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Morphological differences among populations of House Sparrows from different al- 
titudes in Saudi Arabia.-The House Sparrow (Passer domesticus) is widely distributed 
throughout the world, both as a result of introduction and natural spread from Africa (Sum- 
mers-smith 1988, 1990). Johnston and Selander (1973) examined geographical variation in 
House Sparrow populations from both North America and Europe and found that the degree 
of geographical variation within North America is less than in Europe. This is presumably 
because sparrows have relatively recently become established in North America. In this 
paper we study differences between two populations of House Sparrows (P. d. indicus) 

separated by only 150 km, and which are close to the center of their ancient range (Summers- 
Smith 1988). 

Study area and methods.-We examined morphology of sparrows at two different loca- 
tions in Saudi Arabia. The first is at Taif (21”04’N, 40”16’E, elevation 1900 m) and the 
second at King Abdul-Aziz University campus in Jeddah (21”30’N, 39”12’E) on the Red 
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TABLE 1 
MEAN 2 ONE SE FOR SEVEN MORPHOLOGICAL CHARACTERS FOR PASSERDOMESTICUSINDICUS 

IN SAUDI ARABIAN 

Males FellIdeS 

Jeddah (16) Taif (34) Jeddah (18) Taf (26) 

Mass 18.00 t 0.39 23.54 & 0.59 18.25 ? 0.25 19.46 2 0.61 
Wing length 73.13 + 0.52 74.71 2 0.46 71.22 2 0.38 71.96 2 0.39 
Tail length 58.72 + 0.79 55.09 + 0.73 56.06 5 0.59 52.65 2 1.04 
Tarsus length 18.78 + 0.28 18.59 + 0.22 18.81 + 0.19 17.79 + 0.38 
Bill length 9.50 2 0.12 9.81 * 0.07 9.44 2 0.12 9.69 ? 0.13 
Bill depth 6.63 ? 0.20 6.28 f 0.16 6.67 + 0.10 5.60 + 0.20 
Bill width 6.06 2 0.13 5.37 2 0.09 6.11 + 0.14 5.14 2 0.09 

Sea coast. The two locations, beside being separated altitudinally, are about 150 km apart. 
The habitat of the upland site in Taif is mainly a rural area, mostly arable farmland, whereas 
Jeddah is mainly suburban. Taif has a moderate climate, varying from 30°C in summer to 
10°C in winter. Rain falls mostly in winter and late spring (ca 30 cm per year). Jeddah is 
about 10°C hotter, and rain falls mostly in winter (ca 5 cm per year). 

We captured birds in mist nets at these sites throughout the years 1993-1995. Most 
trapping effort (76%) was in the month of November (out of the breeding season). We 
measured mass, wing length, tail length, tarsus length, beak length (distance from the fore- 
most feathers of the forehead to the tip of the upper mandible), beak depth, and beak width 
(both at the base of the bill). We analyzed both geographical and sex differences. 

To compare our results with those of other studies, we used results on published studies 
of the same subspecies (Gavrilov 1965, Gavrilov and Korelov 1968, Summers-Smith 1988, 
Saini et al. 1989). We also used unpublished data on this subspecies collected by T. D. Price 
in the Eastern Ghats of India (17”40’N, 82”30’E, elevation ca 850 m). In this study, sparrows 
were captured in the village of Lammasinghi, as part of a study investigating competition 
between the House and Tree Sparrow (P. montmus, Price 1979). We extracted morpholog- 
ical data from the literature on House Sparrows of other subspecies from Europe (Grimm 
1954, Niethammer 1953, Lohrl and Bohringer 1957) and North America (Packard 1967a). 
From these latter papers, we also estimated geographical distance between locations for a 
sample of populations. Distances between four locations in Germany (Stuttgart, Leipzig, 
Bonn, Nordheim) were calculated for mass and wing length comparisons. In Kansas and 
Colorado, distances between six locations were calculated for weight comparisons, and 
distances between eight locations were used for wing-length comparisons. 

Results.-We captured 94 House Sparrows in Saudi Arabia. Sixty were from Taif and 34 
from Jeddah (Table 1). There were significant differences both between populations and 
sexes (Table 2). When sexes were combined, birds from Taif were about 3 g heavier and 
had longer wings and bills, whereas birds from Jeddah had longer tails, and deeper and 
wider bills. Other traits, which are less subject to diurnal and seasonal fluctuations, showed 
differences varying up to maximum of 12% (in bill width). Males are larger than females 
at both sites, especially in wing length, but all the geographical patterns are seen when each 
sex is analyzed separately (Table 1). The only significant sex by region interaction is in 
body weight. 
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TABLE 2 

TESTS FOR DIFFERENCES BETWEEN SEXES AND REGION OF HOUSE SPARROWS FROM TAIF AND 

JEDDAH IN SAUDI ARABIAN 

Mass 
Wing length 
Tail length 

Tarsus length 
Bill length 
Bill depth 
Bill width 

Sex Region Sex x reg,on 

10.353** 32.168*** 13.231*** 

23.497*** 5.s57* 0.771 
8.076** 15.369*** 0.016 
1.636 3.985* 1.848 
0.574 6.003* 0.072 
2.952 14.749*** 3.894 
0.655 53.767*** 1.527 

*F-values from two-way analyses of vanance are presented, N = 94 birds. *P i 0.05; **P < 0.01; ***P < 0.001 

When compared with locations outside Saudi Arabia, sparrows from Jeddah are of strik- 
ingly low mass (Table 3). The heaviest birds are found in the locations further north, in 
Punjab, India (Saini et al. 1989). and in Kazakhstan (Gavrilov 1965). Differences between 
Jeddah and Taif populations are comparable to those among those of Kazakhstan, north 
India, and south India. The large differences between Jeddah and Taif are further illustrated 
in plots of geographical distance against weight and wing length (males only) for North 
America and Germany (Fig. 1). Populations in Germany show stronger differentiation than 
North America, but the Jeddah-Taif difference is a conspicuous outlier. 

Discussion.-Vaurie (1956) divided House Sparrow populations into two groups: the Pa- 
learctic group with six races, and the Oriental group with another six races. Passer domes- 

ticus indicus is a member of the oriental group extending from the Red Sea in Saudi Arabia 
to Burma in the east (Summers-Smith 1988). Johnston and Selander (1964, 1973), in their 
studies of North American and European populations, showed that wing length increases 
with latitude and altitude in a pattern which matches that seen in Saudi Arabia. There have 
only been a few studies on P.d. indicus, all from central Asia and the Indian sub-continent 
(Gavrilov 1965, Gavrilov and Korelov 1968, Saini et al. 1989). 

The differences we find between populations in Saudi Arabia are much larger than dif- 

TABLE 3 

MEAN MASSES (G) AND WING-LENGTHS (MM) OF SOME POPULATIONS OF P. D. INDICUS 

Males Females 

South India” 
North-west Indiab 
Kazakhastanc 

Unknownd 

N Mass Wing length N Mass Wing length 

37 22.03 73.11 26 22.70 71.54 
135 23.61 76.17 90 23.68 72.97 
70 24.80 76.80 - 

27.50 74.50 76.80 

a Price (unpublished). 
D Sami et al. (1989). 
‘ Gavrilov 1964 (data are for males and females). 
d Summers-Smith 1988 (no location and sample size are given). 
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FIG. 1. Plots of differences in male wing length (above) and male weight (below) against 
geographical distance for Germany (Grimm 1954, Niethammer 1953, L&r1 and Bohringer 
1957), North America (Packard 1967a), and Saudi Arabian populations. For wing length, 
lines are the least-square regression lines fit separately to the Germany and North America 
data. 

ferences over comparable distances in Germany and the U.S.A. (Fig. 1). The large differ- 
ences may be explained in two ways. First, altitudinal variation between our two sites in 
large, and for other species, larger birds have been shown to occur at the higher, colder 
altitudes (Diamond 1973, Britton 1977). Britton (1977) and Hanmer (1978) have compared 
weights of birds at high and low altitudes in Kenya and found striking differences among 
populations. The longer, thinner bills at Taif may reflect the type and availability of food in 
rural areas (e.g., Davis 1954, Packard 1967b, Selander and Johnston 1967). The slightly 
shorter tarsi at Taif run opposite to the general pattern of increased size and may reflect 
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foraging adaptations (Grant 1966). The second reason for the relatively large differences 
between populations in Saudi Arabia may be the length of time that the species has been 
established there. In Germany, it must have reinvaded following the last ice age and the 
spread of agriculture, and in North America sparrows were introduced only last century 
(Summers-Smith 1988, 1990). 

Acknowledgments.-We thank the post-graduate students at KAAU in Jeddah. Hassan M. 
Al-Qurashi for his great help and assistance during the netting operation that took place in 
Taif, and Fayez H. Najaar for his help in catching birds at the Jeddah site. 
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A female Gambel’s Quail with partial male plumage.-Gambel’s Quail (Callipepla 
gambelii) are sexually dimorphic, with males exhibiting head plumes that are long, wide, 
and black, a rusty head patch, a black facial bib outlined in white, and a black belly patch. 
Females have dark brown plumes which are shorter and narrower than males, and do not 
exhibit the other listed traits (Johnsgard 1973). In the late summer of 1996, we observed a 
captive female Gambel’s Quail molting into partial male plumage. The female was at least 
two years old and had exhibited only female plumage in previous years. 

We compared this female with typical male and female Gambel’s quail (Table 1). The 
head plumes of the aberrant female were long, wide, and black, consistent with male plumes. 
In addition, the female had developed a striking rusty head patch. The posterior portion of 
the patch contained a mixture of rust and gray feathers, unlike a typical male. The female 
had an obvious facial bib composed primarily of beige, rather than black feathers. The white 
outline of the bib was present on the sides, but did not extend far down the throat. There 
was no black belly patch, but some black-tipped feathers were scattered throughout the belly 
region. A typical female has beige belly feathers with some brown streaking. 

Many sexually dimorphic galliform birds, best studied in the pheasants (Phasianinae), 
exhibit estrogen-dependent plumage development (Domm 1939, Witschi 1961, Owens and 
Short 1995). Dull female plumage is dependent upon the presence of estrogen, while or- 
namental plumage of males develops in the absence of estrogen. This has been demonstrated 
experimentally, where ovariectomized females developed full male plumage. Similarly older 
females, or females with diseased ovaries, molt into partial or full male plumage because 
they do not produce sufficient estrogen. Therefore, ornamental male plumage is the “de- 
fault” state in both sexes, and female plumage may be more derived (Owens and Short 
1995). 

The actual mechanism that disrupted normal estrogen levels in the female Gambel’s Quail 
we observed is unknown. She had experienced no known injuries or disease while in cap- 
tivity, and acted as healthy and vigorous as other females in her pen. When the female first 
exhibited partial male plumage, she was at least two years old, which is older than most 
wild females. Sowls (1960) reported an annual survival rate of only 28-40% for Gambel’s 
Quail. Mean longevity for quail after their first fall is approximately 8-10 months (Johnsgard 
1973: Table 21). 

Given abnormal estrogen production in the female we observed, partial male plumage 
development may have occurred in one of two ways. First, feather tracts differ in their 
sensitivity to estrogen (Juhn et al. 1931). If this female produced low concentrations of 
estrogen throughout molt, male plumage may have developed in some areas that were highly 
estrogen sensitive, but not in others. Alternatively, estrogen may have been produced only 
during a portion of molt. Thus, female feathers developed when estrogen was present, while 
male feathers developed in the absence of estrogen. 

While estrogen-dependent plumage dimorphism has been observed most in Phasianinae 
(Domm 1939, Wits&i 1961, Owens and Short 1995), it has not been well documented in 


