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Methods for Analysis of Highway Construction 
Impacts on a Wetland Ecosystem 
--A Multidisciplinary Approach 
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ABSTRACT 

In 1979 the Arkansas Highway and Transporta­
tion Department made application to the U.S. 
Army Corps of Engineers for a permit, as 
required by Section 404 of the Clean Water 
Act, to allow placement of fill material in 
a wetland during construction of US-67 in 
White County, Arkansas. Coordination with 
the Environmental Protection Agency, the 
Fish and Wildlife Service, and the U.S. Army 
Corps of Engineers resulted in the Highway 
Department agreeing to monitor impacts be­
fore, during, and after construction as a 
condition for issuance of the Section 404 
permit. The wetland monitoring program and 
the procedure used to derive the monitoring 
program are described. In addition, a liter­
ature summary is presented for researchers 
who may be required to analyze impacts on 
wetland ecosystems. 

The purpose of this paper is twofold: (a) to inform 
the research community of a current wetland research 
effort and the events that led to this involvement 
and (bl to present future wetland researchers with a 
foundation of methods and literature from which to 
formulate their own impact analysis strategies. A 
brief discussion of the analytic methods originally 
proposed and those that, through trial and error, 
were ultimately implemented in the field is 
presented. 

HISTORY OF THE PROJECT 

Since the fall of 1980 the Arkansas State Highway 
and Transportation Department (AHTD) has been en­
gaged in a monitoring program to determine the im­
pacts of highway construction through a forested 
wetland ecosystem. This project is apparently unique 
because (al it is required as a special provision of 
a Section 404 permit (Clean Water Act, 1977) for 
placement of fill material in wetlands, (bl 2.5 
years of baseline ecological data had been obtained 
before construction of the highway, and (cl a flood­
plain wetland ecosystem in the Mississippi Valley is 
involved. 

Planning for improvement of US-67 from a two-lane 
to a four-lane divided highway began in the early 
1970s. An environmental impact statement for the 
28-mile segment from Bald Knob to Newport, Arkansas, 
was prepared in 1974. Originally, three construction 
alternatives were considered. Alternative A crossed 
an upland section of the Ozark foothills and was 
projected to cost $100,000 more per mile than either 

of the other alternatives. Alternative B, improve­
ment of the existing two-lane facility on location, 
would require relocation of 184 residences, 52 busi­
nesses, two post offices, and a city hall, which 
made this alternative economically unfeasible. Al­
ternative C, construction of the facility through a 
section of the White River floodplain, was chosen a11 
the preferred alternative for the new highway (!.). 

Application was made in 1979 to the U.S. Army 
Corps of Engineers (COE) for a Section 404 permit to 
allow construction and placement of fill in wetlands 
traversed by the highway project. During permit 
review and coordination with other agencies, the 
Environmental Protection Agency (EPA), Fish and 
Wildlife Service (FWS), and COE raised questions 
concerning impacts on the wetland complex caused by 
construction and placement of fill. Following field 
inspections of the wetland and several months of 
interagency coordination, an agreement was reached 
for issuance of the Section 404 permit contingent on 
AHTD fulfilling eight special provisions, which 
included 

1. Purchase of 175 acres of wetland adjacent to 
the construction corridor that "shall remain undis­
turbed for perpetuity," 

2. Placement of a 3-ft-thick sand layer at the 
base of the roadway embankment to 
face flow, and 

facilitate subsur-

3. Establishment of a monitoring 
determine the long-term effects of 
through the wetland. 

program to 
construction 

Terms of the 404 permit allow placement of 500,000 
cubic yards of permanent earthwork for raising the 
new highway 7.3 m above the existing surface level. 

DESCRIPTION OF THE WETLAND 

The Oats CrPPk w,;,tland i11 a palustrinc, dcciduom!, 
forested wetland as defined by Cowardin et al. (2) 
located east-northeast of Bradford, White County, 
Arkansas (Figure 1) • It is situated in the flood ­
plain of the White River in the Mississippi alluvial 
plain just below the fall line that separates t:he 
maximum limits of the ancient Mississippi embayment 
from the Ozark uplands C]), The soil is Kobel silty 
clay that is characterized as poorly drained with 
low permeability and little urban utility (4). 

The study area is roughly rectangular - in shape 
and encompasses approximately 73.5 hectares. The 
wetland undergoes a prolonged period of inundation 
annually, usually from December through May. Water 
depth during inundation varies from a few centime­
ters to more than 5 meters. 

Oats Creek is a third-order stream that arises at 
the foot of the Ozark uplands and flows approxi­
mately 6. 5 kilometers to its confluence with De­
partee Creek. Channel morphology of Oats Creek with-

.. .. .. 
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FIGURE I Location of Oats Creek wetland study area. 

in the study area varies from 5 to 25 min width and 
o. 5 to 2. 0 m in depth at full bank level. Beaver 
dams have altered flow within the channel signifi­
cantly, especially in the western half of the study 
area. Oats Creek enters the wetland midway up the 
western boundary, turns south to follow the southern 
boundary, then north along the eastern boundary be- · 
fore exiting the wetland at the southeastern corner, 
an area designated the outflow. Figure 2 shows the 
configuration and physical features of the wetland. 

Vegetation in the wetland is divided into four 
dominance zones as shown in Figure 2. Overcup oak 
(Quercus lyrata) is the dominant woody species with­
in the wetland and this zone occupies the largest 
area. The tupelo (Nyssa aquatica) and bald cypress 
(Taxodium distichum) zone is confined to areas in 
and adjacent to Oats Creek and areas ponded by 
beaver dams. The water elm (Planer a aquatica) zone 
occurs in the lower portion of Oats Creek where the 
channel has become relatively broad and shallow. A 
zone designated the "upland" zone occurs across the 
northern edge of the wetland. This is a more diverse 
zone dominated by willow oak (Quercus phellos), 
Nuttall' s oak (Quercus nutalli), sugarberry (Celtis 
laevigata), American elm (Olmus americana) , and red 
elm (Ulmus rubra). "Upland" zone is used strictly as 
a relative term because elevation changes only 1.5 m 
from the Oats Creek channel to the upland. 

MATERIALS AND METHODS 

Research Design 

Initial emphasis in research design was on integrat­
ing various scientific disciplines (hydrology, biol­
ogy, ecology, and so forth) into a monitoring system 
that would (a) obtain information on basic wetland 
ecosystem form and function, (b) allow a quantified 
estimate of changes and impacts to the wetland, and 
(c) be cost-effective. Cost-effective meant keeping 
total outlay for the monitoring program below a 

figure that would make one of the other construction 
alternatives more economically feasible. 

First, reference points were established within 
the wetland so that repetitive sampling could be 
performed. Reference points are transects parallel 
to the construction centerline on both the upstream 
and downstream sides. Cleared right-of-way for the 
highway corridor is 91. 5 m wide for the length of 
the project. Each reference transect is 91.5 m from 
the construction centerline and 45. 7 m outside of 
the right-of-way (i.e., clearing and grubbing activ­
ities). Transects were placed by a survey crew and 
survey markers labeled with corresponding construc­
tion numbers were set at 30.5-m intervals. Because 
much of the area is inundated for 6 months of the 
year, numbered metal tags were attached approxi­
mately 6 meters off the ground in the tree nearest 
the transect marker. Virtually all sample events and 
sample stations are directly correlated with the two 
transects and the construction centerline. Figure 3 
shows the relationship of the construction right-of­
way and sample transects to the wetland. 

Monitoring of the wetland study area began in the 
winter of 1981. The preconstruction phase of moni­
toring ended with the spring of 1983 sample giving 
2.5 years of baseline data on wetland form and func­
tion. AHTD is committed to continuing the monitoring 
program, hereafter described, for 5 years after 
construction of the highway. At that time an evalua­
tion of the results will determine the scope and 
duration of further impact monitoring. 

Climatic Conditions 

Continuous data for wind speed, wind direction, 
temperature, and rainfall have been taken since the 
spring of 1981. Rainfall is monitored using a tip­
ping-bucket gauge attached to a miniature strip 
chart recorder powered by a 115-volt AC source. 
Initially, 12-volt car batteries in series were used 
but this power source lacked the longevity necessary 
during cold winter months. Occasionally line power 
has failed during storm events causing loss of data. 
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Wind and temperature are monitored using a stan­
dard battery-powered meteorological station consist­
ing of anemometer and coiled-spring temperature 
gauge with continuous recording. 

The meteorological package was placed in the 
headwaters of the Oats Creek drainage in open pas­
tureland approximately 2 kilometers from the wet­
land. It is believed that this deployment provides 
the best measure of ambient wind and temperature 
conditions as well as the most useful rainfall data 
for hydraulic analysis. Ideally, a weather station 
in the wetland would provide direct comparative 
meterological information, but spot measurements for 
comparison are used because of problems with vandal­
ism and humidity. Bimonthly visits to the wetland 
seem to be sufficient to establish wetland trends as 
they relate to ambient conditions. 

Air and water temperatures are recorded using a 
centigrade thermometer at five localities within the 
wetland a minimum of twice a month. In addition, 
there are week-long intensive sampling periods quar­
terly during the year at which time air and water 
temperatures are recorded at 2-hr intervals during 
daylight hours for 5 consecutive days. 

HydrauUcs 

The coordinating agencies for this project were 
concerned with alteration of stream flow and water 
distribution by the possible damming effect of the 
roadway fill. Placement of a complex (and expensive) 
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series of continuous recording flow meters along 
each transect to monitor velocity and direction was 
considered initially. Consultation with the COE and 
the U.S. Geological Survey (USGS) resulted in imple­
mentation of a less complex manual flow monitoring 
method. 

Flow is measured during the wet season (December­
May) using an "AA" rotating cup-type current meter. 
An effort is made to record flow at all water levels 
and discharge rates so that an inflow-outflow hydro­
graph can be constructed. Flows are monitored at the 
US-67 bridge, both upstream and downstream tran-
11ect11, and at the exit point or pointo for water 
leaving the wetland. Directional tendencies are 
determined by visual inspection. 

Water level fluctuations are monitored using 
manual methods. A wire weight gauge is operative 
from the US-67 bridge, approximately 1. O kilometer 
upstream of the wetland. Two staff gauges are used 
in the channel of Oats Creek, one on the upstream 
transect and the other approximately 305 meters 
downstream. These are used to assess fluctuations in 
water level and calculate the slope of Oats Creek. 
The wire weight gauge is read daily and staff gauges 
are read 2 to 20 times a month. 

A more intensive hydraulic analysis to establish 
short-term response to local storm events would 
require continuous water level monitoring systems. 
For the long-term analysis of impacts, it was be­
lieved that discontinuous data points that encompass 
maxima and minima would be sufficient. In retro­
spect, the chosen method of analysis has proven 
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FIGURE 3 Plant and bird sample quadrats. 

sufficient because short-term response to storms is 
negligible due to the broad nature of the Oats Creek 
floodplain. Major fluctuations in water level appear 
to be in response to changes in water level of the 
White River that backs up tributary streams. 

Concern for the possible alteration of subsurface 
water levels and flow patterns was expressed by 
coordinating agencies. It was believed that the 
sheer weight of the highway fill might compress 
underlying soil layers and restrict subsurface flow . 
This was the reason for including a 3-ft pervious 
sand layer at the base of the fill as specified in 
the Section 404 Special Provisions. Theoretically, 
this sand layer would help maintain lateral 
transport. 

Core samples taken in the wetland showed the 
substratum to be two tiered. The upper 15-20 cm is 
composed of an organic layer of humus and detri­
tus--a highly permeable layer. The lower stratum, 
extending perhaps 6 meters in depth, is a fine­
grained, highly compacted layer of clay that is 
relatively impermeable to the lateral transport of 
water. The installation of piezometers to monitor 
subsurface levels was eliminated following this 
discovery. 

Phy sic al Para.lJ\eters 

Any construction project in or near water is likely 
to contribute increased sediment load to the aquatic 
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system. Three different methodologies are being used 
to obtain data on pre- and post-construction sedi­
mentation rates. 

Suspended sediment samples from the water column 
are taken from six wetland stations by grab samples 
at 2-week intervals. Samples are quantified using 
standard methods ( 5) , and the organic and inorganic 
fractions are determined. 

Two competing methodologies are used to determine 
relative rates of sediment deposition. Four sediment 
traps are used along each transect to compare up­
stream versus downstream rates. A trap consists of a 
glass sample jar (950 mL) mounted inside a submerged 
holding container buried to ground level. Jars are 
collected at 2-week intervals during low water and 
whenever possible following recession of high water. 
Collected sediments are filtered, oven dried, 
weighed, and then burned at 550°C and reweighed to 
determine the organic fraction of the sample. Or­
ganic and inorganic fractions are converted to grams 
per squa r e meter per day . 

The second method i nvolves using stationary cir­
cular pads, 34 cm in diameter, that are distributed 
eight per transect. These concrete disks are re­
trieved each time they emerge following recession of 
high water. All material deposited on the surface of 
the pad is carefully removed by water and brushed 
into a collecting basin. The contents are then bot­
tled and sent to the laboratory for analysis. The 
same analytic procedure is used for pad samples that 
was used for trap samples. Results again are quanti­
fied as grams per square meter per day. 
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Chemical Parameters 

Nineteen chemical parameters are being analyzed 
during this study .. TahlP. 1_ gives the parameters and 
method of analysis. After 1 year of analysis, six 
parameters were discontinued until the beginning of 
highway construction because of lack of variation. 
The six parameters are lead, copper, zinc, aluminum, 
color, and oi l and grease. Samples are taken at 
2-week intervals from five to seven locations up­
stream of and in the wetland. Grab samples are taken 
by wading or from a boat, preserved in the field, 
rP.frigPri'ltP.rl at 4°C, and sent to the labor.itory for 
analysis. Methods f ollowed are those of the EPA (11, 
and APltll. (_~). Figure 4 shows wa ter quality sample 
stations . 

Biological Parameters 

Plants 

Data on woody plant species are gathered during the 
summer and fall of each year. Ten permanent plant 
quadrats, 10 m x 20 m, have been established for 
this purpose. Six quad rats are located upstream of 
the construction zone and four are located down­
stream. An effort was made to establish at least one 
quadrat in each major vegetation zone (see Figure 3) . 

The establishment of quadrats along transects was 
randomized by picking station numbers from a pool of 
the transect station numbers that occur in a partic­
ular vegetation zone. Quadrats established away from 
transects were located by randomly throwing a marker 
into the vegetation zone. Orientation of the long 
axis of each quadrat was determined by spinning a 
compass. 

Within each sample quadrat, all stems >2.5 cm 
in diameter at breast height (dbh) are counted and 
identified to species. In addition, height of each 
individual is visually estimated. Core samples are 
taken from 3 or 4 trees per quadrat to estimate age 
of the wetland forest cover and to reconstruct past 
conditions by dendroclimatic estimation methodology. 

Each quadrat has been divided into quarters and 
one quarter randomly selected for additional analy­
sis. Within the specified quarter each stem <2.5 
cm dbh is counted and identified. Each stem is mea­
sured for height and recorded as less than 30. 5 cm 
(seedling) or greater than 30.5 cm. A visual estima­
tion of total ground cover is also made. 

From the data collected, values for the following 
are derived: frequency, relative frequency, density, 
dominance, relative dominance, and importance value. 

Leaf litter fall is collected by square meter 
wooden frame tr.ipo with removabl!! cloth bags. Th!! 
traps are elevated 1.8 m above ground level on 
wooden legs. Samples are collected bimonthly 
throughout the year. Litter is sent to the labora­
tory and dried at 65°C for 24 hr. The dried sample 
is separated into leaf, wood, and detritus and 
weighed to the nearest O. 05 gram. The information 
will generate data on period of senescence and 
canopy production. 

Aerial infrared and black-and-white photographs 
are taken during spring, summer, and fall. These 
will be used to determine zones under stress, 
changes in composition, and periods of inundation. 

Benthic Invertebrates 

Benthic invertebrates are sampled quarterly from 
four to seven different locations in the wetland 
depending on water level (Figure 4). Samples are 
taken with a petite PONAR dredge (15.3 cm x 15.3 cm) 
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T BLE 1 Wnt r Q1iaJity Parameters and Method of Analysis 
Used in Welland Analysi, 

Parameter 

Dissolved oxygen 
Acidity 
Alkalinity 
pH 
Total nitrogen 
Nitrote(N03-) 
Ammorua 
Total phosphorus 
Phosphate (P04 =) 
Sulfate (SOq =) 
Calcium 
Iron 
Lead3 

Copper• 
Zinca 
Aluminum8 

Color• 
Turbidity 
Oil and grease• 

8 Parameter discontinued. 

Method 

Modified Winkler 
Titrimetric 
Titrimetric, pH 4.5 
Electrometric 
Kjeldnhl, potentiomclric 
Colori metric, Brudnc 
Potentiometric, ion selective electrode 
Colorimetric, ascorbic acid, two reagent 
Colorimetric 
Tnrhidimetric 
A.A. spectrophotometric 
A.A. spectrophotometric 
A.A. spectrophotometric 
A.A. spectrophotometric 
A.A. spectrophotometric 
A A. spectrophotometric 
Spectrophotometric 
N ephelometric 
Spectrophotometric 

and perserved in 30 percent formalin solution. Three 
replicates are taken at each location to increase 
efficiency by sampling different microhabitats. At 
each location, one replicate is dredged from stream 
edge, one from midchannel, and one from an inter­
mediate point. When collected, samples are sent to 
the laboratory and washed with water through a No. 
30 sieve to remove silt and debris. Macroin­
vertebrates are hand picked and identified to lowest 
possible taxon before storage in 70 percent isopro­
panol. Problem taxa are sent to specialists at the 
u.s. National Museum and various universities for 
identification. Taxa are quantified as numbers of 
ntgi!tni.Sffl!:I per Sql.!are ffiPt-~r ::Inn W,l~~dnht- nf! nrg::1n;qfflC: 

per square meter. 

Fish 

Two collection methods are used to determine species 
composition of the wetland fish fauna. Gill nets 
30.5 m x 1.8 m with 5 cm mesh are fished during the 
quarterly sample periods. Four nets are fished con­
tinuously for a 4-day period with effort made to 
check each net four times daily. Fish captured are 
identified to species, weighed (±25 grams), and 
measured for standard or total length or both. Data 
are reported as species weight per hour fishing 
effort or species number per hour fishing effort. 
Fish in good physiological condition are injected by 
hypodermic syringe with color-coded water-soluble 
dye and released. Specimens found dead in the net or 
in poor condition are preserved for stomach content 
analysis. A representative sample of each species is 
kept during each quarter for food habit analysis. 

Small species and juveniles of large species are 
sampled using 3 m x 2.5 m and 1.5 m x 1.2 m small 
mesh seines. Monthly collections are made to deter­
mine species composition and abundance. Each month 
an effort is made to sample all habitats and seining 
is continued until three consecutive hauls reveal no 
additional species or until the surveyors are satis­
fied that all available species have been obtained. 
Each species is subjectively classified as rare, 
common, or abundant for each month's sample. A num­
ber of individuals (5-25) of each species are pre­
served and returned to the laboratory for stomach 
content analysis. 

• 
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FIGURE 4 Benthic invertebrate and water quality sampling stations. 

Reptiles and Amphibians 

Reptiles and amphibians are sampled by hand picking, 
baited traps, and drift fences with drop traps. 
Turtle species are the dominant component of the 
wetland herpetofauna. Specimens are captured in qill 
nets 1.8 m x 0.9 m with 10.l-cm mesh. Captured spec­
imens are sexed, marked by notching the marginal 
scutes, measured for carapace length, and released. 
Marking is site specific so that movements of the 
population can be monitored. Population size will be 
estimated by mark-recapture methods. 

Snakes and frogs are captured by hand and drop 
traps, identified, and released. No effort has been 
made to census the population. 

Birds 

Bird populations in the wetland are sampled four 
times a year: during winter, spring, and fall migra­
tions and during the breeding season. Sample plots, 
measuring 30. 5 x 30. 5 m, were established along the 
upstream and downstream transects. These plots were 
placed adjacent to each other with 18 located along 
the downstream transect and 25 along the upstream 
transect. This configuration was not randomly chosen 
b ut did cover all major habitat types within the 
wetland (see Figure 3). 

Upstream and downstream plots are censused on 
alternating mornings during 1 week of each season. 
Each plot is censused twice during the week. An 

observer begins at the southernmost plot approxi­
mately 30 min before sunrise and spends 5 min in 
each plot recording the numbers and species of birds 
seen or heard within the boundaries of that plot. 
Other birds outside the plot are also noted. Swift 
10 x 50 mm binoculars are used to identify birds by 
sight. Birds are not coaxed in any manner. 

Censuses are conducted on foot or in a 17-ft 
aluminum canoe depending on water levels in the 
wetland. Wind speed, temperature, sky conditions, 
and weather are noted at the beginning and end of 
each census. High winds or rain can prevent a census 
from being conducted. 

Birds are also captured in the wetland by mist 
nets. Ten nets are used each with dimensions of 12 x 
2.6 m. Eight of these are placed at ground level and 
two are placed between 2.0 and 4.6 m above the 
ground. These two aerial nets are suspended between 
electrical conduit poles by ropes and pulleys. The 
other eight nets are suspended between electrical 
conduit poles 3 m long. Five of the nets are made of 
33-mm nylon mesh for the capture of small birds and 
the rest are made of 36-mm ny lon mesh for the cap­
ture of small- and medium-sized birds. 

Nets are opened approximately 45 min before sun­
rise and are checked every O. 5-2 hr depending on 
weather conditions. Birds captured are sexed and 
a ged as appropriate and are banded with aluminum leg 
bands issued by the Bird Banding Laboratory, U.S. 
Fish and Wildlife Service. 

Several bird species 
banding operation. Color 

were chosen for 
bands are used 

a 
to 

color­
allow 
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visual identification of individual birds in the 
wetland. These species are red-bellied woodpecker, 
downy woodpecker, tufted titmouse, Carolina chick­
adee, prothonotary warbler, and Acad ian flycatcher. 
n "'""mh.;"~ .. ,,.. .... ,..,~ cclorad leg bands specific to each 
individual bird is placed on these species. This 
allows observers to identify color-banded birds by 
sight. Information about seasonal and daily move­
ments of individuals of these species in the wetland 
can then be noted over time. Copies of all banding 
information are sent to the u.s. Fish and Wildlife 
Service. 

Mammals 

A species list of all mammals observed or trapped is 
kept, and notes are made concerning habitat type, 
specific location within the wetland, time of day, 
and behavior of each mammal sighted. Live traps, 
sizes O, 2, and 3A, and small snap-traps are used to 
capture mammals. All large, and most small, mammals 
are released alive. Trapping locations are chosen 
subjectively and trapping is done in all habitat 
types within the wetland depending on seasonal water 
levels. Traps are set 3 or 4 nights each season and 
this trapping period usually coincides with avian 
sampling periods. The qualitative information being 
gathered will add to basic ecological data for the 
wetland. Changes in species composition of mammal 
populations can be noted during and after con­
struction. 

DISCUSSION 

There is no single procedure for designing an impact 
monitoring program. For this reason, monitoring 
programs are as numerous and diversified as the 
projects and systems for which they are designed. 
Researchers are requir~d tn us~ their e~per!ence and 
intuition to mold resources (i.e., manpower, fund­
ing, equipment) into a basic monitoring design that 
will answer the question: Did the project have an 
impact on the system? At the same time, a researcher 
must realize limitations on these resources and 
devise a program that yields a maximum of informa­
tion for the investment. Whether the yield is a 
qualitative "yes or no" answer or a quantitative 
"numerical change" answer depends on the research­
ers' design, scope, and resources. 

The research design discussed here evolved in 
four steps. The first step was to identify (a) the 
characteristics that make the system unique and (b) 
those positive attributes of the system that make 
impact monitoring necessary. Definitive characteris­
tics or this wetland system are water periodicity 
and vegetation. Positive attributes of the wetland 
system include its value for fish-spawning habitat, 
waterfowl habitat, flood retention, nutrient deposi­
tion, and high productivity (i.e., serves to produce 
food for fish, mammals, and so forth). 

The second design step was to hypothesize which 
aspects of the highway construction project would 
affect or alter characteristics of the system. For 
the study, it was concluded that clearing right-of­
way, placement of fill material, the damming effect 
of fill, and runoff during and after construction 
were all probable sources of impacts. 

Third, a monitoring methodology was implemented 
that was thought would reflect numerically or visu­
ally any changes or impacts. To accomplish this, 
baseline data to indicate what "normal" conditions 
are for the system are needed. How much baseline 
data is sufficient depends on the complexity of the 
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system being monitored. The simpler the system, the 
less baseline data is required for an accurate rep­
resentation of conditions inherent to the system. 

In the absence of baseline information for a 
system, a ,esearcher must use other data sources to 
infer the presence or absence of impacts. Methods 
used in studies of similar systems can be repeated 
(if feasible) and conclusions concerning impacts 
drawn from inference. Conventionality is the key. 
Use standard, often repeated methods that provide a 
large literature data base from which conclusions 
can be drawn. 

The monitoring program discussed here was de-
11igned 110 that melhcxloluyy (a) is easily repeatable, 
(b) accounts for seasonal variation, and (c) re­
flects impacts on parts of the system as well as on 
the system as a whole. 

The final step in the design procedure was to 
mold the program to a form that allows maximum ef­
ficiency. Staff consists of personnel, with special­
ized training in aquatic biology (fish, water chem­
istry), ornithology, and botany. Therefore, the 
majority of time and effort is concentrated on these 
areas of specialization to make the best use of 
previous training and experience. 

LITERATURE SUMMARY 

The works listed in this section were of help in 
defining and refining impact assessment methodology. 
This list is not, and is not intended to be, all-in­
clusive. 
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1979. Wetland functions and values: the state of 
our understanding. American Water Resources As­
sociation Publication TPS 79-2. 674 pp. 

National Wetlands Newsletter. Irregular publication 
of Environmental Law Institute and the National 
Wetlands Technical Council. 

Wharton, C.H., W.M. Kitchens, and T.W. Sipe, 1982. 
The ecology of bottomland hardwood swamps of the 
southeast: a community profile. U.S. Fish and 
Wildlife Biological Services Program FWS/OBS-81/ 
37. 133 pp. 

Wisconsin Department of Natural Resources, 1968. 
Bibliography of freshwater wetlands: ecology and 
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sociated road construction on northern California 
streams. Trans. Arn Fish. Soc. 101:1-17. 

Burke, R.C., II and J.A. Sherburne, 1982. Monitoring 
wildlife populations and activity along I-95 in 
northern Maine before, during, and after con­
struction. Transportation Research Record 859:1-8. 

Climatic Conditions 

Barton, B.A., 1977. Short-term effects of highway 
construction on the limnology of a small stream 
in southern Ontario. Freshwater Biol. 7:99-108. 

i 
f 

.. .. .. 



Harr is et al. 

Brown, G.W. and J.T. Krygier, 1970. Effects of clear­
cutting on stream temperatures. Water Resources 
Research 6:1133-1139. 

Feller, M.C., 1981. Effects of clearcutting and 
slashburning on stream temperature in southwest­
ern British Columbia. Water Research Bull. 
17(5) :863-867. 

Rishel, G.B., J.B. Lynch, and E.S. Corbett, 1982. 
Seasonal stream temperature changes following 
forest harvesting. J. Env. Quality 11(1) :112-116. 

Shuldiner, P.W., D.F. Cope, and R.B. Newton, 1979. 
Ecological effects of highway fills on wetlands. 
Transportation Research Board. National Coopera­
tive Highway Research Program Report 218A. 34 pp. 

Stern, D.H. and M.S. Stern, 1980. Effects of bank 
stablization on the physical and chemical charac­
teristics of streams and small rivers: a synthe­
sis. U.S. Fish and Wildlife Service Biological 
Services Program FWS/OBS-80/11. 43 pp. 

Stern, D.H. and M.S. Stern, 1980. Effects of bank 
stablization on the physical and chemical charac­
teristics of streams and small rivers: an an­
notated bibliography. U.S. Fish and Wildlife 
Service Biological Services Program FWS/OBS-
80/12. 77 pp. 

Stern, E.M. and W.B. Stickle, 1978. 
bidity and suspended materials 
vironments. U.S. Army Corps of 
Report D-78-21. 127 pp. 

Hydraulics 

Effects of tur­
in aquatic en­
Engineers Tech. 

Hemond, H.F., 1982. A low-cost multichannel record­
ing piezometer system for wetland research. Water 
Resources Research 18(1) :182-186. 

Hemond, H.F. and R. Burke, 1981. A device for mea­
surem@nt of infiltration in intermittently 
flooded wetlands. Limnology and Oceanography 
26(4) :795-800. 

Mather, J.R., 1981. using computed stream flow in 
watershed analysis. Water Resources Bull. 
17(3) :474-482. 

Novitzki, R.P., 1978. Hydrology of the Nevin Wetland 
near Madison, Wisconsin. U.S. Geological Survey 
Water Research Investigation 78-48. 25 pp. 

O'Brien, A.L., 1977. Hydrology of two small wetland 
basins in eastern Massachusetts. Water Resources 
Bull. 13(2) :325-340. 

Shuldiner, P.W., D.F. Cope, and R.B. Newton, 1979. 
Ecological effects of highway fills on wetlands. 
Transportation Research Board. National Coopera­
tive Highway Research Program Report 218A. 34 pp. 

Swift, L.W. and W.T. Swank, 1981. Long-term responses 
to stream-flow following clearcutting and re­
growth. Hydrological Sciences Bull. 26(3) :245-256. 

Physical Parameters 

Barton, B.A., 1977. Short-term effects of highway 
construction on the limnology of a small stream 
in southern Ontario. Freshwater Biol. 7:99-108. 

Bilby, R.E., 1981. Role of organic debris dams in 
regulating the export of dissolved and partic­
ulate matter from a forested watershed. Ecology 
62(5) :1234-1243. 

Bilby, R.E. and G.E. Likens, 1980. Importance of or­
ganic debris dams in the structure and function 
of stream ecosystems. Ecology 61(5) :1107-1113. 

DePinto, J.V., T.C. Young, and s.c. Martin, 1982. 
Aquatic sediments. J. Water Pollution Control 
Fed. 54(6) :855-862. 

Hansen, E.A., 1971. Sediment in a Michigan trout 
stream, its source, movement and some effects on 

15 

fish habitat. u.s. Dept. Agri. Forest Service 
Research Paper NC-59. 14 pp. 

McLeese, R.L. and E.P. Whiteside, 1977. Ecological 
effects of highway construction upon Michigan 
woodlots and wetlands: soil relationships. J. 
Env. Qual. 6(4) :467-471. 

Murphy, M.L., C.P. Hawkins, and N.H. Anderson, 1981. 
Effects of canopy modification and accumulated 
sediment on stream communities. Trans. Am. Fish. 
Soc. 110:469-478. 

Naiman, R.J., 1982. Characteristics of sediment and 
organic carbon export from pristine boreal forest 
watersheds. Can. J. Fish. Aq. Sci. 39(12) :1699-
1718. 

O'Leary, S.J. and R.L. Beschta, 1981. Bedload trans­
port in an Oregon coast range stream. Water Re­
sources Bull. 17(5) :886-894. 

Reynolds, c.s. and B.M. Godfrey, 1983. Failure of a 
sediment-trapping device. Limnology and Oceanog­
raphy 28(1) :172-176. 

Shuldiner, P.W., D.F. Cope, and R.B. Newton, 1979. 
Ecological effects of highway fills on wetlands. 
Transportation Research Board. National Coopera­
tive Highway Research Program Report 218A. 34 pp. 

Chemical Parameters 

Cramer, G.H., II and W.C. Hopkins, Jr. 1981. The ef­
fects of elevated highway construction on water 
quality in Louisiana wetlands. FHWA Research 
Rept. No. 75-4G. 31 pp. 

Hirsch, R.M., J.R. Slack, and R.A. Smith, 1982. Tech­
niques of trend analysis for monthly water qual­
ity data. Water Resources Research 18(1) :107-121. 

Hobbie, J.E. and G.E. Likens, 1973. Output of phos­
phorus, dissolved organic carbon, and fine par­
ticulate carbon from Hubbard Brook watersheds. 
Limnology and Oceanography 18:734-742. 

Karr, J.R. and I.J. Schlosser, 1978. Water resources 
and the land-water interface. Science 201:229-234. 

Likens, G.E. and F.H. Bormann, 1974. Linkages between 
terrestrial and aquatic ecosystems. Bioscience 
24:447-456. 

Peverly, J.H., 1982. Stream transport of nutrients 
through a wetland. J. Env. Quality 11(1) :38-43. 

Schlesinger, W.H., 1978. Community structure, dynam­
ics, and nutrient cycling in the Okefenokee cy­
press swamp forest. Ecol. Monogr. 48:43-65. 

Van Belle, G. and J.P. Hughes, 1983. Monitoring for. 
water quality: fixed stations versus intensive 
surveys. J. Water Poll. Control Fed. 55 ( 4) : 400-
404. 

Vitousek, v., 1982. Nutrient cycling and nutrient use 
efficiency. Am. Naturalist 119(4) :553-572. 

Biological Parameters 

Plants 

Bedinger, M.S., 1979. Forests and flooding with spe­
cial reference to the White River and Ouachita 
River basins, Arkansas. USGS Water Resources 
Investigations Rept. 79-68. 27 pp. 

Fritts, H.C., 1971. Dendroclimatology and dendroecol­
ogy. Quaternary Res. 1:419-449. 

Kaushik, N.K. and H.B.N. Hynes, 1968. Experimental 
study of the role of autumn-shed leaves in aqua­
tic environments. J. Ecology 56:229-243. 

Larson, J.s. (ed.), 1973. A guide to important char­
acteristics and values of freshwater wetlands in 
the northeast. u. of Massachusetts Water Re­
sources Research Center Publ. No. 31. 31 pp. 

Lonard, R.I., E.J. Clairain, Jr., R.T. Huffman, J.w. 



16 

Hardy, L.D. Brown, P.E. Ballard, and J.W. Watts, 
1981. Analysis of methodologies used for the 
assessment of wetlands values. Technical Report, 
u.s. Water Resources Council. 68 pp. 

Lovvorn, J.R. and C.M. Kirkpatrick, 1982. Analysis of 
freshwater wetland vegetation with large-scale 
color infrared aerial photography. J. Wildlife 
Management 46(1) :61-70. 

Mitsch, W.J., C.L. Dorge, and J.R. Wiemhoff, 1979. 
Ecosystem dynamics and a phosphorus budget of an 
alluvial cypress swamp in southern Illinois. 
Ecology 60(6) :1116-1124. 

Phillips, D.R. and J.R. Saucier, 1982. Estimating 
under story biomass. Southern J. of Applied For­
estry 6(1) :25-27. 

Rice, E.L., 1967. A statistical method for determin­
ing quadrat size and adequacy of sampling. Ecol­
ogy 48:1047-1049. 

Shuldiner, P.W., D.F. Cope, and R.B. Newton, 1979. 
Ecological effects of highway fills on wetlands. 
Transportation Research Board. National Coopera­
tive Highway Research Program Report 218A. 34 pp. 

Wolda, H., 1981. Similarity indices, sample size and 
diversity. Oecologia 50:296-302. 

Benthic Invertebrates 

Barber, W.E. and N.R. Kevern, 1973. Ecological fac­
tors influencing macroinvertebrate standing crop 
distribution. Hydrobiol. 43:53-75. 

Buikema, A.L., E.F. Benfield, and B.R. Niederlehner, 
1982. Effects of water pollution on freshwater 
invertebrates. J. Water Pollution Control Fed. 
54(6) :862-868. 

Cummins, K.W. and G.H. Lauff, 1969. The influence of 
substrate particle size on the microdistribution 
of stream macrobenthos. Hybrobiol. 34:145-181. 

Huish, M.T. and G.B. Pardue, 1978. Ecological studies 
of one channelized and two unchannelized wooded 
coastal swamp streams in North Carolina. U.S. 
Fish and Wildlife Service Biological Services 
Program Publ. FWS lOBS-78/85. 72 pp. 

Karr, J.R. and I.J. Schlosser, 1977. Impact of near­
stream vegetation and stream morphology on water 
quality and stream biota. EPA-600/3-77-097. 
Athens, Ga. 90 pp. 

Lemly, A.D., 1982, Modification of benthic insect 
communities in polluted streams: combined effects 
of sedimentation and nutrient enrichment. Hydro­
biologia 87:229-245. 

Newbold, J.D., D.C. Erman, and K.B. Roby, 1980. Ef­
fects of logging on macroinvertebrates in streams 
with and without buffer strips. Can. J. Fish. Ag. 
Sci. 37:1076-1085. 

Quigley, M.A., 1982. Freshwater macroinvertebrates. 
J. Water Poll. Control Fed. 54(6) :868-877. 

Resh, V.H. and J.D. Unzicker, 1975. Water quality 
monitoring and aquatic organisms: the importance 
of species identification. J. Water Poll. Control 
Fed. 47(1) :9-19. 

Wynes, D.L. and T.E. Wissing, 1981. Effects of water 
quality on fish and macroinvertebrate communities 
of the Little Miami River. Ohio Acad. Sci. 
81(6) :259-267. 

Fish 

Hocutt, C.H., 1981. Fish as indicators of biological 
integrity. Fisheries 6(6) :28-31. 

Huish, M.T. and G.B. Pardue, 1978. Ecological studies 
of one channelized and two unchannelized wooded 
coastal swamp streams in North Carolina. u.s. 
Fish and Wildlife Service Biological Services 
Program Publ. FWS lOBS-78/85. 72 pp. 

Transportation Research Record 969 

Karr, J.R., 1981. Assessment of biotic integrity us­
ing fish communities. Fisheries 6(6):21-27. 

Marais, J.F.K., 1981. Seasonal abundance, distribu­
tion, and catch pP-r nnit effort using gill n~tsi 
of fishes in the Sundays Estuary. s. African J. 
Zool, 16(3) :144-150, 

Schlosser, I.J., 1982. Trophic structure, reproduc­
tive success, and growth rate of fishes in a 
natural and modified headwater stream. Can. J. 
Fish, Ag. Sci. 39(7) :968-978. 

Spehar, R.L., G.M. Christensen, c. Curtis, A.E. 
Lemke, T.J. Norberq, and Q.H. Pickering, 1982. 
F.ffects of pollution of freshwater fioh, J, Water 
Poll. Control Fed. 54(6) :877-922. 

Wynes, D.L. and T.E. Wissing, 1981. Effects of water 
quality on fish and macroinvertebrate communities 
of the Little Miami River. Ohio Acad. Sci. 
81 (6) : 259-267. 

Reptiles and Amphibians 

Gibbons, J.W. and R.D. Semlitsch. 1981. Terrestrial 
drift fences with pitfall traps: an effective 
technique for quantitative sampling of animal 
populations. Brimleyana 7:1-16. 

Strang, C.A., 1983. Spatial and temporal activity 
patterns in two terrestrial turtles. J, Herp. 
17(1) :43-47. 

Birds 

Best, L.B., 1975. Interpretational 
"Mapping Method" as a census 
72:452-460. 

errors in 
technique. 

the 
Auk 

Brewer, R., 1978. A comparison of three methods of 
estimating winter bird populations. Bird Banding 
49(3) :252-261. 

Emlen, J,T., 1971. Population densities of birds de­
rived from transect counts. Auk 88:323-342. 

Emlen, J.T., 1977. Estimating breeding season bird 
densities from transect counts. Auk 94:455-468. 

Williamson, K., 1964. Bird census work in woodland. 
Bird Study 11(1):1-22. 

Mammals 

Geier, A.R. and L.B. Best, 1980. Ha bitat selection by 
small mammals of riparian communities : evaluating 
effects o f habitat alterations. J. Wildlife 
Management 44:16-24. 

Sealander, J.A., 1979. A Guide to Arkansas Mammals, 
River Road Press. Conway, Ark. 313 pp. 

CONCLUSION 

The use of a multidisciplinary approach does not 
imply an all-inclusive monitoring program. A good 
monitoring system should intensively research inter­
related parameters (e.g., water quality, aquatic 
invertebrates, aquatic vertebrates) that are prom­
inent indicators of the normal form ancl function of 
the system. 

Two suggestions for alleviating problems en­
countered with this monitoring project are (a) 
First, decide on a basic monitodng plan as early as 
possible and stick to it. Additions and deletions 
after initiation of the program only complicate the 
final analysis of data. (b) Second, attempt to moni­
tor a reasonable number of parameters as dictated by 
manpower and funds available. It is better to moni­
tor a smaller number of parameters accurately than a 
greater number with error. 
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Method for Wetland Functional Assessment 

DOUGLAS L. SMITH 

ABSTRACT 

State highway agencies and the FHWA are 
charged with the construction, operation, 
and maintenance of transportation facil­
ities. These facilities may have impacts on 
wetland systems. To provide safe and effi­
cient transportation facilities while pro­
tecting wetlands it is necessary to deter­
mine the functions a specific wetland may 
perform and what the impact of a facility on 
the wetland may be. Until now there has not 
been any one method for assessing all of the 
potential functional values of a wetland. A 
new assessment method developed by the FHWA 
considers the functions of groundwater re­
charge and discharge, flood storage and 
desynchronization, shoreline anchoring, food 
chain support, fish and wildlife habitat, 
and recreation. The FHWA method is a flex­
ible qualitative screening process that uses 
the U.S. Fish and Wildlife Service (FWS) 
wetland classification system. The method 
uses three types of analyses: the threshold 
analysis evaluates a wetland I s relative 
functional values, the comparative analysis 
compares the relative values of two or more 
wetlands, and the mitigative analysis com­
pares the relative costs and benefits of 
mitigative features. The FHWA method, com­
pleted in March 1983, is available to state 

highway agencies and others concerned with 
impacts on wetland systems. Instructions on 
the use of the method are provided through a 
training course developed for highway agen­
cies by FHWA. 

Before initiating any new construction involving 
wetlands, highway agencies are required by federal 
and state regulations to consider how their actions 
may affect the wetlands. Agencies need to consider 
the values attributed to the wetland, how it com­
pares with other wetlands, and how any impacts will 
be mitigated. 

PROBLEM 

Highway agencies are mandated to provide safe and 
efficient transportation systems, but these agencies 
are also charged with protecting wetland resources. 
Executive Order 11990, Section l{a) (1), states that 
each federal agency "shall provide -leadership and 
shall take action to minimize the destruction, loss, 
or degredation of wetlands, and to preserve and 
enhance the natural and beneficial values of wet­
lands in carrying out the agency's responsibil­
ities." The executive order also requires agencies 
to avoid undertaking, or providing assistance for, 




