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Background: 
 

Streamside forested wetlands or forest buffer zones have been shown to reduce the impacts of both point 
source and non-point source pollution by filtering pollutants and sediments before they enter the adjacent stream. 
Research has shown that sediment loads can be reduced by as much as 50-80% when sediment-laden runoff is 
slowed by riparian forested buffers before it enters the stream (Daniels 1996, Lowrance 1997).  Buffer systems 
also have the capacity to convert or store various nutrients such as nitrogen and phosphorus.  A well-managed 
restored forest buffer can trap and/or convert up to 75% of nitrogen and 70% of phosphorus in runoff (Sweeney 
1993, Lowrance 1995, Philips 1999, Vellidis 2003). Aside from the various benefits of pollutant reductions, 
streamside forests are also instrumental in enhancing habitat for stream organisms by shading stream reaches, 
stabilizing stream banks, and contributing terrestrial plant and animal carbon to the stream food web. (CBP 1997, 
CBP 1999). 

Much research has been done regarding the benefits of these restored areas for water quality control and 
improvement, but little has been done validating the time lags and long term efficacy of these buffers in restoring 
water quality and especially the stream biological community (Lowrance 1995, Perry 1999, Claussen 2000, 
Jorgenson 2000, McKergow 2003).   Recent research suggests that there is a “substantial impact” on water quality 
in adjacent streams within 5-10 years of reforestation, and within 15-20 years the buffer will be “fully functional” 
(CBP 1997). Little research is available on benthic macroinvertebrate community recovery, but this remains 
crucial to restoring full stream functionality (Hildebrand 1997, Biggs 1998, Kiffney 2003). Benthic 
macroinvertebrate community structure is an important component of stream health and can be used to assess the 
overall impact of forest riparian buffer zone restoration.  
 
Objective: 
 

This study tested the efficacy of restored forest riparian buffers along streams on military installations in 
the Chesapeake Bay watershed by examining stream macrobenthic community structure, and water and habitat 
quality.  With this information, managers will have a better idea of: 1) the extent to which restored areas can be 
expected to perform the desired functions (nutrient and sediment removal, preservation of habitat and in-stream 
conditions), and 2) the time required for the return of biological integrity.  Data from this study or the 
methodological approach can be used in other regions of the country as a model for assessment of restored 
streamside forested wetlands. 
 
Summary of Approach: 
 
Study Area and Sampling Sites 
In total, 15 additional (for a total of 29 sites) sites were chosen across two physiographic provinces within the 
Chesapeake Bay watershed (Appendix 1).  All sites were planted within the past 15 years with varying degrees of 
management, maintenance, and success.  At sites where samples could be retrieved, data were collected in the 
spring of 2007. However, due to unforeseen circumstances such as inaccuracies in the database and lack of site 
knowledge among current resource managers, the project was modified to include updating the database, and 
making recommendations for those installations whose sites did not meet our sampling criteria, no longer existed, 
or could not be located.  Below is a description of sample collection and analysis activities. 
 
 
Benthic macroinvertebrates   
Samples were collected in one separate riffle/run habitat. In order to standardize assessments across streams, we 
collected organisms by disturbing the stream bottom for sixty seconds to a depth of approximately 10cm using 
rectangular framed kick nets (500 µm mesh). Organisms were collected from the nets using forceps and a 500µm 
sieve, and preserved in isopropyl alcohol for lab identification. Identification was done to family according to 
Merritt and Cummins (1984).  Once 100 organisms were identified, there were placed in files, preserved and 
stored as voucher samples. All data was entered into Excel spreadsheets and tolerance and diversity metrics were 
calculated. 
 
Benthic macroinvertebrate data was analyzed using the metrics found in Table 2.  Each metric was calculated 
using data from either the order (non-insects) and/or family taxonomic level (insects) of identification.  Metrics 
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were calculated for each riffle/run habitat sampled.   Taxa tolerance values were taken from Merritt (1984), 
Stribling (1998), and Mandaville (2002).  Relative abundance for each taxa was calculated for each riffle and also 
to obtain a site value. 
 

Category Metric Description 
Total number of taxa Measures variety of macroinvertebrate 

assemblage 
No. EPT taxa Number of taxa in insect orders in 

Ephemeroptera, Plecoptera, and 
Trichoptera. 

No. Ephemeroptera taxa Number of mayfly taxa 
No. Plecoptera taxa Number of stonefly taxa 

Richness 
Measures 

No. Trichoptera taxa Number of caddisfly taxa 
% EPT  % mayfly, stonefly, caddisfly larvae 
% Ephemeroptera % mayfly nymphs 
% Plecoptera % stonefly larvae 
%Trichoptera  % caddisfly larvae 

Composition 
Measures 

% EPT/Chironomid Number mayfly, stonefly, caddisfly larvae 
divided by chironomid larvae 

No.of intolerant taxa Taxa richness of organisms sensitive to 
perturbation (tolerance values 0-3) 

% Tolerant organisms % organisms tolerant to perturbation 
(tolerance values 7-10) 

% Dominant taxon Measures the dominance of single most 
abundant taxon 

Tolerance/ 
Intolerance 
Measures 

Family Biotic Index Uses tolerance values to weight abundance 
in estimate of overall pollution 

 
Table 2:  List and description of benthic macroinvertebrate metrics 
 
 
Water quality  
Several water quality parameters were collected from one site within the 150-meter reach (riffle/run, pool, and 
mid-channel).  Temperature (°C), specific conductance (µS/L), dissolved oxygen (mg/L), percent oxygen 
saturation, and pH were measured using a YSI multiparameter probe.  These specific parameters were collected to 
show changes that can occur due to establishment of riparian plants, establishment of a canopy, and to determine 
if road wash are having an affect on stream water chemistry. The temperature of stream water is critically 
important to not only the thermal tolerances of the organisms living there, but also important to the amount of 
oxygen a body of water can carry.  Generally speaking, colder water can carry more oxygen.  Consequently, 
oxygen levels are important to overall organism functioning.  A measurement of at least 5mg/l of oxygen is 
critical for most organismal survival.  Concentrations lower than this can impede the physiological functioning of 
most aquatic organisms, causing stress and potential death.  Specific conductance is an important measure of a 
body of water’s capacity to conduct electricity, or how many ions the water is carrying.  Aquatic organisms have a 
wide tolerance to specific conductance values, however, they are important measure to determine the effects of 
both surface and groundwater flow and the ions that are transported to the stream via these pathways.  pH, a 
measure of the amount of hydrogen and hydroxyl ions is typically referred to the acidity or basic nature of water.  
Acceptable pH values fall between 5-8 with some organisms surviving outside this range if adapted to these 
conditions.  If conditions are too acidic or basic in the water column, it can disrupt important physiological 
pathways through denaturing the enzymes that catalyze them potentially stressing the organisms to the point of 
death.  Water was collected in acid rinsed jars and sent to the Chesapeake Biological Laboratory for analysis of 
total phosphorus, soluble reactive phosphorus (SRP), nitrate-nitrogen, ammonia-nitrogen, and total suspended 
solids. Nutrient and suspended solid concentrations are important to determine the effect the the buffer is having 
on the surface and groundwater flow into the stream.  Ideally, plants in the riparian zone will uptake biologically 
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available nitrogen (nitrate-nitrogen and ammonia-nitrogen) and phosphorus (SRP) and lower the concentration of 
the ground water before it enters the stream.  Other forms of phosphorus generally binds to  particles and settles 
out in the riparian zone similar to suspended solids when the overland flow encounters the riparian zone, spreads 
and slows allowing suspended material to settle out.  All data was then entered into Excel spreadsheets. 
 
Habitat Assessment  
Habitat assessments were done at each site using the methods described in the Rapid Bioassement Protocols for 
Use in Wadeable Streams and Rivers (Barbour, 1999) for high and low gradient streams.  Data sheets for each 
stream were filled out and overall habitat scores were calculated (see Appendix A for High Gradient Stream 
example). 
 
Watershed Land use Analysis and Area  
 At site (immediately adjacent to and upland of buffer area) and upstream land use assessments were done using 
aerial photography (Google Earth® ) if available and ground-truthing.  Hand held GPS units were used to obtain 
point stream location.  
 
Recommendations 
If sites could not be fully sampled due to their location, dry stream bed, unstable benthic habitat or site 
modification, we used our best judgment to determine the reason(s) for not being able to sample and noted them. 
A full recommendation was provided to the site manager with the installation specific report. 
 
Data collected from the study was pooled with data from a previous study (Orzetti 2004) assessing the 
effectiveness of riparian buffer zones in the Piedmont physiographic region.  Since several of the sites do not fall 
within the Piedmont region, we looked separately at trends for the Coastal Plain, and then attempted comparisons 
between sites of similar ages within the Piedmont and Coastal Plain.  We realize there may be several 
confounding factors that may skew the data such as tidal regime and stream order; however, we are proceeding 
with an initial comparison across physiographic regions to begin to understand what factors may cause differences 
between these areas. 
 
In addition to field data that was collected, researchers used this opportunity to update the DoD forest buffer 
database to include accurate GIS coordinates and the presence or absence of a restored site to date.  Researchers 
also determined if a site was performing the functions of “forest buffer zone” as defined by the US Forest Service.  
If the site did not appear to be performing those functions, or no longer existed, it was highlighted in the buffer 
database with an explanation for its recommended removal from accounted buffer mileage. 
 
 
Results: 
 
Water Quality 
 
The water quality values for all sites can be found in Appendix 2. In order to determine if sites improved with age 
of buffer, we preformed a logistic regression.  Those results for both the Coastal Plain and Piedmont 
physiographic regions that yielded R2 values of greater than 0.20, can be seen in Figures 1 and 2. 
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Figure 1:  Water quality logistic regression results for Coastal Plain sites that yielded an R2 greater than 0.20  
 
 
 

 
Figure 2: Water Quality logistic regression results for Piedmont sites that yielded an R2 greater than 0.20  
 
In order to determine if any difference exists between the coastal plain and piedmont sites, we performed a 
discriminant function analysis.  Group means for physiographic regions can be found in Table 2.  The f-to-remove 
values show that dissolved oxygen is the variable least able to separate the data, while NO3 and SRP separate the 
regions best.  A classification matrix showed that 76% of sites originally characterized as “piedmont” were 
classified correctly, while 80% of sites originally characterized as “coastal plain” were classified correctly using 
the discriminant function, giving an overall correct classification of sites based on water quality parameters at 
78%.  A graph of canonical scores and physiographic region shows separation of sites by region based on water 
chemistry parameters (Figure 3). 
 

Variable Piedmont Coastal Plain Ridge & Valley* 
NO3 2.501 0.572 0.226 
NH4 12.939 49.423 3.00 
SRP 79.045 43.258 2.8 
TP 34.163 106.256 6.0 
Temperature 16.545 20.025 14.1 
SPC 212.338 242.289 100.60 
DO (mg/l) 9.752 7.297 9.5 
DO % 99.643 80.527 92.2 
Table 2:  Group means for water chemistry data  
* Only 1 site present:  NSGA Sugar Grove 
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Figure 3: Discriminant analysis of water chemistry separated by physiographic region  
 
 
Benthic Macroinvertebrates 
The benthic macroinvertebrate diversity and tolerance metrics for all sites can be found in Appendix 3. In order to 
determine if sites improved with age of buffer, we preformed a logistic regression.  Those results that yielded R2 
values of greater than 0.20, can be seen in Figure 4.  The coastal plain sites appeared to follow a counterintuitive 
pattern, with metrics degrading with age of buffer.  This may be accounted for due to tidal activity, salinity, or 
stream size. 
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Figure 4: Benthic macroinvertebrate logistic regression results for Coastal Plain sites that yielded an R2 
greater than 0.20 
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Figure 5:  Benthic macroinvertebrate logistic regression results for Piedmont sites that yielded an R2 greater 
than 0.20 
 
In order to determine if any difference exists between the coastal plain and piedmont sites, we performed two 
discriminant function analyses, one using diversity metrics and one utilizing tolerance metrics.  Group means for 
physiographic regions can be found in Table 3.  For the first analysis using only diversity metrics, the f-to-remove 
values show that %EPT is the variable least able to separate the data, while % Trichoptera separates the regions 
best.  A classification matrix showed that 57% of sites originally characterized as “piedmont” were classified 
correctly, while 91% of sites originally characterized as “coastal plain” were classified correctly using the 
discriminant function, giving an overall correct classification of sites based on water quality parameters at 65%.  
A graph of canonical scores and physiographic region shows separation of sites by region based on EPT metrics 
(Figure 6).   
 
Metric Piedmont Coastal Plain Ridge & Valley 
Total Taxa 11.838 8.455 21.000 
% EPT 10.192 2.059 38.785 
% Plecoptera 5.838 0.973 6.075 
%Ephemeroptera 2.756 0.044 29.907 
% Trichoptera 1.664 0.645 2.804 
No. intolerant 2.297 3.455 63.00 
% Tolerance 55.369 64.022 49.065 
% Dominance 53.153 54.960 30.374 
FBI 6.203 6.823 5.150 
Table 3:  Group means for benthic macroinvertebrate data 

To
ta

l T
ax

a 

0 

5 

10 

15 

20 

25 

30 

0 1 2 3 4 5 6 10 13 15 20 50

Age (years) 

Total 
Log. (Metric) 

y = 2.1576Ln(x) + 8.0194 
R2 = 0.2442 

N
o.

 In
to

le
ra

nt
 

O
rg

an
is

m
s 

0

2

4

6

8

10

0 1 2 3 4 5 6 10 13 15 20 50

Age (years) 

Total
Log. (Metric)

y = 1.0578Ln(x) + 0.3863 
R2 = 0.2049 

0 
10 
20 
30 
40 
50 
60 
70 
80 

0 1 2 3 4 5 6 10 13 15 20 50 

Age (years)

Total
Log. (Metric)

%
 E

PT
 

y = 11.56Ln(x) - 6.8309 
R2 = 0.2179 



  1/21/2007 

 
Figure 6:  Discriminant analysis of EPT metrics separated by physiographic region  
 
 
For the second analysis using tolerance metrics, the f-to-remove values show that %Tolerance is the variable least 
able to separate the data, while the number of intolerant organisms separates the regions best.  A classification 
matrix showed that 76% of sites originally characterized as “piedmont” were classified correctly, while 36% of 
sites originally characterized as “coastal plain” were classified correctly using the discriminant function, giving an 
overall correct classification of sites based on water quality parameters at 67%.  A graph of canonical scores and 
physiographic region shows separation of sites by region based on tolerance metrics (Figure 7).   
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Figure 7:  Discriminant analysis of tolerance metrics separated by physiographic region 
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Habitat 
The habitat scores for all sampled sites can be found in Appendix 4.  Upon performing a discriminant function 
analysis to compare habitat scores between physiographic regions, we found that the Wilks’ Lambda coefficient 
(0.17) does not show a significant separation of sites by physiographic region. A jackknifed classification matrix 
showed that 28% of sites originally characterized as “piedmont” were classified correctly, while 67% of sites 
originally characterized as “coastal plain” were classified correctly using the discriminant function, giving an 
overall correct classification of sites based on habitat scores at 33%.   A box plot depicting total habitat scores 
separated by physiographic region can be found in Figure 8. 
 
 

 
Figure 8:  Box plot of habitat scores by physiographic region 
 
Unsampleable Sites 
While we were able to collect data at many sites, due to the nature of the site (large, unwadeable, 
unstable substrate, low or high water), missing or incorrect database information, or unable to locate the 
site we were unable to collect all data needed for this study.  In some cases we were only able to collect 
water quality data and no benthic macroinvertebrates because of unstable substrate.  In addition, some of 
the tidally influenced sites did not lend themselves to the habitat data collection according to the EPA 
protocols (Barbour 1999).  We were unable to collect any pertinent data at 7 sites, and water quality only 
at 4 sites (Table 1).   Recommendations for these sites range from additional plantings and in-stream 
benthic habitat stabilization to planting the site adjacent to a body of water or making use of planting 
dollars at sites that will have a greater impact.  While we do not recommend not planting sites in the 
Coastal Plain, oftentimes because the substrate is sandy, there is a lower retention time of water in the 
riparian zone with little plant uptake or transformation of nutrients before they reach the stream.  In 
addition, plantings along larger tidal creeks can sometimes provide little benefit unless accompanied 
with some sort of soft shoreline restoration.  To maximize the benefit for the amount of dollars spent, 
managers should consider planting riparian habitat along smaller, less tidally influenced waterways, and 
always with at least 35 feet of buffer.  Ornamental plantings, or a total width of less than 35 feet will 
have little to no impact on water quality or in-stream habitat with costs far outweighing the perceived 
and realized benefits.   
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Conclusions and Recommendations  
 

According to our results, it appears that while some of the buffered sites are doing well, with 
improving water quality and benthic macroinvertebrate community structure, some sites are in need of 
additional restoration.  Also, with this data we were able to draw some tentative conclusions comparing 
the coastal plain (a little studied area) and piedmont physiographic regions,. The location of a site within 
a physiographic region appears to have an impact on tolerance metrics, with quicker recovery time being 
in the piedmont as opposed to the coastal plain. This may be due to groundwater flow being generally 
slower in the Piedmont region because of underlying geology.  For example, the sandy soil in the 
Coastal Plain allows water to move faster through the buffer region before flowing into the waterway.  
Without the retention time in the soil layers, the buffer cannot pull the nutrients from the water, and you 
do not see as marked results as you may see in the Pidemont region.  However, more data is needed to 
support this conclusion.   

Also, there were confounding factors when looking at some of the sites.  These confounding factors 
may be contributing to the negative trends with age of buffer we are seeing in benthic macroinvertebrate 
data.  The significant relationships seen in total taxa, % ephemeroptera (mayflies), and % trichoptera 
(caddisflies) may reflect either the tidal influence, salinity or size of waterway since the empheropterans 
are particularly sensitive to perturbations.  Another interesting pattern was seen in the water quality 
trends at the St. Julien’s Creek sites.  These sites are moving up a salinity and tidal gradient, and this 
was reflected in the nutrient and total suspended solids values (Table 3).  More study is needed to 
determine if this is a trend only seen at this site or across tidal and salinity regimes in general.  Since our 
choice of sites was limited due to incorrect, missing or incomplete data in the database, it was often 
difficult to control for size of stream or tidal regime of restored area.  Additional sites in the coastal plain 
and ridge and valley regions are needed to more conclusively remark on the differences between 
regions.  Attached to this report are individual installation reports that show the condition of sites within 
each of the physiographic regions as well as recommendations made for each of those sites.   

Overall, while the DoD has put significant resources into the restoration of forest buffers, there are 
several areas of improvement that can be made to the DoD Forest Buffer Program.  Below are a list of 
our recommendations to improve the overall program and reporting requirements needed to update 
buffer mileage for the Chesapeake Bay Agreement. 
 
 

• Ensure proper site selection and planting programs.  We visited several sites where the 
installation of the forest buffer did not a) fill the minimum 35 foot width of buffer, b) use native 
and proper vegetation for that specific site, c) was  not on an actual body of water, d) was not in 
an area that would provide maximum benefit for water quality.  We recommend that all planting 
plans be reviewed with DoD Forest Buffer Coordinator and the state Department of Forestry or 
other qualified individuals to ensure that the restoration plan fulfills its intended purpose, follow 
proper guidelines, and provide the maximum benefit to the Chesapeake Bay.  Please see 
individual installation reports for more specific recommendations for a site. 

• Keep good and consistent records.  While using the provided Forest Buffer database given to 
us by the DoD Forest Buffer coordinator, we found many instances where there was missing or 
incorrect information.   It is important that site data be collected in a standardized format for all 
sites which will help when locating sites in the future.  Such data that should be collected at the 
time of planting and reporting are accurate GPS coordinates in a standard format, length, width 
and buffer acreage and a point of contact. Maintaining accurate records at the installation is also 
important.  We contacted and visited several installations where the base managers did not know 
a buffer existed on their property, or could not locate it based on the data provided by Ecosystem 
Solutions personnel.  In addition to maintaining installation records of existing buffers, it is also 
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important to report if any of the buffer restoration miles planted in the past no longer exist due to 
changes in land use or poor survival of the planted site.  This will help the DoD forest buffer 
manager to keep more accurate records to report to the Chesapeake Bay Program for their 
commitment to Chesapeake 2000 goals. 

• Institute a monitoring program.  Monitoring of these sites is needed to ensure survival of the 
restored area.  Aside from monitoring the planted vegetation, baseline data (water quality, 
benthic macroinvertebrates, habitat) should be collected prior to restoring the site to provide 
some sort of post restoration comparison.  Without knowledge of conditions prior to restoration, 
it is difficult to quantify improvements to water quality and biological data on a site-specific 
basis. 

• Ensure proper maintenance of sites.  Oftentimes restoration sites are neglected after the trees 
have been put in the ground.  Several publications (ACB 1998, Palone 1997) have maintenance 
protocols to help ensure the best possible survival of the site, and thus best return on investment. 

• Provide working definition of riparian forest buffer zone.  Upon visiting some of the sites, it 
became apparent that the miles that were reported to the forest buffer zone data base for 
calculating total DoD miles were indeed not forest riparian buffer zones.  Therefore, a thorough 
definition should be given to all installations undertaking a forest buffer restoration to ensure that 
the intended restoration project is meeting the Chesapeake 2000 goals.  

 
This project was funded (No. 07-305) by the Legacy Resource Management Program (LRMP).  The 
Legacy Program is a congressionally appropriated program under the Department of Defense 
Conservation Program that funds natural and cultural resource projects.   
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