





but has regenerated primarily to a beech-dominat-
ed mid-story and understory. Huber Resources
Corporation proposed harvest of such a site
in 2007 in the area surrounding Springy Brook
Mountain in TWP 32 (Figure 23). Biomass was
expected to be a primary product from the har-
vest given the high proportion of low-quality
beech present. The harvest plan called for the
removal of existing beech in the overstory and
understory, and to leave all sugar maple and yel-
low birch in the overstory, taking care not to dam-
age the residual stand.

Experimental Design

Three uniform areas of 1.2 ha (73 m x 165 m)
were identified on Springy Brook Mountain to
serve as blocks in the randomized complete block
experimental design.

Each block was divided in
half (0.6 ha — 36.5 m x 165
m) to provide two harvest
treatments in each site. The
harvest treatments included
a full-tree harvest with 40-ft
and 60-ft trail spacings that
were randomly assigned to
each treatment plot. The
harvesting productivity and
residual stem damage are be-
ing compared between the
two trail spacings. Within
each harvest treatment plot,
three vegetation treatment
subplots of 0.2 ha (36.5 m
x 55 m) were installed. Each
of the three subplots were
randomly assigned to each
subplot.
treatments include 1) pre-
harvest herbicide injection
of beech stems, 2) post-
harvest broadcast herbicide
treatment of the understory,
and 3) no vegetation treat-

hatvest study.

The vegetation

ment. The final experimen-
tal design is a randomized
complete block 2x3 factorial

design with two biomass harvest treatments and
three vegetation control treatments, with three
replications. Differences in the operational pro-
ductivity will be studied among the harvest treat-
ments and differences in beech, maple (sugar and
red), and yellow birch regeneration will be com-
pared among the three vegetation treatments.

Pre-Harvest Measurements

Eight fixed area sample plot centers were locat-
ed on two transect lines within each of the six
subplots. A total of 144 sample plots were in-
stalled across all three blocks. Transect lines were
spaced at 12.2 m apart, and sample plots were
spaced 12.5 m from the sub-block boundary on
either end and 10 m from one another.

Figure 23. Beech dominated stand on Huber Resources lands selected for biomass
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The overstory was sampled (8% cruise) using
0.002 ha circular sample plots (2.52 m radius).
All tree stems greater than 1 in (2.54 cm) DBH
were sampled. Species and DBH were recorded
for each tree included in the sample plot. The
understory was sampled (2% cruise) using a 4.52
m? circular (1.2 m radius) sample plot nested at
the center of the overstory sample plot. All tree
stems >06 in (15.2 cm) in height were recorded.
The number of stems by species within the sam-
ple plot also were recorded.

Pre-Harvest and Post-Harvest Vegetation
Treatments

In mid July 2007, one third of the subplots se-
lected for the preharvest herbicide injection were
treated with full-strength Accord Concentrate us-
ing TSI Hypo Hatchet Tree Injectors. One injec-
tion per in DBH was applied to all overstory and
mid-story beech and striped maple. Symptoms

Figure 24. Beech trees showing symptoms imme
tion of glyphosate herbicide using a hypo-hatc

herbicide injury were evident within two weeks
of treatment (Figure 24) and leaves on the beech
trees were neatly gone by the time of harvest
treatment.

During August of 2008, one third of the subplots
selected for post-harvest broadcast herbicide
treatment will be treated with a broadcast herbi-
cide treatment of the understory using a back-
pack sprayer. The objective will be to remove any
beech seedlings or new suckers, while preserv-
ing any sugar maple and red maple regeneration.
Based on the results of the current CFRU beech
control study (see Beech Control), the likely treat-
ment will be 10 Ib/ac of glyphosate (Accord
Concentrate) with 0.25% EnTree 5735 surfactant
in 10 gals/ac of water

Harvest Treatments

est operations began in mid-August by a
ontractor hired by Huber Resources
orporation. (Figure 25) Wayne Peters
ner-operator) carried out harvesting
ivities to the specifications of this proj-
using a John Deere 540 feller buncher.
ail spacings were randomly assigned to
ach block and the operator was instruct-
ed to remove beech stems greater than 1
in DBH and to leave all sugar maple and
yellow birch unless they were standing in
the trail.

Harvest activities were recorded using two
handheld digital video cameras so feller-
buncher movements could be analyzed
later. One camera was held inside the ma-
chine cab behind the operator to record
machine movements associated with the
felling head. The second camera was op-
erated at a safe distance away from the ma-
chine to record machine movements as-
sociated with the carriage, cab and boom.
Both video cameras were synchronized at
the start of each harvest.

A time and motion study was conducted
using the harvest videos and a handheld
computer. Prior to the study a full tree har-
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vest configuration was designed using UMT_Plus,
a time and motion study software package. All
of the basic work tasks associated with a full tree
harvest (e.g. felling, tracking, and bunching) were
included. Once the configuration was uploaded
to a handheld computer, a continuous time study
was conducted for each harvest video.

A post-harvest residual stem damage assessment
was conducted using the methodology outlined by
(Ostrofskey et al. 1986, Ostrofsky and Dirkman
1991, Nichols et al. 1994). Species, DBH and
stem damage were recorded for all residual over-
story stems from each harvest block. This will
allow comparisons of stem damage between har-
vest treatments and also serves as an estimate of
biomass remaining on site post harvest which is
critical to biomass removal estimates.

Although biomass was expected to be
product from this harvest, the contr
out any pulp quality logs as well. Ro
ucts (biomass or pulp) from each

Figure 25. Beech stand immediately afte

ment and block were piled separately at each land-
ing to allow tracking of production. Weight of
pulp logs delivered to a local mills can be tracked
back to each harvest block. Biomass production
will be estimated from pre-harvest biomass esti-
mates based on cruise data, pulp production, and
residual biomass estimates.

FUTURE PLANS

Data collection on harvest activities is now com-
plete. Analysis of harvest treatments with respect
to time and motion data, biomass production es-
timates, and residual stem damage will continue
next year as part of the M.S. Thesis research of
Charles Coup, a new graduate student hired to
inate field activities for this project. The fi-
of the vegetation treatment study (post-
bicide application) will be completed
ason with final results available in
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QUANTIFYING BIODIVERSITY VALUES ACROSS MANAGED

LLANDSCAPES IN NORTHERN AND WESTERN MAINE
Erin Simons, Daniel J. Harrison, Andrew Whitman, John Hagan and Ethel Wilkerson

PROJECT OVERVIEW

Most sustainable forestry frameworks expect for-
est managers to accommodate the habitat needs
of wildlife and plant species to avoid species loss.
Those landowners who participate in certification
programs are required to maintain forest biodi-
versity, including viable populations of all wild-
life and plant species. Each certified landowner
has developed strategies for meeting biodiversity
goals, but approaches for systematically address-
ing the adequacy and success of biodiversity con-
servation efforts are pootly developed and un-
tested. Current regulations require landowners to
conserve deer wintering areas, bald eagle nesting
areas, shoreland zones, and wetlands, but sustain-
able forestry lacks guidelines for ensuring that ar-
ea-sensitive species and species requiring late- or
catly-successional habitats are accommodated in
long-term forest management planning. Existing
planning tools are often applied independently
and no framework exists for comprehensively
integrating biodiversity conservation in managed
forest landscapes.

Sustainable forestry certification programs have
largely relied on policy response indicators to ad-
dress the biodiversity concerns. Policy response
indicators describe a landowner’s policies, practic-
es, and institutional capacity to protect a value, in
this case biodiversity. Although policy response
indicators are important, they are not designed to
document the present status or condition of bio-
diversity. CFRU has funded previous projects to
quantify condition indicators for managed forests
in Maine at the stand- (i.e., late successional index,
early-successional bird and snowshoe hare habitat
index, riparian biodiversity index) and landscape-
scales (i.e., predictive models of marten and
lynx occurrence and umbrella species analyses).

Condition indicators provide more concrete, pre-
cise, and quantitative assessments of the status of
selected components of biodiversity.

Previous research funded through CFRU, NCASI,
and others have positioned Maine to be a leader
in landscape-scale biodiversity conservation on
commercial forestlands. Area-sensitive umbrella
species (e.g. marten and lynx) have been evalu-
ated and tested as effective biodiversity conser-
vation tools for > 85% of the forest-generalist,
deciduous-forest specialist, and coniferous-forest
specialist vertebrate species (n = 111) occurring
in northern Maine. Easy to use, spatially explicit
modeling tools have been developed for these two
umbrella species which provide an opportunity
to simplify landscape-scale biodiversity planning.
Additionally, indices have been developed for
quantifying late- and early-successional biodiver-
sity values at the stand-level and for quantifying
riparian biodiversity. Past CFRU-funded research
has generated the tools required to develop a
number of quantifiable biodiversity values, which
could be integrated into a landscape-scale biodi-
versity management, planning, and performance-
scoring framework. We have proposed to apply
and evaluate a series of biodiversity indices (col-
lectively called a “Biodiversity Scorecard”) across
a set of townships that have different ownership
and forest management histories. The specific
objectives for this research are:

1) Map and quantify biodiversity values for
each component metric of the Biodiversity
Scorecard to assess the range of variability
across a diverse set of owners, owner types
and forest management regimes in northern
Maine. Evaluate the time and information
needs required to apply the Biodiversity
Scorecard and improve its efficacy to a
diverse group of landowners.
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2) Evaluate the scalability and performance of
each component metric of the Biodiversity
Scorecard to determine whether some or all
of the individual biodiversity values accrue
from the township- to multi-township scale.

3) Forecast and quantify change in each
component metric of the Biodiversity
Scorecard based on three alternative forest
management scenarios: 1) natural succession,
2) continuing recent forest management
trends for included ownerships, and 3)
management plans modified with specific
biodiversity considerations directed at
balancing fiber extraction objectives with
the indices included in the Biodiversity
Scorecard. Use results to evaluate the
costs and
benefits of
biodiversity
conservation
at scales of
one to eight
townships.

4) Quantify
changes in
maximum
allowable
harvest
associated
with biodiversity planning
and alternatively, the changes
in future biodiversity resulting
from proceeding with a
maximum allowable harvest
strategy without associated
biodiversity planning,

SUMMARY OF PROGRESS
IN 2007

The UMaine and Manomet col-
laborators participated in a series
of meetings in the first year of this
three year project to determine which
Biodiversity Scorecard components would

be included in the analysis, and what data would

2N

be required to support the analysis. A number of
the scorecard metrics, including late-successional
(LS) forest and early successional (ES) species,
were initially developed based on data available
from conventional landowner forest stand maps.
Because of the need for a common landcover
data set that could be used to evaluate metrics
across multiple townships, we eventually decid-
ed to use satellite-derived products to map each
component metric of the Biodiversity Scorecard.
Based on our preliminary work, we determined
that satellite-derived products perform well for
some metrics, but that further field testing will be
required for others.

To facilitate our satellite-based analyses for the
majority of the Scorecard metrics (landscape
metrics based on predicted
occurrences of martens and
lynx, late-successional coni-
fer metrics, late-successional
deciduous metrics,

successional bird metrics),

early-

- Conrferous F ores
- Mixed Forast
[ Deciduous Forest

I:l Deciduous Forested Wetland
- Coniferous Forested Wetland
I Non-forested Wetland

B e

[ ] Harvested 98¢ 2007

Figure 26. Sample of 14
townships in north-central
Maine, representing the forest
management legacies that have
been created since the 1970s
spruce budworm outbreak.
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we selected 14 townships in north-central Maine
(Figure 26) that are representative of the variety
of forest management legacies that have been
created since the 1970s spruce budworm out-
break for inclusion in our analysis of current and
future forest conditions: (T4 R14 WELS, T4 R15
WELS, T5 R14 WELS, T5 R15 WELS, T6 R13
WELS, T6 R14 WELS, T6 R15 WELS, T7 R13
WELS, T7 R14 WELS, T7 R15 WELS, T7 R16
WELS, T8 R14 WELS, T8 R15 WELS, T8 R16
WELS). The selected townships form a contigu-
ous area (344,181 acres) in north-central Maine
and are composed of approximately 60 parcels
that include a representative mix of owners (n=9)
and owner types. Much of our activity during the
current year involved building satellite-derived
coverages for these townships and extracting
information from the US. Forest Service Forest
Inventory and Analysis (FIA) and other datasets
to allow the ongoing model building, which will
allow us to simulate future forest conditions un-
der alternative forest management scenarios.

During 2007, predictive occurrence models were
finalized for marten (original models based on in-
terpreted aerial photography were reconstructed,
validated and verified using satellite imagery) and
lynx occurrence models were reconstructed based
on new technologies using satellite classifications
from related projects and using field survey data
collected for lynx during the winter of 2007 by
the Maine Department of Inland Fisheries and
Wildlife. Additionally, the fieldwork and model-
ing framework for estimating landscape densities
of hares was finalized in 2007 and methodologies
for cross-walking metrics
for calculating early-suc-
cessional bird metrics from
interpreted aerial photogra-
phy to satellite imagery were
evaluated.

PLANS FOR 2008

We will complete our assess-
ment of the utility of sat-
ellite-derived products for

scorecard evaluation based
Jorestland.

on field visits. A random set of points within the
14 townships will be selected and visited in the
field summer 2008. We will develop stand-level
data for the 14 townships, including harvest his-
tory, overstory composition, and estimations of
stand size class and stocking density. These data
will serve as the basis of our evaluation of cur-
rent conditions and metric scalability (Objectives
1 and 2), and potential future conditions based
on alternative forest management strategies
(Objectives 3 and 4). Forest stand projections
will be implemented using Remsoft’s Woodstock
(Version 3.20) forest modeling system in conjunc-
tion with the Stanley (Version 5.0) spatial harvest-
ing software. Current (2007) conditions will be
quantified in the 14 townships, and a retrospec-
tive time series of satellite imagery will be used
to quantify past trends in four Scorecard Metrics
in these townships by applying the marten oc-
currence model, the lynx occurrence model, the
snowshoe hare model, and the early successional

bird model.

TIMELINE

All aspects of the project are on schedule with-
out significant deviations. The funding timeline
associated with this project is October 2006 -
September 2009. All products will be delivered
by December 2009.

For more information about this project contact
Dan Harrison at harrison@umenfa.maine.edu.

CERU members belp to manage Maines forest biodiversity by managing over eight million acres of
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PREDICTING RESPONSES OF FOREST LLANDSCAPE
CHANGE ON WILDLIFE UMBRELLA SPECIES

Erin Simons, Kasey Legaard, Dan Harrison, Steve Sader, Jeremy Wilson and William Krohn

SUMMARY OF PROGRESS IN YEAR 3

Ph.D. students Erin Simons and Kasey Legaard
completed their comprehensive exams and are
progressing rapidly towards the completion of
their dissertation objectives related to the fund-
ed project. We made significant progress on all
components of the project in 2007. After updat-
ing the harvest detection time series, which was
started in 2006 to ca. August 2007, we were able
to document trends in annual harvest area (1988-
2007) and evaluate changes in habitat supply for
American marten (Martes americana) and Canada
lynx (Lynx canadensis) by applying predictive spe-
cies occurrence models. We selected townships
for inclusion in future stand projections (Forest
Projections) that capture the harvest legacies that
have evolved since the 1970s spruce budworm
outbreak and created stand maps to be used in
projections based on the harvest detection time
series and U.S. Forest Service Forest Inventory
and Analysis (FIA) plot data. We also developed
a set of alternative forest management scenarios
that we are currently using to evaluate the effects
of different timber harvesting strategies on land-
scape change and future habitat supply for lynx
and marten.

PROJECT OVERVIEW

Over the last few decades, timber harvest-
ing patterns in Maine’s commercial forestland
have evolved under the influence of a wide-
spread spruce budworm outbreak and signifi-
cant changes in forestland ownership and forest
policy. After the 1970s-1980s spruce budworm
outbreak commercial forest management shifted
toward increased reliance on partial harvests, fol-
lowing the implementation of the Maine Forest
Practices Act (MFPA). One of the consequences
of this shift was that the total area of timberland

being harvested annually doubled between 1989
and 2000. In addition, between 1995 and 2002
approximately 1.6 million acres of Maine’s com-
mercial timberland changed hands from forest in-
dustry ownership to non-industrial private own-
ership (Maine Forest Service 2003), the effects of
which are difficult to predict. These events have
undoubtedly changed timber harvesting patterns,
which will influence both the future characteris-
tics (e.g., age structure and species composition)
and the future biodiversity of Maine’s forest.

Focusing conservation efforts on umbrella spe-
cies can simplify biodiversity conservation in a
managed forest. Rather than managing for each
species in a diverse array, management can poten-
tially be focused on a few species with habitat re-
quirements that capture those of many other spe-
cies. Because of their habitat specificity and large
area requirements, Canada lynx and American
marten have been proposed as umbrella species
for landscape planning in Maine. Together they
represent a range of ecological conditions (early
successional forest and mature forest, respective-
ly) associated with habitat occupancy. Hepinstall
and Harrison (In preparation) found that if areas
in Maine with a probability of occurrence >50%
for lynx and >80% for marten were protected,
86% of the 130 vertebrate species that they con-
sidered, including forest generalists, conifer forest
specialists, hardwood forest specialists, and eatly
successional species, would be incidentally ben-
efited by the lynx and marten habitat protection.

Because of their important roles as individual
species and as umbrella species, we have devel-
oped an integrated framework based on a time
series of satellite imagery and spatial modeling in
order to track and model changes in landscape
structure and habitat supply for marten and lynx.
The objectives of this effort are to:
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1) Use predictive species occurrence models
developed for lynx and marten in Maine
(Predictive Modeling and Evaluating

vided data that could be incorpo-
., rated into the pre-existing data-

_/—[\_\ N 2
Ty set (2003-2005 winter snow

Umbrella-Species) to evaluate past 4

track results) used in model

|

trends in forest management on

development.  Lynx tracks

A

lynx and marten habitat supply

detected during the winter

(Forest Change and Harvest

snow track surveys were used

Trends), and

to simulate an occurrence vs.

non-occurrence dataset that

2) Simulate the effects

> overlapped with the study

of alternative forest 1] _r.;f area in the Forest Change and
management scenarios = q*lrﬁg.«ﬂ;}«g*“ﬂ Hatrvest Trends section
0 A el o 9 2
on lynx and marten N a,_-ﬂ“’?f_,w*’j:_r of this project (Figure
. oy Y L i .
habitat and T VLT TR 27), so that predic-
- i L [ ] et [ 5 .
evaluate tradeoffs F AT ) tor variables could
between wildlife 48 be detived using

habitat and wood
fiber management
objectives (Forest
Projections).

This analysis will
provide a better
understanding of
the effects of past
and future forest
management on
landscape pattern,
forest structure, and
habitat sustainability,
and allow us to make
recommendations to forest managers about

Figure 27. Stu

future management options.

PRIMARY ACTIVITIES IN 2007

I. PREDICTIVE MODELING AND
EVALUATING UMBRELLA-SPECIES

The final development of a model for predicting
home-range scale lynx occurrence in Maine was
completed in 2007. This work is a continuation
of previous research (Robinson 2006, M.S. the-
sis), the results of which are described in the 2006
CFRU Report “Responses of snowshoe hare
and Canada lynx to forest harvesting in north-
ern Maine.” An additional year of data from the
2006 Maine Department of Inland Fisheries and
Wildlife (MDIFW) winter snow track surveys pro-

CFRU ANNUAL R

the harvest detec-
tion time seties.
Predictor
for the marten occut-

variables

rence model were developed
using the Maine GAP Vegetation
and Land Cover map (Hepinstall et
al., 1999), and are fully transferable to for-

est and land cover maps derived

dy area for from the harvest detection seties.

collaborative research project
(shown in gray) based on
Landsat satellite imagery.

Using the spatially overlapping
datasets, we created an integrated
framework for evaluating trends
in landscape change and wildlife habitat supply.
The top models for predicting lynx and marten
occurrence were applied to forest cover maps,
also generated as part of the Forest Change and
Hatvest Trends section, which allowed us to re-
late changes in probability of species occurrence
to forest management activities.

II. FOREST PROJECTIONS

Townships representative of the variety of for-
est management legacies that have been created
since the 1970s spruce budworm outbreak were
selected for inclusion in forest stand projections.
The harvest detection time series (Forest Change
and Harvest Trends), allows for the estimation of
area harvested per harvest interval at both broad-
and fine-scales.
approximate 10-year intervals, and townships

Harvest data were combined at
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within the project study area (Figure 27) were
evaluated on the basis of trends in decadal har-
vest intensity.

The selected townships form a contiguous area
(344,181 acres) in north-central Maine and are
composed of approximately 60 parcels that in-
clude a representative mix of owners (n=10)
and owner types, including non-governmental
organization, large commercial private (with and
without conservation easements), small com-
mercial private, and state. Stand-level data for
these townships were generated that closely ap-
proximate the level of detail available from con-
ventional forest stand maps, including harvest
history, overstory composition, and estimations
of stand size class and stocking density (based
on FIA plot data for our study area). These data
form the underlying information that will be used
for forest stand projections. Forest stand projec-
tions are being implemented using the Remsoft
Woodstock (Version 3.26) forest modeling sys-
tem in conjunction with the Stanley (Version 5.0)
spatial harvesting software (Remsoft 2002) based
on customized growth and yield tables derived by
Dr. Jeremy Wilson.

Townships are projected under a set of alterna-
tive forest management scenarios to evaluate the
potential gains and tradeoffs between manage-
ment targeted at wildlife habitat and/or wood
fiber objectives. An initial set of scenarios have
been designed to make comparisons focused on
lynx and marten habitat and economic consider-
ations. These include: 1) no forest management,
2) continuation of recent (2001-2007) township-
scale harvest trends, 3) increase the maximum
size allowed for clear-cuts (>250 acres), and 4)
increase the residual basal area (trees 4.5 inches
in diameter) standard of a “clear-cut” from 30 to
60-80 ft?/ac.

By evaluating specific alternative forest manage-
ment strategies, this analysis will allow us to make
recommendations to forest managers concerning
the maintenance or creation of lynx and marten
habitat.

III. FOREST CHANGE AND HABITAT
TRENDS

In Year 2 of this project we developed a means
by which older digital land cover products can be
updated based on established forest change de-
tection techniques developed by the Maine Image
Analysis Laboratory (e.g. Sader and Winne, 1992;
Sader et al.,, 2003), and completed a retrospec-
tive time series of forest cover maps (1988-2004)
for northern Maine based on Landsat Thematic
Mapper (TM) satellite imagery. The methods for
this process (also described in the 2006 CFRU
Report “Predicting responses of forest landscape
change on wildlife umbrella species”) and prelim-
inary results were presented at the 2006 Eastern
CANUSA Conference in Quebec City.

In Year 3, the time series was further updated to
ca. August 2007, which has allowed us to describe
current landscape structure and the cumulative ef-
fects of two decades of landscape change across
roughly four million acres of northern Maine.
Because the study area (Figure 27) includes the
greater part of 176 townships, we were able to
evaluate forest harvest trends aggregated over a
diverse set of owners broadly representative of
the unorganized townships of northern Maine
(e.g. commercial forest products companies, fam-
ily-owned corporations, investment entities, and
NGOs). Accuracy assessment of forest change
detection products spanning large areas and mul-
tiple change intervals is complicated by limited
availability of independent reference data such as
aerial photography. We therefore designed and
completed a quantitative accuracy assessment of
the harvest time series based on visual interpreta-
tion of Landsat TM images, a method proven to
be a credible substitute for the air photo interpre-
tation for both clearcut and partial-harvest map-
ping (Cohen et al., 1998; Sader et al., 2003).

PRELIMINARY RESULTS

For both lynx and marten, the mostimportant vari-
able that determines landscape-scale occurrence
is the amount of preferred habitat. Modeling re-
sults showed that for lynx, this habitat is conifer
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or mixed regenerating
forest between the ages

Figure 28. 1988 and 2004 probability of occurrence surfaces for marten (top) and lynx
(bottom). Both sets are shown using the same color scheme, with higher probabilities
of occurrence identifeid by cooler colors and lower probabilities identified by warmer
colors.

of 11-34 years post-
clearcut. For marten,

preferred habitat is mid-
to late-successional for-
est (conifer, deciduous,
or mixed) with sufficient
tree height and canopy
cover. Application of
the predictive species
occurrence models to
the detection
time series showed that
the broad-scale trends
in probability of occur-
rence for lynx and mar-
ten have followed differ-
ent trajectories (Figure
28). Figure 28 presents
1988 and 2004 prob-
ability of occurrence
surfaces for marten (top
panels) and lynx (bot-
tom panels). In 1988,
there were more areas
of higher probability for
marten than for lynx.

harvest

Probability of
Occurrence
-'.‘veter
B ui-a2
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| SR
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Areas of lower probabil-

ity of marten occurrence

coincided with the early-successional habitats that
resulted from 1970s and 80s salvage clearcuts. By
2004, the area associated with higher probability
of marten occurrence had become significantly
reduced and the area associated with higher prob-
ability of lynx occurrence had expanded. This
expansion over the 16 years has occurred as an
increasing amount of regenerating forest has
reached the age range associated with high snow-
shoe hare densities (11-34 years).

Forest cover maps for 1988 and 2004 are shown in
Figure 29, produced by backdating and updating
the 1993 Maine GAP vegetation and land cover
map using the harvest detection time series. For
the period 1988-2004, harvest class user (and pro-
ducer) accuracies range from 85-94% (82-98%),
indicating somewhat variable but very low rates
of both commission and omission error. Within

our study region, annual harvest area estimates
remained roughly constant from the late 1980s
through the mid-1990s at approximately 80,000
ac/year, increased shatply to about 125,000 ac/
year by 2000, and then decreased to approximate-
ly 75,000 ac/year by 2004. During the late 1980s,
coniferous and mixed forest types were each
harvested at rates more than double that of de-
ciduous forest. By 2004 coniferous and decidu-
ous forest types appear to be harvested at similar
rates, roughly half that of mixed forest.

PLANS FOR 2008

Using the time series of harvest detection and
forest cover maps, we will document cumulative
effects of evolving management practices, includ-
ing changes in landscape pattern, forest age class
distributions, forest composition, and consequent
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changes in lynx and
marten habitat sup-

Figure 29. Forest harvest and land cover maps for 1988 (left) and 2004 (right).

ply (e, completion
of Forest Change and
Habitat Trends). In
addition, we will be
using various quan-
titative  techniques,
including  regression
models, to analyze
trends in forest har-
vest activity apparent
in the retrospective
time series. Based on
the for-
est management sce-
narios outlined above
(Forest  Projections),
we will compare forest
and habitat conditions
and timber volume
removed to
ate future tradeoffs

(2007-2057).  These

alternative

evalu-

- Coniferous Forest

B Mixed Forest

[T Deciduous Farest

Deciducus Forested Wetland
B coniferous Forested Wetland
B Han-farested Wetland

B vster f Shoreland

1988

Harvest, ca. 1970-1888
P Harvest, 1988-1991
B Harvest, 19591-1593
["] Harvest, 19931595
[7] Harvest, 1895-1997
[ | Harvest, 1997-1599
"] Harvest, 1999-2000

] Harvest, 2001-2004

analyses will ultimate-

ly enable us to make

recommendations to the forest companies that
participate with CFRU, the Maine Department of
Inland Fisheries and Wildlife, and the U.S. Fish
and Wildlife Service about strategies that will pro-
mote future habitat for lynx and marten habitat in
notrthern Maine.

For more information about this project contact
Dan Harrison at harrison@umenfa.maine.edu.
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Cost EFFECTIVE METHODS FOR TRACKING STRUCTURAL
ATTRIBUTES IMPORTANT TO FOREST BIODIVERSITY

Andrew Whitman and John Hagan

INTRODUCTION

A growing challenge for forest landowners is
managing for structural attributes important to
biodiversity, such as large trees, snags and down
woody debris. ILarge trees provide important
substrates for epiphytes (Selva 1994), and den
and nesting sites for furbearers and large bod-
ied birds (DeGraff and Rudis 1986, Tubbs et al.
1987). Snags provide food, shelter, and substrate
for many animals (DeGraff et al 1992, Hammond
1997). In New England, down coarse
woody debris (CWD) provides forag-
ing habitat or cover for over 30% of
the mammals, 45% of the amphibians,
and 50% of the reptiles (Degraff and
Rudis 1986). Current forest certifica-
tion standards acknowledge the im-
portance of structural attributes and
require that landowners manage for
them. Yet cost effective methods for
measuring and managing for structure
are lacking,

Structural attributes are difficult to in-
ventory with great precision because
their abundance varies tremendously
within stands and across landscapes
(Stahl et al. 2001). There are many
methods for inventorying these vari-
ables but each method has its pitfalls
(Stahl et al. 2001). Although several
studies have estimated statistical pre-
cision of different down CWD sam-
pling methods, none have evaluated
the tradeoffs between cost (amount
of sample area and number of sam-
ples) and the ability to statistically de-
tect change. For northeastern forests,
statistical guidance can help landown-

achieve their objectives with regard to sampling
cost (e.g, plot size, prism factor, etc.), and statisti-
cal efficiency.

1t 2007, we collected field data to evaluate the two
most promising down CWD protocols: the per-
pendicular distance sampling (PDS) method and
line intercept sampling (LIS) method. The PDS
method is conceptually similar to the prism meth-
ods used for trees where the effective sampling
radii increase with log diameter (Williams and

John Williamson measuring CWD for the perpendicular distance sampling (PDS)

ers select the best CWD protocol to  method (A. Whitman photo)
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Gove 2003). Downed CWD volume then can be
calculated based on counts of logs (Williams and
Gove 2003). The LIS method requires measure-
ment of log diameter where logs cross a randomly
oriented transect. We also collected field data to
evaluate the use of 5-, 10- and 15-basal-area fac-
tors (BAF) for sampling large trees and snags.

STATUS

In northern Maine, we met our goal of ran-
domly sampling over 150 points using the PDS
and LIS methods for CWD and 5-, 10-, and 15-
BAF prisms in three landscape types expected to
vary distinctly in their per acre volumes of down
CWD: intensively managed (n=50), extensively
managed (n=58), and unmanaged (n=50). For
the PDS method, we applied two commonly used
factors (KPDS =500 and KPDS =250 that are
analogous to prism factors) which have different
effective sampling radii. For the LIS method, we
sampled 328 ft of line transect and noted the dis-
tance of each piece of CWD along each transect.
Field crews counted 2848 logs using the LIS
method, 596 logs using the PDS method, and 519
large trees and snags (> 18 in DBH) using 5, 10,
and 20 BAF prisms. We sampled 18 old-growth
sites in order to identify reference points for each
protocol.

RESULTS

All of the structural attribute data have been en-
tered and are being analyzed as part of a grad-
uate student project (John Williamson, Duke
University). The field crew encountered two
major limitations with the PDS method. First,
its sampling time can be great. In stands with
thick underbrush or high relief, finding logs can
be problematic. Moreover, when large (> 18 in
DBH) logs are likely present (as is the case in
much of northern Maine) then the limiting radii
for the search area can exceed 100 ft. This large
effective search area made it impractical to use
PDS when large logs occur even at low levels of
abundance. Second, when stands were densely
stocked ot had thick underbrush, it was often dif-

ficult to determine the line of sight to the plot
center. Without a line of sight, it was impossible
to assess the perpendicularity of a point on the
log, which is essential to determining whether a
log was to be counted.

These two limitations for the PDS method were
experienced by the crews and are reflected in
sampling statistics. On average, the PDS method
required measuring fewer pieces of down CWD
per sample point than the LIS method: five pieces
versus 19 pieces, respectively. The PDS method
took slightly more time per sample point than the
LIS method: averaging 25 versus 22 minutes, re-
spectively. Moreover, the PDS method took much
more time than the LIS method in unmanaged
stands: 20 minutes versus 52 minutes, respective-
ly. In unmanaged stands, the PDS method may
be impractical to use along side standard timber
inventory protocols. Here, the PDS method can
be demanding by requiring the search of > 0.5 ac
whereas an LIS protocol might simply require sur-
veying a 328-ft transect. Additional analyses will
be conducted to identify the tradeoffs between
cost and statistical power for the LIS method and
the PDS method and identifying reference levels
for each method.

Large trees and snags were detected at 52% of
the sample points. In late-successional (LS)
stands, very large (> 30 in DBH) trees and snags
can have limiting search radii exceeding 300 ft
when using a 5-BAF prism. This makes using a
5-BAF prism impractical for sampling large trees
along side standard timber inventory protocols in
LS stands. Additional analyses will be conducted
to establish the statistical power of different BAF
for sampling large trees and snags using different
prisms and to identify LS reference levels.

TASKS

e Field work (summer 2008): Developing
effective methods for surveying for LS
stands
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* Report (Oct 2008): Effective
methods for tracking of forest
structure and LS forest in northern
Maine.

* Manuscript (Oct 2008): Effective
monitoring of forest structure and
LS forest in an industrial forest

* Presentation: Effective monitoring
of forest structure in the industrial
forest (May 2008 CFRU biennial
workshop).

For more information on this study
contact Andy Whitman, Manomet
Center for Conservation Sciences, 14
Maine Street, Suite 305, Brunswick,
ME 04011 (207) 721-9040 or email
awhitman@prexat.com.
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HEADWATER STREAM STUDY

Ethel Wilkerson and John Hagan

INTRODUCTION

In 2001 we began a before-and-after study to
evaluate the effectiveness of different stream buf-
fer widths for protecting water temperature, wa-
ter chemistry, and other stream and riparian bio-
logical values. The study was prompted by public
concerns about the impacts of timber harvesting
on very small perennial headwater streams, for
which there are no shade or buffer requirements
in state regulations. Our goal was to understand
the level of stream protection afforded by differ-
ent buffer widths, including no buffers.

The study was originally designed to run three
years (one pre-treatment year, 2001, and two post-
treatment years, 2002-2003). However, because
of significant increases in stream temperature
that persisted through the second post-harvest
year, the CFRU continued the study to monitor
timing of temperature recovery. In 2007 we col-
lected our 6th year of post-harvest temperature
data from the experimental streams. This report
provides water temperature results for all seven
field seasons (2001-2007) and data on recovery
(i.e. regrowth) of riparian vegetation and canopy
cover (i.e. shade) as well as trees lost to blow-
down within the buffer strips.

STUDY DESIGN

At the beginning of the study (2001) we as-
signed 15 headwater (1*-order) streams in west-
ern Maine to one of 5 study treatments (Table
8). All streams were measured for water tem-
perature both before harvest (2001), and after
harvest (2002- 2007). In each year of the study
we deployed automatic temperature recorders
at 100-m intervals along a 500-m study reach in
each of the 15 study streams (Figure 30). Within

the 300-m harvest zone, we measured overhead
shade levels and height of understory. Beginning
in 2002 (1* post-harvest year), we recorded the
number of trees lost to blowdown each year with-
in the buffers.

RESULTS

Stream Temperature: Has temperature
recovered six years after the harvest?

In 2007, six years after the harvest, mean weekly
maximum water temperatures in the “no buf-
fer” streams were not significantly elevated over
pre-harvest levels (Figure 31). This follows five
consecutive years of significantly elevated stream
temperatures (2.0-3.4°C) in streams harvested
without a buffer. We conclude that stream tem-
perature increases have now begun to moderate

Figure 30. Study layout.
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Table 8. Harvest treatments used in this study.

Harvest Prescription
No Buffer Clearcut harvest zone, no-buffers 3
-m Buffer earcut harvest zone with partially harveste -m buffers, both sides
11-m Buff Cl th t th partially h ted 11-m buffers, both sid 3
23-m Buffer Clearcut harvest zone with partially harvested 23-m buffers, both sides 3
Partial Harvest Partial cuts with no designated buffer 3
Control No harvesting 3
in streams without a buffer. Summer air —
o o O —~
temperature in 2007 was cooler than in < @B uffer 25 9
: : © 20 =
five of the six post-harvest years (Figure 5 I\I/I\;/I/I\l 20 @
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. . (0]
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conclude with certainty that stream tem- 5 20 2
© 18 2
peratures have returned to pre-harvest 4 15 8
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< C. 23-m Buffer 5
els over the stream channel following the > 20 Wi 259
harvest (Wilkerson et al. 2006). Shade [ 2 18 -
levels remained over 85% and as a result “éi 16 15 8
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creases in stream temperature after the g 12 g =
timber harvest (Figure 31). No increase = 10 0
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Figure 31.The mean weekly maximum tempera- < 255
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ture from June 15- August 15 in the pre-harvest 5 20 ©
year (2001) and the six post-harvest years (2002- © 18 o 2
2007). Different letters represent a statistical dif- a o
ferences (alpha=0.05) from the pre-harvest year. 518 10 €
Water temperature readings were taken at the . e
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m from the stream channel.
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Figure 32. Average shade levels within the harvest zone of the streams without a buf-
fer in the pre-harvest (2001) and six post-harvest years (2002-2007). Shade levels were
measured at approximately 0.3 m and 1.4 m above the stream channel.

no-buffer stream chan-
nels (Figure 32). Shade
levels were higher closer

to the water’s surface
because the streamside

vegetation is less than 1
m in height (Figure 32).

Six years after the har-
vest, shade levels were
at 35% approximately
1.4 m above the stream
and 49% 0.3 m above
the stream (Figure 33).
Temperature
tion in streams harvested
without a buffer suggests
that 35-49% shade may
be effective at protecting

modera-
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the stream channel from
solar radiation. Data to
be collected in 2008 will

Temperature Recovery: the importance of
shade.

Shrubs and saplings can partially shade the stream
from solar radiation and mitigate temperature im-
pacts associated with harvesting (Feller 1981). To
track regrowth of vegetation, we have monitored
the height of the recovering streamside under-
story vegetation and shade over the stream chan-
nel. To account for the contribution of low veg-
etation (<1 m tall) to shade levels we measured
shade with a spherical densitometer 0.3 m above
the stream channel. We also measured shade at
the traditional height (1.4 m).

The height of the understory stream-
side vegetation in the streams without
a buffer rapidly increased following
the timber harvest. In 2007, the aver-
age height of understory was 0.88 m
(Table 9), an increase of 0.45 m since

help us understand the
shade issue better.

Blowdown Within the Buffers: how much,
how frequently, and what species?

Riparian buffers can be susceptible to wind related
mortality (Grizzel and Wolff 1998). Blowdown
within buffers can reduce the ecological function-
ality of the buffer strips for protecting streams
(Jackson et al. 2007). To document blowdown
within stream buffers we tracked the number, size,
and species of trees within the buffers that died
each year after the harvest due to wind damage.
The number of blowdown trees at each site was
adjusted for the buffer area (this varied by site due

Table 9. Average height (m) of the dominant type of understory vege-
tation within the harvest zone of streams without a buffer. Measure-
ments were taken in 1 m? plots on both sides of the stream channel
every 20 m in 2003-2007 (second through sixth post-harvest years).

measurements began in 2003 (the sec-

ond post-harvest year). As the height

of the understory vegetation has in-

creased, so have shade levels over the

stream channel. Immediately after the

harvest, shade decreased 66-68% on the

Post-Harvest yr. 2 (2003) 0.43 0.02
Post-Harvest yr. 3 (2004) 0.69 0.04
Post-Harvest yr. 4 (2005) 0.76 0.03
Post-Harvest yr. 5 (2000) 0.78 0.03
Post-Harvest yr. 6 (2007) 0.88 0.04
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Figure 33. The average number of blow down per acre of buffer in the six years following the harvest (2002-2007).
Blowdown in the control treatment group was only measured within 23 m of the stream channel.
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to harvest prescription and differences in removal
rates and harvesting techniques). Blowdown in
control streams was only measured within 23 m
of the stream channel.

In the six years after the harvest the average
amount of blowdown for each treatment group
ranged from 5 to 15 trees blown down per acre of
buffer (Figure 33). Not surprisingly, the amount
of blowdown was smallest in the streams har-
vested without buffers due to almost complete
removal of trees adjacent to the stream channel.

Streams with buffers 11-m wide had the most
blowdowns at 15 trees per acre of buffer (Figure
33). Unharvested streams had an average of 11
blowdowns per acre within 23 m of the stream
channel. Thus, relatively narrow 11-m buf-
fers showed about a 37% increase in blowdown
rate relative to natural blowdown rates in intact
forest.

The number of blowdown per year varied great-
ly among years. The occurrences of blowdown
were episodic, with 2006 having the greatest

Table 10. Percentage of blown down trees by species within each treatment group.

Balsam Fir 32 21 49 43 62
Beech 4 1 5 4
Cedar 0 8 0 4 1
Quaking Aspen 0 0 0 0
Red Maple 0 3 2
Spruce 24 43 38 16 15
Sugar Maple 16 8 3 2
White Birch 4 1 1
Yellow Birch 20 7 3 19 6
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Figure 34. The percentage of blowdown (in all treatment groups) by size class for a) Balsam Fir, b) Spruce, c) Yellow

Birch, d) Sugar Maple.
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number of blowdowns in the majority of treat-
ment groups (Figure 33). In the control treat-
ment group the number of blowdowns in 2006
was 3-14 times greater than in other years of the
study. This is likely due to a number of heavy
rain and high wind events in the spring of 2006
(UNH 2006). We observed no changes in water
quality or increases in stream temperature over
the course of the study, indicating the amount
of blowdown we observed did not alter the func-
tionality of the buffers.

The species most impacted by blowdown were
balsam fir (21-62% of all blowdown) and spruce
(15-38% of blowdown), regardless of harvest
treatment (Table 10). Yellow birch and sugar
maple comprised a smaller proportion of blow-
down (up to 16% and 20% respectively, Table
10) even though some sites had a large hardwood
component. For balsam fir, blowdown was most

CFRU ANNUAL REPORT 2006 - 2007

common (27%) in the 15-20 cm size class but
85% of the blowdown was between 10-30 cm
DBH (Figure 34a). Spruce blowdown was fairly
evenly distributed across size classes with 97% of
blowdown between 10-40 cmn DBH (Figure 34b).
Mortality of yellow birch occurred predominately
(47%) in trees larger than 30 cm DBH (Figure
34c) while the greatest proportion (64%) of sug-
ar maple mortality was between 10-20 cm DBH
(Figure 34d).

CONCLUSIONS

1) Six years after harvest, stream water
temperatures were no longer significantly
elevated over pre-harvest levels on
the streams without a buffer. Water
temperatures have decreased for two years
in a row and if this trend continues in 2008

68


http://www.umaine.edu/cfru

we can conclude the water temperatures in
streams without a buffer have returned to
pre-harvest levels.

2) Streamside vegetation in the unbuffered
streams has grown to an average height of
0.88 m in the six years following harvest.
This low vegetation averages 49% shade
near the water’s surface. The moderation
in strea Figure 34. The percentage of
blowdown (in all treatment groups) by size
class for a) Balsam Fir, b) Spruce, c) Yellow
Birch, d) Sugar Maple. The moderation in
stream temperatures in temperatures in 2007
suggests that the streamside vegetation is
effectively protecting stream channels from
solar radiation.

3) Blowdown within the 11-m, 23-m,
and partial harvest treatments did not
compromise the ability of buffer strips
to shade the stream from inputs of solar
radiation. Blowdown within harvested
buffers ranged from 5-15 blowdown per
acre in the six years following the harvest.
Natural blowdown rate averaged 11 trees/ac
along control streams.

4) The most common species of blowdown
mortality were balsam fir and spruce. Large
frequencies of blowdown also occurred in
sugar maple between 10-20 cm DBH and
yellow birch larger than 40 cm.

PLANNED ACTIVITIES

This winter and spring we will be submitting sev-
eral manuscripts for publication. In May 2008, we
will begin a seventh post-harvest field season on a
subset of the original study streams. We will con-
tinue to measure water temperature, understory
vegetation communities, and over stream canopy
closure on streams without a buffer, streams with
an 11 m buffer, and controls (n=9).
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RIPARIAN BIODIVERSITY PROJECT

Ethel Wilkerson and John Hagan

INTRODUCTION

Streams and associated riparian zones are com-
mon features in forested landscapes and can oc-
cupy a large proportion of the landscape (Bren
1995). Riparian areas are located at the intersec-
tion of aquatic and terrestrial habitats and are
considered biodiversity “hotspots” (Richardson
and Danehy 2007). To protect water quality,
Maine state forestry regulations require the estab-
lishment of riparian management zones (RMZs)
adjacent to streams and other water bodies. While
RMZs can effectively protect water quality, what

Figure 35. Study layout: the in-stream transect was 100
m long with 2-25x20 m ripatian transects on each side
of the stream channel.
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other ecological and biodiversity benefits might
be provided by RMZs? Can forest within RMZs
contain similar structures and ecological func-
tions of unharvested forest, such as late-succes-
sional forest structure and species (LeDoux and
Wilkerson 2006)? The objective of the Riparian
Biodiversity Project is to document the degree
to which RMZs provide ecological benefits be-
yond simply protecting stream water quality (e.g,,
Wilkerson et al., 2000).

In 2007, we conducted a field study to assess
the ecological and biodiversity values of RMZs,
as well as to report on the ability of RMZs to
protect water temperature. Comprehensive data
analysis is now underway.

STUDY DESIGN

In this study we quantified an array of structural,
functional, and compositional attributes of RMZs
to determine how RMZs are contributing to over-
all biodiversity goals of sustainable forestry (Table
11). During the summer of 2007, we visited 140
streams in commercial forest landscapes across
the state of Maine (Figure 35). At each stream we
established transects within the stream channel
and adjacent riparian areas (Figure 36). Because
management history often differed on opposite
sides of the stream channel we considered RMZs
on each side of the stream as a separate sampling
unit (n=260).

RESULTS

At each site, we measured the width of the RMZ
and estimated the number of years since the last
timber harvest. By stratifying buffer widths by
time since the last harvest we can examine how
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Table 11. Parameters measured at each site and their contribution to different components Canopy
of biodiversity
Cover-Stream
Temperature
and Amphibian
Habitat
Structural Elements
Tree size v Increases in solar ra-
Canopy Layers v diation to the stream
Basal Area v channel can result in
Large standing dead increases in stream
4 temperature (Brown
wood p _
Large fallen dead and Krygier 1970).
d v Data collected dut-
oo i he Headwat
Compositional Elements R B€ e? gatcr
e 16 Streams Project (a
clected 1o mosses CFRU-funded proj-
Selected LS lichens ect) illustrated the
Scat Surveys (deet, v relationship be-
moose, bear) tween shade levels
Process/Function Elements over stream chan-
Canopy Cover v nel and changes in
Erosion/scarification stream  temperature
. v i
ole (Wilkerson et al.
eaf litter depth v 2906). In streams
In-Channel Elements B e levels
<40% we observed
In-stream large o !
] v significant increases
woody debris
Canopy cover 4 4
In-stream o N
v v = o
sedimentation £ ]
0
. . nm
riparian management practices on small streams Ty ]
have changed over time. Only 6% of streams i 1 “E"
did not have a buffer that had adjacent harvests '
within the last five years. Approximately 20% of I
streams harvested 5-10 years ago did not have . )

buffers, and 40% of streams harvested more than
15 years ago (Figure 37).

In addition to fewer streams being harvested with-
out a buffer, the widths of RMZs have increased
over time. In more recent harvests (<5 yrs ago)
60% of the RMZs were greater than 20-m wide
compared to only 40% in harvests occurring over
five years ago. This trend is a result of changes in
state regulations but also an increased awareness
of the role of forested buffers in maintaining wa-
ter quality and biodiversity.
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Figure 37. The percentage of sites with average shade levels over the
stream channel within different categories. Thresholds for different risk
levels for increases in stream temperature were assigned based on data

from Wilkerson et al. 2006.

(2) 40-80%: sites potentially vul-
nerable to increases in local stream
temperature, and (3) >80% shade:
sites not vulnerable to increases in
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stream temperature. At the 260
sites we visited in 2007, 7% had av-
erage shade levels of <40% over the
stream channel, making them at risk
for temperature increases (Figure
38). However, 83% of sites had av-
erage shade levels over the stream
channel greater than 80% (Figure
38) indicating they were not vulner-
able to increases in temperature.

Canopy cover in riparian areas is also
important for populations of am-
phibians (deMaynadier and Hunter
1995). Amphibian habitat guidelines

in stream temperature. Streams with shade lev-
els >80% had no changes in stream temperatures
(Wilkerson et al. 2006). Based on these results
we classified average shade levels of the study
sites into 3 categories: (1) <40% shade: sites at
risk for local increases in stream temperature,

Figure 38. The percent of RMZ sites with different shade levels at 1 m, 12 m,
and 20 m from the stream channel. Thresholds for shade levels were determi-
ned based on recommended guidelines for conserving amphibians during forest
harvest operations (Calhoun and deMaynadier 2004). Shade levels between
50-75% (black bars) meet the shade recommendations for amphibian habitats
30-120 m from water body. Shade levels >75% (green bars) met shade levels

for amphibian habitats <30 m from a watet body.

recommend that forestry operations
maintain >75% shade within 30 m
of awater body (Calhoun and deMaynadier 2004).
Over 80% of the RMZs we sampled met this cri-
terion (Figure 39). Depending on the distance
from the stream channel, 5-11% of the RMZs had
shade levels between 50-75% (Figure 39), which
meet the shade guidelines for amphibian habitat
between 30-120 m from water
bodies (Calhoun and deMay-
nadier 2004). Between 7-9%
of the RMZs had shade levels
below 50%, which are below
the recommended levels for
amphibian habitat.

Late Successional

1 12

Distance from the Stream Channel (m)

100 §
= <50% Attributes
I 50-75%
E >75%
80 - ,
Some structural elements im-
o portant to biodiversity, par-
60 i )
p= ticularly late successional (LS)
© :
= forest attributes, can be chal-
2 40 lenging to maintain in inten-
sively managed upland areas.
20 LS structures (big trees, snags,
logs) require rotation lengths

longer than are economical-
20 ly viable in managed forests
(Hagan and Whitman 2004).
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Because state regulations limit
harvest activity within RMZs,
RMZs might
maintain LS attributes across
the landscape.

function to

The LS Index developed by
Whitman and Hagan (2007)
used density of trees >40 cm
DBH as an indicator of the
seral stage of forest stands.
Scores for the LS Index range
from 0 to 10, with conditions
ranging from clearcuts (score
0) to old-growth forests
(score = 10) (Figure 40a).
Stands with LS Index scotes
of >06 are considered to con-
tain LS attributes similat to old
(>100 yrs) forest (Whitman
and Hagan 2007).
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Figure 39. The cumulative percent of RMZs with buffer widths wider and
narrower than a particular buffer width category. Sites were stratified by the
number of years since the most recent timber harvest (0-5 yrs, 5-10 yrs, 10-15
yts, and 15+ yrs).

There was large variability in the LS Index scores

within each harvest age group as indicated by

The median LS Index score for RMZs harvested
within the past 5 years was 7 (Figure 40b) indi-
cating that the majority of these RMZs had at-
tributes of LS forest (Figure 40b). Median LS
Index scores for other groups of RMZs ranged
from =2 (RMZs harvest between 5-10 and 15-20
years ago) to 5-6 (RMZs harvested 10-15 and 20+

the size of the interquartile boxes (Figure 40b).
This high variability could be due to differences
in management history (number of entries, target
species, harvest prescription, etc.), site condition

(soil type, productivity, topography, etc.), and in-

years ago) (Figure 40b).

stitutional policies and practices of different land-

owners (state land verses private land, etc.).

Figure 40. A) LS Index scores for different seral classes of forest (Whitman and Hagan 20006). B) LS Index scores of
RMZs stratified by the number of years since the most recent timber harvest. The size of each box shows the variability
(interquartile range) of scores within each group. The solid line represents the median score for the group.
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Many of the RMZs sampled contained attributes
similar to LS forest. However, the large variability
in LS Index scores made it difficult to interpret
how well RMZs can maintain LS forest across the
landscape. The variability among sites calls into
question the efficacy of using RMZs as a primary
conservation tool for LS forests. A more detailed
analysis will be performed and the conclusions
will be distributed to CFRU members through
Manomet’s Mosaic Science Note publication
series.

CONCLUSIONS

1) Within the past 5 years only 6% of streams
harvested did not have buffers, and RMZs
were wider than for streams harvested
between 5-15+ years ago. This reflects
changes in riparian management guidelines,
but also may reflect increased awareness of
water quality and biodiversity issues.

2) More than 80% of RMZs had adequate
shade to prevent increases in stream
temperature and to maintain amphibian
habitat. Only a few (7%) of the sites had
shade levels (<40%) that put sites at risk for
local increases in stream temperature. At 9%
of the RMZs shade levels within the ripatrian
areas were below the recommended shade
threshold for amphibian habitat (50%).

3) Many RMZs had structural attributes of
LS forests. However, high variability in the
LS Index scores make it difficult to gauge
the effectiveness of RMZs in maintaining
LS forests across the landscape. A more
thorough analysis is presently underway.
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Figure 1. CFRU members contributed $454,283 this Figure 11. First-year control of beech and sugar maple
year. An additional $367,160 was leveraged from stem count following three rates of glyphosate
external funding sources, and the University of herbicide and four concentrations of EnTree 5735
Maine contributed $78,899 of in-kind support. 16 surfactant (hydraulic nozzle data).

Figute 2. Fot every dollar contributed by one of out Figure 12. First-year control of beech and sugar maple
five largest members they received $6.95 from with 0.5 Ib/ac glyphosate herbicide and 0.25%
other members, $6.43 from external funding EnTree 5735 surfactant at the Huber (T2R7) site.
sources, and $1.38 from in-kind contributions by Photo on left shows the plot before treatment.
the University of Maine. Therefore, every dollar The photo on right shows the same plot one year
conttibuted by the five latgest CFRU members later. Note dead beech stems and large number of
leveraged an average of $14.77 to support CFRU uninjured sugar maple seedlings in right photo.
research. 16 Figure 13. Differences in hardwood species susceptibil-

Figure 3. The control plots at PCT sites have more ity to all glyphosate treatments based on first-year
than doubled their standing volume in six years. 23 changes in stem count for all three sites (hydraulic

nozzle data). Species ranking was similar for all

Figure 4. Individual codominant trees show 1.5 and
1.9 times (33% and 50% treatments, respecitvely)
increases in net PAI than in the control treatments. 23

treatments.

Figure 14. Number of stems of understory tree regen-

] ) . ) eration for five tree species in the understory of
Figure 5. PCT plots are still capturing gorwing space

! - ) ) adjacent sprayed and unsprayed stands three years
while No-PCT sites are losing stems to density

after treatment in a Plum Creck Timber Company

dependent and wincEEE o demonstration trail. The spray treatment was 1.25

Figure 6. Predicted volume loss associated with differ- qta/ac of Accord Applicators Concentrate with 12
ent stand types and defoliation severities. From oz/ac of Entry II sutfactant applied by skidder-
MacLean et al. 2001. 25 mounted mist blower.

Figure 7. Modeling framework used Within thlS Study. 28 Figure 15. Pattern Of suppression fOHOWCd by release
and relatively constant radial growth in the stump

height disc (A), no core suppression in the mid
height disc (B).

Figure 8. Comparison between observed development
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trials and FVS-NE projections for several key
structural parameters, both before (left column)
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Figure 9. Projected harvest costs at time of either early
or late commercial thinning as affected by initial
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position in site index 50-60 stands. Age range of
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Figure 10. Difference in net present value (NPV) over
stand age between early (solid lines) and late (dot-
dash lines) commercial thinning and those stands
not receiving commercial thinning for the three
spacing treatments. Differences are based on
the maximum NPV for no commercial thinning;
therefore, all periods with positive values indicate
a more favorable treatment in regards to financial
petformance. Values are given for site index 50 60
stands, summarized by pure conifer and mixed-
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wood archetypes. 31  Chris Richards maneuvers his Deere 1270 processor at Lagy Tom.
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Figure 16. Stem profile of sample tree 42. Each line
represents one year of height and diameter
growth. Tighter lines indicate periods of sup-
pressed height and diameter growth. Note the
prominent basal flare below 2 m and the sup-
pressed core. 39

Figure 17. Pattern of constant or increasing radial
increment commonly seen at breast height in
northern white-cedar. 40

Figure 18. Branch leaf area (A) and branch foliage mass
(B) as a function of relative distance (RD) into the
crown and branch diameter (BD) as predicted by
SQRT(y) = (b,BD") * (RDb,-1) * (EXP-(b,RD")).
Branch leaf area (C) and branch foliage mass (D)
as predicted by LN(y) = (b,D"?) * (RDb,-1) *
(EXP-(b,RD"™)). The best-fit models were (B) and
©. 41

Figure 19. Honer’s (1967) model form refit to obtain
new parameter estimates. 42

Figure 20. Volume increment as a function of pro-
jected leaf area as predicted by (A) [VINC 1] and
(B) [VINC 2] for 25 northern white-cedar trees.
Figures depict optimal model weights. 42

Figure 21. Northern white-cedar timberland (A)
and net volume (B) by size class in Maine (after
McWilliams et al. 2005). 43

Figure 22. Average annual net change in north-
ern white-cedar forestland since 1995 (after
McWilliams et al. 2005). 44

Figure 23. Beech dominated stand on Hubet Resources
lands selected for biomass harvest study. 48

Figure 24. Beech trees showing symptoms immediately
after injection of glyphosate hetrbicide using a
hypo-hatchet in August 2007. 49

Figure 25. Beech stand immediately after biomass har-
vest in fall 2007. 50

Figure 26. Sample of 14 townships in north-central
Maine, representing the forest management lega-
cies that have been created since the 1970s spruce
budworm outbreak. 53

Figure 27. Study area for collaborative research project
(shown in gray) based on Landsat satellite imagery. 56

Figure 28. 1988 and 2004 probability of occurrence
surfaces for marten (top) and lynx (bottom). Both
sets are shown using the same color scheme, with
higher probabilities of occurrence identifeid by
cooler colors and lower probabilities identified by
warmer colors. 58

Figure 29. Forest harvest and land cover maps for 1988
(left) and 2004 (right). 59

Figure 30. Study layout. 64

Figure 31.The mean weekly maximum temperature
from June 15- August 15 in the pre-harvest year
(2001) and the six post-harvest years (2002-2007).
Different letters represent a statistical differences
(alpha=0.05) from the pre-harvest year. Water
temperature readings were taken at the lower end
of the harvest zone (100-m station). Air tempera-
ture readings were taken within intact forest, 100
m from the nearest harvesting and 50 m from the
stream channel. 65

Figure 32. Average shade levels within the harvest zone
of the streams without a buffer in the pre-harvest
(2001) and six post-harvest years (2002-2007).
Shade levels were measured at approximately 0.3 m
and 1.4 m above the stream channel. 66

Figure 33. The average number of blow down per acre
of buffer in the six years following the harvest
(2002-2007). Blowdown in the control treatment
group was only measured within 23 m of the
stream channel. 67

Figure 34. The percentage of blowdown (in all treat-
ment groups) by size class for a) Balsam Fir, b)
Spruce, ¢) Yellow Birch, d) Sugar Maple. 68

Figure 35. Study layout: the in-stream transect was 100-
m long with 2 25x20 m riparian transects on each
side of the stream channel. 70

Figure 36. Map of study locations. 71

Figure 37. The percentage of sites with average shade
levels over the stream channel within different
categories. Thresholds for different risk levels
for increases in stream temperature were assigned
based on data from Wilkerson et al. 2006. 72

Figure 38. The percent of RMZ sites with different
shade levels at 1 m, 12 m, and 20 m from the
stream channel. Thresholds for shade levels were
determined based on recommended guidelines for
conserving amphibians during forest harvest op-
erations (Calhoun and deMaynadier 2004)... 72

Figure 40. A) LS Index scores for different seral classes
of forest (Whitman and Hagan 2006). B) LS Index
scores of RMZs stratified by the number of years
since the most recent timber harvest. The size of
each box shows the variability (interquartile range)
of scores within each group. The solid line repre-
sents the median score for the group. 73

Figure 39. The cumulative percent of RMZs with buf-
fer widths wider and narrower than a particular
buffer width category. Sites were stratified by the
number of years since the most recent timber
hatrvest (0-5 yrs, 5-10 yrs, 10-15 yrs, and 15+ yrs). 73
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