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AI3STRACT.--To search for the existence of stability gradients in North American breeding 
land bird communities we operationally defined stability (after Jiirvinen 1979) as year-to- 
year persistence in species composition and distribution of species abundances. From the 
census data for 174 study plots we derived nine indices that estimate the annual variability 
of species composition, the species abundance distribution, diversity, and breeding density. 
The resulting matrix of study plot by stability indices was used to estimate the correlation 
structure of the stability indices. The correlation matrix was, in turn, subjected to a principal 
components analysis to derive synthetic gradients of variation. We then searched for patterns 
of variation in these stability gradients associated with either geographic location or habitat 
type. Three independent principal component axes reproduced most of the variation in the 
initial data and were interpreted as gradients of variation in species turnover, diversity, and 
breeding abundance. Thus, the annual stability of community structure apparently responds 
independently to species and abundance variation. Despite the clarity of the derived gra- 
dients, few patterns emerged when the plots were ordinated by either habitat or geographic 
location. In general, grasslands showed greater annual variation in diversity than forested 
habitats, and, for some habitats, northern communities were less stable than more southern 

communities. However, few of these patterns were very strong, and we interpret them 
cautiously. Received 9 January 1984, accepted 2 August 1984. 

IN this study we investigate annual patterns 
and variability in the structure of North Amer- 
ican breeding bird communities. Specifically, 
we are interested in determining whether com- 
munities differ in their stability properties and 
whether observed differences can be associated 

with gross habitat type or geographic location. 
In general, we operationally consider a com- 
munity stable if knowledge of its species com- 
position and abundance distribution in year 1 
enables us to accurately predict these same 
properties in year 2. The more accurate t•e pre- 
diction, the more stable the community is con- 
sidered to be. 

For a considerable period of time ecologists 
generally believed northern communities to be 
inherently less stable than more southern com- 
munities (e.g. MacArthur 1955, Slobodkin and 
Saunders 1969). This relationship between lat- 
itude and stability was believed to be indirect 
and partly a function of the underlying rela- 
tionships between latitude and species diver- 
sity, and species diversity and stability (see re- 
view by Goodman 1975). The necessity of a 
causal relationship between diversity and sta- 
bility has been largely refuted from a mathe- 
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matical perspective (May 1972), but the results 
from empirical studies have been equivocal or 
contradictory (McNaughton 1977, 1978). An 
additional factor believed to contribute to lat- 

itudinal differences in stability is a parallel gra- 
dient in seasonality. Northern communities 
should be composed of species populations that 
show larger annual fluctuations than their less 
seasonal, more southern counterparts. How- 
ever, this contrast in seasonality between 
northern and southern latitudes also has been 

challenged (Leigh 1975), and apparently some 
low-latitude environments may be just as sea- 
sonal as high-latitude environments. 

Despite a general consensus today that lati- 
tudinal gradients in stability and seasonality 
are weak at best, Jarvinen (1979) recently has 
reported geographical gradients in stability of 
European breeding bird communities that are 
correlated with latitudinal differences in envi- 

ronmental predictability and seasonality. Em- 
ploying data from study plots covering a lati- 
tudinal range of 19 ø (50ø-69øN), Jarvinen found 
north Scandinavian communities to be less sta- 

ble than more southern communities. Jarvi- 
nen's publication suggested to us that a similar 
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analysis of North American breeding bird com- 
munities would be of comparative interest and 
perhaps give some further insights into the ap- 
parent contradiction between empirical studies 
and mathematical theory. 

In addition to a geographical analysis of 
North American breeding bird communities, we 
were interested in investigating the degree to 
which stability gradients are associated with 
habitat type. Recent reports from breeding bird 
community studies in structurally simple hab- 
itats suggest that these communities are highly 
unpredictable on an annual basis (Wiens and 
Rotenberry 1978, 1980, 1981; Rotenberry and 
Wiens 1980). This is in contrast to reports from 
forested habitats where the communities ap- 
pear more stable on an annual basis (e.g. Ken- 
deigh 1946, Sanders 1970, Holmes and Sturges 
1972, Winternitz 1976). Thus, our a priori ex- 
pectation was that at least some habitat types 
could be discriminated on the basis of their sta- 

bility properties, with stability positively relat- 
ed to increased complexity of the habitat struc- 
ture, and possibly to species richness as well. 

In our investigation the initial goal was to 
determine if it was possible to identify inde- 
pendent gradients of variation that would al- 
low us to ordinate North American breeding 
bird communities on the basis of stability dif- 
ferences. Contingent upon identifying such 
gradients, our goals were (1) to give a biologi- 
cally meaningful interpretation to the derived 
gradients, and (2) to determine if these gradi- 
ents could be associated with either habitat type 
or geographic location. To derive these gradi- 
ents of variation we used a variety of statistical 
models, primarily principal components anal- 
ysis (PCA). Our data are derived from long- 
term bird censuses from 174 study areas in the 
United States and Canada. Our approach is em- 
pirical and exploratory--we are searching for 
any patterns that may be superimposed on the 
synthetic gradients of variation that we derive 
from a PCA of the annual census data. 

MATERIALS AND METHODS 

The data set.--The data set used in our analyses 
consists of breeding bird census reports from the 
United States and Canada. A large proportion of these 
censuses have been published in American Birds (for- 
merly Audubon Field Notes), but we also extracted much 
census data from other literature sources and from 

unpublished accounts. (A complete listing of refer- 

ences for the census data used in this study is avail- 
able upon request.) Because of the great variability 
in methods used to study breeding bird populations, 
we established the following criteria for inclusion 
(cf. J'&-'vinen 1979): 1) Only censuses of land bird 
communities were included. 2) The study period had 
to include at least 3 censuses within a 5-yr period, 
and at least 2 of these censuses had to have occurred 

in successive years. 3) The study plot had to be ->9 
ha in size. 4) The study plot should not have under- 
gone any appreciable change in habitat during the 
course of the study. 5) Only censuses involving mul- 
tiple visits and employing a method in which indi- 
vidual territories were mapped were included. 

The data set consists of 174 study plots censused 
over 3-22 yr. The plots were distributed throughout 
the United States and Canada and covered a latitu- 

dinal range of 44 ø (27ø-71øN) and a longitudinal range 
of 89 ø (68ø-157øW; Fig. 1). The habitat of each study 
plot was classified into 1 of 10 general types on the 
basis of its dominant structural habitat characteris- 

tics. For the most part, these classifications follow 
habitat designations given in American Birds (see any 
recent issue listing Breeding Bird Census reports). 
Plot data derived from other sources were also clas- 

sified into these categories. The types recognized 
were: (1) tundra; (2) desert, beach; (3) marsh, open 
bog, pond; (4) grassland, prairie, shrub-steppe (here- 
after referred to as grassland); (5) mixed habitats (two 
or more distinct habitat types); (6) brush and scrub 
forest; (7) coniferous forest; (8) deciduous forest; (9) 
mixed deciduous-coniferous forest; and (10) urban, 
residential, cemetery. Additional data extracted for 
each plot were latitude, longitude, state or province, 
elevation, plot size, number of census years, and 
number of census hours (when available). Several of 
these variables acted as covariables in our analyses, 
and knowledge of them allowed us to statistically 
control for their influence on the stability indices 
and facilitated across-plot comparisons. 

Stability indices.--In general we followed the op- 
erational definition of stability and the computation- 
al procedures for analysis of J•irvinen (1979: 56). 
Starting with a census made in a bird community in 
a certain year, J•irvinen considered "community X 
stabler than community Y if it is, on the basis of 
census results from X and Y, easier to predict the 
following properties of X next season than the same 
properties of Y": (1) total number of pairs on the plot 
(N), (2) species richness (number of breeding 
species = S), (3) species diversity (H'), (4) the even- 
ness component of H' (]), (5) species composition, 
and (6) relative abundance of species present. 

To estimate community stability, we calculated 
several indices for each study plot. The characteris- 
tics of several of these indices are discussed in detail 

by J•irvinen (1979), and we will not elaborate on them 
here. We have added some additional indices, pri- 
marily to estimate the predictability of species com- 
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DISTRIBUTION OF CENSUS PLOTS BY STATE OR PROVINCE 
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Fig. 1. Geographical distribution of the breeding bird census plots by state or province. 

position and relative abundance patterns. The in- 
dices used in this study are indicated in Table 1. 

Indices 5-9 (Table 1) are calculated only on census 
data from successive years because they vary as a 
function of census interval (see J/irvinen and V/iis/i- 
hen 1976, Diamond and May 1977). This approach 
was necessary to assure comparability of across-plot 
comparisons. For index 3, CV(H'), we initially used 
the correction for H' as suggested by Hutcheson 
(1970). However, we found that H'-corrected values 
gave unrealistic diversity indices for study plots with 
few species, low overall diversity, and at least one 
very rare species. 

Stability indices were calculated separately for each 
of the 174 plots, making the individual study plot 
the basic unit of the analysis. Indices were calculated 
using the actual number of territories reported for 
each study plot. Census results were not extrapolated 
to a constant area because of the problems inherent 
in this process (Verner 1981) and because we per- 
formed no direct between-plot comparisons based on 
the original data. If fractional territories were re- 
ported, we only considered species with ->0.1 terri- 
tory when calculating the indices T and P(E). Anal- 
yses were run with larger cutoff values, but these had 
no effect on the final results. By including fractional 
territories, the number of colonizations and extinc- 

tions may be overestimated. However, our purpose 
here is not to accurately estimate the true turnover 
values but rather to ordinate plots according to their 
relative turnover values. 

All species included in the original censuses were 
retained for our analyses. We examined the effect of 
eliminating raptor and waterfowl species from the 
calculations, and these changes had no effect on the 
final results. 

Many of the stability indices were not normally 
distributed, largely because of outlying points. How- 
ever, in no case was the deviation from normality 
excessive. Rather than adjusting for outliers by trans- 
formation, we investigated their influence on the 
multivariate analyses directly. Outliers were identi- 
fied by differences in the Mahalanobis distances be- 
tween each plot and the grand centtold of all plots 
in factor space relative to observation space. The in- 
clusion or exclusion of outliers identified by this 
method had little effect on the plot ordinations or on 
our final interpretations. 

It is clear that few of the stability indices vary in- 
dependently from any of the other indices (see Jar- 
vinen 1979 and further discussion below). However, 
prior to any formal analyses, the indices suggest a 
logical partitioning of the matrix X into subsets that 
are sensitive to different sources of variation in avian 
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T^BEE 1. Indices used in the stability analysis. 
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Index 
number 

and 

symbol Description 

(1) CV(N) 

(2) CV(S) 
(3) CV(H') 

(4) CV(/) 
(5) ? 

(6) CC 

(7) rD 

(8) 8c 

(9) P(E) 

Coefficient of variation of breeding abundance, where CV(N) = (a/m), a = standard deviation 
of N, and m = mean of N 

Coefficient of variation of species richness 
Coefficient of variation of species diversity, where H' = -• piln p•, p• = n,/N, and n, = the num- 

ber of individuals in the/th species 
Coefficient of variation of the evenness component of H', where J = H'/ln S 
Average species turnover, measured as the arithmetic average of the index (see Lynch and 

Whitcomb 1977): T = (I + E)/(I + E + So), where I and E are the number of species that have 
immigrated and gone extinct, respectively, between two successive annual censuses and Sc 
is the number of species in common between two successive censuses 

Average coefficient of community, measured as the arithmetic average of the index (Sorensen 
1948): CC = 2Sc/(S• + S2), where Sc is as defined above, S• = the estimated number of species 
in census 1, and S2 = the estimated number of species in census 2 

Average change in community composition, measured as the arithmetic average of the index 
(J•rvinen and Vfiis•nen 1976): rD = 100(exp DIVd.ff -- I), where DIVd,ff = H',+2 - 0.5- 
(H•' + H2' ). H•' and H2' are the diversity indices for the bird community in census periods 1 
and 2, and H'•+2 is the diversity index derived from pooling the census results across two 
successive years 

Average Bray-Curtis similarity coefficient (Bray and Curtis 1957) calculated as the arithmetic 
average between two successive censuses as: 

BC = 1 - [Z I n,• * - n,•*l/Z (n,,* - n,•*)], 

where n,• and na are the number of territories of the ith species in censuses ! and 2, respec- 
tively, and n•* = ln(n.• + 1) and na* = ln(na + 1). (See Huhta 1979 for the rationale behind 
this transformation.) 

Average annual extinction probability, calculated as the arithmetic average between two cen- 
suses as: P(E) 

community structure. The indices T, P(E), and CC 
reflect changes in species composition between suc- 
cessive censuses and thus are indicative of species 
compositional stability. The indices CV(S), CV(J), and 
CV(H') are sensitive to changes in the distribution of 
species abundances and species density, but, in the- 
ory, can be independent of changes in species com- 
position. These indices thus reflect diversity varia- 
tion. Indices rD and BC are sensitive to changes in 
both species composition and the abundance distri- 
bution. Unfortunately, the relative influence of these 
two sources of variation is confounded in these in- 

dices. In addition, rD and BC differ from each other 

in being sensitive to shifts in relative and absolute 
abundance, respectively. These indices can be inter- 
preted as reflecting overall compositional stability in 
the breeding bird community. The final index, CV(N), 
is sensitive to changes in overall breeding abundance 
and shifts in the abundance distribution and thus 

reflects annual variation in the number of breeding 
birds. 

Univariate statistical analyses.--Means and standard 
deviations were calculated, by habitat, for each of the 
unadjusted stability indices and for S, N, and plot 

size. The abundance of breeding birds is a direct 
function of area and was controlled by standardizing 
average abundances to 20 ha, the overall average plot 
size. The variable S is a function of plot size up to 
some asymptotic limit that probably varies by habitat 
type (James and Rathbun !98!). However, estimates 
of • were not adjusted for differences in plot size 
because they did not covary (see Discussion). 

Tests of the null hypothesis of no difference in the 
means, by habitat, for each stability index and for g 
and •/were conducted using Welch's ANOVA model 
(Brown and Forsythe !974b), which does not assume 
homogeneity of group variances. Pairwise contrasts 
were based on Bonferroni confidence intervals and 

were calculated only after a significant overall AN- 
OVA was found. Separate ANOVA's for each vari- 
able are not strictly valid because the variables are 
not all independent. We calculated them for heuristic 
purposes only and caution the reader that faulty in- 
ferences can be made from such comparisons. We 
employed correlation models frequently in our anal- 
yses. In all cases we computed Pearson product-mo- 
ment correlation coefficients (Sokal and Rohlf !98!) 
on untransformed data. Correlation coefficients were 
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calculated only after examining bivariate scatter- 
grams and assuring ourselves of the absence of non- 
linear relationships. 

Multivariate statistical analyses.--In practice the sta- 
bility indices do not vary independently of each oth- 
er. Therefore, we focused on synthetic gradients of 
variation in the stability matrix X by analyzing the 
correlation structure of X with principal components 
analysis (PCA). After initial extraction of the princi- 
pal components, we rotate the eigenvectors (varimax 
rotation algorithm) to simplify the pattern of factor 
loadings and to facilitate interpretation. We are ul- 
timately interested in giving these synthetic gradi- 
ents a biological interpretation by incorporating our 
understanding of what the indices measure with their 
correlation to each component. 

We considered the factor scores, partitioned by 
habitat, separately for each factor by ANOVA. In all 
cases we tested for equality of the variances by Le- 
vene's test (Brown and Forsythe 1974a) and found 
significant heterogeneity. As a result, we used the 
Welch ANOVA model to test for differences in the 

habitat-group means along each factor. When a sig- 
nificant overall ANOVA was found, we tested all 

possible pairwise combinations of means after ad- 
justing for multiple comparisons by the Bonferroni 
method and maintaining an experimental error rate 
at a = 0.05. 

To clarify how individual habitat types were or- 
dinated along these synthetic gradients, we comput- 
ed factor scores for each of the plots, partitioned the 
scores by habitat, and examined them separately for 
each factor by ANOVA. We excluded three habitat 
types from further consideration because of small 
sample size. 

Sample size and covariance problems with similarity in- 
dices.--J'•irvinen (1979) discussed some of the statis- 
tical difficulties encountered when similarity indices 
are applied to breeding bird data. In addition, there 
are unavoidable sampling correlations for several of 
our annually calculated indices. For example, succes- 
sive calculations of the CC index both contain the 

value S• in the denominator. Thus, for both biologi- 
cal and statistical reasons some degree of correlation 
between these indices is inherent in our investiga- 
tion. We are confident that any biases that are intro- 
duced are consistent across plots, and of small mag- 
nitude. 

A more serious problem has been discussed by 
Wolda (1981), who showed that several similarity in- 
dices are affected by both sample size and diversity 
of the samples being compared. Wolda's results in- 
dicate that the BC index has higher expected maxi- 
mum values for comparisons of large (greater S and 
N) than of small communities, and higher values for 
comparisons of communities of similar size. The CC 
index is similarly affected, but to a lesser degree. 

To investigate how our stability indices were af- 
fected by sample size differences across study plots, 

we examined the functional relationship between the 
mean value of each index and • and/• with regres- 
sion and correlation analyses. Untransformed models 
as well as transformations of the dependent variable 
and polynomial functions of the independent vari- 
able were employed to maximize fit to the data. For 
significant models, the effect of • or/• was removed 
from the index by partial correlation analysis. In these 
cases only the residuals were retained for subsequent 
analyses. 

The coefficient of variation indices were not ad- 

justed for g and • because the CV statistic is already 
normalized for differences between the means of dif- 

ferent samples (Lewontin 1966, Sokal and Braumann 
1980, Sokal and Rohlf 1981). To illustrate, if we as- 
sume that random variables X and Y measure species 
richness in two habitat types and that the distribu- 
tion of these two variables are identical except that 
Y is k times as large as X, then we have the following 
relationship among the coefficients of variation for 
these variables (see Lewontin 1966): 

if Y = kX, then • = k•' and 
Sy 2 = k2Sx 2, or Sy = kSx. 

The coefficient of variation of Y is then: 

CV(Y) = Sy/• = kSx/k)• = CV(X). 

Relationship of the stability indices to other covari- 
ables.--The relationships between the mean value of 
each index and the mean values of several covari- 

ables (latitude, longitude, elevation, plot size, num- 
ber of census years) were examined by correlation 
analyses. Because we wished to focus on patterns of 
variation dependent as clearly as possible on differ- 
ences in habitat or geographic location, we removed 
the linear effects of the covariables from the indices 

by partial correlation analysis before performing the 
multivariate analyses. The stability indices were ad- 
justed for all covariables for the habitat analyses, and 
all covariables except latitude and longitude for the 
geographic analyses. 

Some of the stability indices may be sensitive to 
differences in sampling effort. To investigate this ef- 
fect we developed an index of sampling effort de- 
fined as the mean number of census hours/plot size 
(h/ha). We examined the correlation between this 
index and all of the stability indices. 

Estimating the proportion of long-distance migrants.- 
We arbitrarily defined a long-distance migrant (LDM) 
as a species that travels >- 1,600 km from its breeding 
ground to the northern extent of its wintering area. 
We assumed that mortality due to migration was lin- 
early related to distance traveled and independent of 
point of departure. Minimum migration distances, 
computed as the distance from the study plot to the 
northern edge of the species winter range, were es- 
timated by making reference to range maps in Peter- 
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TABLE 2. Correlation between each stability index 
and • and 

Index 

CV(N) -0.317'* -0.060 
CV(S) -0.486** -0.128 
CV(H') -0.419'* -0.179' 
CV(J) -0.524** -0.029 
• -0.277** -0.274** 
CC 0.256** 0.273** 
rD -0.181' -0.162' 
BC 0.191' 0.267** 

P(E) -0.122 -0.221'* 

* p _< 0.05; ** P -< 0.01. 
Standardized to an area of 20 ha. 

son (1980) and Robbins et al. (1983). For each plot we 
determined the average proportion of LDM and in- 
vestigated the relationship between this variable and 
each of the stability indices by correlation analysis. 
In addition, the null hypothesis of no difference in 
the mean proportion of LDM, by habitat, was tested 
with the Welch ANOVA model (see earlier discus- 
sion). In order to better meet the assumptions of the 
ANOVA model, the proportion LDM was trans- 
formed with the arcsine function prior to conducting 
the analysis. 

RESULTS 

Statistical aspects of the stability indices.--Wol- 
da (1981) showed the indices BC and CC to be 
rather strongly dependent upon the sample size 
of the communities being compared over the 
range of 100-5,000 individuals. However, when 
calculating mean values within plots our esti- 
mates of these indices were insensitive to this 

problem. This occurs because the samples we 
compared for similarity were from the same 
plots in successive years and, consequently, did 

not differ extensively in number of individuals 
or in diversity. 

However, when examining across-plot com- 
parisons, significant, but weak, relationships 
were found for both indices when regressed on 
g and/• (Table 2). The maximum R 2 was < 12% 
for any simple linear regression model. Trans- 
formations of the dependent variable to achieve 
a better model were judged less satisfactory than 
nontransformed models because of smaller R 2 

values. Even a third-order polynomial of the 
independent variable for the BC index only in- 
creased the R 2 value from 12% to 16%. When 

the linear effects of g and 1• were removed from 
the indices BC and CC to correct for the effects 

of sample size difference, the residuals showed 
no linear trends when regressed back on g 
and/•. 

The remaining stability indices all had sig- 
nificant correlations with either g, /•, or both 
(Table 2). The correlations were particularly 
strong for the coefficient of variation indices. 
We did not remove the linear effects of g and 
1• from these indices because we had no evi- 

dence that these relationships were statistical 
artifacts as opposed to true biological relation- 
ships (see below). 

Relationship of the stability indices with other 
covariables.--We were unable to adjust the in- 
dices for differences in sampling effort because 
these data were not available for all plots. 
However, we were able to compute sampling 
effort for 131 of the plots, and the maximum 
correlation between this variable and any of 
the indices was <0.150 (Table 3). Thus, there 
is no evidence that differences in sampling in- 
tensity biased any of our results. Of the 45 pos- 
sible bivariate correlations between the re- 

TABLE 3. Correlations between the stability indices and the covariables.' 

Covari- Stability index 
able CV(N) CV(S) CV(H') CV(J) • C• r• B• P(E) 

Latitude 0.058 0.128 0.055 0.003 0.210' -0.205* 0.098 -0.160' 0.195' 

Longitude 0.008 0.179' 0.113 0.177' 0.125 -0.122 -0.002 0.025 0.025 
Elevation 0.071 0.235* 0.180' 0.117 0.170' -0.177' 0.146 -0.079 0.053 
Plot size 0.042 0.034 0.057 -0.012 -0.013 0.017 -0.169' 0.086 -0.072 
Number of 

years 0.059 0.025 -0.086 -0.105 -0.132 0.138 -0.169' 0.170' -0.083 
Sampling 

effort b -0.117 0.072 0.126 -0.019 0.146 -0.148 0.052 -0.065 0.126 

* P -< 0.05; ** P _< 0.01. 
Based on a sample size of n = 131. 
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TABLE 4. Means (SD) for each stability index and for S, N, plot size, and the proportion of long-distance 
migrants (LDM) by habitat type. 

Habitat type 

Tundra Grassland Mixed Scrub Conifer Mixed D-C Deciduous 

Index (n = 5) (n = 30) (n = 9) (n = 15) (n = 24) (n = 22) (n = 65) 

CV(N) 0.232 0.262 0.170 0.154 0.216 0.139 0.163 
(0.074) (0.184) (0.105) (0.068) (0.118) (0.082) (0.103) 

CV(S) 0.175 0.184 0.118 0.185 0.162 0.121 0.104 
(0.048) (0.109) (0.054) (0.137) (0.106) (0.077) (0.062) 

CV(H') 0.062 0.112 0.031 0.121 0.075 0.049 0.042 
(0.022) (0.088) (0.020) (0.193) (0.067) (0.033) (0.026) 

CV(J) 0.044 0.079 0.026 0.070 0.033 0.029 0.032 
(0.027) (0.051) (0.009) (0.066) (0.028) (0.023) (0.020) 

• 0.332 0.269 0.233 0.322 0.293 0.268 0.263 
(0.055) (0.144) (0.056) (0.103) (0.092) (0.074) (0.091) 

CC 0.795 0.831 0.864 0.797 0.822 0.842 0.844 

(0.039) (0.102) (0.038) (0.076) (0.067) (0.049) (0.064) 
rD 7.69 6.59 5.78 7.47 9.04 6.97 6.21 

(3.72) (5.13) ( 1.76) (4.81 ) (3.95) (3.34) (3.82) 
BC 0.788 0.820 0.833 0.809 0.792 0.811 0.822 

(0.040) (0.084) (0.030) (0.062) (0.057) (0.059) (0.056) 
P(E) 0.189 0.156 0.145 0.170 0.140 0.154 0.153 

(0.058) (0.100) (0.060) (0.105) (0.062) (0.050) (0.068) 
• 14.9 7.3 40.1 14.4 18.3 25.3 27.1 

(2.0) (5.2) (9.0) (8.5) (8.4) (6.0) (8.7) 
•a 27.0 117.0 159.9 96.8 125.0 112.0 155.5 

(8.9) (217.0) (65.9) (100.9) (102.9) (57.8) (144.6) 
Plot size 60.8 17.3 21.0 18.7 14.9 13.4 17.0 

(40.7) (9.2) (10.5) (10.9) (6.3) (4.4) (9.7) 
LDM 0.823 0.179 0.361 0.167 0.259 0.396 0.409 

(0.069) (0.182) (0.147) (0.151) (0.151) (0.119) (0.136) 

Standardized to a plot size of 20 ha. 

maining covariables and the 9 stability indices, 
13 were significant at P < 0.05. Only one sta- 
bility index (rD) was significantly correlated 
with area (r = -0.169, P < 0.05). 

Geographic and habitat trends in plot size.--In- 
feterices drawn from the multivariate analyses 
may be influenced by geographic or habitat 
trends in plot size. The correlations between 
plot size and latitude and longitude were 0.413 
(P < 0.01) and 0.301 (P < 0.01). However, 
when tundra plots were removed from the 
analysis, the correlations became nonsignifi- 
cant (r•at., pLot,iz, = - 0.022 and riong.,p•o•,•, = 0.002). 
This dramatic change is a result of the large 
plot size and extreme geographic location of 
the tundra study areas. They acted as outliers 
in the analysis and had a disproportionate ef- 
fect on the magnitude of the correlation coef- 
ficient. Tundra plots were not considered in 
our geographical analyses (see below). 

When the data were partitioned by habitat 

there was only one significant relationship be- 
tween geographic position and plot size (scrub 
forest plots are significantly correlated with 
longitude, r = 0.545). However, the linear ef- 
fects of both plot size and geographic position 
were removed from all indices prior to per- 
forming the habitat PCA. We thus conclude that 
our results were not confounded by either geo- 
graphic or habitat trends in plot size. 

Univariate analyses of the stability indices by hab- 
itat.--Means and standard deviations, by hab- 
itat, for each of the stability indices and for •, 
•, and plot size are reported in Table 4. We 
report plot size in this table because of the pos- 
sible bias this may give to comparisons of sta- 
bility variables and g across plots (see Discus- 
sion). 

The results of significant pairwise compari- 
sons of habitat means for each stability index 
and g and • are shown in Table 5. A signifi- 
cant ANOVA was detected for CC, but there 
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TABLE 5. ANOVA results from all possible pairwise comparisons of habitat means for each stability index, 
S, N, and the proportion of long-distance migrant species (LDM). Tests are based on Bonferroni confidence 
intervals and separate variances. Only variables with both significant ANOVA's and a posteriori compar- 
isons are tabulated. a 

Groups compared CV(N) CV(S) CV(H') CV(J) • •F ø LDM 

Tundra vs. grassland 
Tundra vs. mixed 
Tundra vs. scrub 

Tundra vs. conifer 
Tundra vs. mixed 
Tundra vs. deciduous 
Grassland vs. mixed 
Grassland vs. scrub 
Grassland vs. conifer 

Grassland vs. mixed D-C 
Grassland vs. deciduous 
Mixed vs. scrub 

Mixed vs. conifer 

Mixed vs. mixed D-C 
Mixed vs. deciduous 
Scrub vs. conifer 
Scrub vs. mixed D-C 
Scrub vs. deciduous 
Conifer vs. mixed D-C 
Conifer vs. deciduous 
Mixed D-C vs. deciduous 

+ + 

+ + 

+ - 

+ - 

+ - 

+ 

+ 

+ 

+ 

a ,,+,, indicates that the first group listed had a significantly larger mean value; "-" indicates that the 
second group had a larger mean value. 

b Standardized to an area of 20 ha. 

were no significant a posteriori comparisons. 
The most striking result to arise from these 
multiple contrasts was that of 189 pairwise 
comparisons of the indices only 8 were signif- 
icant. The significant differences suggest that 
grasslands differ from other habitat types by 
showing greater annual variation in species di- 
versity, richness, and evenness. Tundra habi- 
tats differ from all the others, except grassland 
and scrub forest habitats, by having signifi- 
cantly lower breeding densities. The most ex- 
tensive differences between habitats occurred 

in their average species-richness values. Grass- 
land habitats have significantly lower g values 
than all other habitat types, and mixed habitats 
significantly higher values. In addition, decid- 
uous forest habitats have significantly larger g 
values than either 'scrub or coniferous forest 
habitats. 

A search for habitat gradients (PCA /).--The 
correlation matrix of residuals used as input to 
the PCA for habitat effects is presented in Table 
6. This matrix can be partitioned into three sub- 
sets of highly correlated variables: (1) T*, CC*, 

TABLE 6. Correlations of residual stability indices--habitat analysis. a 

CV(S)* CV(N)* CV(H')* CV(J)* •* C-•* r•* B•* 

CV(N)* 0.259 
CV(H')* 0.743 0.275 
CV(J)* 0.467 0.256 0.658 
0' 0.432 0.019 0.255 
CC* -0.425 -0.054 -0.251 

rD* 0.329 0.350 0.269 

BC* -0.299 -0.375 -0.189 

P(E)* -0.220 0.024 0.105 

0.139 

-0.166 -0.960 

0.002 0.658 -0.660 

-0.022 -0.700 0.746 -0.900 

0.010 0.836 -0.814 0.580 -0.603 

a ß = residual stability indices with the linear effects of all covariables removed. 
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TABLE 7. Rotated factor loadings--habitat analysis. 
Dominant factor loadings are in boldface. 

Factor 

Index a I II III 

•* 0.949 0.205 -0.045 
CC* -0.943 -0.207 0.001 

P(E)* 0.895 0.017 -0.053 
BC* -0.789 -0.013 -0.529 
rD* 0.749 0.046 0.537 

CV(H')* 0.112 0.901 0.154 
CV(/)* -0.047 0.846 0.036 
CV(S)* 0.298 0.798 0.124 
CV(N)* -0.034 0.224 0.901 

% variance 43.0 25.6 15.8 

Cumulative 
variance 43.0 68.6 84.4 

Fig. 2. Ordination of the breeding bird census 
plots along the first three principal components, par- 
titioned by habitat type. For each habitat type the 
sample size is given in parentheses, and the mean 
and 95% confidence interval are illustrated. Axis PCI 

represents a gradient in species turnover, axis PCII 
represents a gradient in diversity variation, and axis 
PCIII represents a gradient in abundance variation. 

rD*, BC*, and P(E)*; (2) CV(S)*, CV(H')*, and 
CV(J)*; and (3) CV(N)*. These subsets are large- 
ly those that one might expect a priori to mea- 
sure similar aspects of stability. 

The percent total variation in the system ac- 
counted for by the three factors is >84% (Table 
7). Because of the clarity of the factor loadings, 
we feel we can give meaningful interpretations 
to the gradients. We interpret factor I (account- 
ing for 43% of the variation) as a species- and 

a *= residual stability indices with the linear ef- 
fects of all covariables removed. 

individual-turnover gradient, factor II (25.6%) 
as a diversity-variation gradient, and factor III 
(15.8%) as an abundance-variation gradient. 
Factor I is subsequently referred to as a species- 
turnover gradient, reflecting its dominant fac- 
tor loadings. Factor III is dominated by CV(N) 
but also has high loadings for indices BC and 
rD, which are both influenced by changes in 
the distribution of abundance across species. In 
fact, Jiirvinen (1979) referred to rD as an index 
of "average individual turnover." 

Graphical display of the mean and variance 
of each factor by habitat type gives a visual 
impression of the dispersion of plots along each 
gradient (Fig. 2). Testing the differences among 
habitat types separately for each factor by AN- 
OVA is premised on the statistical indepen- 
dence of the factors. However, independence 
is assured only across the entire sample and 
may not hold across factors within a given hab- 
itat type. We examined this effect and found 
no significant correlations. As a consequence of 
an almost complete independence across fac- 
tors, we proceed with a separate ANOVA for 
each. 

The ordination of plots by habitat type along 
the species-turnover gradient (factor I; Fig. 2, 
top) shows no clear pattern. Each habitat type 
seems to be characterized by extensive vari- 
ability rather than a strong central tendency. 
Grassland plots on the average showed the 
lowest species turnover, scrub forest the high- 
est, with the remaining groups being inter- 
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T^I•I•E 8. Rotated factor loadings--geographic anal- 
ysis. Dominant factor loadings are in boldface. 

Factor 

Index a I II III 

TABLE 9. The linear correlation of each factor with 

latitude and longitude, overall and by habitat. a 

Correlated with: 

Habitat Factor Latitude Longitude 

7' 0.945 0.214 -0.045 Overall 
CC* -0.941 -0.184 0.013 (n = 174) 
P(E)* 0.897 0.028 -0.047 
BC* -0.794 0.009 -0.512 Grassland 
rD* 0.764 0.048 0.517 (n = 30) 
CV(H')* 0.114 0.897 0.160 

CV(J)* -0.063 0.848 0.028 Mixed 
CV(S)* 0.315 0.795 0.121 (n = 9) 
CV(N)* -0.015 0.220 0.908 

% variance 43.5 25.4 15.5 Scrub 
Cumulative (n = 15) 

variance 43.5 68.9 84.4 

a *= residual stability indices with the linear ef- Conifer 
fects of all covariables, except latitude and longitude, (n • 24) 
removed. 

mediate and almost coincident. There were no 

significant differences among group means on 
factor I (F6,34 = 0.86, P = 0.546). The relative po- 
sitions of some habitat groups along this gra- 
dient were substantially affected by partiallin•g 
out the effects of g and/• from the indices BC 

and CC. For example, the grassland group shift- 
ed towards lower turnover and the deciduous 

group towards higher turnover when residuals 
were used. 

A clearer pattern of ordination occurred along 
factor II (Fig. 2, reitidle), where an overall sig- 
nificant difference is evident in the position of 
habitat means (F6,34 = 5.07, P = 0.0008). Pair- 
wise, a posteriori tests of the equality of habitat 
means indicated that grassland plots showed 
significantly higher (P < 0.005) diversity vari- 
ation than tundra, mixed, coniferous, mixed 

deciduous-coniferous, and deciduous plots. No 
other comparisons of habitat types showed sig- 
nificant differences. 

Factor III suggests some pattern to the rela- 
tionship between habitat type and abundance 
stability (Fig. 2, bottom), but no overall signif- 
icant differences among means were found 
(F6,32 = 1.91, P = 0.11). Very slight overlap of 
the 95% confidence intervals of the coniferous 

and deciduous forest plots suggests a signifi- 
cant difference, but this difference was obviat- 

ed by holding the experimental error at rr = 
0.05 (t =-2.56, P = 0.015; critical Bonferroni 
P = 0.0024). A slightly larger sample size may 
have shown that coniferous forests experience 

Mixed D-C 

(n = 22) 

Deciduous 

(n = 65) 

I 0.217'* -0.002 
II 0.051 0.094 

III 0.026 - 0.073 

I 0.150 -0.170 
II -0.108 -0.093 

III -0.198 -0.483** 

I -0.005 0.287 
II 0.383 - 0.208 

III -0.124 0.104 

I 0.548* 0.033 
II -0.003 0.228 

III - 0.266 - 0.265 

I 0.440* -0.360 
II 0.470* -0.314 

III 0.061 -0.259 

I 0.458* -0.376 

II - 0.356 - 0.235 
III -0.268 -0.281 

I 0.013 0.191 
II 0.204 - 0.002 

III 0.073 - 0.112 

a * p __< 0.05; ** P --< 0.01. 

greater abundance variation among years than 
other forest types. 

A search for geographical gradients (PCA II).-- 
The rotated factor loadings resulting from the 
analysis of the residual correlation matrix con- 
trolling for all covariables except latitude and 
longitude are shown in Table 8. More than 84% 
of the total variation in the original data is ex- 
plained by the first three factors. Even though 
6 of the 18 correlations between latitude and 

longitude and the 9 stability indices were sig- 
nificant (Table 3), none were large (maximum 
r = 0.210). As a result, the residual correlation 
matrix, the derived factor loadings, and our 
overall interpretation of the factors as gradi- 
ents in species turnover, diversity variation, and 
abundance variation are basically unchanged 
from the previous analysis. 

We calculated the linear correlation of each 

factor with latitude and longitude (Table 9). 
Over all plots the only significant correlation 
observed was between factor I and latitude (r = 
0.217, P < 0.01), suggesting that species and 
individual turnover generally increased from 
south to north. None of the other correlations 

suggested even a slight relationship between 
community stability and geographical location. 
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TABLE 10. The linear correlation of g and •' with 
latitude and longitude, overall and by habitat? 

Correlated with: 
Vari- 

Habitat able Latitude Longitude 

Overall • - 0.155 * - 0.275 ** 
(n = 174) N -0.262** -0.016 

Grassland • 0.078 0.044 
(n = 30) N -0.299 0.030 

Mixed • 0.237 -0.312 
(n = 9) N 0.518 -0.132 

Scrub • -0.057 -0.180 
(n = 15) • -0.021 -0.058 

Conifer • -0.375 0.234 
(n = 24) • -0.418' 0.346 

Mixed D-C g 0.270 0.266 
(n = 22) • -0.287 0.398 

Deciduous • -0.122 -0.218 
(n = 65) • -0.316' 0.179 

Standardized to a plot size of 20 ha. 
ß p <_ 0.05; ** P -< 0.01. 

Because significant relationships between 
community stability gradients and habitat type 
may be masked by considering only the entire 
sample, we partitioned the analysis by habitat 
type (Table 9). (Tundra study plots were omit- 
ted because of little variation in geographic lo- 
cation.) The significant results are as follows: 
(1) grasslands: density variation decreases from 
east to west; (2) scrub forests: species turnover 
increases from south to north; (3) coniferous 
forests: species turnover and diversity varia- 
tion increase fiom south to north; and (4) mixed 
deciduous-coniferous forests: species turnover 
increases from south to north. Overall, even 

the statistically significant results offer little 
support for any strong relationship between 
geographical position and community stability. 

Geographical gradients in species richness and 
abundance.--We examined our data set for geo- 
graphic gradients in species richness and 
breeding abundance by computing the corre- 
lation between • and /• and latitude and lon- 

gitude. Over all plots there were three signifi- 
cant correlations (Table 10). The strongest 
correlation was the negative relationship be- 
tween • and longitude suggesting that mean 
species richness decreased from east to west. In 
addition, • and /• generally decreased from 
south to north. These results generally support 
the longitudinal relationships reported by Short 
(1979) but contrast somewhat with his latitu- 

[Auk, Vol. 102 
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dinal patterns. However, all of these associa- 
tions are weak, and we are reluctant to make 
further inferences from these statistics. 

We also partitioned the data by habitat type 
and recomputed the correlations between g and 
•t and latitude and longitude (Table 10). Only 
two significant correlations resulted: mean 
breeding density in coniferous forests and in 
deciduous forests decreased from south to 

north. None of the habitat correlations was 

particularly strong, possibly because g and • 
are not monotonically related to either latitude 
or longitude for most habitat types. 

Long-distance migrants as a stabilizing infiu- 
ence.--The habitat types differed extensively in 
their average proportion of LDM (Table 5; F6,34 = 
43.73, P < 0.0001). A posteriori comparisons 
showed tundra habitats to have a significantly 
greater proportion than other habitat types, and 
grassland, scrub, and coniferous forests signif- 
icantly smaller proportions than mixed decid- 
uous-coniferous and deciduous forests. 

The correlations between the proportion of 
LDM and the stability indices were significant 
for 3 of the 4 coefficient of variation indices 

(Table 11). However, for all of the indices the 
sign of the correlation coefficient suggested that 
the greater the proportion of LDM among 
breeding species, the more stable the commu- 
nities are from year to year. Separate tests of 
significance of the correlations are not valid be- 
cause of a high degree of covariation among 
some of the indices. To address this problem 
we computed partial correlations, controlling 
in each case for the linear effects of all the oth- 

er indices (Table 11). No significant partial cor- 
relations were found suggesting a complex re- 
lationship among the proportion of LDM and 
the stability indices. A PCA including the pro- 
portion of LDM along with the nine indices 
showed this variable to load most heavily on 
the diversity-variation gradient. The sign on 
the loading suggested that species that are sea- 
sonal residents, and migrate long distances to 
their wintering grounds, may buffer these 
communities somewhat from extensive annual 

diversity variation. 

DISCUSSION 

The overriding impression from our analyses 
was that few patterns of breeding bird com- 
munity stability are associated with either hab- 
itat or geographical location. We did not expect 
such an absence of pattern. Published accounts 

of relationships between geographic location 
and community stability strongly suggest that 
northern communities should be less stable 

than more southern communities (e.g. Fischer 
1960; Pianka 1966; J•irvinen 1979, 1980). We also 
were surprised by the lack of correlation be- 
tween our derived stability gradients and hab- 
itat type. From our own experiences with 
breeding bird communities, primarily in east- 
ern deciduous and coniferous forests, we ex- 

pected sharp contrasts at least between these 
habitat types and grassland plots. Overall, our 
analyses from both habitat and geographical 
perspectives are most noteworthy for the lack 
of pattern observed. Our geographical analysis 
suggested a positive but weak relationship be- 
tween species turnover rate and latitude. We 
are uncertain why our results are not in greater 
accord with those of J•irvinen (1979). 

Habitat analysis.--In addition to our own re- 
search experiences that lead us to suspect dif- 
ferences in stability across habitat types, we cite 
the obvious contrast between experimental ' 
studies of stability following perturbation in 
eastern forests (Hensley and Cope 1951, Stew- 
art and Aldrich 1951, Noon and Robbins 1983) 
and recent reports of high annual variability in 
breeding bird community structure in grass- 
land and shrub-steppe habitats influenced only 
by climatic variability (Rotenberry and Wiens 
1980, Wiens and Rotenberry 1981). Admittedly, 
the former studies largely document within- 
season stability. However, in the eastern decid- 
uous forest, stability to a direct perturbation of 
species populations was apparent both within 
and across years (Noon and Robbins 1983). This 
contrast in pattern suggests that the bird com- 
munities of these habitat types may actually dif- 
fer in their stability properties. However, on 
the basis of a much larger sample, the only sig- 
nificant difference observed between grassland 
and forested habitats was in relation to annual 

diversity variation. The relative position of the 
habitat types along a gradient of diversity vari- 
ation (factor II; Fig. 2, middle) showed grass- 
lands to be more variable in this dimension. 

The only other pattern that we observed was 
the difference in degree of annual abundance 
variation among forested habitats. Though not 
significant, the data suggest that coniferous 
forests show greater abundance variation than 
other forest types. J•irvinen (1980) reports a 
similar pattern for northern European bird 
communities. 



76 NOON, DAWSON, AND KELLY [Auk, Vol. 102 

What most characterized the ordination of 

plots by habitat type along the three stability 
gradients was the extensive variability that oc- 
curred within a habitat type. Indeed, with a 
nonrandom selection of study areas across hab- 
itat types, it would be possible to reject almost 
any hypothesis of no difference in stability. 
However, with large sample sizes any such 
conclusions that may arise from smaller-scale 
analyses quickly disappear. Our results suggest 
that it is impossible to make general statements 
such as "grassland breeding bird communities 
are inherently less stable than those of eastern 
deciduous forests." J•irvinen (1980) also ob- 
served that geographic location was of greater 
importance in determining community stabil- 
ity patterns than habitat. 

Given this conclusion, we can suggest expla- 
nations for the lack of pattern in community 
stability across habitat types. One possibility is 
that much of the variability within a plot is a 
result of regional changes in land use that af- 
fect local populations. This effect may be par- 
ticularly pronounced in the eastern deciduous 
forest biome where habitat fragmentation has 
been severe and apparently has greatly in- 
creased avian turnover rates (Lynch and Whit- 
comb 1977, Whitcomb et al. 1981; but see McCoy 
1982). We attempted to minimize such effects 
by only including plots that have not under- 
gone appreciable habitat change during the pe- 
riod of study. However, it was impossible to 
control for changes that may have occurred be- 
yond plot boundaries. 

Another possibility is that our habitat clas- 
sifications were too broad, and the heteroge- 
neity that this introduced masked any true 
habitat differences. However, a compromise was 
essential when allocating plots to habitat types. 
Too fine a partitioning would have reduced 
group sizes, decreased the power of statistical 
tests, and lowered the precision of estimated 
mean stability metrics. 

The problem of the scale at which stability 
and its variation have been estimated may con- 
tribute to the lack of pattern. Locally derived 
point estimates of annual stability in commu- 
nity structure may show high variability when 
compared across plots within a habitat catego- 
ry. This sampling problem arises because we 
may be attempting to make inferences about 
community properties based on sampling units 
too small to reflect the scale at which the pro- 

cesses are occurring (see Wiens 1981, Connell 
and Sousa 1983). 

Total diversity, and its variation, may also be 
increased by including plots from different 
geographic regions in a common habitat group. 
If patterns of variation were generally clouded 
by collapsing geographically distinct study plots 
into common habitat groupings, we would ex- 
pect some of these patterns to reveal them- 
selves in our geographic analyses. However, we 
found few distinct patterns of geographic vari- 
ation even when the data were analyzed' sep- 
arately by habitat. 

It is perhaps important at this point to recall 
that the individual plot was' the basic unit of 
our study; each plot carried equal weight in all 
analyses. As a result, many problems of scale 
introduced by comparing plots across habitats 
or biogeographic regions have been avoided. 
We simply tested whether any patterns emerged 
as a result of grouping plots on the basis of 
gross habitat similarity. Our results suggest that 
individual plots, but not habitat groups, may 
have distinct patterns of annual variation. 

An additional factor contributing to both the 
observed within-habitat heterogeneity and the 
few between-habitat differences may be that 
plots differed in their overall degree of habitat 
saturation by breeding birds. If certain habitats 
(or plots) consisted of species populations gen- 
erally below their carrying capacities, then suc- 
cessive t•r•ua•:,censuses from small plots may 
show extei•give variation simply because plot 
sizes were .not large enough to reflect the scale 
at which population processes acted. To illus- 
trate this line of reasoning we refer to the 
"checkerboard" model of Wiens (1981). For ex- 
ample, consider a comparison of grassland and 
deciduous forest plots represented by two 
checkerboards (habitats) of equal size. We as- 
sume that the deciduous forest habitat is con- 

siderably more saturated (i.e. has a greater den- 
sity of territories) than the grassland habitat. 
Random redistribution of the checkers (terri- 
tories) on the respective checkerboards would 
give the appearance of substantially greater 
density and species variation, relative to plot 
boundaries, on the grassland plot. This contrast 
would arise even if the grassland habitat ex- 
perienced no variation in density or species 
richness at a regional level. Although this is a 
very simple model, with several strict assump- 
tions (Wiens 1981), we feel it may accurately 
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portray a difference between those habitat 
types, or plots, that differ in their degree of 
saturation by breeding birds. 

If Wiens's model is accurate, it suggests that 
plot size may need to be a function of the de- 
gree of saturation in order to make valid be- 
tween-plot comparisons. However, we feel 
there is nothing inherently misleading in es- 
timating population processes, and their vari- 
ability, relative to similar plot sizes. Even if 
some patterns can be explained by recourse to 
a simple model of differences in saturation, this 
does not preclude a role for differences in 
species or habitat properties. Characteristic un- 
dersaturation of some habitats actually may be 
indicative of underlying biotic and abiotic 
properties that distinguish them from saturat- 
ed habitats. Some of these properties may be 
generalizable across major habitat groupings. 

Geographic analysis.--In contrast to much eco- 
logical dogma, we did not find strong support 
for the prediction that northern animal com- 
munities are less stable than more southern 

communities. Factor I, a gradient in species and 
individual turnover, was significantly correlat- 
ed with latitude and suggested a positive rela- 
tionship between latitude and species turn- 
over. Although the overall association between 
these variables was weak (r = 0.217, P < 0.01), 
the relationship between latitude and species 
turnover became stronger when the data were 
partitioned by habitat type. Scrub, coniferous, 
and mixed deciduous-coniferous forests showed 

particularly strong evidence of decreasing sta- 
bility with increasing latitude (Table 9), as was 
found by J•irvinen (1979) for Scandinavian for- 
ests. Interestingly, deciduous forest plots, our 
largest sample (n = 65), showed no relation- 
ship among these variables. 

Grassland plots showed a significant de- 
crease in annual abundance variation moving 
from east to west. This pattern may simply re- 
suit from the fact that many of the eastern 
grassland plots were of recent origin and rath- 
er small in spatial extent. As a result they were 
subject to biogeographic influences character- 
istic of small islands of recent origin (see Whit- 
more 1980). 

Of the five significant latitudinal correla- 
tions with the stability gradients, all showed 
decreasing stability from south to north. J•ir- 
vinen (1979) examined three hypotheses that 
attempt to explain similar latitudinal relation- 

ships. These hypotheses propose that northern 
communities are less stable than southern ones 

because (1) northern communities have lower 
species richness, (2) northern communities ex- 
perience greater environmental unpredictabil- 
ity, or (3) environmental productivity de- 
creases northward. J•irvinen favored the 
environmental unpredictability hypothesis. 

Our data show a trend of decreasing species 
richness with increasing latitude, but this pat- 
tern is not consistent across habitat types (Ta- 
ble 10). The eastern deciduous forest plots 
would be particularly confounding in this re- 
gard because of the reversed latitudinal gradi- 
ent in species richness in this biome (Rabenold 
1979). To look at the possible influence of 
species richness on stability we examined the 
correlation structure between each of the sta- 

bility gradients and g. A significant association 
occurred between the diversity-variation gra- 
dient and g (r = -0.528, P < 0.001), suggesting 
that areas with high g values have low diver- 
sity variation. 

Our study plots could be ordinated along an 
environmental predictability gradient (sepa- 
rately for variables such as temperature and 
rainfall), but we doubt if this gradient would 
clearly parallel a gradient in either latitude or 
longitude. In general, we expect northern bird 
communities to be exposed to greater environ- 
mental variability at a given longitude, but 
when considering longitude and latitude to- 
gether such patterns are easily obscured (see 
Rotenberry 1978). Length of the breeding sea- 
son, probability that the breeding season will 
be disrupted by climatic events, and the prob- 
ability that such climatic events would surpass 
a bird's physiological thresholds all increase 
with increasing latitude. However, we do not 
believe that any of these factors would increase 
monotonically with latitude for the study areas 
in our data set. 

The magnitude of seasonal fluctuations in re- 
source productivity also varies positively with 
latitude (Ricklefs 1980). However, it is difficult 
to imagine distinct monotonic gradients in pro- 
ductivity paralleling latitude for the same rea- 
sons that confound the geographic relations of 
climatic predictability. In general, extensive 
seasonal variation in productivity would de- 
crease species diversity (MacArthur 1972), and 
presumably stability, by increasing the proba- 
bility of extinction among small populations. 
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However, we feel we cannot easily relate trends 
we observed to productivity differences be- 
cause of the suspected importance of annual 
variability at the local level. Local-level effects 
could easily be of different magnitude, or sign, 
from regional trends in productivity. 

The weakness of the relationship between 
latitude and stability may have been a conse- 
quence of the length of our latitudinal gradi- 
ent. Although our sample plots covered more 
than 40 ø in latitude, we had no samples from 
subtropical or tropical communities. It may well 
be that the functional relationship between lat- 
itude and stability does not show a smooth de- 
cline with decreasing latitude, but rather 
changes abruptly when one moves from tem- 
perate to tropical regions. 

In summary, we are reluctant to draw con- 
clusions about geographical gradients in sta- 
bility because the relationships that we observe 
are not very strong and are not consistent across 
habitat types, and because it is difficult to infer 
any causal mechanism for the patterns that we 
do observe. Patterns are confounded by co- 
variation in latitudinal and longitudinal influ- 
ences, as well as possible local effects. The read- 
er is referred to J•irvinen (1979) for a discussion 
of the way in which similar correlational re- 
suits have been interpreted. 

Long-distance migrants as a stabilizing infiu- 
ence.--If we assume that breeding abundance 
is positively related to saturation, our data sug- 
gest a weak association between this variable 
and the proportion of LDM (r = 0.147, 0.05 < 
P < 0.10). However, this relationship is con- 
founded by geographic effects (rLDM,•at. = 0.442, 
P < 0.001). Controlling for the linear effects of 
latitude and longitude by partial correlation 
analysis showed the correlation between the 
proportion of LDM and/Q to be even stronger 
(r = 0.313, P < 0.001). That is, there is a ten- 
dency for communities with higher abun- 
dances to have a larger proportion of LDM, with 
this relationship dependent on geographic lo- 
cation. 

The possible stabilizing influence of a large 
proportion of LDM (Table 11) may be a func- 
tion of its correlation with /•. If excess birds 

are excluded from breeding in saturated com- 
munities, they may act as a buffer to within- 
season perturbations. As a result, these com- 
munities would give the appearance of a more 
stable annual pattern. As a corollary, commu- 
nities close to saturation may be more likely to 

produce an excess of individuals and thereby 
maintain stability by increased recruitment. 
Collectively, these correlations suggest that 
northern communities may be characterized by 
even greater instability were it not for the sta- 
bilizing influence of a large, annual influx of 
LDM. 

Patterns of variation in community stability.- 
Despite the lack of pattern in our derived gra- 
dients, our analyses did reveal three appar- 
ently independent sources of variation in 
community predictability. Breeding bird com- 
munities can independently show annual vari- 
ation in species composition, species richness 
and equitability, and breeding abundance. In- 
dividual communities may be subject to one or 
any combination of these three sources of vari- 
ation. We have illustrated that there is little 

tendency for any of these sources of variation 
to be closely associated with either gross hab- 
itat structure or geographic location. However, 
we are struck by the clarity of these synthetic 
gradients and believe that they have increased 
our understanding of the manner in which avi- 
an communities may vary from year to year. 

Our results also suggest a positive relation- 
ship between community stability and both av- 
erage species richness and breeding density. 
J•irvinen (1980) reported a similar pattern for 
Scandinavian bird communities. Communities 

with higher values for g and /Q tended to be 
more stable, a pattern that was reflected in all 
nine of our indices (Table 2). Admittedly, g is 
a function of plot size up to some asymptotic 
limit that may vary by habitat type (James and 
Rathbun 1981). However, to a large extent we 
controlled for this source of variation by ex- 
cluding from our analyses plots <9 ha in size. 
Across-habitat comparisons may still have been 
confounded by a possible residual relationship 
between area and g. 

To rigorously test for differences in • by hab- 
itat, differences in plot size, or abundance, could 
be normalized by the method of rarefaction (see 
Simberloff 1978, James and Rathbun 1981). This 
is a separate question that we are considering 
elsewhere (Noon and Kelly in prep.). How- 
ever, we believe that our current estimates ac- 

curately reflect the true rankings of habitats by 
species-richness values. We have little evidence 
that plot size affected our estimates of g, as the 
correlation between these two variables over 

all the data was nonsignificant (r = 0.049, 
P >> 0.05). Even when the data were parti- 
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tioned by habitat only two significant correla- 
tions resulted, and these were small and of op- 
posite sign. 

There is a strong inverse relationship be- 
tween g and the coefficient of variation indices. 

However, speculation about the significance of 
the relationship to the diversity-stability con- 
troversy seems injudicious at this time. Our 
findings do suggest that diverse, high-density 
communities are more stable than less diverse, 

low-density systems (Table 2). The relative 
contributions of species richness and breeding 
abundance to stability is unclear; in addition, 
these variables are highly correlated (r = 0.449). 
The coefficients of variation indices showed 

stronger linear relationships with g, and the 
remaining indices were more strongly associ- 
ated with/• (Table 2). Partial correlation anal- 
ysis, controlling for the confounding effects of 
either • or/•, verified these patterns. Thus, the 
relative influence of species richness or abun- 
dance is dependent upon which indices are 
used to measure stability. 

McNaughton (1978) observed similar species- 
richness differences in plant communities of 
African grasslands and attributed much of the 
enhanced stability of diverse systems to the ar- 
rangement of these communities into guilds 
(see King and Pimm 1983 for an alternative ex- 
planation). As communities become more 
species-rich, guild structure becomes more pro- 
nounced, and the average overall interaction 
strength among species declines (McNaughton 
1978, Colwell 1979). There are extensive biotic 
interactions within a guild and very little in- 
teraction across guilds. The decreased average 
connectance among the species composing the 
community could enhance the stability prop- 
erties of the system (May 1972). 

Guild structure was excluded from our anal- 

yses, but many avian guild studies suggest that 
bird communities are organized in this manner 
(e.g. Cody 1974, Willson 1974, Holmes et al. 
1979, Landres and MacMahon 1980, Short and 
Burnham 1982, Verner 1984). A direct relation- 
ship is expected between the number of guilds 
(defined at a given similarity level) and the bird 
species richness of the community. If a guild 
substructure in a species-rich community pro- 
duces stability through a lowering of average 
species connectance, it provides a partial expla- 
nation for the results we observed. 

Future efforts to understand patterns in commu- 
nity stability.--There are several additional 

sources of information on avian populations 
that, if more generally available, would give 
insight into the causes of variability in com- 
munity stability. For example, many of the con- 
trasts in stability patterns that we observed are 
explained by a simple model of differences in 
saturation of the available habitat by breeding 
birds. Related to this possible influence is the 
observation that there are few studies that doc- 
ument the number and sex ratio of nonbreed- 

ing individuals (= floaters) in these habitats. 
Clearly, a supply of nonbreeding but physio- 
logically capable and motivated individuals 
could act as a buffer to within-season pertur- 
bation to the breeding component and add to 
the observed stability of a community. 

Community stability, at least as estimated by 
many of the metrics used in this study, would 
be enhanced if populations experienced com- 
pensating fluctuations in abundance. Compen- 
satory shifts would suggest nonindependence 
of the species populations. A method of de- 
tecting and testing for significant covariation 
patterns has recently been proposed by $chlu- 
ter (1984), and we are in the early stages of 
examining this data set for the prevalence of 
such patterns using his method. 

Within any one habitat type we generally 
observed extensive variation in stability prop- 
erties. It would be of interest to contrast, in 
more detail, those communities that are either 
particularly stable or unstable, while control- 
ling for the confounding effects of gross dif- 
ferences in habitat structure. Such contrasts may 
go a long way toward revealing the processes 
underlying different patterns of annual varia- 
tion. 

As a final recommendation, several recent 
studies (Grossman 1982, Grossman et al. 1982, 
Connell and Sousa 1983) have indicated that 
the accuracy of stability estimates are improved 
if the study period covers at least one complete 
turnover (2-3 average lifespans) of all individ- 
uals in the community. Many of our shorter 
time-series studies did not meet this standard. 

In this regard, it would be of interest to recal- 
culate our stability estimates in 5-10 yr when 
more long-term census data are available and 
determine if our current conclusions need to 
be amended. 
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