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Overview

Minnesotan’s care about how timber harvesting practices may impact the terrestrid,
aquatic, and wildlife components of forested riparian areas. Of the seven components of
Minnesota s forest management guiddines, the riparian guiddines have been the most
controversd. Research addressing the long-term effectiveness of riparian guiddinesis
critica to effectively resolving riparian management conflicts and sustaining Minnesotal s
forest resources. The Minnesota Forest Resources Council (MFRC) and Legidative
Commission on Minnesota Resources (LCMR) funded separate studies to enhance our
undergtanding of the long-term effectiveness of these guiddines,

The MFRC funded a study to establish effectiveness monitoring sites dong the
Pokegama Creek in Itasca County, Minnesota. Harvest treatments were accomplished
during late summer-fal, 1997. Pre- and post-harvest data was collected and amail
survey of forest resource managersin northern Minnesota was conducted in 2001 to
better understand blowdown across awider range of stesin northern Minnesota. The
blowdown data from those efforts was not previoudy andyzed.

The LCMR funded Phase 1 of a study in 2001 to establish eight effectiveness monitoring
gtesin northern Minnesota s forested regions. The long-term project goal is to assess the
impacts of various riparian management practices (varying dengity of resdud standing

trees within a sandard riparian management zone) on terrestrid, aquatic, and wildlife
habitat in these areas. Harvest treatments were accomplished during the winters of 2003-
2004 and 2004-2005. LCMR project funds expired on June 30, 2004, with the collection
of immediate post-harvest data.

The MFRC provided bridge funding to support additiona data collection, processing and
reporting of post-harvest dataiin the areas of terrestria, aguatic, and wildlife resources
through June 30, 2005. This report presents information from each study areathat is
organized as noted below.

Chapter 1 assesses blowdown. It summarizes the 2001 mail survey of forest resource
managers in northern Minnesota and compares findings to post- harvest blowdown
field data collected in 1998, 1999, and 2000 at Pokegama Creek, as reported
elsewhere.

Chapter 2 provides asummary of the findings of the preharvest and first year post-
harvest data collection for stream habitat and fish and invertebrate communities.

Chapter 3 presents spring 2005 post-harvest bird data. Data on breeding birds was
collected during May 2005 using line-transects.



Chapter 1
Windthrow Dynamics in Northern Minnesota
Riparian Management Zones

Abstract

A survey was maled to forest managersin northern Minnesota to assess the effects of
various factors on blowdown within riparian management zones (RMZs). The intent of
the survey was to identify the conditions that result in windthrow in RMZs where the
upland has been clearcut. Results suggest that topographic exposure, species and aspect
are among the more important factors to consider when trying to mitigate windthrow in
RMZs. Slope and distance of atree to water in an RMZ are rlaively unimportant.
Ovedl, results suggest that many variables impact windthrow in RMZs, often interacting
in complex ways. Recommendations are provided to assist forest resource managers
meake better decisions about retaining trees within RMZs.

Introduction

Windthrow can be defined as the effective remova of atree from the forest canopy due
to wind (Canham et d. 2001). Along with fire and disease, it is considered to be one of
the most important factors affecting forest management (Canham et a. 2001; Mitchell
1995; Quine 1995). The meteorologica eventsthat cause windthrow are often
categorized as either catastrophic or endemic. Catastrophic windthrow occurs with wind
speeds above 70 miles per hour up to well over 100 miles per hour and usudly has long
return intervas (Canham et d. 2001; Miller 1985). The damage it causesis often
devagtating and unpredictable, thus management opportunities are limited. Endemic
windthrow is much more common, and occurs with wind speeds between 40 and 70 miles
per hour (Miller 1985; Navratil 1995). Although its wind speeds are lower, the return
interva can be rdatively short. Asaresult, damage caused by endemic windsin
management settingsis often high (Alexander 1967; Beese 2001; Moore 1977).

Wind moving over aclosed, relatively smooth canopy isfairly stable and causes minimd
disturbance (Curtis 1943; Gardiner 1994; Somerville 1980). When an area of forest is
clearcut, a sudden obstruction is presented to the wind. The wind tends to be deflected up
over the canopy aswdl asinto it (Busby 1965; Raynor 1971; Somerville 1980). Wind
gpproaching the forest edge has a higher velocity than in an intact forest because the
frictionad boundary which was above the canopy has now moved to ground level (Chen et
al. 1993; Moore 1977). The wind can remain at an elevated velocity for severd tree
helghts into the remaining forest (Burton 2001; Raynor 1971). The sudden boundary
change at the edge of a clearcut also enhances turbulence in the canopy near the exposed
edge, creating further destabilization (Matlack and Litvaitis 1999; Somerville 1980).
Following dearcutting, trees that are not physiologically adapted to edge effects are now
suddenly exposed, becoming vulnerable to windthrow at lower wind speeds than in an
interior forest (Senecal et a. 2004).



Windthrow will occur when the resistive properties of the siem and roots are
overpowered by the forces of the wind (Peltola et al. 2000; Petty and Worrell 1981).

Although windthrow is a complex phenomenon (Miller 1985; Navratil 1995), it does not
occur randomly (Moore 1977). Damage from endemic windthrow along clearcut edges
and in thinned stands can often be predicted based on Site conditions, stand conditions
and the loca climate regime (Cremer et d. 1982; Mitchell 1998).

Where forests are managed for timber extraction, leave drips of intact forest are usudly
reserved along streams and other water bodies where the upland has been clearcut (Blinn
and Kilgore 2001). Also known as riparian management zones (RMZs), these reserve
aress sarve to maintain the homeostatic balance of the near-stream environment. RMZs
protect water quality and fish habitat, minimize sedimentation due to soil exposure,
maintain bank stability, provide coarse woody debris for stream structure, serve as
corridorsto ahost of birds and mammas and preserve habitat for rare and sendtive
species (Banner and MacKenzie 1998; Belt et d. 1992; Darveau et a. 2001; Richardson
et d. 2002; Robinson and Beschta 1990).

Because RMZs set aside timber that could otherwise be harvested, thereis great interest
in how to maximize timber production near riparian areas while sill maintaining the

gods of sustainable management. RMZs do not provide a broad suite of environmenta
benefits when extensive windthrow occurs (Grizzel and Wolff 1998; Reid and Hilton
1998; Steinblums et d. 1984). While some windthrow is to be expected wherever an
intact forest has been opened up, excessve windthrow is deemed unacceptable, asit
reduces the functional width of the RMZ (Reid and Hilton 1998).

Impact of Tree Species, Site, and Stand Characteristics on Windthrow

Severd sudies have investigated windthrow of loca speciesin managed forests
induding basam fir (Abies balsamea [L.] Mill.) (Burns and Honkala 1990; Rud et d.
2001), white spruce (Picea glauca [Moench.] Voss) (Behre 1921; Burton 2001), black
spruce (Picea mariana Mill. B.SP.) (Rud et d. 2001), northern white cedar (Thuja
occidentalis L.) (Johnston 1977), and trembling aspen (Populus tremul oides Michx.)
(Coates 1997; Perda 1977). These studies generdly conclude that early-successiond
gpecies are less windfirm than late- successond and that wood strength is an important
predictor of windfirmness, asis rooting pattern, canopy architecture and susceptibility to
rot and disease.

Severa other stand characterigtics have been investigated for their effect on windthrow in
managed forests. They include diameter at breast height (dbh), with susceptibility to
windthrow generdly increasing with diameter (Lohmander and Helles 1987; Navratil
1995); crown class, with dominant and codominant trees more windfirm than
intermediate or suppressed (Alexander 1964; Cremer et d. 1982); thinning regime, with
heavy, late thinnings creating more undable Stuations than early, light thinnings

(Rollerson and McGourlick 2001; Ruth and Y oder 1953); and age, with windfirmness
generdly decreasing with age (Coates 1997; Lohmander and Helles 1987). Some studies



have aso looked at height to diameter ratios and denderness coefficients as measures of
stem taper (Burton 2001; Navratil 1995). It has been found that an increase in ether leads
to increased mechanicd ingability.

Sitefactors that have been investigated in management settings include dope, where
increasing dope may or may not play arole in wind susceptibility dong clearcut edges
(Moore 1977; Ruth and Y oder 1953); aspect of clearcut edge, with edgesfacing
prevailing winds being more susceptible (Rollerson and McGourlick 2001); exposure,
with exposed trees more susceptible to windthrow than protected ones (Miller 1985; Rudl
et d. 2001); and hilldope position, with summit trees more vulnerable than those on
protected slopes (Alexander 1964). Together, these four factors are related to what is
collectively caled topographic exposure (Somerville 1980). Distance from stand edgeis
another factor related to exposure, with windfirmness generaly increasing away from the
stand edge (Chen et d. 1992; Reid and Hilton 1998).

Soil properties are commonly studied in managed forests as well, with effective rooting
depth and soil moisture content being more important indicators of susceptibility to
windthrow than sail type, dthough some have suggested medium- to coarse-textured
S0ils gppear to be more windfirm than fine-textured soils (Busby 1965; D'Anjou 2002;
Day 1950). Blowdown type, while not a causa agent of windthrow, is often assessed
aong clearcut edges. Studies vary in their findings, with uprooting usudly being more
common than stem breskage in conditions with low effective rooting depth and among
species with shdlow rooting patterns (Beese 2001; Burton 2001). Stem breakage and
breakage of the mgjor roots at the base of the slem are more likely with decay thanis
uprooting (Alexander 1964).

Overal, topographic exposure, species and soil conditions appear to be the most
important drivers of windthrow in management settings. However, notable exceptions
exist within each factor, and myriad interactions among them make generdizing difficult
(e.g., Rud et d. 2001; Somerville 1980). Additiondly, since much of this research was
conducted in other regions of the country or other parts of the world, its application to
northern Minnesota conditions is unknown.

Northern Minnesota Case Study

A fidd study was conducted in northern Minnesota in 1998-2000 to investigate different
factors affecting windfirmness of riparian treesin an RMZ where the upland was
clearcut. It isthe only known empiricd study of windthrow dynamics dong RMZsin
Minnesota. The results of the study are detailed in Turner (2005). A summary of
background and results for this study are presented here. Site description information is
from Perry (2001). Results from the case study (Turner 2005) were compared to the
current study.

The experimentd field study took placein the Little Pokegama Creek watershed near
Grand Rapids, Minnesota, in the Northern Minnesota Drift and Lake Plains Ecosystem. It
was part of alarger sudy monitoring the effects of various harvesting trestments on



riparian areas. The study used arandomized block design, with four trestmentsin each
of three blocks for atota of 12 treatment stands. Each stand was 12 acresin Size (6 acres
on each sde of the stream). In nine of these stands, the uplands portions were clearcut,
using ether a cut-to-length (CTL) system or atree length feller-buncher grapple skidder
(FT) system. Theriparian portions of Sx of the nine harvested stands dso had their
riparian areas thinned using the same system as in the upland. The target residua basal
areawas 25 feet’/acre. Harvests resulted in actual residua basal aress of approximately
44 feet®/acre. In the remaining three stands where the upland was clearct, the riparian
areaweas left intact. The three unharvested stands were true controls, with no cutting in
the riparian area or the upland. In each stand, the fixed-width riparian management zone
consisted of a 200 foot-wide strip centered on the stream (100 feet on each side). The
length of stream contained in each stand ranges from 450650 feet. RMZs range from
2.1-2.75 acresin Sze.

A complete enumeration of each species present at the time of harvest aswell asthe
resdua trees within the harvested RMZs was undertaken (Turner 2005). Windthrow was
monitored for three years post-harvest (1998-2000), with species, dbh and distance from
clearcut edge of each windthrown tree recorded in each stand. The complete control
gtands were not used in thisstudy. Initid andyss of the data suggested that the different
harvesting methods did not affect species windfirmness. The datafrom dl the harvested
Sites was thus pooled.

Turner (2005) looked a windthrow aong RMZs for red maple (Acer rubrumL.), sugar
maple (Acer saccharum Marsh.), American basswood (Tilia americana L.), northern red
oak (QuercusrubraL.), black ash (Fraxinus nigra Marsh.), paper birch (Betula
papyrifera Marsh.), bigtooth aspen (Populus grandidentata Michx.), yelow birch
(Betula alleghaniensis Britton), white pine (Pinus strobus L.), American m (Ulmus
americana L.), basam poplar (Populus balsamifera L.), basam fir, quaking aspen and
northern white cedar. Susceptibility to windthrow for these gpecies can be seen in Figure
1. Inthisfigure, values greater than one indicate the species was windthrown in greater
proportion than would be expected based on its rdative abundance. A vaue less than one
means the gpecies was windthrown in lesser proportion than would be expected based on
its relative abundance. A vaue equd to one indicates the species was windthrown in

exact proportion with its relative abundance.

Turner’s (2005) results suggest that quaking aspen, balsam poplar, and basam fir were
the most susceptible to windthrow, being impacted at about twice the rate as their relative
abundance would predict (Figure 1). Paper birch, American basswood, red maple,
northern white cedar, bigtooth aspen, black ash and sugar maple were moderately
windfirm. Those pecies were windthrown in about the same proportion as their
abundance in the RMZs. Northern red oak, yelow birch, white spruce, white pine and
American m were most windfirm, being windthrown at alesser rate than their relaive
abundance. The latter species, however, were not as abundant as the other speciesin the
resdud stands, making conclusions less certain.



The information on dbh class was andyzed to determine if there were Sgnificant
differences in diameter with respect to windfirmness (Turner 2005). Although differences
in susceptibility to windthrow by dbh class were not Satisticaly different, larger trees
appeared to be lesswindfirm than smaller trees. Trees with adbh greater than 12 inches
were windthrown in greater numbers than expected based on their abundance. Smilarly,
trees in the smalest dbh classes were windthrown less frequently than would be expected
based on their abundance. However, species that were abundant and occurred in
numerous Size classes were digproportionatdy influentid in the andys's, making
conclusions on windfirmness by dbh class somewhat dependent on the windfirmness of
the major species.
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Figure 1. Mean foresters’ rating of species’ susceptibility to windthrow in ariparian management zonein
northern Minnesota following upland clearcutting. A value greater than 1 indicates that the species was
windthrown in greater proportion than would be expected by abundance alone. Error bars are 1 standard
deviation of the species mean. Meanswith dissimilar |etters are significantly different (P < 0.05). From
Turner (2005).

The distance of each tree from the clearcut edge was andyzed by dividing esch RMZ into
three shelter classes based on distance to the clearcut edge (Turner 2005). The most
sheltered resdud trees were those 82-98 feet from the edge and 0- 16 feet from the
stream. Moderately sheltered trees were those 49-82 feet from the edge and 16-49 feet
from the stream. The least sheltered trees were those 0-49 feet from the edge and greater
than 49 feet from the stream. Data from al species within each shelter class were pooled
to caculate asingle index of susceptibility. Although differences in susceptibility to
windthrow by shedlter class were not statisticdly different, trees near the clearcut edge
were more prone to windthrow than trees that were more sheltered near the stream.



In summary, Turner (2005) reported that statiticaly significant differences exist between
speciesin thair susceptibility to windthrow. Windfirmness generdly decreased with
increasing diameter, and aso with proximity to the clearcut edge, but in neither case were
resultsgnificant (p<0.05).

Study Objectives

Because little information exists to guide managers on the role of windthrow in northern
Minnesota RMZs, it is a priority to identify the mgor factors involved and to determine
mitigation strategies. Since stand and Ste conditions are more readily observable to forest
managers than climétic effects, they provide a convenient sarting point for developing
management prescriptions for windthrow mitigation in northern Minnesota RMZs.

This paper explores how a number of stand and site factors may contribute to windthrow
dynamicsin northern Minnesota RMZs using a survey of forest resource managers. Since
forest managers often have extengve field experience across arange of ste and stand
conditions, they are areadily available source of inditutional knowledge on windthrow in
RMZs. They were thus chosen to be afirst step in identifying factors that influence
windthrow in this part of the country. The objectives of this sudy are to (1) summarize
and analyze the results of the mail survey and to (2) compare those resultsto Turner
(2005), where appropriate.

Methods

An expert opinion survey (Appendix 1) and coverletter (Appendix 2) were mailed to
forest resource managersin January 2001 to assess the effects of various factors on
blowdown within RMZs where the upland had been clearcut. The survey was conducted
in the Laurentian Mixed Forest Region of northern Minnesota (Figure 2). Thisregion is
the location of the mgority of timber harvesting in Minnesota. Forest types include
conifer, mixed hardwood and conifers, and conifer bogs. Topography and soils are
variable, characterized by outwash plains, lowland bogs, and mesic to xeric uplands, with
soilsin the orders Alfisol, Entisol and Histosol (Minnesota Department of Naura
Resources 2003, 2005).

Survey Design

The survey was conducted using Dillman’s (2000) Tota Design Method. A literature
review and series of focus groups were first conducted to determine what mgjor factors
needed to be addressed. Next, a draft survey was sent out to alimited group of foresters,
with ingtructions to comment on how the survey questions and design could be improved.
After the draft survey was modified to address reviewer comments, it was reviewed and
gpproved by the Inditutiond Review Board at the University of Minnesota. The survey
was mailed to 121 forestersin January 2001. A reminder post card (Appendix 3) was sent
approximately two weeks later followed by a second mailing of the survey to
nonrespondents dong with areminder letter (Appendix 4).



The target participants for the survey were forestersinvolved in field-level forest
management for land management organizations. Foresters were represented from county
land departments, the Minnesota Department of Natura Resources (DNR), the USDA
Forest Service (USDA-FS) and private industry. Foresters were asked to specify which
agency or company they worked for, what municipdity they worked out of and their
primary job respongbilities.

Ea
Bro Forest

and

Figure 2. The three ecological provincesfound in Minnesota.
Map courtesy: Minnesota DNR: http://www.dnr.state.mn.us/ecs/index.html

Section One (Quegtion 1) of the survey consisted of one question asking foresters
whether they observed windthrow in RMZs where the upland had been clearcut. The
phrase “in RMZs where the upland has been clearcut” was used as a clause in each
subsequent question. Section Two (Questions 2-12) contained 11 questions that
addressed stand and site factors. In this section, foresters were asked to rate the levels of
esch factor in relion to their windfirmness, holding al other factors constant. Ratings
were discrete, on a scale of oneto three, with arating of one for “least windfirm,” two for
“moderately windfirm” and three for “highly windfirm.” The 11 factors addressed in



Section Two were: species windfirmness, dbh class, crown class, resdud basa area
(rba), distance of a blowndown tree to the water’ s edge, dope, aspect of the RMZ cut
edge, amount of topographic exposure, hilldope position and soil type.

In Section Three, one question asked foresters to choose whether residud trees were
younger, older or the same age as windthrown trees (Question 13). Another question
asked which blowdown types were most frequently observed given the choices of
uprooted, snapped, brushed (pushed by another tree) or leaning (where the tree will
eventudly blow down) (Question 14). Each blowdown type was to be rated as one, two,
three or four, with one being least observed and four, most observed. The last question in
this section asked respondents to rate the relative importance of each of the 11 factorsin
Section Two on ascde of oneto four, with one being least important and four being most
important (Question 15).

Section Four contained two opentended questions. One asked the forester what
techniques they use to minimize blowdown of residud treesin RMZs where the upland
had been clearcut (Question 16). The second question asked the forester to share
additional comments, suggestions or experiences concerning windfirmnessin RMZs
adjacent to clearcuts (Question 17).

Respondents were considered as those who returned a survey, whether or not they
answvered any questions. Useful surveys were defined as those that had at least one
guestion answered, even if was only commentary. Tota respondents divided by total
surveys mailed out yielded the response rate. Tota useful surveys divided by totdl
surveys mailed out yielded the useful response rate.

Statistical Analysis

The gatigtical software program JMMP (SAS Ingtitute Inc. 2002) was used for dl Satistical
anadyss. The deven factors addressed in Section Two (Questions 2-12) dong with the
second and third questions in Section Three (Questions 14 and 15) were andlyzed using a
One-Way ANOVA (a=0.05). A Tukey Test was run on every factor in Section Two
except species (Questions 3-12), as well as the second question in Section Three
(Quedtion 14) to identify sgnificantly different degrees of windfirmness among the levels
within each factor (a= 0.05).

Three groups were formed for the question in Section Two relating to species (Question
2). A Tukey Test was then performed to determine if the three groups were sgnificantly
different in windthrow susceptibility. Of the many groupings that yielded a sgnificant
Tukey Test, the one with the lowest sum of squares error (SSE) was chosen. Grouped
averages were used in this question because there was substantid overlap in significance
levelswhen using an ungrouped Tukey Test (as was used in the rest of Section Two
[Questions 3-12] and the second and third questions of Section Three [Questions 14 and
15]). For this question it was thought that creating such groups would be more
informative when viewed graphicaly.



For the question in Section Two relating to species (Question 2), a Kendd t (tau) rank
correlation (Kendal and Gibbons 1990; Snedecor and Cochran 1980)was cal culated
between this data and the results from Turner (2005) to see how well the foresters
ranking of species compared to available data from northern Minnesota (a= 0.05).
Regression analyss was performed on the Sx questions from Section Two that were
factors with numeric categories (Questions 3, 5, 6, 7, 8, and 12) in order to determine the
strength and shape of the relationship between the factor and foresters' rating (a= 0.05).
Transformations of either the dependent or independent variable were made if it
improved thefit of the modd. The question from Section One (Question 1) and the first
guestion in Section Three (Question 13) were andyzed descriptively. The openended
commentary from Section Four (Questions 16 and 17) was integrated into appropriate
Results and Discussion sections (see Appendix 5 for a complete transcription of foresters
commentary).

Results and Discussion

Of the 121 foresters who were sent the survey, 54 returned them for a response rate of
45%. Seven of the respondents did not answer any of the questions, reducing the number
of useful surveysto 47 (39%). Of these, 53% were from the DNR, 17% from industry,
15% from the USDA-FS, 13% from county land departments, and 2% unknown
affiliation (Table 1). Respondents were widely distributed within the Laurentian Mixed
Forest Province, providing good survey coverage for the targeted geographic area.
Primary work responshbilities of the foresters included timber sale preparation and layout,
gpoprasd, road planning, timber cruisng and line running, ingpecting logging operations,
adminigration of logging contracts and implementing slvicultura prescriptions. Private
forest management and management of tax-forfeited land was dso arespongbility for
some.

Table1: Respondent summary by organization.

Number sent a Number of Percent of

Organization survey respondents respondents
MN Department of Natural Resour ces 53 27 51

USDA Forest Service 11 7 64

Forest productscompany 17 9 53

County Land department 38 9 24
Unknown 2 2 100

Total 121 54 45*

*Survey response rate: derived by dividing total number of respondents (54) by total number sent a survey
(122).

Of those who responded to the question in Section One (Question 1), 80% observed
blowdown in RMZs adjacent to clearcuts, while 20% did not. Resultsfor the individua
stand and site factors (Questions 2—12) are presented below. Appropriate responses to
the open-ended questionsin Section Four (Questions 16 and 17) are included for each
factor. Results from published studies are aso presented.

With the exception of dope (p<0.99) (Question 7), dl ANOVA andysesfor the 11
questions in Section Two (Questions 2—6 and 8-12) and the last two questionsin Section
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Three (Questions 14 and 15) were significant (p<0.0001—<0.0203). Excepting sope,
there are Sgnificant differences in windfirmness between the various levels for each
factor (p<0.05), athough not al levels within each factor are sgnificantly different from
each other. While low corrdation coefficients resulted from high variation in the
foresters ratings for the regresson anaysis, mogt 4ill yield strong enough relationships
to make informative generdizations possble. All regresson models showed a sgnificant
relationship between each factor and foresters' rating (p<0.0001) except for dope
(p<0.69) (Table 2).

Table 2. Summary of regression analyses for ordinal numeric stand and site factors. All models except
slope were significant (p<0.0001).

Factor r° Best mode fit Trend
Diameter at breast height 0.29 |foresters rating = 3.202—0.476In dbh Linear
(dbh) (descending)
Residual basal area (rba) 0.20 |foresters rating=1.344+0.013rba Linear
(ascending)
Treeage 0.43 |foresters rating=3.549-0.222sqrtage | Linear
(descending)
Distanceto water’sedge 0.24 |Inforesters rating=-0.164 + 0.231In dist. | Linear
to water’sedge (ascending)
Sope 0 None None
Aspect 0.15 |sgrtrating=1.747—-0.025sqrt aspect — | Quadratic
0.003 (sq rt aspect-11.287)? (convex)

Stand Factors

Species. Many specieswere Smilar in ther vulnerability to windthrow, but noteworthy
differences exigt (Figure 3). With species ordered from most windfirm to least, those a
ether end of the scde have sgnificant differencesin windthrow susceptibility between
them. The most windfirm species were sugar maple, red oak, red maple, black ash, white
pine, red pine and American basswood. Paper birch, bigtooth aspen, white cedar, balsam
poplar and quaking aspen had alower leve of windfirmness.Jack pine and basam fir had
the lowest windfirmness. Foresters also volunteered ratings for white and black spruce.
The average windfirmness rating for these two species was 1.7 and 1.4 respectively,
suggesting thet they are about as vulnerable to windthrow as jack pine but more windfirm
than balsam fir. The results for white and black spruce should be interpreted with caution,
however, because of the low response rate (n = 11 for white spruce, n = 7 for black
gpruce) and possible biasin unsolicited responses. Results from the rank correlation
andysisyidded aKendd t correlation coefficient of 0.67 (p<0.004) (Figure 4),
suggesting a moderatdly strong relationship between the empirica (Turner 2005) and
foresters rankings, giving further credence to the order of species windfirmness
presented in Figure 3.
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Figure 3. Mean foresters’ rating of species’ susceptibility to windthrow in ariparian management zone
in northern Minnesota following upland clearcutting. Rating is on ascale of 1-3. A higher rating
represents higher windfirmness. Error bars represent a pool ed estimate of error variance. L etters above
the error bars group the speciesinto significantly different levels of windfirmness (p<0.05) based on
pooled group averages but do not represent significantly different levelsof windfirmness between
individual species.
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ranking of oneisthe least windfirm species and eleven the most windfirm.
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Table 3 compares the species windfirmness results from this sudy and that of Turner
(2005) to Table GG-7 in Minnesota' s voluntary Ste-leve forest management guidelines
(Minnesota Forest Resources Council 1999). In Table GG-7, species windfirmnessis
categorized as low, medium and high. Results from this study and that of Turner (2005)
were smilarly categorized. In the case of this study, the “&’ grouping corresponds with
“high,” “b” with “medium” and “c” with “low.” No Satigtica andysswas done on the
comparisons, but results gppear fairly consstent within species across the three sudies.

Table 3. Comparisonfrom three studies of windfirmness ratings for major tree speciesin northern
Minnesota riparian management zones*.

Species

Turner (2005)

Steil and Blinn
(2005)

Table GG-7 from
MFRC (1999)

Trembling aspen

Badsam fir

BAM

Paper birch

Basswood

Red maple

Cedar

Bigtooth aspen

Black ash

Sugar maple

Red oak

Yellow birch

White spruce

White pine

American elm

Black spruce

Jack pine

Tamarack

Red pine
*L=low windfirmness, M= moderate windfirmness, H= high windfirmness
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The most frequent open-ended comment regarding windthrow susceptibility by species
was the suggestion to leave windfirm species in the RMZ and/or remove susceptible
gpecies. Species that tended to be left were dominant pines, sugar maple, oaks, and shade
tolerant understory species. Susceptible species usudly sdected for remova were older
aspen, basam fir, and white and black spruce. Birch was considered windfirm by some
respondents but not by others. One forester commented that they would selectively leave
windfirm species, but would ether clearcut or completely reserve susceptible species like
aspen or birch. Hardwoods were usualy favored for leave trees over conifers, with the
exception of aspen. Trees that were prone to decay or disease were vulnerable to
windthrow. Stands composed of unevenage mixed species were most windfirm
according to another forester. According to some survey respondents, species with
shdlow rooting habits or species that grew in areas where effective rooting depth was
impeded were less windfirm than those with deegper rooting habits or that grew in soils
that promote deeper rooting.
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The species found to be most susceptible to windthrow in this study reflect trends found
in the literature. Basam fir, white and black spruce and aspen tend to be less windfirm
than other species, with hardwoods generdly more windfirm than conifers (Behre 1921;
Rud et d. 2001). Susceptibility to rot among species such as aspen or balsam fir makes
them especidly vulnerable (Coates 1997; Perda 1977), as does rooting habit (Frank and
Bjorkbom 1973).

Diameter at breast height: A moderatdly strong relationship exists between mean
windfirmness rating and dbh dlass (?=0.29) (Table 2). Note that survey responses for the
category of trees greater than 30 inches dbh were not included in this analysis because the
authors have found that such trees are not frequently encountered within managed forests
in northern Minnesota. Windfirmness fals off steeply as dbh increases, but treesin the
25.1-30 inch dbh class gppear to be margindly more windfirm than those in the previous
two classes (Figure 5). Significant differences exist between the 0.1-5.0, 5.1-10.0, and the
15.1-20.0 and 20.1-25.0 inch diameter classes (p<0.05).

Foresters' open-ended comments concerning dbh echoed the trends found in Figure 5,
with larger-diameter trees being susceptible to windthrow, especidly if they are older and
weakened by disease. Large crowns that accompany large-diameter trees tend to catch the
wind and are therefore more prone to windthrow. Height in relation to diameter was cited
asamgor condderation by one forester, with a higher height to diameter ratio creating a
less stable tree.
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Diameter at breast height (in.)
Figure 5. Mean foresters’ rating of windfirmness by diameter at breast height on ascale of 1-3ina
riparian management zone in northern Minnesota where the upland has been clearcut. A higher rating

represents higher windfirmness. Error bars represent a pooled estimate of error variance. Means with
dissimilar letters are significantly different (p<0.05).
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Not al foresters comments reflected the trends in Figure 5 and Table 3, however. One
forester noticed no relaionship between diameter and windfirmness, while severd others
noted that large pines tended to be windfirm, as did large, well-anchored trees. The dight
uptrend in windfirmness by dbh for the largest dbh classin Figure 5 reflects the

comments regarding what are perhaps super-canopy trees that have become acclimated to
wind through constant exposure (Peterson and Pickett 1991). The foresters' consensus
that windthrow susceptibility increases with dboh iswiddy reflected in severd studies
(Gardiner et d. 2000; Lohmander and Helles 1987; Steinblums et d. 1984). The results
of this study are aso consstent with Turner (2005), who found windthrow to increase
with diameter, dthough his results were not datisticdly sgnificant.

Crown class. Codominant trees were Sgnificantly less windfirm than suppressed trees
(p<0.05) (Figure 6), but neither were sgnificantly different than the dominant or
intermediate crown classes in windfirmness

Many foresters noted that windfirmness by canopy position was dependent on species
and root anchorage. Y oung trees and trees with smal crowns were favored for reserving,
according to one forester. While published studies differ in their conclusions asto which
crown classes are most windfirm, some advise againg thinning from above, which leaves
intermediate and suppressed trees exposed (Cremer et d. 1982; Navratil 1995). Such
studies found that high height to diameter ratios of intermediate and suppressed trees
make them less stable in wind. Also, trees with asymmetric crowns can present ahigh
windthrow hazard (Navratil 1995). It can be concluded that crown classis a poor to fair
predictor of windthrow susceptibility.
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Figure 6. Mean foresters' rating of windfirmness by crown class on ascale of 1-3 in ariparian
management zone in northern Minnesota where the upland has been clearcut. A higher rating
represents higher windfirmness. Error bars represent a pooled estimate of error variance. Means with
dissimilar letters are significantly different (p<0.05).
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Residual basd area: A weak to moderate relationship exists between mean windfirmness
rating and rba (r°=0.2) (Table 2). Windfirmness increases steadily with increasing rba
(Figure 7). Thelowest four rbalevels are dl very smilar, and are Sgnificantly less
windfirm than the highest three, but not significantly different than the 41-50 feet?/acre
and 51-60 feet?/acre rba levels (p<0.05).
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Figure 7. Mean foresters’ rating of windfirmness by residual basal area on ascale of 1-3 in ariparian
management zone in northern Minnesota where the upland has been clearcut. A higher rating
represents higher windfirmness. Error bars represent a pooled estimate of error variance. Means with
dissimilar letters are significantly different (p<0.05).

Foresters suggested keeping basal area high if possible, especidly in high hazard aress,
and removing susceptible species if necessary to promote windfirmness. Many noted that
the amount of rbato leave was dependent on tree species. A lower rba could be left with
windfirm hardwoods, but a higher rba would have to be left with aresidua stand of aspen
or hirch.

Although not al studies suggest strong relationships between rba or sand volume and
windthrow susceptibility, it is generdly accepted that heavy or late thinnings will

generdly lead to greater windthrow susceptibility than early or light ones (Somerville
1980). If the rbais reduced to the point that the damping effect of atree’ s neighbor isno
longer present, windthrow will increase (Mayer 1989; Mitchell 1998). From a
windfirmness perspective, thinning from below is better than from above (Navratil, 1995;
Rollerson and McGourlick 2001), except if much of the canopy is overmature or
otherwise vulnerable. One forester suggested gradually reducing rbatoward the RMZ
edge, a suggestion consstent with the recommendations of Palik and others (2000).
Roallerson and McGourlick (2001) reported sgnificantly less windthrow aong festhered
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versus sraight edges, but part of this effect may have been due to remova of susceptible
Species.

Tree age A moderately strong relationship exists between mean windfirmness rating and
age class (r*=0.43) (Table 2). Mean windfirmness drops substantially with age, leveling
off in the last five age classes (Figure 8). The oldest five age classes are Sgnificantly less
windfirm than the youngest five (p<0.05), with less variation in windfirmness rating in

the former than the latter. When asked about the age of residud treesin an RMZ reldive
to those that were windthrown, 71% of respondents reported that residua trees tended to
be younger than those blown down. Another 6% (2) thought that residual trees were
generdly older than those windthrown, while 23% (8) thought that residua trees and
windthrown trees were the same age. Clearly, most foresters agree that older trees are less
windfirm than their younger counterparts. Those that observed no relaion between age
and windthrow susceptibility may work in even-age forests where such trends cannot be
ascertained. Respondents that observed more windthrow among younger trees may be
performing sivicultura trestments that lead to younger trees being more vulnerable.
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Figure 8. Mean foresters' rating of windfirmness by tree age on ascale of 1-3in ariparian
management zone in northern Minnesota where the upland has been clearcut. A higher rating
represents higher windfirmness. Error bars represent a pooled estimate of error variance. Means with
dissimilar letters are significantly different (p<0.05).

The mgjority of foresters open-ended comments agree with the trends observed in Figure
8, dthough not al agree that age is agood predictor of windthrow susceptibility. Older
trees are reported to be more vulnerable to windthrow due to rot and decay, athough
gpecies plays an important rolein this, with large red and white pines being more
windfirm than other species of the same age. Because older, larger-crowned trees are
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more vulnerable to windthrow, they are often selectively removed. Thiswould seem to
contradict the reasoning that a thin from below will be less hazardous than athin from
above. However, as one forester commented, as long as sdlective removal of older,
weaker trees is not too heavy, it may be desirable. It may aso be possible that over-
mature stands |leave the forester with little choice than to remove these vulnerable trees.

Most published studies agree with the finding that older trees are more vulnerable to
windthrow, with weakening from decay as the mgor cause (Coates 1977; Lohmander and
Helles 1987). Like some respondents here, however, Steinblums (1984) has suggested
that age is not the mgjor factor driving windthrow.

Site Factors

Digtance from water’ s edge: Distance of a blowndown tree to the water’ s edge is weakly
to moderately correlated with windthrow susceptihility (°=0.24) (Table 2). Mean
windfirmness increases steadily as the distance from the stream increases, then levels off
after about 60.1-70.0 feet (Figure 9). Trees adjacent to the stream up to 20 feet into the
forest are sgnificantly less windfirm than those more than 40.1-50.0 feet into the RMZ
(p<0.05). Trees adjacent to the stream up to 30 feet into the RMZ are sgnificantly less
windfirm than those more than 70.1-80.0 feet away from the stream (p<0.05).
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Figure 9. Mean foresters' rating of windfirmness of residual trees by distance from water’s edge on a
scale of 1-3in ariparian management zone in northern Minnesota where the upland has been clearcut.
A higher rating represents higher windfirmness. Error bars represent a pooled estimate of error
variance. Means with dissimilar letters are significantly different (p<0.05).
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Most foresters who provided open-ended comments said the resdud treg’ s distance to
the water’ s edge was not something they had measured or that it was not an important
factor. Three foresters noted that trees near the water were often more vulnerable to
windthrow because the streambank or floodplain created wet soil conditions, but another
said that trees closest to the water are more windfirm, perhaps because they are afforded
more protection than trees closer to the clearcut edge. It is possible that the trend
observed in Figure 9 is due to some respondents interpreting the question as to mean the
distance of the RMZ edge to the stream. If thisis the case, the question becomes one of
RMZ width. A narrower RMZ with the clearcut edge closer to the stream could more
likely fal within alow wet area, whereas awider RMZ would more likely have the
clearcut edge on higher, drier ground, making the edge more windfirm.

No study has addressed this question as it was stated in the survey, as most have
investigated windfirmness in terms of distance from the clearcut edge or width of the
RMZ in relation to windthrow (Burton 2001; Chen et a. 1992). Reid and Hilton (1998)
note that windthrow decreases away from the stand edge, but increases again as the
water’s edge is approached as aresult of a high water table.

Slope: A wesk relationship exists between mean foresters rating and dopein the
regression analysis (°=0.0006) (Table 2). Therefore, no model exists to adequately
describe this relationship. Figure 10 shows no discernable trend between dope and
windfirmness.

Foresters appear to widdy disagree over which dope percent is more or less windfirm, or
perhaps no dope percent is more or less windfirm than any another. Also, many locations
within the sudy area are rdatively flat so respondents may have had limited exposure to
abroad range of dope conditions. Many foresters commented that dope was not a factor
when consdering windfirmness. Some suggested that flat dtes are generdly wet and
therefore vulnerable. Ore respondent noted that winds tend to eddy or swirl more at the
bottom of (presumably steeper) dopes, perhaps increasing the windthrow hazard in those
areas.

Research on dope with respect to windfirmnessisinconclusive. At least one study States
that dope doneis unimportant in determining susceptibility (Ruth and Y oder 1953).

Some research suggests that very steep valleys may protect trees at the bottom (Moore
1977). Others have found that steep, narrow valeys funnel and accelerate wind (Ruel et

al. 2001), resulting in higher windthrow. Still others report eddying on moderately

doping leeward areas can result in wind damage to trees where steep upd ope bluffs occur
(James and Dier 1968). Navratil (1995) reported that wind accelerates up steep dopes,
perhaps leaving updope windward edges more vulnerable. Moore (1977) notesthat flat
approaches to RMZ edges create a Situation with high exposure versus steep dopes where
the wind would “bresk away” from the ground and the hilldope would be protected.
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Figure 10. Mean foresters’ rating of windfirmness by slope on a scale of 1-3 in ariparian management
zone in northern Minnesota where the upland has been clearcut. A higher rating represents higher
windfirmness. Error bars represent a pooled estimate of error variance. Means with dissimilar letters
aresignificantly different (p<0.05).

Aspect: A wesk relationship exists between aspect of the RMZ cut edge and
windfirmness rating (*=0.15) (Table 2). Thisislikely due to the order of compass
degrees from zero to 360 being somewhat arbitrary, as no magnitude is necessarily
associated with these degrees. The quadratic form of the modd relating aspect to mean
foresters rating in Table 2 and the graph in Figure 11 suggest that windfirmness
increases as exposure moves from north to northeast and falls off as the northerly aspect
is again approached. RMZ boundaries facing west and northwest are significantly less
windfirm than those facing northeast, east and southeast (p<0.05). RMZ boundaries
facing north, south and southwest have intermediate levels of windfirmness.

Foresters were consistent in their open-ended recommendations regarding RMZ edges
and aspect. Wider RMZs are needed facing prevailing winds, and efforts should be made
to avoid exposing straight edges to prevailing winds. Prevailing winds are from the west
and southwest in summer, and northwest in winter. On the North Shore of Lake Superior,
however, strong northeast winds may present unique hazards in the fal.

20



3.0

_% 2.5 1 T %F

ﬁ §|? J_ abc

gzo_ bc J— T

N ol

E ! 1 % c
%1.5- J_ I

0 45 90 135 180 225 270 315

Aspect of RMZ cut edge (degrees)

Figure 11. Mean foresters’ rating of windfirmness by aspect of cut edge relative to theriparian
management zone (RMZ) on ascale of 1-3 in an RMZ in northern Minnesota where the upland has
been clearcut. A higher rating represents higher windfirmness. Error bars represent a pooled estimate
of error variance. Means with dissimilar letters are significantly different (p<0.05).

Most studies agree with these results, concluding that windward aspects are most
vunerable (Rud et d. 2001; Ruth and Y oder 1953), the only exception being where
eddying creates ingtability on leeward dopes (Alexander 1967; Beese 2001).
Recommendations are to avoid straight edges facing prevailing winds or to have long
edges pardld to prevaling winds (Moore 1977). RMZs may need to be wider if effective
buffer width is to be maintained along windward edges. Feethering of the RMZ cut
boundary may enhance stand stability dong an RMZ edge exposed to prevailing winds
(Palik, 2000; Rollerson 2001).

Degree of exposure and hilldope position: Trees which are fully exposed due to
topographic position are Sgnificantly less windfirm than partiadly exposed trees or those
with limited or no exposure (p<0.05) (Figure 12). Partidly exposed treesarein turn
sgnificantly more windfirm than those fully exposad but sgnificantly less windfirm than
treeswith limited or no expasure, with neither of the latter categories significantly
different in their degree of windfirmness.

Comparing windfirmness by hilldope position, trees located on the summit were
sgnificantly less windfirm than any other hilldope position, while those on afootdope or
toed ope were sgnificantly more windfirm than either the summit or shoulder position
(p<0.05) (Figurel3). Residud trees on a Sdedope were not Sgnificantly different in
windfirmness than those on the shoulder, footd ope or toedope.
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Figure 12. Mean foresters’ rating of windfirmness by amount of topographic exposure on a scale of 1—
3in ariparian management zonein northern Minnesota where the upland has been clearcut. A higher
rating represents higher windfirmness. Error bars represent a pooled estimate of error variance. Means
with dissimilar letters are significantly different (p<0.05).
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Figure 13. Mean foresters’ rating of windfirmness by hillslope position on ascale of 1-3 in ariparian
management zone in northern Minnesota where the upland has been clearcut. A higher rating
represents higher windfirmness. Error bars represent a pooled estimate of error variance. Means with
dissimilar letters are significantly different (p<0.05).
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Foresters agreed that the more topographically exposed RMZs were, the more likely they
were to experience windthrow. One respondent reported that RMZs in flat, wet areas are
less windfirm than those on protected dopes.

Studies of exposure and hilldope position make it difficult to distinguish between the

two, since exposure is necessarily a function of the protection afforded by hilldope
position and distance from the clearcut edge. Results of other research generdly agree
with the findings of this study. Looking a exposure in terms of shelter afforded by
distance from the clearcut edge, Turner (2005) indicated that windfirmness generdly
increased as the distance from the clearcut edge increases. However, it isuncleer if thisis
because the trees closer to the stream were topographically sheltered, or because they
were more protected by the trees nearer the clearcut edge. Some studies found that wide
valeysleave RMZ edges exposed and vulnerable (Miller 1985; Rud et d. 2001).
Summits, especidly those facing prevailing winds, are particularly vulnerable, as wind
accelerates over ridgetops (Alexander 1964, 1967). Deep draws and steep leeward dopes
aong RMZs protect trees from wind (Moore 1977), suggesting that RMZ edges should
be positioned such that canopy tops are not exposed above windward summiits.

Soil type: Loamy sand was sgnificantly more windfirm than sand and st (p<0.05)
(Figure 14). Clay was dso sgnificantly more windfirm than sand, but loamy sand, clay,
loam, sty loam sandy loam and st showed no significant difference in windfirmness
rating, suggesting that there may be few sgnificant differencesin windfirmness among
most soil types. Five survey respondents volunteered that organic soils were most
windfirm, dl giving thissail typea“one’ for windfirmness. Two foresters aso suggested
rocky/gravelly soils crested hazardous conditions. Because of the low response and
possible bias for these soils, which were not included as an option on the survey, these
results were not included in Figure 14.

Lack of dgnificant differences among most soil types may be due to soil type being a
relaively unimportant factor. Many respondents commented that soil type was not
critica, but that soil moisture and other properties that determined effective rooting depth
were important. Based on the congistency of comments on soil moisture across severa
gte and stand factors, it appears that this factor may be among the most important
considerations for windthrow along RMZ edges adjacent to clearcuts.

Studies of soil properties also suggest that soil typeis rather unimportant in comparison

to other soil properties. Saturated soils create shalow rooting patterns (Day 1950), and
organic or wet soils have weak shear strength, or ability to anchor the roots (Busby 1965;
D'Anjou 2002), leading to greater windthrow susceptibility. Effective rooting depth is
aso affected by soil depth. Areas with shallow soils overlaying bedrock or other
impermesable layers will create shallow rooted species, leading to higher hazard
conditions (Moore 1977).
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Figure 14. Mean foresters' rating of windfirmness by soil type on ascale of 1-3in ariparian
management zone in northern Minnesota where the upland has been clearcut. A higher rating
represents higher windfirmness. Error bars represent a pooled estimate of error variance. Means with
dissimilar letters are significantly different (p<0.05).

Other Factors

Blowdown type: A tree may become blowndown by being uprooted, leaning, snapped, or
being brushed (pushed over) by another tree. Study results suggest that uprooting is
observed at sgnificantly higher rates than either leaning, snapped or brushed trees
(p<0.05) (Figure 15). While uprooting is a sgnificantly more common phenomenon than
leaning trees, the latter occur at Sgnificantly higher rates than brushed trees. Snapped
trees are observed at rates that are not sgnificantly different from leaning or brushed

trees.

There were few foresters comments related to this question. One forester noted that
aspen and basam fir are mogt likely to be windthrown by snapping than uprooting.
Ancther forester said that soil plays alarge role, with shallow rooting depth predisposing
trees to uprooting. They aso suggested that codominant aspen tend to snap off.

Studies that observed blowdown type show that it is dependent on effective rooting
depth, species, and disease and rot. Where soil conditions create shallow rooting patterns
or where species with this rooting habit grow, uprooting will be observed more than gem
breakage. Where deeper rooting patterns or stem rot occur, trees will be more prone to
stem breakage (Alexander 1964; Behre 1921; Mayer 1989).
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Figure 15. Mean frequency of observation of each blowdown type on ascale of 1-4 in ariparian
management zone in northern Minnesota where the upland has been clearcut. A higher rating
represents higher windfirmness. Error bars represent a pooled estimate of error variance. Means with
dissimilar letters are significantly different (p<0.05).

Relative factor importance: When dl factors were consdered for their rdlative
importance, species and tree exposure are significantly more important than tree dbh,
topographic position, dope or distance to water’ s edge (p<0.05) (Figure 16). Distance to
water’ s edge was the least important factor, being sgnificantly different than every other
factor except dope. Overdl differences in importance between factors were small.
Foresters appeared to be in disagreement about which factors were most important.

One forester said soil type and tree form were more important than rba or distance to the
water’ s edge, while severd others noted that soil type was unimportant, and that age was
most important. Many thought that species was most important. The differing opinions as
to which factor or factors are most important suggests that moderate discord existed
among respondents despite the definite trends found in this and most previous questions.
The literature tends focus on species, topographic exposure and soil moisture/effective
rooting depth, while crown class, soil type and distance to the water’ s edge of ablown
down tree receive the least attention. With some exceptions, the factors focused on in the
literature are generdly consstent with foresters' rating in Figure 16. Along with the
emphasis on tree species, topographic exposure, and aspect of the RMZ cut edge, many
of the foresters' open-ended comments noted the importance that soil moisture and
rooting depth play in determining susceptibility to windthrow of RMZ trees, even though
those factors were not included as separate options to evauate in this study.
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Figure 16. Mean rating of each factor’simportance in influencing windthrow on ascale of 1-4ina
riparian management zone in northern Minnesota where the upland has been clearcut. A higher rating
represents higher windfirmness. Error bars represent a pooled estimate of error variance. Means with
dissimilar letters are significantly different (p<0.05).

Study Limitations

This study was of a quditative nature. The results should therefore not be interpreted

with the same approach that one would take toward an experimenta study. Wheniitis
noted that certain levels within afactor are Sgnificantly different than others, this was
based on respondent perspectives. While respondents did have experience performing
various duties which provided opportunities to observe blowdown in RMZs, their work
respong bilities did not require them to measure or record that phenomena. As such, data
was provided by individuas who reported their perspective of what they had observed
without ever having systematicaly recorded that information.

Given the above limitation, the study does represent personal observations across a broad
range of stand and Site conditions. Responses were congstent enough to show significant
differences for most factors assessed. They aso corroborated quantitative studies such as
Turner (2005) and published literature.
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Management Recommendations

The decision about how wide to make the RMZ and what residud trees to leave should
consider management objectives aswdll as stand and Site conditions for thearea. In
some ingtances, the options about what trees to leave are limited because of loca
conditions (e.g., only one species present). Based on this research and other studies,
some recommendations which consider more important site and stand conditions are
presented below.

During sale setup, assess local stand and site conditions for hazard factors such as
high topographic exposure, soil conditions that creste weak or shallow rooting
patterns, and prevailing winds.

Leave awider RMZ, reserve more windfirm species, and provide a gradual
increase in resdua basa area as you approach the water’ s edge (i.e., feather the
cut edge) where hazards exist.

Reserve any trees that have become acclimated to wind. Basam fir, white spruce,
black spruce, and aspen should be considered first for remova near the RMZ edge
adjacent to the clearcut. Longer-lived species should be favored asreservesin
RMZs, including sugar maple, red maple, red oak, black ash, white pine, and
basswood.

Large-crowned trees that show signs of decay or disease, or are known to contain
heart rot a a given age should be removed firdt. Large-crowned or large diameter
trees may be reserved if they are windfirm species that are well-anchored in the
soil and relaively free of decay.

Thinning from below is usudly the recommended thinning trestment in mature
forest sands that have never been thinned before. Thinning from aboveis
recommended only if the canopy trees are not windfirm. Sdlectively removing
vulnerable trees in each crown class may enhance stand stability, aslong asthe
residual basal area does not drop too low.

In flat areas and on summits, avoid exposing stand edges to west and northwest
winds.

Utilize any the dope within the RMZ to protect trees, especidly in low wet aress.
On lee dopes, locate the RMZ edge so as to keep the canopy below the level of
the summit, or remove tal, exposed trees.

Locate leave-tree idands closer to the exposed edge rather than farther out in the

clearcut. This becomes more important if management options within the RMZ
are limited due to hazardous stand or site conditions.
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Summary and Conclusions

A moderately strong relationship exists between empirica (Turner 2005) and foresters
ranking of speciesfor windfirmness. The resdud tree recommendations for riparian
management zones within Minnesota' s voluntary Site-leve forest management guidelines
(i.e., Table GG-7 within Minnesota Forest Resources Council 1999) are generdly in
agreement with this sudy and Turner (2005) with minor exceptions.

It should be possible to reduce windthrow in many northern Minnesota riparian
management zones adjacent to clearcuts by ng various stand and Site
characteristics during the preharvest, on-Site reconnaissance. Shallow rooting depth will
exacerbate any existing hazard, as will topographic exposure and selectively managing
for gpecies that have low windfirmness, such as basam fir and aspen. In high hazard
conditions, management strategies that maximize the windfirmness of the resdud trees
are the best way to minimize windthrow.

Although the management recommendations may be generdly useful, they will not
succeed in minimizing windthrow in every case. Wind hazard classifications and
modeling windthrow at RMZ edges in northern Minnesota may further enhance our
understanding of windthrow dynamics in these sendtive areas, adding to our ability to
effectively minimize windthrow losses.
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Survey Respondent I nfor mation

Name:

Postion Title

Primary job responsibility:

Organization name:

Mailing address.

Telephone number:

FAX number:

E-mail address:

Date:

Would you like an executive summary of the results of this study? NO YES

Please return completed survey by March 30, 2001.

Marsha Mlinar
Department of Forest Resources—Box 35
University of Minnesota
1530 Cleveland Avenue North
. Paul, MN 55108



Blowdown Questionnaire

There are several factors, which may impact blowdown within Riparian Management
Zones(RMZs) that areadjacent toaclearcut. Thesefactorsinclude; species, treediameter,
crown class, residual basal area, tree age, distance of theresidual tree from the water’s
edge, slopewithin theRM Z (per centage), dir ection of the clear cut with respect totheRMZ,
hillslope position, and soil type. Inthefollowing questions, you will beasked torate each of
these factorsindependently of the others. Theinformation we arelooking for isrelated to
blowdown that occurs due to post-harvest exposure. We are not interested in blowdown
that occursdueto catastrophic wind events, such asin 1995 and 1999. Pleaseanswer tothe
best of your knowledge and experience, based on your current work location only.

1. Asaforest manager, do you notice blowdown in Riparian Management Zones that are
adjacent to clearcuts?

? Y es (please proceed to question 2)
? No (please proceed to question 12)

2. Holding dl other factors constant, please rate the following residual tree species relative to
other species that occur in your area with respect to their level of windfirmnessin a Riparian
Management Zone that is adjacent to a clearcut.

Levd of Windfirmness

Species
Residual tree species L ow Medium High not applicable

American basswood

Balsam fir

Basam poplar

Bigtooth aspen

Black ash

Jack pine

Northern white cedar

Paper birch

Red maple

Red oak

Red pine

Sugar maple

Trembling aspen

White birch

White pine

Other (Please specify)
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3. Holding al other factors constant, please rate the following residual tree diameter sat br east
height and their relative level of windfirmnessin a Riparian Management Zone that is adjacent to

aclearcut.

Levd of Windfirmness

Residual tree
diameter (in.)

Low

Medium

High

Treediameter
not applicable

0.1-50

51-10.0

10.1-15.0

151-20.0

20.1-25.0

25.1-30.0

>30

4. Holding all other factors constant, please rate the following tree heights by crown class,
residual tree crown classes (definitions given below) and their rdlative level of windfirmnessin
a Riparian Management Zone that is adjacent to a clearcut.
- Dominant — atree whose crown extends above the general level of the canopy
and receives full light from above and partia light from the sides.
Codominant — a tree whose crown helps to form the general level of the canopy
and receives full light from above, and relatively little light from the sides.
Inter mediate — atree whose crown extends into the lower portion of the canopy,
but is shorter in height than the codominants and receives little direct light from
above and none from the sides.
Suppressed — atree whose crown is completely overtopped by the crowns of one
or more neighboring trees.

Levd of Windfirmness

Residual tree
crown class

Low

Medium

High

Crown class
not applicable

Dominant

Codominant

Intermediate

Suppressed
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5. Holding dl other factors constant, please rate the following residual tree basal areasand
their relative level of windfirmness in a Riparian Management Zone adjacent to a clearcut.

Levd of Windfirmness

Residual basal area
within RMZ (ft¥acre)

Low

Medium

High

Residual basal area
not applicable

0-10

11-20

21-30

31-40

41-50

51 - 60

61-70

71-80

>80

6. Holding dl other factors constant, please rate the following distances of the residual treeto
the water’s edge and their relative level of windfirmness in a Riparian Management Zone that is

adjacent to a clearcut.

Levd of Windfirmness

Distance of residual tree
to water’s edge (ft.)

L ow

Medium

High

Distance
not applicable

0-10.0

10.1-20.0

20.1-30.0

30.1-40.0

40.1-50.0

50.1-60.0

60.1-70.0

70.1-80.0

80.1-90.0

90.1-100.0

> 100
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7. Holding dl other factors constant, please rate the following slopes wher e residual trees are
located within an RM Z and their relative leve of windfirmness in a Riparian Management Zone
that is adjacent to a clearcuit.

Levd of Windfirmness

Slope within
RMZ (%) whereresidual Slope not found
trees are located L ow Medium High in my area

0 (Level)

1-5

6—10

11-15

16— 20

21-25

26-30

31-35

36-40

> 40

8. Holding dl other factors constant, please rate the following direction of a clear cut with
respect totheresidual treeswithin the Riparian M anagement Zone (RM Z) and their relative
level of windfirmness.

Levd of Windfirmness

Direction of clear cut with
respect to residual trees Direction of clearcut
within the RMZ L ow Medium High not applicable

Clearcut N of RMZ

Clearcut NE of RMZ

Clearcut E of RMZ

Clearcut SE of RMZ

Clearcut S of RMZ

Clearcut SW of RMZ

Clearcut W of RMZ

Clearcut NW of RMZ
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9. Holding al other factors constant, please rate the following levels of residual tree exposure
afforded by topographic position, and their relative level of windfirmnessin a Riparian
Management Zone that is adjacent to a clearcut. Please use the following definitions in

answering the tale below:

Full exposure - RMZ trees are at the same level as the surrounding landscape.
Partial exposure - RMZ trees about %2 tree height below surrounding landscape
about %2 of the trees height within the RMZ is below the surrounding landscape.
Limited exposure- most of the trees height within the RMZ is below the
surrounding landscape.
No exposure - RMZ trees are completely below the surrounding landscape.

Levd of Windfirmness

Tree exposur e afforded
to residual trees by
topographic position

L ow

Medium

High

Tree exposure not
applicable

Full exposure

Partial exposure

Limited exposure

No exposure

10. Holding all other factors constant, please rate the following hillslope positions for residual
trees and their relative level of windfirmnessin a Riparian Management Zone that is adjacent to a
clearcut. (Please use the following illustration of hilllope positions when answering this

question).

Summit

Shoulder

Footslope

Levd of Windfirmness

Toeslope

Hillslope position of
residual treewithin
RMZ

Low

Medium

High

Hillslope position
not found in my area

Summit

Shoulder

Sidedope

Footdope

Toedope
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11. Holding al other factors constant, please rate the following soil types where residual trees
are located and their relative level of windfirmness in a Riparian Management Zone that is

adjacent to a clearcut.

Levd of Windfirmness

Soil typewhereresidual
trees are located

Low

Medium

High

Sail type
not applicable

Sand

Sandy loam

Loam

Loamy sand

Sit

Silty Loam

Clay

Other (please specify)

12. Holding all other factors constant, please rate the following residual tr ee ages, and their
relative level of windfirmness in a Riparian Management Zone that is adjacent to a clearcut.

Levd of Windfirmness

Residual
tree age (years)

L ow

Medium

High

Tree age
not applicable

0-10

11-20

21-30

31-40

41-50

51-60

61-70

71-80

81-90

91-100

<100
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13. Holding all other factors constant, please compare the following tr ee age classes, of standing
residuals to blowndown trees, in a Riparian Management Zone adjacent to a clearcut. Please
check the appropriate response.

? Residual trees are older than the blowndown tree.
? Residual trees are the same age as the blowndown tree.
? Residual trees are younger than the blowndown tree.

14. Based on your experience, which of the following types of blowdown occur most oftenin
Riparian Management Zones that are adjacent to a clearcut? Rate the frequency of each type of
blowdown using a scale of 1-4, with 1 being least frequently seen, and 4 being most frequently
seen.

Observation frequency

Type of blowdown L M ost

Blowndown (uprooted)

Snapped (broken on the bole)

Brushed (pushed by ancther tree)

I—‘HI—‘I—‘%
NSNS

W WWw|w
R B R

Leaning (partidly uprooted, will eventudly
blow down)

15. Considering all of the factors that can affect the occurrence of blowdown within ariparian
management zone that is adjacent to a clearcut, what is the relative importance of each factor?
Rate each factor using a scale of 1-4 with 1 being least important (has little impact on the
occurrence of blowdown) and 4 being most important (has alot of impact on the occurrence of
blowdown).

Relative Importance
Factor L east M ost
Species 1 2 3 4
Tree DBH 1 2 3 4
Crown class 1 2 3 4
Residual basal area 1 2 3 4
Tree Age 1 2 3 4
Distance of residual tree to water’s edge 1 2 3 4
Sope within RMZ 1 2 3 4
Direction of clearcut with respect to RMZ 1 2 3 4
Tree exposure 1 2 3 4
Hilldope postion 1 2 3 4
Soil type 1 2 3 4
Other (please specify) 1 2 3 4
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16. What techniques do you use to minimize blowdown of residuas in Riparian Management
Zones that are adjacent to clearcuts?

17. Please share with us any further comments, suggestions or experiences concerning
blowdown and windfirmness in Riparian Management Zones that are adjacent to clearcuts.

Thank you for your time and cooperation. Please return your completed survey by
March 30, 2001 in the enclosed envel ope to the address noted below.

MarshaMlinar
Department of Forest Resources— Box 35
Universty of Minnesota
1530 Clevdand Avenue North
St. Paul, MN 55108
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Survey Cover Letter
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Name
Address
City, State Zip

Dear:

A study is being conducted by Marsha Mlinar a the University of Minnesotato assess
the effects of various factors on blowdown within riparian management zones (RMZ9).
The study is being conducted to provide information to resource managers who have to
make decisions about residua treeswithin RMZs. As a separate part of the sudy, we
revisited some of the 1991, 1992, 1993, 1995, and 1997 BMP field audit sitesto collect
data about factors such as species, dope, orientation of the RMZ to the clearcut, and
hilldope position wherever blowdown occurred. Because our field sampling was limited,
we need to learn from your experiences because they cover amuch wider set of
conditions than we were able to sample. Participation in this research project is
voluntary.

The purpose of the enclosed survey isto help us understand how various factors relate to
the occurrence of blowdown within RMZs adjacent to clearcuts. The information we are
looking for is related to blowdown that occurs due to post-harvest exposure. We are not
interested in blowdown that occurs due to catastrophic wind events, such asin 1995 and
1999. We would like you or someone ese from your office that has current on-the-
ground management respong bilities and experience with blowdown to complete and
return the survey. All responses will be kept confidentia. We will not identify your
guestionnaire by name nor will we summarize any of the data by landowner type. A sdf-
addressed stamped envelopeis enclosed to facilitate the return of your completed
guestionnaire.

We gppreciate your participation in this survey. If you have any questions about the
survey, please contact us at 612-624-1224 (Marsha Mlinar) or 612-624-3788 (Charlie
Blinn).

Sincerdly,

Marsha Mlinar Charlie Blinn

Graduate Research Assgtant Professor and Extension Specidist
Enclosure



Appendix 3

Survey Reminder Postcard
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Two weeks ago, we mailed you a questionnaire asking for your opinion about the effects
of various factors on blowdown within riparian management zones (RMZs) in northern
Minnesota. If you have adready completed and returned it, please accept our sSincere
thanks.

If you haven't completed and mailed your questionnaire, please do so today. Only a
sample of northern Minnesota foresters received the questionnaire o it is very important
that your opinions are included in the study to accurately represent the opinions of these
foresters. Remember, there are no right or wrong answers. We only want your opinion.

Thanks for your help.
Marsha Mlinar Charlie Blinn
Graduate Research Assigtant Professor and Extension Specidist
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Appendix 4

Survey Follow-up Letter
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Name
Address
City, State Zip

Dear:

About a month ago, a questionnaire was sent to you to assess the effects of various
factors rdating to blowdown within riparian management zones. As of today, we have
not received your completed questionnaire.

The study is being conducted to provide information to resource managers who have to
make decisons about resdua trees within RMZs. As a separate part of the study, we
revisited some of the 1991, 1992, 1993, 1995 and 1997 BMP field audit sites to collect
data about factors such as species, dope, orientation of the RMZ to the clearcut, and

hilld ope position wherever blowdown occurred. Because our field sampling was limited,
we need to learn from your experiences because they cover amuch wider set of
conditions than we were able to sample. Participation in this research project is voluntary.

The purpose of the enclosed survey isto help us understand how various factors relate to
the occurrence of blowdown within RMZs adjacent to clearcuts. The information we are
looking for is related to blowdown that occurs due to post-harvest exposure. We are not
interested in blowdown that occurs due to catastrophic wind events, such asin 1995 and
1999. We would like you or someone else from your office that has current on-the-
ground management respong bilities and experience with blowdown to complete and
return the survey. All responses will be kept confidentid. We will not identify your
questionnaire by name nor will we summarize any of the data by landowner type. A sdf-
addressed stamped envelope is enclosed to facilitate the return of your completed
questionnaire. Please return the completed survey by March 30, 2001.

We gppreciate your participation in this survey. If you have any questions about the
survey, please contact us at 612-624-1224 (Marsha Mlinar) or 612-624-3788 (Charlie
Blinn).

Sincerdly,

Marsha Mlinar Chalie Blinn

Graduate Research Assigtant Professor and Extenson Specidist
Enclosure
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Appendix 5

Respondent Commentary Organized by Survey Question
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Survey commentary was organized by survey question. Each question has been numbered
the same as in the origind survey and the question wording has been abbreviated. Each
phrase that refers to each question will be presented as the full sentence in which it was
found, even if that sentence contains references to other factors. The sentence may be
repeated under a different question to address the other factors discussed init. A factor
may be mentioned more than once per respondent number. Response number's represent
the number of foresters who mentioned the factor in their commentary. Evenif foresters
made severd references to the same factor, they are dl included in asingle response
number. Commentary from questions 16 and 17 was combined with that found in other
parts of the survey asit pertained to each variable addressed in the previous questions.
Forester number is the number assigned to the forester.

Factor: Indicator words:

1. blowdown presence no, blowdown, RMZ

2. species Species, oecies name

3. diameter diameter, large, smdl, class

4. crown class crown, class, dominant, codominant, intermediate,
suppressed, large, smdl

5. rba RBA, BA, resdud, basa area, dengty, high, low,
crown, cover, thinning, heavily

6. stream distance stream, distance, closer, water’s, edge, approach,
water, river

7. dope dope, topography, land, landscape features

8. agpect aspect, north, west, south, east, prevailing, wind,
direction, orientation, perpendicular, parald, facing

9. exposure exposure, clumps, vulnerable, wind, protected

10. hilldope position hill, position, dope, topography, land, landscape
features, summit, shoulder, sdedope, footdope,
toedope

11. soil type soil, type, sand, clay, organic, shalow, rocky

12. age age, young, old, over-mature, mature, rotation

13. rdative age older than, younger than, same age, resduas

14. blowdown type snap, blow over, tip up, break

15. rank of importance
16. miscdlaneous commentary
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Question 1: Isblowdown noticed in the RMZ?

No clearcuts next to RMZs.
There is dso blowdown in RMZs adjacent to forested

| answered the first question with a“no”. Not because we
do not encounter blowdown in RMZs, but because | do not
notice an increase in blowdown occurrence between the
RMZs versus non-RMZs.

Four RMZswere visited that had one to five years of
exposure to aclearcut and we found little, if any blowdown
that may have resulted due to an adjacent clearcut.

Response#  Respondent# Comment:
1 7
2 10
areas,
3 16
4 34
5 37

| don't recognize problems with blowdown and
windfirmnessin RMZsto be at higher risk than in
terrestrial zones that are adjacent to clearcuts.

Question 1 comment summary: Thosethat answered “no” to this question did so ether
because they did not observe windthrow in RMZs or because they did not observe more
windthrow in RMZs than the upland clearcut edges.

Question 2: Speciesin relation to windfirmness.

Remove susceptible species (e.g. old agpen) from RMZ if it
does not reduce basal areatoo much.

L ook at topography, species, and diameter for resdudls.
Leave windfirm species where possible.

Use available Sze and species that are most likely to be
windfirm. Species present generdly limits options [as far as
cut design]. The lack of options makethe RMZ seem
usglessin some areas (overmature aspen with balsam fir
that is deteriorating and beaver present).

Look at age, species, and density of stand left — may have
to make awider RMZ in cases.

Response#  Respondent # Comment:
1 2

2 5

3 6

4 8

5 11

6 12

Indl riparian aress, I'll tend to reserve oaks, sugar maples,
and pine aswell as smdl advanced regenerdion like
basam fir and spruce. If the riparian is birch or aspen, I'll
tend to ether reserve it completely or clearcut it completely
(in patches). [Influence of diameter] depends on species.
Pine would be high [windfirm] in dom-codom.
[Windfirmness decreases with age] except for red and
white pine, which would be high [windfirmness] for dl age
classes.
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10

11

12

13

14

15

16

17

13

15

16

18

19

20

21

22

24

25

26

Avoid leaving species prone to windfal (basam fir,
spruce).

Harvest larger trees and concentrate on species and age. In
flatter areas, we try not to expose too much of astand to
west and northwest winds — leave more windfirm birch and
northern hardwoods.

Coniferswith larger crowns, shallow root structure and
located on peat or soft soils (wet) are the most likely to
demonstrate blowdown. Deciduous trees may be just as
susceptible but have a reprieve during the dormant season
when the wind resistance is reduced, thereby minimizing
the exposure time.

Try to leave: windfirm species, younger trees, treeswith
smadl crowns.

Choose species that have the best chance of withstanding
wind. Choose dominant pine species or understory shade
tolerant species. [Windfirmness by age] depends on
Species.

No cedar where he works. | don't' believe tree age and
diameter by themsalves are mgjor factors. However, trees a
or beyond rotation age for that species are typicdly in
poorer hedlth and therefore more likely to be blown down.
Treeswith fairly large wind-catching crowns coupled with
shallow root systems may be due to growth habits (birch,
basam, fir) or to soil restrictions.

Sdlect windfirm species. Mogt of the timber sales are aspen
clearcuts. There will be blowdown in any RMZ composed
of aspen.

Change width of RMZ depending mostly on species
present. Also may harvest mature tree species of low
windfirmness and leaving others with better firmness

within the zone itsdlf.

[Forester does not] have American basswood, Northern red
oak, red maple or sugar maple, that far north where he
works. Large conifers are most a risk due to winter winds
and ice storms. Large white spruce especialy should
always be cut. It's awaste of agood resource not to. Our
directives have been to especidly reserve large white
gpruce instead. Usually in these instances, young, white
gpruce are found and we should instead go out of our way
to reserve them.

Along clearcut edge, some select harvesting is done to
remove species susceptible to windthrow.

Narrow black spruce stands seem to have little
windfirmness but we sometimes cannot avoid leaving them
to whatever chance they have of standing or not.
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18

19

20

21

22

23

24

25

26

27

28

28

29

31

32

33

40

42

43

45

a7

Aspen and basam fir are mogt likely to be windthrown

by sngpping and other specieslesslikely to be

windthrown by snapping, but aspen and balsam fir are
lesslikely to be uprooted than other species. [Blowdown
type] depends greatly on species. Asatimber forester, | am
more likely to notice blowdown if it involves Norway pine
than if it involves tamarack because of economic
implications.

When | think about it, thereis very little I've seen
(blowdown) that has not been related to a blowdown event
or insects and disease (i.e. pruce budworm). Most of my
sdes have been jack pine or aspen without much RMZs.
When | have RMZs, they're cedar types (usudly).
Sdectively remove older, large-diameter trees and tree
gpecies that are not windfirm. [Windfirmness by crown
class] depends on species. [Windfirmness by RBA] too
dependent on species to answer.

In flatter areas, we try not to expose too much of a stand to
west and northwest winds — leave more windfirm birch and
northern hardwoods.

Important factors are exposure direction, age of residuals
and species composition. [Windfirmness by RBA] seemsto
be more related to species.

We tend to favor leaving longer-lived speciesin the RMZ
for their longevity.

[Windfirmnessby crown class] redlly depends on species.
[Windfirmness by RBA] depends on species.

Vulnerability of trees by age depends on species. 100-year-
old aspen is not very windfirm, while 100-year-old white
pineis very windfirm.

Hardwood areas will have less crown closure and
aspervbirch areas will be left with heavier crown closure. |
have not noticed much blowdown in these areas after
harvest except for an occasiona high risk aspen.

Reserve the most windfirm species we have to work with.
Onething | see alot of iswhere the beaver have removed
al species from the RMZ except bur oak and they tend to
be very windfirm.

Uneven-age, different species stands have the most
resistance [to windthrow].
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29

30

48

49

Height and diameter are abig factor for balsam fir, bigtooth
aspen, and quaking aspen. Even big wolf agpen stand well
in clay soil. Codominant aspen usudly become whippy.
They tend to sngp off. [As for windfirmness by stream
distance] tree species, soil types, tree form are the

number one consideration before stream distance or

basad area are considered. [For windfirmness by age:]
again, species form and soil impact resdud tree ages
differently.

[For windfirmness by age:] species and soil type play a
huge role here.

Question 2 comment summary: When determining windthrow susceptibility for other
variables, many of them closdly depend on species. Species windfirmness can also be
closdy dependent on other variadles. It is generdly recommended to sdlectively remove
gpeciesthat are not very windfirm and reserve those that are. Hardwoods are more
windfirm than conifers, especidly in the winter when they are lesfless.

Question 3: Windfirmness by diameter.

Look at topography, species, and diameter for residuals.
[Large diameter trees are highly windfirm] for red and
white pine only [for the last three diameter classes

Use available size and species that are most likely to be

Resdud diameter is afactor especidly if large crowns.

[For windfirmness by diameter:] Assuming the same

height for dl trees. Without this assumption | don't

believe you can accurately show this relationship.

Harvest larger trees and concentrate on species and age.

| ds0 choose trees with large dbh in relation to height.

| don't' believe tree age and diameter by themsdves are
major factors. However, trees at or beyond rotation age for
that species are typically in poorer hedlth and therefore
more likely to be blown down.

Response#  Respondent # Comment:
1 5
2 6
addressed)].
3 8
windfirm.
4 11
5 12
6 15
7 19
8 20
9 23

Generaly, larger trees have larger crownsto catch the
wind, and tend to be older (more likely to have decay).
However, large DBH treesthat are sound may be more
resstant to breskage.



10 24 Primarily would like to reserve the smaller younger trees
and remove larger trees. Large conifers are most at risk due
to winter winds and ice sorms. Large white spruce
especidly should dways be cut. It's awaste of agood
resource not to. Our directives have been to especidly
reserve large white spruce ingtead. Usudly in these
ingtances, young white spruce are found and we should
instead go out of our way to reserve them.

11 28 | have witnessed no relationship between diameter and
windfirmness.

12 31 Sdectively remove older, large-diameter trees and tree
species that are not windfirm.

13 48 Soil plays abig factor [with regard to diameter and

windfirmness] - wel-rooted big crown trees will
hold: In rocky shdlow soil they seem to tip up.

Question 3 comment summary: Susceptibility to windthrow increases with dbh,
according to most foresters. Large diameter trees that are still without rot may be
windfirm (respondent 23). Respondent 28 noticed no relationship between windfirmness
and susceptibility to windthrow.

Question 4: Windfirmness by crown class.

Response#  Respondent # Comment:

1 6 [Windfirmness by diameter] depends on species.
2 11 Residud diameter is afactor especidly if large crowns.
3 16 My persond observations indicate the greatest relationship

may be with the crown Sze, root pattern, and ol
compoasition. Coniferswith larger crowns, shallow root
structure and located on peat or soft soils (wet), are the
most likely to demonstrate blowdown. Deciduous trees may
be just as susceptible but have a reprieve during the
dormant season when the wind resistance is reduced,

thereby minimizing the exposure time.

4 18 Try to leave: windfirm species, younger trees, treeswith
smdl crowns.

5 20 Trees with farly large wind-catching crowns coupled with

shallow root systems may be due to growth habits (birch,
basam, fir) or to soil redtrictions [are susceptible to

windthrow).
6 23 Generdly, larger trees have larger crowns to catch the
wind, and tend to be older (more likely to have decay).
7 31 [Windfirmness by crown class] depends on tree species.
8 34 We harvest mature, over-mature and large-crowned trees

which are vulnerable to windthrow.
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9 40 [Windfirmness by crown clasg redly depends on tree

Species.
10 47 [Windfirmness by crown class| depends on tree species.
11 48 Soil plays abig factor - wel-rooted big crown trees will

hold: In rocky shdlow soil they seem to tip up. Even big
wolf aspen stand well in clay soil. Codominant aspen
usualy become whippy. They tend to snap off.

Question 4 comment summary: Many foresters said this factor is dependent on species.
Larger crowns make a tree more susceptible to windthrow, especidly if they are shdlow
rooted or have decay.

Question 5: Windfirmness by residual basal area (RBA).

Response#  Respondent # Comment:

1 1 If proper basal area can be obtained from younger trees, |
will remove the older trees.

2 2 Keep basal area up. Remove susceptible species (e.g. old
aspen) from RMZ if it does not reduce basa area too much.

3 11 Look at age, species, and density of stand left - may haveto
make awider RMZ in cases.

4 13 Avoid thinning basd area too heavily.

5 14 Have not looked into [windfirmness by RBA] with any
detall likethis.

6 20 May leave a higher basal areain aress of higher blowdown
potentid.

7 31 [Windfirmness by RBA ig] too dependent on tree species to
answer.

8 33 [Windfirmness by RBA] seems to be more related to
Species.

9 35 Remova of non-windfirm trees or gradua reduction in BA
asyou leave the RMZ.

10 40 [Windfirmness by RBA] depends on species.

11 43 Mog of the riparian zonesin timber sdes are left as buffer

zones around wetlands or shelterwood cut leaving acrown
cover that varies from 35% to 70% depending on s ope,
tree species etc. Hardwood areas will have less crown
closure and agpenvbirch areas will be left with heavier
crown closure. | have not noticed much blowdown in these
aress dfter harvest except for an occasiond high risk aspen.

12 44 Maintain greeter basd area of resdud within clearcut. The
resdua basal areain the clearcut would probably have
agreater effect than the basd areainthe RMZ, but |
haven't taken notice of the differences you refer to.
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13 48 There are many other factors that influence windfirmness
by basd area: using basal areain my decision when
working in RMZswould be low priority.

Question 5 comment summary: Foresters recommend leaving the rba high if possible.
It may not be possible if oversiory is susceptible to windthrow, in which case awider
RMZ may need to be |eft. Leave lower rbanear clearcut, higher rba away from the
clearcut. How much rbato leave is often dependent on species.

Question 6: Windfirmness by stream distance.

Response#  Respondent# Comment:

1 1 Depends on orientation of RMZ to prevailing winds.

2 5 [Windfirmness by stream distance] unknown.

3 11 Depends on topo leading right up to river - high and dry or
low and wet.

4 15 Have not measured [stream] distance close enough to
intdlligently answer.

5 19 [Windfirmness by stream distance not a factor] except in
saturated conditions.

6 20 As one gets closer to water's edge, typicaly the rooting
zone becomes | ess as the soil moisture limits root growth.

7 23 | don't think it matters unlessit’s so close that water is
washing out the bank under the roots.

8 44 My guessis that windthrow would be greatest near the

clearcut and least near the water, but | haven't made
empirica observations.

9 47 [Windfirmness by stream distance] depends on species.

10 48 Tree species, s0il types, tree form, are the number one
consideration before stream distance or basal areaare
considered.

Question 6 comment summary: Windfirmness decreases as the clearcut edgeis
approached. This factor also depends on aspect and degree of topographic exposure.
Respondent 23 does not think it matters in most cases. Respondent 15 hadn't taken
notice. Respondents 19 and 20 suggest that windfirmnessis low near the water where
soils could be saturated.
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Question 7: Windfirmness by dope.

Response#  Respondent # Comment:

1 3 Will generdly leave [unharvested] the dope going toward
[the] river or stream or any water area.

2 5 Look at topography, species and diameter for residuals.

3 6 Utilize dopes where wind would be less of afactor
(exposure).

4 11 Work with the topography of the land in laying out your
sdesto minimize exposure.

5 14 Sopeisnot amgor factor.

6 15 Have not measured [dope] enough.

7 20 The last four [dope categories] are rardly found [>26%
dopeg.

8 21 [Make sure] RMZ/cutover boundary follows topography
(where possible).

9 23 Don't know [about dope].

10 28 0% dope areas are usudly wet sites and more susceptible
to windthrow.

11 29 Have RMZ boundaries follow landscape features when
possible.

12 30 Select remova of over-mature trees susceptible to
blowdown if topography permits.

13 40 Winds will tend to eddy or swirl more a the bottom of
dopes.

14 41 [Windfirmness by dope] not applicable.

15 43 Mogt of the riparian zonesin timber sdes are | eft as buffer
zones around wetlands or shelterwood cut leaving acrown
cover that varies from 35% to 70% depending on Sope,
tree species etc.

16 49 Not enough dopein my areato measure this.

Question 7 comment summary: Flat areas may be wet and not windfirm. Soping
ground may be used to protect trees (something to consider during the cut layout). Most
foresters either hadn’t measured dope or did not think it was a mgor factor.

Question 8: Windfirmness by aspect.

Use wider RMZ if prevailing winds are afactor and the
trees have no particular windfirmness. Depends on
orientation of RMZ to prevailing winds. Generdly, the
trees closest to the water are more windfirm, regardless of

Response#  Respondent# Comment:
1 1

orientaion.
2 2

Make RMZs alittle wider on north sde of RMZ.
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3 15
4 29
5 32
6 33
7 42

Aspect and position on dope seems to be less important.
Have not measured [aspect] enough.

Try to avoid sde boundaries which are very straight and
perpendicular to prevailing winds.

In flatter areas, we try not to expose too much of a stand
to west and northwest winds - leave more windfirm birch
and northern hardwoods.

Exposure direction, age of resduals, species composition.
Create wider RMZs on SE sde of clearcuts and NE sides of
clearcuts. Mogt storms have winds that blow from the SW
in summer and NW in winter. Hardwoods in RMZs are
more vulnerable in summer depending on orientation.
Conifers are dways more vulnerable regardless of
orientation. RMZs that are perpendicular to storm wind's
most common direction are most vulnerable and need to be
wider than the minimum. RMZs oriented pardle to
common storm wind directions can be kept to minimum
requirements.

Question 8 comment summary: RMZ may need to be widened if it isfacing prevailing
winds, especidly in flat areas. Prevailing winds are from the southwest in summer and
northwest in winter according to respondent 42. Respondent 1 said trees closest to the
water are more windfirm regardless of gpecies. Respondent 15 had not measured this

factor enough to be informed.

Question 9: Windthrow by exposure.

Response#  Respondent # Comment:

1 6

2 11
3 16
4 23

Leave dumps versusindividud trees. Utilize dopes where
wind would be less of afactor (exposure).

Work with the topography of the land in laying out your
sdes to minimize exposure. Open up astand in awet
riparian areaand you will get  blowdown.
Deciduoustrees. . . have areprieve during the dormant
season when the wind resistance is reduced, thereby
minimizing the exposuretime.

As above, assuming the exposure and wind direction are
from the summit side, more exposure equas more
blowdown. | am opposed to the leaving of reserve stripsin
most cases, because of the obvious fact that the exposed
resduds are often likely to blow down. It doesn't matter if
it'sariparian, roadsde or other Situation. Trees that have
grown in the shelter of alarger sand are more vulnerable
when that protection is removed. Obvioudy, any gtrip of
wood is more subject to wind damage when |eft exposed,
but usualy a combination of factorsisinvolved.
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5 32 In flatter areas, we try not to expose too much of a stand
to west and northwest winds - leave more windfirm birch
and northern hardwoods.

33 Exposure direction, age of resduas, species compaosition.

41 Luck-If it is a Stuation where exposure seems a problem,
may have awider RMZ. A smdl amount of the forest types
| manage involve riparian areas that subject treesto
exposed aress. If thereisany RMZ it islikely to border
swamp forest types that offer some wind protection.

8 42 Increase width of RMZ if trees have high exposure. Leave-
tree idands should be placed closer to most vulnerable
exposure of clearcut edge.

9 49 Not enough dopein my areato measure this.

~N O

Question 9 comment summary: Leavewider RMZ in topographically exposed aress or
aress exposed to prevailing winds. Flat areas may be considered topographically exposed
(respondents 11, 32). Leave tree idands (respondents 1, 42) should be placed near the
clearcut edge. Respondent 49 said that there is not enough dope on their areato measure
this. Respondent 23 said that they don’t usually leave reserve strips because any exposed
forest is vulnerable to windthrow, regardlessiif it isan RMZ or not.

Question 10: Windfirmness by hillsope position.*

Response#  Respondent# Comment:

1 15 Aspect and position on dope seem to be less important.
Most ends up on ground. Have not noticed much
difference in dope pogtion

2 23 Assuming the exposure and wind direction are
from the summit Sde, more exposure equals more
blowdown.

3 32 Wet areas are at the toe of dopes and protected from
winds.

4 40 Soil moisture increases the further down the dope you go.

5 41 Generdly pretty levd area.

6 42 Assuming clearcut is a top of summit.

*Mogt of the comments from Question 7 could be roughly applied here.

Question 10 comment summary: Summits and toedopes are least windfirm for
different reasons (respondents 23, 32 and 42), the former due to exposure and the latter
due to soil moisture, although exposure plays arole here too. Respondent 1 doesn't notice
any difference in windfirmness by hilldope postion.
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Question 11: Windfirmness by soil type (including soil moisture).

Soil moisture content [is an important factor].
Soil moisture will determine blowdown potentid.
If wet, mosily has to do with soil moisture near riparian

Soil moisture - saturated soils most susceptible.
Do not know [influence of soil].
Soil . . . seemsto have little effect on windfirmnessin my

My persond observations indicate the grestest relationship
may be with the crown size, root pattern, and soil
compoasition. Coniferswith larger crowns, shallow root
structure and located on pest or soft soils (wet), are the
most likely to demongirate blowdown.

Treeswith farly large wind-catching crowns coupled with
shdlow root systems may be due to growth habits (birch,
balsam, fir) or to soil redtrictions. As one gets closer to
water's edge, typically the rooting zone becomes less asthe
s0il moigture limits root growth.

Soil types don't seem to fit for me.

Organic or saturated soils are the biggest problem for
windfirmness (wet soil is weaker).

Soil moisture increases the further down the dope you go.
Trees near the bottom can blow down more easily when

| have not noticed much blowdown in [RMZg] after harvest
except for an occasiond high risk aspen. These areas are
aso treated asfilter strips which means no more than 10%
soil disturbance is dlowed them during harvest, which is
aso another factor why there is little post-harvest wind

Extreme variahility in the species type and soil type or

Soil playsabig factor - wel-rooted big crown treeswill
hold: In rocky shdlow soil they seemto tip up. Even big
wolf aspen stand wdll in clay soil. Tree species, soil types,
tree form, are the number one consideration before stream
distance or basal area are considered. Rock with shalow
duff and soil [are the most important soil consderationg].
[Regarding age:] Again, species form and soil impact
resdud tree ages differently.

Response#  Respondent# Comment:
1 6
2 9
3 11
area.

4 13
5 14
6 15

obsarvations.
7 16
8 20
9 26
10 38
11 40

0ils are saturated.
12 43

damage.
13 47

lack of.
14 48
15 49

[Soil type] not observed.
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Question 11 comment summary: A few foresters said soil types were not a

cong deration when ascertaining windfirmness. Most however, said soil moisture was an
important congderation for tree sability in wind. Soil types were lessimportant than soil
moisture. Rocky shalow soil was seen as not windfirm by respondent 49.

Question 12: Windfirmness by age.

If proper basal area can be obtained from younger trees, |
will remove the older trees.

Remove susceptible species (e.g. old aspen) from RMZ if it
does not reduce basal areatoo much.

Red and white pine would [have high windfirmness] for

The lack of options make the RMZ seem usdlessin some
areas (over-mature agpen with balsam fir thet is
deteriorating and beaver present).

Age of thetreesis the most predominant figure that affects

Look at age, species, and density of stand left - may have
to make awider RMZ in cases. The older the [trees] arethe
less windfirm they tend to be, especidly if [they] develop
big crownsin wetter areas - othersin atight sand fairly

Harvest larger trees and concentrate on species and age. In
the long run when managing even age species, ariparian
arealis better managed by harvesting enough to ensure
reproduction. Uneven age [riparian forests| can be
effectively managed by sdect harvest.

Question 12 was left blank. We typically would not obtain
an age on blowdown trees. To guess would not be vdid for
and empirical research project.

Try to leave: windfirm species, younger trees, treeswith

[Age] depends on species!

| don't' believe tree age and diameter by themselves are
magjor factors. However, trees at or beyond rotation age for
that species are typically in poorer hedlth and therefore
more likely to be blown down.

Also may harvest mature tree pecies of low wind firmness
and leaving others with better firmness within the zone

Response#  Respondent # Comment:
1 1
2 2
3 6
al age classes.
4 8
5 10
blowdown.
6 11
windfirm.
7 15
8 16
9 18
andl crowns.
10 19
11 20
12 22
itsdlf.
13 23

Older trees are more likely to be weakened by decay and be
large enough to catch more wind.
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14 24 Primarily would like to reserve the smaller younger trees
and remove larger trees. But | am directed to do otherwise,
so | do - then over the months, years, | watch the blowdown
occur. Our directives have been to especidly reserve large
white spruce. Usudly in these instances, young white
gpruce are found and we should instead go out of our way
to reserve them.

15 30 Sdect removd of over-mature trees susceptible to
blowdown if topography permits.
16 31 Sdectively remove older large diameter and tree species

that are not windfirm. My ruleis old trees blow down,
young trees don't. This holds true across dl landscapes.

17 33 [ The most important factors are] exposure direction, age of
resduds, species compostion.
18 34 We harvest mature, over-mature and large crowned trees

which are vulnerable to windthrow. We tend to favor
[leaving?] longer-lived speciesin and RMZ for their
longevity.

19 38 A lot of treesare old trees dong RMZs and have plenty of
defects so they are more apt to be damaged by wind.

20 41 Generdly, don't count on trees sanding long since much of
harvest is over-mature types that | don't expect to stand up
to very long.

21 42 Leave andler, more windfirm trees while maintaning
resdud BA. Vulnerahility of trees by age dependson
species. 100-year-old aspen is not very windfirm, while
100-year-old white pine is very windfirm

22 47 Uneven age, different species sands have most resstance.

23 48 Species form and soil impact resdud tree ages differently.

Question 12 comment summary: Older trees are more susceptible to windthrow if they
are overmature, and therefore should be removed in favor of younger treesin the stand.
Red and white pine are highly windfirm for al age classes according to respondent 6.
Respondent 10 thought that age was the most important factor when ng
windthrow, while respondent 20 didn't think age (and species) by itself wasamgor
factor.

Question 13: Windfirmness by relative age of standing residuals compared to
windthrown trees*

Response#  Respondent# Comment:

1 11 The older the [trees] are the less windfirm they tend to be,
epecidly if [they] develop big crownsin wetter areas —
othersin atight stand fairly windfirm.
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2 20 However, trees at or beyond rotation age for
that species are typicaly in poorer hedth and therefore
more likely to be blown down.

3 23 Older trees are more likely to be weakened by decay and be
large enough to catch more wind.

4 31 My ruleisold trees blow down,
young trees don't.

5 49 Species and soil type play ahuge role here.

* All comments here are found in Question 12 as well.

Question 13 comment summary: According to respondent 31, older trees blow down,
younger trees do not. This position is generally supported by other foresters.

Question 14: Frequency of blowdown type.

Response#  Respondent # Comment:

1 28 Aspen and balsam fir are most likdly to be windthrown by
snapping and other speciesless likely to be windthrown by
snapping, but aspen and basam fir are less likely to be
uprooted than other species.

2 48 Soil playsabig factor - wel-rooted big crown treeswill
hold: In rocky shdlow soil they seemto tip up.
Codominant aspen usudly become whippy. They tend to
snap off.

Question 14 comment summary: Soil and speciestend to play dominant rolesin
determining whether atree is uprooted or snapped.
Question 15: Relative importance of each factor.

Refer to comments and comment frequency in each question to establish which factors
were most important.

M iscellaneous commentary: Respondent # may berepeated for foresterswho
provided more than one comment in response to this question.

Response#  Respondent # Comment:

1 3 | normaly leave the entire RMZ; | do not cut indgdeit.
2 6 Leave clumps versus individua trees.
3 10 We attempt to harvest trees through sdlective harvesting

and carefully following the DNR forest management
guidelines for riparian aress.



10

11

12

13

14
15

16
17

18

19

20

21

14

16
20

21

26
28

29

32

36

37
38

40

45

a7

49

Avoid blunt edges by reserving some trees (non-
merchantable) within the cut-over.

No specia [management?] considerations.

May vary the width of "leave Strip” - make it wider in areas
of higher blowdown potentid.

Have RMZ/cutover boundary follow

topography (where possible).

Follow the ELT edge.

| wish | could say that we gpply techniques to minimize
blowdown in riparian aress, but in redity we don't.
Generdly, the RMZ is determined by appropriate
guidelines, and dthough limited harvest is permissble
under current guiddines, mogt are treated as hands off areas
with essentidly no management done to them.

Have RMZ boundaries follow landscape features when
possible.

A lot of management isin glacia moraine aress (not
auitable to farm). The potholes are inhabited by beavers and
thereisonly hazel or conifers 100yd out from riparian
zone. In some cases, we just more or lesswrite resdua
trees off and hope they don't make too much of amess.
Where appropriate, we would expand the width of an RMZ
to minimize the potentia blowdown of resduas adong with
other concerns that may warrant awider RMZ.
Wetypicdly reserve dl items within the RMZ, regardless
of Sze of species.

Cut out trees considered to be at risk.

Widen the leave zone dightly so the edge trees are more
apt to stand the wind.

Leave "buffer grips' of uncut timber adjacent to the RMZ.

| have not been aware of a"need” to minimize blowdown
in RMZs.

Occasondly leave a buffer to the RMZ depending on the
gtugion.

K eep the edge of a dearcut uneven with fingers etc. Do
not want a straight edge. This appears to lower blowdown.
Also, monoculture versus a diverse stand makes a
difference. Fire origin monoculture stand gppears to have
low resistance to blowdown. Uneven age, different species
stands have most resistance.

Vary the width based on the entire set of conditions aong
RMZ asthe buffer is established.

Thereisn't astandard precription for RMZ width
management. As question 15 indicates, there are many
factors that comeinto play. The land manager isin the best
position to make these decisions on a case-by-case basis.
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22

23

24

25

26

27

28

29

30

31

32

33

11

12

13

15

16

18

19

22

23

Some ingtances forcing' wind at selected trees will, in time,
blow trees over providing large woody debris in stream.
[Forester] has no clearcuts next to RMZs.

My concern isthat thisinformation is going to be
misinterpreted to assume that there is dways blowdown in
riparian areas following clearcuts, when in dl redity
blowdown occurs whether the stand adjoins a clearcut or
not.

If it sared bad wind, it won't make any difference what's
done - it’'s cooked. Techniques only work for average
gorms and 4till lose some,

| can't think of any areathat has sood completely windfirm
upon exposure. There always seems to be some blowdown
or breakage of residual trees.

A combination of the seasonaly strong winds in October-
November, following heavy rain, usudly isthe main cause
of blowdown in our area.

This survey was hard to fill out without actudly measuring
(i.e. distance and % dope) in smal incrementa changes. In
the long run when managing even age species, ariparian
arealis better managed by harvesting enough to ensure
reproduction. Uneven age [riparian forests] can be
effectively managed by sdlect harvest.

| answered the first question with a“no”. Not because we
do not encounter blowdown in RMZs, but because | do not
notice an increase in blowdown occurrence between the
RMZs versus non-RMZs.

Why are you only concerned with blowdown in RMZs
adjacent to clearcuts? There is blowdown in a selective cut
aso.

Most of these factors depend upon more than one
characteridtic. | don't believeit is possble to relate some of
these factors accurately without presenting their
relationships with other factors.

All these factors will influence what | may doina
particular Situation, and will change my way of looking & a
particular areaif factors are present or absent.

| am opposed to the leaving of reserve stripsin most cases,
because of the obvious fact that the exposed residuds are
often likely to blow down. It doesn't matter if it'sariparian,
roadside or other Stuation. Trees that have grown in the
shdlter of alarger sand are more vulnerable when that
protection is removed.
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35

36

37

38

39

40

28

29

31

36

41

43

My work areainvolves about 150,000 acres of state land
intermixed with forests of other ownerships, primarily
county and federa. In my 23 years as afield forester | have
observed alot of blowdown but | believe only avery smdl
portion was in RMZs adjacent to clearcuts. In addition, |
have actudly never observed blowdown of any scale while
the blowdown event is occurring and consequently the
blowdown areas | have encountered can only be estimated
with respect to when the blowdown occurred. With that
sad, itismy belief that the vast mgority of blowdown
occurs in the reatively rare wind events which occur about
1 per year in my work area like the thunderstormsin '95
and '99. My main concern about the survey iswith respect
to conclusions the survey draws and what the survey is
used for. If the survey is used to fine-tune future research, |
think it isagood thing. However, if the research is used to
publish "characterigtics of riparian blowdown,” | think it is
misguided. All of my responses and | would guess thet of
most of the people who responded are based on
recollections of casual observations and because of that
subject to bias. The bottom line is that my responses are
based on absolutely no measured data but rather
recollections of casua observetions.

Thiswas adifficult survey for this area. When | think about
it, there is very little I've seen (blowdown) that has not been
related to a blowdown event or insect and disease (i.e.
spruce budworm).

Leaving the wrong treesin aRMZ can be worse than
cutting. Removed by harvest isfar better than letting
Mother Nature blow them into the water.

Four RMZs were visited that had one to five years of
exposure to aclearcut and we found little, if any blowdown
that may have resulted due to an adjacent clearcuit.

Given the time available to dlow for this survey, show
conditions, and inability to contact private landownersto
crossther land, only afew RMZs were visted. The most
common reason, by far, for blowdown within an RMZ, was
cutting by beavers. This cutting aso extended into non-
RMZ aress.

| really have not paid close enough attention to most of the
factorsin these questions to put much vaidity in my
answers.

These [RMZ] areas are d <o tregted asfilter stripswhich
means no more than 10% soil disturbance is alowed them
during harvest, which is dso another factor why thereis
little post-harvest wind damage.
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41 44 | haven't spent much time looking for blowdown in RMZs -
regarding them as areas to be mostly left alone. Our
gaffing levels do not permit much uneven-aged
management in small areas such asin RMZs. We may
mark afew treesto be sdectively removed while setting up
atimber sde on the adjacent acreage, but such areas are not
too likely to receive much follow-up attention.

42 45 Onething | seealot of is where the beaver have removed
al species from the RMZ except bur oak and they tend to
be very windfirm. My thoughts more than my observations
are as near every acre of my work area has been hit by
magor wind sorms.

43 16 In closing, | would liketo “think out loud” for a moment.
While the research on this topic may be interesting and of
some value, | hesitate to endorse conclusions from research
undertaken with questionnaires — especialy when looking
a the multitude and complexity of variables found in
deding with biologica entities. Too often with surveys,
conclusons are projected which may not correctly portray
the subject. Once conclusions are published, right or
wrong, they become building blocks and are cited in
additiond research of they become a*“wegpon” of specid
interest groups who may take the results out of context (or
intentionaly digtort the findings) to support their gods.
Therefore, | would rather see substantiated “ on the ground”
research before having results published.

Miscellaneous comment summary: Many of these comments rdate to the layout of the
clearcut with respect to the RMZ, such as using topography to shelter resdud trees and
feathering the RMZ cut edge. Respondent 36 typicaly reserves dl trees within the RMZ.
A few respondents (32, 11, 12) fdlt that there waslittle that could be done to minimize
windthrow in RMZs. Respondent 44 hadn’t been aware of a“need’ to minimize
blowdown in RMZs, and respondent 16 gave them no specid consderations with respect
to windthrow. Respondent 19 noted that most of the factors mentioned in the survey were
0 interrdated that it is difficult to discuss ther influence on windthrow individudly. A

few respondents (41, 44) hadn’t spent much time looking at the factorsin this survey as
they relae to windthrow in RMZs. Beaver activity was mentioned as amgjor cause of
blowdown in RMZs by respondent 36. Survey respondent 18 wondered why the survey
only concerned blowdown in RMZs. Respondents 28 and 16 were concerned how the
results of this study would be used.
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Chapter 2
Effects of Riparian Forest Harvest on Instream Habitat,
and Fish and Invertebrate Communities

Executive Summary

Stream riparian zones are critical to the hedlth of stream fish and invertebrate
communities. Forest harvest within the riparian zone may thus impact stream fish and
macroinvertebrate communities and the determination of the level of acceptable harvest
within the riparian zone is important to balance forestry needs with stream bictic

integrity. This report provides asummary of the findings of the preharvest and first year
post-harvest data collection of an ongoing manipulative experiment focused on
determining the effects of no, low and high levels of riparian harvest on stream habitat

and fish and invertebrate communities. Total number of fish species sampled was Smilar
for 2003 and 2004. Although the total number of individuas was higher in 2004, thisisa
reflection of large increasesin afew streams rather than a generd trend. Index of
Biologica Integrity (IBI) scores were comparable in 2003 and 2004. Macroinvertebrate
community indices indicate within-site and between-gite variahility, but none were
sgnificantly different (p>0.05). The quditative habitat evaluation index (QHEI) scores
exhibited variability between reaches and between treatments, but none were
ggnificantly different (p>0.05). Dissolved oxygen and pH exhibited smilar trendsin

both pre- and first year post-harvest data. In contrast nitrate, dkalinity and conductivity
showed consderable variability in 2004 in comparison to 2003 at dl Stes. These year-to-
year differences between sites and between treatments indicate the need to continue
monitoring for alonger time to define the effects of riparian forest harvest.

Introduction

Forest products are an important natural resource in the upper Midwest. In Minnesota,
timber harvest has been increasing and will continue to increase in the near future
(Anonymous 2001). Timber harvest activities have the potentid to degrade water quality
and aguatic resources and for this reason best management practices (BMPs) or Ste-leve
forest management guidelines have been adopted to protect riparian and agquatic resources
in Minnesota (MFRC 1999, Anonymous 2001). Although BMPs are based on the best
available stientific information and implementation monitoring is being conducted
(Anonymous 2001), BMPs have not been evaluated for effectiveness at protecting aguatic
resources. Most research on the effects of forest harvest on streams and the effectiveness
of forest harvest BMPs has been conducted in more mountainous regions such as
Tasmania (Davies and Nelson 1994), the Sierra Nevada, the Pacific Northwest and
Appalachia (eg., Meehan 1991, Castelle and Johnson 2000). Results from these areas
may not be directly applicable to the Midwest (Perry et d. 1992).

Riparian zones provide many protective services to streams (Gregory et d. 1991, Cagtelle
et d. 1994, Cagtelle and Johnson 2000). Determination of the necessary width of riparian
buffers (e.g., Cagtelle and Johnson 2000) or the permissible leve of harvest within a
buffer is essentid to adequately protect stream resources without removing alarge
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portion of the basin from harvest. Mogt studies on the effectiveness of riparian buffers a
protecting streams from upd ope harvest have focused on the width of the buffer and have
not consdered harvest within the buffer zone (e.g., Barton et d. 1985, Castelle and
Johnson 2000). Current Minnesota BMPs alow varying degrees of harvest within the
riparian management zone (RMZ). Harvest within the RMZ may be used to promote
regeneration of shade intolerant species. Thus, it isimportant to know the level of harvest
that reduces the effectiveness of the RMZ in maintaining stream qudity.

The objective of this project was to experimentdly determine the effectiveness of various
levels of riparian forest harvest on in-stream resources. We examine Site-based effects
associated with high, low and no riparian harvest (30m Riparian Management Zone,
upland clearcuts) on aqueatic habitat, macroinvertebrates and fish. Specificdly, we
evauate effects on fish and invertebrate habitat (temperature, sediment composition,
embeddedness, depth, width, cover, bank stability, canopy coverage, and woody debris,
etc.), and benthic macroinvertebrate and fish communities.

Methods

The eight study sites range across northern Minnesota and are located in Beltrami,
Carlton, Cook, Lake, and St. Louis counties (Table 1). Pairs of treatment Sites (streams)
were located and harvest plots marked in 2003. Within each stream, ariparian control (no
riparian harvest with upland clearcut) and one riparian management treatment (low or
high residua basd areawith upland clearcut) were established to compare the effects of
different resdud basd arealevels (eg., 4 high basal areaand 4 low basd area
replicates). We were also able to establish a nonharvested control (both upland and
riparian zone not harvested) at seven of the eight streams (beaver activity preclude a
nonharvested control plot at one Site). Target treatments in winter 2004 were high
residual (11.9 n? basal arealharemaining) or low residua (6.3 nf basal arealha) riparian
harvest. During harvesting, the target residual basd areawas not dways met and actud
values varied by + 0.9 n? basa arealha. Here, we compare the effects of different
resdud basal arealevels (i.e, 4 high basal areaand 4 low basd area replicates) on study
variables.

All steswere sampled for habitat, fish and invertebrates in summer 2003 (preharvest)
and 2004 (post-harvest). Thisincludes ahigh resdud basd areaplot (Reservation River
Tributary) that was not harvested in winter 2003-2004. Harvesting on this plot was
completed in winter 2004-2005.

At each stream, sampling reaches were established in the no-harvest contral, riparian
control and riparian harvest plots. Within each plot, we sampled 100- meter reaches
above the plot (upstream), within the plot (downstream most 100m) and below the plot
(200m downstream of plot)—this design provides interna upstream controls and alows
for assessment of downstream effects. Idedly, a a given ste, we would sample nine
100-m reaches; up-, within, and below at the nonharvested control, the riparian control
and the harvest treetment. Due to spatia and habitat congtraints, up and below reaches
were not aways feasible for some plots.
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Table 1. Summary description of the study streams.

RMZ RMZ pogt-

Stream Information preharvest | harvest
County / basal area | basal area
Stream (m?/ha) (m?/ha)
number Owner Name Width (m) | Protection
Beltrami (1) DNR Shotley Brook 4 None 28.7 204
Carlton (2) DNR Nemadji State Forest 16 None 25.9 10.3
Cook (3) DNR Reservation River Tributary 35 Trout 20.7 N/A
Lake (4) DNR West Split Rock River 6.4 Trout 13.8 53
Lake (5) DNR East Branch Beaver River 89 Trout 17.2 154
Lake (6) County | East Baptism River 85 Trout 230 131
St. Louis (7) County | Cloquet River Tributary 2.6 None 230 6.4
St Louis (8) County | St. LouisRiver Tributary 1 None 28.7 8.0

Forest harvest effects on response variables (outlined below) were analyzed by
subtracting the upstream (internd control) vaue from the within or downstream vaue for
each reach (control-contral, riparian control, low riparian harvest, high riparian harvest).
These differences were then andyzed with an ANOVA for treatment effects by year.

Temperature monitoring: Temperature loggers (Optic StowAway®, Onset Compute,
Pocasset, MA) were placed in all reaches at each sitein May 2003 and 2004.
Temperature was recorded at 30 min intervas until remova in October or November.

Water quality. Water quality was recorded in the within reaches at each Site in spring and
fdl. Conductivity, dissolved oxygen, and pH were recorded with a Quanta Water Quality
Monitoring System® (Hydrolab Corporation), and orthophosphate was determined by the
PhosVer 3 (Ascorbic Acid) method with a Hach model DR/2000 spectrophotometer in
the fidd. Alkdinity (methyl orange; mg CaCOs/L) was determined by titration and

nitrate was determined spectrophotometricaly (APHA 1989) on samples preserved in
HCL with a Spectronic 1201 Dua Beam spectrophotometer in the [aboratory.

Instream habitat: In July, each 100-m reach was sampled for habitat characteristics
following the methods of Merten (1999) with modifications of methods given by Bailey

et d. (1993). Variables measured included visud estimates of bank cover, channe
stability, cover, woody debris, percent riffles, runs and pools, and aquatic plant coverage.
Canopy coverage was determined in each reach with a spherica densometer. Streambed
sediment and substrate type and size (e.g., percent silt, sand, gravel, cobble) and percent
embeddedness were characterized aong 14 transects placed at regular intervasin each
reach with amaximum total of 56 measurements per reach. Mean depth, velocity and
discharge were messured at the fourteen transects within each reach. A qualitative habitat
evauation index (QHEI) was cdculated from these data. Blow-down trees were a so
recorded in each reach.

Fish assemblages: Fish assemblages were sampled in August. Sampling was conducted
inthe up- (internd contral), within- and downstream reaches at each treatment plot
(including the contral sites) with pulsed DC dectrofishing (Wisconsn AbP-3 backpack
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shocker) following the protocol of Simonson and Lyons (1995). Fish were identified to
species, measured (total length), weighed and returned to the stream.  Cold-water Index

of Biotic Integrity (IBI) vaues were calculated according to Mundahl and Smon (1998),
and warm-water 1Bl values according to Karr et al. (1986) and Lyons (1992) to assessthe
environmenta hedlth of the stream fish communities. Species richness, species

abundances and 1Bl scores (normaized to 100) were anayzed to determine the effects of
harvest treatment.

Benthic macroinvertebrates: Benthic macroinvertebrates were assessed in July following
the family-level, composited, multihabitat rapid bioassessment protocol (Barbour et d.
1999) in each of the upstream (internd control) and within-plot reaches for the control,
riparian control and riparian harvest plots. Two composited samples of 20 kicks/net (each
sample representing 50 m) were collected with a D-net in each 100-m reach. Samples
were sorted and macroinvertebrates identified to family in the laboratory.

Results

Data were collected and analyzed for 2003 and 2004 and initial data anadysis has been
completed for comparison of harvest effects from 2003 to 2004.

Instream habitat: There was substantial variation in habitat characteristics between Sites.
Water temperatures varied among sites. Overall, temperaturesin 2004 were lower in
August and higher in September compared with 2003. However, the trout streams
(Reservation River Tributary, West Split Rock river, East Branch Beaver River, and East
Baptism River) maintained temperatures = 19°C throughout the summer (range from 12-
19°C), whereas other streams had summer maxima up to 25°C.

In spring 2004, conductivity and dkdinity ranged from 32 pS/cm and 20 mg CaCOs/L,
respectively a the Cloquet River Tributary to 228 uSlcm and 127 mg CaCOs/L at
Shotley Brook. The Cloquet River Tributary had the lowest conductivity and akdinity in
fall 2004 (40 uS/cm and 15.5 mg CaCOs/L) and Shotley Brook the highest conductivity
and dkalinity (260 puS/cm and 146 mg CaCOzs/L). These results were Smilar to the
results obtained in 2003. Dissolved oxygen was higher infal 2004 (8.9-12.6 mg/L) a al
stes compared to spring 2004 (7.5-10 mg/L). The pH was generdly smilar in both
seasonsand was > 7.5 a al sSites, except the Cloquet River Tributary which had avdue
of 7.2. Orthophosphate ranged from 10 pg-P/L to 170 pg-P/L in soring and 5 pg-P/L to
114 ug-P/L infdl. However, during both seasons, most Sites had less than 50 pug-P/L.
Spring nitrate concentrations were comparable to 2003 and ranged from 0.36 mg-N/L to
0.97 mg-N/L. However, nitrate concentrations in fall 2004 were higher and ranged from
0.95 mg-N/L to 1.80 mg-N/L. Nitrate was postively corrdated with dkainity and
conductivity, but no sgnificant correaion was found with phosphorus.

Quaditative habitat evaluation index (QHEI) scores normalized to 100 ranged from 39-86
in 2003 and 45-81 in 2004. After testing for a harvest effect by subtracting the upstream
(interna control) vaue from the within or downstream vaue for each reach (Figure 1),
there were no significant differencesin QHEI between years, and between stes and
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treatments (P<0.05). However, in generd the smdler intermittent flowing streams had
lower QHEI scores compared to the larger perennid streams.

10 4

B QHEI 2003 High
B QHEI 2004 High
. B QHEI 2003 Low
S 7 O QHEI 2004 Low

-10 -

Experimental Within Score - Experimental Above
Score
o

Figure 1. High and low RBA QHEI response variable between experimental and riparian control scores
(error bars=1 SE).

Fish assemblages: Seventeen species of fish were found among more than 2,600 fish
collected. Total number of individuals was higher in 2004, but reflected large increasesin
afew dsreams (Reservation River Tributary and East Branch Beaver River) rather than a
genera trend. We observed areduction in the percentage of brook trout sampled in 2004
in West Split Rock River and East Branch Beaver River.

Streams were grouped into three types based on the dominant fish communities. Four
Stes were trout streams, containing brook trout (Salvelinus fontinalis) and typicaly aso
blacknose (Rhinicthys atratulus) and longnose dace (R.cataractae). The exceptionin
2004 was the Reservation River Tributary that contained primarily rainbow trout
(Oncorhynchus mykiss). In 2003, there were only 2 species of fish with atotal of 2
individualsin the Reservation River Tributary, but the number increased to 4 species with
atota of 598 individuds (590 of these were rainbow trout) in 2004. The other trout
streams contained 8- 12 species and a comparable number of individuds, except East
Branch of Beaver River where the total increased to 1,181 individuas representing 12
speciesin 2004, as opposed to 190 individuals representing 10 speciesin 2003. Tota
number of species and individualsin Shotley Brook, alake-outlet stream containing a
diverse array of warm and coolwater species, decreased in 2004 in comparison to 2003,
from 302 individuas representing 10 species to 47 individuas representing 5 species.
The change in Shotley Brook could be attributed to high stream flow in 2004 that made
electroshocking less effective. The remaining sites are classified as smal minnow

sreams with low diversity dominated by mudminows (Umbra limi) and may indicate
poor winter or summer oxygen conditions.
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Index of biotic integrity (1BI) scores were computed using the gppropriate warm or
coldwater IBls and scores were normalized to 100 for comparison purposes. Based on
Lyon's (1992) IBI in mudminnow dominated warmwater streams, the normalized B
scores ranged from 10-45 in 2003 and 22-45 in 2004. Normalized Red Lake IBI (Niemela
et a. 1998) scores ranged from 47-60 in 2003 and 63-67 in 2004 for Shotley Brook. In
trout streams, Mundahl and Simon (1998) normalized 1Bl scores ranged from 21-83in
2003 and 13- 79 in 2004. Both within-site and between-Site differences were observed but
none were sgnificantly different (p<0.05). There were no sgnificant differencesin IBI
scores between sites and treatments (P<0.05) (Figure 2) and between years at most Sites,
however, the IBI score decreased significantly (p<0.05) between 2003 and 2004 at East
Branch Beaver River.
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Figure 2. High and low RBA fish IBI response variable between the experimental within score and
experimental above score (error bars =1 SE).

Macr oinver tebrate communities: Macroinvertebrate indices indicated both within-ste
and between-ste variations. Most indices in 2004 were comparable to those obtained in
2003 at the reach leve. In the low RBA sites, mean number of individuas per net varied
from aminimum of 298 to amaximum of 1,598, species richness was 6-21 families,
percent EPT taxa ranged from 0-25%, whereas percent Chironomidae varied from 10-
60%. In the high RBA sites, mean number of individuals per net varied from 356-2,164,
gpecies richness was 14-20 families, percent EPT taxa ranged from 16-44%, and percent
Chironomidae had arange of 34-75%. No sgnificant differences (P<0.05) in
macroinvertebrate indices due to riparian harvest treetment were found (Figure 3).
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Figure 3. 2003 and 2004 mean macroinvertebrate community indices for high and low RBA experimental
below and experimental above reaches(error bars=1 SE). (A = abundance; B = speciesrichness; C =
%EPT; D = %Chironomidae)

Summary of Findings

Sgnificant variability was observed in the number of individuas and species of fish and
macroinvertebrates between 2003 and 2004, but there was no obvious trend that could be
discerned in relation to harvest. QHEI and IBI scores between years were not

sgnificantly different dthough year-to-year variation was observed. Water quality
atributes such as temperature, conductivity, dkalinity, phosphorus and nitrates dso
indicate seasond and annud variability. No sgnificant effects due to riparian harvest

were found for habitat, macroinvertebrates or fish. This may indicate that the current
guiddines are adequate to protect stream fauna and habitats, however, the consderable
variability among streams may require amore sophisticated analysis to detect effects.
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Chapter 3
Breeding Bird Survey: Preliminary Data

Month Date Site | Transect | Abbrev | Location Key to Codes
May 5/10/2005 7 C GCKI wW Site
May 5/10/2005 7 C GCKI W 1-8= site numbers used by research team
May 5/10/2005 7 T WTSP C
May 5/10/2005 7 T WTSP C Transect Codes
May 5/10/2005 7 T WTSP C C=Buffer control
May 5/10/2005 7 T BCCH RT T=Treatment
May 5/10/2005 7 T BCCH RT X=Control
May 5/10/2005 7 T WTSP C Y =Control
May 5/10/2005 7 X WTSP w
May 5/10/2005 7 Y OVEN W Abbrev
May 5/10/2005 7 Y BRCR w Standard AOU Bird identification code
May 5/10/2005 7 Y BRCR W GCKI=golden-crowned kinglet
May 5/10/2005 7 Y BLJA W WTSP=white-throated sparrow
May 5/10/2005 7 Y HETH W BCCH=black-capped chickadee
May 5/10/2005 7 Y HETH W OVEN=ovenhird
May 5/9/2005 2 C NAWA w BRCR=brown creeper
May 5/9/2005 2 C NAWA w BLJA=Dbluejay
May 5/9/2005 2 C BLJA W HETH=hermit thrush
May 5/9/2005 2 C NAWA W NAWA=Nashville warbler
May 5/9/2005 2 C BCCH W MAWA=magnoliawarbler
May 5/9/2005 2 C BCCH W WPWA=western palm warbler
May 5/9/2005 2 C MAWA w RCKI=ruby-crowned kinglet
May 5/9/2005 2 T WPWA RT BHCO=brown-headed cowbird
May 5/9/2005 2 T RCKI RT NOPA=northern parulawarbler
May 5/9/2005 2 T RCKI RT GWWA=golden-winged warbler
May 5/9/2005 2 T BHCO RT PUFI=purple finch
May 5/9/2005 2 T BHCO RT MY WA=yellow-rumped warbler
May 5/9/2005 2 T NOPA RP BAWW-=black-and-white warbler
May 5/9/2005 2 T GWWA RP Y BSA=yellow-bellied sapsucker
May 5/9/2005 2 T GWWA RP WBNU=white-breasted nuthatch
May 5/9/2005 2 X PUFI w CSWA=chestnut-sided warbler
May 5/9/2005 2 X OVEN w LEFL=least flycatcher
May 5/9/2005 2 X MYWA W CHSP=chipping sparrow
May 5/9/2005 2 Y OVEN W VEER=veery
May 5/9/2005 2 Y OVEN w AMRE=American redstart
May 5/13/2005 8 C OVEN w SCTA=scarlet tanager
May 5/13/2005 8 C BHCO W DOWO=downy woodpecker
May 5/13/2005 8 C BAWW W YTVI=ydlow-throated vireo
May 5/13/2005 8 T YBSA RT BTNW=Dblack-throated green warbler
May 5/13/2005 8 T WPWA RT BLBW=blackburnian warbler
May 5/13/2005 8 T WTSP C WIWR=winter wren
May 5/13/2005 8 T WBNU RT UPBD=unidentified passerine bird
May 5/13/2005 8 T WTSP C CAWA=Canadawarbler




May 5/13/2005 8 X YBSA W COME=common merganser
May 5/13/2005 8 X YBSA W Y SFL=ydlow-shafted flicker
May 5/13/2005 8 X PUFI W AMRO=American robin
May 5/13/2005 8 X WTSP W SOSP=song sparrow
May 5/13/2005 8 X BHCO W HAWO=hairy woodpecker
May 5/13/2005 8 X OVEN w

May 5/13/2005 8 Y PUFI w L ocation

May 5/13/2005 8 Y PUFI w W=woods

May 5/13/2005 8 Y WTSP w RT=residual tree
May 5/13/2005 8 Y YBSA W C=clearcut
May 5/13/2005 8 Y OVEN W RP=residual patch
May 5/13/2005 8 Y BRCR w

May 5/19/2005 1 C CSWA w

May 5/19/2005 1 C OVEN w

May 5/19/2005 1 C WTSP w

May 5/19/2005 1 C WTSP w

May 5/19/2005 1 C OVEN W

May 5/19/2005 1 C NOPA w

May 5/19/2005 1 C WBNU w

May 5/19/2005 1 C OVEN w

May 5/19/2005 1 T LEFL RT

May 5/19/2005 1 T CHSP RT

May 5/19/2005 1 T WTSP C

May 5/19/2005 1 T WTSP C

May 5/19/2005 1 T CSWA RT

May 5/19/2005 1 T VEER RT

May 5/19/2005 1 T OVEN RT

May 5/19/2005 1 T WBNU RT

May 5/19/2005 1 T WBNU RT

May 5/19/2005 1 X AMRE w

May 5/19/2005 1 X SCTA w

May 5/19/2005 1 X DOWO W

May 5/19/2005 1 X OVEN w

May 5/19/2005 1 X WBNU w

May 5/19/2005 1 X AMRE w

May 5/19/2005 1 X YBSA w

May 5/19/2005 1 X CSWA w

May 5/19/2005 1 Y NAWA w

May 5/19/2005 1 Y LEFL w

May 5/19/2005 1 Y OVEN w

May 5/19/2005 1 Y AMRE wW

May 5/19/2005 1 Y CSWA w

May 5/19/2005 1 Y YTVI w

May 5/20/2005 3 C OVEN w

May 5/20/2005 3 C BRCR w

May 5/20/2005 3 C OVEN w

May 5/20/2005 3 C BTNW W

May 5/20/2005 3 C WTSP w
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May | 52012005 | 3 T BTNW RT
May | 52012005 | 3 T WIWR RP
May | 52012005 | 3 X BTNW W
May | 52012005 | 3 X BAWW W
May | 52012005 | 3 X OVEN W
May | 52012005 | 3 Y OVEN W
May | 5242005 | 6 C BTNW W
May | 5/24/2005 | 6 C NAWA W
May | 5/24/2005 | 6 C BLBW W
May | 5242005 | 6 C MAWA W
May | 5/24/2005 | 6 C GCKI W
May | 5242005 | 6 C OVEN W
May | 5/24/2005 | 6 C GCKI w
May | 5/24/2005 | 6 T BCCH RP
May | 5242005 | 6 T BCCH RP
May | 5242005 | 6 T WIWR RP
May | 5/24/2005 | 6 X CSWA W
May | 5/24/2005 | 6 X MAWA W
May | 5242005 | 6 X CAWA W
May | 5/24/2005 | 6 X BAWW W
May | 5242005 | 6 X UPBD W
May | 5/24/2005 | 6 Y GCKI w
May | 5/24/2005 | 6 Y BLJA W
May | 5/24/2005 | 6 Y NOWA W
May | 5242005 | 6 Y MAWA W
May | 5/24/2005 | 6 Y GCKI W
May | 5/24/2005 | 6 Y OVEN w
May | 5/24/2005 | 6 Y BTNW W
May | 5/24/2005 | 6 Y MAWA W
May | 5242005 | 6 Y LEFL W
May | 5/16/2005 | 5 C COME W
May | 5/16/2005 | 5 C OVEN W
May | 5/16/2005 | 5 C WTSP W
May | 5/16/2005 | 5 C WTSP W
May | 5/16/2005 | 5 C BTNW W
May | 5/16/2005 | 5 T YSAL RT
May | 5/16/2005 | 5 T GCKI RT
May | 5/16/2005 | 5 T GCKI RT
May | 5/16/2005 | 5 T WTSP C
May | 5/16/2005 | 5 T BTNW RP
May | 5/24/2005 | 5 X DOWO W
May | 5/24/2005 | 5 X AMRO W
May | 5/24/2005 | 5 X WIWR W
May | 5/24/2005 | 5 X BTNW W
May | 5242005 | 5 X REVI W
May | 5/24/2005 | 5 X OVEN w
May | 5/24/2005 | 5 Y BTNW W
May | 5/24/2005 | 5 Y BAWW W
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May 5/16/2005 4 C WTSP w
May 5/16/2005 4 C BCCH wW
May 5/16/2005 4 C CSWA w
May 5/16/2005 4 C WTSP w
May 5/16/2005 4 C SOSP W
May 5/16/2005 4 C BHCO w
May 5/16/2005 4 C BHCO w
May 5/16/2005 4 C RCKI W
May 5/16/2005 4 C WPWA w
May 5/16/2005 4 C WPWA w
May 5/16/2005 4 C CSWA wW
May 5/16/2005 4 C WTSP w
May 5/16/2005 4 C BHVI w
May 5/16/2005 4 C SOSsP w
May 5/16/2005 4 T WTSP C
May 5/16/2005 4 T AMRO RT
May 5/16/2005 4 T WTSP C
May 5/16/2005 4 T WTSP C
May 5/16/2005 4 T HAWO RT
May 5/16/2005 4 X OVEN w
May 5/16/2005 4 X DOWO w
May 5/16/2005 4 X WTSP w
May 5/16/2005 4 Y WTSP W
May 5/16/2005 4 Y WTSP w
May 5/16/2005 4 Y WTSP w
May 5/16/2005 4 Y WTSP wW
May 5/16/2005 4 Y WTSP w
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