of those two distinct Grea tel' 
Sage-Grouse clades; thus, ~orne Greater Silge­
Grouse are more closely relatt'd in mitochondiial 
DNA (mtDNA) to Cunnison Sage-Grouse thiln 
they are to members of their own species. ThE' 
remilining three lekking grouse (Sharp-talled 
Grouse, Lesser Prairie-Chicken, and CreateI' Prai­
rie-Chicken) were even less well res()lved <md 
did nol form reciprocally monophyletic groups 
(Fig. 1). /I.'laximum-parsimony ilnalysis of the 
~anw data yieldt'd a bootstmp consensus tree with 
the same key teiltures described abLwe. However, 
among deeper topological features, there was no 
support (bootstrap < S(J%) for plilcing the D. o(J­

SCUTUi' a.nd TympI1Tl)tcl7u,.; complex as sister dades, 
nor WilS there support for the deeper dade that 
includes those two pius the Ccntrocercus group. 

Analysis o[ the COl region reve,1led that all 
non-lekking grouse f()nned well-supported re­
ciproeally monophylelic clades that match prior 
species designations with posterior probil bililies 
of 100 (Fig. 2, Bayesian) and booTstrap values 
':297, Among the It:'kking grouSE', none fonned 
reciprocally monophyletic group~ despite there 
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r-------------------------------- M galfopavo 

FlG. I. Phylogenetic lree based on Bayesian ,lnalysis of the contTo] region. Circles represent species with 
lJ\onl'ganlOllS miltmg systems, squares represent promiscuous species with dispersed males, and triangles rep­
reSE'nt promiscuous species with a lek mating system. The numbers are posterior probabiJities <15 cakulated by 
[Jayesi,m ana.!y;ls. 
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r------------------------------ M gallopavo 

B umbellus_ 

B umbeffus. 
r­ ,;;loo~:. B umbelJus. 

B umbellus. 

100 

100 

C urophasJanus & 

C urophes/an"" & 

C urophaa(anus & 

C urophssisnus • 

C urophasianUB • 

C urophasianus & 

C urophssisnus .. 

C urophaslanu.s .. 

Cmlnimus ... 

99 100 

C urophasianus • 

CmlnJmus ... 

D obscurus_ 

D obscurus. 

L mula. 

L mUla. 
100 

Tcup/do & 

T pallidinclu8 & 

T phas/anelJus & 

T palJ(dlnc/us & 

T pailldine/us & 

T pallid/nctus & 

T phasisne/lus ... 

T phas/ene/lus & 

T pallidinc/us & 

L lagopus. 

L lagopus. 

L lagopus. 

L lagopus. 

100 

100 

100 

98 

98 

100 

L JeIJcurus. 

L loocurus_ 

L Joocurus. 

L leucu(u$. 

L Jeucurus • 

100 
F canadfHlsis _ 

F canadensis. 

F canadensis • 

0--------. substitutions/site
01 

FtG.2 Phylogenptic tr~E' b<\,,~d on BaYbian 4111~ly~is of thp mitochDndniil cytochromE~( oXld<lSt' I gem' (Ol}. 
Circles r('pn~s('nt speril's with nlonog,unolls D\<ltjng systems, SCjllMt'<' represent promii>CLJOllS St1PC1PS wlrh d:,­
perscd males, and triangles r,'present promiscuollS species with a lek melting system. Th~ numbers Me posterior 
pmbablJities as calculated by Bayesian analy~is. 



121 TAXONOMIC D[FINITIONS IN GROUSE 

being more than one defined spl'cics in cdch 
case. Cwmison 5ilge-Grouse haplotypes were al­
hed with one of the two deep clade;. of Greater 
Si1ge-Gru\Jst' ~Fig. 2). Similar to the resulb for the 
control-region. Lesser Prairie-Chicken, Greater 
Prai rie-Chicken, and Sharp-tililed Crmlse wefe 
.dl 1l1termixed \\. ithin d singl .. clade. Maxnrlurn­
parsimony <11'1<.llysis of the Sillne data revealed a 
similar t,)pology but did not place L leucuru5 as a 
"iskr gmup to the L. mUla .;- L. lagopu5 clade. 

DISCUSSJOJ\, 

OUt findings support the hypothesis that in 
lekking species subjected to strong ;.eAual selec­
tion eitlwr now or in the recent past, then' \.~'as 

kss concl1l'dance between traditional and mo­
lecular methods than in species without such 
strong sexU':d selection. Like Drovetski (2002), we 
found that 311 non-lekking taxa formed mono­
phyletic groups. And like Ellsworth et al. (1994) 
and Drovetski (2002), WEe: found that none of the 
three taxa wil"hin the Tympanuchu> group were 
reciprocaIJy monophyletic. EIJsworth et ill. (1994) 
and Drovetski (2002) suggested. that speciation 
within th.is group i:. very recent. Johnson (2008) 
proposed that this group experienced rapid di­
versification in the la te f'leistucene (1 O,OUO-18,O()O 
:veal's ago), which resulted in species with little 
or no interchange since divergence. Our data 
e>.rand upon t~)()~e fmm Drovetski (2002) by in­
cluding ,1dditionai samples from Greater Sage­
Crouse and multiple samples from Curmison 
Sage-Crouse. Drovetski (2002) showed Curmi..son 
Sage-Crouse a.nd Greal'er Sage-Grouse as sister 
groups exhibiting reciprocal mOllophyly. By in­
clud ing addition,ll samples in the present ::;tudy, 
WI;! detE:'cted both of the deep clades present in 
the Creat(~r S,lgt'-Grouse (Kahn et al. 1999), rather 
tbm the single (lade rt'prest'nted in previous 
phylogenetic studies (Drovetski 20(2). Gunnison 
Snge-Crouse fell \vilhin one of thost' clades (Figs. 
1 ,\lid 2), as previously recognized. Thus, Greater 
S'lge-Crouse and Cunnison Sage-Crouse lack re­
ciprocal mOl1ophyly, which is consistent with the 
pattern that we see in t.he other lekking species 
in North America. We suggest· that speciation 
,dthin this Centroccrcus group is probably recenl, 
Like that within the TYirlpal1J1chu~ group. 

Within North American grouse, non-lekking 
specie,s are reciprocally mOl1l1phyletic for neu­
tra! moiecular markers. By contrast, among lek­
king species, taxonl)Tlli,~ boundaries ba~ed on 

observations of plumagt~! morphology, and be­
havior are not reflected by similar diagnostica 1Iy 
consistent characters at the molecular levd. In the 
iek mating ."ystem, in which a few males do most 
of the mating, seX"l alselection can act to influence 
morphological and behavioral traits (Spaulding 
2007) ilt a rate much fi1ster than can be trucked 
using nl;'utral genetic markers (Ellsworth et al. 
1994). In S011"\e cases, reciprocill l1lonophyly may 
<lppear long ilfter complete and irreversible iso­
la ting mechanisJns are in place. Further, the time 
that it takes to reach reciprocal monophyly in 
mitochondriu depends on multiple factors, ~uch 

as the effective popUlation size of females (Avise 
and Wollenberg 1997). 

Although most of the <)nalysis presented here 
has focused on the species level, there are obvi­
ous implicatIOns for subspecies delineations as 
well. Species ,1re more reasonably expected to 
be reciprocally monophyletic than subspecies. 
Here! we have shown thal even at the species 
level, lekking grouse are not reciprocalJy mono­
phyletic, and, thus, we should not expect such a 
relationship at the subspecies level. Lesser and 
Greater Prairie-Chickens exhibit distinct differ­
ences in beh<Jvior, pl"unage, morphology, habi­
tat affiliation, and .social aggregatiun that kd 
to their recognition as distinct species (Grange 
1940, Jones 1964, Shdl"pe 1968, Johnsgard 20(2), 
a Ithough some have considered them subspecies 
lJ1 Uw p3st (Short 1967, Johnsgard 1983). There 
arc currently no ddined subspecies of Lesser 
Prairie-Chicken, and Greater Prairie-Chickens 
art' divided into two subspecies (one being the 
endangered Attwater's Prairie-Chicken, T. c. at­
twliteri). Compared to Lesser and Greater prai­
rie-chickens! Shiup-tailed Grouse are enm more 
distinct, particularly in morphology OohnsgMd 
2002), and \lvere at one time considered <.l distinct 
mOllotypic genus (Ellsworth et a1. 1994}. SE>ven 
5ubbpecies of Sharp-tailed Grouse have been 
identified, primarily on the basis of subtle mor­
phological differences and geographic distribu­
hon (Connelly el al. 1998). Like Ellsworth et al. 
(1994), Drovelski (2002), and Johnson (2008), we 
suspect th,lt speciation in Tymprmuchus is recent. 
Additionally, Greater Sage-Grouse and Cunni­
son Sage-Grouse exhibit distinct morphological, 
plumage, and behavioral characteristics (Bupp 
and Braun ]991; Young 1994; Young et al. 1994, 
2000) and appear to be reproductively isolated 
(Yollng 1994, Young et al. 1994, Kahn et al. 1999, 
Oyler-McCance et al. 1995l), which suggests that 



1:22 

spedalion within i'his group is recent ,1S well. 
TheIl' are no l'ecogmzed subspecies of GUfmison 
Sage-Crouse, whereas Greater Sage-Grouse were 
previously split into two subspecies (Eastern and 
Western), although the vaLidity of this division 
has b€'en guestiont'd (Dened iet et a1. 2003). 

Our data are consistent with the hypothesis 
that the strong force of sexual selection driving 
mpid changes in morphology, plllrnC1ge, and be­
havior has led to rapid repfoductive isolation <lnd 
speciiltion within these lekking taxa. As such, 
there mar DLlI h,we been sufficicn t time to feach 
l"l'ciprocaJ 111llnophyly even at the species kvd in 
l"h<:sc groU!,5. Thus, if one we)"e lo examine only 
d<lta from neulr<ll genetic markers among these 
taxa, important evolutionary processes ''liould he 
llverlooked. Identification of subspecies within 
these !ekking taxil is likely to require an espe­
cially astute analysis of plumage, morphology, 
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and behavior and may be misled i.n cases where 
genetic data alone are considered. Further, the 
conserv<Jtion of these subspecies is vital because 
they may ultimately represent incipient species 
in a time-frame shorter than that expeJienced 
by non-lekking taxa. Because such pmcesses are 
imperative for conservation efforts, we think that 
a pluralistic approach involVing morphological, 
behavioral. and genetic data should be used, par­
ticularly when assessing taxa with highly skewed 
mating sysLems, such <lS lekking grouse. 
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