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Many forests in the temperate rainforests 
of the Pacifi c Northwest of North America 
are dominated by conifer species, including 
Sitka spruce (Picea sitchensis), western hem-
lock (Tsuga heterophylla), western redcedar 
(Th uja plicata), Pacifi c silver fi r (Abies grandis), 
and most prominently Douglas-fi r (Pseudot-
suga menziesii) (Franklin & Dyrness, 1973). 
Th e Mediterranean climate with moderate 
temperatures and most precipitation falling 
in winter generates seasonally dry, high pro-
ductivity forests. Historically, the major dis-
turbances in the region leading to stand re-
placement were high-severity fi res occurring at 
multi-century intervals. Long periods without 
high-severity fi re allowed for development of 
iconic old-growth forests. In addition, the 
Indigenous community actively stewarded 
the landscape, with diverse cultural burning 
techniques adapted for a variety of purposes 
and environments (Long et al., 2021). Doug-
las-fi r is a keystone species historically found 
throughout the region in a wide variety of 
stand structures. It can be long-lived, reach 
large sizes, and maintain substantial fi re resis-

tance at older ages facilitated by its thick bark. 
Consequently, Douglas-fi r was a prominent 
component in most old-growth forests (Figure 
1; Burns & Honkala, 1990).

Many of the older forests in the region were 
harvested starting in the early 20th century. 
Beginning in mid-century the clearcut stands 
were mostly artifi cially regenerated, resulting 
in dense even-aged monoculture Douglas-fi r 
stands. As these practices became more wide-
spread and scientifi c understanding of the re-
sulting impacts increased, the public became 
concerned about the impacts of these manage-
ment practices. Th ese environmental concerns 
led to major shifts in land management on 
most public lands starting in the early 1990s 
(U.S. Department of Agriculture and U.S. De-
partment of Interior, 1994). On federal land, 
this resulted in a shift away from regeneration 
harvests. Instead, management foci expanded 
beyond timber production when entering the 
dense plantations with thinning operations 
to sometimes include gaps and skips. One of 
the typical goals of these entries was to count-
er past eff orts to homogenize the forests and 
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increase the spatial diversity so stands develop 
more effi  ciently towards conditions that refl ect 
the historically dominant old-growth forests 
(Anderson & Ronnenberg, 2013).  

Th e restoration eff orts were based on ear-
ly work that indicated that old-growth forests 
in the region initiated after stand replacing 
fi res and then developed almost undisturbed 
for multiple centuries (Franklin et al., 2002). 
Because of a lack of disturbances after stand 
establishment in areas with Douglas-fi r seed 
availability, stands developed through a most-
ly mono-specifi c (Douglas-fi r) stem exclusion 
phase (Franklin et al., 2002). In areas with 

limited Douglas-fi r seed availability, it could 
take several decades until stands were fully 
stocked following a more precocious stand 
development pathway (Donato et al., 2012), 
where forests often underwent a mixed-spe-
cies stem exclusion phase. In either setting, 
the models suggested that mortality patterns 
after the stem exclusion phase resulted in an 
increase in spatial variability, which eventual-
ly would lead to the iconic stand structures of 
old-growth forests. 

Th e predominance and extent of infre-
quent, high-severity fi re regimes and the re-
sulting successional models briefl y described 
above have been prominently refl ected in 
planning and policy decisions during the last 
decades. Among others, this is refl ected in the 
LANDFIRE program (http://landfi re.gov) 
and in the science synthesis of the Northwest 
Forest Plan Review (Spies et al., 2018). Many 
conservation plans designed at recovering 
threatened and endangered species were based 
on these models and thus relied heavily on set-
aside, no intervention strategies (e.g., US Fish 
and Wildlife Service, 2011).

However, recent work challenged the as-
sumption of the prominence of these stand de-
velopment models in the region. Th is assump-
tion was based on early research which did not 
collect evidence of small scale, low severity 
fi res, labeled non-stand replacing (NSR) fi res. 
Recent studies that also included such distur-
bances showed their prevalence in various ar-
eas in the region, including the western side of 
the Oregon Cascades (Johnston et al., 2026; 
Merschel et al., 2024; Tepley et al., 2014), the 
Oregon Coast Range (Merschel, 2023; Drake, 
2025), and sites across the Mt. Hood, Siuslaw, 
and Willamette National Forests (A. Merschel, 
unpublished data; Figure 2).  

Th e variability in fi re regimes and forest 
development histories and especially the wide-
spread and prominent evidence of NSR fi res 

Figure 1 - Douglas-fi r dominated old-growth forests in 
western Oregon. Photo credit: Weiskittel et. al 2012 
(a) and M. Betts (b). 

Figure 2 - Map of Oregon highlighting state and fed-
eral forests. Blue ovals indicate approximate locations 
of studies that highlighted the prominence of non-
stand replacing disturbances impacting stand develop-
ment after stand replacement. Modifi ed from https://
geo.maps.arcgis.com/sharing/rest/content/items/ec-
704651d1914ccca4c748614548bbc5/data.
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occurring repeatedly after stand establishment 
highlighted that multiple stand development 
models played out in the region (Merschel et 
al., 2024; Johnston et al., 2026; Puettmann et 
al., 2026). Intermittent NSR disturbances led 
to small-scale mortality and gaps that regener-
ated to shade tolerant and intolerant species, 
depending on gap size and understory vege-
tation (Merschel et al., 2024), as well as infl u-
enced tree growth (Dodson et al., 2012) and 
crown development of trees adjacent to gaps 
(Seidel et al., 2016, Figure 3). 

In addition, these fi res locally impacted the 
forest fl oor environment and understory vege-
tation, including tree regeneration (Puettmann 
et al., 2026).  Th ese NSR disturbances also cre-
ated and emphasized legacy and habitat struc-
tures important for selected late successional 
wildlife species. For example, the avoidance of 
a stem exclusion phase due to NSR fi res may 
lead to maintenance and earlier development 

of stand structural components associated with 
old-growth forests, such as larger crowns with 
branches at lower stems (Ishii & McDowell, 
2002; Seidel et al., 2016; Figure 4). 

Th e variability of NSR disturbances in 
terms of spatial patterns and frequencies (Fig-
ure 5) suggests that there is no single, quanti-
fi able pattern that can be used to represent an 
NSR-driven development pathway. Instead, it 
is suggested that a wide variety of stand de-
velopment patterns played out in the past as 
a function of spatial variability in topography 
and vegetation, climate, Indigenous fi re stew-
ardship, and interactions among disturbanc-
es over time. However, while forests in some 
places developed following the traditional 
models, the frequencies of NSR fi res found in 
various parts of the region (see citations above) 
suggested that development models that were 
infl uenced by multiple and usually several 
NSR and/or Indigenous fi res with various ex-
tent and severity patterns, were likely the most 
common patterns.

Th us, we propose to account for the diver-
sity of fi re regimes and expand the recognized 
development pathways beyond the traditional 
and precocity model to be inclusive of NSR 
and Indigenous disturbance driven patterns 
(Puettmann et al., 2026; Figure 3). We suggest 
that adding the NSR and Indigenous distur-
bance fi ndings to the knowledge base used in 
implementing conservation, restoration, and 
management eff orts will facilitate more effi  -
cient and historically accurate development of 
old-growth structures in western, moist forests 
in the region. Appreciating the role of NSR 

Figure 3 - Drawing of stand de-
velopment patterns that includes 
eff ects of repeated small-scale non-
stand replacing fi res. Modifi ed from 
Oliver and Larson (1996).

Figure 4 - Large sizes of branches on the lower stems (a) 
indicate that trees grew up without direct competition 
from neighboring trees, suggesting establishment of 
a low density stand or local mortality due to NSR 
disturbances. Similarly, epicormic branches indicate 
sudden opening of adjacent canopy layers (b). 
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and Indigenous disturbances shifts the em-
phasis in terms of old-growth restoration from 
a conservation, no-entry approach, to imple-
menting carefully designed restoration prac-
tices that emulate the variety of patterns and 
resultant eff ects of historical NSR and Indig-
enous disturbances (Puettmann et al., 2026).

However, using historical development 
models as a blueprint requires an assessment 
of how historical settings that infl uenced these 
models are represented in current and fu-
ture conditions. In this context, one import-
ant issue is the relative infl uence of natural-
ly occurring fi res, e.g., initiated by lightning 
strikes, versus fi res set by Indigenous peoples. 
No comprehensive data exist, but increasing-
ly fi re histories in temperate rainforests show 
convincing evidence of a prominent role of 
Indigenous fi re stewardship shaping forest 
conditions and dynamics prior to European 
colonization (Johnston et al., 2023; Merschel 
et al., 2024; Drake 2025). For example, Fig-
ure 6 adapted from Merschel (2021) shows 
fi re occurring every 2-3 years at a site in the 
western Cascades until the 1860s which coin-
cides roughly with the removal of Indigenous 
peoples in the region to reservations in 1856. 
A second full cessation of fi re coincides with 
the implementation of fi re suppression in the 
early 20th century. Th e period prior to 1856 
likely represents fi res originating from Indige-
nous fi re stewardship and lightning while the 
period from 1856 – 1907 largely represents 
fi res resulting from lightning during dry years. 
Th ese and other dendrochronological fi re re-
constructions in the region provide empirical 
evidence that Indigenous stewardship was re-
sponsible for many low-severity fi res in select-
ed places. At the same time, using historical 
stand development models should account 
for climate change by modifying restoration 
practices to be climate smart. For example, 
current trends and predictions suggest that in-

Figure 5 - Plot map showing the spatial variability in 
an old growth forest. Points, size, and color refer to 
location, size, and species of trees, respectively. Th e 
clustering of establishment years, written next to points, 
highlights that trees of various species established in 
small patches throughout the life of the stand, refl ecting 
the impact of repeated small-scale, non-stand replacing 
disturbances. From Merschel 2021. 

Figure 6 - Cumulative qualifying fi re years at a fi re-his-
tory reconstruction site in the western Cascade Range, 
Oregon, from 1747 to 1950 CE. Th e dashed vertical 
line at 1864 indicates the estimated breakpoint in fi re 
frequency identifi ed by segmented regression, and the 
shaded band represents its 95% confi dence interval. 
Th e solid vertical line marks the onset of the fi re-ex-
clusion period in 1908. Horizontal annotations identify 
extended intervals with no recorded fi res following the 
removal of Indigenous peoples to reservations in 1856. 
Th e estimated mean fi re interval increased from 2.7 
years before 1856 to 6.0 years thereafter.
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creased frequency and severity of drought may 
lead to lower water availability and higher fi re 
frequencies (Dale et al., 2001). Accordingly, 
management practices can account for this by 
encouraging lower tree stocking than histori-
cally present in the region. At the same time, 
climate smart silviculture includes encouraging 
a species composition that is shifted to more 
drought tolerant species, as well as species that 
are resistant to low- to moderate-severity fi res 
or adapted to resprout after fi res (Puettmann 
et al., 2026). 

Integrating the variety of stand develop-
ment models as well as the historical role of 
Indigenous populations and climate smart 
practices into silvicultural prescriptions is 
quite challenging. It requires prescriptions 
that have enough fl exibility to accommodate 
small-scale ecological diff erences but also al-
low for multiple values and ways of knowing 
to be accommodated, including incorporating 
Indigenous Knowledge (IK). Eisenberg et al. 
(2024) highlight general ideas about integrat-
ing IK and Supplement 2 in Puettmann et al. 
(2026) provides a detailed decision tree as an 
example of how IK and other aspects refl ecting 
the diversity of stand development models can 
be operationalized in practical applications. 
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