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Abstract : Microclimatic variables collected in summer have been shown to vary greatly across forest edge-
interior gradients, and therefore affect ecological patterns and processes. However, winter (October ~
May) microclimatic data has not been studied in relation to these gradients. We examined winter tempera-
ture gradients across old-growth Douglas-fir forest edges and compared these to corresponding summer
gradients. We sought to determine whether there is a minimum temperature threshold, below which varia-
tion across edge is insignificant. Air and soil temperature were collected along transects extending from
clearcut edges to 240 m into the forest. Minimum temperature thresholds were evaluated by plotting rela-
tive temperature against actual temperature for the same observation. The significance of winter tempera-
ture variation across edge gradients vs. summer temperature variation was evaluated by comparing the Sig-
nificance of Edge Influence (SEI) index to previously calculated summer SEI data. Depth of Edge Influ-
ence (DEI) was also compared between seasons. The minimum threshold point for winter air temperature
was found to lie near 0 C. Soil temperature variation exhibited different minimum threshold patterns be-
cause actual soil temperature rarely dropped below 0° C. Edge effects were more significant to soil temper-
ature than air temperature, and not greatly different between summer and winter. However, edge influ-
ences extended farther into the forest for air temperature than soil. These findings on non-growing season
climatic conditions across a forest-edge gradient should provide insight to several related seasonal biotic

and abiotic processes.
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1. INTRODUCTION
Edge effects are created by the transition between two adjacent communities or landscape elements,
and often lead to changes in both abiotic and biotic conditions" ~*). Understanding of edge effects has e-

volved from simple predictions of increased species numbers to recognition of the complexity of edge influ-

[4.5]

ences on ecosystem structure and function""">. The area of edge influence (AED) following management or

disturbance in forested landscapes is surprisingly much higher than we traditionally believed™®. A recent
study of 16 remnant tropical rain forest patches suggested that biomass of these forests was reduced by
12%~14% 2~4 years following harvest”). This reduction was primarily caused by higher mortality and
slower growth near edges, indicating that [ragmentation can lead to significant influences on not only
species composition and abundance, but also ecosystem processes such as productivity. The cumulative ef-
fects from management practices and disturbances that result in extensive edge influences and microclimatic

changes can have considerable impacts on ecosystem structure and function of many forest landscapes, in-

cluding the temperate rain forests of the Pacific Northwest ™%,

Microclimatic conditions near forest edges have been shown to affect wildlife habitat (e. g. , cowbird

[11~13]

parasitism), species distribution and abundance 1, tree regeneration and mortality™""**" and physical

environment™'%, Changes in temperature, moisture, solar radiation, and wind speed constrain or promote

the dispersal and movement of species across edges™ and the invasion of alien and exotic species™®. They

L1l affect water loss from

[21

determine the mortality of shade-tolerant species and overstory trees

[12,20] 1. For ex-

bryophyte. lichens and soils; and provide physical access for predators to interior species
ample, the number of Douglas-fir (Pseudotsuga menziesii) seedlings (a sun-loving species) near south-
and west-facing edges were appreciably promoted following a clearcut of adjacent forest, while regenera-
tion of Pacific silver fir (Abies amabilis, a shade-tolerant species) was greatly limited"'*). Similarly, Silett
suggested that a resulting drier edge environment is probably the major reason for lower growth rates of
foliose lichens™?,

In the Pacific Northwest, elevated temperatures and light levels, low moisture, and high wind
speed'*, characterize growing-season microclimate across forest-clearcut edges. The depth of edge influ-
ences (DEI), as determined by Chen et al. "', can reach up to 240 m into the old-growth Douglas-fir for-
est, depending on the variable of concern, time, edge orientation, and stand age. However, investigations
on microclimatic gradients across forest edges have been limited to growing seasons in the Pacific North-
west and elsewhere. Remaining questions should explore whether there are similar microclimatic gradients
during non-growing seasons, and how the magnitude and extent of edge effects differ during this period.

Motivated by these questions, our objectives were to examine winter (October ~May) temperature
gradients across an old growth Douglas-fir forest edge and compare winter gradients to corresponding sum-
mer gradients. These objectives supported the following hypotheses:

1) There is a minimum temperature below which temperature fluctuation is negligible.

2) Greater temperature fluctuations occur during spring and fall than in the coldest months.

3) Significance of edge influence is less in winter than in summer.

4) Depth of edge influence is less in winter than summer.

2 METHODS
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2.1 Study site and data collection

Our study site is located within the T.T. Munger Research Natural Area of the Wind River Experi-
mental Forest in southwestern Washington, in which a large canopy crane was established in 1994 by the
University of Washington and the USDA Forest Service (Fig. 1). This 500 year-old Douglas-fir forest sits
on gentle topography at 355 m elevation near the base of the Trout Creek Hill, an extinct volcanic cone.
Soils are coarse textured inceptisols, (shotty loamy sands and sandy loams), developing in 2~3 m of vol-
canic ejecta over basal bedrock. Overstory trees are Douglas-fir, western hemlock (Tsuga heterophylla)
western red cedar (Thuja plicata) . Pacific silver fir. and grand fir (Abies grandis). The tallest trees ap-
proach 67 m in height, while the height of canopy trees is about 55~60 m. The forest has about 445 trees
per hm?. The understory is composed mostly of Pacific yew (Taxus brevifolia) . vine maple (Acer circina-
tum) » and Pacific dogwood (Cornus nuttallii). Ground vegetation includes salal (Gaultheria shallon), Ore-
gon grape (Berberis nervosa), and red whortleberry (Vaccinium parvifolium) (Frankin and DeBell 1988).

An 800m south-facing edge was created when the Wind River Tree Nursery (closed in 1997) was ex-
panded in 1972. Wire fences were used along the edge to protect the nursery from elk and deer browsing.
Regenerated vegetation along the edge was cleared every two to three years. In 1988 a line transect was
placed perpendicular to the edge into the interior forest. Six sampling locations were measured and marked
using wire flags at 0, 30, 60, 120, 180, and 240 m from the edge into the forest to sample vegetation
characteristics"'*). and growing-season microclimate'?*). as a function of edge distance. These weather sta-
tions and an additional station in the open nursery area were maintained over the 1991 ~1992 winter to
quantify the non-growing season microclimatic gradients., with primary interest in air and soil tempera-
tures.

Our monitoring system at each station consisted of a Campbell Scientific 21X datalogger housed in a
cooler, marine batteries, and six custom-made thermocouples to record three air temperatures (E-type
thermocouple) at 2 m above the ground, and three soil temperatures (T-type thermocouple) at 5 cm in the
soil. One sampling location was approximately 1~2 m away from the cooler. and two locations parallel to
the edge about 10~15 m on each side of the cooler. All dataloggers were programmed to sample tempera-
tures at ten second intervals and store 30 minute averages. A laptop computer was used to download data
monthly. Field data collection lasted from 10 October 1990 to 24 May 1991. Snow depth and cover were
not monitored during this period but we noted snow scattered across the stand in January and February,
1992.

2.2 Analysis
Air temperature (7°,) and soil temperature (7',) data (day, time, temperature, and station) were ana-

23] and S-Plus 2000. Seasonal characteristics were examined

lyzed using SAS statistical software, v. 6.12
by plotting temperature, by day. and by distance. Diurnal characteristics were examined by plotting tem-
perature by time and by distance. To determine when the greatest temperature fluctuations occurred, we
plotted relative (or reference) temperatures by day. Relative temperatures were defined as ;
Toss =T, — T

where T'iis the actual temperature for a given day, time, and distance, and T'wi, is the value across all sam-
pling stations with the minimum temperature for the same day and time. Relative values allowed us to
draw comparisons between days and between air and soil temperatures that we could not make with actual
temperatures.

Minimum temperature thresholds were evaluated by plotting 7 4w against the actual temperature (7';)

for the same observation (day and time). We tested the relationships with Pearson’s Correlation
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Fig. 1 Study site location.T. T. Munger Research Natural Area, Wind River Experimental Forest in SW Washingion

Coefficient.

The significance of winter temperature differences across edge was evaluated by comparing the Signifi-

cance of edge influence (S£J) index.

SE! = |7, — Ty,
where Ty iz the remperature at the edge and 7Ty is the temperature at the most interior forest station.
Winter SET figures were then compared to summer SEJ data calculated by Chen et af.

Another previously used micraclimate index, DEF. or depth of edge influence, was employed in our
study. I)ET is described as the edge width and reflects how far into the forest edge effects extend. DEJ
limits were determined by the arbitrary 10% rule emploved by Chen et af. ™!, where the level of a variable
is equal 10 103 of the difference between the edge and the interior forest, or 103 of the S£7. When that

1035 value is extended horizantaliy. the point at which it intersects the plot line of the particular varwable is
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the distance of edge influence.
3 RESULTS

Seasonal winter air temperature patterns exhibited minimum temperatures (near — 20 C) in late De-
cember and another mild cold spell (—6C) in April. There was very little change in air temperature
across the edge gradient from 0 to 240 m except for an isolated dip between 0 and 120 m in late April fol-
lowing the cold spell (Fig. 2a). Seasonal soil temperature also dropped to its lowest in late December,
however, it was not less than 0 C at its minimum. Other soil temperature lows occurred around March 9
and late April, both nearing 0 C. During these times, when soil temperatures were low we found very lit-
tle temperature variation across the edge gradient. However, when soil temperatures were higher (in Oc-
tober, February, late March, and May, there was a noticeable edge effect between 0 m and 30 m (Fig.
2b). Only slight edge effects were evident during the spring cold spells, and no edge effect in December
when temperature reached 0 C.

Diurnal winter air temperature patterns were consistent across the edge gradient ranging from lows of
approximately 4 C near 700 h, and highs of about 14 C around 1600 h. No daily edge effect was apparent
(Fig. 3a). Contrarily, diurnal winter soil temperature was noticeably higher at the edge (0 m) up to about
30 m, than interior forest. Only at this edge was there a clear diurnal pattern of high temperatures (over
20 C) in late afternoon and lower temperatures (near 10°C) in the morning. Soil temperatures from interi-
or forest stations had only very subtle change throughout the day. The greatest edge effect in soil tempera-
ture occurred from about 1600 to 1900 h. Morning soil temperatures did not dip as drastically as morning
air temperatures (Fig. 3b).

Based on our seasonal winter temperature findings across an edge gradient we decided to examine
whether there was a minimum temperature below which temperature variation across an edge was insignifi-
cant. To do so, we plotted T u. against T for the same observation (day and time). We found that when
the actual air temperature was near 0 C at a given observation, temperature difference (T'w.) was general-
ly very close to the coldest station (close to 0 C change). But, when actual air temperature was 10C,
T 41 » may have been up to 11 C warmer than the minimum (Fig. 4a). So, temperature range across the
edge gradient was as much as 0~17 C at 20 C actual, but only 0~2 C when actual temperatures were near
0 C. The threshold point (or break in the slope of the data) for winter air temperature was found to lie be-
tween —1C and 1 C. In other words, —1C to 1 C may be considered the minimum temperature range at
which variation across forest edge becomes inconsequential. The resulting Pearson R* was 0. 47.

Soil temperature variation exhibited different minimum threshold patterns because actual soil temper-
ature rarely dropped below 0 C. Fluctuation across the edge increased nearly linearly with actual tempera-
ture, or not at all (Fig. 4b). For example, when soil temperature was 10 C, T ranged from 0~10C
across the edge gradient. At temperatures greater than 10 C, all Ty, observations increased linearly and
were greater than 0 C. R?obtained from Pearson Correlation for soil temperature variation to soil tempera-
ture was 0. 42.

Seasonal air and soil temperatures were lowest in December and April. Seasonal soil temperature pat-
terns reflected those of air temperature, except when air temperature dropped below 0 C, at which time
soil temperature maintained a minimum of 0 C (Fig. 5a). More variation (7T 4.) was found in spring and
fall for both air and soil than in mid-winter (Fig. 5b). Soil temperature differences exceeded air
temperature variation in October, November, February, and March, while air temperature differences
greatly exceeded soil temperature variation in May.

To determine whether winter temperature variation across an edge gradient was as significant as
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Fig- 2 Seasonal daytime (1106~ 1600h) winter temperature differnces ('C), 10 October 1990 through 24 May

1591, with distance from the edge into an old-growth Douglas-fir forest (0~240m)Y.alair temperature ,and b)soil

remperaidre

summer lemperalure gradienls we calculated the Significance of edge influence (SEJ) index-*-. In winter.
air terperature SEJ canged from 0 to 8. 42 (mean=0. 88). In summer the air temperature SEJ range was
smaller, {from (. 52 to 7. 88, but within the range of winter air SEJ (fram south facing edges!*-}. We
found winter soil temperature SEJ range (D to 14. 22, mean = 2. 72) to be greater than winter air SEJI.
Compared 10 summer soil SEJ (4. 98 10 15. 35°C ) winter soil SET was not as great {Table 1}. In bath win-
ter air and winter soil temperature data. SEI was greater in spring than fall or winter months (Fig. ).

Using the 1034 rule {modified here to 25% ) described by Chen et /™. to determine the limits of edge
mfluence, we found that air temperature effects extended over 100 m into the lorest. Winter soil tempera-
Lure, on the other hand, was influenced by edge to only about 40 m inta the forest (Fig. 7). Summer DES
followed a similar. but slightly higher pattern for both air temperature (DEI=60 to 120, up ta 240m).
and scil temperature (J2£7 just under 60 m. Chen et al. 3% (Table 1).
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Table 1 Comparison between summer and winter signilicance of edge influences (S£71 and depth of edge

influences (DDET) in T, and T,.. summer data are from Chen er afli3).

Air temperature

Snil temperature

Winrer Summer Wintwer Surnmicr
SEI Range 08, 42 G, 32~7. 88 0~14,22 4. 98~13. 35
SEI Mean < () 0. B8 2.72
DET Range (m) §0~120 G0~120 40~4§0 <GB0

4 Discussion

Winter microclimate 1s important to many forest eco-
logical processes, especially as minimum temperatures can
delay photsynthesis and productiont®!, Tt is also useful to
know how temperature varies across an edge gradient, and
how minimum temperature affects temperature variation.
Previcus studies of growing season microclimate have
shown significant air and soil temperature changes (about

[15.72.3)

2w 4°C) {rom edge to fotest interior or across ripar-

ian edges™!. Tnterestingly. our study of non-growing sea-
son temperature has shown smaller edge effects (in SEI}
on air temperature. while soil temperature differences re-
flect edge influences similar to those reported by others
(mean SEf=2. 72}, This suggests that winter air temper-
ature changes across a forest edge are moderated by the
lower solar angles. shorter days. and extreme lows of the
winter season.

We have noted two striking findings related o mini-
mum temperature. First, soil temperature rarely dropped
below 0, even when surrounding air temperatures were
as low as— 15'C (Fig. 3a), illustrating how the so1l is in-

sulated from extremes. Secondly. when air temperature

Temperature('C)

Fig. 3 Average winter temperature ( Cwith dis-
tance from the edge into an old-growth Douglas-liz
[orest (0~ 240m ), a Yair temperature. blsoil tem-

perature

15t
810—
&2
a
& s
U_
1 1 1 1 1
20 210 0 10 20

Absolute Ta ("C})

Fig. 4

for minimal temperature differences

1 1
-5 0 5 10 1% 20 25

Abselute Ts('C)

Relative air (a)and soil(h)temperatures (T, C Yplotted against T and 77 0'C 2o identily threshold levels
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dipped belew 0 C . we Jound temperature {luctuation across the edge gradient stabilized. In other words.
at 0 the edge no longer influenced temperature gradients. These findings have imporiant implications to
biclogical processes' %1 For many organisms the edge may plav a less impartant role during the coldes:
winter periods than during other times of the year.

Muost air remnperature fluctuations occurred in late spring and then. to a lesser degrees in fall. The
high spring {luctuations are likely due to low solar angles combined with clear sunny days and cool nights
when deciduous or herbaceous vegetation has not fully leafed out to moderate temperatures. The greatest
sail temperature differences were in late February, and may reflect spring freezing and thawing conditions.

These scasonal differences were reflected in our SET measurements. The significance of edge was
much higher in the spring. {ollowed by fall and then low SEJ in the middle of winter (late November 10
early February). Clearly forest managers and conservationists should be aware that spring ephemerals near

the forest edge may sulfer the greatest change in microclimatic setting. including higher temperatures and
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rmate crralic temperature [luctuations.

How far into the ferest might these edge influences be realized? Our estimates of [ shaw that while
the significance of edge mfluence is lower in winter air temperarure than winter seil temperature ; its influ-
ence may reach farther into the forest. We suspect this is because winds mix air malecules more than soil.
Thercfore. when calculating the amount of forest arca impacted by edge creation, that arca will be greater
for air temperature than soil temperature in the non-growing season. although the strength of the influence
(SET) is higher in the soil,

Results of both cur SEI and DET measures are comparable to summer data. Both seasons exhibit
stronger edge influences in soil remperature than air temperature, but edge influences of air temperature in
hoth seasons extend further into the forest than soil temperature influences(.

5 Conclusions

Our findings have shown moderate edge effects in winter air temperature. the significance of edge in-
fluence (SE!Y being similar to that of summer air temperature. However, winter soil temperatures reflect-
ed a strong edge influence at 0 ta 30 my and higher SEI. Both air and soil temperatures fluctuated less
during very cold periods than during milder times. While 7, dipped below —20 C, soil temperatures below
0 C were seldom recorded. We have identified a threshold peint in both winter 7", and 7", near 0 (., below
which temperature fluctuations were minimal. Like summer measures. depth of edge influence for air tem-
perature can extend farther into the forest (90-~140 m) than do soil temperature effects (40~60 m). due
o greater mixing of air molecules. These findings on non-growing season climatic conditions across a for-
cst-edge gradient should provide insight to several related seasonal biotic and abiotic processes.
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