
Tree Mortality in the
Sierra Nevada

Understanding why so many trees have died and what to do next.

Photo by Sierra Nevada Conservancy

Presenter
Presentation Notes
Sierra Nevada forests and watersheds are at a critical point. Ongoing drought, a century of fire suppression, widespread tree mortality due to insect attacks and disease, and a changing climate have led to Incredible changes across the Sierra Nevada Region.

California is experiencing tree die-off at an unprecedented scale, and the Sierra Nevada Region has been hit extremely hard. 102 million trees have died across the state due to drought and bark beetles since 2010, and 88 percent of those dead trees are in the Sierra. As surveys continue throughout the state, the number of dead trees is expected to grow.

More than 60 percent of California’s water supply comes from the Sierras. High-intensity fires such as The 2013 Rim Fire generated greenhouse gas emissions equal to what 2.3 million vehicles produce annually. During the rainy season, the subsequent massive run off and erosion created in-filled reservoirs, and severely degraded water quality.
Photo is from Kings Canyon National Park. Photo by Sierra Nevada Conservancy



Talk outline

• Water stress and 
mortality

• Bark beetles as a 
mortality agent

• Forest succession
• Reforestation
• Replanting at the 

neighborhood scale
Photo by: USFS Region 5



Tree mortality throughout the 
state has been severe

Presenter
Presentation Notes
This is a map produced by the Sierra Nevada Conservancy showing tree mortality across the Sierra from 2006 to 2016. The blue area represents the Sierra Nevada range. The colored areas on the map represent the number of trees killer per acre. Green represents less than 6 dead trees / acre and dark red represents more than 36 dead trees per acre.  

As of early 2017, it is estimated that over 100 million trees are dead across the Sierra Nevada.



Water stress has played a significant role

• Warm drought of 2012 to 2016 caused 
moisture stress throughout the state, 
especially at lower elevations in 
southern Sierra Nevada

• Plants need more moisture when its 
hotter

• 100 years of fire suppression has led to 
overcrowded forests

• Individual trees get less soil moisture 
when they are crowded

• Water stress weakens the ability of 
trees to fight off attack by native bark 
beetles

Presenter
Presentation Notes
This map shows the cumulative amount of water stress to trees throughout the state reported between 2011 and 2015 by US Forest Service. Areas in red are where trees faced the highest amount of drought stress.  Black areas indicate recently burned areas which were excluded from the analysis. In addition to the drought, water stress to trees has also been exacerbated by a forest that is overcrowded. For the past 100 years, fire suppression has led to forests that are overcrowded. This leads to competition for resources and as a result in years of drought trees compete for limited water resulting in higher stress levels. These stressors weaken the trees and make them susceptible to attack by native bark beetles.



Tree mortality reflects drought stress 

Presenter
Presentation Notes
This image, developed by the US Forest Service, shows the amount of tree mortality detected by forest health specialists flying above the forest in a small plane during the drought period starting in 2014 through 2016. The largest amount of mortality occurred in 2016 after the cumulative effect of several years of drought. The locations where mortality is highest are the same as those where the drought stress on trees is shown to be highest on the previous slide.



Location in Madera County before and after tree mortality began spreading. 
Photos: Margarita Gordus, CA Department of Fish and Wildlife

Presenter
Presentation Notes
A photo comparison showing Madera County from April 2015 to March 2016



http://egis.fire.ca.gov/TreeMortalityViewer/

Presenter
Presentation Notes
CalFIRE has developed an online tree mortality viewer that allows users to create custom maps showing tree mortality, hazard zones and treatment projects.




Mortality is being caused 
by native beetles

• Bark beetles are opportunistic, 
attacking trees weakened by 
other agents or factors including
– Drought
– Disease/infection
– Injury (including fire)
– Other insects

• Bark beetles affecting different 
trees are mostly of different 
species
– Pines – western pine beetle, pine 

engraver, Jeffrey pine beetle
– Firs – fir engravers
– Cedars – most mortality is 

probably directly due to drought
• Bark beetles attack only mostly 

living trees (different beetles 
attack dead trees – wood borers)

Presenter
Presentation Notes
It is important to stress that this massive dieoff is being caused by native bark beetles.
This image shows boring dust / frass expelled by beetles as they burrow into the tree. Also shown is a fungus. This combination shows that trees are being weakened by a combination of factors.
Bark beetles are opportunistic and attack trees that are weakened. The stress could be drought, cultural practices, mechanical injury, disease and/or a combination of factors.

It is also important to stress that bark beetles affecting different trees are mostly different species. Bark beetles like many insects can be quite host specific, meaning an individual species of beetle may only attach one or a few species of trees. An example of this is what we are seeing with the current mortality. The majority of the mortality is being caused by the western pine beetle. This beetle primary host is the ponderosa pine.

Lastly, bark beetles attack only mostly living trees. When trees are dead, they can become a host for othr wood boring beetles and wasps.



Bark beetle outbreaks follow precipitation patterns

Presenter
Presentation Notes
This graph, developed by Beverly Bulaon, US Forest Service forest health specialist for the southern Sierra, shows how tree mortality increases as precipitation decreases. The amount of mortality was very high in 1993, 2003 and 2015/2016. The line at zero on the graph is “normal” precipitation. The graph shows that when normal precipitation returns, the area with high tree mortality drops. When precipitation is below normal for several years, the amount of mortality builds.



Bark beetles are tiny insects 
- the size of a grain of rice

Western pine beetle has been the primary insect killing ponderosa pines

Presenter
Presentation Notes
Lets now talk more specifically about bark beetles. Bark Beetles are tiny insects. They are roughly the size of a grain of rice. This photo shows the Western pine beetle, which has been the primary insect killing ponderosa pines and is responsible for the majority of the tree mortality throughout the Sierra Nevada.




Pine Engravers
Woodborers

Western Pine Beetle; 
Mountain Pine Beetle; 
Jeffrey Pine Beetle

< 6 inches/horizontal: 
• Pine engravers

Woodborers

Red Turpentine
Woodborers

Bark Beetles attack specific locations

• Bark beetles 
specialize by 
location on the 
tree – top, middle, 
and base. 

• Beetles attacking 
the top and bottom 
of pines rarely kill 
the tree by 
themselves
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Presentation Notes
Although the western pine beetle has been the primary bark beetle, there are a number of other native bark beetles that occur on conifers.

Certain bark beetles attack trees at different geographical locations on the tree. In the case of pines they can be attacked by at least three different species of beetle and each one attacks the tree at a different region on the tree.
Pine engravers kill the tops of pine trees. Red turpentine beetles attack around the base of pines. 

During normal moisture conditions trees can survive attacks by these two species. But during the drought, trees were very stressed and often had all the different beetle species together and died. Western, mountain, and Jeffrey pine beetles mass attack a tree and so when those beetles have successfully infested (burrowed in under the bark), they will die.




Indicators of attack

• Boring dust 
– Mix of bark/wood 

shavings and frass
(excrement)

• Pitch tubes
– Resin 

accumulation at 
point of attack

Presenter
Presentation Notes
How do you know if your tree is under attack?
These are indicators that the tree has been attacked by bark beetles. Look for boring dust and pitch tubes.  In the photo, a pocket of boring dust has gotten stuck in a crack in the tree below the entry point. At the bottom there is an accumulation of resin or pitch forming a tube (a pitch tube) where the tree expelled pitch to try to repel the beetle. 

The presence of pitch tubes doesn’t mean a tree has been successfully attacked. In fact, pitch tubes can be a good sign as it means the tree is under attack and it is trying to fend off the beetles. 
The photo on top right shows a closeup of a pitch tube. In this case a pine has successfully pitched out a mountain pine bark beetle. 




Western Pine Beetle 
(Dendroctonus brevicomis) 

• Attacks and kills ponderosa & 
coulter pine

• Attacks midtrunk, then spreads 
up and down; may attack in 
conjunction with other pests

• 2-4 generations / year
• Adults fly late spring-late Oct To feed on a western pine beetle brood, 

woodpeckers have stripped off the outer 
bark of the tree, exposing the bright-
orange inner bark
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Presentation Notes
Lets take a closer look at the different types of beetles that attack conifers.

The western pine beetle as mentioned before, is the beetle that is causing the majority of the conifer mortality throughout the Sierra Nevada. It attacks ponderosa and coulter pine.  It attacks the trees in the middle portion of the trunk (or halfway up the tree). The beetles then spread further up and down the tree depending on the infestation.

There are several generations per year of western pine beetle. This number varies with location, depending upon elevation and latitude. The number of generations is tied directly to the length of the “growing season,” so in some portions of their distribution, they will have two generations per year, whereas in other areas, there may be as many as four generations per year. 

Western pine beetles are virtually inactive during the winter months but as soon as the weather becomes warmer, they will increase their activity. The first sign of western pine beetle attack is the production of pitch tubes on ponderosa pines. The egg gallery that is constructed by western pine beetles is described as being “serpentine;” that is, it is a sinuous, winding gallery that can even cross itself at times. The beetles mate, and eggs are deposited along the margins of the central gallery. Dendroctonus beetles pack these galleries with frass (boring dust and beetle excrement) once the eggs have been deposited. These eggs hatch out, and the tiny larvae feed briefly within the inner bark on the phloem layer. However, after this brief period, the larvae turn out into the bark of the host tree and continue to tunnel within the outer bark. Pupation occurs within the outer bark of the host, and the next generation of adult beetles will emerge to renew the cycle. The combination of long, serpentine galleries and the absence of larval feeding beneath the bark of the host tree are key characteristics of western pine beetle galleries that allow positive identification even after the beetles have left the host.

For more information on the western pine beetle read:
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5343830.pdf




Mountain Pine Beetle
(Dendroctonus ponderosae)

Tree trying to “pitch out” attack

• Attacks lodgepole, ponderosa, 
sugar, and western white pines 

• Generally attacks mid to lower 
trunk

• 1-2 generations / year  

• Adults fly May-Oct
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Major hosts of mountain pine beetle include lodgepole, ponderosa, western white, sugar, limber and whitebark pines. 

Outbreaks often develop in dense stands of large diameter (>8 inches), older (>80 years-old) lodgepole pine and dense stands of mid-sized (8-12 inches diameter) ponderosa pine. When weather is favorable for several consecutive years, severe outbreaks can occur in high-elevation stands of whitebark and limber pine. Widespread outbreaks develop over several years and can result in millions of dead trees. Periodic losses of high-value, mature sugar and western white pine are less widespread, but also serious.

Mountain pine beetle typically initiates attacks on the lower 15 feet of a tree bole, although the crown of large trees, particularly sugar pine, may be attacked Figure 1. The range of mountain pine beetle generally follows its major host pine species throughout western North America (shown in green). Current range of mountain pine beetle extends from northern Baja California, Mexico and southern Arizona, US to central British Columbia, Canada. In recent years, mountain pine beetle outbreak populations (shown in red) have been found further north into British Columbia and east into Alberta than had been observed in historical records, including an outbreak in 1985. 3 first. During outbreaks, a tree is generally “mass-attacked” and killed by girdling of the phloem 

Attacking beetles carry spores of the fungi on their bodies and in specialized structures called mycangia. Fungi are inoculated into the tree by adult beetles, and developing larvae and new adults obtain vital nutrients by feeding on fungal structures that spread throughout the phloem and sapwood. In addition to providing nutrients for developing brood, fungi can also alter patterns of water and resin flow in the tree, aiding in tree death. One to several months after the tree is infested, the sapwood discolors to a bluish tint caused by these “bluestaining” fungi . Lower left picture shows bluestain fungus.



Jeffrey pine beetle
(Dendroctonus jeffreyi)

• Attacks only Jeffrey pine
• Much larger beetle than the                                 

mountain or western pine beetle
• Attacks large trees midtrunk
• Emerge as early as April 
• Up to 2 generations / year
• Long J-shaped galleries
• 2nd generation larvae may overwinter, emerge in Spring 

Presenter
Presentation Notes
Jeffrey pine beetle is the primary insect pest of Jeffrey pine. As with other aggressive, tree-killing bark beetles, Jeffrey pine beetle experiences boom or bust population fluctuations that cause dramatic and extensive mortality of Jeffrey pines following severe or prolonged drought. 

During outbreaks, any tree greater than 4” diameter at breast height may be attacked and killed; tree mortality tends to occur in groups, with group sizes ranging from 10 to 50 to several hundred trees. Larger diameter trees are often preferred with mortality occurring singly or in small groups.

Long term and widespread prevention is dependent on tree and forest resistance related to tree density. Management activities that reduce stand density help lower susceptibility to Jeffrey pine beetle.

The Jeffrey pine beetle is much larger than other closely related bark beetle species.  The beetle attacks the trees midtrunk and can have up to 2 generations per year.  The Jeffrey pine beetle produces galelries that are predominantly straight and have a characteristic “J” Shape.



Red Turpentine Beetle
(Dendroctonus valens)
• Attacks a variety of conifers, but most 

problematic to sugar and ponderosa 
pines 

• Attacks low on trunk
• Creates large pitch tubes
• Not primary killer
• One generation / year is typical but 

the life cycle may be longer or shorter 
depending upon location

• In warmer parts of the state, attacks 
may be initiated at nearly any time of 
the year, although most attacks occur 
in the spring and summer

Presenter
Presentation Notes
The red turpentine beetle is one of a number of bark beetle species that attack pines. Attacks are common on ponderosa, Monterey, and Coulter pines, but all pine species may be attacked. In general, red turpentine beetle is not considered to be a tree killer, but its attacks may indicate that the tree is stressed and at increased risk of dying. Tree death is often attributed to other beetles that attack either before or after the red turpentine beetle does. 

Red turpentine beetle attacks generally start near ground level and rarely occur above eight feet. Attacks are distinguished by the presence of large, light pink to reddish-brown pitch tubes, about 1 to 2 inches in diameter around the base of the tree, and/or piles of pink or white granular material on the ground. Pitch tubes of other bark beetles are noticeably smaller than those of red turpentine beetle and typically extend higher on the trunk of the tree. Because red turpentine beetle pitch tubes are so conspicuous, they frequently arouse concern from landowners.

The presence of pitch tubes on a tree does not necessarily mean the tree is dying, but they may be reason for concern.

Red turpentine beetle generally have one generation / year, but the life cycle may be longer or shorter depending upon location. 
In warmer parts of the state, attacks may be initiated at nearly any time of the year, although most attacks occur in the spring and summer




Pine engraver
(Ips paraconfusus)

• Attacks pine trees & green 
slash

• 1 to 5 generations / year 
• Adults fly spring-fall
• Attacks pines near top of 

trunk; makes wishbone-
shaped galleries

• Can breed in slash and 
firewood left untreated

Presenter
Presentation Notes
Pine engraver will attack almost any species of pine in the West, but prefers ponderosa and lodgepole pines. Though usually secondary attackers, pine engravers can become aggressive tree killers during droughts or following stand disturbances. Outbreaks can result in considerable mortality but they are usually brief, seldom lasting more than one season. 

Pine engravers maintain their populations in logging slash, wind or storm-damaged trees, or tops of trees weakened or killed by other agents. Most frequent damage is in second-growth ponderosa pine stands where overstocked pole-size trees (2 to 10 inches dbh) are killed. 

Normally, there are two generations of the beetle each year, but in dry years, three or even four or five generations may occur. This can result in rapid buildup of populations. 

Pine engraver beetles overwinter in the adult stage and normally infest green slash only in the spring. Therefore, logging slash created from December through June can be especially hazardous by providing large amounts of breeding material. Slash should not be created during this time period unless it can be treated prior to beetle emergence. During years of extremely low, spring soil moisture, overwintering beetles have been known to attack and kill living trees. 
Fresh pine slash should be minimized, or not created, during approximately the period December through June. If beetles do not have fresh slash in early spring, populations will subside. Slash created in the fall or early winter will usually dry sufficiently to be unattractive the next spring, or may be infested by competitor beetles. Slash covered by early snows, however, may still be "fresh" enough to attract pine engravers in spring. 



Fir engraver
(Scolytus ventralis)

• Attacks white and red fir
• No pitch tubes 
• 1 to 2 generations / year
• Overwinter as larvae; 

adults excavate deep and 
long, two-armed galleries 
across the grain of the 
sapwood 

Presenter
Presentation Notes
The fir engraver attacks most species of fir in the Western United States. In the Sierra Nevada, that is mostly red and white fir. Epidemics can cause severe tree mortality. Outbreaks characteristically occur at irregular intervals and have been recorded at least once a decade over the last 60 years. Although no one knows exactly when outbreaks will develop, lowered resistance of the trees appears to be a contributing factor. 

In addition to infesting standing green trees, the fir engraver will attack freshly cut logs. 

Attacked trees might exhibit reddish-brown or white boring dust from the entry holes. Pitch tubes are absent making it sometime more difficult to observe attack. 

In warm locations, the fir engraver completes one generation and a partial second generation each year. In cooler sites, such as north facing slopes above 6,000 feet, the fir engraver needs 2 years to complete its life cycle. 




Western Pine Beetle Mountain Pine Beetle

Fir Engraver Pine Engravers

Each bark beetle species has a
characteristic gallery pattern

Presenter
Presentation Notes
Each type of beetle leaves a signature gallery that can help diagnose which beetle has attacked it. The gallery is where the beetle has burrowed and laid eggs. Smaller galleries off the main one are where eggs have hatched and pupa have burrowed out an angle from the mail gallery.

Western pine beetle adults tunnel back and forth across the stem in a gallery pattern that looks like a piece of spaghetti. Their larvae feed individually in mines that lead away from the adult gallery. Engraver beetle adults make shorter, compact gallery patterns that are made up of 3 to 4 egg galleries emerging from an open cell in the center. The larvae feed individually in mines much like the western pine beetle. The pine engravers make a very characteristic “wishbone” gallery. Galleries chewed by larvae of all species are packed with frass.

More information about the galleries are on the Bark Beetles UC IPM Pest Note



Beetle life cycle
• Beetles burrow into the bark and dig galleries to lay eggs in. 

This girdles the tree and kills it.

Presenter
Presentation Notes
Beetles go through a life cycle within and outside of the tree. Adults mass attack a tree and burrow under the bark. Females lay eggs under the bark. The eggs than hatch and larva emerge.  The larvae feed under the bark on the cambium (water and food conducting tissue) of the tree. The larvae pupate and turn into adults that emerge out from under the bark and fly on to another tree to mate and repeat the cycle. 

The burrowing by the adult and larvae disrupts the food and water conducting tissue which girdles and kills the tree. By the time trees turn brown the beetles have already emerged and flown on. Removing the tree at this point does nothing to stop the beetle outbreak.



Western Pine Beetle produces several generations/year

Presenter
Presentation Notes
This chart shows the approximate life cycle for the western pine beetle. The months are approximate and varies depending on elevation and yearly weather fluctuations. It is common to have between 2 and 3 generations per year in the Sierra Nevada.
Cold weather slows down bark beetles, but weather would have to be extremely cold (-40) to kill them at the right time of year (before November) because they manufacture their own anti-freeze when getting ready for winter. 




Forest Succession - What will the future 
forest be?

• Depends on living trees still on site:
• Ponderosa pine seedlings grow well only in sunny conditions 

and do not tolerate shade, but seedlings may be found in 
gaps created by canopy trees dying, sprout on bare mineral 
soil

• In shade, incense cedar and white fir, often growing in 
understory. Sugar pine and Douglas-fir may be found in 
intermediate conditions

• Oaks may be doing well where nearby conifers have died 
and be taking over where other trees have been removed

• Fir and cedar already in the understory likely to take over

Presenter
Presentation Notes
Will all of the dead trees, what does this mean for the future of our forests. Will we still have pines?

This image shows living incense cedar underneath a layer of dead ponderosa pines. The incense cedar is more shade tolerant and so can grow up in the shade under ponderosa pines. Young ponderosa pines rarely establish under larger ones because they do not tolerate the shade cast by the trees above them.  Pine seeds also don’t sprout well when there is a lot of organic matter/litter/duff on the forest floor. We can expect the cedar in this image to do well and grow quickly to take over the site.

Ponderosa pine seedlings grow well only in sunny conditions and do not tolerate shade, but seedlings may be found in gaps created by canopy trees dying, sprout on bare mineral soil

Incense cedar and white fir are very shade tolerant. So in many cases, one might see a lot of these two species currently in the understory of dead ponderosa pine stands.  You can nurture some of these or thin or remove as appropriate. 

Sugar pine and Douglas-fir may be found in intermediate conditions. 

Oaks may be doing well where nearby conifers have died and be taking over where other trees have been removed





In British Columbia – mountain pine beetles shifted forest from mostly 
lodgepole pine to mostly spruce and fir

Axelson et al. in preparation

Saplings Seedlings

Overstory

Poplar Subalpine fir

Lodgepole pine 

Interior spruce

93% Overstory Mortality 

Presenter
Presentation Notes
Here is an example of very little pine coming back after a bark beetle outbreak in Canada from Jodi Axelson, forest health specialist at UC Berkeley. She surveyed what types of trees grew back in Waterton Lakes National Park in Alberta and Glacier National Park following a mountain pine beetle outbreak from 1980s. 

OVERSTORY - pre-outbreak had 364 trees per acre (234 tpa were lodgepole pine) – by 2010 total density down to 79 tpa of which less than ½ were  pine
SAPLINGS – 334 trees/acre in 2010 almost ½ subalpine fir with high levels of poplar and aspen
SEEDLINGS – 3,158 trees/acre in 2010 nearly all subalpine fir  - NO pine because pines don’t establish well in the shade or without bare mineral soil in which to sprout.

Note: units on graph are in trees per hectare. Conversion to trees per acre are given above. 
Take home message. In this forest in British Columbia, prior to the outbreak, the overstory (main large trees or canopy) was predominantly pines. The massive morality came and killed off most of the pines (93% mortality). Twenty years later, the overstory canopy has many less trees, and the composition of the forest  overstory shifted from being predominantly pines to more shade tolerant species including fir and spruce.  In addition the saplings and seedlings layer of the forest also saw a shift in species. There is hardly no pines present and it is mostly fir and poplar.



Pines may need to be planted to recover in some locations

Just because pines have been killed by 
beetles doesn’t mean they are not well 
suited for replanting
• Pines are well adapted to the Sierra 

Nevada
• Beetles typically don’t attack trees under 

five inches in diameter
• Historical data and reconstruction studies 

in the Sierra indicate mixed-conifer 
forests were highly clustered with gaps 
where sun loving pines grew Ackerson Meadow, Toulumne County (1941) 

Old growth stand of ponderosa pine
UC Library, Digital Collections

Presenter
Presentation Notes
From the study in that last slide, we can see that…. We may need to plant back pines in some locations.  
Because pines are not shade tolerant and if they are not already present in the understory as a sapling or seedling, we will need to plant them back so that they can eventually be apart of the overstory.

It is important to point out that just because pines have been killed by beetles doesn’t mean they are not well suited for replanting.

As I will point out in the next slide, pines are well adapted to the Sierra Nevada. They have been here a long time and are well suited for this climate.

Beetles typically don’t attack trees under five inches in diameter

-Spatial stem pattern of mature trees in old-growth ponderosa pine stands in central Oregon and northern California found that trees on 24 out of 27 large plots were moderately to strongly grouped.  This is most likely the result of past fire, insect, and regeneration patterns. 
The open and group-like nature of old- growth ponderosa pine forests affords additional fire resistance because the canopy is broken up by gaps between groups of different sizes and ages of trees, leaving the overall stand less vulnerable to crown fire. 
This also results in better vigor due to less competition for limited moisture

The photo is from Ackerson Meadow in Tuolumne County and was taken in 1941. It shows an old growth ponderosa pine stand with very large trees that are widely spaced with minimal understory. This more “natural” setting had a much more frequent fire frequency which cleared the understory and organic matter resulting in areas were bare mineral soil was present for new pine seedlings to germinate.



Pollen studies show pines abundant in Sierra for 28,000 years 

Davis, O. 1999. Pollen analysis of Tulare Lake, California: Great Basin-like vegetation in Central California during the full-glacial 
and early Holocene. Review of Palaeobotany and Palynology, 107:49–257.

Presenter
Presentation Notes
From the previous slide I mentioned that pines are well suited for the Sierra Nevada. This is a pollen study taken from Tulare Lake in Kings County that shows the types of plants present over the past 28,000 years and the concentration of pollen for each species. 

The yellow area is pointing to pines and the graph shows that pine pollen has been present throughout the period. The sediment hiatus 18,400–10,100 yr B.P. is not interpreted as a lowstand because the sediments are not oxidized nor is the pollen at the contact deteriorated. Interpret the gap as the erosional product of down-cutting of the Kings–Los Gatos alluvial fans by the Kern River, followed by deposition of the Holocene Blakeley Canal Silt. The lack of sedimentary evidence for the event may indicate a rapid transition between erosion and deposition. 

Pollen shifts that have occurred during this time include:
Oak (Quercus) has increased and sequoia (Sequioadendron) has decreased




Replanting at the 
Neighborhood Scale -
Process
• Assess your landscape

– See what is left after tree removal. 
Survey your property, marking 
where you find living trees and 
identify by species and size.

• Nurture existing trees
• Replant 
• Maintain

Presenter
Presentation Notes
The size and scope of replanting can vary tremendously. For large reforestat6ion projects, you will likely be referring landowners to a licensed and registered forester.  For small acreage landowners that will be tackling this themselves,  the first think to do is assess your landscape.
See what is left after tree removal. Survey your property, marking where you find living trees and identify by species and size.
Nurture existing trees
Replant 
Maintain new and existing trees

See the brochure that was created for this project “What to Plant After Tree Loss” as a guide to go through this process.
 




• If you have a significant number of 
trees left, you may not need to 
replant. 

• Thin trees so that available sun and 
soil moisture is focused on the 
healthiest trees. 

• Water where trees are receiving 
more sun to reduce stress.

• Clear out competing shrubs, grass 
and other vegetation.

• Digging up natural seedlings and 
moving them is not often 
successful.

Nurture existing trees

Presenter
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The small pines in the opening can be thinned out to leaving only the healthiest for the future.

If you have a significant number of trees left, you may not need to replant. 
Thin trees so that available sun and soil moisture is focused on the healthiest trees. 
Water where trees are receiving more sun to reduce stress.
Clear out competing shrubs, grass ad other vegetation
Digging up natural seedlings and moving them is not often successful




• Spacing – at least 10-14 feet apart.
• Defensible space – Trees and flammable vegetation should be kept at least 

5 feet from the home and thin within 30 feet. 
• 30-100 feet zone, trees should be widely spaced so their crowns don’t touch when 

mature. Trees can fill in to a more natural looking forest 100 feet from the home.

• Power line clearance - Trees should be planted at least 10 feet from power 
lines and other utility lines. 

• Road right of way - Trees should not be planted within the road right away. 
• Sun availability – Plant pines where there is now a lot of sun. Future solar 

energy generation should also be assessed before planting. 
• Views – Consider future views and don’t plant tree that will block them.

Replanting

Presenter
Presentation Notes
Spacing – at least 10-14 feet apart. This can often be difficult because when you are planting new trees they are very small so it is easy to plant them close together.  If you plant them close together to hedge against mortality of a few young plants during establishment, be sure to come back in a few years and thin the saplings to a more desirable level.
Defensible space – Trees and flammable vegetation should be kept at least 5 feet from the home and thin within 30 feet. 
30-100 feet zone, trees should be widely spaced so their crowns don’t touch when mature. Trees can fill in to a more natural looking forest 100 feet from the home.
Power line clearance - Trees should be planted at least 10 feet from power lines and other utility lines. 
Road right of way - Trees should not be planted within the road right away. 
Sun availability – Plant pines where there is now a lot of sun. Future solar energy generation should also be assessed before planting. 
Views – Consider future views and don’t plant tree that will block them. This is a great time to reassess viewsheds and determine if future planting will block a view. Also trees make great windbreaks. New plantings can be used to help block wind, or create a privacy screen.




Native trees - Native conifers are 
adapted to our climates. Due to 
climate change, choosing trees that 
were grown from seed stock 
collected from a slightly lower 
elevation may hedge against 
warmer temperatures in the future. 

Replanting tree 
choices

Presenter
Presentation Notes
Native trees - Native conifers are adapted to our climates. Due to climate change, choosing trees that were grown from seed stock collected from a slightly lower elevation may hedge against warmer temperatures in the future.
What do we mean about choosing trees that were grown from seed stock collected from lower elevation?  California is divided into many seed zones. These zones are based on climatic and local growing conditions and many nurseries will track which zones seeds were collected from. This ensures that when planting trees, planting stock will match the local area and that tree will be suited for that site. To help hedge against a warming climate, it is being advised that if possible, choose seed stock that was collected from a slightly lower elevation than the planting area. 





Landscape trees – Trees other than 
conifers can also be planted. This could 
include native and nonnative species.

• These can provide color, aesthetic or 
other values. 

• Important to choose the most 
appropriate site for the tree.

• Choose a tree that is best adapted to 
the local growing conditions and will 
thrive in the area with the fewest 
pest problems.

• Important to choose plants that are 
not invasive or weeds.

Replanting tree choices
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Landscape trees – Trees other than conifers can also be planted. This could include native and nonnative species.

These can provide color, aesthetic or other values. 

Important to choose the most appropriate site for the tree.

Choose a tree that is best adapted to the local growing conditions and will thrive in the area with the fewest pest problems.

Important to choose plants that are not invasive or weeds.




• Species suited to your location will change with a warming climate

Choosing the right landscape trees
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Similar to seed zones, when choosing the right landscape tree, we also need to think about a warming climate and whether our chosen tree will still be suited for that site in 20, 30, 40 or 100 years.  

Work by Igor Lacan, UCCE Urban Forestry Advisor in San Mateo and San Francisco, showed that temperature patterns for California are predicted to increase over the next 80 years. For example under a warming climate, the  July Ave. Max. Temperature in Palo Alto, CA increases from (oF), Historic - 78o  Predicted -  86o.




Species not expected to perform well – based on “warm” or “warmer” city
              Climate Zone: 10 11 12 13 14 15 16 

             Species Riverside Yuba City Stockton Fresno Barstow El Centro Susanville 
Allepo pine     •   
Apple       • 
Australian willow      •  
Black Cottonwood       • 
Bradford pear   • •    
Canary Island pine •   •    
Chinaberry     •   
Chinese elm    • •   
Chinese Pistache   •  •    
Common Hackberry   •     
Crape Myrtle    •    
Darlington oak    •    
Deodar cedar    •    
Evergreen ash   •     
Fern pine    •    
Gingko    •    
Golden chain trees •       
Honey Locust       • 
Indian laurel fig      •  
Lemon scented gum      •  
London plane tree • •      
Modesto ash      •  
Norway Spruce       • 
Orange •       
Purple leaf plum   •  •    
Raywood Ash •   •    
Redwood   •      
Siberian elm      •  
Silver dollar eucalyptus      •  
Silver wattle      •  
Southern Magnolia • •      
Sweetgum   • • •    
White Mulberry   •   •   
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In a study examining over 33 tree species growing across California, Lacan was able to predict what trees are not expected to perform well based on a warming climate
For example in the city of Stockton, Bradford pear, common hackberry, evergreen ash, and sweetgum are all not expected to perform well based on a warmer climate.



https://selectree.calpoly.edu/

~ you can search for a tree by desired characteristics!
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IF you are looking for help selecting the right landscape tree to plant, try SelecTree. This is a online search tool developed out of Cal Poly San Luis Obispo has over 



Saplings: Most expensive. Requires soil amendments and weekly waterings during the dry season for 
the first few years. Best for select locations near the home for visual screening or wind breaks.
Container grown seedlings: Much less expensive. May require some care including watering during 
the dry season. May be held in pots until ready to plant.
Oaks: Container sized plants can be expensive. Least expensive option is starting by seed. Gather 
acorns locally in the fall and plant immediately. Germination success can be high if done right.

Replant – size options
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There are a number of options when it comes to choosing the size of plant material.
Saplings: Most expensive. Requires soil amendments and weekly waterings during the dry season for the first few years. Best for select locations near the home for visual screening or wind breaks.
Container grown seedlings: Much less expensive. May require some care including watering during the dry season. May be held in pots until ready to plant.
Oaks: Container sized plants can be expensive. Least expensive option is starting by seed. Gather acorns locally in the fall and plant immediately. Germination success can be high if done right.
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Tree seedlings must be handled well from nursery to land owner and then planted correctly in order to have good success. Here are some of the most common planting problems.  Diagram on right shows the correct stems in tree planting small bareroot conifers using the western planting tool.



Buying Trees
• For small scale replanting

– Local nurseries

• For larger plantings
– El Dorado County Resource Conservation District has 

partnered with the USFS nursery in Camino, CA 
• 200 seedling minimum
• Orders must be received by Oct 1 each year for Sugar pine, 

and Dec 1 for all other species
• http://www.eldoradorcd.org/nodes/info/reforestation.htm
• (530)295-5630

http://www.eldoradorcd.org/nodes/info/reforestation.htm


Maintain trees

• Amount of maintenance will vary with tree type, size, 
location and local conditions.

• Keep newly planted trees well watered during the 
growing season. Many trees will need to be watered 
for the first couple of years or until established.

• Mulch
• Staking – depending on the size and type
• Clear competing vegetation
• Prune – only critical branches
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Specimen trees in the landscape need consistent care over time to ensure their continued health, proper conditions for growth and to prevent hazardous conditions that threaten surrounding property

The key to newly planted tree survival is providing adequate water. Although the first 3 years are most critical, a tree's watering needs should be maintained for life. 

Mulching a newly planted tree ensures that moisture is available to roots over time and reduces grass competition. A good mulch (organic materials like leaves, bark, needles and fine wood chips) should ring the tree base (over the critical root zone) but keep away from the tree trunk.

Not all newly planted trees need staking to remain standing straight. Stake only if the root ball is unstable or the tree trunk is bending. 

Clear competing vegetation. Weeds and other competing vegetation can increase water stress to newly planted trees as well as harbor pests and diseases.

Prune only when needed. Prune critical branches that are dead, dying, diseased or rubbing on other branches and causing injury



Landowner assistance 
programs

• USDA Natural Resources Conservation 
Service - Environmental Quality 
Incentive Program (EQIP)

• Farm Services Agency
• Your county Tree Mortality Task Fore
• CalFire - California Forest 

Improvement Program (CFIP)
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Add contact information?



USDA Natural Resources 
Conservation Service

EQIP
Forest Tree Mortality Fund Pool
• The purpose of the Forest Tree Mortality EQIP Fund 

Pool is to provide immediate resource protection in 
drought-affected conifer forestlands where elevated 
levels of forest insect tree mortality has occurred or 
where forest insects are an imminent threat to 
forestlands. Visit the Forest Tree Mortality webpage
for more information.

https://www.nrcs.usda.gov/wps/portal/nrcs/detail/ca/programs/financial/eqip/?cid=nrcseprd440606


CalFire - California Forest
Improvement Program

CFIP
• Reimburse landowners 75% to 90% of cost for allowable 

activities:  
– Management plan development, registered professional forester 

supervision, site preparation, reforestation, tree shelters, pre-
commercial thinning, pruning, release, follow-up, habitat 
improvement/land conservation/ wildlife/ fisheries. 

– Landowners must have 20 acres minimum private forestland that can 
support at least 10% native tree canopy. 

– Landowner must agree to keep in forest for a minimum of 10 years. 
Requires the RPF and CAL FIRE Forestry Assistance Specialist (FAS) to 
work with the landowner. Visit the CalFIRE site for more information.
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Normal cost share amounts are up to 75% of the allowable cost for timber activities, but it can be 90% for forestland damaged by catastrophic events.  
Funding was down for a long time, but currently is back to high levels, thanks to input from the Greenhouse Gas Reduction Fund and the Timber Regulation and Forest Restoration Fund.
5 limited term CAL FIRE positions were approved and 2 have been filled.  


http://calfire.ca.gov/resource_mgt/resource_mgt_forestryassistance_cfip.php


Local Task Forces

• Add information about what local task forces 
may be offering in your county.
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