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Abstract. A global decline in large trees, largely driven by anthropogenic influences, has potentially dire
consequences for cavity-dependent wildlife. For several species of conservation concern in western North
America, including Pacific martens (Martes caurina), fishers (Pekania pennanti), and spotted owls (Strix occiden-
talis), large live and dead trees (snags) with cavities are forest structural elements that are requisite to fulfilling
life history requirements. More than a century may be necessary for trees to develop cavities of a suitable size
for use by martens, fishers, and owls, yet the relative amount of time that such trees persist as usable prior to
senescence is largely unknown, despite the implications for how forests are managed as habitat for these wild-
life species. To address this uncertainty, in 2016, we re-located 44 live trees and snags identified as marten rest
structures between 2009 and 2012 in the Lassen National Forest, California. Upon re-location, we assessed
structure persistence by determining whether structures had changed type (e.g., a live tree that died and transi-
tioned to a snag) or usability (any structure that was degraded to a point where it was no longer usable by a
marten). After 5-7 yr, 25% (n = 11) of marten rest structures changed type and 16% (n = 7) appeared to be
unusable—a stark contrast compared to a similar study investigating persistence of fisher rest structures,
which documented one-third of the change in structure type and no change in usability over roughly twice the
return interval (8-12 yr). Our results emphasize the vast disparity between the lengthy period required for
trees to become suitable for marten use and the potentially short period for which they may remain usable. We
suggest that forest managers consider the importance of these fine-scale forest structural elements when devel-
oping broad-scale strategies to reduce fire risk and improve resilience in western North American forests.
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In the absence of catastrophic disturbances
such as wildfire, cycles of tree growth,
decadence, and senescence form the base of rich
ecological communities (Franklin et al. 1987).
Over sufficiently long time periods and broad
spatial scales, natural processes of attrition and
recruitment should be roughly in equilibrium—
as trees die, fall to the ground, and rot into the

ECOSPHERE *%* www.esajournals.org

earth, other trees grow in size and eventually
take their place. However, populations of large,
old trees are in global decline (Lindenmayer
et al. 20124, Lindenmayer and Laurance 2017),
driven by loss from timber harvest, disrupted fire
regimes, drought, and conversion of forest to
agriculture or urban development (Lindenmayer
et al. 2012b, Jones et al. 2016). Tree loss can be
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complete and almost instantaneous, such as in a
forest stand that has been clearcut or burned at
high intensity; conversely, growth and recruit-
ment of a new cohort of trees to replace those lost
can take multiple decades to centuries (Franklin
et al. 2002, Hennon and Mulvey 2014). Recruit-
ment of large, old trees worldwide appears to be
far outpaced by loss, as a result of asymmetry in
the amount of time over which these processes,
respectively, occur (Lindenmayer et al. 20125,
Easterday et al. 2018).

Loss of large trees presents potentially dire
consequences for cavity-dependent wildlife. In
western North America, large, old, live trees and
dead trees (snags) with cavities are critical forest
structural elements for several species of conser-
vation concern, including Pacific martens (Martes
cauring), fishers (Pekania pennanti), and spotted
owls (Strix occidentalis). Cavity-bearing live trees
and snags provide martens and fishers with
buffering from temperature extremes and refuge
from larger-bodied predators (Taylor and Bus-
kirk 1994, Green et al. 2018) and are particularly
important for housing altricial kits (Ruggiero
et al. 1998, Weir et al. 2012). In the Pacific North-
west, live trees and snags used by martens and
fishers for resting (hereafter, “rest structures”)
are frequently in the largest diameter size classes
available (Raphael and Jones 1997, Zielinski et al.
2004), may be hundreds of years old (Zielinski
et al. 2004, Slauson and Zielinski 2009), and are,
almost by definition, “big, sick, and rotting”
(Weir et al. 2012).

Cavity creation is a lengthy process, as trees
must first grow to sufficient diameter, and then
undergo processes of natural decay or activity of
primary cavity excavators such as woodpeckers
(Manion 1981) to develop cavities of a suitable
size for martens and fishers to use. Despite this
lengthy development period, the amount of time
for which live trees or snags persist in a state of
usability before senescence generally remains
unknown. To begin to address this uncertainty,
Zielinski and Schlexer (2015) re-located 49 live
trees and 21 snags identified as fisher rest
structures approximately 8-12 yr prior in north-
western California (Zielinski et al. 2004). Upon
re-location, the authors determined rest structure
persistence by assessing changes relative to type
(e.g., a live tree that died and transitioned to a
snag, or a snag that fell and transitioned to a log)
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and usability (whether or not a structure was still
usable by a fisher). While a small percentage of
fisher rest structures (8%) changed type, includ-
ing three live trees that transitioned to snags, two
snags that transitioned to logs, and one live tree
that transitioned to a log, no structures appeared
to be decomposed or degraded to a point where
a fisher could no longer use it (Zielinski and
Schlexer 2015).

Our objective was similar: to determine the
persistence of marten rest structures by assessing
changes in type and usability. Between 2009 and
2012, we identified 44 marten rest structures
(Fig. 1) in the Lassen National Forest, California,
including 31 snags and 13 live trees; in Novem-
ber 2016, we re-located all 44 structures, approxi-
mately 5-7 yr after initial identification. Of 44
marten rest structures, 25% (n =11) changed
type, including two live trees that transitioned to
snags (15% of all live trees) and nine snags that
transitioned to logs (29% of all snags). Of the 11
structures that changed type, 78% also appeared
to be unusable by a marten, consisting of seven
snags that transitioned to logs.

Both marten rest and fisher rest structures
were large in diameter (¥ >95 cm and
X > 100 cm, respectively) and likely old in age.
However, we documented almost triple the
change in type of marten rest structures, over
roughly one-half the amount of time, compared
with fisher rest structures. Further, while live
trees that transitioned to snags appeared to
retain their usability in both studies, snags that
transitioned to logs in our study (representing
one-sixth of all structures) largely became unus-
able, as they were characterized by extensive
heart rot and typically disintegrated upon falling
(Fig. 2a, b). Given that live trees with cavities
generally persist longer than snags with cavities
(Lindenmayer and Wood 2010, Edworthy et al.
2012, Edworthy and Martin 2014), the discrepan-
cies between our study and Zielinski and Sch-
lexer (2015) could simply be a representation of
marten and fisher structure type preferences, as
martens selected for snags (70%) over live trees
(80%), while fishers selected for live trees (70%)
over snags (30%). In other words, it may be more
likely for a marten rest structure to change type
or become unusable than a fisher rest structure,
because martens prefer snags, and snags are in
more advanced stages of decay than live trees.
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Fig. 1. Marten MO01 peers out of a cavity in 2010. This red fir (Abies magnifica) snag is well-representative of
marten rest structures in the Lassen National Forest—large in size, old, and decadent.

Regardless, our results emphasize the vast
disparity between the amount of time it takes
for structures to become usable by martens and
to the amount of time for which they remain
usable and are subsequently lost to senescence.
This time disparity may be of particular conse-
quence for martens and other cavity-dependent
wildlife whenever recruitment is insufficient to
keep pace with loss—for example, spotted owls
may already be in an “extinction debt” (Kuus-
saari et al. 2009) in California, where owl popu-
lations are in continued decline following
widespread removal of large trees and a
subsequent reduction in high canopy cover
during timber harvest, even though harvest
occurred more than 25 yr ago (Jones et al. 2018).
Marten populations in California appear to be in
decline as well (Zielinski et al. 2005); at the
Sagehen Experimental Forest, marten detections
decreased by >60% in less than 30 yr (Moriarty
etal. 2011), with decreased detections
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coinciding with increased timber harvest. While
numerous studies have indicated that martens
are sensitive to broad-scale disturbances from
timber harvest (e.g., reduced canopy cover and
forest fragmentation; Bissonette et al. 1997,
Hargis et al. 1999, Potvin et al. 2000), the effects
of finer-scale disturbances, such as reduced
availability of individual large-diameter live
trees and snags, are poorly understood (Purcell
et al. 2012).

Over the last 150 yr, timber harvest has
dramatically reduced numbers of large-diameter
trees and snags in California (Laudenslayer and
Darr 1990, McIntyre et al. 2015) and, in conjunc-
tion with a regime of fire suppression, has
resulted in increased densities of small-diameter
trees. Densification of forests and accumulations
of fine fuels, along with a warming climate, has
escalated the likelihood of large-scale, stand-
replacing fires in California (Collins et al. 2015,
Jones et al. 2016); this includes higher-elevation
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Fig. 2. (a) Condition of a heavily decayed snag upon re-location in 2016. (b) The same snag, which fell shortly
after re-location. We deemed the fallen structure to be no longer usable by a marten.

areas inhabited by martens that have historically
been characterized by longer fire-return intervals
(50-200 yr; Van de Water and Safford 2011, Fryer
and Luensmann 2012). Restorative forest man-
agement practices, such as mechanical thinning
and prescribed fire, are increasingly used to
mitigate wildfire risk by reducing fuel loads
(Stephens et al. 2012, North et al. 2015). Over
longer periods of time, fuel reduction treatments
such as thinning could reduce competition for
dominant and co-dominant trees (Stephens et al.
2012), thereby supporting growth and recruit-
ment of the large-diameter structures that mar-
tens require. However, in the short-term, fuel
reduction treatments often remove downed
woody debris and understory cover, resulting in
forest stands with simplified structure that mar-
tens may avoid (Moriarty et al. 2016).

Providing for habitat requirements of cavity-
dependent wildlife, such as martens, fishers, and
spotted owls, while addressing concerns of forest
resiliency and fire risk, presents a complex chal-
lenge with an unclear path to resolution. For
example, recent research has suggested that
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fishers are tolerant to low levels of disturbance
(i.e., where treatments affected <3% of high-use
fisher areas) from restorative treatments; yet, the
authors also indicated that it was unclear whether
treating such small areas would effectively reduce
high-severity fire risk (Zielinski et al. 2013). The
impacts of fuel reduction treatments on spotted
owl populations are similarly uncertain, with
impacts potentially differing by type, size, spatial
configuration, and timing of treatments (Stephens
et al. 2014). However, both studies advocated the
importance of retaining large, decadent trees dur-
ing treatments, as rare but ecologically important
forest structural elements.

Given the increasing need for and application
of restorative treatments, we encourage man-
agers to consider the importance of fine-scale
forest composition to martens and other cavity-
dependent wildlife when developing broad-scale
strategies to reduce fire risk and improve forest
resilience. We suggest that additional research
may be necessary to better describe the land-
scape processes that maintain a suitable avail-
ability of large trees with cavities, inform
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whether those processes will be supported or
hindered by forest management practices, and
determine the appropriate timescales that should
be accounted for. Further, we encourage future
investigations into the effects of structure avail-
ability on martens—for example, whether or not
limited structure availability influences individ-
ual marten fitness or, conversely, whether or not
martens exhibit some degree of plasticity in rest
structure selection.
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