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ABSTRACT

In this article we respond to a recent paper in which Rosenberg (2019) suggested that red tree voles (Arborimus longicaudus) were just as common as western red-
backed voles (Myodes californicus) and implied that federal management agencies should consider dispensing with field surveys of red tree voles in favor of an
unspecified adaptive management approach. Our primary purpose in writing this response is not to debate how management agencies should manage red tree voles.
Our objective is to demonstrate that Rosenberg’s (2019) attempt to compare the distribution and relative abundance of red tree voles and western red-backed voles
was fundamentally flawed. The data that he used to compare the two species are not analogous because they are based on different metrics, biased samples, and
different sampling techniques. Rosenberg (2019) also failed to include data from numerous studies that suggest that, compared to red tree voles, western red-backed
voles are much more uniformly distributed in the coniferous forests of western Oregon. In addition to assessing the methodological flaws and inconsistencies in
Rosenberg’s (2019) analysis, we review additional data that we think are useful for understanding differences in the distribution of tree voles and red-backed voles.
We conclude that Rosenberg’s (2019) analysis served little purpose except to muddy the waters regarding the actual distribution and abundance of red tree voles.

1. Introduction

During the development of the Northwest Forest Plan in 1993, a
team of scientists and managers from multiple federal agencies for-
mulated a list of potential management options for federal lands in the
Pacific Northwest (Thomas et al., 1993a). As part of this process,
Thomas et al. (1993a, b) compiled a list of native species that were
thought to be associated with old forests and convened panels of experts
to evaluate the likelihood of persistence of each species under different
management options. Persistence scores ranged from 0 to 100 with 0
indicating no chance of persistence and 100 indicating a very high
likelihood of persistence. Persistence scores were influenced by many
factors, including life history attributes, distribution, abundance, dis-
persal capability, metapopulation structure, and the quality and quan-
tity of data that were available (Thomas et al., 1993a; Meslow, pers
comm., 2019).

Two mammal species evaluated by Thomas et al. (1993a) were the
western red-backed vole (Myodes californicus) and red tree vole (Ar-
borimus longicaudus), both of which were thought to be most abundant
in old forests (Thomas et al., 1993b). Because the western red-backed
vole was known to be relatively common and uniformly distributed in
upland forests, the panel gave it a likelihood of persistence score of 90
based on the management scenario that ultimately became the North-
west Forest Plan. In contrast, the panel gave the red tree vole a per-
sistence score of 73, primarily because of concerns regarding lack of
data, limited dispersal capability, limited distribution, and the fact that
red tree voles or their nests were either absent or uncommon in many
areas (Thomas et al., 1993a; E. Charles Meslow, pers comm. 2019).

Because of its comparatively low persistence likelihood score, the
red tree vole was the only mammal that was included on the list of
“survey and manage” species that was adopted as part of the Northwest
Forest Plan. Regulations added during the final development of the plan
required federal land management agencies to conduct surveys for
survey and manage species prior to conducting harvest activities and to
protect those species if they were detected. For tree voles this meant
that managers were required to protect a 4.05ha buffer around

https://doi.org/10.1016/j.foreco.2019.03.050
Received 6 March 2019; Accepted 23 March 2019
0378-1127/ © 2019 Published by Elsevier B.V.

occupied or recently occupied nest trees that were detected during
preharvest surveys. Surveyors frequently encountered red tree vole
nests in proposed harvest units, which made many proposed timber
sales expensive and operationally unfeasible (Baker et al., 2005; Olson
et al., 2007). Because of the impact of red tree vole management on
timber harvest activities on federal lands, the Bureau of Land Man-
agement and US Forest Service sought to remove the red tree vole from
the list of survey and manage species (USDA Forest Service and USDI
Bureau of Land Management, 2001, 2004; USDI Bureau of Land
Management, 2007). This effort failed in court and the Bureau of Land
Management eventually extricated itself from the Northwest Forest
Plan and developed a new management plan that did not require pro-
tection of red tree voles in most areas (USDI Bureau of Land
Management, 2016a, 2016b).

In a recent publication Rosenberg (2019) seems to be arguing that
red tree voles should never have been included on the list of survey and
manage species in the first place or, at the very least, are sufficiently
common to warrant removing them from that list. Instead, he argues for
a more flexible approach that would be based on some kind of un-
specified “adaptive management.” Although we agree with Rosenberg
(2019) that adaptive management techniques should be considered
with regard to management of red tree voles (or any species), we argue
that his analysis was largely flawed based on methodological issues
associated with the very different natural histories and functional roles
of these two species in forests of western Oregon and northwestern
California. Moreover, he disregarded many studies that demonstrate
that, compared to red tree voles, western red-backed voles are much
more common and more evenly distributed. For these reasons, we did
not find his analysis particularly enlightening or appropriate. Here we
provide specific comments on our concerns and highlight where we
think Rosenberg (2019) failed in effectively comparing these species.

1.1. Commonness-rarity argument and its influence on management of red
tree voles

Rosenberg’s (2019) conclusions were predicated upon the assertion
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that the tree vole’s position along the commonness-rarity spectrum was
a prominent factor in determining its conservation status in the
Northwest Forest Plan (Thomas et al., 1993a; USDA Forest Service and
USDI Bureau of Land Management, 1994), and that this may be a
flawed method for evaluating the likelihood of species persistence.
Rosenberg (2019) implied that the commonness-rarity criterion was
largely responsible for the differences in conservation status between
tree voles and red-backed voles in the assessment conducted by Thomas
et al. (1993a).

Although Rosenberg (2019) conceded that other factors were taken
into account in the conservation assessment conducted by Thomas et al.
(1993a), he asserted that there is, in general, an over-emphasis on rarity
in natural resource management (Caughley, 1994; Flather and Sieg,
2007) and that this likely influenced the decision to list the tree vole as
a survey and manage species in the Northwest Forest Plan. This premise
was never examined or evidenced by Rosenberg (2019), though it ap-
peared to be the primary motivating factor behind his manuscript. In an
apparent attempt to demonstrate that tree voles are just as abundant as
the relatively common red-backed vole, Rosenberg (2019) spends much
of his manuscript comparing data from a variety of different studies
that were based on completely different metrics. It is in comparing
those metrics that his analysis was flawed, as we will discuss below.

1.2. Apples and oranges — Unique natural histories

Although the red tree vole and western red-backed vole are both
members of the subfamily Arvicolinae, that is about where their simi-
larities end. In brief, the red tree vole is a highly specialized arboreal
species that feeds exclusively on conifer needles and twig bark or un-
derlying cambium (Maser, 1966; Forsman et al., 2016), and is a can-
didate for listing as a threatened or endangered species in part of its
range (USDI Fish and Wildlife Service, 2011). In contrast, the western
red-backed vole is a terrestrial species that spends most of its time
underneath rotting logs or rooting about in the duff layer on the forest
floor, searching for hypogeous fungi (truffles; Maser, 1988; Maser et al.,
1978; Ure and Maser, 1982). Western red-backed voles (hereafter “red-
backed voles”) belong to a circumboreal genus of 12 species with a
combined range that includes most of northern North America, Europe
and Asia (Musser and Carlton, 2005), whereas red tree voles (hereafter
“tree voles”) belong to a genus that includes just three species that
occur only in western Oregon and coastal northwestern California
(Verts and Carraway, 1998; Bellinger et al., 2005; Forsman et al.,
2016). These differences in natural history and ecology have profound
impacts on methods used to study these two species and on any rea-
sonable comparisons one wishes to make.

The dramatic differences in survey methodologies for tree voles and
red-backed voles are the primary reason that no studies have been
conducted on both species simultaneously. Tree voles are virtually
impossible to capture using conventional small mammal sampling
methods (Swingle et al., 2004; Swingle and Forsman, 2016:148-149)
and most studies of tree vole distribution and abundance have been
based on signs of tree vole activity (e.g., nests) rather than direct cap-
tures of individuals. Thus, despite over a century of extensive efforts in
which researchers climbed many thousands of trees to search for tree
voles, no studies have produced capture histories suitable for density
estimation and virtually nothing is known about annual or spatial
variation in tree vole populations (Swingle and Forsman, 2016).

In contrast, red-backed voles are relatively easy to capture with a
variety of standard sampling methods used for small mammals. Due to
ease of capture and commonness of red-backed voles, the literature on
their distribution and habitat associations in the Pacific Northwest is
extensive, including many studies where researchers used pitfall traps,
snap traps, or live traps to compare the relative abundance of red-
backed voles among regions, forest age classes, forest types, or silvi-
cultural treatments (e.g., Gashwiler, 1970; Hooven and Black, 1976;
Corn and Bury, 1991; Gilbert and Allwine, 1991; Gomez and Anthony,
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1998; Rosenberg et al., 2003; Suzuki and Hayes, 2003; Weldy et al.,
2019). As a result, there is a great deal more certainty regarding the
regional distribution and numeric abundance of red-backed voles than
there is for tree voles.

1.3. Distribution of tree voles and red-backed voles

Rosenberg (2019) correctly pointed out that tree voles occur in
forested areas throughout much of western Oregon but what he failed
to emphasize was that virtually all studies of tree voles have indicated
that their distribution is very uneven both within and among different
geographic regions (Dunk and Hawley, 2009; Forsman et al., 2016;
Rosenberg et al., 2016). For example, in the extensive study designed
by Rittenhouse et al. (2002), tree vole nests were found in only 43% of
the 2ha plots surveyed within their contemporary range (Forsman
et al., 2016:25), even though most plots (70%) were located in old-
growth coniferous forests that were thought to be optimal habitat
(Dunk and Hawley, 2009).

In his study of tree vole nest detection rates in the central and
southern Oregon Coast Ranges, Marks-Fife (2016) found tree vole nests
in all of the 26 mature and old-growth forest plots that he examined,
but found no tree vole nests in 5 of the 10 young forest stands that he
examined, despite the fact that he placed all plots near known tree vole
locations in the region where tree voles are most abundant (Forsman
et al., 2016). Although most of the stands that he surveyed had evi-
dence of tree vole presence (nests), Marks-Fife (unpubl. data) only
observed tree voles in 9 of 36 stands (25%), despite the fact that he
searched all nests to determine if they were occupied. This study, which
was designed to maximize the likelihood of encountering tree vole
nests, again suggests that tree voles were very unevenly distributed,
even in the central and southern Coast Ranges where they are thought
to be most abundant (Forsman et al., 2016)

In contrast to the uneven distribution of tree voles, red-backed voles
have been captured in > 90% of the small mammal trapping studies
conducted in western Oregon across many forest types that varied by
age and tree species composition (Appendix 1), including studies con-
ducted in extensive areas of young forest in the northern Coast Ranges
of Oregon, where tree voles appear to have largely been extirpated by
wildfire and logging (Suzuki and Hayes, 2003; Price et al., 2015;
Forsman et al., 2016). Rosenberg (2019) did not provide any means for
evaluating distributional patterns of red-backed voles as he considered
only a narrow subset of studies in which researchers used live traps to
sample red-backed voles in the Cascades and Klamath Mountains. In
our view this represents a serious flaw in his attempt at a comparison of
the relative distribution and abundance of tree voles and red-backed
voles.

1.4. Density of red tree voles

Based on the data that he presented in Tables 1 and 2, Rosenberg
(2019) suggested that tree voles occur at similar or higher densities
than red-back voles. We found numerous problems with his compar-
isons. Firstly, density is a commonly estimated population metric (in-
dividuals per unit area) that in recent decades has been estimated with
ever-more sophisticated models in which researchers use capture his-
tories and ratios of marked and unmarked animals to estimate densities
in closed populations (Otis et al., 1978; White et al., 1982). Full cap-
ture-recapture histories are required for density estimates and most
researchers take great care to avoid biases in estimating density.
Credible papers also provide measures of statistical uncertainty in
density estimates. Unfortunately, the lack of capture history data for
both tree voles and red-backed voles did not deter Rosenberg (2019)
from presenting numerous point estimates (with no measure of statis-
tical uncertainty) of minimum vole “density” that were based on biased
samples or indices of density derived from biased samples, as described
in the following sections.
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In his Table 1, Rosenberg (2019) presented tree vole density esti-
mates based on studies in which researchers searched for tree vole nests
in the forest canopy (Maser, 1966; Biswell and Forsman, 2010; Marks-
Fife, 2016) or in felled trees (Gillesberg and Carey, 1991). Two of the
four studies cited (Biswell and Forsman, 2010; Gillesberg and Carey,
1991) could only be used to estimate minimum densities of tree vole
nest trees because detection probabilities and occupancy rates of nests
were not determined. No tree voles were observed in these studies, so at
best these estimates are an index of tree vole nest abundance with
unknown relationship with true abundance of tree voles. There is no
way to compare these estimates with the minimum density estimates of
red-backed voles that Rosenberg (2019) presents in Table 2 because the
latter estimates were all based on captures of individual red-backed
voles.

With regard to the tree vole study conducted by Maser (1966), the
12.4 ha study area was not selected randomly and sampling occurred
over a long time period (75 days) during which the population could
not be considered “closed,” a necessary assumption in estimates of
density (Otis et al., 1978). Selection of the study area happened after
Maser and one of his colleagues (Wayne Hammer) found a high con-
centration of tree vole nests in a young forest of Douglas-fir (Pseu-
dotsuga mengziesii) in which arboreal nests were easy to see and trees
were small and easy to climb (Maser, pers comm. 1968). Only then was
the decision made to use the area for what Maser (1966:170) referred to
as a “population study.” The data from the Maser study area re-
presented an unusual concentration of tree voles in an open population
that was sampled over a period of nearly three months. It cannot be
assumed that the post hoc density estimates that Rosenberg (2019)
calculated based on the Maser study are representative of average
conditions for tree voles and any comparison between densities of tree
voles captured in the Maser study area and red-backed voles captured in
randomly or systematically placed trapping grids is almost certainly not
representative of the relative abundance of the two species.

In the main body of Table 1, Rosenberg (2019) displayed a density
estimate of 3.3 tree voles per ha based on the fact that Maser
(1966:217) captured a total of 40 tree voles in his 12.4 ha study area.
Only by searching through the text and reading the footnotes to Table 1
can one discover that the majority of voles captured by Maser (1966)
were nestlings and that he captured only 15 non-juveniles (12 adults, 3
subadults) within his study area (1.2 per ha). This is an important fact
because none of the estimates of red-backed vole density that
Rosenberg (2019) cited in Table 2 included nestling juveniles. The only
comparison that makes any sense is one that is limited to adults and
dispersal age subadults. Thus, Rosenberg’s (2019) use of methodologi-
cally biased estimates from the Maser (1966) study is even more mis-
leading because he emphasized one estimate in the table and relegated
the more applicable estimate to fine print in a footnote. However, even
that comparison is invalidated based on the problems outlined in the
previous paragraph.

Rosenberg (2019) presented multiple point estimates of density in
Table 1 that were reported in Marks-Fife (2016). Only one of those
estimates (mean *+ SE = 1.91 =+ 0.97 tree voles per ha) was based on
actual observations of tree voles and Marks-Fife (2016:79) was careful
to point out that this estimate only applied to occupied stands in the
non-random sample of stands that he surveyed. Marks-Fife (2016) ob-
served so few tree voles during his study (10 voles in 113 occupied or
recently occupied nest trees) that he could not calculate separate esti-
mates of density in different forest age classes based on live animals.
Because of this problem Marks-Fife (2016:72) generated an index of
density that he referred to as “the number of adult tree vole home
ranges per ha.” He calculated this index by dividing his estimates of the
number of occupied or recently occupied nest trees by the mean
number of nest trees used by radio-collared tree voles in a previous
study (Marks-Fife, 2016:79; Swingle, 2005). This index was the source
of the high estimates of density that Rosenberg (2019:167) erroneously
referred to as “adult vole” density in Table 1 and that he argued were
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the most reliable estimates of tree vole density. Unfortunately,
Rosenberg (2019) failed to recognize that these estimates were based
on several unsupported assumptions, one of which was that all recently
occupied nests that were present at time zero were built by voles that
were present at time zero. That is not a valid assumption because tree
vole nests persist for years and accumulate over time. Thus, the nests
that are present at any point in time are the product of multiple gen-
erations of tree voles, many of which are already dead as few tree voles
survive more than a few months (annual survival = 0.15, 95%
CI = 0.06-0.31; Swingle et al., 2010). This means that the index de-
veloped by Marks-Fife (2016) probably greatly overestimated the
abundance of tree voles. To suggest that density metrics derived from
the Marks-Fife (2016) study are comparable with density estimates
based on live-trapping studies of red-backed voles is a perfect example
of comparing apples and oranges and is almost guaranteed to lead to
erroneous conclusions.

1.5. Density of red-backed voles

We identified a number of issues that made it difficult to evaluate
the density estimates that Rosenberg (2019) presented for red-backed
voles in his Table 2. For example, without consulting the original
publications we could not tell if the estimates were all based on post hoc
calculations by Rosenberg (2019) or included some estimates that came
directly from the original papers. By reading the original papers we
eventually figured out that all of his estimates were post hoc because
none of the original reports included density estimates for red-backed
voles. This problem could have been avoided with a few footnotes to
the table and a clear statement in the methods section that all reported
density estimates were calculated by Rosenberg (2019).

In some cases we could not replicate Rosenberg’s (2019) estimates
in Table 2, and in other cases we questioned whether his estimates were
valid. For example, he presented a post hoc estimate of 7.5 red-backed
voles per ha based on a study by Hooven and Black (1976) who con-
ducted trapping sessions at monthly intervals for 7 months each year
(April-October) in 1968-1970. Hooven and Black (1976) did not con-
duct a mark-recapture analysis, did not report captures for each sam-
pling occasion, and did not always sample the same number of days in
each trapping session (Hooven, 1971:56). We concluded that there was
no way to estimate density based on the Hooven and Black (1976) data
because they sampled an open population for 7 months each year
without providing any information on monthly capture histories. Any
attempt to estimate density based on their data is hopelessly con-
founded by mortality and recruitment. In his dissertation, Hooven
(1971:50) even emphasized that statistical analysis of his data relative
to density was meaningless.

Rosenberg’s (2019) post hoc estimate of red-backed vole density
from Waters and Zabel (1998) was based on a study that was conducted
outside the distributional range of the red tree vole. Waters and Zabel
(1998) did not estimate density of red-backed voles and limited their
analysis to a comparison of capture rates among silvicultural treatments
(shelterwood harvest) and forest age classes (mature, old-growth). It is
questionable whether density estimates from this study with 40 m
spacing between trap stations is comparable with the other studies cited
in Table 2, all of which had 15-20 m spacing between stations. The
methodological shortcomings of this study as a density study of red-
backed voles exemplifies the lack of rigor and documentation in Ro-
senberg’s post hoc approach to estimates, a process that he did not
provide sufficient details to replicate.

We also note that Rosenberg (2019) failed to cite two papers in
which Doyle (1985:52) and Rosenberg et al. (2003:1720) reported
densities (X = SE) of 7.3 * 0.8 and 1.9 * 0.3 red-backed voles per
ha in upland coniferous forests in western Oregon. Although these es-
timates are not comparable with indices of tree vole abundance, for the
reasons described earlier, they are additional examples of the fact that
red-backed voles are common residents in coniferous forests in western
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Oregon.

A more fundamental concern regarding the density estimates that
Rosenberg (2019) presented on red-backed voles is that he restricted his
review to a small number of studies in which researchers used live traps
to sample small mammals in coniferous forests in the Cascades and
Klamath Mountains. He ignored the much more extensive literature in
which researchers used pitfall traps or snap traps to compare the re-
lative abundance of small mammals at many different locations, in-
cluding the Coast Ranges of western Oregon (Appendix 1). He argued
that those data should not be used in a discussion of population density
because of the likelihood that new animals will enter the population as
previous residents are removed. Actually, this same argument could be
applied to live-trapping studies as well, because trap mortality of red-
backed voles tends to be high (Gashwiler, 1970; Hooven, 1971). But
regardless of that problem, we argue that, if the objective is an unbiased
comparison, one should consider all available literature and not ignore
the numerous studies in which pitfall traps and snap traps were used to
sample small mammals in western Oregon. If nothing else, these studies
are useful for evaluating patterns of distribution of red-backed voles
within and among forest types and regions. The results in most of these
studies indicated that red-backed voles were one of the most abundant
rodents in upland coniferous forests and were captured in nearly every
published study that we could find (Appendix 1). The results could not
be more striking when compared to the tree vole nest survey that was
designed by Rittenhouse et al. (2002). In the latter study the majority of
plots that fell within the range of the tree vole had zero evidence of tree
vole presence (Dunk and Hawley, 2009; Forsman et al., 2016) and the
minimum density of nest trees was typically < 1 per ha (Forsman et al.
2016:27-28). While all tree vole nest surveys are almost certainly
biased low because of false negatives (no nests detected when some are
actually present), the Rittenhouse et al. (2002) survey protocol was
designed to reduce the likelihood of false negatives by having climbers
inspect a stratified random sample of trees in plots in which few or no
nests were detected from the ground. Based on this protocol, Dunk and
Hawley (2009:632) estimated that the proportion of false negatives
from ground surveys in the Rittenhouse et al. (2002) study was only
6.0%, and that this bias had a “...negligible effect on our findings and
conclusions.”

2. Application of imperfect data to management

Although it is never clearly stated, Rosenberg (2019) seems to be
arguing that tree voles are sufficiently abundant to drop them from the
list of species that require any special management consideration in
Oregon with the possible exception of the northern Coast Ranges,
where there is little federal land, and where tree voles are particularly
rare (Price et al., 2015; Forsman et al., 2016). In some respects, this is a
moot point, because the Bureau of Land Management has already re-
moved itself from the Northwest Forest Plan and has stopped surveying
for tree voles on their lands in western Oregon, with the exception of
forests that are > 80 years old in the northern Coast Ranges, where the
tree vole is a candidate for listing under the Endangered Species Act
(USDI Fish and Wildlife Service, 2011; USDI Bureau of Land
Management, 2016a, b). In the rest of western Oregon, the US Forest
Service is no longer required to conduct tree vole surveys in forests <
80 years old (Pechman, 2006; Connaughton and Shepard, 2011), and is
currently implementing a new management approach that will focus on
protection of tree vole habitat in “high-priority” sites in fifth-field wa-
tersheds, thereby reducing the need for tree vole surveys in old forests
(Huff, 2016). Management and habitat protection for tree voles is re-
stricted to federal lands in Oregon because the Oregon Department of
Forestry does not require that state or private landowners conduct any
management specifically aimed at tree voles (Oregon Department of
Forestry, 2010).

In responding to Rosenberg (2019), our primary intent is not to
argue whether federal and state agencies or private landowners should
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be required to survey for or protect tree voles. Our intent is to argue
that an unbiased and sound scientific analysis of the facts matters,
especially when there are implications for resource management. Here
we provide evidence that Rosenberg (2019) presented a misleading and
confusing summary of the science regarding the distribution and re-
lative density of tree voles and red-backed voles. His suggestion that
tree voles are as common and evenly distributed as red-backed voles is
not supported by the available data. He largely ignores the dramatically
different life history characteristics and subsequent survey design lim-
itations associated with both species. Whereas data from red-backed
voles come almost exclusively from animals captured on systematically
placed trapping grids, data from tree voles comes primarily from in-
dices based on density of nest trees with unknown relationships with
the number of live individuals. Because a single tree vole can utilize
multiple nests which may persist for years and which accumulate over
multiple generations, it is incredibly difficult to establish relationships
between nest abundance and density of tree voles (Marks-Fife, 2016).
Rosenberg (2019) also minimized or ignored other limitations of the
data, including the fact that some study areas were non-randomly se-
lected because they were in areas with high relative abundances of tree
voles and some estimates were not comparable because they included
juvenile tree voles.

Based on our review, we conclude that tree voles and red-backed
voles differ not only in terms of their life history attributes, but also in
terms of their distribution on the landscape. The red-backed vole is a
fairly common species, distributed throughout the coniferous forests of
western Oregon and northwestern California, including many areas
outside the range of the tree vole (Verts and Carraway, 1998:298;
Waters and Zabel, 1998; Manning, 2002; Johnston, 2006). Although the
red-backed vole tends to be most abundant in old forests (Rosenberg
et al., 1994), it is typically found in nearly every area that is sampled in
coniferous forests in the Coast Ranges of Oregon, including young
forests in the Tillamook Burn region of northern Oregon where tree
voles have largely been extirpated (Suzuki and Hayes, 2003; Price et al.,
2015; Forsman et al., 2016). In contrast, extensive surveys conducted in
western Oregon indicate that the distribution of tree voles is extremely
uneven, and that they have been virtually eliminated in many areas as a
result of wildfires and logging (Forsman et al., 2016).

Rosenberg (2019) argues that evaluation of population viability
improves management of species more broadly than assessment of
rarity alone. We agree, and that is exactly why the Forest Ecosystem
Management Assessment Team (Thomas et al., 1993a) took into ac-
count other factors when they evaluated persistence of tree voles and
red-backed voles. Although we currently know a great deal more about
the distribution of tree voles than we did when Thomas et al. (1993a)
conducted their analysis, there is still a great deal of uncertainty re-
garding population density, demographic trends, population cycling,
metapopulation function, and distributional patterns of this enigmatic
species. Forsman et al. (2016) concluded that the distribution of tree
voles was extremely uneven and that they were rare or absent in many
areas that had experienced extensive wildfire or logging. This inter-
pretation differs from Rosenberg’s (2019:169) decidedly rosy conclu-
sion that “Surveys conducted on red tree voles since its designation as a
survey and manage species demonstrate that this species is much more
abundant and well-distributed than initially believed...”

Although there is no doubt that survey and manage requirements
for tree voles have constrained harvest of old forests on federal lands in
western Oregon, it is also important to emphasize that those constraints
were implemented not just because tree voles were thought to be rare.
Tree voles are incredibly difficult animals to study, and there is still a
great deal of uncertainty regarding their ability to persist in intensively
managed forests or in old forest refugia that gradually become isolated
in landscapes dominated by young, intensively managed forests
(Forsman et al., 2016). The fact that their distribution is not at all
uniform and that they are absent or rare in many areas that have been
subjected to recent wildfires or logging is good reason to be concerned
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about the long-term persistence of tree voles. Contrary to Rosenberg
(2019), we suggest that there are many reasons to manage proactively
for tree voles, especially in regions where they are least abundant,
perhaps with survey and management guidelines or some other form of
adaptive management. But one thing seems certain — a comparison of
disparate types of data from two species that are as different as red tree
voles and red-backed voles is not helpful for informing management

Appendix 1
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decisions that are likely to impact red tree voles.
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Percentage of western red-backed voles (Myodes californicus) captured in trapping studies conducted in western Oregon and northwestern
California. Last column (Percent MYCA) indicates percentage of red-backed voles in the total sample of all rodents captured.

Source Forest type® Region® Trap nights Trap type® Total rodents? Percent? MYCA
Anthony et al. 1987 CON Cas (C) 10,800 ST 519 3.28
Bury and Corn 1987 CON Cas (C) 38,880 PF 320 51.56
Cole et al. 1998 HDW Coa (C) 50,256 PF, LT 2981 0.10
Corn and Bury 1991 CON Coa (C) 108,864 PF 824 77.79
Corn et al. 1988 CON Coa (C) NR* PF 303 54.13
Cross 1985 MCON Kla, Cas (C) 6240 PF, ST, LT 462 48.27
Dizney et al. 2008 CON Coa (N), Cas (N) 65,600 PF, LT 2098 0.00
Doyle 1985 CON Cas (C) 92,904 LT 8617 6.19
Fontaine 2007 MCON Kla 8900 LT 85 2.35
Gilbert and Allwine 1991 CON Cas (N, C) 165,310d PF, ST 1177 72.13
Gitzen et al. 2007 CON Cas (C) 256,896 PF 2946 41.17
Gomez and Anthony 1998 CONHDW Coa (C) 100,800 PF 1911 22.82
Gomez et al. 1997 CON Coa (N) 7290 PF 247 6.07
Hayes et al. 1996 HDW Coa (C) 14,400 LT 789 0.13
Hooven and Black 1976 CON Cas (C) 15,750°¢ LT 2640 3.52
Johnston 2006 MCON Kla 17,600 LT 831 0.48
Manning 2002 MCON Kla 23,760d LT 501 23.95
Manning and Edge 2004 CON Coa (C) 24004 LT 471 0.42
Martin and McComb 2002 CON Coa (N, C) 127,900 PF 2389 32.65
McComb et al. 1993 CON Coa (C) 31,200 PF, ST 455 43.96
Ralph and Paton (1991) CON Coa (S), NW Cal 141,120 PF, ST, LT 2791 29.74
Raphael 1988 CON NW Cal 899,431 PF 2569 26.04
Sherrell 1970 CONHDW Coa (S) 5585 ST 332 0.60
Suzuki 1992 HDW Coa (N, C) 19,300 PF, ST 951 1.47
Suzuki and Hayes 2003 CON Coa (N, C) 139,600 PF 1797 44,91
Waldien 2005 CON Coa (C) 91,200 LT 12,510 0.84

2CON = conifer, HDW = hardwood, MCON = mixed conifer, CONHDW = conifer hardwood.
bCas = Cascades (N = north, C = central), Coa = Coast Ranges (N = north, C = central, S = South), Kla = Klamath and Siskiyou Mountains, NW Cal = northwest

California.

ST = snap trap, LT = live trap, PF = pitfall trap.

9post hoc estimate based on data provided in publication.
°NR = not reported.
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