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Introduction 

High severity disturbances, such as high severity wildfires, 

are likely to become major catalysts of forest ecosystem 

change in response to climate change (Stevens-Rumann et 

al. 2018, Walker et al. 2018, Davis et al. 2019). As large, 

uncharacteristic fires become more prevalent, scientists are 

starting to document a lack of tree regeneration (Fig. 1). In 

many locations worldwide, but especially across the west-

ern US (see review by Stevens-Rumann and Morgan 2019), 

concern among researchers and managers is mounting giv-

en that decades after large fires, many formerly forested 

sites have so few tree seedlings that the likelihood these 

locations return to forests is minimal. Instead, these for-

merly forested sites appear to be transitioning to shrub-

lands, grasslands, or woodlands. There is a combination of 

events – large patches burned with high severity, few seed 

source trees nearby, and poor post-fire climate windows – 

that can often lead to poor regeneration. These events are 

becoming more frequent, decreasing the windows of op-

portunity for successful tree regeneration, especially if re-

generation doesn’t occur soon (within 10 years) post-fire. 

Postponing replanting at least a couple years post-fire al-

lows for both observations of natural regeneration estab-

lishment and the development of some nurse structures 

such as downed logs or shrub growth that may improve 

planted seedling survival.  

Ecosystems appear to be transitioning most often in recent-

ly burned areas on sites that were already relatively warm 

and dry. Much of the research we present here from the 

northern Rockies has focused on lower elevation tree spe-

cies such as ponderosa pine (Pinus ponderosa) and Douglas

-fir (Pseudotsuga menziesii); however, in places like Glacier 

National Park and the Greater Yellowstone Ecosystem, spe-

cies such as lodgepole pine (Pinus contorta), western larch 

(Larix occidentalis), fir (Abies spp.) and Engelmann spruce 

(Picea engelmanii) have been studied. 

Why focus on tree regeneration? 

This review is focused on tree seedling regeneration for 

several reasons. First, a high mortality event, like a high- 

severity wildfire, kills the mature trees needed to maintain 

forest cover. When fire-caused mortality is minimal, we are 

less concerned about tree regeneration, but a high severity 

fire creates the need for tree regeneration if long-term for-

est cover is desired. Second, high mature tree mortality 

limits seed availability for the regeneration of most species, 

especially those that are not serotinous. Third, young trees 

are more sensitive to soil temperature and drought than 

established trees (Jackson et al. 2009, Andrus et al. 2018). 

Older trees may persist through multiple droughts or other 

suboptimal conditions that kill immature trees. Finally, with 

changing fire regimes and the potential for increasing fre-

quency of fires, seedlings are more vulnerable to death 

from subsequent surface fires than are established trees 

with thicker bark and crowns that may be further above the 

heat from flames (Agee 1993). We recognize that in many 

locations forests have increased in density or expanded 

into areas that were historically persistent meadows and 

shrublands, representing an unnatural condition where 

abundant tree regeneration may not be optimal or repre-

sentative of the historical forest structure (then loss of for-

ests may or may not be of concern). However, with 

drought, bark beetles, fires and other disturbances re-

sulting in extensive mortality of large trees, the lack of tree 

regeneration remains a concern.   

Figure 1. (A) On many warm, dry sites, no or very few tree seed-
lings have regenerated following large fires. (B) This is sometimes 
related to distance to seed source, but trees are less likely to suc-
cessfully establish if climate is too warm and dry. (C) and (D) For 
lodgepole pine with serotinous cones and for tree species with 
small, light seeds, seedlings establish in abundance post fire. Pho-
tos courtesy of Kimberley Davis.  

Research Highlights -  

 Few trees seedlings have established 9 to 13 years 
after many large forest fires, especially to replace 
pre-fire tree densities. Key environmental influ-
ences vary.  

 Fewer tree seedlings established far (>270 ft (90m)) 
from living tree seed sources, especially for species 
with wind or gravity-dispersed seeds.   

 Hot, dry climatic conditions in the years after fires 
resulted in lower tree regeneration.  
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Where has a lack of tree regeneration been 

found?  

The absence of tree regeneration and a reduction in tree 

density are occurring at many elevations and latitudes. In 

the northern Rockies, limited tree regeneration has been 

documented post fire in sites that range from low elevation 

ponderosa pine to high elevation subalpine forests (Table 1, 

Fig. 2), although many areas, particularly at higher eleva-

tions, still have sufficient tree regeneration. Other regions 

around the West also have experienced limited post-fire 

conifer regeneration in certain forest types, but with a lot 

of variability between sites (Fig. 3). For example, in mixed 

conifer forests of southern Oregon and California, different 

studies have found that between 0-61% of study plots had 

no conifer regeneration 5 to 28 years following fire 

(Shatford et al. 2007, Welch et al. 2016, Tepley et al. 2017). 

Limited post-fire conifer regeneration has also been found 

in the Colorado Front Range (59% of sampled plots in lower 

montane forest had no conifer regeneration; Rother & Veb-

len 2016) and Southwestern ponderosa pine forests (e.g. 

Savage & Mast 2005; Roccaforte et al. 2012).  

Table 1. Studies of post-fire regeneration in the northern Rockies show variability in the percent of plots without conifer regeneration. Differ-
ences between studies may arise due to differences in fire severity, forest type, or climate (see below), with some differences arising because of 
differences in methods, plot size, and time since fire.  

Study Forest Type Years Since Fire 
Plots without conifer 
regeneration 

Kemp et al. 2016 Dry mixed conifer 5-13 26% 

Donato et al. 2016 Lower montane 24 13% 

Urza & Sibold 2017 Lower subalpine 7-22 7% 

Harvey et al 2016 Subalpine 10-19 2% 

Stevens-Rumann and Morgan 2016 Dry and moist mixed conifer 7-25 14% 

Figure 2. (a) For 62 forest fires in the northern Rocky Mountains in the US sampled 3-28 years since fires occurred, tree seedlings were absent 
(black) disproportionately in dry forest types, though all forest types had some sites with the presence of seedlings (gray) post fire. Proportion of 
sites without seedlings increased in dry forests from 30% pre-2000 to 45% post-2000; in moist forests, the change was a 10% increase.  Tree 
regeneration was less successful in dry forests than in moist forests, but especially for fires that burned since year 2000. (b) Sampled sites were 
warmer and drier after 2000 compared to before. The graph shows 30-yr average mean annual water deficit; red is above average, blue is below 
average, and gray circles indicate when sampled fires burned; lines above and below indicate 15 year means (1984-1999 and 2000-2015). 
Adapted from Stevens-Rumann et al. 2018.  
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What is driving the lack of tree regeneration? 

Studies documenting low tree regeneration densities are 

numerous across the West. Although the key environmen-

tal influences vary, several major factors emerged. First, the 

distance a site was from a living tree was very important. At 

distances >270ft (90m) tree regeneration density was low, 

especially for species that rely on wind and gravity-

dispersed seeds (see examples in Kemp et al. 2016, Urza 

and Sibold 2017, Stevens-Rumann et al. 2018). Large patch-

es that are burned with high severity often result in long 

distances to seed sources, suggesting that these patches 

are less likely to regenerate than small patches burned with 

high severity. Because they have more surviving tree seed 

sources, areas burned with moderate (20-70% tree mortali-

ty) and low severity (< 20% tree mortality), are more likely 

to have tree seedlings growing after fires. In this way both 

burn severity and the size of patches of different burn se-

verities can influence post-fire tree regeneration.  

Climate is also an important factor in predicting tree regen-

eration. Several researchers have documented low tree 

seedling densities where moisture stress is high. For exam-

ple, Davis et al. (2019) used ages of tree seedlings from 

sites across the western US to determine that the warm, 

dry conditions of recent years have exceeded the thresh-

olds for successful post-fire establishment of ponderosa 

pine and Douglas-fir tree seedlings on warm, dry sites (Fig. 

4 and 5). Using current post-fire establishment patterns, 

Kemp et al. (2019) predicted that the elevational range of 

both ponderosa pine and Douglas-fir will need to shift up-

wards by 300+ ft (100+ m) to keep up with climatic changes 

over the next 40 years. Even subalpine species can be influ-

enced by climate. Post-fire regeneration densities of both 

subalpine fir (Abies lasiocarpa) and Engelmann spruce were 

lower in areas that experienced dry conditions in the first 

three years following fire than in areas that had wetter post

-fire weather (Harvey et al. 2016).   

Repeated disturbances, microsite conditions, competing 

vegetation, and topography (aspect, slope, and elevation) 

also influence tree regeneration, but the relationships of 

these variables to tree regeneration are less consistent 

across the western US. Repeated disturbances, especially 

repeated high severity fires, present a challenge in ecosys-

tems where the time between fires is too short for trees to 

reach maturity for seed production following a high severity 

fire (e.g. Turner et al. 2019) and for fire-resistant species to 

grow to a substantive size to avoid mortality from a low 

intensity fire (see Prichard et al. 2017 and Stevens-Rumann 

et al. 2014 for more details on repeated fires). However, to 

date few places in the western US have experienced exten-

sive reburning, thus the impact of repeated fires is limited 

in extent, and our knowledge of the ecological effects in 

many systems is unknown. Competing vegetation, like 

shrubs, can influence tree regeneration success and growth 

(e.g. Lyderson and North 2012, Savage et al. 2013, Tepley et 

al. 2017), especially if tree seedlings don’t establish soon 

after fires. However, in the northern Rockies, studies have 

not documented as much of an effect from competing veg-

etation. Topography influences microsite suitability for 

seedlings. In dry, low elevation forests, post-fire tree seed-

lings were more abundant on north-facing aspects and at 

higher elevations (Dodson and Root 2013, Chambers et al. 

2016, Lopez-Ortiz et al. 2019), but regeneration patterns 

may be the opposite in cold forests, where snowpack and 

colder temperatures are often observed at the highest ele-

vations and on north-facing aspects. 

What are the consequences?  

The replacement of forests by grasslands or shrublands re-

sults in less carbon stored (Liang et al. 2018), shifts habitat 

for many birds or other organisms, and may impact im-

portant local and regional societal values. While we focused 

here on wildfires, mature trees on many sites globally are 

Figure 3. West-wide, assessments of where and when natural regen-
eration (seedlings not planted) has established 9 to 46 yr after large 
forest fires. From Stevens-Rumann and Morgan (2019) and see this 
paper for citations. This was current as of January 2019, though 
additional papers have been published since.   
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Figure 4. Ponderosa pine seedlings were absent or low in density on many of the sites at low elevations within 33 large fires sampled in Califor-
nia (CA, pink), Colorado (CO, black), the US northern Rockies (NR, green), and the southwestern US (SW, orange) because drought (summer 
vapor pressure deficit VPD, z score) and soil moisture during the driest month (volumetric water content, vwc) have exceeded thresholds for 
successful recruitment (A and C), in many years. This is increasingly so in recent years (dots indicate conditions favorable for recruitment, B and 
D). As a result, recruitment probability of tree seedlings is highly variable year to year (E and F), and very low in recent years. Analyses account-
ed for effect of burn severity and distance from seed source. From Davis et al. (2019) 
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Figure 5. Douglas-fir seedlings were absent or in low density on some of the sites at low elevations within 33 large fires sampled in California 
(CA, pink), the US northern Rockies (NR, green) and the southwestern US (SW, orange). These sites have poor regeneration of Douglas-fir after 
large fires because surface temperature (maximum during the growing season, °C) and spring soil moisture (March-May, volumetric water con-
tent, vwc) have exceeded thresholds for successful recruitment (A and C), in many years. This is increasingly so in recent years (dots indicate 
conditions favorable for recruitment, B and D). As a result, recruitment probability of tree seedlings is highly variable year to year (E and F), and 
lower in recent years in the NR and SW. Analyses accounted for effect of burn severity and distance from seed source. From Davis et al. (2019)  
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experiencing high levels of tree mortality from drought and 

insects, even in the absence of fires (Allen et al. 2010, Hicke 

et al. 2016); thus many of our forests will only continue to 

function as forested ecosystems if tree regeneration can 

establish. With changing climate and shifting suitable habi-

tat for trees, we are likely to continue to see the loss of for-

ests. As wildfires burn more areas, with a greater propor-

tion burning at high severity, alternate ecosystems are like-

ly. These changes have the potential to be most prevalent 

on relatively warm and dry sites and at the lower treeline, 

but some ecosystem reconfiguration is likely to occur in 

most forests. We are experiencing, and likely to continue to 

experience, species composition shifts due to differential 

species responses to disturbances and life history traits (ex: 

lodgepole pine and serotiny versus minimal seed dispersal 

distance of ponderosa pine).  

What can be done?  

Disturbances can be the catalyst for abrupt ecosystem 

changes. However, this is not inevitable, and land managers 

can minimize and perhaps mitigate some of these changes 

in some places. For example, there are many steps that can 

be taken before, during, and after a wildfire to mitigate the 

losses of forest cover.  

Research-management partnerships and interactive fo-

rums: The ability to advance effective action by land man-

agers often depends on their understanding of emerging 

research and having open and reasoned discussions among 

researchers, land managers, and other relevant stakehold-

ers (Kemp et al. 2015). Research-management partnerships 

and interactive regional workshops have been effective for 

synthesizing, visualizing, and translating complex science, as 

Figure 6. This decision tree, developed by scientists and managers working together, suggests that on the warmest and driest sites, post-fire 
tree regeneration is unlikely whether trees are planted or not, and where climate is very favorable planting may not be needed either. On inter-
mediate sites, managers could strategically target sites beyond the reach of seed sources, as well as beyond the edge where reburns are more 
likely to occur (Stevens-Rumann and Morgan 2019).  
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well as coproducing management strategies to address 

findings of climate change and tree regeneration science 

(Blades et al. 2016). These interactive interdisciplinary 

settings have been shown to increase and reinforce partici-

pant understanding and risk perceptions related to post-

wildfire climate influences on tree regeneration, regenera-

tion failure mechanisms, forest vulnerability, and how fuels 

change over time post-fire. Research-management partner-

ships and interactive forums will continue to be imperative 

in the face of increasing agency barriers to using emerging 

science in land management decisions (e.g., lack of time, 

reduced funding, dynamic politics). The coproduction of 

research-management strategies and tools (Fig. 6) holds 

great promise for understanding, minimizing, and miti-

gating the effects of disturbances and rapid ecosystem 

change.  

Planning before and managing during fires: Extensive work 

has been done to help project where fires are most likely to 

occur and to burn severely (Dillon et al. 2011, Parks et al. 

2018). Combining this with climate projections and man-

agement objectives will be important to assess where and 

what management actions are needed to foster forest resil-

ience to future fires. Managing forests and fires to foster 

survival of the trees that will provide seed sources for fu-

ture regeneration is important. Strategies include managing 

so that more areas burn under less extreme conditions and 

with smaller patches of high burn severity, implementing 

prescribed burns to limit accumulation of fuels and increase 

the likelihood of tree survival in subsequent wildfires 

(Walker et al. 2018), and thinning to foster development of 

larger trees more likely to survive fires.  

After fires: Stevens-Rumann and Morgan (2019) developed 

a decision tree in conjunction with land managers to assist 

in their strategic decisions about where and what to plant 

post fire to foster forests. They suggest that managers 

avoid planting trees on sites that are so warm and dry that 

planted trees are unlikely to survive, and also on cooler and 

wetter sites where trees will naturally regenerate post-fire 

(Fig. 6). This must be tempered by local knowledge and ex-

perience. Additionally, North et al. (2019) focused on the 

need to alter planting patterns and locations to increase  

resilience and decrease the potential for future fires. As 

various tree species respond differently to warm and dry 

conditions (Davis et al. 2018, 2019), planting multiple spe-

cies and seeds for different seed zones (if allowed by local 

land management policy), as well as fire-resistant trees like-

ly to survive future fires, is potentially advisable and is cur-

rently being researched in common garden studies.  

More research is needed: All the research presented here 

is on natural tree regeneration. More studies on the suc-

cess of planted seedlings would increase our understanding 

of the contributors of regeneration success on sites that do 

not naturally regenerate. Additionally, studies presented 

here predominantly focused on seedling establishment, 

more studies on seedling growth in relation to climate and 

other factors would improve our understanding of the fu-

ture of burned landscapes.  

Management Recommendations -  

 Management before and during wildfires to promote smaller high severity burned patches to maintain live seed 
source trees could favor more successful tree seedling establishment and survival on sites that are not too warm and 
dry.  

 Consideration of climate and future site suitability in both planting location and species selection can increase surviv-
al of planted seedlings in post-fire landscapes. 

 Planting at distances far from seed sources can optimize resources; locations closer to live seed sources may have 
sufficient natural regeneration.  

 When large patches have burned with high severity, planting trees in clumped patterns far from surviving trees cre-
ates a more heterogeneous forest structure into the future.  

 Research-management partnerships and interactive forums are crucial for synthesizing, visualizing, and translating 
complex science, as well as coproducing management strategies to address findings of climate change and tree re-
generation science. 

In Other Words-  

Mature trees are needed to increase the number of 
seedlings. If mature trees are far away, fewer seeds re-
sult in fewer seedlings. If we can manage to have more 
mature trees resilient to future fires, and have fewer 
parts of burned areas far from live seed sources, forests 
are more likely to persist into the future. When large 
patches have burned with high severity, North et al. 
(2019) recommend planting trees in clumps far from 
surviving trees.  

We can expect more, large fires in forests in the future. 
Sustaining forests in the face of large fires will require 
innovative coordination and management before, during 
and after fires that encourages forests that are resilient 
and able to recover from fires.  
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