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Histological

{Pedioecetes

Ground Size

Changes in the Test.es of the Sharp-tailed Grou-se

phasianellus Linnaeus) in Rel-at'i on to Dancing

and Organization.

ABSTRACT

phasj-anellus Linnaeus) were collect.ed from 20 dancing grounds

near Hodgson, Manitoba" Testis volume, stage of spermato-

genesis, maximum diameters of seminiferou.s tubule lumina,

testis vasculari.t:y, incidence of mitochondria in ínterstitíal

cells" and interstit,ial cel1 level of cholesterol rdere

measured to determine if histological changes during the

breeding season varied with âgê. d-ancing qround size and

socíal organization.

The testes of 64 Sharp-tailed GroLtse (eedioecetes

tdayne Michael Nitchuk

The levels of cholesterol and testis vascularity were

maxima-l early in the display period and. declined thereafter.

Testis volume, spermatogenesis, seminiferous tubule diameters,

and mitochondria incidence increased early in the season and

u/ere sustained until sampling ceased"

Comparìsens be'cween ad-ufts and- juveniles, and ]:etween

rnales from large and small dancing grounds revealed no



signi-f ica¡rt clif fe::ences in body r,reighL or -testi s histology"

ûrt large dancinE g:rcuncts, the iestes of high-dominance cen-

tral males shorøed signi-f icantly g::eater levels of cholesterol,

and slages of spermaLogenesis than those of the iow*dominat-Lce

peripheral mal-es "

'rhe resul ts ind.icated that. sharp*tailed Grouse ma]-es

vrere reproductively mature by about. one year of ãgên antl

that age strucLr-r-re did not. appear to constitute an impor-tant

basis for dancing g:round organization" The data- p::ovided no

evidence that males from srnal-l and, large ciancing grounds dif-

fered" as a nesult of dj-fferent degrees of social stimul-ation.

Wi';hin J-a,rg:e danc.ing ground"s" the greater leve1s of sþern'ìa-

togenesís and choleste-rol found in the more dominant central-l-12-

locaL.ed and reproductiveJy act,irre males ap"peared to col:tstitute

importanL functíonal anc causar cor:rel-at,es of dancing g::ound

organization 
"
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TNTROÐUCTTON

n] thor-rgh the d-isplay and matì ng J:ehavi-our:

Sharp-tailed Grouse {Pedioecetes phas ianellus

{e"9. Bentu

of the ma-le

Linnaeus) has

L932; Johnson,lceen desc::ibed by several a-uthors

L934¡ Marshall and. Jensen, L937; Grange, L1AO; Hart et al,

1950; I{amerstrom and Ï{amerstrom, 1960; Evans , Lg61; I,u-msden"

1965) o detaiJ-ed investigaiions of -'he histoJ-ogicat or physio-

logicar correlaLes of display and mat'i ng behaviour were

iimited primarily to st.udies of the testicul-ar cycle in other

grôuse species, particula-rIy the sage Grouse {centrocercus

uqcphasianus) iEng, 1963) and tsl_ue Grouse (Ðendraga;ous

description of theoÞscuruji) {Simard, l-964) " A histologicaJ_

festis c1zcle throughout 'bhe ìrreed-ing seasoi-r, and the inter-

::elatj-ons ]:etween this c1'cle and r¡a¡:ious aspec-Ls of d-ispJ_a1z

]:ehavj-ou-r in the Sharp-t.ailed Gïouse have receive,C. onl1z

limited treatment {Evans, 1961_) . The present stu"dy r,.ras

designec to provide a more detailed analysis cf Lestis his-

toi-ogy in this specíes" Tn particular, the hypothesis r^¡as

examined that during the breecling seasoÌl" testis d.evelopment,

spermaLog'enesis, and the int.erstitíal- cycle of sharp-taited-

G:roLtse al:e s'i milar to that repori:ed for ,che related Eenella_

of sage Grou.se ancl E1u.e Grcuse- To further delineate possi_]:le



b:-ologica.r and behaviou-::ial cor:::elaLes of the ¿esl-j-s cycle,

the hypothesis tnat at treast the rnaín phases of the tesi_is

cycle vai:y systematicaJ-Ly with ãge of maleso clancing giror-lnd

sizen and posì'Lion of n'rales on the dancing grounCs, vlas also

:-nvestigat.ed" "

trng (l-963) and Simard {1964} reported that ju.venile

ma-le Blue Grouse and Sa.ge Grou-se had snialler qonadso a

slower recrudescence¡ a later peal< in spermat.ogenesis, and_ a

shorter i:reedinq peri.od tha,n the adul'cs" The possibil-ity of

a similar phenomenoû cccurrri-ng i-n Sharp-tailed G::oi,rse v¡as

exarn j-l-:ed in the presenl- study "

I{amerstrom and, I{ame;:strom il_955} noteC thar Lhe p::oba-

b:-j-it1' ef a fernale Piiai ri-e Chi cl<en (T:'mp:rn_uchus cupic-o

p:lr¡+tge) being nr.ai:ed. on a s¡nall q::ouno1, containing from one

to 'ï O males, i¡ië;.s ie ss than tl:at on a medii:rn qround-, coni:ai_n*

ing 11 to 15 mal-es" Darl-íng (l-938i L952j hypothesizect t-hat

drsptray g'rounds that are too small may I ack social stimulation

and- therefore be less su,ii:al¡le. The al:ove stud.ie5 s¡lcirraci-arl

the pcssibility t-hat. bo1:h androgen. Ievel-s and sþermatogienesi.s

niay be l-ess for bi.rd,s on smaL.J- than large grounds" Th'is rr¡a_s

i.¡:r"¡es'LrgiateC -try con,pari-ng gonad.s of mal es coll-ected frcm

smal 1 oancing grounds ivith those of nal es f::on J_arge dancing

g::ounds conl;a-'i-ninqi more than i0 maJ,es-



Studies by Hamerstrom and Hamerstrom (1960), Eva_ns

{196J), and Lumsden (1965} on the Sharp-taileC Grouse, and

studies of related- commu.nal species, includi ng the B1ack

Grouse (Lyrurus tetrix) by Höhn (1953) and Koivisto {1965),

Prairie Chiclçen by Hamerstrom and Hamerstrom (1960), and the

Sage Grouse by Simon (1940), Scott {L942}, Eng (L964), and

T,umsden (1969), have shown that most matings are done by

cent,ral-ly located males on the Iek" Koj-visto (1965) and

Lumsd-en (1965) also suggested that the more centrally located

males are dominant to those whose territories lie at the

periphery of the 1ek" These studies suggest that the cen-

trally located males have a greater androgen output and

achieve a greaLer reproductive po'tential than the peripherally

located males of the same lek" The possibility that these

differences may be reflected in the physiology of the gonads

was tested by comparing the more dominant of the central

males, which occupy territories surrounded by other males,

and bhe less dominant of the peripheral males, which occupy

territories at the periphery of the ground"

A preliminary survey of Sharp-t,ailed Grouse dancing

girounds in the Interlake Region of rïanitoba Ln L967, indi-

cated the presence of sufficient, dancing grounds of various

sizes to permit the required collections wilhout severely

reducing the male populat.ion"



F.ËVT]Ti,d OF L.ITEIIATUIìE

Dispj.ays a-nd, Social ûrganj-zatio,n of G::ouse

Eighteen .recognizecl species of grtusê, sofir€ ivith

rìuTnerolls subspecific foru's, ccmpr-ise -the fanilli Tei:ra-onidae

{Tlromson, L964}. As reviewecl by Ujorth (1967} , t-he

Tetraoni.dae are noteä for e1al:orate and often highly rit-

ua-] ized courtship and rna'ting clisplays by the rna-] es" Early

d-escrj-plions of courtship and mating behavj-our in the I0

Nor:tl'l America-n species {Arnerican Ornj-thoJ-ogists Union Check-

Lís'1., J-957,\ l./ere prÊsentecl in Bent (l932) . More Ce'r-aj-led

accounts of male d'i splavs 'ï.or al ] trTo::th Arnerican Tet:raonida-e

species have been compiled by tnti:rg (L946j " l-{jorth t1-967}

provrded an extensirze r.=r:tod of the reprod.uctir¡e ]rehaviou;:

'ìn male grouse of htorth l\rLrei:ican and Er-r::asian m.enLbers of the

ICllitII V "

Althou.gh elal¡oraLe displays are characte.rist-ic or' all-

Tetraonidae, social organizat.ion as ill r:-strated b1' the spacing

of dispiayang males. cliffe::s ,,r'id.ely within the group" The

rnal-es of some species u such as the Sprr.rce Grou-se {Canach j-tes

canadens'i s) and-, to a- lesser extent, ';he Bfue Grouse and

Ruffed Grou-se {Bonasa umbellr:s) , tenC to d-isperse and- cf is*

plây singiy, on individ-u-al and. cfeen w:i-deiy cl-is-oe::sed



territories" Others, including t.he Sharp-ta-il-ed Grouse,

characteristically display in groups on communal display

groundso or "lelçs" (Hamerstrom and Hamerstrom, Lg6Oi Lumsden,

L965). fn addition to the Sharp-tailed Grouse, communal d.is-

play qrounds are used by the other three so-called ',prairie

grollse" species of North America; the Sage Grouse, Greater

Prairie Chicken (Tympanuchus cupido), and the Lesser prairie

Chicken (T]"mpanu-chus Pa,!,lrdicinctus) , and two European

species; the Black Grouse ancl capercaillie (Tetrao urogallus) "

Detailed descriptíons of the courtship and. mating J¡ehaviour

of these lek species include accounts by Simon (1940), Scott

tL942) , and Lumsden (1968) on the Sage Grouse; by Johnson

tL934J o Grange (1940) , and Hamerstrom and Hamerstrom {1960)

ori the Prairie Chicken; by Höhn (1953), Ilamerstrom and

Hamerstrom (1960) o and. Koivisto (1965) on the Black crouseo

and by Lumsden (1961) and palmer (1963) on the Capercaillie"

Ðisplays and Social Organizatíon of Sharp-tailed Grouse

Descriptions oi. the various displays and social organ-

ization of male Sharp-tailed Grouse were reported by

Hamerstrom and Hamerstrom (f960) " Evans (1961), and Lumsden

{f965) . Bent (1932), Marshall and Jensen (1937), Grange

{1940), Hart et al (1950} , and Scott (1950) quoted a number



of older accounLs" The

cited studies o inclu,des

and social organization

spring' breed-ing season.

foll-owing resumd, Ì:ased on the a-bove

a general description of displays

of Sha.rp-tailed- Grouse during the

Displays

The displ-ays of male Sharp-tailed Grouse function in

territorial defense" courtship, as wel-l as att,racting females

to the lek (Lumsden, 1965; Hjorth, 1967; Robel, I967J " The

"fluLter- jurnp" dísplay, in which the males jump into the air,

fl-utter their wings and return to the ground, is characi:er-

istic of territorial mal-es when females are nearby, and

presumably functions primarily as an advertising display

(Lumsden, I965) " "Cooing" vocalizations, which become fre-

quent shortly after males arrive in tJ.e morning, are evoked

orimarily in aggressive situations between males; according

to Lumsden (1965) they are noL to be considered court.ship

displays, although they appear to serve the purpose of ad-

vertising the location of dancing grounds to females. A low-

pitched gutteral "loclc-a-lock" call-, used in aggressive and

fighting sit.uations, may also serve to advertise dancing

grround locations.

Agonistic ]¡ehaviour mosL typically occurs aL territory



l:oundaries betv¡een adjacent males" hrhen approaching a rival_,

males may erect the fea-thers on their neck and point their

tail upward. In more aggressive situations, they may walk

or run jf,arallel to one another with their heads and tails

up" At high int,ensity, there is much calling, advancing, and

retreating. Actuar fightíng may occur early in the disptay

season, but is rargery replaced by more rituat ized threats '

as the season advances (Hamerstrom and. Hamerstrom, 1960; 
l

Lumsden, 1965).

The major courtship display of male sharp-tailed Grouse

is referred to as the "dance" or "tail-ratt.1ing" disptay"

ït has been described as "one of the most remarkable per-

formed by any Galtiform" (Lumsden, 19652 p.43) . rn the dis-

play, males "dance" with rapíd stamping or short quick steps,

and rapidly vibrating rectrices, hence the term ',d.ancing

ground''forthecommuna1disp1aygroundinthisspecies

Like "fl-utt,er-jumps,; the "tail-rattling" display is especially .

pronounced when females are present. copulation, which is

initia'bed in response to the crouched posture characteristic

of the female "pre-copulatory" display, is typically preceded

by periods of intense "tail-rattling" " Ðetailed descriptions

of body positions, movementso and sound.s in these and. other

displays are included in the study by Lumsden (1965) 
"
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Dancing Ground Size and Organj-zat.ion

Sharp-tail-ed Grouse lelçs may accommodate one to more

than thirty males " Each morn-ingo and usually in the evenings

during the spring display period" males come to the same lek

which may be used annually for a períod of many years

(Lumsden, 1965) .

Like Prairie Chicken and other lek grouse, Sharp*tailed

Grouse exhibit well-developed terriLorial behaviour on the

lek" This is evidenced by the regularity with which males

occupy the same area each morning, coupled with occurrence of

aggressive interactions between neighbours alongi territorial

boundaries (Lumsden, L965", Evans, 1969) " As is characteristic

of territorial avian species, male sharp-tailed Grouse typi-

cally expell other ma,l-es that intrude on Lheír territory" On

occasiono howeverr even apparent.ly established males may be

permanently expelled from their territories (Bvans, pers. com.)

Hamerstrom and l{anerstrom (1960) noted that hard fighting

during t.erritorial- d-isput.es occurs mainry at the beginning of

the display season, and is then replaced large]y by rituarized

fíghLi-ng or threats.

According to tumsden (1965), nale Sharp-tailed Grouse

occupying territories on typical n ot "classical" leks, are

organized into a hierarchy of dominance in which Lhe more



d-ominant males tend t.o defend territories near the center

of the lelc" Similar inte::pretations have also been advanced.

for this species and the other prairie girouse of North

America J:y Scott (L942; 1950) , and f.or the Black crouse in

Europe (Koivisto, 1965). These same authors noted that when

females arrive on the lek, they tend to move towards the

center, where most copulations occur" The radiating domi-

nance hierarchy in ma1es, coupled ivith the select,ivity ex*

hibited by females, appears to ensure that the majority of

females are mated by a limited number of centrally-located,

more domínant ma1es. Subordinate males, restrict,ed to the

periphery of the lek, Ieave few, if any, offspring. fn

addition t,o providing a basis for such selective ma'ting,

t.erritories are also thought to function in reducing distur-

bance during courtship (Scott, L942" Hamerstrom and

Hamerstrom, 1960; Koivisto, 1965) .

Little is known concerning the organizat,ion of small

dancing grounds containirig one to 10 males " Such grounds

apparently do no'L possess any obviously centrally-locaLed

males, although some males do appear to be more dominant than

others {Lumsden, 1965) . There is thus little direct evídence

concerning the absence or presence of a radiating dominance

hierarchy" There is evidence that smaIl glrounds may be less
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stableo in tha-u they may shift location from year to year

and disappear in years when popul.ation densities are low

{Lumsd-en, 1965}.

Endocrines and Avian Reproductíve Behaviour

Reviews by lrritschí (1935), Sturkie (J.954) , Nalbandov

(1958), Marshall (1961), and Barrington (1963) indicated

that the rel-ease of avian sex hormones is closely correlatecl

with development of the reproductive orgians, secondary sexual

characters, some sexually dimorphic characters, as well as

behavioural pat.terns. Eisner (1960) described in deta-íl

the relat.ionship of hormones to the reprod.uctive behaviour

of birdsu referring especially to parental- behaviour-

Lehrman (1959; L964) provided. further information on the

influence of endocrines upon reproductive behaviour" and

cited evidence that not only does hormone secretion affect

this behaviour. but that behavj-our affect.s hormone secretion"

fn addition, field o}:servers noted that the singíng and

posturing of the male bírd stimulates nest-building behav -

iour on the part of the female of many species (Blanchard,

L94Ij " Craig (1911; 1913) and Burger (L942) simitarily

reported how behaviour is important in influencing hormone

secretíon with resultanL structural changes and l:ehavioural
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TImodifications conducive t,o reproduction in many species

j-s also likely that many envíronmental changes affect. horrnone

level-s and reproduction in r,r¡ild birds by influencing some

critical behavioural interaction (Rogers, L962j .

The hormones primarily involved in avian reprodu-ct.ion

are those of the anterior pit.uitary gJ-and- and the gonads.

The first eNperimental evidence of the endocrine function of

the Lest,is was obtained as long ag,o as L762 when John Hunter

d.escribed the effects of transplantation of the testis of a

d.omestic cock (Marshall, 1961). It was not untiL L929,

hor,vever, that Benoit, by use of Rontgen-radiation, v/as able

to show that male hormone was produ-ced somewhere in the inter-

tubular tissue" Marshal-I (I9a9a) in descril:ing the functíon

of the int.erstitium of the testis o localized the endocrine

function to secretory cells 'At and- 'B'.

In the male, both sexual and agonis'tic behaviours are

greatly influenced by androgen (eullough, 1945; Beach, :.948-i

Selinger and Bermanto L967j. Experiments by Selinger and

Bermant {1967) on the hormonal conLrol of aggressive behav-

iour in Japanese Quail (Coturnix coturnix japonica) indicated

that gonadectomlz resulted. in a marl<ed reductíon in bo'th aggres-

sive and sexual behavíour. If the particular bird was high

in the esta]:lished- domilfance hierarchy, gonadeci-omy also
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resulted in displacement to a lower position, such evid-ence

ind-icates that, domina-nce and aggressiveness in l:i::ds are

i-nfluenced- by androgen 'level_s" fn a-ddition, seasonal

changes in secondary sexual characters also may depend upon

these same hormones and the gonad.otrophins " rn the weaver

Finch (Pyromel-ana franciscana) for example, condition of the

prumage correlates with that of the gonads (Rolro and Domm,

1943\. Simitarily, in the domestic fowl, charact,eristic male

vocalizations are stimulated by androgen (Nallcandov, l95B).

Robinson (1956) found that the seasonal- developrrrent of song

pa.Lterns in the Austral-ian Magpie (Çymnornina dorsalis,

campbelr) could arso be correlated with changes in the state

of the testis" The available evidence thus suggests that

during the spring reproductive period, characteristic behav-

iour patterns such as vocalizaLions, displays, fighting" the

setting up of territ.ories, and dominance hierarchies are

significantly influenced by androgien released by the testes

{uisner, 1960) " These internal stimuli are of course operating

in conjunction with stimuli from the environment, and., as

Lehrman (1959) discussed. more ful1y; the behavi-our itself

probably result,s in an intensification of the hormone secretion.
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The Annual Breeding Cycle

The avian ]:reeding cycle consists of reproductive and

non-reproductive Ìrhases " with or withou.{: intervening mígra-

tion" The breeding clzcle of the North Temperat.e species

commonly shov/s an annual periodicity (Lack, 1950; Thomsono

1950), which is reflected in behaviour" Thus the ma-l es of

many species, including Sharp-tailed Grouse, become agg:res-

sive towards other males of the species during the spring

breeding' season" while at other tímes they associate with

few agonistic int,eractions (Höhn" 1953; Leh.rman, L9S9¡

Ilamerstrom and Hamerstromu 1960; Luirsden, 1965) . The breed-

ing cycle is also reflect.ed, in the striking changes in size

and activity of the gonad-s " The testes in the Gambel sparrovr

(Zonotrichia le_ucophrys gamþ*eli), for example, increase in

volume by about 125 times whíle going from non-breeding to

breeding condition (elanchard and Erickson, 1g4g) " In the

Anna Hummingil:ird (Ca1ypt,e anna) the increase may only be I0

times greater than the minimum volume (I/üilliamson, lg56) "

Gross changes in testi s size are associated with hísto-

logical changeso and both have been used as crit.eria for

separating the avian gonad cycle into stages. Rog,ers (1962)

divided the cycle into the foll-owing three general stages:
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Refractory Phase

fhis stage is referred to as 'refractory' because the

gonad-s do not respond to light treatment (l,Volfson, L952j "

At this period, usually míd-summer, the testes shrink rapidly

to their minimum size" The secretory products of the inter-

stitial cells are exhausted during the refractory period,

and the cytoplasm of the Sertoli cel-ls and germ cells of the

testes tubules is converted into a mass of cholesterol posi-

tive lipid material lying in the lu:len of the shrinking

tubules (Marshall, 1949a) . Sexual behaviour practically

ceases and many species gather in flocks. A posL*nuptial

moult characteristically ensues.

Acceleration Phase

The acceleratíon phase follows the refractory phase

beginning in late summer or early autumn. Having reached

their mínimum size by the end of the refractory phase, the

testes then begin to grov/ and the la-st remniant of lipids

disappear from the tubules " The newly formed interstiLial

cells are already lipoidal and the new tubule epithelium

contains spermatogonía- (Marshall, 1949a). Typically, there

is a corresponding increase in sexual activity, wii-h resul-

tant autumn displaying {Marshall, L952), a behaviour also
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characLeristi c of the Sharp-taiJ-ed Grouse (Lumsclen , Lg65;

Evans, L9691 " I-Iowever¿ aproarent.ly no autumn matings have

been recorded in species inhabiting the temperate regions,

nor co the gonads begin to increase in overall size untí1

early January" The duratj-on of this phase varies between

species. For example, in those that reach this st.age in

late sulnmer and early autumn, it appears to be pror ongied by

the adverse environmental condiLions of autumn and win.ter.

This is thought. to prevent progression to furr breeding

condition at this unfavorabl-e time of the year (Marshall,

1952; Rogiers , L962j .

Culmination phase

Sperrnatogienesis reaches its height du.ring the culmination

phase. The greatly enlarged tubules of the tesLes are fitled

with spermatozoa. with expansion of the tur:ules the inter-

stitial cells are compressed, scattered and nearly obscured.

During this period, display and mat.ing are completed. As

these activities are concluded the birds once again enter the

refractory phase.

A more detailed anarysis of the avian testis cycle has

been presented by Johnson (l-956) for the california Gufl

{Larus californicus). As described berow, Johnson {1956}

divides spermaLogenesis into eight stages.
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Fi*age 1. St.age 1 is the inactive winter conditíon" The

Lestes attain their minimum size, and the tunica albuginea

its maximum Lhi ckness " There is merely one J¡asa] layer of

spermatogonia and Sertoli cell-s resting on the basement mem-

hrane" Lumina are almost non-existant. "Inactive" primary

spermatocytes are presenL"

Stage 2" Primary spermatocytes are in synapsis, with their

chromosomes lying to one side of the nucleus " There is stili-

basically one layer of spermatogonia and Sertoli cel-l-s "

Lumina are filled with detritus "

Stage 3 " An increase in the number of primary spermatocytes

in synapsis occurs forming two or more layers adjacent. to

i;he lumen. Tubules commence to enlarge, and the tunica

albuginea becomes thinner.

Stage 4. There is a predominance of primary spermatocytes in

synapsis along with Lhe first appearance of secondary sper-

mat.ocytes. The tubules increase considerably in size" A

large empty lumen is present.

Stage 5. It4ost of the spermatids present a.re bordering the

lumen except those that are metamorphosing are movingi from

t.he l-umen 'Loward the Sertoli ceIls. When compared to the

number of primary spermat.ocytes, spermatids are few in number.

Only rarely are mature spermat,ozoa present"
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Sta,ge 6 " This s'c¡ge is i:eferred to âs the breed:-ng coll-

<1,-ì-Lion- Spe::nalozoa are j-oi:nd, in l:uncl,l es spaced. arou.nd tlre

tubul e " Testes and tul¡ul- es ai:ta in the i r maxi-mum s i-ze "

Ti-:-nj,ca albr-iginea is thinnest"

Stage 7 " This stage Ciff ers frorn the preced-ing one in 'rhat

Lhe majority of spel:m bund,l-es have been shed into Lhe center

of the l-umen of the tu.Ì:ule"

S:L?gq 9,_ After spermatozoa ere shed into the l-umen a casting

oLf , j-n succession, of sperma-tid.s, spermatocytes, sperrnatogonia

a"ncl Sertoli cell-s occu,l:s . This is thu.s 'f:he regiression stage "

Tubules collapse a-nc1 become smalle:r, approachi-rrg the inac'Live

lt¡i-nter condition "

The Contro'l of À-ri.¡-ian B::eeding Cycles

As deL-'ined by Bake:: {1939) , Lac}i (1950) o and Thomson

(1950) o tln/o tynes of causes are invol-vec1 j-n the control of

breeding seasons¡ u.ltimate and proximate factors. Þroxj-maLe

causesu in turn¡ rrlay either be primarily end-og'enous, or due

to the inflr-r-ence of the environment on particr-i1a:: physiological

roroces ses "

Ul-timate FacLors

Ult.imate fa-ctors are those which are thought to operate

th.ror-rgh na"tu.ral selection lo achieve a correlation betv¡een
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reproductíon and optimr:rn ecologícal conditions, especially

the availability of food Í.or the young (¡,ack, 1950; Thomson,

1950; Seel, 1968). For instance, the diet of young Sharp-

tailed Grouse is 95% tnsects, decreasing with âgê, 8"5% aL

twelve weeks (Hart et al, 1950r Kobriger, 1965; Bernhoft,

1967). The need for sufficient insect food for the young

may therefore be one of the most important ultimate factors

necessítating that reproduction occurs in the early sullìmer.

Proximate Factors

Proximate factors are Lhose which operate through the

physiology of the gonads to bring the birds into breeding

condition at the biologically appropriate season {Lack"

1950) " To function effectively during the appropriate

season, it is apparent that activity of the gonads must be

controlled by some timing mechanism, eíther internal or

external, so that gonad recrudescence occurs before the onset

of optimum ecological conditions "

The Internal Rhythm of Breeding Cycl-es

At the present time there is no general agreement as

to the importance of an internal rhythm in regulating avian

reproductive cycles. The probahle existence of an internal
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rhythm, modifiable by external factors, has been accepted

by a number of workers (Bissonette, L937 " Blanchard, L941 ¡

Burger, L949j .

Marsha1l (19a9a) believed an anatomical basis for ä.ri

internal physiologícal rhythm may have been shown in his

investigation of the seasonal cycle of the interstitium of

the testes of the Fulmar (Fulmarus glacialis). There is

al-so some evidence that such a rhythm may become established

and persist in its characteristic periodicity even when

environmental factors, such as photoperiod, are neutralLzed

or reversed (Thonrson, 1950) " Baker and Ranson (1938), among

others, have shown that some birds native to the souLhern

latitudes, like the Gouldian Finch (poephila gouldiqe),

when art.ifi-cíally removed to northern latitudes, retained

a tendency to breed at the same date which would have been

appropriate had they not been transported" Other species,

including the Western Rosella Parrot (Platyecrcus icterotis),

ín like circumstances, adapt more readily to the seasonal

cycle of the new e¡:vironment (Thomson, 1950) " Thomson

{1950s p.184) point.ed out" however, "Èhat where an inherent

annual rhythm existsn to keep the physiological and environ-

menÈa1 cycles in step there must -þe one event in the former

which is directly linked to some point. in the latter" "
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Environrnental- Facto::s and Breed-ing Cycl-e1

S'i nce endogenous rhythmsr eveí! if present, are not in

themsel r¡es suf f r cient to procluce the necessary d,egree of

correl.a-tion l¡etv¡een breedrng cycles and oplimurn ecological

cond-itions (Thomson, 1950), exogencus faciors that cor::e1ate

in time v¡ith tire appropriate er:d,ogenous conditions have been

assumed to J¡e sf prima.ry iml:ortance- The classic experiments

of Roi.+an (1925) on the S1at.e-coloured Junco (Junco hyemalis)

focused attention on liEh-u as one such exogenous proxiniate

f.a-ctor. Rorn¡an anil subsequent experimenters demonsLrated- tha't.

upon expcsing male birds of various species to increased

amounts of artificial light in winter, i-he gonad.s increased-

in size and spermatogenesis occurred (Rowan, 1925i Bissonet!:eu

L937; Berger, ]-949; Kirkpa'i:::ícl<., 1955; Threadgold, 19(r0l

tofts and Coombs, 1965¡ Lofts et al , 1967i Farner, L967, I."trilscn,

1968) " These o1:servations provide abundant evid-ence for in-

creased d-ayj-ength to be an effective proximate factor pro-

rnoting gonad recrudescence" As sucho it presumably acts

merely as a timing mechani sm and need- no'c be su-poosed to have

some other, more fundarnenta-I ultiniate effect on avian repro-

d-uctíon (} ack, L950) . fn^ addit.ion to I i.ght, oLher factors

such as air temperature (ÄIarshall, l-949b) and- precipl-tatron

{lack" 1950} rnay aJ-so act as proximate fa-ctors, modifying the
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optimum loca'l cond-it.'i ons "

Physiological ConLrol of Avian Breeding Cycles

According io evidence reviewed by Farner (L967), the

precise photoperiodic mechanisms that have been developed

by avian species of the mid and high laLitudes constitute

the primary basis for the con'trol of breeding cycles in these

species. The core of this control system in b'írds, ãs in

other higher vertebrates" includes the hypothalamus, anLerJ-or

pituitary gland and gonads. ExLernal stimuli, particularly

1ight, activat,e exteroceptors which transmit information

about the stimuli to the so-caIled "higher cent.ers " of the

cenLral nervous sytem. Impulses are then transmitted. from

these cenLers to the hypothalamuso where the production of

neuro-hormones, produced by neurosecretory cells, is stimu-

lated (Guyton, L964). Neuro-hormones are then transported

to the pituitary gland through a system of portal- veins and

affect the secretion of gonad stimulat,ing hormonesn the

gronadotrophins (Farner , L967J, w'hich are produced in the ante-

rior pituitary gland" Lehrman {1959) and Rogers {L962}

think it probable that all- other external factors that affect

the gonads, such as temperafure, rainfall, and stimul-i from
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chargres which are relayed to the hypothalamus where they

modify the activity of the neurosecretory cell-s "

The inf -luence of the gionadotrophins upon the ùestis

governs the elalcoration of the male sex hormones, androgerrs"

Androgensn along with the gonadotrophins, result in the

development of a mature, physiologically reproductive testis.

T'he appearance of secondary sex characteristics and asso-

ciated reproductive behaviour are also a result of the

elaboration of androgen and in some cases gonadoLrophíns

{witschi, 1935; Sturkie, 1954i Nalbandov, 1958; Marshall,

1e60) "

Testis Cycle of Grouse

Det.ailed histological studies of grouse testes have

been limit,ed to two species. The Sage Grouse v¡as invest,i-

gaëed by Ung (1963) " More recently, Simard (1964) analyzed

the testis cycle of the Blue Grouse (uendragapus obscurus

fuliginosus) and its relationship to age, breeding behaviour

and migration"

The criteria. of the stages of spermatogenesis employed

Simard (L964) were those defined by Johnston {1956: p.155}

described above" As noted by Johnston (1956), the b::oa-d

by

as



featu-res of sper:rLa'togenes'is are -in cl.ose agreeme;:rt. for all_

the species exa.mined whethe:r thel' breeC. ín thei:: firs-t or

suJ:sequen'L Veaï's" The Fulmar {}fars}rall" L949a,\ is a ilo.îl_

passerine rr¡hích d-oes not begi¡ tc l:reecl u¡iti]- ol-cler .Lha_n

one yealr. on the other hand, the Ring-necl<ed- pheasa.nt

( Phas ia-nus colchicus) (i+iat'c and Fisher, Ig47j , breeds b,y

the end of it.s first year:" The sharp-tailed Grouse, alongi

wrth mosL of the TeLraonidae, also breed- by the end. of the

f j-rst year "

Both Eng (l-963) ín his stu-dy o'F sagie Grouse, a.nct símarcj

i1964) in hj-s study of Brue Grouse, noted .Lhat the gonads of

t-lre juveniJ-es, birds about Ðne yearr old" were sma11er, and

did not reach the maximum size attainect_ by the gonacls of the

adu,l-t.s. Both studies revealed that the juvenile testes con-
-bained rnatui:e spermatozoa and henceo the 1:irds were presumabiy

physiologi-carly capabJ-e of breeding. but obser:vations indi-

ca-ted that fevri" if aflyu females \\¡ere actuaJ-ly inseminated 1ey

juvenires. ln ad-dition, the juveniJ-es tencled- to be subor*

dinate to adr-rlt rnal-es in territoria-l encounte::s" rn summãry,

both studies revealed thaL the juveniles had- smaller testes,

e sl-orver ::ec::ud.escence, a later peal-, in spermatogenesis, a

sho::ier i:reeding period and therefore an earli-er winter s.Lage,

The sul:ord-i nale sta-tus and reduced reproductive potential of
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_lurreniles on the l:reeding range couid therefore l:e explained

at least in part, by the reduced developmeni of their testes

compared to those of 'rhe adults " Similar published data for

Shar,r:*Lail-ed Grou.se are appa::ently lacking"



MATERTAL AND METHODS

Study Area

ObservaL'i ons and collections took place within a 19 -

mile radius of Hodgson in the Interl-ake region about 125 miles

north of Winnipeg, Manitoba (Fig" la) " This Interlake regíon

may be classified, oo the basis of economic standards, as

"non-agricultural" (lveir, 1960). Howevero the study area was

primarily a belt of cu.ltivated land interspersed by forests,

consisting of a grass-woodland t.ransition with black-grey

wooded soi I predominating" AssociaÈed soils are black, dark

grey and peaty meadow (weir, 1960). The naÈural tree cover

in the area consists of mixed sfands of broad leaf and con-

iferous species, chiefly aspen, (Popu¡lus tremuloj-des) and

spruce, (Picea mariana) " Peat bog and marsh are also prev-

alent- Observations and coll-ections !ùere conducted. over an

area of approximately 20 square mil-es" containing 26 dancing

grounds; dancing ground positions are indicated in Fig" lb.

Locatíngr Dancing Grounds

Dancing grounds \¡¡ere located by list,eni-ng for the sounds

of displaying males" From shortllz Jrefore sunrise to about

one to one and one-half hours later, o[ c1ear" cool, ca-lm

morninEs, vras found to be the best time f.or finding dancing
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ï- j-g- 1 a) Map of the province of Manitoba showing the Hodgson

sludy area" b) Map of the i{odgson study area shov¡-

ing location and number assigned to each Sharp-tailed

Grouse dancing ground from which observations and col--

lec'tions were made"
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girounds" Under these conditions, displaying Sharp-tailed

Grouse can typically J¡e hearc¿ a mile away {Lumsden, 1965) "

trach dancing giround was located by observing displaying males,

or finding fresh droppings and shed. feathers that characLeríze

active dancing grounds during the spring d-isplay period.

During the afternoons preceding days on which detailed

observations or collections were made on any given dancing

ground" a btind consist.ing of burlap hooked over a 30 X 48

x 4' board frame was erected on the edge of the dancing

ground, approximately 25 yards from the center of the d-isplay

area. The blind was placed so that at sunrise the sun would

not rise directly in front. of or behind the blind.

Observations and collections \,1¡ere carried out primarily

during the rnorning display" Equipment and observer l¡/ere hid-

den in the b]índ before the birds arrived"

Census and Ol¡servations

The maximum numbers of males and females using each ground

were counted from the blind during early iviay through June in

L967, and during early April through early June in 1968" The

sexes were dist.inguished by differences in both behaviour and

morphology {Evans, 196Ii Lumsden, 1965) " ïn collecting 64

birds, a female was never mistaken for a male"



Bach dancingr ground was observed- at least orrce l:efore

collection Lo determine the relative locations of males and

females, and to determine ranks within the dominance hier-

archy" Copulations and clumping of females on a given ter-

ritory were noted, and- used as indicaLors of dominallce in

the males. Indirect evidence of dominance in a particular

male included the observa'L.ion that. the bird would be located

near or on a slight elevation when this was present (Lumsden,

1965), and that it was particularily active, and highly suc-

cessful- in defending its territory boundaries {Lumsden, L965\ "

Collections

Male birds only v/ere collected-, 25 from May to June in

L967 n and 39 from april Lo June in 1968" Four males v/ere

collected each week, two from a large and, two from a small-

dancing ground"

Following sufficienL observaLions to d-etermine the num-

ber of birds and the approximate positicn of each malen each

ground was classified as small or large" Sma1l dancing

grounds at no time contained more than I0 males, while large

grounds possessed 11 or more mal-es " The figures chosen, al-

though in part arbitrary" have been useful in comparisons be-

tween small and. larqie giround.s in the closely-related Praírie
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Chicken (I{amerstrom and llamerstromo 1955} "

Trvo mal-es \^rere collected from small dancing grounds

each weelç; in no case was the entire male population removed"

Ã random sampling technique was employed to determine which

male from a given small dancing ground wa-s to be collected-"

Two males were collected each rveek from large dancing grounds,

one male whose territory was l-ocated rrear the center, and one

from the periphery" Where possible an attempì: was made to

collect central maf es e>',hibiting high dominance status and,

peripheral males exhibiting 'l ow dominance status " collec'ti ons

were not unde::taken if this would- reduce numbers of males to

10 or less.

Onl1z five of the 19 central males collected were known

to have mated. However, the central- location of these birds

indícated t^hat they woul-d ::ate relatively high in the hier-

archial system of Lhe dancing ground (Koivisto, 1965i Lumsden,

1e65) "

Males w'ere shot wíth a "22 calibre rifl-e, fitted v"ith a

3X Lelescopic sight and fired from the blind-" Coll-ected mal-es

were numbered, weighed, and information recorded on a d.ata

sheet (Appendix r,} " In L967, the right tesi:is wa-s removed-

and its volume mea,sured to Lhe nearesL tenth of a míl-líIiter

by measuring the observable quantíty of water displaced when
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the 'Lestis was imme::sed in a partially filled l-O-ml gradu-ated

c5zJ_inder. In t96B vol-urres of both testes were measured.

Determinat-ion of Age

The central rectrices and- one wing segment containing

the primaries were preserved for age determinatíon. In the

present study, Lhe age of each collecied rnale was determined

first accordíng to the shape, v/ear, and fading of primaries

g and 10 (Dwight, j-900; Leopold, 1939; Pe'Lrides, L942; Ammann,

Lg44i Evans, 1960; Zwickel and- Martinseg, 1967 t Ellison,

1e6B) (Fis " ztr "

The t,otal length of one central rectrice was then meas-

ured. to the nearest mitlimeter. The external diameter of the

shaft of one nínth prirnary v¡as measured at the point where

the first central barbs come off the shaft on the underside

of the feather" This vras measured, using a calibrated. stage

micromeLer" to the nearest "02 mm. Studies by Dorney and

Holzer (1957) and Evans {1960), with grouse of known â9ê, have

shown that when rectrice length j-s plotted against ninth

primary diameters, plotted values for adul-ts lie upwards and

to the right of values for juveniles. When the rectrice

length was plotted against the ninth primary d.iameter far the

ma]es collected in L96l " and a l-ine drawn between the values
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trig. 2" Adutt (a) and juvenile (b) prímaries, 9 (lower) and

10 (upper) o oi male Sharp-ta-iled Grouse illu-strating

the sharper point and greater wear of juvenile prima.r-

ies "



FIG.2
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of adu.lts and. ju.veniles whose age \^ias determined on the basis

of feather shape{ v/ear, and fa-ding, complete separation of

points was obtained (Fiq. 3) " e similar Lreatm.ent of the

1968 data produced a similar result.

Histological Preparations

Collection of Tissue Specimens

Histological sections were prepared from the right

test,is in 1967 and from both testes in 1968" Since Johnsion

(1956) did not note any significant differences in the his-

tological appearance of left and right testes, data from both

were pooled"

Within 10 minutes after the bod-y i^ieight and testis volume

of a freshly-collected mal-e vrere obtained, one-third- of

each testis was placed into one of three fixatives; Bouin's,

digitonin, and Zenker-formol " Scott and Middleton (1967:

p"B0) found "no striking histological differences between

apical- and- central transverse sections" in testes of Brown-

headed Cowbirds (wtolothrqs at.er) , hence, ûo attempt was made

to standardize the locat,ion of tissue specimens v¡iLhin the

testes in the present study-



Fig A scatier diagirarn illustrating

of cen'bral rectrice length and-

prima::y for adu.lt and juvenil-e

collected at Hodgson, Mauitoba

The pi-otted r¡alues for adults

lhe .'l"ine and. the juveniles ir:

the plotted valu.es

diameter of the nínth

Sha::p-tailed, Grouse

, ir !967 and 1968 "

fall to the righL of

the lef 't 
"
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Fixation and Staining

Subsequen't.ly" the tissue was transferred ìnto 7O%

a-lcohol until embedded (Appendix II) " The tissu.e specimens

were embedded in paraplast (57-59 o 
C) , a.nd sectioned at l,<"

Sections were then stained by Massonss trichrome technique

(CuI1ing, 1963) with modifications as outl-ined in Appendíx

TII. These preparat,ions were used for assessing sperma-

togenic stages (nlanchard- and Erickson, L949; Marshall, L949a¡

Lewin, 1963; Scott and Middleton, L967') .

For the determina.tion of chol-esterolu a -lipid compound

from which testosLerorre is derived (Harrow and Mazur, L962¡

Harper, L967), the tissue was fixed in digitonin for 36 hours"

Digítonin precipitated cho] esterol" which was deLected by the

Ï:ismurth trichloride method (Cul1ing, l-963) "

The third tissue specimen was fixed in Zenker*formol

fluid to demonstraLe the minute filamentous or granular mito-

chondria scattered throughout the cytoplasm of the Leydig cells

{Cu]1ing, l-963) " Altmann's acid fuchsin-picric acid ¿"q¡nique

was employed to stain the mitochondria (culIing, 1963) " This

t.echnique also demonstrat,ed i:he presence of red and whit'e

l:1oo*i cells.
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Quantitat,ive Determj-nation of Testis Cycle and Cholest'erol
LeveIs

The seasonal pattern of the avian tesiis cycle, âs des-

cribed earlier, has been divided into stagieso each represent-

ing a particular level of intratesticular development

{Blanchard and Erickson, 1949; Johnston, 1956; Wílliamson,

Lg56; Johnson, 1961; Lewino L963; Simard, L964; Scott and

Middleton, 1967| " The particular stage of development attained

by each tissue specimen was noLed and used as an index of Les*

t,is development.

For greater accuracy, Lhe method of Chalkley (1943) 
"

was employed as follows. An eyepiece was f it,ted with 5 poinÈ -

ers ¡ 4 being used for reco::ding and a short f íf th one for

focusing (Fig " 4) " Any structures at the tips of. the 4 maín

pointers were recorded as "hits" after focusing at the end of

the short pointer " The procedure v/as repeated by throwing

the field out of focus, moving the stagie a short disLance along

a ztqzag course through the sectiono and then Ì:ringing the

preparation back into focus " The torocedure v¡as repeai:ed L7 5

times, this being sufficient to give stat,istical reliability

t.o the data (Eschenbrenner e! aI, L948i Roosen-Runge, 1956).

The relative frequency of "hits" on any particular cel] type

or other sLru-cLure indicated the relalive volume occupied by



fig" 4" positions of pointers used tor the Chalkley tech-

nique, it which an eyepiece was fit'ted wit'h 5

pointers, 4 being used for record-ing and a short

fifth one for focusing- Masson's trichrome t'ech-

nique. X 1250.

Fig. 5. Transverse section of Sharp-tailed Grouse testis:

SpermaLogonia (1); Spermatocyt,es, primary 12) ¡

Spermatocyieso secondary (3); Spermatozoa la! ¡

Basement membra-ne ( 5) . Masson's trichrome Lech-

nique" X 500"



FIG.4

FI G. 5
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al-l cells or structures of this type" All determinations

h/ere made under oil--immersion (IOOX) wi'ch a 10 X eyepiece"

The successful use of chalklelz's met'hod required an

accurate and consistent ident.ification of the structures

recorded. The followi.ng characteristics, âs defined by Roosen-

Runge (1956) , Simard (1964) n and Johnson (1966), inrere used:

Spejmatogonia: These cells are located in the most peripheral

layer on the basement meml:rane of the tuirul-e with a fine net-

work of chromatin with 2 or 3 chromocenters (Fig" 5).

Spe_rmatocyteg: (frimary and secondary) Primary sperm-

atocytes have a elear pole and a tangj-ed nass of threads at

the other pole. Secondary spermatocytes have 1 to 3 large

chromatin condensations v¡ith a scattering of smaller granules

along the nuclear meml¡rane. Both are largier than spermatids

and possess more d-istinct chromatin patterns (pig" 5) "

Spermatid.s and Spermatoz?a: These are very similar and were

noL separated. Spermat,ids may be found- in any layer of

the Lubule" although they usually v/ere oJrserved in groups near

the lumen (Fig" 5) "

Sertoli Cel-1s: The pyramidal, clear nuclei with large spher-

ical nucleol j- characterized the Sertol-i cells" Using a tri-

chrome stain" their cyt,oplasrtì was distinguished from that of

the surrourrding cells by its fine fibrous appearance-



lp-ag"r fn Lhis cä-se the poin'¿er was l-ocaLed e'i ther on cy'L.o-

plasrn of u-nl-'nown cell Lype or i n open spaces between the cel-ls

of the semj-niferous epithelium.

Lumen; This denotes the space bound.ed by seminiferous

epithelì-um.. The lumen of'cen contaíns cells and a fine coagl'*

ulum. These cells v/ere recorded similar to those in -bheir

naLural positions. Presence of coagulum was recorded as l-umen"

Basement Membrane: This corìsist.s of the welt organized coÌl-

nective tissue sheath encircling each seminiferous t.ubule

(!'i-9. 5 j "

Tnterstitial Tj-ssue: This included all strucLures or space

outside the seminiferous tubules with the exception of Leydig

cellso }:asement membrane, and tunica albuginia"

Leydig CeIi-s: As described. by Marshall (1949a), Leydig cells

are polygonal, epitheloid cel-ls located- in g.roups between ttre

tubules (Fig- 6) "

To measure cho] esterol, the ChalJ<ley method was employed

to tisslres fixed hy digitonin and treated with a bismuth tri*

chloride reagent. As describecl l¡y Cu-lli-ng (1963), the chol-

esterol appeared as a shapeless dark brown iTtass between the

seminif erous tubules (riçJ " 7j " The percentage of "hits" by

the four pointers in 175 random fields was recorded from each

section.
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Fig. 6. Transverse section of Sharp-t,ailed Grouse t.estis

illustrating T,eydig cel-ls (arroi,us) between the

seminif erous tubu-les " Altmann' s acid f uchs in-picric

acid- technique" X 1250"

Fig" 7 " Transverse section of Sharp-tailed Grouse tesi:is

illustrating the presence of cholesLerol (arrows)

as a dark nass beLween the seminiferous tubules'

Bismu.th Lrichloride meLhod. X 95"



FIG.6

FIG.7
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i,{i tochondria and Blood Cell fncidence

11 qualitative analysis was a-pplied for assessing t'he

incidence of mitochondria, fo:r v¡hen stained by altmannns

acid fuchsin-picric acid technique, i:he nuclear material also

took up the stain, making it d-ifficulL to determineo under

oil immersion, whether mj-tochondria (Fig. B) or nuclear

material were observed-. Hov/ever, assumingi the amount of

nuclear material was constant from section to secLion (Bloom

and, Fawcett, L962J, variations in staining can presumably be

prima-rily attribu-ted to variat.ions in mitochondria" By

stuclying only the interstitial tissue and using the semi-

niferous tubules for orientation, an assessmenL of changes in

relative density of mitochondria could therefore be obtained.

Relatìve incidence of mitochondria was estimaLed subjectively

by assigning to each specimen a number from l to B to d-es-

cribe the amounc of mitochondria it possessed relative to the

minimum, 1" and maximum, B, observed in the entire population.

This method al_so stained red and white blood cells (Fig.

9) " Although noL an init.ial objective, blood cell incidence

or vascularity was measured to investigat,e changes correlat-

ing wit'h the test,is c1rcle. The cha1l<ley technique v¡as em-

ployed for Lhese determinations "
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Fíg" B" Transverse section of Sharp-tailed Grouse test,is

illu.strating the presence of mitochondria (arrows)

in Lhe Leyclig cells. Altmann's acid- fuchsin-picric

acid technique. x L25O.

Fig. 9. Transverse section of Sharp-tailed Grouse testis

illustrating the presence of blood cells {arrows)

in the inLerstit,ium" Altmann's aci-d fuchsin-picric

acid technique, X 650.



F!G.8

FIG.9



+¿

]-umen Ðiarneter

To de'Lerinine Lf any changies i n the ma-ximum of -lu¡ren

internal- d,iameters occurred tha'L might, correla+;e with the

lesti s cyc] e, a qu-arit'i tati ve anal ysis wa.s em¡r] sy*6 " The max*

imum internal lunren diameter present orr each tisst-:-e sec'Lion

wð,s recorded to LJre nearest -02 mm for Lissues fixed in

Bouiiì's a-nd. stained- by Masson's trichrome technique"



RESULTS

In L96'l , the f irst male Sharp-tailed Grou-se rn'ras col*

lected on lvlay 1 o whi-ch r^¡as v¡ell into the spring' d.isplay per-

iod," Collections terminated on June 2L, after which date

the males failecl to re-appear on the dancingi grounds " In

L96B collections commenced on April 11, and s6¡gl uded on

June L2, the last, day of the spring display period. Con-

seguently, coll-ections covered the entire breeding season

in 19680 compared to only Lhe l-ast one and one-half months

ín L967. Over-the two years e tota'l of 64 males were col-

lected, 23 juveniles and 4L adults. Testes of two bírds"

on^e juvenile and- one adu1t" v¡ere so badly damaged during col-

l-ection that volume measurernents \¿!7ere not obtainable¡ tissue

specimens for all but one male vlere secured and preserved for

histoJ-ogical analysis "

Census

A summa-ry of the number of dancing ground-s of various

sizes, and the maximurn nuinber of males and females in attend-

ance, reveals thai: the total male population íncreased in l-968

on the 20-square-mile area that was s'l-udied {Table I} " The

number of dancing grounds also increased, from 6 to 9, for

large groundso but decreased from l0'Lo I For smal-l gi'rounds"
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'ïhese differences are refl-ected in tiie averagie dancing ground

sizes, which d.ecreased f::om 20 to !7 for large danc'ìng groundso

and increased from 6 to B for small grounds {TabJ-e I} " Ta1'-en

together, these changes indicate a trend tov¡ards more danc-

ii-rg grouncls of intermediate size in 1968 {Fig. 10) "

1ln increase in the tota.l number of females observed- on

tlre dancing grounds was also no-ted- between L967 and 1968,

especially on smail grounds. Hov/ever, the resuli did- rlo'L nec-

essarily reflect a change in female population ievelsu s'ince

censlls d-ata are tacking for the earl-i-est part of the display

period vn L967 "

The attendance of femal es on the dancing grounds during

the L967 and 1968 display period,, exp::essed as a percentage

of. lhe total atLendance by both sexes, is illustrated in Fig.

11". Tn 1967 o feinale attendance reached 24 per cent of the

totai population in early May, but after one week, their

nurnber declined. t.o approximately 10 per cent of the to'cal pop-

ulation until iroth sexes failed to return in the third week

of June" In 1968 the fernales fluctuated from 10 per ceni- to

2O per cent of the t.otal population rn April u then rernained

at approximateJ-y 10 per cent of 'bhe to'{:al number until danc-

ing gror,rnd. actir¡ity ceased for both sexes during the last

week of June"
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Fig" 10" Frequ.ency distri-bution of five Sharp-i:aíled Grouse

dancing grouncl size classes in 1967 and 1968.

Classes ]:ased. on maximum numlcer of ma"les in attencl*

ance.
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fig. LL. Vieel<ly average occurrerrce of females, (as a per cenL

of the total birds) on the dancing grounds tn L967

a-nc1 1968 "
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Except on the peripherY of large grounds ín L968, adult

mal-es outnumbered juvenile mal-es for both large and smal.l

dancing g'rounds in both years (fabJ-e II) " There v¿ere no sig-

nif icant changes {XL = i"12 o .7 5>P>.50) in the ratio of

adults to juveniles between 1967 and 1968. On large

grounds, Lhe incidence of adults was similar for Lhe

and- periphery (Xz = O "67 u .7 5>P >" 50) . Similarily"

dancing

cenLer

differ-

ences were noL present between large and small dancing grounds

{X'= 0"12" "50>P>.25). These findings suggesL.ed tha'b danc-

ing ground sLze as well as social organization, âs refl-ected

by central as opposed to perípheral positions, were inclepen-

dent of the age compositj-on oi the males present.

Mean Body Vüeíght of Males

Body weight of males ranged from 737 to 964 g Ln L967,

and. 73O to 1075 g in 1968. The mean body weight of bot'h

adult and juvenile age classes was greater in 1968 than in

L967 (Fig. 12) " Analysis of the data by the paired-t-test'

indicated, however, that mean weíghts did noL differ signifi-

cantly between the years for either aEe class (Table III, A) "

4ge

In both years of the study, the heaviest maleso which

ranged up to 964 g in 1967 and 1075 I in 1968, were adults
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Fig" 12" Comparison of body iveight beLr¡¡een adult and juve-

nile Sharp*'Lailed Grouse ín L967 and 1968" {ends of

vertical lines : rangie; ends of l:lackened rectangJ-e

= standard deviation; v¡rde horizonLal l-ines : mean.

{Numbers in parenihesis ind"ica"te sample size} .
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{Fíg . L2} . The mean weightc of the adults were also Ereater

lhan those of the juveniles in both L9'o7 and 1968" Overlap

beLween the age classes was large (Fig. L2j u however, arrd

analysis of the daLa by the paired-t*test reveal-ed no sig-

nificant. differences (P>0.05) in the mean weight of the two

aEe classes in either year (Table IfIu B) ,

P_osition on the Danc¡ng cround

In both L967 and 1968 the central males, coilect,ed from

la::ge d-ancing grounds, had a- greater mean body weight than

eÍther those from the periphery of large grounds or those col-

lect.ed randomly from small dancinE grounds (E'ig" 13) " The

mean weight of randomly-collected malesn in turn, vras great-

er than that of i:he peripheral males, which had the smallest

mean body weight of any group. However, a considerable amount

of overlap between the weights of the three positions exist*

ed and, äs summarized in Table IV, there v/ere no significant

TABLB ÏV
Summary of the results from the rand-omized complete-block

design for analysis of variance for three Lreatments; body

weight vs" positions in l-967 and. l-968"

Date df F (p=0"05)
L9 "4L
19 -43

Significance
N.S.
N.S.

3_967

1968
and 12

and 16

2 1 .09
1.95



Êf

l' ig, 13" Comparison of bocly weighì: between central (C),

peripheral (p), and random (R) Sharp-tailed Grouse

males in L967 a-nc1 1968" (Symbols as in Fig. LZi "
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differences Ín weights between the three positions in either

year of the study. The values shown in Fig. t3 indicated

further, that mean bod-y weighLs of males k'ere greater in 1968

than in 1961 for each of the three positions, but these dif-

ferences, when analyzed by Lhe paired-t-test, v¡ere also not

significant, (P>0"05) (TabIe V).

TABLE V

summary of paired-t-tesLs between years for: body weight, of

the males on each of the three positions in 1967 and 1968"

Date Positíon -açUI t. (P:0.05) t S ignificance

67-68 Central
67 -68 eeripheral
67-68 Random

J

5

5

r ? 1Õ-? J .l-o

; 2.57
+ 2"57

0.07
1" 50

-o.2L

N.S "

N. S.
rrc

Testis Vo1ume

Comparison Between Left and Ríght Testes

of the 35 males for lvh'ich the volumes of boLh testes

v/ere ol:tained, there i¡/ere L4 (,4O %) ín i¿hich the left testis

\4/as larger; B (23 %) in which Lhe right testis was larger.

and 13 (31 %) in which both testes v,/ere equ.al in volume

{Ta}:}e VI, A) " The percentages l-isted in Table vI, A indi-

ca.te, furthero that the '{:endei-lcy for more males to possess
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a larger teft testes was consistent for both adu-l t ancl

juveniles" and for centrai, periphera. I u arrd ::andom m¿les-

SimiJ-ari]y, Lhe ave¡:age volume of left testes ("93 m1) for

alt 35 rnales combined- was somewha't greater than the right

i"BB ml) " This trend- also occurred in both age classes

and for both central and pe::iphera.l males tTable VI, Bi -

Random males were the only exception, ancl then, the right

mean testes volume exceeded the left mean tesLes volume by

only "01- ml. Hoi^/evero differences between the volumes of

the l-ef't and right tes-bes \rzer:e small, and not siqtnificant

(P>0"05) when tested by a paíred-t-test (tr=I.L2, t"95

(34d.f) = !2"o4).

TçsFis* Volume andé9.9

No consistent rel-a'Lionship between testis volume and

age was found (Fig. f4) . In L967 the mea.n volurne of the

juvenile testes was "95 ml, compared to a. mean of only .83 ml

for j:he adul-t Lestes. This relationshíp was reversed in 1968.

when the juveniles had a mean testes volu.me of .83 mI com-

pared io a mea.i"l volune of " 97 ml for the .-rdurlts " Lack of

any consistent rela-tionship 1:etween age class a-nd testis

volume lva-s sul:stantiated by a lack of statistica.l- significance

lreLween adult ancl juvenile tes f-es volr.rmes in both Lg67
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trig" J-tt. Compa:rison of test'is volume hetween aCult a'nc1- jr-rve*

nite sharp-Lailed Grouse Ln .L967 and 1968, {Sym}ro]-s

as in Fig" LZ) "
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lF>a"*;i ãnal i96B {p>0"05} {rabie vïr} "

IAB]-E VÏ T

S'riminari¡ of paír'ed.-t-tests be1-ween iestis r¡olum.es oF a,Cul-ts

and juveniles in L967 and 1968 "

Lia'ce É\Cie df_ ! (P.=0"osi t Þ:S¿1flggrlgg
L967 Adu-] t-"Tuvenile 6 + 2"45 -1"35 N,S.
1968 Ad-ul-t-,fuvenile 9 + 2"26 I.70 \T"S"

Testis Volume and Posílion on the Danslng_G:egxg

In 1967, the lestes vcl-u,mes of centi:al- rnales \trelîê 'hitrh

b1' the second week of l{ay and {-iren Ceclined graduallv

{f j g " -l- 5A) Testes r;olu.mes of central- mal-es in 1968 {r'i-q " l- 58}

wÊrre more var'i abl-e, wi.th no consisLent seesonal t::end.s. Tes*

les vol umes of pe::ipheral and random males dicr not. .reach J-ei¡e-Ls

eqr-i-al to those of centrcr-I nr.11*= at .Lhe sta::t of the season

in 1o'(>7, br-rt in t96B and by the mrd.dte of the third v¡eek in

i'{ay in L967'¿he 3 groups'llrere s'imilar" In L967. and to a

J-esse.,: extenL .i n I qa-Ê .t-acii 5 volume Of pe::.i pheral maJ_es

appeared to decl ine iess rapidly Lhan that of central- ma'l es

during the latt.er pcrtion of the breeding, seascn. These

::esults suggested a poss'ilcl e deJ-a1z in the seãsona.l cycl-e af-

pe-ríphera-l males ::elati ve to cenLræ-I mal-es "



JA

Fig" 15" Testis vol-ume for central, p€tipheralu and- random

males for sllccessive vøeeìsly interva-ls d.uring the

breedj-ng season of (A) L967 and (B) l-968" (Numl:e::s

ín parenthesis indicate t,otal sample size) .
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A comparison of Lhe average test.is volumes over the

en|ire collection períod indicated. that in both L967 and

L96B the range of values ior testis of central males achieved

a- greater maximum value than either the peripheral rnales,

¡¡¡hich were collec"r:ed from the same large dancing grounds"

or the birds collected randomJ-y from small girounds (I'ig. 16).

Ln L967 , the central males also had- the largest meall testis

volurne, but in 1968 the mean volume of the testis from ran-

dom males was greater than that for eittrer central or per-

ipheral males. Hov/ever, as summa-rized in Tab1e VITI, dif-

TABLE VIII

Summary of paired-t-tests ]:etween testis volumes of central,

peripheral-, and random birds in 1967 and 1968.

Date Position df t (P=0. O5)

+ 2.45
+ 2.45
+ 2"45
+ 2"31
-l-. 2.3I
t '-t 21T Z.JL

S ignificance
N" S.
N.S.
N"S "

N.S.
N"S"
N"S.

1967 Central-Peripheral
7967 Central -Ra.ndom
J.967 Peripheral-Random
1968 Central-Peripheral
1968 Cen'tral-Random
1968 Peripheral-Random

6
6
6
()

B

()

0.19
0.36
0.78
1 ->1

-0.73
L "45

ferences in

random males

(P>o. os) .

vol-umes for

the testes volumes between central, peripheral or

were not significant -in either year of the study

Except for the randomly-coll-ected irales" the rneai-Ì

7967 tend-ed to }:e greater than their counterparts



6)

Fig" l-6" Comparison of

per i pìreral (P)

males i-n 1967

test.is volume between central

, and- random (R) Sharp-Lailed

and. 1968 " {S1zmi:ols äs in Fig.

(c) ,

GroLrse

L2) "
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in 1968, but these d-ifferences \¡,/ere a,lso small- (Fig" 16),

and not signi'Êicant (P>0"05) "

Testis Volume and Body vüeíght

As illustrated in Fig. 17, some evid-ence was obtained-

that the gonads of the heavier bírd-s tended to be larger than

those of the lighter birds- Hov/ever, correlation coefficients

calculated for testís volume and body weight ín 1-967 and 1968,

a-pproached, but did not reach stat,istically significant values

{p>0"05) (rable rx) ,

TABLE ÏX

Summary of correlations between body weight, and testis volume"

Date r 1p:0.05) Significance
1961
1968

Sample Size
25
3l

0"38
o -32

o.29
o.24

N.S"
N.S.

Choi-esterol Levels

Cholesterol levels obtained for 39 males ín 1968, drop-

ped rapídly du-i:ing April, from 24 pet cent at 'b.he beginning

of the display season, to ll per cent to 12 per cent by the

end" of April and- 'Lhe firsi weelc in May (Fig" 18}¡), Variation

J:etv¡een subseguent leveIs v/.as less p::onounced, and a level

of 1l per cenL was again presenl aÈ the end of the season-



r1
fÌ-)

Fig. L7 " Relationshit¡ l:etween testis volume and Jrody weíght

of Sharp-tailed Grouse ín 1967 and 1968. (Numbers

in parenthesis índicate sample size).
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Fig" 18" Level of cholesterol in Sharp-tailed Grcuse testes

at successive weekJ-y inLerval s duri ng the l-968 breed--

ing season. (A) Total samplei (n) adults and juveniles;

{c) centra'l , peripheral, and random mal-es. {Numbers

in parenlhesis indicate sample size) "
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For the entire collection period ín t968, the relation-

ship between level- of chol esterol and seãson was found to

be significant when tested by a rank correlation coefficient

{r = -O "44, P( 0.05) .

Cholesterol Level-s and Age

The significant seasonal decrease in testis choles*

terol level in t96B applied to boLh adults and. juveniles when

tested separately (Fig" 1BB, Table X) " The similarity be-

tween adul-ts and juveniles is further ind-icated by values for

TABLE X

Su-mmary of rank correlations between cholesterol l-evel and

seasono for adult and juvenile age classes.

Ase class df .f.l_E=o:-q.51-
Adu.lts L7 O"AL -0"53 0.05

Juveniles L4 0.46 -0.51 0.05

mean volume of chol-est.ero1., which díd not differ significantly

between adults and juveniles (t = -0"69, L"95(Bdf) = !2"31).

Cholesterol Levefs and Position on the Danci-ng Ground

The seasonal decrease in cholesterol levels was especi*

alJ-y p::onounced in peripheral males iFí-q. lBC) " The ra"n-
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dom birds appeared to J-ag }:ehind. birds from the center and

pe::iphery ci large grounds un'Lil late in 'che díspJ-ay seasorir

when they either equalJ-ed or exceeded both central ancl

peripheral birds" This condition ís reflected in the r¡al-

ues of ra-nk correlat.ion coeffícieni:s, calculated for chol*

esLerol levels over the season, vrhich indica'ce a signifi-

cant decline rvith seaso¡'t for both cenLral {r = -0.73,

P<0"0f) and peripheral {r = -O"82, P<0"01) bírds, but not

for random birds l,r = -0"18 u P2 0"05) . Tt also appears from

r'ig" -LBC, that l-a't.e in the season both ::andom and central-

males maintained more or less constant levels of cholester-

ol-o r¡¡hereas birds collected from the periphery of largie

grou.nds exhibited a more consistent. decrease in quant,ity of

cholesterol levels äs the display period progressed. If not

ascribable to chance, this resul-t suggest,s that of the three

groups, peripheral males are least able to maintain consis-

t,ent levels of androgen output during the latter pha-ses of

the breeding seasorr.

As il-lustrated in Fig. L9, the centra-l males achieved

a greater maximum anC average quantity of cholesterol than

peripheral or random ma-les " Cholesterol l-evels of central
*¡¡t ot

males also tended to be greater thaniperipherai males through-

out the enlire breeding season {Fig" 19} . Comparisons betv¡een
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Fig. 19. Cholesterol levels in Lestes of central. peripheral,

and random Sharp-taíIed Grouse in 1968" {symbols as

in Fis " 12) "
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1O pa"irs of cenLra-l and perípheral bird.s showed that in 9

pairs " cen.L::al males had a gireaLer level of cholesterol

than pe.r:ipheral mal.es {x?= 4.3, P<0.05) " A comparison

l:etween 9 pairs of central and randorn malesn arrd 9 pa-irs

o{= random a-nd peri-pheral mal-es, revealed. no significant

d.'i fference (P>0.05) 
"

Fu-rther support for significant dif ferences Jre'tureen

centra] and peripheral mal-es was pr:ovided. by an analysis

of the d.ata by the paii:ecl-.t-test, v¡hich signi.fi-ed that.

central males had a sigrníficantly grea-ter guanti'cy o:F chol-

esierol bhan peri.oheral males {t = 3"19" t"95(8df} = !2"3f) "

Ðifferences between peripheral- a-nd- ra-ndom males {t = -0,05"

L.95 {Bdf ) = -r2"3L} and cen.L.ral- and rand"om males (i = L,78,

t"95{Bd.:F} : +2"3f} v¿ere not significant"

llegree of Spermatog'enes-ì s

Sprerm.aiogenesj-s and. ôge

On 'the lcas'i s of the p::esence of maiure spermaLozoa in

lhe sem-in.'i ferolls tubules, Ìroth aÇe cla.sses appea.red to ]:e

physiologicalJ-y capaJ:le of }:reed.ing {Fig" 2t'}. fn }:o'ch !961

ancl'l 968" ir:venìles appea::ed to achieve the sa.ne l-evels

of slce::matoge.nesi-s as adul--cs" The illean r.¡olr"r.rne of spel:n-

aXazaa t,¡as a"ci:uaiilz g:reater in ju.veniies i:han aäu-l-L.s
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Fig. 20 " Cross secLi on through a seminiferoLts tubule of an

adult (a) and juvenile (B) Sharp-tailed Grouse"

Arrows indicate rnature spermatozoa-. lt{assonrs tri*

chrome technique. X 300.
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in both years (Fig. z:--j , buL analysis of the data by

paired*t-tests revealed no significant differences (P> 0.05)

between the age classes (Tab1e Xf, A) " Both age cfasses

possessed a greater mearl volume of spermatozoa in L967 than

d-id the corresponding age classes of 1968" buL Lhese dif-

ferences were also not sígnif icant (P>0"05; see Tal¡le XT, B)

TABLE XI

Summary of paired.-t-t.ests between levels of spermatozoa of

males in two age classes for L967 and l-968.

d-f t (P=0.05) tDate Aqe

^ a-

T

4-F
4+

B"

L961
1 968

67 -68
67 -68

Aclu1t-Juveuile
Adu.l L-Juvenile

AduIt*Adult
Juvenil e-Juvenil e

5

B

2"57
2 " 31

2.74
410

-l-"64
-o .4L

*0"17
0"15

S_ignif icance
N" S.
N.S"

l\T"S"
N"S"

Spermatogenesis and Position on the Dancing Ground

As noted- 'in the previous sect.ion, all Ï:irds appeared- to

be phys-iol-ogical-1y capable of b¡:eeding. Significant differ-

ences did occur, however, i-n the -level of spermatogenes,is

reached Ìry the males collected from. each of the three posi-

l-ions on the dancing ground-s.

S.n L967 and L968 central ly-loca.ted ma-les possessed a

signíficantl-y greafer mear: level of spermatozoa lhan did- the



7L

llig" 2L" Levels af spermatozoa fo:: adult and juvenile Sharp*

tailed Grouse for l-967 and. L968" {Symbol-s as in Fig"

L2) "



q N
I () ¡-
-

<
(

æ r\
f

LL
,

e- v, öE

r5 ¡o

ii il ri

i1 lr *l
l* l:l !l li iì lì l1 t.J I

A
D

U
I-

T
 

JU
V

E
N

IL
E

 
A

D
U

LT
19

67
' 

F
 I 

c.
 2

t

ft)
(2

3)

JU
 V

E
 N

 I 
L 

E

ts
68



/)

pei:ipheral birds (Fig " 22 and ?able XIIi " rri L967, the

levei of sperma-'tozaa of randorn maies was also signi-ficantly

g,::eater than tha'ii of eeripheral males {p<0"05} " The dif-

ferences between randonr and. peripherai mal-es in 1968 ap-

proacired significant levels (P<0.f 0) . Differences lre--

tween rand-oin and centra-l ]:ird.s, although present in boi:h

years {F ig " 22) were no{: s ignif icant (p >O " 0 5) "

TABLE XTI

Summary 6f paíred--t-tests betv¡een the leve1s of spe::ma-tozoa

for males from each of three positions on the dancing g::ounds.

Ðate Position df t (P=0.05)

L967 Central-Periphe::a'l
L967 Central-Random
196l Periphera'l -Random
L967 Large-Small Grounds
1968 Central -P e:: ipheral
796P' Central-Random
1968 Peripheral-Random
1968 La::ge-Smal1 Grounds

4
5

5

5

O

B

7

7

t 2"78
+ 2"57
' 

.) Ê.-t
T L.JI

-T L.JI

; 2"3L
, a aiì- ¿-JJ-

; r.eo
+ 2"36

S ignificance
P < 0.05
¡T" S "
P <0.05
N"S.
P<0"05
N,S"

"10>P>"05
N"S.

2 ?-l

0"86
I ot:

*L"02
5"46
1" 91
1 1A

-0- 59

fn both L967 and 1968, the quanLit.ies of spermatozoa in

both central and. random mal-es v/ere greater than those of the

peripheral nales th::oughout the entj-re breed.ing seaso.n.

{f iqs. 23 A and B) " The numl:er o.Ê instances in which cen-

tral- and random males were qireaLer than peripheral males
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f ig" 22. Level-s of sperma-tozoa for central-, perípheral,

and random Sharp-Lailed Grouse fov 1967 and 1968"

{symtrol-s as in Fig" L2} .
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Fig. 23" Ler¡els of spermatozoa- in testes of central" periph*

era-ln arrd random Sharp-taj-Ied Grouse at successive

weekly interva-ls during the (A) L967 and (B) L96B

breeding seasons. (\rumbers ín parenthesis indj-cate

total sample size) "
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- -.1 ^ i : -.J-^; : -CO-|. rect'eci an i:ne Saine 'vleeir-, IS I I S.teC. rii '_L'ð.fl:C XII: f " In

boih yea.rs" these piíûÍtrolltic.ns de1:a::tecr, siqnif icanLly from

random., therebV prorziding fu¡:ther evidence that sperma'Lozoa

l-evels of both cenf:::al and rand-om mal-es exceecled. pe::ipheral

m.ales i:hroughout the season" Eifferences betv¡een central

a¡id ranciom males were not significant {p>0"05) in either

1¡êâ r

Ðif ferences in the timing of spermatogenesis \¡/ere also

present betrveen males coll-ected. from ihe different sized

dancing grounds and be-tween cenLral and- peripheral ma-les "

'This is il-l-u.sLrated j-n Figs" 24 and- 25, v¡here the J-el¡els of.

spermatozoa a-nd. thej-r progenitors? the spermatocytes, ò.Te

p3-otted against time for rnales from. each position" In Lg67

and 1968 {figs" 24 and 25} 'l evels cf spe-rmatozoa exceeded levetrs

of spermatocytes earlier -in the season for cenLra-l males than

for peripheral males from the same dancinE grounds " rn L967

a similar trend was also recorCed between central_ mal-es and

ra-nd-om males. Tri l-968" both the ::andom and central m.ales

achieved the peal< reproductive conclition in the thi-rd week

of AFril, but the random males failed to maintain this con-

diiion consistently" Comparison l¡eiween parts A" B, and C,

of Fj-gs- 24 a.nd 25 j-nd-icat,es that, in general, neither periph-

eral nor random mal-es consistently inaintained the peali l:e-
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Fig" 24" Leve1s of spermatocytes and spermatozoa in testes

of central {e), peripheral (B) , a-nd, random {C} Sharp-

ta.iled- Grouse at successive weekly intervals d_uring

the L967 breeding season" (Num]¡e¡:s in parenthesis

indj-cate sample size) .
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fig" 25" Levels of spermatocytes and spe::matozoa in testes

of cent¡:al (a), peripheral- (B), and rand-om (C) Sharp-

tailed. Grouse at successive weel<ly ínterr¡a.ls d.uring

the 1968 breed.íng seasorr. (Nu-mbers in parenthesis

indicate saml:le size).
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productive cond-itìon achieved by the central ma1es"

Com,narison between Figs, 24 and 25 also reveals that

regardless of positiono males collecteil in 1968 consistentJ-y

achieved the peak Jrreeding condition before each of their

counterparts in 1967 "

Incidence of Mitochondria

Ranl< correlation coefficients indicated a significant

increase in mitochondria incid-ence with time for the to'L.a1

sample (r : O.84, P{0"01); adults (r = 0.85, P(0.01):

and juveniles (r = 0"81, P(0"01) (f igs. 26 A and B) . How-

ever, the distributions for adults and- juveniles Cid not dif-

fer significan'cly (X'= A-02o -25>P>.10)"

Simíiarily, ranl< correlaLion coefficienl-s Índicated. a

significant íncrease in mitochondria incidence wi'th time for

centralo p€ripheral, and random collected males (central r =

0.85, P(0.01r peripheral r -- 0"83, P(0"01i random r =

O.69, P{0"05) " The distril:utions between central and periph-

eral-¡ cerrtral and random, and random and peripheral males

$/ere noL consistently greater for any particular giroup

(r'is " 26cj "

Vascularity of Testis

Rank correlation coefficients indj-cat.ed a significant



iiu

t¡iq" 26" Inciilence of mitochond-ria present -in Sharp*tail-ed

Grouse Lestis interstitial ti-ssue during su.cces-

sive weeks of the 1968 breeding season" {A} To'uai-

sample; (B) adults and juveniles; (C) central, oe.r:iph-

eral" and- rand.om males" {Numbers in parenthesis indj--

caLe sample size).
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r-ncrease in vascularity with 'time for the total- sample

{r : *0"820 F(0.01}¡ adul-t.s (r = -O"77, P<0"01}; and

juireniles (r = .-0"68" P{0.05) {f igs " 27 A and B) " Hovzever"

differences in vascularity between adults and juvenii-es

¡,vhen analyzed. b1' the paired-t-test, v¡ere not significant

(t = O.L4, t.95(6d-f) = t2"45) . Differences in vascularitlz

beLween the males collected from each of the positions in

L968" when analyzed by the paired-t-test, were not sign-i-fi-

cant (P>0.05) (Table XIV) "

TABLE XTV

Summary of paired-t-tests between vascularity in the testes

of males from three dancing ground positions in 1968"

Position_ d! t (P=0.05)

Central-Peripheral 7 + 2"36 0"17 N.S.
Central-Random 7 + 2"36 -O "7 5 N.S "

Peripheral-Random 6 + 2-45 -0"03 N"S.

Lumen Diameter

itfaximum internal l-umen diameters tended to increase u,o

to maximum levels by míd liayu then declined (Fig. 28) . Rank

correlation coefficients indicated no consistent. significant

increase or d-ecrease over the entire i:reeding season for the

total sample 1196l o T = 0.43, PÞ0.05; 1968, T = O.42,



trig" 27 " Vascularity j-n Sharp-iailecl Grouse testes at su-c-

cessive weekly intervals di-rring the I968 breedíng

season. {A) Total sample; (B) a-dults and juveniles.

{i'üuml:ers in parenthesis inclicate sa-mple size) .
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{a -}

Fig- 28" Maxiirr.um inLe::nal lumen diameters of Sharp-taíled

Grouse Les'tes at successive ureekJ-y inLervals in the

L967 and l-968 breecling seasorrs" {t{um]:ers in parenthe-

sis indicate sample size).
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(r=

P>0.05) {rj-g" 28} " Analysis of the d,ata by the paired-

t-test indicated. that in l:oth years rìo significant dif-

ferences occurred in maximurn internal diameter of semi-

níferous tubule lumina Ìretween a-du1ts ancl juveníles

{e>O"OS¡ (Fig" 29} n or between males from the three danc-

ing ground positions (p>0.05r Table xv) (ri9. 30) "

TABLE XV

Summary of paired-t-tests between

diameter of testes lumina of males

ground positions in L967

the maximum internal

from three dancing

and 1968.

Date Position df t (P=0.05) S ignif ican-ce
N.S.
N"S"
N" S.
N"S"
N"S.
N.S.

1967 Central-Perípheral
L967 Central-Rendom
1967 Peripheral-Random
l-968 Central-Peripheral
1968 Central-Random
1968 Peripheral-Random

4
5

5

9
o
O()

t 2"74
-r- 2.57
t 2-57
t 2.26
t 2"3L
+ 2"3L

-L "47
-r. 55

o "49
L "73
o. 58

-2 -06

Lumen Diameter and Incidence of Mitochondria

The rela-tionshi,o between maximum internal diameters

attained. by the seminiferous lum.ina and the relative inci-

dence of mitochondria is illustrated in Fig" 31. rt appears

from this figui:e that the incidence of mitochondria tended-

tc íncrease as the raaximum lunen d-ianteter i-ncreased" r1' sig*



Qtr

Fis. 29 ComÌ:arisons between maximum internal seminiferôus

l-um.en ol.iamete::s of ad-u1t and- juveníle Sharp-tailed.

Grouse in 1967 and- 1968" (Sym-l:oj-s as in Fig, Lzj "
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rio

Fig. 30" Comparisons between maximum internal sernini-feroLls

'lurnen diameters ot central (C), periphera-l- (p), and.

rand,orn tR) Sharp-tai-led Grouse dr,rring the 1967 and

L96B breed-ing sea"sons. ( Slzmhol s as in F ig " J-Z) "
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Fig" 3i-" ReIatj-onship -beLween the incid-ence of mit-ochondria

a-nd maximum internal l-umen clianeter of Sharp-tailecl

crouse 'bestes in l-968" {lVumbers in parenthesis ind.i-

ca'i:e satnpl s size"
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nj f j.cant rank

aJ:-l-es supports

cor::elati on cal.cuïated

th-i-s obse:rr¡ati cn {:: =

far these 'tr,¿o r¡ari-

0,55, P(0.05) "



DTSCUSS TÛN

Ðancing, Ground Size and Stai:iJ-ity

On the ba-sis of field- st,udies, Lu-msden (1965) has sug-

gested that social organizaLion on small dancing grou"nds

tended to be less stable than on large dancing grounds " At

Lhe Hodgson study area, the tot.al number of males increased

from L79 in L967 to 2L5 in 1968. [here was also an increase

in the total number of d-ancing grounds from 16 to 18" fn

conjunction with this overall increase in Sharp-tailed

Grouse numbers in 1968, there was an increase of from two

ëo fj-ve in the numbez' of dancing Erounds of the intermed-iate

size class containing 1I t.o 15 males" trn contrast, one danc-

ing giround in the "small" size class of one to 10 rnales d-is*

appeared and three others shifted u.p to one-hal-f mile from

Èheir L96l location" Such disa,opearancesu or shj-fts in danc-

ing Eround locations, were not. recorded for large grounds

containing it or more mal-es" These data are therefore in

agreement with the suggestion of f,umsd,en {l-965) that small

da¡:cing Erounds tend- to be less si:able"
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lancing Ground {JrEan.:-za'¿ion in R.elat.ion .Lo l{ale Age and
Bod"Y r'{eight

In Black Grouse, Kruíjt {Lø62,t noLed thai: t'he most suc*

cessfu.l- fj-ghters ã.¡rong the rnales were 'located" at the center

of the l-ek ancL aiways haci completellz ad-ult plu-mage i ndica-

ting r-hat they were at least two years ol-d-" Juveniles viere

apparently restricied primarily to the periphery of the lek,

and t]-lus contribu"ted little, if anything, lo the gene pool

du-ring theìr f irst year (rcruijt and lãogan, J-967j. Simil-ar-

i.Ly, there is evidence that yearling male Sage Grouse sel-

d.om held territories and did not display fully uni:il af ter

i:he peak of mating {sng, 1963; Lu.msden, 1968) , ät1d. hence

d-id not rnaLe at ihat. age" Lumsd-en (1965) su.g:giested that in

Sharp-tailed Grouse, only Lhe adult mal-es were able to achieve

su.fficient dominance over their competitors to hold a central

lerritory where most co;ouJ-ations occurred, ãlthou.gh he sug-

gested that yearling males may. oÐ occasion, bê sufficiently

vigorous to claim a central posi-tion"

Contrary to what has l¡een record-ed for i:cth Black and

Sage Grouse, the proport.íons of adults col lected from the

central portions of large Sharp-tailed Grouse dancing ground-s

ai Hodgson did not differ significanily from those coll-ected

from lhe peri-phery" These daÈa suggest that. for this popu-
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lat^ion, r.vhether a male was the best fighter or held a cen-

t¡:al as opposed to a peripheral t-erri tory i.¿as essentíally

independ.ent of ihe aqe of. the bird after attaínment of

sexual- ma-L.urity at one lzear of age" SimiiariJ-y, differ-

ences in the propociìon of ad,ults and juveniles were not

presen'L between large and small dancing girounds, This study

suggests, Lherefore, that in Sharp-tailed Grousen social

crganization on dancing grounds i s noL determined by age.

In the Sage Grouse, the most dominani, central males

tendeC to be largier than the less Cominant peripheral males

{Eng, 1963} " In Sharp-tail-ed crouse, i$ which size d-iffer-

ences betv¡een mal es and" females was markedly less than in

the Sage Grouse, Evans (1961) suggested that d-ominance may

be l-ess dependent on the size of the rival cockso but rather

may be based prjma.rily on levels of agionístic behaviour ex-

hi-bited by the various individuals" At Hodgson, significant

differences were not found between body weights of central

or peripheral malesu oE between body weight of mal-es frorn

iargie and small dancing giround-s" These observations suggesl:

Lhat in male Sharp-tailed Grouse, the position in the domi-

nance hìerarchy is not significantly affect,ed by the s:-ze of

r-he atiendíng males "
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TÌis.lotogical Changes During the Breeding Season

The Sharp-tailed Grouse, f ike the Blue Grouse stu,d-ied'

b)' Sim.ard (1964), is an annual breeder, and appears to fol-

1ow a spennatogenic cycl e s-imilar to tha'b species " AJ-though

analysis of testes in the present sLud-y v,ras done onl y during

the breeding seasono the s'permatogenetic stages and choles-

terol- levels at that t.ime correlated closety with the con*

clition descríbed by S'imard {.L964J for the Bl-ue GroLlse"

Simard (f964) noLed that when male Blue Grouse started to

establ-ish territorieso the interstitial tissue r,,¡as at its

maximum volumeu arrd hence hormone output was prol:ably inaximu.rn"

Similarillz, Þlarshall {t9a9a) no'Led the appeara-nce of "secre-

Lory cell-s", in the intersti*ial- tissue of Fulm.ars, at the

lime rrhen testes tubu-les \^/ere approachi-ng the fultr breeding

co¡rdition- A'L the time male Sharp-t.ailed Grouse appeared

regularly on .Lhe dancing grounds at lïod.gson during the

spring disolay periodo theír gonads also had achieved the

futl breed,ing condj.tion" This s-tage. vrhích cor::elaLed with

sta.ge 6 of Simard.,

dancing grounds 'in

gr:essj-on, referrec:

occu::red- "

v¡as ma-intaineC. u-nti l- the males left the

late sprinq or early summer, when re-

r'-o es stage I í¡r Simard's (1964) stud-y"

ÐaLa from -bhe present st.udy are l-ilçewÍse in agreement



with the analyses of Simard tL964J and l4arshal-l {19a9a} in

r-]rlat maximu.m end.ocrins 6sl'ivìty as jud-ged by chcl-esterol

1evels and vascul-arity was achieveC at 'che beginning of the

breeding period and declined thereafter"

In ihe Fulmar, the incidence of initochondria 'irr the

testes was found to l:e greatest when the seminiferolls tul:*

uIe diameters \^/ere at their maximum (Marshall, L9¿'9a) " The

present data indicate a similar conditíon in Sharp-t'ailed

Grouse iestes during the l-atter phase of the ]:reed.inE sea-

son" Since at this period a nev¡ generation of Leydíg cefis

arises in the interstitium (tøarshalJ-, L949aj, it is likely

tha{- the increase in mitochondria may '}re correla.tecl with an

important increase in energy release.

lvlarshall {1949b} presented evidence that., in addition

t,o light, oLher factors such as temperature and precipitation

may act as proximaLe factors in modifying the effects of

light on the breeding of Chaffinch (Fs.ilgilla qge¡gbs) ,

Great Tit (Parus ma,j_or), Blu.e Tit (Parus coeruleus) u and the

Robin (Erithacus rubecul a) " Observations in the present study

suggest that a similar interpret,at.ion may he rzalid f-or the

Sharp-tailed Grouse. The spring of 1967 was colder and more

extend,ed, in comparison to 1968, ãs indicated by the mean

monthly t,emperat,ures which, it L967F were lov¡er by .6.6o E
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in Aprilo and 2.O" F in l4a¡2. The colder spring in l-967 wa-s

r:ef '1 ected 'in the la'Ler ap'rleararrce af the ful-I breedi ng cot't-

dit.ion of the testes in that yeal:" Since daylengLh was pre-

sumably s-imilar for bot"h yeers, these da-ta conform rvith the

suggestions of Marshall (L949bj 'that facto::s such as temp*

erature may mod-ify the timing of breeding. T¡ihether it. had

a direct, at indirect influence through food, \Álas not inr¡es-

tigated- -

Ilistological Changes and Age

Eng (1963) and Simard (L964j o ír analyzing the t.estis

histology of the Sage crouse and Blue Grouseo found- marked

differences Jretween ad.ults and juveniles" They reported

lhat juveniles had a small-er weight, small-e:: testis volumen

d.elayed anci slower iestis recrud-escence, a shorter breeding

period4 and an earlier and faster testis regression than d-id-

the adulLs" Both age classes possessed mature spermatozoau

but few, if any of the juveniles mated.

The present d.ata agiree with the studies of EnE tf963)

and Simard (1964) in that mature spermatozoa v¡ere present ín

lhe iestes of lcoth age classes of Sha-rp-tail-ed Grouse.

However" íû contrast to Lhe resuj ts obtained for the Sa,ge

and Blue Grouse, significant differences in either the total

bodlz weight, testis volume or spermatogienesis l:etween adul-l
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and. juveni-le Sharp-taíIed Grouse v/ere not d-etected" l4ales

collectec] from their breeding girounds in successive rveeks

indicated, further" that adults and- juvenites \^¡ere simìlar

in these respects and also in mitochondria incid-ence, vas-

cularizationu and- lurnen diameters throu-ghout the entire

breeding season.

The level of cholesterol, an index of testosLerone pro-

cluction" indicated that adult and juvenile Sharp-tailed

Grouse also c.-id not d.íffer significantly in testosterone out-

put" The evj-dence available from various avian species,

such as Japanese Quail" I,veaver Fincho and Australian Magpieo

sugges'ted that the l:ehaviour patLerns character'ístic of

males in the spring reproductive period, including Cisplays,

fi-ghting, 'che setiing up of territories and dorninar-Ìce hier-

archies, \,vere conLrolled by the androgen released by the re-

crudescent test.is (Eisner, 1960; Selinger and Bermant, L967j.

The similarity in cholesierol leve'ls between adult, anrl i,r-

'¡enile Sharp-tailed Grouse therefore su.ggests that the two

age classes ivould at.'L.ain similar level s of reprod.uct.ive and

agonist-ì-c displays" The appareni independence of ihe loca-

tion and age of attending males" discussed in an earfier sec-

tion, i= consistent with this interpretat.ion"

fn hoth the Sage crolrse {Eng" L963) and- Blue Grouse
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isima-rd, L964j the adul-ts consistently dominated the ju-

I'enil es, sugEesiinE tirat in these scecies n in cont::ast to

the Sha::p-tailed Grouse, testosterone levels may be g:reater:

ín 'the adults than in the juvenJ-les 
"

The aJ:ove comparisons indicat.e consistent differences

l¡etween Sharp-tailed Grouse and both Blue and. Sage Grou.se.

In the populations studied, of both of the lat,ter species,

adul t.s t.ended to attain a more advanced testis d-evelopment

j:han d-id- juveniles" In contrast, for Sharp-tailed Grouse

significant d--ifferences r^¿ere not found between ad.ults and

juveniles in relation to body weigh'c, state of spermatog:enesiso

choles.berol level, testis vascularity or mitochondrÍa inci-

dence" This suggests that the males of this specjes mal-ure

more rapidllz than eiLþer the Sage and Bl-ue Grouse maleso in

which age dj fferences vlere found, to be more marked {gng, 1963;

Simard", L964) "

Hist.ological Changes and Dancing Ground Size and Male Position

Accord:lng to the hypothesis pu.t forward by Ðarling

{1938, l-952) for t-he Black Grouseu small leks may provid-e

sub-optimum J-evels of social sLimul-atìon, and therefore may

i:e less suitalole. S-uu,dies of the Greater Praìrie Chicken by

Ham.e::st'rom a.nd l{amerst'rom {1955} d"emonstra"ted that on smal-l



leks contai ni ng one 1-o 10 irial-es, Lhe f emal-es had a l-ov¡er

probabilr-L.12 6¡ i:eing nated on eny E'iven day than did- Fena]-es

on rned-ir-r.m-sìzed. ieks contaíning lJ- to l5 ma-les" Both these

sr:uclies sugigiested the possi-bili'Ly that horra.one and sper*

rnatozoa l-evel s ni.ighc J:e -l ess on small-er dancinq grounr!"s 
"

Iiov¡er¡er, o]:servations in the present stud,y, did not sup*

port su.ch a hlzpothesis for Sharp-ta-i1ed. Grouse. Bod.y

rveighto testis voli-ine, leveIs oÍ cholesterol and sperrûaLazoae

i-ncid-ence of mit.ochondria and vascuLari za]¿ion of tesl:is did

not C-iffe:r significantJ-y betr'.¿een m.al-es from large and sma.i-I

da"ncing gror-rnds. These resu.l-ts do not ruie out the possi-

bility Lha'b sc'cial- facilit.ation, and- hence rep::oduction or

stability rnay be less on small dancinçr grounds"

On large dancl-ng ground-s, sígnificant d,ifferences r]n

hi"stological- chang'es were found between Lhe more d-omina-n't oF

-Lhe centrally J-ocated rnales, and- the less d-oririnant of the

peripheral males " rn particular" the iestes of ihe cenLral

males achieved both a more rapid and- a higher degree of strer-

tna-togenesis than dj-d those of the peripheral males " In acl-*

ditiono the 'Lestes o-F the centra-l males contained highe:: lt-er¡els

of cholesterol tl-ran did. 'those of i:he niales -Located- at the

perinherl'" Anclrogen ìs r:eslror'lsib1e ioylhe fina1 differ-

eniiat.io¡r 'in spermatogenesis as vre.l-1 as infl-r-rencing Lire
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ceveloprneni of bo{:h morphologicat and" heha.vìcural sêcÕn.-'

d.a-r1z sex cliara-cte.rs (l^l'itschi, 1935; Stu::kie, ]-954¡ Êarr-ington"

1963), hence it is J-iì'rely Lhat 'tbe increased secretion of

a-nd::ogen 'in th-^ {:estes of 1:he m.ore dorrrinant of ihe ceni¡:al

males rnay Ì:e causally rel ated t'o the higher leve1s of sper-

matogienesis -[ound- in the sanìe birds"

The greater sperma'Logenesis and higher chol-esLerol

levels of the rnore d-ominan-L cen'tral lcirds su-ggest that they

aL:e best sui ted" boih to occu,oy the most domin.--.n-L status with*

j-n 'Lhe reproductive hierarchy and to per:fo::m 'i:he majority

of the matings. The present results thus suggest a close

a-nd j-mportant fr-rnctíona'l ::elationship betv¿ee-n gonad conclj-ti on,

socia] organiza-tion within lai:ge dancing gi::ou-nd-s ancl i-he d-e-

Eree of .i:eprorj.ucfive potent.ia-l actua,lly rea-J-izecl by ihe males,
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The '¿estj-s cycJ-e of Shar,o-'caj-.ì-ecl Grou.se on a 20-squa::e-

rnile s'cridy area at l-Iodgson, llianìtoba, was exarn'ined d.u::ing

the spring lr::eecij,ng per.iods of L967 and 1968" The fo,l-low-

i.ng hypotheses \^¿ere exarnined: (i) that in Sharp-tailed

Grou-se, li1<e -the Blue and Sage Grou"se, testis deveJ-opmenL

ancl dominance sLatus may be greater in adults than juveni le

males" (ii) that red-i-r-ced social facilitation on small

d-ancing g::ounds may resr":-l-t in reduced- .Lestis development"

{ tíi} that more clominant males located 'in -r-he central por-

tions of t-he clancing grou.nds, r,vhe::e most matings occur,

have a girea'Ler testi s development Lhan the less clominant

peripheral maies tha.t ra::ely rnate"

Fou.r males \¡¡ere collectecl each v¿eelcr one high-dominance

male from a- cen'tral and one low*clomi nal-!.ce male from a periph*

eral position on a J-arge dancing girouncl containing l-t or more

ma.les and- one colJ-ected randomly from each of two differeni:

small d.ancing grou"nds containing l-0 or fewer males " Bod.y

weighto testis volume" sta-Le of sperma-togenesis, maximum

internal seminiferou.s tul¡ule diameteru íntersiit.ial cel1

cholesLerol levelso Lestis vascul-ar-ity, a-nd- incid-ence of

inLerstilial mítochond.ria were measured"



Data ol¡tained from 25 males coll ecLed in L967 and

in 1968 indì cat.ed that signif icant dif ferences in r-he

porLion of adul'cs and juvenJ-les did- no-u exist, between

and small dancitrg grounds, or betr^¡een the cen'cra"l and

100

The total" number of mal-es o-n the daircing grounds ín

Èhe stucy area increased f.ror,t 7.79 in 1967 to 2L5 in l-968"

In i968, at ieast th::ee smail dancing girounds $Jere rel-o-

ca-ted and one disappearecl- Such chanEes in locations of

large dancing grounds v/ere not olcserved, r+hi ch suggest.ecl

that the small d,ancing grounds tended to be less stable

tha-n 1-arge dancing grounds "

eral males col-lected from the large d-ancing grounds 
"

39

pro-

large

periph-

These

observaLì ons sug:gested tha'b social orgtanization on 'Lhese

Sharp-tailed Grouse d-ancing grounds rtra-s noi: lcased upon a

differential positioning of adult and juvenile males.

Results from 'the 64 test.es analyzed duri.ng the present

studlz indicated that d,uring the breeding period, spermatogienesis

in Sharp-tail-ed Grouse was similar Lo that for the Sage and

Blue Grouse" As in the Blue G::ouseu chol esterol levels for

Sharp-tailed Grouse testes were greatest at the beginning of

the Cisplay period and d.eclined i:hereafter" AL the heginning

of the l:reeding season, Lhe Nestes of Sharp*tail-ed Grou.se, as
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in Lhe Fulmaro were highly va-scularized" Sul:sequentlyn v,'hell

lumen dia"meters increased and testes regression conrmerrced,

mítochondria i-ncid,ence reached maximum 1evels"

Testis volume, degree of spermatogienesis, cholesierol

leve1s, íncidence of rnítochondria and vascul-a::'it)¡ did noi

differ significantly hetween adults and juveniles. Evidence

reviewed from other studies indica.ted" that ín the Sage and

Blue Grouse, testis d.evelopment of adults was greaLer than

in juveniles" The observations of the p::esent stud-y sug-

gest.ed thereforeu ^tha-t the Sharp-L.ailed- Grouse males matured

more raoidJ-y than either the Sage or Blue Grouse"

Adverse a-nd prolonged winter cond j-tions ín 7"967 , ì n

contrast to 1968, resulted in a d.elay in the testis cycle

of ap5:roximately fou:: weeks compared- to 1968" These obser-

va'tj-ons suggested that as !.ar other species that breed ín

t'emperaie regionso iesLis phys.iology of male Shar,o-tailed

Grouse rnay have been affected by weather condiLions "

Ana-lyses of 39 testes signified- that hormone levels d-id

noÈ differ signi.ficantly between males from iargie and small

dancing gr:ou,nds" SlmilarilYn analyses of 64 testes ind'icated

tha-t the degree of spermatogenesis d,Íd not differ J:etween

males f::cm large and smal-L d-ancing ground.s. These data t-hus

did not provide any evidence for the hlzpo'chesj-s tha't social
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s.Limu-iation, ancl hence gonad developinen{: ç îa,ð,y haize -'been su-l¡*

opt,imal on s¡rall as compared to large danc"ing' ground-s" Ltow-

ever" oil J-arge d.ancing grounds, high-dominance central mal-es

had grea-Ler level-s of cholesterol- and also achieved" an

earlier and- greater ::ate oi spermatogenesis than lor¡¡*

dominance peripheral males on the same large dancing grounds.

These ol:servations v/ere taken as support for the conclusion

that domi nant ma]-es located rleai: the cenj:er of the dancing

ground-, wl-rere most matings occurr were best suiLed, physio-

logically-, both Lo maintain a relaiively higÌr d-ominance staius

v¿ithin Lhe reproductive hierarchlz and -Lo carry on 'che major-

i L.y of {:he matings "
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APPE}{DIX Ï

Sarnple of d-ata shee-t used- to .reco::d i nf o:i:rnat.i-on from t-"he

Sharp-La j.led- Grouse collected f.r:om da-ncingi grounds "

SP]ìTNG ÞATÄ SHBtrT

N'IJTVIBER:

PLACE: Hodgison-o Manitoba "

]fATtr:

DANCTNG GROUNT] }TUMBtrR:

BODV þilrIGHT: g

TEST-'trS VOLUME: RT" r LT " î m.l

POSTTTO¡T ON DAþTCTNG GROUiVD:

AGE: ADULT oT: JIJ-VENÏLE

CENTIìA:L IìECTRICE LENGTI{s mm

gth PRIIVLARY LENGTT{: mm

gi:h PIìIMARY DTAMBTER:

CENTRAL RECTRTCE DTAMBTITP.g Mnr

FtrATI{ER. SHAPE; A'ÐUT.T oT JUVENÏLtr

ÐIFFERHI{TTAL hltrAR PATTER.}ü: AÐULT OT JUVJ]NÏLtr

TBSTES COLOR:

SEX:

OTI-ÏER INFORI']IAT IONç



'tl,

APPEI{NTX II

Frocessing p::ocedure segu-ence cF soi'-rLions a'nC time

schedu-l-e used in blocking Sharp-tailed Gl:ouse testes

ti ssues f ixed- in Bou"i¡r's "

SOT,UTTON

70% al-cohol
85% alcohol
95% al-cohol
95% alcohol
LOO% alcohol
LAA% a"lcohol
100% -r xylene
xylene i
xylene II
xylene -i paraplast
paraplast I
parapla-st II

TÏME

inde:tinite
3 hours
3 irours
3 hours
3 hours
3 hours
15 Ttour
Ðo hour
14 hour
t hou.r
1 trour
l- hour

After being infil'brat,ed with parap]¿5t the tissue was

placed in an ernbeclding pan which had been greased with a

glycerine and aLcohol solution" Paraplas'L was pou-red into

the pan and a f il-m al lowed to form before the tissue was

placed in 'che mid-dle of the pan " A tissue tek was placed

on top and pa::a;olast added t^o form a positive miniscus" Once

-Lhe pa-rapJ.ast. commenced to c::ystalize it was immersed in

co-ld- water" After aJ:out 10-15 ninr-rtes the em]:ed"dingi pan \ilas

rernoved, leaving a iclocked piece of i:issue ready 'ho l:e

secLioned "
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ÄPPENÐIX ÏTI

MoC-if i-ca't-ion of }4assor-ros trich.r:ome 'Lechni-q.ue {CulJ-ing, i9'o3} .

In the present stud.y the follow'i ng modif ications were

employed. Since the fixative used did not contain mercury'

a solution cf íocline-sod.ium thiosulphate was not used Lo

wash the sections.

The counterstainingi was limited to a ma-ximum of 15

second-s in both Iíght green and l:onceau 2R rather than the

olttl ined 5 minutes vihich resulfled- in heavy oversÈaining"


