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there is clinal variation down the Alaskan Peninsula; it is my opinion, therefore, that these should not
be recognized as subspecifically distinct because there is no benefit to more or less arbitrarily delim-
iting taxa that overlap on a phenetic continuum. Viewed in this way my analyses support the recog-
nition of only one subspecies of Savannah Sparrow from North America, P. 5. sandwichensis, other
than P. s. princeps and the birds resident in west coastal saltmarshes. The nine subspecies of saltmarsh
Savannah Sparrows all seem to be clearly separable, and my analyses support the retention of these
as valid and distinct taxa.

Key Words: Bergmann’s Rule, geographic variation, islands, morphology, Passerculus
sandwichensis, Savannah Sparrow, subspecies.

INTRODUCTION

Evolutionary biologists use studies of geographic variation as a means of testing
hypotheses about adaptation, because the evolution of variation among popula-
tions of a species across its range, where is it exposed to a variety of different
environments, reflects changes that could take place in a single population, ex-
posed to changing environments, through time (Gould and Johnston 1972). Pat-
terns of geographic variation within a species allow us to test hypotheses about
adaptations to different environmental conditions, and thus by inference to envi-
ronmental changes (biotic and abiotic) over time. Why, for example, do features
such as body size, wing length, or bill size and shape differ across a species’
range? If these differences reflect adaptations to the different environments to
which the species is exposed, what are the selection agencies that have resulted
in them? This perhaps cannot ever be answered by field studies, but correlations
with environmental factors may point to possible experiments that could clarify
these questions.

The Savannah Sparrow (Passerculus sandwichensis) is one of the commonest
and most wide-spread of American songbirds. It breeds from Alaska, west to the
Aleutian Islands (Amukta Island), eastward across northern Canada, south of the
Arctic Archipelago and central Nunavat (““Northwest Territories’), south (in
mountains) to eastern Tennessee and northern Georgia, southern Ohio, central
Indiana, central lowa (formerly or irregularly south to western Missouri and north-
western Arkansas), central Nebraska, and locally in the western mountains south
in the Mexican highlands to Guatemala, and along the Gulf coast of Sonora and
Sinaloa, and the Pacific Coast to southern Baja California (south to Bahia Mag-
dalena; Rising 1996) (Fig. 1). Savannah Sparrows have been the subject of a
number of systematic reviews, most importantly by Peters and Griscom (1938),
van Rossem (1947), and Hubbard (1974), and a large number of subspecies have
been described, indicating that there is considerable geographic variation in the
species. The 5th Edition of the AOU Check-list (1957) recognized the “Ipswich™
Sparrow (P. princeps), which breeds on Sable Island, Nova Scotia, as a separate
species, and listed 16 subspecies of other Savannah Sparrows from Baja California,
Canada, and the United States; a 17™ subspecies has been described from Gua-
temala, but where breeding has not been confirmed. Most current lists (Sibley and
Monroe 1990, AOU 1998) merge the Ipswich Sparrow with the other Savannah
Sparrows. Most populations of Savannah Sparrows are migratory (Rising 1988,
Wheelwright and Rising 1993). There are, however, resident populations in coastal
saltmarshes in California and Baja California (five or six subspecies in the P. s.
beldingi group), and coastal Sonora and Sinaloa (two subspecies in the P. s.
rostratus group). Preliminary analyses of mitochondrial DNA indicate that the P.
s. rostratus birds may best be recognized as a distinct species, and little if any
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FIGURE 1. Range of the Savannah Sparrow (Passerculus sandwichensis). Dots represent sites from
which I have examined specimens (Table 1).

interbreeding occurs between P. s. beldingi and ‘“‘typical” Savannah Sparrows
(Zink et al. 1991). Preliminary mtDNA sequence data suggest that Savannah
Sparrows belong in the Ammodramus clade, close to Baird’s Sparrow (A. bairdii,
R. J. G. Dawson and J. D. Rising, pers. obs.).

The objective of this study is to describe and quantify geographic variation in
size of Savannah Sparrows from throughout their breeding range, and to relate
trends in phenotypic variation to environmental variation (Zink and Remsen
1986). The species breeds in a wide range of climatic conditions, from places
with hot, fairly dry summers to places with cool, mesic summers; in some parts
of their range, the Savannah Sparrow is the only sparrow that breeds, but in others
it is but one of a complex guild of breeding sparrow species, often occurring with
similar species (Ammodramus) that have similar habitat requirements.

One pattern of geographic variation that seems to appear in more songbird
species than one would expect to find by chance alone is the trend summarized
by Bergmann’s Rule, namely that within species of homeothermic vertebrates,
individuals from relatively cold areas average larger in body size than other in-
dividuals from relatively warmer areas. A second trend, Allen’s Rule, states that
within such species, individuals from relatively cold areas have smaller append-
ages relative to their body size than individuals from relatively hot areas (Mayr
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1963, Zink and Remsen 1986). The considerable debate about these ‘‘ecogeo-
graphic rules” (McNab 1971, Zink and Remsen 1986) has focused on two sep-
arate and unrelated issues: (1) do these trends occur in birds (and mammals) more
often then we would expect to find by chance, and (2) if so, why? It is surprisingly
difficult to answer the first question, both because it is, in practice, difficult to
measure body size (Rising and Somers 1989) and because there have been few
in-depth studies of geographic size variation, especially across the entire range of
a species. However, at least so far as North American birds are concerned, it does
appear that the majority of species that show geographic variation in size follow
Bergmann’s Rule, and this is especially so for non-migratory species, although
many species show the trend only weakly (James 1970, Zink and Remsen 1986).
The traditional answer to the second question has been that an individual that has
a relatively large body and relatively small appendages has a thermoregulatory
advantage in cold climates, and conversely one with a relatively slight body and
large appendages has a similar advantage in warm ones (Mayr 1963). However,
it has been argued that body size is far more significantly influenced by food size
and abundance (McNab 1971), and by interspecific competition (Schoener 1969,
McNab 1971), the latter being taken as perhaps the principal reason why popu-
lations on islands tend to be larger on average than their mainland counterparts
(Case 1978).

Because the Savannah Sparrow breeds in a wide range of climates, occurs both
in species-rich and species-poor sparrow guilds, and is found on the American
mainland as well as on several islands, it is an ideal species to use to test these
hypotheses about the evolution of geographic variation in size and shape in birds.

MATERIALS AND METHODS

I measured a total of 2281 Savannah Sparrows (1459 males, 822 females) that were
collected from 65 different sites from virtually throughout the species’ range (Fig. 1; Table
1). These birds were all collected during the breeding season, had little fat, and had en-
larged and apparently active gonads; in all probability, most if not all were breeding birds
that were collected at their breeding site.

Each was prepared as a skin and skeletal specimen, and is in the collection of the Royal
Ontario Museum. I made 24 skeletal measurements on each specimen, to the nearest
0.1mm. These were skull length (to the tip of the premaxilla; all measures were maxima),
skull width, premaxilla length and depth, narial, premaxilla, and interorbital widths, man-
dible length, gonys length, mandible depth, coracoid and scapula length, femur length and
width, tibiotarsus, tarsometatarsus, humerus, ulna, carpometacarpus, and hallux lengths,
sternum length and depth, keel length (from apex to posterior margin), and synsacrum
width. I made all measurements, and they are the same that I have used in other studies
(Rising 1987, 1988). These measurements are illustrated in Robins and Schnell (1971). 1
also took five measurements on the skins, and noted the weight of each specimen. Some
of these data are published elsewhere (Wheelwright and Rising 1993, Rising 1996). When
it was not possible to measure all 24 skeletal variables, I estimated missing or broken
elements using multiple regression (BMDP Statistical Software, Method = Twostep; Dixon
1983); if a specimen was missing more than three measurements, the specimen was omitted
from multivariate analyses that involved any of the missing values.

The Savannah Sparrow is sexually dimorphic in size (Rising 1987) so I have assessed
patterns of geographic variation for the two sexes separately. ANOVA was used to test
for geographic variation for each variable; for these analyses, only reasonably large sam-
ples (N > 9) were used. I identified statistically homogeneous subsets of samples using
an a posteriori Student-Newman-Kuels (snk) multiple range test (SAS PROC ANOVA;
SAS Institute 1985).



