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Herbicides Exert Weak and Variable Effects on Microclimate in Early-
Seral Forests

Abstract

Ecosystem modification driven by anthropogenic land-use and land-cover change is one of the leading drivers of global
biodiversity declines. Simultaneously, ongoing climate change is modifying ecosystems and will have far-reaching impacts
on the structure and function of ecological communities. Rising surface temperatures are predicted to have negative effects
on plants and animals, but such predictions are typically broad and poorly matched to the spatial scale at which most organ-
isms experience the environment. Microclimate thermal regimes are often moderated by land-cover, and intensive forest
management practices have the potential to either ameliorate or exacerbate climate change effects on biota. In this study,
we examined the degree to which air temperature varied across an experimental gradient of herbicide application intensity
within early-seral forests in the Coast Range mountains of western Oregon. We evaluated stand-level air temperatures
in regenerating stands subjected to light, moderate, and intensive herbicide treatments, as well as a no-spray control. We
examined whether daily temperature measurements (minimum, mean, and maximum) and their associated coefficients
of variation were influenced by herbicide treatments. We found that herbicide treatments had some influence on mean
and maximum air temperatures, but not on minimum temperature or on measures of temperature variability. However,
temperature effects were small (< 0.5 °C), the direction of these effects were inconsistent, and pairwise contrasts often
failed to detect significant differences after accounting for multiple comparisons. Our results suggest that post-harvest
vegetation management has limited impacts on fine-scale air temperatures and is unlikely to either amplify or buffer the
projected effects of climate change within early-seral forests.
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Introduction Despite this, planted forests have been considered
a potential opportunity for conservation (Hartley
2002, Brockerhoff et al. 2008) because of a growing
recognition that the early-seral stage can provide
habitat for many species of conservation concern
(Swanson etal. 2011, DellaSala et al. 2014, King
and Schlossberg 2014, Swanson et al. 2014).

Much of the world’s forests have been modified
by anthropogenic changes, including ongoing
modification that occurs through a wide range
of intensive forest management practices (Rudel
et al. 2005, Hooke et al. 2012). As part of these
changes and in response to societal demands for

wood products, there has been a global increase Compositionally and structurally diverse early-
in the extent of planted forest area that is expected seral forests are declining in some locations in the
to continue well into the future (FAO 2015). northern hemisphere (Angelstam 1998, Thomas
Compared to naturally regenerated forests, planted et al. 2006) and the amount of early-seral forest
forests may have reduced capacity to support is often considered below historic levels (Spies
diverse ecological communities, their component and Johnson 2007). This trend is of conservation
biodiversity, and the ecosystem processes they concern because early-seral forests are associ-

support (Foster et al. 1996, Spies 2004, Carnus et ated with high food web complexity and species

al. 2006, Thomas et al. 2006, Potapov et al. 2008). diversity (Hagar 2007, Swanson et al. 2011),
and because population declines in a range of

organisms have been linked to decreases in the
availability of structurally and compositionally
!Author to whom correspondence should be addressed: diverse early-seral forests (Litvaitis 1993, Hunt
matt.betts@oregonstate.edu 1998). Particularly, intensive forest vegetation
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management can decrease wildlife habitat qual-
ity in early-seral forests (Swanson et al. 2011,
Betts et al. 2013). Intensive forest management
practices often use herbicides to suppress the
growth of herbaceous and broadleaf vegetation that
compete with crop trees in early-seral conditions
(Fortier and Messier 2006), in turn changing the
abundance, diversity, and composition of early-
seral forest vegetation (Balandier et al. 2006).
Herbicides mainly impact early-seral forests by
altering the relative dominance of plant species
within the community (Balandier et al. 2006)
which, in turn, can have negative consequences
for organisms that rely on early-seral forests dur-
ing critical periods of the life cycle (Easton and
Martin 1998, Betts et al. 2013).

In addition to management-related activities,
climate is also recognized as an important modifier
of natural ecosystems (Dawson et al. 2011), and
changes in climate can affect organisms through
direct and indirect means (Parmesan 2006, Bellard
et al. 2012, Buckley et al. 2012). Consequently,
it is expected that human modification of eco-
systems and climate change are magnifying one
another’s effects on global biodiversity (Brook
et al. 2008). Microclimatic shifts are one effect
of climate and management-driven vegetation
change that may alter habitat quality for organ-
isms in early-seral forests. One component of
microclimate often linked to habitat quality is
air temperature (Huey 1991, Frey et al. 2016) as
surface air temperatures and their variability are
aprimary driver of many bioecological processes,
including nutrient and water cycles, organismal
physiology, and species distributions (Bonan
2008a). Forest cover can exert a strong influence
on local air temperature via altering biophysical
characteristics such as albedo and surface rough-
ness, ultimately influencing the amount of solar
radiation intercepted by land surfaces (Bonan
2008b, Jackson et al. 2008, Anderson et al. 2010,
Alkama and Cescatti 2016). However, previous
work indicates that plant communities can also
exert significant effects on forest microclimatic
conditions through variation in species-specific
phenologies (von Arx et al. 2012, Zhao and Jack-
son 2014, Naudts et al. 2016). For example, the
albedo of broadleaf vegetation during summer can
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be 10% greater than coniferous forests (Anderson
et al. 2010). This results in greater transpiration
and reflectivity of broadleaf vegetation, in turn
cooling air temperatures to a greater degree than
coniferous forests. Indeed, von Arx et al. (2012)
showed that daily maximum temperatures were
two times lower in broadleaf forests than in those
dominated by coniferous trees. The greater cooling
effect of broadleaf vegetation suggests that for-
ests with greater amounts of broadleaf cover are
more likely to become decoupled from regional
climates and act as “micro-refugia” for species
under advancing global climate change (Ashcroft
2010, Dobrowski 2011).

To date, relatively few studies have examined
the potential indirect effects of herbicide treatment
on air temperature in forests (Proe et al. 2001,
Devine and Harrington 2007, Parker et al. 2012).
Importantly, these studies have examined mean
air temperature alone without evaluating tempera-
ture variability despite the influence variability
can have on organisms and ecological processes
(Vasseur et al. 2014). Temperature variability may
allow temperature-sensitive species to persist
in localized areas with suitable microclimates
(Sears etal. 2011); conversely, it may also impact
early-seral species that prefer more stable micro-
climatic conditions (e.g., Checa et al. 2014). In
this study, we examined patterns of microclimatic
air temperature variability across a gradient of
post-harvest vegetation control in the central and
northern Oregon Coast Range. We predicted that
experimental herbicide treatments would increase
surface air temperatures by shifting stand compo-
sition towards predominantly coniferous species,
and that temperature increases would be greater
with increasing herbicide treatment intensity. We
also predicted that herbicide-treated stands would
exhibit greater air temperature variability relative
to untreated stands (Baker et al. 2014, Hardwick
etal. 2015) due to changes in the amount of veg-
etative cover that can moderate air temperature
(Geiger et al. 2003). By examining a gradient in
herbicide treatment intensity, our study provides
a valuable step in determining how intensive
management practices influence microclimatic
conditions at the scale experienced by organisms,
and whether changes in management practices



may alter expected climate change effects within
early-seral forests.

Methods

Study Area

We conducted this study from May to August
2014 at five experimental study blocks located
in the central and northern Oregon Coast Range.
The maritime climate of this region is character-
ized by cool, wet winters and mild, dry summers
(Franklin and Dyrness 1988). Mean annual pre-
cipitation ranges from 165 to 330 cm with most
precipitation occurring October through March,
and mean annual air temperature between 5 and
19 °C (Franklin and Dyrness 1988, Taylor and
Hannan 1999). Soils are moderately deep to deep
well-drained silt loam soil derived from basalts,
sandstone, and siltstones. Topography is character-
ized by somewhat low, highly dissected mountains
with slopes ranging from 0-90% (Knezevich
1982, Taylor and Hannan 1999). All stands in
our study were found within the western hemlock
(Tsuga heterophylla [Raf.] Sarg.) zone (Franklin
and Dyrness 1988), and ranged in elevation from
165 to 765 m. Douglas-fir (Pseudotsuga menzie-
sii [Mirb.] Franco) dominates early-seral forest
plantations in this region, with grand fir (4bies
grandis [Douglas ex D. Don] Lindl.), western
hemlock, noble fir (4bies procera Rehder), and
western redcedar (Thuja plicata Donn ex D. Don)
forming minor components. Dominant shrub and
woody species include big-leaf maple (4cer mac-
rophyllum Pursh), California hazelnut (Corylus
cornuta Marshall var: californica [A. DC.] Sharp),
cascara buckthorn (Frangula purshiana [DC.]
A. Gray), common snowberry (Symphoricarpos
albus [L.] S.F. Blake), oceanspray (Holodiscus
discolor [Pursh] Maxim.), red alder (Alnus rubra
Bong.), and vine maple (Acer circinatum Pursh).
Smaller understory broadleaf species include
Oregongrape (Mahonia nervosa [Pursh] Nutt.),
salal (Gaultheria shallon Pursh), and Vaccinium
spp. The herbaceous community is comprised of
many native and non-native plants, especially
swordfern (Polystichum munitum [Kaulf.] C. Presl)
and brackenfern (Pteridium aquilinum [L.] Kuhn).

Study Design and Experimental Herbicide
Treatments

Our study used a randomized complete block
design in which 20 stands were selected in five
separate blocks, with one stand within each study
block randomly assigned to one of four experi-
mental treatments (no spray control, and light,
moderate, and intensive herbicide application).
Our five experimental study blocks are a subset
of sites (due to limitations associated with sam-
pling logistics) of a broader study examining
the effects of intensive forest management on
early-seral forest ecology (see Betts et al. 2013
and Kroll et al. 2017 for full study description).
All stands within each block were sited within 5
km of each other to ensure spatial independence
of treatments while reducing within-block varia-
tion (e.g., slope, elevation). Stands were clearcut
in fall 2009/winter 2010 and replanted in spring
2011 with Douglas-fir, the dominant conifer spe-
cies in the region, at approximately 1100 trees per
hectare. Herbicides and surfactants typically used
by private industrial timber harvesting operations
were applied to stands between 2009 and 2014
following current operational prescriptions and in
order to create a gradient of management intensity.
Stands in the control group received no herbicide
application after harvest, and stands in the light
herbicide treatment were aerially sprayed with an
herbaceous spray in 2011 and a broadleaf release
spray in 2012. A site preparation broadleaf vegeta-
tion spray was applied to the moderate treatment in
2010, as well as an herbaceous spray in 2011. The
intensive treatment similarly had a site preparation
broadleaf spray in 2010, with herbaceous sprays
applied in 2011-2013, and a broadleaf release
spray in 2012 and 2014. Follow-up backpack
spraying was conducted on moderate and intensive
treatments as needed to control deciduous stump
sprouts. A full description of the amount and type
of herbicides and surfactants used on stands can
be found in Betts et al. (2013). We note that the
moderate treatment was an approximation of
current operational practices in our study area.
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Air Temperature Sampling

We recorded air temperature during the local bird
breeding season as part of a broader study evalu-
ating the influence of temperature on songbird
reproductive rates (Jones 2015). Air temperatures
were measured with temperature loggers mounted
at eight sampling points within each stand (total
n =160 points) to assess the effects of herbicide
treatment on local temperatures experienced by
many terrestrial organisms (Geiger et al. 2003,
Potter et al. 2003). We located temperature sam-
pling points with several considerations in mind:
1) points needed to be separated by a minimum of
50 m, 2) points had to evenly cover stands, and 3)
walking distance between points needed to be <30
min (for logistical considerations). Neither vegeta-
tion cover nor distance to edge were considered
when siting temperature sampling points; thus,
we measured both as covariates in our analysis
because they have the potential to influence air
temperature (Baker et al. 2014; see below).

At each air temperature sampling point, we
mounted a single temperature logger (Thermochron
iButton, Embedded Data Systems, Lawrence-
burg, KY) on a metal stake approximately 1.5
m high off the ground (following conventional
placement of meteorological instruments within
meteorological stations; Geiger et al. 2003) with
a wooden covering to protect the logger from
direct solar radiation and precipitation. We placed
each logger within a 10-cm diameter white PVC
tube with ventilation holes to allow for airflow
and minimize heat accumulation. We used two
temperature loggers that varied slightly in their
accuracy (iButton DS1921: + 1.0 °C accuracy,
n =71 points; iButton DS1922L-F5: + 0.5 °C
accuracy, n = 89 points); the two models were
distributed arbitrarily among sampling points
so that estimated differences in air temperature
between stands were within + 1.0 °C of their
true values. All loggers were validated against
an independent digital thermometer (Omega
HH609R, Omega Engineering, Stamford, CT)
prior to deployment; only loggers that deviated
from the digital thermometer by < 0.5 °C during
validation procedures were used in this study.

110  Jones et al.

We programmed temperature loggers to record
temperature every 15 min so that we obtained
data on the minimum (T, ), mean (T, ), and
maximum (T __ ) air temperature at each sampling
point across a 24-hr sampling period (i.e., starting at
midnight and running until midnight on the succes-
sive day). We also used this 24-hr sampling period
to calculate coefficient of variation measures for
minimum temperature (T ; ), mean temperature
(T, eancv)> and maximum temperature (T )
Temperature data were initially inspected and
assessed for errors, and we removed all extreme,
atypical values (> 50 °C or <—-10 °C) caused by
instrument malfunction or when logging stations
were disturbed by wildlife; this led us to remove
< 5% of temperature values obtained.

Vegetation Sampling

We measured vegetation cover at each temperature
sampling point to quantify changes in vegetation
cover among the experimental herbicide treat-
ments. At each sampling point, we measured
vegetation on three subplots, each of which was
circular in shape with a 3-m radius. We located
one subplot centrally on the sampling station,
and two peripheral subplots 25 m distant from
the central subplot. The azimuth of the first pe-
ripheral subplot was chosen randomly, with the
second peripheral subplot located 180° away from
the first peripheral subplot. At each subplot, we
visually estimated species cover (or to genus, in
the case of Rubus, Ribes, and forbs) in each of
three distinct vegetative layers (i.e., herbaceous
[0-0.5 m], shrub [0.5-2.0 m], and canopy [> 2.0
m]). For analysis, we summed the total amount
of 1) broadleaf cover (as defined by Ellis and
Betts 2011), 2) conifer cover, and 3) vegetative
cover for all plant species/functional group over
all subplots. At each sampling point, we also
measured three variables that have been shown
to strongly influence microclimatic air tempera-
tures (Dobrowski 2011): elevation, distance to
stand edge, and aspect, which we transformed
to “southwestness”, providing an index ranging
from —1 to 1 that is indicative of environmental
aridity (Franklin et al. 2000, Huang et al. 2012).



Statistical Analysis

All models were fit using the Ime function of the
nlme package (Pinheiro et al. 2015) in ‘R’ v3.2.0
(R Development Core Team 2018). We used a
randomized block analysis of covariance with
one random effect (block) to evaluate whether
mean temperature and variability differed among
experimental herbicide treatments. We constructed
models for air temperature response variables (i.e.,
T i Tineans Tmax) @0d their associated coefficient
of variations (i.e., T, «» T, concv Tomaecy) With
herbicide treatment as a fixed effect (four levels:
control, light, moderate, intensive). Our covariates
(i.e., elevation, distance to stand edge, and south-
westness) were averaged over all sampling points
within a stand, and no covariates were correlated
(» < 0.25 in all cases). We included elevation as
a covariate because stands within a block could
vary > 100 m due to the highly heterogeneous
terrain of the Oregon Coast Range. Distance to
stand edge and southwestness were included as
covariates to account for any systematic variation
in temperatures due to the location of sampling
points (Geiger et al. 2003).

We conducted five pairwise comparisons using
Bonferroni-corrected 95% confidence intervals
and P-values in the ‘estimable’ function of the
gmodels package in R (Warnes et al. 2013). We
first compared values for the unsprayed control to
each of the three herbicide treatments to evaluate
how increasing management intensity influenced
air temperature. In addition, we compared the
moderate herbicide treatment to the light and
intensive herbicide treatments (two comparisons)
because the moderate treatment is closest to cur-
rent operational practices on private industrial
timber lands (Betts et al. 2013, Kroll et al. 2017).

We also used mixed model analysis to test
whether vegetation cover differed significantly
among herbicide treatments. We constructed
models for three vegetation response variables
(i.e., broadleaf, conifer, and total vegetation cover)
that included fixed effects for herbicide treatment
(four levels: control, light, moderate, intensive)
and one random effect (block). All vegetation
responses were log-transformed prior to analysis
to meet assumptions of variance homogeneity

among herbicide treatments. We back-transformed
our results so that values can be interpreted as the
mean multiplicative increase or decrease in cover
between treatments. Thus, a treatment contrast of
one indicates that cover is equal between treat-
ments. We report means and associated confidence
intervals, and we considered effects significant
at P <0.05.

Results

Mean Air Temperature

Mean air temperature varied little among our study
blocks (Figure 1), and was statistically indistin-
guishable among treatments for T ., T . . and
T, (Figure 2a). We did not detect a treatment
main effecton T ; (F;,=1.039, P=0.421). We
detected a statistically significant treatment main
effectonT, . (F,,=7.655, P=0.008); however,
this significance was driven largely by temperature
increases and decreases in the control treatment
(B=18.6,SE=1.0,1,=18.6, P<0.001). Pairwise
comparisons indicated no statistically significant
differencesin T among treatments (Figure 2a).
All pairwise differences in T, . were < 1.1 °C,
with the majority < 0.5 °C (Figure 2a), and the
direction of these differences varied relative to
temperature measures (Figure 2a). We did detect
a treatment main effecton T (F 30~ 534, P=
0.022), with significant pairwise differences be-
tween the control and the light treatment (8= 1.1,
SE=0.4,t,=2.67, P=0.026), and between the
control and the moderate treatment (= 1.0, SE =
0.4,1,=2.34, P=0.044). Although T _ _increased
monotonically with increasing herbicide treat-
ment intensity, all pairwise comparisons between
herbicide treatments were not significant after
correcting for multiple comparisons (Figure 2a).

Variability in Mean Air Temperature

Air temperature variability was similar among
treatments (Figure 2b), and the majority of esti-
mated differences among treatments for T . .,
T eancy, and T, were < 1.5% (Figure 2b).
Compared to the control, there was less vari-
ability as measured by T . -, in the moderate

and intensive treatments, and more variability
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Figure 1. Average daily air temperature fluctuations among herbicide treatments at each experimental block in the Oregon Coast
Range. Each line represents the mean of all sample points (8) taken during the May—August, 2014 sampling period.

in the light treatment. Among treatments, T .
was greater in the light and moderate treatments
compared to the intensive treatment (Figure 2b).
T, ..cy Was lower in all herbicide-treated stands
when compared to the control (Figure 2b). Among
herbicide treatments, T, ., was greater in the
light treatment compared to the moderate treat-
ment and in the moderate treatment compared to
the intensive treatment (Figure 2b), although none
of these differences were statistically significant.

Vegetation

As expected, we found a significant main effect
of herbicide on vegetation cover (Table 1), with
broadleaf cover decreasing (£, ,, = 18.68, P <
0.001; Figure 3a; Figure 4) and conifer cover
increasing as herbicide intensity increased (£} ;,
=9.19, P =0.003; Figure 3b). We detected sig-
nificant pairwise differences in broadleaf cover
between the control and the moderate treatment
(¢, = 4.88, P <0.001, £ = 1.88 [0.68, 3.08]),
the control and intensive treatment (¢, = 5.04,
P <0.001, 5= 1.93 [0.74, 3.12]) and the light
and the moderate treatment (¢,,=4.89, P<0.001,

112 Jones et al.

A

B =1.87[0.68, 3.05]; Figure 3a). For conifer cover,
we detected a significant difference between the
control and intensive treatment only (¢,,=—4.69,
P <0.001, f=-0.95 [-1.58, —0.32]; Figure 3b).
We did not detect any significant differences in
total vegetation cover among treatments (F,
2.070, P =0.162; Figure 3c).

11

Discussion

Our study found that herbicide treatment intensity
had little if any influence on air temperatures within
early-seral forests, including no detectable differ-
ences in temperature among the three herbicide
treatments. Similarly, we found that air tempera-
ture variability was not influenced by herbicide
treatment. These results are surprising given that
herbicide application in our study led to changes
in the extent of broadleaf vegetation cover among
treatments, and that previous work has found that
broadleaf vegetation exhibits significantly cooler
air temperatures relative to coniferous vegetation
(von Arx et al. 2012, Zhao and Jackson 2014,
Naudsts et al. 2016). One explanation for the lack
of relationship between broadleaf cover and air
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variability (CVs). The dashed line at zero represents no treatment differences. Estimates on the right side of the dashed
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perature.

temperature in our study is that temperatures may
have been more dependent on total vegetation
cover than on relative stand composition. Indeed,
changes correlated with measures of total vegeta-
tion cover, such as leaf area index, can have the
largest moderating influence on air temperature
(Aussenac 2000). As we did not find a difference
in total cover among herbicide treatments, it could
be that stands subjected to different herbicide
treatments were not differentiated enough to result
in detectable temperature variation. This pattern
could have been a function of rapid recovery of
vegetation, which is characteristic of highly pro-
ductive sites such as those in the Oregon Coast
Range (Waring and Franklin 1979). We found
that the forb cover was extensive in our stands,
especially on sites with reduced broadleaf plant
cover (Jones 2015), and this could have played a
compensatory role in thermal regulation (Geiger
et al. 2003). An additional and non-mutually
exclusive explanation for our findings is that
the differences in vegetation cover we observed
between treatments were not large enough to
produce a detectable cooling effect. Although

previous work (von Arx et al. 2012, Zhao and
Jackson 2014) demonstrated that variation in
broadleaf cover can result in small-scale changes
in air temperature, the point at which changes in
broadleaf vegetation results in detectable cooling
effects is unclear. Furthermore, although stand age
was not explicitly mentioned, the larger-scale focus
of previous work such as von Arx et al. (2012)
and study site descriptions given (e.g., tree basal
area and height) suggests that examined stands
were likely more mature than those included in
our study—temperature differences driven by
species-specific characteristics such as albedo and
transpiration would therefore be more apparent.
Lastly, elements of our sampling design may have
limited our ability to detect air temperature dif-
ferences—we measured air temperature in only
one year occurring five years post-harvest. This
may have limited our ability to detect potential
temperature differences 0—4 years post-harvest
driven by developing vegetation differences as
our experimental treatments were differentiated
by scheduled herbicide applications. Addition-
ally, our placement of temperature loggers at the
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TABLE 1. Stand level means (+ 95% CI) for vegetation measurements and covariates relative to herbicide treatments in the
Oregon Coast Range. Vegetation was measured June—August 2014 during the height of the growing season.

Treatment Broadleaf Conifer cover Total cover Canopy cover Elevation Aspect
cover (%) (%) (%) (%) (m) ©
Control 59.4 (22.8) 5.6 (2.6) 1447 (8.8) 3.6 (4.8) 480.7 (247.60) 198.9 (75.5)
Light 59.0 (19.8) 7.8 (5.9) 140.0 (14.6) 42 (6.7) 452.8 (187.40) 188.5 (91.0)
Moderate 13.5 (17.7) 10.2 (3.0) 113.6 (19.9) 0.4 (0.4) 417.1 (183.26) 155.7 (42.4)
Intensive 9.0 (5.2) 15.0 (8.1) 115.8 (14.0) 0.9 (1.0) 526.4 (217.30) 138.9 (50.3)
(A) (8) ()
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Figure 3. Ratio of mean percent cover among control, light, moderate, and intensive herbicide treatments, with Bonferroni-adjusted
95% confidence intervals for A) broadleaf vegetation, B) conifer vegetation, and C) total vegetation cover. The dashed
line at 1 represents no statistical difference. Note panels are not presented on the same scale.

conventional height of 1.5 m (Geiger et al. 2003)
likely limited our ability to detect air temperature
differences at smaller scales in the microclimatic
layer, which may be relevant to some early-seral
species, including various reptiles, invertebrates,
and birds that nest and/or forage on the ground.
Thus, several factors may have contributed to our
inability to detect air temperature differences across
our experimental herbicide treatment gradient.

We also did not detect significant vegetation-
mediated effects of herbicide treatment on air
temperature variability in this study. However,
there were some broad patterns in air temperature
variability among treatments worth noting. Con-
trary to expectations (Zhao and Jackson 2014),
air temperature variability generally decreased
in herbicide-treated stands compared to control
stands. The greater air temperature variability
observed in control stands was likely linked to
spatial variability of regenerating vegetation
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relative to stands treated with herbicides (Xu
et al. 1997, Heithecker and Halpern 2006, Ma
et al. 2010). The distribution and amount of
understory cover also influences surface energy
fluxes, where air temperatures are generally more
tightly coupled to atmospheric conditions and
thus more variable over bare ground compared
to ground covered with vegetation (Geiger et al.
2003). A second reason why differences in air
temperature variability among treatments may have
been diminished was due to the matrix in which
they occurred (Dobrowski 2011). Many factors,
including the height of surrounding vegetation
and cold air pooling (a climatic process that can
occur in topographic depressions, resulting in a
topographically-confined, stagnant air layer that
is cooler than the air aloft [Whiteman et al. 2001,
Geiger et al. 2003]) influence air temperature
within forest clearings. Such matrix effects can
reduce the effect of microclimatic differences
from changes in surface roughness and albedo



Figure 4. Representative examples of stands spanning the
gradient in herbicide intensity for A) no-spray
control, B) light, C) moderate, and D) intensive
treatments in the Oregon Coast Range, 2014.

driven by decreased vegetation cover (Geiger et
al. 2003, Bonan 2008a). An additional reason for
the limited variability in temperature relative to
our experimental treatments may be due to the
rapid mixing of air masses that can occur within
forest clearings (Geiger et al. 2003, Bonan 2008a).
Regardless of the mechanism(s). responsible,
the minor differences in temperature variability
we observed may be unlikely to influence the
persistence of temperature-sensitive species in
four-year-old intensively managed Douglas-fir
stands (Sears et al. 2011).

Our finding of generally weak and inconsistent
effects of herbicide treatment on microclimatic air
temperature in early-seral forests compliments
the few other studies that have examined the ef-
fects of post-harvest vegetation management on
microclimatic air temperatures. Proe et al. (2001)
examined the effects of vegetation control practices
on microclimate in post-clearcut Sitka spruce
(Picea sitchensis [Bong.] Carriére) stands and
found that herbicide-driven vegetation changes
only influenced near-surface air temperatures
when combined with other post-harvest treatments
(fertilizer and whole-tree harvesting), presumably
due to larger shifts in regenerating vegetation and
woody material than herbicide application alone.
Similarly, Parker et al. (2012) found minimal
vegetation-mediated influences of herbicide on

air temperature when woody and herbaceous
vegetation control was varied in pine-dominated
shelterwood stands. In that study, woody vegeta-
tion control produced the only difference in air
temperature among forest stands but this effect
only occurred in one out of four growing seasons
and was relatively small (~ 0.5 °C). Taken with
the results of this study, it appears that herbicide
use produces negligible differences in the local
thermal environment in managed temperate conif-
erous forests of the central and northern Oregon
Coast Range, which may have implications for
early-seral forests in other geographic locations
with similar characteristics. Moreover, our results
indicate that this may be the case whether her-
bicide application is intensive or relatively light
compared to commercial standards.

Microclimatic air temperature is an important
component of habitat quality that has the poten-
tial to be altered by herbicide-mediated changes
in forest vegetation (Lehtinen et al. 2003). Our
results indicate that herbicide-mediated changes
in the relative composition of broadleaf and co-
niferous vegetation cover did not result in detect-
able changes in air temperature in four-year-old
intensively managed Douglas-fir stands. Our
findings also indicate that post-harvest herbicide
treatment has limited impacts on fine-scale air
temperatures and is unlikely to either amplify or
buffer the projected effects of climate change on
biodiversity in early-seral forests (IPCC 2013).
This suggests that management practices in early-
seral forests may not alter air temperature in a way
that impacts early-seral forest organisms during
a critical period of the life cycle.
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