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TAllLE 3. Average (SE) scores for four models tested with data from beaver-occupied and random unoccupied
reaches, Long Creek basin, Grant County, Oregon, 1988-1989.

Model

Massachusettsd

Truckee River!>
Missouri HSI (original)C

(modified)
USFWS HSI (originalt

USFWS HSI (food)
USFWS lISI (water)

USFWS HSI (modified)
USFWS HSI (food)
USFWS HSI (wate,)

This study

"Howard and Larson (19S5)
bBeier 'llJd BlIrrot! (1987)
°Urich ot nl. (19$4)
<!Allen (19&))

Occupied
(n ~ 14)

0.56(0.14)
1..14(0.05)
0.67(0.03)
0.69(0.Q.3)
0.39(0.06)
1.46(0.23)
0.50(0.00)
0.79(0.11)
1.46(0.2.3)
1.00(0.00)

-1.51(0.12)

Unoccupied
(n ~ 41)

0.52(0.06)
0.39(0.14)
0.55(0.02)
0.54(0.02)
0.20(0.03)
0.49(0.00)
0.43(0.02)
0.29(0.05)
0.49(0.09)
0.78(0.05)
1.34(0.23)

P<t

0.813
0.001
0.006
0.m16
0.005
0.001
0.02
0.001
0.00]
0.003
0.001

variables on the Long Creek basin data,
stream gradient drove the model. The stream­
depth variable was not sensitive to conditions
at Long Creek. Beaver habitat suitability in­
creased with stream depth in the Truckee
River basin, but we found an opposite rela­
tionship in the Long Creek basin.

The Missouri HSI model prodnced accept­
able results in eastern Oregon, but weak­
nesses were apparent. For example, this
model places high habitat snitability value on
stream sections with steep banks, whereas
beaver in the Long Creek basin selected gen­
tle bank slopes for dam placement. Reversing
the suitability index scores for this variable
made the model more sensitive to conditions
in the Long Creek basin. A variable describ­
ing the proximity to croplands did not pertain
to Long Creek basin and was eliminated.
~1aking these alterations, however, changed
the scores of the original model by only
0.02 units.

The USFWS HSI model produces life­
requisite valnes between 0 and 1 for both food
and water. The HSl is the minimnm of these
two values. The ,vater life-requisite value is
based on suitability indices (SI) for watcr level
fluctuation and stream gradient. All sites mea­
sured in the Long Creek basin were classified
as having moderate fluctuations in water level
that could have influenced lodge entrances
(SI ~ 0.5); so this variable was not sensitive
to conditions at occupied <mel unoccupied
reaches. Stream gradient was a better prediC­
tor of occupied reaches. Eliminating the vari­
able for stream-level fluctuatiou from the

model resulted in average life-requisite scores
for water of 1. 0 on occupied rcaches and 0.78
on unoccupied reaches (Table 3). Average
HSI scores for occupied reaches increased
ii-om 0.39 to 0.79 as a result of this change.
while scores at unoccupied reaches did not
change appreciably (0.20 to 0.29). We do not
suggest changes io the calcnlation of the life­
requisite value for food (and dam-construction
material) hecause that score diflered signifi­
cantly between occupied and unoccupied
reaches (Table 3).

Assessing Site Suitability

Williams (1965) indicated that in addition to
sufficient [()od, snitable habitat for beavers
requires a channel gradient < 15% and stable
water levels. In riverine habitats, stream gra­
dient is the most significant hlctor determin­
ing thc suitability ofhabitat for beaver (Slongh
and Sadlier 1977). Gradient was considered
an important habitat feature by Retzer et al.
(I956). Slough and Sadlier (1977). Allen
(1983), Urich et a1. (I984), Howard and Lar­
son (I985), Beier and Barrcll (I987), and
Naiman et a1. (1988). Gradients on beaver-oc­
cupied reaches in the Long Creek basin
ranged from 1.5 to 4.0%, while those on UllOC­
cupied reaches were as high as 12%. Exclnd­
ing all stream segments with gradients
> 12% could facilitate idcntifIcation of suit­
ablc dam-building segments along Long
Creek and its tributaries. At most sites, gradi­
ents >7% are probably only of marginal value
(Retzer et a1. 1956). However, gradient alone
is probably not the hest indicator of dam-site
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Fig. 2, Relative stream gradient diagram (stream gradient relative to stream cross-sectional area). Five random
unoccupied reaches fell below O.8_m2 cross-sectional area. Values from random unoccupied reaches below the diagonal
line were classified as unusable beaver habitat because of stream substrate or food availability (see text).

suitability. The relationship between gradient
and dam building is influenced by the cross­
sectional area of the stream because small,
high-gradient streams can be dammed (up to
a point). but large, high-gradient streams can­
not. Similarly, large streams of low gradient
can be dammed, but again only up to a point
('-"-S_m2 cross-sectional area on Long Creek).
OUf data support this concept, as does the
mean value from active colony sites (B, Fig. 2)

in the Truckee River basin (Beier and Barrett
1987). Although stream depth, width, and
drainage area above the dam were important
features in other studies (Howard and Larson
1985, Beier and Barrett 1987), the degree
to which these variables indicate habitat qual­
ity for beaver is largely dependent on the
length of stream sampled and the locatiou
of sampling in the watershed. In first- and
second-order streams, these variables must
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be sufficiently large to provide adequate wa­
ter for beaver (Howard and Larson 1985). In
large streams, depth and width bave a nega­
tive association with dam building because
the force of the water can prevent dam persis­
tence during high flows. Sampling a wide
range of stream sizes resulted in a Gaussian
distribution of these factors with similar
means for occupied and unoccupied reaches
(due to the location of beaver dams in the
central basin), but the range of values for
width and depth is narrower for occupied than
for unoccupied reaches. Using relative stream
gradient (cross-sectional stream area at a
given gradient) overcomes this problem.

Substrate type can also be used to further
refine selection of potential dam sites. Ap­
proximately 63% of Long Creek and its tribu­
taries passes through substrates of rock or
large cobble that seem to restrict dam con­
struction. Slough and Sadlier (1977) reported
that beaver in their study area did not use
lakes with rocky margins.

Bank slope is another physical feature that
seems important to dam-site selection. Urich
et a1. (1984) considered steep banks importaut
to beaver in Missouri, probably because they
offer suitable locations for dens along large
streams. In our study and that of Beier and
Barrett (1987) beaver were associated with
gentle bank slopes. The influence of bank
slope on habitat suitability may be a locally
important variable and should not be univer­
sallv included in habitat models.,

An adequate and accessible supply of food
and dam-construction materials must be
present for establishment of a beaver colony
(Slough and Sadlier 1977). On our study area,
sites with <7% hardwood tree cover were
unlikely to be dam sites (based on a 95% confi­
dence interval). Deoney (1952) summarized
the food preferences ofbeaver in North Amer­
ica and reported that aspen (Populus tremu­
lojdes), willow, cottonwood, and alder were
most often selected. The food species present
may be less important in determining habitat
quality than are physiographic and hydrologic
factors Genkins 1981, Allen 1983). If food is
not adequate, but the geomorphic features
already described for dam placemeot are met,
then the land manager can encourage the
growth of food and dam-construction materi­
als by restricting grazing of the riparian area,
by artifiCial regeneration of the trees and

shrubs, or both. Once a dam is built, forb
abundance will probably increase (Table 2),
resulting in improved food quantity and qnal­
ity in the summer Genkins 1981).

CONCLUSIONS

For streams similar to those in the Long
Creek basin, we suggest that land managers
may evaluate the potential for beaver dam
establishment using either the Allen (1983)
HSI model modified for eastern Oregon con­
ditions or the Beier and Barrett (1987) model.
The discriminant model that we developed
provided excellent classification of the origi­
nal data and used habitat features identified
by other investigators as important to bea­
vers, but it has at least two weaknesses. First,
variable transformations obscure direct rela­
tionships between beaver and the habitat
characteristic (the sqnare root or logarithm of
a variable may not be as meaningful as the
original value). Second, the model has not
been tested on an independent data set.

An alternative to using the Allen (1983) or
Beier and Barrett (1987) models is to use the
following logic-based decision tree. A stre",m
segment may support beaver: (1) if the rela­
tive stream grad.ient falls in the domain below
the diagonal line in Figure 2, (2) if the stream
substrate is not rock or cobble, and (3) if the
hardwood cover is >7%. [fhardwood cover is
<7%, tllen the land manager has the option of
improving the section of stream habitat by
encouraging woody plant growth. To increase
the volume of pool habitat in a stream by
encouraging beaver, the land manager should
identify reaches with adequate geomorphic
characteristic.s, reestablish hardwoods (ifnec­
essary) and minimize trapping ofbeaver until
the population is well established. For suit­
able stream sections, this approach would be
more economical than adding logs or similar
instream structures that could be better used
elsewhere.
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