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INFLUENCE OF SAMPLE SIZE ON DISCRIMINANT 
FUNCTION ANALYSIS OF HABITAT USE BY BIRDS 

BY MICHAEL L. MORRISON 

Characterization of habitat use by birds has long intrigued biologists 
(see reviews by Thorpe 1945, Hilden 1965). A popular means of de- 
scribing habitat use by birds has been to make measurements within 
territories of nesting birds, using a perch-site or nest-site as the center 
of a circular plot in which habitat is measured (see review by Holmes 
1981). A multivariate method, often discriminant function analysis, is 
then used to search for differences in habitat use among species (e.g., 
James 1971, Martinka 1972, Anderson and Shugart 1974, Whitmore 
1975, Titterington et al. 1979). There are, however, problems associ- 
ated with this sampling method and the subsequent analytical proce- 
dures (Collins 1981, Noon 1981). The objective of this study was to 
assess the influence of sample size on discriminant function analysis of 
bird habitat use (based on perch sites). 

METHODS 

Data for this study were gathered on 2 early-growth clearcuts in the 
Oregon Coast Range, Siuslaw National Forest, Alsea Ranger District 
(Lane and Lincoln counties). The 2 sites (21 and 36 ha in size) were 
clearcut about 5 years prior to this study. Physiognomic characteristics 
of the sites were similar and were described earlier (Morrison 1982: 
Appendix). 

Species analyzed were the Song Sparrow (Melospiza melodia), Mac- 
Gillivray's Warbler (Oporornis tolmiei), and Wilson's Warbler (Wilsonia 
pusilia); no other species had adequate sample sizes for analysis. Habitat 
use was assessed during 1979 and 1980 by sampling vegetation in 5-m- 
radius plots centered at the perch of singing males (James 1971). I 
assumed that the vegetation around a perch gave an indication of habitat 
within the territory of the bird. Visual estimates of height (nearest .1 
m) and % cover of shrubs, and density, height, and cover of conifers 
and deciduous trees were made in each plot; Morrison (1981, 1982) 
described specific methodology. Vegetation available to birds was sam- 
pled in 1979 by placing fifty 5-m-radius plots on each site following a 
stratified random sampling scheme; the data recorded were the same 
as those for bird habitats. 

Two-group discriminant function analysis (DFA) with direct inclusion 
of variables (i.e., all variables included simultaneously) was performed 
using the Statistical Package for the Social Sciences (Klecka 1975). Groups 
were (1) the measures of vegetation made at the perch sites of the birds, 
and (2) measurements taken in the random plots. The number of ran- 
dom plots (n -- 50 plots/site) was held constant for all DFA's. Subsamples 
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T^BLE 1. Habitat used by (based on territory plots), and available to (random plots), the 
3 bird species analyzed in this study (based on maximum sample size). 

Deciduous 

Shrub cover Shrub height Conifer cover Conifer height tree 

Sample (%) (m) (%) (m) cover (%) 
size • SD • SD • SD :i SD • SD 

Song sparrow 
77 46.7 23.7 1.0 0.4 4.9 4.3 1.5 0.5 5.0 10.9 

MacGillivray's warbler 
59 54.4 25.1 1.1 0.3 4.7 3.7 1.6 0.6 7.6 11.2 

Wilson's warbler 

43 51.5 26.6 1.1 0.4 2.5 2.2 1.6 0.7 36.9 25.5 

Availability 
100 46.4 28.1 0.9 0.4 4.9 4.7 1.3 0.5 16.2 23.5 

of varying numbers of bird plots were used to assess effects of sample 
size on the 2-group DFA's; 5 replicates (DFA's) were run for each sub- 
sample. A random number table was used to select bird plots that com- 
prised each replicate. Standardized discriminant function coefficients 
were used to assess the relative importance of variables included in DFA. 
Interpretation of these coefficients is often difficult if highly intercor- 
related variables are included in the analysis (Williams 1981). Only vari- 
ables with an r < .5 with any other variable were included in DFA. 
Tests were considered significant at P < .05. Transformations of the 
original data did not significantly improve the covariance matrices; anal- 
yses were run on the original data (see Morrison 1982). 

RESULTS 

The study sites were typified by low and ubiquitous shrub cover, small 
conifers, and scattered patches of deciduous trees. The frequency of 
use of shrubs by the 3 bird species was similar to the frequency of shrubs 
available (Table 1). Song Sparrows and MacGillivray's Warblers also 
used conifers in proportion to availability. Wilson's Warblers, however, 
used areas with less conifer cover than was available. The most distinct 

pattern of habitat use was seen for deciduous tree cover: Song Sparrows 
and MacGillivray's Warblers used little deciduous cover, while the use 
of deciduous trees by Wilson's Warblers was over twice their availability. 

The significance of the separation of the 2 groups (song perch and 
random plots) as analyzed by discriminant function analysis (DFA) in- 
creased with increasing sample size for all 3 species of birds (Table 2). 
The discriminant function was significant at n = 30 for the Song Spar- 
row and MacGillivray's Warbler, and at n = 10 for the Wilson's Warbler. 
The significance of the test of equality of the variance-covariance ma- 
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trices (Box's M) also increased with sample size, and was significant for 
all 3 species at n -- 30 (Table 2). 

Deciduous tree cover and conifer height were the dominant variables 
that separated song perch and random plots for the Song Sparrow at 
n -- 40; the standard deviation (SD) of the estimates was small by this n 
(Table 2). Deciduous tree cover and conifer height also were associated 
with separation at n • 40, but could not be clearly removed from the 
contribution of the cover of conifers. 

Conifer height was the dominant variable separating song perch and 
random plots for the MacGillivray's Warbler at all n (Table 2). The SD, 
however, did not become small until n -- 40. 

Deciduous tree cover separated song perch and random plots at all 
n y 5 for the Wilson's Warbler (Table 2). The importance of deciduous 
tree cover could not, however, be clearly separated from shrub height 
and conifer cover until n -- 30. 

DISCUSSION 

Only subtle differences existed between the use and availability of 
shrubs and conifers for the 3 bird species on the study sites. There was, 
however, a distinct pattern of use of deciduous trees by the birds. Thus, 
it was not surprising that deciduous tree cover was identified as one of 
the most important variables separating vegetation used from that avail- 
able for each bird species. The few studies specifically addressing the 
habitats used by these birds also suggest a preference for various com- 
binations of shrubs and deciduous trees in their territories (e.g., see 
reviews by Gabrielson and Jewett 1940, Bent 1953, 1968). 

Results suggest that about 35 plots were needed to obtain stable values 
using discriminant function analysis. Johnson (198 lb) hypothesized that 
the number of plots needed in such studies could be approximated by 
starting with a minimum of 20 plots, plus 3 to 5 additional plots for 
each variable in the analysis. Since there were 5 variables in my study, 
35 to 45 plots would have been adequate to describe habitats used by 
the birds; my results parallel Johnson's approximation. Many authors, 
however, have accepted low sample sizes (e.g., fewer than 20 plots/ 
species) as the minimum criteria for multivariate analyses (e.g., James 
1971, Whitmore 1975, 1977, Conner and Adkisson 1977, Morrison 
1982). My results raise questions concerning the validity of conclusions 
based on such low sample sizes. Simulation analyses have also indicated 
that a sample of 40 is the minimum necessary for multivariate analyses 
(see Carnes and Slade 1982). 

A relationship between the equality of the variance-covariance ma- 
trices (Box's M) and the discriminant functions was shown; that is, Box's 
M was usually significant when the discriminant function was significant. 
Further, as the number of plots increased, both Box's M and the dis- 
criminant function became significant. These results raise an interesting 
paradox: a large sample size was needed to identify that the habitat used 
by the birds was different from the vegetation available on the study 
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sites. But because the variance of the distributions of song perch and 
random plots was dissimilar, the usual test of the null hypothesis of no 
difference in group centroids was invalid. 

Standardized discriminant function coefficients were used to interpret 
the discriminant functions. The robustness of these coefficients under 

violation of the assumptions of multivariate analysis is open to question 
(Johnson 1981a). My results suggest that stability of coefficients must 
be assessed with respect to sample size regardless of the results of Box's 
M. That is, a nonsignificant Box's M is no guarantee that the associated 
coefficients are reliable. Therefore, an additional method of interpret- 
ing discriminant functions, such as correlating the original variables 
with the canonical variates, could be used to strengthen results (Williams 
1981). 

The ability to predict the effects of a management practice on animals 
is critical for the resource manager. Results of this study indicate, how- 
ever, that the application of management guidelines based on low sample 
sizes to broader geographic areas is tenuous. 
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