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A R Vartatlon m song and precopulatory calls was exammed for three subspec1es e

where the brrds app&ar to be hybnds of two subspecres of malﬁ bluet’ ‘

and a populatton :

.-

a—\grouse (Dendragapus" obscurus) ’I'here were srgmfrcant mtra- and mte} subspecrf 1c,

o ,-drf ferences in songs (hoots)‘jv among groups Songs of coastal males were hrgher m

frequency._ longer and structurally drfferent than those of ,mterror males Spngs of

l

E , coastal males appear to mcrease in: frequency wnh lantude a pattetn exhlblted both

' f_‘i';_'wrthm and among coastal subspecres Precopulatory calls (whoots) of coastal and \

f 5 ;mtenor males drd not drffer but both were hlgher m frequency than therr songs
iy Morphologlcal and vegetatxonal srudres were undertaken in an attempt to
.' examrné the causes of subspecrfrc vanatxon in song Synngeal morph&ogy shows a
: fblatnonslup that may partrally explam thrs vanatron the smaller the synnx the hrgher

' -the frequency of ,.the song Coastal males have smaller syrmges that produce hlgher

.

‘ frequency sqngs than those of mternor males However the same relanonshrp does i

- | not hold "for crecopulatory\c{_/ leferem;% m synngeal morphology of males and

females also Were exarmned Sexual drmorphrsm in syrmges Was greater than can be

-

"'K";explamed by drfferences in body size. The same size relatronsﬁrp seen rn male blue

\

= grouse rs present when comparmg ‘the sexes mﬁes have larger synnges and produce

lower frequency vocahzauons than those of females
Vegetatron structure at hootmg srtes of coastal males was, denser than that of

~_mtenor males but there was consrderable vananon wrthm groups Generaily, the

' denser the vegetatxon the lower the frequency of sound that should be used for best

v:transmrsSron However the opposrte rel@tronshlp was found in, tlns study. song
. 2"
frequency mcreased as densrty of vegetanon mcreased To Gounter the attenuatron of

o

J

S denser (regetatxon many coastal and hybnd zone males appear to use trees\ and other

elevated srtes (stumps and logs) SR ST \ PR
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. e ﬁ_l'. n\rnonucrron

Studxes of geographrc vanatton of songs of passerme brrds are numerous

(Nottebohm 1969 Krebs and’ Kroodsma 1980 Baker 1982 Mundmger 1982 -Baker and _

‘Thompson 1985 and many others) but there has been ltttle work on geographrc

vanauon of songs m non passer‘mes (Goldstetn 1978 Mundmger 1982) espemally

»_research concentratlng on eausatron. "ontogeny, and adaptatron (Kroodsma and Mlller
,vl982) Studres of causatlon deal wrth sound prooucmg srructures neural control ind
- -'audrtory perceptton of song These morphologrcal and neural aspects are the least’
:understood area in: regards to vanauon in a specres song The development of a '
specnes song and its. modlfrcatlon durmg the developmental)stage is what concerns '
’.those who study the. ontogeny of song Song leammg is the most common aspect_ e
B _studted to date mamly w1th passertnes (Kroodsma and Baylxs 1982) How avian
'songs and calls are adapted for transmlssron thrm}gh thexr natural envrronments has

“been the subject of - much recent study (erey and Rlchards 1982) Vegetatton

structure topography weather condmons and locatxon and behavror of the: smger are

: the local envrronment

' Blue grouse (Dendragapus obscurus) are found m the mountams and foothills |

ol" western ‘North Arnenca and can be dmded mto elght subspecres (Johnsgard

r 1983)(Appendtx 1), These subspecres can be dmded equally mto two groups, coastal

o and mtenor Clear plumage. morphologxcal and behavxoral drfferences dlStlnglllSh the -

ey

- two groups At one trrne coastal and mtermr blue grouse were consxdered as separate
. .fspeaes D ,gid:gmosus and D. obscurus respectrvely (A. 0 U 1931) waever there is.
~ some debate as to the status of the tWO groups. Altltough the Amencan : -j..': .'

: '-Ormthologrsts Umon (1983) now consrder\s all blue grouse as one specxes Potapov

L (1985) mamtams them as- two There are . clear drfferences in the songs of coastal

<

e and interior blueogrouse but most reports concermng these drffere  are anecdotal

s -
e

e

grouse Explanatlons for thxs varxatron have taken an evolutronary approach wrthx' '_ '

' all mterrelated aspects to consrder when mvesttgatmg how song. structure is- adapted o

v

A



o structures and vegetatton structure mrght relate to those vanatrons Results arc
oL Vanatron in the songs and precopulatory calls of male blue grouse } ‘ K

".3. Subspecrfrc vanatron m vocal sound producmg structures 1Mt male blue grouse :

.4 Vegetatrve characterrstrcs of hobung srtes of coastal and mterror male blue grouse

!rooks 1926 Bent 1932 Qurguet 1955 Blackford 1958 1963; Rogers 1968 Johnsgard
B ,1983) v“ RS ", IR _'\' ‘ |

My ob]ecuves were to descrrbe in more detarlc and to quantxfy vgnatrons in- the

songs of male blue grouse and to see how variation in ‘vocal sound%roducmg L

-

P R

presented in four papers
o
2.' Sexual drrnorphlsm iin vocal sound producmg structures of blue grouse« |

v

©

In the f 1rst paper (Chapter II) I examme mter- and mtra subspecrf rc

—

: ,vanatrorks in songs (hoots) and precopulatory calls (whoots) of ‘male blue grduse ol'

- In paper 2 (

g prevrous study

- drfferences m _song, especrally sound frequency, are- drscussed there

O . ot ) . ¢ T ’ ’ ‘ 4

' S three subspecres and - a presumed hybnd populatton ol‘ two._of these th.ree subspectes

R
pter III), the vocal sound producmg structures of male and female

'blue ‘grouse. a 'descrlbed and - compared Thrs lS an expansron and update of a

gner 1983) and prowdes background and support for the

kD »telatronshrps reported m paper 3 (Chapter IV) Possrble explanatrons for variatrons m

R TR

L 'Mngs of males ‘aré exarnmed m the remammg two papers. Variation in the .

sound producmgtstructures of a‘d'ult rnales from three subspecres and the hybr:ld

5

S populatton and its relanon to sounds produced is exammed in paper 3 In p r4 -

,(Chapter V) vanatron in vegetatron structure at hootmg sites, s desenbed for two

} ——

-subspecres and the’ hybnd popuiatron The relatronship between these data and the ‘-zlb .

Lyt

o
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Yukon and \western N(Fthwest Terrrtones south mto southem Cahforma central

Arrzona and centra‘l -New- Mexrco They extend east from Pacrfrc coastal 1slands to

' the two major groups

T one characterrsuc for separatmg thle two groups, .and 1t has’ been commonly used by

"~..e .

n. VARIAT]ON IN THE SONGS AND PRECOPULATORY CALLS OF MALE
| BLUE GROUSE .~ &

‘.—,—.,
< .

L e

' INTRODUCTION :

‘ Blue grouse (Dendragapus obscurus) are brrds of western mountamous regrons ,

. of North Amerrca They range in tlre north from southeast Alaska the central | n-s':\ N

9
-

S
IS

-~

7 the eastern slopes ol‘ the Rocky Mountams (Appendrx l)(Johnsgard 1983)

lue grouse are drvrded into § recogmzed subspecres whrch -can be placed 1nto ,

':.two groups coastal and mterror wrth 4 subspecres in each (Appendrx 1)(Johnsgard e

-:' 1983; Bendell'and Zwrckel 1984) Subspecres of blue grouse are separated pnmanly on. 5 ’

the basns of plumage and morphology, but several behavroral drfferences also separate
: ‘ 1

- « Male blue grouse have a small repertorre of vocalrzauons Stirling- and Bendell

(1970) descrnbed three; the hoot -whoot, and growl although Mchcholl (1978)

: belreves that there are two types of growls Others (Blackford 1958 1963 Rogers

1968) have reported more vocahzatrons but most have been anecdotal and there is- no

vdetarled descrlptron of them : Rt ' 3 -_»,'-;

%Song has been defmed as. sounds produced by males 1n the breedmg season

SRS

that are repeated m a specrfrc pattern and havmg a sexual attractron and/or terntorral

,functron (Thorpe 1961 ArmStrbriyg 1973) The song of male blue grouse known as a

hoot, meets this criteria of song, havmg been reported to have both a sexual and
temtorral functron (Mchoholl 1978) ~The hoot is one “of the most stnkmg vocal

drf‘ ferences between coastal and mterior grouse Brooks® (d926) used -this dtfference as

~

others smce that ttme (Bent 1932 Gurguet 1955 Rogers 1968) The hoot of coastal

males is usually relatwely loud and composed of 6 notes and that of mtenor males is



-

f»i; :
, 19708 Johnsgdr%ﬁ%ﬁ ¢

- whereas infer(p

1965 ,yjonh 19703, .lohnsgard 1983 Bendell and "wxckel 1934) IThe sonig of male | |

s

blue g;ouse_L_gne of the lowest fn‘quer:ey avia songs (Gr\:
‘e

1970a) and that of 1ntenor males is supposedl§ lower m frequency than that of

<néwalt 1968; Hijorth. i

: coasra m,a 5 (H]OI’th 1970a) DR ‘ ) e~ / ,
' The whoot 1s a smgle or doublc ‘note cal iven“onl‘y in_the 'preSenc'e of
females and is considered. a precopulatory call (HJorth 1970a Surlmg and Bendell

1970 Mchcholl 1978) The growl is’ gwen

ng aggresswe srtuauons and in some :

mteracuons wrth humans (Surlmg and ndell 1970 Mchcholl 1978) lt~does not, _'

N appear 0 be d;-rectly related (o rep »oducuve behavnor‘ R T -—.'. R

Male‘ blue grouse also produce some mechamcal sounds (Bent 1932 Blackf ord

//\958 Bendﬁll and Elhott 1967 Hjorth 1970a Surlmg and Bendell 1970)

o Flutter fhghts appear to be 1mponant componeruﬂ\of reproducuve behavror of mterlor

.'groups more $0 than m coasLal groups mtenor type flutter-'xghts are r\njore complex

' vand grven more fr uently than thOSe of coastal males (Hjorth 1970a. Surlmg and ’z' ".

. | compared from so nd spectrographs HJOl’th (1970a) an‘l Surhhg and Bendell (19"0)



' mtght exrst wrthm and among“ subspecres A descrtptron and quantrfrcauon. of mtra- :

-'.and mter su&pecrf ic. vanauons in’ the songs of male blue grouse may provrde some ,

R _ msrght mto the evoluuonary relatronshtps among the subspecres and t.he relatronshrps y

v subspecres range (Appendrx 3) The May Ranch (40 29’ N,. 123 28’ W)

L

b",among habrtat song and terntonal behavror " o U ) L R

-NSTUDY AREAS R { ',f; STy 1l_’ o
} Recordmgs and observatrons of male blue grouse .were made in the spnng of

1984 and 1985 a/t/erght locanons and mclu/d’e three of the etght recogmzed subspecres

| _(Johnsgard 1983) The mterror subspecres Do pallzdus (DOP) was exammed on the

- Methow Game Range (48 31N, 120 4 W) rn north central Washrngton state

_'(Appendrx 2)." The Hart's Pas$ study area (48 47 N 120° 39’ W) is located

';',:Vapproxrmately 8 km southeast of the crest of the Cascade Mountarns m Washmgton
; l,'(Appendrx 2) the recogmzed boundary between Do .ﬁdzgmosus and Do palhdus
(DOFxDOP) Bll‘dS here show morphologrcal and behavroral trarts of both subspecres
Three study areas were thhm the range of Do fulrgmosus (DOF) K Hardwmke— -
"“:lsland BC (50° 27 N 125° 50’ W) and the lower Adam Rrver B. C (50 27 N"

126° 10’ W) on nearby Vancouver Island were in the north central part of thrs

o
. : north- =west Calrforma was near 1ts southern limit (Appendrx 2). Do ﬁdzgmost:s | -

:males from Hardwrcke Island and Adam Rrver B. C wrll be referred to as DOF(BC) B
~and those from the May Ranch CA as. DOF(CA) " ‘ '

"+ Samples from the Wrnema (42 26' N, 121 45 W) and Fremont (42 23 N

| 120 22’ W) Nanonal Forests were combmed 10 form the Oregon study area (Appendxx _A
‘;2) ThlS was done because of the close proxrmlty of the. areas {o each other and the
) relattvely small sample srzes from each The coastal subspecres Do sterrae (DOS)

occurs here Lassen Nanonal Forest 8(40 24' N 121 32°W), m the Sterra Nevada
ﬁ.'mountams of central Cahfornra ‘was another study area thhrn the range of Do '

‘ -' slerrae (Appendtx 2)



e rrecordmgs were made for at. least 5 ng.mutes after the female calls were stopped

- 1
',.4'1 . =
. P
Jac:

Smgrng males were located pnmarﬂ; éby lrstemng for them Once a male was o |

Al

, locateq I moved in slowly trymg not to drsturb it. Tape recordmgs were made at S

drsmnces that vaned fromiﬁ 40+ m A mrcrophone was placed on the &tﬂ of ‘a v6.m :

;/v -

"}alummum pdle To, gel it- closer to males in tall trees In a very few cases g

-~

Ty N
FRNRE

’ tape-recordmgs of female calls were used to strmulate males to ltoot or o resume‘

,u‘-

“hootmg after thcy were drsturbed ThtS was done only when necessary and no-

o~
iy

Songs and whoots were recorded w1th a Nagra 4 2 reel to reel tape recorder 7
with etther a Sennhetser MKH 105 mrcrophone or. a Sennhetser ME80 mtcrophone head

on a Sennherser K3 U power umt All recordmgs were made on Ampex 406 tape at
“P;‘{"’:
S a tape speed of 19 05 cm/s Sound levels of songs were measured usmg zr‘ Nagra 4 2"

~ tape- recorder and Sennherser MKH 105 mrcrophone thh_ the record level constant at “
"75dB S E
| . The ‘best songs and whoots (up to a maxrmum of 10 per mdrvadual) were -

".»__analyzed wrth a narrow band frlter (22 5 Hz) usmg a Kay Elemetrrc Dlgltal 7800 Dual

. Channel Sonagraph To examme the fundamental harmomc of the songs all were

o analyzed wrth the scale magmfrer set,-;rom 0 - 500 Hz Sonagrams were. prmted wrth

/.

L a Kay Elemetric Sonagraph Pnnter 7900

The total ume of the song, time of each note and mtemote times. were

~

E bj 'fmeasured to the nearest 20 ms from the fundamental harmomc of each sonagram
| ‘ -The fundamental frequency of each note was recor;ded to the nearest 10 Hz The
»fundamental frequency was estrmated to be the pomt wrth the strongest emphasrs )

‘ above the mverted U part of the note (Frgure H 1) Means of total trme. and note

"»length mternote trme and fundamental frequency for eagh nOte of songs (510) for I

- each male were used to calculate the means for each. study area. - SRR
' ‘ ;_ . I-Iootmg counts were made in Wthh nurnber of songs and song type (number

. of notes per song) sung m a. S rmn penod were recorded i at least one song in a

-, X . . .
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5 mm pertod drf f ered from the others for that male the.. brrd was, classrfred as a-

T

’ mulu type smger Hootmg counts were not made when males had Just begun or .

) ,the predgmmant type for tl@ 1ndrvrdual

@

rresumed hootrng because number of notes per song (song IWSS) sometrmes mcreases

durmg start up (Bendell and Ellrott 1967 Strrlmg and Bendell 1970). The song type

S _that was used greater than 50% of the trme in. the 5 -min perrod was consrdered to be

L

Stattsttcal analyses were made usmg the SPSSX (SPSSx Inc: 1983) statrstrcal

package Means are reported il S. E Drfferences were consrdered srgniftcant at the

five percent I_evel. .7 B fl e e

RESULTS -

- - o - : ' X ' L s

._Descnptronofhoots R - !

Coastal song. Coastal males DOF and. DOS hooted wrth more . "than one songA -

type (Table II 1) but predommantly used6 notes/song (thure II- 2) At the May

»Ranch one male used three song types and DOF(CA) males uspd two and three “ song i -

. types more than a srngle type (Table Il 1) lt appears that the last note(s) of songs 4

) U- values 9.5- 23 5 P -0 078 -0 953) anfl were: combrned

o 1ongest and the other notes were srmrlar in” length (Table II 2) Intemotevtunes f‘-

- were erther added or dropped 'when song types changed

Songs of DOF(BC) males at Hardwicke Island and Adam Rrver were not ,

,.:srgmfrcantly dxfferent in any of the vanables measured (Mann Whrtney,\Range of

g‘or further analyses Songs

were JllSt under 3sin length (Table 1I- 2) The l’rrst and frfth notes were the

' shortened as -the song progressed (Table 1I- 2) R _ T SRR -

All notes of DOF(BC) spngs had a “flattened mverted ur shape (Frgure |

‘ II 3) started .at pr frequency and TOs¢ qutckly to about 100 Hz then dropped back

to near the starting freq_uency. Note 5 was "double .. wrth the two parts almost '
. s R

Co _: co'm'pletely. joined (Figure 1-3), Fundamental.f_reque_nc, -of note. 1 was lower than

KX P _' : ‘ . o ' ’“f_-

37

'/V\ )
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that of note 2 and fundamental frequency ol” the rematmng notes graduallyt decrease o
about the same level as note 1 (Table Il 3) - This pattem was_ repealed m the songs

from all coastal and mterror areas exammed (Table Il 3)

L

Songs of DOF(CA) males were srmtlar m some ways to. those of DOF(BC)

‘ but drfferent in others Both were pnmanly of 6 notes but those of DOF(CA) were
5 )

Y }lo‘nfger (3 2 s) than those of DOF(BC) (Mann Whrtney UBZ P 0002) (Table
g

(& -2). Note lengths of DOF(CA) songs were shorter and mtemote lengths longer
thEQ DOF(BC) songs (Mann Whttney, Range ot‘ U values*~0 0 6 5 PSO 02) (Table

, ,II 2) Thrs dtfference may be bécause recordmgs of DOF(WS were poorer in

g qualtty as most of these males were 25+ m up in trees e'l‘he poorer ty recordmg.

-

the shor@r the notes wrll appear on the sonagrams hence .internote . trme wrll tncrease

ThlS_lS because poorer recordtngs produce sonagrams that show less resonance
.

'assocrated with. each note Note 5 of DOF(CA) songs was "double thh the two
_"parts shghtly more separated than those of DOF(BC) (Fxgure II 4)
' ’I‘he same mcreasmg, then decreasmg pattern in frequencres of notes seen in

,,_.DOF(BC) songs was present in DOF(CA) songs (’l'able Il 3) KAs yell each note
’ 1,

_showed the "flattened mverted u- shape (thure II 4) I-lowever each note was _ ,"'

o

, srgmftcantly lower in frequency than the correspondmg note of DOF(BC)
(Mann- Whltney,kall U's= 00, P<OgO). L ’ |

Songs of D. 0. szerrae from two areas (Oregon and Lassen Nat)onal Forest)

‘ .-consrsted of 6 notes (thure II- 5) and Were stmrlar in total length lengths of each

-

2
note and tnternote Umes but the fundamental frequency of‘ each note of Lassen

?Natronal Forest songs were 10 17 Hz lower. than m the Oregon btrds Because songs
from only one Lassen Nanonal Forest male were recorded no statrsttcal compansons o

- were made and the data from Lassen songs were combtned wrth those from 0§egm

' (Tablesq?l-z andII3}’ N “( .

-\‘ s - A )
R ) o < Yoy e o

] o l’ 1 , 5



o wa?r double thh the two parts only parually separated srmrlar to those of ; S

3 . .':,-b" : 5 g L
. Each notq of DOS \songs had the charactensuc "flaftened rnverted U" \shape
. 3 -
and frrst and\last notes were lower than mrddle ones- (Fxgures II 5 and Il 6). . Note 5 g
DOF(CA) soﬂgm T
. DOS songs. were srmnlar to those of. DOF(CA) males (Tables II 2 and 1- 3)..

.,‘

: _When DOS and DOF(CA) songs ‘were compared total ume length of each note and
) mterno‘te trmes were noﬁ-srgmfrcantly dlfferent (Mann Whrtney, Range of » '
. ;U values 4 0-10. 0, P>0 10) However the fundamental frequency of notes 1 t0o 6
were s1gn1f1cantly drfferent between DOS and DOF(CA) songs (Mann Whrtney, Range '
" of U-values=0.0-1.5, P<0. 05) [
Fundamental frequency of songs of DOF and DOS males appear to 1ncrease
w1th lautude (Table II 4) “This pattern becomes more evrdent when*songs from a
third coastal subspecres Do sztkensrs (DOST) is compared w1th the two exammed m .“

[hlS study F C Zwrckel recorded' the SOngs of one male on Mitkof lsland AK

(56" 30 N, 133 10 W) in May 1986. . The songs showed all the charactenstrcs of a

-

coastal type except that the fundamental frequency of the notes: were/oetween 170 and

175 l-lz (Table I1- 4) the hrghest of any songs- recorded Thls -single example 1s

ot
: consxstent with the hypothesrs that song frequency mcreases with latrtude

(Y )

. lnterlor song D 0. pallu\i%s\ from the Methow Game Range almost all hooted |
: vwrth 5 notes/so’ng (Frgure iI- 2) and san primarlly wrth only one song type (Table
11- l) Songs were shorter than those of coastal btrds Just under 2. 5 s (Table‘ll 2)
The frrst and last two notes’ were longer than the mrddle two (Table 11-2).. lnternote '.

: ""lengths between thc frrst three notes were longer than between the last two (Table ~

II- 2) o v‘/ ,
. ' N s ‘.

Notes .of DOP songs showed the "flattened mverted un shape (Flgure I- 7)

A maJor dxfferenoe between DOP songs and those of coastal groups was that notes 4

: N
-'and 5 were both "double in . DOP The two parts of each note were almost
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completely separated 3omed only at the lowest f requencres (~Frgure ll 7)

'f Fundamental frequencres of each note were the lowest ol‘ any son‘gs exammed lOO 110

| JHz (Table Il 3) Songs of DOP “males followed the pattern exhrblted by coastal males

. *
© with frequencres of” the flrst anld last notes lower than those: between (Table Il 3)

ﬂ

T W

Hybrzd song. Songs n? Hart s Pass males an aréa, where bxrds appear to be

hybrrds of - D.o. ﬁlllglflOS‘US and Dw. paIdeus (DOFxDOP) were predommantly 5 notes _‘

2

‘(Frgure 1I-2). Because DOFxDOP males are tho htﬁto be mostly h)brrds one mlght N
b e e

' _‘expect th song types (5 and 6 notes/song)‘~ approxrmately equally Thrs

was not the - case 5 notes/song- were most bre i ant allymg DOFx,DOP males wrth

v

"'mtenor groups S o .~"'«l ':}}' "4,"_’

Songs of DAFXDOP males wervﬁ 6 s rn len‘gth ’(Table Il 2) The frrst note -

was twrce as long ‘as the second wrth the remarrung nOtes gradually mcreasmg tlll the' '

"frfth whrch ‘was the same length as the first - (Table 'II 2) 'I'he flrst two mternote
8 4 . . )

trmes were longer than %he- last two,.(Table 1I- 2) ‘ /
Notes 4 and 5 were both "double srmrlar to those of DOP songs wrth the ;

-

two parts wrdely separated and Jomed only ,at therr lowest frequencres Songs of
DOFxDOP males were srmrlar to those of all other groups wrth the "flattened

mverted [ shape and nsrng, then declrmng frequencres of- notes as, the song

4.&\ .

_' progressed f'l‘able II-3 and Frgure - 85\ Fundamental frequencres were between 125 |

—

and 130° H‘L hrgher than those of pure DOP but lower than those of DOF(BC)

"

songs (Table II- 3)

'r, “ b

DOF(BC) DOP and DQFxDOP songs were compared to see 1f they drffered.

DOF(BC) songs were used to represent DOF bemuse they were the nearest &2&: R

populauon to Hart 's. Pass and most hkely represent coastal type songs near 'H

" Pass. Total \trme length of notes 2 and 3 and mternote times’ ‘between notes l..and; '

I

" 2, notes 2 and 3 and notes 4, and 5-were srgmfwantly dlfferent arnong the three

groups (Kruskal Wallls Range of H- values 6. 340 18 187 P 0 042 0 001) Lengths

4

_:/‘
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ofwnotes 1 4 and 3 and tpternote ’lengths between notes"3 and 4 were not drffe:ent
: (Kruslal Wallts Range of H-values 0. 160- -S. 154 P 0. 923 0‘076) Fundamenﬁl

B ,f requency of notes T 'to 5 were sxgmﬁeantly dtfferent among the three groups S

‘-

(Kruskal Walhs Ran\ge of . &-values—iﬁ~247 18 750 P= 0:(301)
' Patrwrse compariﬁons of DOF(BC) DOFxDOP and DOP songs (Table Il 5)

. _ showed that DOFxDOP son&s were stmtlar to. both DOP and DOF(BC) songs thus

bemg consxstem thh 2 theory of hybndxzatlon in thxs area Nme of the 15 vartables

e ~ y

(total tuhe and fundamental l‘requency, note length, and 1nternote length of each

o "‘note) exammed were not. s’lgmftcantly drfferent m%'een DOFxDOP and DOP songs

| Volume of songs

hgl”

: and the remammg 6 were Just dtfferent (Table Il 5) Seven vanablcs were not

- .' ’

13 of the 15 vawleﬂs were srgmftcantly dxff’erent between DOF(BC) and DOP songs

: -signif lcantly dtfferent between QOFx)OP and” DOF(BC) songs CTable Il 5) However i

I obtamed some data on volume ef songs usmg the tape recorder and

) mtcrophone asa: sound level meter because é proper sbuwglnvel meter was not

~

' avanlable Measurements were made of DOF(BC) and DOP males Songs of coastal

‘83
males were louder than those of mtertor males (Table - 6; Beeause of the method

L4 . x
2

used no stattsucal compartsons were made for it 1s really only vahd to compa.re ,, '

*

' sound' at the same distance. . The values presented do not neeessanly represent true L

. but 1 beheve they do prowde an mdex of loudness Note that the decxb'el

.- scale is logarxthmtc 50 that the mdtcated dxfferences are greater J.han they appear i

' ln quahtanve terms songs of DOF(CA) males dld not sound as loud as those

of DOF (BC) males but were cons1derably louder than those of DOP rnales

‘However all hootmg DOF(CA) males heard were 1n tall trees and’ many were never -

. . séen, makmg subjecuve compansons dxfflcult DOS songs sounded snmlar to those of

._,“
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DOF(CA) males ‘and ‘were audxble f or several hundred meters

T g - - " C :."."

Nol volume level measurements were ntade for DOFxDOP les. Both loud

. coastal and soft interior . [ype songs were heard in thlS area However many songs in o )

a .

the hybrtd zone ‘were mb)ﬁ?y classrhed as mtermedrate in- loudness between coastal .

and mtenor types Loud and‘tntermedtate type songs appeared to be more,_ ’ f

i ate than soft types but thrs dtfference may be b@isoﬂ hof)ters were’ not '
M

‘ because the louder males drew our attenuon ore stud¥y of DOFxDOP |

}les is requtred LT e e

) F 3 . - . . . .> q .
| Whoots were grven much less frequently than hoots afid were more dxf flcult to |

"i,"'record because of thelr unpredlctabxhty Recordmgs of whoots were made in only two
' . areas, covermg one coastal (DQF) and one: mtenor (DOP) subspecres Whoots vof v
L both groups were a smgle note showmg the' "flattened mverted u” fshape of mdrvtdual
notes of the hoot (Figure Il-9) Frequencnes rose from 90- 100 ldz at the begmmng

»

: to about 300’ Hz in the mtddle to about 100 Hz at the end.

’

»N‘ ’ I

Whoots of mtenor males were L. 7 times longer than those of coastal males

(Table II- 7) Fundamental frequency of mtenor whoots app’ea 5;1 approxrmately 50 Hz, e

’.'higher than those of coastal whoots ‘(Table HI- 7) However netther length nor = .

5 fundamental frequency were srgmfxcantly dlfferent between the two groups k

(Mann thtney. U 6 P= 0 20 for both) but both suffer from s‘htall sa'nple snzes

~

. /\E fundamental frequency of whoots of bo& groups was hlgher than the :
i

-/ damental frequency of thetr respecttve hoots (Tables II 3 and I 7) and the L

fundamental frequency of whoots of interior hoots was hlgher than fundamental

| g 'j‘ frequency of coastal hoots ('I'ables I3 and - 7)
.

_"', :

_ - Volumes of whoots were not rneasured for the same reasons that so few

L

B IecordmgS"_Of them ,Werev made SubJecuvely. whoots of both coastal and mtenor SR

-~
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males were as loud 6r louder - than coastal type hoots -Whoots of b-oth-g_rOupsi‘ can -

be heard clearly,, for several hundred meters

\
The generaltzauons made by others (Brooks 1926 Bent 1932 Rogers 1968;

HJOI‘[h 1970a Johnsgard 1983) that songs of coastal males are hrgher m frequency and

‘}m/han th se. of mtenor males and that coastal songs have 6 notes whtle mterror

: songs have 5 fpotes, are supported by my study The fundamental frequency of DOF

songs reported. by HJorth (1970a) and Strrlmg and Bendel}’ (1970) were similar to "l’
' those report d: here However the fundamental frequency of DOP songs from mv

study wer_ about 30 Hz hrgher than those presented by HJorth (1970a) for thrs

subSpefes Lengths of songs of both subspecres were srrrular among the three studtes

coa al songs around 3 0 5 and mtenorJ ones about 2 7 s.

There was some mtra subspecrfrc vanatton in songs of coastal blue grouse

'l‘hree areas of the coastal subspecres Do ﬁtlrgmosus were exammed Two of* these

. areas were ”5 km apart (Hardwrcke Island and Adam Rrver) the: thrrd area (May

Ranch) was %50 krn further south Songs oLDOF(BC) males from \the two areas ‘
E - were not srgmfrcantly drfferent However there were srgmfrcant drfferences between
DOF(BC) and DOF(CA) songs So‘s of DOF(CA) males were longer Jower m
frequency, and mternote trmes longer than in, DOF(BC) .' X '

Songs of DOF(CA) males were srmrlar to those of the other coastal

subspecres Dds Songs of the two DOS populauons were also genera‘lly s1mrlar, _

althﬁugh the fundamental frequency of each note of songs of- one male from Lassen )
: BANY
"Nauonal Forest were 10 17 Hz lower than those of DOS in Oregon
\ - . : .
Songs gf coastal subspecres appear to mcrease 1n frequency wrth latxtude Tl_'he

e @

frequency can be seen when songs from a’ thrrd coastal subspecres DOST are

o S : e T T

?or .
e

. »,. . . - °
[ / . AT : .
Tt [ . .
- e N FE L Y ) N R B

G

o same pattern may ocﬁrr rn DOS Further evrdence for a. latrtudmal mcrease m- TN
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o : . e carc

' : compared wrth the two ram. thrs study DOST songs of, one male on Mltkof Island

‘ '“AK( were hrgher in fundamental frequency ‘than -those of the more southern arcas, but

, ‘tl'us conclusnon is lrmrted' because only one bll'd was recorded 1n thrs area.
- Only one populatron of mtenor DOP was examrne: so llttle can be sard about
:mtra subspecrfnc varratlon in songs However when the results from thxs study are
‘.'compared /}Io those of HJorth (1970a) possxble mtra subspecrflc vanauon can be seen
& Fundamental frequency of DOP songs presented by HJorth (1970a) from 2 population
"-'m Montana (about 500 km southeast of the Methow Game Range) ‘were about 30 Hz
flower than those of DOP from the Methow Game Range As wrth coastal males
'.-;_.f-fundamental frequency may mcrease wrth latrtude Note however that HJorth
‘:presented hrs data rn ‘the form of melograms produced on a melograph Mona" "
o (HJOl'th‘ 1970b) Thrs machne 1s not commonly used in analyung avian sounds and

: comparrsons with sonagrams should be vrcwed with ‘some. cautron t': '

1 know of no study that shows a srmtlar pattem one in whrch song f requency

Lo e

yl"

y 'mcreases wrth mcreasmg latttude Goldstem (1978) found a weak north south trend m -

L.
A“th "'hoy “call of bobwhrtes (Colmus wrgrmanus) “but the trend was decreasmg sound -

-} frequency as lauthde mcreased . N _ N
| - Songs of Hart s Pass males appear to be hybnds of DOF and DOP They
show .charactertstrcs of’ both groups SubJeCtIVC evaluauons suggest that loud c0astal
, mtermedrate—w and soft mterxor type hoots are present the songs conSIst mamly. but

not - solely. of 5 nOtes/song and are about 2 5 s long, both 1nterior traJts I~{ote -

' :lengths and mternote trmes are srmrlar to’ both coastal and mtenor types. and the

j' fundamental frequency of the notes are mtermedtate between coastal (DOF(BC)) and '

“interior (DOP) songs Hart s Pass is only SO lrm northwest of the Methow Game
g : ‘Range so -the change frOm coastal to mtenor types must occur somewhere between _
‘ these areas. Btrds in the Hart s Pass area are fiear the recogmz.ed boundary of the

two subspectes

f;
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Whoors of coastal and tnterror males were more srmllar than the songs of the °
twp groups ’I‘hoSe ol' both groups were smgle notes hrgller m frequency than therr :
speetwe songs and as loud or louder than coastal type hootmg Intenor whoots -
- , .wcre longer and hrgher in frequency ’than~ those of coastal ‘malés, although the : '
,drl‘ferences were: not srgnrl”rcant Whoots examrned in- tlns study were simi » -t'hose -
presented by H_]Ol'th (\970a) and Stxrlmg and Bendell (1970) H]orth (197'::\1 ) f“:’ .
'greported that whoots of Do pallu)us and Do nchardsonu were much louder than - -
B the Multrple Hoot Srnce whoots are precopulatory calls grven by males when -
courtmg a female (HJorth 1970a Bendell and Ellrott 1967 Strrhng and Bendell 1970) L
'they do not appear to be used for attraction of females or. terntonal advertrsement |
Tt seems peculrar that ‘they . are so loud especrally in mterror populatrons when 1ts
prmcrple functron seems related 10) courtshrp | SR T
' Geographrc varratron m avian songs is. common, especrally in passennes : ‘
' ..(Nottebohm 1969, Hunter and Krebs 1979 Krebs and Kroodsma 1980 Mundrnger 1982

Baker and Thompson 1985; and many other.s) However httle is known about such

: ‘variatlon in galhfdrmes H]Ol’th (19703! 1s the on]y one to date to-p‘l'ov1de s0|ne

Toet

evrdence of. 1ts occurrence among subspecres of blue grouse and the reasons for these R

o drf ferences are unknown, Several explanatlons of geographrc varratron have been " X
AR .

*roposed (see Hunter and Krebs 1979; Krebs and Kroodsma 1980 and Mundmge{ 1982 |

f or a revrew) Degner (1988a 1988b) examrned two possrble reasons for vanatron m e

the songs of blue grouse morphologrcal dtf ferences 1n the vocal sound producmg

structures and drfferences m vegetanon around hootmwg There is some evrdence e

that syrmgeal dtfferences may be responsrble for proxrmal drfferences m songs but

this does ‘not account for the great srnnlanty in whoots of- coastal and mterror brrds
(Degner 1988a) Drfferences m vegetatlon at hootrng sites may be rosponsrble for

drfferences seen in songs as vegetatron densrty mcreases SO does the frequency of song |
\ Y
(Degner 1988b) Thrs relatronshrp is seen bo)h wrthm and among?ubspeeres

.)ji'

£
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A
lt is not known if male blue grouse leam thexr songs or if~ thev are geneucall) '
fiXed It 1s nnportant tb examme the relatrve mfluence of heredrty and »learnmg on o

o -song bef ore one’ can proceed to look at’ geographrc vanauon m more detarl

: »-:Transplant and lsolatron expenments are requrred to test the development of song in

. ::the drl'ferent subspecres of blue grouse | '_= o B PR

"_:",_SUMMARY g

Songs (hoots) and whoots (a precopulatory call) of male blue grouse f rom

: -", seven populatrons coverrng three of the elght recogmzed subspecxes were descnbed from

o sonagrams

T 'Songs of both were predormnantly of 6 notes although there was some swrtchrng ol' | ﬁ\/)

- -whoots 7

Two coastal subspecres D o. ﬁdrgmosus and D o. szerrae “were exammed

‘Bothjtra and 1nter subspecrf ic compansons were made of songs and ‘

'song types Songs of two northern coastal populatrons ol' Do ﬁlhginosus dlffered . \/._‘

. slgntfrcantly m song length.,, mtemote trmes fnd fundamental frequency of each note

" from those of a more southern populauon 'I'he songs oI‘ the more southern Do
. ﬁdlgmosus populauon sh0wed some charactenstrcs srmrlar td those of D. o/:ierrae f rom
*vfsouthem Oregon and north oentral Cahforma There appears to be-a latltudmal

-

B pattern in songs of coastal male songs. freql;e‘ncy increases with latltude

<~ Songs of- mtenor paltzdus males were predommantly of 5 notes They

were shorter lower m frequenc and. softer than those of coastal males - o | o
Near Hart s Pass WA. birds appear 10 ‘be hybnds of coastal Do ﬁdigmosus

»'and rntenor D 0. pallldus Songs there showed chara&t‘ensncs ol' bOth groups although

' “they’ were rnost snmlar to thbse of D 0. palltdus They ‘were predormnantly 5 notes "

o per song -with llttle vanatmn of song types The f undamental frequency of songs of

A

: Hart s Pass males was lngher thar\ that of Do pallt)us males and lower than that of

~ the populauon of D.o. ﬁdlglnosus to whrch it was compared / '. : L
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';"I;ABLEIII‘-I. . Nu'rﬁber of ‘fnale blue gi’ouse that used one, two, 6r thiee °song types in

a 5-minute period.” T

A

[

y

, g of. sbng-
o o Total No. . types used -
"'Loc'alipn and Subspecies \ o of males = . *1 2. 3
Hardwxcke Island and Adam vaer BCL.- a6 (52% - 48% 0
(Do ﬁdzgmosus) : B o . - -
May Ranch, CA.% f",,'. U e % %%
(Do ﬁdzgmosus) S r : e
Oregon and Lassen Nauonal 14 5% 43% 0
Forest, CA. S ' :
(Do s:errae) ‘ >, ,
.Methow -Game Range ‘WA. - 74 o 0%  30% 0
(D.o. palltdus) . . = .
© “Hart's Pass, WA. . n . T% 2% .0
“(Presumed D.o. ﬁlllgmosus X ' Cy .
Do. palltdus hybrid) SO
— 7o ;
R _,_,_‘,,;L
S .
x_. _
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Dtst%nce (m)1 SR 'i).o. ﬁdtgmosus’ C 'p.o. p(ldlidus‘. L

[

‘l'-_ . ‘

4 \

o TABLE II 6 Volume levels of - songs of mdmdual Do ﬁdzgmosus and Do pallxdus

Lo T T * . Volume? (dB)

o3

2

Tl e e s

oy sttance of . xmcraphone from smgmg male. e ‘ ' ‘ o e

2 ‘_’ A ‘Senneheissr MKH 105 microphont and a Nagra 4.7 tape recordcr ‘were. used :

» s for.all sound level measurements with. the record level set, at 75 dB AR
"3 From Hardwicke Island and Adam vaer B.C. - .

{ 4 From Methow Game Range WA




-TABLE,,-:H % Companson of whoots of coastal (Do ﬁdtgmosus)

'_palhdus) male blue grouse R R '()_- .

s

Deo. ﬂléginé@ﬁ" ‘ D.o. pallédz;s’

®

CR#SE. (N) - R#SE. (N)

-~

© Total time () L 0.35j:0.0_2 G 059007 )

- "FUndaméﬁtal frequency (Hf)  -180.0%7:6 (3) 229.2442°(2)

1 ,From Adam River, BC | T
&Fjom Methow Game Range WA CLT
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.. P;IGURE l-2. Number of ‘notes per song (song type) of male blue gxoué,e. A) Do.

fuliginosus from Hardwicke Island and Adam River. B.C., and the May Ranch, CA.;

BrDo. ;sier;de from Oregon and Lassen Natiopal Forest; CA.: C) D.o. pallidus from .

. the Methow Ga%Ringo, WA.; D) Presumed D.o. fuliginosus X D.o. pallidus hybrids

‘from Kart's Pass: WA. N = number of songs.
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- ff'southern Cahfomra New Meruco and Arrzona (Appendtx 1) They arb sexually ;

| f'I'NTRODUCl"ION

The syrrnx rs the maJor vocal sound producmg structure of bnrds and is located '

"at or near the " juncti of the trachea and bronchr Shape of the synnx and 1ts size

-

_ artd assocrated syrmgeal structures (1 e” muscles) vary greatl.y among avnan specres .
(Ames 1971) ‘and thrs vanatron 1s responsrble for produc on of- a wrde array of

7 Lao
; drfferent sounds (Mrller 1947 Wamer 1971 Gaunt 1983)
' CorrelatronsLbetween the physrcal features of - brrd song and- body srze have been

-proposed “In general the larger the bll'd the lower the frequency of song (Gullron

7

.‘1950 Bowman 1979 Byan and Iirendwrtz 1985) Mrllé'(1934) rerporteﬁf that the oA L
. BES 2 ~ . LI ’ o "» .; .
' '_ smaller male owls had: a lower pitch than fhe larger females and- that thi§ '@ nee

: '-was due to reverse sexual ,dlmorphrsm m the synnges However Sh (1983) -

Blue grouse (D%"d’agaPus ObSd"ﬂ) occupy most of the moungainous reglons of 5

vrestern North Amenca from southeastern Alaska and- central Yukon Terntory to \

- drmorphrc in body s:ze plumage and other extemal body fmtures (Johnsgard 1983) »

| Females are about 65 75% the werght of males (Zwrckel et al 1966 Redfreld 1973) v, °
and have a repertorre of at least 12 calls% three to four (Albnght 1985) Male\
‘ vocahzatrons mclude the lowest frequency avian songs (50 200 Hz) (Greenewalt 1968 :

R
' ‘H]Ol’th 1970; Surlrng and Bendell 1970). Most female calls are hr er in frequency ;
- than those _of males’ (500 1000 l-lz) although some are relatrvely low frequency and :
| smular to some, 4 those of males (200-300 H) (tiling and Bendell 197; Albnght G
.1985) Synnges of, ‘male blue grouse sage grouse»(Centrocerws arophaslanus) A _“ ( -

w sharp tarled grouse (Tympanuclws phasianellus) and prarne chrckens (T cupldo and T

Lo

I



-
L

o
\

. structures in yearlmg

. whether any sexual drfferences in the synnges and assocrateo‘structures lare due: to

o drfferences in .body sizes” of ,malesand females. "

{-,_-' R P Tl \
pallzdtcmctus) appear to be used in conjunctron Ywith rnflated esophagr for vocal sound

R - : l'

o productron (H]Ol’[h 1970 Johnsgard 1983) L f ——m ‘
- ‘ : o .
© The frrst objectiypmdriris is to descrrbe the vocal sou -produci‘ng .

4 N

d adult male and fe ale blye grouse These structures have not

becn descrrbed except in, \an undergraduate class report (Degner 1983) Thrs 1s in &1

. an update and expansron of the data presented ‘there. A" second. objectrve is to examine’

Ld

- B v . =

Ll

EAS R SO E A R

STUDY A

| Blue grouse were collected in the spnngs and summers of 7983 and. 1984 from .
oy :

en’ locatnons and mcluded brrds from - four of the erght recogmzed sgbspecres

ard‘ 1983) Hardwrcke Island, BC (50 27’ N 126 50’ W) ané; the lower '

. g t'}:_{j. 3 .
% Adam Rrver (50 27 N 126 10’ W) on nearby Vancouver Island were the collecuon ‘
v o .

srtes for ‘the coastal subspecres Do ﬁragmosus (Appendrx 3)

Two collectron srtes were m north central Washmgton state the Methow Game

g Range (48 3‘1 N 120 4 W) and Hart’ sJ’ass (48 42’ N 120 3 W) (Appendrx 2)

The mterror subspecres D.o. pallrdus occurred on the Methow G me Range Hart s -

Pass ‘i approxrmately 50 km. northwest of the Methow Game Range near the crest of

»the Cascade mountams Thls area appears to be a zone of overlap between coastal D.o. -

o

, ﬁdggmasus and interior D 0. pallrdus Brrds here show some - morphologrcal and

behavrorral trarts of both subspecres SR _ " S - >

e B

Brrds 'f rom another coastal subspecres Qo szerrae were collected about 24 km o g

- _ north’ of Klamath Falls m the Wmema ‘National Forest (42 26’ N, 121 45 W) ;nd“

approxrmatély 23 km ‘north of Lakevrew m the Fremont Natronal Forest (42 23 N

120 22"W) both in Oregon (Appendtx 2.

o -

4
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L Boum s frxatrve or 1

were mJected with; and then tmmersed in, embalmmg flurd and stored in. plastrc bags, _'
_ '

mteno subspecres was collected

; sample of D 0. obscums a secon

4,-.. :

frorn_ thre 1dely separated reglons in Colorado Cold‘sprmg and Mtddle Mountams ’

(40 55 N, 108 50 W), erlrams Peak antl Ute Pass (39 57N, 107‘ 30 W) and’

[ ]

Greyrock Poudre Canyon (40"§UN 105 oWy, SN

MATERIALS AND METHODS

A total of 93 bl&e grouse were collected in 1983 and 1984- for exarnmatron of

_the syringes and associated - sound producmg structures (Table Il.1). ~Specimens vttre '
S shot specrfrcally for thrs study (N 76) in connectlon with other studles (N 9) or, &
' found freshly krlled by predators (N=8).

€ollected grouse‘ 'were erther necropsted fresh, 'in’the f ield ‘or embalmed -

necropsred fresh, resprratory tracts and qsophagr Were measurcd md then preseryed in

Embalmed birds were drssected m the laboratory Where possible measurements

] o

~made on freshly necrOpsred birds were made in situ on embalrf-brrds. Points .of
ta

origin -and msertron of synngeal muscles were 1dent1f1ed Whrle ct in the embalmed

btrds Preserved structures from prevrously necropswd buds were re-me; sau'ed in the ..

\\_laboratory to dé:ermme the effects of preservanves on measuremants All: measurements‘

(Frgures 1m-1 and TII -2),. except tracheal and esoﬁageal lensths were taken with dial

calrpers/rg the fre\d and with - didl caltpers under a drssectmg mtcroscope m the

‘ laboratory Tracheal and esophageal .lengths were measured Wlth a ruler “Some

v sample srze among measurements Only measurements from nght bronehi are given. L

A
Twenty two freshly drssected esophagr wrth CrOps mwct were ued off at the;.

cephalrc end and mflated by blowmg air through a Straw mserted in the caudal end.:' |

"Measureznents were made of the esophagl and crops before and after mflatt,on (thure

1

EE

Some Whole or skinned and partrally drssected btrds ’

structures were damaged durmg collectron and drsseCl.lon. resulung in seﬁ?’ vanatxon in -

ik



.Frontal histological segions (7”um) -were made from the middle of »25. syringes.
These \uere stained wrth Masson S 'l'nchrome stam Descnpuons of 1nternal syrmgeal
structures" and measurements of . tymPamform membranes were made from these sectrons‘

( Flgure HI- -3), Measurements \ere made with a micrometer equrpped compound @
mrcroscope Only membrane thrcknesges,from the rlght srde of the syrmx are given.,

Body werghts and wing lengths (unflattened wmg chord) were taken frorn most

5 :‘-l‘ﬁ grouse collected to grve an index of body size. To mcrease sample srzes——brrds collected
| ‘in 1981 and 1987 at Hart s"l;ass ( 5) Methow Game Range (N=5), and Wme@a
- Natronal ‘Forest (N 2)‘ were mcluCad in these analyses Body werghts of r'r‘i‘ost brrds‘
| were measured with a trrple beam balance or. wrth a Pesola sprrng scale in some freld
situations. Fresh -heart werghts from birds . necrOpsred 1n the field were also recorded

- Blood was not specrfrcélly dramed nor fat removed from the hearts. l

Statlstrcal‘ analyses were made using’ the SPSS* (SPSS" Inc. 1983) and

TONESTATS (Dept. of Zoology, Unrversrty of Alberta) statistical packages Drfferences

were consrdered srgmftoant at the frve percent level. Mea_ns " epoTeC :tl S E.

ot
.\‘,. _

RESULTS

o Effects of preservanves | ” o - vv | S
of the grouse collected f or this study, 59 were necropsred fresh andm

embalmed However not all birds that were necrops:ed fresh were .measured before v.

preservatron because some were collected dissected, and preserved by mdrvrduals other '
than‘myself , o o T | ("/’}

/ : Structures from birds necropsied fresh were Te-measured after sev«‘ral months in '
preservatxves. Wnlcoxon matchedrparrs_srgned-ranks tests were - performed an-vocal
so.und-'producing‘ structures of adu {o méles an.d females to examlne the effects of the

- preservatives.



There were srgmfrcant dtfferences in 16 of 26 cases between fresh and preserved ,

' tracheal bronchral syrmgeal and eso;ahageal measurements of adult males and females

: Preservatron appeared to. cause shnnkmg in many of the- structures in 79% (220/279) of

L measurements of adult rnales -and- 74% (72/97) of adult females fresh structures were

[

larger than preserved Therefore fresh measurements were used for analysrs as: they

/\

more accurately represent the natural size of the structures although thlS results in a-

reductron in sample srzes Data on numbers of syrmgeal and bronchral tings are from

_'preserved samples The@ rtngs are not affected by preservanon and ‘are most accuratelyv

.'counted in the_ laboratory_unde_r a _mrcroscope. .

-

' Vocal sound producr{ structures in . male blue grouse

Vocal sound productng structures of rnales of all subspecres exammed were: the

.',same in general structure and composmon though they differed in size. This drfference

»

tends to mcrease the vanauon makmg statrstrcally srgmfrcant dlfterences between males ,

" and females cpnservatrve Subspecrfrc drfferences are drscussed elsewhere (Degner 1988)

- The trachea and bronciu The trachea lres ventrally along the neck, extendmg -

2

from the larynx to the thoracrc cavrty, and endmg at the synnx whrch btfurcat?l

the bronchr at. 1;; postenor end (Frgure 1-4) a The trachea is comprrsed of a varymg

_number (80 95) of overlappmg cartrlagmous nngs
~ The bronchi extend from the syrmx to the lungs (Plgure 11-4). Qronmral nngsv- B
'_are camlagmous and differ from tracheal -Tings insthat they do ‘not overlap and are ~

'only half nngs with connectwe tlssue completmg them Each bronchus consrsts of 711

2

o half rings, the number sometrmes drffrcult to determme because of the bronchtal

. Juncture wrth the lungs

A

The lungs and air sacs of bluf' grouse were not examrned These structures

however are unportant t0 sound productron especrally loudness. they supply- the air - . N

flow -reqmred to produce sound (Brackenbury 197,2._..#979,‘ Gaunt 1983). -



i 1979) I:xternally, 1t xs composed of 12 16 cartrlagrnous nngs whlch do not overlap

Y

E carulagmous The pessulus the medral cartrlage that drvrdes the synnx mto the two '

',’rmgs are fused at the dorsal and. ventral mrdhne

T he syrmx The synm 1s tracheobronchral (Frgure III 4) (Myers 1917 Krng

(Flgure IIl--S) The syrmgeal nngs (SR) -were numbered caudad to cephalad with the '
l"rrst rmg bemg SR 1. The Syrinx is greatly enlarged and expanded formmg the

@Impanum or drum Ttis approxrmately twice the wrdth of the trachea The syrmgeal

'j.’l,s

l-Irstologlcal exammauon of 13 sy rmges revealed that all synngeal rmgs are -

bronch1 was composed of cartrlage in 12 males but appears to be partrally ossrfred in’ '. :

'o A thin layer of connectwe ussue hes between the synngeal nngs and m some :

cases f at is embedded w1th1n the connectwe trssue

S Syrzngeal membranes One parr of syrmgeal membranes the mternal

' pessulus formmg the anterror medtal walls of the bronchr (Frgure - 6) These

."membranes are composed of loose 1rregular connectrve tissue wrth elastrc frbers probably

embedded in them Therr thrckness at the wrdest pomt is 2. 52:l:0 11‘ mm.. What I

- medralrs as descrlbed by ng (1979) but I -have not “been able to drfferentrate between

call - the ITM s may mclude the labium medrale and the membrana tympanrformrs

‘o

thetwov_ - o S
lt 1s dlff 1cult to determrne posmvely whether there are external tympamform

membranes (ETM s) in blue grouse (lablum laterale and membrana tympamformrs

' laterahs of ng (1979)) In some syrmgeal sectrons there appears to be thrcker

- connectlve trssue between SR 1 and 2 than between the other synngeal rmgs (thure

I11-6). If these are’ membranes they are thmner than the ITM s, 044i0 07 mm thrck

and’ are composed of loose 1rregular connecnve tlssue Because of I.lSSlle deformatron _

Rl

assocrated wrth sectronmg carulagrnous structures such as the syrmx descrrbmg and

: measurmg these structures accurately is drffrcult

. ¢

Z

’tympamform membranes (ITM s), is -located along both caudo lateral edges of the i

N ,4 . . . oL - L LT . A
< . . . N . ., S - ST . ) . T L N

7
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T

SyrmgeaI muscles Two pairs ol' extnnsrc muscles are assoctated wnth the synnx

in. male blue grouse ThlS s characte*rsuc of many non- passerrne blrds w:th srmple

B syrmges (Mtsktmen 1963 Chamberlam et al 1968; Gaunt 1983) ~ No mtrmsrc syrtngeal

muscles are- present

The first parr of muscles the M sternotracheahs ongmates on the lateral

cramal process of. the stemurn The muscles traverSe laterally across the tho*acxc cavxty .

to msert on the dorso lateral edge of the syrlnx and trachea o the last few syrmgeal
| A‘ vnngs (SR 8 16) and the frrst few tracheal nngs (TR 1- 8) (Frgure III 4) the cxact ‘.
pomts varytng among individuals and subspecxes Therr width is relatrvely constant over
'thetr entrre length (approxrmately 2. 0 mm) wnh some sllght wrdemng and flattenmg at
the ongms and 1nsertrons o |
~ The: second parr the M tracheolateralts ortgmates on- the laryngeal camlage and

‘ .the antenor most tracheal nngs (Frgure III 4) The muscles run caudad on each srde

' ":of the trachea loosely attached to 1t wrth connecttve USsue Just antenor to tne syrmx

e(at approxrmately 'I'R 3- 5) and antertor 10 the pornt of 1nsertlon ol' M sternotracheahs
_each spltts mto two bra ches One branch goes ventrally under the M sternotracheahs )
" to. insert on the anterio- lateral surface of the synnx (SR 8 10). A larger dorsal
.branch goes over the M. stemotracheahs and onto the dorsal surface of the syrmx

where 1t Joms that from the other sxde The two then extend postenorly along tbe ;

,dorsal nudhne of the synnx fornung the syrmgeal llgament The synngeal ltgament Q B

v contmues postenorly tlll 1t brfureates and mserts on the dorso: medral surface of each

bronchus The width of these muscles 1s approxrmately 3 5. mm Jin theu mtddle and is -

relatrvely constant over 1ts enttre length except at the pomt of ongm and where tt
spltts at the synnx
The acttons of these muscles were not drrectly exarmned but acuons can be

| _j'mferred from theu arrangement It appears that the M stemotracheahs draw the

synnx and trachea caudad and perhaps steady the synnx The M tracheolaterahs e

.

. 7



opposc the M sternotracheahs a-{ lrkely pull the bronchr cephalad and mwards and

draw the trachea and syrmx cephalad The actrons of the muscles lrkely alter the

~of.th

-conl'rguratron of ‘the syrtnx and the tensron of the syrrngcal membranes (ITM s and
N ’ '

possrblv ‘the- ETM s) accordrng to) what has- been reported for other .species (Mrskrmen

1951 Humphrey 1958; Charnberlam et al - 1968; Lockner and Youngren 1976 ?aunt ‘-g
1933) e R

. ' . . - . . B s / N

- T he esaphagm The esophagus begrns at the pharynx and extends caudad along

~ the ne

dorsal 10 the trachea for mOSt of its length The crop hangs over one. srde
hea ‘but . the esophagus enters the thoracrc cavrty dorsal o the trachea and RS
o ends & ,the proveﬁntrtculrs (Frgure III 4) The esophagus is drvrded mto two parts by

) .the crop (the mguvres) the pars cervrcalrs (anterior portron) and the pars . thoracrca o

' _‘(posterror portron) (Frgure III 7A) (McLelland 1979)

T he saccus esophagealts or. mflatable sac on the pars cervreahs is smaller than S
N

in sage grouse (Clarke et al 1942‘, quness and Allref 1942) However the" antertor '

4

’ vfend s’ approxrmately three ttmes the dtameter of the posterror end where it enters the

- crop (Frgure I1- 7A) The esophagr of 15 adult males were 1nflated to determine rf

"they were capable of expansron to form potential sound- resonattné' chambers 'I'he

‘anterror three quarters of the pars cervrcahs ml'lated to approxrmately three times 1ts

ttttt

original dlameter (Frgure III ‘JB)J The crop 08150 expanded but the pars thoracrca

: expanded only slrghtly Thus the’ pars cervrcaﬁ&of rir‘aklg lzlue. grouse has the abrltty o

: mflate and serve as a sound reS%natrng chamﬁer S : o

| Yearlmg males Yearlmg males were srgmfrcantly hghter in werght and had B '_ ‘

:shorter wrngs than adult males (Table III 2) There were no. srgmftcant dtfferences in |
'tracheal bronchral or syrrngeal measurements between yearhng and adult males (Table -

111-3). Sample sizes were too0- small to test dtf ferences in synngeal membrane thrclmess

0

- (Table - 4) Syrmgeal measurements (Table ITj- 3) and syru‘igeal membrane thxcknesses S

‘ (Table Ill -4) shovVed a trend adult males were larger than yearlrhgs but the sample of

“t



T S
o vearlmgs was. too. small 10 pro de rehable stausucal tests. tlEsophageal measurements :

(Table III -5) were not s:gntf tcantly drfferent between the two age classes and there were '

not enough inflated esophagr of yearhng males to compare (Table Ill 6) Tracheal and.

| bronchtal (Table!III 3) and esophageal r(Tables -5, lll 6) measurements showed no ':. —

g clear size trend between yearlmg and adult males , ‘, PR - .'

Vocal sound-producmg str?emﬁ- in female hlue grouse L B .Z P IRE s

The trachea bronchz and syrmx Vocal sound producmg structures oF female '

. blrfe grouse are,” in gener 1 he same as in males though thelr srzes add shapes dnffer :. .

g (Flgure II1- 8) ‘The trachea is stmtlar to. that of males exctpl smaller and wrth fewer ' i

| rtngs (70 80) The bronclu are composed of 7-11 camlagtnous non+ overlappmg half o

‘ nngs as- m males The syrrnx lS located at the Junc‘:bon of the trachea and bronclu "';'_.‘ !
‘ ‘hence tracheobronchtal The synnx is smaller and the- dmsnon between syrmx and . A o
. trachea less clear than in males (Fxgure III 5) Syrmgeal nngs do vnot overlap ‘but are -';:

| closer together t\han in males wrth less connectlve ttm between 1hem The syrmx e % { ‘...'L-

3 forms a Small tympanum thh the rmgs fused at the dorsal and ventral mtdlmes. lt is . '

| -‘not enlarged as in males (Flgure III 5) | »

P -J‘" i
PRTS R

.

;?. Internal composmon of female synnges is the same as m males except smaller K

}."(Frgure g 9) Synngeal nngs and the pessulus are composed of camlage wrth no sxgn

' of ossrftcauon in the nine sectmns exammed As in- males rI'NP's are present but tt s
4.

.dlfftcult to deteﬂnme—rf‘there‘are ETM's. ‘The ITM's are thm o 54:l:0 &) mm. " 1f ;,.‘l :

there are ETM' s, they are very thm Just 0 :tO 02 mm thtck

\ synngeal muscles, M stemotrachea}ls
' v
and are generally the same' as in males

. Syrmgeal muscles Two paxrs :

.and M tracheolaterahs are present m fe

s The major drfference is that M stemotracheahs of females mserts more cephalad ofi+ - ’w,,{ :

-)n"
the ‘syrinx and, trachea (anure III 8) Wrdths of the female muscles are thmner thah
“in males (10 20 mm for the M stemotracheahs and 1. 5 35 mm for the M
: F > N .
RV fe " L o AR
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(Tablc - -7)..

Wi

» ) - L

, tracheolaterahs) in about the s(\ ratios as dtfferences in body size. -,

The esophagus The esophagr of female blue grouse contam the same secuohs

: as in males (Fxgure I- 7A) - The antenor- end of the pars cervrcahs 1s not greatly

-

A
v enlarg&l only about ‘one and ‘one half times the dnameter of the esophagus at the crop

and there is no sxgn of "a saccus esophagealls The esophagr of seven females were .

L M 3
mf’lated In contrast to those of males the mean “diameter mcreased only slrghtly. fromv

' 118 mm. to. 155 mm (Flgure III7B) el o o . .

L

Yearlmg females Adult females weres sxg}f f: 1cam‘,ly heavrer than yearlmgs Mean

wmg length ol' adult females was larger but.nﬁt slgmfrcantly drfferent than in ‘yearlings

< .
o .

Tracheal bronchlal syrmgeal and e!ophfgeal measurements ‘were not sxgmfrcantly

| -drff erent between yearlmg and adult females exeept for\.synnx lengths (Tables I- 8

R lll 9 III 10 III 11) There was a weak trend towards adult female- structures bemg

| : larger bthan in yearlm‘gs (Tables I~ 8 IIIE9 III 10 III 11)

‘ "Sel(ual dlmorphlsm m_xocal-—sound pnoducmg structures

B o o o o4
PO . . .

¢ 5 . . . S )
i} A . . B

>§5 &

A srmrlanty md.ex (S . ), the srze of fen'ales relatrve to that of males was -

4. R

) calculated for #ﬂg parrs of ; male and female measurements “Two-tailed t-tests were used T

to determme i there were srgmftcant dxfferenoes between the sexes.
v )

Body werght 15 commonly used as an mdex of body size (Amadon 1977 Cade.

1982) but because of seasonal varrauon some consrder it. poor (McGrlhvray 19&).

A

.‘Adult felnales collected for thlS study wefe 8. 51% the welght f ady t/rqales a N

' sxgmflcant dtfference (’I'able III 12) Others ,have reported si ar dlfferences, 75- 77% o

for interior blue grouse in autumn (Zwrckel et al, 1966) and 75% for coastal blue

| .grouse in. summer (Redf 1eld 1973) [.Zubtc root ol' body weights were: calculated to .

.7},.>' -

; -comp&e body wexght to hnear meastﬁ‘ements (CllblC root makes welght lmear) Cubrc,

A

.'; ,;toot of body wenght mcreased the. relauve s” ize of females to 91 6% that of males but

)



‘was strll srgmftcant (Table III 12)

-

Payne 41984) belteved that wmg length is'a better mdrcator of srze th.an body o o 4

, werght in srmllar specres of buds Wrng length drfferences were srgmf 1cant and- we‘k

PN ® S

: mtlar to those shown by the cubic root of’ body werght wr" females 91 2% the srze [ :
of males (Table TN, -, . . T e D
PR Heart werghts representmg an mdependent mternal organ showed a drf ference A S

between the two sexes srmilar to that of body wetght f}nales 80% the srze of males ' -

‘(Table III-12) Cubrc root of heart werght' decreased the drfference (»SI 88 9%) and - ’g
A gas srmrlar to that of cubtc root of bod>yt werght and wmg length (Table III 12)
) 3 'I’here were srgmfrcant drfferences between ‘sexes: in- all resprratory system

measurements except bronchral length and number %f bronc}tal rtngs (T’able - 13)

| Bronchral lengths were nearly dtfferent (P 0: 060)

2 Synngeal measurements exhrbrted th& greatest dxfference m srze betwee adult

males and females (Frgure III 5) Syrmgeal measurements of females were  f om 35 to
,/.l 43% those of ‘males. (Table III 13) “This drfference was much greater :t‘han those. in-
| body werghts heart werghts or wmg lengths Syrmgeal shapes also drffered between
sexes: mal rsyrmges were. more expanded than those of females : , |
All other resprratory system measurements except bronchral length and number —
E 'v'_.'of bronchral gs, were srgmfrcantly drfferent but all showed smaller dtfferences . |
between malesb females than did synngeal measurements (SI 55 1- 88 6%)(Table , |
- 13) There was less drfference in tracheal and bronchral ltheas&ements than tn those b |
.yfrom the synnx ‘yet all are in the’ same system and jomed toge e; Thts suggests that _
' selectrve pressures for sound producuon may be actmg more on the syrmx thﬂ on _
( | other parts of the resprratory system that were exammed | T ,' \ |
In terms of Intema? syrmgeal membranes the drfference between aduIt male and
- _,female synnges was greater than in other synngeal measurements Thrckness of the .

| I‘I’M s from females was about: one frfth that of males (SI 21 4%) (Table lII 14)

«



T

These data agaln s'u‘ggeSt" that seleeti\'e pressures ‘may act moré on the syringes than
'otl'ter par(s of the resptratory system L S e (
There was no srgmftcant drfference between sexes rn esophageal wrdths at the

crop; however the Test ol" the esophageal" measurements dtffered srgnrftcantly between

_adult males’ and f emales (Table - 15) Antenor esophageal wrdths showed the greatest :

dtf ference adult females 49, 0%\he size of nales (Table III 15) ThlS is due to the
. presumed abthty of males to inflate the pars cervrca_hs for uSe as a sound resonattng
ichamber (Frgure IIl-7) All other adult female esophageal rneasurements were no less

‘._than 78 % . the size of those of adult. males {Table - 15)

thferences in the mflatabthty of the pars cervrcahs of males and females are 'j

’ stnkmg .(Table IlL 16) There were srgmfrcant drfferencesj in. the lengths and wrdths of

the ml‘lated pars cervrcahs but not in mf‘ated u‘ops (Frgure III 7) That there was no .

odif ference in rnflated crops is unportant because it shows that there was lrttle or no .
' bras in the amg.mt of air used to mflate the esophagr The mflatabrhty of the male _

, esophagus suggests selectrve pressures ate actrng on the a%mrror end of the rna}e -

T N h 15
sophagus sxmtlar to those on the synnx and that ‘the esophagt hkely aﬁ Lul\lolved w@rg
. w < , ) S s o 5 D SRR * r.?,? . *‘-’ .
“vocalization. _ : B %* e .% 3 . ok
| R o B L
, »mscussrorv - A

s

The membranes m the syrinx v.rbrate to produce sound (Gaunt and Wells 1973
v:.Brackenbur 1982) Gaunt and Gaunt (1985) descnbed three models of sound |

generators the compressron model the pulse, generator and the whrstle The pulse ."
generator (membrane vlbratmg system) seems the most hkely mechamsm Tor sound |

) 9
- productlon in blue grouseL However no expenmentatron was undertaken to confrrm thts

-

g 'hypothesrs and only mdu:ect amtomrcal evrdence is avarlable Brrefly, the: pulse

generator works wrth the tympamform membranes forrmng a valve that closes off the

,.arr passage -When suffrcxent pressure has burlt up thts valve opens causmg a burst of

o,

49

. v

-

¢

. e



_‘a1r to pass through 10 produce sound The valve closes due to elasuerty o the '
membranes Bemoulh forces from the air flow and perhaps muscular contractrons '
: (Gaunt ang Gaunt 1985 224) B ‘_"l o ‘
‘ Tracheal modulatron ol‘ sound the modrftcatrc‘)n of the fundamental frequency by
"'altermg the length of the trachea has been suggested by varrous authors (l-larrrs et al
g ‘ 1968 Johnsgard 1983) However, Greenewalt (1968) does not believe blrd sounds are .
ffected by the trachea and Gaunt and Gaunt (1985 228) confé.:d that the role of ‘ ,
| trachea@rance remams ‘ambiguous”. Because 10 expenmentatron was undertaken ‘in _' e -

' .thts study,,the possrble role of tracheal modulatron in ‘blue: grouse is unknown ’l'here

was a srgmfrcant drfference 1n tracheal lengths between adult malcs and females but ‘

E .thts drfference was propomonal to body srzc and. hence 'lrkely reflects body size

vtlrfferences Vanauon m the vocahzattons of male and female blue grouse is most

lrkely sourCe modulated (Greenewalt 1968 Gaunt and Gaunt 1985)

3

There ‘was a hrghly srgmftcant dtfference between ‘mean tracheal diameters of

o adult males and females wrth that of females less than 70% that of. males Posterlor :

"i_.“tracheal drameters sh0wed the greatest drfference (P D 55 1%) Ihxs drfference was o
larger’ than one would expect on ‘the basrs ol‘ drfferences in body srze @and may be a l .
: result of dtfferences in synngeal srz.es and shapes “The. W1der the axr passage (tracheal
I'_drameter) the slower the air flow and thrs causes ‘a- lower pr.tch in aerodynamtc vrbration ‘f__

. systems but not 1n membrane vrbratmg system; (Gaunt and' Gaunt 1985) Suzoe blue, ‘ cu

' grouse appear to have a membrane vrbratmg system the effect of dtfferent tracheal

.

- drameters is unknOWn ’I'he large drfference in postenor tracheal dtameters is probably".: o
A e 0 e
due to dtfferences in synnx size.. - - \“. =

Bronchtal Iengths Were not srgntflcantly drfferent, between adult.males and _
females but bronchtal drameters were.’ 'I’he 1arger rnale bronchr are most hkely related
‘to body and syhnx size drfferences _nbt. sound prodt‘rfuon Howeyer._lﬂ-haye _n_o_ way. of . A

¢ .

B -_venfytng thts.
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Smce adult female blue grouse are 75- 80% the)welght ol” adult males 1f Qody

srze alone is actrng on the mte%'nal structurﬂs of blue )grouse then these structures should R

be 75 80% smaller (91 6% when the cublc root of body erght rsl used) m females than

-males l-leart welght and the cubrc root of heart welght show 80% and- 88 9%.

)

drfferences respectrvely Adult female tracheal and bronchtal measurements ranged from

— I4

,55 1 to 88. 7% the size of the correspcmdmg structures in adult males Synngeal

o measurements show even greater dtfferences female syrmges are less than 45% t,he srze

. between syrmx size and frequency of sounds produced exrsts the smaller syrinx. of '

) females is assocxated with htgher souncl frequency PR

.y -
,of males From these results there does»not appear to be a pattern where female o

mternal struetures are 80% the size. of males However when syrmgeal drfferences are 3
., compared to: those of other structures 1t appelrs that factors related to sound‘ “
'productron may ge actmg on T the synm to produce such largge syrrngeal drfferences "

' .'jPOS[CIIOI' tracheal and bronchtal drameters (55 l% and 64 1%, respecuvely) showed larger

. drfferences than_ other tracheal and bronchral measurements } These drfferences are most - |

jhkely due to synngeal dlfferences because of therr close Jproxrrmty to the syrmx |

g _ Syrmgeal shapes were dtfferent between sexes male syrmges were more expanded' B
- ..or bulbous than those of females thferences m syrmgeal shape may have some effect
-~ on sound productton (Ames 1971 ‘Gaunt 1983) Thrs~wa-s not tnvestlgated in my. study,i
theref ore‘ the effects of these dtfferences on sound productron m /blue grouse are |

. unknown S | m wl@ : | |

' . Most femalc vocalrzatxons are\ higher in fundamental frequency than those of v.

~ males (Strrlmg and Bendell 1970 HJorth 1970; Albnght 1985) Strrlmg (1965: Lé

-reported that two' capuve females gave a call that g nded hke the male hqjotmg g; 2 ﬁ'
cw

" A

_ "had a. hxgher prtc@' Therefore smce the syrtnx is smaller u‘ adult fertl’a'lw" and

'produce on average hrgher frequency vocahzatrons than adult males a relatronshxp & %

l e .

Yo
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larger in body srze than males but had smaller syrmxes Females also had htgher
prtched calls tgran males ThlS evrdence supports the relatronsh,up of smaller synnges
producmg hrgher pttched calls (1 €., have a hrgher fundamental frequency) 5

Sexual drmorphrsm is dommon in’ the syringes of many specres of ducks
&

(Johnsgard 1961 1971 Warner 1971 Lockner and Youngren 1976) The maJor . ') v o

, \-
. dtfference in the sexes 1s the development of an: enlargement the bulla synngeahs

? /

usually on the left srde “of - the male syrmx (Krng 1979) Unfortunately, lrttle work has

been done on compansons between syrmx size and sound frequencres produced ln
ducks males appear to have larger synnxes but hrgher prtched more whtstled
B vocahzauons than females (Johnsgard 1961 1971 Warner 1971) /l"hrs may not be

, evrdence agarnst the relatronshrp seen in blue grouse as male and female mal}ard (Anas

plazhyrhynchas) syrmges may functton dtfferently (Lockner and Youngren 1976 . Thxs

may be true in other ducks whtle the . synnges of male and female blue grous _ appear

:".I | t0. functron in a similar manner. LRl SR |
7 The ITM s appear 10 be the vrbrattng, sound producmg membranes i __lue,
grouse ‘though there is no drrect evrdence to support this - statement If ETM's are “

| present then they also ‘may be involved in producmg sound The thrcker'\he ‘ - _

tyn;pamforrn mernbrane the slower rt vrbrates producmg lower frequency sounds (Mrller

1947 Sutherland and McChesney 1965; Johnsgard 1983 Gaunt and Gaunt 1985) IR

ut

A relattonshrp between lTM sme’synnx size; and sound frequency is apparent
when the sexes are compared Male blue grouse I'I'M 5 were four umes thrcker than

“ those of females One would expect a’ drfference of approxrmately two and one half

trmes smce the syrmges of. adult males were about two and a half’ ttmes larger"%han -

those of females Thrs large dtffermce may be a result of further selectron for Spectfxe' v

. sound frequencres In blue grouse rt appears that ‘the thrckerwre ITM S and the larger,
}o , the synnx t& lower the fundammtal frequency of thef sound produwd

. . . ; ‘ \ . . . L i

Mtller (1934 1935 1947) reported that rn the bwls he exammet(&fema]es were z\’/
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| Syrmgeal muscles act on the syrrnx trachea and bronchl to alter therr '
'conf 1gurat1qn, whlch alters tympamform n:embrane tensmn allowmg them to vxbrate and 3

"produce souud (Greenewalt 1968 Brackenbury 1982 Gaunt and Gaunt 1985) Both

‘palrs of syrmgc.al muscles are larger m adult males than in adult fernales, Jbut this most
| ‘ llkely is due to scalmg of body Size rather than specrﬁcally related to sound producuon
The M sternotrachealxs of . females mseyts more cephalad than’ on, males _Thls_may |

. contrrbute-'to the greater complexlty and l‘requency of sounds of females than of males -

(Phlllrps and Youngren 1981 Gaunt and Gaunt 1985) L B
When male blue grouse smg therr necks appear to expand Early observersw .
' attrrbuted this . expansron 10 the mflatxon of the "air - sacs that were assocrated w¢th the
‘bare areas (cervrcal aptena) on the srdes of the neck. Some beheved that ‘this was |
where the sounds were produced but others more accurately observed that the sound
N ~_was »produced m ‘the synnxb and_@e_ arr sacs_ acted_to resonate. the sound (Grmnell et
' '1'19:18' 'Dawson. l923) They were only partially correct as the ce;vi'_cal'apteria‘ a'ré..
mocle 1cauons ol; the neck skm and are not mflatable sacs. o | b_ | |
In male blue grouse the pars cervxcahs 1s capa e of 1nflatmg to” ‘over three -
"tim’cs its’ ongmal size. Gross (1928) was one of lthe first to escrrbe the mflatron of o

’ the esophagus in, grouse the heath hen (T. cupzdo cupqu) He proposed that the

tongue of the grouse blocks th% mternal nares and air frorn the resprratory systbg f'lo s

u ~%

in 0; the esophagus. Clarke et a,l (1942) and Honess and Allred (1942) descrlbed a
sxmxlar process m sage grouse. Th1s 1s most hkely the mechanism used by male blue

grouse to mflate therr esﬁphagr “but, thls is based only on analyses of ‘the morphology

-

of the - bnds&nd not dlrect observatron The esophagr of female blue grouse appear not .
“to. be mﬂatabl& ,‘ ' i o '
| ’Th,ere is no direct evidence to support the 'hypothesis 'that ’male" blue grouse. or
" for that matter ’a:ny of the grOusenthat appear 1o’ inﬂa'te- the' esophagl, use - 1t as a |

: resonatmg chamber to amplrfy sound. That seems hkely, but direct evrdence is

-



- requlred Gaunt et al (1982) provwle ‘some evrdence\&support thts suggestlon from o

et

¥

/}n mJured Fmg dove (Streptopelm sr_r.sorza) The dove' was unable to mflate its -

e

reported srmrlar wetght dtfferences‘ - Because yearlmgs are smaller one

-~

>

esophagus and its - coomg was notably softer than in normal btrds

El e a4 Lo

Yearlmg males .can occupy t'emtones. exhrbtt terrttonal behavror and smg 1f a.
temtory 1s v%eght but they are normally secrenve and srlent (Bendell er: al 1972

Songs of yearhn_g males appear sof ter and htgher m

Yearhng males were hghter and haé\shorter wmgs than adults

% --‘.

thelr vocal sound producrng structures to be smaller than those of adults 'l-lowe er,
- 1
there were no srgtlftcant drfferences between any of the tracheal brOnchral synngeal

or es0phagea1 measdrements of yearltngs and adults °Small ‘samples of yearlmg males

- may be responsrble for thls lack’

syrmgeal and syrmgeal membrane easurements were larger than yearlmgs T}us

drfference although nm srgmfrcant“ could -be responsrble for the appbrent’ drfferences in

the songs of the two age classes ahd rnay be part of the reason why yearlmgs do not

\
normally take terntones

Adult»\ f i are larger than yearlmgs females. However, all tracheal

bronchral syrmgeal'

: the two age classes Ther& appear & be no, basrc dxfferences m the sound producmg

structures of yearlmgs and‘ Sdult females One would expect thts smce there does not

3
~ appear to be -any drfference m%tﬁt and yearlmg 4emale vocahzatlons (pers obser )
S - S 4

° 'A'O‘ | 3 s »

y o

of’ dlfference However a trend ;s pre@oadult male .

d /esqf&hageal measurements except synnx length J.wére equal in __ﬁ .



'SUMMARY R ISIE RS - .

far

The sound producrng Str‘uctures o? male and female blue grouse were descrrbed

‘ and compared Morphologrcal data suggest that the synnx in blue grouse hkely acts ‘as -

2 pulse generator to produce sound The size of 1nternal tympamform membranes and

‘the sound- producmg structures of dead birds and 10 experrmentauon was undertaken

the size ol“ th&synnx appear to be responsrble for the differences 1n the vbcahzatmns

of males and females, The rclauonshrp that appears 10 exist is the thlcker the mtemal

,tympaml'orm membranes and the larger the syrmx the lower the fundamental frequency.,

'of the sound produced Syrmgeal shapes also differed, -but_ what effect. if any, this -

variation has on sound producuon is unknown

“The trachea and bronchr of mal@nale blue grouse are 1mportant

'components of thc resprratory system but appear to have little drrect effect on the

seunds produced arld 9probabl) do not have any measurable 1nﬂuence on the sexual
dif’ ferences in vocalrzatrons Drfferences that do exrst appear related to diff :rences in”
body snze or because of their direct connectron to the syrrnx
| The esophagus of male blue grouse isg capable - of mflatmn and is probably used -
as a- resonatmg chamber to help amplrfy song The esophagus of femaIes appears not
to be mﬂatable
Yearhng male .syringes are smaller than adults and this "d_ifference may be

responisible for the softer._' highe’r‘pitched hoots of yearlings.-r The ,sound-_producing

~

,struct‘ur’es and .vocalizations of yearling and adult" females drffcr little, even though

. adults_are larger. . B

The results presented here are based principallyonv morphological' examination of

K

_ However this is a necessary first step to gam understandrng of vocalization in blue @ -

grouse.

2
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. TABLE IlI-6. :Inﬂated' esophageal measurements of adult and yearling male blue _grousé:,,

(mm). .

" ADULT MALES . YEARLING MALES

' R4SE. (N)

v

R Measurement! ‘  .XiS.E. (N)
Pars cervicalis length  ~ ~ 86.0+4.7 (14) . C 7 111.1%0.0(1)
0 Pars cervicals widh  68.0%30 (1) - 782400 (1)

e, ¢ Crop length | TLIS1 (1) 96900 ()
 Crop width - 59.9+3.0 (12) - U 69.5400 (1)

7“7 i Refer 10 Figure lI-2b. | -
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* TABLE Ii-9. Syringeal membrane measurements’ of adult and yearling female blue

~ grouse (mm). R

- ADULT -
"FEMALES"

" YEARLING =
. FEMALES

Thiékn_ess_ of:d Xz':SE (N)

‘R#SE. (N y

Internal tympamform 0.54£0.09 (8) -
membrane L o I

."Extemal tympamform - _0‘13i]0702. (6)

I -membrane’

0204000 (1)

1 R&fﬁr to Fxgure III 3,

2. It 1s unclear whether these are true membranes see text.-

0.30£000 (1)
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©(mm). o

N4

- TABLE 1II-10. Esbphageéi 1’m'easu'r¢m¢nts of ,'adult‘.an,,d yearling female blue g;ouse o

65

PR

Measurement’ . .~

4 ) . : )

" ADULT FEMALES

YEARLING FEMALES

 R#SE. (N)

R#SE. (N)

- Esophageal length *
. Esophageal width, ameridr. .'

-.Esopha_ge'él Width at_crop '

| 167.9£10.5 (11)
117409 (9)
68404 (8)

e

- 148.0£0.0 (1)

109400 (1) -

71400 (1)

.1 Refer to Figure 1I1-2a. .
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- _.T_ABLE III-l_l.- Inflated ’es geal measuremen{s ,g.\f adult and yearlmg female blue

- ~

“grouse (mm). , e "%f

.7 ADULT FEMALES . YEARLING FEMALES

«  Measurement'. . -”.'X:tS;.‘E.‘_f('N) -~ UR4SE. (N)

-fa{A cervicalis jength —_— 66.9+7.5 (4)-»'.-.,} o  32-‘0£0"0' -
i."»,jp'afs Cervic-a-li‘s‘.widt_h | ) 9£1.5 (6)‘_ _-im : 131:tOO (1)”‘

. Crop length o esxaa®
CCropwidh o S66E31(6)

- * Refer to Flgure I-2b.
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' FIGURE III 1 Male blue grouse resprratory tract showrng where musurements were

- Laken BD bronchus chameter BL bronchus k‘mgth SD . synnx depth SL

- _-"'synnx length SW -, synnx wrdth TDA trachea diameter antenor. T_'DP - trachea
- diamy _‘_eter-._'posrenorz,-." L - ' ‘ i




-~

pars cervicalis'

FIGURE III- 2 Male bluexgrouse esophag?s and crop showmg where measurements '

werc taken A) natural B) inflated. CL crop lengﬂ;. CW crop wmth EDA

csophagus dxameter antenor EDC esophagus dxarneter at CZ?: EL eSOphagus ;

1ength LEP - length of expanded pcmon of pars cervacahs L - 'pars cerv:calxs

ength PCW - pars cervxcahs w1dth

' R e . Lo ’ .
Ve T a . - '

7B



:.fFlGURE Iﬁ 3. anial secnon of - an adult mile blue grousc synnx showmg where
. mcasuremcnts vgere taken. E‘I‘M - extemal tympamform membraﬁc. Fl foramen S
mterbroncl:uale ITM mtemal tympamform membrane P pessulus. SC - synnse#l
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._-‘FIGURE III 8 Female blue grouse respuatory system in sxtu Br - bronchus C
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. INTRQDUCTION t,',._ S

sunspr:cmc VARIATION IN. VOCAL SOUND-PRODUCING sTreUcrUREs N
SR e ADULT MALE BLUE GRogsn ‘ C e »-i;.i; L

-

' Geographrc varlauon m bxrd songs is common (Krebs and Kroodsma\ 1980
0 Na e
Mundmger 1982 Shy 1984 Baker and Thompson 1985) Severa.l explz;natlons for -

varm& wrthm a specxes s0ng have been proposed such as envrronmental (Hm:ter and i

.*ﬂ

o .

. land mtenor types th'h 4 subspecres m each (Johnsgard 1983 Bendell and‘ wackel

1984) (Appendtx 1) The separatron of these two groups and the erght subspectes 1s

-:m ‘song wrthm a. specres

'western North’Amenca The elght rgcogmzed sulzmecres can be grouped mto coastal
' . 2

Krebs 1979; Krebs )aad Kroodsma 1980 Shy 1983), cultural (Mundmger 1932) and ‘;

bxologrcal drfferences (Baker 1982 Mundtnger 1982) Ecologrcal factors lnclude the L _ S
rnl‘luence of gxnd transmlssron/attenuauon propernes of different habrtats and A "4_

/ )

background noxse (Krebs and Kroodsrna 1980) Cultural drfferences refer to learmng

processes and populatron dralects Genettc and morphol'oglcal vanauons are responsrble

_for brologrcal drff erences (Mundtnger 1982) Lrttle has been reported on possrble

'_drffercnces m the syrtnx and assocrated structures that may be. respo srble for vanatton SR

L

BI% grouse (Dendragapus obscurus) occupy most. of the,'mountalnous reglons of

‘.t.*«"‘ .

e

. 'based on drfferences in plumage colorauon extemal morphology. song, and behawor

' 'and terntonal functton (Mchcholl 1978) It Is one of .the most stnkmg behavroral
: -~

o dnfferences between coastal and mtenor ntales loud and usuaﬁy 6 not&S/hoot in COastaJ

: .,'brrds and soft and usually 5 notes/hoot in mtenor bu'ds (Barley and Nledra:h!l%s

pnmartly in males e r.' R ,\-- SN

The SOng of male blue grouse called a hoot is reported to have both a sexual

/

l-ﬁorth 1970 Bendell and Zwu:kell 1984‘ Degner 1988a) The hoots of both ou%.are

low frequencyl sounds wrth those of mtenor males (100 110 Hz) lower than those of d , _’

. . ’, ’ .
. ... . . "h» . o



S COastal males (115 170 Hz) (Degner 1988a) 'I‘he whoot (Strrlmg and iBendell 1970) a o T

<

srngle or double note precopulatory call of males is- also of low frequenc'v (approx 200
Hz) Whoots of coastal and mtenor males are’\nore s1m11ar than— the hoot both are as
loud or louder than coastal type hoots (H_rorth 1@0 Strrhng and Bendell 19’70 Degner _
1988a‘) ! o ' o o . j:; ' e
_ / _ The syrrnx is thes major organ responsrble for‘ vocal sound productxon m blue : -
| _,.grouse (Degner 1088b) The esophagus mflated dmr’ﬁ hootmg. appears o act ar?? -
-’ Y resg(natmg chamber for sounds produced by— che syrmx (HjOl‘th 1970 Johnsgard 1983-4“'".;:,
. | éegner 1988b) N S)}nngeal morpholosy appears to be responsrb‘l'e for differenees in . o
= sounds produéed by male and ’emale blue grouse and perhaps for dlf ferences between e
the songs of yearhng and adult males (Degnl?r 1988b) Cappears that the largeri the | ‘ .
‘ -V'Synnx and the thtcker the syrmgeal membranes the low_er the sound frequency (Degner .

1988b) LR . ) o ., %

T -:g PaE The obJectrve of o 1s paper 1s to determme 1f t,here are SUbSWCIflC dtfferences in

‘:‘_.’tge vocal sobnd producmg structures of male blue grouse that may explam dtfferences

-2 .
L in t,henr songs i Subspecrfrc vanatron m song mtght mfluence terrttortalrty and spacmg. o

’whxch may determrne the number of mal_ ‘ t breed (Lewns and Zwrckel 1980) :

Adult male blue grouse were collected in the spnngs and summers of 1983 and

'- 1984 from srx loeatrons«’wrthm the ranges of three of the e!ght rec0gmzed .subspecres
‘(Johnsgard 1983) Hardwrcke Island B C.. (50 27' N 125 '50’ W) and the nearby
{lower Adam vaer area on VanCOuver Island B C (50' 27' N 126 10 W) served as~
: collectron sites for one coastal subspectes D 0. ﬁdiglnosus (DOF) (Appendrx 3) Males
of another coastal subspecres Da, sierrae (Dqs) were rcoll’eeted at two sites in «,;"f_' ., ‘ *
- .southern Oreéon' about 24 km north of Klamath Falls m thevWinema Natronal Forest U
“f"i g(42 26’ N 121‘ 45’ W) and m an area of the Fremont National Forest approximately

o L - .
N T I ) . <
i : ’0 C * Y, ) °
{ g. N P - .



| 23 km north or Lakevrew (42 23 N. 120' 22/ W) (Appendrx 22

~N,
Males of D 0: pallza’us (DOP) an lnterror subspecres were collected* on the

3

o Methow Game Range WA (48 31 N 120 4’ W) (Appendrx 2) The two sﬁbspecié?’f_ ;';: ” -
- .'D 0.. ﬁdrgmosus and D 0. pallldus (DOFxDOP) app&r to overlap in the Hart s Pass ' .
-‘_WA area (48 42‘ N 120° 39’ W) approxrmately 50 km northwest of the Methow

i :'Game Range in the Cascade mountams (‘Appendrx 2) Males there appear to shew

' '_morphologrcal and behavronal trarts*of both subspecres o - , .," o

 MATERIALS AND METH(;PS B T A

. : ' -
A total of 48 adult male blue grouSe were collected for comparrson of . B

. sound producmg structures (Table IV -1).. Collected males were exther necropsred fresh

A m the freld or embalmed for later drssectron Resprratory tracts and esophag1 of freshly

8 ,;necropsred males were measured and then preserved 1n Bourn s frxaltrve or 10% formalm

i -s.

- Embalmed males some whole and others sktnned and parually drssected were mJected

&

thh,_and then 1mmersed m embalmrng f’lutd Embalmed brrds were drssected m the

\ .

. laboratory and where possrble measurements made on freshly necropsred males were “ 3

' 'made in suu on embalmed btrds All measurements (Flgures lV l and IV 2) except
tracheal and esophageal Jengths were taken wrth dtal cahpers Tracheal and esophageal o /

'lengths were measured wrth a ruler Some structures were damaged dunng collecuon
,and drssecuon resultmg m some vanatron in sample srzes among measurements

Preserved structures from prevrously necr0ps1ed 7males were re- measured in the
= laboratory 10 determing the effects of preservatrves on measurements Preservauon

o . appears to. ‘cause shfmkmg (Degner 1988b) There’?ore except where noted fresh

\

| ’,ftracheal bronchral /synngeal and esophageal measureme»{ts were used for analyses
~ Only- measurements/from the rrght s:de of the bronchr are grven Data .on numbers of
- I
: synngeal and bronchxal nngs are from preserved structures Preservatron does not affect:

theznumber of these nngs and they are most aecurately counted in: the laboratéry under



Meaﬂrrements were 1 :

V).
Lo

\ : 5,_"?.’ Frontal “lustologlcal secuons (7 um) were made from 13 syrlnges and stained

i mrtrometer equrppedmcompound mrcroscope. _

i :males collected ro grve an mdex of body size.

SPSSx (SPSS" Inc 1983) and T@NESTATS (Dept of Zoology, Umversrty of

N Alberta) stﬁﬁsﬁcal packages were used for stansncal analyses Drfferences were

| to be assgaated wrth sound producnon

consrdered srgmfrcant at the frve percent leve‘

=

: RESULTS

T, ‘.-" o

B f

Meansmre reported il S E

i

Membrane thrcknesses from the nght sxde

Body werghtsn and'wmg lengths (unflattened wrng chord) were Laken from most "i . _.‘_ :.
Males collected m 1981,\and 1982 at the ¢
Methow Game Range (N 4). |Hart s Pass (N 3) and Wrne'a Natxonal Forest (N 2)

‘ ..were mcluded m these analyses- to mcrease sample srzes Fresh beart weights an

: mdependem mternal szan “also were recorded as an rndex to body srze presumed not DR

o X There were no drfferences arnong tracheal leng;hs of the four gronps of brrds '
Y

V(‘DOF DOP DOS and DOFxDOP)(ANOVA F= 2 128 P 0130)(Table‘IV 2)

Antenor and posterwr tracheal drameters were not srgnifrcantly different among

L subspecres (ANOVA,_F 0. 965 P= 0427 and F=0. 342 P= 0795 respecnvelyi(rame
L rv 2). There were no “srgqum drfferences in bronclnal lengths (ANOVA, F=1. 238,

—0 322) bronclual rhameters (ANOVA F-l 612 P 6217) or numbers of bi'onclnal

5 2

v
.”' )
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| } of year and preserved synnx length synnx wrdth ané synnx depth of DOF males ‘were

i'?nngs (ANOVA F 0063 ngo 979) among-

'e groups (Table IV\2) "Mean number oﬁ

= .'.-'bronch‘lal rmgs were remarkablll, constant an‘long sroupst between 318111 and ng“e pngs |

RS

R per bl‘OﬂChl Thus the trachea and bronc‘hr do not vary greatly and are hkely not -

~ \ [

"-responSrble for subspecrfrc drfferenoes in- the songs '»3. iy T .

(SN

DOF males were collected from Aprrl 22 to August 8. when -tlre 1983 and 1984

._'ume DOS from May 12 15' DOP from Aprrl 14 to May 4 and DOFxDOP from May
LY r-8'424 Because DOF males were collected over a much longer ~ttme perrod th‘arn the ‘

e . other grohps and some were collected outsrde the pnme hootrng penod.( lvexammed

"’

N

B exarmned wrth srmple lmear regressrons (Frgure lV 4) Preserved measurements were

L

'used because of larger Sample sizes- covermg a greater tlme 5enod The slopes of ‘

:";syrmx length ( 0 0254)(ANOVA F 3. 183 P 0. 090) syrmx wrdth (;0 0054)(ANOVA
F=0178, P= 0678) and syrinx depth © 0098)(ANovA F=1212, P= 0289) were not - IR

»'f. n’ o ‘.

drf ferent from 0 (Frgure IV 4) suggestmg no seasonal changes in- these measurements

1;.‘

The syrrnx showed small but srgnrfrcant varratron among subspecres (’l‘able IV 3

Frgure IV 5) Synnx length (ANOVA F - 8. 957 P 0001) syrrnx w1dth (ANOVA
) F 4, 192 P 0017) and number of synngeal rings (.ANOVA F 40983 P 0001)

v'(ANOVA F= 1 236 P 0. 321) Parrwrse compansons (Scheffe testy) show ‘that DOF

= syrmges were responsrble t‘dr most drfferences that were found (Table IV 3) S(rmgeal

.

” shapes also drffered among subspecres. but I was unable to quantrfy these drfferenoes

- "g‘lﬁata are"'combmed Males from the other subspecles were collected 3ver a much shorter ’_'-'»‘:

~ tb,em to see rf there is seasonal vanauom in ,syrmx srze The relattonslups between trme ¥

"‘--'were all srgmfrcantly drfferent among the four groups Only syrrnx depth drd not drffer -

The syrmgeal dat% do not reveal a clear srze pattem ambng groups, but do show* |

R .'. some trends Synnges of DOF males were"smallest DGS males another'coastal

B ’A'*‘subspecres ‘had the second smallest syrrngeal' length and wrdth However \‘K ,

differences between DOS and DOP syrmges were not srgmf rcantly drfferent and were

«q.' e

¢



to "be mtermedlaie between ,'. ;i
2" & I s\.&’ -r.‘bi'

A

Although xmembranes va.;y consnddr

be becaus¢ oT small sample‘ ‘swag\_m

(Table }V»S) showed Eo dlfferences i
&

length of the expanded pomon of the '

-



‘v-.; n,j,_ ' IR -v-',_'

r Lk

';-of the males from all four groups were greatly enlarged (Table IV 6) There appears

"0 be X relatronshrp between the wrdth of the ante:nor end of the esophagus before

l

< \

sample S1zes no staUSttcal compansons were made aé)bng subspecres and as wrth other

S

) // ey Y £ o =L L ¥
esophageal measurements no pattern can be seen ,‘m -the’ mflated esophageal L /7 S
lmeasurements L ST R ’.i

Body wezght and wmg length were recorded from adult males for use -as. mdzies :
s

: of body srze (Table- IV /) to see if vanatron in. srze of sound- p oducmg structures was,

fa result of dlfferences in body size. Body werght (ANOVA F 46 631 P= Og)l and

the cubxc root of; body wexght (the lmear equlvalent of body welght) LANOVA

F= 6 443 P @001) vaned 51gn1f1cantly among the four groups Wrng length (ANOVA
F=2. 633, P—0'06) did no,t drffer No clear bbdy srze pattem among groups can be
secn (Tablet Iv-7). Body size does not appear to be responsrble for synngeal size ) .

.';;dlf ferences DOF males were heavrest‘ but had the smallest wmgs and syrmges

Heart Welght was, recorded ‘as -an mdex to size of mternal structural drfferences
arﬁong: groups Among mtemal organs heart werght probably vanes the least (Degner :

b ’_,‘ Netther heart weight (ANOVA F 0 819 P 0493) nor rts cublc root

Thrs suggests

subspemes and 1t is unhkely that tracheal modulatron occurs m blue grouse

\\“

(Degner 19886) . Thus nelther the trachea nor bronchl appear to directly mfluence

-

subspecll‘rc wanatxon m songs They are. however an mtegrar part of the souz/
SRR o

thteen adult male esophagr were mflated and tﬂre antenor end of the esophagus :,‘.f:-
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Song is consndered a secondary sex character that is” mfluenced by hormones _

A

(Welty 1979) Hormonal changes affectmg song may be acttng on the vocal »

S .'_'sdund producmg structures The syrmx of male blue grouse could possrbly change m
: v‘fsrze/seasonally as .a result of hormonal changes sumlar to those descnbed by Hannon et
B (1979) for testes Available data from one subspecxes (DOF) however md}ate no
'_“change m synnx length SyTinx wrdth or syrmx depth of males collected from Apnl 22

ugust 8. 'However, syrmx length shows a possrble decreasmg trend over txme

L ] "

‘__'."g,hYPOthems ' - o '

The size of adult ‘male sy"nnges dllfered srgmfrcantly among subspecnes w1th

. 'those of DOF males smaller than those of DOP DOS and DOFxDOR males There -

a

" -.-"'-'Larger satipless\of maies collected: Qver a longe:r ttme penod are needed 10 fully test thxs S

were srgmfrcant s1ze drl‘l'erences between ,hose of the two coastal subspecres (DOF and ‘ '

) DOS) but those of coastal DOS were. not. dxfferent from those of mtenor DOP

R DOFxDOP males whtch are. hkely hybnds of coastal and mtenor btrds have sygnges

s s1m11ar in sxze to those of DOP

Both coastal subspecnes DOF (140 150 Hz) and DOS (130 140 Hz) have louder S

- hoots;, wrth a hlgher fundamental frequency than mtenor (DOP) males (100 110 Hz)

'DOFxDOP males have what appears to be an mtermedrate but more' vanable song m '.; -
terms of fundamental“frequencyf (120 135 Hz) loudness and number df notes (Degner

A general relatrdnshlp appears to CXIST. among subspemes the larger the synnx - |

- ¢ the- lower the fundamental frequency Coastal DOF males have the smallest syrmx and

. : the lnghest frequency song Intenor DOP males have the largest syrinx and the lowest

t‘.

» frequency hoot ’l'he other eoastal subspecres DOS has the second smallest synnx and
n is closer m size to DOP than to DOF syrmges The f ncy of DOS songs is the
E second hxghest among subspecxes, mtermedxate to those of DOF and DOP songs

A'DOFxDOP synnges are mtermedlate in stze between DOF and DOP but most srmtlar

et
»
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to those of . DOP The frequency of the hoots reflects thrs larger srze by bemg 1 wer -

m frequency'.' an that of DOF but only sllgh-tly hrgher

A..‘

It appears frorn the above results that syrmx size T
' drf ferences in the songs of the drfferent subspecres of blue grouse However

: sonagraphrc anaiyses of a sma]l number of whoots the precopulatory cail of males

"does not mdrcate a srmrlar relatxonshrp to synnx srze Whoots of two DOP males and?

o _‘,_three DOF males were both hrgher in\fundamental frequency than the h00's of -
of \;

- :subspecres and the whoots of DOP males (&20 240 HzJ“were hrgher than those

: le;males (170 200 Hz) (’Degner I988a) Thts 1s opposrte 0 the proposed

{
Rk drf fer DOF males ‘are heavrest and have the small ,

B m7synnx size are most hkely not a result of body srz.e drfferences but due to other =

i

relauonshtp the larger the' synnx the lower the fundamental frequency The Teason.

';’.for t.hlS reversal is-not - known but more recordmgs of whoots fler these two

- subspecres and other subspecres are needed before any c0nclusrons should be drawn

thferences m neural control of syrmgeal membranes and syrlnx shape are ‘two potentral
& ’ . - [l
elements that may be mvolved

.

No drrect evrdence is avatlable to- test’ the synnx srze/fundamental frequency

. relatronshrp, but - mdtrect evrdence lS avarlable Frrst y werghts were srgmfrcantly

\ dtf ferent amonpthe four groups showrng a 10% dif, erence Wrng length drd not -

o .
AR selectrve pressures Further support £or thrs hypothesrs is; that tracheal bronchral most

~

. esophageal measurements and heart werghts d1d not dlffer among the four groups
. " '

However syrmgeal measurements wrth the exoeptton of synnx depth drd drffer These .

LY
' data suggest- that. dtfferences in- syr.mx size are a result »of se tron for sound

productton Y ‘ v

- A second set of supportmg evrdence for thi§ relatronshrp comes from the

companson of male- ,and f ema i ‘_ 1 geal structure. Adﬂlt female blue grouse are

syrmges Therefore dif’ f erences

~



i size’ of 'males "(.Degner 1988b) Female vooalrzatrons are generally hrgher in fundamental

,_’

-~

A. —— EEN P

frequency than those of males (St ng and Bendell 1970 H]Ol’th 1970 Albnght 1985)
)
The fact th the synnx 1s sinaller in femélles and they produce on average. hlgher

frequency vocallzatrons than rnale; is more support for the relatronslup proposed above

—

‘ between synnx size and the freq'f.tency of -the sounds produced

-4

The tympamform membranes located along the walls of the syrmx vrbrate to:

’ produce sound (Greenewalt 1968 Brackenbury 1982 Gaunt and Gaunt 1985) The

thrcker the tympamform membrane the slower 1t vnbrates producrng lower frequency

sounds (Mlller 1947 Sutherland and McChesney 1965 Johnsgard 1983; Gaunt and Gaunt ;‘

: 1985) Morphologlcal data suggest that the mternal tympamf orm membranes arc the

-vlbratmg sound producmg membranes m blue grouse (Degner 1988b)

Because of the smﬂrl number of sectroned Syrmges of male blue grouse only -‘

o " DOF and DOP mternal tympamform membranes were compared 'I'here was no

A

- srgnnfrcant drfference between these groups No relatronshrp can ‘be seen between o

membrane thrckness. syrrnx size and the sound frequency produeed (1 e., the thrcker the

mternal tympamform membrarks the larger the syrmx the lower the frequency of.-

sound produced) However at thrs trme \the posslbrhty of such a relanonshrp should

L d

[

'a ) -

. .

- e

LI P

” not be ruled aut/aa\does exist between adult male and female blue grouse (Degner ,;

e 19880) Wxth larger sample srzés the- pattern may become more clear x s

Coastal males have "fleshy synnges wrth a thtck layer of connecttve tissue - _
between the syrmgeal nngs, although those of, DOS males appear to have shghtly less ;
than those of DOF males Intenor males haVe a thm almost transparent layer of H
connecttve nssue between the nngs Syrmgeal connectrve ttssue thickness of DOFxDOP

syrmges appears to be'mtermedtate between DOF .' 1 syrﬁtges Dxfferenm m'

" connectrve trssue thrckness between the synngeal nngs showed consrstent subspecifrc o

.

vanauon and a possrble relanonshrp exrsts, the more connecuve twsue that 1s present

tween the synngeal nngs the hngher the frequency of sound produwd Posstble




' -.‘possxble ef’fects that connecttve trssue has on soun‘productton is needed

.hootj (pe S. obs Zwrckel pers comm) bmall vanattor_t i Synngeal anatomy (both
- size. and shape) s’ seen among the Subspectes ‘1s likely not responsrble for this

vdtff erence as 1t 1s the amount ol air and the force of 1ts flow th% pérnmly

. ! . ‘ . DU . . . . - . L

TN : R

reasnns for thrs relatronshtp are unknown ‘at this time and- more research rnto the

Coastal ‘male. blue grouse srng louder than tntenor males (Bro'oks 1926 Batley o

;v__and Nledrach 1965 HJorth 1570; Johnsgard 1983‘ Bendell and Zwrckel 1984) Coastal L
': -.‘males can be heard for several hundred meters mtertor males for only about 100 m. -
b ,To f urther comphcate matters DOFxDOP males appear to have rmxed ong types

- __l-lerex some males. have songs that approach the loudness of - coastal brrds others "have _

"g"_'sof L, i tenor type songs and others have what could be cOnsrderbd mtermedrate type

‘2

"’fl cﬂ

\ P X SFs
. ‘N c'o .

determrnes louc;ness (Gaunt and Gaunt 1985) : . ' RS ST v

The esophag1 of adult males frdm all four subspecles of blue grouse exarmned

o

" were expandagle but because of small sample sxzes no stattsncal cornpartsons ol‘ these

o data were made No clear patterns could be seen in these data That does - not mean

.'McNtchOll 1978) The

.- ;deeply Cerugated and

B RN o
- little can ‘be sard, abqut its effect,

( . (‘

'none extsts only that larger samples are needed If the esophagt of subspecres dtffer

o they could have some tnﬂuence on the observed varratl!!hs in songs B Loy

Cervrcal aptena are areas of bare skm between the dbrsal and ventral cervrcal

f'jfeather tracts on each slde of. the neck (HJorth 1970) ..They are hrghly developed f

vsecondary sex characters and are used 1n drsplay and courtshrp by males (HJOIth 1970

ical- apteria ”s‘how. ;Suhspeocific Var_iation: ‘yellowish in color,
. . S ,

tth large amounts of fat -in. coastal males and reddtsh m color
1

g 'hghtly corrugated an " almost fat-free in rntenor males- (Degner unpubl data)

»Cervrcal aptena m‘ mfluence esophageal reSonance thus subspecrfrc drfferences“qh the

rvxcal aptena could contnbute in some way to su‘bs@ftc vanatton in the songs

13

H0wever untrl more is knqwn about the role of cervrcal aptena ‘on sound productton



‘ ’ “' ’ N . ....1 . R ] + E

Vananon m the votal sov.!l producrng/tr—lctures of adult male blue grouse were
;\examr '

3

L ‘and from an. area - that appears to\:ontarn hybnds of two' of the three subspecres

S

: The trachea and bronch1 of male blue grouse appear m have ltttle drrect affect

\

- on the sounds produced and probalﬁy do nbt have any measurable mfluenee on the

: subspecrf ic drfferences m vocahzatton Male blue grouse appeér to mflate therr

1/ . . ,_

'esophagus and use it as ar resonatrng chamber but there is no- evrdence of - subspecrf ic .

” i

vanatron m the esophag1 or esophageal resonance Holwever the Gemcal aptena may
{ -1 +*

'mfluence the resonance properues of the esophagus and more resea}rch is 'needed on the

role of the- cervrml aptena . LN A

. e g RN : S
]
Srze of the synnx may be responsrtge for subspecrf 1& dtfferenceZ in the songs of -

males Apparently the larger the syrmx e’ lower the furldamental frequency of the n

sound produeed Another relauonshlp also may mfluence subspecrfrc song vananon the

more connectlve trssue between the synngeal rmgs ‘the hrgher the frequency of sound ’

produced ~However thrs relatxonshrp is Speculatlve e , ) :

N . . ’ L I
. o A U : .
. - he I"Z:} C e o )
A\ v > o .Q.
. o ) -
e ) )
) A
’ ”~: . :
lad : X
- C b , _“’
- -8
B Y : i
. 2 . . ‘ : < 1
. ? # - " ‘L. » . ¥
Lo "y o |
. L .
/ N PR - -
: . : ot v |
, oW .
- . . . " . . .
. 3 * e g
~ “ . " Sy
~ : L. < B ' e
. - .. - L o ! ] .
R4 AT N a N R ’ )
~ . - . ' v n. @ ét, g LR
oL STEN i o ‘ L
. A S : C
£, . L - ’ S « 7
. - o .. : " . Y Foo y
. L . troeg p
X | - \./-\q- - ) sy
—t N , .o | ‘_ 4

suwnuARY '”5;- 5;1,;T;;__J»f¥”n'a§T_f "f;;H f,;;<:vj;1{j'“

from f aur geographtc areas contatmng three of the erght recogmzed subspecles )

e

;I’ o



" TABLE'IV-1.  Location,

Cwse

- ' i

i

Lo

1983 and 1984,

. _58' =

55j;£b$‘pe_cie's, aﬁd.nu}hbé'rs of adult male blue grouse ‘colil,éét'ed'jri g

" ‘Location - ' - Subspecies . .-

Yeat -

"+ Hardwicke Island, B.C.
| y

. Adam River, BC.. . Do fuliginosis .

. Methow Game Range, WA. " Do. pallidus -

. Hart's PQZSS..;‘WA.."_ ‘
o : o : D.o. pallidus - B
: Win_ema National - o PR D.o. sierrae
. Forest, OR, -~ "~ S 5

=)

,Ffmib_nt_ National , .
Forest, OR. - - I

" D.o. sierrae

. Total

.. Duo. fuliginosus

D.o, fuliginosus x

1983
1984

1983
1984 -

1983 -

1984

1983
1984 -
1984

1984

xv"'
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FlGURE IV-1 Male blue grouse resplratory uact showmg where measuremems were
_ 'taken BD - bronchus dmneter BL .bronchus length SD - synnx depth SL ?

 syrinx’ length SW . synnx mdth ’l'DA trachea dlameter anterior TDP - trachea

-

dmmeter postenor. ’I'L trachea lengt.h

—syrinx . R

10s
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pars thoracica

o FIGURE IvV-2. Male blue grouse qsophagus and crop. showmg where measuremsnts
. were taken A) naué,ral B) mflated CL - crop 1ength CW crop wxdth EDA

csophagus dlameter antenor EDC - esophagus dxameter at crop. EL esophagus

: » lcngth LEP - length of. cxpanded pomon of pai‘s cervu:ahs PCL - pars cervxcahs

v length PCW pars cervxcahs width. o s



Y ™ width )

e

FIGURE IV 4. Relau?;shxp betwecn the nme of year collected ax‘ syrinx size of

29
a.dult male blue grouse (Do ,ﬁdtgmosas) A) Synnx length B) syhnx md}) Q).

,.synnx depth - T S N ‘ S
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v, VEGEé[ATIVE cmmcrmrsrrcs or HOOTING sm«:s or COASTAL AND . ©

RN INTERIOR MI(EE BLUE GROUSE ’f T R

R E \\ - ! - o ) T :. \" \ . o .
INTRODUCI‘ION L

Blue grouse (Dendragapus'obscurus)» occupy rnost of the F?@c cOastal( and -" '
mountamous regrons of westem North Arnenca from Calrforma and New sMexrco o
| Alaska and the Northwest Terntones (Appendrx 1) Elght subspecres can be dmded
'T__rnto 2 groups coastal and rntenor based on/plumage morphology. song. and behavnor
‘- (Johnsgard 1983 Bendell and Zwrckel 1984) Coasml males-generally smg (hoot) from

trees or other elevated s1tes (e g stumps and logs) have loud low frequency hoots ‘

' '(115 170 HZ) and usually 67 notes g‘ song. Interror males tend to smg from the SR

ground have softer even lower frequency hoots (100 110 Hz) and usually 5 notes per \ Lo

v".song (HJorth 1970 Strrlmg and Bendell 1970 Johnsgard 1983 warer 1988)
. Blue grouse occupy a wrde array of habrtat types especrally in- spnng and n
"summer when on the breedmg range Breedmg habitats- vary from very open }
'. .grass shrub lands 1n north central Washmgton (wackel 1973) to old growth forests m\
" : ', »central southeast Alaska (Doerr et al 1984) and. from 'sea level to subalpme forest. -.
: Most populatrons rmgrate altrtudmally from relauvely open sprmg and summer ranges’fo _
-‘wmter range in comferous forest (Johnsgard 1983 Hmes 1986) : _' SRR ”'

. \4 T
Male 'blue grouse occupy temtones wluch serve pnmanly as areas for the

. :attracuon and matmg of females (Bendell and Ellrott 1967 McNtcholl 1978) Males o

| may hoot anywhere in therr temtory. but usually use only one to a few srtes from o
‘which they regularly smg (Bendell and Elhott 1967 Mchcholl 1978) -v S :
| Several authors have descnbed general habrtat clraractensucs of J:lue grouse (see 5 :

R ‘Schroeder 1984 for a revrew) However in only a few studres are terntones and i

' hooung sites” descrrbed specrfrcally (Martrnka 1972 bewrs 1981 1984 Doerr et al 1984)

. 'To date no, one has compared temtoral or hooung srtes among habrtats As well

VLI



- aff cct sound transmrss:on

. e
R
S

S

B vegetation structu're p’f—’hooting sites has not beén examined in terms of how it may

K}

LN

ES

"My ob;ectrve was to’ compare hootmg srte characterrstrcs of a coastal subsoi:ies'
)

~of blue grouse ('Do fuligmosus) to those of an mterror subspecres (D b pallzd

. see rf subspecrfrc song vanauon mrght l§e related to drffermces in vegetatron

v

‘ Vegetatron structure was emphasrzed as rt may have a major mfluence on sound

b

transmrssron (Morton 1975 erey and chhards 1978 1982) whxch may, in tum affect S

. the efl'ecuveness of - drfferent song structures and hootrng behavror

_sTUDY AREAS S

Hootmg srtes of male blue grouse were’ studred at four geographrc locatrons ins - ‘

v. the sprrngs and summers of 1984 and’ 1985 These mclude habrtats of two of the erght

‘recogmzed subspecres and one area. in whrch brrds appear to be subspecrfrc hybrxds. -
,‘ Hooting sites of Do )Jallrdus (DOP) were urammed on the Methow Game\Range (48
o g :31’ N 120" 4 W), in the Methow Valley of north central Washmgton State in- 1984

‘- (Appendrx 2). Thrs habrtat consrsted of open grass shrubland (steppe) wrth scattered -

' groves of aspen ( Popxdus tremulordes) and wrld cherry (Prunus sp.), and occasronal

. widely scattered ponderosa pmes (Pmus ponderosa) Brtterbrus'.h (Purshta mdentata)

>

- _'~and btg sagebrush (Artemrsza mdentata) were dommant shrubs some reachmg over 2 m

lm._ herght Thrs was the same general area used by chkel (1972 1973) and Lewrs - L :

- (1985) lm then- studresof'»blue grouse in ‘this regron Grass- shrubland here' mtergrades

Al

.into open ponderosa pine forest at hrgher elevatrons . e

. A

Do fultgmosus (DOF) ranges along the west slope -of the coastal mountarns»

fre rom northern Bntrsh Columbra south to- Cahforma stopprng Just north of San

: Francrsco (Johnsgard 1983) Hootrng srtes at twoJ;reas were exammed for: thrs
o subspecres Hardwrcke Island Bntrsh Columbra (50‘ 27’ N, 125 50’ W) and the May '
- Ranch, Callfomra (40 29’ N 123 28’ W) Do ﬁdzgmosus males from Hardl?rcke

o



( : "_ ISland wrll be referred 10 as DOF(BC) and those from the May Ranch as DOF(CA)
Hardwrcke Island is betweeh Vancouver Island ag,;l marnland Brttrsh Columbta . ‘
. approxrmately 3 km ‘north of the vrllage 'of Sayward (Appendtx 3) lt lS in the Coastal.':
Western Hemlock (Tsuga heterophylla) Blogeochmatrc que (Krajma 1965) Much of ,
ol the rsland has been 1ogged or burned wrth loggmg datmg back to, the late 18005 S
o (Hmes 1986) A 465 ha area near the center of the 1sland was fused as the mam study:-‘_' “ :. :
. area for thrs and other studres (Jamreson and 'Zwrckel 1983 I-lrnesﬂ 1986) The _area.

consrsted mostly of. successronal stages ‘less than 15 years post-loggmg (Hmes'19.86').'

v with 2 few small patches of mature, unlogged umber Grasses: fems, '- forbs, shrubs" -
E ‘ and young comfers predormnately hemlock and in some areas plantauons of Douglas

| frr (P/seudotsuga menzzesu) were abundant ‘ _' e e P
; & . The May Ranch is approxrmately 50 km southeast of Eureka (‘forma g __ o ,' .)j/,:'

f /' (Appendlx 2) I-labttat here was very dtfferent from that at Hardwrcke Island “The
/ vegetatron consrsted mamly of natural grassland on south facmg sl‘6pes and mature
"Douglas fir forest on north facmg slopes Vegetatron ona 696rha study ‘area 47-5
7 approxrmately 45% grassland and 30% Douglas fir forest \E‘l'he remarnder conslsted of
" ‘oak (Quercus spp) forest r?rxed forest and scrub Oak forest occurred pnmanly as a

narrow stnp at the mterface o ‘ssland and Douglas f ir forest and m moist gulhes on -

south facmg slopes Small stands o nuxed decrduous/comferous forest were scattered

-' throughout the area- Scrub habrtat. usually along creekbeds was dommated by a, -
mrxture of shrub specres Forests here would be consrdered mature and only a srnall

' amount 9f selectwe loggmg had taken plaee Studles were undertaken here in’ the sprmg
and summer of 1985. S _ v | . "

The fourth study area was appronmately 8 km southeast of Hart ] Pass

Washmgton 4 2N, 1 39 W) approximately 50 km northwest of the Methow

o Game Range and on the eastern slope of the Caseade mountams (Appendrx 2) Here . i §
D 0. ﬁdxgmosus and Do pallldus (DOFxDOP) appear to gverlap al\d many indmduals L



S IR T _"'_:f“»’
»’show morphologrcal and behavroral tratts of both subspedes Thrs habttat can be

—

[
' classrl" 1ed as 2 Pseudots-uga menzte‘s:z (Douglas frr) zone (Frank.lm and Dymess 1973)

| Thrs was a d;y eastem slope type forest drfferent from that found at Hardwrcke '

B lsland and the May 'Ranch ¥ ’I‘he forest was open mature and unlogged‘

(,r.n}v v o

MATERIAL AND METHODS . SR

R Hootmg sues; were located by l‘stemng for -singing males and carefully m%vmg
: towards them, trymg to. minimize dtsturbance of the bll‘dS The exact locatron from
| whrch males were. hoottng was marked wrth flaggrng tape for relocanon after '

observatrons were made Wrthrn 70 days (X 14 7 days) of locatmg a hootmg srte

: ‘yegetatrve charactensucs were measured The exact spot from whrch the male had been

,'_hootmg ‘was used as’ the center of an 8 m drameter ):ucle, the centfer plot Four other .

" 8m dtameter outsrde plots Were estabhshed at. each srte ‘ong ini eacl' of the four N

‘e
.

’ _ cardmal drrectrons Therr centers were '10 m from the mrddle of the center plot o
(Fzgure V-l) Wrthm each plot all trees ‘and shrubs 22 m in helg.ht we,re 1dent1f1ed
and counted The crrcumference at breast herght (approxrmately 1.5 m) was measured
’ for each tree and then converted to drameters Thts gives. an tndex of tree size.
: Herghts of trees were esumated vrsually. Onlyl 7one. usually the ftrst locatron was
} exammed per male ' v |
| | ‘A vegetauon coverboard srrmlar to that descnbed by Nudds 99\7) was used to
‘ measure densrty of vegetatton (forbs shrubs aind trees) fran_)ground level to. 2. 5 m in.
| fhetght The coverboard consrsted of a 250 ¢m x. 30 5 cm sheet of 0. 64 cm plywood
Tt was dmded mto 5 50 cm mterval@amted in altemate -whrte and fluorescent orange
. : colors (Frgure V- 2) Specres composttron was nOt recorded as only densxty was
v.consrdered 1mportant for this analysrs 1 stood at the exact spot at whrch the male was
observed hootmg the middle of the center plot wrth the coverboard 15 m from tlus ‘

¢ NN
spot (Nudds 1977) The amount of ,vegetatxon covenng each of the 50 cm sectrons was

L1

.- 5

- _;“;’",

o~ .



—rr

g eardmal drrectrons (thure V 1)L Data from hootmg sites at whrch u was mrpossrble to i

o g

‘assessed and assrgned a. densrty score of 1 -5 (1 0 20% covefed and 5 81 100%

'covered) Four readmgs were taken at each hootmg srte ohe m each of the f,our

i ="see the complete coverboard in one or more drreguons due tqdopbgraphy#(l L., chffs)

‘.'were excluded o T S T T A o

Specrfrc locauon (ground log stu , or tree) ol‘ hootmg males from Hardwrcke

o .lsland and the Methow ‘Game Range were recorded m 1984 those of males f rom the

i .

,1983 and. 1984 o e ', o -',{,’ fig,"j T

Stattsncal analyses Were made usmg the SPSSX stat’rstrcal package (SPSS} Inc e o

S ,1_9;83) thferences were consrdered srgmftcant at the frve percent level.. . T

B those 1mmed1ately stfrroundmg them

:~RESULTS :f)f m T e d. ‘;7;zﬂ”*j?-'

. . . . ©

o~
L

Thére was lrttle overlap in tree and shrub specres present at ‘the hootlng sites

among the four areas (Table V- 1) The only specres defrmtely present in more than '

i
- .
RSl

‘ one area was Douglas f1r erlows (Salzx sp) were present at three locatlons but o
| -specres were not 1denuf1ed and they may, or may not have been the same The two

. _,coastal s1tes Hardwrcﬁs Island and the May Ranch had the hrghest and second hrg,hest

~ (7\

o tiee and shrub dtversrty, respectwely (Table V- 1) 'l'he Methow Game Range had the ”

9

_second lowest drversrty, Harts Pass the lowest . \ R ;' Q .

“ .

The number of trees rn center plots and outsrde plots were srgmfxcantly dtfferent i

among areas (Kruskal -Wallis, H“32 82 P<0 Q01 a‘d H= 3066 P<0 001 respecttvely)

Hardwrcke Islax{\had the most” trees many ttmes ‘the number found in other areas :

—

(Table V 2) No drfferenees were found between the- number of trees in center and - i

outsxde plots when eompared separately for each/arca (ereoxon Range of

P values 0. 313 0 932) Thus, the number of trecs at hootrng sxtes did not differ from :

PO

L e , SR o m

. .

R

' _May Ranch in -1985 Hootmg locauons of males at Hart * Pass were recorded m 1981



BN

e

’l.'ree hetghts were srgmﬁcantly dlfferent among the fourvareas (Kruskal Wallrs g
" H= 32 11, P<0 001) wrth the Methow Game Range havrng the shortest trees and the
| "'May Ranch the tallest a ten- fold drfference (Table V- 2) Tree drameter at breast »
‘i'hexght (DBH) provrdes another method of companng tree srze The mean DBH of
trees was srgmf 1cantly drf ferent among areas for both center plots and outsrde plots
(Kruskal Wallrs H 32 11 P<0 001 and H -37. 27 P<0 001 respectrvely)(Table V 2)'-. S
.","‘For each area separately, the DBH of trees in center plots drd not dtffer srgmftcantly
fromthose in outsrde plots (thcoxon Range of P values—-O 1614 0 6247)
L Vege'tatton densrty at hootmg srtes as measured w1th the coverboard mcreased.l'
'4 as height above ground decreased at each of the four areas (Tabfe V 3) At
Hardw:cke lsland the Nethow Game Range and the May Ranch thrs mcrease was o -
srgmfrcant among the ftve coverboard secuons (Kruskal Walhs P<0 01 for all three o
areas) but not at H»a.{t s Pass (Kruskal Wallrs H 4t6i9 P 0 324) : ‘1- ‘ﬁe : ; \
' Vegetatron at hoo),g( sites: on Hardwrcke Island were most dqee and Methow ‘
- 'Game Range srtes most open (Table V =3).- Hootrng sites at Hart s; Pass and the May
.‘ Ranch had similer vegetatron densmes ‘more. hke th05e at the Methow Game Range
: than at Hardwrcke Island (Table V 3) There were hrghly srgnrftcant drfferences for S
h coverboard sectron when each of the frve secttons were compared separately among
e f our areas (Kruskal Walhs all P s<0 001) Parrwrse compansons tndrcéte that the

A

denser vegetatron at. Hardwrcke lsland hootmg srtes was respbnsrble for most of the
(3

: dtfferences (Table V’i) ' . S R AR
| B A relattonshrp exrsts such that sound frequency of 'soﬂgs mcreases with |
vegetatron at hootmg srtes (Table V- 4) Usmg song frequencres from gner (1988) -
- we see tﬁat DOF(BC) songs have the htghest frequency and the denK vegetatron ,and |
DOP songs were lowest frequency. and in- ‘areas 'wrth the most open vegetatron (Table - -

“

V- 4)‘1 The vegetatron at DOFxDOP and I‘)OF(CA) hootmg srtes were s1mrlar but
DQFxDQP. son_gs were of- htgher _frequency than- those of DOF(C_A)“ L i

-“ c N " . o ‘ -A
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The numbers and herghts of .stumps and logs found at each srte .were not

recorded }These may be rmportant a‘hootmg posts (places from whrch males ssmg) m ‘
some areas €. g 26% of DOF(BC) males hooted ffom logs and stumps (Table V- 5) : ,
A%Im“o\st”all DOP males hooted from the ground (96%) Here very few logs of stumps o

were avarlable All hootmg DOF(CA) males (100%) sang from trees 210 m abOVe the
: }

o ground The presence of logs and stumps were probably not 1mpor~tant as hootmg postsf
c r ol .o . ¢ . LR

~ here. _‘ I I S
DISCUSSION _‘

There were’ hrghly srgmfrcant drff erences in vegetatron composmon and structure

at hootmg srtes botﬁ wrthm a subspecres range and among subspectes Ireefand shrub

S D
= specres cpmposmon drd not overlap among ‘areas except for Dbuglas frr and perhaps

. - ’

wrllows whreh were present at three ‘areas Blue grouse and Douglas fi ir dxstnbuuons o

are closely correlated but probably because both are adapted to common pondtuons

| rather than beeause of a dependence by blue grouse on Douglas frr (Johnsgard 1983)

) Bendell and. Zwrckel (1984) have observed blue grouse in areas lackmg Douglas fn' and
true f)rs mdreatrng that these specres are nrﬂ requrred At the Methow Game Range
.there were . no Douglas frr on the breedmg areas, exammed although they -are found on,,

) ..the mountams nearby and are used in wmter o | ' ' .

Vegetatron cover at Hardwrcke Island hootmg sxtes was denser and had more v

. trees than hootmg srtes at all other areas. In terms of’ vegetatrve structur; the Methow '

| Game Range. Eéart 's Pass and the May Ranch hootmg sltes were more srmrlar to each

other %\an to I-Iardwrcke Island | ' : v o

“In areas "near the Methow Game Range study area srngmg males can be found

in ponderosa pme forest and subalpme Douglas fir. forest at hrgher elevations In these i |
areas’ songs are aIl soft and low in frequency and most rnales smg from the ground

. .,’-Hardwreke Island hootmg srtes that were exammed were in relauvely eerly sueeessronal

e &




o 'old gro.wth forests in ths area (Nrederleltner 1987) The sor(gs of males in. these

B, SN v 120

» . = . o - . E . . . P

' forest and térntonal maleﬁ also are f ound m low densmes 1n mrdsuccessro}al and

[N

: -drff erent sua:essronal stages appear srmrlar although hodung locauons vary thferences,

. . —el .

in vegetatnon ~composition and structure between Hardwrcke Island and the May Ranch

3

where Do ﬁdzgznosus oceurs, show that there is large habrtat vanauon wrthm a

subspectes range Songs of males in these areas are. dlfferent in . frequency, but srmrlar . ' R

- in. loudness (Degncr 1988) Apparently habrtat W1th1n a sub&pecres range can vary

greatly. and the frequencles of songs vary httle over short drstances ‘but greatly over

B

long dlstances

< v

Vegetatron structure Was the pnmary characte strc that I mea,sured at >

Y

- 1,"

hootmg srte It 1s a rnajor factor that may mfluenc sound transmrsswn (erey and,

Richards 1982) The denSer the vegetatron the more sound i attenuated The lower B | k

'the f requency of sqmd the less. it is attenuated All male blue, grouse songs are low :

- f requency sounds wrth those of mtenor .males (100 120 Hz) IOWer than those of coastal

U

k males (115 170 Hz) (Degner 1988) Therefore aecordmg tq the above theory mterlor

ﬂ‘,s

However' gata

' "males (most open habltat) should have the lughest frequency songs

13 Y h

~coastal May Ranch males were m relatrvely open habrtats wlule coastal f-lardwrcke

v Island ma’les, were m denSer habltats My study 1nd10ates the opposrte freqotie;ncy of -

{ ' Q A
. 4 T H L e ¥
. B . .. A oL

‘.songs mcreased as. vegetauon densrty mcreased T T
_ ' R
Specrfxc locauon of a srngmg male can have a strong rnfluence on sound

. '.transrmssron (Wefls and Schwartz 1982). If the brrd is on or: closg to the ground "thef 'b
: €

'-)‘

song ekperrences groilnd‘ Or- boundary mterference That usually mcreasés attenuanon
ported that -in some - specral cases attenuatron can, decrease Sk

. though 1t has ‘been

‘(Mlchelsen 1978 erey and Rlchards 1982) If the sender moves off the ground :

IR
transmlssron is 1mproved. as’ ground mterference lessens Also if a male moves htgh “-. EARREy

o-‘-
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SE
: cOastal males usually hoot from trees and mtenor rnales f rom the ground a
a . common generahzatron (Johnsgard 1983) AThrs trend is .pamally seen except at - :‘. .b‘.

: 'Hardwrcke Island in this. study’ (Table V- 5) Thus coastal rnales may crrcumvent & v - "

need for extremely low. frequency sounds by smgrng from elev ed srtes. The I-lardwrcke"" i ﬁ\
ne ct‘ ‘, .
‘Island study area was pnmanly a clear cut, thereforg trees were not readrly avarlable.,

for these males to use. In for‘ested areas on -the 1sland males sang mostly m trees
A »The use of stumps and- logs 1f they get theo male ‘(m or. more off the ground helps .
| S1ll*35tant1all)’ to reduce attenuatron (they and chhards 1982) However why mterror -, L
| males usually srng ‘from the ground wh&n low frequency sounds are usually attenuated '
._:: by the ground or gound level vegetauon is unlrnown ‘but ground mterference at \lery
. : low frequencres may 1mprove sound transmrssxon rather than attenuate it (Mrchelsen
_, reqmred to test the hypothesrs : /\’ '

Coastal male songs are louder than those of interiar rnales (HJOI’Ih 1970;

1978 erey and chhards 1982) Thrs 1s a specral srtuauon and experxmentatron is

Johnsgard 1983 Degner 1988) Loudness also lncreases transmrssron drstance however‘ o Q.
- 1t has less mfluence than K{ requency on long range transn‘ussron Loudness also seemed
,. unrelated to vegetatron since Do ﬁdx;fnosus males at the May Ranch and Hardwrcke

_' Island both sang loudly even though the vegetauon greatly drffered '

E S Subspecrfrc drfferences in_ song and smgmg' behavror may have rmtally evolved 1n
. relauon to drfferences in vegetauon even though some of my fmdmgs suggests that |
.:':‘tvegetatron currently does not appear o be a factor mfluencrng drfferenees in song ,

i S‘gnés of coastal males do ‘not appear to change when these males use man made clear

cut areas (open habrtats) rndreatmg that the relauonship between vegetatton and sound .

.frequencres may not be’ too 1mportant Sound transmissron expenments are needed to
sqle how well the songs ‘of drfferent subspecxes are adapted to therr drfferent habrtats .

: .-:‘r . o - " = . %?; - : [ ) ‘ o . b . o : .
. G ) 'u . ... v ) ) ] . . -> .: i : : ._ '). . O ) . N . . . b, N
b N \ ! . , .
el ?, : R -
e T .
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| 'SUMMARY

v

Vegetauon charactensucs of . male blue gnouse hootmg srtes were measured in the
'sprmgs and summers \of 1984 and ”1985 Four locak-rons were studled two near opposrte<
: v‘ends of the range of the coastal subspecxes Da ﬁdzgmosus one in. 1/he range of the |

interior subspecres.D,o.' palhd and the fourthbm an ared where these two ;ubspecres -
_'overlap Vegetatron composn:n\ancf structure were sxgmfrcantly drfferent among the
four areas Douglas fir and wrllow were the only tree and shrub specres‘ found at two

A \ e
.0T..more. areas Hootmg srtes or) Hardwrcke Island had denser vegetano

v drfferences in hootmg sites at Hardwxcke lsland and Q May Ranch Do jidzgmosus

- occurs at both Contrary to theory, the relanonshrp that }Ippears to exrsl isas
vegetauon densrty at hooting sites increases, the sound frequency of songs mcreases
However behavnoral adJustmems such as increasing the elevauon of song posts :

complorcates any_ 1nterpr_etanon.' N

: 3 . ' - . . . ’
e L SR L .



T L
-+ Pinus monticola

e _
: TABLE V- 1 y Shrub and tree épecies 22 m in height present in the center hooting' site
plots and thexr relatwe frequency on sites exammed » :‘ s
s Location e Spec1es NO?
' Hardwicke Island, BG.|  Tsuga heterophylia 1606
* B z B Vacczmum parvlfolmm .‘ 10/16 .
.’Thuja plicata o916
»Abxes amabzlzs ‘ '5/16
: ’ Pse@mw;a menziesii - 416
e . : L Snag i L2716, ]
‘ L Salix Sp. o v1e o
\ ' Es | },. 1716 -

ey

©osp.).

i DR AR

:‘5, .

SRS V. ovaum 116
RRS 7 Unidéiuified - - 116
May Ranch, €A. . P. mensiesii ’ T o
Lo , ~Smagt L .y 378 - S
‘ ‘, s ’,‘_,;Quercus sp. 2/8 -
- WSalix sp e - 1/8
’ ' Toxzcodendron dtvers[loba -1/8
A'rbutus men,zxesu : 1/8 — .
- g >fcer macraphyllum IR Y. R
~‘Methow ‘Game Range ‘ Populus tremuloides 6725
WALV ~ Purshia tridentata _ sns L
| Prunus sp. T 25
- Rosa_sp. | LB
| | | Ceanothous velutinus . 1/25
¢ Hart's Pas$ WA. . P nie’nzlesii o PR 89
| - _ﬁ “Sallx sp. o . 74 B
] ! Number of ’ rrences (1 or more mdeuals)/ N ccnter plots exammed at
~each location. s
_* California bay (Umbellularia calzfornlca) was mcluded wuh the wﬂlows (Sallx Y
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TABLE V 3 . "Mean vegetaéon densnty at blue‘ grouse hoouug sites as determmed f rom '

coverboard readmgs Lmes ';nn palrs that were 51gmf lcamly dlff erent - (Scheffe tests

> P<005) -~ :

" DOF(BC)! =~ DOP*  DOFxDOP’ DOF(CA)‘ ~

CN=ID) - (N=) . (N=B)  (N=B)
‘Height above . . % PR L S e S
grpund (m) | R#SE. - - R#SE.  R#SE.. Xis.E,}j-. !

= 3

2023 . 39303 12¥01 . 20404 1803 T

- 1.5-2.0 : 4.2+0.2 : 1.3+0¢.1 - 2104 - - 1.8%03 -
o T — —

10915 _46%02  C15¥01 - - 24405 20404

05100 _4F0l . (18302 25308 2304

0005 "4.9&0.8’ 23302 33305 38504 . o

g DOF(BC) Do, ﬁdtginosus trom Hardwicke Island, B, c.f
\ 2DOP = Do pallidus from Methow Game Range, WA. =~ ‘
.. 3 DOFxDOP = : . Presumed -D. 0. ﬁdzgznosus X Do pallldus hybnd frorn Han S
" Pass, WA, - ,

** DOF(CA) = D.o. ﬁdtgmosus from the May Ranch C,A (

s Dens:ty scorc based on-a scale of 1- 5 refer to. text ’ T

BRI

o



frequency of songs of male blue grouse

4

| _':‘TABLE V- 4 Relauonshlp between vegetatnon densny at hootmg sntes and fundamental

‘Vegetation density’

3 DOP. = D.o. pallidus from Methow Game Range WA
* DOF(CA) = D.o. fuliginosus from the May Ranch, CA

* DOFxDOP = Presumed D.o. ﬁdzgma‘sﬁs x Da pall, édus hybnd from Hart s”

_Pass, WA. :
¢ DOF(BC) D.o. ﬁdzgmosus from Hardwwke Island B .C..

e

S

L

Fundamental freQueney’.

?Snb'ép‘eic'iee: " *‘,! © R£1SE. (N) Hz
DOl” el ' ‘“'-v@g,_?-v 156202 (@) | 10010 - .
DOT-‘(CA)‘~ S *‘ 2304 (85 - ; 110-120
DOFxDOP* < o 2'5.:t0’2'(8)f 125-1-35' |
DOF(BC)* L ask02 () | o 145155
| 1 Mean of . vegetanoh densxty scores of thc fxve coverboard sectxons from Table .
l. yl%ata‘ from Degner (1988) v ' ": . R



TABLE V5 Hooting locations of -n_l;ﬂe blue »grolise. AT

- Hooting location

a4

© Subspecies " Total L "G'_rbun_d T !g/ _ ~ Stump

“Tree

DOF(BC} - 18 .21 a5 e

T T % 16% . 126% 26%
 DOF(CA) .~ 106 - © S R | IR

' ‘ ~f|‘4_'( » . v‘ ‘ . v g v ” B B L R N '. 1%,0% ’
S 95.6%

. DOFxDOP* - = 22 . "+ 4 - . s - o
| .- o 82% . % . T

‘ 4;4%

'\ DOF(BC) ‘= D.o. fuliginosus from Hardwicke lsland, BC. - *+
* DOF(CA) = D.o. fuliginosus from.the May Ranch, CA.
S DOP = D.o. pallidus from Methow ‘Game Range,” WA.

«.DOFxDOP. = Presumed D 0. ﬁdzgmasus X D 0. pallldus hybnd from Han s
- Pass, WA, - , _

-
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/' FIGURE V:1.. Plot design used to measure blue gfouse-hooting site characteristics

" and vegetation density.
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v1 CONCLUDING mscussron Co
‘ Geographtc vartauon 1n song has been well documented in btrds espectallv B oL
passennes There are many possxble explanauons for such varratton whtch can be

grouped mto three matn areas ontogeny. causation, and adaptauon (Kroodsma- and

Mlller 1982) ' ﬁusauon and adaptauontere mvesugated in lhlS stuPy, vanatton in the_

vocal sound-pr ucmg structures and dlfferences in vegetatton stfucturecat hootmg sues o

: were the aspe;t of eausatron and adaptauon exammed respecuvely /_f

,

: Understandmg the evolutton of the subspecres of blué - grouse (Dendragapus : T

obscurus) may shed some hght on ‘the drfferences or pattems seen in thetr songs

Bendell and Zwrckcl (1984) and Zwrckel (pers comm) beheve that blue grouse evolved -

frotn a grassland type grouse and are closely \related to sage grouse (Centrocercus o _ A\
urophaszanus) ThlS is dtf?erent from the conventronah,vrew ‘that’ they came: from a "
forest type grou’ (Short 1967) Intenor D 0. " obscitrus or. some populatton sxmtlar to :
' 1t is beheved to be the ancestral group 'from whtch blue gror.\lse ‘may h'ave evolved |
_ "‘(lBendell and Zwrckel 1984 Zwrckel pers comm ) They most ltkely spread west to the
| " coast m the so%hem part of thetr rango (southeast Cahforma and southwest Nevada '
;area) and gave nse to present coastal D 0. szerrae/}wwardi Glacianon most ltkely
B separated the btrds and each gave nse to the currently recogmzed coastal and tntenor
"-'“-'groups Both groups then spread northwixrd along the Coastal and Rocky Mountains.
'respecttvely Where the two groups now meet appears to be a secondary eontact as\a

A

"result of a coaleseence of the Coastal and Rocky Mountatns

o If l.hJS is, in fact, the way blue ‘rouse evolved then the vanauon in songs o "

-

o between coastal and tntenor groups could have develope’d after geograplnc wparamJ t

O

. least dunng the early part of thetr separat;oylowever the mere. enstenee of o ‘

geographtc separatttm«does not necessarily for the dtfferentatron of songs as - [
: . e
: ; ~ some other factors also may have been tnvolved e R ‘ /f ‘

T,
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-‘ - A general relatronshrp exrsts between the size Qof the syfinx and’ the sound'

fr rcquencres that"are produced the larger the synnx the l»ower the frequency produced

Thrs occurs both between males and females and among males of the dif’ ferent

subspecres “and thrs does not appear 10 be related to body srze _lgnfrfrtunately thrs

:relatronshrp is based c) ply.on examlnatron “of .the syrrngeal morphology. and’ drrect o :

_-cxperrmental evrdence is needed Thrs relatronshrp ddes . mdrcate however that there 1s

S morphologrcal basis t’or the drfferences seen in the songs of males However it does

not. tell us what the selectrve pressures were that caused thrs drfference

A, Drf ferent habrtats may produce drfferent selecttve pressures on the physrcal

’charactenstrcs of song (Morton 1975 erey ahd thhards 1978 1982 Grsh and Mor\on ’

71981' Mrller 1982) My analyses of vegetatron structure at hootmg sites mdrcate that ’

4

'there are drfl” erences in the vegetatron at hootrng sites, both between coastal and mtenor

Y ; T

. groups and wrthm coastal subspecres However consrderable vanauon occurs in

vegetatron 'wrthtnthe range of each subspecres._n_,rly as muchv as there is between

B 4

, subspeaes and coastal and interior groups ‘ Although there was a general pattern in .

whlch sound frequency mcreased with vegetatron densrty, it. would be premature to say

~ that vegetatton at hootmg srtes was responsrble for the dtfferences in the songs

k]

o Vegetatron does still seem a lndely reason for thrs drfference but perhaps under

condmons not. present today Males appear to be" farrly adaptable in therr requrrem{nts '
“ for breedmg hab:mts as -can. be seen in- the drfferences in habrtats that D 0. ﬁdtgrnosus _
“males occupy The vanatron rangcs from very open clear- cr(s to dense mature coastal
f'm‘ts R i

& Repulsmn of rrval males and female attractron are two unportant selectrve '

pressures that have . shaped male song (Catchpole 1982) Songs of male blue grouse are

- said to have both terntorral and mate attractton functtons {Mchcholl 1978)

Dr&ferences in terrrtortal behavior, spacrng and the role of female chorce were not

investrgated in- thts study and these factors may be tmportant in the evolutron of the '
.— - L “: ' ¢



- .-drfferences in’ the songs of oastal and mlerror males When combmed wrth drf l'erences
in vegeratron rhese behavroral factors may become even more 1mponam S o _-" : f"

The presence of an appareﬂt hybnd zone between coastal and* mteru)r subspecres

. in the north and the fa g

“that rhe songs of males in these areas can be consrdered ,:‘

-

.
!

drfferences in. songs of blue grouse.‘

-

mtermedlate songs are- most lrkely not leamed as m some other brrds (Kroodsma and
Baylrs 1982) Genetually frxed songs should be more resrstam to change than learned

songs ThlS mdrcates that some selecnve"factors likely acted on the songs of blue _
o 1 . g - AR . S
grouse to create the drfferences seen ~} S , T R

Many quesuons are still unanswered and more specrfrc research ls' requxred to N

determme ‘why the songs of ;oastal and mterror male blue grouse dxffe “and’ why the

studles need

? .

sound frequency of coastal songs appears to mcrease wnh lautude Th
' T, ~.$ R b : «x" '

: "4‘ ~ N
pamcular habltats and how socxal and behavroral dif feren f

dlfferences in song. - - . S

.
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VI, APPENDIX.1: DISTRIBUTION OF THE §
- B (DEN(RAGABUSOBSC&US)' -

£ .“\::: o

-

e T

*****
-

W T
SUBSPECIES OF BLUE GROUSE

P

-
~——

A\

< §
\
'l
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i

B & .C,oaéta'l' Subsp'_ecies: 5 N

: '8 - D.o. fuliginosus
-, TC="D.o. slerrae . ' _
- D - D.o. howardi © '~ )

\ 18

.A = D.o. sitkensis ~ *

-
had T
-
" -

“N:‘“;‘
\ A . :'_ .
\ uitv |

......

t
de
N B
i-

“Interior Subspecies ~. -
. E- D.o. richardsonii
" _F =D.o. pallidus - »

. - @ =D.o. 'oroinui -

-~ H- D.o. obscurus -



% 47 'l VIL APPENDIX 2: LOCATIONS OF SOUTHERN STUDY SITES - . . -

-

*Hart's Pass . - Lo
~*Methow Game =
" . Range - '

I
LN

- WASHINGTOR. -

B f-"{Winerhé Natlbnal«Fdrest} :
B - »Fremont National Forest

CALIFORNIA |  NEVADA

f

-~ *May. Ranch - U |
L SR xLassen. .
' - , National |
. ... Forest
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