











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.

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 36. Map of study
locations.
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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-
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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.

10 + + T ° L] T 10
(0] ° [0)
o 8 + T . 4+ g O
O o O
19p] . [9p]
(] L]
P 6 o ° . 1 1 L Il & 4
g . -— G
o 4 4 G
H [ —
0 9]
= 2 2 A
(] (]
0 1 o T T — T 0
: - 5 : i~ . v T T : T
& 4V@é’ N & & & 0-5 5-10 10-15 15-20 20+
5 oy ) < B
& @/6 & Q@ oﬁw 0(/0
& o o7 o &2 > Years Since Harvest
af @Q & & &
S <
< <2
v 3
~ <

CFRU ANNUAL REPORT 2006 - 2007 73


http://www.umaine.edu/cfru

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
for treatment plots in the Green River thinning
trials and FVS-NE projections for several key
structural parameters, both before (left column)
and after (right column) calibration. Values are
only shown for inventories at least 20 yeats post-
precommercial thinning; 29

Figure 9. Projected harvest costs at time of either early
or late commercial thinning as affected by initial
precommercial thinning treatment and stand com-
position in site index 50-60 stands. Age range of
commercial thinning entry is given above each bar. 30

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-

34
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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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