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ABSTRA CT

Geograp hic  Variation In Song, Morphology, And 
Mitochondrial DNA In Pardalptus s tr i atus 

In Eastern Austr ali a

by

Mary Katz

Advisors: Dr. Robert F. Rockwell and Dr. Lester L. Short

Var iation was investigated in this passerine species in 

a region where the ranges of three races (m e l a n o c e p h a l u s . 

subst rjat.us, and ornatus ) overlap. Birds were sampled at 

sites following a transect along the Great Dividing Range, 

between 17 and 32.5 degrees south latitude. Recordin gs  were 

made of males singing near nest sites, and individuals were 

co llected for analyses of plumage and mensural charact ers  

and mitochondrial DNA haplotype patterns.

Results of univari ate  analyses revealed general north- 

to-south clinal patterns for four song and four morp hom et ri c  

variables. Mul ti v ar i a te  clu st er  analyses resulted in two 

majo r geograp hi c clusters of localities by song, and three 

major clust ers  by morphology. Cl u s ter ing  of PCI scores, 

derived from a principal c om po ne nts  analys is of combined 

variables, resulted in three majo r geographic clusters. 

An aly si s of mtDNA re striction fragment patter ns  revealed two 

g e o g r a p h i c a l 1 y-distinet hapl oty pe groups. All analyses



i v

revealed two major clusters of localities, separated 

geo gr a p hi c a ll y by the M c Ph ers on  Range.

Results su ggested the following: 1) There was evidence

for ma cro g e og r a ph i c  patterns in songs, based on the duration 

of the first song syllable. 2) Gr ou pin g of related mtDNA 

ha plo ty pe s indicated two mtDNA lineages, one southern and 

one northern, which probably diverg ed  during a period of 

range di sju nc t io n  and were now in secondary contact across 

ap pr ox ima tel y 4f>0 km in so u the ast er n Queensland.

D iff er en ces  in es timates of nu c l eot ide  di ve r si ty  for these 

two lineages were co mpa ra b le  to di f f er en c es  in estimates for 

two forms of the Eastern Ro sella (PI at ycercus adsc i tus and 

P. e x i mius ) , whose di s t ri b u ti o n s ove rla p in ap pro x i ma te l y  

the same region. 3) No rt her n and southern stocks of P_. 

st r i a tus may have been isolated from each other due to 

fragment ati on  of eucalypt. habitats during periods of severe 

aridity in the P Ii o- P le i s to c e ne  and earlier. 4) The 

M cP he rso n Range and its rai nforests have been a partial 

barrier to gene flow between northe rn  and southern 

pop ula t i on s  in this species. The c o n t r ac t i on  of the 

rainforest over the long term, and c le ari ng  and roadbuilding 

by humans in the surroun di ng eucaly pt  forests in this 

century, have p re s u ma bl y  facilit at ed recontact.
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INTRODUCTION

Tr adi tionally, studies of geog ra ph ic va r ia tio n in birds 

have been based on de s c ri p t io n s  of external m or p ho log y in 

sp ecimens from mu se um  collections. However, e x ist in g  

col lec t i on s  have come to be con sid e re d  inadequate for a 

thorough in vestigation of geograp hic  vari ati on (Baker 1985). 

Today, va r ia t i on  is often de sc r ib e d  from series freshly 

colle cte d in the field and ac co mp ani ed by tissues, song 

recordings, and behavioral and ecological data.

A goal of many early studies of geographic varia ti on  in 

birds was the id en tification and d e s i g n at io n  of subspecies. 

In recent analy ses  using m ul tip le  data sets, it has been 

shown that su bs pec ie s designati ons , based pri m a ri l y  on 

plumage characters, are not ne c e ss a r il y accura te  descrip to rs  

of geographic varia tio n (Ball et a l . 1988; B a r r o w c lo u g h  and 

Johnson 1988; Corbin and Wilkie 1988; Ha ndf or d 1985; Zink 

1983). However, many o r n i t ho l o gi s t s believe that subspecies  

remain useful because they serve as mar kers of geographic 

forms that de se rv e further inv es ti g a ti on  (Gill 1982; Johnson 

1982; M ayr  1982b; Zusi 1982).

This is the case for my study of geograp hic  va r ia tio n  

in Pa r d alo tus  striatus (Aves: P a s s e r i f o r m e s ) in ea stern  

Australia, a region where three su b sp eci es  are known to 

breed and where hybrid zones among the sub spe c ie s  have been 

identified by previo us  authors.



Forms of the Striated Pa rdalote are m o rp h ol o g ic a l ly  so 

distinct that they have been con si de red  di fferent species 

(Hindwood and Mayr 1946; Sa l o mo n s en  1961). However, the 

most recent c l a ss i f ic at i on  consi de rs  these forms to be races 

of a single polytypic species (Schodde 1975, 1981). To 

date, taxonomic analysis has been based almost entire ly on 

plumage charact ers  and to a lesser extent on some mensural 

characters. Five forms have been dis tin g ui s h ed  by their 

plumages. Three of these forms ( P., s_. m e l a n o c e p h a l u s . P x s_, 

subst r i at u s , and P . s.. ornatus ) have d is t r ib u t io n s  which 

ove rl a p in eastern Australia. The map in Fig. 1 depicts 

this region of overlap, based on the range des cr ip t i o ns  of 

Hindw ood  and Mayr (1946), Ford (1987b), and Pizzev (1980).

(It should be noted that the complete ranges of these three 

forms have not been depicted. ) Hybr id  zones for ornatus and 

m e l a n o c e p h a l u s . ornatus and s u b s t r ia t u s . and substr iat us and 

m e l a n o c ephalus have been de s cr i b ed  by Ford (1987). The 

major plumage di ff er en c es  among the three forms are 

su mmarized in Table 1. They are most readily di s ti ngu is hed  

from one an other by their dif fe r en c e s in degr ee  of white 

striping on the crown and in the amount of white on the 

pr imaries (forming a broad patch or a narrow stripe, as 

illustrated in Fig. 2). F\ m e la n o c e p h a l u s  has an a l l ­

black crown and a broad wing patch; su bs tri atu s has a 

striped crown and a broad wing patch; and or natus has a 

striped crown and a narrow wing patch.



[jjj m e la n o c e p h a l u s  

j ~ ~ |  s u b s t r i a t u s  

o r n a t u s

Fig. 1. Distribution of three subspecies o 
Pardalotus striatus in eastern Australia.



Table 1. Plumage di ff er enc es among three forms of 
striatus found in ea stern Australia.

Subspecies

■elanocephalus

substriatus

Crown Wingspot Priaary edged in white 
Striping 1 2 3 4 5 6 7 8 9

criason- + + ♦ + + ♦ + - ♦  
red

+ red- + ♦ + ♦ ♦ ♦  + - ♦
orange

ornatus + red-
orange
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Fig. 2. Museua skins of Pardalotus striatus froa eastern 
Australia, illustrating two types of white pattern found on 
the priaaries. The upper bird has a narrow stripe, typical 
of the fora ornatus. The lower bird has a broad stripe
or patch, typical of P . 8. aelanocephalus and P_t s. 
subBtriatus.
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Intergrades are known to exist for at least some of the 

plumage cha ra c te r s  listed in Table 1. For example, in 

allopatric segments of their ranges, me lan o c ep h a lu s and 

subst riatus are m or ph o lo gi ca lly  distinct. But some 

individuals from the zone of contact of these forms in 

Qu ee ns lan d have plumage patterns which are difficult to 

assess. The degree of crown striping can vary considerably, 

as illustrated by the series of specimens in Fig. 3. It is 

unclear whe ther individuals such as these represent 

hy bri d i za t i on  among parental types or a cline in plumage 

pattern. A great degree of va r ia tio n has been described, as 

well, for other plumage cha rac ter s considered "diagnostic" 

for the three subspecies. For example, Woinarski et a l . 

(1983) used six numerical indices simply to assess the 

amount of v a ri ati on  in the seven feathers of the wingspot.

On the other hand, very few intergrades have been found for 

the character, white wing patch (Hindwood and Mayr 1946; 

Salomons en 1961; Woinarski e_t al . 1983).

Based on plumage charact er s alone, the extent and 

pattern of intergre.dat i o n , and the degree of i n tr og re ssi on  

and h y b r i d iz a t io n (sensu Short 1969) in st r i a t u s . have

remained unclear. In order to inv estigate va r iat io n in this 

species, in ad di tio n to plumage characters, I wan te d to 

examine m or p h om et r ic  char ac ter s related to body size, and 

some patterns of va riation in behavioral and genetic 

characters. Because di ff er enc es in song among several



Fig. 3. Series of museum skins of Pardalotus striatus 
from eastern Australia, illustrating variation in the 
degree of white striping on the crown.



8

subspecies of P. s tri atus have been noted (Morse 1922; 

Hindwoo d and Mayr 1946)-- although this has been 

co ntroversial (Serventy 1946; Coop er 1961; Sedgwick 1962; 

N ielsen 1962; Mees 1965)-- I decided to examine some 

ch a r a c t er i st i c ss  of the song for geographic variation. In 

addition, I decided to investigate patterns of var ia tio n in 

mitochond ria l DNA (mtDNA) because mtDNA has appeared to 

offer greater resolving power than al lozymes as a genetic 

marker at the species and subspecies level in birds (Avise 

and Zink 1988; Braun and Robbins 1986; Zink 1986; Zink 

1991). To date, there have been only one or two studies of 

Au st r al i a n species which have investigated geographic 

v ar ia tio n in song or which have utilized mtDNA. There have 

been no studies of A u st r a li a n  birds which have used three

sets of ch ar act ers  in this manner.

There are numerous studies of m a c r og e o gr a p hi c  va riation 

in birdsong. Passerine species whose songs have been 

ex te n si v e ly  studied include the Whi te -c r o wn e d  Sparrow 

(Z onotri chi a 1e u c o p h r y s ) (Marler and Tam ur a 1964; Baptista 

1975; Ba pt is ta and King 1980; Baker 1975; Baker and Morton

1982; Baker et a l . 1984); the Ruf ou s- c o ll ar e d Sparrow

(Z on ot r ic hi a  capens is  ) (Nottebohm 1969, 1975); the House 

Finch (C a ro od ac us m e x i c a n u s ) (Mundinger 1975, 1983; 

B i t t er b au m  and B a pti sta  1979); the Indigo Bun ti ng  (Pa s se rin a  

c v anea ) (Thompson 1970; Shiovitz and Tho m p so n  1970; Emlen 

1971; Payne et a l . 1981; Payne 1982, 1983); the Ch af f in c h
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( F r ingilla coe I ebs ) (Slater and Ince 19 79; I nee et al ■ 1980;

Slater et al. 1980; Pirkstock et aj_. 1980; Slater et al . 

1984; Jenkins and Baker 1985); and the European Redwing 

(Turdus i1 i ac i s ) (Bjerke 1982, 1 984; Bjerke and Bjerke 

1981 ). However, relatively few workers have compared 

patterns of geographic variation in song, with patter ns of 

morphological or genetic variation (Baker 1975, 1982; Baker 

and Mewalt 1978; Baker et a 1. 1982; Handford and No t te boh m

1 976; Johnson 1982; Balaban 1986; Miller 1986; Robbins eT 

al . 1 986; Pitocchelli 1 990).

The American and European literature is extensive  

compared to the number of published studies of 

macrogeographic varia ti on  in the songs of Au s tr a l ia n  

species. Althou gh it is ackn owl ed ge d that geographic 

varia tio n in song exists for many Au s t ral ian  passerines, few 

scientific studies have been done (Pizzey 1980). A small 

number of authors has included descri pt ion s of song in 

taxonomic studies ( Zann 1976; Ford 1979, 1982; Short e_t al . 

1983), while only one study has focussed on geographic 

va ri a ti o n  (White 1987, in the Oliv e Whistler, P ac h v ce p h al a  

ol iv a c ea  ) .

With this in mind, in 1979 Short and Horne began an 

inv est ig at ion  of the songs of F\_ s t r i a t u s , which  included 

s am pl in g in so uth ea s te r n  Qu ee n sl a n d and n o rt h e as t e rn  New 

South Wales. They colle ct ed recordings of the songs of 

males at ten breeding sites in that region. I was able to
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measure frequency and time components from sonagrams made 

from their recordings. Although samples were small (n<4) 

for each locality, the number of songs recorded per 

individual was relatively large (average n=18). Inspection 

of these sonagrams revealed three things. First, songs in 

this species were acous tic al ly  simple, compared to the songs 

of other species for whic h geographic vari ati on had been 

analyzed. Second, the repertoires of individuals appeared 

to be restricted to single songs. And third, among repeats 

of single songs within individuals, varia nc es  were extremely  

low for the frequency and time variables measured; and the 

sonagrams appeared almost identical. I tested for stability  

of songs within individuals using a mu l ti var iat e analysis of 

variance (SAS G L M / M A N O V A ) and W i l k s ’ lambda as the test 

crit eri on  on 74 songs from 6 individuals and 7 frequency and 

time variables. The variation among individuals was much 

greater than the variation within individuals (F=84.31, 

p<0.001). These three factors-- simplicity of the song, 

simplicity of individual repertoires, and st ability of the 

song within individuals-- made P_̂  s triatus songs 

part icu la rl y suitable for qua nt itative an al ys is (Miller 

1 986 ) .

The use of mtDNA as a tool in e vo l u ti o n ar y  studies has 

been reviewed by Avise e_t a l . (1987), Moritz et al . ( 1987), 

and Quinn  and White (1987). The mo l ecu lar  p ro p er tie s and 

rates of evol ut ion  of mtDNA have also been e xte nsi ve ly
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studied and reviewed (Avise and Lansman 1 983; Lansman et aj . 

1 983; Brown 1 985; Brown et al_j_ 1 979; Wilson et al . 1985).

The mtDNA molecule is c on s id ere d a good marker for tracing 

genea log y because it is m at er na lly  inherited, does not 

un dergo recombination, rarely exhibits het er o p la s m y in 

vertebrates, and appears to be conser vat iv e in terms of gene 

content and arrangement (at least withi n taxonomic classes 

or phyla). In addition, althou gh at times some mtDNA 

muta tio ns  must be co nsi d e re d to be subject to natural 

se lection (Avise et al_. 1 987), most mtDNA variants are 

probably sel ectively neutral. Changes at certain nucleotide 

positions, presumed to be neutral and subject to random 

drift rather than selection, occur more often and become 

fixed in populat io ns  more rapidly in mtDNA than in nuclear 

DNA IAquadro et a l . 1984). Therefore, if population 

d i f f e r e n t i a t i o n  has occurred, it can be do cum ent ed  in terms 

of mtDNA sequence divergence. (This assumes low rates of 

dispersal in females. See Appendix II on dispersal and 

ph il op atr y in s t r i a t u s . )

As mentioned, intraspec ifi c allozyme studies in birds 

have usually revealed little significant di ff er enc e among 

pop ula t i on s  or subspecies; while mtDNA has appear ed to offer 

g rea te r resolving power. Some species wh ic h  have not 

e xh ib it ed geo gr aph ic d i f f e r e n t i a t i o n  with respect to 

proteins, do show mtDNA di fferentiation. D iff ere nc es in 

mtDNA ha p lo typ e pa tt er ns have been desc ri bed  for subspec ie s
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of the Canada Goose (Shields and Wilson 1987b), Tufted 

Titmo use  (Avise and Zink 1988), Seaside Sparrow (Avise and 

Nelson 1989, and Pacific Black Brant (Shields 1990); and for 

po pu l ati on s of the Fox Sparrow (Zink 1991). Surprisingly, 

some w i d e sp r ea d  species, such as the Red- wi ng ed Blackbird, 

the Common Grackle, and the Song Sparrow, which have 

mo rpho 1 og i ca 11 v-d i s t i nc t. subspecies, exhibit little allozvme 

or mtDNA d i f f e r en t ia ti o n (Ball et a 1 . 1988; Zink 1991a; Zink

et al. 19911)1. However, mtDNA appears to be a good tool for 

di sc o ve r i ng  geographic part it ion in g when it exists.

One of the simplest methods used to assess mtDNA 

di ff e re n c es  involves cleavage of purified mtDNA samples by 

restri cti on  endonucleases, which recognize and cleave the 

mo lec ul e at pa r t ic u l ar  base sequences, and resolut ion  of the 

molecular fragments using gel e l e c t r o p ho r e si s  (Lansman et 

aj . 1981 ). Fragment profiles can then be compar ed  among

individuals and among populations. A va riety of 

mat hematical procedures, reviewed in Quinn  and White (1987), 

have been devised which estimate nu c l eot id e d iv e r ge n c e from 

fragment patterns. The "fragment" meth od  of Nei and Li 

(1979) involves pairwise co mpa ri so ns of bands read d ir ec tl y  

from gels or autoradiographs. The gre at er  the num b er  of 

bands shared bet ween samples, the more cl osely related the 

samples are taken to be. This p a r t i c ul a r  ver s io n  of the 

Nei-Li model is cons id ere d to be useful for intraspecific  

c o m p a r is on s  (Avise et a l . 1987; Quin n and White 1987).
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Without cl as si fyi ng  individuals a priori as to 

subspecies des ig n at i o n or hybrid status, I tried to evaluate 

patterns of v a ri ati on  in plumage, mor ph ometries, song, and 

mitochondrial DNA in birds sampled across this region. I 

attempted to identify some of the important com po nen ts  of 

va ri at ion  and to infer the ev olu ti o na r y  proce ss es  which 

might have shaped the observed geographic patterns.

In this study, I planned to examine the following 

questions:

Is there mea sur ab le  geographic var iation in song and 

mor pho lo gy  among p o pu l at ion s of s t r i a t u s ° If geographic

patterns are found, are these patte rn s congruent?

Can pop ul ati on structure in P_̂_ striatus be d em on st ra ted  

using mtDNA° If so, how do the patterns of po pu la t io n  

d if f e r e n t i a t i o n  relate to hypothe se s con cer n in g  contact 

zones in this s p e c i e s 9

Is there c o ng ru en ce or lack of congrue nce  among the 

three sets of data, and what does this imply about the 

evo lut i o na r y  p ro ces se s that have shaped the patte rns  of 

variation?

Does subspeci es  classification, which has t r ad iti on all y  

been based on plumage patterns, coincid e with c l as s i fi c a ti o n  

cr it e r ia  based on song, m o r p h o m et ri e s or mtDNA?

Can known contact (or hybrid) zones between forms of P . 

stria tus  be more clearly d el ine ate d?  Can the pa tt er ns of



14

va riation found in this zone help to explain the population 

dynami cs t h e r e 0

FORMAT OF THE THESIS

Some comments are given here on the format of the rest 

of the thesis. Appendix I and II contain information on the 

taxonomy and the ecology and behavior of P_. striat.us. These 

ap pen di ce s are not comprehensive, but are intended to 

provide background information pertinent to this study. 

Interested readers might want to look at those sections 

first. The sections wh ich  follow are Materials and Methods 

and four Results sections. The Materials and Methods 

section contains a complete summary of methods. However, 

ce rtain details of statistical me thods have been included or 

reiterated in the Results sections, whereve r I felt that 

this made for a more logical or readable presentation. The 

results are di s cu sse d together in a single Discussion 

sect i o n .
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MATERIALS AND METHODS

Field work for this study was carried out in Au s tr ali a 

in 1987, 1988, and 1989, during the breeding seasons for 

Striated Pardalotes. Songs of males were recorded in all 

three years. C o ll ec ti ng permits were obtained in 1988 and 

1989 from both the Que en s la n d  and the New South Wales

National Parks and Wildl ife  Services. In those years, songs

were recorded and the males were then collected. The 

collect ing  limit was five birds per locality each year. If 

I was able to find more than five males at nest sites in a

pa rti c u la r  locality, I recorded their songs (in addition to

the songs of the co ll e ct ed  birds). During the 1989 field 

season, I also pre served soft tissues for mtDNA analysis.

Localit ies  were sampled along a north- so uth  line 

roughly following the Great Dividing Range, for a distance  

of about 1800 kilometers, between 140-152 E longitude and 

17-32.5 S latitude. The sampling area transects the eastern 

parts of the ranges of three subspecies of P̂ _ striatus and 

the region of their ove rl ap  (Fig. 1). Sample sites are 

listed in Table 2. In order to indicate to the reader as 

simply as possible the relative geographic posi tio ns of 

these sites, I have numbe red  them roughly from north to 

s o u t h . Thus, each locality is des ig nat ed by a number, as 

well as by a th re e- le t te r  ab br ev ia t io n  for its name. As an 

example, the no r the rn mo st locality, which  is Dimbulah,
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Table 2. L o c a l i t i e s  whe r e  s p e cimens of P a r d a l o t u B  striatus 
were recorded and collected. Each locality is d e s i g n a t e d  
by a number and a 3-letter code. An "s" included in the 
locality number indicates that songs were recorded there, 
but no birds were collected.

Locali ty Number Code Lat i tude Long i tui

Dimbulah 1 DIM 17.1 145.8
Ra v enshoe 2 RAV 17.4 146.0
Mt. Garnet 3 MTG 17.4 145.8
Innott Hot Spring s 4 s INN 17.4 145.9
The Lynd 4 LYN 18.3 144.2
Chart e r s  Towers 5 CHA 20.0 146.7
H u g h e n d e n 6 HUG 21 . 5 144.0
Prai rie 7 PRA 21 . 5 144.8
Barcaldine 8 BAR 23 . 5 145.3
Alpha 9 ALP 23.5 146.8
A nakie 10 ANA 23.5 148.2
Emerald lOsl EME 23.5 118.4
M ou r a 10s2 MOU 24 . 1 150.0
Glebe Weir 11 GLE 25.2 150.0
Injune 12 INJ 25.4 147.4
R o m a - I n j u n e  Road 12s RNJ 25.9 148.0
Roma 13 ROM 26.7 148.6
Miles 14 MIL 26.8 150.0
C h i n c h i 1 la 15 CHI 26.9 150.4
R i verside Station 1 5sl RIV 27.0 150. 5
C a l l i t r i s  Station 15s2 CAL 27.0 150. 1
C o ndamine 1 5s3 CON 27 . 1 148.6
Kogan 16 KOG 27.1 150. 7
T o o w o o m b a 16s TOO 27.6 151.9
W a r wick 17 WAR 28.2 152.0
L a mington Ntl.Pk. 17s LAM 28.5 152.3
Legume 18 LEG 28.5 152.1
M o o r a b i n d a  Stn. 18s MOO 29.0 151.4
Sandy Flat 19 SAN 29.2 152.0
B o livia 20 BOL 29.3 152.0
D e e p w a t e r 21 DEE 29.4 151 . 7
L l a n g o t h l i n 22 LLA 30.2 151 .5
Bla c k  M o u n t a i n 23 BLA 30.3 151.3
N e w h o l m e  Res. Stn . 24s NEW 30.4 151.4
Arding 24 ARD 30.5 151 .3
Wa l c h a 25 WAL 30.8 151.2
A p s l e y  Gorge N.P. 25s APS 30.9 151.6
W e r r i s  Creek 26 W E R 31 .3 150.0
Murrurundi 27 MUR 31.8 150.2
Denman 28 DEN 32.5 149.9
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Queensland, is des ign at ed "1 DIM". When an "s" follows the 

locality number, it indicates that songs were recorded for 

birds in that locality but no specimens were collected  

there. For example, "25s APS" is the locality Apsley Gorge 

National Park, New South Wales, where I was permitted to 

record but not collect birds. The 28 localities shown on 

the map in Fig. 4 are localities where birds were both 

recorded and collected. The map in Fig. 5 de picts all 

localities where individuals were recorded (whether they 

were collected or not), and includes localities with "s" 

desig nat io ns  where specimens were not collected. Although 

the two maps obviously include some of the same localities, 

they are represen tat iv e of two sets of data which I analyzed 

separately: 1) one set of 345 birds for which there is song

data only; and 2) a subset of 210 of those birds, which were 

collected, and for which there is both song and 

morphological data.

Most of these localiti es  are in uplands. In a line 

from north to south, they transect some of the major 

landfo rm pr o vin ce s reviewed by Wass on  (1982). These are the 

southern part of the Pe n i ns u l a Uplands, the B ur dek in  

Uplands, the Fitzroy Uplands, New England, and the Moreton 

Uplands. A few localiti es in Qu e e n s l a n d  are situated in the 

eastern part of the Central L ow lan ds  province. Before it 

was cleared for grazing and agriculture, much of this region 

was forest of some kind, and included patches of rainforest,
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Locality n
1 DIM 9
2 RAV 10
3 MTG 10
4 LYN 5
5 CHA 5
6 HUG 4
7 PRA 4
8 BAR 10
9 ALP 10

10 ANA 10
11 GLE 10
12 INJ 9
13 ROM 6
14 MIL 10
15 CHI 5
16 KOG 10
17 WAR 9
18 LEG 7
19 SAN 10 
2 0 BOL 8 
21 DEE 10 
2 2 LLA 10 
2 3 BLA 5 
2 4 ARD 8 
2 5 WAL 8 
2 6 WER 6 
2 7 MUR 3 
2 8 DEN 1

21 20 

2 6 2 5  /

2 8

35 °S

Fig. 4. L o c a l i t i e s  in e a s t e r n  A u s t r a l i a  where P a r d a l o t u s  
s t r i a t u s  s p e c i m e n s  w e r e  c o l l e c t e d  for this study. Each 
l o c a l i t y  is d e s i g n a t e d  by a n u m b e r  and 3-le t t e r  a b b r e v i ­
ation, w h i c h  is u s e d  t h r o u g h o u t  the text. The n u m b e r  of 
s p e c i m e n s  c o l l e c t e d  at each l o c a l i t y  is also shown.



1 9

Locality n
1 DIM 17
2 RAV 16
2s INN 3
3 MTG 12
4 LTN 5
5 CHA 6
6 HUG 4
7 PRA 4
8 BAR 22
9 ALP 11

10 ANA 9
lOsl EME 3
10s2 MOU 3
11 GLE 9
12 INJ 6
12s RNJ 3
13 ROM 7
14 MIL 11
15 CHI 11
15sl RIV 10
15s2 CAL 13
15s3 CON 4
16 KOG 16
16s TOO 5
17 WAR 13
17s LAM 12
18 LEG 14
18s MOO 13
19 SAN 10
20 BOL 9
21 DEE 9
22 LLA 10
23 BLA 5
24 ARD 8
24s NEW 5
25 WAL 11
25s APS 5
26 WER 3
27 MUR 4
28 DEN 4

Fig. 5. Localities in eastern Australia where songs 
of Pardalotus striatus were recorded. Each locality is 
designated by a number and three-letter abbreviation. 
Localities where songs were recorded but no specimens 
were taken are indicated by an "s", "si", etc.
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open and closed types of Eucalypt us  forest and woodland, and 

some sem i-arid shrub woodland (Williams 1982). Almost all 

of the localities 1 sampled are nowadays sheep and cattle 

stations or farms, with strips of wo od la nd remaining as 

hedgerows between fields and pa d do c k s or as edges along 

water courses and roads.

In order to locate birds in the field, I looked first 

for nest sites which might be at tr ac tiv e to this species. 

These sites proved to be easy to find, and pardalotes were 

almost always immediately heard in the vicinity of these 

sites. Effort was made to identify breeding (or 

po te n tia lly -b ree din g)  males by their behavior, which 

included singing from perches near nest holes, acting 

aggres siv el y toward other males, and succ es sfu ll y attracting 

females to the nest sites.

The songs of these males were recorded using a Marantz 

PMD-221 monaural cassette tape recorder, a Dan Gib so n 24" 

parabola, and a Sen nh ei ser  ME80 electret microphone. All 

recordings were made on TDK high bias 70ns chrome oxide 

tapes, which were stored in a s t y r o f oa m  cooler in the field. 

Several seconds of a 4 kHz tone from a pitc hpi pe were 

recorded on each tape, to allow for co r r ec ti o n in the lab of 

any frequency di s t ort ion  that can sometimes occur with 

cassette tapes.

Males were recorded as they sang from perches near nest 

holes. Recor di ng  dist an ces  varied from about 1 to 10
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meters. An individual was recorded usually for a min imu m of 

one singing "bout" -- that is, for as long as he sang 

co nti nu ou sly  from the perch, before flying away. Thus, 

recordings for a few individuals contain only single songs, 

while some song samples are several min utes long and contain 

several hundred repeats of the songs. Playback was never 

used to elicit singing.

I attempted to determine w he the r an i n d i v i d u a l ’s song 

varied from year to year. In two localities in 1987, I 

t rapped and c o 1or-banded 7 males. I was able to re-record 6 

of these banded birds at the same localities in 1988.

From the field recordings, sound spec tr ogr ams  were made 

on a Kay El emetrics 6061 Sona-Gra ph  ma chine at the American 

Museum of Natural History. Wi de-band settings were used. 

Frequency and time variables were measured di re ctl y from the 

s pe ct ro gra ms of songs of 345 males. Fig. 6 illustrates 

these variables, which were: 1) the number of syllables in

the song; 2) the highest frequncy of the first syllable; 3) 

the lowest frequency of the first syllable; 4) the frequency 

of the second highest peak in the first syllable, if there 

was a second peak; 5) whe t he r  the song began as an ascent 

from lower to higher frequency, or as a descent from higher 

to lower; 6) the du ra tio n of the first syllable; 7) the 

d ur at io n of the entire song; 8) the interval between the 

first and second syllable, if the song had more than one 

syllable; and 9) the interval between the second and third
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HF

J____________I___________ I___________ L
0.1 0.2 0 .3  0 .4

Time ( s e c )

SYLL Number of syllables in the song
HF Highest frequency of the first syllable
LF Lowest frequency of the first syllable
FST First sound ascending, or descending?
SEC Frequency of the second highest peak 

in the first syllable (when it exists)
DUR1 Duration of the first syllable
INTI Duration between the first and second 

syllables of the song

INT2 Duration between the second and third 
syllables of the song

DUR Duration of the song

Fig. 6. Song variables which were Measured for this study. 
For the particular song illustrated above, the variable 
SYLL = 2 and the variable INT2 has no value.
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syllables, if the song had more than two syllables.

Fig. 7 illustrates the way in which  the variable 

"syllable n u m b e r ” was interpreted. 1-, 2-, 3-, and 4- 

syllable songs of different males are shown. I cons id er ed a 

syllable to be compr is ed  of a sound that was co nt i n uo u s  to 

my ear. The tracing on the sp ec tr o g ra m did not have to look 

co nt in uou s for this to be the case. For example, the song 

of Male 0201 is cla ss ifi ed as a 1-syllable song and sounds 

like a sliding " w h e e o . " The 2-syllable song of Male 0180 

sounds like "tchoo tchoo." The 4-s yll ab le song of Male 0152 

is a clipped "chip-ch ip  chip-chip."

Fig. 7 also illustrates how simple the songs of this 

species are. Each of the sp ect ro gra ms shown is the full 

song, and the only song, of that male. These songs are 

often repeated for many minutes at a time.

All recordings from this study were trans fer red  to high 

quality reel-to-reel tapes and de p os ite d in the archive of 

The Library of Natural Sounds of The Lab or ato ry of 

Or ni t ho l o gy  of Cornell Un i v ers it y in Ithaca, New York. The 

LNS catalog numbers are 46621-46823, 48377-48399, and 48427- 

48540.

Im med ia te ly after its song was recorded, a bird was 

co ll ec ted  and its skin was pr ep ar ed in the field. Prior to 

preparation, the following m e a s u r e m en t s  were taken within 

several hours of co ll ec t i o n of the bird. Weig ht was taken 

using a Pesola scale. Othe r m e a s u r em e n t s were taken with
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Time (sec)
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0152
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Time (sec)
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Fig. 7. Examples of 1-, 2-, 3-, and 4-syllable songs 
of Pardalotus striatus aaleB.
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either dial calipers or with a wing ruler. Wing length was 

measured as length of the unflat ten ed chord. Wi ng sp an was 

measured from tip to tip of the longest pri mary on each 

side, with the specimen on its back and with its wings 

spread naturally. Tail length was measur ed  as the distance 

from the base between the insertions of the two center 

rectrices to the tip of the longest r e c t r i x . Cu l me n  length 

was measured as the distance from the base of feathers at

the head to the tip of the upper mandible. Tarsus length

was measured as the length of the t a rs o m eta tar su s from

proximal .ioirit with the tibiotarsus to the first scute of

the middle t o e .

The following additional characte rs  were also recorded 

in the field, during pre par a ti o n  of the specimen: the colors 

of iris, gape, bill, legs, and plumages of rump, wingspot, 

lores, and edging on the secondaries; the extent of white 

striping on the crown feathers; and the number of pri maries 

edged in white. An index was used to score individuals on 

four of the plumage charact ers  (primary white, crown 

striping, wingspot color, and s e co n da ry- edg e color). Degree 

of fat, state of molt, and size of testes were also noted.

Liver, heart, and muscle tissues were re covered from 

specimens colle cte d in the third field season. Tissues were 

frozen in liquid nitrog en in the field and stored at -70C in 

the laboratory, until mitocho ndr ia l DNA (mtDNA) could be 

isolated from them. The biochemical work was compl et ed  in
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1990 at The Ph ila de l ph i a  Academy of Natural Sciences. MtDNA 

was isolated, purified, and cleaved by restric ti on  enzymes 

using pr oce d u re s de s cri bed  by Lansman et a l . (1981), Spolskv

and Uzzell (1984) and Mack e_t al . (1986).

Briefly, the isolation and pur if ic at i on  procedur es  

involved ho m o ge niz at ion  and ce ntr i f ug a t io n of the tissue to 

produce a crude mtDNA extract; pur if ic a t io n of the crude 

extract by a series of phenol and ch l or o f or m extractions; 

removal of RN'A and proteins with RNAse and proteases; and 

final pr ec ip i t at i o n with ethanol. Dig es tio ns of purified 

mtDNA from a limited number of samples were pe rformed using 

13 c o m m e r c i al l y -p r e pa r e d endonucleases, following 

sp eci f i ca t i on s  of the supplier (Bethesd a Research  

Laboratories). It was dete rmi ne d that the enzymes Ava I and 

Hae 11 were good indicators of dif fe re nc e s among samples, 

and s ub seq ue ntl y all samples were treated with these two 

enzymes. Several samples from different geograph ic  areas 

were treated with additional informative enz ymes (BamH I,

EcoR V, Hinc II, Hind III, Nde I, Pst I, and Pvu I).
32Re st r ic t i on  fragments were en d-l ab e ll e d  with a P nuclide 

and sepa ra ted  by e l e c t r op h o re s i s on horizontal IX agarose 

gels. A standard lambda phage lkb ladder was included on 

each gel, so that fragment sizes could be determined. 

A u t o r a d i o g r a p h s  were made from the gels; these were 

p h o t o g r a p h e d .

The size of the mtDNA mo le cu le for this species was
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estimated by averaging the sums of fragment lengths obtained 

from different sample runs on the gels. Haplotypic  

diversity, average nucleoti de  diversity, and average 

nucleotide differ en ces  among p op ula tio ns  were estimated, 

using the formulas of Upholt (1977), Nei and Li (1979), Nei 

and Ta.jima (1981), and Nei (1 987). A summary of the 

ma thematics involved is given in Appendix VII. The rate of 

evolution in mtDNA calculated by Shields and Wilson (1987a) 

was used to estimate the amount of time that two mtDNA 

clonal groups in P. s t r iatus would have been isolated, 

prior to secondary contact.

I examined all specimens of P, s t r i a tus in the 

co llections of the Ameri ca n Muse um  of Natural History, 

Austral ian  National Wildlife Collection, Au s t ra l i an  Museum, 

Qu een sl an d Museum, South A u s t ra l ia n Museum, and Western 

Austr ali a Museum. 182 of these specimens were adult males 

collected during likely breeding periods for this species. 

These birds were measured for wing, tail, tarsus, and culmen 

lengths, and assessed for degree of crown streaking, 

wingspot color, and number of pr i ma rie s edged in white. 

Weight, body length, and w i n gs p an  were also recorded if 

these me as ur eme nts  were avai lab le  from the specim en  tag. An

attempt was made to find geo gra phi c samples large enou gh  to 

supplement samples col lected for this study.

Prior to statistical analysis, an index was devised to 

score individual specimens for pl uma ge characters. Colors
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of leg, iris, bill, and gape were vir tually the same for all 

specimens. I was unable to assess rump color consistently, 

so this ch a r ac t e r was not indexed. The following indices 

were used: wi ng spo t color, 0-4 (0=crimson, 1=s car le t- cri ms on  

mix, 2=scarlet, 3= sca rle t -o ra n ge  mix, 4=orange);  ̂ own 

striping, 0-4 (0=all black crown, l=hindcrown partly 

striped, 2=hindc ro wn c om p le tel y striped, 3=midcro wn  partly 

striped, 4=com ple tel y striped crown); sec ondary edge color, 

0-3 (0=white, l=white-buff or whi te - ch e s tn ut  with white 

predominant, 2=c hes tn ut -w h it e  or ch es tn u t -b u f f with chestnut 

predominant, 3=chestnut.); pr ima ry white 0-1 ( 0 = broad white

patch, with primaries 1 to 6 or 7 edged in white;

1= i n t e r m e d i a t e , with primaries 1 to 3, 4, or 5 edged in 

white; 2-nar row  white stripe, with primaries 1 or 1 and 2 

only edged in white).

Statistical analyses of the data were perf or med  using a 

variety of programs in SAS (1985, Ve rs ion  5) and NTSYS-PC 

(1990, Version 1.60). Simple de s cr i p ti v e  sta tis tic s were 

computed for morpholog ic al and song vari ab les  for each 

locality. Tests for mu lt ip le co m pa r i so n s  of means (SAS PROC 

GLM/GT2) were perf orm ed  on all variables, and results were 

v is u ali zed  on maps in the mann er used by Sokal and Rinkel 

( 1963 ) .

Dis cri m in a n t function analyse s (SAS PROC DISCRIM) were 

used to de te r mi ne  wh et her  c l a s s i f i ca t i on s  of sp ecimens by 

song and mo rphological va r ia ble s co r r es p o nd e d  to subspecies
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cl as s i fi c a ti o n s based on traditional plumage characters.

Several methods were used to derive ph e no gra ms  that 

clustered localities acc ording to the si mi lar ity  of means 

among samples. Distance matri ce s were derived for 

m o r p h o m e t r i c , plumage, and song v a ri abl es  and used to 

construct separate phenograms for these three data sets 

(Sneath and Sokal 1973). I ran both SAS PROC CL U ST E R  and 

NTSYS SIMINT and SAHN programs for c o ns tr uc tin g UPGMA 

phenograms. These programs use slightly different 

clu ste ri ng  algorithms, but each is based on a gg lo me rat iv e  

hierarchical clustering (Sneath and Sokal 1973). The 

programs NTSYS COPH and MX COM PG  were used to derive 

cophenetic co rr el a t io n c oe ff ic ien ts for each of these 

phenograms, to test the goodness of fit of the ph e n og r a m to 

the set of data (Rohlf and Sokal 1981 ).

Principal componen ts  analyses (SAS PROC PRINCOMP) were 

also applied to matric es of song variables, mo rp hom etr ic  

variables, and song and m o rp ho me tri c va riables combined. 

Since it was found that the first principal co mponent (PCI) 

acc ounted for a large pro por tio n of the varianc e in each of 

these analyses, and since localities appea red  to demons tr at e  

a geograph ic pa ttern when ordered by s ta nd ar diz ed PCI 

scores, a dista nce  matrix and a ph e n o g r a m  based on the 

scores were derived for each of the three P C A ’s . In 

addition, localities were plotted by map d is tan ce (km) and 

mean PCI score to look for geograph ic  regions of steep
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changes in scores, which would be an indication of increased 

variabil ity  in that region.

I de s cr ibe d sim ilarity among data sets in several ways. 

First, map dist an ces  among localities were compared with 

di stances derived from the ph en ogr am s for song and 

morphological data. Second, M a n t e l ’s (1967) test was used 

to descri be  the si milarity in overall structure between each 

pair of d i sta nce  matrices (for plumage, morphometric, song, 

and PCI matrices). Third, major geographic cluster s were 

identified from the phen og ra ms and compared qualitati vel y  

with each other and with geograp hi c clusters inferred from 

the mtDNA data.

Possible in te rpr eta ti ons  of the observ ed geographic 

patterns are discussed.
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SONG RESULTS

The results pr esented in this section are for the 

univariate and mu lt iv ari ate  analyses of me a s u re m e nt s  made 

from the son agrams of songs of 345 males recorded in 40 

localities. In addition, the results of mu l t iv a r ia te  

analyses of the songs of the subset of 210 collected males 

ate presented, which will later be compa re d with the results 

of morphological analyses for those birds. R ep r od uct ion s of 

the- sonagrams of all songs used for these analy se s are 

presented in Appendix V.

As in the prelimi nar y analysis of the data of Short and 

Horne, 1 again tested for the stability of songs within 

individuals using the same mul ti va r i at e analys is of variance 

(SAS GI.M/MANOVA ) and W i l k s ’ lambda as the test criterion. I 

used a subsample of 100 songs of 10 males and the song 

variables SYLL, HF, LF, SEC, DU'Rl , and DUR. V ar iat io n among 

individuals was again shown to be si g n ifi can tl y greater than 

within individuals (F=59.6, p<0.001).

De scr ip ti ve statistics, by locality, for each of the 

song variables me as ure d are prese nt ed in Tables 3-10.

Sample size, mean, standard deviation, m i n i m u m  value, 

ma xim um  value, variance, standard error, and co ef fi cie nt  of 

vari ati on  are given. The variables INTI, INT2, and SEC 

(intervals bet wee n first and second, or be tw ee n second and 

third syllables, and highest frequency in second peak of 

first syllable) were not applicab le to all songs; and the
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sample sizes listed reflect this. C or re la tio ns of means 

with latitude were also tested.

The following obse rva ti on s can be made from these 

tables. Songs were comprised of from 1 to 4 syllables. The 

range for mean highest frequency in the first syllable was 

2.2-3.6 kHz; for lowest frequency, 0.7-1.6 kHz; for duration 

of the first syllable, 0.03-0.46 sec; and for duration of 

the entire song, 0.13-0.57 sec. Mean number of syllables in 

the song (Table 3) de creased for samples from southern 

localities. C or rel ati on  of mean syllable number with 

latitude was significant (Pearson pr o d uc t-m om ent  co rr el ati on  

coefficient r=-0.543, p<.01). Mean duratio n of the first 

syllable (Table 6) appeared to increase from north to south. 

Means of this variable were also sig ni f ic an t ly  co rrelated  

with latitude (Pearson produc t-m ome nt  cor re l at i o n  

coefficient r=0.60, p<.01).

Mean coef fic ien ts  of varia tio n (C V ) for all song 

variables, computed over all localities, are given in Table 

11 . CV'’s were found to be of the same order of magnitude as 

C V ’s for song measur eme nt vari abl es in 17 of 23 species 

compi led  by Miller (1986). Durati on  measur es  in the songs 

of all of these species had a greater degree of variabi li ty  

than frequency measures. Re gre s s io ns  of mean C V ’s of 

frequency and time variables on latitude were not 

significant (p>.05), indicating that there were no general 

increases or de cr ea ses  in va ri abi lit y from north to south in
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T a b l e  3 .  D e s c r i p t i v e  s t a t i s t i c s  f o r  s o n g  v a r i a b l e  SYLL,
n umbe r  o f  s y l l a b l e s  i n  s o n g .

LOC N MEAN SD MIN MAX VAR SE CV

1 DIM 17 3.18 0.39 3.00 4.00 0.15 0.10 12.37
2 RAV 16 2.00 0.00 2.00 2.00 0.00 0.00 0.00
2s INN 3 2.00 0.00 2.00 2.00 0.00 0.00 0.00
3 MTG 12 2.92 0.29 2.00 3.00 0.08 0.08 9.90
4 LYN 5 1.80 0.45 1.00 2.00 0.20 0.20 24.85
5 CHA 6 3.50 0.84 2.00 4.00 0.70 0.34 23.90
6 HUG 4 3.50 1.00 2.00 4.00 1.00 0.50 28.57
7 PRA 4 2.50 1.00 2.00 4.00 1.00 0.50 40.00
8 BAR 22 2.36 0.79 2.00 4.00 0.62 0.17 33.40
9 ALP 11 2.00 0.00 2.00 2.00 0.00 0.00 0.00

10 ANA 9 2.78 0.83 1.00 4.00 0.69 0.28 30.00
lOsl EME 3 3.00 0.00 3.00 3.00 0.00 0.00 0.00
10s2 MOU 3 3.00 0.00 3.00 3.00 0.00 0.00 0.00
11 GLE 9 2.44 0.53 2.00 3.00 0.28 0.18 21.56
12 INJ 6 3.00 0.00 3.00 3.00 0.00 0.00 0.00
12s RNJ 3 2.67 0.58 2.00 3.00 0.33 0.33 21.65
13 ROM 7 2.29 0.49 2.00 3.00 0.24 0.18 21.35
14 MIL 11 2.18 0.40 2.00 3.00 0.16 0.12 18.54
15 CHI 11 2.00 0.00 2.00 2.00 0.00 0.00 0.00
15sl RIV 10 2.10 0.32 2.00 3.00 0.10 0.10 15.06
15s2 CAL 13 2.00 0.00 2.00 2.00 0.00 0.00 0.00
15s3 CON 4 2.25 0.50 2.00 3.00 0.25 0.25 22.22
16 KOG 16 2.00 0.00 2.00 2.00 0.00 0.00 0.00
16s TOO 5 2.80 0.45 2.00 3.00 0.20 0.20 15.97
17 WAR 13 2.00 0.00 2.00 2.00 0.00 0.00 0.00
17s LAM 12 3.00 0.00 3.00 3.00 0.00 0.00 0.00
18 LEG 14 1.79 0.80 1.00 3.00 0.64 0.21 44.90
18s MOO 13 2.00 0.00 2.00 2.00 0.00 0.00 0.00
19 SAN 10 1.00 0.00 1.00 1.00 0.00 0.00 0.00
20 BOL 9 1.11 0.33 1.00 2.00 0.11 0.11 30.00
21 DEE 9 1.33 0.50 1.00 2.00 0.25 0.17 37.50
22 LLA 10 1.00 0.00 1.00 1.00 0.00 0.00 0.00
23 BLA 5 1.00 0.00 1.00 1.00 0.00 0.00 0.00
24 ARD 8 1.25 0.71 1.00 3.00 0.50 0.25 6.57
24s NEW 5 1.00 0.00 1.00 1.00 0.00 0.00 0.00
25 WAL 11 1.55 0.93 1.00 3.00 0.87 0.28 60.45
25s APS 5 1.20 0.45 1.00 2.00 0.20 0.20 7.27
26 WER 3 1.67 0.58 1.00 2.00 0.33 0.33 4.64
27 MUR 4 1.00 0.00 1.00 1.00 0.00 0.00 0.00
28 DEN 4 2.00 0.00 2.00 2.00 0.00 0.00 0.00
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T a b l e  4 .  D e s c r i p t i v e  s t a t i s t i c s  f o r  t h e  s o n g  v a r i a b l e  HF,
h i g h e s t  f r e q u e n c y  i n  f i r s t  s y l l a b l e  o f  t h e  s o n g  ( k H z ) .

LOC N MEAN SD MIN MAX VAR SE CV

1 DIM 17 2.79 0.26 2.40 3.20 0.07 0.06 9.31
2 RAV 16 2.86 0.15 2.60 3.10 0.02 0.04 5.39
2s INN 3 3.33 0.06 3.30 3.40 0.00 0.03 1.73
3 MTG 12 2.74 0.20 2.40 3.10 0.04 0.06 7.37
4 LYN 5 2.86 0.31 2.40 3.20 0.10 0.14 10.95
5 CHA 6 2.87 0.19 2.70 3.10 0.03 0.08 6.49
6 HUG 4 2.80 0.08 2.70 2.90 0.01 0.04 2.92
7 PRA 4 2.77 0.19 2.50 2.90 0.04 0.09 6.82
8 BAR 22 2.74 0.23 2.30 3.10 0.05 0.05 8.25
9 ALP 11 2.75 0.12 2.60 2.90 0.01 0.04 4.41
10 ANA 9 2.73 0.29 2.30 3.10 0.09 0.10 10.67
10sl EME 3 2.57 0.06 2.50 2.60 0.00 0.03 2.25
10b2 MOU 3 2.63 0.23 2.50 2.90 0.05 0.13 8.77
11 GLE 9 2.91 0.31 2.50 3.30 0.10 0.10 10.79
12 INJ 6 2.93 0.24 2.50 3.20 0.06 0.10 8.26
12s RNJ 3 2.63 0.23 2.50 2.90 0.05 0.13 8.77
13 ROM 7 2.80 0.20 2.50 3.00 0.04 0.08 7.14
14 MIL 11 2.94 0.25 2.50 3.20 0.06 0.07 8.38
15 CHI 11 2.86 0.23 2.40 3.20 0.05 0.07 8.00
15sl RIV 10 2.70 0.34 2.40 3.40 0.12 0.11 12.59
15s2 CAL 13 2.86 0.27 2.50 3.20 0.07 0.07 9.30
15s3 CON 4 2.87 0.19 2.60 3.00 0.04 0.09 6.58
16 KOG 16 2.76 0.26 2.20 3.20 0.07 0.07 9.55
16s TOO 5 2.74 0.11 2.60 2.90 0.01 0.05 4.16
17 WAR 13 3.07 0.33 2.50 3.50 0.11 0.09 10.84
17s LAM 12 2.77 0.22 2.50 3.20 0.05 0.06 7.85
18 LEG 14 3.00 0.20 2.50 3.30 0.04 0.05 6.79
18s MOO 13 3.05 0.33 2.60 3.60 0.11 0.09 10.75
19 SAN 10 3.13 0.29 2.50 3.40 0.08 0.09 9.17
20 BOL 9 3.13 0.21 2.90 3.50 0.05 0.07 6.77
21 DEE 9 3.04 0.24 2.50 3.30 0.06 0.08 7.90
22 LLA 10 3.16 0.20 2.90 3.50 0.04 0.06 6.36
23 BLA 5 3.16 0.23 2.90 3.40 0.05 0.10 7.29
24 ARD 8 3.06 0.20 2.90 3.30 0.04 0.07 6.52
24s NEW 5 2.90 0.16 2.70 3.10 0.02 0.07 5.45
25 WAL 11 3.07 0.21 2.80 3.40 0.04 0.06 6.68
25s APS 5 3.16 0.09 3.10 3.30 0.01 0.04 2.83
26 WER 3 2.77 0.21 2.60 3.00 0.04 0.12 7.52
27 MUR 4 3.00 0.12 2.90 3.10 0.01 0.06 3.85
28 DEN 4 2.90 0.22 2.60 3.10 0.05 0.11 7.45
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T a b l e  5 .  D e s c r i p t i v e  s t a t i s t i c s  f o r  s o n g  v a r i a b l e  L F , l o w e s t
f r e q u e n c y  o f  f i r s t  s o n g  s y l l a b l e  ( k H z ) .

LOC N MEAN SD MIN MAX VAR SE CV

1 DIM 17 1.08 0.08 0.90 1.20 0.01 0.02 7.72
2 RAV 16 1.13 0.10 1.00 1.40 0.01 0.03 8.97
2s INN 3 1.37 0.06 1.30 1.40 0.00 0.03 4.22
3 MTG 12 1.07 0.07 1.00 1.20 0.00 0.02 6.11
4 LYN 5 1.18 0.18 1.10 1.50 0.03 0.08 15.16
5 CHA 6 1.25 0.10 1.10 1.40 0.01 0.04 8.39
6 HUG 4 1.10 0.00 1.10 1.10 0.00 0.00 0.00
7 PRA 4 1.02 0.05 1.00 1.10 0.00 0.02 4.88
8 BAR 22 1.06 0.11 0.80 1.20 0.01 0.02 10.28
9 ALP 11 1.14 0.08 1.00 1.20 0.01 0.02 7.12

10 ANA 9 1.09 0.11 1.00 1.30 0.01 0.04 9.68
lOsl EME 3 0.93 0.06 0.90 1.00 0.00 0.03 6.19
10s2 MOU 3 0.97 0.06 0.90 1.00 0.00 0.03 5.97
11 GLE 9 1.12 0.07 1.00 1.20 0.00 0.02 5.94
12 INJ 6 1.07 0.05 1.00 1.10 0.00 0.02 4.84
12s RNJ 3 1.20 0.00 1.20 1.20 0.00 0.00 0.00
13 ROM 7 1.09 0.15 0.90 1.30 0.02 0.06 13.48
14 MIL 11 1.15 0.19 1.00 1.50 0.03 0.06 16.14
15 CHI 11 1.08 0.13 1.00 1.40 0.02 0.04 11.56
15sl RIV 10 1.13 0.13 1.00 1.40 0.02 0.04 11.08
15b2 CAL 13 1.21 0.21 0.70 1.50 0.04 0.06 17.06
15s3 CON 4 1.30 0.08 1.20 1.40 0.01 0.04 6.28
16 KOG 16 1.14 0.13 1.00 1.50 0.02 0.03 11.50
16s TOO 5 1.06 0.05 1.00 1.10 0.00 0.02 5.17
17 WAR 13 1.10 0.06 1.00 1.20 0.00 0.02 5.25
17s LAM 12 1.12 0.14 0.90 1.40 0.02 0.04 12.57
18 LEG 14 1.08 0.07 1.00 1.20 0.00 0.02 6.48
18s MOO 13 1.12 0.16 0.90 1.40 0.03 0.04 14.15
19 SAN 10 1.00 0.07 0.90 1.10 0.00 0.02 6.67
20 BOL 9 1.02 0.07 0.90 1.10 0.00 0.02 6.52
21 DEE 9 1.07 0.11 0.90 1.20 0.01 0.04 10.48
22 LLA 10 1.02 0.06 0.90 1.10 0.00 0.02 6.20
23 BLA 5 1.04 0.09 0.90 1.10 0.01 0.04 8.60
24 ARD 8 1.05 0.05 1.00 1.10 0.00 0.02 5.09
24s NEW 5 1.26 0.05 1.20 1.30 0.00 0.02 4.35
25 WAL 11 1.12 0.10 1.00 1.30 0.01 0.03 8.78
25s APS 5 1.02 0.04 1.00 1.10 0.00 0.02 4.38
26 WER 3 1.20 0.10 1.10 1.30 0.01 0.06 8.33
27 MUR 4 1.10 0.00 1.10 1.10 0.00 0.00 0.00
28 DEN 4 1.32 0.19 1.20 1.60 0.04 0.09 14.29
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T a b l e  6 .  D e s c r i p t i v e  s t a t i s t i c s  f o r  t h e  s o n g  v a r i a b l e
d u r a t i o n  ( s e c )  o f  t h e  f i r s t  s o n g  s y l l a b l e .

LOC N MEAN SD MIN MAX VAR SD CV

1 DIM 17 0. 06 0. 01 0.04 0. 09 0.00 0.01 23. 05
2 RAV 16 0. 10 0. 03 0.06 0. 13 0.00 0.03 24. 35
2s INN 3 0. 12 0. 01 0.12 0. 13 0.00 0.01 4. 68
3 MTG 12 0. 07 0. 01 0.05 0. 10 0.00 0.01 20. 47
4 LYN 5 0. 11 0. 05 0.06 0. 18 0.00 0.05 45. 08
5 CHA 6 0. 06 0. 02 0.03 0. 08 0.00 0.02 28. 78
6 HOG 4 0. 07 0. 02 0.05 0. 09 0.00 0.02 26. 08
7 PRA 4 0. 11 0. 04 0.05 0. 15 0.00 0.04 38. 56
8 BAR 22 0. 13 0. 04 0.04 0. 18 0.00 0.04 31. 78
9 ALP 11 0. 13 0. 03 0.08 0. 16 0.00 0.03 25. 33

10 ANA 9 0. 11 0. 05 0.05 0. 22 0.00 0.05 48. 56
lOsl EME 3 0. 09 0. 00 0.09 0. 09 0.00 0.00 0. 00
10s2 MOU 3 0. 07 0. 02 0.06 0. 09 0.00 0.02 20. 83
11 GLE 9 0. 11 0. 02 0.09 0. 13 0.00 0.02 14. 37
12 INJ 6 0. 13 0. 03 0.09 0. 17 0.00 0.03 20. 29
12s RNJ 3 0. 08 0. 03 0.06 0. 11 0.00 0.03 37. 65
13 ROM 7 0. 13 0. 03 0.08 0. 16 0.00 0.03 23. 91
14 MIL 11 0. 12 0. 02 0.06 0. 15 0.00 0.02 18. 97
15 CHI 11 0. 13 0. 02 0.10 0. 15 0.00 0.02 14. 71
15sl RIV 10 0. 11 0. 03 0.06 0. 14 0.00 0.03 26. 22
15s2 CAL 13 0. 13 0. 02 0.11 0. 17 0.00 0.02 12. 76
15s3 CON 4 0. 08 0. 01 0.07 0. 10 0.00 0.01 17. 68
16 KOG 16 0. 13 0. 01 0.11 0. 16 0.00 0.01 10. 99
16s TOO 5 0. 13 0. 01 0.12 0. 14 0.00 0.01 5. 44
17 WAR 13 0. 14 0. 02 0.11 0. 17 0.00 0.02 12. 29
17s LAM 12 0. 07 0. 02 0.04 0. 10 0.00 0.02 26. 36
18 LEG 14 0. 14 0. 07 0.04 0. 23 0.01 0.07 50. 33
18s MOO 13 0. 17 0. 02 0.13 0. 20 0.00 0.02 12. 97
19 SAN 10 0. 21 0. 03 0.17 0. 25 0.00 0.03 14. 33
20 BOL 9 0. 23 0. 05 0.12 0. 28 0.00 0.05 21. 62
21 DEE 9 0. 24 0. 08 0.13 0. 38 0.01 0.08 35. 23
22 LLA 10 0. 30 0. 04 0.25 0. 35 0.00 0.04 12. 06
23 BLA 5 0. 33 0. 02 0.31 0. 37 0.00 0.02 7. 42
24 ARD 8 0. 26 0. 10 0.03 0. 35 0.01 0.10 40. 06
24s NEW 5 0. 34 0. 01 0.33 0. 36 0.00 0.01 3. 60
25 WAL 11 0. 24 0. 14 0.02 0. 35 0.02 0.14 57. 82
25s APS 5 0. 36 0. 15 0.10 0. 46 0.02 0.15 41. 57
26 WER 3 0. 17 0. 07 0.12 0. 25 0.01 0.07 43. 41
27 MUR 4 0. 26 0. 06 0.20 0. 35 0.00 0.06 25. 04
28 DEN 4 0. 11 0. 01 0.10 0. 12 0.00 0.01 8. 70

DUR1 ,
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Table 7. Descriptive statistics for the song v a r i a b l e  D U R , 
song duration (sec).

LOC N MEAN SD MIN MAX VAR SE CV

1 DIM 17 0.38 0.03 0.33 0.46 0.00 0.01 9.18
2 RAV 16 0.36 0.04 0.30 0.41 0.00 0.01 10.04
2s INN 3 0.46 0.01 0.46 0.47 0.00 0.00 1.25
3 MTG 12 0.42 0.03 0.34 0.48 0.00 0.01 8.27
4 LYN 5 0.33 0.13 0.13 0.48 0.02 0.06 38.03
5 CHA 6 0.46 0.14 0.20 0.56 0.02 0.06 30.17
6 HOG 4 0.41 0.10 0.27 0.49 0.01 0.05 23.81
7 PRA 4 0.32 0.08 0.27 0.45 0.01 0.04 25.93
8 BAR 22 0.33 0.05 0.26 0.47 0.00 0.01 16.06
9 ALP 11 0.28 0.03 0.24 0.33 0.00 0.01 11.86

10 ANA 9 0.41 0.09 0.22 0.48 0.01 0.03 22.64
lOsl EME 3 0.45 0.01 0.45 0.46 0.00 0.00 1.27
10s2 MOO 3 0.42 0.04 0.39 0.46 0.00 0.02 9.09
11 GLE 9 0.38 0.08 0.27 0.46 0.01 0.03 20.46
12 INJ 6 0.50 0.02 0.46 0.52 0.00 0.01 4.65
12s RNJ 3 0.41 0.12 0.27 0.49 0.01 0.07 29.67
13 ROM 7 0.34 0.07 0.27 0.45 0.00 0.02 19.67
14 MIL 11 0.30 0.07 0.23 0.50 0.01 0.02 23.47
15 CHI 11 0.29 0.04 0.25 0.35 0.00 0.01 12.11
15sl RIV 10 0.31 0.05 0.24 0.43 0.00 0.02 17.49
15s2 CAL 13 0.28 0.02 0.24 0.31 0.00 0.01 8.96
15s3 CON 4 0.29 0.09 0.24 0.43 0.01 0.05 31.38
16 KOG 16 0.31 0.03 0.26 0.36 0.00 0.01 9.54
16s TOO 5 0.49 0.11 0.30 0.57 0.01 0.05 22.14
17 WAR 13 0.30 0.03 0.24 0.34 0.00 0.01 10.29
17s LAM 12 0.44 0.05 0.37 0.54 0.00 0.01 11.08
18 LEG 14 0.28 0.08 0.20 0.43 0.01 0.02 29.50
18s MOO 13 0.36 0.04 0.29 0.43 0.00 0.01 11.97
19 SAN 10 0.21 0.03 0.17 0.25 0.00 0.01 14.33
20 BOL 9 0.24 0.03 0.18 0.28 0.00 0.01 12.52
21 DEE 9 0.29 0.05 0.22 0.38 0.00 0.02 16.42
22 LLA 10 0.30 0.04 0.25 0.35 0.00 0.01 12.06
23 BLA 5 0.33 0.02 0.31 0.37 0.00 0.01 7.42
24 ARD 8 0.29 0.05 0.20 0.35 0.00 0.02 16.79
24s NEW 5 0.34 0.01 0.33 0.36 0.00 0.01 3.60
25 WAL 11 0.31 0.03 0.27 0.35 0.00 0.01 8.68
25s APS 5 0.39 0.09 0.25 0.46 0.01 0.04 22.06
26 WER 3 0.28 0.03 0.25 0.30 0.00 0.02 9.45
27 MUR 4 0.26 0.06 0.20 0.35 0.00 0.03 25.04
28 DEN 4 0.29 0.04 0.23 0.32 0.00 0.02 14.78
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Table 8. De sc ri pti ve st at ist ics  for song va r ia b l e INTI, 
interval between first and second song syllabl e (sec).

LOC N MEAN SD MIN MAX VAR SE CV

1 DIM 17 0. 11 0.02 0. 08 0.16 0.00 0.01 19. 36
2 RAV 16 0. 14 0.03 0. 10 0.20 0.00 0.01 19. 67
2s INN 3 0. 19 0.01 0. 18 0.20 0.00 0.01 5. 26
3 MTG 12 0. 12 0.02 0. 09 0.15 0.00 0.01 17. 07
4 LYN 4 0. 16 0.04 0. 10 0.20 0.00 0.02 26. 62
5 CHA 6 0. 08 0.02 0. 06 0.12 0.00 0.01 29. 36
6 HUG 4 0. 04 0.03 0. 02 0.08 0.00 0.01 67. 70
7 PRA 4 0. 03 0.00 0. 02 0.03 0.00 0.00 18. 18
8 BAR 22 0. 03 0.02 0. 02 0.08 0.00 0.00 52. 34
9 ALP 11 0. 04 0.02 0. 01 0.06 0.00 0.01 44. 97
10 ANA 8 0. 10 0.03 0. 04 0.15 0.00 0.01 31. 18
lOsl EME 3 0. 12 0.01 0. 11 0.12 0.00 0.00 4. 95
10s2 MOU 3 0. 12 0.01 0. 11 0.13 0.00 0.01 8. 33
11 GLE 9 0. 07 0.03 0. 03 0.11 0.00 0.01 44. 72
12 INJ 6 0. 09 0.02 0. 06 0.12 0.00 0.01 21. 83
12s RNJ 3 0. 12 0.07 0. 04 0.17 0.01 0.04 58. 66
13 ROM 7 0. 04 0.04 0. 01 0.11 0.00 0.02 95. 67
14 MIL 11 0. 04 0.03 0. 02 0.12 0.00 0.01 76. 26
15 CHI 11 0. 04 0.01 0. 02 0.05 0.00 0.00 23. 13
15sl RIV 10 0. 06 0.04 0. 02 0.16 0.00 0.01 74. 91
15s2 CAL 13 0. 04 0.01 0. 03 0.05 0.00 0.00 21. 94
15s3 CON 4 0. 10 0.02 0. 08 0.12 0.00 0.01 18. 24
16 KOG 16 0. 05 0.02 0. 01 0.08 0.00 0.00 39. 55
16s TOO 5 0. 11 0.04 0. 04 0.14 0.00 0.02 36. 93
17 WAR 13 0. 03 0.01 0. 01 0.05 0.00 0.00 49. 24
17s LAM 12 0. 13 0.02 0. 10 0.17 0.00 0.01 17. 53
18 LEG 8 0. 06 0.04 0. 02 0.11 0.00 0.01 54. 94
18s MOO 13 0. 03 0.02 0. 01 0.06 0.00 0.01 63. 18
19 SAN 0 . # , , • • •
20 BOL 2 0. 03 0.00 0. 03 0.03 0.00 0.00 0. 00
21 DEE 3 0. 02 0.01 0. 02 0.03 0.00 0.00 24. 74
22 LLA 0 . • . . . . .
23 BLA 0 . • . . . • •
24 ARD 1 0. 08 • 0. 08 0.08 . • •
24s NEW 0 . • • . . • •
25 WAL 3 0. 05 0.01 0. 05 0.06 0.00 0.00 10. 83
25s APS 1 0. 04 « 0. 04 0.04 . • •
26 WER 2 0. 02 0.01 0. 02 0.03 0.00 0.01 00CM 28
27 MUR 0 • • • . . . .
28 DEN 4 0. 04 0.02 0. 01 0.06 0.00 0.01 59. 13
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T a b l e  9 .  D e s c r i p t i v e  s t a t i s t i c s  f o r  t h e  s o n g  v a r i a b l e  I NT2 ,
i n t e r v a l  b e t w e e n  s e c o n d  and  t h i r d  s o n g  s y l l a b l e s  ( s e c ) .

LOC N MEAN SD MIN MAX VAR SE cv

1 DIM 17 0.07 0.01 0.05 0.09 0.00 0.00 16.15
2 RAV 0 , , # a a ,
2s INN 0 , • # , # ,
3 MTG 11 0.09 0.02 0.06 0.12 0.00 0.00 17.21
4 LYN 0 , • , , a «
5 CHA 5 0.11 0.03 0.06 0.14 0.00 0.01 27.46
6 HUG 3 0.10 0.01 0.09 0.10 0.00 0.00 5.97
7 PRA 1 0.09 • 0.09 0.09 v a a
8 BAR 4 0.10 0.01 0.08 0.11 0.00 0.01 14.14
9 ALP 0 , • , , , # a
10 ANA 7 0.06 0.02 0.04 0.09 0.00 0.01 32.53
lOsl EME 3 0.05 0.00 0.05 0.05 0.00 0.00 0.00
10s2 MOU 3 0.06 0.01 0.05 0.06 0.00 0.00 10.19
11 GLE 4 0.03 0.01 0.02 0.04 0.00 0.00 27.22
12 INJ 6 0.02 0.01 0.02 0.04 0.00 0.00 33.47
12s RNJ 2 0.10 0.01 0.10 0.11 0.00 0.00 6.73
13 ROM 2 0.07 0.01 0.07 0.08 0.00 0.01 9.43
14 MIL 1 0.03 • 0.03 0.03 # a «
15 CHI 0 • • , , a «
15sl RIV 1 0.08 • 0.08 0.08 , a a
15s2 CAL 0 , a a , a a a
15s3 CON 1 0.09 a 0.09 0.09 a « a
16 KOG 0 • a , a , « a
16s TOO 4 0.03 0.01 0.02 0.04 0.00 0.00 29.46
17 WAR 0 , a a . a a
17s LAM 12 0.07 0.03 0.02 0.11 0.00 0.01 39.48
18 LEG 3 0.07 0.01 0.06 0.07 0.00 0.00 8.66
18s MOO 0 , a * , , , a
19 SAN 0 , a , , « a
20 BOL 0 , a , * « ,
21 DEE 0 * • * , « .
22 LLA 0 • • • • , a •
23 BLA 0 • . . , « a
24 ARD 1 0.06 • 0.06 0.06 • a a
24s NEW 0 * • * , • , ,
25 WAL 3 0.05 0.01 0.04 0.05 0.00 0.00 12.37
25s APS 0 • • . • a
26 WER 0 • • , , • a ,
27 MUR 0 • • , . • • «
28 DEN 0 , a a a • ,
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T a b l e  1 0 .  D e s c r i p t i v e  s t a t i s t i c s  f o r  t h e  s o n g  v a r i a b l e  SEC,
h i g h e s t  f r e q u e n c y  o f  s e c o n d  p e a k  i n  f i r s t  s o n g  s y l l a b l e
( kHz ) .

LOC N MEAN SD MIN MAX VAR SE cv

1 DIM 4 2.15 0.30 1.70 2.30 0.09 0.15 13.95
2 RAV 4 1.97 0.17 1.80 2.20 0.03 0.09 8.65
2s INN 3 1.93 0.06 1.90 2.00 0.00 0.03 2.99
3 MTG 2 1.90 0.28 1.70 2.10 0.08 0.20 14.89
4 LYN 2 2.25 0.21 2.10 2.40 0.05 0.15 9.43
5 CHA 4 2.00 0.18 1.80 2.20 0.03 0.09 9.13
6 HUG 0 , • • • • .

7 PRA 2 2.15 0.21 2.00 2.30 0.04 0.15 9.87
8 BAR 18 2.16 0.12 2.00 2.40 0.01 0.03 5.53
9 ALP 10 1.96 0.17 1. 70 2.20 0.03 0.05 8.74
10 ANA 4 1.87 0.10 1.80 2.00 0.01 0.05 5.11
lOsl EME 0 • • . . . . .

10s2 MOU 0 , , • . . . .

11 GLE 9 2.06 0.31 1.70 2.60 0.10 0.10 15.21
12 INJ 4 2.20 0.14 2.00 2.30 0.02 0.07 6.43
12s RNJ 1 1.90 1.90 1.90 , . .

13 ROM 2 2.35 0.07 2.30 2.40 0.01 0.05 3.01
14 MIL 10 2.21 0.19 1.90 2.50 0.04 0.06 8.65
15 CHI 11 2.13 0.19 1.80 2.40 0.04 0.06 8.94
15sl RIV 7 2.13 0.14 1.90 2.30 0.02 0.05 6.48
15s2 CAL 13 2.03 0.24 1.60 2.30 0.06 0.07 11.62
15s3 CON 0 • • • . .

16 KOG 13 2.01 0.21 1.70 2.40 0.04 0.06 10.26
16s TOO 5 2.34 0.19 2.00 2.50 0.04 0.09 8.33
17 WAR 13 2.30 0.27 1.90 2.80 0.07 0.07 11.64
17s LAM 7 2.16 0.35 1.40 2.50 0.12 0.13 16.25
18 LEG 10 2.20 0.19 1.90 2.50 0.04 0.06 8.57
18s MOO 13 2.18 0.23 1.90 2.60 0.05 0.06 10.63
19 SAN 10 2.09 0.13 1.90 2.30 0.02 0.04 6.16
20 BOL 8 2.46 0.22 2.10 2.70 0.05 0.08 8.93
21 DEE 8 2.41 0.11 2.20 2.50 0.01 0.04 4.67
22 LLA 10 2.58 0.51 2.00 3.30 0.26 0.16 19.83
23 BLA 5 2.40 0.16 2.20 2.60 0.02 0.07 6.59
24 ARD 7 2.49 0.16 2.30 2.80 0.02 0.06 6.33
24s NEW 1 2.20 • 2.20 2.20 • . .

25 WAL 3 2.93 0.23 2.80 3.20 0.05 0.13 7.87
25s APS 1 2.00 • 2.00 2.00 • . .

26 WER 3 2.27 0.15 2.10 2.40 0.02 0.09 6.74
27 MUR 3 2.60 0.10 2.50 2.70 0.01 0.06 3.85
28 DEN 4 2.17 0.17 2.00 2.40 0.03 0.09 7.85



Table 11. Mean coefficients of variation for 
frequency and duration measurements of 
songs of Pardalotus strifttue-

Variable Mean C.V.
HF 7.32
LF 7.99
SEC 8.88
DUR1 23.83
DUR 15.83
INTI 35.30
INT2 18.15

HF - Highest frequency in first song syllable 
LF - Lowest frequency in first song syllable 
SEC - Second highest frequency in first syllable 
DUR1 - Duration of first syllable in seconds 
DUR - Duration of song in seconds
INTI - Duration of interval between first two syllables 
INT2 - Duration between second and third syllables
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any of these characters.

The distr ib ut ion  of song types, based on syllable 

number, among the 345 males studied is depicted in Fig. 8.

15 birds (4.3%) had 4-sylla bl e songs; 79 (22.9%) had 3- 

syllable songs; 175 (50.7%) had 2-syllable songs; and 76 

(22.0%) had 1-syllable songs. 4-syllable songs were found 

only in six localities north of 24 degrees S latitude.

Except for localities 26 and 28 (which have small sample 

sizes), 1-syllable songs pr edo mi nat ed among birds from 

localities south of the M c Ph er so n Range on the eastern 

Q ue e n sl a n d- N e w South Wales border.

Tests of a posteriori m ul ti pl e compar iso ns of means 

(with unequal sample sizes) for each song variable were 

performed (SAS PROC GLM/GT2 ) . This pr og ram  can be used to 

derive homogeneous subsets of means which are non- 

si gn i f i cant 1 v different at the p<.05 level. The results 

appear in Figs. 9-16. The results are pr esented as maps of 

geographic variation, which include lists of sample means 

ranked in order of magnitude. Vertical lines adjacent to 

the means denote homogen eo us subsets. Five different 

symbols on each map indicate the com pa r at i v e ma gni tud es  of 

the sample means. The total range of all the means is 

divided into five equal intervals, and the symbols 

correspo nd to each interval. The following qu alitative 

de scr ip tio ns ma tch each symbol: unshad ed  circle, "small"; 

qua rte r- sh ade d circle, "m od er ate ly  small"; ha l f- sh ad ed
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Number of Syllables in Song

I O s 2  \

Loc 4 3 2 i

1 III llllllllllllll2
2s ii
3 lllllllllll i
4 101 i
5 llll 1 i
6 II I
7 1 01
8 llll immiiiiiiinii
9 niiiiiiiii
10 1 linn i i

lOsi hi
10s2 iii
11 mi inn
12 nun
12s n i
13 ii inn
14 i imiiiii
IS imiiiini

ISsi i imiiiii
15s2 mmiiiiiii
15s3 i 01
16 imiiiiniiiiii
16s mi i
17 mmiiiiiii
17s minium
18 01 Hill nun
18s immiiiiii
19 miiiiiii
20 i miiiii
21 in mm
22 imiiini
23 mu
24 i mini
24s mu
25 01 iitiim
25s I mi
26 i i
27 101
28 101

Localities are listed north to south.

Each bar represents an individual 
male.

Fig. 8. Geographic distribution of the song variable SYLL, 
illustrating a decrease in the number of syllables in songs 
from north to south. Localities enclosed by the dotted line 
are those where the majority of birds had 2- or 3-syllable 
songs. Localities 1, 5-8, and 10 are the only sites where 
birds with 4-syllable songs were found. In localities 19-27 
the majority of birds had 1-syllable songs.
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c ircle, "intermediate"; t h r e e - q u ar t e rs - s ha d e d circle, 

"moderately large"; and solid circle, "large".

It should be noted that h om oge neo us  subsets are formed 

independent of geography, and samples from wi de ly - se p a ra t e d  

localities may be grouped together if their means are not 

signific ant ly  different. However, inspection of the symbols 

and of the locality number codes (which indicate relative 

geographic position, from north to south) readily reveal 

geographic patterns when they exist. For example, Fig. 9 

shows many ov er la pp i ng  subsets of means for song syllable 

number. Yet the symbols indicate a southern grouping of 

localities where most individuals have 1-svllable songs; and 

this group is south of the Mc P he r s on  Range. Geographic 

pat terns can be seen for several other song variables, as 

well:

Highest frequency in the first song syllable (HF) was 

not signific ant ly co rre la t ed  with latitude. However, 

inspection of Fig. 10 revealed a n o rt h - t o - s o u t h  trend toward 

higher mean values for this variab le  (in spite of a few 

aberrant localities, such as 2s). A similar pa ttern can be 

seen for the variab le  SEC (Fig. 12). A clinal geographic 

pa ttern was also shown for DUR1 (Fig. 13), wh ich was the 

only song variable sig ni fi c a nt ly  c o rr el at ed with latitude. 

None of the other va r ia ble s ex h ib ite d obvious geographic 

pat te r n s .
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OO

Loc

22 
2 4s
23
19 
27
20 
25s
24 
21

n Mean Subsets

25
26 
IB
4

28
15 
17
16 
2 S
1532 13 
2
IBs 
9

12S
10
163
3

1051 
12
1052 
17s

10
5
5

10
4 
9
5 
8 
9

11
3 

14
5
4 

11 
13 
16
3

16 
13

  11
lSsl 10 
14 11
15s3 
13 
8 

11 
7

4
7

22
9
4 
3 
9
5 

12
3
6
3 

12 
17
4 
6

1.00 
1.00 
1.00 
1.00 
1.00 
1.11 
1.20 

25 
33 
55 
67
79
80 
00 
00 
00 
00 
00 
00 
00 
00 
00 
10 
18 
25 
29 
36 
44 
SO 
67 
78 
80 
92 
00 
00

3.00
3.00 
3.18
3.50
3.50

Fig. 9. Geographic variation in sean number of syllables in 
the song of male Pardalotus striatus in eastern Australia. 
Means are listed in increasing order of magnitude, adjacent 
to the number code for each locality. Locality number 
indicates relative latitude, with 1 being northernmost. 
Vertical lines represent subsets of means which do not 
differ significantly from each other. The five symbols 
correspond to a ranked qualitative description of variation 
of the measured variable. See text for further explanation.
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®  O

9  9

Loc

lOsl
12a
10s2
1531
10
16S
8
3 
9
16
26
17a
7
1

13 
6
4

15 s2 
2 
15
5

1533
28
24a
11
12
14 
18 
27 
21 
IBS
24 
17
25
19
20 
22 
25s 
23
23

n Mean

3
3
3

10
9
5

22
12
11
16
3 

12
4 

17
7
4
5

13 
16 
11
6 
4
4
5 
9
6 

11
14
4 
9

13
8 

13 
11 
10
9

10
5 
5 
3

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 , 
3. 
3 , 
3 , 
3 , 
3 
3 , 
3, 
3 , 
3. 
3. 
3. 
3 . 
3 .

, 57 
63 
63 
70
73
74 
74
74
75
76
77
78
78
79
80 
80 
86 
86 
86 
86
87
88 
90
90
91
93
94 
00 
00
04
05
06 
07 
07 
13 
13 
16 
16 
16 
33

Subsets

P i g .  10 .  G e o g r a p h i c  v a r i a t i o n  i n  a e s n  song v a r i a b l e  HF
( h i g h e s t  f r e q u e n c y ,  i n  kHz, o f  t h e  f i r s t  s y l l a b l e  i n  t h e
s o n g ) .  See  F i g .  9 and t e x t  f o r  f u r t h e r  e x p l a n a t i o n .
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o  a

©,* ®  — 07
0  O

©  a

Loc n Mean

o 1031 3 0.93
10S2 3 0.97
19 10 1.00
22 10 1. 02
25s 5 1. 02
20 9 1. 02

0 7 4 1.03
23 5 1.04
24 8 1.05
16S 5 1.06

8 22 1.06
21 9 1.07
3 12 1. 07

12 6 1.07
1 17 1. 08

18 14 1. 08
15 11 1.08
13 7 1.09
10 9 1.09
6 4 1.10

17 13 1.10
27 4 1.10
173 12 1.12
25 11 1.12
11 9 1.12
18s 13 1.12
15S1 10 1.13
2 16 1.13
9 11 1.14

16 16 1.14
14 11 1.15
4 5 1 .  18

26 3 1.20w 12s 3 1.20
15s2 13 1.21
5 6 1.25

243 5 1.26
• 15s 3 4 1.30

28 4 1.33
2S 3 1.37

Subsets

F ig .  11.  G e o g r a p h i c  v a r i a t i o n  i n  mean song v a r i a b l e  LF
( l o w e s t  f r e q u e n c y ,  i n  kHz, o f  t h e  f i r s t  s y l l a b l e  i n  t h e
s o n g ) .  See F i g .  9 and t e x t  f o r  f u r t h e r  e x p l a n a t i o n .
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O  O

Loc n Mean Subsets

o 10 4 1.88
12S 1 1.90
3 1.90
23 3 1.93
9 10 1.96
2 4 1.98
5 4 2 . 0 0

25S 1 2 . 00
16 13 2 . 01
15 S2 13 2 .03
11 9 2 . 06
19 10 2 . 09

(a 15 11 2 .13
15sl 7 2 .13

1 4 2 . I S
7 2 .15

17s 7 2 .16
8 18 2 . 16

28 4 2 .18
18s 13 2 .18
18 10 2 . 2 0
12 4 2 . 2 0
24s 1 2 . 2 0
14 10 2 . 2 1
4 2 2.25

26 3 2.27
17 13 2.30

3 16S 5 2.34
13 2.35
23 5 2.40
2 1 8 2.41
20 8 2.46
24 7 2 .49

3 22 10 2.58
27 3 2 . 60

• 25 3 2.93

Fig. 12. Geographic variation in mean song variable SEC 
(highest frequency, in kHz, of the aecond-highest peak in 
the first syllable of the song). See Fig. 9 and text for 
further explanation.



Loc n Mean S u b s e t s

O  1 17 0.06
s 6 0. 07
6 4 0.07
3 12 0.07

10s2 3 0. 07
17s 12 0. 08
12s 3 0. 08
15s3 4 0.08
lOsl 3 0.09
2 16 0.10
10 9 0.11
4 5 0.11

11 9 0.11
15sl 10 0. 11
7 4 0. 12

28 4 0. 12
14 11 0 . 12
2s 3 0. 12

3  15S2 13 0.13
IS 11 0. 13
13 7 0.13
9 11 0. 13

16S 5 0.13
8 22 0. 13

16 16 0. 13
12 6 0.13
17 13 0. 14
18 14 0.14
18s 13 0.17
26 3 0. 17

3  19 10 0.21
20 9 0.23

9  25 11 0.24
21 9 0.24
27 4 0.26
24 8 0.26

•  22 10 0.30
23 5 0.33
243 5 0.34
25S 5 0.36

F i g .  13.  G e o g r a p h i c  v a r i a t i o n  i n  mean aong  v a r i a b l e  DUR1
( d u r a t i o n ,  i n  s e c o n d s ,  o f  t h e  f i r s t  s y l l a b l e  o f  t h e  s o n g ) .
See F i g .  9 and  t e x t  f o r  f u r t h e r  e x p l a n a t i o n .
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Loc n

O  19 10
20 9
27 4

0  15s2 13 
IB 14 
26 
9 

24
21 
15s3 
IS
28
14
22
17
16
lSsl 10 
25 11
7 
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Principal compone nts  analysis (PCA ) was used to examine 

the relative degree of separation of localities, based on 

all song variables and on four song va riables common to all 

samples. Loadings on the first four componen ts in the 

initial analysis are given in Table 12. Loadings on the 

first three principal componen ts  in the second analys is  are 

given in Table 13. In this analysis, the first three P C ’s 

accounted for 96% of the variance. HF and DUR1, the two 

variables which exhibited clinal patterns of variation, had 

high loadings on PCI (which accounted for 61% of the 

variance). In order to examine a possible "better" 

geographic ordering of localities by PCI rather than by 

either HI or Dl'Rl alone, localities were sorted and listed 

by sta nd ardired PCI scores (Table 14). Co mp a ri s o ns  with the 

listings of localities in Figs. 10 and 13 shows that PCI 

score resulted in a somewhat better ordering of localities 

by geography than did HF alone, but did not improve the 

ordering by DUR1 alone.

Nevertheless, the listing by PCI appeared to show a 

geographic grouping of southern localities (again ignoring 

locality 2s), which extends from the Q ue e n s l a n d - N e w  South 

Wales border southward. Therefore, localities were plotted 

by PCI score and map distance (distance from the 

north ern mo st  locality) to examine possib le geograp hic  

patter ns based on the first principal comp one nt  (Fig. 17).

PCI scores did not group the localit ie s 17s (Lamington), 26



Table 12. Load i n g s  of song var i a b l e s  on the 
first four principal components. (Data from 
40 lo c a l i t i e s  w h ere s p e cimens were recorded 
were used for this analysis.)

V A R I A B L E PCI PC 2 PC 3 PC4

SYLL 0.066 -.035 -.039 0.002
HF - .009 0.015 -.003 -.007
LF 0.002 -.003 0.001 0.003
SEC - . 018 0.032 -.008 0. 007
DUR 0.819 0.437 - .287 0.229
INTI 0.294 0.143 0.932 - . 155
INT2 0.026 -.389 0.201 0.898
DUR1 -.486 0 . 796 0.087 0. 341

X VARIA N C E
EXPLAINED: 6 7 . 9X 21.3% 5.4X 5.3X



T a ble 13. Loadings of selected song v a r i a b l e s  
on the first three principal components. (PCA 
was per f o r m e d  on data from 40 l o c a lities where 
birds were r e c o r d e d . )

V A R I A B L E PCI PC 2 PC 3

SYLL -0.595 -0.042 0.442
HF 0. 537 0.231 0.810
LF -0.060 0. 960 -0.225
DUR 1 0. 595 -0.153 -0.311

X VARI A N C E
EXPLAINED: 61 . 3% 26. 3% 9. OX



T a ble 14. L o c a l i t i e s  listed in order of first 
p r incipal com p o n e n t  score. 40 localities where 
songs were recorded were used for this analysis 
PCA was p e r f o r m e d  on song v a r i a b l e s  co m m o n  to a 
localities. S t a n d a r d i z e d  PC scores are listed. 
M e ans for v a r i a b l e s  w h ich had high loadings on 
PCI (highest f r equency in first syllable and 
d u r a t i o n  of first syllable) are given for each 
l o c a l i t y .

LOCA L I T Y PCI DUR1 HF

lOsl EME -1 . 3381 0 .09 2.57
6 HUG -1.3014 0.07 2.80

1 0s2 MOU -1.2988 0.07 2.63
5 CHA -1.2545 0.07 2.87

12s RNJ -1 . 2036 0.08 2.87
1 DIM -1.1821 0.06 2.79
3 MTG -1.0903 0.07 2.74

17s LAM -1.0727 0.08 2 . 78
10 ANA -0.8835 0.11 2.73
16s TOO -0.7551 0.13 2.74
7 PRA -0.5859 0.12 2.76

1 5sl RIV -0.5721 0.11 2.70
1 5s3 CON -0.5348 0.08 2.88
8 BAR -0.5247 0.13 2.74

12 INJ -0.4579 0.14 2.93
13 ROM -0.3922 0.13 2.80
11 GLE -0.3518 0.11 2.91
9 ALP -0.3439 0.13 2.75

16 KOG -0.3363 0.13 2 . 76
2 RAV -0.2485 0.10 2.86

28 DEN -0.2003 0.12 2.90
1 5s2 CAL -0.1759 0.13 2.86
4 LYN -0.1487 0.11 2.86

15 CHI -0.1197 0.13 2.86
14 MIL -0.1180 0.12 2.94
26 WER 0.0053 0.17 2.77
17 W A R 0.3204 0.14 3.07
18 LEG 0.3466 0.14 3.00
18s M O O 0.4220 0.17 3.05
2s INN 0.6757 0.12 3.33

25 W AL 1.0458 0.24 3.07
21 DEE 1 .1248 0.23 3.05
27 MUR 1.2816 0.26 3.00
24 A RD 1.3120 0.26 3.06
19 SAN 1.3356 0.21 3.13
20 BOL 1.3990 0.23 3.14
24s N EW 1.4083 0. 34 2.90
22 LLA 1.8435 0. 30 3.16
23 BLA 1.9626 0.33 3.16
25s APS 2.0076 0. 36 3.16
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(Werris Creek) or 28 (Denman) with this southern cluster. 

(Again, the sample sizes for Werris Creek and Denman were 

s m a l l . ) Songs of birds from these three localities had 

relatively shorter first syllables and lower HF values than 

songs of other birds in the southern group. However, the 

remaining southern localities, from 17 (Warwick) to 27 

(Murrurundi ) , were segregated by PCI score from all other 

localities. Many of the 116 birds recorded in these 13 

localities had the type of song that was described in the 

Introduction as sounding like a "sliding ’w h e e o ’" (see text 

and Fig. 7, male 0201 ). This would account for the 

relatively long durati on  of the first syllable in their 

s o n g s .

Results of the same PCA showed that PCI and PC2 

together ac counted for over 87% of the variance (Table 13). 

The song variable LF, lowest frequency in the first 

syllable, had a high loading on P C 2 . Plotting of the first 

two componen ts  (Fig. 18) did not reveal any additional 

regional trends or clusters of localities.

A dista nce  ph e no g r am  of localities, based on a cluster 

analysis (SAS PROC CLU S T ER  / U P G M A ) of all song variables, 

is shown in Fig. 19. The results of this method of 

clu ste ri ng  the song data were in general agreement with 

results of the PCA. Two major clusters appear in the 

phenogram, one clu st er compr is ed mostly of localities north 

of the Mc P her son  Range and one clu ster of localities south
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Fig. 19. Distance phenograa of 40 
localities, derived froe a cluster 
analysis of song variables. Cophcnctlc 
correlation coefficient Is 0.706.
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of them. In this analysis, localities 26 and 28 were again 

grouped in the north er n cluster. In addition, localities 17 

(Warwick), 18 (Legume), and 18s (Moorabinda Station) were 

grouped with more northern localities. A major southern 

cl uster was com prised of localities from 19 (Sandy Flat) to 

27 (Murrurundi ). The moder at e cop hen eti c c or rel ati on  

coeffi cie nt  of 0.706 indicated that some di s to r t io n  had 

occurred between the matrix con str u ct e d  from the me asurement  

varia ble s and the c or r es pon din g ph enogram distances.

Principal com po nen ts and clus ter in g analyses were also 

pe rformed separately on song data obtained for co llected  

birds. In this way, c omp ari so ns could be made between song 

data and morphological data for this subset of birds.

Results of PCA for this group of data are given in Table 15. 

The first three com po ne nts  acco unt ed for 9 7 . IX of the 

variance; but in this analysis, PCI acco un ted  for 8.4% more 

of the variance (69.7%, compared to 61.3% for the previous 

PCA). In this analysis, the va r iab les  HF and DUR1 had 

co mpa ra bl y high loadings on PCI, as LF also had on PC2. 

However, in this PCA, HF and DUR1 had somewhat higher 

loadings on PC2 than in the previous analysis. Localities  

were again or dered by PCI score (Table 16) and plotted by 

map di st an ce and PCI score (Fig. 20). The dista nc e  

ph en o gr a m  is shown in Fig. 21. Es s en ti a ll y  the same 

no rth er n and southern clusters, divided by the M cP he rs on  

Range, were d e m on s t ra t e d for these 28 localities where birds



Table 15. Loadings of selected song variables 
on the first three principal components. (PCA 
was performed on data from 28 localities where 
specimens were collected. )

VARIABLE PCI PC2 PC 3

SYLL -0.535 -0.300 0.562
HF 0.530 0.147 0.804
LF -0.326 0. 935 0.116
DUR1 0. 571 0.115 -0.177
X VARIANCE 
EXPLAINED: 69.7% 20. OX 7.4X



Table 16. Lo c a l i t i e s  listed in o r d e r  of increa s i n g 
PCI score. PCA was p e r f o r m e d  on the c o r r e l a t i o n  
aa t r i x  d e r i v e d  fron m e a s u r e n e n t s  of 4 song v a r i a b l e s  
w h ich w e r e  common to all songs. 28 l o c a l i t i e s  w h ere 
spe c i m e n s  were col l e c t e d  were included in the analysis. 
S t a n d a r d i z e d  PCI scores are listed. M e ans for v a r i a b l e s  
w h i c h  had high loadings on PCI ( d u ration of first 
syllable and h i ghest f r e quency of first syllable) 
are g i v e n  for each locality.

LOC PCI DUR1 HF

5 CHA -1.5497 0.07 2.87
6 HU G -1.2662 0.07 2.80
1 DIM -1 .1257 0.06 2.79
3 M T G -1.0474 0.07 2.74

10 ANA -0.9086 0.11 2.73
28 DEN -0.8056 0.12 2.90
16 KOG -0.5577 0.13 2. 76
9 A L P -0.5486 0.13 2.75
8 BAR -0.5302 0.13 2. 74
7 PRA -0.4804 0.12 2.78
4 LYN -0.4473 0.11 2.86

11 GLE -0.4436 0.11 2.91
13 ROM -0.4419 0.13 2.80
2 RAV -0.4147 0.10 2.86

26 WE R -0.3768 0.17 2.77
12 INJ -0.3644 0.14 2. 93
14 MI L -0.3041 0.12 2.94
15 CHI -0.1724 0.13 2.86
17 W A R 0.2741 0.14 3.07
18 LEG 0.3126 0.14 3.00
25 WAL 0.9106 0.24 3.07
21 DEE 1.0724 0.23 3.05
27 MUR 1.1184 0.26 3.00
24 AR D 1 .3029 0.26 3.06
19 SAN 1 .4365 0.21 3.13
20 BOL 1 .4836 0.23 3.14
22 LLA 1.9012 0.30 3.16
23 BLA 1.9729 0.33 3.16
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Fig. 21. Distance phenogram of 28 localities where specimens 
were collected, derived froa a cluster analysis of song 
variables. Cophenetlc correlation coefficient is 0.754.
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were collected, as for the 40 localities above.

I used NT S Y S / M X C O M P  to test wh eth er song "distance"

(the average distan ce between clusters on the ph e nog ram  in 

Fig. 19) was related to geographic distance between 

localities. With this program, the matrix of song data used 

to derive the ph e nog ram  was compared with a matrix of 

geograph ic d i st an ce s (km) for all pairs of songs. Results 

are shown in the s cat ter gr am in Fig. 22. If the observed 

points were sta ti s ti c a ll y independent, there would be a 

significant linear re la ti ons hip  between song d ist anc e and 

map distance (pr od uct -mo me nt co rr el at i on  coeffi ci en t  

r=0.485, p<.01). However, because the s cat ter gr am  

represents pairw is e co mp ar is o ns  of the ma tr ic es and thus 

each locality is represented more than once, the observed 

points are not strictly independent. Nevertheless, the 

pattern of points suggests that di st an ce between clusters on 

the ph en o gr a m  is related to geographic distance.

Results of the di sc ri mi n an t  function analysis (SAS PROC 

DISCRIM), which tested the re lat i o ns hi p  between the 

cl as s i f i c a t i o n  of a col le cte d individual by the pa ra met er s  

of his song and his subspecies c l a s s i f ic a t io n based on 

plumage pattern, were as follows. First, spec im ens  were 

c at e g or i z ed  by sub spe cie s a c co rdi ng  to the d es cr i pt i o ns  of 

plumage p at te rn s di sc u s se d  in the In tr odu cti on  and listed in 

(Table 1). Th ree specimens w h i ch  were not easily  

c at e g or i z ed  as a pa r ti cu l ar  sub spe cie s (because of an
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intermediate number of primaries edged in white) were 

excluded from this analysis. The pro gram was then used to 

classify individuals based on m e as u r em e n ts  of song 

variables, using a quadratic function. I then tested the 

perfo rma nc e of this criterion against the original 

c la s si f i ca ti o n by subspecies. By this method, 35.6% of all 

individuals could not be classified to subspec ie s correctly 

46.0% of individuals ori ginally des ig nat ed substr ia tus  were 

m i sc 1 assified by the song function; 35.5% of m e l a n o c e phalus 

were misc 1 a s s i f i e d ; and 19.6% of opnatus were misc la ss ifi ed
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RLSILTS FOR MORPHOLO GY

Data for the 182 museum skins I measured are given in 

Appendix VI. Samples of 3 or more birds per locality were 

found for only 8 localities. D es cri pti ve  statistics were 

computed for these samples, and are also presented in the 

same appendix. I did not include these samples in any 

further analyses because none was within the geographic 

range of this study. (In addition, specimens within 

localities were temporally separated.)

The results of univari ate  and multi va ri ate  analyses of 

va riation in morphological variables for the specimens 1 

coll ect ed  are prese nt ed  in this section. First, simple 

d esc ri pt ive  sta tistics are presented, by locality, for each 

variable (weight, body length, wingspan, and wing, tail, 

tarsus, and culmen lengths). Then the results of analyses 

of variance for each variable are presented, in the same 

manner used for song variables. The GT2 method (Hochberg 

1974) for multiple a posteriori compar iso ns of pairs of 

means was used. Vari anc es  were con sid e re d  to be 

heterogeneous. This method identifies homogeneous subsets 

of means, which are not s ig ni fi can tly  di fferent at p<.05. 

These ANOVA results are presented on maps with accomp an yi ng  

lists of means ranked in order of magnitude. Vertical lines 

next to the mean s denote h om oge neo us  subsets. Five 

d i f f e r e n t 1y-shaded circles are used to portray the



qu ali ta ti ve degrees of ma gnitude of the means. The circles 

stand for the following relative size categories: unshaded 

circle, "small"; quarter-shaded, "moderately small"; h a l f ­

shaded, "mediurn-sized"; t h r e e - q u a r t e r s - s h a d e d , "moderately 

large"; and solid circle, "large". The total range of means 

for each variable was divided into five equal intervals and 

the appro pri at e symbol assigned to each interval. )

Descrip tiv e statistics are presented in Tables 17-23. 

Maps containi ng  the AN CHA results are pre sented in Figs. 23- 

29 .

The following general obse rv ati on s can be made from the 

tables and maps. Weight in these birds ranged from 7.5 to 

13.3 g; wing length, from 57.7 to 69.1 mm; tail length, from 

29.8 to 45.8 mm; tarsus length, from 16.0 to 21.6 mm; and 

culmen length from 6.0 to 8.9mm. Means for the variables 

weight, body length, wingspan, and wing length appeared to 

increase in a clinal manner from north to south. These 

var iables were s i gn ifi ca ntl y correlated with latitude 

(r>0.80 in all cases). The maps showing h om oge neo us  subsets 

of means illustrate the clinal patterns in these 4 variables  

(Figs. 23-26). Subsets of mean wing lengths (Fig. 26) 

showed the greatest degree of geographic segregation. No 

geo gra ph ic  patter ns were obvious for mean tail, tarsus, and 

culmen lengths.



Table 17 D e s c r i p t i v e stat isties for weight («)•

LOC N MEAN SD MIN MAX VAR SE cv

1 DIM 9 9.24 0.99 7.5 10.7 0.98 0.33 10.70
2 RAV 10 9.59 0.39 9.0 10.2 0.15 0.12 4.10
3 MTG 10 9.82 0.62 9.0 10.7 0.38 0.19 6.27
4 LYN 5 9.44 0.13 9.2 9.5 0.02 0.06 1.42
5 CHA 5 9.48 0.45 8.9 10.1 0.20 0.20 4.74
6 HUG 4 9.22 0.33 9.0 9.7 0.11 0.17 3.58
7 PRA 4 9.27 0.32 9.0 9.6 0.10 0.16 3.45
8 BAR 10 9.89 0.43 9.4 10.7 0.18 0.13 4.30
9 ALP 10 9.84 0.55 8.8 10.4 0.30 0.17 5.61
10 ANA 10 9.94 0.42 9.2 10.6 0.18 0.13 4.25
11 GLE 10 10.34 0.81 9.0 11.7 0.66 0.26 7.85
12 INJ 9 10.98 0.51 10.2 11.8 0.26 0.17 4.62
13 ROM 6 10.87 0.62 9.9 11.5 0.38 0.25 5.66
14 MIL 10 11.04 0.50 10.3 12.1 0.25 0.16 4.54
15 CHI 5 10.82 0.56 10.1 11.5 0.32 0.25 5.20
16 KOG 10 11.32 0.72 9.7 12.2 0.52 0.23 6.38
17 WAR 9 11.20 0.54 10.4 12.0 0.29 0.18 4.79
18 LEG 7 11.97 0.39 11.5 12.5 0.15 0.15 3.26
19 SAN 10 12.18 0.38 11.6 13.0 0.15 0.12 3.14
20 BOL 8 11.92 0.48 11.3 12.5 0.23 0.17 4.05
21 DEE 10 12.04 0.56 11.2 12.7 0.31 0.18 4.62
22 LLA 10 12.11 0.59 11.2 13.0 0.35 0.19 4.87
23 BLA 5 12.06 0.66 11.2 13.0 0.44 0.30 5.49
24 ARD 8 12.16 0.54 11.4 12.9 0.30 0.19 4.48
25 WAL 8 11.81 0.40 11.4 12.5 0.16 0.14 3.37
26 WER 5 12.12 0.92 11.2 13.3 0.85 0.41 7.59
27 MUR 3 11.80 0.44 11.5 12.3 0.19 0.25 3.69
28 DEN 1 11.40 . 11.4 11.4 • . .



72

Table 18. De sc ri pt i ve  statisti cs  for body length (mm).

LOC N MEAN SD MIN MAX VAR SE CV

1 DIM 9 94.5 2.60 90 98 6.78 0.87 2.75
2 RAV 10 99.0 5.27 94 112 27.78 1.67 5.32
3 MTG 10 97.6 2.59 94 102 6.71 0.82 2.65
4 LYN 5 96.2 3.77 92 102 14.20 1.69 3.92
5 CHA 5 97.4 2.41 94 100 5.80 1.08 2.47
6 HUG 4 98.0 4.69 95 105 22.00 2.35 4.79
7 PRA 4 102.0 4.55 97 108 20.67 2.27 4.46
8 BAR 10 99.7 3.40 95 105 11.57 1.08 3.41
9 ALP 10 99.5 2.84 95 103 8.06 0.90 2.85
10 ANA 10 100.2 2.86 95 105 8.18 0.90 2.85
11 GLE 10 99.7 3.13 95 104 9.79 0.99 3.14
12 INJ 9 102.4 2.30 99 105 5.28 0.77 2.24
13 ROM 6 99.8 2.48 97 103 6.17 1.01 2.49
14 MIL 10 102. 1 2.28 100 106 5.21 0.72 2.24
15 CHI 5 99.6 2.88 97 104 8.30 1.29 2.89
16 KOG 9 102.7 2.96 96 106 8.75 0.99 2.88
17 WAR 9 102.1 3.55 96 107 12.61 1.18 3.48
18 LEG 7 106.0 2.83 102 110 8.00 1.07 2.67
19 SAN 10 106.9 4.09 102 114 16.77 1.29 3.83
20 BOL 8 105.4 3.20 100 110 10.27 1.13 3.04
21 DEE 10 106.3 2.75 104 112 7.57 0.87 2.59
22 LLA 9 107.1 2.93 104 113 8.61 0.98 2.74
23 BLA 5 108.0 2.35 105 110 5.50 1.05 2.17
24 ARD 7 106.6 2.07 103 109 4.29 0.78 1.94
25 WAL 8 104.9 3.83 101 112 14.70 1.36 3.66
26 WER 5 107.6 8.11 97 117 65.80 3.63 7.54
27 MUR 3 104.7 3.06 102 108 9.33 1.76 2.92
28 DEN 1 109.0 • 109 109 . . .
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T a b l e  1 9 .  D e s c r i p t i v e  s t a t i s t i c s  f o r  w i n g s p a n  (mm).

LOC N MEAN SD MIN MAX VAR SE CV

1 DIM 9 172.1 9.53 158 183 90.86 3.18 5.54
2 RAV 10 171.5 6.85 161 183 46.94 2.17 4.00
3 MTG 10 174.3 8.77 161 190 76.90 2.77 5.03
4 LYN 5 168.2 2.17 165 170 4.70 0.97 1.29
5 CHA 5 180.8 2.28 177 183 5.20 1.02 1.26
6 HUG 4 169.5 5.32 163 176 28.33 2.66 3.14
7 PRA 4 168.5 4.73 162 172 22.33 2.36 2.80
8 BAR 10 174.8 7.89 155 185 62.18 2.49 4.51
9 ALP 10 178.8 5.20 172 188 27.07 1.65 2.91
10 ANA 10 179.7 5.52 170 186 30.46 1.75 3.07
11 GLE 10 183.5 6.13 174 195 37.61 1.94 3.34
12 INJ 9 184.8 4.74 179 192 22.44 1.58 2.56
13 ROM 6 181.5 2.17 179 185 4.70 0.89 1.19
14 MIL 10 185.3 5.29 178 195 28.01 1.67 2.86
15 CHI 5 182.6 5.46 177 190 29.80 2.44 2.99
16 KOG 10 185.3 5.06 176 191 25.57 1.60 2.73
17 WAR 9 183.9 3.48 178 189 12.11 1.16 1.89
18 LEG 7 185.7 4.92 180 192 24.24 1.86 2.65
19 SAN 10 187.3 5.85 179 199 34.23 1.85 3.12
20 BOL 8 191.4 3.34 189 197 11.13 1.18 1.74
21 DEE 9 189.7 5.29 177 196 28.00 1.76 2.79
22 LLA 10 191.1 4.84 182 198 23.43 1.53 2.53
23 BLA 5 194.0 3.39 191 199 11.50 1.52 1.75
24 ARD 8 190.9 5.89 183 199 34.70 2.08 3.09
25 WAL 8 188.0 5.32 184 198 28.29 1.88 2.83
26 WER 5 192.4 6.47 185 202 41.80 2.89 3.36
27 MUR 3 194.0 2.00 192 196 4.00 1.15 1.03
28 DEN 1 188.0 • 188 188 • . .
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Tabl e 20 . Desc r i p t i v e s tatistics for wing 1ength (mm ) .

LOC N MEAN SD MIN MAX VAR SE CV

1 DIM 9 60.0 1.53 58.5 63.2 2.34 0.51 2.55
2 RAV 10 60.1 1.33 57.7 62.1 1.77 0.42 2.21
3 MTG 10 60.5 0.89 58.9 62.0 0.80 0.28 1.47
4 LYN 5 59.9 1.47 58.2 62.2 2.17 0.66 2.46
5 CHA 5 61.8 1.38 60.6 64.2 1.90 0.62 2.23
6 HUG 4 60.2 0.67 59.6 61.1 0.44 0.33 1.11
7 PRA 4 60.5 1.27 59.6 62.3 1.62 0.64 2.10
8 BAR 10 61.8 2.02 56.9 63.7 4.08 0.64 3.27
9 ALP 10 61.5 1.85 58.0 64.0 3.43 0.59 3.01
10 ANA 10 62.0 1.29 59.6 63.7 1.66 0.41 2.08
11 GLE 10 62.4 3.42 58.7 67.1 11.70 1.08 5.48
12 INJ 9 62.9 2.79 59.0 66.4 7.77 0.93 4.43
13 ROM 6 62.6 2.37 60.0 66.1 5.61 0.97 3.79
14 MIL 10 62.4 2.29 57.9 64.8 5.23 0.72 3.67
15 CHI 5 60.5 1.31 59.2 62.3 1.71 0.58 2.16
16 KOG 10 62.8 2.13 60.1 65.8 4.54 0.67 3.39
17 WAR 9 62.8 1.60 61.2 66.0 2.56 0.53 2.54
18 LEG 7 63.3 1.94 61.4 67.1 3.76 0.73 3.05
19 SAN 10 64.7 2.69 61.2 68.9 7.24 0.85 4.14
20 BOL 8 65.0 1.77 62.5 68.2 3.14 0.63 2.71
21 DEE 10 65. 7 1.99 61.6 68.5 3.97 0.63 3.03
22 LLA 10 65.5 1.55 62.9 68.5 2.39 0.49 2.35
23 BLA 5 64.8 1.13 63.6 66.3 1.29 0.51 1.74
24 ARD 8 65.6 2.02 63.5 69.3 4.07 0.71 3.06
25 WAL 8 65.6 1.58 63.7 67.5 2.49 0.56 2.40
26 WER 5 67.6 1.74 64.8 69.1 3.02 0.78 2.57
27 MUR 3 67.8 0.80 67.0 68.6 0.64 0.46 1.18
28 DEN 1 66.8 . 66.8 66.8 . . .



Table 21. De scriptive statisti cs  for tail length (mm).

LOC N MEAN SD MIN MAX VAR SE cv

1 DIM 9 34.2 2.22 30.4 36.3 4.92 0.74 6.49
2 RAV 10 35.9 2.21 31.4 39.8 4.88 0.70 6.15
3 MTG 10 34.5 2.48 31.6 38.5 6.16 0.78 7.18
4 LYN 4 38.1 2.52 35.6 41.3 6.36 1.26 6.62
5 CHA 5 32.2 1.76 29.8 34.5 3.10 0.79 5.46
6 HUG 4 37.6 2.42 35.5 40.8 5.86 1.21 6.43
7 PRA 4 37.7 0.50 37.2 38.3 0.25 0.25 1.32
8 BAR 10 35.5 3.91 31.2 40.6 15.27 1.24 11.01
9 ALP 10 35.5 4.50 30.6 41.1 20.26 1.42 12.69
10 ANA 10 36.4 4.44 31.5 42.1 19.75 1.41 12.20
11 GLE 10 36.8 4.80 31.4 42.7 23.03 1.52 13.03
12 INJ 9 36.9 4.93 28.8 42.5 24.26 1.64 13.35
13 ROM 6 37.5 5.65 31.8 44.4 31.98 2.31 15.07
14 MIL 10 37.9 5.75 31.5 44.6 33.02 1.82 15.17
15 CHI 5 42. 3 2.09 40.0 44.3 4.38 0.94 4.95
16 KOG 9 38.7 5.35 32.3 45.8 28.60 1.78 13.80
17 WAR 9 36.1 3.31 31.4 40.1 10.98 1.10 9.12
18 LEG 7 37.9 4.42 31.4 42.6 19.57 1.67 11.55
19 SAN 10 38.1 3.08 34.0 42.3 9.51 0.98 7.93
20 BOL 8 39.6 3.10 34.5 43.0 9.59 1.09 7.78
21 DEE 10 39.0 4.14 33.9 45.0 17.15 1.31 10.57
22 LLA 9 39.0 3.80 34.4 43.5 14.43 1.27 9.67
23 BLA 5 42.2 0.72 41.4 43.2 0.52 0.32 1.70
24 ARD 7 39.5 3.23 35.5 43.2 10.43 1.22 8.12
25 WAL 8 39.4 3.01 36.0 44.0 9.08 1.07 7.63
26 WER 5 37.2 1.07 36.2 38.4 1.15 0.48 2.88
27 MUR 2 36.5 2.97 34.4 38.6 8.82 2.10 8.14
28 DEN 1 36.6 * 36.6 36.6 • . .
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Tabl e 22 . Desc r i pt i ve stat istics for tarsus length (mm

LOC N MEAN SD MIN MAX VAR SE cv

1 DIM 9 18.6 1.07 16.8 20.0 1.15 0.36 5.77
2 RAV 10 18.4 0.69 16.7 19.2 0.48 0.22 3.77
3 MTG 10 18.7 0.94 17.2 20.1 0.89 0.30 5.04
4 LYN 5 17.2 0.53 16.3 17.7 0.28 0.24 3.07
5 CHA 5 19.9 0.50 19.4 20.6 0.25 0.22 2.49
6 HUG 4 18.4 1.69 16.7 19.9 2.85 0.84 9.17
7 PRA 4 17.9 1.06 16.6 18.9 1.11 0.53 5.89
8 BAR 10 18.6 1.17 16.2 20.2 1.37 0.37 6.28
9 ALP 10 18.5 1.50 16.0 20.2 2.25 0.47 8.10
10 ANA 10 18.7 1.23 16.7 20.6 1.52 0.39 6.61
11 GLE 10 18.4 1.38 16.4 19.9 1.89 0.43 7.48
12 INJ 9 19.1 1.23 17.5 20.7 1.52 0.41 6.47
13 ROM 6 18.6 0. 75 17.4 19.4 0.56 0.31 4.02
14 MIL 10 18.8 1.52 17.0 21.4 2.32 0.48 8.11
15 CHI 5 17.7 0. 72 17.0 18.7 0.52 0.32 4.10
16 KOG 10 19.1 1.36 17.6 21.2 1.85 0.43 7.12
17 WAR 9 18.9 0.92 17.4 19.8 0.84 0.31 4.87
18 LEG 7 18.8 0.66 17.9 19.7 0.44 0.25 3.54
19 SAN 10 19.8 0. 73 18.7 21.0 0.53 0.23 3. 70
20 BOL 8 20.0 0.95 18.9 21.6 0.91 0.34 4.76
21 DEE 10 19.5 0.86 17.7 20.1 0. 75 0.27 4.43
22 LLA 10 19.5 0.76 18.5 21.1 0.58 0.24 3.93
23 BLA 5 19.1 0.92 18.0 20.0 0.85 0.41 4.84
24 ARD 8 19.5 0.91 18.2 21.0 0.84 0.32 4.70
25 WAL 8 19.8 1.18 18.2 21.6 1.40 0.42 5.99
26 WER 5 19.7 1.20 18.2 21.4 1.44 0.54 6.07
27 MUR 3 20.2 0.15 20.0 20.3 0.02 0.09 0.76
28 DEN 1 19.9 # 19.9 19.9 , , ,
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N

9
10
10
5
5
4
4

10
10
10
10
9
6

10
5

10
9
7

10
8

10
10
5
8
8
5
3
1

. De sc ri pti ve sta ti sti cs for culmen length (mm).

MEAN SD MIN MAX VAR SE cv

7.33 0.70 6.0 8.2 0.49 0.23 9.52
7.50 0.31 7.1 7.9 0.09 0.10 4.07
7.39 0.35 6.7 7.8 0.13 0.11 4.79
7.30 0.46 6.6 7.9 0.21 0.21 6.35
7.50 0.35 7.1 7.9 0.13 0.16 4.71
7.38 0.75 6.3 7.9 0.57 0.38 10.23
7.28 0.26 6.9 7.5 0.07 0.13 3.62
7.60 0.47 6.7 8.2 0.22 0.15 6.14
7.33 0.56 6.5 8.1 0.31 0.18 7.64
7.63 0.24 7.4 8.1 0.06 0.08 3.15
7.51 0.73 6.7 8.6 0.54 0.23 9.75
7.92 0.44 7.2 8.7 0.20 0. 15 5.60
7.28 0.37 6.9 7.8 0.14 0.15 5.09
7.28 0.66 6.0 8.4 0.44 0.21 9.11
8.10 0.33 7.8 8.5 0.11 0.15 4.09
7.52 0.84 6.1 8.7 0.71 0.27 11.18
7.28 0.28 7.0 7.8 0.08 0.09 3.81
7.36 0.32 6.7 7.7 0.10 0.12 4.29
7.55 0.27 7.2 8.1 0.07 0.09 3.60
7.73 0.42 7.1 8.3 0.18 0.15 5.48
7.48 0.58 7.0 8.9 0.34 0.18 7.79
7.57 0.44 7.0 8.3 0.20 0.14 5.84
7.74 0.27 7.3 8.0 0.07 0.12 3.49
7.69 0.41 7.1 8.4 0.17 0.14 5.32
7.90 0.41 7.3 8.4 0.17 0.15 5.24
7.28 0.45 6.8 7.9 0.21 0.20 6.25
7.60 0.10 7.5 7.7 0.01 0.06 1.32
7.10 7.1 7.1 , « •
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Loc n Mean

O  1 9 2.096
6 4 2.097
7 4 2 .101
4 5 2 .113
5 5 2 .116
2 10 2 . 124

o  3 10 2.140
9 10 2 .142
B 10 2.146

10 10 2.150
11 10 2 .177

O  15 s 2.211
13 6 2.214

9  12 9 2.222
14 10 2.226
17 9 2.237
16 10 2.244

•  27 3 2.276
25 8 2.277
20 8 2.284
18 7 2.287
21 10 2.291
23 5 2.292
22 10 2.296
26 5 2.296
24 8 2.299
19 10 2.300

Subsets

Fig. 23. Geographic variation in aean cube root of weight of 
male Pardalotus striatus in eastern Australia. Means are 
listed in increasing order of magnitude, adjacent to the 
number code for each locality. Locality numbers indicate 
relative latitude, with 1 being northernmost. Vertical lines 
represent subsets of means which do not differ significantly 
from each other. The five symbols correspond to a ranked 
qualitative description of variation of the measured 
variable. See text for further explanation.
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Loc

15
11
13

14
17
12

Q  16
27
25
20
18
21
24
19
22
26
23

9
5
5

10
4 

10 
10
5 

10 
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6 

10
4 

10
9
9
9
3
8
8
7

10
7

10
9
5 
5

Htan
94
96
97
97
98
99 
99 
99 
99 
99 
99 . 8

100.2 
102 
102 
102 
102 
102 
104
104
105
106 
106 
106 
106 
107
107
108

Subsets

I

F i g .  24.  G e o g r a p h i c  v a r i a t i o n  i n  a e a n  body l e n g t h  o f  a a l e
P a r d a l o t u s  s t r i a t u s  i n  e a s t e r n  A u s t r a l i a .  See  F i g .  23 and
t e x t  f o r  f u r t h e r  e x p l a n a t i o n .
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Loc

} 4
7
6
2

___1_
> 3___8_
► 10 

5 
L3
5 
_1_
7 
2
4
6
8 
9
5 
1 
4 
2 
0
6
17 
23

5
4
4

10
9

10
10
10
10
5
6 
5

10
9
9

10
10
7 

10
8 
9 
8

10
8
5
3
5

.2 

. 5 

. 5 

. 5 
, 1 
. 3

Mean

168 
168 
169
171
172 
174 
174.8 
178 . 8 
179.7 
180 . 8 
181. 5 
182 . 6 
183 . 5
183 . 9
184 . 8 
185.3
185 
185
187
188
189
190
191
191
192 
194 
194

Subsets

F i g .  25 .  G e o g r a p h i c  v a r i a t i o n  i n  Bean v i n g s p a n  s a l e
P a r d a l o t u s  B t r i a t u s  i n  e a s t e r n  A u s t r a l i a .  See F i g .  23 and
t e x t  f o r  f u r t h e r  e x p l a n a t i o n .
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Mean

61.8
61.8
62 . 0

62.8
62 . 8
62 .9

64 . 8
65.0

67.8

S u b s e t s

F i g .  26 .  G e o g r a p h i c  v a r i a t i o n  i n  a e a n  wing l e n g t h  o f  B a le
P a r d a l o t u s  s t r i a t u s  i n  e a s t e r n  A u s t r a l i a .  See F i g .  23 and
t e x t  f o r  f u r t h e r  e x p l a n a t i o n .
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s Mean

5 32.2
9 34.2

10 34 . 5
10 35.5
10 35.5
10 35.9
9 36.1

10 36.4
2 36.5

10 36.8
9 36.9
5 37.2
6 37 . 5
4 37 . 6
4 37.7

10 37 . 9
7 37 . 9
4 38.1

10 38. 1
9 38.7

10 39.0
9 39 . 0
8 39 . 4
7 39.5
8 39 . 6
5 42 .2
5 42 .3

Subsets

F i g .  27 .  G e o g r a p h i c  v a r i a t i o n  i n  mean t a i l  l e n g t h  o f  male
P a r d a l o t u s  s t r i a t u s  i n  e a s t e r n  A u s t r a l i a .  See F i g .  23 and
t e x t  f o r  f u r t h e r  e x p l a n a t i o n .



n Mean Subsets

5 17.2
5 17.7
4 17 . 9

10 18.4
10 18.4
4 18 . 4

10 18. S
9 18 . 6
6 18 . 6 

10 18.6
10 18.7 •
10 18.7
10 18.8
7 18.8
9 18 . 9
9 19 . 1
5 19.1

10 19.1
8 19 . 5

10 19.5
10 19.5
5 19 . 7

10 19.8
8 19.8
5 19 . 9
8 20.0 
3 20.2

Loc

O  «15

6
9
1

13
8

10
3

14
 18
3  1712

23
 1£
3  2422

21
26
19
25
5

20
•  27

F i g .  28.  G e o g r a p h i c  v a r i a t i o n  i n  mean o f  t a r s u s  l e n g t h  o f
male  P a r d a l o t u s  s t r i a t u s  i n  e a s t e r n  A u s t r a l i a .  See F i g .  23
and t e x t  f o r  f u r t h e r  e x p l a n a t i o n .



o ®

n Mean Subsets
4 7.28
9 7.28
S 7.28

10 7.28
6 7.28
S 7.30

10 7.33
9 7.33
7 7.36
4 7.38

10 7.39
10 7.48
10 7.50
s 7.50

10 7.51
10 7.52
10 7.55
10 7.57
10 7.60
3 7.60

10 7.63
8 7.69
8 7.73
5 7.74
8 7.90
9 7.92
S 8.10

Loc

O  7
17
26
14
13
4
9
1

18
6

____ 3_
O  212

5
11
16
19
22
8

27
3 24

20
23

3  2S
12

•  I5

F i g .  29 .  G e o g r a p h i c  v a r i a t i o n  i n  nean  cu lmen l e n g t h  o f  n a l e
P a r d a l o t u s  a t r i a t u a  i n  e a s t e r n  A u s t r a l i a .  See P i g .  23 and
t e x t  f o r  f u r t h e r  e x p l a n a t i o n .



Mean co eff icients of va riation (C V ) for each variable, 

computed over all localities, are ?iven in Table 24. C V 's 

for weight, wing length, and culmen length were comparable 

to those compiled by Johnson (1980) for six species of small 

North Americ an passerines. CV'’s for weight and winglen gth  

reported by Woinarski et al . (1 983) for P_. siriatus in

sout hea st er n Austr al ia  were also comparable to those 

presented here. However, the mean C V ’s for tail and tarsus 

lengths were significantly different from the ones reported 

by Woinarski for this species.

Three different nested analyses of variance (A N O V A , SAS 

PROC NESTED) were performed on each of the morphological 

variables in order to evaluate possible different sources of 

geographic variation. The purpose was to de termine how much 

of the va riation for each cha racter could be attributed to 

part icu la r different levels of classification. The levels 

investigated were subspecies, regional cluster (identified 

by a mult iva ria te  cluster analysis, de scribed below, which 

grouped localities into 3 distinct geographic regions), 

locality, and i n d i v i d u a l / e r r o r . First, ANOVA  was performed 

using locality as a single hierarchical level. Second, a 

two-level ANOVA was perfo rme d using subspec ies  and locality 

as levels. Finally, another two-level ANOV A was performed  

using region and locality as levels. Results are shown in 

Table 25. For all va riables but tail and culmen length, 

" r e g i o n ” accounted for somewhat more of the va ri a t io n  than



8 6

Table 24. M e a n  c o e f f i c i e n t s  of v a r i a t i o n  
for m o r p h o l o g i c a l  m e a s u r e m e n t s  

in P a r d a l o t u s  s t r i a t u s .

V a r i a b l e  Mean C.V.

Body weight 4.89
W ing length 2. 75
Tail length 9.15
Ta r s u s  length 5.22
C u l m e n  length 5.83
Body length 3. 26
W i n g s p a n 2.81
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WS BL WL TL WT TRS CLM

Subspec i es 55 51 47 16 72 18 1
Locality 12 8 11 1 9 3 6
Error 33 41 42 83 19 79 93

Region 64 55 59 16 79 21 1
Locality 4 6 1 2 3 3 4
Error 32 39 40 82 1 7 76 95

Locality 60 52 54 16 77 19 5
Error 40 48 46 84 23 80 95

Table 25. Summary of three Nested AN OVA p e rf or me d on 
each of 7 morpholo gi cal  v ar ia bl es (wingspan, body length, 
wing length, tail length, cube root of weight, tarsus 
length, and culmen length). The numbers are the percent 
of the varian ce ascribed to each level. Levels are 
de scribed in the text.
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subspecies. For example, for win? length, the single-level 

analysis showed that 54% of the varia nc e was among 

localities and 46% was within (plus error term). In the 

second analysis, 47% of the varia nce  for wing length was 

among subspecies, 11% among localities, and 42% within 

localities. In the third analysis, 59% of the variance was 

among regions, 1% among localities, and 40% within 

localities. For five of the seven char ac te rs  measured, the 

three geographic regions explained more of the variation 

than did the three subspecies.

Principal Com po nen ts Analys is  (PCA ) was per formed to 

examine the pos sibility that all the var iables could be 

reduced to a single component which could be used to explain 

most of the variance. Loadings of the seven mo rphological 

variables on the first three principal c om p on ent s are given 

in Table 26. PCI ac counted for almost 90% of the variance; 

and wingspan, body length, and wing length had high loadings 

on this component. In order to look for geographic pattern 

based on this component, localities were sorted and listed 

by stan da rdi zed  PCI scores (Table 27). Because PCI did 

appear to order localities geo gra phically, localities were 

then plotted by map distance and PCI score to look for 

possible regions of steep change in scores ( F i g .30). No 

region of steep change was detected.



T a ble 26. Loadings of m o r p h o l o g i c a l v a r i a b l e s
on the first three principal c o m p o n e n t s .

V A R I A B L E PCI PC 2 PC 3

cube root we i g h t 0.008 0.005 -.002
body length 0.395 0.664 0. 525
w i n g s p a n 0.872 -.389 -.258
wing length 0.253 0.016 0. 376
tail length 0. 125 0.631 -.695
t arsus length 0.063 -.096 0. 165
c u l m e n  length 0 .007 0.001 -.073

X V A R I A N C E  
EXPLAINED: 89. 9 %  5.7X 3.7X
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Table 27. Locali t i e s  listed in order of increasing mean 
size of birds, as d e t e r m i n e d  by the first principal 
component. PCA was p e r f o r m e d  on the c o v a r i a n c e  matrix 
d e rived from m e a s u r e m e n t s  of 7 m o r p h o l o g i c a l  variables. 
S t a n d a r d i z e d  PCI scores are listed. Means for var i a b l e s 
w h ich had high loadings on PCI (body length, wingspan, 
w ing length, and tail length) are g i ven for each locality.

LOC PCI MBL M W S P MWL MTL

4 LYN -1.7712 96.2 168.2 59.9 38. 1
6 HU G -1.5576 98.0 169.5 60.2 37 . 6
1 DIM -1.5065 94 . 5 172. 1 60.0 34.2
7 PRA -1.4727 102.0 168.5 60. 5 37 . 7
2 RAV -1.3454 99.0 171 .5 60.1 35.9
3 MTG -1.1429 97.6 174 . 3 60. 5 34 . 5
8 BAR -0.9537 99. 7 174 .8 61 .8 32.2
9 ALP -0.5869 99.5 178.8 61 . 5 35.5
5 CHA -0.5108 97 .4 180.8 61 .8 32.2

10 ANA -0.4388 100.2 179.7 62.0 36.4
13 ROM -0.2520 99.8 181 .5 62.6 37 . 5
15 CHI -0.1531 99.6 182.6 60. 5 42.3
11 GLE -0.0796 99.7 183.5 62.4 36.8
17 WAR 0.0775 102 . 1 183.9 63. 1 36. 3
12 INJ 0.1838 102.4 184 .8 62.9 36.9
14 MIL 0.2148 102 . 1 185.3 62.4 37.9
16 KOG 0.2652 102.7 185 . 3 62.8 38.8
18 LEG 0.4653 106.0 185.7 63. 6 38. 3
19 SAN 0.7122 106.9 187. 3 65.0 38.9
25 WAL 0 .7236 104 .9 188.0 65.8 39.5
28 DEN 0 .8908 109.0 188.0 66.8 36.6
21 DEE 0.9380 106.3 189. 7 66.8 39.2
20 BOL 1.0639 105.4 191 .4 65.4 39.8
24 ARD 1.0774 106.6 190.9 65.9 39.8
22 LLA 1.1135 107. 1 191 . 1 65.8 39. 3
26 WER 1.2826 107 .6 192.4 67.6 37.2
27 MUR 1.3087 104 . 7 194.0 67.8 36. 5
23 BLA 1 .4539 108.0 194.0 65. 1 42.4
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Figure 30. L o c a l i t i e s  p l o t t e d  by ma p  d i s t a n c e  and PCI 
scores d e r i v e d  from a principal c o m p o n e n t s  anal y s i s  of 
m o r p h o l o g i c a l  variables. V a r i a b l e s  w i t h  high loadings 
on PCI were body length, wingspan, wing length, and 
tail length.
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In order to look for clust er s or outliers along the 

first two principal components, localities were plotted by 

PCI and PC2 scores (Fig. 31). Among the far northern 

localities, locality 5 (Charters Towers) and locality 7 

(Prairie) were outliers on the second component. The birds 

from Charters Towers had greater mean w in gs pa n than birds 

from nearby localities; while birds from Prairie had greater 

mean body lengths. When PC2 and PC3 were plotted (not 

shown), locality 15 (Chinchilla) was an out lier on P C 3 .

Birds from this locality had gre at er  mean tail lengths than 

birds from nearby localities. Al th oug h a few outliers were 

found, neither of these plots de li ne ate s a geographic region 

of increased variability.

A d i sta nc e pheno gra m of localities, based on a cluster 

analysis ( SAS PROC CLl’ST E R /UP GMA  ) of all morphological 

variables, is shown in Fig. 32. Three major geographic 

clusters appear in the phenogram: a northern cluster, which 

exclu des  locality 5, Charters Towers, but extends south to 

include locality 8, Barcaldine; a central cluster, which 

includes Charters Towers and ex ten ds  south to the McPherson  

Range; and a southern cluster of localities which  lies 

e s s e n t ia ll y  south of the range. A co phe net ic  co rr el ati on  

coe ffi c ie n t  of 0.816 indicates a good a s so c i at i o n  between 

the matrix derived from the m e a s u r em e n t va r ia bl es and the 

co rr es pon di ng  p he no gr am distances.
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Figure 31. L o c a l i t i e s  p l o t t e d  by PCI and PC2 scores 
de r i v e d  from a p r incipal c o m p o n e n t s  anal y s i s  of 
m o r p h o l o g i c a l  variables. V a r i a b l e s  w i t h  high loadings 
on PCI were body length, wingspan, wing length, and 
tail length.



Pig. 32. Distance phenograa of 28 localities in eastern 
Australia, derived froa cluster analysis of Morphological 
variablea. Cophenetic correlation coefficient is 0.816.

C E

1 DIM
2 RAV
3 MT6
8 BAR
4 LYN
6 HUG
7 PRA
5 CHA
9 ALP

10 ANA
II GLE
13 ROM
12 INJ
17 WAR
14 MIL
16 K0G
15 CHI
18 LEG
19 SAN
25 WAL
20 BOL
21 DEE
22 LLA
24 ARD
28 OEN
26 WER
27 MUR
23 BLA

1.4 1.2 1.0 0.8 0.6 0.4 0.2
AVERAGE DISTANCE BETWEEN C L U S T E R S
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As in the analys is of song variables, NT SYS / M XC O M P was 

used to test whe ther morphological "distance" (the average 

distance between clusters on the ph e no g r am  in Fig. 32) was 

related to geographic distance. This program makes pairwise 

comparisons from the matrix of mor pho log ic al va riables used 

to derive the p h en ogr am  and the matrix of map distances 

between localities. Results are shown in a s ca tte rg ra m in 

Fig. 33. If the observed points were statistically  

independent , the 1 inear relat ionship between morphological 

distance and map distance would be significant Iproduct- 

moment c or rel ati on  coefficient r=0.79, p<0.001). However, 

because the scatt er gra m represents pairwise c om par is on s of 

the matrices and thus each locality is represented more than 

once, the observed points are not strictly independent. 

Nevertheless, the pattern of points on the sc attergram 

suggests that, distance between clusters on the pheno gra m is 

related to map distance. The three major geographic 

clusters identified by the ph e no gra m are shown on the map in 

Fig. 34.

As in the analys is  of song data, I used a discriminant 

function analys is  (SAS PROC DISCRIM) to c las si fy  individuals 

by morphological variables, and then tested the goodness of 

this crit er ion  to di scr i m in at e  individuals already 

cla ssi fi ed  by subspecies. 28.7% of all birds were 

mi scl a s si f i ed  using the D F . 16.4% of m e l a n o c e p h a l u s . 30.8%

of o r n a t u s . and 38.0% of su bst ri atu s were mis cl a ss i f i ed
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27
26

Locality n
1 DIM 9
2 RAV 10
3 MTG 10
4 LYN 5
5 CHA 5
s HOG 4
7 FRA 4
8 BAR 10
9 ALP 10

10 AKA 10
11 GLE 10
12 INJ 9
13 ROM 6
14 MIL 10
15 CHI 5
IS KOG 10
17 WAR 9
18 LEG 7
19 BAM 10
20 BOL 8
21 DEE 10
22 LLA 10
23 BLA 5
24 ARD 8
25 WAL 8
26 WER 6
27 MUR 3
28 DEN 1

Fig. 34. Geographic clusters identified by UPGHA cluster 
analysis of norphological variables.
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using a di sc ri m i na nt  function derived from the morphological 

variables.

Next, individuals were assess ed by the plumage scoring 

method d es cr ib ed in the Introduction. A dis criminant  

function was de ri ved  from the set of pl umage scores for all 

birds, and then used to classify individuals. The 

perform anc e of this DF against the c la ss i fi c a ti o n  of 

individuals by subspeci es  was tested. All but 3 specimens 

of 136 ornat us and m e l a n o c e phalus were cla ssified cor rectly  

to subspecies by the DF. 32% of s u b s t riatus were not 

cl assified correctly; most were recla ss ili ed as o r n a tu s by 

the DF. This was probably due to the va ria b i li ty  of 

wingspot plumages, since there is no clearcut diff er enc e  

between these two subspecies for this character; and there 

were some individuals which were diff ic ult  to score.

Mean plumage scores were computed for each locality and 

then plotted by map distance (Fig. 35). A UPGMA analysis 

was used to c lu ste r localities by pl umage score (Fig. 36). 

Three geographic clust ers  were evident: localit ie s 1-10, 11- 

18, and 19-27. On l y  locality 28 (Denman, n=l) was 

ge ogr a p hi c a ll y  "misplaced" in this phenogram. Samples 

within these three clusters, from north to south 

respectively, were 83% m e l a n o c e p h a l u s . 82% s u b s t r i a t u s . and 

80% o r n a t u s . The di s t r i b u t i o n  among all samples of the 

single plumage character, wide whit e pr im ary  patch (which 

di scr i m in a t es  m e l a n oc ephalus and sub st r ia tu s  from ornatus ) .



is shown on the map in Fig. 37. There were four localities 

(19, 21, 22, and 23) where all the individuals collected 

happened to be ornatus.
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Loc n
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7 5
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9 10
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16 10
17 9
18 7
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21 10
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23 5
24 8
25 8
26 5
27 3
28 1

Fig. 37. Distribution of the plumage character, white patch 
on primaries. Filled circles indicate that all individuals 
collected from those localities have wide wing patches. Open 
circles indicate that all individuals have narrow wing 
patches. Partially-filled circles indicate the percentage of 
individuals for that locality having wide or narrow patches.
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RESULTS FOR MI TO CH O N DR I A L DNA

The tissues of 97 males from 23 lo calities were 

colle cte d for mtDNA analysis. For the results pre sented 

here, n = 92. (The frozen tissues of birds 0124, 0212, 

and 0214 were mispl ac ed  in a storage freezer and were 

never recovered. The purified sample of 0163 was 

spilled during lab work. No mtDNA could be extracted 

from the tissues of 0138. )

Once purified in the lab, the mtDNA samples were 

treated in the following way. Initially, 13 different 

end onu c le a s es  were applied to six samples, in order to 

de te rm ine  which enzymes would cut the mtDNA m ole cu le  in 

this species. All of these were type II restric tio n 

end on u c le a s es  which recognize and cleave at 6-base 

pair nucleotide sequences. Bgl II, Sal I, A ba I, and 

Xho II did not cut, and their use was discontinued. The 

remaining nine en d on ucl ea se s were applied in the following 

manner. Samples from all 92 individuals were cut by the 

two en d on ucl eas es  Ava I and Hae II. Samples from 36 of 

these individuals (representing 12 localiti es from the 

northern, central, and southern regions of the sampling 

area) were cut by the additional e nd o n uc le a se s  BamH I,

Pst I, and Pvu II. And finally, samples from 12 of the 

previo us 36 individuals (representing two no rt he rn and 

two southern localities) were cut by the additional 

e nd o nu c l ea se s  EcoR V, Hinc II, Hind III, and A'de I.
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For the nine informative endonucleases, a total of 

61 fragments was observed, representing 366 base pairs, 

or 2.2% of the mtDNA molecule. The number of different 

fragments observed across individuals for each 

e nd on uc lea se  was Ava I, 5; BamH I, 7; EcoR V , 4; Hae II,

7; Hi nc II, 11; Hind III, 13; A'de I, 4; Pst I, 2; 

and Pvu II, 8. No hetero pla sm y was obser ve d in any of 

the individuals assayed. The size of the mtDNA molecu le  

in F. s t r i a tus was found to be app ro x im a t el y  16,400 base 

pairs. This falls within the range reported for other 

avian species (Quinn and White 1987).

In order to compare banding patterns among 

individuals, I used a notation method which has become 

conventional for this type of biochemical work (Shields 

and Wi l s o n  1987b; Ball et al . 1988; Zink 1991). Bands 

on an agarose gel, visu ali ze d by autoradiography, 

represent fragments of diffe re nt sizes of an mtDNA 

molecule, as it has been cut by a p ar t ic ula r endonuclease. 

Each en do nu cl e as e  may produce one, or several different 

fragment patter ns  among all the sample m t D N A ’s tested. 

Different fragment patter ns  produ ce d by a part icu la r  

en do n uc l e as e  are assigned different upp er -c as e letters. 

Letter codes can then be compiled across en don u c le a s es  
for each individual sampled, thus indicating the 

i n d i v i d u a l ’s co m pos ite  fragment "haplotype." Haplotypes, 

as de si g na te d  by these strings of letters, can be compared
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among individuals and can also be examined for geographic- 

pat t e r n s .

In addition to identifying hap lotypes by letter coding, 

I calculated haplotypic diversity (G), which is analogous 

to single- locus h e te r oz ygo sit y (Zink 1991). Following the 

"fragment" method of Nei and Li (1979), I constr uct ed  

matrices based on the number of fragments common to pairs 

of haplotypes. From these matrices, the proport ion  of 

shared bands between pairs of ha pl otypes IF), the average 

number of nuc le ot ide  substitu tio ns  per site (6), estimates 

of nuc le oti de di v er sit y within and among samples (fl) , and 

net nucleotide dif fe re n c e between major haplotype groups 

(6neti were calculated. The formula for 6 of Upholt 

(1977) was su bstituted for the formula of Nei and Li, as 

su ggested by Quinn and White (1987). Mathematical details 

for these ca lcu l a ti on s  are given in Appendix VII. Quin n  

and White (1987) cau ti one d against vio lating some of the 

as su m pti on s unde rly in g the Nei-Li model. However, they 

conc lud ed  that the co nse qu e nc e s  of such violati on s were 

small when cl osely related m t D N A ’s were being compared.

The haplotyp es  of the 12 birds whose m t D N A ’s were 

cut by 9 enzymes are shown in Table 28. 8 distinct

haploty pes  occurred. (However, note that haplotype  

BBB BBBBB* may or may not actually be disti nc t from 

hapl oty pe  BBBBBBBBA.) The geograph ic  di s tr i b ut i o n of 

these 8 hap lot y pe s  is shown in Table 29. From this subset
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Table 28. MtDNA haplotypes of 12 birds from 4 localities. 
DIM and RAV are north ern  localities; LLA and ARD are 
southern localities. 9 e n do n u cl ea s es  were used. For each 
endonuclease, letters indicate distinc t fragment patterns. 
Fragment profiles di st i ng u i sh  northe rn birds from southern 
birds, and there is greater h ap lo ty pe varia tio n among 
so uth er n birds.

Locality/
Specisen Aval BasHI EcoRV Haell HincII Hindi 11 Ndel PstI PvuII

1 DIM
0120 A A A A A A A A A
0121 A A A A A A A A A
0122 A A A A A A A A A

2 RAV
0125 A A A A A A A A B
0126 A A A A A A A A A
0127 A A A A A A A A A

22 LLA
0200 B B B B B B B B *
0201 B C B B C B B B A
0202 B B B B B A B B A

24 ARD
0203 B B B B D B B B C
0204 B B B B C B B B D
0205 B B B B B B B B A

*No stDNA left to run PvuII.
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Table 29. Geog rap hi c di s tr i b ut i o n of mtDNA hapl ot yp es for 
the 12 birds in Table 27. Letters indicate restric tio n 
fragment profiles cor res pon di ng to the en do nu c l e as e s  Aval, 
BamHI, EcoRV, Haell, HincII, Hindlll, N d e l , P s t I , and PvuII 
The number of individuals having a pa rt ic ul a r ha p lo ty pe is 
indicated. DIM and RAV are no rt her n localities; LLA and ARD 
are southern localities. Gre a te r  ha plotype v a ri ati on  among 
southern birds is illustrated.

mtDNA Locality
Hapl oty pe  DIM RAV LLA ARD

1 . AAAA AAA AA 3 2

2 . A AA AA AAA B 1

3 . BBBBBBBBA 1

4 . BBBBBBBB* 1

5 . BBBBBABBA 1

6 . BCBBC BBB A 1

7 . BB BBDBBBC 1

8 . B BB BC BBB D 1

♦No mtDNA  left to run PvuII.

MtDNA from the following spe cimens was 
used: 0120-0122, 0125-0127, and 0200-0205.
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of mtDNA samples, haplotyp ic  dive rsi ty (G) was calculated 

to be 0.61.

The haploty pes  of the 36 birds whose mtDNA was cut 

by 5 en zymes are shown in Table 30. (This set includes 

the 12 previous birds and 24 additional individuals from 

8 additional localities. ) 9 distinct hap lot yp es occur.

(However, again note that the two hap lo typ es AAAA* and 
BBBB* may or may not actually be distinct from some of 

the other haploty pes  that were identified.) The

geographic di s t ri b u ti o n  of these haploty pe s is shown in 

Table 31. For this subset of individuals, haplotypic 

di ve rs ity  (G) was cal cul at ed to be 0.74.

Inspection of the data in Table 28 revealed two 

main ha plotype groups which exhibit a marked north-south  

distribution. Of the nine enzymes listed, seven {Ava I, 

BamH I, EcoR V, Hae II, Hinc II, Nde I, and Pst 1) 

resulted in di s ti nc t ly  dif fe ren t n ort her n and southern 

fragment profiles. For Hind III, one individual from 

Llango thl in  in the south ex hibited a no rt he rn fragment 

profile. For Pvu II, fragment pr ofile A was common to 

all localities; but the fragment p r ofi les  B, C, and D 

supported the no r th - s ou t h  groupings. The fragment 

profil es for these nine enz ymes can be int erpreted in 

terms of one or two r es tri cti on  site changes.

The fragment p ro fil es for five of these enzymes, 

ap plied to the add itional 24 ind ividuals included in 

Table 30, supported the same no rt he rn and southern
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Table 30. MtDNA hap lot ype s of 36 birds from 12 localities. 
Lo ca li tie s are listed by their geo gr aph ic location, from 
north to south. 5 en do nu cl e as e s  were used. For each 
endonuclease, letters indicate distinct fragment patterns. 
Dot ted  lines indicate geograp hi c divis io ns in di str i b u ti o n  
of haplotypes: INJ and ROM are the only localiti es  where
no rt h er n  and south ern  haploty pe s were found together.

Loc/Speciaen Aval BaaHI Haell PstI PvuII

1 DIM 0120 A A A A A
0121 A A A A A
0122 A A A A A

2 RAV 0125 A A A A B
0126 A A A A A
0127 A A A A A

3 MTG 0132 A A A A A
0133 A A A A B
0134 A A A A *

5 CHA 0135 A A A A A
0136 A A A A A
0137 A A A A A

9 ALP 0145 A A A A A
0146 A A A A A
0147 A A A A A

12 INJ 0159 B B B B A
0160 A A A C A
0161 B B B B A

13 ROM 0156 A A A A A
0157 B B B B A
0158 B C B B A

19 SAN 0187 B B B B A
0188 B B B B A
0189 B B B B A

20 BOL 0190 B B B B A
0191 B C B B A
0192 B B B B A

22 LLA 0200 B B B B *
0201 B C B B A
0202 B B B B A

24 ARD 0203 B B B B C
0204 B B B B D
0205 B B B B A

25 WAL 0206 B B B B C
0207 B B B B A
0208 B B B B A

*No atDNA left to run PvuII.
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Table 31. Ge og ra phi c di s tr i b ut i o n of mtDN A haploty pes  
for the 36 birds in Table 29. Letters indicate res triction  
fragment profiles co rre s p on di n g to the e n d o n u c le a s es  Aval, 
BamHI, Haell, P s t I , and PvuII. The numb er of in dividuals 
having a pa r t icu la r ha plotype is indicated. Gre a te r  
hapl otype v ar ia ti on among southern birds is illustrated.

North <-------------- > South
MtDNA Locality

Haplotype DIM RAV MTG CHA ALP INJ ROM SAN BOL LLA ARD WA1

1. AAAAA 3 2 1 3 3 1
2. AAAAB 1 1
3. AAAA* 1
4. AAACA 1
5. BBBBA 2 1 3 2 1 1 2
6. BBBBC 1 1
7. BBBBD 1
8. BBBB* 1
9. BCBBA 1 1 1

♦No mtDNA left to run Pvul1.
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haplotype groupings, for all in dividuals from the five 

northern and five southern localities. Individuals from 

the two central localities, Injune and Roma, possessed 

either the northern or the southern haplotype.

The d i st r i bu t i on s of haplotyp es  shown in Tables 29 

and 31 appeared to indicate greater va ri a t io n  among 

individuals in the southern group. In order to estimate 

possible dif fe r en ce s  in nucleotide va r ia tio n between 

northern and southern groups, F and f> matri ce s were 

constructed for both data sets (9-enzyme and 5-enzyme 

sets). These values are presented in Tables 32 and 33.

Estimates of nu cleotide diversity, ft, derived from 

the <5 matrix in Table 32 were 0.000576 for the northern 

haplotype group and 0.00288 for the souther n group. Thus, 

nucleotide diver si ty  appeared to be gr eater among southern 

birds. The average number of nuc le ot i d e su b st itu tio ns  per 

site over all samples, ft*fl, was 0.0373. The net nucleotide 

differen ce between northern and southe rn  ha plotype groups, 

Snet, was 0.0356.

Es timates of ft, de rived from the 6 matrix in Table 33, 

were 0.00127 and 0.00173 for the no rt h e rn  and southern 

haplotype groups, respectively. However, a min im um  of 40 

fragments per profile is pre fe rab le for this ca lc ul a t i on  

(Quinn and White 1987). Because the m a x i mu m  number of 

fragments per profile for this data is 20, these estimates 

of ft must be con sid er ed cautiously. However, these values 

support the notion that nu cl eot ide  d i v e rs i ty  is gr eater for
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Table 32. F and 6 values ca l cu lat ed  from the di st rib uti on  
of 8 mtDNA fragment pr of il es in 12 birds rep re senting 
northe rn and southern populations. F is the proporti on  
of shared bands between pairs of fragment profiles.
6 is an estim at e of the average number of nucleotide 
su bs ti tut io ns  per site for each pair. F values are given 
in the upper right; 6 values, in the lower left.

1 0. 94 0 . 54 0. 58 0.62 0. 54 0.50 0.62

2 . 0034 0 .49 0.58 0.61 0.48 0.52 0.57

3 . 0357 .0416 --- 0.83 0.92 0.86 0 . 94 0.96

4 .0315 .0315 .0105 0.95 0 . 84 0.94 0.90

5 . 0275 . 0285 . 0047 .0029 0.84 0.95 0.96

6 . 0357 .0429 . 0085 . 0098 . 0098 0.86 0.91

7 . 0404 . 0380 . 0034 . 0034 . 0029 .0085 --- 0.96

8 . 0275 . 0325 . 0023 . 0059 .0023 .0053 .0023 ---

1 2 3 4 5 6 7 8
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Table 33. F and 5 values ca lcu lat ed  from the di s tr i b ut i o n  
of 7 mtDNA fragment profile s in 36 birds rep resenting  
northern, central, and southern populations. F is the 
pro por t i on  of shared bands between pairs of fragment 
profiles. 6 is an estima te  of the ave rage numb er  of 
nu cl e ot i d e su b st itu tio ns  per site for each pair.
F val ues  are given in the upper right; 6 values, 
in the lower left.

1 0.84 0.85 0.51 0.61 0.49 0.46

2 . 0098 0 .73 0. 38 0.40 0.35 0. 38

3 . 0091 .01 79 --- 0.59 0 . 69 0.50 0.47

4 . 0392 . 0572 . 0305 0. 94 0.89 0. 94

5 . 0285 .0540 .0212 . 0034 ---- 0.72 0.82

6 .0416 . 0623 . 0404 .0065 .0187 0.84

7 . 0455 . 0572 . 0442 . 0034 .0112 . 0098 ___

1 2 3 4 5 6 7
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the s o uth ern  h ap lot yp e group. The net nuc leotide  

d i f f er e nc e  (6net) cal cu lat ed from this matrix was 0.0357.

Fragment pattern s for the additional 56 birds whose 

m t D N A ’s were cut only by the en do nu cl e as e s  Ava I and Hae II 

su pported the same nor th -s ou t h dis tin c ti o n  in haplotypes. 

Among all 92 m t D N A ’s cut by Ava and Hae, only two different 

fragment p ro fil es occurred for each enzyme. In addition, 

only two distinct haplotyp es  were found: individuals were

ei th e r  AA or B B . The geographic d i st r i bu t i on  of these 

ha pl ot ype s is given in Table 34 and shown on the map in 

Fig. 38. There is an obvious pattern to this distribution. 

All 33 birds sampled from the 7 n o rt her nm os t localities 

pos ses se d haplotype A A ; all 26 birds sampled from the 8 

so uth e r nm o s t localities possessed ha plotype BB. The birds 

from 8 central localities possessed either AA or BB 

h a p l o t y p e .

There appeared to be no relation between subspecies 

and one or the other haplo ty pe lineage. For example, male 

INJ-0159 was a pure m e l a n o ce ph a lu s  p h en oty pe  and BB 

haplotype. Male ROM-01 58  was su bs tr iat us and BB haplotype, 

while male MIL-0168 was substri atu s and AA haplotype.

Males SAN-0185 and LEG-01 83  we re  or na tus  and AA 

haplotypes, while ot her ornatus birds were BB haplotypes.

These  results st ro ngl y su g ge s t ed  that Striated 

Pa rda l o te s  in eas te rn A u s t ra l i a were me mb er s of eith er  a 

no rt h e rn  or a s out her n mt DNA lineage. Di f f e r e n t i a t i o n  of 

the two groups was supp or te d by 1) the geographic
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Table 34. G e og ra ph ic di s t ri bu t io n  of mtDNA 
ha plo ty pe s for 92 birds from 23 localities. 
Letters indicate r est ri ct ion  fragment patterns  
co rr e sp o n di n g  to the enz ymes Aval and Haell. 
Only two hap lo ty pe s  were found. (Haplotypes 
AB and BA were never observed.) The number 
of individ ual s of each hapl ot ype  is shown. 
Localiti es are listed from north to south.
This di st ri b u ti on  of hap lot yp es appears to 
c orr ob or ate  the geograph ic patte rns  found 
for the samples in which larger numbers of 
end on u c le a s es  were used.

Ha pl ot ype  
Locality AA BB

1 DIM 4 0
2 RAV 5 0
3 MTG 5 0
5 CHA 4 0
8 BAR 5 0
9 ALP 5 0

10 ANA 5 0

11 GLE 1 4
12 INJ 2 2
13 ROM 1 2
14 MIL 2 3
16 KOG 2 3
17 WAR 2 2
18 LEG 1 1
19 SAN 2 3

20 BOL 0 3
21 DEE 0 5
22 LLA 0 5
24 ARD 0 3
25 WAL 0 3
26 WER 0 4
27 MUR 0 2
28 DEN 0 1
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Locali ty n

1 DIM 4
2 RAV 5
3 MTG 5
5 CHA 4
8 BAR 5
9 ALP 5

10 ANA 5
11 GLE 5
12 INJ 4
13 ROM 3
14 MIL 5
16 KOG 5
17 WAR 4
18 LEG 2
19 SAN 5
20 BOL 3
21 DEE 5
22 LLA 5
24 ARD 3
25 WAL 3
26 WER 4
27 MUR 2
28 DEN 1

Fig. 38. Distribution of mtDNA haplotypes, for endonucleases 
Ava I and Hae II. Filled circles indicate all individuals 
from those localities were haplotype AA; open circles 
indicate that all individuals were haplotype BB; partially- 
filled circles indicate the proportion of individuals of 
each type.
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di str i b ut i o n of haplotypes, by 2) differe nce s in 

nu cle ot id e diversity (ft) between the groups, and by 3) 

genetic distance between the groups, in terms of base 

su bs ti tut ion s per nucleotide site (6n«t).
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RESULTS FOR C OM BI N E D  DATA AND 
CO NG RU ENC E OF G E OG RA PH IC PATTERNS

PCA was performed on morphological and song variables 

together using the data for collected birds, in order to 

explore the po ssibility that some co mb in ati on of those 

va riables might account for a large portion of the variance. 

Me asu re me nts  were standardized, and a co rr e l at i o n matrix was 

used for the PCA. Loadings of combined var iab le s on the 

first three principal com po nen ts  are given in Table 35. PCI 

accounted for 84% of the variance. Four va riables related 

to overall body size (wingspan, body length, wing length, 

and tail length) and one song variable (DL'Rl) had high 

positive loadings on this component. No other vari abl es  had 

high positive or negative loadings on any of the components.

Localities are listed in order of increasing mean PCI 

score i n Table 36. Co m pa ris on s with the order in g of 

localities by PCI scores derived from analysis of song 

variables alone (PC1-S0NG) (Table 16) or by PCI scores 

der ived from analysis of mor ph olo gic al  var ia ble s alone (PC1- 

MORPH ) (Table 27) revealed that ordering by PCI scores 

der ived from the combined vari abl es (P C I - C O M B I N E D ) resulted 

in a somewhat better geographic order ing  of the localities.

Localiti es are plotted by ma p  distan ce  and these PCI- 

C OM B I N E D  scores in Fig. 39. Co m p ar i s on s  of this plot with 

the same types of plots for the P C 1-S 0NG  scores (Fig. 20) 

and for PC1-MORPH scores (Fig. 30) also showed that PCI-
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Table 35. Loadings of comb i n e d  mo r p h o l o g i c a l  
and song v a r i a b l e s  on the first three principal 
co m p o n e n t s  .

V A R I A B L E PCI PC 2 PC 3

weight 0.093 -.039 0. 066
body length 0. 324 -.079 0.877
w i n g s p a n 0. 692 -.586 -.348
wing length 0. 202 -.155 0. 207
tail length 0. 124 0.269 0.148
tarsus length 0.047 - .082 0. 006
cul m e n  length 0.007 0.016 -.045
s yllable number - . 055 -.058 - . 034
high frequency 0.010 0.009 0. 001
low frequency -.001 - .011 0. 006
d u r a t i o n  syll 1 0. 588 0. 736 -.191

% V A R I A N C E  
EXPLAINED: 84.4% 10.3% 3 . OX
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Table 36. L o c a l i t i e s  listed in order of increasing mean 
body size and increasing d u r a t i o n  of first Bong syllable, 
as d e t e r m i n e d  by the first principal component. PCA was 
p e r f o r m e d  on 7 m o r p h o l o g i c a l  and 4 song variables. 
S t a n d a r d i z e d  PCI scores are listed. Means for var i a b l e s  
w h i c h  had high loadings on PCI (body length, wingspan, 
wing length, tail length, and d u r a t i o n  of first song 
syllable) are given for each locality.

LOC PCI MBL MWSP MWL MTL MDUR

1 DIM -1.5023 94 . 5 172. 1 60.0 34 . 2 0.06
6 HUG -1.4895 98.0 169. 5 60.2 37.6 0.07
4 LYN -1.4152 96.2 168. 2 59.9 38. 1 0.11
3 MTG -1 .2123 97.6 174 . 3 60. 5 34 . 5 0.07
2 RAV -1 . 1925 99.0 171.5 60. 1 35. 9 0.10
7 PRA -1.1836 102.0 168.5 60. 5 37. 7 0.11
5 CHA -0.8044 97.4 180.8 61 .8 32.2 0.07
8 BAR -0.7750 99.7 174.8 61 .8 35.5 0.13

10 ANA -0.5194 100. 2 179. 7 62.0 36.4 0.11
9 ALP -0.5123 99.5 178.8 61 . 5 35. 5 0.13

13 ROM -0.3197 99.8 181 . 5 62. 6 37.5 0.13
11 GLE -0.2930 99. 7 183.5 62.4 36.8 0.11
15 CHI -0.1210 99.6 182.6 60. 5 42.3 0.15
17 WAR -0.0729 102 . 1 183.9 63. 1 36. 3 0.13
14 MIL -0.0358 102. 1 185.3 62.4 37.9 0.12
12 INJ 0.0190 102.4 184.8 62. 9 36. 9 0.13
16 KOG 0.0630 102 . 7 185. 3 62.8 38. 8 0.13
18 LEG 0.1654 106.0 185.7 63.6 38. 3 0.12
28 DEN 0.4166 109.0 188.0 66.8 36.6 0.12
19 SAN 0.7753 106.9 187.3 65.0 38. 9 0.21
25 WAL 0.7978 104 .9 188.0 65.8 39. 5 0.21
26 WER 0.9301 107.6 192.4 67.6 37.2 0.17
21 DEE 1.0718 106. 3 189. 7 65.8 39.2 0.23
20 BOL 1 .1397 105.4 191.4 65.4 39.8 0.23
27 MUR 1.2666 104.7 194 . 0 67.8 36. 5 0.23
24 AR D 1.3112 106.6 190.9 65.9 39.8 0.26
22 LLA 1.5592 107.1 191. 1 65.8 39. 3 0.30
23 BLA 1.9345 108.0 194.0 65. 1 42.4 0. 33
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Figure 39. L o c a l i t i e s  p l o t t e d  by ma p  d i s t a n c e  and PCI 
scores d e r i v e d  from a p r i ncipal c o m p o n e n t s  a n a l y s i s  of 
7 m o r p h o l o g i c a l  and 4 song variables. V a r i a b l e s  with 
high loadings on PCI were 4 v a r i a b l e s  r e l a t e d  to body 
size and the song vari a b l e  DUR1 (duration of first 
song syllable ) .
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MORPH and PC I- CO MBI NED  scores corres pon de d to the 

geographical posit io n of localities better than PC1-S0NG 

scores. C o rre lat io ns of map distan ce with PC1-S0NG, with 

PCI-MORPH, and with PC I - CO M B IN E D  scores were all highly 

significant (Pearson rank correl at io ns r=0.713, 0.957, and 

0.926, respectively; p<0.0001 in each case).

A test for multiple compari son s of means was performed 

on PC 1-COMB I NED scores. The results, showing non- 

si g n i i icant 1y different o ve rla ppi ng  subsets of means in the 

same manner as for other data sets, are depicted on the map 

in Fig. 40.

A I'PGMA phen og ram  of localities derived from a cluster 

analysis of the PC I-C OM BIN ED scores is shown in Fig. 41. 

Three major geographic clusters resulted. This phen og ram  

was similar to the two phenogra ms derived from morphological 

and plumage variables (Figs. 32 and 36). However, the 

or ien ta ti on of the major clusters with respect to one 

an other was different for the P C I- C O MB I N ED  scores. That is, 

in this case the greatest average dista nce  bet ween clusters 

separated the southern cluster from other majo r clusters 

north of the Mc P her son  Range. (Locality 28, Denman, for 

which n = l , has been exclud ed from the southern c l u s t e r . )

Results of M a n t e l ’s tests (using N T S Y S / M X C O M P ) for 

pa irw is e co mp ar iso ns of the distanc e ma tri ce s used to 

construct phenograms from song and m o rp hom et ric  va riables
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Loc n Mean

O  4 4 -1 . 4230
1 9 -1 . 3912
6 4 -1 .3890
3 10 -1 .1204
2 10 -1 . 1041
7 4 -1.1021

5 -0.7283
0  8 10 -0.7060

9 10 -0.4518
10 8 -0.3839
13 6 -0.2705
11 9 -0.2271
15 4 -0.1051

(ft 1 7 9 -0.0384
0  14 10 -0.0025

16 9 -0.0663
12 6 0.1307
18 7 0.1783
28 1 0.4073

A  19 10 0.7614
25 8 0.7851
21 9 1.0409
20 8 1.1140
26 3 1.1399

0 2 4 7 1.2436
27 2 1.2553
22 9 1.5495
23 5 1.8760

Subsets

Fig. 40. Geographic distribution of mean PCI scores, derived 
from an analysis of combined morphological and song 
variables.



1 DIM
6 HUG
4 LYN
3 MTG
2 RAV
7 PRA
5 CHA
B BAR

10 ANA
9 Al . P

13 ROM
11 GLE
15 CHI
17 WAR
14 MIL
12 I NJ
16 KOG
IB LEG

2 8 DEN
19 SAN

2 5 WAL
2 6 WER
21 DEE
2 0 BOL
2 7 MUR
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AV E R A G E  DISTANCE B E T W E E N  C LUSTERS

Fig. 41. Distance phenograa of 28 localities, based on PCI 
scores, derived fro« an Analysis of coaliincd ■nrplin 1 ofi i ca 1 
and song variables.



125

indicated that the two matrices had some structure in common 

(r = 0 .56, t = 7 .638, p=l .00) .

Major geographic clusters derived from the phe nograms  

were plotted on maps. Because many o ver la pp ing  plots on a 

single map would have been d if fi cu lt to decipher, the 

results have been presented here on two diffe re nt  maps. The 

map in Fig. 42 depicts the major c l ust ers  for morphology, 

song, and mtDNA. The map in Fig. 43 depicts cluste rs  for 

PC 1- C OM R I NF D  scores, plumage, and again mtDNA. The three 

mtDNA clusters were not derived from phenograms, but were 

based on haplotype d i st ri bu tio ns as pr esented in Fig. 38.

It should be kept in mind that the two maps are redundant in 

several ways: the mtDNA clusters are the same on each, and

PCI score represents elements from both the mo r ph olo gy  and 

the song data sets.

Several concordant patterns can be seen. With some 

ex cep ti on s (locality 28 for song, plumage, and PCI; and 

locality 26 for song), a major div i s io n  bet ween cluste rs  for 

all c h ar act er  sets occurs on or near the border be tween  

Qu ee ns lan d and New South Wales. In this region, a fairly 

we ll- d e fi n e d southern cluster (localities 18-19 to 27-28) 

appears to be separated from localit ies  to the north. A 

north ern  cl us ter  (localities 1-10) and a central clu ster 

(localities 11-18 or 11-19) occur, wh ich are based on 

analysis of plumage and mtDNA data. Based on morpholo gic al  

data alone or on PCI score (which includes the loading of
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morphology

m tDN A

song

Fig. 42. Major geographic clusters identified for three 
sets of data: morphology, song, and mtDNA. (Localities 
26 and 28 belong in the northern "song cluster.")
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PCI SCORE

 PL U M A G E  SCOR:

  m t D N A

Fig. 43. Major geographic clusters identified for three 
sets of data: PCI score, plumage score, and mtDNA. 
(Locality 28 belongs in the central clusters for PCI 
and plumage scores.)
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one song variable, in addit io n to mo rphological variables), 

locality 5 (Charters Towers) is clustered with central 

localities and not with northern localities which are 

closer. However, if the dist ri but ion  of mtDNA haplotypes is 

conside red  as the most direct indicator of historical 

populati on structure, then three simple clust ers  can be 

discerned: a northern cluster of localities 1-10, where all 

individuals possessed the "northern" haplotype; a southern 

cluster of localities 20-28, where all individuals possessed 

the "southern" haplotype; and a central cl uster of 

localities 11-19, where northern and southern haplotypes 

were found.
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DISCUSSION

Several general patterns of geographic v ar ia ti on in P . 

striatus have been found. Univaria te  analyses revealed 

clinal patterns for some song and mor phological variables, 

while m ul t i va r i at e  analyses gen er all y clustered localities 

into three large regional groups.

The major regional clusters found for P_. striatus in 

this study (Figs. 42 and 43) can be examined in terms of 

hypotheses concern ing  the general patterns for bird 

dis tri b ut i o ns  in eastern Australia. Older  hypotheses 

(Serventy 1 953; Salomonsen 1961 ) incorporated the classic 

biogeogr aph ic  regions of Spencer (1896) and pos tu la ted  that 

differe nce s among the species P_̂  s t r i a t u s , P . s u b s t r i a t u s . 

and P. me 1an oc e p h a lus were due to their diffe re nt ancient 

origins in separate biogeogr aph ic  regions. They also 

proposed that P. ornatus was a species of "hybrid o r i g i n , ” 

which had resulted from contact between P^ s t r i a t u s and P . 

subst ri a t u s . More recently (Mees 1965; Ma c do na ld 1969), 

these ideas have been replaced by the hyp oth e si s  that these 

taxa or ig ina ted  from some ancient common stock which became 

g eo g ra p h ic a l ly  fragmented due to climatic and habitat 

changes. It was thought that the forms d i ff e r e n t i a t e d  in 

isolation from each other, but were su bse q u e nt l y  able to 

hybridize when range e xp an si on brought them into secondary  

contac t .

Many hybrid zones have been d e sc rib ed  for Au st r a li a n
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birds (Keast 1961; Ford 1974). Ford (1987) presented a 

summary of hybrid zones for 87 taxa. A number of major 

hybrid zones occurr ed in eas tern Australia. Ford argued 

that because the positions of these zones overlapp ed  for so 

many different taxon pairs, the hybridi zin g taxa probably 

had a similar history of v ic ar ia nce  and secondary contact. 

(Although several hybrid zones appeared to coincide with 

ecotones, most hybrid zones extend ed well beyond ecotonal 

belts. ) In addition, lord thought that many of these taxa 

would have been affected by the same geographic barriers to 

dispersal. The major hybrid zones appeared to coincide with 

prominent geographic features in ea stern Aus t ra l i a which 

were thought to be partial barriers to dispersal and gene 

flow for many species of birds. These barrie rs  are 

illustrated in Fig. 44.

Three of the barriers shown-- the Bu rd e ki n - Lv n d  Divide, 

the Burdekin Barrier, and the McP her so n Range-- lie across 

my transect for this study. The Hunter Ba rrier marks the 

southern edge of my study area. The Bu r de ki n- Lv nd Divide is 

a somewhat broad area of the Great Dividi ng  Range which 

part ial ly  separates the lowland of Cape York to the north 

from central coastal Q u e e ns l a nd  to the south. Localities 1- 

4 lie north of the B u r d e k i n- L y nd  Divide. Localit ie s 5-7 lie 

between the B u rd e k in - L yn d  Divide and the Burde ki n Ba rrier to 

the south. The B urd eki n B ar rie r is a narrow sweep of lower- 

elevation, dry country. The M c P h e r s o n  Range, which runs
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B u rd e k in - L y n d  Divide

Bur d e k i n  B o r r i e r

Me P h e r s o n  R a n g e

H u n t e r  B a r r i e r

B l u e / S n o w y  
M o u n t a i n s  ,

Fig. 44. Some geographic barriers to dispersal 
in eastern Australia. Modified from Ford (1986), 
after Keast (1961).
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east-west alon? the border separating Que en sl and  and New 

South Wales, is a range of moun tai ns  rising to about 4000- 

5000 feet. The higher elevations are rainforest, while the 

lower e l ev at io ns are eucalypt forest. Localities 19-28 lie 

south of these mountains.

In addit io n to ph ysiographic barriers to dispersal, 

historical climatic changes were thought to have influenced 

the geographic patterns of the major hybrid zones. The 

concept of refugia has been used to explain these patterns 

IServent y 1951; Keast 1961). The majority of species for 

which hybrid zones have been d em ons tr ate d are woodland or 

forest species (Ford 1987). Climatic changes produced 

alter nat in g co n t ra cti on  and expan si on of the woodlands, 

causing exp ans ion  and contrac ti on  of the associat ed  avian 

populations. Ple istocene climat es in Aust ral ia alterna ted  

between arid, cooler phases and wet, warmer phases (Bowler 

et. aj . 1 976). Periods of extreme aridity ge nerally

c or re sp ond ed  to periods of glaciat ion  in the Northern 

he mis ph er e (Bowler 1982). During those arid periods, the 

forests-- arranged in more or less concentric circles with 

ra inforests closest to the coast and mesic forests inland-- 

co nt ra cte d toward the coast, as the arid interior expanded. 

Generally, concentr ic circles of rainforest were (and still 

are) surrounded by closed eucalypt forest, then open 

eucalypt woodland, then savanna. Keast (1961) propos ed that 

refuges during the dry in terpluvials probably retained this
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es sentially concentric configuration. Therefore, as the 

rainforest contracted, eucalypt forests and woodl an ds  would 

also have contracted, co n st ric tin g populat ion s of woodland 

birds (including Striated Pardalotes) as well as rainforest 

populations. Keast h y pot he si zed  that the major coastal 

refuges (including those in eas ter n Australia) which existed 

during lon g-term phases of aridity coi ncided with present- 

day regions of high rainfall and remnant rainforest around 

the continental periphery. The map in Fig. 45 shows the 

locations of hypothetical refuges in ea stern Australia.

The "barriers" and "refugia" hypotheses have been based 

primarily on the use of plumage cha ra cte rs to identify taxa 

and their geographic distributions. The results of my 

analyses-- based on song, morphology, and mtDNA, as well as 

plumage characters-- provide additional evidence of a 

division between popula ti ons  of P_._ st r i a tus north of the 

Mc Pherson Range and populat io ns south of it (Figs. 42 and 

43). Striated Par da lot es do not inhabit rainforests and 

today are not found in the upper forests of these mountains, 

above about 2000 feet. Presumably, they would also have 

been exclu ded  from P lei sto ce ne  rainfore st  refuges. If 

severe c o n t r a ct io n  of eucalypt forests during dry 

in terpluvials had been coupled wi th  ex t i nct ion  of local 

pardalote pop ul a ti o n s on or near the latitude of the 

Mc Ph er so n Range (even though rainforest co n tr a c ti o n  would 

also have occurred), ef fective se pa ra ti o n of northe rn  and



Fig. 45. Postulated coastal refuges in eastern 
Australia at the peak of the last Pleistocene 
arid period, about 18,000 years ago (dashed 
lines). Dotted lines denote rainforest refuges. 
Arrows indicate the direction of expansion of 
aridity. Because of lower sea levels, the 
coastline was probably somewhat different. 
Modified from Ford (1986), after Keast (1961).
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southern popula tio ns  could have resulted. That is, both the 

presence of uns uitable rainforest and the lack of suitable 

eucalvpt woodl an d could have eli mi na ted  P_;_ st r i atus from 

this region (essentially fitting the pat tern en com p a ss ed  by 

the lower dotted line in Fig. 45.)

[The two other physiog ra phi c features shown in Fig. 44, 

the B u rd ek in -Ly nd Divide and the Burdekin Barrier, have not 

been de mo nst rat ed  by my results to be barriers to dispersal 

for Striated Pardalotes. Althou gh  the cluster analys is  of 

morphological varia ble s resulted in a separation of 

localities 5, 9, and 10 from the other northern localities

(Fig. 42, p. 126), this split does not coincide 

ge ogr ap hi cal ly with either barrier. Nor does it coincide 

with or ien ta tio n of these localities to east or west of the 

Great Dividing Range. The sample sizes for localities 4 to 

7 were smaller than for the other 6 northern localities, but 

it is unknown how means and variances (and therefore 

clustering) might have changed with larger sample sizes.]

The d i s t r i bu t i on s of a number of other taxon pairs, 

noted by Keast (1961) and Ford (1987), support a hy pot he si s 

of historical sep ar at ion  of populations, followed by 

secondary con tact in the same region around the M cP he rs on  

Range. The geograp hi c di s tr i b ut i o ns  of these taxa ov erl ap  

in the same manner as forms of the Striated Pardalote.

Forms of the Leaden Fl y c atc her  (Mv i ag ra  r u b e c u l a ). the 

Whi te - b ro w e d S c ru bwr en  (Sericorn is  f r o n t a l i s ), and Eastern
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Rosella (Platycercus eximius and P. a d s c 1tus ) provide 

striking examples. (See Ford, 1987, for hybrid zones in 

these taxa. ) Recent evidence from alloz ym es  for the 

Scr ubw re ns  (Christidis el a l . (1988) and from mtDNA for the

Rosellas (Ovenden et al . 1987) also point to a shared

history of vicariance and recontact in the same area of 

ea stern Au st ra lia  as for P ± s t r i a t u s ■

The results of my mtDNA fragment analyses do not refute 

the refugium hypothesis, and are perhaps best expl ain ed by 

that hypothesis. The results strongly suggest that Striated 

Pa rda lo te s in eastern Austr al ia  are members of eit he r a 

no rth er n or a southern mtDNA lineage. These two lineages 

would ha\e d if f e re n t ia te d  in isolation in the past and come 

into contact again more recently. A hypo the si s of 

di f f e r en ti a ti o n  of two lineages is supported by the 

geo graphic d i st r i bu t i on  of mtDNA haplotyp es (Fig. 38, p.

116); by dif fer e nc e s  in esti mat ed nu cle oti de  dive rs ity  (n) 

between the northern and southern m t D N A ’s; and by the 

estimat e of genetic distance between the no rth er n and 

southern samples, in terms of base su b st it ut ion s per 

nucl eo t i de  site (6net ) .

Ov en d en  et a l . (i b i d ■ ). in their study of Rosella

phylogeny, also used re str ic tio n e n do n u cl e a se s to ex amine 

mtDNA evolution. They computed nucl eo tid e di v e rs i t ie s  (n) 

for Pl at yc er c us  ex imius and P_̂  a d s c i t u s . two c l os e l y- r e la t e d  

taxa of the "eximius" superspecies, which have t ra d it ion al ly
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been identified by plumage patterns. As mentioned, these 

two forms of the Eastern Rosella have d is t r ib u t io n s  and a 

hybrid zone in eastern Austr al ia which are very similar to 

those of P._ striatus. Ov enden et al . stated that the 

current po pu la tio ns  of Rosellas were "plausibly believed to 

result from the expansion of refugial pop ulations."  

Interestingly, n estimates for the northern adsc itus and the 

southern eximius differed by the same order of ma gnitude as 

the est ima te s for the northern and southern ha plotype groups 

in P. striatus. (Values were 0.002 7 for adsci__tus and 0.0112 

for eximius, and 0.0006 for the northern P. striatus 

haplotype group and 0.0029 for the southern g r o u p . ) Thus 

there is evidence, based on geographic patterns in plumage 

arid mtDNA, that Eastern Rosellas and Striated Pardalotes  

have shared a similar history of po pu lation fragmentation. 

Eor both, nucleoti de  di ver si tie s for northern m t D N A ’s were 

an order of ma gnitude lower than southern m t D N A ’s.

Lower mtDNA nucleotide di ve rs iti es in the north may be 

the result of greatly reduced p opu la ti ons  and a greater rate 

of ext in ct ion  of local pop ul at i o ns  during past harsh 

i n t e r p l u v i a l s . Mode rn census dat a (Blakers et a l . 1984)

indicates much smaller po pu l at i o n sizes for Fb_ striatus for 

the northern half of my study area than for the southern 

half. If this has been the historical pattern as well, 

smaller P_. striatus p opu la ti ons  in the north could have been 

more neg at i ve l y  affected than in the south during periods of



1 38

severe* aridity. In their study, Ov en den  et al . (1 987)

concluded that eff ective long-term population sizes for 

Rosellas were several orders of magni tu de  smaller than the 

modern estimates. They thought that the hypothes is  of 

Ba rro wclough and Shields (1984) of bot tlenecks as affecting 

an entire po p ul at io n best ex plained this.

The mtDNA 6net value of 0.0356 estim ate d for Striated 

Pardalotes was high compared to genetic distance estimates 

for m t D N A ’s in North Americ an passerines: 0.008 for 

Red-winged Bla ck bir ds  (Ball et a l . 1988), 0.004 for

Black-crest ed Titmice (Avise and Zink 1 988), 0.0086 for Fox 

Sparrows and 0.0027 for Song Sparrows (Zink 1991). The 

value for pardalo te s was of the same order of magnitude as 

distances found for large versus small subspecies of Canada 

Geese in western North Ame r ic a  (Shields and Wilson 1987b).

If this estimate for par dalotes is correct, it implies that 

there was a fairly long period of separation of the northern 

and southern P_. s t r i a t u s populations. If the mean rate of 

mtDNA di v er gen ce  is 2% per 1 mil lion years-- which was 

or igi na ll y ca lcu la te d by Brown et a l ■ (1979) using primate

m t D N A ’s and has since been used for m t D N A ’s in Canada Geese 

(Shields and Wils on 1987a, 1987b), Pacific Black Brant 

(Shields 1990), Fox Sparrows (Zink 1991b), and the Eastern 

Rosellas me n ti one d above-- then the d iv e rg enc e times of the 

mtDNA nu cleotide sequences, repres ent in g the northern and 

southern lineages of FD. s t r i a t u s . would have diver ge d from
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each other over a period of 1,780,000 years.

If, in fact, northern and southern po pulations of P. 

striatus have been separated, and if this is reflected in 

the geographic di str ib uti on of mtDNA haplotypes, then the 

central mtDNA clu ster (Fig. 42, p. 126) might represent the 

area of recontact and overlap of the pr e vi o u sl y - se p a ra te d  

populations. This cluster of localities extends over about 

450 km, between 2 5 ‘S and 29 S latitude. Ma cdonald (1969), 

using traditional plumage cha ra ct ers  to identify hybrid 

individuals, stated that one hybrid zone for s t r i a tus 

extended from south central Qu e e ns l a nd  to so utheastern  

Q ue e ns lan d and northeastern New South Wales. Ot he r workers  

(Hindwood and Mayr 1946; Lord 1956; Coo per  1961; Salomons en  

1961; Short and Horne, Schodde, p e r s . c o m m . ) also identified 

hybrids from museum colle ct ion s and reported sitings of 

ornatus x subj>trjatus mated pairs in the field in the same 

region. Does the central cluster of localities identified 

in this study delin eat e the hybrid zone? Althou gh  mtDNA is 

re pr e sen ta ti ve of maternal lineage only and cannot be used 

to identify hybrid individuals, patte rn s for mo rphological 

(and perhaps song?) va riables within the clusters delineated 

by the mtDNA might be used to identify the hybrid zone.

Hybrid zones have been def i ne d  as regions of steep 

phe not yp ic  or gen otypic in te rgr ada ti on occurring between 

p opu la ti ons  which are relatively un if orm  (Mayr 1963; Short 

1969). These regions should co nt ain  hybrid populat io ns
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which exhibit, increased va ria bi l it y  ( Schueler and Rising 

1976). Therefore, I next examined the results for evidence 

of increased variab ili ty in samples from the central cluster 

of 1 oca] i t i e s .

I calculated an estimate of n (mtDNA nucleotide  

diversity) for samples from the central cluster. Individual 

m t D N A ’s from In.june and Roma (localities 12 and 13) were 

used; and the estimate was made from the F and 6 matrix 

shown in Table 33 (p. 113). The value obtained was 0.0095,

which was higher than the values obtained for northern and 

southern m t D N A ’s (0.0006 and 0.0029, respectively). This 

value for n should be interpreted cautiously, however, 

because the matrix was based on fragment patterns generated 

by only 5 endonucleases, resulting in a relatively small 

number of fragments in each profile. Quinn and White (1987) 

warned that a mi nim um  of 40 fragments per profile was 

preferable if U p h o l t ’s (1977) formula was used in 

calcu lat io ns  of 6 (from whic h n is calculated).

The results of uni va ria te analyses appeared to show 

relatively smooth clinal va r ia t i on  for a number of song and 

morphological characters. The results of GLM/GT2 

com par i s on s  suggested that sample means of four song 

varia ble s varied in this fashion. Both highest frequency of 

the first syllable (Fig. 10, p. 48) and frequency of the 

second highest peak in the first syllable (Fig. 12, p. 50) 

tended to increase from north to south. Syllable number
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(Fig. 9, p. 47) de c rea se d and du ra t i on  of the first syllable 

(Fig. 13, p. 51) increased from north to south; both 

vari ables were s i gn if i ca n t ly  correla ted  with latitude.

Means for the mo rphological varia ble s weight, body length, 

wingspan, and wing length (Figs. 23-26, pp. 80-83) increased 

from north to south and were sig ni f ic a n tl y  cor re lat ed with 

latitude. There was no evide nc e for any discre te  subset of 

means for any of these variables.

Some compari son s of mean coe ff i ci e n ts  of va riation 

showed increased va ria bi l it y  for samples from the central 

cluster, when compared with C V ’s from the north er n and 

southern clusters, while other com pa ri s o ns  did not. When 

mean C V ’s were comput ed over all individuals in each 

cluster, C V ’s for wing, tail, and culmen lengths were found 

to be sig ni fi c a nt ly  higher in the contact zone; but mean 

C V ’s for body length and win g s pa n  were lower than in the 

north or south. Mean C V ’s for the song frequency variables 

HF and LF were higher in the contact zone, but lower for the 

time vari abl es DUR1 and D U R .

I next examined the ranges of principal co mpo nen ts  

scores (PC1-SONG, PCl-MORPH, and P C I - C O M B I N E D ) for 

localities in each of the three geograph ic  clusters. If 

there was increased v a r i a bi l i ty  in the contact zone, the 

range of PCI scores for the central cl us t e r would be greater 

than for the ranges of scores in the north or south. The 

easiest way to vi s ua liz e this was to look at the spread of
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localities 11-19 along the x-axes (PCI scores) in Figs. 20, 

30, and 39 (pp. 66, 93, and 121, respectively), in which 

PC1-SONG, PC1-MORPH, and P CI -C O MB I N ED  scores were plotted 

against map distances. The ranges of PCI scores for the 

central cl uster of localities were not greater.

Interestingly, the range of PC I-C OM B IN E D  scores (Fig. 

39) for samples from the southern cluster was gr eat er  than 

the ranges of scores for the central and northe rn  clusters. 

If in fact a greater "spread" of PCI scores is an indication 

of increased variability, then birds from the southern 

localities exhibit greater v ari abi li ty than birds from north 

of the McPh er son  Range, in terms of the comp os ite  of 

m or ph om etr ic and song va r ia ble s represented by the first 

principal component. Thus, there is evide nc e for both 

increased va ria bi lit y and higher mtDNA di ve r s it y  in the 

southern samples. One possible ex p l an ati on  for this is that 

effective populati on sizes in Striated Pardalot es  north of 

the McPh ers on  Range have been (and are) small compared to 

populat ion s south of the range.

I compar ed  some of my results with ob ser va t io n s  made by 

other wor ke rs  regarding geog ra ph ic d i st r i bu t i on s  and 

cha rac te rs  as soc iat ed  with the three races of P^ s t r i a t u s :

Lord (1956) found breeding substr ia tus  co mm on ly and 

m el a no c e ph a l us  spar in gl y in southe rn  Q u ee n s la n d  (Toowoomba 

and M u r p h y ’s Creek). I found no pure m e l a n oc e ph a l us  from 

that far south. He also found ornatus and subs tri atu s
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mating in southern Queensland. He found s u b s t r i a t us common 

and ornatus "fewer in number." In both years of collecting, 

1 found o r n a tus in greater numbers than su bs tri atu s in 

localities 19, 21, 22 and 23 (Fig. 27, p. 103). Hindwood 

and Mayr (1946) thought s u b s t r iatus was "extremely rare" in 

coastal New South Wales. They thought ornatus was common 

near Sydney, while s u b s t r i a t us was rare there. Ornatus 

"occurs commonl y in coastal areas between the seaboard and 

the Great Dividing Range in New South Wales," but they 

thought this form was rare in the highlands. However, all 

the ornatus I found were in highlands inland from the coast. 

It is perhaps possible that changes in the di st ri b u ti o n s of 

these forms have occurred since the 1 9 5 0 ’s.

For one of the diagnostic cha ra c te r s  sep arating  

substriatus and o r n a t u s . wide versus narrow white wing patch 

on the prima rie s (Fig. 3, p. 8), I found very few 

intermediate individuals. This was in ag reement with 

previous authors. Woinarski et a j . (1983) studied variation

in F\ s triatus in so ut he as t er n  Australia, across a contact 

zone for s ub str iat us  and ornatus in Victoria. They found 

that 19 individuals, or 6.6% of the birds they sampled, were 

intermediate for the amount of white in the primaries. 

Hindwood and Mayr (1946) examin ed 520 mu se u m  specimens and 

found only 6 birds (1.2%) to be intermediate for this 

plumage character. I found only 3 individuals (1.4%) which 

were intermediate (Fig. 36, p. 102). Inter gra din g occurs
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extensi vel y in the other plumage characters. At present, it 

is unclear why so few intergrades have been found for the 

prim ary -w hi te character. Moore (1987) argued that the 

dynamics of mate choice among individuals in hybrid zones 

might drive the ev o lut ion  of diffe ri ng  bright and 

co ntr as ti ng plumages. However, no evidence as yet exists 

for patterns of mate choice in o r n atus and s ub s t r i a t u s ; 

although as mentioned on p. 138, mixed breeding pairs are 

known from museum collect io ns and field observations. In 

addition, the di sc riminant functions I computed from the 

m o r p h o 1o g i c a 1 variables related to body size and from the 

song var iables did not. provide reasonable se paration of 

ornatus and s u b s t ri atus specimens (identified by plumage).

Hindwood and Mayr (1961) reported that H in dwo od  agreed 

with Morse (1922) about dif fe r en ce s  in the calls of 

subst.xjat.ys and ornatus ■ Morse stated that ornatus "utters 

a double note, rendered a ’c h i p - c h i p ’ , whilst s u b s t r i atus 

gives a th ree -sy ll abl e note wh ich has been recorded as ’wit- 

e - c h u 1 ." They used this fact in support of species status 

for these taxa. Mees (1965), however, thought there was no 

differe nce  in voice between orn atus and s u b s t r i a t u s . He 

cited Serventy (1946), Cooper (1961), Sedgwick (1962), and 

Ni els en  (1962) as eviden ce  that both forms "can produce the 

double call note as well as the three-tone." The cluster 

analyses of song va r ia ble s in this study dem on st r a te d  a 

separation be tween localities 19-25 and all other localities
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(Fig. 19, p. 62; F i g . 21, p. 67). Specimens collected in 

localities 19-25 were p r e d o m in an t ly  o r n a t u s . However, the 

discri min an t function a nal ys is  (pp. 69-70) dem on s tr a t ed  that 

song (at least as it was character iz ed by the variables used 

in this study, inc1uding syllable number) was not a good 

di scr i m in a t or  of o r n a t u s . s u b s t r ia t u s , and m e lan oc e p h a l us.

Subspecies design at io ns based on plumage patterns 

remain useful for identifying individuals in the field. 

However, results of this study showed that cl ass i f ic a t io n  

functions in discriminant function analysis, based on song 

variables or morphological variables, did not fit subspecies 

designations. 36% (song DFA ) and 28% (morphology DF'A ) of 

individuals were misc 1 assified as to subspeci es  when 

morphological or song var iables were used. Nor did mtDNA 

clonal type match with sub species (p. 114).

More study is required of F\ s t r i a t u s in eastern

Austral ia- - and in other parts of the range of this taxon--

to examine additional patterns of variation and to begin to

identify other factors which may have shaped those patterns. 

Field work should be continued in the region of o ve rla p in 

s ou th ea ste rn Qu e e ns la n d of the northern and so ut he rn mtDNA 

lineages defined by this study. Inv est iga ti on  is needed of 

the frequency of mixed br ee di ng pairs; the repro duc ti ve  

success of individuals; po st -b re e di n g  di spersal and 

philopatrv; temporal shifts in the zone of overlap; and the 

relative fitness of subspecies, intermediates, or mtDNA
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haplotypes. Field studies of banded birds, followed over 

several generations, would be possib le  for this species. 

Existing museum colle cti ons  proved to be unhelpful for this 

study; more large series, coll ect ed within short time 

periods, would be useful. My series contai ns no specimens 

from between 21.5' and 23.5 latitude, an area where 

probably all m e l a n o c e p h a lus could be expected. There is 

a 1 so a gap in my series between Barcaldi ne  and Alpha south 

to about In.june. This might prove to be a very interesting 

area to investigate, because of the numbers of intergrades 

of mel anocephal_us and subs t ri atus which might be found 

there, and because habitat changes are dramatic. (The 

Car narvon Ranges and Carn ar vo n Gorge are found here. )

In this study, I have not tried to identify ecological 

variables contri but in g to the observed patterns of 

variation. Woinarski et a ! , (1983) tried to identify

environmental c o rr el at es of va ri a ti on  in their study of P_. 

s. ornatus and P. s^ su b s t r i a tus in Victoria. They used a 

canonical c o r r e l a ti on  analys is to examine wh ether  

morphological ch a r act ers  were related to several 

environmental parameters. They found that va r ia ble s related 

to body size (weight, wing length, and some bill and tarsus 

mea surements) were po sit ive ly  co rr e la t e d with altitude and 

rainfall. However, they found no c o rr e l at io n s of characters 

with nest site location or with ve g e ta t i on  density.

The relativ ely  recent eff ects of human p o pu l at io ns on
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the di s tr i b ut i o n patterns in this species have not been 

studied. It appears that Striated Pardalotes may benefit 

from the act iv it ies  of humans, in terms of clearing of the 

types of forests which exc lude this species and in terms of 

an increase in nest site av ai la bil ity  (Appendix II, p. 159; 

Appendix III, p. 160). Thus, the ecological effects on 

geographic va riation in P. s t r i a t u s . including those effects 

which can be attributed to humans, require further study.
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APPENDIX I

TAXONOMY. The pardalotes are a group of small, 

colorful songbirds endemic to Australia. The status of the 

family Parda lot ida e and of species within the genus 

P a r d a lotus has been controversial. Until recently, they 

were classif ie d as an u nc har ac ter ist ic  genus in the family 

Dicaeidae (F 1 o w e r p e c k e r s ). However, par da lot es do not share 

the features of the true f 1ow erp ec k er s  -- tongues adapted 

for nectar-eating, a muscular stomach reduced to a blind 

sac, and a purselike, hanging nest.

The current R.A.O.U. c l a s s i f ic a t io n  (Schodde 1975,

1981 ) places the pardalotes in their own family, 

Pardalotidae. The family includes only the genus 

P a r d a l o t u s , which is comprised of four species: F\ 

quadrajLi nt_us (Forty-spotted Pardalote), r u b r i c a t u s (Red- 

browed Pardalote), P_. p u n ctatus (Spotted Pardalote), and P_. 

s t riatus (Striated Pardalote). The mon ophylv of this group 

is not in question.

Sibley and Ahlquist (1990), in their cla ss i fi c a ti o n  

based on DNA-DNA hybridization, have expan de d the family 

Par dal o t id a e  to include A c a n t h i z a . S e r i c o r n i s . G e r y g o n e . 

S m i c r o r n i s . and ot her genera of the A c a n t h i z i n a e ; the 

D a s y o r n i t h i n a e ; and the P a r d a l o t i n a e . These authors 

co ns i d er  Pardalotidae, as they have de fined it, to be one of 

the old endemic groups of A u s t r a li a and New Guinea, with its
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closest relatives being the meliphagids, malurids, and 

corvoids. They also consider the genus Pardalotus to be 

more closely related to the other corvoid genera (Seri corn i s 

to M a l u r u s ) than to the pas seroid genera such as P i c a e u m .

P r i o n o c h i 1 u s . and Z o s t e r o p s . with which it had been 

prev iou sl y allied.

STATUS OF P. S T R I A T U S . Schodde (1975) con siders P. 

striatus to be a single polytypic species made up of a 

number of forms which were pre vi ous ly  consider ed separate 

species. These forms, which include the races P. s, 

striatus, o r n a t u s , s u b s t r i a t u s , m e l a n o c e p h a lus. and 

uropyg ia 1 is, each occupies a broad geographic area, with 

some degree of ove rl ap among adjacent forms. This treatment 

remains under discussion, ho wever (McGill 1976; Noske 1978; 

Schodde 1981).

A number of previous studies, based prima ril y on museum 

colle cti on s and on some field observations, remain 

important. These are summarized briefly here, part ic ula rly  

as they relate to my own study.

H ind wo od  and Mayr (1946) ana l y ze d  520 mu s eu m  specimens 

and redefined the Striated P a rd alo te  complex to include 

three sibling species, P^ s t r i a t u s . P . s u b s t r i a t u s . and P . 

o r n a t u s . (They did not consi der  the form m e l a n o c e p h a l u s .) 

Ch ang es  in their c la s s if i c at i o n were p ro pos ed  by Salomonsen 

(1961), Mayr (1961), and Mees (1965). Reports of 

int erbreeding between the taxa su bs tr iat us and ornatus (e.g.
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Cooper 1961; Lord 1956) and between other forms prompted 

Schodde (1 975) to reclassify the group as a single species.

Woinarski et a_l_- (1 983) proposed that previous studies

had relied too heavily on museum collections, and had 

included non -breeding birds and birds taken at unknown 

dist ances from breeding sites. They also felt that previous 

workers had concen tr at ed on too narrow a range of plumage 

characters and had "pigeonholed" specimens by subspecies a 

priori. They attempted to describe variation across a 

contact zone for ornatus and subst ri a t u s . They captured 

live birds at breeding sites and measure d 9 morphometric 

variables and 18 plumage variables for a principal 

componen ts analysis. They found that the first five 

components accounted for only 38% of the variance, and 

morphometric variables of size had high loadings on PC3 and 

PC5 and accounted for only 12% of the variance. Citing 

their analysis, they questioned the use of the character, 

wide versus narrow white primary stripe, as a descrip to r of 

the two subspecies. As a result of their analysis, they 

also questioned the existence of a we l l -d e f in e d  contact zone 

for ornatus and subst ria tu s across Victoria, in spite of the 

evidence for it which they themselves present in a map 

(Woinarski et. al . 1983, p . 88).
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A PP EN DI X II

BEHAVIOR AND ECOLOGY. Striated Pardalot es  are common 

birds of forest and wo od l a nd  throughout Australia. Because 

of their small size (90-115 mm) and habit of foraging high 

in the canopy, and because they have a loud and often 

persistent call, they are sometimes descr ib ed in field 

guides as being easier to hear than to see. They have 

stubby bodies and short tails, and a rapid, undulating 

flight. Pizzey (1980) has described them as looking like 

"flying bee ties."

The feeding behavior of Striated Pardalot es has been 

desc rib ed  in a number of different studies. They are 

insectivorous and use their thick, par tl y- n o t ch e d  bills to 

remove insects from the leaves and twigs of E u c a 1yptus 

trees. In a c omp ar at ive  study of foraging behavior in 

several species of pardalot es  in eucalypt wo odlands in 

Victoria, Woinarski (1988) found that Striated Pa rd alo tes  

spent most of their time glean in g invertebr at es  from the 

st urd ie r outer twigs and 1 e a v e s . He also observed that 

three d if fer en t forms of P_̂  s triatus (o r n a t u s . s t r i a t u s . and 

s u b s t r i a t u s ) forage in an almost identical manner. In a 

ye ar- ro un d study of small insectivorous birds in eucal yp t  

w oo dl an d in New South Wales, Ford et. al . (1986) found that

P . s triatus gleaned insects about 79% and snatched insects 

about 20% of the time; that almost 99% of their feeding time 

was spent on leaves and twigs; that the tree species most
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f r e q u e n t l y  used were Eucal yptus cal lginosa , E ■ v i m i nal is. E_. 

melliodora, and E. b l a k e l y i ; and that the tree heights at 

wh ich most foraging took place were above 6 meters. Recher 

et al__. (1 985) obtained similar results in a study which was

cond uct ed  only in summertime.

In their study, Ford ê t al^ (1986) clas si fie d six 

species as foliage gleaners. In addition to F\ s t r i a t u s . 

these were P. pu net. at us (Spotted Pardalote), Gerygpne 

oliva cea  ( W h  i t.e-throated Gervgone ) , Meli thr ept us  

brevi rostris (Brown-headed Ho ne y ea t e r I , M_, lunatus (White- 

naped Honeyeater), and Li c h eno sto mu s fuscus (Fuscous 

Honeyeater). These species-- as well as others with similar 

feeding habits in the genera Meli t h re p tu s , L i c h e n o s t o m u s . 

and Ma no ri na (Keast 1968a; Ford and Paton 1976; Paton 1980)- 

- are probably the major competi tor s of Striated Pardalotes 

for food resources.

Par dal ot es  eat a variety of in vertebrates and exudates 

of insects and plants. Psyllids, coccids, and aphids, which 

are wi d es pre ad  in Au s tr a l ia  and found on most species of 

Eu cal yp tu s (Paton 1980), are probab ly  the insects most 

co mmo nl y eaten by pardalotes. Spiders and insects from the 

orders Orthoptera, Coleoptera, T h y s a n o p t e r a , Diptera, 

Lepidoptera, and H y me no p te r a  have also been identified from 

stomach conten ts  (Hindwood and Mayr 1946; Ford et a l . 1986). 

Lerp (the pro te ct ive  covering over many psyllid species), 

manna  (an ex udate of dam aged plant material), and honeydew
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(the secretions of aphid nymphs) -- all of which  are high in 

c ar b ohy dra te s -- con st it ute  some portion of the diet in 

pardalo tes  (Paton 1980; Woinarski 1985b).

The breeding season may extend for as long as six 

months (Bell 1959; Woinarski 1985) and begins in early 

winter in the northern parts of the s p e c i e s ’ range and late 

winter or spring farther south. Nest sites are used year 

after year (Lord 1942; Green 1971; Woinarski et a l . 1983).

Individuals are "strongly philopatric" and "usually faithful 

in mate choice" ( i_b i d . ) . Several broods may be raised in a 

season. There is evidence that even third clutches may be 

laid, and that mates are so metimes monogamo us during the 

season and sometimes not (Woinarski, p e r s . c o m m . ).

R e l a t i v e l y  little has been published on co ur t s hi p and 

mating. Courtin g males di splay on bare branches, while 

spreading and quive rin g their wings and tails (Pizzey 1980) 

and singing. This display appears to both attract females 

and to agitate other males I p_ers_. o b s . ). I have observed 

one or more females respond ing  to a di s p lay ing  male by 

landing near him, by sprea di ng and qui ve rin g the wings, and 

by sometimes appea rin g to ex amine a pr o s pe ct i ve  nest hole. 

Females may sing a c h a ra c t er is t ic  trill in apparent response 

to male song; but they do not seem to sing a true song, at 

least during c o u rt s hi p  activity.

Whe ther or not females sing full songs has not been 

studied, however. There is no sexual dimorphism, except
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perhaps in P. s. me_lanocejpiLaJus (Hindwood and Mayr 1946; 

Salomon sen  1961; Short, Schodde, pers. comm,). Therefore, 

in the field it is not possible to tell the sex of a singing 

bird. But, of 211 birds which I observed singing at nest 

sites, and which I subseq uen tl y collected, all proved to be 

males with devel op ed testes. This would seem to provide 

some eviden ce  that only males sing during the breeding 

pe r i od .

Male songs are simple and distinctive, and consist of 

one to four simple syllables (sensu Jellis 1977) repeated 

over and over. Local va riations of the song have been 

desc rib ed  by Slater et al . (19B6) as sounding like "wit-

wit," "witta w i t t a , ” and "p i c k - i t - u p ;" and by Pizzey (1980) 

as "chip-chip," "pick-pick," " w i t t a c h e w , " "cheeoo," and 

"pee-ew peeow."

Both sexes share in nest building. Nests are placed in 

holes in dirt banks or trees. Holes in ma nmade structures 

such as brickwork (Hindwood and Mayr 1946), birdhouses, 

drain age  pipes, eaves, hanging flower baskets, and farm 

eq uipment (p e r s . o b s . ). In a d dit ion  to natural banks in 

creeks or hillsides, places where the ea rth has been 

di st u rb e d  by human activities-- such as roadcuts, railroad 

cuts, c o n s t r u ct i o n sites, stock dam banks, quarries, e t c .-- 

attract p a rd alo te s looking for nest sites.

When a bank is used, an e x c a va t i on  is dug hor iz ontally  

about 0.5 to 1.5 meters into the earth (Bell 1959; Beruldsen
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1980). Thr birds use their bills and feet to break up and 

remove dirt from the tunnel. The nest, which is dome-shaped 

with a side opening, is constr uc te d within an enlarged 

ch amb er  at the end of the tunnel, and is usually made of 

bark strips, grass rootlets, and fine twigs and leaves (Bell 

1 959; Slater et aj,. 1986). Old tunnels are often repaired

and used from year to year.

Two to five white eggs, a pp ro xi mat ely  16-19 x 13-15 mm 

in size, are laid. The most common clutch size is 4, and 

somewhat less often 3 (Beruldsen 1980). Incubation lasts 

three weeks. Whether both male and female incubate the eggs 

has not been studied. The young are in sectivorous and are 

fed by both parents, and sometimes by auxillia rv  birds 

(Rogers 1966; Dow 1980; Woinarski eit al . 1983). These

helpers are probably non-breeders, and they are most likely 

fledged birds from an earlier brood of the season (Woinarski 

pers. comiTK ) . The mean fledging period is 23 days 

(Woinarski 1985a).

Co mp a ri n g  data on small insectivorous birds from Europe 

and North Ame r ic a with birds from Australia, Woinarski 

(ibid. ) found that Au st ral ian  species have smaller clutches, 

longer incubation and fledging periods, and longer breeding 

seasons. Of the 81 Aus tra lia n species re pr es ent ed in the 

study, striatus had the longest incubation and fledging 

periods. He h yp ot he siz ed that these dif fer e nc e s  are due to 

the relative ly minor seasonal fluctuations in food resources
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in A u s t r a l i a .

Small insectivorous Aus tr al i a n birds were found to be 

more sedentary, possibly for the same reason. Insectivorv 

appears to be di re ct ly related to degree of sed ent ar in ess  

and nomadism (Keast 1968a; Schodde 1982). Year-round 

production of foliage by eucalvpts, and therefore year-round 

availability of foliage insects, probably en ables many leaf- 

gleaning birds to ove rw int er within their breeding ranges 

( i b i d . ). Pardalotes may form flocks which move more or less 

nomadicallv in the no n -b ree din g months (Woinarski 1988). 

However, although there may be some post - breeding dispersal, 

the distances are probably not extensive; and breeding and 

post-bre edi ng  ranges ov erl ap  substant ia lly  (Woinarski 

1 985a ) .

Schodde (1982) proposed that there is a close 

correla tio n between s e de nta ri nes s and independence from 

water. Althoug h his d is c us sio n was of Eyrean species 

(including P a r d a l otus r u b r i c a t u s . the Red -browed Pardalote 

of the arid inland region), he conside re d the family 

Par dalotidae to be one of the "non-drinking" families. 

Members of this group, which also includes the families 

A c a n t h i z i d a e , Maluridae, and C l i m a c t e r i d a e , rarely or never 

drink. Because of this, pa r da l o te s  may be less likely than 

many other species to d i spe rse  wid ely  during modera te  

d r o u g h t s .

Densities of striatus vary with habitat and time of
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year. Ford ejt a_l_. (1 986) reported the density in eucalypt

woodland, averaged over the whole year, to be 0.69 birds/ha. 

Blakers et a l . (1984) reported dens iti es  during the breeding

season to av erage about 1.41/ha in eucalypt woodland,

0.98/ha in eucalypt forest, and 0 . 8 5 / ha in mallee and 

wood 1 and .

Little is known about molt, fat deposition, or gonadal 

development in this species. In comparing molt in birds 

from the arid z one, Keast (1 968b) found that species which 

were seasonal wand ere rs molted more con sistently and quickly 

than their sedentary allies. If being relatively sedentary 

and having a long breeding season results in a prolonged 

molt , then perhaps this is the case for P.L st_ri®Lys.

Although the data are not analyzed in this paper, a summary 

of m> observat ions on the state of molt, fat, and testes 

size of the specimens I co llected appears in Appendix IV.

The effects of humans and their acti vi tie s on the 

behavior, ecology, and di s tr i b ut io n  of Striated Pardalotes 

has not been studied. However, it appears that in some ways 

this species has adapted well to changes humans have made. 

Because this is pr edo m i na n t ly  a species of open forest and 

woodland, and not of dense eucalypt forest, ex pa n si on  of its 

range may have become possible as humans cleared the land 

(Bell 1959; Ford 1987b). In addition, pa r d alo tes  will 

readily use ma nmade structu res  and ear th wo rks  as nest sites; 

so perhaps nest site a va i l ab i l it y has increased for this 

species as a result of human activity.
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APPENDIX III

The following o bs er va tio ns were made on nest sites chosen by 
the birds coll ec te d for this study.

Total nest sites: 211 
Treeholes: 56
Dirt banks: 150 (56 in natural river, creek, or lake banks;
and 94 in manmade banks created by road cuts, railroad cuts, 
quarries, exc av at ion  sites, or stock dams.
Other: 5 manmade sheds, buildings

Par dal ot es  were also observed nesting or ne st bu il d in g  in 
drain pipes, manmade birdhouses, a kayak hanging in a shed, 
a packed bunch of burlap bags hanging from rafters in a 
barn, and in the stanchions on a tennis court.

C ol le cte d birds identified as me lan o c ep h a l us  (n = 80 ) were 
found only using banks. Those identified as substr iatus 
( n = 72) were usually found in banks, but 10 used treeholes 
and 5 used "other". Those identified as o r n a t us (n=56) were 
usually found using treeholes, but 11 used banks. Of the 3 
birds identified as intermediates, 2 used banks and 1 used a 
t r e e h o 1e .
In six localities where s ub s t r iatus and o rnatus were found 
together, nest sites were di st ri bu t ed  as follows:

subst n a t u s  ornatus intermediate
tree bank tree bank tree bank

LEG ( 7 ) 1 4 1 1
BOL ( 8 ) 3 4
ARD ( 8 ) 1 7
WAT ( 8 ) 1 6
WER ( 5 ) 2 2 1
MLR ( 3 ) 2 1

This data, with adm itt e dl y  small samples, ap pears to show 
that par da lot es regardless of subspecies use wh a te v e r  sites 
are av ailable for nesting. For example, birds at the 
locality Bolivia were attr ac ted  to a steep railroad cut. 
There were many nest holes from previo us  breedi ng  seasons at 
this site. Birds from Ardin g were colle ct ed  at t r ee ho le s in 
a stand of eucal yp ts that was situa te d between two cl eared  
sheep paddocks. There a p pea red  to be no suitable dirt banks 
in the vicinity. At Werris Creek, birds were co l lec te d in a 
pa ddock that had both a stream bank and Euc al yp tus  trees 
that provided suitable sites; and birds were found using 
those sites.
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APPENDIX IV

The following o bs e r va ti o ns  were made on the state of molt, 
fat deposition, and gonadal develop me nt  in specimens 
collected for this study.

Molt: 25% of the colle ct ed specimens (55 out of 217, which
includes females) had some degree of molt. There appears to 
be no pattern related to ge ography or month collected. For 
example, no greater number of molting birds is found in 
southern samples wh ich may have been collected somewhat 
later into their breeding season than samples coll ect ed  
farther north. The degree of molt found ranged from one or 
a few crown feathers to one bird that appears to have molted 
all of its tail feathers at once (perhaps due to loss to a 
p r e d a t o r 0 ). Most of the 55 molting birds had pin feathers 
on the crown and/or throat, exclusively.

Fat: Assessed by amount of breast fat found lying in and
around the dep re ss io n  formed by the furcula, noted when the 
specimen was prepared. A s s e s s m en ts  were subjective, but 
followed the scale used for mi stn ett ed  birds: 0=no fat, 
l=slight fat, 2=mo de ra te fat (fat fills depression), 
3=greatest fat (fat extends out of depression). Birds
tended to get fatter from north to south. Birds in 1989
were generally fatter that birds in 1988. (1989 was a much
wetter year. ) The fact that birds from the southe rn  
localities had more fat may be related to 1) gr eater food 
abund anc e in those localities, 2) g en er al ly more fat 
de po s it i o n in larger birds that live in what may be somewhat 
colder environments, 3) assessment of the southern birds 
relatively later in their breeding season (doubtful), or 4) 
di ffe r e nc e s  among years in the way I assessed amount of fat.

Testes: 209 males (out of 211) had visible left testes. In
most, the right testis was also visible. Left testes ranged
in di am et er from 1-5 mm.
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APPENDI X V

Sonagr am catalog. Sound spe ctrograms of the songs of 
P a r d a lo t u s s t ri atus recorded for this study are shown here. 
Each song, repr ese nti ng  an individual male, is identified by 
a field number, a 3-letter locality code, and the year in 
which the recording was made. (Field numbers be ginning with 
"u" indicate that the bird was not co llected after its song 
was recorded. ) For an exp lan a ti o n  of locality codes, see 
Table 2 in the text. The recordings have been depo si te d in 
the archive of The Library of Natural Sounds of The Cornell 
Laboratory of Or n i th o l og y  in Ithaca, New York. The LNS 
catalog numbers (46621-46823, 48377-48399, 48427-48540) are 
cr oss - r ef e r en c e d with the field numbers which appear here.
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APPPNDI \ VI

Of about 500 specimens of Par dal ot us striat.us which I 
ex ami ne d from museum collections, 183 specimens fit the 
cr ite ri a of this study. These were adult males of the races 
o r n a tus . subs t r. i_at_u_s, and m e l a n o c e p h a l u s , coll ect ed during 
the breeding season (as det erm in ed  by plumages and dates on 
the specim en  tags). Data gathered from those specimens are 
pres ent ed  in this appendix on pages 205-208. Columns 
c o r r e s po nd  to museum abbreviation, specimen number, 
c o l l e c ti on  date, locality, weight (g), wing length, tail 
length, tarsus length, culmen length, midcro wn streaking, 
h in dc row n streaking, color of wingspot, and number of 
p ri ma rie s (excluding outer primary) edged in white, body 
length, and wingspan. All mea su r em e n ts  are in mm. The 
mu seums listed are the A us t ra lia n National Wildli fe  
Co l l e c t i o n  ( ANW'C ) , Au s tr ali an  Museum (AM), South Austr ali a 
Mu se u m  (SAM), National Museum of Victoria (NMV ) , Wes tern 
Aus tralia Museum (WAM ) , Q ue en sl and  Museum (QM ) , and American 
Mus eum  of Natural History (AMNH ) . In addition, d esc rip ti ve 
stat ist ic s for morphological m ea su r em e n ts  were calc ul ate d 
for samples from the following 8 localities, where n>2: 
Bendigo, Heywood, Mildura, and Ouven, VICT; Big Heath 
C o n s e r v a t i o n  Park and M t . Crawford, S A ; M u r r u m b i d g e e , NSW; 
and the Southern Tablelands, ACT. Those stat ist ic s are 
gi\on on pages 209-210.
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ANWC 38576 311084 TABL NSW 12.0 66 35 18.2 8.0 1 1 0 1
ANWC 39900 200785 CHAR OLD 11.3 61 30 17.5 7.2 0 0 sc 6
ANWC 39620 080785 MARK OLD 10.0 60 31 17.6 7.5 0 0 sc 7
ANWC 39637 080785 MARE OLD 9.6 60 32 16.3 6.5 0 0 sc 7
ANWC 38589 301084 TABL ACT 11.5 62 34 18.7 7.6 1 1 s 7
ANWC 37079 081176 TABL ACT 64 35 19.3 8.0 1 1 c 1
ANWC 37068 290882 MURR NSW 12.5 65 33 18.3 7.8 1 1 0 6
ANWC 37362 190882 MURR NSW 12.5 66 34 18.9 7.4 1 1 s 6
ANWC 38012 130983 TABL ACT 14.0 67 35 17.9 7.5 1 1 0 1
ANWC 37363 190882 MURR NSW 12.5 63 34 18.8 8.5 1 1 0 6
ANWC 38412 220984 DARL NSW 10.5 64 34 16.5 7.6 1 1 0 7
ANWC 37361 190882 MURR NSW 12.0 60 32 19.3 7.9 1 1 0 6
ANWC 19654 111077 WILL WA 10.5 63 34 18.0 7.8 -1 1 0 7
ANWC 140 301258 GELA VIC 10.0 60 35 18.8 7.3 -1 1 0 1 113
ANWC 1 4421 021271 KOSC NSW 12.0 65 35 17.9 7.6 -1 1 c 1
ANWC 38575 301084 TABL NSW 11.0 64 35 18.6 7.8 1 1 0 1
ANWt 19190 060881 PARR NSW 62 33 18.8 7.3 1 1 c 1
ANWC 36971 0981 TABL ACT 1 60 32 18.8 6.8 1 1 c 1
ANWt 14 365 140971 TABL ACT 12.0 64 35 18.7 7.4 1 1 c 1
ANWC 38591 311084 TABL ACT 11.5 62 31 18.3 7.0 1 1 0 1
ANWC 38590 311084 TABL ACT 11.5 63 37 18.6 7.4 1 1 0 7
ANWC 38180 081183 TABL ACT 11.7 64 34 18.2 7.2 -1 1 0 1
ANWC 6622 181067 CANB ACT 11.0 65 32 19.0 7. 7 1 1 0 1
ANWC 1 1197 091068 SNOW NSW 10.5 67 36 20.3 1 1 0 2
ANWC 1 995 7 121077 TABL ACT 13.0 64 36 18.9 7.4 1 1 s 1
ANWC 15040 080972 FROM SA 10.0 63 37 19.1 7.3 1 1 0 6
ANWC 19710 181077 WILL WA 11.5 65 34 19.5 8.4 1 1 s 1
ANWC' 36423 110778 TABL ACT 66 37 19.7 8.1 1 1 0 1
ANWC 1 7537 110784 AL1C NT 11.0 63 32 18.9 7.5 -1 1 0 7
ANWC 170 011259 CANB ACT 12.0 63 35 18.8 8.0 1 1 so 1 110
ANWt 16669 280878 STUR NSW 11.5 63 34 20.0 8.4 -1 1 s 7
AM 058276 070979 DRAh NSW 12.2 64 33 20.0 7.6 1 1 s 1
AM 029954 110811 BRIN NSW 64 34 18.7 7.5 1 1 0 6
AM 013681 001004 CARD NSW 67 34 20.4 7.5 1 1 0 1
AM 01233 001087 DUBB NSW 65 32 19.5 7.6 1 1 0 6
AM 022870 000865 CARD NSW 66 34 20.0 6.3 -1 1 s 7
AM 045834 031076 TIBO NSW 6.0 63 33 19.3 7.4 1 1 0 7
AM 044772 071173 CAMP NSW 12.5 62 33 19.1 8.4 1 1 s 1 105
AM 044678 150873 FI NL NSW 16.0 64 34 20.0 7.7 1 1 0 6 112
AM 01227 001087 DUBB NSW 66 34 20.3 7.3 1 1 0 2
AM 041757 100865 PARR NSW 12.7 65 34 20.6 7.5 1 1 0 2 98
AM 046466 000977 WAGG NSW 12.0 65 34 20.7 8.1 1 1 s 1 113
AM 039726 090957 BOOL NSW 62 33 19.3 8.1 1 1 s 6
AM 057903 200783 SYDN NSW 15.0 69 36 19.8 7.5 1 1 Y 1 116
AM 033140 101232 MURR NSW 63 34 20.5 7.8 1 1 0 7
AM 029946 001004 BATH NSW 64 35 19.6 8.2 1 1 0 1
AM 029945 001004 BATH NSW 66 36 18.7 7.1 1 1 0 2
AM 044773 071173 CAMP NSW 13.5 64 33 20.0 6.9 1 1 0 2 107
AM 047071 230778 CONC NSW 67 34 18.8 6.9 1 1 OS 6 105
AM 045804 031076 TIBO NSW 7.0 60 32 18.4 7. 7 1 1 OS 6 94
AM 194147 070979 DRAK NSW 11.9 65 33 20.5 7.1 1 1 Y 1
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AM 033139 121032 Ml RR NSW 65 36 18.5 8.4 1 0 7
SAM B34254 241181 B1GH SA 13.0 60 34 20. 3 8.0 1 0 7
SAM B34254 231181 SEYM SA 13.5 65 36 21.2 8.4 1 s 1
SAM B25409 100888 EMLC SA 62 34 19.6 7.8 1 0 7
SAM B2973 031019 BELM NSW 11.8 65 32 18.7 7. 7 1 0 6 105
SAM B21225 170993 EPP1 V I C 64 33 19.0 8.4 1 OS 2 103
SAM B24214 191051 KANG SA 65 33 19.2 8.0 -1 0 7 104
SAM B28434 180821 BELT SA 64 33 19.8 8.0 -1 0 7
SAM B26824 181163 MTCR SA 63 33 19.2 7.4 -1 0 7
SAM B26966 031263 LAKE SA 63 32 20.2 7.5 1 0 6
SAM B34264 251181 BOOL SA 11.5 60 32 19.0 7.3 1 0 4
SAM B26825 181163 MTCR SA 65 33 18.9 7. 7 1 0 7
SAM B22399 280820 DULK SA 65 32 18.8 7.3 1 0 7
SAM B26969 031263 LAKE SA 63 33 19.5 7.6 1 SO 7
SAM B37167 171282 PADT SA 63 34 19.9 7.7 1 0 6
SAM B27584 251266 BELA SA 63 35 18.5 8.2 1 0 6
SAM B27583 191066 Ml'RB SA 66 32 18.8 6.9 1 0 7
SAM B524 3 161124 FL1N SA 58 29 8. 1 1 0 6
SAM B2974 061019 BELM NSW 12.0 63 32 18.0 6.9 1 0 7 105
SAM B26821 181163 MTCR SA 64 32 17.4 6. 7 1 s 7
SAM B22404 001016 BOWH SA 64 32 19.2 8.0 1 0 6
SAM B26820 101263 HAM I VIC 63 30 18.2 7.5 -1 0 7
SAM B24213 241051 KANG SA 62 33 18.3 7.1 -1 0 6 102
SAM B6905 200826 M1LI) VIC 66 34 18.5 7.2 1 0 7
SAM B352 070812 KALL SA 64 31 18.6 7.2 1 0 7
SAM B34259 241181 BIGH SA 13.0 66 34 20. 3 8.8 1 s 7
SAM B2409 281018 KING SA 64 33 19.5 7.5 1 s 7
SAM B34257 241181 BIGH SA 12.0 64 32 18.7 7.8 -1 0 6
SAM B16923 070833 BLAC SA 11.5 62 34 19.7 7.0 1 s 7 103
SAM B26831 171063 BLAN SA 67 34 20.0 8. 1 -1 s 7
SAM B34256 241181 BIGH SA 11.5 61 32 20.3 7.2 1 0 6
SAM B38278 100882 MILD VIC 66 32 18.4 7.3 -1 0 6
SAM B21231 101216 BROK NSW 62 31 19.2 8.0 -1 0 7 96
SAM B21228 080901 BROK NSW 64 32 18. 7 7.9 1 0 3 94
SAM B4469 180823 DONA SA 9.3 63 32 17.9 7.3 1 0 7 102
SAM B21230 101216 BROK NSW 64 32 19.6 7.5 -1 0 6 102
SAM B34261 251181 BOOL SA 12.5 62 35 19.0 7.8 1 0 6
SAM B25410 210858 COOP SA 64 32 18.3 7.1 1 0 7
SAM B21227 170993 EPPI VIC 64 34 18.5 7.3 1 0 1 109
SAM B8941 140802 DONA SA 64 35 18.4 7.9 -1 0 7
SAM B26823 181163 MTCR SA 62 34 18.3 8.0 1 0 6
SAM B37166 201182 PADT SA 63 32 18.7 8.0 1 0 7
SAM B8930 001006 CO PM NSW 60 30 18.4 7.4 0 S 6
NMV B5704 011250 PHIL VIC 63 32 18.4 7.7 1 0 1
NMV B5580 020754 BENE VIC 12.5 62 34 18.0 7.0 1 0 6 100
NMV B8495 220962 WARR VIC 69 36 19.1 8.7 1 0 2 105
NMV B12244 290975 CRCY VIC 12.0 66 34 17.2 7.1 1 so 4 103
NMV B5696 290949 OUYE VIC 65 32 18.7 7.9 1 0 6 100
NMV B5703 091149 BRIG VIC 63 34 17.6 7.3 1 0 2
NMV B2371 161141 EMUV QLD 63 32 17.9 7.8 0 OS 7
NMV B13147 101179 PORT VIC 11.3 63 32 19.7 7.5 1 0 1
NMV B13152 281179 TERA VIC 11.4 63 33 19.8 7.6 1 c 1
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NMV B 1314 4 241179 HEYW VIC 12.2 62 32 18.6 8.5 1 1 0 1
NMV B7611 080959 RUTH VIC 15.0 63 35 19.2 7.8 1 1 s 6 114
NMV B2369 101141 WARW QLD 62 35 18.4 8.3 -1 1 s 7
NMV B16048 251254 WAKO NSW 13.0 65 34 20.7 7.3 1 1 0 7 100
NMV B2367 081141 WARW QLD 62 35 17.4 7.5 1 1 s 1
NMV B2370 111141 WARW QLD 64 33 19.2 7.1 -1 1 s 6
NMV B5700 210850 BEND VIC 65 32 21.0 8.2 -1 1 0 7
NMV B5702 091152 MILD VIC 10.0 63 31 18.0 7.5 -1 1 0 6 110
NMV B 12 2 5 3 080875 CHI L VIC 13.0 66 36 17.2 6.8 1 1 s 1 109
NMV B6491 191053 FRAN VIC 17.0 63 34 17.4 6.9 1 1 s 1 107
NMV B5694 290950 GISB VIC 67 36 19.0 7.8 1 1 s 2 100
NMV B5701 200850 BEND VIC 63 31 20.1 8.0 1 1 0 7 100
NMV B952 190995 BEND VIC 67 35 19.0 7.6 1 1 s 7
NMV B5695 290949 OUYE VIC 64 31 17.2 6.5 -1 1 0 6 98
NMV B10686 190869 OUYE VIC 12.0 63 34 18.7 7.3 1 1 0 6
NMV B10687 190869 OUYE VIC 12.0 63 32 19. 1 7.9 -1 1 0 6
NMV B5693 270950 GISB VIC 62 32 20.5 7.4 1 1 s 1 105
NMV B986 040940 MILD VIC 65 35 20. 1 7.5 -1 1 0 7
NMV B5697 220751 TOOL V I c 62 34 6.9 1 1 0 7 96
NMV B 13146 241179 HEYW VIC 12.2 65 31 17.9 8.0 1 1 0 6
NMV B 1314 8 051179 WEDD VIC 11.8 62 31 18.2 7.2 -1 1 0 7
NMV B 13141 051179 WEDD VIC 10.8 61 31 18.0 7. 7 1 1 0 7
NMV B13140 071179 GOKO VIC 12.5 62 32 20.2 7.9 1 1 s 7
NMV B 1 3150 271179 MORT VIC 12.7 67 33 18.7 7. 5 -1 1 0 6
NMV B13149 271179 MORT VIC 12.4 65 32 20.2 8.3 1 1 0 6
NMV B 1 315 3 281179 TERA VIC 11.5 64 34 19.2 7.4 1 1 s 7
NMV B13143 241179 HEYW VIC 11.8 65 32 19.8 7.8 1 1 0 1
WAM A 19958 241085 PYRA WA 11.0 63 32 19.5 7.3 -1 1 0 4 110
WAM A19965 281085 CL YD WA 11.5 61 31 18.2 7.8 1 1 0 6 108
WAM A 19967 291085 DERA WA 11.0 60 33 17.1 7.4 -1 1 0 7 110
WAM A19386 041084 MTLU WA 10.0 63 33 19.3 7.5 -1 1 0 6 100
WAM A18247 160983 BONN WA 11.0 63 31 19.8 7.8 1 1 0 6 109
WAM A19963 271085 SHEO WA 11.5 63 33 19.0 8.2 1 1 0 7 108
WAM A19968 291085 DERA WA 11.0 65 33 18.6 7.0 -1 1 0 7 107
WAM A19969 051185 BO I N WA 11.0 64 32 16.8 7.0 -1 1 0 7 112
WAM A18584 030984 EURA WA 12.0 64 31 19.5 7.9 1 1 0 7 111
WAM A18571 111084 RAVE WA 9.4 60 32 16.8 6.8 1 1 0 6 102
QM 018095 101079 ROCW QLD 10.5 61. 0 30.1 18.2 7.8 0 1 c 6
QM 018096 101079 ROCW QLD 10.5 62. 0 31.7 16.2 8.0 0 1 s 6
QM 101079 101079 ROCW QLD 11.0 60. 0 32.5 18.0 7.9 0 1 s 6
QM 018078 011079 MURP QLD 10.4 63 31.4 17.2 8.0 0 -1 c 6
QM 018079 011079 MURP QLD 10.2 60 30.1 17.5 8.0 -1 1 c 6
QM 018080 011079 MURP QLD 10.1 61 31.2 18.0 8.0 -1 1 c 6
QM 018091 051079 ELL1 QLD 12.0 64 31.1 18.3 8.4 0 -1 c 6
QM 018092 061079 ELLI QLD 10.6 62 31.9 17.7 7.1 0 1 c 6
QM 018094 061079 ELLI QLD 10.3 62 31.8 17.7 7.5 0 -1 c 4
QM 018089 170979 EMUC QLD 11.8 63 32.5 18.3 8.3 0 1 cs 6
QM 018090 170979 EMUC QLD 11.2 61 30.2 17.9 7.0 0 -1 c 7
QM 018083 180979 OR PH QLD 11.0 62 32.0 17.2 7.0 0 1 c 7
QM 018081 180979 ORPH QLD 11.0 65 33.0 17.4 7.8 0 c 7
QM 018082 180979 ORPH QLD 10.1 60 34.0 16.9 8.1 0 -1 s 7
QM 018085 190979 ORPH QLD 10.8 63 33.1 17.0 7.9 0 1 OS 7
QM 018087 200979 ORPH QLD 10.3 61 30.6 17.1 7.6 -1 -1 so 7
QM 018088 210979 ORPH QLD 10.8 60 31.5 17.6 7.7 0 -1 so 7
QM 018086 200979 ORPH QLD 10.9 59 31.7 16.9 8.1 0 0 s 7
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AMNH 824914 271179 MORT VIC 12
AMNH 824915 271179 MORT VIC 12
AMNH 824920 201179 TYRE VIC 11
AMNH 824912 201179 TYRE VIC 12
AMNH 824919 201179 TYRE VIC 11
AMNH 824906 061179 MI TR VIC 11
AMNH 824907 061179 Ml TR VIC 11
AMNH 824908 061179 Ml TR VIC 12
AMNH 824913 251179 HEAT VIC 12
AMNH 824917 251179 HEAT VIC 13
AMNH 824910 261179 HEAT VIC 12
AMNH 824918 261179 HEAT VIC 12
AMNH 461403 070854 LAWR QLD
AMNH 461404 070854 LAWR QLD
AMNH 699027 010789 ROCH QLD
AMNH 815978 060979 BLAC NSW 12
AMNH 815975 060979 BLAC NSW 12
AMNH 815972 060979 BLAC NSW 11
AMNH 815977 060979 BLAC NSW 12
AMNH 815974 110979 TABL NSW 10
AMNH 703258 280840 Bl’NY QLD 11
AMNH 703260 250940 BLNY QLD 10
AMNH 703262 050941 EMl1 V QLD
AMNH 703263 230941 EMLV QLD

64 33,.2 17. 7 7. 4 I 1 0 1
64 33., 5 18. 6 8. 2 1 1 so 1
62 33,, 1 18. 5 7 . 3 1 1 s 2
65 33.,5 18. 6 7. 8 1 1 s 6
62 33.,0 17. 2 1 1 so 6
64 32.,5 18. 9 7. 9 1 1 s 3
63 18. 5 7.8 1 1 0 6
66 33.,0 18. 3 8. 0 1 1 so 6
66 34., 1 18. 2 7.8 1 1 so 2
67 33.,5 18. 2 7. 9 1 1 s 7
64 33.,2 18. 8 7 . 7 1 1 so 6
63 33,,0 18. 4 7 . 3 1 1 0 7
60.,9 31.,8 16. 5 6. 8 0 0 c 6
61.,0 28.,0 16. 6 7. 1 0 -1 C 6
63.,8 30. 9 17. 0 6.8 0 0 c 6
64 35., 1 18. 2 6. 9 1 1 c 2
61 32. 6 17. 2 7 . 4 1 1 s 6
61 32., 1 17. 7 6. 9 1 1 s 7
64 33.,0 16. 9 7 . 3 1 1 s 1
60 30.,8 17. 8 8. 1 sc 4
62.,0 33.,0 18. 2 7 . 8 0 1 s 6
62.,0 32.,5 18. 2 8. 4 0 0 s 6
64 33. 7 18. 2 7. 6 -1 1 os 6
61 30. 0 17. 9 7. 2 0 1 0 6

5
4
6
8
8
2
9
7
2
2
0
0

5
5
1
3
0
2
8



V* I NG
loc

LENGTH:
N MEAN SD MIN MAX SE VAR CV

BEND 3 65.0 2.00 63.0 67.0 1.15 4.00 3.08
HEYV. 3 64.2 1. 73 62.4 65.5 1.00 3.00 2.71
MILD 4 65.2 1.41 63. 5 66.3 0.71 2.00 2.18
OUYE 4 63. 7 0.96 63. 7 65. 5 0.48 0.92 1.50
BIGH 4 62. 7 2. 75 60.2 66. 1 1.38 7.58 4.39
MTCR 4 63.5 1.29 62.6 65.5 0.65 1.67 2.03
MURR 6 63. 7 2.16 60.4 66.4 0.88 4.67 3.39
TABL 12 64. 1 2.02 60.6 67.8 0.58 4.08 3.15

TAIL
LOC

LENGTH
N

1:
MEAN SD MIN MAX SE VAR CV

BEND 3 32. 7 2. OH 31.3 35. 1 1. 20 4.33 6.37
HEYW 3 31.7 0.58 31.2 32.4 0. 33 0. 33 1.82
MILD 4 33.0 1.83 31.0 35.0 0.91 3.33 5.53
Ol: YE 4 32. 3 1.26 31.2 34.6 0.63 1. 58 3.90
BIGH 4 33.0 1.15 32.0 34.8 0.58 1. 33 3.50
MTCR 4 33. 2 0.82 32.4 34.4 0.41 0.67 2.47
MIRk 6 33.8 1.33 32. 5 36.6 0.54 1.77 3.93
TABL 12 34. 7 1.78 31.9 37.8 0.51 3.15 5.12

TARSUS
LOC

LENGTH:
N MEAN SD MIN MAX SE VAR CV

BEND 3 20.0 1.00 19.3 21.2 0.58 1.00 5.00
HEYW 3 18.8 0.96 17.9 19.8 0.55 0.92 5.12
MILD 4 18.7 0.93 18.0 20.1 0.46 0.86 4.94
OUYE 4 18.4 0.84 17.2 19. 1 0.42 0.70 4.55
BIGH 4 19.9 0.80 18.7 20.3 0.40 0.64 4.02
MTCR 4 18.4 0.79 17.4 19.2 0.40 0.63 4.30
MURR 6 19.1 0.79 18.3 20.5 0.32 0.62 4.14
TABL 12 18.7 0.50 17.9 19.7 0.14 0.25 2.66



(TLMEN
LOC

LENGTH:
N MEAN SD MIN MAX SE VAR CV

BEND 3 7.93 0.31 7.60 8.20 0.18 0.09 3.85
HEYW 3 8.10 0.36 7.80 8.50 0.21 0.13 4.45
MILD 4 7.37 0.15 7.20 7.50 0.08 0.02 2.03
OL'YE 4 7.40 0.66 6.50 7.90 0.33 0.44 8.96
BIGH 4 7.95 0.66 7.20 8.80 0.33 0.44 8.31
MTCK 4 7.45 0.56 6. 70 8.00 0.28 0.31 7.47
MURR 6 7.97 0.41 7.40 8.50 0.17 0.17 5.19
TABL 12 7.52 0.41 6.80 8. 10 0.12 0.17 5.41

WEIGHT: 
LOC N MEAN SD MIN MAX SE VAR CV

HEYW 3 12.1 0.23 11.8 12.2 0.13 0.05 1.91
BIGH 4 12.4 0. 75 11.5 13.0 0.37 0.56 6.06
MURR 4 12.4 0.25 12.0 12.5 0.13 0.06 2.02
TABL 10 12.0 0.87 11.0 14.0 0.28 0. 76 7.25



APPENDIX VII

C a l c u l at io n s which were used to quantify some mtDNA 
results are given in this section.

H ap l oty pic  Diversity, G, as defined by Nei (1987), was 
c al c ul ate d as follows:

G = (n / n-1) (1 - £ f .2 ) , where f f is the frequency of
the ith mtDNA haplotype in a 
sample of n individuals.

The pro po r ti o n  of shared bands between pairs of haplotypes,
F, was ca lcu la t ed  for all pairs within and between localit ie s  
using the formula of Nei and Li (1979):

£  = 2n / (n ♦ n ) , where n and n are the number ofx y x y x y
fragments in a co mposite of the two 
haplotypes, and n ^  is the number of
fragments common to both haplotypes.

The average num be r of n uc le ot ide  subs ti tu tio ns per site, 8, 
for each pair of hap lo t yp es  was calcula ted  using the 
formula of Upholt (1977). Nei and Li (1979) ca lcu lat ed  6 in 
a di ff e r en t  manner, but U p h o l t ’s method is simpler and gives 
identical val ues  (Quinn and White  1987):

1 / r
8 = 1 -  [ ( +  (^  + 8 ^ ) 1/2) / 2 ] , where r is the

number of base pairs 
recognized by the 
e n d o n u c l e a s e .
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Esti mat es  of nucleoti de  diversity, FI, for northern, central, 
and southern samples of individuals were made using the 
formula of Nei and Li (1979), with the correct ion  for small 
sample sizes of Nei and Tajima (1981):

Aa = £ A A , , where A is the frequency of the ith> i > i >' J
compos ite  ha plotype in populat ion  A, 
and oij is the number of nucleotide 
dif fer e nc e s  per nucleot ide  site 
between the *th and Jth composite 
haplotype; the value of m a is then 
multipli ed by n/(n-l), where n is 
sample size.

The average nucleotide dive rsi ty  among populations, FIab , 
was then estimated by:

f U  = I A , B $ , where A and B are the frequencies
ij 1 1 IJ of the 'th co mposite haplotypes in

p opu la ti ons  A and B.

The net nucleoti de  difference, Snet, between northern and 
southern samples was estimated by:

Snet = A a B - ( A a + A b ) / 2
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