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I sampled populations of Yellow-eyed Junco from six mountain ranges in southeastern Arizona 

to test hypotheses about morphological variation in the species. Morphometric variables were obtained 

from measurements in the field, and from photographic images of the head, wing, and tail. Statistical 

analyses revealed significant seasonal differences in values of bill-length variables, and sexual 

dimorphism in wing and tail characters, but not in bill characters. Statistically significant geographic 

discrimination among samples was found only for bill characters. Mahalanobis' distance values from 

subsets of bill and tailspot variables correlate most significantly with geographic distances between 

habitats measured along an arc of higher elevation in the region. These correlations, the lack of 

significant geographic discrimination for wing and tail characters, and the many extralimital records for 

the species imply that Yellow-eyed Juncos move between isolated populations, and that this movement 

tends to follow higher elevations in the region. 
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Chapter 1. INTRODUCTION 

Birds long have attracted the attention of biologists as study organisms. Their complex 

ecological and social behaviors, diurnal activity patterns, and relative ease of capture have made them 

useful for a wide variety of biological studies. Studies of avian morphology are included in this long 

and rich history of ornithological science. Morphological studies of birds traditionally have focused on 

problems in taxonomy and geographic variation (reviewed by Zink and Remsen 1988). Geographic 

variation in morphology is of interest because of its relevance to understanding patterns of movement 

and interactions of populations of species and to understanding the phylogenetic relationships among 

populations. 

The Yellow-eyed Junco (Junco phaeonotus) is a ground-foraging emberizine finch indigenous 

to the higher mountain ranges of southern North America. Southeastern Arizona holds the northernmost 

populations of the species (subspecies palliatus), which extends southward through montane forest 

habitats into Guatemala. In Arizona the species is restricted to montane coniferous forest habitats 

(Transition Zone and higher; Lowe 1964) occurring only on the largest massifs in the southeastern 

region. These high mountains, often called "sky islands", contain forest habitats embedded in a sea of 

arid grasslands and desertscrub. Yellow-eyed Juncos are believed to be restricted to their natal 

mountain range and not to move among these isolated ranges (Phillips et al. 1964; Moore 1972; S.M. 

Russell pers. comm.). Therefore, there is reason to believe that isolated populations of Yellow-eyed 

Juncos in these sky islands have evolved independently for several millennia, since montane coniferous 

forest habitats became disjunct following the end of the Wisconsin stage of glaciation. If these 

populations of juncos truly have been isolated from one another since the end of the Pleistocene, then 

they should reveal morphological distinctiveness as a consequence of the accumulation of neutral 

genetic differences, or different selection pressures, or some combination of these two forces. 



The primary goal of this study was to test hypotheses about the distinctiveness of the external 

morphology of discrete populations of Yellow-eyed Juncos using a novel, nondestructive approach to 

morphometric data collection and recently developed techniques of multivariate statistical analysis. 

Apart from their geographic isolation, I chose to use the Yellow-eyed Junco as my study organism for 

a number of reasons. To begin, the Yellow-eyed Junco is one of the commonest species of birds in the 

higher mountains of the region. In southeastern Arizona seven mountain ranges hold populations of the 

species: the Pinal, Santa Catalina, Rincon, Santa Rita, Huachuca, Pinaleno, and Chiricahua Mountains 

(Phillips et al. 1964). The northernmost population of the species resides in the Pinal Mountains. The 

populations of Yellow-eyed Juncos in all these mountain ranges, except the Rincon Mountains, are 

accessible by road and thus can be sampled easily. The juncos generally are easy to capture because 

they forage on the ground and are tolerant of human intrusion. Outside of the reproductive season the 

juncos frequently aggregate at picnic and camping sites, or other areas that provide artificial food 

resources. A large number of juncos can be captured in mist nets rather quickly when such 

aggregations are found. During the reproductive season, males can be induced to enter mist nets by 

playback of song. 

In addition, Yellow-eyed Juncos have been the subjects of a variety of studies over the years 

(e.g., Miller 1941; Austin 1968; Moore 1972; Horvath and Sullivan 1988; Sullivan 1989). The 

dissertation by Moore (1972) on the behavior of the Yellow-eyed Junco constitutes an especially 

significant contribution to the natural history of the species. These studies provide a level of knowledge 

of the ecology, morphology, and behavior of the species that is unavailable for most other avian species 

in the region. Of further value are the even more abundant studies of the close congener, the Dark-eyed 

Junco (Junco hyemalis). 

Morphometries, the science of description and analysis of the size and shape of organisms, has 

undergone a renaissance in recent years, stimulated by the availability of low-cost, powerful computers 

and statistical applications which allow fast manipulation of large data matrices. The publication of 
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Numerical Taxonomy (Sneath and Sokal 1973) often has been credited with pointing the way to the use 

of powerful multivariate approaches to data analysis. A growing number of morphometricians has 

begun to exploit this potential by developing new approaches to the study of morphology (e.g., see 

Rohlf and Bookstein 1990). More recently, papers on multivariate morphological analysis have become 

common in the major ornithological journals (examples: Chappius and Erard 1991; Mohen 1991; 

Mulvihill and Chandler 1991; Pitocchelli 1992; Rasmussen 1991; St. Louis and Barlow 1991; Wiens 

1991). Multivariate approaches to morphological analysis are proving popular mainly because of their 

ability to detect subtle patterns in the covariance of variables that are not obvious in univariate analyses, 

and because they provide the ability to decompose morphological variability into size and shape factors 

(Reyment et al. 1984; Bookstein et al. 1985). 

In this study I applied both univariate and multivariate statistical analyses to data collected 

from Yellow-eyed Juncos in southeastern Arizona over a period-of several months in 1990. These data 

constitute a "snapshot" of the external morphology of the Yellow-eyed Junco in the region for that 

year. I assembled a set of 44 variables, either measured directly on captured individuals in the field or 

taken from photographic images of morphological features. I used a camera-lucida apparatus to transfer 

information (landmarks and helping points; Bookstein et al. 1985) from the photographic images to 

iaper. I then used a digitizing pad to record points from the paper and computer software to convert 

the points into an assortment of length, area, and angle variables for analyses. These variables were 

selected to model the size and shape of features of the external anatomy of the juncos. A major 

aspiration of the study was to obtain a large number of relevant morphological variables for statistical 

analysis without destructive sampling of individual juncos. 

I employed statistical analyses to explore data structure and sources of variability in the data. 

Specifically, I investigated spatial (i.e., geographic), temporal (seasonal), and sexual morphological 

variation. I examined sexual dimorphism in size and shape and investigated the sexes independently to 

determine whether or not males and females demonstrate different patterns of geographic variation. To 



explore seasonal effects I tested for morphological differences between juncos captured during winter 

and summer field seasons. Finally, I directly tested hypotheses about the overall geographic 

distinctiveness in morphology of Yellow-eyed Junco populations, and I used subsets of morphological 

variables modeling discrete structures (wing, bill, tailspots) to test whether or not different structures 

show similar geographic patterns of differentiation. Although each hypothesis test addresses a single 

question, I evaluated the tests with homogeneous subsets of the data (by sex and season). 

The null hypotheses I tested are outlined below: 

Hypothesis 1: There are no morphological differences between the sexes. I used univariate t-

tests to test for significant sexual dimorphism, both overall and within samples from the six mountain 

ranges. I also used multivariate discriminant analysis to allocate sex to individual juncos captured prior 

to the reproductive season. In addition, I used canonical discriminant analyses restricted by sex to 

investigate differences between males and females in geographic discrimination. 

Hypothesis 2: There are no seasonal differences in morphology in Yellow-eyed Junco. I 

performed /-tests on variables to test whether or not there are significant differences in mean values of 

samples taken during the winter and those obtained during the breeding season. Lack of seasonal effects 

must be demonstrated before data from the two seasons can be combined in statistical analyses. 

Hypothesis 3: The samples of Yellow-eyed Juncos from the different mountain ranges are not 

morphologically distinguishable from one another. If populations of the juncos truly are isolated and 

experience no significant interpopulation gene flow, then I would expect to see significant differences in 

morphology among the populations I sampled. I would expect such a pattern as a result of different 

selection pressures in the mountain ranges or, in the case of characters experiencing little or no 

selection pressure, as a result of the accumulation of different suites of neutral alleles within 

populations leading to distinctive phenotypes. Failure to detect significant morphological differences 

between the samples could be caused by inter-range gene flow or similar selection pressures in the 

ranges. This aspect of the study entailed the application of univariate ANOVAs and multiple range 
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tests. Additionally, I used three multivariate statistical techniques of data analysis: principle component 

analysis to investigate size differences, a graphical form of canonical discriminant analysis to explore 

the geographical structure of the data, and a resampling technique that generates randomized null 

distributions of morphological (Mahalanobis') distance values between samples to evaluate tests of this 

hypothesis within subsets of the variables. 

Hypothesis 4: There are no correlations of morphological distance values with geographic 

distances between samples from the six populations of Yellow-eyed Juncos. I would expect to see 

significant correlations between geographic and morphological distances between samples if current 

geographic distances reflect contemporary levels of gene flow between populations. Presumably, local 

populations of Yellow-eyed Junco have been isolated from one another since the retreat of their 

breeding and wintering habitats to the high elevations of the major mountain ranges of the region 

following the end of the Wisconsin stage of glaciation about 11,000 years ago (Van Devender et al. 

1987). During the Wisconsin stage much of the region may have been covered with vegetation similar 

to that found in contemporary breeding habitat of the Yellow-eyed Junco. In Martin and Mehringer 

(1965) montane forest habitat during the Wisconsin stage is presented as being nearly continuous among 

the five southernmost mountain ranges in my study. Although Van Devender et al. (1987) state that 

mixed-conifer montane habitats probably only extended from the massifs along streams, these habitat 

corridors may have connected populations of the Yellow-eyed Junco at the time, with evergreen oak 

woodlands (in which Yellow-eyed Juncos often spend part of the winter season) probably more widely 

dispersed throughout the region. 

By using different matrices of geographic distance, I attempted to determine with correlational 

studies if movement of Yellow-eyed Juncos among the mountain ranges has been random, or has 

followed higher elevations that appear to provide more ecologically favorable routes for movement. If 

movement has been random, I would expect linear map distances between habitats to correlate 

significantly with morphological distances between samples from the six mountain ranges. If movement 



has been along the higher elevations of the region, I would expect geographic distances between 

habitats measured along a higher elevation arc connecting the southernmost five mountain .ranges to 

correlate significantly with morphological distance values. In cases where both types of geographic 

distance measurements correlate significantly with morphological distances, differences in levels of 

significance may permit me to decide between these two alternatives. I used a statistical technique that 

generates null distributions of the values of correlation statistics to evaluate both this hypothesis and the 

hypothesis presented below. 

Hypothesis 5: There are no correlations between morphological distance values from different 

subsets of variables modeling discrete avian structures. If discrete avian structures (e.g., wing, bill, 

tailspots) evolve independently of one another with respect to the geographic range of the species, then 

I would expect few significant correlations between morphological distance values derived from subsets 

of variables that model these structures. Rejection of the null hypothesis will indicate correlated 

evolution of external avian structures across the northern geographic range of the Yellow-eyed Junco. 



Chapter 2. STUDY AREAS and METHODS 

Study areas and capture techniques. Yellow-eyed Juncos were captured in mist nets at several 

localities (Table 1) in six mountain ranges in southeastern Arizona: the Pinal Mountains, Santa Catalina 

Mountains, Santa Rita Mountains, Huachuca Mountains, Pinaleno Mountains, and the Chiricahua 

Mountains (Figure 1) . These ranges provide habitat for breeding populations of Yellow-eyed Juncos in 

the montane forests of their summits. My goal was to capture at least thirty individual Yellow-eyed 

Juncos in each mountain range that I sampled. All sites at which captures were made are located on 

federal lands in Coronado or Tonto National Forests (Pinal Mountains), or on private enholdings within 

these national forests. Each mountain range in southeastern Arizona holding a population of Yellow-

eyed Juncos was sampled with the exception of the Rincon Mountains where the lack of easy access to 

the junco population prohibited a sampling effort. 

Sampling locations were chosen for their ease of access and presence of juncos. Upon arrival 

at a potential capture site a period of time, usually several minutes to a few hours, was spent assessing 

the potential for junco captures. Nets were set in areas where juncos were observed to be active. I 

captured the juncos in 36 mm mesh mist nets which varied in length from 5.5 to 12 m. Typically six or 

seven nets would be open simultaneously at a site. However, I often opened only one or two nets if I 

was attempting to catch a specific individual or pair. Although I performed most of the fieldwork 

without assistance, I did receive help in setting nets and recording data during two winter trips to the 

Santa Catalina Mountains. 

During the winter Yellow-eyed Juncos may form foraging flocks of a few dozen individuals 

where food resources are concentrated, such as picnic grounds or livestock feeding sites. At such 

locations I installed several nets near the food source or baited the area with cereal, which resulted in 

the capture of a large number of individuals in a relatively short period of time. However, for several 

reasons I was able to sample only the Santa Catalina and Huachuca populations in this way. 
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Table 1. Descriptions of capture localities. 

Range 

Pinal 

Locality Descriptions 

All captures within 2 km NW of Pinal Peak, 
along Pinal Mtn. Road (F.S. 651) 
(elev. 2255 to 2353 m) 

Santa Catalina Old Prison Camp (2.5 km W of Molino 
Basin Campground; elev. 1475 m) 

Bear Canyon Picnic Area (elev. 1783 m) 

Rose Canyon Campground (elev. 2170 m); 
Kellogg Mountain (near saddle 400 m 

SE of summit; elev. 2420 m) 
Bear Wallow area (400 m NW of 

observatory; elev. 2490 m) 

Santa Rita Madera Canyon (Bog Springs Campground; 
elev. 1536 m) 

Mount Hopkins summit area (elev. 2530 to 
2584 m) 

Huachuca Miller Canyon (T. Beatty's orchard; 
elev. 1775 m) 

Carr Canyon recreational area (elev. 
2190 to 2255 m) 

Pinaleno East sites: upper Big Creek/Hospital Flat; 
Treasure Park; Shannon Park (elev. 
2692 to 2775 m) 

near Soldier Creek Campground (elev. 2850 m) 

West sites: Riggs Lake-CP Flat area (elev. 
2676 to 2694 m) 

Chiricahua Barfoot Park area (elev. 2475 to 2560 m) 
Rustler Park (elev. 2560 m) 
Turkey Park (elev. 2377 m) 
area near junction of F.S. 42D and F.S. 357 

(elev. 2530 m) 

Dates of Captures (1990) 

17-18 May; 25-29 May; 
9-13 July 

(Total = 12 days) 

22 Feb 

1 Mar 

17-19 July 
(Total = 5 days) 

8 Mar 

2-4 June; 3-4 July 
(Total = 6 days) 

25 Feb 

27-29 June 
(Total = 4 days) 

19-22 June 
(Total = 4 days) 

9-12 June; 15-18 June 
(Total = 8 days) 
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Figure 1. Map of southeastern Arizona showing major topographic features of the region and access 
to study sites. Principle localities where captures of Yellow-eyed Juncos were made are indicated 
with stars. Numbers near the stars refer to list of capture localities. 
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Consequently most of my captures were obtained during the reproductive season at which time different 

techniques were required to capture the juncos. 

During the reproductive season the recorded songs of males were broadcast to assist in 

determining the location of breeding territories. When possible, songs were recorded locally with a 

handheld microcassette recorder (General Electric model 3-5336A); the recorded songs then were used 

both for locating males and for attracting them to nets. When I used recorded songs to attract males to 

nets I amplified the songs for broadcast with a Sony cassette player (model CFS-5000) using the 

microcassette recorder as the signal input device. Although this system was rather large and clumsy to 

transport in the field, it greatly increased the power of the signal (song) being broadcast, and the 

graphic equalizer on the cassette player allowed me to filter out much of the noise associated with the 

recorded song, thus producing a clearer signal. Later in the reproductive season I used a decoy to 

elevate the response of males to song playback. The decoy was fabricated from a Yellow-eyed Junco 

skin scavenged from the Chiricahua Mountains population. Although the use of song to attract males to 

the nets was usually a tactic of last resort at a locale, it nonetheless was used frequently. Since females 

rarely responded to playback of song or to the decoy, my samples became biased toward males as my 

fieldwork proceeded during the reproductive season. 

Data collection in the field. Captured juncos were held in mesh bags until I was ready to 

collect data. A set of four photographs was taken of each captured junco (Figure 2) : (1) dorsal view of 

the spread left wing, (2) lateral view of the left side of the head with the central axis of the bill parallel 

to the photographic plane, (3) dorsal view of the head with the central axis of the bill parallel to the 

photographic plane, and (4) ventral view of the tail spread to reveal the white tailspots. In a very few 

cases a photo was taken of the spread right wing if the left wing had one or more broken or missing 

primaries. I fabricated backgrounds for the photographs from plexiglass painted flat white to enhance 

contrast. To facilitate measurement, the backgrounds included a scale bar approximately in the same 

plane as the structures of interest. I employed several techniques to standardize the photographic 
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Figure 2. Examples of photographs made in the study. A: Dorsal view of head. B: Lateral view of 
head. C: Dorsal view of opened left wing. D: Ventral view of tail with retrices spread to reveal 
tuilspots. 



images. I kept focal distance constant, and to maximize depth of field I reduced the aperture of the lens 

to the extent allowed by ambient light conditions. After early problems with poor lighting, I later made 

photos away from direct sunlight so that shadows would not obscure the boundaries of avian structures 

in the images. 

I used a Minolta X-7A 35 mm single-lens reflex camera with a 50 mm (fl.7) lens and Kodak 

Plus-X Pan film (ASA 125) to make the photographs. This film has a fine grain and good contrast so 

that detail was preserved when the image was enlarged; in addition, the film speed was high enough to 

be useful in most lighting situations. With the camera mounted on a tripod and the lens set at or near 

its closest focus, I held a bird at arms length in front of the lens and moved it to the correct focal 

position. Exposure was triggered by an automatic timer. 

After the photographs were made, I took a set of eight length measurements on each bird 

along with weight and assessments of body fat, molt, and wear of primaries and retrices (Table 2). In 

addition, the presence or absence of an incubation patch ("brood patch"), and its condition, was noted. 

Length measurements of the left wing, tail, and cloacal protuberance were determined to the nearest 

0.5 mm using a 150 mm plastic ruler. The ruler also was used to measure length of the middle digit 

(#2) of the left foot to the nearest 0.1 mm. A dial caliper was used to take length (exposed culmen), 

width, and depth measurements on the bill of each bird; these measurements were determined to the 

nearest 0.1 mm. The dial caliper also was used to estimate the length of the tarsometatarsus to the 

nearest 0.1 mm. I obtained the weight of each bird by weighing with a 30 g spring scale immediately 

prior to release. 

Because Yellow-eyed Juncos are sexually monomorphic in patterns of plumage pigmentation 

and the distributions of all field measured variables overlap for the two sexes, the sex of juncos 

captured outside the reproductive season could not be determined in the field. However, I was able to 

determine the sex of juncos in the field during the reproductive season. A combination of presence of 

an incubation patch and low value for cloacal protuberance indicated that an individual was a female. 



Table 2. Descriptions of variables used in analyses. 

VARIABLE DESCRIPTION 

Field-measured variables 

WING Length of flattened, closed left wing; measured with 15 cm ruler 

TAIL Maximum length of tail measured from base of central retrices to most distant tip; 
measured with 15 cm ruler 

CULMEN Distance from tip of maxilla to feathered base (near kinetic hinge); measured with 
dial caliper; known as exposed culmen in the literature; similar to LATCULM 

WIDTH Width of bill at center of nares; measured with dial caliper 

DEPTH Depth of bill measured with dial caliper at kinetic hinge 

TARSUS Estimate of length of tarsometatarsus; measured with dial caliper 

MIDTOE Length of digit #3, measured from base of claw to cleft between digits #3 and #4; 
measured on left foot with 15 cm ruler 

WEIGHT Weight of bird in grams, measured with a Pesola or Avinet 30 g spring scale 

FURCFAT Estimate of amount of fat deposited in furcular area; subjective, discrete variable 
ranging from 0-6 (half-increments allowed) 

LATCULM 

CULMCRV 

LATDPTH 

MAND 

OVERBITE 

LATAREA 

Variables obtained from photographic images 

From image of lateral view of head 

Distance from tip of bill (maxilla) to feathered base [Figure 3B: l**2] 

Distance along ridge of culmen [Figure 3B: l**h*»h«»2] 

Depth of bill from base of culmen to base of mandible [Figure 3B: 2«*3] 

Distance from tip of mandible to base of mandible [Figure 3B: 3»4] 

Distance from tip of maxilla to tip of mandible on closed bill [Figure 3B: 1«*4] 

Square root of the area of the projected lateral image of the bill [Figure 3B: 
l**h«*h**2**3*»4«*1] 

LATANGL Angle in radians formed by dorsal and ventral edges of bill [Figure 3B: 2-1-3] 



Table 2 (cont'd.). Descriptions of variables used in analyses. 

VARIABLE 

DORSCULM 

DORSWDTH 

DORSAREA 

DORSANGL 

PI 

P2 

P3 

P4 

P5 

P6 

P7 

P8 

P9 

DESCRIPTION 

From image of dorsal view of head 

Distance from tip of bill (maxilla) to kinetic hinge [Figure 3A: 1«3] 

Maximum width of bill in image, determined more proximally than WIDTH 
[Figure 3A: 2**4] 

Square root of the area of the projected dorsal image of the bill [Figure 3A: 
1 «h«*h»h»2*»3 »4*»h«*h«»h** 1 ] 

Angle in radians formed by right and left edges of bill [Figure 3A: 2-1-4] 

From image of spread left wing 

Distance from point of insertion of alula to distal tip of primary tti 
[Figure 3C: I»l] 

Distance from point of insertion of alula to distal tip of primary tt2 
[Figure 3C: I«2] 

Distance from point of insertion of alula to distal tip of primary #3 
[Figure 3C: I«3] 

Distance from point of insertion of alula to distal tip of primary ttA 
[Figure 3C: I»4] 

Distance from point of insertion of alula to distal tip of primary #5 
[Figure 3C: I«5] 

Distance from point of insertion of alula to distal tip of primary #6 
[Figure 3C: I»6] 

Distance from point of insertion of alula to distal tip of primary ttl 
[Figure 3C: I«*7] 

Distance from point of insertion of alula to distal tip of primary tt8 
[Figure 3C: I*»8] 

Distance from point of insertion of alula to distal tip of primary #9 
[Figure 3C: I**9] 

ALULA Distance from point of insertion of alula to distal tip [Figure 3C: I*»A] 



Table 2 (cont'd.)- Descriptions of variables used in analyses. 
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VARIABLE DESCRIPTION 

From ventral view of tail: tailspots 

LEN4 Proximal-distal length of white tailspot on retrix #4 [Figure 3D: 1*»2] 

SQAR4 Square root of area of white tailspot on retrix #4 [Figure 3D: 11 points used to 
define boundary] 

T_C4 Distance from distal tip of retrix #4 to centroid of white tailspot on retrix [Figure 
3D: l**c] 

PRM4 Distance around perimeter of white tailspot on retrix #4 [Figure 3D: 11 points 
used to define boundary] 

I_T5 Distance from distal tip of white spot on retrix #5 to proximal point of white spot 
at shaft of retrix [Figure 3E: 1»2] 

0_T5 Distance from distal tip of white spot on retrix tt5 to proximal point of white spot 
at outer edge of retrix [Figure 3E: 1«*3] 

SQAR5 Square root of area of white tailspot on retrix #5 [Figure 3E: 16 points used to 
define boundary] 

T_C5 Distance from distal tip of retrix #5 to centroid of white tailspot on retrix [Figure 
3E: l«c] 

PRM5 Distance around perimeter of white tailspot on retrix #5 [Figure 3E: 16 points used 
to define boundary] 

I_T6 Distance from distal tip of white spot on retrix #6 to proximal point of white spot 
at shaft of retrix [Figure 3E: 1«*2] 

0_T6 Distance from distal tip of white spot on retrix #6 to proximal point of white spot 
at outer edge of retrix [Figure 3E: 1*»3] 

SQAR6 Square root of area of white tailspot on retrix #6 [Figure 3E: 26 points used to 
define boundary] 

T_C6 Distance from distal tip of retrix #6 to centroid of white tailspot on retrix [Figure 
3E: l«c] 

PRM6 Distance around perimeter of white tailspot on retrix #6 [Figure 3E: 26 points used 
to define boundary] 

All measurements in millimeters except where noted otherwise. Numbers in brackets refer to landmarks on figure 
indicated. Other symbols in table: ** = distance between two landmarks; h = helping point; c = centroid of white 
tailspot. Angle variables: apex is the middle point in the list of three landmarks. 
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Lack of an incubation patch and a high value for cloacal protuberance indicated a male. In all but a 

very few cases this system allowed me unequivocally to determine the sex of individual juncos. In the 

few cases where these two characters were contradictory, I found the presence or absence of an 

incubation patch to be the more reliable indicator of sex for juncos captured during the breeding season 

(based on the recapture of one bird in 1991). 

No special effort was made to determine the age of birds, other than to distinguish streaked-

plumage and darker-eyed juveniles from birds in definitive plumage (Pyle et al. 1987; Lamm and 

Leupke 1982). No distinction was made between second year (SY) and older birds. I did not check the 

degree of skull ossification because available information indicates that the skulls of small passerines 

should be fully ossified by the end of the calendar year of hatching (Grant and Quay 1970; Pyle et al. 

1987). Furthermore, although Pyle et al. state that the criteria used to determine age in Junco hyemalis 

should apply to Junco phaeonotus as well, I believe these criteria to be vague and subjective and I was 

unwilling to use them without an authoritative report of their reliability with phaeonotus. Consequently, 

I considered all individuals with definitive plumage to be "adults". Because Yellow-eyed Juncos do not 

undergo a full molt (including remiges and retrices) until late summer of the year following their 

hatching, it is likely that some SY individuals were included with older birds. However, it is very 

unlikely that juveniles were mistaken for adults during the breeding season. Juveniles retain some 

brownish streaking on their plumage until the first basic molt (Pyle et al. 1987) and do not acquire the 

adult iris color until late in summer (Lamm and Leupke 1982; D. Lamm, pers. comm.). However, I 

cannot be absolutely certain that a few precocious HY juncos were not mistakenly identified as adults in 

July. 

I used two methods to identify individual juncos captured previously. All birds captured prior 

to May 1990 were marked by clipping the two central retrices about one-half inch from their tips. This 

allowed me quickly to recognize recaptures. However, these marks would be missing if a bird lost its 

central retrices, and certainly when the retrices are replaced following the reproductive season. In 



addition, these marks were not visible on free-roaming birds which sometimes made it difficult to 

decide where to apply netting efforts. The desire to mark individuals permanently and visijbly led me to 

band most of the birds captured during the remainder of the 1990 field season with aluminum U. S. 

Fish and Wildlife Service bands. The leg bands enabled me easily to identify juncos captured 

previously and provide a permanent mark that could prove of value in the future. However, the juncos 

captured in the Chiricahua and Pinaleno Mountains were not banded because I lacked a sufficient 

number of bands at the time to mark all captures. In these ranges I used retrix-clipping instead. 

Additional photographs were not taken of recaptured birds if the captures were spaced only a few days 

apart. However, all field measurements and wear and fat assessments were repeated each time a bird 

was recaptured. Multiple values for field-measured variables that resulted from recapturing were 

averaged to obtain a single value to include in databases for analyses. 

Data collection in the laboratory. I developed the exposed film in a darkroom using a standard 

Kodak protocol (Microdol-X developer). The negatives were not printed. Information on the negative 

images was transcribed to paper with the use of an Olympus Model SZH camera-lucida apparatus. This 

step involved the simultaneous viewing of the negative image and the transcription paper, and the 

marking on the paper of key points or outlines of the features of interest in the images. The scale bar 

included in the photographic image also was transcribed to the paper. The images were enlarged by a 

standard factor to fill the field of view: images of the head were enlarged about 25 times, while those 

of the wing and tail were enlarged about 12-15 times. The transcribed information resulted in 

measurements about twice lifesize in the cases of the two images of the head, and about natural size for 

the wing and tail images. 

Outlines of the dorsal and lateral views of the head were transcribed as illustrated in Figures 

3A and 3B. My goal in using these images was to model the overall shape of the bill. I used the image 

of the spread left wing to model shape of the wing. However, only the points indicated in Figure 3C 

were transcribed; the wing outline was not transcribed. To model tailspot patterns I traced the outlines 



of the white spots of the outer three pairs of retrices (Figures 2, 3D, and 3E). Only the larger white 

tailspots of the inner webs were quantified. The tailspots from the #4 retrices typically are much 

smaller (when they exist) and shaped differently (Figure 3D) than the tailspots from the #5 and #6 

retrices (Figure 3E). Typically, the tailspots from the #5 and #6 retrices differ little in apparent shape, 

but the tailspots from the #6 retrices always are larger. 

Following transcription of the photographic images, the information on the sheets of paper 

were digitized using a Hipad Digitizer tablet (Houston Instruments) attached as a peripheral device to a 

MS-DOS personal computer running DIGITIZE software (Strauss 1988a). This application records the 

coordinates of a series of points on the transcribed image (specified by a protocol appropriate to the 

image) and saves the coordinates to a file. Points recorded included landmarks and helping points 

(Bookstein et al. 1985). Landmarks are morphologically relevant and unambiguously identifiable points 

on the images, such as the tip and base of the bill, insertion point of alula, and the tips of primaries 

(Figure 3). Landmarks form the basis of distance (length) and angle measurements. Helping points are 

those used to complete the outlines of structures (for computing areas, perimeters, and centroids) and 

are more arbitrarily chosen, although points of greater curvature are preferred for capturing the form of 

structures. 

I used the data files containing the coordinates of points with the program DISTANCE (Strauss 

1988b) to generate a set of variables for statistical analyses (Table 2). Most of these variables are 

simply the distances between two points on the transcribed image, or the distance along a series of 

points (such as the outline of a structure), measured in millimeters. The DISTANCE program also 

computes areas, perimeters, centroids of polygons, and angles, all of which were obtained from the 

images of the juncos. The square root of an area is output from the program so that area measurements 

are dimensionally consistent with distance measurements. DISTANCE returns computed values in 

ASCII format suitable for use as input into statistical packages. 
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1 1 

20 mm 
20 mm 

8 o. 

SO mm 

60 mm 

Figure 3. Digitization schemes for photographic images. A: dorsal view of head. B: lateral view of 
head. C: open left wing. D: #4 retrix. E: view representative of #5 and #6 retrices. Open circles 
indicate landmarks; arrows indicate representative helping points. Refer to Table 2 for descriptions 
of variables obtained from this view. 



Severe wear of the primaries and retrices was a problem that commonly afflicted collection of 

wing and tailspot data. This problem is especially serious with juncos captured late in the reproductive 

season, at which time the birds have worn their remiges and retrices for almost a full year. When 

primaries and retrices are badly worn, it is difficult to determine the original location of the margins of 

these feathers. In such cases I estimated the original location of points on the margins based on the 

positions of the structures that were present, such as the feather shafts and remnants of barbs, and my 

knowledge of the typical shape of these feathers. Although I could be criticized for not taking my data 

directly from the unreconstructed image in such cases, I believe that the reconstructions resulted in 

much less error in variable values than would have occurred without such a correction. 

An additional problem arose when I transcribed tailspot patterns. Usually the white tailspots 

are demarcated clearly from the dark, slate-colored remainder of the retrices. However, some 

individuals had mottled areas bordering the white tailspots, making it difficult to determine exact 

boundaries. If 1 transcribed exactly some arbitrary threshold between light and dark in these mottled 

regions, then the resulting transcribed image would be too ragged to be modeled by the methods I 

employed. Instead, in these cases I tried to bisect the mottled region and maintain the contours implied 

by the general pattern of the tailspot. Fortunately, this problem was sufficiently infrequent that my 

solution is unlikely to have a significant effect on analyses of tailspot variables. 

A more serious problem involving the tailspot variables occurred when my thumb covered the 

proximal terminus of the tailspots of the #6 retrices in the photographic image. In these situations I did 

not know the true positions of points §2 and #3 (Figure 3E). My solution was to mark point #3 where 

my thumb began to cover the outer edge of the web. Then, to mark point #2, I projected a line from 

point ft3 at an angle typical for the retrix to find its intersection with a line projected along the inner 

edge of the shaft. This approach was conservative and almost certainly tended to underestimate all of 

the tailspot variables from the #6 retrices in these cases. However, it likely produced less error than 

would have occurred if I had simply marked the points visible on the photographic images. 



Subsets of variables. Multivariate analyses were performed on subsets of all the variables I 

obtained in my study (Table 3). I used the FULLFORM variables to model the overall form of the 

juncos. This subsets includes variables from all external structures, yet does not give undue weight to 

the tailspots variables (which constitute 31 % of the total set of variables). I excluded the angle 

variables, FURCFAT, and WEIGHT from the FULLFORM subset. The angle variables were excluded 

because of uncertainty as to their statistical behavior and because their values can be derived from 

associated length variables. FURCFAT and WEIGHT were excluded from the FULLFORM subset 

because these variables are subject to temporal variation, often over a diurnal timescale (Clark 1979), 

which I could not control. The FIELD subset includes all length variables collected in the field. The 

WING subset includes all ten variables obtained from the photographic images of the spread left wing. 

The BILL subset includes eight variables taken from the photographic images of the head, with the 

angle variables excluded. I also excluded the LATCULM variable from the BILL subset because it is 

so similar to the CULMCRV variable, and thus provides redundant information. I divided the variables 

obtained from the photographic images of the ventral tailspots into two subsets. The TAIL14 subset 

includes all of the tailspot variables obtained from the photographic images of the tail. The TAIL9 

subset excludes those tailspot variables that were determined not to be normally distributed by the 

Kolmogorov-Smirnov test. Thus the TAIL9 subset more nearly achieves the assumptions of multivariate 

normality, but at the price of a loss of potentially useful information. Two additional subsets of 

variables were used in special multivariate analyses. The SIZE subset was used to assess multivariate 

size differences among samples. The SEXDISC subset was used in the allocation of sex to juncos 

captured prior to the reproductive season. 

Missing values. It is inevitable when dealing with a large number of individuals and many 

variables that missing values for variables will occur. Missing values are especially problematic in 

multivariate analyses since a missing value for a single variable excludes an individual from analysis. 

Little can be done if a subset of values is missing. For example, if a junco escaped before field 



Table 3. Subsets of variable used in multivariate analyses. 

Subset Variables included 

BILL DORSCULM, DORSWDTH, DORSAREA, CULMCRV, LATDPTH, MAND, 
OVERBITE, LATAREA 

FIELD WING, TAIL, CULMEN, WIDTH, DEPTH, TARSUS, MIDTOE 

FULLFORM WING, TAIL, TARSUS, MIDTOE, PI, P2, P3, P4, P5, P6, P7, P8, P9, 
ALULA, DORSWDTH, DORSAREA, CULMCRV, LATDPTH, MAND, 
OVERBITE, LATAREA, LEN4, I_T5, O T5, I_T6, 0_T6 

SEXDISC • WING, TAIL, PI, P2, P3, P4, P5, P6, P7, P8, P9, DORSWDTH, LATDPTH, 
LATAREA, I_T5, T_C5, I_T6, O T6, T_C6 

SIZE WING, TAIL, TARSUS, MIDTOE, PI, P4, P7, P9, CULMCRV, I_T6 

TAIL9 I_T5, SQAR5, T_C5, PRM5, I_T6, O T6, SQAR6, T_C6, PRM6 

TAIL14 LEN4, SQAR4, T C4, PRM4, I T5, 0 T5, SQAR5, T C5, PRM5, I T6, 
0_T6, SQAR6, T_C6, PRM6 

WING PI, P2, P3, P4, P5, P6, P7, P8, P9, ALULA 

measurements were taken, or if a usable photographic image was not obtained, several measurements 

will be missing for that individual. However, in some cases when a single variable value was missing 

for an individual I used multivariate regression to predict the missing value. The missing value from a 

subset was treated as the dependent variable with the other variables being the independent values in a 

multivariate regression. I then computed the predicted value of the variable for the observations with 

the missing value, using an appropriate subset of individuals (males or females from the same mountain 

range if the sample size was > 10), and assigned this value to the variable for use in multivariate 

analyses. Values determined in this way were not used in univariate analyses. This procedure was used 

to estimate primary distance values in eleven cases, and in one case I used the tailspot variables to 

estimate the value of the variable TAIL. 
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General statistical procedures. The original data from both field and laboratory measurements 

were stored in the form of electronic spreadsheets. Variables were transformed before analyses by 

computing the common logarithms of the raw values. I added a one to the values of those variables 

which could take zero (FURCFAT and the tailspot variables from retrix #4) or negative (OVERBITE) 

values before performing the log-transformation. Statistical analyses were oriented toward two general 

goals: (1) investigation of morphological differences between the sexes (sex effect on morphology), and 

(2) investigation of morphological differences between samples from different mountain ranges 

(geographic effect on morphology). In addition, I tested for morphological differences between juncos 

captured during the winter and summer field seasons. To achieve these goals I applied both univariate 

and multivariate statistical procedures to the data I collected from the field measurements and the 

photographic images. 

All univariate statistical analyses were carried out on MS-DOS personal computers using either 

the SPSS/PC + version 2.0 statistical package (Norusis 1988) or PC-SAS version 6.04 (SAS Institute 

1988), including descriptive statistics and univariate hypothesis tests for significance of differences in 

mean values: r-tests, Pearson's product-moment correlations, ANOVAs, and multiple range tests. 

Because of its ease of use, I employed SPSS/PC + for most univariate analyses, although I relied on 

PC-SAS for multiple range tests. In addition, SPSS/PC + was used to translate databases in spreadsheet 

form into ASCII code for submission to SAS. To test whether or not variables met the assumptions of 

parametric hypothesis tests I used the Kolmogorov-Smirnov test for normal distributions and the 

Bartlett-Box F-test for the homogeneity of variances. Both of these nonparametric tests were computed 

using SPSS/PC + (the Bartlett-Box F-test is computed as part of the ONEWAY routine). In those cases 

where either of these two major assumptions of the parametric /-test and ANOVA was not met, I used 

their nonparametric analogs, the Mann-Whitney and Kruskal-Wallis tests. I assume an a-value of 0.05 

wherever the results of hypothesis tests are reported in this paper. 



Although SPSS/PC + was used to estimate missing values using multivariate regression, most 

multivariate statistical procedures were executed on VAX computers (model 4000) using SAS for VMS 

(versions 6.06) or on a microcomputer using PC-SAS. Multivariate statistical techniques I used include 

principal component analysis, canonical discriminant analysis, and two resampling procedures which 

generate null distributions on which to base hypothesis tests. 

Analysis of sexual dimorphism. Although male and female Yellow-eyed Juncos apparently are 

identical in plumage, I investigated whether or not there are identifiable morphological differences 

between the sexes. An investigation of sexual differences in morphology was essential to allocate sex to 

the individual juncos I captured outside of the reproductive season. In addition, it is important to 

understand sexual differences in morphology before attempting to interpret analyses of geographical 

variation, especially when the samples from the different mountain ranges have unequal sex ratios. I 

employed both univariate and multivariate analyses to investigate morphological differences between the ' 

sexes. Univariate analysis consisted of /-tests for significance of differences between mean values for 

males and females. I restricted multivariate statistical analysis of sexual dimorphism to the effort to 

allocate sex to juncos captured prior to the reproductive season. 

Allocating sex to unknown-sex individuals. I used canonical discriminant analysis to allocate 

sex to those individuals captured prior to the breeding season. Canonical discriminant analysis 

summarizes the variation between the sexes in a number of variables. The scores on the first canonical 

variate are the basis for allocation of membership of unknown-sex individuals to the two sexes. In this 

analysis I used a subset of the data which included no observations from the Pinaleno and Chiricahua 

Mountains. I used observations only from the westernmost samples because these samples had a more 

balanced ratio of the sexes and because all of the juncos whose sex was unknown were from the Santa 

Catalina, Santa Rita, and the Huachuca Mountains. The analysis was carried out using a suite of 19 

variables (SEXDISC subset; Table 3), chosen on the basis of normality of distribution and lack of 

seasonal effects. 



Analysis of geographical differences. Geographic effects were investigated using both 

univariate and multivariate statistical methods. The intent of these analyses was to explore the effect 

that geographic isolation has on the external morphology of Yellow-eyed Juncos, and test for their 

significance. Single factor ANOVAs (factor=home range) were run to determine if there are 

geographical effects which result in significant differences in mean values of variables from samples in 

different mountain ranges. If a variable failed to meet the assumptions of ANOVA, I applied the 

Kruskal-Wallis test. I also performed Duncan's multiple range tests using SAS PROC GLM to 

investigate whether or not samples from different mountain ranges grouped together significantly. Two 

types of multivariate analyses were run on subsets of variables to model discrete structures of external 

anatomy and overall form: (1) a randomization procedure that permits probability statements about the 

significance of Mahalanobis' distance values, and (2) canonical discriminant analyses which I used to 

examine graphically the separation of groups (samples from the six mountain ranges) in a morphology 

space of reduced dimension. I also used principal component analysis to explore data structure and size 

differences among samples. The Mahalanobis' distance randomization and canonical discriminant 

analysis graphing routines were written in SAS/IML (Interactive Matrix Language) software (SAS 

Institute 1990) by Eric Dyreson. 

Because exploratory analyses revealed very little difference between canonical discriminant 

analyses for the geographic effect with size removed and size included (Jolicoeur 1963; Somers 1986 ; 

Reis et al. 1990), I decided not to apply size-free statistical methodology to multivariate analyses of 

geographic differences. Indeed, for most subsets of variables a valid general-size factor could not be 

obtained with principal component analysis. Therefore, I ran canonical discriminant analyses directly on 

the log-transformed variables of the various subsets. This decision greatly simplifies the data 

manipulations and interpretations of results without significant loss of information. I used the results of 

Mahalanobis' distance resampling procedures as hypothesis tests for the significance of the 
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morphological differences between samples that were visualized u i the canonical discriminant 

analyses. 

Mahalanobis' distance (Mahalanobis 1948; Manley 1986) is a measure of the distance between 

the centroids of two groups in a multidimensional space defined by log-transformed variables that uses 

a matrix of the covariances between variables in their calculation. To test whether or not samples from 

different mountain ranges differ significantly in morphology I computed Mahalanobis' distances 

between samples and Used a SAS/IML resampling routine to evaluate the statistical significance of the 

computed values (see Appendix A for a listing of the command code for this routine.) The routine 

computes a large number of Mahalanobis' distance values between the centroids of samples from the 

six mountain ranges using a vector of sample membership which is sorted randomly each run. Thus, 

although group sizes are maintained, the Mahalanobis' distance values between groups are based On 

randomly assigned cases of the variables included in the analysis. This procedure generates randomized 

null distributions of Mahalanobis' distance values between group centroids. Then, the true value of 

Mahalanobis' distance between two groups, based on actual group membership, is compared to the 

randomized null distributions of Mahalanobis' distance values. The number of values in the randomized 

null distribution that exceeds the true Mahalanobis' distance between centroids is divided by the number 

of iterations to compute the probability of obtaining the true distance value by random chance. 

I investigated the stability of these probability values with a larger data matrix than any 

actually used in multivariate analyses in this study: 40 variables by 157 observations. The distributions 

computed with this stability analysis contained 15,000 elements. Although this data matrix should 

produce much less stable probability values than any I used in multivariate analyses, the outcome of 

this stability analysis (presented in the Results section) supports the use of distributions with 1000 

elements to obtain associated probability values for each Mahalanobis' distance value. The 

Mahalanobis' distance randomization procedures I ran on the various subsets of variables are de facto 

hypothesis tests for the significance of morphological differences between samples from the different 



mountain ranges. Fifteen Mahalanobis' distance values ([fc(fc-l)]/2; k=6) and associated probabilities 

are output from each run of this procedure on subsets of data. Because the distances are not 

independent of one another the critical probability value must be corrected, so that an associated 

P-value of 0.05/15= 0.0033 must be obtained before the null hypothesis (i.e., Mahalanobis' distance 

between centroids=0) can be rejected. 

The application of canonical discriminant analysis (Albrecht 1980) to my data to investigate the 

effect geographic separation has on the morphology of Yellow-eyed Juncos is exploratory and 

graphical. Canonical discriminant analysis summarizes the among-group variance in a number of 

variables. Canonical discriminant analysis extracts axes (called canonical variates) which are 

uncorrelated and maximize separation among groups. A canonical variate is a vector of coefficients 

which, when multiplied to a matrix of variable values, produces a vector of the scores of individual 

cases on the canonical discriminant axis. When canonical variate scores are plotted in a two-

dimensional morphology space defined by the first two canonical variates, it is possible to visualize the 

amount of separation of the groups based on the set of variables included in the analysis. In my 

analyses the first two canonical variate axes explain at least 62% of the total variance in the data. I also 

plot the correlations of the variables included in the analysis with the canonical variates ("rosette plots") 

to illustrate the canonical structure of the data, that is, the contributions of variables to the 

discrimination of groups along the canonical variate axes. 

Analysis of correlations between geographic and morphological distances. I tested for 

correlations between matrices of Mahalanobis' distance values constructed from different subsets of 

morphological variables and matrices of geographic distances using a program obtained from D. A. 

Jackson (Jackson and Somers 1989). Two nonparametric statistics that use ranks of the values of 

variables, Spearman's rank-correlation (p) and Kendall's coefficient of concordance (r), and one 

statistic that uses actual variable values in its calculation, Mantel's z (Mantel 1967), and their associated 

probabilities are computed by this program. Because the matrices I was comparing are small (six-row 



or five-row symmetric matrices) the program computed exact values of statistics from all possible 

permutations of the matrices, thus generating a null distribution of statistic values on which to base 

probability statements in a manner similar to that described above for the Mahalanobis' distance 

randomization routine. This resampling procedure is essential because the distance values in these 

matrices are not independent (they have points in common), thus violating a key assumption of most 

statistical tests. Although Dietz (1963) investigated the power of these three statistics obtained from 

matrix correlation tests, her results do not provide a clear guide to choosing among the three. 

However, I generally report only the probability values associated with Spearman's p and Mantel's z 

statistics. 

Determination of geographic distances between ranges. To evaluate the hypotheses concerning 

correlations between morphological and geographic distances, I applied Jackson's algorithms to 

matrices of Mahalanobis' distances and geographic distances. I obtained geographic distances between 

mountain ranges by direct measurement on a map of biotic communities of the southwest United States 

and Mexico (Brown and Lowe 1980; scale: 1:1,000,000). Minimum linear distances between habitats 

on the six mountain ranges were measured on the map with a ruler and converted to kilometers. This 

process resulted in two matrices of geographic distances: one constructed from distances between oak 

woodland habitats (Evergreen Woodland; Brown and Lowe 1980) in the ranges, the second between 

montane forest habitats (Petran Montane Forest; op. cit.). These two habitat types were the focus of the 

geographic distance measurements because Yellow-eyed Juncos breed in montane forest and often spend 

at least a part of the winter in oak woodlands (Phillips et al. 1964; Moore 1972; personal observation). 

I also compiled a second set of geographic distance matrices that excluded the Pinal Mountains 

by measuring on the same map the distances between oak woodland habitats along an arc running south 

from the Pinaleno Mountains along the axis of the Chiricahua Mountains, then southwest and west to 

the Huachuca Mountains, and finally northwest through the Rincon Mountains to the Santa Catalina 

Mountains. The southernmost point on the arc is Sierra San Jose, an isolated massif west of the town of 



Naco, Sonora (about 10 km S of Bisbee). The Santa Rita Mountains are offset to the west from this arc 

so that the distance from the Santa Catalina to the Santa Rita Mountains was greater than that between 

the Huachuca and Santa Catalina Mountains. The lowest elevation along this arc is approximately 1215 

m at two locations: near Mescal between the Whetstone and Rincon Mountains (Figure 1), and in the 

Sulfur Springs Valley west of the Chiricahua Mountains. The Pinal Mountains are isolated from the 

ranges of this arc by the low elevations of the Gila River. 

The rationale for measuring geographic distances along this arc is that contemporary movement 

of Yellow-eyed Juncos between the mountain ranges I sampled may follow the elevation/habitat contour 

modeled by this geographic distance matrix rather than the geographic distance matrices based on linear 

map distances. There are two reasons why this might be the case. First, this arc of relatively high 

elevations would have retained appropriate habitat for Yellow-eyed Junco much later into the transition 

from the vegetation of the Wisconsin glaciation to that of the present than would the lower elevations of 

the valleys and basins. Yellow-eyed Juncos may have formed a more or less continuous population 

along this arc, with the mountain ranges it includes holding breeding nuclei, long after the Pinal 

Mountains juncos were isolated ecologically from the other ranges by the habitats in the low elevations 

of the valley of the Gila River. Figure 4 in Martin and Mehringer (1965) shows montane habitat to be 

nearly continuous during the Wisconsin stage of glaciation among the five southernmost mountain 

ranges sampled, except along the San Pedro River. However, Van Devender et al. (1987) state that 

mixed-conifer montane habitats in the region probably only extended from the massifs along streams 

during the Wisconsin glacial maximum. Even if Van Devender et al. are correct, these habitat corridors 

may have connected populations of the Yellow-eyed Junco at the time, and evergreen oak woodlands 

probably would have been more widely dispersed throughout the region, perhaps allowing wintering 

populations of Yellow-eyed Juncos from different mountain ranges to associate with one another. 

Because unpaired Yellow-eyed Juncos often form pair bonds for breeding during the winter (Moore 
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1972), it may have been much more likely that individual Yellow-eyed Juncos would have moved 

among the mountain ranges of the region during the height of the Wisconsin glacial stage. 

A second possible reason why patterns of morphological differentiation could correspond to 

geographic distances along the arc is that contemporary movement of Yellow-eyed Juncos among the 

mountain ranges might follow the higher elevations of the arc rather than cross the valleys and basins 

of the region. In fact, it is possible that the level of significance of the correlations between the 

Mahalanobis' distance values and the various matrices of geographic distances could indicate whether 

movement among the mountain ranges by Yellow-eyed Juncos is random or directed along ecological or 

elevational corridors. If movement is random, then I would expect one of the matrices of linear map 

distances to c elate more significantly with Mahalanobis' distance values than a matrix of distances 

along an arc. 

In order to include the Pinal Mountains in a correlational analysis of geographic distances with 

Mahalanobis' distances along an elevational corridor, I also formulated a matrix of ranks of geographic 

distances that uses the ranks of distances between oak habitats along an arc discussed above. Then I 

ranked the geographic distances from the Pinal Mountains to the other five ranges in the analysis and 

appended these rankings to the distance matrix. I considered the Pinal Mountains to be closer to the 

Pinaleno Mountains than to the Santa Catalina Mountains because a ridge (Mescal Mountains-Jerusalem 

Mountain-Santa Teresa Mountains) extends between the two massifs. Although this ridgeline is broken 

by the Gila River, a contour of at least 1215 m otherwise is continuous along the ridge. Furthermore, 

the Gila River breaks the ridge through a narrow canyon (elevation=650 m at bottom) that separates 

the 1215 m contours by a distance of only 2.3 km. In contrast, the Santa Catalina Mountains are 

isolated from the Pinals by the low elevations of both the Gila and the San Pedro Rivers. Therefore, it 

seems likely that Yellow-eyed Juncos during the late Pleistocene could have formed a nearly continuous 

population between the Pinal and Pinaleno Mountains. Nonetheless, this matrix of geographic distance 

ranks assumes that the ranks of all "elevational" distances involving the Pinal Mountains are greater 
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than any of those between the five southern ranges. The elements of all four geographic distance 

matrices used in these correlation analyses are listed in Table 19. 

Analysis of correlations between morphological distance values from subsets of variables. I 

used the Jackson randomization routines to test for correlations between matrices of Mahalanobis' 

distance values from the different subsets of variables used in the study. Because the variables 

composing all other subsets of variables are included in the FULLFORM subset, correlational analyses 

with this subset involve comparisons of matrices that are not independent, and therefore are of doubtful 

validity and relevance. Similarly, the FIELD subset includes variables measured on wing, bill, and tail 

and would not be conceptually independent of subset of variables from those structures. However, 

analyses involving Mahalanobis' distance values from subsets modeling discrete features of external 

anatomy — wing, bill, and tailspots — should provide meaningful results. Significant correlations 

between Mahalanobis' distance values would indicate correlated evolution of external structures, and 

would be expected if the variables composing the two subsets are highly correlated with one another. 
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Chapter 3. RESULTS 

Netting success and population densities 

I worked in the field from 22 Feb to 21 Aug 1990 in all six mountain ranges. I returned to 

Mt. Hopkins in the Santa Rita Mountains on 17 and 18 July 1991 and captured several juncos; 

however, the data from this fieldwork were not included in the analyses. The winter (Feb-Mar 1990) 

field efforts resulted in many juncos being captured over a relatively brief period of time (Table 5). 

During the winter I captured Yellow-eyed Juncos in the Huachuca Mountains at an orchard where 

cracked corn placed for guineafowl attracted the birds. In the Santa Catalina Mountains I baited the 

birds to nets with cereal. A single Yellow-eyed Junco was captured in the Santa Rita Mountains during 

a day of fieldwork. I failed to capture any juncos during an exploratory trip to the Chiricahua 

Mountains in March 1990, nor could I find juncos in the Pinaleno and Pinal Mountains at that time. 

Although the amount of effort per capture was much less in winter than during the reproductive season 

(compare Tables 5 and 6), my general inability to find and capture juncos during my winter visits to 

the mountains forced the main body of my fieldwork to be undertaken from mid-May through mid-July 

1990, during the reproductive season (Table 1). This provided the dual benefits of reliably finding 

juncos in their breeding habitat and easily determining the sex of individuals. 

During the breeding season males can be attracted to nets with playback of song. Females 

usually did not respond to broadcast of the songs of males, nor did they respond to playback of nestling 

distress calls. In addition, females rarely accompanied their mates when the males responded to song 

playback. Since the juncos are so dispersed at this time, capturing females became largely a matter of 

luck. The probability of capturing a female greatly was increased if an active nest or a key foraging 

area of a territory was found. However, finding such sites is time and labor intensive (see also Austin 

1964). Although I always was on the alert for nest locations, only six nest sites were found. As a 

result, the sex ratio of captures generally was very biased toward males during the breeding season, 

with extremes of 84% of captures in the Pinaleno Mountains and 69% of the captures in the Chiricahua 
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Mountains being males (Table 4). This bias must be considered when interpreting the results of 

analyses for range effects involving dimorphic variables. 

I strived to capture at least thirty adult individuals in each mountain range that I sampled. This 

effort generally was successful with the exception of the Pinal Mountains where only 13 adult juncos 

were captured (Table 4). Netting effort and success during the reproductive season, as measured by 

number of net hours required per junco captured, varied considerably among the ranges (Table 6). 

Many factors influence capture success, including the density of juncos on territories, the vegetation 

structure of net sites, and weather conditions. Weather conditions are especially important: sunny and 

breezy conditions make the nets conspicuous to the juncos, thus decreasing capture success. 

Fortunately, in 1990 the rainy season began earlier than is typical in the region and brought unusually 

high levels of cloud cover and precipitation. These conditions probably enhanced my netting success. 

In most of the mountain ranges I was able to obtain a full sample in six days or less of 

fieldwork (compare Tables 1 and 4). The Pinal and Chiricahua Mountains stand out as exceptions. Nine 

days of fieldwork were required to obtain 29 captures in the Chiricahua Mountains. In the Pinal 

Mountains I obtained fewer captures of adult juncos than from any other range despite the fact that I 

expended substantially more effort there (13 days; 208 net hours) than elsewhere. Netting effort (net 

hours/capture; Table 6) was relatively consistent in the Santa Catalina, Santa Rita, Huachuca, and 

Pinaleno Mountains. However, considerably more effort per junco captured was required in the Pinal 

and Chiricahua Mountains. 

The Pinal Mountain Yellow-eyed Juncos were an especially difficult population to sample. An 

average of 16.02 net hours was required to obtain each adult specimen in the Pinal Mountains 

compared to an overall average of 5.26 net hours/capture in all ranges (Table 6). However, even this 

striking comparison does not indicate fully the difficulty of field work in the Pinal Mountains. Yellow-

eyed Juncos generally are very common throughout their range (Phillips et al. 1964). However, in the 

Pinal Mountains I spent most of two days searching for individual juncos. This effort involved an 



Table 4. Summary of numbers of Yellow-eyed Juncos captured in 1990. 

Range • Number of Captures 

Females Males Unknown Juveniles Total 

Pinal 6 7 0 23 36 

Santa Catalina 6 10 25 11 52 

Santa Rita 10 21 1 2 34 

Huachuca 4 11 16 1 32 

Pinaleno 5 26 0 2 33 

Chiricahua 9 20 0 0 29 

TOTALS 41 93 42 39 215 

Sex was determined in the field (see text) except for two specimens each from the Pinal and Santa Catalina 
Mountains which were handling casualties. The sex of these four birds was determined by examination of their 
gonads. Recaptures are not included in the table. 

Table 5. Summary of mist netting efforts during the winter season in 1990. 

Range Captures Nets Net Hours 
set hours /capture 

Santa Catalina 28 14 34.3 1.22 

Santa Rita 1 4 5.0 4.96 

Huachuca 20 4 27.7 1.38 

TOTALS/MEANS 49 18 66.9 x=1.37 

Only original captures are indicated in this table; recaptures are not included. 

exhaustive survey of all junco habitat accessible by road (F.S. 651, Tonto National Forest) and along 

trails to within about 300-1500 m of the road. I broadcast junco songs for about 30 seconds every 50 m 

as I walked the roads and trails, then waited for a response from male juncos. A total of approximately 

15 km of roads and trails thus were surveyed. In no other mountain range was this type of effort 
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Table 6. Summary of mist netting efforts during the summer (breeding) season in 1990. 

Range Captures Nets Net Hours Calling 
set hours /capture success 

Pinal 13 95 208.3 16.02 0.19 

Santa Catalina 14 29 53.1 3.79 0.75 

Santa Rita 31 37 121.6 3.92 0.25 

Huachuca 13 27 48.9 3.76 0.37 

Pinaleno 31 55 85.5 2.76 0.35 

Chiricahua 27 68 161.3 5.97 0.29 

TOTALS/MEANS 129 311 678.6 x=5.26 x=0.32 

Only original captures of adults are indicated in this table. Recaptures and juveniles are not included. 
Calling success is the proportion of efforts at using song to attract juncos to nets that resulted in 
captures. 

required merely to find juncos. The very low density of Yellow-eyed Juncos in the Pinal Mountains 

might explain the generally weak response of males to song and the decoy during attempts to attract 

them to nets (see calling success in Table 6). Males seemed to spend little time defending territories, 

and generally were heard singing only in response to my broadcast of song. 

The Chiricahua Mountains population of juncos required the second greatest effort to sample, 

with 5.97 net hours required per capture. Although the density of juncos in the Chiricahuas was 

markedly below that of previous years (see below), the species was fairly common and easy to find. 

Adult male juncos usually responded aggressively to broadcast of song (Table 6) in the Chiricahua 

Mountains. I attribute my relatively poor success in this mountain range to poor weather conditions 

(fair and windy) that prevailed during most of my fieldwork there. 

Although I did not attempt to measure directly population densities of Yellow-eyed Juncos at 

the various study sites, I had the general impression that capture success during the breeding season 

mirrored relative population densities in the mountain ranges. In particular, Yellow-eyed Juncos in the 

Pinal Mountains seemed to be at very low density in 1990. Summer residents of cabins in the Pinals 

indicated in conversations that numbers of Yellow-eyed Juncos were depressed in 1990 compared 



to the previous year, perhaps due to drought conditions that had prevailed for several years (Table 22). 

Drought conditions existed throughout the region in 1989, but below-average precipitation had plagued 

the vicinity of the Pinal Mountains for several years prior to this study. While most of southeastern 

Arizona recorded above-average precipitation during the period 1985-1988, stations in the Miami-Globe 

area, immediately north of the Pinal Mountains, generally were below average (Table 22). Thus it 

appears possible that the population of Yellow-eyed Juncos in the Pinals may have been stressed more 

than those in the other mountain ranges in the region. Perhaps this accounts for the comparative rarity 

of the species in the Pinal Mountains. However, it is possible that relatively low density of Yellow-eyed 

Junco is typical for the Pinal Mountains, which constitute the northern extreme of the geographic 

distribution of the species. Moore (1972, p. 142) states that the population density of Yellow-eyed 

Juncos in the Pinal Mountains "is noticeably less than the densities in other mountain ranges". In fact, 

Scott (1887) noted that Yellow-eyed Juncos were uncommon in the Pinal Mountains more than a 

century ago, so the uncommon status of the species in this range may have persisted for a very long 

time. 

A sharp decline in the population of Yellow-eyed Juncos was observed in 1989-1990 in the 

Chiricahua Mountains, where the species has been studied for many years. Personnel at the 

Southwestern Research Station in the Chiricahua Mountains, and S. Spofford (who lives near Portal; 

Figure 1) stated during my winter visit to the range that Yellow-eyed Juncos typically are very common 

at their locations during the winter. However, during my winter visit to the Chiricahua Mountains I 

was unable to find any Yellow-eyed Juncos at these sites, and I saw less than six individuals during the 

entire visit. The decline in the population of Yellow-eyed Juncos in the Chiricahua Mountains was a 

consequence of the severe drought in the summer of 1989 (Table 22) which caused a shortfall in food 

resources during the critical breeding season. As a result, there was no significant recruitment of 

juveniles into the population and an approximately 50% mortality of adults during the subsequent winter 
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season (K. Sullivan, pers. comm.). It is unknown what effect these conditions had on other populations 

of Yellow-eyed Junco in southeastern Arizona. 

Most of my fieldwork in the Santa Rita Mountains, and all efforts during the breeding season, 

was carried out near the summit of Mt. Hopkins. The situation here proved to be unique in that a water 

trough for wildlife in the picnic area (Mt. Hopkins Bowl) maintained by the Whipple Observatory 

proved to be very attractive to passerines in the area, including Yellow-eyed Juncos. I utilized the 

attractiveness of this water trough to capture many juncos during my second visit to Mt. Hopkins in 

1990. As a consequence of these circumstances, I experienced the greatest frequency of capture during 

the breeding season of any mountain range during this visit. 

Although more than half the captures of juncos from the Santa Catalina and Huachuca 

Mountains were made during my visits in the winter, I recaptured only one individual from each 

mountain range during the reproductive season. Because these individuals were not uniquely marked 

with a leg band, I was unable to associate them with certainty to an earlier observation. For this 

reason, I did not use these individuals in statistical analyses in which data from both winter and 

summer field seasons were combined. 

Univariate descriptive statistics 

Univariate descriptive statistics of the variables are displayed in Table 7. The frequency 

distributions of only ten of the 44 log-transformed variables were significantly different from a normal 

(Gaussian) distribution. This pattern holds overall and also within the sexes and the ranges. Significant 

deviations from normality are the most common across all observations and involve a few field, bill, 

and retrix variables; however, for several of these variables the deviations from normality can be 

explained by unbalanced ratios of the sexes among samples. Within the sexes the only significant 

deviations from normality involve the variables from the #4 retrices and one variable from the #5 

retrices (Table 8). Because the frequency distributions of these variables violate the 



Table 7. Summary of univariate descriptive statistics: mean ± s.d. (n). Minimum and maximum values of a variable are indicated in parentheses 
below variable name. Results of hypothesis tests for significance of differences in mean (/-test) or median (Mann-Whitney U-test) values between 
the sexes are indicated. See text for explanation of the use of the two hypothesis tests. 

WING 
(71.5-84.0 mm) 

TAIL 
(62.5-79.0 mm) 

CULMEN 
(10.2-12.4 mm) 

WIDTH 
(5.1-6.4 mm) 

DEPTH 
(5.5-6.9 mm) 

Pinal 
Females 
Males 
Adults 

Santa Catalina 
Females 
Males 
All 

Santa Rita 
Females 
Males 
All 

Huachuca 
Females 
Males 
All 

Pinaleno 
Females 
Males 
All 

Chiricahua 
Females 
Males 
All 

76.1 ± 2.27 (6)** 
81.5 ± 1.61 (6) 
78.8 + 3.40 (12) 

74.5 ±1.86 (6)*** 
80.0 ± 1.92 (10) 
77.2 ±3.11 (38) 

75.8 ± 2.28 (11)*** 
79.7 ± 2.16 (20) 
78.5 ± 2.94 (32) 

74.5 ± 1.29 (4)*** 
79.4 ± 2.32 (11) 
78.1 ± 3.13 (29) 

75.3 + 1.89 (5)** 
80.0 ± 1.71 (26) 
79.2 ± 2.44 (31) 

74.6 ± 0.98 (9)*** 
78.4 ± 1.87 (20) 
77.2 ± 2.43 (29) 

68.0 ± 2.35 (6) 
71.7 ± 3.76(6) 
69.8 ± 3.57 (12) 

67.2 ±1.10 (6)** 
71.0 ± 2.46 (10) 
68.8 ± 2.85 (38) 

68.8 + 2.98 (11)* 
71.9 ± 4.28 (20) 
70.9 ± 4.09 (32) 

65.5 ± 3.49 (4)* 
71.4 ± 3.29 (11) 
69.5 ± 3.77 (29) 

67.2 ± 0.96 (4)** 
70.2 ± 2.86 (25) 
69.8 ± 2.86 (29) 

67.8 ± 1.85 (9)** 
70.5 ± 3.29 (20) 
69.7 ± 3.15 (29) 

11.1 ± 0.23 (6) 
11.2 ± 0.64 (6) 
11.2 ± 0.46 (12) 

11.1 ± 0.31 (6) 
11.4 ± 0.38 (10) 
11.1 ± 0.39 (38) 

11.3 ± 0.65 (11) 
11.4 + 0.48 (20) 
11.3 ± 0.55 (32) 

11.5 ± 0.13 (4)*** 
10.8 ± 0.32 (11) 
11.0 ± 0.35 (29) 

11.1 ± 0.41 (5) 
11.3 + 0.53 (25) 
11.2 ± 0.51 (30) 

11.1 ± 0.29 (9) 
11.4 ± 0.36 (20) 
11.3 + 0.35 (29) 

5.6 ± 0.12 (6) 
5.8 ± 0.18 (6) 
5.7 + 0.18 (12) 

5.7 ± 0.21 (6) 
5.7 ± 0.07 (10) 
5.9 ± 0.24 (38) 

5.8 ± 0.26 (11) 
5.7 ± 0.25 (20) 
5.8 + 0.26 (32) 

5.8 ± 0.25 (4) 
5.7 ± 0.29 (11) 
5.9 ± 0.29 (29) 

5.7 ± 0.19 (5) 
5.8 ± 0.17 (25) 
5.8 ± 0.18 (30) 

5.7 ± 0.21 (9) 
5.7 ± 0.22 (20) 
5.7 ± 0.21 (29) 

6.1 + 0.29 (6) 
6.2 ± 0.35 (6) 
6.2 ± 0.31 (12) 

6.1 + 0.15 (6) 
6.1 ± 0.22 (10) 
6.2 ± 0.24 (38) 

6.1 + 0.25 (11) 
6.1 ± 0.18 (20) 
6.1 + 0.20 (32) 

6.4 ±0.13 (4)** 
6.1 ± 0.19 (11) 
6.2 ± 0.20 (29) 

6.1 ± 0.22 (5) 
6.1 + 0.25 (25) 
6.1 ± 0.25 (30) 

6.2 ± 0.37 (9) 
6.0 ± 0.26 (20) 
6.1 ± 0.31 (29) 

Total sample 
Females 
Males 
All 

75.2 ± 1.87 (41)*** 
79.6 ± 2.05 (93) 
78.1 ± 2.94 (171) 

67.7 ± 2.39 (40)*** 
71.0 + 3.36 (92) 

69.7 ± 3.39 (169) 

11.2 ± 0.42 (41) 
11.3 ± 0.48 (92) 
11.2 ± 0.45 (170) 

5.7 ± 0.22 (41) 
5.7 + 0.21 (92) 
5.8 ± 0.25 (170) 

6.2 + 0.27 (41) 
6.1 ± 0.24 (92) 
6.2 ± 0.25 (170) 

Probabilities from /-tests for differences between mean values for sexes: *0.05>P>0.01, **0.01 >P>0.001, ***0.001 >P 



Table 7 (cont'd.). Summary of univariate descriptive statistics. 

TARSUS 
(20.1-24.3 mm) 

M1DTOE 
(10.5-15.0 mm) 

WEIGHT 
(17.0-22.5 g) 

FURCFAT 
(0-5) 

PI 
(60.0-73.6 mm) 

Pinal 
Females 
Males 
Adults 

Santa Catalina 
Females 
Males 
All 

Santa Rita 
Females 
Males 
All 

Huachuca 
Females 
Males 
All 

Pinaleno 
Females 
Males 
All 

Chiricahua 
Females 
Males 
All 

21.2 ± 0.88 (6) 
21.7 ± 0.95 (6) 
21.4 + 0.91 (12) 

21.5 + 0.88 (6) 
21.8 ± 0.62 (10) 
21.7 ± 0.73 (15) 

21.9 ± 0.36 (11) 
22.0 ± 0.62 (20) 
22.0 ± 0.67 (32) 

21.7 + 0.53 (4) 
21.7 ± 0.71 (11) 
21.6 ± 0.49 (14) 

21.8 + 0.38 (5) 
21.9 ± 0.62 (25) 
21.9 ± 0.59 (30) 

21.4 ± 0.85 (9) 
21.8 ± 0.56 (20) 
21.7 ± 0.67 (29) 

13.6 ± 0.84 (6) 
13.9 ± 0.58 (6) 
13.7 ± 0.71 (12) 

13.5 ± 0.47 (6) 
13.7 + 0.58 (10) 
13.6 ± 0.82 (38) 

13.6 ± 0.46 (11) 
13.8 ± 0.52 (20) 
13.8 + 0.50 (32) 

13.4 ± 0.53 (4) 
13.6 ± 0.39 (11) 
13.5 + 0.44 (29) 

13.4 + 0.38 (5) 
13.8 ± 0.58 (25) 
13.7 ± 0.57 (30) 

13.6 ± 0.48 (9) 
14.0 ± 0.42 (20) 
13.8 ± 0.46 (29) 

19.3 ± 1.77 (6) 
20.1 ± 0.78 (6) 
19.7 ± 1.36 (12) 

19.6 + 1.77 (6) 
20.5 ± 0.99 (10) 
20.4 ± 1.21 (37) 

20.6 ± 1.25 (11) 
20.0 ± 1.00 (20) 
20.2 ±1.10 (32) 

19.6 ± 0.93 (4) 
19.6 + 1.04 (11) 
20.5 ± 1.24 (29) 

20.2 ± 1.00 (5) 
19.5 ±1.10 (25) 
19.6 + 1.10 (30) 

19.9 ± 1.80 (9) 
19.5 ± 0.81 (20) 
19.6 ±1.19 (29) 

0.6 ± 1.02 (6) 
1.2 ± 1.25 (6) 
0.9 ± 1.14 (12) 

1.4 ± 1.50 (6) 
1.8 ± 1.39 (10) 
2.2 ± 1.79 (38) 

1.8 ± 0.85 (11) 
1.3 ± 0.70 (20) 
1.4 ± 0.77 (32) 

2.2 ± 0.96 (4) 
1.0 ± 0.72(11) 
1.7 ± 1.17 (29) 

2.4 ± 1.95 (5)* 
1.0 ± 1.06(25) 
1.2 ± 1.32 (30) 

1.8 ± 2.11 (9) 
1.3 ± 1.49 (20) 
1.4 ± 1.68 (29) 

64.1 ± 2.30 (4) 
66.8 ± 1.80 (6) 
65.7 ± 2.34 (10) 

64.1 ± 2.14 (6) 
66.1 ± 2.07 (10) 
64.8 ± 2.50 (38) 

64.1 ± 2.32 (11)** 
66.4 ± 2.31 (20) 
65.6 ± 2.52 (32) 

63.2 ±1.13 (4)** 
66.4 ± 2.65 (11) 
65.6 ± 2.49 (30) 

63.3 ± 1.45 (5)** 
66.9 ± 2.29 (26) 
66.3 ± 2.53 (31) 

64.2 ± 1.04 (9) 
65.0 ± 1.61 (20) 
64.7 + 1.48 (29) 

Total sample 
Females 
Males 
All 

21.6 ± 0.68 (41)* 
21.8 ± 0.63 (92) 
21.8 ± 0.68 (132) 

13.5 ± 0.51 (41)** 
13.8 ± 0.51 (92) 
13.7 ± 0.60 (170) 

20.0 ± 1.48 (41) 
19.8 + 1.02 (92) 
20.0 ± 1.22 (169) 

1.7 ± 1.49 (41)+ + 

1.2 + 1.12 (92) 
1.6 ± 1.43 (170) 

63.9 ±1.76 (39)*** 
66.2 ± 2.22 (93) 
65.4 ± 2.39 (170) 

Probabilities from Wests for differences between mean values for sexes: *0.05>PS:0.01, **0.01 >P>0.001, ***0.001 >P 
Probabilities from Mann-Whitney U-tests for differences between median values for sexes: +0.05S:P>0.01, T*0.01 >P>0.001 



Table 7 (cont'd.)- Summary of univariate descriptive statistics. 

P2 
(60.5-75.4 mm) 

P3 
(61.9-77.2 mm) 

P4 
(65.8-82.1 mm) 

P5 
(68.7-86.6 mm) 

P6 
(69.8-88.2 mm) 

Pinal 
Females 
Males 
Adults 

Santa Catalina 
Females 
Males 
All 

Santa Rita 
Females 
Males 
All 

Huachuca 
Females 
Males 
All 

Pinaleno 
Females 
Males 
All 

Chiricahua 
Females 
Males 
All 

64.9 ± 2.32 (4) 
68.4 + 1.23 (6) 
67.0 ± 2.43 (10) 

64.9 ± 2.54 (6)* 
68.1 ± 1.33 (10) 
66.2 + 2.67 (38) 

65.5 ± 2.33 (11)*** 
68.0 ± 2.10 (20) 
67.2 + 2.45 (32) 

63.6 + 1.05 (4)** 
67.4 ± 3.13 (11) 
66.8 ± 2.83 (30) 

65.0 ± 0.74 (5)*** 
68.2 ± 2.29 (26) 
67.7 + 2.43 (31) 

65.3 +1.17 (9)* 
66.7 ± 1.71 (20) 
66.2 + 1.67 (29) 

66.7 + 2.24 (5)* 
70.4 +1.15 (5) 
68.6 + 2.55 (10) 

66.3 + 2.83 (6)* 
69.7 ± 1.63 (10) 
68.0 ± 2.75 (38) 

67.3 + 2.40 (11)*** 
70.1 + 2.15 (20) 
69.2 ± 2.58 (32) 

65.6 ± 1.32 (4)** 
69.9 ± 3.24 (11) 
68.9 + 3.10 (30) 

67.2 ± 0.75 (5)*** 
70.3 + 2.37 (26) 
69.8 + 2.47 (31) 

67.2 ± 1.47 (9)* 
68.9 ± 1.99 (20) 
68.4 + 1.99 (29) 

70.6 ± 2.57 (5)* 
75.6 + 1.60 (6) 
73.3 + 3.26(11) 

70.1 ± 3.24 (6)* 
73.8 + 1.94 (10) 
72.0 + 3.08 (38) 

71.3 + 2.95 (11)*** 
74.3 ± 2.38 (20) 
73.3 + 2.94 (32) 

69.2 + 2.16 (4)* 
73.6 + 3.56 (11) 
72.7 ± 3.66 (30) 

70.9 ± 0.75 (5)*** 
74.6 + 2.49 (26) 
74.0 + 2.68 (31) 

71.0 + 1.47(9)** 
73.1 ± 1.82 (20) 
72.4 ± 1.95 (29) 

73.6 + 2.39 (5)** 
79.2 +1.16 (6) 
76.6 + 3.37 (11) 

73.4 ± 3.64 (6)* 
77.4 + 2.12(10) 
75.5 + 3.41 (38) 

73.8 ± 2.92 (11)*** 
78.0 + 2.89 (20) 
76.6 ± 3.47 (32) 

72.8 ± 2.87 (4)* 
77.6 + 3.73 (11) 
76.2 + 3.79 (30) 

74.5 ± 1.27 (5)*** 
78.5 ± 2.58 (25) 
77.8 + 2.84 (30) 

73.5 + 1.69 (9)** 
76.3 ± 1.93 (20) 
75.4 + 2.25 (29) 

74.9 ± 2.16 (5)** 
80.2 ± 1.08 (6) 
77.8 + 3.17 (11) 

74.4 + 3.51 (6)* 
79.4 + 1.82 (8) 
76.7 ± 3.49 (37) 

75.2 ± 3.05(11)*** 
79.2 ± 2.89 (20) 
77.8 ± 3.42 (32) 

73.6 ± 2.93 (4)* 
78.7 + 3.67 (11) 
77.4 ± 3.59 (30) 

75.3 ± 0.77 (5)*** 
79.3 ± 2.88 (26) 
78.7 + 3.03 (31) 

74.1 ± 1.65 (9)*** 
77.3 + 1.91 (20) 
76.3 + 2.33 (29) 

Total sample 
Females 
Males 
All 

65.0 ± 1.85 (39)*** 
67.7 ± 2.16(93) 
66.8 + 2.49 (170) 

66.9 + 1.98 (40)*** 
69.8 ± 2.28 (90) 
68.8 ± 2.65 (170) 

70.7 + 2.36 (40)*** 
74.1 ± 2.43 (93) 
72.9 + 2.99 (171) 

73.6 ± 2.46 (40)*** 
77.7 + 2.69 (90) 
76.3 ± 3.29 (170) 

74.6 ± 2.46(40)*** 
78.8 + 2.72 (90) 
77.4 ± 3.28 (170) 

Probabilities from /-tests for differences between mean values for sexes: *0.05>P>0.01, **0.01 >P>0.001, ***0.001 >P 



Table 7 (cont'd.). Summary of univariate descriptive statistics. 

P7 
(70.2-88.1 mm) 

P8 
(68.5-87.2 mm) 

P9 
(63.2-79.9 mm) 

ALULA 
(18.6-28.3 mm) 

DORSCULM 
(8.0-13.0 mm) 

Pinal 
Females 
Males 
Adults 

Santa Catalina 
Females 
Males 
All 

Santa Rita 
Females 
Males 
All 

Huachuca 
Females 
Males 
All 

Pinaleno 
Females 
Males 
All 

Chiricahua 
Females 
Males 
All 

74.4 ± 1.95 (5)** 
80.2 ± 1.44 (6) 
77.6 + 3.41 (11) 

74.8 ± 3.74 (6)* 
79.0 ± 1.85 (10) 
77.0 + 3.42 (38) 

75.3 ± 3.13 (11)*** 
79.1 + 2.81 (20) 
77.8 + 3.39 (32) 

73.6 + 2.60 (4)* 
79.2 ± 3.64(11) 
77.5 ± 3.55 (30) 

75.5 ± 0.94 (5)*** 
79.7 ± 2.84 (26) 
79.0 ± 3.05 (31) 

74.2 + 1.57 (9)*** 
77.4 ± 2.16 (20) 
76.4 ± 2.49 (29) 

73.1 ± 1.59 (5)*** 
78.9 ± 1.47 (6) 
76.3 + 3.39 (11) 

73.0 ± 3.68 (6)* 
77.6 + 1.96(10) 
75.9 ± 3.51 (38) 

74.8 + 2.75 (10)** 
78.0 ± 2.74 (20) 
76.9 ± 3.05 (31) 

72.3 ± 3.16 (4)* 
78.3 + 3.43 (11) 
76.3 + 3.59 (30) 

74.3 ± 0.74 (5)*** 
78.7 ± 2.85 (26) 
78.0 ± 3.09 (31) 

73.0 ± 1.22 (9)*** 
76.0 + 1.87 (20) 
75.1 ± 2.19 (29) 

66.1 + 1.20 (5)*** 
72.2 ± 1.38 (6) 
69.4 ± 3.41 (11) 

67.4 + 2.19 (6)** 
71.9 ± 1.28 (10) 
69.6 + 3.22 (34) 

69.1 ± 3.15 (11)** 
71.9 + 2.81 (20) 
71.0 ± 3.14 (32) 

66.1 + 2.41 (4)** 
72.3 + 2.69 (11) 
70.0 ± 3.41 (30) 

68.0 + 0.64 (5)*** 
72.4 ± 2.79 (26) 
71.7 ± 3.05 (31) 

67.3 ± 1.45 (8)** 
70.0 ± 1.88 (20) 
69.2 ± 2.15 (28) 

21.4 + 1.75 (5)* 
24.6 + 1.65 (6) 
23.1 + 2.31 (11) 

22.5 + 1.18 (6)* 
24.5 ± 1.43 (10) 
22.9 + 1.68 (38) 

23.3 ± 2.34 (11) 
24.4 ± 1.92 (20) 
23.9 ± 2.11 (32) 

22.8 ± 2.71 (4) 
23.5 ± 1.42 (11) 
23.2 ± 1.67 (30) 

23.3 + 1.20 (5) 
23.5 ± 1.49 (26) 
23.4 ± 1.43 (31) 

21.7 ± 1.50 (9) 
22.6 ± 1.21 (20) 
22.4 ± 1.35 (29) 

10.4 ± 0.46 (5) 
10.8 + 0.34 (6) 
10.6 + 0.43 (11) 

10.3 + 1.19 (6) 
10.5 + 0.39 (10) 
10.0 + 0.84 (38) 

11.2 + 0.80 (10) 
11.1 ± 0.88 (20) 
11.1 ± 0.87(31) 

10.7 ±1.15 (4) 
10.2 ± 0.88 (11) 
10.2 ± 0.95 (29) 

10.2 + 1.01 (5) 
10.6 ± 0.58 (26) 
10.5 ± 0.67 (31) 

10.6 ± 1.18 (9) 
10.6 ± 0.84 (19) 
10.6 ± 0.94 (28) 

Total sample 
Females 
Males 
All 

74.7 ± 2.49 (40)*** 
79.0 ± 2.73 (93) 
77.5 ± 3.30 (171) 

73.6 ± 2.40 (39)*** 
77.8 ± 2.70 (93) 
76.4 ± 3.25 (170) 

67.6 + 2.35 (39)*** 
71.7 ± 2.52(93) 
70.3 ± 3.15 (166) 

22.5 + 1.91 (40)*** 
23.7 + 1.64(93) 
23.2 + 1.77 (171) 

10.6 ± 1.00(39) 
10.7 ± 0.75 (92) 
10.5 ± 0.90 (167) 

Probabilities from Mests for differences between mean values for sexes: *0.05sPa0.01, **0.01 >P>0.001, ***0.001 >P 



Table 7 (cont'd.)- Summary of univariate descriptive statistics. 

DORSWDTH 
(5.4-7.8 mm) 

DORSAREA 
(4.8-6.9 mm) 

DORSANGL 
(0.538-0.808 rad) 

LATCULM 
(8.5-12.2 mm) 

CULMCRV 
(8.6-12.5 mm) 

Pinal 
Females 6.3 ± 0.39 (5) 5.7 ± 0.30 (5) 0.63 + 0.03 (5) 10:2 ± 0.60 (5) 10.3 ± 0.61 (5) 
Males 6.5 ± 0.29 (6) 5.9 + 0.21 (6) 0.64 + 0.04 (6) 10.1 + 0.33 (6) 10.2 + 0.36 (6) 
Adults 6.4 ± 0.34 (11) 5.8 ± 0.26(11) 0.64 + 0.03 (11) 10.2 + 0.45 (11) 10.2 ± 0.46(11) 

Santa Catalina 
Females 6.4 ± 0.44 (6) 5.8 + 0.51 (6) 0.65 + 0.04 (6) 10.3 ± 0.72 (6) 10.3 + 0.73 (6) 
Males 6.7 ± 0.52 (10) 6.0 ± 0.24 (10) 0.66 + 0.04 (10) 10.4 ± 0.37 (10) 10.4 ± 0.34 (10) 
All 6.4 + 0.51 (37) 5.7 + 0.40 (37) 0.68 + 0.05 (37) 10.1 ± 0.65 (37) 10.2 + 0.65 (37) 

Santa Rita 
Females 6.7 ± 0.28 (10) 6.2 ± 0.34 (10) 0.63 + 0.03 (10) 10.8 ± 0.83 (10) 10.9 + 0.83 (10) 
Males 6.6 + 0.33 (20) 6.2 ± 0.35 (20) 0.62 + 0.03 (20) 10.8 ± 0.56 (20) 10.9 ± 0.59 (20) 
All 6.7 ± 0.31 (31) 6.2 + 0.34 (31) 0.63 + 0.04 (31) 10.7 ± 0.67 (31) 10.8 + 0.69 (31) 

Huachuca 
Females 6.7 ± 0.68 (4) 6.1 ± 0.66 (4) 0.64 + 0.03 (4) 10.7 ± 0.29 (4) 10.8 + 0.31 (4) 
Males 6.7 + 0.50(11) 5.9 + 0.44 (11) 0.68 ± 0.03 (11) 10.3 ± 0.48 (11) 10.4 + 0.52 (11) 
All 6.6 ± 0.54 (29) 5.9 ± 0.49 (29) 0.66 ± 0.03 (29) 10.2 ± 0.56 (29) 10.3 + 0.59 (28) 

Pinaleno 
Females 6.1 + 0.38 (5) 5.6 ± 0.46 (5) 0.62 + 0.04 (5) 10.2 + 0.48 (5) 10.3 ± 0.47 (5) 
Males 6.3 ± 0.38 (26) 5.8 ± 0.26 (26) 0.62 ± 0.04 (26) 10.5 ± 0.46 (26) 10.6 + 0.46 (26) 
All 6.3 + 0.38 (31) 5.8 ± 0.29 (31) 0.62 + 0.04 (31) 10.4 ± 0.47 (31) 10.6 + 0.47 (31) 

Cbiricahua 
Females 6.5 ± 0.47 (9) 6.0 ± 0.49 (9) 0.64 + 0.04 (9) 10.3 ± 0.57 (9)* 10.4 + 0.60 (9)* 
Males 6.6 ± 0.47 (19) 5.9 ± 0.33 (19) 0.64 + 0.04 (19) 10.8 + 0.39 (20) 10.9 ± 0.38 (20) 
All 6.6 ± 0.46 (28) 6.0 ± 0.38 (28) 0.64 ± 0.04 (28) 10.6 ± 0.51 (29) 10.8 ± 0.51 (29) 

Total sample 
Females 
Males 
All 

6.5 ± 0.45 (39) 
6.6 ± 0.43 (92) 
6.5 ± 0.46 (167) 

6.0 ± 0.48 (39) 
6.0 ± 0.34 (92) 
5.9 + 0.41 (167) 

0.64 + 0.04 (39) 
0.64 ± 0.04 (92) 
0.64 ± 0.04 (167) 

10.4 ± 0.66 (39) 
10.6 ± 0.49 (93) 
10.4 + 0.62 (167) 

10.5 ± 0.67 (39) 
10.7 ± 0.51 (93) 
10.5 ± 0.64 (167) 

Probabilities from Mests for differences between mean values for sexes: *0.05 >P>0.01 



Table 7 (cont'd.). Summary of univariate descriptive statistics. 

LATDPTH MAND OVERBITE LATAREA LATANGL 
(6.2-9.0 mm) (6.5-10.4 mm) (-0.3-1.3 mm) (5.1-6.8 mm) (0.623-0.890 rad) 

Pinal 
Females 
Males 
Adults 

Santa Catalina 
Females 
Males 
All 

Santa Rita 
Females 
Males 
All 

Huachuca 
Females 
Males 
All 

Pinaleno 
Females 
Males 
All 

Chiricahua 
Females 
Males 
All 

7.4 ± 0.20 (5) 
7.1 ± 0.49 (6) 
7.2 ± 0.39 (11) 

7.4 ± 0.45 (6) 
7.4 ± 0.33 (10) 
7.2 ± 0.48 (37) 

7.4 + 0.49 (10) 
7.4 + 0.36 (20) 
7.4 ± 0.42 (31) 

7.7 ± 0.47 (4) 
7.1 + 0.35 (11) 
7.3 + 0.57 (28) 

6.8 ± 0.19 (5) 
7.0 ± 0.33 (26) 
7.0 ± 0.31 (31) 

7.0 ± 0.38 (9) 
6.9 ± 0.30 (20) 
6.9 + 0.32 (29) 

8.8 + 0.66 (5) 
8.7 ± 0.61 (6) 
8.8 + 0.60 (11) 

8.2 + 0.80 (6) 
8.5 ± 0.48 (10) 
8.4 ± 0.61 (37) 

8.5 ± 0.58 (10) 
9.0 ± 1.03 (20) 
8.8 ± 0.94 (31) 

8.0 ± 0.72 (4) 
7.8 ± 0.41 (11) 
8.0 + 0.53 (28) 

8.0 + 0.74 (5) 
8.0 + 0.56 (26) 
8.0 + 0.58 (31) 

8.3 ± 0.68 (9) 
8.5 ± 0.62 (20) 
8.4 ± 0.63 (29) 

0.6 + 0.33 (5) 
0.8 ± 0.25 (6) 
0.7 ± 0.28 (11) 

0.4 + 0.19 (6) 
0.4 + 0.12 (10) 
0.4 ± 0.20 (37) 

0.4 ± 0.17 (10) 
0.6 ± 0.25 (20) 
0.5 + 0.23 (31) 

0.4 ± 0.32 (4) 
0.3 ± 0.30 (11) 
0.3 + 0.27 (28) 

0.7 ± 0.22 (5) 
0.7 ± 0.27 (26) 
0.7 + 0.26 (31) 

0.5 ± 0.31 (9) 
0.9 ±0.18 (20) 
0.8 ± 0.28 (29) 

5.9 + 0.23 (5) 
5.9 + 0.23 (6) 
5.9 ± 0.22 (11) 

5.8 + 0.43 (6) 
5.8 + 0.19 (10) 
5.7 ± 0.33 (37) 

5.9 ± 0.24 (10) 
6.1 ± 0.38 (20) 
6.0 + 0.36 (31) 

5.9 ± 0.31 (4) 
5.6 ± 0.24 (11) 
5.7 ± 0.29 (28) 

5.6 ± 0.24 (5) 
5.7 + 0.23 (26) 
5.7 ± 0.23 (31) 

5.7 + 0.35 (9) 
5.9 + 0.20 (20) 
5.8 ± 0.26 (29) 

0.76 + 0.01 (5) 
0.74 ± 0.05 (6) 
0.75 ± 0.04 (11) 

0.78 + 0.04 (6) 
0.77 + 0.04 (10) 
0.77 + 0.05 (37) 

0.74 ± 0.04 (10) 
0.74 ± 0.04 (20) 
0.74 + 0.04 (31) 

0.80 ± 0.04 (4) 
0.75 ± 0.05 (11) 
0.78 ± 0.05 (28) 

0.72 ± 0.03 (5) 
0.72 ± 0.04 (26) 
0.72 ± 0.04 (31) 

0.73 ± 0.03 (?)+ + 
0.69 ± 0.04 (20) 
0.70 + 0.04 (29) 

Total sample 
Females 7.2 ± 0.46 (39) 8.3 ± 0.69 (39) 0.5 + 0.26 (39) 5.8 ± 0.31 (39) 0.75 ± 0.04 (39) + 

Males 7.1 ± 0.38 (93) 8.4 ± 0.77 (93) 0.6 ± 0.30 (93) 5.9 ± 0.29 (93) 0.73 + 0.05 (93) 
All 7.2 ± 0.45 (167) 8.4 ± 0.72 (167) 0.5 ± 0.29 (167) 5.8 ± 0.31 (167) 0.74 ± 0.05 (167) 

Probabilities from /-tests for differences between mean values for sexes: *0.05>P>0.01 



Table 7 (cont'd.). Summary of univariate descriptive statistics. 

LEN4 
(0.0-50.4 mm) 

SQAR4 
(0.0-10.6 mm) 

T_C4 
(0.0-13.8 mm) 

PRM4 
(0.0-76.9 mm) 

Pinal 
Females 
Males 
Adults 

Santa Catalina 
Females 
Males 
All 

Santa Rita 
Females 
Males 
All 

Huachuca 
Females 
Males 
All 

Pinaleno 
Females 
Males 
All 

Chiricahua 
Females 
Males 
All 

11.4 + 15.08 (5) 
20.9 + 5.58 (6) 

16.6 ± 11.44(11) 

11.7 ± 10.95 (6) 
10.3 ± 9.55 (10) 
9.8 ± 10.15 (37) 

13.2 ± 9.41 (11) 
14.4 ± 11.75 (19) 
13.8 ± 10.63 (31) 

0.0 ± 0.00 (4)+ 

12.8 ± 11.02 (11) 
8.9 ± 10.42(28) 

3.9 ± 4.04 (5)+ + 

17.8 + 10.63 (26) 
15.5 ± 11.11 (31) 

8.3 ± 7.56 (9) 
13.6 ± 10.75 (20) 
11.9 ± 10.04 (29) 

3.3 + 4.13 (5) 
6.7 + 1.73 (6) 
5.1 + 3.39 (11) 

3.5 + 3.02 (6) 
3.0 + 2.88 (10) 
2.9 ± 2.97 (37) 

4.2 + 3.04 (11) 
4.4 + 3.66 (19) 
4.3 ± 3.34 (31) 

0.0 ± 0.00 (4)+ 

4.0 + 3.38 (11) 
3.0 + 3.31 (28) 

1.2 ± 1.26 (5),+ 

5.6 + 3.23 (26) 
4.9 ± 3.40 (31) 

2.5 ± 2.28 (9) 
4.3 + 3.16(20) 
3.7 + 3.00 (29) 

4.4 ± 5.14 (5) 
8.6 ± 1.95 (6) 
6.7 ± 4.14 (11) 

4.5 ± 3.96 (6) 
4.4 ± 4.06 (10) 
4.0 ± 4.12 (37) 

5.8 ± 4.27 (11) 
6.1 + 4.91 (19) 
5.9 ± 4.54 (31) 

0.0 + 0.00 (4)* 
5.8 + 5.12 (11) 
3.6 + 4.06 (28) 

1.8 + 1.88 (5r + 

7.6 ± 4.44 (26) 
6.6 + 4.64 (31) 

3.9 + 3.56 (9) 
5.7 + 4.35 (20) 
5.2 ± 4.15 (29) 

23.7 ± 31.31 (5) 
45.2 + 11.36 (6) 
35.4 ± 24.14 (11) 

24.8 + 22.81 (6) 
21.7 + 20.07 (10) 
20.8 ± 21.42 (37) 

27.9 ± 19.93 (11) 
30.2 ± 24.73 (19) 
29.3 ± 22.37 (31) 

0.0 ± 0.00 (4)+ 

27.1 ± 23.13 (11) 
19.9 ± 22.59 (28) 

8.3 + 8.76 (5)+ + 

37.6 ± 22.33 (26) 
32.8 ± 23.36 (31) 

17.6 + 16.16 (9) 
28.9 ± 22.44 (20) 
25.4 ± 21.09 (29) 

Total sample 
Females 
Males 
All 

9.2 ± 9.66 (40)+ + 

15.0 ± 10.71 (92) 
12.3 + 10.70 (167) 

2.8 ± 2.88 (40)*+ 

4.7 ± 3.28 (92) 
3.9 ± 3.27 (167) 

3.9 ± 3.95 (40)+ + 

6.4 ± 4.49 (92) 
5.2 + 4.39 (167) 

19.3 ± 20.32 (40) * + 

31.7 ± 22.51 (92) 
26.2 ± 22.59 (167) 

Probabilities from Mann-Whitney U-tests for differences between median values for sexes: +0.05SP>0.01, *+0.01 >P>0.001 



Table 7 (cont'd.). Summary of univariate descriptive statistics. 

I_T5 
(15.5-57.8 mm) 

0_T5 
(0.0-50.4 mm) 

SQAR5 
(8.2-19.8 mm) 

T_C5 
(9.6-26.6 mm) 

PRM5 
(54.6-128.1 mm) 

Pinal 
Females 
Males 
Adults 

Santa Catalina 
Females 
Males 
All 

Santa Rita 
Females 
Males 
All 

Huachuca 
Females 
Males 
All 

Pinaleno 
Females 
Males 
All 

Chiricahua 
Females 
Males 
All 

41.7 ± 5.45 (5) 
47.1 + 3.81 (6) 
44.6 ± 5.19 (11) 

39.1 ± 5.22 (6) 
44.3 ± 3.40 (10) 
41.6 ± 4.49 (38) 

40.8 ± 3.40 (11)* 
44.5 ± 4.76 (19) 
43.3 ± 4.60 (31) 

37.3 ± 4.12 (4)* 
45.3 ± 4.83 (11) 
43.2 ± 5.51 (28) 

38.7 ± 2.17 (5)** 
45.4 + 3.69 (26) 
44.3 ± 4.27 (31) 

38.4 ± 6.09 (9)* 
43.7 ± 4.38 (20) 
42.0 ± 5.47 (29) 

13.2 + 3.70 (5)+ 

26.6 ± 11.36 (6) 
20.5 + 10.89 (11) 

15.2 ± 6.30 (6) 
21.1 ± 5.66 (10) 
18.0 ± 7.06 (38) 

18.6 ± 6.01 (11) 
22.4 ± 11.93 (19) 
20.9 ± 10.07 (31) 

11.0 + 5.81 (4)+ 

22.7 ± 8.38 (11) 
19.7 + 7.70 (28) 

19.1 + 5.41 (5) 
24.1 + 8.49 (26) 
23.3 ± 8.21 (31) 

12.6 + 6.41 (9) 
21.0 ± 8.92 (20) 
18.4 ± 9.00 (29) 

13.4 ± 1.41 (5)* 
15.9 ± 1.05 (6) 
14.8 ± 1.72 (11) 

13.0 ± 1.97 (6) 
15.0 + 0.97 (10) 
13.6 ± 1.60 (38) 

13.4 + 0.93 (11)** 
14.9 ± 1.95 (19) 
14.4 + 1.76 (31) 

12.6 + 2.01 (4) 
15.0 ± 1.52 (11) 
14.2 ± 1.77 (28) 

13.6 + 0.37 (5)*** 
15.2 ± 1.22 (26) 
14.9 + 1.26 (31) 

12.4 + 2.08 (9)* 
14.7 ± 1.59 (20) 
14.0 ± 2.05 (29) 

15.0 + 2.63 (5) 
19.7 + 4.18 (6) 
17.6 ± 4.18 (11) 

14.6 ± 1.36 (6)** 
17.7 ± 1.96 (10) 
16.4 ± 2.56 (38) 

16.4 + 2.65 (11) 
18.2 ± 3.28 (19) 
17.6 ± 3.09 (31) 

14.4 ± 1.89 (4)* 
19.0 ± 2.89 (11) 
18.0 ± 3.28 (28) 

16.1 ± 2.72 (5) 
19.3 ± 2.64 (26) 
18.8 ± 2.87 (26) 

14.3 ± 3.11 (9)** 
18.4 + 2.53 (20) 
17.2 + 3.29 (29) 

88.3 ± 11.53 (5) 
100.0 ± 7. 74 (6) 

94.7 + 10.97 (11) 

84.0 + 11.85 (6) 
95.9 ± 5.05 (10) 
88.6 ± 9.36 (38) 

86.2 + 6.86 (11)* 
95.0 + 11.03 (19) 
92.0 ± 10.41 (31) 

79.2 ± 9.58 (4)* 
96.7 ± 9.15 (11) 
92.5 ± 12.09 (28) 

84.3 + 4.25 (5)*** 
98.4 ± 9.45 (26) 
96.1 + 10.24(31) 

81.6 + 13.2 (9)* 
93.0 + 9.44 (20) 
89.5 + 11.80 (29) 

Total sample 
Females 
Males 
All 

39.5 ± 4.57 (40)*** 
44.8 ± 4.18 (92) 
43.0 + 4.92 (168) 

15.4 ± 6.23 (40)+ + + 

22.7 ± 9.22 (92) 
20.0 ± 8.67 (168) 

13.1 + 1.54 (40)*** 
15.0 ± 1.47(92) 
14.2 ± 1.73 (168) 

15.3 ± 2.57 (40)*** 
18.7 ± 2.83 (92) 
17.6 ± 3.15 (168) 

84.2 ± 9.79 (40)*** 
96.2 ± 9.33 (92) 

91.8 ± 10.92 (168) 

Probabilities from /-tests for differences between mean values for sexes: *0.05>P>0.01,**0.01 >P>0.001,***0.001 >P 
Probabilities from Mann-Whitney U-tests for differences between median values for sexes: +0.05iPSO.Ol, tt+0.001 >P 



Table 7 (cont'd.)- Summary of univariate descriptive statistics. 

I_T6 OT6 SQAR6 T_C6 PRM6 
(40.6-61.2 mm) (17.5-57.5 mm) (12.7-19.0 mm) (16.2-35.3 mm) (86.8-134.5 mm) 

Pinal 
Females 
Males 
Adults 

Santa Catalina 
Females 
Males 
All 

Santa Rita 
Females 
Males 
All 

Huachuca 
Females 
Males 
All 

Pinaleno 
Females 
Males 
All 

Chiricahua 
Females 
Males 
All 

49.3 ± 3.24 (5) 
53.5 + 4.85 (6) 
51.6 ± 4.56 (11) 

46.5 ± 2.85 (6)* 
51.0 + 3.55 (10) 
48.4 ±3.81 (37) 

47.5 ± 3.13 (11)* 
50.9 ± 4.04 (18) 
49.7 ± 3.99 (30) 

46.5 + 3.09 (4) 
51.4 ± 4.92 (11) 
50.0 ± 4.06 (28) 

47.9 ± 1.88 (4)* 
51.9 ± 3.95 (26) 
51.4 ± 3.96 (30) 

48.1 + 2.64 (9)* 
51.1 ± 3.40(20) 
50.2 ± 3.44 (29) 

30.6 + 7.98 (5) 
42.2 ± 11.03 (6) 
37.0 ± 11.09 (11) 

28.2 + 7.75 (6)* 
37.5 ± 7.04 (10) 
33.3 ± 7.07 (37) 

31.1 ± 4.59 (11) 
36.7 ± 8.57 (18) 
34.6 ± 7.60 (30) 

26.2 ± 4.03 (4)** 
40.1 + 8.41 (11) 
34.0 ± 8.09 (28) 

35.6 ± 8.98 (4) 
42.5 ± 9.51 (26) 
41.6 ± 9.60(30) 

28.5 + 8.23 (9)* 
35.6 ± 7.54 (20) 
33.4 ± 8.32 (29) 

15.3 + 0.92 (5)* 
16.8 ± 1.07 (6) 
16.1 ± 1.26(11) 

14.6 +1.17 (6)** 
16.8 ± 1.30 (10) 
15.6 ± 1.38 (37) 

15.0 ± 0.90 (11)*** 
16.4 ± 1.40 (18) 
15.9 ± 1.38 (30) 

15.0 ± 1.34 (4) 
16.4 ± 0.77 (11) 
15.9 ±1.19 (28) 

15.2 ± 0.58 (4)** 
16.6 ± 1.21 (26) 
16.4 ± 1.25 (30) 

14.9 ± 0.95 (9)** 
16.4 ± 1.26 (20) 
15.9 ± 1.34 (29) 

20.5 ± 2.13 (5) 
21.2 + 2.78 (6) 
20.9 ± 2.40(11) 

20.8 ± 2.70 (6)* 
24.0 ± 2.28 (10) 
22.2 ± 2.55 (37) 

21.7 + 2.94 (11) 
23.4 ± 3.21 (18) 
22.8 ± 3.15 (30) 

19.8 ± 2.34 (4)* 
23.4 ± 2.83 (11) 
22.3 ± 2.37 (28) 

21.1 ± 0.33 (4)*** 
24.8 ± 3.39 (26) 
24.3 ± 3.41 (30) 

21.7 + 2.63 (9) 
23.8 ± 2.38 (20) 
23.2 ± 2.61 (29) 

103.2 ± 6.81 (5) 
108.1 + 10.50 (6) 
105.9 ± 8.96(11) 

101.9 ± 8.16(6) 
107.0 ± 7.63 (10) 
102.7 ± 8.21 (37) 

98.8 ± 7.45 (11)* 
105.7 ± 8.48 (18) 
103.4 ± 8.65 (30) 

97.9 ± 7.25 (4) 
106.1 ± 7.72(11) 
104.8 ± 7.64 (28) 

101.2 ±1.16 (4)*** 
110.2 ± 9.85 (26) 
109.0 ± 9.67 (30) 

100.3 ± 5.38 (9)* 
106.9 ± 7.01 (20) 
104.8 ± 7.15 (29) 

Total sample 
Females 47.7 ± 2.83 (39)*** 29.9 ± 6.96 (39)*** 15.0 ± 0.94 (39)*** 21.2 ± 2.46 (39)*** 100.4 ± 6.44(39)*** 
Males 51.4 ± 3.95 (91) 39.0 ± 8.88 (91) 16.5 ± 1.20 (91) 23.8 ± 3.00 (91) 107.6 ± 8.52 (91) 
All 50.0 ± 3.98 (165) 35.4 ± 8.77 (165) 15.9 ± 1.33 (165) 22.8 ± 2.92 (165) 104.9 ± 8.51 (165) 

Probabilities from Mests for differences between mean values for sexes: *0.05&Pa0.01, **0.01 >P>0.001, ***0.001 >P 
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Table 8. Significant results from Kolmogorov-Smimov tests for goodness-of-fit of log-transformed 
variables to a normal distribution. Only results with an associated 2-tailed P-value £ 0.05 are shown. 
Sex was determined in the Held for all individuals included in these analyses. 

Variable n K-S Z P 

All Females: 
LEN4 39 1.764 0.004 
SQAR4 39 1.721 0.005 
T C4 39 1.747 0.004 
PRM4 39 1.782 0.003 

All Males: 

LEN4 93 2.279 0.000 
SQAR4 93 2.066 0.000 
T C4 93 2.275 0.000 
PRM4 93 2.493 0.000 
O T5 93 1.584 0.013 

assumption of normal distributions inherent in most parametric statistical analyses, I used these 

variables cautiously in hypothesis tests. Although resampling techniques allow one to overcome this 

problem somewhat, I did not resample univariate statistics. Instead, I performed nonparametric 

hypothesis tests on these variables. 

A few variables require special mention. Field measurement of wing length (variable WING) 

was the flat wing length described in Pyle et al. (1989), rather than the more commonly measured wing 

chord. In 1991 I took both measurements on juncos captured in the Santa Rita Mountains and flat wing 

exceeded wing chord by 0-2.5 mm (mean difference= 1.2mm, n=27, s.d. =0.70). The significance of 

difference in wing length between the sexes was similar for r-tests performed on both measurements, 

with lower probabilities associated with wing chord measurements. Juveniles averaged about half as 

much difference in the two types of wing length measurements as adults of both sexes, and the 

difference is statistically significant (/=2.44, df=25, P=0.022). This result indicates that very young 

individuals have less arc in their primaries than do adults, and suggests that there may be an 

ontogenetic component to variance in wing chord measurements, at least for Junco phaeonotus. 

Measurements of TARSUS, an estimate of the length of the tarsometatarsus, were poorly 
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standardized in my study. In particular, my approach to this measurement changed significantly 

between the winter and summer field seasons. I now believe the early measurements are completely 

invalid and I did not include them in my database. Values of TARSUS presented in this study are those 

resulting from measurements made during the breeding season only. 

The tailspot variables from retrix #4 present a special problem. Several juncos from each 

mountain range had all-dark #4 retrices. As a consequence, values of the four variables measured from 

this feature (LEN4, T_C4, SQAR4, and PRM4) all are zero for these individuals. As a result, 

frequency distributions of these variables are non-normal (Table 8). Within ranges, significant 

deviations from normality were found in samples for the retrix #4 variables from the Santa Catalina, 

Santa Rita, and Huachuca Mountains, but not for samples from other mountain ranges. The values of 

0_T5 are non-normally distributed for the males primarily because the subsample of males from the 

Santa Catalina Mountains diverges from normality. The #5 retrices from some of the males from this 

mountain range tend to resemble in shape the tailspots of the #4 retrices (Figure 3E), resulting in 

atypically small values for the 0_T5 variable. 

Correlations between variables. Wing and tail variables generally are highly correlated with 

one another (product-moment correlations; Table 9). This pattern exists for both the field-measured 

variables WING and TAIL and for the wing and tailspot variables from the photographic images. With 

a few exceptions, wing and tail variables are not significantly correlated with bill variables, which 

suggests these structures evolve somewhat independently of one another. Correlations between variables 

from the same structure tend to be very significant, especially for the wing variables. However, there 

are notable exceptions, such as the lack of significant correlation between several variables from the 

photographic images of the bill, and between some tailspot variables from retrices #4 and #6. 

The variables from one of the two views (dorsal or lateral) of the bill tend to be correlated 

with one another; however, when the variables from each view are compared, the situation becomes 



Table 9. Product-moment correlations between variables. A total of 156 observations were used to compute the correlations statistics, except for 
TARSUS where 125 observations were used. 

WING TAIL CULMEN WIDTH DEPTH TARSUS MIDTOE WEIGHT FURCFAT 

WING 1.000 .622** .069 .054 -.013 .194 .075 .121 -.221* 

TAIL .622** 1.000 .114 -.033 -.010 .214 .062 .084 -.172 

CULMEN .069 .114 1.000 .155 .210* .070 .164 .038 -.061 

WIDTH .054 -.033 .155 1.000 .280** .090 -.130 .270** .085 

DEPTH -.013 -.010 .210* .280** 1.000 .119 .100 .336** .123 

TARSUS .194 .214 .070 .090 .119 1.000 .044 .273* .100 

MIDTOE .075 .062 .164 -.130 .100 .044 1.000 .080 -.033 

WEIGHT .121 .084 .038 .270** .336** .273* .080 1.000 .307** 

FURCFAT -.221* -.172 -.061 .085 .123 .100 -.033 .307** 1.000 

PI .667** .498** .107 .115 .012 .098 .084 .089 -.215* 

P2 .671** .501** .116 .113 1 ©
 

U
\ 

.104 .077 .096 -.208* 

P3 .684** .520** .130 .122 -.016 .125 .112 .095 -.186 

P4 .682** .504** .121 .094 -.011 .157 .110 .091 -.184 

P5 .744** .536** .104 .086 .002 .143 .088 .111 -.195 

P6 .763** .536** .089 .090 .005 .146 .083 .099 -.201 

P7 .738** .521** .096 .115 .010 .145 .083 .089 -.214* 

P8 .743** .517** .062 .120 .039 .139 .077 .088 -.204 

P9 .701** .491** .034 .095 -.023 .140 .090 .022 -.249* 

ALULA .396** .224* .023 .028 -.067 -.010 .045 -.020 -.186 

DORSCULM .147 .128 .475** .022 .093 .096 .058 -.033 - 292** 

DORSWDTH .083 .050 .154 .186 .061 .046 -.002 .054 -.242* 

DORSAREA .108 .090 .341** .078 .098 .140 -.001 .063 -.251* 

2-tailed probabilities: * P < 0.01, ** P < 0.001; critical value at a = 0.05: |r| = 0.157 



Table 9 (cont'd.). Product-moment correlations between variables. 

WING TAIL CULMEN WIDTH DEPTH TARSUS MIDTOE WEIGHT FURCFA1 

DORSANGL -.145 -.154 -.379** .214* .032 -.080 -.127 .067 .066 

LATCULM .117 .175 .526** -.099 .070 .096 .206* -.070 -.140 

CULMCRV .115 .176 .527** -.099 .065 .097 .210* -.072 -.147 

LATDPTH -.028 -.004 .211* .163 .352** .040 -.055 .178 -.076 

MAND .006 .138 .215* .066 .094 .034 .110 .074 .056 

OVERBITE .082 .069 .237* -.238* -.125 -.040 . .251* -.264** -.190 

LATAREA .045 .148 .398** .021 .193 .074 .106 .052 -.113 

LATANGL -.132 -.183 -.234* .224* .258* -.026 -.245* .197 .044 

LEN4 .250* .178 .029 -.052 -.092 .113 .122 -.012 -.111 

SQAR4 .271** .187 .026 -.031 -.102 .105 .124 -.009 -.130 

T_C4 .239* .185 .050 -.064 -.109 .108 .115 -.036 -.118 

PRM4 .264** .189 .022 -.044 -.088 .115 .124 -.001 -.110 

I_T5 .517** .448** -.006 -.022 -.088 .163 .177 .057 -.249* 

0_T5 .320** .286** -.067 -.062 -.113 .110 .141 .037 -.144 

SQAR5 .534** .423** .032 -.058 -.103 .138 .158 .021 -.260* 

T_C5 .414** .348** -.031 .011 -.084 .129 .147 .009 -.144 

PRM5 .525** .451** .013 -.042 -.084 .118 .163 .046 -.255* 

I_T6 .442** .404** .000 -.136 -.112 .210 .063 .030 -.111 

0_T6 .245* .176 .044 .008 -.090 .063 .065 -.102 -.202 

SQAR6 .505** .416** .111 -.002 -.016 .099 .041 .040 -.186 

T_C6 .288** .324** .114 -.029 -.055 .201 .097 -.058 -.109 

PRM6 .441** .447** .056 -.067 -.024 .153 .128 .036 -.134 

2-tailed probabilities: * P < 0.01, ** P < 0.001; critical value at a = 0.05: | r |  =  0 . 1 5 7  



Table 9 (cont'd.). Product-moment correlations between variables. 

PI P2 P3 P4 P5 P6 P7 P8 P9 ALULA DORSCULM DORSWDTH 

WING .667** .671** .684** .682** .744** .763** .738** .743** .701** .396** .147 .083 

TAIL .498** .501** .520** .504** .536** .536** .521** .517** 491** .224* .128 .050 

CULMEN .107 .116 .130 .121 .104 .089 .096 .062 .034 .023 .475** .154 

WIDTH .115 .113 .122 .094 .086 .090 .115 .120 .095 .028 .022 .186 

DEPTH .012 -.051 -.016 -.011 .002 .005 .010 .039 -.023 -.067 .093 .061 

TARSUS .098 .104 .125 .157 .143 .146 .145 .139 .140 -.010 .096 .046 

MIDTOE .084 .077 .112 .110 .088 .083 .083 .077 .090 .045 .058 -.002 

WEIGHT .089 .096 .095 .091 .111 .099 .089 .088 .022 -.020 -.033 .054 

FURCFAT -.215* -.208* -.186 -.184 -.195 -.201 -.214* -.204 -.249* -.186 -.292** -.242* 

PI 1.000 .942** .921** .873** .883** .874** .860** .836** 784** .489** .088 .050 

P2 .942** 1.000 .970** .934** .913** .911** .894** .866** .811** .554** .085 .056 

P3 .921** .970** 1.000 .963** .936** .920** .904** .878** .818** .549** .085 .058 

P4 .873** .934** .963** 1.000 .950** .923** .910** .890** .825** .544** .070 .046 

P5 .883** .913** .936** .950** 1.000 .974** .962** .948** .871** .556** .106 .070 

P6 .874** .911** .920** .923** .974** 1.000 .983** .972** .902** .592** .100 .055 

P7 .860** .894** .904** .910** .962** .983** 1.000 .976** 914** .599** .097 .065 

P8 .836** .866** .878** .890** .948** .972** .976** 1.000 932** 599** .078 .060 

P9 .784** .811** .818** .825** .871** .902** .914** .932** 1.000 .648** .064 .085 

ALULA .489** .554** .549** .544** .556** .592** .599** .599** .648** 1.000 .138 .107 

DORSCULM .088 .085 .085 .070 .106 .100 .097 .078 .064 .138 1.000 .545** 

DORSWDTH .050 .056 .058 .046 .070 .055 .065 .060 .085 .107 .545** 1.000 

DORSAREA .071 .070 .072 .052 .092 .081 .074 .059 .075 .158 .892** .793** 

2-tailed probabilities: * P < 0.01, ** P < 0.001; critical value at a = 0.05: |r| = 0.157 



Table 9 (cont'd.). Product-moment correlations between variables. 

PI P2 P3 P4 P5 P6 P7 P8 P9 ALULA DORSCULM DORSWl 

DORSANGL -.099 -.088 -.093 -.082 -.107 -.112 -.095 -.075 -.046 -.076 -.496** .315** 

LATCULM .136 .104 .101 .086 .074 .082 .070 .050 .095 .070 .537** .231* 

CULMCRV .136 .105 .103 .087 .073 .080 .070 .050 .097 .073 .545** .237* 

LATDPTH -.051 -.080 -.069 -.082 -.078 -.040 -.067 -.028 -.000 .102 .201 .148 

MAND -.007 -.010 -.013 -.039 -.054 -.032 -.054 -.075 -.059 .065 .190 -.006 

OVERBITE .042 .065 .070 .108 .112 .100 .105 .086 .065 .053 .263** -.023 

LATAREA .013 -.006 -.001 -.017 -.023 .004 -.021 -.023 .015 .132 .416** .147 

LATANGL -.160 -.166 -.151 -.153 -.131 -.107 -.119 -.064 -.066 .016 -.269** -.018 

LEN4 .213* .209* .201 .258* .227* .201 .207* .198 .254* -.012 .052 .015 

SQAR4 .214* .220* .212* .262** .238* .216* .222* .211* 272** .001 .055 .018 

T_C4 .187 .184 .176 .228* .204 .180 .189 .181 .240* -.015 .060 -.004 

PRM4 .220* .217* .211* .267** .238* .212* .217* .208* .264** -.007 .047 .019 

I_T5 .378** .403** .409** .466** .474** .461** .463** .476** .478** .133 .067 .105 

O T 5  .223* .275** .281** .333** .340** .354** .362** .367** .395** .158 .039 .117 

SQAR5 .437** .490** .499** .540** .549** .547** .540** .536** .531** .254* .108 .133 

T_C5 .285** .329** .354** .419** .415** .401** .412** .427** .433** .113 -.033 .062 

PRM5 .394** .432** .440** .500** .511** .505** .505** .515** .508** .207* .057 .103 

I_T6 .340** .363** .371** .396** .409** .405** .406** .418** .397** .119 .036 -.089 

0_T6 .208* .239* .236* .254* .253* .244* .264** .288** .277** .065 .068 .073 

SQAR6 .379** .422** .439** .449** .458** .441** .433** .434** .413** .172 .143 .124 

T_C6 .324** .335** .348** .346** .342** .326** .326** .340** .315** .034 .077 -.078 

PRM6 .340** .358** .371** .397** .413** .400** .400** .401** .353** .082 .056 -.115 

2-tailed probabilities: 'PS 0.01, ** P < 0.001; critical value at a = 0.05: |r| = 0.157 



Table 9 (cont'd.). Product-moment correlations between variables. 

DORSAREA DORSANGL LATCULM CULMCRV LATDPTH MAND OVERBITE LATAREA LATANGL 

WING .108 -.145 .117 .115 -.028 .006 .082 .045 -.132 

TAIL .090 -.154 .175 .176 -.004 .138 .069 .148 -.183 

CULMEN .341** -.379** .526** .527** .211* .215* .237* .398** -.234* 

WIDTH .078 .214* -.099 -.099 .163 .066 -.238* .021 .224* 

DEPTH .098 .032 .070 .065 .352** .094 -.125 .193 .258* 

TARSUS .140 -.080 .096 .097 .040 .034 -.040 .074 -.026 

MIDTOE -.001 -.127 .206* .210* -.055 .110 .251* .106 -.245* 

WEIGHT .063 .067 -.070 -.072 .178 .074 -.264** .052 .197 

FURCFAT -.251* .066 -.140 -.147 -.076 .056 -.190 -.113 .044 

PI .071 -.099 .136 .136 -.051 -.007 .042 .013 -.160 

P2 .070 -.088 .104 .105 -.080 -.010 .065 -.006 -.166 

P3 .072 -.093 .101 .103 -.069 -.013 .070 -.001 -.151 

P4 .052 -.082 .086 .087 -.082 -.039 .108 -.017 -.153 

P5 .092 -.107 .074 .073 -.078 -.054 .112 -.023 -.131 

P6 .081 -.112 .082 .080 -.040 -.032 .100 .004 -.107 

P7 .074 -.095 .070 .070 -.067 -.054 .105 -.021 -.119 

P8 .059 -.075 .050 .050 -.028 -.075 .086 -.023 -.064 

P9 .075 -.046 .095 .097 -.000 -.059 .065 .015 -.066 

ALULA .158 -.076 .070 .073 .102 .065 .053 .132 .016 

DORSCULM .892** -.496** .537** .545** .201 .190 .263** .416** -.269** 

DORSWDTH .793** .315** .231* .237* .148 -.006 -.023 .147 -.018 

DORSAREA 1.000 -.212* .439** .447** .243* .140 .076 .358** -.122 

2-tailed probabilities: * P £ 0.01, ** P < 0.001; critical value at a = 0.05: |r| = 0.157 



Table 9 (cont'd.). Product-moment correlations between variables. 

DORSAREA DORSANGL LATCULM CULMCRV LATDPTH MAND OVERBITE LATAREA LATANG 

DORSANGL -.212* 1.000 -.366** -.366** -.018 -.195 -.389** -.281** .344** 

LATCULM .439** -.366** 1.000 .996** .339** .247* .274** .636** -.456** 

CULMCRV .447** -.366** .996** 1.000 .327** .238* .284** .641** -.463** 

LATDPTH .243* -.018 .339** .327** 1.000 .344** -.359** .686** .614** 

MAND .140 -.195 .247* .238* .344** 1.000 .034 .758** -.140 

OVERBITE .076 -.389** .274** .284** -.359** .034 1.000 .105 -.641** 

LATAREA .358** -.281** .636** .641** .686** .758** .105 1.000 -.032 

LATANGL -.122 .344** -.456** -.463** .614** -.140 -.641** -.032 1.000 

LEN4 .007 -.074 .075 .070 -.100 .037 .091 .024 -.152 

SQAR4 .009 -.091 .069 .064 -.110 .023 .088 .010 -.157 

T_C4 .006 -.107 .103 .099 -.107 .019 .100 .028 -.175 

PRM4 .006 -.071 .066 .061 -.104 .038 .084 .019 -.151 

I_T5 .044 -.035 .061 .058 -.042 -.010 -.005 -.016 -.087 

0_T5 .045 .059 .015 .016 -.061 -.005 -.007 -.020 -.065 

SQAR5 .073 -.040 .111 .104 -.076 .004 .109 -.004 -.165 

T_C5 -.029 .058 -.007 -.003 -.156 -.061 -.006 -.108 -.127 

PRM5 .039 -.025 .059 .057 -.036 -.011 -.015 -.007 -.076 

I_T6 -.034 -.177 .026 .030 -.092 .003 .014 -.032 -.126 

0_T6 .019 .012 .052 .060 -.120 -.077 .012 -.058 -.139 

SQAR6 .106 -.052 .130 .136 -.016 .065 .070 .103 -.138 

T_C6 -.016 -.208* .107 .116 -.130 .011 .069 .003 -.208* 

PRM6 -.055 -.216* .049 .052 -.070 .058 .034 .030 -.134 

2-tailed probabilities: * P < 0.01, ** P < 0.001; critical value at a = 0.05: |r| = 0.157 



Table 9 (cont'd.)- Product-moment correlations between variables. 

LEN4 SQAR4 T_C4 PRM4 I_T5 0_T5 SQAR5 T_C5 PRM5 I_T6 0_T6 SQAR6 T_C6 PRM6 

WING .250* .271** .239* .264** .517** .320** .534** .414** .525** .442** .245* .505** .288** .441** 

TAIL .178 .187 .185 .189 .448** .286** .423** .348** .451** .404** .176 .416** .324** .447** 

CULMEN .029 .026 .050 .022 -.006 -.067 .032 -.031 .013 .000 .044 .111 .114 .056 

WIDTH -.052 -.031 -.064 -.044 -.022 -.062 -.058 .011 -.042 -.136 .008 -.002 -.029 -.067 

DEPTH -.092 -.102 -.109 -.088 -.088 -.113 -.103 -.084 -.084 -.112 -.090 -.016 -.055 -.024 

TARSUS .113 .105 .108 .115 .163 .110 .138 .129 .118 .210 .063 .099 .201 .153 

M1DTOE .122 .124 .115 .124 .177 .141 .158 .147 .163 .063 .065 .041 .097 .128 

WEIGHT -.012 -.009 -.036 -.001 .057 .037 .021 .009 .046 .030 -.102 .040 -.058 .036 

FURCFAT -.111 -.130 -.118 -.110 -.249* -.144 -.260* -.144 -.255* -.111 -.202 -.186 -.109 -.134 

PI .213* .214* .187 .220* .378** .223* .437** .285** .394** .340** .208* .379** .324** .340** 

P2 .209* .220* .184 .217* .403** .275** .490** .329** .432** .363** .239* .422** .335** .358** 

P3 .201 .212* .176 .211* .409** .281** .499** .354** .440** .371** .236* .439** .348** .371** 

P4 .258* .262** .228* .267** .466** .333** .540** .419** .500** .396** .254* .449** .346** .397** 

P5 .227* .238* .204 .238* .474** .340** .549** .415** .511** .409** .253* .458** .342** .413** 

P6 .201 .216* .180 .212* .461** .354** .547** .401** .505** .405** .244* .441** .326** .400** 

P7 .207* .222* .189 .217* .463** .362** .540** .412** .505** .406** .264** .433** .326** .400** 

P8 .198 .211* .181 .208* .476** .367** .536** .427** .515** .418** .288** .434** .340** .401** 

P9 .254* .272** .240* .264** .478** .395** .531** .433** .508** .397** .277** .413** .315** .353** 

ALULA -.012 .001 -.015 -.007 .133 
00 

.254* .113 .207* .119 .065 .172 .034 .082 

DORSCULM .052 .055 .060 .047 .067 .039 .108 -.033 .057 .036 .068: .143 .077 .056 

DORSWDTH .015 .018 -.004 .019 .105 .117 .133 .062 .103 -.089 .073 .124 -.078 -.115 

DORSAREA .007 .009 .006 .006 .044 .045 .073 -.029 .039 -.034 .019 .106 -.016 -.055 

2-tailed probabilities: * P < 0.01, ** P < 0.001; critical value at a = 0.05: |r| = 0.157 



Table 9 (cont'd.). Product-moment correlations between variables. 

LEN4 SQAR4 T_C4 PRM4 I_T5 0_T5 SQAR5 T_C5 PRM5 I_T6 0_T6 SQAR6 T_C6 PRM6 

DORSANGL -.074 -.091 -.107 -.071 -.035 .059 -.040 .058 -.025 -.177 .012 -.052 -.208* -.216* 

LATCULM .075 .069 .103 .066 .061 .015 .111 -.007 .059 .026 .052 .130 .107 .049 

CULMCRV .070 .064 .099 .061 .058 .016 .104 -.003 .057 .030 .060 .136 .116 .052 

LATDPTH -.100 -.110 -.107 -.104 -.042 -.061 -.076 -.156 -.036 -.092 -.120 -.016 -.130 -.070 

MAND .037 .023 .019 .038 -.010 -.005 .004 -.061 -.011 .003 -.077 .065 .011 .058 

OVERBITE .091 .088 .100 .084 -.005 -.007 .109 -.006 -.015 .014 .012 .070 .069 .034 

LATAREA .024 .010 .028 .019 -.016 -.020 -.004 -.108 -.007 -.032 -.058 .103 .003 .030 

LATANGL -.152 -.157 -.175 -.151 -.087 -.065 -.165 -.127 -.076 -.126 -.139 -.138 -.208* -.134 

LEN4 1.000 .984** .972** .998** .592** .446** .554** .507** .524** .231* .260* .246* .165 .204 

SQAR4 .984** 1.000 .967** .988** .591** .480** .573** .523** .538** .257* .292** .263** .183 .236* 

T_C4 .972** .967** 1.000 .968** .563** .445** .533** .509** .500** .226* .282** .231* .176 .197 

PRM4 .998** .988** .968** 1.000 .597** .454** .562** .516** .536** .241* .265** .256* .168 222* 

I_T5 .592** .591** .563** .597** 1.000 .619** .840** .786** .948** .602** .476** .580** .433** .564** 

0_T5 .446** .480** .445** .454** .619** 1.000 .818** .791** .702** .361** .560** .426** .372** .394** 

SQAR5 .554** .573** .533** .562** .840** .818** 1.000 .794** .863** .572** .572** .670** .452** .554** 

T_C5 .507** .523** .509** .516** .786** .791** .794** 1.000 .817** .499** .582** .488** .479** .480** 

PRM5 .524** .538** .500** .536** .948** .702** .863** .817** 1.000 .574** .509** .588** .443** .593** 

I_T6 .231* .257* .226* .241* .602** .361** .572** .499** .574** 1.000 .528** .731** .593** .836** 

0_T6 .260* .292** .282** .265** .476** .560** .572** .582** .509** .528** 1.000 .635** .566** .499** 

SQAR6 .246* .263** .231* .256* .580** .426** .670** .488** .588** .731** .635** 1.000 .633** .763** 

T_C6 .165 .183 .176 .168 .433** .372** .452** .479** .443** .593** .566** .633** 1.000 .755** 

PRM6 .204 .236* .197 .222* .564** .394** .554** .480** .593** .836** .499** .763** .755** 1.000 

2-tailed probabilities: * P < 0.01, ** P < 0.001; critical value at a = 0.05: Jr| = 0.157 
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variable more complex. For example, MAND is not significantly correlated with any of the variables 

from the dorsal view of the bill, including DORSCULM (the length of the exposed culmen in dorsal 

projection), yet is correlated with most of the variables from the lateral projection of the bill, including 

LATCULM and CULMCRV — two measures of the length of the exposed culmen in lateral 

projection. LATDPTH, a measure of bill depth, is significantly correlated with only one variable 

(DORSAREA) from the dorsal view of the bill; LATDPTH is not correlated with DORSWDTH. In 

contrast, the field-measured variables WIDTH and DEPTH, which appear to be very similar to 

DORSWDTH and LATDPTH, are significantly correlated. 

Tailspot variables tend to be significantly correlated with one another. The exceptions involve 

the variables from the #4 retrices with two variables (T_C6 and PRM6) from the #6 retrices. In 

addition, the variables from the #4 retrices tend to be uncorrelated, or only marginally correlated, with 

the variables from the photographic image of the wing, although the other tailspot variables tend to be 

highly correlated with the primary distance variables. This unusual behavior of the variables from the 

rf4 retrices can be explained by the large number of zero values. 

Seasonal effects 

Several variables show significant differences in mean values between the winter and summer 

from captures made in the Huachuca and Santa Catalina Mountains (Table 10). Most notable are 

differences between means of bill variables, especially bill length. The only variables that evidence 

significant seasonal changes in juncos from both mountain ranges are WIDTH, DORSCULM, 

DORSAREA, LATCULM, and CULMCRV, three of which are measurements of bill length. Clearly 

bill length increases from winter to summer. Generally, there are no consistent significant seasonal 

effects on wing and tail variables. Other changes may reflect systematic changes in measurement 

technique rather than real morphological differences. For example, two variables from the #6 retrices 

(PRM6 and SQAR6) have significantly higher mean values from the summer sample than from the 

winter for the Santa Catalina populations. Since there is no reason to think tailspot size would increase 



Table 10. Significant results from /-tests for difference in mean value between winter and summer field 
seasons for Huachuca and Santa Catalina samples. 

Variable t P mean 
WINTER 

s.d. n mean 
SUMMER 

s.d. n 

Huachuca: 

WIDTH 2.76 0.010 6.0 0.26 17 5.7 0.26 13 
WEIGHT 5.25 0.000 21.2 0.94 17 19.5 0.79 13 
FURCFAT 2.53 0.017 2.2 1.19 17 1.2 0.86 13 
DORSCULM 2.02 0.053 9.9 0.90 17 10.5 0.90 13 
DORSAREA 2.07 0.048 5.7 0.47 17 6.1 0.46 13 
LATCULM 3.01 0.006 9.9 0.54 16 10.4 0.41 13 
CULMCRV 3.10 0.004 10.0 0.55 16 10.6 0.45 13 
MAND 2.91 0.007 8.3 0.52 16 7.8 0.39 13 

Santa Catalina: 

CULMEN 3.17 0.003 10.9 0.34 25 11.3 0.37 13 
WIDTH 4.53 0.000 6.0 0.22 25 5.7 0.15 13 
DEPTH 2.78 0.009 6.3 0.22 25 6.1 0.21 13 
FURCFAT 2.19 0.035 2.6 1.87 25 1.3 1.31 13 
ALULA 2.50 0.017 22.4 1.54 25 23.8 1.65 13 
DORSCULM 4.17 0.000 9.6 0.74 24 10.6 0.61 13 
DORSAREA 4.01 0.000 5.5 0.38 24 6.0 0.25 13 
DORSANGL 2.46 0.019 0.7 0.05 24 0.7 0.04 13 
LATCULM 2.59 0.014 9.9 0.66 24 10.4 0.46 13 
CULMCRV 2.53 0.016 10.0 0.67 24 10.5 0.45 13 
SQAR5 2.26 0.030 13.2 1.33 25 14.4 1.83 13 
PRM5 2.17 0.036 86.4 8.37 25 93.0 9.94 13 
SQAR6 2.15 0.038 15.2 1.07 24 16.2 1.70 13 

during the interval between samplings (indeed, they should become more worn), this result might 

indicate nonconservative reconstruction of the boundaries of the tailspots from the #6 retrices for the 

Santa Catalina juncos captured during the summer. Alternatively, it is possible, perhaps even likely, 

that the differences in these variables is the outcome of very different ratios of the sexes in winter and 

summer samples. 

The major consequence of the seasonal effects revealed by the Mests is that data from the 

winter and summer field seasons cannot be combined in statistical analyses involving variables 
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measured from the bill. This means that data from winter captures must be excluded from multivariate 

analyses involving several subset of variables (Table 3): FULLFORM, FIELD, BILL, and SIZE. In 

addition, the subset of variables used to allocate sex to juncos (SEXDISC) captured during the winter 

had to be comprised of variables lacking significant seasonal effects. 

Sexual dimorphism 

Univariate results. Results of /-tests for differences between the sexes in mean values of 

variables reveal considerable sexual size dimorphism (Table 7). For those variables that fail to meet the 

assumptions of the /-test, I computed and report the results from the Mann-Whitney U-test for 

significance of differences between the sexes in median values. The tendency overall is for males to 

have significantly higher mean values than females for the wing and tail variables, but not for the bill 

variables. In Moore's (1972) study of Yellow-eyed Juncos in the Santa Catalina Mountains, males were 

found to have significantly greater wing length and tail length than females. I obtained the same result, 

but I also found males to have significantly greater mean values than females for all the primary 

distance variables (P1-P9), ALULA, and the tailspot variables from #5 and #6 retrices. In addition, 

males have significantly higher median values for the tailspot variables from retrix #4. Males also have 

significantly higher mean values than females for the TARSUS and MIDTOE variables. However, it 

should be noted that within samples from some of the mountain ranges the sexes do not differ 

significantly in mean values for these variables. For example, although males have significantly higher 

mean values for the TARSUS and MIDTOE variables over all mountain ranges, there are no significant 

differences associated with these variables within a sample from any single range. This pattern is found 

also for many of the variables from the photographic images of the spread wing and the tailspot 

variables. In general, /-test results indicate that males are larger than females, despite the fact that 

females have a slightly higher mean value for WEIGHT (Table 7). 

In striking contrast to the results for the wing, tail, and leg variables, the two sexes have very 

few significant differences in bill morphology. Males do tend to have higher mean values than females 



70 

for the bill variables, but overall the difference is marginally significant for only one variable, 

LATANGL. Males have slightly more pointed bills than females when viewed in lateral profile (males: 

x=41.6° vs females: x=42.8°), and this trait is consistent across the samples. Males from the 

Chiricahua Mountains are unique in having significantly longer bills (LATCULM and CULMCRV 

variables) than females from the range. In addition, females from the Huachuca Mountains have 

significantly deeper bills than males as indicated by the field-measured variable DEPTH. However, 

these variables are exceptional; /-tests indicate an overall convergence in bill morphology by the two 

sexes within each mountain range, despite dimorphism in the other structures modeled in this study. 

Several sexually dimorphic variables lack homogeneity of the variances of variables from the 

two sexes (P<0.05, Bartlett-Box F-test); these variable are: TAIL, PI, CULMCRV, I_T5, and 

SQAR5. Because homogeneity of variances is a key assumption of /-tests, I applied the nonparametric 

Mann-Whitney test to these variables to determine if males and females differ significantly in median 

rank. Males rank significantly higher (2-tailed PC0.001, corrected for ties) for the variables TAIL, PI, 

I_T5, and SQAR5 than females. Males also have higher mean rank for the bill variable CULMCRV 

than females, but the differences are not significant (0.1 >P>0.05). Thus the Mann-Whitney tests 

support the general pattern observed with the parametric /-tests. 

Multivariate results: allocating sex to unknown-sex individuals. Despite the considerable 

overlap in the values of males and females for the variables included in the SEXDISC subset (Table 3), 

there was no overlap in canonical variate scores of males and females from the discriminant analysis to 

allocate sex to juncos captured during the winter field season (Table 11). In addition, the frequency 

distribution of canonical variate scores appears to be somewhat bimodal (Figure 4), suggesting good 

discrimination between the sexes. Furthermore, there is a considerable gap in canonical variate scores 

between known males and females, and between the individuals allocated to males and females (Table 

11). I allocated one somewhat ambiguous individual (HU-07) to the males because (1) the canonical 
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Table 11. Sex allocation to individuals captured during the winter field season are indicated below, 
along with their canonical variate scores and correlations of the variables in the analysis with the 
canonical variate axis. 

Correlation coefficients of variables with the canonical variate axis: 

Variable Coefficient Variable Coefficient Variable Coefficient 

WING 0.845261 P6 0.756126 LATAREA 0.153961 
TAIL 0.608427 P7 0.756031 I_T5 0.514530 
PI 0.611788 P8 0.773507 T_C5 0.470536 
P2 0.679619 P9 0.789496 I_T6 0.433989 
P3 0.728688 DORSWDTH 0.167223 0_T6 0.464737 
P4 0.689826 LATDPTH -0.110171 T_C6 0.336799 
P5 0.727773 

Allocated to females: Allocated to males: 

Score on Score on 
Specimen canonical variate Specimen canonical variate 

SC-23 -5.114 HU-07 -0.078 
SC-17 -3.629 HU-05 0.117 
SC-10 -3.567 SC-15 0.548 
SC-12 -3.443 SC-18 0.776 
HU-15 -3.411 HU-10 0.780 
SC-14 -3.106 HU-14 0.943 
SC-16 -3.100 SC-09 0.997 
SC-20 -2.389 HU-01 1.062 
SC-13 -2.372 RI-01 1.186 
HU-03 -1.601 HU-06 1.442 
SC-07 -1.581 HU-18 2.386 
SC-24 -1.467 SC-19 2.566 
HU-02 -1.371 SC-03 3.090 
HU-13 -1.333 
SC-02 -1.154 maximum score for known females • = -0.196 

HU-17 -0.845 
SC-21 -0.821 minimum score for known males = 0.017 
SC-22 -0.558 

variate score of this case indicates it to be closer to the males, (2) there is a substantial gap between the 

score of this individual and the next lower canonical variate score (allocated to the females), and (3) 

other unreported discriminant analyses indicated this individual should be allocated to the males. 
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Figure 4. Frequency distributions of canonical variate scores from the discriminant analysis to 
allocate sex to individuals captured during the winter field season. 
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As a result of this analysis 18 individuals were allocated to the females and 13 to the males 

(Table 11). These individuals were included with their allocated sex in multivariate analyses restricted 

to one sex of subsets of variables lacking significant seasonal effects: WING, TAIL14, and TA1L9. The 

fairly even distribution of the allocated sexes is reassuring. These individuals all were captured in the 

winter when the juncos were congregated in foraging flocks. Nothing was done to attract differentially 

males or females to the nets. If there were roughly equal numbers of males and females present in the 

population at this time, I expect that my capturing method would have sampled randomly from the 

populations and therefore reflect this balanced ratio of the sexes. 

Unfortunately, this optimistic scenario does not conform to the information available on the 

subject. Moore (1972) studied winter foraging flocks of Yellow-eyed Juncos in Upper Bear Canyon in 



the Santa Catalina Mountains from 1969 to 1972 and found that males composed 58% to 68% of the 

flocks. Moore can be criticized for using wing length measurements to allocate sex to the juncos, since 

the two sexes overlap in the distributions of values for this variable. However, laparotomy of 14 

individuals in 1969-70 produced an even more skewed sex ratio with 71 % of the sample being males. 

The unbalanced sex ratio was attributed by Moore to the tendency for males to dominate winter 

foraging flocks. He speculated that the more submissive females might form dispersed foraging groups 

with a much looser social structure than the flocks he studied. The discrepancy between Moore's data 

and my sex allocations is especially troublesome because only five of the 18 juncos (27%) I captured 

from the Upper Bear Canyon flock (SC-08 to SC-24 in Table 11) are allocated to the males. 

The best explanation I have for the discrepancy between my results and Moore's data is that I 

used a very conspicuous bait (com flakes) to attract juncos to my nets in Bear Canyon. This bait 

brought in a large number of juncos to one net (perhaps as- many as 30 individuals). If Moore is correct 

that females tend to form dispersed, loosely organized foraging assemblages, then I suspect that my bait 

attracted many of these females to my nets, thus establishing an unbalanced sex ratio of captures. 

The sex allocation results are consistent with the seasonal effect observed for the PRM5 and 

SQAR6 variables (Table 10). Since sexual size dimorphism has been demonstrated for these variables 

(Table 7), the apparent "seasonal effect" is likely the result of very different sex ratios in the winter 

and summer samples from the Santa Catalina Mountains. The winter sample is composed of 27 % males 

if the sex allocation procedure is correct, while ten of 16 (62%) Santa Catalina juncos captured during 

the breeding season were males. These ratios of males would be expected to produce higher mean 

values for the sexually dimorphic tailspot variables for the summer sample. 

Univariate analyses of geographic variation in morphology 

Coefficients of variation and ANOVA results. Because most variables have a significant sexual 

component to variation, I generally investigated the two sexes separately in analyses of geographic 

differences in morphology. Most of the variables obtained in the study have coefficients of variation 



(computed using the untransformed variable values) of less than 10% (Tables 12 and 13). A consi.v _nt 

pattern is observed in the data regardless of sex: the variables FURCFAT, OVERBITE, and those from 

the tailspots, especially retrix #4, have much more variation relative to the mean than the other 

variables. This fact is relevant to the results of multivariate analyses. 

The ANOVAs reveal several variables with significant geographic effects (Tables 12 and 13). 

Females show evidence of a significant geographic effect for only two variables (LATDPTH and 

LATANGL; Table 12), while males differ geographically in WING, CULMEN, the distal primary 

distances P8 and P9, ALULA, and all of the variables from the photographic images of the bill (Table 

13). The five variables (0_T5 and the variables from the #4 retrices) that failed the Kolmogorov-

Smirnov test for normal distribution (Table 8) were analyzed for the geographic effect using the 

Kruskal-Wallis test applied to the data from males. The results from these tests do not differ from the 

ANOVA results (P-values: 0.15 to 0.67), suggesting that the deviations of these variables from the 

assumptions of the analysis of variance, though detectable, are not serious. 

The ANOVA results signify several interesting phenomena. First, in contrast to the /-tests for 

sexual dimorphism, there are relatively few significant geographic differences among the samples 

involving wing and tailspot variables, and those that exist are of marginal significance. Second, the 

highly significant differences in bill morphology revealed by the ANOVAs performed on the male data 

(Table 13) are remarkable given that there is almost no sexual dimorphism associated with these 

variables (Table 7). Finally, the fact that females exhibit significant geographic effects with many fewer 

variables than do males suggests that female morphology may be less variable in the region for the 

species than is that of males. 

Perhaps the most remarkable outcome from the univariate analysis of geographic differences is 

that there is a significant range effect for all of the variables taken from the photographic images of the 

bill of the males. Moreover, the only variables with a significant range effect for the females are two 

variables from the lateral view of the bill. These results are in marked contrast with those from the 



Table 12. Results of ANOVAs for geographic effect: females (sex determined in Field). 

Variable CV df F ratio PF PB 

WING 2.49 34 .81 .548 .421 
TAIL 3.51 33 1.08 .385 .112 
CULMEN 3.75 34 .54 .738 .019 
WIDTH 3.84 34 1.34 .270 .684 
DEPTH 4.38 34 1.68 .165 .151 
TARSUS 3.15 34 1.17 .345 .050 
MIDTOE 3.77 34 .14 .981 .490 
WEIGHT 7.41 34 .79 .562 .615 
FURCFAT 89.76 34 .87 .509 .596 
PI " 2.72 32 .37 .866 .443 
P2 2.83 32 .58 .712 .119 
P3 2.96 33 .55 .737 .162 
P4 3.34 33 .54 .746 .117 
P5 3.34 33 .27 .926 .322 
P6 3.30 33 .35 .879 .114 
P7 3.33 33 .38 .857 .140 
P8 3.36 32 .70 .625 .019 
P9 3.43 32 1.51 .216 .098 
ALULA 8.47 33 1.05 .405 .528 
DORSCULM 9.41 32 .72 .615 .450 
DORSWDTH 6.94 32 1.60 .189 .364 
DORSAREA 8.04 32 1.51 .216 .636 
DORSANGL 6.25 32 .37 .863 .900 
LATCULM 6.34 32 .74 .596 .553 
CULMCRV 6.37 32 .82 .543 .598 
LATDPTH 6.36 32 3.29 .016 .344 
MAND 8.27 32 .99 .440 .990 
OVERBITE 52.00 32 .71 .619 .229 
LATAREA 5.34 32 .97 .453 .555 
LATANGL 5.33 32 3.45 .013 .173 
LEN4 105.46 33 1.52 .210 .956 
SQAR4 103.23 33 1.64 .178 .879 
T C4 100.25 33 1.55 .202 .953 
PRM4 105.07 33 1.50 .218 .980 
I T5 11.57 33 .64 .667 .210 
O T5 40.48 33 1.33 .276 .625 
SQAR5 11.78 33 .70 .631 .005 
T C5 16.82 33 .97 .449 .649 
PRM5 11.63 33 .55 .734 .148 
I T6 5.94 32 .75 .595 .952 
0 T6 23.25 32 1.06 .400 .368 
SQAR6 6.28 32 .35 .879 .594 
T C6 11.63 32 .44 .814 .100 
PRM6 6.42 32 .63 .680 .137 
PF: Probability from F ratio; PB: Probability from Bartlett-Box F test for homogeneity of variances. 



Table 13. Results of ANOVAs for geographic effect: males (sex determined in field). 

Variable CV df F ratio PF PB 

WING 2.59 88 3.04 .014 .830 
TAIL 4.74 87 .69 .629 .535 
CULMEN 4.26 87 3.34 .008 .267 
WIDTH 3.83 87 1.27 .283 .006 
DEPTH 3.92 87 .92 .473 .556 
TARSUS 2.84 87 1.29 .276 .581 
MIDTOE 3.70 87 .86 .512 .539 
WEIGHT 5.21 87 2.25 .057 .819 
FURCFAT 94.92 88 .81 .547 .041 
PI 3.41 88 2.04 .081 .572 
P2 3.25 88 1.70 .143 .071 
P3 3.28 87 1.10 .365 .179 
P4 3.35 88 1.66 .153 .139 
P5 3.51 87 2.20 .061 .055 
P6 3.45 87 2.20 .062 .029 
P7 3.49 88 2.15 .067 .154 
P8 3.47 88 2.90 .018 .139 
P9 3.53 88 2.73 .024 .057 
ALULA 6.93 88 3.83 .004 .503 
DORSCULM 6.92 87 2.34 .048 .020 
DORSWDTH 6.71 87 2.67 .027 .519 
DORSAREA 5.87 87 4.66 .001 .228 
DORSANGL 6.25 87 5.00 .001 .927 
LATCULM 4.63 88 4.43 .001 .600 
CULMCRV 4.67 88 4.66 .001 .397 
LATDPTH 5.33 88 6.07 .000 .847 
MAND 9.29 88 5.75 .000 .044 
OVERBITE 46.03 88 10.76 .000 .000 
LATAREA 4.95 88 5.79 .000 .102 
LATANGL 6.85 88 7.32 .000 .890 
LEN4 70.51 87 1.52 .191 .011 
SQAR4 68.64 87 1.61 .167 .052 
T C4 69.23 87 1.40 .234 .021 
PRM4 69.86 87 1.60 .169 .002 
I T5 9.17 87 .84 .523 .734 
0 T5 40.75 87 .53 .750 .014 
SQAR5 9.73 87 .70 .626 .158 
T C5 15.03 87 .91 .476 .475 
PRM5 9.63 87 1.14 .344 .281 
I T6 7.46 86 .49 .782 .829 
0 T6 22.74 86 1.90 .102 .851 
SQAR6 7.26 86 .40 .845 .545 
T C6 12.48 86 1.99 .088 .706 
PRM6 7.89 86 .74 .597 .773 
PF: Probability from F ratio; PB: Probability from Bartlett-Box F test for homogeneity of variances, 



tests for differences between the sexes: males and females tend not to differ in mean value for these 

variables. Therefore, it seems clear that the juncos from the six mountain ranges generally differ 

significantly in bill morphology, and that these differences are not an artifact of unequal sex ratios in 

the samples. 

Another interesting observation is that female morphology may be conserved across the 

samples from the six mountain ranges. Indeed, I find it quite extraordinary that only two variables 

show a significant range effect with the female data. Whether this result reveals a genuine phenomenon, 

or is a consequence of the low power of the tests (caused by the small sizes of many of the samples), is 

not clear. It is rather troubling that although males generally show significant range effects for the bill 

variables and males are not generally different from females in mean values of these variables, females 

tend not to show significant range effects. These points suggest that female sample sizes may be too 

small to detect real differences. 

Univariate analysis of geographic differences in size: ranks of mean values of variables and 

results of multiple range tests. To assess the relative sizes of the six samples of juncos I ranked the 

mean values of variables for females and males (Tables 14 and 15). For those variables with a 

significant ANOVA result I also include in the tables the groupings of samples obtained from Duncan's 

multiple range tests (Zar 1984; calculated with SAS PROC GLM). The Duncan's test is less 

conservative than other multiple range test procedures, but does control for the comparisonwise error in 

making multiple comparisons among the samples. I include the results of the Duncan's tests more for 

heuristic reasons than as hypothesis tests. The Duncan's tests generally fail to reveal consistent patterns 

of groupings of the samples. 

Although few of the variable means differ significantly for the females, the overall rank-orders 

of variable means does reveal fairly consistent patterns of size for specific structures (Table 14). For 

example, the Huachuca females have the smallest wings, based on the variables P1-P9, while the 

Pinaleno females tend to have the largest. Similarly, the Huachuca females generally have the smallest 



values for the tailspot variables while the Pinal and Pinaleno females have the largest values. On the 

other hand, the Huachuca and Santa Rita females tend to have the largest bills, while the Pinaleno 

females rank lowest on the bill variables. Although there are only two significant ANOVA results for 

the females, the fact that females have coefficients of variation comparable to those of males for most 

variables, and substantially greater for others (compare Tables 12 and 13), indicates considerable 

morphological variability, and implies that the female samples used in univariate analyses are too small 

to detect real differences between populations. 

The males show patterns of size similar to those observed with the females. The Pinal and 

Pinaleno males rank highly on the wing and tailspot variables, while the Chiricahua, Huachuca, and 

Santa Catalina males rank lowest (Table 15). However, there are few significant ANOVA results for 

these variables, although this pattern also holds for P8 and P9, which do show a significant geographic 

effect. On the other hand, the males evidence significant geographic effects for all of the bill variables 

taken from the photographic images, except for DORSCULM. The pattern of rank-orders is quite 

mixed for the bill variables for the males. For example, the Chiricahua males rank highest for the bill-

length variables from the lateral projection, but rank lowest on LATDPTH. The Pinal males are 

distinctly the largest of the samples with a first or second ranking on 70% of the variables and are the 

highest ranking sample for all but the FIELD and BILL subsets of variables. The Pinaleno males also 

are relatively large, and the males from the Santa Rita Mountains have the largest bills, as do the 

females from this range. The Huachuca and Chiricahua males are smallest based on ranks of variable 

means, with the Huachuca males ranking lowest on all but the WING variables. The rank-orders of 

mean values of the variables, both for females and for males, suggest the uncoupling of bill 

morphology from wing and tail morphology already observed with univariate correlations. 

I performed chi-square tests on male and female variable ranks to test the null hypothesis that 

the ranks of 40 variable means (all variables except WEIGHT, FURCFAT, and the angle variables) are 

evenly distributed across all samples. If there are no significant differences in the ranks of variables 
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Table 14. Rank orders of mean values of variables of samples from the different mountain ranges, 
female data. For those variables with significant ANOVA results, the Duncan's groupings of samples 
are indicated with a combination of underlining, shading, and angle brackets. Legend: C = Chiricahua; 
G = Pinaleno; H=Huachuca; P=Pinal; R=Santa Rita; S = Santa Catalina. 

Variable Highest > > > > > Lowest Variable Highest > > > > > Lowest 

WING P R G C S H DORSANGL S H C R P G 

TAIL R P C G S H LATCULM H R C s P G 

CULMEN H R P C S G CULMCRV H R C S P G 

WIDTH H R S C G P LATDPTH H ps s m G> 

DEPTH H C S P G R MAND P R c s G H 

TARSUS R G H S C P OVERBITE G H c p R S 

MIDTOE C R P S H G LATAREA H R p s C G 

WEIGHT R G C H S P LATANGL H Si II C G> 

FURCFAT C G H S R P LEN4 R s P c G H 

PI P C S R G H SQAR4 R s P c G H 

P2 C P G R S H T_C4 R s C p G H 

P3 G C R P S H PRM4 R s c p G H 

P4 C G R P S H I_T5 P R s G C H 

P5 G P C S R H 0_T5 G R s P C H 

P6 G P R S C H SQAR5 G P R s H C 

P7 G S R P C H T_C5 R G P S H C 

P8 G R P C S H PRM5 P R G s C H 

P9 R G S C P H I_T6 P C G R s H 

ALULA G R H S C P 0_T6 G R P C s H 

DORSCULM R H C P S G SQAR6 P G H C R S 

DORSWDTH H R C S P G T_C6 C R G S P H 

DORSAREA R H C S P G PRM6 P S G C R H 



80 

Table IS. Rank orders of mean values of variables of samples from the different mountain ranges, 
male data. For those variables with significant ANOVA results, the Duncan's groupings of samples are 
indicated with a combination of underlining, shading, and angle brackets. Legend: C = Chiricahua; 
G = Pinaleno; H = Huachuca; P=Pinal; R=Santa Rita; S=Santa Catalina. 

Variable Highest > > > > > Lowest Variable Highest > > > > > Lowest 

WING P s# ,G R H c DORSANGL H S <P C G R > 

TAIL R P S H C G LATCULM C R Q lip H P 

CULMEN C R S G P H CULMCRV C R P <s H P> 

WIDTH G P R H S C LATDPTH R S H PP G C 

DEPTH P R H G s C MAND R P m $ <<3 H > 

TARSUS R G C S p H OVERBITE C P Q <R H S> 

MIDTOE C P R G s H LATAREA R C P s 0 tt 

WEIGHT s P R H G C LATANGL S H R p Q c 

FURCFAT S C P R G H LEN4 P G C R S H 

PI G P H R s C SQAR4 P G C R S H 

P2 P G R S H C T_C4 P G c R s H 

P3 P G R H s C PRM4 P G c R s H 

P4 P G R S H C I_T5 P G s H R C 

P5 P G R S H C 0_T5 P G s H R C 

P6 P R G S H C SQAR5 P S G R H C 

P7 P G R H s C T_C5 P G H C R S 

P8 P G H iifti mm C PRM5 P G S H R C 

P9 G H P R mm c I T6 P G C S R H 

ALULA P R S H G c O T6 G P H S R C 

DORSCULM R P C G S H SQAR6 P S G R C H 

DORSWDTH H R S C P G T C6 G S C R H P 

DORSAREA R pis H C P G PRM6 G P C S R H 
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means I would expect to see equal numbers from each sample at each of the ranks. These computations 

required the use of 6 x 6 contingency tables for each of the subsets. Both sexes differ significantly from 

an even distribution of ranks of variable means (females, X2= 115.8; males, X2= 141.6, df=25, 

P<0.001). These test results imply significant size differences among Yellow-eyed Juncos from the six 

mountain ranges. 

Multivariate analyses of geographic variation in morphology 

Size and shape. It is common in multivariate morphometric studies to attempt to extract in 

some way size from the dataset in order to investigate shape differences between samples (Jolicoeur 

1963; Reyment et al. 1984). Although there are problems in identifying size and shape components in a 

dataset (Sundberg 1989; Somers 1989; Bookstein 1989; Rising and Somers 1989), often this is 

accomplished by using the first principal component from a principal component analysis (PCA) of the 

dataset as a size vector. Variables then are regressed on individual scores on the first principal 

component to produce "size-free" residuals for analysis. However, this approach requires that the first 

eigenvector from the principal component analysis be interpretable as a general-size factor. The usual 

criteria for this interpretation are that all the elements of the vector be of similar magnitude and have 

the same sign (Jolicoeur 1963; Sundberg 1989). 

Unfortunately, when I ran a principal component analysis on the pooled female and male data 

using the FULLFORM variables, the resultant eigenvector of the first principal component had mixed 

positive and negative signs and was dominated by the tailspot variables, especially the one from the #4 

retrices. (Recall the large coefficients of variation associated with these variables). Thus, although this 

subset of variables is the best at modeling the overall form of the juncos, there is no general-size factor 

that I can extract from the datasets of these variables. Indeed, it was only after considerable trial-and-

error that I was able to find a subset of variables that somewhat modeled the overall form of the juncos 

and could properly be interpreted as a size vector (SIZE subset; Table 3). From this effort I conclude 

that the geographic differences in morphology of Yellow-eyed Juncos in southeastern Arizona consist 



mainly of shape differences, and less of size. The general paucity of significant ANOVA results 

supports this conclusion. 

In the principal component analysis of size using the SIZE subset of variables I pooled both 

males and females, then performed univariate analyses on scores on the first principal component 

(PCI) separately for the two sexes. The elements of the eigenvector of the first principal component all 

are positive when the SIZE variables are analyzed (Table 16), although the magnitudes of the 

coefficients of the three variables from the leg and bill are much lower than those from the wing and 

tail. As expected males and females differ significantly in mean scores on PCI (f=9.80, df=120, 

P< 0.001). Kolmogorov-Smirnov tests revealed no significant deviations of either male of female PCI 

scores from a normal distribution. As with the rank-orders of variables, the Pinal and Pinaleno juncos 

are revealed to be the largest samples, mainly because of the high correlations of the first principal 

component with wing and tail variables. The low ranking of the samples from the Chiricahua, 

Huachuca, and Santa Catalina Mountains also reflects the results from the univariate size analysis. 

However, for this subset of variables there is no significant geographic effect on PCI scores for males 

or females (Table 16), thus further supporting the observation that there is little difference in size 

among populations of Yellow-eyed Junco in the region. 

Associated probabilities of Mahalanobis' distances between samples. As explained in Methods, 

I used a SAS/IML routine (Appendix A) to generate randomized null distributions of Mahalanobis' 

distance values that allowed me to make probability statements about the significance of the 

morphological distance between samples. However, prior to these analyses I investigated the stability of 

the probability values derived from these randomized distributions by running numerous replications 

with a data matrix of 157 observations and 40 variables. This matrix is larger than any of the data 

matrices I used in multivariate analyses and would be expected to produce much less stable probability 

values. I made several runs with various numbers of iterations to generate distributions with a total of 

15,000 elements. 
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Table 16. Summary of principal component analysis of size differences among samples. Only 
individuals whose sex was determined in the field are included in the analysis. The first principal 
component in this analysis accounts for 47 % of the variance in the data. 

Elements of eigenvector of first principal component: 

Variable Coefficient Variable Coefficient Variable Coefficient 

WING 0.267 PI 0.262 P9 0.352 
TAIL 0.306 P4 0.322 CULMCRV 0.022 
TARSUS 0.078 P7 0.362 I T6 0.630 
MIDTOE 0.073 

Summary of statistics of individual scores on first principal component; mean scores are ranked in 
descending order: 

Females: 
n Mean s.d. Minimum Maximum 

Pinal 5 -0.0382 0.0215 -0.0605 -0.0081 
Pinaleno 4 -0.0397 0.0069 -0.0474 -0.0315 
Santa Rita 9 -0.0433 0.0241 -0.0842 0.0032 
Chiricahua 9 -0.0438 0.0206 -0.0821 -0.0171 
Huachuca 3 -0.0584 0.0331 -0.0888 -0.0232 
Santa Catalina 4 -0.0648 0.0391 -0.1193 -0.0300 

ANOVA on principal component scores not significant: F=0.81, df=28, P=0.55. 

Males: 
n Mean s.d. Minimum Maximum 

Pinal 5 0.0309 0.0352 -0.0084 0.0665 
Pinaleno 25 0.0242 0.0297 -0.0610 0.0733 
Santa Rita 19 0.0211 0.0344 -0.0361 0.0831 
Huachuca 10 0.0202 0.0496 -0.0697 0.0797 
Santa Catalina 10 0.0159 0.0347 -0.0625 0.0653 
Chiricahua 19 0.0024 0.0323 -0.0449 0.0556 

ANOVA on principal component scores not significant: F=l.ll, df=82, P=0.36. 

First, I made twenty runs with 100 elements in each, to generate distributions with 2000 

elements. Cumulative associated probabilities for three morphological distances bracketing the 

probability value of 0.05 demonstrate different levels of stability (Figure 5A). The two relationships 



with lower probability values, Pinal-Pinaleno and Pinal-Santa Rita, are associated with fairly stable 

cumulative probabilities. The Pinal-Santa Catalina distance has a less stable cumulative probability. This 

illustrates a general trend in the data from the distributions: morphological distances with higher 

associated probabilities have less stable probabilities, as can be observed also in the cumulative 

probability plot of the full 15,000-element distribution (Figure 5B). Indeed, the rank correlation of the 

variances in 15 probability values taken at 1000-element increments from the distributions of 15,000 

elements with the mean probability for the distances is nearly perfect (r„=0.995, n=15, PCO.OOl). 

(The product-moment correlation also is significant: r=0.734, df= 13, P<0.02; the distance values 

themselves are not significantly correlated with means or variances of associated probabilities.) 

These results demonstrate that low probability values from null distributions of Mahalanobis' 

distance values with 1000 elements are sufficiently stable to have confidence that they indicate true 

significance. However, for data matrices that produced associated probability values near the corrected 

a-value of 0.0033 I ran many more iterations (6000 or 11,000) to better resolve probability values and 

enhance confidence in significant results. 

Most of the Mahalanobis' distance randomization procedures were run on data subsets 

restricted by sex. However, the general lack of significant differences in bill morphology between 

males and females from individual samples permits data from both sexes to be combined for the BILL 

subset. Because a seasonal effect was demonstrated for some of the variables taken from bill 

measurements, all analyses involving the bill variables (that is, those run on the FULLFORM, FIELD, 

and BILL subsets; Table 3) used only data collected during the breeding season. The lack of seasonal 

effects on the variables from wing and tail justifies combining data from the both winter and summer 

field seasons in multivariate analyses of the WING, TAIL14, and TAIL9 subsets of variables. 

Increasing sample sizes in multivariate analyses makes it more likely that genuine morphological 

differences between samples will be detected. 
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Figure 5. Plots of the cumulative probabilities associated with Mahalanobis* (morphological) distances 
calculated with 40 variables and 157 observations. This data matrix is larger than any used in the study 
and would be expected to produce much less stable probability values than those matrices used in 
multivariate analyses. A: Cumulative probabilities obtained from twenty runs with 100 iterations in 
each run. B: Cumulative probabilities obtained from fifteen runs with 1000 iterations in each run. 



Several interesting patterns are revealed by the results from the Mahalanobis' distance 

randomization procedures for the various subsets of data (Tables 17 and 18) First, female Yellow-eyed 

Juncos may be much more similar across the six mountain ranges than are males. For females, there 

are no significant differences between the samples for the numerous pairwise comparisons. Especially 

remarkable is the fact that 11 of the 15 comparisons of bill morphology between samples are significant 

for males (and another is almost significant), but not one is significant for the females (Table 18). 

Indeed, the bill variables dominate the differences between samples. All of the samples participate in 

significant pairwise differences, with all five comparisons including the Chiricahua juncos being 

significant. Interestingly, however, the greatest Mahalanobis' distance value from the male and all-

adults bill data — between the Pinal and Huachuca samples — is not quite significant, perhaps a 

consequence of the small size of the Pinal samples. The FULLFORM variables produce five significant 

differences between samples, all but one involving the small Chiricahua males. 

The FIELD subset of variables separates the samples poorly, with only one of the 15 

Mahalanobis' distances being statistically significant (Huachuca-Chiricahua; Table 17). This is a notable 

result because these variables are among those commonly measured in ornithological fieldwork. It is 

unfortunately that these commonly measured variables fail to discriminate among samples. No 

significant differences are found between samples with the wing and tailspot subsets (Tables 17 and 

18). This result may indicate that wing and tailspot shape is conserved throughout the northern range of 

the Yellow-eyed Junco. Alternatively, the lack of significant pairwise differences for the wing and 

tailspot subsets could be a consequence of the introduction of variability into the data from the data 

acquisition procedures, especially the attempts to reconstruct the original margins of very worn 

primaries and retrices. If this is true, variability in wing and tailspot variables resulting from 

"measurement" error may have overwhelmed geographic variability in the data. 

In general, the results from the Mahalanobis' distance randomization procedures could have 

been anticipated from the ANOVA results (Tables 12 and 13). Univariate analyses revealed significant 
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Table 17. Mahalanobis' distances between samples and associated probabilities for the FULLFORM, 
FIELD, and WING subsets of variables. The number of elements in the null distributions used to 
compute probability values is indicated. Significant values are marked with an asterisk. 

Mahalanobis' distances between samples: 

FULLFORM FIELD WING 
6 6  99 6 6  99 66 99 

Pinal-Santa Catalina 11.17 58.95 1.67 2.57 2.87 3.71 
Pinal-Santa Rita 10.61 107.68 1.90 3.69 2.01 6.55 
Pinal-Huachuca 23.81 90.10 3.22 7.06 4.92 2.15 
Pinal-Pinaleno 9.19 205.88 1.14 2.34 3.39 6.56 
Pinal-Chiricahua 13.09 40.70 4.49 2.19 4.33 4.09 
Santa Catalina-Santa Rita 5.64 37.69 0.40 1.55 0.78 2.10 
Santa Catalina-Huachuca 9.00 177.30 2.84 2.80 1.05 1.50 
Santa Catalina-Pinaleno 8.43 280.90 0.59 0.60 0.90 2.26 
Santa Catalina-Chiricahua *13.60 69.31 1.03 0.61 2.20 2.18 
Santa Rita-Huachuca 12.76 239.32 2.41 7.49 1.73 4.33 
Santa Rita-Pinaleno *9.07 209.77 0.61 0.86 1.96 3.96 
Santa Rita-Chiricahua *9.14 71.21 0.94 2.78 1.92 2.56 
Huachuca-Pinaleno 8.23 323.17 2.36 4.94 0.82 1.85 
Huachuca-Chiricahua *17.47 94.89 *3.99 3.51 2.04 3.53 
Pinaleno-Chiricahua *8.23 204.81 2.04 1.48 2.20 5.08 

Associated probabilities: 

FULLFORM FIELD WING 
66 99 <J<J 99 66 99 

Pinal-Santa Catalina 0.4885 0.840 0.564 0.669 0.337 0.263 
Pinal-Santa Rita 0.3560 0.417 0.313 0.218 0.559 0.086 
Pinal-Huachuca 0.0105 0.748 0.152 0.189 0.073 0.807 
Pinal-Pinaleno 0.4469 0.332 0.642 0.654 0.166 0.230 
Pinal-Chiricahua 0.1548 0.851 0.013 0.506 0.084 0.396 
Santa Catalina-Santa Rita 0.4955 0.915 0.921 0.834 0.754 0.336 
Santa Catalina-Huachuca 0.2701 0.465 0.080 0.799 0.636 0.653 
Santa Catalina-Pinaleno 0.0659 0.255 0.795 0.996 0.633 0.648 
Santa Catalina-Chiricahua *0.0030 0.707 0.498 0.988 0.075 0.374 
Santa Rita-Huachuca 0.0072 0.267 0.052 0.117 0.140 0.132 
Santa Rita-Pinaleno *0.0015 0.253 0.489 0.944 0.034 0.359 
Santa Rita-Chiricahua *0.0034 0.468 0.274 0.214 0.071 0.441 
Huachuca-Pinaleno 0.0754 0.248 0.041 0.422 0.663 0.886 
Huachuca-Chiricahua *0.0005 0.646 *0.002 0.524 0.088 0.240 
Pinaleno-Chiricahua *0.0035 0.247 0.006 0.791 0.017 0.225 

Elements in distributions 11,000 1000 6000 1000 1000 1000 
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Table 18. Mahalanobis' distances between samples and associated probabilities for the BILL, TAIL14, 
and TAIL9 subsets variables. The number of elements in the null distributions used to compute 
probability values is indicated. Significant values are marked with an asterisk. 

Mahalanobis' distances between samples: 

BILL TAIL14 TAIL9 
all adults 6 6  9 9 6 6  5 9 6 6  9 9 

Pinal-Santa Catalina 3.41 7.44 2.26 5.24 4.80 4.27 4.32 
Pinal-Santa Rita *5.03 *8.85 4.17 4.42 6.45 4.26 4.83 
Pinal-Huachuca *7.74 *13.03 12.58 5.01 5.07 3.75 2.49 
Pinal-Pinaleno 2.96 3.89 6.15 5.08 5.49 5.03 3.65 
Pinal-Chiricahua *5.04 *6.83 6.81 5.50 5.86 5.20 3.88 
Santa Catalina-Santa Rita 1.33 2.12 1.86 0.66 2.24 0.46 1.32 
Santa Catalina-Huachuca 2.20 2.74 5.38 2.16 4.87 0.38 2.84 
Santa Catalina-Pinaleno *5.37 *6.85 8.45 1.58 6.39 1.10 4.24 
Santa Catalina-Chiricahua *4.24 *5.61 5.93 2.13 5.47 1.18 1.96 
Santa Rita-Huachuca *3.39 *6.29 4.96 1.72 5.76 0.67 2.81 
Santa Rita-Pinaleno *5.77 *8.15 5.13 1.32 8.06 1.20 4.82 
Santa Rita-Chiricahua *2.74 *4.94 1.86 0.93 5.09 0.63 1.76 
Huachuca-Pinaleno *5.47 *7.32 12.86 2.26 6.25 0.72 5.67 
Huachuca-Chiricahua *4.36 *6.47 8.28 1.18 8.74 0.75 2.46 
Pinaleno-Chiricahua *2.76 *3.54 2.53 1.83 8.82 1.35 4.97 

Associated probabilities: 

BILL TAIL14 TAIL9 
all adults 66 99 66 99 66 99 

Pinal-Santa Catalina 0.017 0.004 0.860 0.173 0.454 0.115 0.213 
Pinal-Santa Rita *0.000 *0.000 0.316 0.251 0.359 0.096 0.267 
Pinal-Huachuca *0.000 *0.000 0.077 0.180 0.583 0.181 0.767 
Pinal-Pinaleno 0.007 0.044 0.217 0.118 0.801 0.048 0.745 
Pinal-Chiricahua *0.000 *0.001 0.090 0.112 0.472 0.056 0.447 
Santa Catalina-Santa Rita 0.168 0.117 0.854 0.986 0.652 0.957 0.700 
Santa Catalina-Huachuca 0.098 0.146 0.557 0.391 0.113 0.983 0.197 
Santa Catalina-Pinaleno *0.000 *0.000 0.138 0.527 0.375 0.428 0.332 
Santa Catalina-Chiricahua *0.000 *0.000 0.197 0.347 0.069 0.502 0.431 
Santa Rita-Huachuca *0.001 *0.000 0.423 0.492 0.174 0.839 0.397 
Santa Rita-Pinaleno *0.000 *0.000 0.183 0.528 0.320 0.271 0.342 
Santa Rita-Chiricahua *0.000 *0.000 0.604 0.904 0.249 0.837 0.706 
Huachuca-Pinaleno *0.000 *0.000 0.064 0.165 0.517 0.747 0.272 
Huachuca-Chiricahua *0.000 *0.000 0.152 0.787 0.033 0.800 0.525 
Pinaleno-Chiricahua *0.000 *0.000 0.625 0.231 0.258 0.195 0.337 

Elements in distributions 11,000 6000 1000 1000 1000 1000 1000 



geographic differences in mean values of the bill variables, and very few significant differences in 

measurements taken from other structures. Similarly, only those subsets of variables that include bill 

measurements (FULLFORM , FIELD, and BILL subsets) produce significant pairwise differences 

between samples in the Mahalanobis' distance randomization procedures. Furthermore, univariate 

analysis of female data produced very few significant results (only two variables), and no significant 

pairwise differences between samples was found in the multivariate tests. 

Canonical discriminant analyses of geographic differences in morphology. The results of the 

canonical discriminant analyses for the various subsets of data are displayed in a series of plots (Figures 

6 to 18). In the figures the two upper panels are plots of the canonical variate scores for each 

observation, one as a simple scatterplot of individual scores, and the other as polygons enclosing 

members from each sampled mountain range with group centroids indicated. The canonical structure of 

the data for the subsets is presented in the rosette plots in the two lower panels which display 

correlations between the canonical variates and the variables composing the subset in the analysis. The 

proportion of the total variance in the data accounted for by the canonical variates is stated in the 

captions to the plots. 

When comparing the plots from the canonical discriminant analyses across the figures it is 

important to keep in mind that the polarity of the axes in the plots of canonical variate scores is 

determined arbitrarily within the SAS/IML routine used to generate them. Furthermore, the plots of 

canonical variate scores are scaled to fill the space available and cannot be compared across the figures 

to ascertain differences in the absolute dispersion of the scores in canonical variate space. On the other 

hand, the rosette plots are scaled so that the correlations with the canonical variates can be compared 

meaningfully across all the figures. The length of a line in a rosette plot signifies the magnitude of the 

correlations of the variable with the two canonical variate axes. The rosette plots reveal the canonical 

structure of the data, that is, the nature of the geographic differentiation in morphology of the cases 

included in the analysis. 



90 

K ^ 

Ji j 

1 

Canonical Variate 1 

H 
G H 

CM 

G ,, 
to P § 

1 c 

5 c c 

1 * S 3 

R 

Canonical Variate 1 

CM P3p4 p. 

I > ALUU ~7\ WINQ 

H MIDTOE 
g TARSUS 

i 

Canonical Variate 1 

CM OVERBITE 
a> \ 
to VIJ6 

0-T6-^^V50RswDTH 
•a 0_T5 /FLL \ LATDPTH 

•I TAIL 
O  MAND/ / I  U T A R E A  

S l_T5 I LEN4 
O CULMCRV 

Canonical Variate 1 

Figure 6. Plots of the first two canonical variate axes from analysis of females using the FULLFORM 
variables. Canonical variate 1 accounts for 43 % of the variance in the data; canonical variate 2 
accounts for 39% of the variance in the data. Top right panel displays the scatter of scores of 
individuals on the two axes. Top left panel encloses scores by group in polygons with centroids 
indicated by group symbols. (Legend: C=Chiricahua, G = PinaIeno, H=Huachuca, P=Pinal, R=Santa 
Rita, S=Santa Catalina.) The bottom left panel shows correlations of variables from the wing and leg 
with the canonical variates. The bottom right panel shows correlations of variables from the bill and tail 
with the canonical variates. 
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Figure 7. Plots of the first two canonical variate axes from analysis of males using the FULLFORM 
variables. Canonical variate 1 accounts for 38% of the variance in the data; canonical variate 2 
accounts for 31% of the variance in the data. Top right panel displays the scatter of scores of 
individuals on the two axes. Top left panel encloses scores by group in polygons with centroids 
indicated by group symbols. (Legend: C=Chiricahua, G = Pinaleno, H=Huachuca, P=Pinal, R=Santa 
Rita, S=Santa Catalina.) The bottom left panel shows correlations of variables from the wing and leg 
with the canonical variates. The bottom right panel shows correlations of variables from the bill and tail 
with the canonical variates. 
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Figure 8. Plots of the first two canonical variate axes from analysis of females using the FIELD subset 
of variables. Canonical variate 1 accounts for 52% of the variance in the data; the second canonical 
variate axis accounts for 33% of the variance in the data. Top right panel displays the scatter of scores 
of individuals on the two axes. Top left panel encloses scores by group in polygons with centroids 
indicated by group symbols. (Legend: C=Chiricahua, G = Pinaleno, H=Huachuca, P=Pinal, R=Santa 
Rita, S=Santa Catalina.) The bottom left panel shows correlations of variables from the wing, tail and 
leg with the canonical variates. The bottom right panel shows correlations of bill variables measured in 
the field with the canonical variates. 
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Figure 9. Plots of the first two canonical variate axes from analysis of males using the FIELD subset 
of variables. Canonical variate 1 accounts for 56 % of the variance in the data; the second canonical 
variate axis accounts for 30% of the variance in the data. Top right panel displays the scatter of scores 
of individuals on the two axes. Top left panel encloses scores by group in polygons with centroids 
indicated by group symbols. (Legend: C=Chiricahua, G = Pinaleno, H=Huachuca, P=Pinal, R=Santa 
Rita, S=Santa Catalina.) The bottom left panel shows correlations of variables from the wing, tail and 
leg with the canonical variates. The bottom right panel shows correlations of bill variables measured in 
the field with the canonical variates. 
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Figure 10. Plots of the first two canonical variate axes from analysis of all adults captured during the 
summer Field season using the BILL subset of variables. Canonical variate 1 accounts for 52% of the 
variance in the data; the second canonical variate axis accounts for 24% of the variance in the data. 
Top right panel displays the scatter of scores of individuals on the two axes. Top left panel encloses 
scores by group in polygons with centroids indicated by group symbols. (Legend: C=Chiricahua, 
G=Pina!eno, H = Huachuca, P=Pinal, R=Santa Rita, S = Sunta Catalina.) The lower left panel shows 
correlations of the variables from the dorsal view of the head with the canonical variates. The lower 
right panel shows correlations of variables from the lateral view of the head with the canonical variates. 
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Figure 11. Plots of the first two canonical variate axes from analysis of females using the BILL subset 
of variables. Canonical variate 1 accounts for 48 % of the variance in the data; the second canonical 
variate axis accounts for 38% of the variance in the data. Top right panel displays the scatter of scores 
of individuals on the two axes. Top left panel encloses scores by group in polygons with centroids 
indicated by group symbols. (Legend: C=Chiricahua, G=Pinaleno, H=Huachuca, P=Pinal, R=Santa 
Rita, S=Santa Catalina.) The lower left panel shows correlations of the variables from the dorsal view 
of the head with the canonical variates. The lower right panel shows correlations of variables from the 
lateral view of the head with the canonical variates. 
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Figure 12. Plots of the first two canonical variate axes from analysis of males using the BILL subset of 
variables. Canonical variate 1 accounts for 53 % of the variance in the data; the second canonical 
variate axis accounts for 22% of the variance in the data. Top right panel displays the scatter of scores 
of individuals on the two axes. Top left panel encloses scores by group in polygons with centroids 
indicated by group symbols. (Legend: C=Chiricahua, G = Pinaleno, H=Huachuca, P=Pinal, R=Santa 
Rita, S=Santa Catalina.) The lower left panel shows correlations of the variables from the dorsal view 
of the head with the canonical variates. The lower right panel shows correlations of variables from the 
lateral view of the head with the canonical variates. 
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Figure 13. Plots of the first two canonical variate axes from analysis of females using the WING subset 
of variables. Canonical variate 1 accounts for 43 % of the variance in the data; the second canonical 
variate axis accounts for 31 % of the variance in the data. Top right panel displays the scatter of scores 
of individuals on the two axes. Top left panel encloses scores by group in polygons with centroids 
indicated by group symbols. (Legend: C=Chiricahua, G = Pinaleno, H=Huachuca, P=Pinal, R=Santa 
Rita, S—Santa Catalina.) The bottom left panel shows correlations of the variables from the proximal 
primaries with the canonical variates. The bottom right panel shows correlations of the variables from 
the distal primaries and alula with the canonical variates. 
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Figure 14. Plots of the first two canonical variate axes from analysis of males using the WING subset 
of variables. Canonical variate 1 accounts for 39% of the variance in the data; the second canonical 
variate axis accounts for 35 % of the variance in the data. Top right panel displays the scatter of scores 
of individuals on the two axes. Top left panel encloses scores by group in polygons with centroids 
indicated by group symbols. (Legend: C=Chiricahua, G=Pinaleno, H=Huachuca, P=Pinal, R=Santa 
Rita, S = Santa Catalina.) The bottom left panel shows correlations of the variables from the proximal 
primaries with the canonical variates. The bottom right panel shows correlations of the variables from 
the distal primaries and alula with the canonical variates. 
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Figure 15. Plots of the first two canonical variate axes from analysis of females using the TAIL14 
subset of variables. Canonical variate 1 accounts for 35 % of the variance in the data; the second 
canonical variate axis accounts for 30% of the variance in the data. Top right panel displays the scatter 
of scores of individuals on the two axes. Top left panel encloses scores by group in polygons with 
centroids indicated by group symbols. (Legend: C=Chiricahua, G = Pinaleno, H=Huachuca, P=Pinal, 
R=Santa Rita, S=Santa Catalina.) The bottom left panel shows correlations of the tailspot variables 
from the M4 and #5 retrices with the canonical variates. The bottom right panel shows correlations of 
tailspot variables from the #6 retrices with the canonical variates. 
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Figure 16. Plots of the first two canonical variate axes from analysis of males using the TAIL14 subset 
of variables. Canonical variate 1 accounts for 33 % of the variance in the data; the second canonical 
variate axis accounts for 30% of the variance in the data. Top right panel displays the scatter of scores 
of individuals on the two axes. Top left panel encloses scores by group in polygons with centroids 
indicated by group symbols. (Legend: C=Chiricahua, G=Pinaleno, H=Huachuca, P=PinaI, R—Santa 
Rita, S=Santa Catalina.) The bottom left panel shows correlations of the tailspot variables from the 04 
and #5 retrices with the canonical variates. The bottom right panel shows correlations of tailspot 
variables from the #6 retrices with the canonical variates. 
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Figure 17. Plots of the first two canonical variate axes from analysis of females using the TAIL9 
subset of variables. Canonical variate 1 accounts for 33 % of the variance in the data; the second 
canonical variate axis accounts for 29% of the variance in the data. Top right panel displays the scatter 
of scores of individuals on the two axes. Top left panel encloses scores by group in polygons with 
centroids indicated by group symbols. (Legend: C=Chiricahua, G=Pinaleno, H=Huachuca, P=Pinal, 
R=Santa Rita, S=Santa Catalina.) The bottom left panel shows correlations of the tailspot variables 
from the ff5 retrices with the canonical variates. The bottom right panel shows correlations of tailspot 
variables from the #6 retrices with the canonical variates. 
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Figure 18. Plots of the First two canonical variate axes from analysis of males using the TAIL9 subset 
of variables. Canonical variate 1 accounts for 45 % of the variance in the data; the second canonical 
variate axis accounts for 31 % of the variance in the data. Top right panel displays the scatter of scores 
of individuals on the two axes. Top left panel encloses scores by group in polygons with centroids 
indicated by group symbols. (Legend: C=Chiricahua, G=Pinaleno, H=Huachuca, P=Pinal, R=Santa 
Rita, S=Santa Catalina.) The bottom left panel shows correlations of the tailspot variables from the #5 
retrices with the canonical variates. The bottom right panel shows correlations of tailspot variables from 
the #6 retrices with the canonical variates. 
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Differences in canonical structure between the sexes for a given subset of variables easily can 

be seen by comparing the rosette plots for males and females. The rosette plots reveal which variables 

account for the discrimination between samples when compared with the plots of the canonical variate 

scores. A line in the rosette plot parallel to a line connecting the centroids between samples contributes 

to the discrimination between the samples by an amount corresponding to the magnitude of the 

correlation with the two canonical variates. For example, in Figure 10 (all adults, BILL variables) the 

OVERBITE and LATDPTH variables contribute more to the discrimination between Pinaleno and Santa 

Catalina juncos than any other variables, as can be surmised by the fact that the line representing this 

variable is nearly parallel to a line connecting the centroids of the two samples, and the line is longer 

than those of other variables (indicating a relatively high correlation with the first canonical variate). In 

the same figure the CULMCRV variable contributes heavily to discrimination between the Chiricahua 

and Pinal samples. 

Morphological discrimination among samples. There is considerable overlap in canonical 

variate scores from the different samples for almost every analysis. Even those subsets of data that 

generally produced significant probabilities associated with the Mahalanobis' distances between 

samples, such as all adults and males in the BILL analyses, result in non-discrete samples of canonical 

variate scores. Overall, the most distinctive samples are found in the analysis of females using the 

FULLFORM variables (Figure 6). Although the number of individuals within each group is small, only 

the Pinal and Chiricahua samples overlap in canonical variate space, and the Santa Rita females are 

well separated from the other samples, with the discrimination being almost entirely along the first 

canonical variate axis. However, none of the Mahalanobis' distances between centroids is significant 

(Table 17). From the rosette plot it can be seen that the bill variables have the most influence on this 

discrimination. It is a bit surprising that the discrimination between samples is not significant despite 

their clear separation in the morphology space, and the fact that the first two canonical variate axes 



104 

account for all but 18% of the variance in the data. The small sample sizes for the females apparently 

results in rather unstable Mahalanobis' distance values, leading to high associated probability values. 

Perhaps the most fascinating result is from the canonical variate analysis of all adults with the 

BILL variables. The centroids of the samples are oriented in a manner remarkably similar to the 

geographic mapping of montane habitats in their home mountain ranges (compare top left panel of 

Figure 6, "north" is down, with Figure 1). The correspondence between the morphological and 

geographic maps is particularly encouraging in light of the large proportion of statistically significant 

Mahalanobis' distance values from this data. Unfortunately, such heartening results were not obtained 

from any other of the canonical discriminant analyses, and it is possible that this correspondence is 

coincidental. 

Males exhibit five significant Mahalanobis' distance values with the FULLFORM variables 

(Table 17) despite considerable overlap in canonical variate scores (Figure 7). The Chiricahua males 

are involved in four of the significant pairwise comparisons; all distances involving this sample are 

significant except for that with the Pinal sample. This separation can be clearly seen in the canonical 

variate plots for this data subset (Figure 7). The samples form clearly identifiable clusters in the two-

dimensional canonical variate space. As with the females, the variables from the bill contribute most 

substantially to geographic discrimination with this subset, an outcome that is anticipated by the 

univariate analyses. The FIELD variables generate a tight cluster of males in canonical variate space 

(Figure 9), with only the Huachuca centroid appearing distinct from the other five. However, only the 

Chiricahua males differ significantly from the Huachuca males, with CULMEN and MIDTOE 

contributing most to the discrimination between these two samples. 

Although many of the Mahalanobis' distance values derived from analyses of the BILL subset 

using data from all adults and males are statistically significant, the samples are fairly tightly clustered 

in canonical variate space (Figures 10 and 12). However, this graphical presentation is somewhat 

misleading. The Huachuca and Santa Rita adults appear to be poorly separated in the plot of centroids 
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and polygons (Figure 10), yet the Mahalanobis' distance between these two samples is statistically 

significant (Table 18). This apparent dilemma is explained by the fact that much of the discrimination 

between these two samples is along the third canonical variate axis, which is not illustrated in the plots. 

Since the most samples of males and adults differ significantly from one another in bill morphology 

space, all of the bill variables contribute to the discrimination. However, the variables from the lateral 

view of the bill from the photographic images generally contribute more to the discrimination. 

The canonical variate scores for samples of both males and females show considerable overlap 

and very little geographic structure in analyses of wing and tailspot variables (Figures 13 to 18). This is 

not surprising given the complete lack of significant Mahalanobis' distances between samples with these 

data subsets. Some clustering is evident with female samples in analyses of the tailspot variables 

(Figures 15 and 17), which suggests that larger samples could result in significant discrimination of 

some samples. For the males, the two subsets of tailspot variables produce similar results: in both 

analyses the Pinal males appear to be well separated from all the other samples, which are virtually 

indistinguishable. Although none of the morphological distances between centroids are significant for 

these subsets, if this pattern is robust, then I expect a larger Pinal sample would generate significant 

Mahalanobis' distances with the other samples. Centroids of samples appear well separated for the 

WING subset form analyses of both males and females (Figures 13 and 14), but none of the distances 

between them is statistically significant. This is not surprising given the substantial scatter and poor 

clustering of canonical variate scores produced by the WING variables. 

Differences in canonical structure between the sexes. An inspection of the rosette plots 

(Figures 6 to 18) reveals conspicuous differences in the canonical structures of male and female 

samples for all subsets of variables. This consistency of the dissimilarity between the sexes in canonical 

structure strongly suggests that males and females differ in shape as well as in size. A more strict 

interpretation is that male and female Yellow-eyed Juncos have divergent patterns of geographic 

differentiation in morphology in Arizona, both overall and for individual structures. However, the 
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discrimination among samples from the six mountain ranges is not statistically significant for most 

pairwise morphological comparisons, and this is especially true for the females. 

Correlations between distance matrices 

Correlations between geographic and morphological distance values. For the females, there 

are no significant correlations between the Mahalanobis' distance values from any variable subset and 

any of the geographic distance matrices (Table 19). Therefore I conclude that morphological distances 

among the female samples do not reflect the geographic distances between the mountain ranges of 

residence. Since I already have demonstrated that females exhibit very little significant geographic 

differentiation in morphology (Tables 12, 17, and 18), this result is not surprising. 

Several significant rank-correlations between geographic and morphological distance values are 

found with data from all adults and males (Table 20). The randomization program used to obtain these 

probability values also computes Mantel's z statistic (which uses values of variables, rather than their 

rank orders). However, only three significant probabilities were found for this statistic: 

males, TAIL9 Mahalanobis' distances with linear map distance between montane habitats, 
P=0.047; 

males, TAIL9 Mahalanobis' distances with linear map distance between oak habitats, 
P=0.035; 

males, ranks of TAIL9 Mahalanobis' distances with ranks of distance between oak habitats 
(including Pinal Mountains) along arc, P=0.024. 

All significant correlations between geographic and morphological distance values involve bill 

or tailspot variables (Table 20). In addition, there is a marginally significant coefficient of concordance 

(Kendall's r) between Mahalanobis' distances from the analysis of male wing variables with linear map 

distances between montane forest habitats. Because most of the Mahalanobis' distance values from the 

BILL subset are statistically significant (Table 18), the significant correlations involving this subset are 

especially meaningful. The FULLFORM and FIELD subsets do not produce significant correlations 

with geographic distances. 
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Table 19. Geographic distances between habitats on the mountain ranges sampled in this study. These 
values were used in analyses of correlations between morphological and geographic distances. 

Ranges Linear map 
Montane Habitats 

distances 
Oak Habitats 

Distances along arc 
Oak Habitats Rank of Distance 

Pinal-Santa Catalina 87 64 . 12 

Pinal-Santa Rita 170 147 - 14 

Pinal-Huachuca 196 178 - 13 

Pinal-Pinaleno 87 80 - 11 

Pinal-Chiricahua 202 142 - 15 

Santa Catalina-Santa Rita 74 45 110 5 

Santa Catalina-Huachuca 99 75 80 4 

Santa Catalina-Pinaleno 69 56 325 10 

Santa Catalina-Chiricahua 137 81 205 7 

Santa Rita-Huachuca 41 6 6 1 

Santa Rita-Pinaleno 130 104 265 9 

Santa Rita-Chiricahua 136 100 141 6 

Huachuca-Pinaleno 131 112 210 8 

Huachuca-Chiricahua 97 70 75 3 

Pinaleno-Chiricahua 87 14 14 2 

Distance values in kilometers. See text for full description of the methods used for determining 
geographic distances between habitats. 

The significant correlations between geographic and morphological distances for the Yellow-

eyed Junco in southeastern Arizona is compelling evidence supporting the existence of inter-population 

movement of individuals. I would like to infer whether this movement is effectively random 

(correlation with linear map distances), or is directed along higher elevations in the region (correlation 

with distances along arc of higher elevations). Unfortunately, the effort to select between these two 

possibilities is complicated by the fact that the fifteen-element geographic distance matrices used for 

these correlation analyses are highly correlated with one another (P< 0.007 for all pairwise correlation 

and statistics). Moreover there is perfect concordance between the ranks of values in these three 

geographic distance matrices (zero random sums greater than or equal to the observed sum for 

Kendall's x). As a consequence, the differences between the matrices of geographic distances may be 
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Table 20. Results of randomization tests for correlations between geographic and morphological 
(Mahalanobis') distances: associated probabilities of Spearman's p statistic. Morphological distance 
values were computed using only individuals captured during the summer field season. 

Linear map distances Distances along arc 
Montane Habitats Oak Habitats Oak Habitats Rank of Distance 

All Adults 

BILL 0.026 0.012 0.033 0.0042 

Females No significant correlations 

Males 

FULLFORM NS NS NS NS 

FIELD NS NS NS NS 

BILL 0.026 0.014 0.042 0.0069 

WING NS NS NS NS 

TAIL14 0.017 0.049 NS (0.055) 

TAIL9 0.0083 0.014 (0.058) 0.0056 

NS: P > 0.05 

too insignificant to permit evaluation of hypotheses concerning the patterns of movement (random or 

elevational) of the juncos among the mountain ranges. 

Notwithstanding these problems, the fact that the lowest probability values from rank-

correlation analyses of three of the morphological data subsets are obtained with the ranks of 

geographic distances along a higher elevation arc that includes the Pinal Mountains argues in favor of 

movement of Yellow-eyed Juncos along higher elevations in the region (Table 20). This pattern holds 

for correlations involving all-adult and male bill data, and males with the TAIL9 subset. The only rank-

correlation result that contradicts this conclusion occurs with Mahalanobis' distances from male TAIL14 

data, where marginally significant probabilities are obtained with linear map distances, and the 



109 

Table 21. Results of randomization tests for correlations between matrices of morphological 
(Mahalanobis') distances from different subsets of variables. Upper diagonal: probabilities associated 
with Mantel's z statistic. Lower diagonal: probabilities associated with Spearman's p statistic. 

BILL WING TAIL14 TAIL9 

Females 

BILL NS 0.036 NS 

WING NS NS NS 

TAIL14 NS NS SNI 

TAIL9 NS NS SNI 

Males 

BILL NS 0.038 0.0014 

WING NS 0.042 0.040 

TAIL14 NS (0.053) SNI 

TAIL9 0.0084 (0.051) SNI 

NS = P > 0.05. SNI = Subsets not independent. 

correlation with ranked geographic distances is not quite significant. However, probability values 

associated with Mantel's z also suggest movement along higher elevations. 

Correlations between Mahalanobis' distances from different subsets of variables. Several 

significant correlations between Mahalanobis' distance values involve independent subsets of variables 

(Table 21). Mahalanobis' distances from the TAIL14 subset are significantly correlated with the BILL 

and WING subsets for both females and males. In addition, for the males the TAIL9 subset also is 

significantly correlated with BILL and WING subsets. For neither sex are the BILL and WING subsets 

of variables correlated. The most significant correlation involves male Mahalanobis' distances from the 

BILL and TAIL9 subsets. This is somewhat surprising given the pattern of highly significant univariate 

correlations between wing and tailspot variables and the lack of correlations between bill and tailspot 

variables (Table 9). 
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Chapter 4. DISCUSSION 

I have three objectives in this chapter. First I evaluate the hypotheses put forward in the 

Introduction. Next, I discuss factors that may contribute to the patterns of morphological variation of 

the Yellow-eyed Junco discovered in this study. Last, I evaluate the methods I used to quantify 

morphological variation and suggest how they may be improved. 

Evaluation of hypotheses 

Hypothesis I: Sexual dimorphism in the Yellow-eyed Junco. Results of both univariate and 

multivariate statistical analyses force the rejection of the null hypothesis of no morphological 

differences between male and female Yellow-eyed Juncos. Males are distinctly larger than females and 

have higher mean values of most variables. Most of the statistically significant differences between 

males and females involve variables obtained from the wing and tail. The sexes generally do not differ 

significantly in bill morphology. 

The discriminant analysis I used to allocate sex to individuals captured prior to the breeding 

season discriminated between the sexes cleanly with no overlap in canonical variate scores for the 

known-sex individuals. The lack of probability statements associated with allocations of sex to the 

unknown-sex individuals is a concern to me. I did not undertake a more thorough discriminant analysis 

because I believe that errors in allocation are not major problem in my study; a few ambiguous 

individuals are not likely to exert a strong influence on group discrimination in multivariate analyses. 

However, an investigation in which sex allocation is a more crucial concern would need to devote 

greater effort to determining probabilities associated with individual cases. In general, my results 

indicate that it should be possible to determine the sex of Yellow-eyed Juncos outside the breeding 

season with acceptable accuracy. 

Canonical discriminant analyses suggest that male and female Yellow-eyed Junco differ in 

geographic patterns of morphological differentiation. Females manifest no significant geographic 
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differences in morphology, while males have several significant differences between samples from the 

six mountain ranges. However, this may be a consequence of the low statistical power to detect real 

morphological differences among female samples caused by the very small samples used in analyses. 

Patterns of the contributions of variables to geographic discrimination of the groups (i.e., canonical 

structure) differ markedly between the sexes, suggesting geographic shape differences between males 

and females. The identification of sexual dimorphism of Yellow-eyed Juncos, both in size and in shape, 

is one of the more important results from this study. 

Hypothesis 2: Seasonal differences in morphology. Significant seasonal differences in the bill-

length variables found with both the Huachuca and Santa Catalina samples force rejection of the null 

hypothesis of no seasonal effects on morphology. Nonetheless, significant morphological differences 

between the winter and summer field seasons involve only a few of the 44 variables investigated in this 

study. No variables other than those measuring bill length evidence consistent effects with both 

Huachuca and Santa Catalina juncos. In some cases the significant differences in mean values between 

winter and summer may result from changes in measurement technique (e.g., this may be the case for 

WIDTH). Significant seasonal differences in values of the sexually dimorphic variables ALULA, 

SQAR5, PRM5 and SQAR6 most likely is a consequence of very different sex ratios in winter and 

summer samples. The summer sample has a substantial male bias, while the sex allocation procedure 

indicates a strong bias in favor of females in the winter sample. 

Hypothesis 3: Morphological differentiation among populations of the Yellow-eyed Junco. 

Many of the results I obtained from analyses of data from male juncos lead to the rejection of the null 

hypothesis of no morphological differences among populations of Yellow-eyed Junco in Arizona. 

However, almost no significant geographic effects were found in either univariate or multivariate 

analyses of data from female juncos. Most of the variables found to have a significant geographic effect 

in univariate analyses of variance of male data were measured on the bill or taken from photographic 

images of the bill. In addition, the subset of bill variables for males was found to have a higher number 
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of significant probabilities associated with Mahalanobis' distance values between samples than any other 

variable subset. Thus there are very distinct differences in bill morphology among populations of male 

Yellow-eyed Junco in the region. Although I found no statistically significant Mahalanobis' distance 

values between samples for the females, the general lack of sexual dimorphism in the bill variables 

lends extra weight to the significant results from the all-adults data in which the females are included. 

The facts that males generally show significant geographic effects for the bill variables and males are 

not significantly different from females in mean values of the bill variables suggest that female sample 

sizes may be too small to detect genuine morphological differences. Moreover, because the bill is the 

only feature of external anatomy to exhibit significant differences across the northern geographic range 

of the Yellow-eyed Junco, failure to detect significant differentiation in female bill morphology 

indicates the unlikelihood of detecting significant geographic differences in wing and tail morphology 

for the females. 

The set of 26 variables (FULLFORM subset) used to model overall form is the second best 

subset at generating significant differences among samples when male data are analyzed. Not 

unexpectedly, the canonical discriminant analysis of this subset of data reveals that the bill variables 

contribute most to the discrimination among samples. The significant geographic discrimination of 

samples of male juncos produced by the FULLFORM variables is meaningful because this subset of 

variables is the best at modeling the external morphology of Yellow-eyed Juncos. However, I included 

several variables in both the FULLFORM and BILL subsets that are not normally distributed (Table 8). 

Thus the assumption of multivariate normality of distribution inherent in the calculation of 

Mahalanobis' distance values is violated for these variables. However, the resampling procedure I used 

to compute the associated probabilities of the Mahalanobis' distance values greatly mitigates this 

problem. Any problems with badly skewed and heterogeneous distributions of variables tend to be 

averaged out over the dataset, or produce extreme Mahalanobis' distance values that reduce associated 
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probability values. Furthermore, the outcome of the stability analysis I performed on this randomization 

procedure encourages confidence in marginally significant probability values. 

The six variables that composed my FIELD subset are among those that traditionally are 

measured in the field in ornithological studies, and proved relatively effective at discriminating among 

samples. Five of the 15 Mahalanobis' distance values proved statistically significant for males (Table 

17); none are significant for the females. Because these variables commonly are measured in banding 

operations and other ornithological field studies it is disappointing that this subset performed so poorly 

at discriminating among the samples from the six mountain ranges. Increasing the number of variables 

used to model the external form of the bird, as with my FULLFORM subset of 26 variables, resulted 

in much better geographic discrimination of the samples. This outcome emphasizes the importance of 

assembling a large number of variables in avian morphometric studies. 

No significant Mahalanobis' distances were found among samples of male or females for the 

wing and tailspot variables. Moreover, there are no significant univariate ANOVA results for the 

females involving the wing or tailspot variables. For the males, there are significant differences in 

mean values among the samples for four variables from the wing: WING, ALULA, and the distal 

primary distances, P8, and P9, but none involving variables from the tail. Taken together, these results 

signify the lack of geographic structure to the variability in wing and tail variables. Although 

coefficients of variation for the wing variables are modest, those for the tailspot variables are among 

the highest found in the study and indicate a substantial level of variability in these measurements. 

Nonetheless, statistical analyses indicate that geographic isolation of populations of juncos makes no 

significant contribution to this variability so that other sources must be sought. 

Likely candidates for significant components of variation in both wing and tailspot data are 

measurement error, heavy wear of wing and tail feathers, and age effects. I suspect that feather wear 

could play a significant role because so much of this data was acquired from juncos captured in during 

the summer by which time the flight feathers often are well worn. My attempts to reconstruct the 



114 

original positions of margins of worn primaries and retrices may have reduced the amount of error 

associated with severe wear, but it could not eliminate it completely. Furthermore, these reconstructive 

efforts could introduce error if they were not consistently applied. The potential influence of age effects 

on variability of wing and tail data is discussed below. 

Hypothesis 4: Correlations between morphological and geographic distance values. Because 

females exhibit almost no significant geographic differentiation in morphology (Tables 12, 17, and 18), 

it is not surprising to observe the complete lack of significant correlations between the Mahalanobis' 

distance values from any variable subset for the females and any of the geographic distance matrices 

(Table 20). Hypotheses 3 clearly is refuted for the females. 

Males exhibit several significant correlations between morphological and geographic distances. 

Significant correlations involve the BILL, TAIL14, and TAIL9 subsets of variables. The significant 

correlations between the BILL subset and the geographic distances is particularly meaningful because 

most of the Mahalanobis' distance values from this subset are statistically significant. However, the fact 

that the fifteen-element distance matrices are themselves highly correlated with one another makes these 

correlation results of questionable value in distinguishing between the two modes of movement (random 

vs. along elevational contours) I had postulated. 

Despite this complication it may be possible to determine whether movement of juncos tends to 

be random (correlation with linear map distances) or is directed along higher elevations (correlation 

with arc distances). Specifically, the fact that the lowest probability values derive from correlations of 

the morphological distances with ranked distances along the higher elevation arc argues for concluding 

that movement of juncos tends to be directed along higher elevations in the region, rather than being 

random. Whichever is the more common mode, the significant correlations of morphological and 

geographic distances strongly imply the existence of inter-range movement of Yellow-eyed Juncos in 

southeastern Arizona. 
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Hypothesis 5: Correlations between morphological distances from different subsets of variables. 

Univariate analyses indicate very significant correlations among wing and tail variables (Table 9). The 

story is mixed with regard to bill variables, with some showing weak correlations with wing and tail 

variables, while others are not correlated. In general bill morphology appears to evolve independently 

of wing and tail morphology. The correlation between wing and tail variables may well be a 

consequence of selection on general size. One might expect selection for size also to affect bill 

morphology, but the evidence from this study suggests such an effect is weak. Social dominance in 

winter foraging flocks may constitute a persistent selective force for larger size in the species. This 

may be balanced somewhat by selection against larger individuals in years of drought when larger 

j uncos may be unable to find sufficient food to survive. 

Correlational analyses of multivariate morphological distance values produce rather different 

results. For both males and females the TAIL14 subset correlates significantly with the BILL and 

WING subsets. Morphological distances from the BILL and WING subsets do not correlate 

significantly. Since Mahalanobis' distance values represent patterns of covariance of variables, this 

outcome suggests that features of external anatomy of the juncos tend to evolve as an integrated unit 

within populations, so that morphological distances between populations are maintained for different 

subsets of variables. Isometric differences in size among samples would result in such correlations. 

Factors that contribute to morphological variation in the Yellow-eyed Junco 

Genetic influences on morphology. While it is generally assumed that genes control the 

morphology of organisms to some degree, few studies have explicitly examined this issue. This 

situation mainly is a consequence of the difficulty of identifying the many components contributing to 

morphological expression: genetic, environmental, and their interactions. Heritability studies of 

populations of wild birds have shown that a significant proportion of morphological variability usually 

can be attributed to additive genetic variance, but heritability values and their standard errors vary 

widely (Hailman 1986). Significant heritabilities from studies of emberizine finches have been found for 
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some of the morphological characters I investigated in this study, including bill dimensions (Smith and 

Zach 1979; Smith and Dhondt 1980; Boag and Grant 1978; Boag 1983) and wing length (Smith and 

Zach 1979; Boag and Grant 1978; Boag 1983; Payne and Payne 1989). Unfortunately, I was unable to 

gather data in my study that could be used to estimate heritability, and to my knowledge there are no 

heritability estimates for the Yellow-eyed Junco. 

Studies of the correspondence between genetic and morphological variability of avian 

populations have produced mixed results. In general one might expect these two measures to correlate 

significantly. However, in several studies this has not been the case. Levels of allozymic heterozygosity 

indicated by electrophoresis of soluble proteins did not correlate with morphological variance in both 

univariate and multivariate (principal component scores) comparisons in studies of two emberizines: the 

Rufous-collared Sparrow (Zonotrichia capensis; Handford 1980) and the Fox Sparrow (Passerella 

iliaca; Zink et al. 1985). In addition, Zink (1988) found no significant product-moment correlation 

between taxonomic distance (based on 29 skeletal characters) and genetic distance (Roger's distance 

from 39 presumptive loci) for taxa from the Brown Towhee species complex in the American 

Southwest. On the other hand, Van Wagner and Baker (1990) found a significant correlation (Mantel's 

test, P=0.047) between genetic distance (percent mtDNA sequence divergence) and morphological 

distance (from skeletal characters) for subspecies of Canada Geese. In this case the morphological 

distance values largely reflected size differences among populations. 

Clearly, correlational studies between genetic and morphological variability/distance have 

produced contradictory results for different avian taxa, and much work remains to be done to reveal the 

connection between genes and morphology. Nonetheless, heritability studies have indicated significant 

genetic contributions to bill and wing morphology, a result more directly relevant to the morphological 

characters investigated in my study. If Yellow-eyed Juncos populations possess additive genetic 

variance for bill and wing characters (and presumably for tailspot characters as well), as has been 

shown for other emberizine finches, then the expression of those characters could be affected by 
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movement of alleles among populations. As a consequence of this, populations of juncos experiencing 

greater interchange of alleles would be expected to be more morphologically similar, while more 

genetically isolated populations would be expected to be more morphologically distinctive. It seems 

reasonable to expect that the levels of gene flow between populations would correlate with geographic 

proximity. I believe that the significant correlations I found between geographic distances and 

morphological distances from subsets of bill and tailspot variables reflect this situation. 

Bill morphology. One of the more interesting results from this study is that the sexes tend not 

to differ significantly in mean values of the bill variables, yet the most significant geographic effects 

are found with these same variables. These results hold for both univariate and multivariate analyses 

and indicate that bill morphology is relatively constrained within populations on the six mountain ranges 

but remarkably variable among the ranges. Because the bill is the sole implement available to the 

juncos for handling food, it is susceptible to intense natural selection. Studies of the heritability of avian 

bill characters typically have demonstrated a significant additive genetic component to phenotypic 

variance (see Table V in Hailman 1986). In some cases the heritabilities of bill characters obtained 

from these studies are remarkably high, near 100%. Moreover, long-term studies of species of 

Geospiza the Galapagos Islands have found rapid modification in bill morphology in response to 

profound changes in the food supply brought on by climatic fluctuations (Boag and Grant 1981). 

The arid climate in southeastern Arizona is highly variable (Table 22), similar to that in the 

Galapagos Islands, which might produce intense episodes of selection in the ground-foraging juncos, 

similar to those described by Boag and Grant. Local differences in precipitation (Table 22), occurrence 

of fires, grazing, human disturbance, and differences in vegetation caused by elevation, slope aspect, 

and edaphic conditions, could influence the food supply available to Yellow-eyed Juncos. Furthermore, 

my observations are that juncos form presumably viable populations in a wide variety of habitats in the 

six mountain ranges: mature mixed coniferous forests with lush ground cover of grasses, herbs, and 

bracken fern (Santa Catalina, Pinaleno, and Chiricahua Mountains); open slopes with shrubby growth 
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Table 22. Rainfall summary for selected weather stations in southeastern Arizona for the five-years 
preceding fieldwork in the study. (Mountain range: nearest stations). 

Station Mean 1985 

Percent Deviation from Mean 

1986 1987 1988 1989 

Pinal: 
Miami 
Globe 

19.00 
17.53' 

-0.2 
-5.0 

0.8 
-1.5 

-14.5 
-2.2 

-26.6 
3.0 

-31.0 
-37.4 

Santa Catalina: 
Oracle 20.78 27.2 20.0 9.3 4.8 -40.6 
Tucson Intl. Ap. 11.14 15.6 5.9 12.2 4.4 -41.8 

Santa Rita: 
S. Rita Exp. R. 21.02 35.2 -6.6 17.5 42.3 -21.7 
Patagonia 17.66 23.5 6.7 10.1 26.4 -33.1 

Huachuca: 
Sierra Vista 18.602 -18.8 -9.8 9.5 22.5 -51.1 
CoronadoN. M. 21.033 34.9 18.1 13.7 14.5 -52.6 
Canelo 17.06 31.5 33.8 -6.0 1.6 -29.8 

Pinaleno: 
Safford 8.60 37.3 36.9 7.8 6.5 -43.8 

Chiricahua: 
Chiricahua N. M. 
Portal 
Rucker Canyon 

Mean of deviations 
Std.Dev. 

17.86 
19.91 
17.76 

35.7 
25.2 
36.7 

21.5 
17.61 

58.1 
20.8 
34.5 

53.1 
26.1 
13.2 

16.7 
19.22 

42.1 
44.1 
35.5 

11.5 
15.64 

-34.0 
-19.0 
-16.6 

17.0 
20.04 

-34.8 
10.93 

Mean values for rainfall in inches are averages from the stations for the period 1951-1980, except as 
indicated below. 

1 Mean based on 18 values from three stations in the Globe area, 1969-1989. 
2 Mean based on seven values, 1983-1989. 
3 Mean based on 20 values, 1969-1989. 

Sources: Anonymous 1985-1989. Climatological Data, Annual Summary, Arizona, 1985-1989. 

and few mature trees recovering from a forest fire (Huachuca Mountains); and mature, open forest with 

little ground cover as a consequence of cattle grazing (Pinal, Huachuca, and Chiricahua Mountains). 

The most dense population of juncos I encountered was at the summit of Mount Hopkins in the Santa 
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Rita Mountains, where thickets of Robinia neomexicana, manzanita-dominated chaparral, woodlands of 

deciduous oaks, and small patches of pine-dominated parkland form a complex mosaic of vegetation. 

The lack of significant differences in bill morphology between male and female Yellow-eyed 

Juncos both within and among populations, the demonstrated potential for strong response of bill 

morphology to selective forces in other emberizines, the discovery of significant heritabilities for bill 

characters in several studies, and the existence of substantial ecological diversity in the breeding 

habitats of Yellow-eyed Juncos, imply that adaptation to different ecological circumstances is 

responsible for the significant geographic differences in junco bill morphology I detected among 

samples. However, if this is true, there is no obvious reason to expect that the observed differences in 

bill morphology would have any relationship with geographic distances between populations, 

particularly if ecological differences are a consequence of effectively random perturbations. 

Nonetheless, the Mahalanobis' distance values from the BILL subset of variables for males have 

significant rank-correlations with geographic distances between habitats, and is especially significant for 

the ranks of distances along an arc of higher elevations in the region. 

This result presents difficulties if ecological differences among the six mountain ranges are 

essentially random. However, it is possible that the geographic distances along an arc of higher 

elevations in the region actually represent ecological similarities among Yellow-eyed Junco habitats. 

Given the complex mosaic of vegetation communities in southeastern Arizona — for example, the 

southern end of the arc includes the zone of contact between the Sonoran Desert and the Chihuahuan 

Desert (Lowe 1964) — this may be a plausible explanation. But if this is the case, correlations between 

geographic and morphological distances would signify ecological rather than genetic similarities. 

However, I believe it is more likely that the correlations are the consequence of gene flow rather than 

adaptation of bill morphology to similar ecological milieus. As stated above, Yellow-eyed Juncos in 

Arizona reside in a diversity of vegetation types influenced by several types of perturbations, both 

natural and artificial, such as fire, grazing by cattle, and drought. It is my observation that these 
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perturbations are effectively random and should not lead to correlations between geographic distances 

and morphological distances computed with bill variables. 

A significant seasonal effect was discovered for several bill variables for the Huachuca and 

Santa Catalina samples. In particular, a consistent and significant increase in bill length from winter to 

summer was found in both samples. This situation probably is typical for emberizine finches which feed 

in a manner similar to the ground-foraging juncos (Davis 1954, 1961; Johnson 1977), but has also been 

observed in other passerines that do not feed on the ground (Davis 1954; Gosler 1987; Martin and 

Pitocchelli 1991). Yellow-eyed Juncos forage primarily on the ground, but have been observed feeding 

in vegetation (Marshall 1957). During the reproductive season the juncos mainly take animal food, 

which also constitutes most of the diet of the nestlings (Marshall 1957; Sullivan 1989). Marshall found 

insects in the stomachs of only those Yellow-eyed Juncos collected during the summer. After the 

reproductive season the juncos consume more vegetative food, and are thought to survive the winter 

largely on a diet of seeds of grasses and other non-woody plants (Nelson 1972). All four juncos that I 

collected as handling casualties in the winter of 1990 had only plant material in their gizzards. 

Davis (1954) discusses several possible explanations for seasonal changes and bill length and 

favored environmental over genetic factors in influencing this character. He believed that the evidence 

from several species implied that seasonal changes in diet produced differential wear on the cornified 

bill which grew at a constant rate throughout the year. For the Yellow-eyed Junco this means that the 

winter diet of seeds produces greater wear on the bills than the summer diet of insects, with the 

consequence that bill length is greater in summer than in winter. Two factors seem to affect this 

phenomenon: (1) handling seeds causes greater wear on the bill than soft-bodied insects, especially 

when abrasive non-food items also are picked up with the seeds, and (2) more vegetable than animal 

material must be handled over a period of time to gain the requisite caloric intake for metabolic 

maintenance and activity, thus creating more wear on the bill. Davis also notes that an increase in the 

intake of protein-rich insects during the summer might cause a faster rate of bill growth, thus leading to 
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greater bill length in the summer. On the other hand, Gosler (1987) and Martin and Pitocchelli (1991), 

who studied Pcirus spp., favor genetic factors and view seasonal changes in bill length as adaptations to 

seasonal changes in food supply. Seasonal changes in bill morphology is a subject that largely has been 

ignored in the past. Investigations have been infrequent and greater study clearly is required to 

determine causative factors. 

My data may demonstrate a recent, significant increase in bill length in the Santa Catalina 

population of Yellow-eyed Juncos. Dunning and Bowers (1986) report a mean value of 10.7 mm for 

the exposed culmen'measurement on adult individuals (n = 35; s.d.=0.7; data collected 1982-1986). In 

1990 I obtained a mean value of 11.1 mm (Table 7) for the same measurement (variable CULMEN). 

The two values differ significantly (f=2.98, df=71, 2-tailed PC0.005), indicating the values derive 

from different populations. Unless Dunning and I measured the exposed culmen differently, which 

appears not to be the case from his description of the measurement, this result suggests recent selection 

for longer bills in the population of Santa Catalina juncos. However, given the fact that bill length 

changes seasonally in the species, and that Dunning and Bowers combine data from "year-round" 

measurements, it probably is best not to make too much of this result. 

Effect of age on wing and (ail morphology. In my analyses of the wing and tailspots of Yellow-

eyed Juncos I implicitly assume that there is no significant effect of age on size or shape of these 

structures. However, this assumpi. n may not be valid. Moore (1972, p. 110) found that the juncos 

"usually have a 3-4 mm increase in wing and tail length from the first basic plumage to the second 

basic plumage. The increase between the second and third basic plumages is about 2mm." In the Pinal 

Mountains I captured more than 20 juveniles, hoping I would be able to use them in statistical analyses 

of wing and tail variable with the adults to compensate for the small sample size from that range. I 

collected wing and tail data from an individual only if these structures appeared to be fully mature. For 

many variables from the wing and tail, the Pinal juveniles have significantly lower mean values than do 

the adults (Table 23). Interestingly, tail length per se (variable TAIL) does not differ significantly 



Table 23. Results of /-tests for significance of differences between juveniles and adults from the Pinal 
Mountains in mean values of wing and tail variables. 

Juveniles Adults 
Variable t P mean ± s.d. (n) mean ± s.d. (n) 

WING 2.37 .024 76.2 ± 2.94 (23) 78.8 ± 3.40 (12) 

TAIL 1.03 .312 68.1 ± 5.32 (23) 69.8 ± 3.58 (12) 

PI 3.61 .001 62.7 ± 2.10 (20) 65.6 ± 2.25 (11) 

P2 3.21 .003 64.4 ± 2.09 (20) 67.0 ± 2.32 (11) 

P3 1.86 .073 67.0 ± 2.33 (20) 68.7 ± 2.45 (11) 

P4 2.28 .030 70.9 ± 2.55 (20) 73.3 ± 3.26 (11) 

P5 1.98 .057 74.4 ± 2.86 (20) 76.6 ± 3.37 (11) 

P6 2.14 .041 75.3 ± 2.98 (20) 77.8 ± 3.17 (11) 

P7 1.77 .088 75.5 ± 2.99 (20) 77.6 ± 3.41 (11) 

P8 1.55 .132 74.4 + 3.02 (20) 76.3 ± 3.39 (11) 

P9 1.20 .241 68.1 ± 2.84 (20) 69.4 ± 3.41 (11) 

ALULA 0.12 .904 23.2 ± 1.32 (20) 23.1 ± 2.31 (11) 

LEN4 3.34 .002 4.8 ± 8.11 (20) 16.6 ± 11.44(11) 

SQAR4 3.61 .001 1.7 ± 1.99 (20) 5.1 ± 3.40 (11) 

T_C4 3.14 .004 2.3 ± 3.50 (20) 6.7 ± 4.14 (11) 

PRM4 3.43 .002 10.9 ± 15.80 (20) 35.4 ± 24.14 (11) 

I_T5 1.29 .207 42.6 ± 3.71 (20) 44.6 ± 5.19 (11) 

0_T5 1.75 .091 15.0 ± 6.77 (20) 20.5 ± 10.89 (11) 

SQAR5 2.71 .011 13.2 ± 1.50 (20) 14.8 ± 1.72 (11) 

T_C5 0.08 .936 17.7 ± 2.24 (20) 17.6 ± 4.18 (11) 

PRM5 1.55 .133 89.3 ± 8.25 (20) 94.7 ± 10.97 (11) 

I_T6 2.94 .006 47.7 ± 2.83 (20) 51.6 ± 4.56 (11) 

0_T6 1.39 .176 32.3 + 7.43 (20) 37.0 ± 11.09 (11) 

SQAR6 1.20 .241 15.6 ± 1.25 (20) 16.1 ± 1.26 (11) 

T_C6 2.23 .034 22.6 ± 1.87 (20) 20.9 ± 2.40 (11) 

PRM6 1.36 .186 101.9 ± 7.21 (20) 105.9 + 8.96 (11) 

Probabilities are 2-tailed; df = nj + nA - 2. 

between the age groups, although half of the tailspot variables do differ, thus indicating that tailspots 

are relatively smaller in this age group. The two age groups also differ significantly in wing length, and 

in the variables PI, P2, P4, and P6. In a similar comparison of 38 adults and 8 juveniles from the 
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Santa Catalina Mountains, I found a significant difference only for the variable PI (f=2.19 ,df=44 , 

P=0.034), although a few other primary distances approached significance. 

This outcome suggests that the distal part of the wing reaches maturity before the more 

proximal portion. Since the distal wing is more important in controlling flight, I would expect this 

pattern to occur. More importantly for this study, because the proximal primary distances contribute 

less to discrimination among samples than do the distal primary variables (Figures 13 and 14), and the 

wing variables contribute relatively little to overall discrimination (Figures 6 and 7), the Pinal results 

imply that differences in wing morphology between age classes is not a serious problem in my study. In 

any case, no statistically significant geographic differences in wing morphology were found in 

multivariate analyses. In fact, the only significant geographic effect found for wing and tail variables 

was for male values of the variables P8, P9, and ALULA (Table 13), none of which show significant 

differences between juveniles and adults (Table 23). Therefore, it is very unlikely that unbalanced 

distributions of age classes among the samples wouid have any important effect on geographic 

discrimination. 

Wood (1951) investigated changes in the size of tailspots in a study of the closely related 

Dark-eyed Junco (Junco hyemalis). He found dramatic increases in the relative proportions of white on 

the outer retrices following the first basic molt of juveniles wintering in North Carolina. When he 

plucked an outer retrix of a juvenile, its replacement had the adult tailspot proportion, an increase in 

proportion of at least 100%. Wood's study also suggested that the proportion of white in the retrices of 

adults may stabilize after a few molts. Although Wood's study is little more than a set of casual 

observations (he reports only five cases) it does suggest that tailspot size tends to increase significantly 

after the first basic molt in some populations of Junco hyemalis. 

My results from the analysis of the two age classes in the Pinal population indicate that there is 

indeed an age effect on the tailspot variables. Half of the 14 variables differ between juveniles and 

adults in mean values (Table 23), with the variables from the #4 retrices showing the most pronounced 
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effect. If samples are unbalanced in the distribution of age classes, analyses that use these variables 

could be affected. However, I found no significant univariate or multivariate statistical test results for a 

geographic effect involving the tailspot variables (Tables 12, 13, and 18). These results suggests that 

either the age distributions in my samples are fairly consistent, or, if there are age biases across 

samples, they are of little importance. However, unequal distributions of age classes potentially could 

obscure real geographic differences in tailspot morphology among samples. 

The true importance of an age effect on morphological characters of the Yellow-eyed Junco 

cannot be known unless the subject is investigated explicitly. It is difficult to estimate the age of birds 

because they have a determinate mode of growth and they replace their feathers annually. Immature 

birds can be identified by the lack of full ossification of the crown of the skull. However, evidence 

indicates that in Dark-eyed Juncos, as with typical small passerines (Baird 1964), skull ossification is 

completed within about six months (Grant and Quay 1970). Thus one must capture immature birds 

within the calendar year to be reasonably certain of their age status. It then would be necessary to 

recapture the same banded individuals repeatedly over several years to gain insight into the way the 

external morphology changes over time. 

Sexual dimorphism in size. With the exception of bill characters, male Yellow-eyed Juncos 

have significantly higher mean values than females for most variables (Table 7). Indeed, males have the 

higher mean value for every variable found to be significantly sexually dimorphic, except for 

FURCFAT, a variable not included in morphometric analyses. In addition, males have significantly 

higher scores on the first principal component in the multivariate analysis of size difference (/=9.80, 

df=120, P< 0.001). This no doubt is the ancestral condition for the species since sexual size 

dimorphism is nearly universal in oscines (Amadon 1959) and males typically are the larger sex. 

Nonetheless, it is reasonable to consider the nature of the evolutionary forces that maintain sexual size 

dimorphism in the species. 
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Sexual selection is an obvious candidate and its importance was first advocated by Darwin 

(1874) more than a century ago. In fact, the term "sexual selection" often is used to encompass a 

number of factors that may affect the occurrence of syngamy in species, for example, male-male 

competition for females, male display, and female choice. Ecological causation frequently has been 

invoked as an alternative to sexual selection to explain sexual divergence in morphology in some avian 

taxa (Shine 1989). In some situations there may be a selective advantage for the sexes to reduce direct 

competition for resources, especially food. Of course, the two possibilities are not mutually exclusive 

and the challenge is to determine their relative importance within the taxon being studied. Selander 

(1972) suggested for birds that sexual dimorphism in bill morphology exceeding the magnitude of 

overall sexual dimorphism would be evidence for ecological causation of sexual size dimorphism. 

However, Shine (1989) noted that ecological divergence of the two sexes could involve structures other 

than the bill and thus lead to sexual size dimorphism in these structures. Therefore, Selander's criteria 

might lead to the failure to detect adaptive ecological divergence in morphology between the sexes. 

My data for the Yellow-eyed Junco do not test directly either of these two possibilities. 

However, the data are not consistent with the theory of ecological causation, especially as represented 

by Selander's criteria. Despite the overall sexual size dimorphism in the species, there are no 

significant differences between the sexes in bill dimensions from a regional perspective, and only two 

bill variables show within-sample differences between the sexes (LATDPTH and CULMCRV from the 

Chiricahua sample; Table 7). However, the dominance of males in winter foraging flocks, and 

displacement of many females to marginal areas (Moore 1972), may constitute a form of ecological 

niche partitioning that could have morphological consequences, although it is not clear what those 

consequences would be. In addition, experiments with Junco hyemalis (Balph et al. 1979) that 

demonstrate winter flock dominance by males with larger tailspots and wing lengths suggests an 

ecological mechanism for selection on general size, although it does not necessarily exclude selection 

for larger female size also. However, Moore (1972) notes that females with elevated social status in 



winter foraging flocks are mated to dominant males, and apparently the status of these females in the 

flock is conferred by the males despite their smaller size relative to other males in the flock. The 

elaborate courtship displays of males described by Moore (1972) indicate the potential for sexual 

selection to act on general size of males in the species. Although my data lead me to reject the 

ecological causation hypothesis, sexual selection is supported mainly by default. The evidence, both 

statistical and anecdotal, suggests the likelihood that some combination of sexual selection and 

ecological factors is responsible for the maintenance of sexual size dimorphism in the Yellow-eyed 

Junco. 

Seasonal and facultative migration, and extralimital records. To my knowledge there is no 

evidence from banding data that Yellow-eyed Juncos undergo major latitudinal or regional migration (as 

does its congener the Dark-eyed Junco). While it is believed that Yellow-eyed Juncos remain resident in 

their natal mountain range, most individuals typically undertake migrations off their breeding grounds 

to lower elevations during the winter (Phillips et al. 1964; Horvath and Sullivan 1988; personal 

observation). Horvath and Sullivan (1988) describe an interesting movement of Yellow-eyed Juncos off 

their breeding territories to lower elevations in response to a late winter snowstorm in the Chiricahua 

Mountains in March 1986. The birds reformed winter flocks when forced to lower elevations by the 

storm, and remained until the snow melted, at which time they moved back to their breeding territories. 

They demonstrated remarkable site fidelity, both to their breeding territories and to winter foraging 

grounds. Moore (1972) observed that most Yellow-eyed Juncos left his study area when snow covered 

the ground, and Phillips et al. (1964) note that facultative movement to lower elevations in response to 

severe weather is typical of the species. Such facultative migration probably is induced by snow cover 

which prevents the juncos from finding food resources crucial to surviving the cold temperatures 

associated with winter storms. 

The remarkable site fidelity documented by Horvath and Sullivan (1988) probably explains the 

low level of movement among mountain ranges by Yellow-eyed Juncos, and the general belief that 
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there is no movement at all. On the other hand, the response of individuals of the species to snow 

cover suggests that occasional powerful winter storms that blanket the region with snow may cause 

movement of juncos away from their normal winter foraging areas, and in some cases could result in 

individuals moving from their natal mountain range. Thus such storms could induce gene flow between 

populations. Given the strong site fidelity of adult juncos, I would expect movement induced by snow 

cover to be more common with juveniles than older individuals. However, this may not be the case. K. 

Sullivan (pers. comm.) has found that adult males tend to disperse farther from their normal foraging 

areas in years with low food resources than do juveniles. Furthermore, the relatively poor foraging 

skills of younger individuals, which lead to high mortality in fledglings even under good conditions 

(Sullivan 1989), and the dominance of larger, mature males in winter foraging flocks (Moore 1972), 

would make it unlikely that hatching-year juncos would be able to compete with adults during periods 

of storm-induced stress. Consequently, I would expect movement among populations caused by snow 

cover to involve older, mature birds. Unfortunately data are not available to test this prediction. 

If snow cover causes wintering populations of Yellow-eyed Juncos to lower elevations, then I 

would expect gene flow to be facilitated between ranges that hold winter habitats for juncos in close 

proximity to one another. Such is the case between the Santa Rita and Huachuca Mountains, where oak 

evergreen woodlands extend outward from these two ranges almost continuously except for a five 

kilometer gap near the head of Sonoita Creek (Figure 1). Assuming a significant genetic component to 

morphological variation, one might predict samples from these two mountain ranges to demonstrate 

greater morphological similarity with each other than with any other sample. However, the data do not 

support this prediction. In only a single case is the Mahalanobis' distance between these two mountain 

ranges near the minimum for all distance values from a subset (TAIL9, males; Table 18). For most 

subset of data, the morphological distances between Huachuca and Santa Rita samples place in the 

middle of the ranked values, and they rank among the highest distance values for the FULLFORM and 

FIELD subsets (Table 17). 
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I find the low level of morphological similarity between the Huachuca and Santa Rita juncos to 

be rather puzzling. It is possible that this result is indicative of very different selection forces at work 

in the two mountain ranges. I have established that the bill variables contribute significantly to the 

discrimination between ranges, that selection can act quickly to modify bill morphology, and that the 

areas I sampled in the Huachuca and Santa Rita Mountains have different types of habitats. The 

Huachuca Mountains recently suffered a severe forest fire that disturbed a very large area of Yellow-

eyed Junco breeding habitat, and the summit area of Mount Hopkins where the Santa Rita juncos were 

captured holds a mosaic of vegetation quite different from the areas I visited in the Huachuca 

Mountains. Therefore, it is quite possible that morphological dissimilarity between the Santa Rita and 

Huachuca Yellow-eyed Juncos is a consequence of different selective forces acting on external 

morphology, especially the bill, caused by significant ecological differences between the two ranges, 

and that any gene flow between the two ranges has been insufficient to overcome these different 

selective forces. 

Despite the belief that Yellow-eyed Juncos very rarely depart their natal mountain range, there 

are many published observations of individuals of the species outside their normal breeding and 

wintering areas (Table 24). Some of these accounts are remarkable and indicate that Yellow-eyed 

Juncos not only leave their natal range with some regularity, but they also have attempted to reproduce 

well north of the Pinal Mountains. The records from Gila Co, August 1960, and the Springerville area, 

August 1967 (Table 24), are evidence of successful fledgling of young well outside the recognized 

geographic range of the species. Other than these cases (which possibly involve misidentification of 

immature Dark-eyed Juncos), the overwhelming majority of the extralimital observations were made 

outside the breeding season. This would be expected if snow cover or scarcity of food force juncos 

from their tradition foraging areas. Whatever is the inducement for Yellow-eyed JuncOs to move from 

their natal mountain ranges, the list of extralimital records signifies the real potential for gene flow 

among populations of the species in southeastern Arizona. 



Table 24. Summary of extralimital records of Yellow-eyed Junco in Arizona. 

Location Date Comment Source 

Whetstone Mountains 1907 in migration (?) Monson and Phillips (1981) 

Butte (nr. Baker), Gila Co. Aug 1960 fledged, heavily streaked juvenile; locality obscure, 
probably about 10 km NE of Pine, and about 130 
km NNW of the Pinal Mountains UA Bird Collection (#11431) 

Seven Springs, Maricopa Co. Jan 1965 location about 120 km NNW of the Pinal Mountains Monson and Phillips (1981) 

Patagonia Jan 1965 1230 m; between Santa Rita and Huachuca Mtns. Monson and Phillips (1981) 

Peiia Blanca Oct 1966 Santa Cruz County, NW of Nogales Moore (1972) 

Springerville (32 km SW) Aug 1967 juvenile: remiges and retrices half-grown; 
about 130 km NNW of the Pinal Mountains UA Bird Collection (#8888) 

Cherry Lodge Jan 1969 24 km N of Clifton, Greenlee County Moore (1972) 

Lower Sabino Canyon Nov 1970 at foot of Santa Catalina Mountains near Tucson, 
840 m elevation Moore (1972) 

Dragoon Mountains Jan 1974 Monson and Phillips (1981) 

Superstition Mountains Oct 1974 in migration (?) Monson and Phillips (1981) 

Dragoon Mountains Fall 1975 in migration (?); located about 50 km W of the 
Pinal Mountains Monson and Phillips (1981) 

Patagonia Mountains Oct 1978 in migration (?) Monson and Phillips (1981) 

Baboquivari Mountains Jan 1979 range about 80 km west of Santa Rita Mountains Monson and Phillips (1981) 



Table 24 (cont'd.)- Summary of extralimital records of Yellow-eyed Junco in Arizona. 

Location Date Comment Source 

Bisbee Winter 1978-79 elevation 1668 m Monson and Phillips (1981) 

Kitt Peak Mar 1982 Baboquivari Mountains; foraging with Junco hyemalis G. Monson (pers. comm.) 

Bisbee Dec 1982 elevation 1668 m G. Monson (pers. comm.) 

Bisbee Nov 1984 two Yellow-eyed Juncos observed here until through 
Jan 1985 G. Monson (pers. comm.) 

Prescott Dec 1985 second record for Yavapai Co. Witzeman and Stejskal (1986) 

Benson Nov 1987 observed in Benson (1088 m) through mid-January 
1988 Witzeman and Stejskal (1988) 

Tanque Verde Ranch Sept 1989 banding station at 880 m elevation about 28 km E of 
central Tucson G. Monson (pers. comm.) 

U) 
O 
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Other information suggests that movement of juncos among mountain ranges may be very rare 

indeed. A banding station at Tanque Verde Ranch at the foot of the Rincon Mountains has been operating 

weekly since 1978 (G. Monson, pers. comm.) and has recorded only one capture of a Yellow-eyed Junco 

(in September 1989), despite the fact that two breeding populations exist less than 20 km away. It is only 

about IS km from the ranch to the 7000 ft contour in the Santa Catalina Mountains (measured on a 

U.S.G.S. 1:250,000 scale map), and about 6.8 km to the same elevation in the Rincon Mountains. The 

banding station is situated in riparian mesquite vegetation along Tanque Verde Creek, between the Santa 

Catalina and Rincon Mountain populations of Yellow-eyed Junco. One might expect this to be an ideal 

location to find Yellow-eyed Juncos during severe winters, but this has not occurred. 

Evaluation of morphometric techniques used in this study 

The primary goal of this study was to assess geographic variation in morphology of the 

Yellow-eyed Junco using a non-destructive sampling methodology. This required techniques that 

permitted a large number of morphometric variables to be measured consistently and reliably. I have 

shown with my results that it is important to use a large number of morphometric variables if one 

hopes to detect significant geographic discrimination among samples. However, it is difficult to obtain a 

large number of variables by direct measurement on living birds. Because birds are constantly trying to 

escape, and feathers may become deformed during prolonged residence in a holding bag, the 

investigator wants to handle each individual as quickly as possible. This "battle for data" can be 

mentally stressful. All of these factors tend to increase error in measurements. Destructive sampling of 

individual birds overcomes these problems and can greatly increase the amount of morphometric data 

collected if osteological characters are measured. However, destructive sampling is not an option in 

many studies where individuals must be released to determine changes in morphology of individuals 

over time. Furthermore, some investigators may need to collect data from birds in a non-harmful 

manner because of moral objections to destructive sampling. And when morphological studies are 
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undertaken of rare, threatened, or endangered populations of birds, a strong case can be made against 

destructive sampling on both legal and ethical grounds. 

Traditional methods for gathering morphological data from living birds are fraught with 

difficulties. Almost all measurements traditionally used to quantify the external morphology of birds are 

subject to relatively large errors. These errors stem from several sources. The lack of absolute 

standardization of measurement technique would cause measurement error regardless of the object 

being measured. However, this problem is exacerbated with birds because most structures being 

measured are not rigid, such as wing and tail feathers, and many of the end points of measurements, 

such as the feathered base of the bill, are rather nebulous and may appear differently on individuals. 

With practice much of the error associated with measurements of birds in the field can be minimized. 

Yet researchers will be reluctant to dispose of hard-earned data from early in a study, even if they 

suspect inconsistencies in measurement technique. My own experience with measuring tarsus length in 

Yellow-eyed Juncos (discussed below) is a particularly egregious example of this problem. More 

worrisome and less easily detected, are subtle, perhaps unconscious, changes in the way a measurement 

is taken over time. Because I visited the various mountain ranges sequentially, there is the possibility 

that some of the geographic differences in morphology I found that are based on field-measured 

variables are actually differences in measurement technique over time. I believe that this is not the 

case, but I cannot be certain. 

When data collected by different field workers are combined, the potential for error across 

samples is greatly increased, and slightly different approaches to a measurement among data collectors 

may lead to false conclusions. For example, if two individuals collect data on a species in different 

areas, differences in measurement technique might be mistaken for geographic differences in 

morphology. While I do not wish to assert that this is a common situation that invalidates many studies 

of geographic or temporal variation in avian morphology, and I realize that most researchers make 
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conscious efforts to minimize such error, some degree of this type of error probably is inescapable 

when data are combined from more than one field worker. 

The photographic techniques I employed have the potential to ameliorate some of these 

problems. First, a permanent image of the structure to be quantified is obtained for future reference and 

multiple measurement (so that error can be averaged). Another advantage of collecting data from 

photographic images is that many more variables can be obtained with less error associated with them. 

Because the photographic images can be handled anytime and measurements repeated if necessary, the 

error associated with the mental anxiety of data acquisition in the field is avoided, as are errors in 

recording data in the field. Furthermore, when more than one individual is involved in collecting data, 

it should be easier to standardize the technique for obtaining a few photographic images than that for 

taking many measurements in the field on a living bird. 

However, the photographic technique is not without problems. First, if the positions in which 

the birds are held during photography are not carefully standardized, error is introduced through the 

foreshortening of distances between landmarks, and if the distance between the avian structure and the 

scale bar varies, by scaling differences among the photographic images. I lack the data to evaluate this 

problem (except for the wing images discussed below), but it potentially is a serious one. Although I 

made conscientious efforts to standardize the photographic images, it could be improved. For example, 

small pegs or blocks might be applied to the background for the wing photographs that would provide 

for standardization of wing opening. In addition, it might be possible to fashion a device to assist in 

positioning the bird for photographs of the head. A rigid, transparent sheet possibly could be used to 

flatten the spread tail against the background, helping to reduce problems in scaling the measurements 

and revealing the proximal portions of large tailspots, which were covered by my thumb in several 

photographic images. However, refinement of photographic techniques likely will involve compromises 

between idealized solutions and real-world practicality. In particular, any modifications that increase the 



134 

probability of escape of the bird during handling is to be avoided. And it is important that the structures 

being quantified are not distorted. 

A major problem in my project was the extraordinarily tedious process of transcribing 

information from the photographic images to paper with the use of a camera-lucida. In this procedure I 

viewed simultaneously the negative image on film and the transcription paper while marking points and 

boundaries on the paper. If the optics are not adjusted well, eye fatigue and general lassitude soon 

develop. Since error seems inevitably to follow fatigue, this step has the potential to be a major source 

of error. Although faster and less wearisome, the next step in the data-collection process, digitizing the 

transcribed image on paper, provides yet another opportunity for errors to occur. In both this step and 

in the transcription process, it is especially critical to identify the end points of the scale bar accurately 

on each image. Clearly, the methods I have outlined here, involving considerable manual manipulations 

of the images, could stand improvement. 

Fortunately, there now are more expedient techniques for getting landmark data into a 

computer database. Landmarks can be identified with a mouse pointer on images on computer video 

displays and saved directly into a database. (This step is analogous to the digitization step in my 

procedure; thus the error-prone transcription process is bypassed.) There are several methods available 

for converting the photographic images of morphological structures taken in the field into video images. 

For example, a video camera can be used to record a photographic image through use of an appropriate 

optical device, such as a camera-lucida. This has the advantage of archiving images in multiple media 

(photographic film and magnetic media). However, it would be less laborious to record images of 

structures directly in the field, then feed the video signals into a computer and use hardware and/or 

software to generate a video image from which landmark data could be taken. With some types of 

images it is even possible to automate data collection by writing software to recognize and record 

landmarks and boundaries. Whether or not this will be feasible with the types of images of birds I 

obtained in my study remains to be seen. At the least it will require better standardization of the 
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techniques used to photograph avian structures. Computer assisted data acquisition in morphometric 

research is reviewed in Rohlf and Bookstein (1990). 

Variables collected in the field. Despite some minor differences in the methods of 

measurement, the variables I included in my FIELD subset are those most often collected during typical 

ornithological fieldwork and banding operations. As I indicated above, this subset of variables proved 

relatively ineffective at discriminating among juncos from the mountain ranges where I sampled. 

Moreover, I believe there are serious problems associated with the use of two other morphometric 

variables commonly measured in the field: weight and tarsus length. Although weight is very 

commonly used to represent size in avian studies, it probably is a poor indicator of overall size. Weight 

is a particularly labile variable in small birds, subject to change over a short timescale (Clark 1979). 

Consequently, weight differences may reflect temporary energetic demands, resource quality, or the 

egg-laying condition of females, rather than size per se. In this study, for example, males clearly are 

demonstrated to be larger than females, yet for most samples females had a higher mean value than 

males for the variable WEIGHT (Table 7), perhaps because many females were gravid at the time of 

weighing. Body weight lacks sufficient temporal stability to be used as a variable in avian 

morphometric research, at least at the intraspecific level. In this study I wanted variability in the values 

of the variables I used to be indicative of geographic differences or sexual dimorphism, and not 

intractable physiological or ecological differences. However, body weight probably is a very useful 

indicator of energetic demands on an individual, especially for emberizines where the feathers (on 

which many measurements are made) account for only 4-7% of total weight (Wetmore 1936). In 

general, it is unwise to use a single variable to represent size in birds; multivariate approaches will 

produce more biologically meaningful indications of general size (Freeman and Jackson 1990). 

As I describe in the Results, I experienced serious problems obtaining measurements of tarsus 

length from the juncos. Lack of standardization made the measurements taken during the winter field 

season untrustworthy and not comparable with those taken later. Measurement of tarsus length is 
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problematic since the structure being measured (the tarsometatarsus) is not visible on a living bird, nor 

on a study skin. I believe that reliable measurements of TARSUS can be obtained only after 

considerable experience, and generally are not comparable between investigators. My experience with 

this measurement make me very reluctant to use published values of tarsus length when mean values 

are similar. Differences in mean values might reflect systematic differences in the method of 

measurement between investigators, rather than some biologically relevant difference. 

Modeling wing shape. Although Evered (1990) states that photographs of wings have been used 

to determine wing shape, he did not list a citation for this practice and I was unable to find a report of 

such practice in the literature. Some studies, such as those of Evered (1990) and Mailer (1991), used a 

wing outline tracing to determine wing area. Johnson (1963) and Koenig (1980) used measurement or 

qualitative shape assessment of a single primary to represent wing shape. Other techniques used to 

assess wing shape include those of Tiainen and Hanski (1985), Hedenstrom and Pettersson (1986), 

Chandler and Mulvihill (1988; 1990), and Mulvihill and Chandler (1991). These authors report studies 

in which indices of wing shape (pointedness, symmetry, etc.) are obtained by measuring from the distal 

tip of the closed wing to the tips of the primaries. 

These approaches to modeling the form of the wing have several problems. Most use their 

measurements to compute indices which are ratios of measurements with all the problems that attend 

use of ratios in statistical analyses (Atchley and Anderson 1978; Sokal and Rohlf 1981; Chandler and 

Mulvihill 1988). These studies may have avoided the statistical problems associated with the use of 

ratios if they had used a resampling technique to examine the sampling distributions of the indices. A 

more general problem with theses studies is their failure to capture adequately the shape of the wing. 

The wing-shape indices are based on measurements taken on the closed wing. I suspect that such 

measurements reflect neither real shape differences nor the functional consequences of differences in 

wing shape, should they exist. Furthermore, methods that measure the distances from the distal tip of 

the closed wing to the tips of the other primaries model wing shape poorly because the distance values 
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of primaries that define the tip of the closed wing, and those adjacent, will be either zero or very small 

in magnitude. Thus, if the absolute error associated with taking a length measurement on the closed 

wing is fairly constant, I would expect relatively large coefficients of variation associated with these 

measurements. (Coefficients of variation are not reported in the papers cited.) Furthermore, as stated 

above, the utility of shape determined from the closed wing is suspect. 

I believe that my approach is superior to those given above in several ways. First, the wing 

variables I obtained from the photographic images describe the shape of the important distal region of 

the open wing with considerable accuracy, certainly more so than any descriptor taken from the closed 

wing. Since, in general, the open wing is functionally much more important than the closed wing, this 

is a useful feature. Second, there is a permanent record of the wing on film for reference if questions 

arise about the data. Finally, I believe that the error associated with measurements taken from the 

photographic images of the wing generally will be less than those taken from measurements in the field. 

Although I have no experience with the type of measurements taken on the closed wing by Chandler 

and Mulvihill (1988; 1990), it would seem that these types of measurements generally would be more 

difficult to obtain, especially on living birds, and thus more prone to error than the method I employed. 

Moreover, the very small magnitude of several of the length measurements Chandler and Mulvihill 

obtain with their method would guarantee a high error proportional to their mean values. 

I explored the error in values of the wing variables from the photographic images that might 

be associated with variation in the way the left wing was opened for the photograph. On two different 

occasions I made 15 exposures of the left wing of an individual which was a handling casualty 

(HU-19), waiting about five minutes between exposures to simulate the period between exposures in the 

field, for a total of 30 photographic images. I intentionally exaggerated the range of wing openness 

beyond what I had observed on the photographic images made in the field. I then went through the 

complete procedure for collecting data for each of the thirty photographic images. Unfortunately, the 

results are not completely reassuring. The ranges between extreme values for the ten variables obtained 
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from the wing images run from 3.39 mm for PI to 5.09 mm for P6. Coefficients of variation for the 

, ten variables ranged from 1.79% for PI to 6.25% for ALULA. Coefficients of variation tend to 

increase distally. 

I used the coordinates of points from the wing digitizations to generate three variables which 

indicate the "openness" of the spread wing. Descriptions of these variables follow (refer to Figure 3C): 

(1) distance from tip of primary tt 1 to the tip of tt8, (2) path along tips of primaries #1 to #9, and (3) 

angle formed by points 1-1-8. Only one of these variables is significantly correlated with any of the 

wing distance variables (Pearson product-moment correlation: P6 with path along primary tips, n=30, 

P=0.042). The general lack of correlation between the wing distance variables and these three 

variables indicate that wing openness per se may not be a problem, although it does have a marginally 

significant effect on the values of P6. However, I find it quite disturbing that mean values for all 

primary distance variables differed significantly between the two batches of 15 individuals (f-tests, 

df=28, P<0.004 for all comparisons), suggesting possible systematic differences in the way the data 

was acquired from the two batches. In addition, the mean distances along the path of the primary tips 

differed significantly between the batches (/-test, P=0.041), although the marginal significance of this 

result contrasts with those for the wing distance variables, and I attribute this difference to the 

intentional extremes of wing "openness" in the data. Taken together, these results imply that 

accumulation of error through the procedure, from making the photographs through transcription to 

digitization, may be a very serious problem, but that variation in the degree to which the wing is 

opened probably does not introduce significant error into the data. 

A potentially serious problem with the wing data I gathered is the variation in the amount of 

wear to the tips of the primaries. Although I made an effort to compensate for wear and determine the 

original positions of the distal tips of worn primaries, it is impossible to judge the accuracy of the 

distance values derived from these individuals. It is possible that I underestimated the true original 

distance values from badly worn primaries. Because feathers tend to experience progressively greater 
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wear over time, and some of the populations of juncos were sampled only once during the Field season, 

an unintended time effect could confound analyses of geographic differentiation. However, there are no 

significant differences in mean values for the primary distance variables (P1-P9) between the winter and 

breeding seasons for either the Huachuca sample or the Santa Catalina sample (r-tests; all P-

values>0.12), nor are there differences in the wing "openness" variables. Therefore, I conclude that 

wear of the primary feathers was not a significant problem in my study. 

Modeling the shape of tailspots. I believe the variables I used to quantify tailspot morphology 

performed adequately to assess size differences among samples, but the modeling of shape perhaps 

could be improved. For the tailspots from the #5 and #6 retrices, variations in shape mainly involved 

the proximal margin of the inner web. Although the attributes of this margin were not directly 

characterized, contrasts among the variables measuring the area, perimeter, and tip-to-centroid distance 

should be able to distinguish important differences in shape. However, since many of the differences in -

appearance of these tailspots consisted of variation in the level of mottling in this region, which I 

handled by averaging through the mottled area, a qualitative approach could prove fruitful. I doubt this 

is the case, however; qualitatively different patterns of variation in the tailspots from the ft5 and ff6 

retrices were not obvious to me. The most notable difference was that some individuals had tailspots 

from the #5 retrices that resembled in shape those from the 4 retrices. I am confident that my 

quantitative approach was adequate to addressing the unusual nature of the tailspots of these individuals 

by way of contrasts involving the variables 0_T5, SQAR5, and PRM5. In particular, 0_T5 has very 

low values for these individuals. 

Feather wear is a more severe problem with the tailspots than with wing measurements. 

Because the tail frequently contacts the ground and vegetation, it tends to become quite ragged toward 

the end of the molt cycle. Badly worn retrices are noticeably less full and narrower than fresh ones. 

Casual observation suggests to me that there may be an effect of local substrate on the rate of wear of 

the retrices. Areas with more exposed, rough, granitic rocks, such as Mount Hopkins, seem to be 
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associated with greater wear of the retrices. As discussed above, sampling the juncos over a long field 

season, encompassing several months, might lead to the unwitting introduction of a time effect into the 

data, as parts of structures being measured become lost. I hope that the reconstructive methods I used 

corrected for this problem, but there is little doubt in my mind that much of the variability in the 

tailspot data derives from error in reconstructing the original dimensions of tailspots. 

Despite these apparent difficulties, I found no consistent effect of the gap in time on values of 

the tailspot variables in r-tests performed on the samples taken in the winter and summer in the 

Huachuca and Santa Catalina Mountains. For some of these tailspot variables, the summer season value 

is higher, which contradicts expectations, and in only three cases are the differences statistically 

significant (from the Santa Catalina samples: SQAR5, PRM5, and SQAR6, P=0.030-0.036). As I 

stated above, there is good reason to believe that significant differences in these three variables is due 

to different ratios of the sexes in winter and summer samples from the Santa Catalina Mountains. 

Therefore, in spite of the theoretical considerations noted above, the data do not support a major effect 

of wear on the retrices in the study. Nonetheless, it is likely that badly abraded retrices would generate 

more variance in the data than would fresh material. This would make it more difficult to detect 

geographic differences between samples, and could account for the lack of statistically significant 

Mahalanobis' distance values from the subsets of tailspot variables. 

Modeling bill morphology. I believe there are some advantages to measuring bill dimensions on 

individuals in hand; palpation can help reveal the positions of features, such as the kinetic hinge of the 

upper maxilla, that may be obscured by feathers in the photographs. Bill width is an especially difficult 

dimension to measure on the bills of juncos. Because the bill is wedge-shaped, the decision on where to 

take the measurement is critical to obtaining reliable and repeatable results, and error will occur if the 

measurement is not made perpendicularly to the main axis of the bill. I attempted to standardize my 

field measurement of bill width (variable WIDTH) by measuring the width at the center of the nares. 

Movement of the caliper slightly from this ideal position changes the measured value dramatically, 
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about 1.5 mm for each 1 mm in movement along the main axis (on average in the study: 

AWIDTH=2/fi/;(D0RSANGL)Aaxis). Thus much of the variability in this variable may be a 

consequence of the difficulty in standardizing the measurement. The variable DORSWDTH is similar 

conceptually to WIDTH, but the endpoints of the measurement are more posterior, and perhaps even 

less reliable. (The landmarks used in the calculation of DORSWDTH are the most proximal points of 

the bill visible in the photographic image.) 

Overall, I believe that the variables obtained from the photographic images and used in my 

BILL subset are effective at modeling the morphology of the structure. All important dimensions of the 

bill are included from two orthogonal perspectives. In addition, the two variables computed from the 

areas of the projections serve to model the volume enclosed by the bill, and particularly could help 

assess adaption to certain types of food in ecomorphological studies. The variable OVERBITE might 

have similar value in representing the ability of populations to mandibulate various sizes and types of 

seeds. Given the importance of the bill to the survival of individual juncos, the morphometric system I 

have introduced in this study to model bill morphology could prove of value in studies of avian 

ecomorphology and evolutionary biology. 

General recommendations. I have gained several valuable lessons in this study. Perhaps 

foremost is the importance in avian morphometries of a pilot study to gain familiarity with methodology 

and to explore ways to standardize procedures, thereby increasing confidence in results. It is essential 

to explore all possible sources of morphological variability in the data: seasonal, sexual, geographic, 

differential growth and wear, and measurement error. Seasonal variation in morphology very 

commonly is ignored, even in those characters (such as bill length) where it has been demonstrated in 

previous studies. It is invalid to combine avian morphological data obtained in different seasons if 

seasonal effects exist for the characters being quantified. 

If sexual differences in morphology are not well understood in the species under study, then 

this subject must be directly addressed. If sexual dimorphism is found, and the sex of individuals 
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cannot be reliably determined outside of the breeding season, then either all data should be acquired 

during the breeding season, or methods to identify the sex of individuals must be available. The 

presence of significant dimorphism in measurements also indicates the need to obtain adequate sample 

sizes for both sexes. I failed to anticipate this requirement and concentrated on capturing as many males 

as possible later in my fieldwork to meet goals for sample size. Consequently, I am faced with the 

question of whether an interesting pattern in geographic morphological differentiation — male samples 

discriminating well geographically and females poorly — is a genuine morphological phenomenon, or 

an consequence of small sizes for female samples. Unfortunately, capturing a sufficient number of 

females to balance the males in samples is not easily accomplished with passerine species. Females 

typically do not defend territories and therefore respond poorly to efforts to attract then to nets. When 

one considers that the Yellow-eyed Junco probably is the least difficult resident species to capture in the 

mountains of southeastern Arizona, the challenge becomes even more daunting. 

Problems arising from wear of feathers and changes in the rate of growth and wear of the bill 

demand attention. If there is no need to determine sex in the field, it would be best to capture birds 

soon after the newly-molted flight feathers have matured completely to minimize variation in the data 

caused by different degrees of wear of feathers. For the Yellow-eyed Junco this perhaps would require 

fieldwork to be carried out in October. Capturing birds at this time also might confer the additional 

advantage of reliably identifying hatching-year individuals (by examining the degree of skull 

ossification) so that age effects could be addressed. Whenever data are collected in avian morphometric 

studies, my experiences indicate the importance of completing field work as soon as possible. This will 

help minimize differences both within and among samples due to differential levels of wear of feathers 

and rates of growth and wear of the bill. I endorse the advice of Martin and Pitocchelli (1991) on the 

need to assemble avian morphological data in homogeneous groups with respect to sex, age, and season 

when studies of geographic variation are undertaken. It is important to minimize sources of variability 

in the data that are not the result of geographic separation. 



Chapter 5. CONCLUSIONS 

In this study I used a novel approach to the study of external avian morphology to investigate 

geographic variation among populations of Yellow-eyed Junco from six mountain ranges in southeastern 

Arizona: the Chiricahua, Huachuca, Pinal, Pinaleno, Santa Catalina, and Santa Rita Mountains. My 

principle goal was to test if there are significant differences among morphometric variables sampled 

from the six populations. If Yellow-eyed Juncos truly are isolated in their home ranges, as is stated in 

the ornithological literature, it should be possible to detect significant differences in external 

morphology among samples as a consequence of different selection pressures operating on the 

populations, or the accumulation of different suites of neutral genetic mutations in the populations. 

Although the overall level of morphological variation is not great, and there is considerable overlap in 

the values of variables in univariate analyses and in canonical variate scores from multivariate analyses, 

I demonstrate a significant geographic effect for several variables and for the subset of variables that 

models bill morphology. 

I also demonstrate sexual dimorphism in many variables, especially those from the wing and 

tail. Males are larger than females for most variables from the wing and tail, and have higher mean 

scores on the first principal component from a multivariate analysis of general size. A discriminant 

analysis used to allocate sex to individuals captured prior to the reproductive season produced complete 

separation of the sexes along the first canonical variate axis. In addition, the sexes differ in canonical 

structure of subsets of variables across the region, suggesting that males and females differ in shape as 

well as size. Notably, however, males and females generally do not differ in bill morphology, either 

within their home ranges or across the region. Most of the significant geographic differentiation in 

morphology I detected involves male Yellow-eyed Juncos. Females evidence almost no geographic 

structure in morphology, although the general inability to detect statistically significant geographic 
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structure in female morphology is likely to be a consequence of the relatively small sizes of female 

samples. 

Univariate and multivariate analyses of variables collected from photographic images of the bill 

produced the only significant discrimination among samples from the six ranges for any discrete 

structure of external avian anatomy. Because the bill is the only tool available for the juncos to capture 

and manipulate food, there is tremendous potential for natural selection to generate pronounced 

differences in morphology in response to different selection pressures in the home ranges of the birds. 

Thus ecological differences in the six mountain ranges I sampled, and the different selection pressures 

associated with them, may explain the significant geographic differentiation in bill morphology I find in 

my study. Populations of Yellow-eyed Junco generally differ little in wing morphology, and exhibit no 

significant geographic discrimination in patterns of tailspots. The subset of eight bill variables and the 

FULLFORM subset of 26 variables from the wing, bill, leg, and tail were best at producing significant 

discrimination among the six populations. The significant results from the analyses of the FULLFORM 

variables is especially meaningful because this subset is the best at modeling the external form of the 

juncos. Seven variables measured in the field formed the only other subset to produce a significant 

difference between two samples. However, this subset was not very effective at discriminating among 

samples with only one of 30 Mahalanobis' distance values (from separate analyses of the sexes) proving 

significant. This performance is particularly disappointing given that many studies of avian morphology 

use only field-measured characters. 

Even though populations of Yellow-eyed Juncos in the region exhibit sufficient overall 

morphological distinctiveness to support the belief that they largely are restricted to their natal mountain 

range, four lines of evidence suggest movement of individuals among populations. First, the significant 

correlations between morphological (Mahalanobis') distance values from subsets of bill and tailspot 

variables and geographic distances between habitats support the idea that there is movement of 

individual juncos among the populations. Second, the spatial pattern of group centroids in canonical 
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variate space from analysis of the BILL subset of variables with data from all adults captured during 

the breeding season corresponds remarkably well with the geographic orientation of Yellow-eyed Junco 

breeding habitats in southeastern Arizona. If geographic discrimination in morphology is due primarily 

to different selection pressures or accumulation of neutral alleles affecting morphology in completely 

isolated populations of juncos in the mountain ranges, there is no reason to expect such a close 

correspondence between geographic and morphological patterns of differentiation. This correspondence 

is especially meaningful because 11 of 15 Mahalanobis' distance values from this subset of data are 

statistically significant. Third, the lack of geographic discrimination found for wing and tailspot 

variables may signify the homogenizing effect of gene flow among populations of Yellow-eyed Junco. 

This possibility is further supported by the significant correlations between geographic distances and 

morphological distances obtained from the two subsets of tailspot variables. Fourth, the rather extensive 

list of extralimital records of Yellow-eyed Juncos I compiled demonstrates unequivocally that 

individuals of the species do leave their natal ranges, and probably move among mountain ranges more 

often than is appreciated by ornithologists. Moreover, it is likely that very few of the juncos which 

actually depart their natal range are detected by birders or collectors. Although these records do not 

necessarily signify interpopulation movement of Yellow-eyed Juncos, they do indicate the likelihood of 

such movement in southeastern Arizona. 

The morphological dissimilarities between the Santa Rita and Huachuca juncos are problematic 

and difficult to explain given the geographic proximity of the two populations. These two populations of 

Yellow- ved Junco are geographically closer than any other pair, yet prove to be morphologically most 

similar in only one of eighteen analyses of Mahalanobis' distance values. Given that evergreen oak 

habitat, in which Yellow-eyed Juncos often spend part of the winter, is nearly continuous between these 

two mountain ranges, and that any movement of juncos from their natal ranges probably occurs in 

winter, these results are especially perplexing. Possible explanations for these results are different 

selection pressures operating on Yellow-eyed Junco morphology in the Huachuca and Santa Rita 
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Mountains, or the existence of some inobvious barrier to movement of juncos between the two ranges, 

or some combination of the two. 

Although the evidence is not conclusive, correlation analyses of morphological and geographic 

distances suggest that movement of Yellow-eyed Juncos among populations is directed along higher 

elevations in the region, rather than being random. The highest levels of significance are found with 

correlations between morphological distances and ranks of geographic distances measured along an arc 

of higher elevations, rather than with linear map distances. However, the highly significant correlations 

between matrices of geographic distances I used in analyses recommend against making an authoritative 

statement about the mode of movement of Yellow-eyed Juncos among ranges. 

Univariate analyses indicate very significant correlations among wing and tail variables. The 

story is mixed with regard to bill variables, with some showing weak correlations with wing and tail 

variables, while others are not correlated. In general bill morphology appears to evolve independently 

of wing and tail morphology. The correlations between wing and tail variables may well be a 

consequence of selection on general size. One might expect selection for size also to affect bill 

morphology, but the evidence from this study suggests that if this is true, the effect is a weak one. The 

fact that males and females do not differ significantly in mean values of bill variables suggests that 

selection may act to stabilize bill morphology within populations. Social dominance in winter foraging 

flocks may constitute a persistent selective force for larger size in the species. This may be balanced 

somewhat by selection against larger individuals in years of drought when larger juncos may be unable 

to find sufficient food to survive. 

Mahalanobis' distance values from tailspot data correlate significantly with distance values 

from subsets of both wing and bill variables. This pattern is found with males and females. Selection 

on general size among samples could produce such correlations if the changes in size are effectively 

isometric. In this situation, changes in size among populations of juncos would maintain patterns of 

covariance of variables, thus relative magnitudes of Mahalanobis' distance values. 
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Finally, several recommendations for avian morphometries have evolved from this study. 

Foremost is the need to gain experience in the field methodology used in acquiring avian morphometric 

data in a study in which birds are sampled nondestructively. Care should be given to standardize data 

collection protocols as much as possible. The photographic techniques I used in this study offer the 

ability to retrieve data from the archived images, but great care must be taken to standardize the 

positions of the avian structures in the photographs relative to the scale bars. It also is very important 

to collect data in the field over as short a period of time as possible to minimize the effects of wear of 

feather over time, and seasonal changes in bill morphology. Ideally, data should be collected soon after 

the completion of the basic molt, at which time wing and tail feathers are in freshest condition. 

However, the need to determine in the field the sex of individuals of species which are monomorphic in 

plumage may preclude data collection at this time. 
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APPENDIX A 

SAS/IML commands for computing associated probabilities of Mahalanobis' distance values from 
randomized null distributions. (Items that must be entered by user are indicated in italics.) 

options specify SAS options; 
libname libref name-, 

* Dataset names ; 

%let data = librefsasdataset; 
%let vars = names of variable for computing Mahalanobis' distances', 
% let class = grouping variable; 

* Enter number of times to randomize; 

% let TIMES = 1000; 

* Data step (modify as necessary) ; 

data &data; 
infile 'path to ASCII file'; 

input variable names (grouping variable must be a character variable); 
run; 

proc sort data=&data; 
by &class; 
run; 

* MAHALANOBIS DISTANCE RANDOMIZATION PROCEDURE -

proc iml (large datasets may require increasing svmsize and worksize here); 

* Input data ; 

use &data; 
read all var{&vars} into X [colname=vars]; 
read all var{&class} into groups; 

* Module that randomizes group labels ; 

start randomiz(group,rgroup); 
igroup=group; 
k=nrow(group); 
do i = 1 to k; 

rand=floor((k-i+ l)*ranuni(0) + I); 
kgroup=kgroup//igroup[ rand]; 
igroup=remove(igroup,rand); 

end; 
rgroup=kgroup; 

finish randomiz; 
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SAS/IML commands for computing associated probabilities of Mahalanobis' distance values from 
randomized null distributions (continued). 

* Module that computes Mahalanobis' distances 

start mah(X,group,MAH); 
index = unique(group); 
m=ncol(index); 
n=nrow(X); 
h=ncol(X); 
G=design(group); 
mean_w = inv(G'*G)*G'*X; 
Cp=j(h,h,0); 
do k=l to ncol(index); 

Y=X[loc(index[k] = group),]; 
Y1 = Y-j (nrow( Y), 1,1) *Y[:, ]; 
C = (1 /(nrow(Y)-1)) * Y1' * Y1; 
Cp = ((nrow(Y)-l) * C) + 

end; 
Cp=Cp/(n-m); 
inC = inv(Cp); 
do i= 1 to m-1; 

do j = i +1 to m; 
diff= (mean_w[i,]-mean_w[j,]); 
MAH1 = MAH1 II diff * inC * diff; 

end; 
end; 
MAH = MAH| |MAH1; 

finish MAH; 

Cp; 

*—symbols for groups—; 
*—number of groups—; 
*—number of specimens—; 
*—number of characters—; 
*—design matrix—; 
*—within-group means—; 
*—initialize pooled cov—; 

*—choose one group—; 
*—zero center—; 
*—covariance—; 
*—augment to pooled—; 

*—final pooled cov—; 
*—inverse of pooled cov—; 

* Module that reiterates randomized Mahalanobis' distance calculations • 

start ranmah(X,group,times,MAH); 
do i = 1 to times; 

run randomiz(group,rgroup); 
run mah(X,rgroup,MAH); 

end; 
finish ranmah; 

* Module that creates labels for Mahalanobis' distances • 

start labels(groups,labels); 
index=unique(groups); 
m=ncol(index); 

do i = 1 to m; 
do j = i+l to m; 

labels=labels//(index[i]] j'_' | J index[j]); 
end; 

end; 
labels=rowcatc(labels); 

finish labels; 



SAS/IML commands for computing associated probabilities of Mahalanobis' distance values from 
randomized null distributions (continued). 

* Run modules that compute Mahalanobis' distances ; 

run mah(X,groups,MAHO); 
run ranmah(X,groups,&times,MAH); 

* Calculate percentage above observed value of distance (probabilities) ; 

vt=t(shape(MAHO,ncol(MAH),nrow(MAH))); 
prob=MAH>vt; 
prob=prob[, +]/ncol(MAH); 

* Output results ; 

run labels(groups.dists); 
print "Varaibles in analysis : &vars"; 
print "MAHALANOBIS' DISTANCES", 

"(probabilities based on distributions with &times elements)", 
dists MAH0[format=8.3] prob[format=8.3]; 

* Store matrix of Mahalanobis' distances in sasdataset ; 

MAH = t(MAH); 
create libref.sasdataset MAH [colname=dists]; 
append from MAH; 
close libref.sasdataset; 

quit; 
run; 
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