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In t€ “ic fn

Paired birdg prod ce .yocal d g¢ b7 coording ing
so nd prod gion yo prod ce a yemporall/ and
aco gricall’ organiged gignal (Thorpe 1972; Farab-
a gh 1982). E iging d& njiong, ho, ever, allo _a
~arig 7 of differery g¢ignak yo be labeled ‘d g¢’. D @&
@r G reg ar/ | v11del'/, and ma”’ congigy of highl”
coordingr ed song (like yhe d @ of yhe plain nien;
Mann ¢ al. 2003) or simple oyerlapped calk (like
+he d @ ofyhe Carolina wren Sh ler 1965) (Farab-
a gh 1982). D g5 are ¢ all/ prod ced b7 maed
paig, b y ma7 ako be prod ced b7 nmag ed male:
female paig (Roger 2005) or b7 o her agociaing
indiyid ak, § ch a male: male paig of manaking
dgpla’ingy o ayrag female (Trainer ¢ al. 2002). Ag



sed b7 gome gpecieg d ring joiny rego rce deferge
and for mag e-g arding (Seity & Wickler 1977; Son-
nerng chein & Re’er 1983). Seyeral differeny apegg
of d @ ¢gr ¢ re ma’ inform o r nderyanding of



me hodg foll()";ng Grif‘,»hy g al. (1998). Thro gho »
+he co ge of yhe ¢ d7, indiyid ak | ere regighed
oppory nigyicall7. Thig7<i. indiyid alg nere inyen-
sivel” obgeryed d ring focal animal " che; incl d-
ing 218 h of ober,a ion;ime bg | een 31 Ma’ 2003
and 19 Apr. 2006. Wa chegg began bg | een 6:00 and
10:00 ho r, depending on yempera re andg nrie,
and paired birdg were obseryed ong cceggiye da’s.
D ring focal- ammal ‘gche; obseryes nqged yhe
locagrion, hab} g, behayior and .yocalifyiong of yhe
focal California o, hee eyer” 2 min. All iny erag iong
v b cong ped g, incl ding .yocal d ey, nere nag ed.
Regearches obgerying d s yook na ral higy or”
ng & and somgime meag red d ¢ lo dnegg w}h a
por able so nd leyel mg er (Radio Shack Model: 33-
2055, Radio Shack, Foy Worn h, Te, as, USA). D ag
andgologq eak | erediging khedb” ear, a; ks ha
i relaiyel’ eag? v‘ihen obgerying birdg diregl/ (b x
nor "pen €, amining ¢ peg rograng ) b7 a rall’ agg egg -
ing +he locgion of o nd prod ¢ion. When bgh
birdg | SLre ~kible, obgeryer ako v‘(e}ched for moye-
meryg of; he bill and bod’. An7 ¢q eal .yocalifgion
giyven b7 agingle bird, nq oyerlappedy emporall7 b7 a
¢q eal yocalifgion from ang her bird S cong idered
agolo. An7 gq eal yocalifaiong giyen b7y 0 birdg
rha oyerlappedy emporall” were cong idered d ag.
California ;o whee sq eal ~ocalifg ion eyeny fre-
q encieg | ere calc lg ed for 17 paig. Sq eald @ fre-
q encig per pair | _ere calc lag ed a yheyaal n mber
of ¢q eal d gg obseryed oyer yhe yqal obgeryaion
rime per pair. Ovyerall gq eal d g ~ocalifgion fre-
q encieg are ayeragey of pair freq encieg. Sologq eal
freq encieg per indiyid al | ere calc lged a ;he
n mber ofgologq eak obgeryed oyeryhey g al obger-
~aionyime fory hg indiyid al. Oyerallgologq eal fre-
q enciegg are calc laed a ayerage of indiyid al
freq encieg. We ako calc laed song freq enc’ for
ma ed and nmag ed males a y he n mber of obgerya-
sion iny eryak d ring | hich amale | a obgeryedging-
ing oyeryhey g al n mber of obg eryg ion iy eryak for
all maleg in each ca egor’. Mean ra ¢ ofsologq eal
~ocalifa iong from maley and femaley wre compared
gingay 0% ailed & deny gy 465y .

Acoustic Structure

Vocalifgion g¢rr ¢ re degcripiony and anal’/sey are
baged on a dio% leg recorded from yhe pop laion
be plen 23 Ma”7 2003 and 19 Ma”’ 2006. Res kg
come from oyer 400 h of recordingyime, and q alka-
yiye degcripriong are baged on obgeryg ion of oyer 30
paig. All recording wre made _kh a Sennheker
MKH70 long ¢hgg n microphone (Sennheier,

Wedemark, German/) gyached yo ejher a Son7
TC-D5Proll cag ¢y e recorder (Son’/, Tok7o0, Japan) or
a Marany £ PMD670 compag id agh digial recorder
(Marany § Sagamihara, Japan). Cagare recording
wre capy red & agampling ra e of 22 kHf and con-
~ened yo digial ™ leg ¢ing yhe program SyYRINX
(hyy p:/f 7rin, pc.com). Digkal recording _ ere made
in mono & agample freq enc’ of 48 kHf and a bj -
depr h of 16, and weTes rang ferred direg 17y 0 a Dell PC
forgy orage and anal /¥ . Vocaligfa iong Were conyer ed
10gpegrogramg ging Rayengo nd anal/gi gof | are
(Vergion 1.2; Cornell Laborg or/ of Ornj holog”, Ne
York, USA) for charag eriggy ion of¢peg ral propex ie;
To deg cribegq eal.yocalifa ion propey ieg we idenyi-
$ edyhreeg7/llabley /peg (5q eaks’, ‘do eep,- "and
sq eak’) and one of ¢ (JM) mea redy he follo";ng
~ariableg ongcreen ' 3hc gog releyan yoshe enyire
~ocalifgion: n mber of ¢q eak ¢7llableg, n mber of
do w5 peeps 7llableg, n mber ofgq ealg7llableg,y o al



To yeg for differencey be | een paig | e incl ded
rhegame 20 .yariableg from all 57 d g¢ in a dig crimi-
nae f ngion anal’si (DFA). Thig anal’si agsessed
yhaher or ng all d @y from each pair are clage® -
able a3 member of a single gro p niq e yo yha
pair. Beca ge gample gify aried among paig, | e
¢ bjegedyhig DFA yo chance corregion (Ty ¢ & al.
1984). We ako performed a DFA on yhe 14 golo
¢q eak from a paired male and female in order ;o
dg ermine if we €O Id acc rarel” aggign each ¢q eal
yo0 an indiyid al.

O ryhirdyey of d ¢ digringiveneg e aminedy he
similary 7 of yhe inyrod gor’ ¢q eak ng e acrogs
and wj}hin paig. Mareg freq emyl7 join d gg aker
hearing onl7 ¢q eak ng e from yhe inkiaing pax-
ner, o e h’pa hegifed yha rhege ¢7llabley are
likel” yo comyain gignar reg of idemyk 7. To y ey i he
digingiyenegg of gq eakg7llableg, | e gedyhegof-
nAl€ program SOUND ANALYSIS PRO (Tchernicho.s ki
¢ al. 2000) ; o calc laregimilark 7 .yal e for compar-
igong of paig of ¢q eak ¢7llableg. Thig program ¢eg
am kixaper¢pegral anal’siy me hod and hag been
gho n yo be highl” effe¢iye a claggif/ing bird
¢0 nd o paric lar pop lgiong (analogo ¢ ro indi-
~id ak in o rg d7) (Baker & Log e 2003). Thi
anal’gi incl ded 60 d gs from nine paig. Before
performing gimilary 7 anal’seg, y hef 5y ¢q eakg7/lla-
ble ' a cropped from each d @, leaying no lead-in
or follow;irne and gaved a a geparae so nd% le.
sing y he program RAVEN, freq enciey belov W0 kH 4
and aboye 10 kH7 | ere S lered oy yo remoye
pa enyial confo nding effegg of backgro nd noge.
In a minor} 7 off leg, obyio ¢ remaining backgro nd






gpring breeding geagon bg | een 15 Mar. and 25 J L
be | een 6:00 and 12:00 ho .

Sq eal d ag | ere performed g a range of ,ol-
me, somegime ag lo d a 55: 60 dB (meag red a
a digrance of 5 m), and somegimes sogofl’ ag yo be
almogy ina dible yo a pegon g a dirance of 5 m.
Focal s bjegs d e@red a infreq emy17 & once in a
2-h obgeryaion period and a freq emy17 & 15)imey
in an ho r of obseryagion. D ag wore some imey
prod ced in relgiyel” rapids cceggion, pro a ma, -
im m of ye yime in a min ye. All d @¢ occ rred
be | een ma ed paig of Californiayo, hee. In a fe .
ingtanceg, indiyid ak appeared yo dire¢ ¢q eal
~ocalifgiong a chickg, by yhi al",g'/g occ rred
in denge yega aion v‘}1ere a magre ma’ haye been

pregen; .

Bah maleg and femalegg injigzed d ¢ and bah
g6 € joined d ¢ ag yhe gecond payner ;o yocalige.
Male and female gq eal yocalifyiong | ere gimilar
eno gh yhag yhe” wre indky ing ¥ hable yo h man
ligg enery. Male and female behayior ere ako

i
apparen; 17 ideryical v Jile d aying. Obgeryer | sLere
onl7/ able ;o differeryigq e male and female bird per-
forming d ¢ baged on band combing; iong .

Sq eald as were alv‘g'/’g ags ocigy ed W’}h a gy ereo-
y7/ped approach behayior beg nEen ma; ¢ Birdg
began yocal d g¢ in a .yarig”7 of locaiong, ¢ome-
yime separgred b7 digt anceg of oyer 10 m and i al
obgir giong, b y neyer concl ded d ¢ il yhe
4,0 pair member wre posk ioned righy ne.y y 0 each
a her (aly,ﬁ’/? w hin 1 m) and wlre in i al con-
ra¢. Na onl’/ birdg pogiioned cloge yogegher by
birde pogkioned far apay ako began ¢q eal d ag
reg larl/. D ag ba | cen gpaiall/ geparged birdg



eigenyal ¢ abaye 1, all of | hich indicg ed liyle pair
digy ing ivenegs. An anal’si of yariance for PC-1 did
& ndyha gome paig hadsign® cany1/ differery meang
(F756 = 2.76, p = 0.017), b ; +he rangey of PC-1 al-
& oyerlapped for all paig. & demr’s r3eprs indi-
caedyha nogingle pair had a mean di;ing from all
a her pair mean .yal ¢. Similarl7, an anal’s¥ of yar-
iance for principal componern; 2 (PC-2) fo nd y ha
gome paig had ¢ign® caryl/ differery mean .yal e
(F756=3.40, p=0.005), by & dem’s r+eps again
reyealedy ha nogingle pair had a mean dig ing from
all g her pair mean .yal e.
Di criminany f ngion anal’sig clags®™ ed 91% of
d egsoyhe correg pair. Forf e pair all d ag were
clags®™ ed correql’/, and yhe remaining yhree pair
had ej her one ory | o ofyheir d a5 mi clags® ed o
+he rong pair. Akho gh gample gify ~aried b7
pair, chance corregion indicag ed y hay y hig reg } s
d eyoa good modelfiy (K =0.90).
Similark 7 anal’se performed on 60 d gg from
nine paig (6.7 £ 2.2 per pair) indicg ed y ha ¢q eak



are p rel’ indiyid al- or are se, -baged. The d g of
man’/ g her ¢pecig haye markedl” differeny male
and female pargg, and eyen "pen maleg and femaleg
prod ce gimilarl”7 ¢r ¢ red d ¢ comrib yiong,
regearchery havye fo ndyha indiyid ak give.yocalifa-
yiong W}h non-oyerlapping aco g¢ric yrakg (Mann
¢ al. 2003; Roger 2005; Seddon & Tobia 2006;
Wrighy & Dahlin 2007). The gimilark 7 of California
¥ owhee d ering behayior and yocalifa ion propey ieg
from male and females ¥ remarkable and ¢ho Id
limi, by na necggaril/ e cl de, se recognkion
baged p rel” on ¢q eal .yocalifgiong. The gimilary 7
of male and female §q eak ma’/ indicg e yha ;he
impoy any gignal coreny of d @¢ k¥ ng yhege of
each bird, b ; y he fag y ha » "o paired indi,id ak are
preseny and ;he idemyk 7 of yhoge indiyid ak. Thi
informag; ion "o Id be mogy val able nder h7pag he-
seg +ha ¢ ggepr cooperaive f ngiong of d aying
¢ ch a rego rce defenge orgignaling paxg ner locg ion
and commj mery (Hall 2004).

As  dhgolo gq ecak, yhere § gregq | Jhin-pair
~ariabily 7 in d g charag erig ig. Neyer helegs, anal-
7seg of bah enyire d g¢ and j ¢ yhe inyrod g¢or”
¢q cak indicaed yha rhee ocalifgiong proyide
informg ion abo y ideny} 7. Beca se d g are alwa'/g
performed b7 ma ¢ on heir o nyerrior’/, locg ion
ma’/ ako proyide cl ¢ abo y d eyer idemyi 7. Sepa-
rge anal/s of d @ comrib yiong b7 indi,id al
birdg "o Id proyide more informg ion on j hig ; opic,
b+ nfor nael” ¥ ¥ impogible yo ¢eparg e male
and female d ¢ comnrib yiong in a dio recording or
spegrogramg. Neyer helegs, if indiyid ak prod ce
digyingive ¢q eal ocalifiong, yhen differenceg
be wen paig sho ld be mea rable. E, perimernyal
regrs of ¢q eal recogniion ¢ing yocalifgion pla’-
backs "o 1d ako be highl” informaiye b y dif ¢ },
if ng@ impoggible, yo do among California;owheey
Where male and female d ¢ comnrib yiong canng
be geparged. In yhe abgence of ¢ ch e, perimeryal
rerg, ~ocalif/ydion meag remeny dara proyide yhe
begr poggible informagion abo y rhe paenyial for
indiyid al or pair recognj ion. California o, JDeg are
one of;he fe _gpecigg yo beg died in deph | here
maleg and femaleg prod ce yhe game d g .yocalifa-
yion y 7pe. B7 ¢ amining yhiy niq e so nd " add
y0 yhe e igring ndegyanding of yhe diyegi7 of
ayian yocal d ag.

The d ag of Californiayo, hee sho _far legg pair
digringivenegg yhan do d ¢ of gher g¢pecigg in
v‘;ﬁch aco gric propepieg and eyen phraging ma”’
~ar/ congiderabl” beg wen paig (Mann ¢ al. 2003;
Log e 2006; Seddon & Tobiag 2006). k i nclear
v th'/ ¢q eal yocalifaiong are o highl/ .yariable, b &

pogsible y har plagrick 7 in d ¢ prod ¢ion ma’ begyer
allowpairs ryo adapr yheir yocalifgiong yo a arig 7
of ¢k aiong. For e ample, a yhe d ¢ ¥ alv‘@?’g
ags ocigr ed mjh a ph’gical approach behayior, d ag
Will ~ar/ in d raion according yo yhe amo nr of
yime % yake for yhe pair yo approach each g her.
Change in ¢7llable n mber and lengh }herefore,
mighy réd eq¢ yhe digyance be neen bird a +he gtan
of yhe d @. Obgeryaiong incorporging conye.y al
informa ion v}h d g ¢¢r ¢ re "o Id be highl”
informa ive in helping yo make genge of y hig ¢4 c-
+ ral diyegk 7.

California A»ohglee d @ a¢r ¢ re proyide ingighy
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