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FOREWORD

In 1999, the U.S. Environmental Protection Agency (EPA) began work onthisseriesof reportsentitled
Methodsfor Evaluating Wetland Condition. The purpose of these reportsisto help Statesand
Tribesdevelop methodsto evaluate (1) the overal ecological condition of wetlandsusing biological
assessmentsand (2) nutrient enrichment of wetlands, whichisoneof the primary stressorsdamaging
wetlandsin many partsof the country. Thisinformation isintended to serve asastarting point for States
and Tribesto eventudly establish biological and nutrient water qudity criteriaspecificaly refined for
wetland waterbodies.

This purpose wasto be accomplished by providing aseriesof “ state of the science” modules concerning
wetland bioassessment aswell asthe nutrient enrichment of wetlands. Theindividua moduleformat
was used instead of onelarge publicationto facilitate the addition of other reports aswetland science
progresses and wetlands are further incorporated into water quality programs. Also, thismodular
approach alowsEPA to revisereportswithout having to reprint themal. A list of theinaugural set of
20 modules can befound at the end of this section.

Thisseriesof reportsisthe product of acollaborative effort between EPA’'s Health and Ecol ogical
CriteriaDivision of the Office of Scienceand Technology (OST) and the Wetlands Division of the
Office of Wetlands, Oceans and Watersheds (OWOW). Thereportswereinitiated with the support
and oversight of Thomas J. Danielson (OWOW), AmandaK. Parker and Susan K. Jackson (OST),
and seen to compl etion by Douglas G. Hoskins (OWOW) and IfeyinwaF. Davis(OST). EPArelied
heavily on theinput, recommendations, and energy of severd panelsof experts, which unfortunately
havetoo many memberstolistindividualy:

[ | Biologicd Assessment of WetlandsWorkgroup
[ | Wetlands Nutrient CriteriaWorkgroup

Moreinformation about biological and nutrient criteriaisavailable a thefollowing EPA website:
http://ww.epa.gov/ost/standards

Moreinformation about wetland biologica assessmentsisavailable at thefollowing EPA webste:
http://mww.epa.gov/owow/wetlands/bawwg
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SUMMARY

he condition of and potential threats to a
given wetland are often largely determined by
surrounding land use. Land use, especidly the per-
cent of thewatershed that has been cleared of natu-
ra vegetation, can affect theamount of water, sedi-
ment, pesticide, and nutrientsentering awetland as
well asthecompostion of its plant and anima com-
munities. A rapid and inexpensive assessment of
theland use around awetland and itsimplications
for nutrient and sediment inputs can bemade using
readily available maps and aerial photographs, in-
cluding county soil maps, USGS quadrangle maps,
land-use maps, and aeriad photographs. Theseare
used to delimit the watershed or drainage basin
around awetland and to classify land usewithinthis
watershed. Theseland use dataare used to calcu-
late an index of potentia nutrient loading to the
wetland and asediment risk index. Their intended
useistoidentify quickly, easily, and cheaply those
wetlandsthat areat greatest risk from nutrient and/
or sediment inputs.

PURPOSE

he purpose of this module is to suggest

proceduresfor assessing therelativerisktoa

given wetland of nutrient and sediment loadsfrom
itswatershed.

INTRODUCTION

Il wetlands are influenced by a number of
flow systemsthat bring materialsinto and out

of them. Themost important flow systemsare usu-
ally atmospheric flows, surface water flows, and
subsurface water flows. Many natural flow sys-
tems have been atered by human activities, espe-
cidly surface and subsurface water flowsinto wet-
lands. Theamount of water (Luoet a. 1994, Euliss
and Mushet 1996), nutrient (Omernik 1977), sedi-
ment (Martin and Hartman 1987, Gleason and

Euliss 1998), and pesticide entering awetland is
largely afunction of land useinthewatershed. In-
putsinto wetlands, especially sediment from sur-
rounding aress, can affect therecruitment, growth,
and even surviva of many plant and anima species
(Dieter 1991, Eulissand Mushet 1999, Jurik et al.
1994, Martin and Hartman 1987, Newcomb and
MacDonald 1991, Waters 1995).

The characterization of land use around a wet-
land isessentia for evaluating wetlandsfor water
quality purposes. Datafrom mapsand aeria pho-
tographs can be used to estimate the potential for
inputs of nutrients and sediments into wetlands.
Many factors determine the movement of nutrients
and sediments within most landscapes, including
vegetative cover (land use), soil type (erodibility),
dopelength, dopeangle, and frequency and inten-
gty of rainfall. A variety of modelsand equations
exist for estimating the potentia loads of nutrients
and sedimentsto awetland from its surrounding
watershed. Thedatarequirementsof thesemodels
generaly make them unsuitable for preliminary
evauationsof therisk of nutrient or sediment inputs
to awetland. Nevertheless, when reduced to its
samplest terms, the moreawetland' swatershed has
been dtered by human activitiesthemorelikely itis
at risk. Consequently, a quick-and-dirty assess-
ment of land usein thewatershed should providea
crude estimate of potentia risksfrom nutrient and
sediment loadingsto awetland.

METHODS

eographic information systems (GIS) are

primary toolsin analysis of landscapes, and
their use hassignificantly changed how spatid data
and related nonspatial dataare collected, stored,
andandyzed. State, regiond, andlocd Gl Sfacilities
will oftenhaveonfileindigita formdl theinformetion
needed to characterize landscapes around agiven
wetland. Appropriate State, county, and municipd
agencies should be consulted to seeif their GIS
facilitiescan be utilized for thispurpose. If aGIS



facility is not available, the work needed to
characterize the landscape in which awetland is
found can be easily done by hand. The methods
outlined in thismodul e presuppose that aGl Swill
not beused. All of the proposed steps suggested
inthismodule, however, canbedoneutilizingexising
GI S software packages or smple modificationsor
extensonsof them. Although the proposed method
issmple, it will quickly become prohibitively time-
consuming if extended to a statewide assessment
of risksto wetlands. For large-scale projects, a
GISshould be used.

A very useful and practical manud that provides
detailed methodology for collecting thekindsof in-
formation needed to characterizelandsuse around
wetlands is Landscape Planning: Environmen-
tal Applications, 3rd Edition, by William M. Marsh.
Much of what followsis based on Marsh (1998).
Guiddinesfor sdectingwetlandsto samplearefound
in Study Design for Wetland Monitoring.

Therearemany kindsof wetlands induding fringing
wetlandsaong lakeshores, rivers, and oceans, and
pa ustrinewetlandsthat cover their entirebasin (see
module on Wetland Classification for details).
Thesewetlandsvary grestly in size and shapeand
ininputsand outputsof water. ToSmplify thismod-
ule, themethods described are gpplied totheeva u-
ation of thewatershed of apadustrinewetland within
awell-defined watershed. Thisisanidedized Stu-
ation. Toapply thismethodol ogy to other wetland
types, suitable adjustment will needtobemade. In
some cases, watershed boundarieswill bedifficult
or impossibleto establish. 1nsuch cases, anarbi-
trary zone of influence around the wetland can be
substituted. Thiszone' swidth needsto takeinto
account known surface and subsurface flow pat-
ternsintothewetland. For largewetland complexes,
eg., riverineor estuarinewetlands, only portions of
the complex may be of interest. Again, suitable
adjustmentswill need to be madeto determinethe
zoneof influence. In many cases, Sgnificant nutri-

ent and sediment inputs may come from other sec-
tionsof thecomplex.

SOURCES OF MAPS, AERIAL
PHOTOGRAPHS, AND OTHER DATA

The Internet has made finding and acquiring rel-
evant maps and other data simpler and more effi-
cient than ever before. Increasingly, digitized maps
can bedownloaded directly. Bdowisalist of some
major sources of maps and aerial photographs.
These Websites often havelinksto other steswith
relevantinformation. Only the URL sfor their home
pages are listed because these are less likely to
change. Seed sothe module on Wetland Classifi-
cation for additiona sourcesof information.

Topographic mapsare published by the U.S. Geo-
logica Survey (USGS) at avariety of scales. The
most useful topographic maps arethe 7.5-minute
quadrangle maps. Thesemapscontaininformeation
ontopographicreief, drainage systems, and some
land use features. The USGS Web site
(Www.usgs.gov) providesalist of al topographic
maps and all other maps produced by the USGS.
It also describes several ways of ordering these
maps. Current and historic stream-flow datacan
also beobtained fromthissite.

National Wetland Inventory (NWI) 7.5-minute
guad maps can be downloaded from their Website
(www.nwi.fws.gov) and aread so availablethrough
the USGS Earth Science Information Centers.

A ligt of al county soil mapsinthe United States
isavailablethrough the National Resources Con-
servation Service (NRCS) Website
(www.nrcs.usda.gov), asisalist of State NRCS
officesfromwhich these county soil surveyscanbe
obtained. Information about regional soil erosion
patterns can also be obtained fromthissite.



I nformation about aerid photographstheat are part
of the National Aerial Photography Program
(NAPP) can be obtained from the USGS Website
(nsdi.usgs.gov/productdaerial.html). Aeria
photographstaken by State agenciesand local gov-
ernmentsare also usualy available. Recent aeriad
photographsand land-use maps can usually be ob-
tained from State agencies such asthe State Geo-
logica Survey and map and aerid photography col-
lectionsat mgor universities.

A Nationd Land Cover DataBase (NLCD) based
on satelliteimagery from the early 1990sisbeing
developed aspart of the Federal Multi-Resolution
Landscape Characterization (MRLC) initigtive. The
NLCD isajoint project of theUSGSand the U.S.
Environmental Protection Agency (USEPA). Its
amisto produce acons stent |land cover datalayer
for the conterminous U.S. based on 30-meter
Landsat thematic mapper (TM) data. Information
about available NLCD products can be obtained
from both USGS (edcwww.cr.usgs.gov/programs/
Iccp/nationallandcover.ntml) and EPA Websites
(Wwww.epa.gov/mrlc/Regions.html).

Hood hazard mapsfrom the Federa Emergency
Management Agency (www.fema.gov) can often
be used to delineate the boundaries of floodplain
wetlandsaong riversand streams.

MAP LIMITATIONS

All mapshaveaminimumresolution level that is
determined by their scdle. Thisestablishesthesmadl-
est area or unit that can be mapped. For USGS
7.5-minute quadrangle maps, whose scale is
1:24,000 or 1" = 2,000 ft, the smallest unitsthat
can be mapped are 10 or more acres. Because
many wetlands, especidly palustrinewetlands, are
often much lessthan 10 acresand their watersheds
areequivaently smdl, USGS quadrangle mgps may
not have the resol ution needed to delineate their
watershed boundaries. Inflat landscapes, thereis

an additiona limitation of USGS 7.5 quadrangle
maps, i.e., their vertical resolution. In short, for
small wetlandsor wetlandsin very flat |landscapes,
maps with a better resolution than USGS quad-
ranglemapsmay beneeded. Unfortunatdly, county
soilsmaps, which typicaly havea1:20,000 scale,
have only adlightly better resolution than USGS
quadranglemaps. When no suiteéblemapsareavail-
able, low-level aeria photographs may bethe only
way to collect the data needed to characterizethe
watershed in which thewetland isfound.

WATERSHED OR DRAINAGE BASIN
DELINEATION

Egtablishing theboundaries of awatershed around
agiven wetlandisdoneby finding drainage divides
on atopographic map. In landscapeswith well-
developed drainage systems, this process begins
with mapping the drainage network to establish the
order of itsvarious branches. Theresultsof this
exercisewill largely beafunction of theresolution
of thetopographic map. Oneof thesmplest ways
toidentify drainagedividesisto demarcate patterns
of overland flow with arrowsdrawn perpendicular
to contour lines. Wherethearrowsare divergent,
i.e., pointin oppositedirections, thereisadrainage
divide. By ingpection, first-order basinscan beiden-
tified and aggregated into second-order watersheds
and soforth.

| dentifying watersheds, as described above, may
not befeasiblein somelandscapes. Inflat, poorly
drained |andscapes, drainage divides are often hard
to determineusing topographic maps. Insuchsitu-
ations, soilsmaps may be more useful for identify-
ing both wetland basinsand intermittent, intercon-
necting drainage channels. 1n these landscapes,
groundwater inputs into wetlands are often very
important. When thisisso, watershed delimitation
using surfaceflow patternsmay greatly underesti-
matethe effective size of theareaaround awetland
whose runoff enters the wetland. 1n both urban
and agricultural areas, the effective watershed of a



wetland includesthe areadrained by storm sewers
or drainage networks, respectively, which discharge
into thewetland. Theareacovered by thesestorm
sewer or drainage networks generally isnot con-
gruent with thewetland’ ssurface runoff watershed.
Mapsand other information about storm sewer and
drainage networks are often available from local
governmentsor from organized drainage districts.
These can be used to establish the effective water-
shed for wetlandsin such atered landscapes, and
these effective watersheds should be used to esti-
mate potential loading ratesof nutrientsand pollut-
antsto thewetland.

LAND USE IN WATERSHED

Nutrient and sediment inputsinto awetland are
dueto both point and nonpoint inputs. Toalarge
extent land usein thewatershed will determinethe
load of sediment and nutrientsthat awetland will
receive. It will also determine how much of this
input isthe result of point and nonpoint sources.
The more awatershed has been altered by human
activities, the greater the potential for the move-
ment of sedimentsinto awetland. Thefirst stepin
characterizing thewatershed isto classify eachrec-
oghizableareainthewatershed by its predominant
land use:

B Natura vegetation (>75% forest and/or grass-
land)

B Mostly natural vegetation (50 to 75% forest

and/or grasdand)

Agriculture (>75% cropland)

Mostly agriculture (50 to 75% cropland)

Mostly urban (>40% devel oped)

Mixed (doesn’t fall into one of the previous

categories)

Becauseland useis changing constantly, up-to-
dateinformation on current land useisneeded. This
can most readily be obtained from recent aerial
photographsof thewatershed. 1nsome States, land
use maps may be available, but the classification
systemn used will undoubtedly be more sophisticated

than the s mple system proposed above. Convert-
ing thedasseson exigting land-use mapsto theland-
use classes proposed above is usually very easy
and may not be necessary at al if local estimates of
annual nutrient lossfor different classesareavail-
able. Inagricultural areas, USDA crop compli-
ance maps may be ready-madeland-use maps. For
wetlands with large watersheds, the MRLC Na-
tiona Land Cover DataBase may aso beauseful
sourceof digital land-use data.

Theareaof thewatershed in each land use class
then needsto be determined. Thiscanbedoneina
variety of wayswith paper mgpsusing adot grid or
planimeter. If adigital version of theland use map
isavailable, aGlScan beused to caculatethearea
of each land use classin the watershed.

Dot gridsaretransparent overlayswith aregular
pattern of dots. Withadot grid, thenumber of dots
that fall on each land useclassinthewatershedis
counted. Each dot representsacertainarea. To
determine the arearepresented by adot, the fol-
lowing formulaisused:

Area/dot = [area on map/(1 linear unit)?]/
[number of dots/(1 linear unit)?]

For example, if 1. cmonthemapisequivaent to
100 m, then 1 cn? = 10,000 m? or 1 ha.
If 1 cm?on the dot grid contains 10 dots, then

Area/dot = (1 ha/ 1 cn¥)/(10 dots/ 1 cry)
= 0.1 ha/dot.

If 40 dotsonthegrid fell in areasthat were cov-
ered with natural vegetation, thetota areain natu-
ral vegetation isestimated to be 40 dotsx 0.1 ha/
dot or 4ha. Toimprovethe precision of areaesti-
mates using dot counts, several random drops of
the dot grid can be made on the watershed map
and the dots counted for each land-useclass. The
average dot count per classisthen used to calcu-
late the area of eachland-useclass.



A planimeter isadevicethat isused to convert
the boundary or perimeter length of apolygontoits
area. Prolonged use of aplanimeter istedious, and
it takes skill and practiceto trace the boundaries of
complex polygons. For occasiona use, dot grids
aressmpler to useand probably morereliable. If
large number of wetlands are going to be evalu-
ated, scanning land use mapsto createdigital ver-
sionsand using aGI Sto caculatetotal watershed
and land use class areasis strongly encouraged.

NUTRIENT LOADING INDEX

Afi mpleindex of potentid nutrient loadings can
e used to characterize the nutrient environ-
ment of awetland. Thisindex istheratio of the
potential loss of nitrogen (N) or phosphorus (P)
fromthewatershed withitscurrent land usedivided

by the potentia lossesif the entirewatershed were
covered with permanent natural vegetation. Op-
erationdly, potentia nutrient loadingsare ca culated
by multiplying theareaof each upland land useclass
by theamount of N or Pthat isestimated to leave
this land use class (Table 1 or comparable loca
data set) and then adding up the total annual esti-
mated output of N or P for the watershed. (See
also the Vegetation-Based I ndicators of Wetland
Nutrient Enrichment section of thismanual for ad-
ditional sourcesof information on nutrientsin run-
off.) Thisapproachto estimating total annual loads
of nutrients from watershedsinto |akes has been
used for many yearsin thelimnological literature
(Reckow et al. 1980). Thetotal estimated annual
lossof Por N isthen divided by the estimated out-
put of nutrient if the entire watershed were covered
in permanent natural vegetation (forestsor grass-
lands).

TABLE 1: POTENTIAL NUTRIENT LOSS RATES (KG/HA/YR) FOR
DIFFERENT UPLAND LAND-USE CLASSES

LAND UsE (LU)

NUTRIENT LOSS RATE (NLR)

Natural vegetation
Mostly natural vegetation
Agricultural

Mostly agricultural
Mostly urban

Mixed

NITROGEN | PHOSPHORUS
0.44 0.0085
0.45 0.018
0.98 0.031
0.63 0.028
0.79 0.030
0.55 0.019

Source: Adapted from Omernik (1977) and Marsh (1998)



(1)  Nutrient Loadingindex = (Tota
Watershed Loss)/(Natural Watershed
Loss)

where
(2)  Tota Watershed Loss=S(LU, x NLRX))

LU, = areaof watershed in uplandland
useclassi;

NLRX. = nutrient lossratefor uplandland
useclassi for nutrient X (Table1);

and

(3)  Natural Watershed Loss= TUWA x
NLRNVX

TUWA =total upland watershed areg;
and

NLRNV X = nutrient lossrate of nutrient
X for the natural vegetation land useclass
(Tablel).

Thehigher theindex vaue, thelarger the potentid
nutrient loading into thewetland. Thisindex pro-
videsameasure of therdativethresat to thewetland
from nutrient inputsfrom the current upland land-

scape.

Theindex doesnot givearedistic estimate of the
actua annual loadingsof nutrientsto awetland. It
only providesacrudeway of ranking wetlandsbased
on thelikelihood that they are receiving nutrient
loadings from the surrounding watershed. Other
sections of thismanual discuss methods for esti-
mating actual loadings of nutrientsto wetlands.

If there are point sources of nutrientswithin the
watershed, the index needsto be adjusted appro-
priately. Annua inputsof nutrientsfrom storm sew-

ersor agricultura drainage networkswill behighly
site specific and can best be obtained from local
sources. Inareaswhereseptictank fildsarewithin
100 m of awetland, the number of septictank fidds
inthewatershed needsto be estimated. Theinput
|oad to the wetland needsto be adjusted by deter-
mining the potentia inputs of nitrogen (11 kg per
drainagefield per year) and phosphorus (0.28 kg
per drainagefield per year) assuggested by Marsh
(1998). Many other point sourcesof nutrients may
be present in a watershed, e.g., feedlots, golf
courses, sewage treatment plants, etc. In short,
estimatesof point sourcesare smply added to those
from nonpoint sources. The Nutrient Loading In-
dex isthen calculated as above with estimated in-
puts of nutrients added to the numerator.

SEDIMENT RISK INDEX

The simplest method for assessing potentia sedi-
ment-related impactsto wetlandsisto do an ero-
sion risk assessment of thewatershed. Themajor
factorsthat influence soil erosion ratesareclimate,
soil properties, topography, soil surface conditions,
and humanactivities. Withinagivenregion, itissoil
surface conditionsand human activity in close prox-
imity to thewetland that will largely determinethe
potential sediment load. Potentia risk of sediment
inputsincreaseswith theamount of land inthewa:
tershed that isclassified asagriculturd. It further
increasesif thisagricultural 1and has steeper and
longer dopes, i.e., isclassified ashighly erodible
land (HEL ), and/or if it isadjacent to the wetland.
Theamount of thewatershed classfied asHEL can
be obtained by contacting the nearest NRCS Of -
fice. How much of the land that is classified as
agricultural land isadjacent to thewetland can be
determined with aplanimeter. Inmany watersheds,
recent clearing of natural vegetation dueto road
building, construction, mining, lumbering, etc., can
a so cause significant short-term erosion problems.
The potential impact of these activitiesisassessed
by estimating thetota percentage of thewatershed
recently cleared of natural vegetation.



Sediment Risk Index = ( Percent of agricultural
land classified as HEL x percent of agricultural
land) /100 + Percent of wetland boundary
adjacent to agricultural land + Percent of

watershed disturbed by land-clearing activities.

AswiththeNutrient Loading Index, the Sediment
Risk Index is a quick-and-dirty way to identify
wetlandsthat haveagreater risk of having high sedi-
ment loadings. There are many sophisticated meth-
odsfor estimating sediment lossesfrom watersheds
(see Boardman and Favis-Mortlock 1998, Mor-
gan 1986, Schmidt 2000). These should be used
to confirm that agiven wetland isactually at risk
from sediment inputs.

FINAL COMMENTS

In this module, overland flow and agricultural
drainage networks, if present, are assumed to be
themgor sources of nutrientsand sedimentsinto a
wetland. For wetlands in watersheds where
sormwater sawersareasgnificant or predominant

source of nutrients and sediments, appropriate
changesin the methodsfor estimating nutrient and
sediment loadingswill need to bemade. Likewise,
better estimates of annua nutrient lossratesfor ar-
eas with different land uses may be available lo-
cally. Becausetheseratesare afunction of local
soil types, fertilizer applicationrates, and precipita-
tion patterns, these should be substituted for those
in Table 1 when available. In short, this module
presentssomesmplemethodsfor gaugingtheoverdl
risk to awetland of various humanimpactsonwa
tershed land use. Usersare encouraged to adapt
the proposed methodol ogy to therealitiesof local
landscapesin order toimproveitsreliability.

CASE STUDY

and-use data adapted from data supplied by
theNRCS Officein Spirit Lake, IA, for three
watersheds around the lowa Great Lakes are pre-
sented in Table2. Land useclassesinthe NRCS
datahave been converted into the land-use classes

TABLE 2: LAND USES (HA) IN THE WATERSHEDS OF WETLANDS W 1, W2, AND W3
IN THE lOWA GREAT LAKES REGION OF NW [OowA

WATERSHED WATERSHED WATERSHED

LAND USE
OF W1 OF W2 OF W3

Natural vegetation 87 69 349
Mostly natural vegetation 88 0 44
Agriculture® 132 43 2,797
Mostly urban 0 67 0
Mixed 12 26 57
Total Upland Watershed
Area (TUWA) 319 206 3,247
Wetlands and aquatic 30 87 276
systems
Total watershed area 399 293 3,523

Note: Data adapted from land-use data provided by the NRCS Office in Spirit Lake, IA.

* Agricultural land is all in row crops, mostly corn and soya beans.
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presented in Table 1. W1 and W3's watersheds
had land in the Conservation Reserve Program
(CRP). ThisCRPlandwasmostly planted to vari-
ouskindsof perennia prairiegrasses. InTable2
CRPland hasbeen classified asmostly natural veg-
etation. Based on percent of the upland area of
eachwatershed inagricultura land (41%, 21%, and
86% for thewatershedsfor wetlandsW1, W2, and
W3, respectively), wetland W3 hasthe highest risk
of inputs of nutrients and sediments from the sur-
rounding uplands, followed by W1 and W2.

The estimated annual loadings of nitrogen and
phosphorusto each wetland cal culated using Equa-
tion 2 are presented in Table 3, asisthe Nutrient
Loading Index for eachwetland. Of thethreewet-
lands, wetland W3 hasthe highest potentia nutrient
loadings. Thisislargely because so much of its
watershedisin agricultural land. Wetlandsin W1
and W2 haveidentical Nutrient Loading Indices.
For W1, however, thelargest potential source of

nitrogen and phosphorusisagricultural land while
for W2itisrunoff from urban aress.

Dataused to calculate the Sediment Risk Index
aregivenin Table4, asisthelndex. Wetland W2
hasthe highest Sediment Risk Index (56%0), dthough
itisnearly identica tothat for W3 (53%). Wetland
W2isprimarily at risk because so much of it (42%
of itsshoreline) isadjacent to agricultural land and
becausethereisalot of recently cleared landinits
watershed (10%). Onthe other hand, wetland W3
isat risk primarily because so much of the water-
shedisagricultural land (86%) and about 22% of
thislandisclassfied asHEL

Collectivey, thefour indicatorsof the potentia risk
of wetlandsto nutrient and sediment inputs (per-
cent of agricultural land in the upland portions of
thewatershed, Nutrient Loading Indicesfor N and
P, and Sediment Risk Index) suggest that wetland
W3overdl isat greatest risk, followed by W2 and
W1.

TABLE 3: ESTIMATED CURRENT ANNUAL NITROGEN AND PHOSPHORUS
LOADINGS (TOTAL WATERSHED LOSS), PRESETTLEMENT LOADINGS
(NATURAL WATERSHED LOSS), AND NUTRIENT LOADING INDEX FOR

THREE WETLANDS (W1, W2, AND W3) IN THE IOWA GREAT LAKES REGION

LAND USE NITROGEN PHOSPHORUS
w1 w2 w3 wl w2 W3
Natural vegetation 38 30 154 0.74 0.59 297
Mostly natural vegetation 40 0 20 1.6 0 038
Agricultural 129 42 2,741 41 13 86.7
Mostly urban 0 53 0 00 2.0 0.0
Mixed 7 14 31 02 0.5 1.1
Wetland and aquatic systems 0 0 0 0.0 0.0 0.0
Total watershed loss 214 140 2,946 6.6 44 0916
Natural watershed loss 140 91 1,429 27 1.8 276
Nutrient loading index 15 15 2.1 24 24 33



TABLE 4. PERCENT OF THE WATERSHEDS FOR WETLANDS W1, W2, AND W3
CLASSIFIED AS AGRICULTURAL LAND, PERCENT OF AGRICULTURAL LAND
CLASSIFIED AS HIGHLY ERODIBLE (HEL), PERCENT OF WETLAND BOUNDARY
ADJACENT TO AGRICULTURAL LAND, AND PERCENT OF WATERSHED DISTURBED BY
RECENT LAND CLEARING FOR THREE WATERSHEDS IN THE |IOWA GREAT LAKES
REGION AS WELL AS THE SEDIMENT RISK INDEX FOR EACH WETLAND

LANDSCAPE

CHARACTERISTICS wi w2 w3
Percent in agricultural land 41% 21% 86%
Percent of agricultural land that 0 0 0
s HEL 9% 18% 22%
Percent of wetland boundary 0 0 0
adjacent to agricultural land i e 29%
Percent of w:fltershed disturbed 0% 10% 50
by land clearing

Sediment Risk Index 29% 56% 53%
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