








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 

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., 2006).  

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 

Ethel Wilkerson and John Hagan

Riparian Biodiversity Project

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.
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riparian management practices on small streams 
have changed over time.  Only 6% of  streams 
did not have a buffer that had adjacent harvests 
within the last five years.  Approximately 20% of  
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.   

Canopy 
Cover-Stream 
Temperature 
and Amphibian 
Habitat

Increases in solar ra-
diation to the stream 
channel can result in 
increases in stream 
temperature (Brown 
and Krygier 1970).  
Data collected dur-
ing the Headwater 
Streams Project (a 
CFRU-funded proj-
ect) illustrated the 
relationship be-
tween shade levels 
over stream chan-
nel and changes in 
stream temperature 
(Wilkerson et al. 
2006).  In streams 
with shade levels 
<40% we observed 
significant increases 

Table 11. Parameters measured at each site and their contribution to different components 
of  biodiversity

Aquatic  
Habitat

Terrestrial  
Habitat

LS  
Attributes

Water  
Quality

Structural Elements
Tree size  

Canopy Layers 

Basal Area  
Large standing dead 
wood  

Large fallen dead 
wood  

Compositional Elements
Selected LS mosses 

Selected LS lichens 
Scat Surveys (deer, 
moose, bear) 

Process/Function Elements
Canopy Cover  
Erosion/scarification 
index 

Leaf  litter depth 
In-Channel Elements

In-stream large 
woody debris 

Canopy cover  
In-stream 
sedimentation  

Figure 36. Map of  study 
locations.
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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, 

(2) 40-80%: sites potentially vul-
nerable to increases in local stream 
temperature, and (3) >80% shade: 
sites not vulnerable to increases in 
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 
recommend that forestry operations 
maintain >75% shade within 30 m 

of  a water 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 
Attributes

Some structural elements im-
portant to biodiversity, par-
ticularly late successional (LS) 
forest attributes, can be chal-
lenging to maintain in inten-
sively managed upland areas.  
LS structures (big trees, snags, 
logs) require rotation lengths 
longer than are economical-
ly viable in managed forests 
(Hagan and Whitman 2004).  

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.

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 water body.
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Because state regulations limit 
harvest activity within RMZs, 
RMZs might function to 
maintain LS attributes across 
the landscape.  

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 scores 
of  >6 are considered to con-
tain LS attributes similar to old 
(>100 yrs) forest (Whitman 
and Hagan 2007).  

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+ 
years ago) (Figure 40b).      

There was large variability in the LS Index scores 
within each harvest age group  as indicated by 
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-
stitutional policies and practices of  different land-
owners (state land verses private land, etc.). 

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 
yrs, and 15+ yrs).

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 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

Within the past 5 years only 6% of  streams 1)	
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. 

More than 80% of  RMZs had adequate 2)	
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 riparian 
areas were below the recommended shade 
threshold for amphibian habitat (50%).

Many RMZs had structural attributes of  3)	
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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Chris Richards maneuvers his Deere 1270 processor at Lazy Tom.
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Next year, we are going to talk a lot about biomass and wood chips...
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