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AI•STRACT.--We assessed geographic variation in 13 locality samples of Leach's Storm- 
Petrel (Oceanodroma leucorhoa), 12 from the Pacific coast and I from the Atlantic coast of 
North America. Nine phenetic characters were used with canonical variates analysis to de- 
termine similarity among samples. Regression of phenetic distance on geographic distance 
measured the relation between similarity and interisland distance. We found a clinal pattern 
of population similarity from the Aleutian Islands in the north to the Farallon Islands in the 
south. Populations from Los Coronados and San Benitos islands make up a distinct subset 
when rump color and wing and tail shape indices are included in the analysis, but these 
populations were part of a dominant clinal trend when only five size characters were used. 
On Guadalupe Island separate populations breed in summer and winter; these are strongly 
differentiated from the others and from each other. The North Atlantic sample was aligned 
closely with that from the Aleutians. The degree of geographic variation was roughly similar 
to that in certain migratory land birds on the North American continent, but is less than 
what is found for certain nonmigratory land birds on islands. Our results suggest recogniz- 
ing four subspecies of Leach's Storm-Petrel in the study area, including two on Guadalupe 
Island isolated by time of breeding. Received 7 May 1984, accepted 3 March 1986. 

SEABIRDS often range over wide areas, yet re- 
turn to specific island sites to reproduce. As a 
result, the breeding populations of many pe- 
lagic species are isolated geographically (King 
1974). It is not known if the degree of repro- 
ductive isolation and the concomitant potential 
for divergence of island-breeding seabird pop- 
ulations are any greater than what might be 
found in land birds. A comparable mainland 
situation might be a migratory species with 
populations that nest in isolated habitat "is- 
lands." The interrupted breeding distribution 
of seabirds offers an attractive situation for 

study of geographic variation. Seabirds, how- 
ever, have not figured prominently in our un- 
derstanding of intraspecific evolution; most in- 
formation on avian geographic variation comes 
from studies of land birds (e.g. Selander 1971). 

In a univariate analysis of geographic varia- 
tion on breeding populations of Leach's Storm- 
Petrel (Oceanodroma leucorhoa) in the eastern 
North Pacific and the western North Atlantic 

oceans, Ainley (1980) found that several char- 
acters vary clinally from the Aleutian Islands 
in the north to the San Benitos Islands off the 

west coast of Baja California, Mexico. In addi- 

tion, the fact that Guadalupe Island supports 
two morphologically distinct populations, one 
breeding in summer and the other in winter, 
led Ainley to describe the winter population as 
a new race. Bourne and Jehl (1982) criticized 
some of Ainley's interpretations (see also Ain- 
ley 1983 and Jehl and Everett 1985). We rean- 
alyzed the morphological data by combining 
characters in a multivariate analysis. Informa- 
tion Ainley presented on vocalizations was not 
considered, We examined the pattern of overall 
similarity among populations of Leach's Storm- 
Petrel and the relationship between specific is- 
land colonies, aspects of geographic variation 
that were difficult to assess only through vari- 
ation in single characters. We also measured 
the relationship between overall similarity and 
interisland distance to see if the pattern of geo- 
graphic variation is a function of geographic 
distance, as is often the case with land birds. 

METHODS 

Eight measurements plus a classification of rump 
color (RC; 11 gradations from white to dark, with a 
score of 11 being darkest) were made on 707 speci- 
mens or live individuals separated into 13 locality 
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Fig. 1. Sample localities. Individual sites are indicated by numbers and arrows, whereas regional sites 
(e.g. "Oregon") are indicated by numbers in the approximate location of the mean coordinates weighted by 
the number of specimens from various sites within the sample: 1, Aleutian Islands; 2, St. Lazaria Island; 3, 
Forrester Island; 4, British Columbia; 5, Washington; 6, Oregon; 7, northern California; 8, Farallon Islands; 
(9, San Miguel Island; not used in this analysis, but referred to in the Discussion); 10, Los Coronados Islands; 
11, Guadalupe Island; 12, San Benitos Islands. 

samples. Samples were collected in the breeding sea- 
son from the islands shown in Fig. 1 or from areas 
of ocean immediately adjacent to the islands. The 
mensural characters were wing length (WL), bill 
length (BL), bill depth (BD), tarsus length (TR), and 
tail length (TL). We also calculated depth of tail fork 
(DF) and distance from the tip of primary 10 to the 
tips of primaries 9 and 7 [wing shape indices 1 and 
2 (WS1 and WS2), respectively]. Measurements from 
males and females were combined. The rationale for 

combining sexes and the methods of taking mea- 
surements are given by Ainley (1980). Sample sizes 
differed somewhat from those used in the previous 
analysis. In the present study sample sizes were as 
follows (locality code in parentheses): North Atlantic 
(NATL) 15, Aleutian Islands (ALEU) 47, St. Lazaria 
Island (SLAZ) 56, Forrester Island (FORI) 31, British 
Columbia (BCOL) 27, Washington (WASH) 26, Ore- 
gon (OREG) 22, northern California (NCAL) 41, Far- 
allon Islands (FARA) 53, Los Coronados Islands 
(LCOR) 16, San Benitos Islands (SBEN) 62, Guada- 
lupe Island/summer (GUAS) 129, and Guadalupe Is- 
land/winter (GUAW) 137. 

Data for each character and each sample were 
screened for coding errors and non-normality by use 
of the Biomed program BMDP2D (Dixon 1975), which 
calculates range, standard deviation, mean, and coef- 
ficients of skewness and kurtosis, and produces a fre- 
quency histogram and other statistics. The multi- 
variate procedures used here require complete data 
sets. Rather than delete specimens with one or more 
missing characters, we estimated missing data by lin- 
ear regression. The entire 13 samples were combined, 
and then product-moment correlation coefficients and 
regression statistics were calculated for every pair of 
characters. When a datum was absent, the character 

with which it was most highly correlated was used 
in the appropriate regression formula to estimate its 
value. All but one character had a very small number 

of missing data; for depth of tail fork almost one- 
quarter of the specimens were missing a measure- 
ment. The British Columbia sample was the most 
seriously affected: we had measurements for this 
character in only 2 of 27 specimens. As a test of the 
effect of using estimated values, a canonical variates 
analysis was performed with depth of tail fork de- 
leted. The results were not appreciably different from 
those obtained with all nine characters. The use of 

estimated values therefore was deemed appropriate 
for depth of tail fork data as well as for all other 
characters. 

We assessed overall similarity by canonical variates 
analysis (Seal 1966). This was supplemented by cal- 
culating Mahalanobis (phenetic) distances between 
each pair of locality samples (Blackith and Reyment 
1971) and connecting those pairs of localities with 
smallest distances to form a shortest-connection net- 

work (Prim 1957). Mahalanobis distances are equiv- 
alent to distances in the full-dimensional canonical 

variates space and the network shows pairs of local- 
ities phenetically closest to one another. Geographic 
distance between sites in nautical miles was based on 

the mean longitude and latitude (to the nearest min- 
ute) of the collecting localities of individual speci- 
mens. We excluded the North Atlantic sample from 
the geographic distance comparisons. In examining 
the differences between the winter and summer Gua- 

dalupe populations, we used a two-group discrimi- 
nant analysis (Blackith and Reyment 1971). 

RESULTS 

Similarity of samples.--The canonical variates 
diagrams for all characters (Fig. 2) indicate one 
predominant cluster of locality samples from 
the Aleutians in the north to the FatalIons in 

the south. These samples varied clinally and 
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Fig. 2. Canonical variates diagrams for all nine 
characters. Projections of group means on the first 
three canonical axes; 95.7% of the variation among 
samples is explained by the first three axes. Lines 
connecting locality means are shortest Mahalanobis 
distances. Circles are 95% confidence regions, but 
cannot be used for strict confidence testing. Locality 
and character codes are explained in the Methods. 

included the Aleutian Islands, St. Lazaria Is- 
land, Forrester Island, island sites off British 

Columbia, Washington, Oregon, and northern 
California, and the Farallon Islands. The North 

Atlantic sample was most similar to that from 
the Aleutians. A separate cluster was com- 
prised of samples from Los Coronados and San 
Benitos islands. The Guadalupe samples were 
separate, with the winter population interme- 
diate between the summer population and the 
first, larger cluster. 

The character vectors on the canonical vari- 

ates diagram indicate which variables contrib- 
uted to the separation of samples. For example, 
the San Benitos and Los Coronados samples dif- 
fered from the others primarily due to darker 
rump color, higher values for wing shape in- 
dex 1 and depth of tail fork, and decreased tail 
length. The two Guadalupe samples were dis- 

Canonical Variate I (83.8%) 

44 415 416 417 4•8 4'9 510 511 
Canonical Variate I (83.8%) 

Fig. 3. Canonical variates diagrams for the five 
mensu•al characters with the lowest coefficients of 

variation; 97.2% of the variation among samples is 
explained by the first three axes. Locality and char- 
acter codes are explained in the Methods. 

tinguished on the basis of an increased value 
for wing shape index 2 and decreased wing 
length, bill depth, bill length, and tarsus length. 
For comparison, character means are given in 
Appendix 1. 

Another canonical variates analysis (Fig. 3) 
used just the five mensural characters with the 
lowest coefficients of variation: wing length, 
bill length, bill depth, tarsus length, and tail 
length (Ainley 1980). In this case, the San Be- 
nitos and Los Coronados samples were much 
closer to the large assemblage of other locality 
samples from along the west coast of Alaska, 
Canada, Washington, Oregon, and northern 
California. It is apparent that the San Benitos 
and Los Coronados samples are discriminated 
from others primarily on the basis of rump col- 
or, wing shape index 1, and depth of tail fork 
(cf. Figs. 2 and 3). The North Atlantic sample 
remains most closely aligned with that from 
the Aleutians. The summer and winter samples 
from Guadalupe remain distinct from the oth- 
ers and from each other. 

Similarity and geographic distance.--One might 
reasonably expect that samples that are far apart 
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Fig. 4. Regressions of Mahalanobis distances be- 
tween locality samples against geographic distances 
(nautical miles) for all characters in the phenetic dis- 
tance measure. The regression statistics for the solid 
line are: Y = 2.17 + 0.00083X, coefficient of deter- 

mination (CD) = 0.20. Regression statistics for the 
upper, out-group subset are Y = 3.99 + 0.00059X, 
CD = 0.67, and for the lower, in-group subset are Y = 
1.16 + 0.00054X, CD = 0.58. Plotted, but not includ- 

ed in any of the subset regression statistics, are lo- 
cality pairs involving Guadalupe/winter (W), Gua- 
dalupe/summer ($), and the relation between 
Guadalupe/winter and Guadalupe/summer (G). 

geographicaily would be relatively far apart 
phenetically. A strong relationship between 
phenetic distance and geographic distance in- 
dicates smoothly clinal variation, while a weak 
relationship indicates an absence of geographic 
variation or a disjunct pattern relative to geo- 
graphic position. 

The relationship between the nine-character 
morphological similarity measure and geo- 
graphic distance was assessed by plotting Ma- 
halanobis distance against geographic distance 
for each locality pair (Table 1, Fig. 4). The North 
Atlantic sample was excluded because of the 
extreme geographic distance from all other 
samples. The regression of phenetic distance 
on geographic distance was significant (P < 
0.01), but only 20% of the variation in phenetic 
distance was explained. The residual variation 
did not appear as a random scattering of points. 
Instead, two distinct patterns were apparent. 
To understand the patterns we grouped certain 
localities into sets. Set I contained the follow- 

ing samples: Aleutian Islands, St. Lazaria Is- 
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Fig. 5. Regression of Mahalanobis distances be- 
tween locality samples against geographic distances 
for the reduced set of five characters in the phenetic 
distance measure (solid line) (Y = 1.31 + 0.00056X, 
CD = 0.18). The subset regression (dashed line) ex- 
cludes pairs involving Guadalupe/summer and Gua- 
dalupe/winter (S, W, and G) (Y = 0.87 + 0.00047X, 
CD = 0.60). 

land, Forrester Island, British Columbia, Wash- 

ington, Oregon, northern California, and the 
Farallon Islands--all northern samples that ap- 
peared closely related on the canonical variates 
diagrams. Set II consisted of three samples: Los 
Coronados, San Benitos, and Guadalupe/sum- 
met. Guadalupe/winter will be discussed sep- 
arately. 

What we call "out-group" comparisons are 
represented by dots that tend to be on the up- 
per part of Fig. 4 and are pairs of samples in 
which one sample is from Set I and the other 
from Set II (e.g. the pair Aleutians-Los Coro- 
nados). A separate pattern exists on the lower 
part of the graph for pairs of locality samples 
within Set I or II. We call these "in-group" 
comparisons. For example, the pairs Aleutians- 
St. Lazaria and Los Coronados-San Benitos are 

in-group comparisons. Sets I and II were de- 
rived by inspection of the plots; they are not 
otherwise statistically derived. These sets, 
however, match the sets identified in the all- 

character canonical variates plot (Fig. 2), indi- 
cating concordance between the two types of 
analyses. Regression lines were fitted for in- 
group and out-group comparisons (dashed lines 
in Fig. 4) with the result that more of the vari- 
ation in phenetic distance is explained by geo- 
graphic distance than if the samples were 

combined: 67% in the out-group and 58% in the 
in-group set. 

The subset regression lines excluded Gua- 
dalupe/winter. There was some question about 
placement of locality pairs that included Gua- 
dalupe/winter. Clearly, Guadalupe/winter 
comparisons seemed distinct, but fell closer to 
the in-group set. This coincides with the fact 
that Guadalupe/winter was closer to the other 
samples in the canonical variates plots. 

The second comparison of Mahalanobis dis- 
tance and geographic distance was with the re- 
duced set of five mensural characters (Fig. 5). 
For all locality samples a statistically significant 
relationship existed (P < 0.01), but only 18% of 
the variation in phenetic distance was ex- 
plained by geographic distance. Again, a subset 
was suggested that excluded only those pair- 
wise comparisons that involved Guadalupe/ 
winter and Guadalupe/summer. There was a 
stronger relationship between phenetic and in- 
terisland distance for all locality pairs other than 
those that involved Guadalupe/winter and 
Guadalupe/summer. For the subset without 
Guadalupe comparisons (dashed line), 60% of 
the variation in phenetic distance was ex- 
plained by geographic distance. Again, the re- 
suits agree with the canonical variates analysis. 

Similarity between two Guadalupe Island sam- 
ples.--Ainley (1980, 1983) described differences 
between two samples on Guadalupe Island, one 
with a summer and the other with a winter 

egg-laying period. The collecting sites for the 
specimens in these two samples are given in 
Appendix 2. Ainley described the winter 
breeding population as a new subspecies, O. 
leucorhoa cheimomnestes, but this was questioned 
by Bourne and Jehl (1982). The history and 
complicated status of Leach's Storm-Petrel on 
Guadalupe has been summarized by Jehl and 
Everett (1985). 

Before comparing summer and winter breed- 
ing populations, we determined whether each 
of those samples was morphologically homo- 
geneous. Some information suggests that the 
summer population was not. Crossin (1974) re- 
ported that summer nesters on Islote Negro 
were dark rumped, while 90% of those on Islote 
Afuera were white rumped (see also Jehl and 
Everett 1985). Since the introduction of cats on 
the main island, the rocks and islets ("islotes") 
nearby have been the major nesting sites for 
this and many other seabird species. Jehl (pets. 
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TABLE 2. Discriminant analysis between Guadalupe Island summer- and winter-breeding populations of 
Leach's Storm-Petrel. 

Discriminant weights 

Character Nine characters Five characters 

Wing length 0.241 0.152 
Bill length -2.309 - 1.906 
Bill depth 1.832 1.985 
Tarsus length -2.195 -2.165 
Tail length -0.749 -0.503 
Depth of tail fork 0.318 -- 
Wing index 1 0.138 -- 
Wing index 2 0.159 -- 
Rump color 0.601 -- 

Mean, summer -80.497 -76.063 
Mean, winter -88.420 -81.716 
SD 3.825 3.541 
Middle value -84.398 -78.829 

F-value (df) • 56.716 (9, 256)*** 73.971 (5, 260)*** 
a *** = p < 0.001. 

comm.) stated that the differences in rump col- 
or were between those found on I. Negro and 
on I. Afuera and I. Zapata combined. There- 
fore, using single-variate analysis of variance 
we compared the 27 birds from I. Negro with 
19 combined from I. Afuera and I. Zapata. Only 
rump color showed a significant difference (P < 
0.05). We concluded that for the morphological 
comparison between summer and winter pop- 
ulations on Guadalupe, it was relatively safe to 
combine the birds from islates Negro, Afuera, 
Zapata and other sites into a single "summer 
breeding" sample. 

We analyzed multivariate differences be- 
tween summer and winter samples by discrim- 
inant function analysis. The analysis was re- 
peated, once with all nine characters and once 
with only the five mensural variables (Table 2). 
In both cases the differences between summer 

and winter breeders were highly significant 
(P < 0.001). 

The discriminant weights (Table 2) maxi- 
mized the between-group difference relative to 
that within groups and could be used to sepa- 
rate the two samples. The discriminant analysis 
was specific for the Guadalupe samples; it could 
not be used to classify specimens from outside 
that area. Character values for each of the Gua- 

dalupe Island specimens were multiplied by the 
appropriate discriminant weight and the re- 
suiting products summed so that a single dis- 
criminant score was obtained for each speci- 
men. If the sum was less negative than the 

middle value, the specimen was classified with 
the summer population, but if the sum was 
more negative, it was classified with the winter 
population, regardless of the specimen's ori- 
gin. The purpose was to see whether summer 
and winter breeding birds were classified cor- 
rectly. With all characters in the discriminant 
function, 94.6% of summer birds and 90.5% of 
winter birds were correctly classified (Table 3). 
With only the five mensural characters, 87.6% 
of summer birds and 89.8% of winter birds were 

classified correctly. Overall, there was only a 
small amount of phenetic overlap between the 
two populations when measured multivariate- 
ly. 

DISCUSSION 

In overall similarity of breeding-season sam- 
pies, Leach's Storm-Petrel varies clinally from 
the Aleutian Islands south through the Faral- 
lon Islands. Geographic variation in this region 
is gradual. Northern birds tended to have the 
longest wings, largest bills, and longest tarsi, 
while southern ones were the smallest in these 

characters. Ainley (1980) believed this trend 
may be relative to an approximately north-to- 
south increase in sea surface temperature dur- 
ing the egg-laying period. 

In the canonical variates analysis of all nine 
characters, the Los Coronados and San Benitas 

populations formed a distinct phenetic subset. 
In the analysis using only wing length, bill 
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TABLE 3. Results of discriminant classification anal- 

ysis of Guadalupe Island summer- and winter- 
breeding populations of Leach's Storm-Petrel. 

Classified Classified 
as summer as winter 

Nine characters 

Collected in summer 122 (94.6%) 7 (5.4%) 
Collected in winter 13 (9.5%) 124 (90.5%) 

Five characters 

Collected in summer 113 (87.6%) 16 (12.4%) 
Collected in winter 14 (10.2%) 123 (89.8%) 

length, bill depth, tarsus length, and tail length, 
these two populations aligned closely with the 
clinal pattern existing among populations to the 
north. The distinguishing characters for the Los 
Coronados and San Benitos birds were a darker 

rump, slightly more rounded wing, and slight- 
ly deeper notch to the tail fork. 

Guadalupe Island supports two populations 
of O. leucorhoa, one that breeds in winter and 
the other in summer. Birds from both popula- 
tions were distinct morphologically from other 
populations in the eastern North Pacific and 
North Atlantic, a distinction that occurs be- 
cause the Guadalupe birds are smaller in al- 
most all mensural characters. The two popula- 
tions were also distinct from one another; the 

summer breeding birds were smaller on aver- 
age in all size characters except tarsus length. 
Of the two, the winter population was more 
similar to the others in this study, which sug- 
gests that the winter population was derived 
more recently. The summer population proba- 
bly diverged relatively early in the evolution 
of Leach's Storm-Petrel in this region. 

The North Atlantic Ocean breeding popula- 
tion was separated from others in this study by 
a relatively great geographic distance. It was 
quite similar to the Aleutian Islands popula- 
tion, however, and seemed to be a northward 
continuation of the phenetic trend seen for the 
Pacific populations. The evolutionary deri- 
vation of the North Atlantic population is not 
clear. Similarities with the Aleutians popula- 
tion may be due to a comparatively recent evo- 
lutionary divergence from North Pacific stock, 
or to natural selection by factors that are simi- 
lar in both regions. 

The comparison of phenetic and geographic 
distance supports a relatively continuous geo- 

graphic variation among populations from the 
Aleutians south to the FatalIons. Geographic 
and phenetic distance are correlated for these 
populations. The phenetic-geographic contin- 
uum is disrupted when more southern popu- 
lations are considered. With all characters in- 

cluded in the measure of phenetic distance, 
populations from Los Coronados, San Benitos, 
and Guadalupe islands fall outside the primary 
phenetic-geographic distance pattern. This 
suggests divergence from the selection or gene- 
flow regime of the more northern populations. 
When the five mensural characters with lowest 

coefficients of variation are used, the Los Cor- 

onados and San Benitos populations join the 
primary pattern. Only the two Guadalupe pop- 
ulations are excluded from the main phenetic- 
geographic trend. The Guadalupe populations 
are phenetically shifted and not just the end 
point of a geographic continuum. In the region 
between the Aleutians and the Farallons, pop- 
ulations may be responding to natural selec- 
tion due to environmental factors that vary 
broadly, such as marine climate, and there may 
be gene flow among populations. Our evidence 
suggests, however, that different selection fac- 
tors and reduced gene flow exist for the Los 
Coronados-San Benitos assemblage, the Gua- 
dalupe/summer population, and the Guada- 
lupe/winter population. The large number of 
recent storm-petrel species (5) in this southern 
region, compared with the north (2), further 
indicates a difference in selection factors. 

The clinal trend may be explained by Berg- 
mann's ecogeographic rule, namely that en- 
dotherms in colder climates are larger than 
members of the same species in warmer re- 
gions (Mayr 1963; see also James 1970). The Los 
Coronados and San Benitos populations are 
similar to one another, differing from the oth- 
ers primarily in rump color. It is not clear what 
selection factors would account for a prepon- 
derance of dark-rumped birds in this region 
(including three other species). Perhaps rump 
color is related to individual recognition or is 
selectively neutral. Whatever the explanation, 
it must consider the fact that predominantly 
white-rumped and dark-rumped individuals 
nest separately on the islets off Guadalupe Is- 
land during the summer breeding period. If 
the five mensural characters reflect overall body 
size, however, then the Los Coronados and San 

Benitos populations fit into a clinal trend that 
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may conform to Bergmann's rule. The two Gua- 
dalupe populations also correlate weakly with 
the rule. We say "weakly" because individuals 
in both populations are smaller than the others 
in this study but the populations are not the 
southernmost. The water is cooler here, how- 
ever, than for the more southern populations 
closer to the Baja California coast. In accor- 
dance with the temperature relationship, sum- 
mer birds are on average smaller than winter 
birds; although they breed at the same latitude, 
summer birds reproduce at the warmest time 
of year. On the other hand, the North Atlantic 
population was very similar to the northern- 
most Pacific population, even though the two 
are separated by a great distance. Other factors 
such as migration distance and climate during 
the nonbreeding season (e.g. Fretwell 1972) may 
affect body size and proportions, but we have 
at present no information on the contribution 
of these factors. 

In general, populations typically intergrade 
along geographic or ecologic chains. Phenetic 
and genetic variation among intergrading pop- 
ulations may be smoothly clinal or may form 
more abrupt step clines (Mayr 1963, Endlet 
1977, Wright 1978). Endlet (1977) and others 
have argued that the effect of gene flow can be 
small and that to have much effect selection 

must be weak and mean gene-flow distance 
large. Depending on the selection gradient, 
geographic differentiation can be strong even 
though gene flow may exist among popula- 
tions. Clines may be shifted by the presence of 
a partial barrier or a reduction in population 
size. Certainly, with populations breeding on 
islands there are barriers to dispersal. This is 
true if the populations are philopatric seabirds 
or land birds restricted by reduced over-water 
dispersal. Also, island populations are prone to 
founder effects when new island sites are es- 

tablished by very small numbers of colonizers. 
The preponderance of dark-rumped individu- 
als on Los Coronados and San Benitos islands, 

and in subpopulations at Guadalupe (see Ain- 
ley 1983), may be due to a founder effect. Sim- 
ilarly, if the few individuals reported to be 
breeding near San Miguel Island (Fig. 1) in the 
northern Channel Islands group (Hunt et al. 
1980) represent the beginning of colonization 
in that area, the resulting population could car- 
ry distinguishing traits of the founders. (The 
San Miguel Island population may not be a new 

population; it could be dying out or it could 
simply never have been well established.) 

It would be interesting to compare geo- 
graphic variation in an oceanic species with that 
of land birds in a similar geographic setting. 
Unfortunately, no land birds have the same 
breeding distribution as Leach's Storm-Petrel. 
Comparisons can be made, however, with 
species of migratory land birds that return to 
the same area to breed each year. For instance, 
Power (1970) examined geographic variation in 
the Red-winged Blackbird (Agelaius phoeniceus) 
in central North America, and Barlow and 

Power (1970) studied the Red-eyed Vireo (Vireo 
olivaceus) and the Philadelphia Vireo (V. phila- 
delphicus) in a transect across Canada. The de- 
gree of differentiation found for the Red- 
winged Blackbird and Red-eyed Vireo in the 
areas studied was roughly similar to that found 
for Leach's Storm-Petrel in the area from the 

Aleutians to the FatalIons, and including the 
Los Coronados and San Benitos islands when 

only the five-character subset is used. On the 
other hand, for certain nonmigratory popula- 
tions of land birds on islands, geographic dif- 
ferentiation seems to be much greater than for 
seabirds on islands or land birds on a conti- 

nent. Power (1979), for example, demonstrated 
the effect of isolation on a resident land-bird 

species by comparing geographic variation 
among island and mainland populations of the 
House Finch (Carpodacus mexicanus). The extent 
of differentiation over the range of Leach's 
Storm-Petrel from the Aleutians to the Fatal- 

Ions is about what is found for the House Finch 

over the much smaller area of the California 

Islands from San Miguel in the north to Los 
Coronados in the south. 

San Benitos and Guadalupe islands emerge 
as influential in the evolution of Leach's Storm- 

Petrel, as they have for many land birds (Power 
1980). For example, the San Benitos popula- 
tions of the House Finch and Rock Wren (Sal- 
pinctes obsoletus) are differentiated and tend to 
be phenetically intermediate between popula- 
tions on Guadalupe and those on the other Cal- 
ifornia Islands. For Leach's Storm-Petrel, the 

San Benitos population, along with that from 
Los Coronados, is distinct from the others, al- 

though it is not phenetically intermediate. The 
uniqueness of the avifauna of Guadalupe Is- 
land has been recognized for over a century 
(Ridgway 1876). The Leach's Storm-Petrel pop- 
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ulations from that island are strongly differ- 
entiated, as are the resident land birds. The in- 

teresting fact about the storm-petrel is that two 
differentiated populations are seemingly sepa- 
rated not by geographic isolation but by the 
temporal aspects of their breeding schedules. 

Comments on taxonomy.--The subspecific tax- 
onomy of Oceanodroma leucorhoa is confusing 
and has been debated recently (Ainley 1980, 
1983; Bourne and Jehl 1982; Jehl and Everett 
1985; see also A.O.U. 1957, Hubbs 1960, Palmer 
1962). There appears to be a phenetic break be- 
tween the Aleutians-to-Farallons and the Los 

Coronados-San Benitos assemblages. Evidence 
exists that breeding may take place on the Cal- 
ifornia Channel Islands, which are geographi- 
cally between these two assemblages, but the 
populations are small and what role they may 
have in the phenetic picture is not clear. Hunt 
et al. (1980) reported occurrences of Leach's 
Storm-Petrel in the Channel Islands region. In 
1976 and 1977 they captured six individuals on 
Prince Island; one bird had a well-developed 
brood patch. A specimen in the National Mu- 
seum of Natural History taken on 14 May 1968 
from Castle Rock was the first known breeding 
record from the area; it was taken from a rock 

crevice and had a brood patch. (Prince Island 
and Castle Rock are both adjacent to San Miguel 
Island.) Hunt's group also captured Leach's 
Storm-Petrels off Santa Barbara Island for the 

first time in 1978 and reported that the species 
may breed there in small numbers. Clearly, 
there is not a significant breeding population 
in the Channel Islands, and the phenetic po- 
sition of the presumed Channel Islands breed- 
ers remains problematical. 

Another difficulty lies in establishing the ex- 
tent of reproductive isolation between the two 
populations breeding on Guadalupe Island. 
Bourne and Jehl (1983) wrote, "It cannot be ful- 
ly decided how this situation should be han- 
dled taxonomically until we know more about 
the distribution of morphs, the duration of the 
breeding season(s), and the significance of 
variation in vocalizations." Our results suggest 
a tentative subspecific taxonomic arrangement 
for Oceanodroma leucorhoa within the study area. 
The subspecies and breeding localities are as 
follows: 

O. I. leucorhoa: North Atlantic Ocean and 

eastern North Pacific Ocean from the 

Aleutians south to the Farallon Islands. 

O. I. chapmani: San Benitos and Los Corona- 
dos islands. 

O. I. socorroensis: Guadalupe Island, summer 
breeding. 

O. I. cheimomnestes: Guadalupe Island, winter 
breeding. 

Bourne and Jehl (1983) stated that "inasmuch 
as the winter breeders cheimomnestes are inter- 

mediate between the coastal populations and 
the summer breeding socorroensis and as they 
are inseparable except by previous knowledge 
of their geographic origin, breeding season, or 
vocalizations, we find no justification for nam- 
ing them as a new subspecies." Our multivari- 
ate results show that the phenetic distinction 
relative to other populations in the eastern Pa- 
cific region we studied is sufficient to warrant 
named designation. 
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APPENDIX 1. Means of characters by locality. Samples have had missing data estimated, not skipped, in 
calculating means. See Methods for explanation of character (columns) and locality (rows) codes. 

WL BL BD TR TL DF WS 1 WS2 RC 

ALEU 155.3 15.69 5.73 24.01 78.24 16.17 -10.59 -0.57 2.63 
NATL 157.2 16.03 5.93 24.13 79.87 17.84 -10.98 -0.19 2.51 
SLAZ 151.6 15.61 5.82 23.55 76.58 17.31 -10.58 -0.41 2.47 
FORI 151.6 15.33 5.63 23.49 76.96 18.92 - 10.63 -0.65 2.71 
BCOL 150.0 15.30 5.55 22.90 74.94 16.49 -8.86 1.51 2.67 
WASH 147.6 15.12 5.62 23.14 75.53 18.39 - 10.74 - 1.57 2.65 
OREG 149.8 15.35 5.50 23.20 75.55 16.57 -9.28 0.64 2.89 
NCAL 150.1 15.19 5.63 22.90 74.74 16.86 -10.03 -0.04 3.41 
FARA 150.7 15.57 5.76 22.78 77.48 17.90 -9.89 -0.15 4.32 
LCOR 152.5 15.51 5.61 22.54 76.50 18.67 -9.37 0.81 9.72 
SBEN 150.1 15.32 5.67 22.33 75.74 18.52 -8.83 1.36 10.81 
GUAS 144.0 14.27 5.09 20.76 71.33 14.64 -8.38 1.34 6.15 
GUAW 146.4 14.94 5.18 22.07 75.48 15.21 -9.24 0.20 4.44 
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APPENDIX 2. Collecting localities for samples from 
Guadalupe Island, as recorded on specimen labels. 

No. No. 
summer winter 

Locality breeders breeders 

Islote Negro 27 74 
Islote Zapato /6 -- 
Islote Afuera 3 5 

Melpomene Cove -- 31 
NE Anchorage 3/ 14 
Guadalupe Is. 11 3 
Gargoyle Rock 10 3 
East side 18 2 
Lava Pinnacle 2 -- 

Outer Guadalupe Is. 8 -- 
Elephant Beach 3 -- 
Yellow or Ship Pt. -- 1 
Barrack's Cove -- 1 
South end -- 3 
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