
Introduction
A broad objective of this study was the application of a

methodology of landscape scale assessment, developed by the

Ralph W. Tiner (2004) to develop a set of landscape indices

modified for the Mississinewa River watershed, an agricultural

region in east central Indiana.

The hypothesis was that a set of landscape indices could predict

LARE (Lake and River Enhancement) stream water quality data

Materials
Landscapeindiceswerecreatedandappliedto theMississinewa

usingaGIS.

ThespatialdatathatI utilized includedthefollowing:

ÅLandcover from the 2001 National Land Cover Dataset

(NLCD)

ÅStreamlinesfrom theNationalHydrographyDataset(NHD)

ÅAerial photographsand Digital ElevevationModels (DEM)

from theIndianaUniversityGIS portal

ÅCounty boundaries,Hydrologic Unit Code (HUC) watershed

boundaries,Confined Animal Feeding Operations (CAFO)

points, National Wetland Inventory (NWI) maps,all from the

IndianaGIS atlas

ÅSoil Survey Geographic(SSURGO) data from the Natural

ResourcesConservationService(NRCS)

ÅStudy watershedboundariesfrom Purdue'sonline watershed

delineationtool
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Conclusions
This study was unable to provide a defined set of indices that could 

predict water qualities in the Mississinewa River watershed and 

greater Eastern Corn Belt Ecoregion. The results do highlight that 

LARE water quality data and other water quality datasets with 

single grab samples are not valid for testing the ability of a set of 

indices to correlate with water quality. Being able to test landscape 

indices is essential to providing a model that can be given to a land 

planner to predict what certain stream responses will be in a region. 

Therefore, when testing models, consideration should be taken to 

ensure that the quality of the response variables is such that 

correlations can be drawn. For stream water quality variables, this 

can be accomplished by 1) controlling between site variation, 2)

controlling within site variation, and 3) Having a large enough 

sample size to elicit diversity in stream variables.
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Fig. 2. Most of my 

ñresearch timeò was spent 

here, using the GIS on this 

computer in the Randall 

building, Taylor.

Fig. 3. The Mississinewa River watershed was the site for the 30 

HUC 14-digit subwatersheds (with the exception of Little Stoney 

Creek). The Mississinewa River watershed is located in east-central 

Indiana within the Eastern Corn Belt Ecoregion (see stippled region on 

IN map).

For further information
Please contact derek_shiels@taylor.edu.

Fig. 1. Collecting 

water samples

Landscape Indices

Fig. 4.  Examples of the GIS layers that were used to calculate 

the landscape indices.

Natural Area Extent Indices

1. Natural Cover Index (INC) ïthe area of land in natural cover (NC) was 

divided by the total area (TA) in the subwatershed. 

2. River-Stream Corridor Integrity Index (IRSCI) ïthe area of land in natural 

cover within 100 meters on either side of the stream, the corridor natural 

cover, was divided by the total corridor area.

3. Wetland Extent Index (IWE)ïthe present extent of wetlands were divided by 

the historic extent of wetlands.

Natural Area Disturbance Indices

4. Extent of Drained Land Index (IEDL) ïDrained land was calculated by 

intersecting an agricultural layer (row crops, NLCD) with a hydric soil layer. 

5. Percent of Agriculture on Slopes (IPAGS) ïthe area of agriculture land (row 

crops) in three slope ranges 3 ï10 % (PAS1), 10 ï30% (PAS2), and 30%+ 

was divided by the total agricultural area 

6.   Proximity of CAFOôs to Streams Index (IPCS) - the number of CAFO points 

were found within a 0-100m (PC1), 101-500m (PC2), 501-1000m (PC3) or a 

1000+ -meter (PC4) range from a river-stream course, and each range was 

divided by the Highest CAFOs in Watershed value (Figure 2). The HCW value 

(15) was determined by looking at HUC 14-digit watersheds as delineated on 

the USGS watershed layer. 

Extent of Agriculture on slopes

Present Extent of Wetlands

Proximity of CAFOs

Extent of Natural Area landcover

Extent of Natural Area landcover 

in the stream corridor

Extent of Drained Land

Statistical Analysis

LARE Water Quality Data
The LARE program is part of the Indiana Department of Natural

Resources Division of Fish and Wildlife and is focused on

protecting and enhancing aquatic habitat for fish and wildlife, to

insure the continued viability of Indiana's publicly accessible lakes

and streams for multiple uses (http://www.in.gov/dnr/fishwild/lare/).

All entities completing LARE studies must follow protocol described

in the LARE project guidelines. Part of these guidelines is the

requirement for one grab sample to be collected at low and high

flow conditions.

The water quality parameters chosen from the LARE studies were

Total Phosphorus (TP), Nitrates (NO3), E.COLI, and Macro-

invertebrate EPT/C (Ephemeroptera, Plecoptera, and Trichoptera/

Chironomidae) scores.

These field parameters were chosen because of their availability

across the study area. TP and NO3 are related to agricultural land

use, with Total Phosphorus usually highly connected to sediment

loadings (Dunne et al., 2005). E.COLI is a concern in the region

with potential contamination from manure from CAFOs. The

biological field measurement EPT/C is a common

macroinvertebrate metric used to predict the quality of an aquatic

system because EPT genera are sensitive to pollution and

Chironomidae are tolerant to environmentally stressed conditions

(Yandora 1998).

Results
The models provided fairly high R2 values but the null hypothesis

needed to be rejected for those results to imply they were a result of

the landscape indices and for all four tests they failed to be

rejected.

Therefore, it was concluded that the set of landscape indices

were unable to predict LARE water quality variables.

Reasons for Results
Spatial variability between sample sites and temporal variability

within a single site is to great for a single grab sample to reveal the

relationships that are existing between a landscape and streamôs

water quality.

It is also possible that the uniformity of the landscape (80% row

crop agriculture) further hid the possible relations that exist. A

sample size larger than 30 may help in this regard.

Mississinewa 

River 

Watershed

from the Mississinewa

River watershed. The

specific questions that

testing this hypothesis

would address include

1.) addressing the

quality of using single

grab samples as

response variables in

landscape-stream

correlation studies, and

2.) the impact a

predominately

agricultural study region

would have on eliciting

successful correlations.

Multiple Regression model building was utilized to determine if the

set of landscape indices could predict stream quality variables.

Landscape indices were the predictor variables and LARE water

quality data were the response variables. R2 values revealed exactly

how much of the variation in the response parameters could be

explained by the models. In order for the regression analysis to be

valid they must pass tests for normality. I did this by evaluating p-

values from the probability plots of the residuals.

The models included predictor variables that were used account for

variation among the four LARE studies. To separate out the

influence these had on the final R2 values I had to run partial f-tests

and test the null hypothesis that the procedure variablesô

contributions were not significantly enhanced by the additions of

landscape indices.

Fig. 6.  Example from EPT/C 

test of a probability plot. P-

values were used to determine 

normality. ( p-value> .05)
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