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INTRODUCTION

In 2002 we collected information on snags and trees following the Birds and Burns Network
vegetation protocol (http://www.rmrs.nau.edu/lab/4251/birdsnburns/) in eight western states:
Arizona, Colorado, Idaho, Montana, New Mexico, Oregon, South Dakota, and Washington. In
this report we provide density estimates of all snags, trees, and stumps, plus their confidence
intervals (90 percent) and their standard errors. All these data represent snag, tree, and stump
densities in both control and treatment units before prescribed burning has taken place.

METHODS

Snags were divided into two major categories: 1) wildlife snags; and 2) fuel snags. We defined
wildlife snags as any standing dead tree with a diameter at breast height (dbh) > 23 cmand > 1.4
m in height. We defined fuel snags as any standing dead tree with a dbh ranging from 0.1 to 23
cm. Similarly, we divided live trees into these same two major categories: 1) wildlife trees (> 23
cm dbh); and 2) fuel trees (0.1 to < 23 cm dbh). In addition, we collected information on stump
densities. We defined stumps as any natural or cut stump < 1.4 m in height and > 15 cm at the
top of its bole.

We further divided wildlife snags and trees into two size classes in our analysis: 1) all snags and
trees > 23 cm dbh; and 2) snags and trees > 50.8 cm dbh. Fuel snags and trees were also broken
down into six smaller size classes: 1) 0 to <2.5 cm; 2) 2.5to<5cm; 3) 5to <8 cm; 4) 8 to < 13
cm; 5) 13 to < 15 cm; and 6) 15 to <23 cm dbh. This yielded a total of eight sizes classes for
snags and trees and a singular size category for stumps.

We calculated densities snag, stump and tree densities at four levels. The first level was the
regional level. We had three regions: southern, northern, and South Dakota. Data from the states
of Arizona, Colorado, and New Mexico represent the southern region. Data from Idaho,
Montana, Oregon, and Washington make up the northern region. We treated South Dakota as its
own region.

Our second level of analysis was at the state level. Our third level of analysis was at the unit
level. Among the eight states, we collected information from 34 individual units. A unit was
defined as a landscape approximately 250 to 400 hectares. Units within each state were paired as
a treatment and control unit. That is one would be burned, whereas the other would not. Our
fourth level was at the stratum level. For this analysis we combined all data from each state into
one of two strata: 1) open (< 40 percent canopy cover); and 2) closed (> 40 percent canopy
cover).

For each size class within each of these four levels, we then calculated densities using the nest
tree and random point data combined. In addition, we separated nest tree data from random point
data. We used t-tests within each level of inquiry to indicate whether any differences existed for
snag, stump, and tree densities between nest tree and random points. All states collected both
nest tree and random point data with the exception of Montana, which only collected random



point data in 2002. Only trees that contained woodpeckers or bluebirds were included in these
analyses.

We considered snags > 23 cm dbh as the most important habitat component for cavity-nesting
birds in this study. Therefore, we were interested in obtaining the most precise estimates possible
of snags in this size class. First, we evaluated various plot designs around nest trees to determine
whether the cross pattern with the 50-m arms was the optimal plot shape and size to obtain the
best estimates. To accomplish this, we compared precision estimates and sample sizes required
using four different plot designs: 1) 50-m cross, 2) 25-m truncated cross, 3) 12.5 m truncated
cross and 4) a 100-m straight section. All were centered on the nest tree.

Under the second approach we used a nested plot design. Maintaining the cross design with four
50-m arms, we then investigated the precision and independence of the smaller sampling units
within each cross pattern. We did this for both nest tree and random points for each individual
state. Using the cross pattern we calculated the means, standard deviations, sample sizes required
using one of four patterns: 1) entire cross with 50 m arms (n = number of nest trees, 2) entire
cross using each 50 m arm as the sampling unit (n = number of nest trees times four), 3) entire
cross using the mean of each of four subsegments in concentric circles (n = number of nest trees
times four), and 4) entire cross using the mean of each of two 25 m segments in concentric
circles from the nest tree (n = number of nest trees times two). Figure 1 illustrates how sampling
units were defined.

To test for the independence of adjacent sampling units we ran serial correlation tests. To do this
we paired the first sampling unit at each point with the second sampling unit based on the mean
snag density found with each unit. We then obtained a Pearson correlation coefficient between
the first and second sampling units to see how much influence the first sampling unit had on the
second. We assumed that sampling units with a Pearson correlation coefficient < 0.45 (R <
0.20) were independent.



RESULTS
Regional Level

Snags and Stumps

Densities of wildlife snags (> 23 cm dbh) ranged from a low of 7.6 + 1.2 (0.7) [+ 90 C.I. (SE)] in
the southern region to a high of 28.9 + 7.5 (4.9) per hectare in South Dakota. Snag densities in
the northern region averaged 10 + 1.2 (0.7) per hectare (Table 1). Large snags (> 50 cm dbh),
however, were most abundant in the northern region (3.3 snags/ha + 0.6 [0.3]), followed by the
southern region (2.5 snags/ha + 0.6 [0.3]), and then South Dakota (0.8 snags/ha + 0.4 [0.2]).

Fine fuel snags (0 to < 2.5 cm) were much higher in the northern region (53.4 snags/ha + 13.2
[8]) compared to either the southern region (6.7 snags/ha + 2.3 [1.4]) or South Dakota (8.7
snags/ha + 6.6 [3.9]). This pattern was similar for fuel snags 2.5 to < 5 and fuel snags 5 to <8
cm. South Dakota had the highest densities of fuel snags in the largest size class (15 to <23 cm)
with a mean of 34.2 + 11.1 per hectare (6.6). This compared to only 8.8 + 1.7 per hectare (1) in
the northern region and 6.2 + 1.8 per hectare (1.1) in the southern region. Stump densities were
highest in South Dakota (81.9 stumps/ha + 22 [13.1]), followed by the southern region (50.3
stumps/ha + 10 [6]), then the north (32.9 stumps/ha + 4.7 [2.9]).

The southern region reported vegetation data for 43 nest trees and 162 random points.
Comparisons of snag densities between nest and random points within the southern region
revealed no differences in any categories (Table 1). Stump densities, however, were higher
(mean difference = 27.6 stumps/ha) at nest trees (72.1 stumps/ha + 23.8 [14.1]), compared to
random points (44.5 stumps/ha + 10.9 [6.6]) in this region.

In the northern region, vegetation was sampled around 121 nest trees and 142 random points. We
observed no difference in wildlife snag (> 23 cm dbh) densities between point types in this
region. Large snag (> 50 cm) densities, however, were higher around nest trees (4 snags/ha + 1
[0.6]) compared to random points (2.7 snags/ha + 0.7 [0.4]). By contrast, small snags (0 to < 2.5
cm and 2.5 to < 5 cm) were significantly higher at random points compared to nest trees. Large
fuel snags (15 to <23 cm) and stumps were also higher at random points compared to around
nest trees in the northern region (Table 1).

In South Dakota, vegetation was sampled around 30 nest trees and 19 random points. Here we
observed higher densities of large (15 to <23 cm dbh) fuel snags around nest trees (47.1
snags/ha + 16.7 [9.8]) compared to random points (13.8 snags/ha + 7.6 [4.4]). This was also true
for wildlife snags (> 23 cm dbh) where densities were about 4.5 times higher around nest trees
(41.3 snags/ha + 10.5 [6.2]) compared to random points (9.3 snags/ha + 4.4 [2.5]). Stumps
densities were also higher around nest trees. This pattern may have been a result of snags within
clumps falling over more readily or firewood cutters focusing on these clumps for their
fuelwood.



Trees (Regional)

Densities of wildlife trees (> 23 cm dbh) ranged from a low of 65.4 + 16.8 (10) in South Dakota
to a high of 146 + 9.3 (5.6) per hectare in the southern region. Tree densities in the northern
region averaged 109 + 7.6 (4.6) per hectare (Table 2). South Dakota also had the lowest density
of large (> 50 cm dbh) trees (2.3 trees/ha + 1.2 [0.7]). Estimates of large trees in both the
northern (19.8 trees/ha + 1.7 [1.1]) and southern region (20.5 trees/ha + 2 [1.2]) were similar.

Small (0 to < 2.5 cm dbh) fuel trees were more than twice as abundant in the northern region
(170 trees/ha + 45 [27.4]) and South Dakota (183 trees/ha + 90 [53.7]) compared to the southern
region (79.2 trees/ha + 16.2 [9.8]). In all other fuel tree size classes (2.5 to <23 cm dbh) the
northern region consistently had the highest densities compared to the two other regions.

Similar to snags, comparisons of tree densities between nest and random points within the
southern region revealed no statistical differences although the trend was consistent with higher
tree densities surrounding nest trees in all eight size classes (Table 2).

In the northern region, we observed higher densities in the three largest (> 15 cm dbh) size
classes of trees at random points compared to around nest trees (Table 2). We observed no
difference in densities between nest tree and random points for fuel trees in the five smallest size
classes.

Tree densities in South Dakota between point types were unique. Random points had

significantly higher densities of trees in all size classes at random points compared to nest points
(Table 2).

State Level

Snags and Stumps

Snags densities (> 23 cm dbh) among states ranged from a high of 28.9 + 16.7 (9.8) snags per
hectare in South Dakota to a low of 2.2 + 0.5 (0.3) snags per hectare in Arizona (Table 3).
Colorado had the second highest snag densities (18.4 + 2.6 snags/ha [1.6]), followed by Oregon
(11.5 £ 3.1 snags/ha [1.9]), Montana (10.9 + 2.1 snags/ha [1.3]), Idaho (10.7 + 2 snags/ha [1.2]),
and then Washington (7.1 + 1.6 snags/ha [1]). New Mexico had the second lowest snag densities
(5.6 £ 1.6 snags/ha [1]) next to Arizona.

Large snags (> 50 cm dbh) were most abundant in Colorado (7.2 snags/ha + 1.4 [0.8]), followed
by Idaho (5.7 snags/ha + 1.3 [0.8]) (Table 3). Idaho was unique, however, in that 53 percent of
its wildlife snag (> 23 cm dbh) population was comprised of the large (> 50 cm dbh) snags.
Colorado followed second with 39 percent of its wildlife snags comprised of the large snags.
This was followed by Arizona (27 %), Washington (25 %), Oregon (23 %), New Mexico (14%),
Montana (8%), and finally, South Dakota (3%).

Colorado (5.8 stumps/ha + 2.2 [1.3]) and Idaho (5.6 stumps/ha + 2.6 [1.5]) also had the lowest
densities of stumps. By contrast, South Dakota had the highest stump density (81.9 stumps/ha +
22 [13.1]), followed by Montana (81.6 stumps/ha + 18.2 [10.9]) and then Arizona (79 stumps/ha
+ 17 [10]).



Montana had the highest density (164 snags/ha + 64 [38.1]) of small (0 to < 2.5) fuel snags
(Table 3). Arizona had very low fuel snag densities (< 3.7 snags/ha) in all size classes relative to
other states.

In our comparisons of snag densities between nest and random points, we observed that Arizona,
Idaho, and South Dakota had significantly more snags around nest trees (Table 3). Although not
statistically significant, we observed the same pattern in all other states except for New Mexico,
where nests were primarily located in live oak trees with natural cavities. Only Washington and
Idaho supported higher large (> 50 cm dbh) snag densities around nest trees compared to random
points.

Trees (State)

Densities of wildlife trees (> 23 cm dbh) among states ranged from a low of 65.4 + 16.8 (10) in
South Dakota to a high of 227 + 18 (10.6) trees per hectare in Montana (Table 3). Similar to
snags, Colorado had the highest density (33.6 trees/ha + 3.9 [2.3]) of large (>50 cm dbh) trees,
followed by Idaho with 27.3 + 3.3 (1.9) large trees per hectare. South Dakota had the lowest
density of large trees (2.3 + 1.2 trees/ha [0.7]).

Oregon had more than twice as many small trees as any of the other states (423 + 153 trees/ha
[92])(Table 4). South Dakota (183 + 90 trees/ha [53.7]) and New Mexico (176 + 67.3 trees/ha
[39.9]) had the second highest densities of small (0 to < 2.5 cm dbh) fuel trees (Table 4). Idaho
had the lowest with only 50.4 + 17 trees/ha in this size class.

In our comparisons of wildlife tree densities (> 23 cm dbh) between nest tree and random points,
we observed that tree densities at random points were significantly higher than at random points
in Idaho, South Dakota, and Washington (Table 4). In Arizona, we observed the opposite pattern
with tree densities higher around nest trees. Oregon and South Dakota had higher large (> 50 cm
dbh) tree densities at random points compared to nest points. In Colorado we observed the
opposite pattern.

Unit Level

Sample sizes by individual units were quite small the majority of the time and many results are
inconclusive. Nevertheless, some differences were detected between point types within a unit.
These are listed below.

Arizona

In 2002 Arizona had one treatment unit (KE) and two control units (MO and BE). Two nest trees
were sampled on the MO unit, four on the BE unit, and 10 on the treatment unit identified as KE
(Table 5). Forty random points were sampled on each of the KE and MO units. Ten random
points were sampled on the BE unit. Ninety random points in all were sampled.

The BE unit had no fuel snags in the five smallest (0 to < 15 cm dbh) size classes at any of its 14
points and relatively low densities in the larger (> 15 cm dbh) size classes (Table 5). Densities in



the stump category were the highest of any on this unit (185 + 48 stumps/ha [27]). The KE unit
had a similar pattern, with very low densities (< 0.5 stems/ha) in all the fuel snag size classes (0
to < 23) and low densities in the wildlife snag categories. As with the BE unit, only stumps
occurred in any numbers on the KE unit. The MO unit had higher densities (8.6 + 4.9 snags/ha
[2.9]) in the smallest (0 to < 2.5 cm dbh) fuel size classes, all of which were found at random
points. Of the three units, the MO unit had the lowest stump densities. Only within the BE unit
did we observe any differences in densities for snags (> 23 cm dbh) between nest and random
points, where nest trees had higher densities (5 + 2.4 snags/ha [1]) compared to random points
(1.5 £ 1.2 snags/ha [0.7]).

Wildlife tree densities (> 23 cm dbh) were the highest (> 125 trees/ha) of any categories across
all three units in Arizona (Table 6). The only other category that even approached this density
was the smallest (0 to < 2.5 cm dbh) tree category on the MO unit (95 + 18.5 trees/ha [11]).

In our comparisons of densities between points type, we observed higher tree densities at random
points (43.4 +22.1 trees/ha [13.1]) on the KE unit compared to nest points (12.5 + 9.7 trees/ha
[5.3]) for trees in the smallest size class (0 to < 2.5 cm dbh). Only on the BE unit did we observe
any differences in wildlife snag densities between points. Nest trees had about twice as many
trees (193 + 40.3 trees/ha [17.1]) as random points (98 + 44 trees/ha [24]).

Colorado

Colorado had four units in 2002. It is undecided at this point which units will be paired with each
other (G. Vos; pers. commun.) because of logistical concerns. Three nest trees were sampled on
the DC, PB, and SCN units and four on the SCS unit for a total of 13 nest trees (Table 7). Five
random points were sampled on each of the DC and PB units, 19 on the SCN unit and 18 on the
SCS unit for a total of 47 random points.

The SCN (21.9 + 4.7 snags/ha [2.7]) and SCS (21.4 + 4.4 snags/ha [2.5]) units appeared to be
most similar to each other in regards to wildlife snag (> 23 cm dbh) densities. The DC unit had
an estimated 14.9 + 10.9 (4) snags per hectare, where the PB unit had the lowest density of 8.1 +
5 (2.6). On the DC unit, wildlife snag densities were about twice as high around nest trees (15.8
+ 2.4 snags/ha [0.8]) compared to random points (8 + 5.4 snags/ha [2.6]). The pattern on the
other units was similar, but statistically insignificant.

For wildlife trees (> 23 cm dbh) the SCN and SCS units again appeared to have the highest
densities (Table 8). On the PB unit large (> 50 cm dbh) trees were more abundant around nest
trees (68.3 + 21.2 trees/ha [7.3]) compared to random points (40 + 16.2 snags/ha [7.6]). On the
SCN unit nest trees (272 + 124 trees/ha [42.6]) supported higher densities of wildlife trees (> 23
cm dbh) compared to random points (150 + 30.4 trees/ha [17.6]). On the SCS unit, large (15 to <
23 cm dbh) fuel trees were more abundant at random points (133 + 54.3 trees/ha [54.3])
compared to nest trees (43.8 + 14.7 trees/ha [6.3]).

Idaho

There were six units in Idaho in 2002. BH is the control unit for FC. DM is the control unit for
PC and WM is the control unit for DO. Idaho had a total of 31 nests and 59 random points
sampled. Table 9 shows how points were distributed among units. Wildlife snag densities were



highest (> 12.5 snags/ha) on the PC, BH, and DM units. Snag densities on the FC, WM, and DO
units ranged from 6.9 to 7.8 snags per hectare.

The DO and PC units were the only landscapes where we observed significant differences
between nest tree and random points for wildlife snags. Snags were more abundant around nest
trees at both of these sites. All other units followed this pattern, but no others tested significantly.
We observed no differences in any snag size classes between point types on the BH, DM, FC,
and WM units.

The DM unit had the highest wildlife tree densities (126 + 56 trees/ha [30.2]), followed by the
PC unit (102.7 + 26 trees/ha [14.3]). The WM unit appeared to have the lowest wildlife tree
densities (35 + 29.2 trees/ha [12.4]) but sample sizes were very small (n = 4).

In our comparison between point types, we observed higher wildlife tree (> 23 and > 50 cm dbh)
densities at random points on the BH unit compared to nest trees (Table 10). On the FC unit fuel
trees were more abundant at random points compared to nest trees in three size classes: 1) 5 to <
8 cm; 2) 13 to < 15 cm; and 3) 15 to <23 cm dbh. On the PC unit we observed the opposite
pattern with fuel trees in the 5 to < 8 cm and the 8 to < 13 cm dbh size classes more abundant at
nest trees than at random points. We observed no differences in any tree size classes between
points on the DM, DO, and WM units.

Montana

Only two units were sampled in Montana in 2002: Strawberry and Maupin. Twenty random
points were sampled on each (Table 11). Only random point results are available because nest
searching and monitoring will not begin until 2003.

The Maupin unit had higher fuel snag densities in all the smaller size classes (0 to < 8 cm dbh)
and this pattern appeared similar throughout the fuel snag size classes (Table 11). This pattern
reversed however for wildlife snags where the Strawberry unit had higher densities. Stump
densities were also higher on the Strawberry unit.

For fuel trees the Maupin unit had more small trees than the Strawberry unit (Table 12). By
contrast, the Strawberry unit had more large (15 to <23 cm dbh) fuel trees than the Maupin unit.

New Mexico

There were only two units in New Mexico in 2002. The CP unit had ten nests and the LJ unit had
four for a total of 14 nests. No random points were sampled on the CP unit, but 25 were sampled
on the LJ unit.

Although not statistically different, New Mexico was unique in that wildlife snag (> 23 cm dbh)
densities appeared higher at random points (6.1 + 2.3 snags/ha [1.3]) compared to nest tree points
(3.8 £ 2.9 snags/ha [1.3]) on the LJ unit (Table 13). For all other states we saw the opposite
pattern although, again, not always statistically different. The New Mexico sites are unique
because of their forest community type which is comprised of ponderosa pine and oak (Quercus
spp). These live oak trees containing heartrot were used as nest trees.



On the LJ unit we observed differences in the two smallest fuel size classes (0 to < 5 cm dbh) for
trees between random and nest tree points where tree densities were about five times higher at
random points (Table 14).

Oregon

Oregon had a total of 40 nests and 31 random points sampled on four units in 2002. CS is the
control unit for TS, and CN is the control unit for TN. Table 15 shows how nests and points were
distributed. We observed only one difference between point types on the TN unit. This was for
fuel snags in the smallest size class (0 to < 2.5) where random points (146 + 75 snags/ha [43.2])
had about three times as many snags as nest trees (45.5 + 22 snags/ha [12.2]). On the TS unit fuel
snags (2.5 to <5) were higher at random points. By contrast, large (15 to <23 cm dbh) fuel
snags and wildlife snags (> 23 cm dbh) were higher at nest trees on this same unit. We observed
no differences in any snag size classes between points on the CN or CS units where sample sizes
were small.

For wildlife trees on the TN unit we observed higher densities of large trees at random points
(35.8 + 6.4 trees/ha [3.7]) compared to nest trees (20.9 + 6.8 trees/ha [3.7]) (Table 16). On the
TS units tree densities were significantly higher for fuel snags in the three largest size classes: 1)
8to <13 cm;2) 13 to < 15; and 3) 15 to <23 cm dbh. We observed no differences in any snag
size classes between points on the CN or CS units where sample sizes were small.

South Dakota

South Dakota had six units in 2002. On both the FC and RC units there was only one nest where
the vegetation was sampled. The KH and RR units did not have any nest trees, whereas the ST1
had nine nests and the ST2 had 19. This made for a total of 30 nests (Table 17). The RC unit had
the highest number (n = 8) of random points sampled. By contrast, the ST1 and ST2 units did not
have any random points. The FC unit had five random points, the KH had two, and the RR had
four, for a total of 19 random points. Only the FC and RC units had both nest and random points.

The ST1 and ST2 units had the highest wildlife snag densities (>39 snags/ha) (Table 17). These
were all located at nest trees. By contrast they also had the lowest wildlife tree densities (< 17
trees/ha), which were but a fraction of tree densities estimated at other units (Table 18).

Washington

Washington had the highest number of nest trees sampled (n = 50). These were distributed
among seven units with a low of five nest trees on the HR unit and a high of nine on the ZR unit.
Table 19 shows how the nests were distributed. Only 12 random points were sampled for
vegetation. All units except for the MT unit had at least one random point sampled. The highest
number was three.

The FY unit which had six nests and three random points is the only unit where we detected any
differences between point types. Here wildlife snag (> 23 cm dbh) densities were higher at nest
trees (6.7 + 2 snags/ha [1.1]) than at random points (1.7 + 4.8 snags/ha [1.7]). The only
difference we observed for trees was on the HR unit where random points had higher densities
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(125 + 158 snags/ha [25]) of medium (8 to < 15 cm dbh) fuel snags compared to nest trees (40 +
45.7 snags/ha [21.4]) (Table 20).

Stratum Level

Sample sizes for strata based on canopy cover within each unit were extremely low or even non-
existent in some cases. Therefore, all data within each state were used in this analysis. Density
estimates are for all points combined within each stratum and then separated by nest and random
point within both the open and closed strata.

Arizona
Arizona had 49 points in the open stratum and 57 within the closed stratum (Table 21). Within

the open stratum, only three points were nest trees and 46 were random points. Within the closed
stratum 13 points were nests and 44 were random.

Between strata, we detected a difference in wildlife snags where densities were higher in the
closed stratum (2.8 + 0.7 snags/ha [0.4]) compared to the open stratum (1.5 + 0.6 snags/ha [0.3]).
The only other difference we detected was within the closed stratum. Again for wildlife snags,
we observed that nests had higher densities (4.2 + 1.3 snags/ha [0.7]) of wildlife snags than
random points (2.3 + 0.9 snags/ha [0.5]) within the closed stratum.

The situation for trees in Arizona was definitive. Both fuel and wildlife trees were significantly
more abundant in the closed category compared to the open stratum (Table 22). The only
difference within the open stratum was in the small (0 to < 2.5 cm dbh) tree size class where
random points had higher densities (76.6 + 21.8 snags/ha [13]) compared to nest trees (12.5 +
21.1 snags/ha [7.2]). Small trees within the closed stratum between points revealed the same
difference.

Colorado
All nests and random points within Colorado were in the closed stratum (Tables 3 and 4).

Idaho

Idaho had 54 points in the open stratum and 36 in the closed stratum (Table 23). Snag densities
were significantly higher in the closed stratum for all size classes of snags except in the 13 to <
15 cm dbh category and the stump category. Within the open stratum only wildlife snags > 23
and > 50 cm dbh differed between point types; nest trees had higher densities. Within the closed
stratum the only difference we observed was for snags > 50 cm dbh.

Tree densities between strata in Idaho followed the same pattern as snags. That is, tree densities
were significantly higher in the closed stratum in all tree size classes (Table 24). Within the open
stratum we found higher tree densities at random points for fuel snags 8 to < 13 and fuel snags
15 to <23 cm dbh compared to nest trees. Within the closed stratum we detected no differences
in tree densities within any of the size classes.

Montana
All random points within Montana were in the closed stratum (Tables 3 and 4).
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New Mexico

Only four points were located in an open stratum in New Mexico all of which were random
points (Table 25). The closed stratum contained 35 points. With all points combined we detected
differences in snag densities between the open and closed strata for three categories: 1) fuel
snags 5 to < 8 cm dbh; 2) wildlife snags > 23 cm dbh; and 3) stumps. In all cases densities were
higher in the closed category. Within the closed stratum we observed differences between nest
and random points in two fuel snag size classes: 1) 5 to <8§; and 2) 8 to 13 cm dbh class.

Tree densities were higher for most size classes in the closed stratum compared to the open
stratum in New Mexico (Table 26). Within the closed stratum we observed higher fuel tree
densities at random points compared to nest trees for two size classes: 1) 13 to < 15; and 2) 15 to
<23 cmdbh) .

Oregon

Oregon had 43 points in the open stratum and 27 in the closed stratum (Table 27). One nest tree
was unidentified in regards to stratum. Medium size (8 to < 13 cm dbh) fuel snags were more
abundant in the closed stratum (29.2 + 14.8 snags/ha [8.7]) of Oregon compared to the open
stratum (11.3 +4.3 snags/ha [2.5]). Both categories (> 23 and > 50 cm dbh) of wildlife snags
were also higher in the closed stratum in Oregon compared to the open stratum (Table 27).

Within the open stratum fuel snags in the smallest three size classes were all higher at random
points compared to nest tees (Table 27). In the closed stratum large (15 to <23 cm dbh) fuel snag
densities were higher around nest trees compared to random points.

We observed no differences in tree densities between strata in any size classes in Oregon (Table
28). Within the open stratum random points had higher densities of trees than nest trees in three
size classes: 1) 2.5 to <5; 2) 5 to <§; and 3) > 50 cm dbh. Within the closed stratum, we
observed no differences between nest and random points in any tree size classes.

South Dakota

South Dakota had 31 points in the open stratum and 18 in the closed stratum (Table 29). Between
strata densities were higher in the open stratum compared to the closed stratum in three
categories: 1) 15 to <23 cm dbh; 2) > 23 cm dbh; and 3) stumps. Within the open stratum both
wildlife snags (> 23 cm dbh) and stumps were significantly higher around nest trees compared to
random points. We detected no differences with the closed stratum but only two nest trees were
sampled.

For all size classes of trees in South Dakota, we observed a definitive pattern of higher densities
within the closed stratum compared to the open stratum (Table 30). Within the open stratum we
observed that random points (96.7 + 24.3 snags/ha [8.3]; n = 3) had about seven times more
wildlife trees (> 23 cm dbh) compared to nest trees (13.6 + 8.2 snags/ha [4.8]). We observed no
differences between nest (n = 2) and random points with the closed stratum.
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Washington

Washington had 17 points in the open stratum and 45 in the closed stratum (Table 31). Fuel snag
densities in the two smallest sizes classes were higher in the closed stratum compared to the open
stratum. Only two random points were sampled in the open stratum and we observed no
differences in densities in any snag size classes between nest and random points with this
stratum. Within the closed stratum, small fuel snags (0 to <8 cm dbh) were higher around nest
trees compared to random points in all three size classes.

Tree densities in Washington were higher in the closed stratum for all tree size classes but two:
1) 13 to < 15; and 2) > 50 cm dbh (Table 32). Within the open stratum we observed higher
wildlife tree densities between point types with conflicting results. This is likely due to the small
sample size (n = 2) of random points within this stratum. Within the closed stratum wildlife tree
(> 23 cm dbh) densities were higher at random points, while fuel snags in the 8 to < 13 and 13 to
< 15 cm dbh classes were more abundant around nests.

Optimal Plot Size for Wildlife Snags (> 23 cm dbh)

Truncated plots around nest trees

In our analysis of truncated plot designs surrounding nest trees we observed that the cross design
with 50-m arms most often gave the most precise estimate of snag densities (57% of the time)
and also most often required the smallest number of samples to obtain our desired level of
precision (i.e. to be within 20 percent of the true mean 90 percent of the time). This was true for
Arizona, New Mexico, and Oregon, and Washington (Table 33). This was followed by the
truncated cross with 12.5 m arms (South Dakota and Colorado), with a straight line transect
centered on the nest giving the most precise estimate in Idaho.

Precision levels among plot designs varied within states. For example, in South Dakota the top
ranking plot design (24.5 %) was only 1.1 more precise than the bottom ranking design (25.6 %).
By contrast in Arizona where snags densities were relatively low, we observed a gain of 24
percent using the entire cross design (26 %) versus a truncated cross with 12.5 m arms (50 %). In
New Mexico our precision levels increased by 15.7 percent between the same two plots designs.

One of the main objectives of our study was to maintain a standardized sampling protocol among
all states. A second main objective was to obtain the most precise estimate possible of wildlife
snags (> 23 cm dbh) at both nest and random points because of their importance to cavity-
nesters. In our study nest trees are the limiting factor so the plot design that gave us the best
densities estimates around nest trees, we chose to use for random points as well. As mentioned
above, the entire cross design required the smallest number of nest trees needed to obtain our
desired level of precision and gave the most precise estimate in the majority of our states.
Therefore, we selected this design for the remainder of our plot analyses.

Optimal Sampling Unit for Wildlife snags (> 23 cm dbh)

Figure 1 illustrates the different nested sampling units we evaluated for precision and
independence in our analysis of wildlife snags. All nested sampling units were part of the entire
cross plot design.
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In Arizona, using each 50-m arm of the cross as the sampling unit around nests increased our
precision levels for wildlife snags (> 23 cm dbh) from 26 to 12.4 percent (Table 34). Statistical
analysis (Pearson correlation test: r = 0.16) indicated these sampling units could be considered
independent. By contrast, we observed little difference in precision levels among sampling units
for random points.

Colorado was similar to Arizona in that use of the 50-m arms as our sampling unit around nest
trees, rather than the entire cross, increased our precision levels from 35.2 to 16.7 percent (Table
35). Statistical analysis (Pearson correlation test: r = 0.33) indicated these sampling units could
be considered independent although the 12.5 or 25 m lengths revealed units were serially
correlated. Also similar to Arizona, we observed relatively little change in our precision
performance for random points based on sampling unit size.

Fifty meter arms were also the best sampling unit for snags around nest trees for Idaho (Table
36). Precision levels changed from 27.3 for the entire cross to 13.3 when we used the 50-m arms
of each plot as the sampling unit instead. Statistical analysis (Pearson correlation test: r = 0.14)
indicated these sampling units could be considered independent. Using the 50-m arms for
random points in Idaho changed our precision levels from 25.6 to 17.3 percent.

Montana did not have nest tree data in 2002. We observed only a small amount of gain form
random plots in Montana from 19.5 for the entire cross to 17.1 percent for the 50-m arms (Table
37). Statistical analysis (Pearson correlation test: r = 0.09) indicated these sampling units could
be considered independent.

We observed a dramatic increase in precision for our snags density estimates around nests in
New Mexico when we used the 50-m arm as our sampling unit where our precision level went
from 47 percent for the entire cross versus 22.4 percent for the 50-m arms (Table 38). Statistical
analysis (Pearson correlation test: r = 0.12) indicated these sampling units could be considered
independent. Unlike other states, we also realized a gain in precision for random points in New
Mexico (from 37.5 to 26.1 percent) using the 50-m arms. Again, the 50-m arms gave us the best
estimate. Likewise, our tests revealed independence of sampling units (Pearson correlation test: r
=0.31).

Oregon was unique among all states because of the high degree of serial correlation (Pearson
correlation tests: r > 0.46) between all sampling units around nest trees (Table 39). That is, none
of the nested sampling units were independent (Pearson correlation tests: r > 0.46) within the
cross design making it necessary to use the entire cross design for our sampling unit. Oregon also
required the highest number of nest trees to obtain our desire level of precision suggesting a high
degree of variability for snags on this landscape (Table 33).

Precision levels for South Dakota revealed the same lack of independence we observed in
Oregon (Table 40). Therefore, we would have to retain the entire cross design for our sampling
unit around nest trees in South Dakota. For random points we also observed independence
problems between adjacent sampling units using the 12.5 and 25 m units (Pearson correlation
tests: r > 0.53). Using the 50-m arms for random points, however, changed our precision level
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from 47.3 for the entire cross to 32.1. Independence was not a problem for these sampling units
(Pearson correlation tests: r = 0.26).

The nested 50-m arms within the cross design was once again chosen as the optimal sampling
unit for snag density estimates around nest trees in Washington (Table 41). Our precision levels
for nest trees in this state went from 24.7 for the entire cross to 12.2 percent using the 50-m arms.
Statistical analysis (Pearson correlation test: r = 0.20) indicated these sampling units could be
considered independent. Precision levels for snags at random points was poor (51.8 to 66.6
percent) regardless of the sampling unit chosen; this was likely a reflection of the small sample
size (n = 12). In addition, these random samples were taken across all units likely adding to the
variability and hence the large number of samples required within this category.

Wildlife Use

Snags

The number of snags available and the number with new foraging signs among decay classes
varied widely among all eight states (Table 42). South Dakota had an unusually large number of
snags (n = 429) in decay class II that were available for foraging. Of these 249 exhibited signs of
new foraging (58%). Arizona and New Mexico had the smallest number of snags available in all
decay classes. Montana and New Mexico had the smallest number of snags with signs of new
foraging. Montana was the only state lacking any snags in decay class III that exhibited signs of
new foraging. Colorado, Montana, and New Mexico had relatively low percent use of snags for
foraging relative to the other states.

Similar to new foraging signs, Colorado, Montana, and New Mexico had the lowest percentages
of snags available having a new cavity among all states (Table 43). Although the number of
snags available in Arizona was low, a relatively large proportion of these had new cavities.
Decay class II showed the highest number of cavities within most states. This did not always
translate into the highest percent use value for new cavities, however, which was shared equally
by decay class III.

Just as one would expect, the percent use of available snags containing either an old or new
cavity increased mainly in the more advanced decay classes (Table 44). Percent use of any age of
cavity changed little, if at all, in decay class I in most states. South Dakota had the highest
number of cavities (n = 101) in any of the states in its decay class II. Montana had the lowest
overall percent use of any age of cavity.

Ponderosa pine (PIPO) was the most available snag species available in all eight states except for
New Mexico (Table 45). In New Mexico, 41 QUGA snags were encountered, whereas 40 PIPO
snags were encountered. PIPO snags had the highest number of snags exhibiting signs of new
foraging in every state. Most often this also translated into the highest percent use value within a
state except in Montana (POTR) and Washington (PICO) where small numbers in other species
classes were available, and a large percentage were used. South Dakota and Arizona had the
fewest (n = 2) species of snags available; Colorado and Washington had the most (n = 5). All but
one snag in South Dakota was a PIPO, which made it unique among all states.
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Ponderosa pine snags had the highest number of cavities of any species available that contained a
new cavity. Due to low numbers of certain species available in each state, however, this did not
always translate into the highest percent use (Table 46). South Dakota again had the highest
number of new cavities (n = 47) all of which were in PIPO. Washington had one new cavity in a
SASC.

As with decay classes (Table 43) we saw our percent use values increase for snag species
available when we considered both new and old cavities (Table 47). Washington had some of the
overall highest percent use values of all eight states. Again Montana and New Mexico had the
lowest number of snags present containing a cavity.

Trees

The number of trees available for foraging (Table 48), compared to the number of snags
available (Table 42), increased multiple times for every state except South Dakota (Table 48).
Idaho