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Abstract 
 

Two rural stream sites intended for enhancement were evaluated pre-construction 
to collect baseline data on riparian bird populations and vegetative characteristics.  The 
fixed-radius point count method was used to survey the winter avian community, and 
vegetative attributes (DBH, percent tree canopy cover, volume of downed woody debris) 
were collected within each of the radius plots.  Using a multinomial regression, the 
probability of detecting each bird species was calculated for each survey plot and 
subsequently related to the characteristics of the vegetation to create a model that 
describes the winter bird-habitat relationship.  The model predicted that major vegetative 
disturbances would be highly detrimental to the diversity of the winter bird community, 
and demonstrated that mature bottomland hardwood forests are ideal for the numerous 
habitat preferences of different wintering birds.  These data provide the basis for multiple 
suggestions for stream restoration practices on sites where the riparian buffer is already 
composed of mature bottomland hardwood forests, the most important of which is 
conserving and improving the established vegetation by considering stream mitigation 
practices that are less disruptive than restoration. 
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The Effects Of Vegetative Disturbance On Winter Riparian Bird Populations:  A 
Multinomial Analysis 

 

Introduction 
 

 Mitigation Background 

The state of North Carolina has become established as a hotbed for stream and 

wetland restorations.  This growing industry of mitigation tactics can be attributed to the 

state government partnership between the North Carolina Department of Transportation 

(NCDOT) and the Ecosystem Enhancement Program (EEP).  Their collaboration makes it 

possible for the NCDOT to earn mitigation credits for development projects by funding 

the stream and wetland restorations conducted and/or distributed by the EEP.  By 

definition, restoration projects are an attempt to restore rivers and streams to their natural 

stable condition considering recent and future watershed conditions (Rosgen Agency 

Definitions, 2003). This process should be based on a reference condition/reach for the 

valley type and includes restoring the appropriate geomorphic dimension (cross-section), 

pattern (sinuosity), and profile (channel slopes), as well as reestablishing the biological 

and chemical integrity, including transport of the water and sediment produced by the 

stream’s watershed in order to achieve dynamic equilibrium (Rosgen Agency Definitions, 

2003).  Restoration projects are targeted at degraded and/or entrenched streams, usually 

upstream tributaries, or stream segments that are at risk of becoming degraded.   

 As a part of the restoration process EEP requires a 5-year monitoring period after 

the construction of the site in order to gauge the success of the project and ensure that the 

restoration goals that were set in the restoration plans before the project began were in 

fact met.  Only then can the project earn mitigation credits for the NCDOT.  This 5-year 
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period involves an annual evaluation of two things:  Stream structure/stability and 

vegetation, both of which have field protocols to follow and success criteria to meet.  If 

the streams do not meet the success criteria, mitigation credits for the DOT will be 

reduced or even terminated for that site.  Stream structure/stability surveys are performed 

in order to ensure that the stream channel is well built and will hold its new dimensions, 

preventing the stream from becoming degraded again.  Surveying both the longitudinal 

profile of the stream as well as multiple pre-defined cross-sections and comparing the 

changes in dimension from year to year are the approved methods used to gauge stream 

structure and stability.  In order to meet theses standards, various types of stability 

structures can be built into the channel.  Some of the more commonly used structures 

include cross-vanes, J-hook vanes, and constructed riffles.  Each of these structures is 

intended to perform grade control by decreasing near-bank shear stress, velocity and 

stream power, while increasing the energy in other parts of the stream depending on 

which stream formation is desired (i.e., a pool or a riffle) (Rosgen, 2002).  For instance, 

cross-vanes increase energy in the center of the stream channel, which translates into the 

creation of a deep pool (see Appendix 1 for visual example).  Vegetation surveys are 

performed to make certain that there are enough stems per acre along the riparian buffer 

zone to prevent erosion and sediment deposition in the stream.  This is accomplished by 

setting up multiple 1-acre vegetation plots along the stream corridor and counting the 

number of trees present within the plot and their yearly growth in height and diameter.  

Both of these assessments concentrate on the success and protection of the in-stream 

habitat and water quality, and offer little consideration to the health and well being of the 

terrestrial habitat. 
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 According to the US Army Corps of Engineers (USACE), the primary objectives of 

stream restoration are to a) restore and enhance aquatic habitat, b) maintain and improve 

water quality functions, c) promote natural channel design and bio-engineering, and d) 

maintain and restore public use of stream resources (USACE, 2002).  These guidelines 

limit the focus of restoration to the success of in-stream habitat and water quality.   

 However, according to a presentation given by Jerry Miller at the 2008 Stream 

Restoration Conference held in Asheville, NC, 55% of restoration plans, which are the 

documents associated with restoration projects, cite “improve riparian buffer” as a 

restoration goal.  This includes improving buffer width, vegetative community 

characteristics, and the quality of the habitat provided by the riparian buffer.  There are 

two fundamental problems with this goal:  First, the EEP has not yet established a way to 

measure an “improvement” to the riparian buffer.  In other words, it is not yet possible to 

tell whether the buffer post-restoration is better than the buffer was before the 

restoration.  Although it may seem like a small complication, the inability to 

quantitatively show an improvement reflects one of the major complaints that scientists 

have about stream restoration practices.  At the 2008 Stream Restoration Conference, 

Martin Doyle, David Penrose, and Emily Bernhardt, all of whom are established stream 

ecologists, discussed the importance of administering “more demanding monitoring 

requirements for mitigation credit release”.  This implies that if the goals of the restoration 

are to improve riparian habitat and improve water quality, then the professionals 

responsible for the project should be able to provide 5 years of monitoring data showing 
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that these goals have in fact been met.  Otherwise there is no merit to their claims of a 

successful restoration, and the project does not justify mitigation credits.  The second 

problem associated with the goal of improving the riparian buffer is that full stream 

restorations can be very detrimental to riparian buffers, especially those that are already 

established as mature bottomland hardwood forests.  In order to reform channel 

dimensions in full stream restoration projects, the majority of the terrestrial riparian area 

buffering the stream within the proposed 50ft easement has to be demolished and re-

planted.  Construction crews strive to keep some mature trees in place, but the larger part 

of the ecosystem is inevitably destroyed.  This includes the destruction of important 

riverine ecosystems, and their replacement with stabilizing grasses and fast-growing 

native tree and shrub species.  It would be very difficult, if not impossible, to “improve” 

riparian habitat within a 5 year monitoring window under these conditions. 

 Stream restoration is often used as an umbrella term to describe all stream 

mitigation practices.  However, there are stream mitigation categories other than full 

stream restoration.  They include stream Enhancement I, Enhancement II, and stream 

preservation.   
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Table 1.  Stream restoration and enhancement definitions (Source: Rosgen Agency 
Definitions). 

Term Definition 
Stream Restoration The process of converting an unstable, altered, or degraded 

stream corridor, including adjacent riparian zone (buffers) and 
flood-prone areas, to its natural stable condition considering 
recent and future watershed conditions. Based on a reference 
condition/reach for the valley type.  Includes restoring the 
appropriate geomorphic dimension (cross-section), pattern 
(sinuosity), and profile (channel slopes), as well as 
reestablishing the biological and chemical integrity, including 
transport of the water and sediment produced by the stream’s 
watershed in order to achieve dynamic equilibrium. 

Enhancement Level I Mitigation category that generally includes improvements to 
the stream channel and riparian zone by restoring dimension 
and profile and other appropriate practices that provide 
improved channel stability, water quality and stream ecology 
including the establishment of stream buffers.  Work will be 
based on reference reach information. 

Enhancement Level II Mitigation category for activities that augment channel 
stability, water quality and stream ecology in accordance with 
a reference condition but fall short of restoring both 
dimension and profile. Examples of enhancement level II 
activities may include stabilization of stream banks through 
sloping and re-vegetating a riparian zone that is protected 
from livestock by fencing, construction of in-stream structures 
to improve channel cross-section or slope according to a 
reference reach and, when appropriate, reattaching to an 
adjacent floodplain. 

 

 Enhancement background 

Enhancements are generally much less invasive than a complete restoration, but 

they vary in the amount of construction and engineering performed.  Some amount of 

stream grading, bank stabilization, and replanting are usually involved.  The two different 

levels of enhancement – Enhancement I and II – reflect the extent of these activities (see 

Table 1).  The mitigation credits that are gained from enhancements are generally less 
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than those gained from restorations because they are assumed to be less effective at 

improving water quality and habitat than stream restoration (see Table 2).  

Table 2.  Mitigation values for different mitigation activities. 
Type of Mitigation Mitigation Credits 

Restoration 1:1 
Enhancement 3:1 

Creation 5:1 
Preservation < 5:1 

 

 Purpose of Project 

 The purpose of this project was to gather baseline winter riparian bird abundance 

data and vegetation data on two stream enhancement sites, which was modeled using a 

multinomial analysis to predict how different vegetative compositions would affect both 

bird abundance and species composition.  The results of this model were used to 

postulate how vegetative disturbance would affect the riparian bird population, and also 

to make suggestions for stream mitigation practices. 

 Ideally, 3-5 years of monitoring post-disturbance riparian bird populations should 

be conducted to test the validity of the relationships and the predicted effects of 

vegetative disturbance that were calculated by this model.  These data can then be used to 

both improve the model and better understand the relationship between avifauna and their 

associated riparian habitat. It is important to note that the scope of this project is limited 

to rural sites with well-established riparian buffers.  Additionally, the conclusions drawn 

from this analysis do not apply to urban streams and/or streams with inferior riparian 

buffers. 
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Site Descriptions 
 

 It was important to perform this analysis on sites that were going to undergo some 

type of stream mitigation so there would be an opportunity to collect raw data to check 

the validity of the model presented in this paper.  Stream enhancement sites were chosen 

for the analysis because the disturbances caused by full stream restorations have such a 

severe effect on the riparian vegetative community that they erase the baseline 

relationship between the terrestrial habitat and the biota that use that habitat.  Thus, it 

would be unlikely that disturbance effects could be measured using raw data from a post-

restoration site.   

 In order to eliminate some confounding factors, there were additional criteria that a 

site had to meet before it could be considered.  These criteria included: 

o Must be located in a rural or forested setting (i.e., no urbanized 
streams) 

o Located within the Piedmont physiographic province of North 
Carolina 

o Will not go under construction until the Fall of 2009 or later 
 

With respect to these criteria, the following sites were selected for study: 
 

Sandy Creek 

The first site that met these criteria was the upper tributary to Sandy Creek.  The 

site is located on Ramseur Julian Road in Randolf County, approximately 5 miles 

southwest of Liberty, North Carolina.  The EEP has recently begun recognizing the 

importance of framing stream and wetland restoration projects within a watershed context 

to maximize the benefits realized through these efforts (Upper Rocky River Targeting 

Management Report, 2005).  As such, it is important to note that the site is located within 

the Deep watershed, USGS cataloging unit 03030003, which is a part of the larger Cape 
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Fear River Basin.  Sandy Creek has an estimated drainage area of approximately 4.94 

square miles, 60% of which is agricultural fields, 35% is forested, and 5% is residential.  

As per the 2006 list, the water body is not 303d listed.  However, the baseline conditions 

of the stream are poor due to heavy cattle access.  These conditions include:  Lack of 

bedform diversity, inability to transport sediment, overwidening at the top of the channel, 

aggrading at the bottom of the channel, channelization (i.e., lack of sinuosity), and bank 

instability.  Sandy Creek is a relatively small site consisting of approximately 2,000 

linear feet of stream intended for restoration in the Fall of 2009.  The property on which 

the easement is located is owned by Charles Williams of Liberty, NC. 

 
 

  

 

 

 

 

 

 

 

 

 
Figure 1.  Map of Sandy Creek site owned by Charles Williams. 

 
The restoration consists of a main stem portion of Sandy Creek as well as an 

unnamed upper tributary that drains into the main part of the stream.  The easement is 

only present on the northern bank of the main stem, but it is present on both sides of the 
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upper tributary.  The main stem tends to have a thick hardwood riparian buffer that 

extends beyond the boundary of the easement.  The tree species present include winged 

elm (Ulmus alata), green ash (Fraxinus pennsylvanica), red maple (Acer rubrum), river 

birch (Betula nigra), sweet gum (Liquidambar styraciflua) and several oak species 

(Quercus spp.).  The main stem is teeming with wildlife; deer, raccoons, and coyotes 

were encountered several times on site.  Conversely, the upper tributary has almost no 

riparian buffer, most apparently near the confluence with the main stem.  However, heavy 

beaver activity on the northern part of the tributary has created incredible wildlife habitat. 

Greenbrier Creek 
 
 Greenbrier Creek is located off of Pleasant Hill Church Road/Staley Snow Camp 

Road in southern Alamance and north Chatham counties, approximately 8 miles north of 

Siler City, North Carolina.  The site is located within the 14-digit HUC Rocky River 

watershed, which is also located within the larger Deep watershed and the even larger 

Cape Fear River Basin.   
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Figure 2:  Rocky River Watershed study area (Upper Rocky River Management 

Report, 2005) 
 
 The site spans 3 different properties owned by the Murchison, Matthews, and 

Cheek families.  The Murchison and Cheek easements are intended solely for stream and 

wetland preservations, resulting in 6,330 feet of preservation.  The Matthews property is 

proposed to undergo Enhancement I beginning construction in Fall 2009 for a total of 

4,937 feet of stream enhancement.  The EEP chose Enhancement I above other more 

destructive enhancement methods, citing that “unstable channel geometry and streambank 

steepness” would result in the failure of more highly engineered channels (Final 
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Greenbrier Restoration Plan, 2009).  Also, restoration was ruled out for this site because 

it was deemed to be too disruptive to the existing mature vegetation. 

 The downstream portion of the main stem of Greenbrier Creek that runs under 

Pleasant Hill Church/Staley Snow Camp Road is directly adjacent to a cow pasture, and 

there is a relatively thin (~10-15ft) hardwood riparian buffer on either side of the stream.  

The cows have direct access to the stream and they utilize it frequently.  The riparian 

buffer gets thicker with distance away from the road.  The upstream portion of the main 

stem also has a thin hardwood buffer on either side of the stream near the road, but the 

buffer widens further upstream.  Sweetgum (Liquidambar styraciflua), red maple (Acer 

rubrum), hickory (Carya spp.), and various oak species (Quercus spp.) are commonly 

found within the riparian buffer zone.  The tributary joins the main stem from the north 

just downstream of the road.  The tributary runs directly through a cow pasture, and as 

such it is highly channelized and has no buffer zone at all near the confluence with the 

main stem.  However, there is a healthy hardwood riparian buffer safeguarding the 

tributary approximately 400ft upstream from the confluence.  This area is teeming with 

amphibian activity, and chorus frogs (Pseudacris spp.) were almost always present during  

the surveys. 
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Figure 3.  Map of the projected stream enhancement at Greenbrier Creek. (Source:  

Greenbriar Creek Final Restoration Plan) 
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Methods 
 

 Overview 

The bird survey methods used for this project were based on a modified version of 

the methodology presented in “A Fixed-Radius Point Count Method for Nonbreeding and 

Breeding Season Use” by Hutto, et. al.  Eight points were arbitrarily chosen within the 

riparian area at each of the two sites, five of which were located on the main stem of the 

project and three that were on the tributaries associated with the main stems.  Each of 

these points were at least 300 feet in distance away from one another in order to achieve 

statistical independence, although some points had up to 600ft separating them (Reynolds 

et. al, 1980).  In order to specifically capture only the 50ft easement that will be 

disturbed/modified by the stream enhancements, a single fixed radius of 25ft was 

assigned to each of these points.  Other studies tend to use much larger radii, ranging 

from 80-100ft, but the reasoning behind choosing a greater distance is to capture multiple 

habitat types, which is not important to this particular study.  A smaller radius also 

improves bird detectability and ensures that the birds that are located within the radius 

will in fact be counted in the survey (Hutto, et. al., 1980). 

Bird survey data recording procedure 

  At each point, the observer created a circle with a 25ft radius that captured the 

habitat from top of the bank out to 50ft perpendicular to the stream (a 25ft radius = a 50ft 

diameter).  The surveyor stood in the middle of the circle and recorded three kinds of data 

within a specified time period: 
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1) The number of individuals of each species detected within a 25ft radius 
surrounding the observer. 

2) The presence of individuals of each species detected beyond the 25ft 
radius and their associated habitat upon detection. 

3) The identity of individuals detected while the observer walked between 
count points (marked as (+) present). 

 
With regards to the second type of data collected, this study is only concerned with birds 

detected within the habitat of interest, i.e., the riparian area.  Other birds and habitats 

recorded are not used for data analysis, but instead these data merely contribute to the 

completeness of the species list for the site (Hutto et. al, 1980).  It is important to note 

that birds that fly over the plot during the survey were not considered to be located within 

the riparian area unless they landed within the buffer zone.  Similarly, the third type of 

data collected was used for the site species list and not for analysis.   

 Count Duration:  All surveys were performed in February of 2009.  The 

approaching observer began counting birds within the circle during the last 50 steps upon 

arrival.  The initial location of birds that flushed out of the circle while the surveyor got 

into position were pinpointed and determined to be either within or outside of the 25ft 

radius (Hutto et. al, 1980).  The surveyor continued to record detections for a fixed time 

of 10 minutes at each point.  Birds that were detected but unidentified by the end of the 

10 minute period were subsequently pursued and identified if they were still visible or 

audible (Hutto et. al, 1980).  Similarly, large flocks that were located within the 25ft 

radius but not completely accounted for by the end of the count were pursued after the 

10-minute period for accurate assessment.  New birds that were discovered during either 

of these pursuits were counted in the same fashion as birds detected between count points 

(Hutto et. al, 1980). 
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 Time of Day:  Censusing generally began no earlier than 20 minutes before 

sunrise and ended no later than 1PM.  Unlike the breeding season, winter bird activity 

remains relatively constant between sunrise and mid-afternoon, resulting in little or no 

qualitative loss of data during this window of time (Rollfinke and Yahner, 1990). 

 Number of Point Counts:  A total of 5 site visits were made to each of the two 

sites, resulting in a total of 40 point counts for each site (5 site visits x 8 points/site).  

Hutto argues that using repeat counts can diminish the strength of the data collected 

because it makes for less independent samples (Hutto, et. al, 1980).  However, repeat 

counts are deemed appropriate when the data collected will be used to establish 

relationships between habitat and bird use.  

Vegetation Data Survey Procedure 

 Overview:  In order to assess the relationship between birds and vegetation, six 

vegetative characteristics were measured in each of the 16 radius plots across the two 

sites.  These characteristics include mean diameter breast height (DBH) of the trees 

located in each plot, percent canopy cover for trees, percent canopy cover for shrubs, 

percent cover for forbes, mean length of down woody debris, and mean mid-diameter of 

down woody debris (Sallabanks et al, 2006).   

 Overstory Vegetation:  DBH is an excellent indicator of the size of the trees that 

are present within a study area, and it is also representative of the age of the tree stand 

(Sallabanks et al, 2006).  All woody plants with a DBH of greater than or equal to 3in 

were considered to be a part of the overstory canopy, while vegetation less than 3in were 

considered a part of the shrub layer.  DBH of every tree within each 25ft radius plot was 

measured using a Lufkin Executive Thinline 6ft diameter tape and recorded.  The mean 
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DBH was calculated for each plot by averaging the DBH values recorded within the 25ft 

radius.  Percent canopy cover of the overstory, shrub, and forb layers was determined 

using ocular estimation as is consistent with Van Hees, 2000. 

 Down Woody Debris:  Down woody debris were considered within the 25ft radius 

as long as half of the body was located within the plot boundary.  Additionally, only dead 

woody debris over 10ft in length were considered for analyses.  The length of each piece 

of debris that fit the above criteria was measured between the two furthest ends of the log 

using a 100ft measuring tape.  After measuring the length, the midpoint of the log was 

identified and a diameter measurement was taken at this point.  Both the length and 

diameter of down woody debris were averaged at each plot and used to roughly calculate 

the volume of woody debris using the volume formula of a cylinder (pi*r2*length). 

Evaluation Procedure 

Multinomial Analysis: In preparation for the analysis, all bird species that were 

detected at least once within the 25ft radius were manually classified into three separate 

groups based on their preferred habitat:  Forest Specialists, Edge, and Understory or 

Shrub specialists (Table 3). The bird abundance data for each group acts as the response 

variable.  Bird abundance is then related to the predictor variables of DBH, downed 

woody debris volume, and percent tree canopy cover (Equation 1). 

Equation 1:  logit(Pr(yi = 1)) = β0 + β1 x1 + · · · + βp xp 
 

In this case, the probabilities of two of the three bird groups are calculated using the 

above equation, and summing the two probabilities and subtracting them from 1 

determines the third.  Next, the log of the probability of one bird group divided by the 1 
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minus the probability of the same bird group is calculated, creating a proportion of the 

log ratio of two probabilities (Equation 2). 

Equation 2: 
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The multinomial regression is then created using the above proportions for each bird 

group (Equation 3). 
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The multinomial model results in: 
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    Source:  Song Qian 
 

The multinomial analysis has rarely been used in ecological modeling in the past, 

but it has great potential in this field, as indicated by the following results and discussion. 

Table 3:  Bird species grouped by habitat preference 
Forest Specialist Understory Edge 

Red-Bellied Woodpecker Carolina Wren Coopers Hawk 
Yellow-Bellied Sapsucker Eastern Towhee Mourning Dove 
Downy Woodpecker Song Sparrow Blue Jay 
Northern Flicker White-Throated Sparrow Eastern Bluebird 
Carolina Chickadee Northern Mockingbird American Robin 
Tufted Titmouse Brown Thrasher Cedar Waxwing 
Yellow-Rumped Warbler  American Goldfinch 
White-Breasted Nuthatch  Eastern Meadowlark 
Golden-Crowned Kinglet  Eastern Phoebe 
Ruby-Crowned Kinglet   
Northern Cardinal   
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Results 

Site Species lists and Bird Abundance 

The site species lists in Appendix II include all of the species located on each site 

regardless of habitat.  If the bird was detected at any point while surveying or while 

walking between survey points they were included in the site species list.  Sandy Creek 

was comprised of 39 species, and Greenbrier Creek included 44 species.  Additionally, 

Sandy Creek contained 11 species that were not found on the Greenbrier site, while 

Greenbrier included 6 species that were not detected at Sandy Creek.  The vast majority 

of species that were unique to one site or the other were detected outside of the habitat of 

interest, with the exception of the Hermit Thrush found at Greenbrier and the Cooper’s 

Hawk, Eastern Towhee, and Wood Duck found at Sandy Creek (see Appendix II). 

However, the birds that are relevant to this particular study are those that were 

detected within the 25ft radius plot at least once while surveying.  The abundance of each 

bird species at each site was calculated by adding up the total number of detections for 

each species within each radius plot.  This is a summation of all bird detections during 

each survey at every survey location (see Tables 4 and 5).  Bird abundance per survey 

plot is the response variable that was used in the multinomial analysis. 
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Table 4.   Species list of birds detected within the 25ft sampling radius at Greenbriar 
Creek. 

Greenbriar Creek Species List Within 25ft Radius Sampling Area 
Bird Species Abundance Bird Species Abundance 

American Robin 54 Golden-crowned Kinglet 3 
Cedar Waxwing 38 American Goldfinch 3 
Yellow-rumped Warbler 33 Tufted Titmouse 2 
Carolina Chickadee 14 Eastern Phoebe 2 
Red-bellied Woodpecker 9 Mourning Dove 1 
Eastern Bluebird 5 Northern Flicker 1 
Northern Cardinal 5 White-breasted Nuthatch 1 
Yellow-bellied Sapsucker 4 Song Sparrow 1 
Ruby-crowned Kinglet 4 White-throated Sparrow 1 
Downy Woodpecker 3 Meadow Lark 1 
Carolina Wren 3   

 

Table 5. Species list of birds detected within the 25ft sampling radius at Greenbriar 
Creek. 

Sandy Creek Species List Within 25ft Radius Sampling Area 
Bird Species Abundance Bird Species Abundance 

Cedar Waxwing 113 Yellow-bellied Sapsucker 2 
American Robin 18 Carolina Wren 2 
Northern Cardinal 13 Golden-crowned Kinglet 2 
White-throated Sparrow 12 Mourning Dove 1 
Yellow-rumped Warbler 10 Red-bellied Woodpecker 1 
Ruby-crowned Kinglet 9 Downy Woodpecker 1 
Carolina Chickadee 7 Blue Jay 1 
Tufted Titmouse 4 Eastern Towhee 1 
Eastern Bluebird 4 Song Sparrow 1 
Northern Mockingbird 4 Brown Thrasher 1 
White-breasted Nuthatch 3   
  

The make up of the bird communities at the two sites are very similar.  American 

Robins and Cedar Waxwings dominate the count numbers at both sites because they tend 

to travel in flocks and land together in trees and fields alike. The most common forest 

species at Greenbriar is the Yellow-rumped Warbler, while the Northern Cardinal was the 

most abundant forest species at Sandy Creek.   
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 Three abundance indicators were calculated to further describe the similarity 

between the bird communities at both sites:  Species diversity, species richness, and total 

abundance (Table 6).  Species diversity was calculated using the Shannon-Weiner index.  

Greenbriar Creek has greater species diversity than does Sandy Creek, however the two 

numbers are very similar.  Species richness is the same for both sites, and total abundance 

differs by less than 25 birds.   

Table 6.  Abundance indicies for Greenbriar and Sandy Creek 
Abundance Indicator Greenbriar Creek Sandy Creek 

Species Diversity 2.21 1.87 
Species Richness 21 21 
Total Abundance 188 210 

 

 Vegetation Survey 

Although data was collected for both shrub percent canopy and forb cover, these 

two measurements were so miniscule that they were omitted from the analysis.  Table 8 

and table 9 reflect the relevant results of the vegetation surveys performed at each survey 

plot at each site. On average, the trees found at Sandy Creek are larger than those at 

Greenbriar, but Greenbriar has greater canopy cover.  This is evidence that a larger tree 

does not always mean greater canopy cover.  Multiple small trees can have a greater 

canopy surface area than just one large tree.  Additionally, Greenbriar Creek has a larger 

average DWD volume than does Sandy Creek.   

Although there are no statistical correlations between the abundance indicies and 

the habitat for each site provided in this paper, there appears to be a relationship between 

the bird abundance values and the diversity of the habitat.  Greenbriar Creek has a greater 
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bird species diversity than does Sandy Creek (Tables 7 and 8), and Greenbriar appears to 

have a more diverse vegetative community as well. 

Table 7.  Vegetation survey data per each survey plot at Greenbriar Creek. 
Greenbriar Creek 

Survey Plot Average DBH (in) DWD (ft3) Tree Canopy (%) 
GB-M1 7.00 63.88 83 
GB-M2 11.44 175.38 59 
GB-M3 5.43 0.00 32 
GB-M4 9.12 90.32 42 
GB-M6 12.31 369.04 63 
GB-UT1 12.39 23.06 82 
GB-UT2 7.92 22.51 57 
GB-UT3 8.82 12.37 30 
Average: 9.30 94.57 56 

 
Table 8.  Vegetation survey data per each survey plot at Sandy Creek. 

Sandy Creek 
Survey Plot Average DBH (in) DWD (ft3) Tree Canopy (%) 

SC-M1 20.33 23.36 35 
SC-M2 16.11 61.54 69 
SC-M3 13.74 22.09 41 
SC-M4 14.82 424.60 41 
SC-M5 12.06 2.08 38 
SC-UT1 14.97 37.47 45 
SC-UT2 18.99 0.00 32 
SC-UT4 0.00 9.78 1 
Average 13.87 72.62 38 

 

Multinomial Analysis 

When interpreting the parameters produced by the multinomial analysis (Table 9), 

it is important to consider the slope of the line indicated by the “coefficients” as well as 

the standard error of the slope values.  If the standard error is less than one and a half of 

the slope, then the term is significant.  Otherwise the slope is not significant.  Thus, it is 

apparent that tree canopy cover is the only significant term affecting bird abundance.  
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Canopy cover is highly negatively correlated with birds that prefer both understory and 

edge habitats.  Because the canopy cover slope coefficient for understory birds is more 

negative than the slope coefficient for edge birds, the effect of increased canopy cover 

will be more severe for understory birds than edge birds.  

Table 9.  Coefficients and standard deviations of the four predictor variables 
Coefficients: 
 Intercept DBH DWD (ft3) Tree Cover 
Understory -2.0129147 0.15256418 0.004381046 -9.491629 
Edge 0.6056511 0.03678754 -0.001596320 -2.040029 
     
Standard Errors: 
 Intercept DBH DWD (ft3) Tree Cover 
Understory 0.3187678 0.04691255 0.003823533 2.4656033 
Edge 0.1287868 0.02648924 0.001801365 0.7461674 
 

Each measurement of the vegetation helps to describe a different part of the 

vegetative community.  For example, DBH roughly describes the age of the stand 

because it represents the size of the tree.  A plot with a larger average DBH can be 

described as an older stand, while plots with smaller DBH can be considered as younger 

stands.  Additionally, DWD represents the understory structure within each plot.  Larger 

amounts of DWD reflect a larger amount of habitat for birds that have a preference for 

understory habitat, while smaller amounts of DWD mean less habitat for understory 

species.  Tree canopy is representative of the habitat available for forest species.  A 

higher percentage of tree canopy translates into greater habitat for forest birds, and small 

percentages mean less habitat for forest birds.  In order to interpret how the birds respond 

to each predictor variable, the model was modified to consider the full range of one 

predictor variable while assigning low, medium, and high values for the other two.  The 

high and low fixed values for each forest composition type were determined by 
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considering the vegetation data and appointing a number representative of the lower 

range and higher range of each variable.  The mean value was calculated by taking the 

mean of each predictor variable. 

Table 10.   Fixed values input into multinomial model to consider the effects of tree 
canopy on the riparian bird populations 

Variables Low Mean High 
Tree Canopy 0:1 0:1 0:1 

DBH (in) 8 12 18 
DWD (ft3) 20 84 280 

 

 
 

Figure 4.  Plot of predicted bird presence vs. canopy cover as DBH and DWD 
volume vary (Low, Medium, and High). 
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The first variable to be considered was percent tree canopy (Table 10 and Figure 

4).  The general trends of the data are that forest species are always increasing with 

increased canopy cover regardless of habitat, and both edge and understory species are 

always decreasing with increased canopy cover regardless of habitat.  Forest species are 

at their greatest when canopy cover is high, DWD is high, and DBH is low.  This could 

be described as a thick young forest (low DBH, high canopy cover) with plenty of DWD.  

Understory species prefer sites with low canopy cover, high DWD, and high DBH.  This 

type of habitat could be described as an area with a few large trees (high DBH) that have 

lower canopy cover due to fewer, large branches, and high DWD. 

Table 11.   Fixed values input into multinomial model to consider the effects of DBH 
on the riparian bird populations 

Variables Low Mean High 
Tree Canopy 0.15 0.45 0.80 

DBH (in) 0:21 0:21 0:21 
DWD (ft3) 20 84 280 
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Figure 5.  Plot of predicted bird presence vs. DBH as Tree Canopy and DWD 

volume vary (Low, Medium, and High). 
 

The second parameter to be measured was DBH (Table 11 and Figure 5).  It is 

important to note that this is the same data from the first graph, only illustrated at a 

different angle.  Generally speaking, the forest species decrease with increased DBH 

while edge species increase.  Additionally, forest species are decreasing with increased 

DWD, but they still do very well with high DWD.  For instance, the bottom right 

quadrant in Figure 6 shows that the probability of seeing a forest species when tree 

canopy is low, DWD is high, and DBH is high is still roughly 20%.  The understory 

species only start to appear in habitats with high DWD and medium or high DBH. 
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Table 12.  Fixed values input into multinomial model to consider the effects of DWD 
on the riparian bird populations 

Variables Low Mean High 
Tree Canopy 0.15 0.45 0.80 

DBH (in) 8 12 18 
DWD (ft3) 0:425 0:425 0:425 

 

 
Figure 6.  Plot of predicted bird presence vs. DWD as DBH and Tree Canopy 

volume vary (Low, Medium, and High). 
 
 The third parameter that was measured was DWD volume (Table 12 and Figure 

6).  According to the graph, forest species are generally increasing with increased DWD, 

and edge species are generally decreasing.  Many of the same trends from the previous 

graphs still apply in Figure 6.  However, one interesting trend that becomes apparent in 
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Figure 6 is that when DBH and DWD are high, tree canopy has less of a negative effect 

on understory species.  As tree canopy increases in the right hand column where DBH is 

high, the understory species continue to show an increasing trend. 

Discussion 

 It is important to consider the fact that having a group of birds with one habitat 

preference dominating a site is not an ideal situation.  This implies that the habitat is 

homogenous and only offers benefits to one particular avian group.  The ideal situation 

would be to have an equal probability of seeing any bird group within the riparian area.  

This translates into balanced habitat availability for both understory and forest species.  

Figure 6 best illustrates the type of habitat where this is possible.  It is apparent that when 

DBH is high, DWD is high, and tree canopy is either medium or high, there is almost an 

equal probability of seeing any type of bird with any habitat preference.  This type of 

habitat can be described as a mature forest with high canopy cover and an abundance of 

downed woody debris – a typical description for a bottomland hardwood forest in the 

southeastern United States. 

 Implications for “Improving Riparian Buffer” 

The implications of this study are not negligible.  I must stress that this is only 

one study, and the following discussion is one filled with caveats and extrapolations to 

the entire bird community, and not just wintering populations.  More long-term research 

looking at the potential negative impacts of restorations on terrestrial habitat must be 

performed before the significance of this study can be evaluated.  However, I will address 

the results of this project and their potential implications on stream mitigation practices. 
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When considering a rural site with a healthy, mature riparian buffer already 

established, heavy disturbance associated with full stream restorations is never going to 

be beneficial to the bird community.  Even with replanting, the destruction and/or 

homogenization of their habitat will make it very difficult for their populations to bounce 

back, especially within the 5-year monitoring window required by the EEP.  Therefore, if 

a restoration project is located on a site where the riparian buffer is already well 

established and the project cites “improve riparian habitat” as a goal, project managers 

should look to conserve and improve the existing buffer by using other less disruptive 

forms of stream mitigation.  The habitat can be better protected through either stream 

enhancement efforts or preservation efforts.  Actual “improvements” will still be difficult 

to accomplish, but the sites can be supplemented with replanting and DWD application to 

aide in these efforts. 

 If a full restoration were in fact necessary, the best course of action would be to 

aim for structural heterogeneity of the vegetative community.  In other words, trees and 

shrubs should be replanted densely and DWD should be applied using the trees that were 

removed for construction.  An improvement in the riparian buffer will be almost 

impossible to achieve within the 5-year monitoring window, but the habitat would ideally 

recover in the long term.   

There is, however, a more fundamental issue at play than simply deciding 

between different mitigation practices.  In light of my proposed consideration of other 

types of mitigation practices in situations where the site has an existing healthy riparian 

buffer, it is important that I address the subject of mitigation credits.  As noted in the 

background section of this paper, the less-disruptive forms of mitigation also tend to gain 
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much fewer mitigation credits per acre (Table 2).  For instance, a 3-acre stream 

restoration would gain three mitigation credits, while a 3-acre stream Enhancement I 

would only gain one.  Thus, the mitigating party may be leery of using these other forms 

of mitigation because they would have to buy more land in order to meet mitigation 

credit goals.  This is undoubtedly a large roadblock for the use of other mitigation 

practices, and addressing this issue would require a reevaluation of the current mitigation 

regulations.   

From my personal experience with the EEP, it is apparent that they are very much 

concerned with making the best ecological decision for each site.  In fact, the restoration 

plan for Greenbriar Creek cites that “Restoration was deemed to be too disruptive of the 

existing mature vegetation, so the planview of the channel will not be changed”, showing 

that the project managers recognize the ecological value of the existing healthy buffer and 

as such they decided to use Enhancement I instead.  But they must also consider both the 

mitigation credit goals of the DOT, the willingness of the property owners in a watershed 

to sell more land, as well as the budget of the project.  In a hypothetical situation where 

the EEP were in need of a high number of mitigation credits, but they had few willing 

land owners and a low budget, they may be forced to sacrifice ecological integrity for 

mitigation purposes.  In other words, the people performing the restorations are willing to 

consider the importance of protecting a healthy riparian ecosystem, but with the current 

structure of mitigation regulations they may not be able to do so.  I do not claim to be an 

expert on the regulatory practices of stream mitigation, so potential regulation reform 

must be left to the authority.  However, incentivizing the protection of mature hardwood 
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forests in a reformed mitigation framework would be an excellent way of encouraging the 

conservation of this exceptional habitat. 

Yet, it is important to not create a perverse incentive.  It may seem like it would 

be easier to solve the issue at hand by simply not citing “improving riparian habitat” as a 

goal of the restoration, as opposed to having to reconsider the current regulations.  

However, it is vital that project managers give high value to the riparian habitat in their 

restoration goals.  The idea behind compensatory mitigation is to ensure that human 

progress does not result in the loss of ecosystem services, for they are of great benefit to 

our economy, our health, and our future.  Riparian buffers supply us with many important 

functional services, including providing habitat for countless charismatic animals and 

plants.  Protecting this particular service should be of great significance to any mitigation 

project.  Thus, considering the results of this project and the deficiencies of the current 

mitigation framework, reformulating the mitigation regulations such that they promote 

the protection of existing healthy riparian habitat is an important and necessary course of 

action. 

Conclusion 

 The winter bird community and the vegetative community at two stream 

enhancement sites were evaluated to determine the bird-habitat relationship.  A 

multinomial analysis revealed the negative effects that major disturbances have on bird 

diversity, and also exhibited that mature bottomland hardwood forests are ideal habitat 

for many different bird species with particular habitat preferences.  It was concluded from 

the analysis that existing mature riparian buffers should be protected and enhanced using 

mitigation practices that are less disruptive than full restorations.  Additionally, a 
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reevaluation of the current structure of mitigation regulations should be performed in 

order to fully protect the ecological integrity of each mitigation site. 

Stream restoration procedures have been constantly changing over the past decade 

as science continues to find ways of improving the positive effects that restorations have 

on both in-stream and terrestrial processes.  As scientists and engineers continue to work 

together to find better ways to restore, consideration must be given to the power of being 

able to look to other less disruptive forms of stream mitigation practices when the 

ecological integrity of the riparian area is at stake. 
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Appendix I  
Rosgen Illustration of a Cross Vane Stabilizing Structure 

(Source: The Cross-Vane, W-Weir and J-Hook Vane Structures…Their description, 
Design and Application for Stream Stabilization and River Restoration, by Rosgen, D.L.) 
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Appendix II 
Full Site Species Lists (Yellow denotes a species that is unique to a site) 

 
Sandy Creek 

Black Vulture European Starling 
Turkey Vulture Cedar Waxwing 
Cooper's Hawk Eastern Towhee 
Red-shouldered Hawk Song Sparrow 
Red-tailed Hawk White-throated Sparrow 
Mourning Dove Dark-eyed Junco 
Red-bellied Woodpecker Northern Cardinal 
Yellow-bellied Sapsucker House Finch 
Downy Woodpecker American Goldfinch 
Northern Flicker Killdeer 
Blue Jay Eastern Phoebe 
American Crow Common Grackle 
Carolina Chickadee Canada Goose 
Tufted Titmouse Wood Duck 
Yellow-rumped Warbler Hooded Merganser 
White-breasted Nuthatch Hairy Woodpecker 
Carolina Wren Pine Siskin 
Golden-crowned Kinglet White-crowned Sparrow 
Ruby-crowned Kinglet Fish Crow 
Eastern Bluebird Brown Thrasher 
American Robin Barred Owl 
Northern Mockingbird Brown Creeper 

 

 

Greenbrier Creek 

Black Vulture 
Turkey Vulture 
Red-shouldered Hawk 
American Kestrel 
Rock Pigeon 
Mourning Dove 
Red-bellied Woodpecker 
Yellow-bellied Sapsucker 
Downy Woodpecker 
Northern Flicker 
Blue Jay 
American Crow 
Carolina Chickadee 
Tufted Titmouse 
Yellow-rumped Warbler 
White-breasted Nuthatch 
Carolina Wren 
Golden-crowned Kinglet 
Ruby-crowned Kinglet 
Eastern Bluebird 
Hermit Thrush 
American Robin 
Northern Mockingbird 
European Starling 
Cedar Waxwing 
Song Sparrow 
White-throated Sparrow 
Dark-eyed Junco 
Northern Cardinal 
American Goldfinch 
Killdeer 
Eastern Meadowlark 
Eastern Phoebe 
Common Grackle 
Canada Goose 
Hooded Merganser 
Northern Harrier 
Great Blue Heron 
Red-Winged Blackbird 


