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ABSTRACT 
Oregon white oak (or Carry oak, Quercusgarryana) woodlands and savannas of the coastal Pacific Northwest are legacies 
of an anthropogenic fire regime that ended with European settlement in the mid-1 800s. Historically, these oak stands 
had a sparse overstory and an understory dominated by fire-tolerant grasses and forbs. Post-settlement fire suppression 
resulted in widespread invasion and subsequent overstory dominance by conifers, causing mortality of shade-intolerant 
oak trees and shifting understory plant communities to shade-tolerant species. In a study on four southwestern Wash- 
ington sites, our objective was to determine the effects of overstory conifer removal, primarily Douglas-fir (Pseudotsuga 
rnenziesii), on microclimate, native and non-native understory cover, and sapling growth. Overstory conifer removal 
created a warmer, drier understory microclimate during summer months. Conifer removal had little effect on native 
understory cover during five years post-treatment; however, cover of non-native plants, primarily grasses and woody 
understory species, increased significantly during the same period. Height growth of Oregon white oak and Douglas-fir 
saplings exhibited a delayed, but positive, response to overstory conifer removal, although the treatment response of 
Douglas-fir was 133% greater than that of oak. Increases in non-native understory cover and the rapid growth of young 
Douglas-fir indicate the importance of pre- and post-treatment understory management to control undesirable plants 
and promote native species such as Oregon white oak. 

Keywords: Douglas-fir (Pseudotsuga rnenziesii), microclimate, Oregon white oak (Quercus garryuna), restoration, savanna, 
understory 

Introduction 

T he Oregon white oak (or Garry 
oak; Quercus garryana) wood- 

lands, savannas, and associated prairies 
of the coastal Pacific Northwest are 
part of an anthropogenic ecosystem, 
historically maintained by frequent, 
low-intensity fires set by Native Amer- 
icans (Agee 1993). After European 
settlement in the mid-1 BOOS, the lack 
of regular burning allowed fire-intol- 
erant conifers, primarily Douglas-fir 
(Pseudotsuga menziesii), to regenerate 
in prairies and oak stands where they 
were previously excluded ('Thysell and 
Carey 200 1). Growth and survival of 
Oregon white oak trees are substan- 
tially reduced where these conifers 
have invaded (Stein 1990, Devine and 
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Harrington 2006). Conifers overtop 
and suppress the shade-intolerant oak 
trees, leading to crown die-back and 
eventual mortality of the oak. 

Restoration of Oregon white oak 
woodlands and savannas to presettle- 
ment conditions requires removal of 
the conifer overstory to "release" the 
suppressed oak trees from competition 
and to restore a more open stand struc- 
ture (Harrington and Devine 2006). 
Results from a companion study have 
shown that large oak trees (diameter 
at breast height over 20 cm) respond 
to release from overtopping Douglas- 
fir by increasing their rate of growth, 
expanding leaf area through formation 
of new (i.e., epicormic) branches, and 
increasing acorn production (Devine 
and Harrington 2006). Preservation 
of existing oak trees is a priority when 
restoring these stands because the trees 
provide an important structural com- 
ponent and would take decades or 

centuries to replace due to their slow 
growth (Stein 1990). Where former 
canopy oak trees are already dying as 
a result of suppression, promoting the 
growth and survival of oak seedlings 
and saplings becomes critical. 

%is encroachment of conifers is 
widespread, and substantial losses 
of prairie and oak habitats also have 
resulted from conversion of land to 
agricultural and urban uses (Crawford 
and Hall 1997). In British Columbia, 
less than five percent of pre-settlement 
Oregon white oak habitat remains (Lea 
2006) (Figure 1). Recognizing the loss 
of this ecosystem, private landowners, 
conservation organizations, and state 
and federal land managers in Oregon's 
Willamette Valley, the Puget Sound 
region of Washington, and Vancouver 
Island, British Columbia, have become 
involved in various aspects of restoring 
Oregon white oak communities. Two 
non-profit organizations, the Oregon 

December 2007 ECOLOGICAL RESTORATION 25:4 U 247 

FPC 2.3 Oak Restoration Article, 1 of 9



colonize these former oak savanna and 
woodland sites. The Douglas-fir had 
been lightly thinned two to three times 
before this study at 10- to 15-year 
intends, most recently immediately 
prior to the study (2000-2001). stand 
basal area averaged 34.3 t 8.2 m21ha 
for ~ o u e l a s - f i r k d  4.7 * 2.4 m2/ha -~ - 

0 

I for oak. Approximate age range for 
the suppressed oak was 90 to 150 
years, while Douglas-fir averaged 65 
to 90 years. A detailed description of 
these oak trees appears in Devine and 
Harrington (2006). 

The understory of the oak woodland 
and savanna stands in the Puget Sound 
region was historically dominated by 
grasses and forbs in a plant commu- 

Figure 1. An Oregon white oak (Quercus garryana) woodland (dormant season) with encroaching 
Douglas-fir (Pseudotsuga rnenziesil) in the background. In the foreground is our most problematic 
lnvasive shrub, Scotch broom (Cytlsus scoparius). 

Oak Communities Working Group 
and the Garry Oak Ecosystems Recov- 
ery Team (British Columbia), have 
focused on preserving and restoring 
Oregon white oak ecosystems since the 
late 1990s. When Oregon white oak 
is released from overtopping conifers, 
the intensity of release ranges from 
individual-tree treatment (removing 
only the conifers adjacent to selected 
oak trees) to total removal of conifers 
at the stand level. These practices are 
influenced by the fact that on many 
private lands the invading conifers 
represent a source of timber revenue 
while the oak trees may have little 
monetary value. Thus, depending on 
the merchantability of the conifers, 
a release treatment may require an 
expenditure, allow the owner to break 
even, or even yield a profit. 

The goal of this study was to 
evaluate the influence of oak release 
treatments on the understory, as 
the effects of release are currently 

information on understory response 
will facilitate selection of appropriate 
restoration techniques in similar plant 
communities. 

Study Area 

The study took place in four stands of 
Oregon white oak and Douglas-fir on 
the Fort Lewis Military Reservation 
in southwestern Washington, east of 
the city of Tacoma. The four sites, 
located 10 to 15 krn apart, are on gla- 
cial outwash terraces and moraines, at 
elevations from 85 to 135 m. Soils are 
gravelly to very gravelly sandy loarns, 
and loamy fine sands, and are moder- 
ately to somewhat excessively drained. 
Annual precipitation in Tacoma is 995 
mm, but total precipitation from 1 
May through 30 September averages 
only 158 mm ,(WRCC 2005). Mean 
temperatures in January and July are 
5 and 19°C respectively. 

The four stands were similar in spe- 

nity likely similar to the Oregon white 
oak, long-stolon sedge ( C a m  inops), 
common camas (Camassia quamash) 
community (Chappell and Craw- 
ford 1997). A lack of regular fire and 
increasing conifer dominance results 
in a more shade-tolerant, shrubby 
understory community such as the 
Oregon white oak, Douglas-firlsnow- 
berry (Symphoricapos albus) , sword- 
fern (Polystichum munitum) commu- 
nity (Chappell and Crawford 1997) 
which was present at our study sites. 
The most common understory spe- 
cies present across all treatments and 
years are listed in Table 1. Control 
of the invasive shrub Scotch broom 
(Cytisus scoparius) is part of nearly all 
oak savanna and prairie restoration 
efforts in the region; we performed 
a one-time removal of Scotch broom 
from the study by cutting (at ground- 
line to prevent sprouting) or uprooting 
all plants within one tree-height radius 
of the study trees at the beginning of 
the study in June 2001. The number 
of Scotch broom plants per study tree 
was variable, averaging 43 * 80 and 
ranging from zero to 350. 

not well understood. We compared cies composition, with an overstory 
overtopped and released conditions primarily composed of Douglas-fir Study Design and 

to determine how removal of coni- averaging 167 * 46 treeslha (mean * Sampling 
fers affects microclimate, native and one standard deviation) and a mid- At each of four sites, we selected 18 
non-native understory cover, and story of suppressed Oregon white oak oak trees for the study that were each 
growth of Oregon white oak and averaging 1 15 * 66 treeslha. This is overtopped by at least two Douglas-fir 
Douglas-fir saplings. Our hope is that the first generation of Douglas-fir to trees. Average height of these 72 oak 
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Table 1. Shade tolerance and percent coverage in years 1 and 5 by 
treatment for species occurring on at least 5% of microplots. Shade tolerance 
classification is tolerant (T), intermediate (M), or intolerant (I). The symbol * 
indicates a significant change in cover @ < 0.05) between year 1 and year 5. 

Croup / Species 

Cover (96) 
Control Full Release 

Shade Yr 1 Yr 5 Yr 1 Yr 5 Tolerance 
Native forbs 
Polystichurn rnuniturn (swordfern) T 16.6 20.1 7.2 12.1 
Galium aporine (stickywilly) M 7.0 1.6* 6.0 3.4 
Clinopodiurn douglasii (yerba buena) T 2.8 2.0 1.1 2.2 
Nernophila parviflora 

(smallflower nemophila) 
Fragaria vesca (woodland strawberry) M 0.5 1.1 1 .I 1.6 

Native grasses 
Carex inops (long-stolon sedge) 
Brornus vulgaris (Columbia brome) 

Native woody species 
Syrnphoricarpos albus (snowberry) 
Rubus ursinus (California blackberry) 
Corylus cornuta var. californica 

(California hazelnut) 
Mahonia aquifoliurn (tall Oregongrape) 
Lonicera cilioso (orange honeysuckle) 

Non-native forbs 
Hypochaeris radicata (hairy catsear) 
Hypericurn perforaturn 

(common St. Johnswort) 
Mycelis rnuralis (wall-lettuce) 

Non-native grasses 
Agrostis capilloris (colonial bentgrass) 
Holcus lanatus (common velvetgrass) 
Dactylis glornerata (orchardgrass) 
Poa pratensis (Kentucky bluegrass) 

Non-native woody species 
Cytisus scoparius (Scotch broom) 

"study trees" was 16.0 * 3.1 m, and 
crown diameter averaged 7.5 * 2.3 m. 
Height of the two largest overtopping 
Douglas-fir per oak averaged 40.6 
6.9 m. 

We applied three levels of treat- 
ment, replicated six times per study 
site, in April and May of 200 1. The 
"111-release" treatment was removal of 
all Douglas-fir trees within a distance 
of one tree-height (an average of 16 m) 
of the study tree, an average of 15 * 8 
Douglas-fir trees per oak. The "half- 

release" treatment was removal of all 
Douglas-fir trees within a distance of 
one-half tree-height (an average of 8 
m) of the study oak tree, an average 
of 6 * 3 Douglas-fir trees per oak. In 
the control treatment, no Douglas-fir 
trees were removed. An average of one 
to two Douglas-fir trees within one 
tree-height radius of each study tree 
was removed across all treatments in 
a light commercial thinning that took 
place prior to the study in 2000-2001, 
removing approximately 15% of stand 

basal area. The full-release treatment 
represents a near-total removal of 
overstory competition, while the half- 
release represents an individual-tree 
release that has been applied by some 
landowners to prolong the life of oak 
trees while removing relatively few 
overstory conifers. During thinning 
and treatment, trees were cut with 
chainsaws and moved to the landings 
with skidders. 

We measured air temperature and 
relative humidity every two hours near 
18 randomly selected full-release and 
control treatment trees using HOBO" 
Pro dataloggers (Onset Computer 
Corp., Bourne, MA). Dataloggers 
were mounted 25 cm above the forest 
floor, 1 m south of the study oak tree. 
Vapor pressure deficit (VPD), which 
influences plant-water relations and 
photosynthesis rate (Elliott and Vose 
1994, Singsaas et al. 2000), was cal- 
culated from relative humidity and 
air temperature (Lee 1978). Data 
presented are from 2002 and 2003 
and are representative of the collec- 
tion period (July 2001 through May 
2005). 

We conducted vegetation surveys 
near 24 study trees in the full-release 
and control treatments in June of 
2001, 2003, and 2005 (study years 
one, three, and five). We established a 
permanent transect from east to west, 
bisected by the study tree, with 20- x 

50-cm microplot frames every two 
meters. Transect length was equal to 
twice the study tree height, and the 
number of microplots per transect 
averaged 16 * 3. Within each microp- 
lot, experienced surveyors measured 
duff layer thickness and visually esti- 
mated percent total understory cover, 
percent exposed soil, and percent cover 
by species for vascular plants. 

In spring 200 1, we tagged, mapped, 
and measured the height of naturally 
established oak and Douglas-fir sap- 
lings (height = 0.5 to 3.0 m; n = 288) 
within one tree-height of the study 
trees. We remeasured the height of 
these saplings after each growing 
season from 2001 to 2005. For oak 
saplings, we classified the level of 
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understory competition in 2002 and e .  
crown shape in 2003. Crown shape 8 was classified as 1) avertically oriented s 
crown with one dominant leader; 2) a $ 
vertically oriented crown with multiple 
competing leaders; or 3) a flat-topped, 
horizontally oriented crown. 5 

The study followed a randomized 
complete-block design (site = block). - 
Data were analyzed by analysis of vari- Q 0 E 
ance and correlation analysis (details 2 

- Dally maximum 
Daily mean 

t Dally minimum 

- 
of analysis available upon request). 
Significance was judged at the 95% 2 ,  

Jan Fob Mar Apr May Jun Jui A u g  Sep Oct Now Doc confidence level. 
Month (2003) 

Results and Discussion 

Understory microclimate 
The full-release treatment increased 
maximum daily air temperature, par- 
ticularly from June through August 
when the maximum temperature 
averaged 5.2"C higher than in the 
control (Figure 2a). Conversely, 
daily minimum air temperature was 
slightly but consistently lower in the 
full-release treatment than in the 
control throughout the year. Mean 
daily air temperature did not differ 
between the full-release and control 
treatments. Maximum daily VPD was 
significantly higher in the full-release 
treatment than in the control during 
summer months, particularly from 
June through August (Figure 2b). 
Mean daytime VPD did not differ by 
treatment. Air temperature and VPD 
during a typical clear summer day (12 
July 2002) are shown in Figure 2c. 
Both air temperature and VPD peaked 
slightly earlier in the day in the full- 
release treatment than in the control. 

We assessed direct sunlight reach- 
ing the study trees and found that 
the half-release and full-release treat- 
ments approximately doubled and 
quadrupled, respectively, the duration 
of direct sunlight that the oak trees 
received each day in summer (Devine 
and Harrington 2006). The over- 
topped oak trees in the control treat- 
ment received, on average, only 13% 
of the photosynthetically active radia- 
tion that would have been available 

Jan Feb Mar Apr May Jun Jul Aug Smp Oct Nov Dec 

Month (2003) 

5 3 1  

4 
30 

A 

25 
5 

g f! a 
g 2  

20 8 
i 15 cl 

f 
I 0  
2 

0 5 
06:OO 08:OO 1O:OO 1Z:OO 0200 04:OO 06:OO 08:OO 

Time of day 

Flgure 2. The effect of full release, relathre to the control treatment on A) average daily maxl- 
mum, mean, and minlmum air temperatures at 25 cm (positive values lndicate full release 
was warmer than the control and negathre values Indicate full release was cooler); 6) daytime 
maximum and mean vapor pressure deflcit VPD) at 25 cm. C) mean VPD (solid line) and alr 
temperature (dashed line) for control and fuil-release treatments on a typical clear summer day 
(12 July 2002). 

-z+ Control 
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Figure 3. Total cover (* SE) of native and non-native forbs, grasses, and woody understory species for two treatments and three sampling periods. 
Significance of fixed effects at pvalues of 0.05 and 0.001 is denoted by * and *, respectively. 

under unobstructed sunlight (Devine 
and Harrington 2006). 

Our microclimate findings are in 
agreement with other studies that 
found greater diurnal fluctuation in 
air temperature and greater VPD in 
openings relative to a closed-canopy 
forest (Carlson and Groot 1997, Gray 
et d. 2002, Ritter et a. 2005). The 
increases in near-ground maximum 
air temperature, VPD, and solar radia- 
tion, resulting from removal of the 
conifer overstory, created an under- 
story microclimate that is likely more 
similar to that of historical conditions. 
The return of a warmer, drier under- 
story with greater solar radiation is 
important not only for reestablish- 
ing native plant species that formerly 
existed in that environment, but also 
for reducing the moisture content of 
fuels and thus creating conditions that 
will facilitate a prescribed burning 
regime similar to that which existed 
historically (Agee 1993, Tveten and 
Fonda 1999). 

Native and non-native 
understory cover 
Cover of native and non-native veg- 
etation followed different trends after 
treatment. Cover of native forbs and 
grasses was not significantly changed 
by the full-release treatment compared 
to the control, but cover of non-native 
grasses, and, to a lesser extent, non- 
native forbs, was increased by the full- 
release treatment (Figure 3, Table 1). 
Non-native grass cover also increased 
substantially over time from year one 
to year five. Cover of native woody 
species was reduced in the full-release 
treatment compared to the control 
in year one, likely due to disturbance 
during the release operation. Cover of 
non-native woody species (predomi- 
nantly Scotch broom) increased over 
time, and in year five was significantly 
greater in the fill-release treatment 
than in the control. 

The release operation used ground- 
based harvesting equipment that inev- 
itably disturbed the forest floor. This 

resulted in a temporary but significant 
reduction in understory cover and an 
increase in exposed soil (Figure 4). 
Soil seed banks in 40- to 60-year-old 
conifer forests in the Pacific Northwest 
have been found to contain a signifi- 
cant fraction of non-native grasses 
and forbs, and disturbance may favor 
establishment of these non-native 
species in the understory (Halpern 
et al. 1999). Because the understory 
disturbance and the removal of the 
Douglas-fir overstory in our study 
appear to have created an environ- 
ment favorable to non-native, rud- 
eral species (i.e., those common to 
disturbed areas), a strategy to control 
undesirable plant species may be most 
effective if initiated prior to the release 
operation (Hanna and Dunn 1997). 
On particularly sensitive sites, aerial 
harvesting systems may reduce forest 
floor disturbance, although costs are 
much greater than those associated 
with ground-based systems (Stokes 
and Schilling 1997). 
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Oregon white oak 
, Treatment 

Year * 
- Treat. x year -o- Full release 

...o-.. Half release 
-.r- Control 

Treatment - Year * 
Understory competition class 

Figure 6. Height growth increment (f SE) in 2002 for Oregon white oak 
(Quercus garryana) saplings in five understory competition classes: 1) no 
competltion near sapling crown, 2) sapling has three or more years of 
growth above competition, 3) sapiing has one or two years of growth 
above competition, 4) sapling overtopped; some direct sunlight, and 
5) sapling overtopped; little direct sunlight. Same letter denotes no 
difference at p = 0.05. 

Year 

Figure 5. Annual height growth (* SE) for Oregon white oak and 
Douglas-fir saplings in three treatments. Significance of flxed effects 
at pvalues of 0.05, 0.01, and 0.001 is  denoted by *, **, and -, 
respectively. 

flat-topped crowns (white oak (Q. 
afba), northern red oak (Q. rubra) and 
chestnut oak (Q. montana)) in West 
Virginia responded slowly after partial 
canopy removal, although half had 
formed a dominant leader four years 
post-treatment (Carve11 1967). In our 
study, the growth rate ofsaplings with 
flat-topped crowns had not improved 
by year five in any of the treatments. 
Saplings that exhibited apical domi- 
nance (i.e., a dominant terminal shoot 
suppressing other shoots via hormone 
production) responded to release with 
greater height growth throughout the 
five-year period. In a related study, we 
improved growth rates of flat-crowned 
oak saplings and oak saplings damaged 
during a release operation by cutting 
saplings near the base and allowing 
the stump to sprout. Three-year sprout 
growth averaged 86 * 34 cm, while 
growth of untreated saplings averaged 
25 * 15 cm. 

The increase in the rate of oak 
growth in response to release, although 
statistically significant, was relatively 
small in magnitude, especially during 
the first few years after treatment. The 
same was true for Douglas-fir. These 
trends may be indications of low root 
to shoot ratios of these saplings prior 
to release. Although both of these spe- 
cies grow best in full sunlight, as sap- 
lings they may survive for many years 
beneath a Douglas-fir canopy. Growth 
under such conditions generally favors 
stem and foliar development, rather 
than roots, as a response to the limited 
light availability (Hodges and Gardiner 
1992). Thus, during the initial years 
after release, stem growth may have 
been negatively affected as resources 
were instead allocated to root develop- 
ment in response to the increased light 
(Beon and Bartsch 2003). 

Annual growth of Douglas-fir in the 
full-release treatment increased over 

time relative to growth of the conifers 
in the control and half-release treat- 
ments. By year five, Douglas-fir in 
the full-release treatment was grow- 
ing at more than twice the rate of 
oak in the same treatment. This dif- 
ference in growth rate is typical for 
these species when they are exposed 
to full sunlight, and, assuming it per- 
sists, the Douglas-fir will eventually 
overtop and shade the released oak 
trees. A restoration effort that includes 
removal of undesired overstory trees 
also must include control of young 
trees, and if a seed source remains on 
or near the site, repeated treatments 
will be necessary. 

Implications for Practice 

Removal of invading conifers is a nec- 
essary early step in restoring native oak 
woodlands and savannas because of 
the conifers' substantial effect on the 
understory microclimate and species 
composition. However, removal of 
overstory trees will abruptly change 
the microclimate and forest floor 
condition, making the site suscep- 
tible to colonization by invasive spe- 
cies. Control ofparticularly undesired 
species may be best initiated prior 
to the overstory treatment because 
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heavy machinery will likely expose 
soil, creating a seedbed prone to colo- 
nization. Dispersal of seed via log- 
ging machinery and vehicular traffic 
may be reduced by cleaning vehicles 
and equipment before entering a site 
(Dalsimer 2002). 

Changes in the plant understory 
five years after release from Douglas-fir 
indicate that post-release treatments 
will be necessary to control undesir- 
able plant species and favor the native 
plant community. While prescribed 
burning is the traditional method of 
maintaining savannas and prairies in 
the Pacific Northwest, it is a logistical 
challenge to implement with regular- 
ity or on a large scale. Alternative tools 
for restoring native vegetation include 
mowing, tilling, and applying herbi- 
cide to undesirable species (Schuller 
1997, Tveten and Fonda 1999, Ewing 
2002, MacDougall et al. 2004). Four- 
year results from a restoration study 
show that native grasses and forbs may 
be established by sowing and plant- 
ing, respectively, following overstory 
conifer removal from an oak savanna 
(Vance et al. 2006). 

The growth of oak saplings after 
overstory Douglas-fir removal was 
affected by competition from the 
understory and by sapling crown 
shape. Oak saplings would prob- 
ably benefit from control of adjacent 
understory competitors until the oak 
grows above the understory. Oak sap- 
lings with dominant leaders are likely 
to grow above understory competi- 
tors more quickly than saplings with 
flat-topped crowns. Because Douglas- 
fir grows rapidly following overstory 
removal, continuing efforts to control 
this species must take place to pre- 
vent it from regaining dominance of 
the site. Control of this regeneration 
is most easily implemented and least 
expensive when these trees are still 
small. 
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