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Spruce Grouse in Habitat Patches in the Adirondack Mountains: Dispersal vs. Rarity 

ROBERT S. FRITZ 

Department of Biology, Vassar Collegeß Poughkeepsie, New York 12601 USA 

The contribution of habitat isolation and species 
dispersal to species occupancy of habitat patches is 
an importantß unresolved issue in the debate over the 
sizes and configurations of wildlife reserves. Ran- 
dom sampling of rare species could also account for 
absences of species from habitat patches, but few 
quantitative data are available to test between these 
alternatives. 

Haila and J•irvinen (1983) and J•irvinen and Haila 
(1984) have applied a stochastic sampling model to 
census data of northern European birds on an island. 
Their results support the hypothesis that, for most 
species, observed occupation of an island is similar 
to occupation of similar-sized patches from a main- 
land habitat. Hereß I apply this model to data from 
Fritz (1979ß 1981). The alternative hypothesis tested 
was: Can the absence of Spruce Grouse (Dendragapus 
canadensis) from small habitat patches be attributed 
to rarity? In other wordsß would Spruce Grouse be 
expected to be absent from similar-sized areas in largeß 
contiguous forest blocks? 

I reported (Fritz 1979, 1981) that 7 patches that pre- 
viously had supported Spruce Grouse populations or 
were of sufficient size to support them were unoc- 
cupied in 1977. I concluded that dispersal was insuf- 
ficient to lead to recolonization of the unoccupied 
patches. Further censuses of these patches conducted 
from 1978 to 1980 showed that none were recolo- 

nized and that 7 more populations had become ex- 
tinct. Data from 4 yr will provide a test of the hy- 
pothesis that rarity and not dispersal may be 

responsible for the absence of Spruce Grouse from 
these patches. 

I used the Poisson model of Haila and J•irvinen 
(1983), employing a mean density representative of 
a contiguous habitat. Of the 7 populations for which 
Spruce Grouse density was known (Fritz 1981), 4 
eventually became extinct, while 2 other patches were 
too small to be considered equivalent to a largeß con- 
tiguous habitat. Only 1 siteß Grasse Riverß is large 
enough to be considered representative of a contig- 
uous habitat as required by the model. The mean 
density of Spruce Grouse at that site for 3 yr was 4.3 
pairs/km 2. 

During 1977 and 1978ß none of the patch sizes dif- 
fered in observed occupancy more than expected by 
the Poisson model (Table 1). In 1978, 3 previously 
occupied patches became extinct. Three more popu- 
lations went extinct in 1979, and 1 in 1980. Analysis 
of the last 2 yr shows that for the 50-ha patch sizeß 
observed occupancy was significantly less than ex- 
pected from the model (P < 0.025). Dispersal had not 
led to recolonization of any of the unoccupied 
patches. Expected values (Table 1) were derived by 
assuming that only a single year's census data were 
available. Howeverß when a series of censuses are 

used, the expected fraction of patches occupied must 
be adjusted as described in Haila and J•irvinen (1983). 
When this was doneß the agreement between ob- 
served and expected occupancy based on the model 
is even poorer (X 2 = 6.486ß P < 0.01) for 50-ha patches. 

Observed and expected occupancy for patches of 



394 Short Communications [Auk, Vol. 102 

TABLE 1. Observed and expected occupancy of 
Spruce Grouse in different-sized habitat patches in 
the Adirondack Mountains. Expected occupancy is 
based on the assumptions that pairs in patches are 
distributed in a Poisson distribution and that oc- 

cupancy is known for only one year. Agreement 
between observed and expected occupancy was de- 
termined with Chi-square tests. 

Patch size 

Year 50 ha 150 ha 300 ha 

1977 

Observed 0.60 (9/15) 0.89 (8/9) 1.00 (8/8) 
Expected 0.884 0.998 1.00 
P <0.25 <0.75 =1.0 

1978 

Observed 0.47 (7/15) 0.78 (7/9) 1.00 (8/8) 
Expected 0.884 0.998 1.00 
P <0.10 <0.60 =1.0 

1979 

Observed 0.33 (5/15) 0.67 (6/9) 1.00 (8/8) 
Expected 0.884 0.998 1.00 
P <0.025 <0.40 =1.0 

1980 

Observed 0.33 (5/15) 0.56 (5/9) 1.00 (8/8) 
Expected 0.884 0.998 1.00 
P <0.025 <0.20 =1.0 

150 and 300 ha did not differ significantly in any year 
(Table 1). This may be because small numbers of 
patches severely restrict the usefulness of the Chi- 
square test in interpreting occupancy data. There- 
fore, a significant difference would require that only 
3 of 9 sites be occupied. 

If rarity and not dispersal accounted for the occu- 
pancy of isolated patches by Spruce Grouse, then over 
the period of these censuses some recolonization 
should have been detected. Instead, no recoloniza- 

tion occurred. Although species rarity certainly can 
be an explanation for species occupancy of patches, 
it does not appear to be primarily responsible for 
patch occupancy by Spruce Grouse in the Adiron- 
dack Mountains. On the contrary, the inverse corre- 
lation of patch occupancy with interpatch distance 
(Fritz 1979) supports the implication of the impor- 
tance of dispersal, but this is confounded by the small 
size of isolated patches. More direct evidence for the 
inadequacy of dispersal is wanting. However, Haila 
and J•irvinen (1983) argue that the absence of a grouse 
(Bonasa bonasia) from the island in their study was 
due to its poor dispersal ability. 

In conclusion, analysis of an expanded data set us- 
ing the model of Haila and Jfirvinen (1983) does not 
support the hypothesis that species rarity alone can 
account for the absence of Spruce Grouse from suit- 

able habitat patches. Dispersal could be responsible 
for the observed pattern of patch occupancy. Dis- 
persal was not sufficient to lead to recolonization of 
any of the unoccupied patches during the 4 yr stud- 
ied, and the additional observed extinctions of 4 of 

the 9 smallest patches were consistent with expecta- 
tions from the extinction time model (Fritz 1979). 

That Spruce Grouse population dynamics in this 
mosaic of habitat patches apparently is not an equi- 
librium process raises additional concern over the 
effect of habitat fragmentation in the design of wild- 
life reserves. The issue of dispersal vs. rarity in species 
occupancy of habitat patches or islands demands fur- 
ther investigation in light of the conflicting results 
of Haila and Jfirvinen (1983) and this study. The util- 
ity of post hoc statistical tests in answering this im- 
portant question is limited, however. Larger samples 
of islands or habitat patches would offer more con- 
vincing data, but experimental tests are likely to pro- 
vide the strongest evidence of the influence of dis- 
persal and rarity in patch occupancy. 
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