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1.0 INTRODUCTION

Within the past few decades, there has been an increased awareness of the negative impacts of
anthropogenic land uses on stream habitats. Issues such as flooding and severe erosion on large
streams and rivers call attention to problems, which largely originate miles upstream in the
headwaters of tributary systems. Findings from research directed toward identifying the specific
sources of the problems (and their thresholds) are becoming available (Wang et al. 2001, Walsh
et al. 2001, Tong and Chen 2002, Morse et al. 2003, Roy et al. 2003). It has been well
documented that land use, specifically within the riparian area, has a significant effect on the
function of receiving streams.

As part of a local study of cumulative and secondary impacts of land use changes on the Chagrin
River watershed, Chagrin River Watershed Partners, Inc. (CRWP) applied for a grant to conduct
a stream inventory and land use analysis within the river’s upper main branch (UMB)
subwatershed (Figure 1). Funding was received from the Ohio Department of Natural Resources
(ODNR) Coastal Zone Management Program, and EnviroScience, Inc. was hired to perform the
study. The study objective was to detect impacts of land use on the integrity of primary
headwater habitat (PHWH) streams using Field Evaluation Manual for Ohio’s Primary
Headwater Habitat Streams (Ohio Environmental Protection Agency [EPA]2002). The study
revealed the following:

1. Tt is necessary to perform biological evaluations to accurately assess PHWH stream class;

2. Alterations to stream channel and riparian vegetation removal can have severe
detrimental effects on stream functions and values, such as increased water temperature,
nutrient enrichment, and erosion;

3. Stream water chemistry and biology show measurable signs of degradation in watersheds
with >40% anthropogenic land use; and

4. High quality stream biology is limited by watersheds having more than 6% impervious
surface area.

Best Management Practices (BMPs) for the protection of the watershed, as well as
recommendations for follow-up studies, were suggested based on the study findings. Overall,
the information will be used to support local community efforts to adopt better site design and
land use management practices.
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2.0 SITE DESCRIPTION

Located just east of Cleveland in northeastern Ohio, the Chagrin River watershed (Hydrologic
Unit 04110003, in part) drains approximately 695 sq km (268 sq mi) of rapidly developing land
into Lake Erie. As noted in the 1995 survey by the Ohio EPA (1997), the Chagrin “is of high
overall quality.” The UMB (Hydrologic Units 04110003020010 and 04110003020020) drains
nearly 25% of the Chagrin River watershed in its headwaters between Chagrin Falls Village, on
the eastern boundary of Cuyahoga County and City of Chardon in north central Geauga County.
The area lies within the Erie/Ontario Drift and Lake Plain ecoregion (Woods ef al. 1998), also
known as the Glaciated Allegheny Plateau. Low rolling topography comprised of scattered end
moraines and kettles characterize much of the landscape. Weather in this temperate zone is
largely influenced by Lake Erie. Average annual precipitation totals approximately 100 cm (39
in.); frost free days total about 160; and mean low/high temperatures for winter and summer vary
from —6/3°C (42/35°F) to 15/28°C (59/82°F), respectively. The National Oceanic and
Atmospheric Association placed northeast Ohio in the 98-100 percentile (10+ cm [4+ in.] above
normal precipitation) on both short and long-term drought indices for the summer of 2003.

Land use within the UMB watershed consists predominantly (60%) of second growth forest
cover with low-density residential and low-impact agricultural land (e.g. hayfields) composing
about 20% and 10%, respectively (Camp Dresser & McKee 2002; see Figure 2). The undulating
landscape varies from 79-125 m (260-410 ft) in elevation according to U.S. Geological Survey
maps. The soil surveys of Cuyahoga (Musgrave and Holloran 1980) and Geauga (Williams and
McCleary 1982) Counties depict Mahoning-Ellsworth and Wadsworth-Rittman soil associations
throughout the majority of the study area. These are deep, somewhat poorly to moderately well
drained soils formed in glacial till.

3.0 METHODOLOGY

Methods for the study are principally based on the CRWP Request for Proposals (19 May 2003).
The objective of the study was to detect impacts of land use on the integrity of PHWH streams
and suggest BMPs for the protection of the watershed, as well as provide recommendations for
follow-up studies. The following three sections describe the methods used to accomplish the
study objectives.
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Types of PHWH Streams

Perennial (inc. interstitial) streams
Cool-coldwater aquatic biology

3.1 STREAM INVENTORY

Class III
Ohio EPA’s Field Evaluation Manual for Ohio’s Primary .
Headwater Habitat Streams (2002a) was used to evaluate .

PHWH streams throughout the UMB. PHWH streams are

those that, due to their small nature, have no possibility of | <!
supporting diverse fish assemblages. These streams typically .
have drainage areas <2.6 sq km (1 sq mi) and pools <4 dm. | ..,
Ohio EPA uses the methodology to place PHWH streams into .

Class I-III systems.

Groundwater fed

Perennial or intermittent streams
Warmwater aquatic biology

Ephemeral streams

Little or no aquatic biology

Normally dry channel

Sixty sites were selected throughout the UMB (Table 1) with drainage areas cumulatively
representing approximately 1/3 of the watershed (Figure 3). Site selection was performed
cooperatively by EnviroScience and CRWP to achieve: 1) an even distribution throughout the
UMB; 2) a wide variety of land use composition within the representative drainage areas; and 3)
variable-sized intermittent to perennial PHWH streams (i.e. those hydrologically capable of
supporting diverse aquatic biology [no ephemeral streams]). A well-represented data set was
obtained though site selection was somewhat limited by the ability to obtain permission of
property owners. Six sites had overlapping drainage areas (i.e. up/downstream of each other).

Table 1. General Location of PHWH Sites.

Site* T.acation

Municinalitv

Site* T.acation

Municinalitv

Fawlare Mill RA

NMunecan Tawmchin

Kincman RA

Ruccall Tauwmchin

2 Mavfield Rd Munson Townshin 52 Sisters Of Notre Dame  Munson Townshin
5 Pekin Rd Newhurv Townshin 54  The Rookerv Mimson Townshin
12 Pekin Rd Russell Townshin 56 Music St Newbhurv Townshin
14 Rass T.ake Rd Newhurv Townshin 57 Pekin Rd Newbhurv Townshin
17 Kinsman Rd Newhurv Townshin 59 T.akeview Rd Mimson Townshin
18  Fairmount Rd Newhurv Townshin 61 Pekin Rd Russell Townshin
21 Mnusic St Russell Townshin 62 Fairmount Rd Russell Townshin
22 T.anes End Dr Russell Townshin 63 Hamlet Hills Dr Chaorin Falls Villace
23 Whisner Wood Cr Auburn Townshin 65  Auburn Rd Newbhurv Townshin
24 Rell Rd South Russell Village | 66  Fairmount Rd Russell Townshin
26 Chillicothe Rd Russell Townshin 70 Pekin Rd Russell Townshin
27 Ranch Dr Chester Townshin 71 Burlinston Glen Dr Mimson Townshin
29 Rutternut Rd Munson Townshin 72 Pekin Rd Russell Townshin
30 Snrine Brook Sanctuarv Munson Townshin 73 Trontree Drive Newburv Townshin
31 RBRrookside Rd Munson Townshin 74 Auburn Road Mimson Townshin
33 ReechnutTn Citv of Chardon 75 Sisters Of Notre Dame  Munson Townshin
35 South St Citv of Chardon 76 Sisters Of Notre Dame  Munson Townshin
36 Walter C BRest Preserve  Munson Townshin 78  Sisters Of Notre Dame  Munson Townshin
37 Walter C BRest Preserve  Munson Townshin 79 Rockhaven Rd Mimson Townshin
38 T.akeview Rd Munson Townshin R0 The West Woods Russell Townshin
39 Chillicothe Rd Russell Townshin &1 Winchester Vv Chester Townshin
41  Soringhrook Rd Russell Townshin R2  Music St Newbhurv Townshin
42 Chaerin Mills Rd Russell Townshin 3  Cascades Dr South Russell Villace
43 Cottrell Dr Chester Townshin R4  Ranch Dr Chester Townshin
45 Cleveland St Chaorin Falls Village | &5  Auburn Rd Newbhurv Townshin
46 Carriaoe Stone Dr Chaorin Falls Village | &6 Music St Newbhurv Townshin
47 Carriage Stone Dr Chaorin Falls Villace | &7 Kevstone I.n Mimson Townshin
49 The West Woods Russell Townshin R&K]  Fairmount Rd Newbhurv Townshin
50 Kinsman Rd Russell Townshin R0 _Fairmount Rd Newburv Townshin

* Not sequential due to selection process.
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All sites were evaluated from 9AM-4PM between 25 July and 9 September 2003 during base
flow conditions. A 61 m (200 ft) stream reach was evaluated at each site according to the full
PHWH protocol (Ohio EPA 2002a). The methodology includes a number of indices and tests
which can be used to predict or identify stream class. The Headwater Habitat Evaluation Index
(HHEI) is a simple habitat-based tool commonly used to predict stream class based on three
metrics: substrate, pool depth, and bank full width. Physical, chemical, and background
information was also collected as part of the HHEI. Substrate data were objectively collected via
pebble count throughout the bank full channel according to the Ohio EPA’s 1999 Draft Fact
Sheet (1-MAS-99). The depth of the deepest pool within the reach was recorded, as well as the
average of three bankfull width measurements taken across riffles. The metrics were processed
through a flowchart (Ohio EPA 2002a) to obtain the predicted stream class. While the HHEI is
simple and quick, it was designed to overestimate actual stream classification (pers. com. with
Dr. Robert Davic of Ohio EPA). Other data collected as part of the HHEI include: estimates of
riparian width, floodplain quality, flow regime, sinuosity, and gradient; as well as identification
of the Natural Resource Conservation Service (NRCS) stream order based on county soil survey
maps. Water chemistry, including temperature, dissolved oxygen (DO), pH, and conductivity,
was collected using a calibrated, water quality multiprobe.

Biological surveys included semi-quantitative backpack electro-shocking for fish, visual
encounter surveys (VES) for salamanders, and kick net surveys for macroinvertebrates.
Vouchers were collected at each site and preserved in 70% ethanol for long-term storage at
EnviroScience’s laboratory. Identification was based on: Trautman (1981) for fish; Phingsten
and Downs (1989) for salamanders; and Merritt and Cummins (1996), Peckarsky et al. (1990),
Pennak (1978), Schuster and Etnier (1978), Simpson and Bode (1980), and Epler (2001) for
invertebrates. Presence/absence tests using Ohio EPA’s (2002a) cool-coldwater taxa lists were
used to evaluate fish and salamander data. The Headwater Macroinvertebrate Field Evaluation
Index (HMFEI) was used for invertebrates; however, a more detailed investigation was
performed at questionable cool-coldwater sites (sites lacking cool-cold water vertebrates with
Class III HMFEI score), to ensure that >3 coolwater taxa were present.
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3.2 WATERSHED EVALUATION

Sites were identified in the field using high-resolution aerial photography and subsequently
plotted in an ArcView" 3.2 geographic information system (GIS). Drainage areas for each site
were manually digitized, primarily with the aid of 2-10 ft contours. Boundaries of watersheds
adjacent to those of the computer-generated Chagrin River watershed and UMB subwatershed
will occasionally deviate due to differences in delineation methodology. Although a vast amount
of land use data was available, only a few resources—uniform throughout the watershed and
pertinent to the objectives of the project—were used. Land use shapefile data, developed by
Camp Dresser & McKee using 2000-2001 Landsat7 scenes, were provided in eleven categories,
nine of which were mapped within site drainage areas (see Table 1). Commercial land was
created by grouping medium and high-density nonresidential land uses.

Impervious surface area was calculated based on a northern Virginia study (NVPDC 1979) by
applying their low density residential (<0.5 units/acre) estimate of 6% to residential land and
their high-end commercial estimate of 95% to commercial land. A number of other values from
the NVPDC study were tested as well as from various other studies, such as Sleavin et al.
(2000), Aqua Terra (1994), and USDA 1996. However, correlation analysis indicated that the 6-
95% set fit best. CRWP is currently developing specific impervious cover coefficients for the
Chagrin River watershed, however, the data will not be available until July 2004.

Sewered service areas were identified from 2003 Geauga County shapefile data. These data
were processed to obtain values in percentage of watershed. Soil survey shapefile data, created
by ODNR from county soil surveys (Musgrave and Holloran 1980, Williams and McCleary
1982), were used to isolate five soil groupings (see Table 1). An estimate of hydric areas was
derived by adding 10% (estimated based on professional judgment) of soil types known to
contain hydric components, with 100% of hydric soil types. Average slope within each drainage
area was calculated by summing the average of slope categories (A-F) multiplied by respective
percent of watershed.
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3.3

Data from the stream inventory and watershed evaluation were arranged in columns (by site) into

ANALYSIS

an Excel® spreadsheet. The following table describes each of the data categories.

Table 2. Data Used in Analyses.

Data Category

Description (units)

Date

Drainage Area
Large Substrate*
D-50

Pool Depth
Bankfull Width
HHEI Score
HHEI Class

Riparian Width
Floodplain Quality

Flow Regime

HHEI Data
Julian date of field survey
Size of supporting drainage area (ha)
Substrate >65 mm (%)
Median substrate particle size from pebble count (mm)
Maximum pool depth (cm)
Average bankfull width (m)
HHEI score
Predicted stream class based on the HHEI decision making flowchart (Ohio EPA 2002a)
0-3 number assigned to represent increasing average left and right riparian width categories
(None=0 — Wide >10m=3)
0-7 number assigned to represent increasing average left and right floodplain quality categories
(Mining or Construction=0 — Mature Forest, Wetland=7)
0-3 number assigned to represent ephemeral-perennial hydrologic regime categories
(Dry Channel, no water=0 — Stream flowing=3)

Sinuosity Number of bends (maximum of 3.5) within stream reach
. 0-4 number assigned to represent the increasing stream gradient estimate categories
Gradient _ _
(Flat=0 — Severe=4)
Order Stream order based on NRCS soil survey maps
Canopy Open* % aerial cover unshaded by shrub or tree canopies
Temperature Water temperature of stream (°C)
DO Dissolved oxygen of stream (mg/1)
pH pH of stream (su)
Conductivity Conductivity of stream (umhos/cm)
Biological Data
Fish Class Stream class based on presence/absence of fish species (1=absent)

Salamander Class
HMFEI Score

Stream class based on presence/absence of larval salamander species (1=absent)
HMFEI score

HMFEI Class Stream class based on Ohio EPA (2002) guidelines
Stream Class Final stream class based on all information
Class Sum Sum of fish, salamander, and HMFEI stream classes
Land Use Data
Forest* Forest cover based on 2000 land use (%)
Successional* Scrub/grass/barren cover based on 2000 land use (%)
Wetland* Open wetland based on 2000 land use (%)
Open Water* Open water based on 2000 land use (%)
Recreational* Open recreational cover based on 2000 land use (%)
Residential* Medium density residential cover based on 2000 land use (%)
Commercial* Medium and high density nonresidential cover based on 2000 land use (%)
Agricultural* Agricultural based on 2000 land use (%)
Anthropogenic* Sum of recreational, residential, commercial and agricultural (%)

Impervious Surface Area*
Sewered*

Erodible Soils*
Semihydric Soils*

Hydric Soils*

SS Water*

Manmade Soils*

Slope

Hydric Sum*

Impervious surface area based on 6% residential and 95% commercial (NVPDC 1979) land (%)
Sewered service areas Geauga and Cuyahoga County data (%)

Erodible soils based on soil survey data (%)

Nonhydric soils containing hydric components based on soil survey data (%)

Hydric soils based on soil survey data (%)

Open water based on soil survey data (%)

Manmade soils based on soil survey data (%)

Average slope based on soil survey data (%)

Sum of Hydric Soils and 10% of Semihydric Soils (%)

* Arcsin square-root transformed.
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Analyses of chemical and biological parameters verses riparian (Riparian Width and Floodplain
Quality) and land use parameters were performed using Pearson correlation coefficient
equations. Five groups of sites were selected in an attempt to incrementally filter unwanted
variability and concentrate on desirable attributes. Table 3 describes each group. Significance
of the relationship was considered strong at the a=0.01 level and weak at 0=0.05 level.

Table 3. Analysis Groups.

Group Description Significance Sample Size
Full Data Set All sites Standard 60
Group 2 Sites without suspected habitat limitations' Reduces variability ca'use('i by natural mstrgam biological 37
stressors to focus on riparian and land use issues
Group 3 Group 2 sites, less those highly influenced  Attempts to reduce variability caused by natural or 8
P by cool or warm water temperature inflatedtemperature extremes
Group 3 sites, less those with noted Reduces variability caused by noted riparian problems in
Group 4 L 3 . 22
riparian problems order to focus on land use issues
Group 3 sites, less those with suspected Reduces variability caused by suspected land use problems
Group 5 4 . L 18
land use problems in order to focus on riparian issues

' Drainage area <26 ha and >259 ha, D-50<1 mm, gradient=0%, DO<4mg/l; 2 Temperature outside mean=1std. dev.; 3 Riparian width<3,
floodplain quality<6; * Residential>30%, commercial>10%, agricultural>25%.

The primary hypothesis of the study was that anthropogenic, especially high intensity, land uses
within the riparian or drainage area would negatively influence biotic integrity. The study
attempted to identify threshold limits for land uses having negative relationships with water
quality and provide recommendations concerning BMPs to protect the future of the riverine
network.

A dilemma that had to be addressed prior to the analysis was that the PHWH evaluation protocol
is not specifically calibrated to gauge stream quality. The protocol is primarily designed to
distinguish hydrologic types of PHWH streams (e.g. ephemeral or cool-cold water perennial
from warmwater intermittent/perennial). Although this may have been problematic, certain
aspects of the data are known to estimate water quality. For example, chemical parameters such
as conductivity have the ability to predict water quality (Walsh et al. 2001, Roy et al. 2003,
Kennedy et al. 2003). The HMFEI data undoubtedly were the best available information
concerning stream quality; however, Mr. Mike Bolton of Ohio EPA, developer of the index,
reinforced (pers. com.) that the tool was specifically calibrated to identify spring-fed streams: it
does not necessarily distinguish between tolerant and intolerant species. Though perhaps not
appropriately weighted, the HHEI score reflects taxa richness (Ohio EPA 2002b), a widely
accepted means of estimating habitat quality. The HMFEI score is assumed by this study to have
the ability to estimate biotic integrity.
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4.0 RESULTS & DISCUSSION

Stream inventories on the 60 PHWH sites (see photographs in Appendix A) throughout the UMB
of the Chagrin River were generally representative of an intact catchment. Most sites had
functional riparian zones with relatively undeveloped watersheds. Class III waterways
comprised 37% of the streams surveyed. Class Il waterways comprised 60% of those surveyed,
while Class I streams made up the remaining 3%. Supporting watersheds ranged from 0-80%
anthropogenic land use. Table 4 provides information about the variation in each of the data
categories. Appendix B contains all data used in the analysis. Four primary findings of the
study are:

1. TItis necessary to perform biological evaluations to accurately assess PHWH stream class;
Alterations to stream channel and riparian vegetation removal can have severe
detrimental effects on stream functions and values, such as increased water temperature,
nutrient enrichment, and erosion,;

3. Stream water chemistry and biology show measurable signs of degradation in watersheds
with >40% anthropogenic land use; and

4. High quality stream biology is limited by watersheds having more than 6% impervious
surface area.

While our findings are significant on a regional level, climatic and geologic conditions make it
difficult to apply these findings to other geographic regions (Baker 2003). These results will
best be applied to the Chagrin River Watershed south of the Erie Lake Plain ecoregion.

f-iE EnviroScience, Inc.
Z EN\"RO 3781 Darrow Road
SCIENCE Stow, Ohio 44224 « 800-940-4025 Page 11 0f 28
g

-----------




4.1

Table 4. Results Summary of Data Parameters Collected for Each Site.

Data Categories Min Mean Max Range Std Dev
HHEI Data
Date 206 223.06 252 46 25.40
Drainage Area 3.56 108.29 468.05 464.09 102.31
Large Substrate 0 16.37 50 50 15.91
D-50 0.1 26.88 180.0 179.9 39.72
Pool Depth 9 24.21 40 31 9.60
Bankfull Width 0.5 2.39 5.8 53 1.27
HHEI Score 41 64.61 86 45 10.96
HHEI Class 2 2.44 3 1 0.52
Riparian Width 0 2.70 3 3 0.74
Floodplain Quality 2 6.31 7 5 1.00
Flow Regime 1 2.80 3 2 0.54
Sinuosity 0.0 2.32 35 35 1.14
Gradient 0 1.31 3 3 0.80
Order 0 2.24 4 4 0.82
Canopy Open 2.5 29.56 100.0 97.5 31.73
Temperature 12.3 17.72 232 10.9 2.60
DO 1.2 6.80 9.5 8.3 2.03
pH 5.7 7.30 8.4 2.7 0.97
Conductivity 75 473.52 1142 1067 254.28
Biological Data
Fish Class 1 1.79 3 2 0.60
Salamander Class 1 1.69 3 2 0.88
HMFEI Score 4 19.11 40 36 9.96
HMFEI Class 1 2.29 3 2 0.68
Stream Class 1 2.32 3 2 0.56
Class Sum 3 5.77 9 6 1.70
Land Use Data
Forest 0.00 63.39 92.02 92.02 21.02
Successional 0.00 2.32 12.14 12.14 3.56
Wetland 0.00 0.97 14.15 14.15 3.48
Open Water 0.00 3.30 93.33 93.33 19.82
Recreational 0.00 0.73 14.64 14.64 3.46
Residential 0.00 21.57 73.79 73.79 18.66
Commercial 0.00 1.79 26.74 26.74 6.11
Agricultural 0.00 8.76 48.62 48.62 12.29
Anthropogenic 0.00 31.50 80.07 80.07 19.92
Impervious Surface Area 0.00 2.98 28.60 28.60 6.37
Sewered 0.00 10.24 100.00 100.00 28.48
Erodible Soils 0.00 6.12 59.81 59.81 14.64
Semihydric Soils 323 63.15 100.00 96.77 23.55
Hydric Soils 0.00 3.37 27.98 27.98 6.93
SS Water 0.00 0.52 3.72 3.72 0.88
Manmade Soils 0.00 2.57 52.34 52.34 11.51
Slope 2.68 6.38 23.06 20.38 4.29
Hydric Sum 0.32 9.61 33.87 33.55 6.79
STREAM INVENTORY

The stream inventory covered a wide range of geomorphic channel types, specifically variations
in gradient, substrate size and channel shape. The variability provided a good representation of
the available habitat within the UMB. The majority of the sites were located within an intact or
recovering riparian zone, which reflects the relatively undeveloped state of the UMB; however,
due to its proximity to Cleveland, the area is experiencing development pressure. The results of
these surveys provide broad baseline information, which will be useful to document future
watershed changes.
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The numerous Class III systems surveyed reflect a plentiful aquifer within the UMB watershed.
Figure 4 demonstrates that most of the sites had temperatures below 20°C; indicative of aquifer-
fed Class-I1II PHWH streams (Ohio EPA 2002a). Figure 4 also indicates that streams between 15
and 20°C (~ mean = 1 std. dev.) vary widely in HMFEI scores, suggesting that the scores are also
significantly affected by other environmental parameters, such as land use.

HMFEI Score

45Figure 4. Temperature vs. HMFEI Score Using Group 2 Data: Group 3 Data Between Bars.
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Brook trout surveyed at Site 30, Munson Township

The inventory identified some noteworthy
populations, important areas for
protection, and areas in need of
restoration. Notable species surveyed
include: American brook lamprey
(Lampetra appendix) at Site 12; larval red
salamander (Pseudotriton ruber) at Sites
80, 82, and 86; and the Ohio-threatened
brook trout (Salvelinus fontinalis) at Sites
30, 59, 71, 80 and 86. These species
serve as indicators of good water quality
and their presence in numerous PHWH
streams is a positive sign.
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Two of the streams (30 and 59) containing brook trout populations also had excellent HMFEI
scores despite being influenced by approximately 40-50% anthropogenic (recreational,
residential, commercial, and agricultural) land use. A similar trend was also noted at Sites 42
and 70, however Sites 35, 39, and 43 reflect the expected low HMFEI scores with 40-80%
anthropogenic land use: Table 5 compares and contrasts these subsets. Although most of the
parameters, including anthropogenic land use, are similar between the groups, commercial land
use and impervious surface area have widely divergent means, which likely explain the opposite
trends from the HMFEI scores. In this example, the HMFEI is essential to properly characterize
stream quality.

Table 5. Comparison of Opposing HMFEI Subsets having Similar Urban Compositions.

Site  PrN32¢ pypyScore Conductivity HMFEIScore  Residential  Commercial Agricultural Anthropogenic (TPervious
Area Surface Area
High HMFEI Subset
30 72.85 72 410 26 4378 0.00 0.00 43.78 2.63
42 57.81 69 599 26 53.83 0.00 738 6121 3.23
59 119.10 64 435 21 49.06 0.00 0.18 49.24 2.94
70 58.20 83 472 31 25.99 0.00 48.62 74.61 1.56
MEAN  76.99 72 479 26 43.17 0.00 14.05 57.21 2.59
Low HMFEI Subset
35 21832 71 891 5 40.70 15.70 4.04 62.20 17.36
39 50.15 49 368 4 33.42 8.12 5.58 47.12 9.72
43 71.42 65 976 8 5333 26.74 0.00 80.07 28.60
MEAN  113.30 62 745 6 42.48 16.85 321 63.13 18.56

The Chagrin Falls area (Sites 45-47 and 63) generally had mature forested comdors located W1th1n
steep ravines and HHEI scores ranging from 76- : .
83, indicative of Class III streams. However,
these streams received Class II HMFEI scores,
ranging from 12-17. This information would
suggest that urbanized watersheds have
detrimental impacts on even well buffered
streams. Observations of destabilized substrate
and scouring to bedrock, likely caused by large
amounts of impervious surface area or
stormwater inputs, reduce stable habitat required
by most aquatic organisms. Furthermore, the
relatively high conductivity (789-970 umhos),
likely caused by nutrient and chemical loadings,
is an indicator of poor water quality.

Effects of stormwater inputs at Site 63, Chagrin Falls Village

Certain management practices such as canopy removal and hydrologic manipulation (including
channelization, stormwater inputs, and impoundments) directly affect lotic habitats, limiting
biological potential. Site 35 (Table 5) is an example where almost complete riparian removal
and replacement with lawn has compounded watershed degradation, resulting in the lowest
Group 2 HMFEI score (5).
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Sites 52 and 75 were located within and immediately downstream of an impacted reach of
perennial stream. At Site 52, canopy removal and channelization occurred along an
approximately 400 m reach (see Appendix A). Channelization confines flows within leveed
banks and prevents energy dissipation onto the floodplain, resulting in incision and bank erosion.
The channel in this location was
scoured to hardpan initiating a
headcut, which will continue to
disconnect upstream reaches from
their floodplain as it evolves. In this
particular situation, the headcut is
temporarily being controlled by large
boulders on the mainstem; however,
an adjacent tributary was showing
clear signs of erosion. The accelerated
erosion has removed substrates
leaving little habitat for fish and
macroinvertebrates. Additionally, the
absence of canopy cover creates
optimum conditions for nuisance algal
growth. Site 75 was located just
downstream of 52 in a natural forested corridor. Although the site was located just inside a
natural reach, it showed immediate signs of improvement: HMFEI scores increased from 19- 28.
The vegetated banks provided more stability and shade, which reduced erosion and limited algal
growth; however, substrate comprised of 42% sand and warmer water temperatures reflected
effects of upstream erosion. Bankfull width decreased from 2.5 m at the impacted reach to 2.1 m
in the natural reach, indicating a departure from its natural channel morphology. In this
example, effects of typical riparian impacts and channelization will be realized well up and
downstream of the source, as the headcut, increased temperature, and erosion decrease stability
and overall biological potential. While aquatic life persists despite these morphological
processes, the channel shape, flashy flows, and embedded/scoured substrates provide far less
than optimal conditions for aquatic organisms.

Headcut on adiacent tributary of Site 52, Munson Township

4.2 ANALYSIS

The data analyses revealed many expected associations. Table 6 provides weak and strong
(bold) correlation coefficients () for chemical and biological vs. land use parameters. Few
correlations with riparian parameters were found to exist, except that temperature had an
expected weak-strong relationship with riparian width in the first two groups. This was not
surprising considering that riparian parameters from the HHEI were few and subjective.
Appendix C contains r-values for all data from all groups.

71
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Table 6. Correlation Coefficients () for Land Use vs. Water Quality Variables.

Fish  Salamander HMFEI HMFEI  Stream Class
Temperature DO pH Conductivity  Class Class Score Class Class Sum
Full Data Set
Forest - 0.36 -0.39 - - - - - -
Successional - 0.41 - - - - - - -
Wetland -0.27 -0.36 - - - — - - -
Open Water - - - - - - - - -
Recreational - - - - - - - - -
Residential - -0.28 0.71 0.26 - - - - -
Commercial 0.26 - - 0.46 - - -0.37 -0.34 - -0.27
Agricultural - - - - -0.34 - - - - -
Anthropogenic - -0.41 0.64 - - - - - -
Impervious Surface Area - -0.30 0.72 - - - - - -
Sewered - -0.46 0.63 - - — - - -
Erodable Soils - 0.33 - - - - - - -
Semihydric Soils - -0.48 - - - - - - -
Hydric Soils - 0.32 - - - - - - -
SS Water - - - - - - - -0.26 -
Manmade Soils - - 0.45 - - - - - -
Slope - - - - 0.36 - - - 0.30
Hydric Sum - - - - — - — - —
Group 2
Forest - 0.40 -0.67 - - - - - -
Successional - 0.40 - - - - - - -
Wetland - - - - - - - - -
Open Water - - - - - - - - - -
Recreational 0.39 - - - - - - -0.39 - -
Residential - - -0.39 0.67 - -0.37 - - - -
Commercial - - 0.61 - -0.33 -0.54 -0.52 -0.38 -0.45
Agricultural - - - -0.48 0.33 - - 0.33 -
Anthropogenic - -0.45 0.68 - - - - - -
Impervious Surface Area - -0.39 0.75 - -0.41 -0.47 -0.36 -0.33 -0.38
Sewered - -0.47 0.69 - -0.39 -0.43 - -0.46 -0.35
Erodable Soils - 0.38 - - 0.40 - - 0.39 -
Semihydric Soils - -0.42 - - - - - - -
Hydric Soils - - - - - - - - -
SS Water - - - - - - - — - -
Manmade Soils 0.33 - - 0.39 - - - -0.33 - -
Slope 0.50 - - - 0.38 - - - 0.36
Hydric Sum - — — — -0.37 - - - -
Group 3
Forest - 0.45 -0.64 - - - - - -
Successional - 0.45 - - - - - - -
Wetland - - - - - - - - -
Open Water - - - - - - - - -
Recreational - - - - - - - - -
Residential - -0.42 0.66 - -0.39 - - - -
Commercial - -0.46 0.56 - - -0.46 -0.39 - -0.39
Agricultural - - - -0.49 0.48 - - 0.44 -
Anthropogenic - -0.51 0.65 - - - - - -
Impervious Surface Area - -0.51 0.69 - -0.39 -0.44 - - -
Sewered - -0.53 0.80 - -0.40 -0.48 - -0.44 -0.38
Erodable Soils - 0.51 - - 0.44 - - 0.48 0.41
Semihydric Soils - -0.51 - - - - - - -
Hydric Soils - - - - - - - - -
SS Water - - - - - - - - -
Manmade Soils 0.41 - - - - - - - -
Slope 0.55 - - - - - - - -
Hydric Sum — — — — -0.47 — — — -0.41

Coefficients only listed for significant (a<0.05) relationships; bold type indicates strong (a<0.01) relationships.
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Table 6. Correlation Coefficients () for Land Use vs. Water Quality Variables (continued).

Temperature

DO

pH

Conductivity

Fish
Class

Salamander
Class

HMFEI
Score

HMFEI
Class

Stream
Class

Class
Sum

Forest
Successional
Wetland

Open Water
Recreational
Residential
Commercial
Agricultural
Anthropogenic
Impervious Surface Area
Sewered
Erodable Soils
Semihydric Soils
Hydric Soils

SS Water
Manmade Soils
Slope

Hydric Sum

Group 4
-0.57

0.62
0.65
0.58
0.71
0.83

Forest
Successional
Wetland

Open Water
Recreational*
Residential*
Commercial *
Agricultural*
Anthropogenic*
Impervious Surface Area
Sewered
Erodable Soils
Semihydric Soils
Hydric Soils

SS Water
Manmade Soils
Slope

Hydric Sum

0.64

-0.57

-0.48

Coefficients only listed for significant (ae<0.05) relationships; bold type indicates strong (0<0.01) relationships.

* Group 5 data most affected by filtered anthropogenic land use criteria.

Chemical parameters, such as pH and conductivity, correlated well with a number of land use
parameters throughout the groups. Most interesting was the increased conductivity with
anthropogenic land uses. Figure 4 illustrates the relationship of conductivity to residential land.
This phenomenon is well documented in the literature (Grayson et al. 1997, Tong and Chen
2001, Walsh et al. 2001, Morse et al. 2003, Roy et al. 2003) and appears to affect community
composition (Walsh et al. 2001, Roy et al. 2003, Kennedy et al. 2003). The current study
indicates that there may be a negative biological response to conductivity reflected by a weak
negative correlation between HMFEI score and conductivity in Group 2 (Appendix C). Dr.
Robert Davic of Ohio EPA, primary author of the PHWH evaluation protocol, has noted that
Ephemeroptera (mayflies), one of the sensitive EPT (Ephemeroptera + Plecoptera + Trichoptera)
taxa, disappear in streams as conductivity approaches 1000 pmhos/cm (pers. com.). In this
study, EPT taxa were rare at sites in streams with conductivity >800 pmhos/cm and absent as
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conductivity reached 1000 umhos/cm. Figure 5 suggests that when residential land exceeds
about 40%, the conductivity becomes unpredictable and is frequently (>50%) relatively high
(>800 pmhos/cm). However, below 40% residential, 96% of the sites have conductivity
<800umhos/cm.

Relatively low correlations between land use vs. biological parameters were observed, and
expected considering that the biological indicators were calibrated to detect hydrologic
differences and not necessarily differences in quality. The low significant correlations may
simply indicate that a variety of hydrologic stream types exist among both urban and rural
settings, and through varying degrees of riparian condition. Superficially, there appears to be
some strong correlations between vertebrate class data and certain land use parameters.
However, the low class variability, especially in Groups 3-5 (see Appendix B and Table 3),
suggests merely coincidental relationships (Figure 6): regression curves actually predict
opposing trends.

Figure 7 illustrates the relationships between anthropogenic and residential land vs. HMFEI
score. While there is no apparent correlation between them, the scatterplot reveals that HMFEI
scores are affected when comparing anthropogenic and residential land use greater or less than a
40% threshold. Approximately 86% of the sites having watershed composition of <40%
anthropogenic/residential land have an HMFEI score of 15-40, characterizing high quality Class
IT and Class III streams. Conversely, only 25% of the streams having residential/anthropogenic
land in excess of 40% had high HMFEI scores (>15). This trend corresponds closely with the
conductivity vs. residential relationship (Figure 5) and implies a watershed carrying capacity of
approximately 40% anthropogenic land use.

Figure 5. Residential vs. Conductivity Using Full Data Set.
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Figure 6. Agricultural vs. Salamander and Fish Classes Using Group 4 Data.
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Figure 8. Anthropogenic and Residential vs. HMFEI Score Using Group 3 Data.
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Several land use variables, such as commercial, impervious surface area and sewered, show
strong negative relationships with HMFEI score. Commercial and sewered areas have relatively
low overall variability and obscure scatterplots; however, impervious surface area appears to
explain overall HMFEI variability very well. Figure 8 displays commercial and impervious
surface area data together vs. HMFEI score with an imposed threshold of 6%. Biology is limited
by impervious surface area from nearly 90% high HMFEI scores (>15) below the threshold, to
none over the threshold. Note that degraded sites occur at any level of disturbance: it is only the
HMFET’s theoretical upper bound, measuring potential of the resource, that is limited.
Increasing impervious surface area most likely limits potential by reducing groundwater
availability, increasing hydrologic instability (e.g. flashiness), and increasing non-point source
(NPS) pollution (and may also reflect additional point source discharge locations).

Impervious surface area is the primary attribute of urban land use suspected of causing stream
impairment and has been the focus of numerous recent studies, a few of which include Wang et
al. (2001), Walsh et al. (2001), and Morse ef al. (2003). According to these reports, when
threshold limits of 6-12% impervious surface area are exceeded, drastic changes to receiving
streams take place, including severe biological declines.
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5.0 RECOMENDATIONS
5.1 BEST MANAGEMENT PRACTICES

Based on the results of this study, detectible and significant declines in aquatic habitat occur in
relation to increases in the percent catchment occupied by urban land use. Specifically: 1)
anthropogenic land uses, at current zoning standards, begin to degrade water quality when
comprising more than 40% of a drainage area; and 2) impervious surface areas reduce biological
capabilities when in excess of 6% of a given catchment.

Regulations to limit anthropogenic land use, especially impervious surfaces, should be
established in order to adequately protect aquatic resources. Based on available information,
EnviroScience recommends that limits on land use and impervious surfaces be enforced on
watersheds down to 26 ha (64 acres). This size protects most intermittent and perennial (except
spring fed) streams, and does not appear to be overly burdensome on either regulators or
developers. However, some of the highest quality Class III streams originate from springs with
insignificant watersheds. These streams, termed “rheocrenes”, should be inventoried and offered
individual protection.

5.1.1 Effective Impervious Surface Area Limitations

Effective impervious surface area is any impervious surface that efficiently directs runoff into
waterways. Though low-density residential (<0.5 units/acre) land, with an assumed 6%
impervious surface area, can significantly influence overall imperviousness by sheer magnitude,
commercial and industrial areas contain by far the highest percentage (near 100) of effective
impervious surface area per unit area. While commercial and industrial land are the logical
places to begin reduction efforts or impose limitations for new developments, EnviroScience
recommends that, based on the results of this study, sensible restrictions be placed on all land
uses.

Incentives or regulations to reduce impervious surface area in commercial and industrial areas to
keep watersheds at or below 6% should also be introduced through zoning or construction
permitting. The City of Olympia, Washington (1994) performed an impervious surface area
study, which resulted in a number of recommendations. They found that:

1. Using minimal or shared parking to reduce areas by 20%, resulted in basinwide effective
impervious surface area being reduced by 5.5%, nearly the entire threshold limit defined
in Figure 8.

2. Limiting roof areas by increasing the height of structures has obvious reduction
capabilities.
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3. Promoting infill of developed residential and urban areas resulted in an overall increase
of impervious surface area but declines in per capita impervious surface area, protecting
areas that are more rural.

4. Restricting widths for local access roads in urban areas can reduce basinwide effective
impervious surface area by 3-7.5%.

The best way to obtain the goal of measurable reductions in impervious surface area is to
implement numerous small policy changes while keeping this goal in mind.

5.1.2 Low-Impact Development

Low-Impact Development (LID) (Prince George’s County, Maryland 1999) was developed in a
degraded urban area of New England as an environmentally sound alternative to conventional
stormwater management, which generally functions more as stormwater relocation. The goal of
LID, modeled after natural hydrologic regimes, is to micromanage stormwater near its source by
creating a series of small storage cells and promoting infiltration wherever possible.
EnviroScience recommends that LID be a locally mandated part of stormwater pollution
prevention (SWPP) plans for new developments. Attempts should be made to disconnect and
slow down drainage paths to address points of concentrated runoff at location. Providing
pervious surfaces within and adjacent to impervious surface area, and throughout developments
in general via pervious alternative surfaces, such as porous concrete or paving blocks, can allow
up to 100% infiltration. These techniques can actually reduce stormwater management costs by
25-30% over traditional methodology, and effectively promote infiltration and groundwater
recharge curbing the effects of impervious surface area.

5.1.3 Riparian Protection

Riparian areas are especially
sensitive to the influences of
urbanization and impervious surface
area, and should be vigorously
protected to preserve stream health
and stability. The importance of
riparian condition was portrayed in
the example at the end of Section
4.1. Riparian zones with open
canopies or lacking vegetation
experience increased temperatures
and algal blooms resulting in
reduced taxa richness. Maintaining
natural riparian areas protects
against stream degradation by

providing stability, functional floodplains, and runoff infiltration (and filtration). In most cases

Degraded riparian zone
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where riparian buffers were lacking, obvious signs of instability, specifically erosion, were
evident and problematic. Vegetation is a key component to bank stability and accelerated
erosion caused by poor bank stability can significantly increase watershed sediment loads. Mr.
Norman Berg, of the U.S. Soil Conservation Service states: “stream-deposited sediment was the
greatest single water pollutant”. He estimated that two billion tons of sediment was deposited in
U.S. streams annually (Waters 1995).

Setback legislation is crucial to maintain the health of the Chagrin River system. Setbacks limits
should be proportional to stream size, allowing for natural channel migration and floodplain
function. Ideally, setbacks should protect the floodplain and riparian corridor to top of slope in
typical situations. Removing top of slopes trees can destabilize the embankment leading to
colluvial landslides and exposing valley trees to excessive wind shear. Protection and
enhancement of riparian areas should continue as a top priority in the Chagrin River watershed.

5.1.4 Openspace Protection

Openspace provides substantial watershed benefits by retaining natural hydrologic functions,
including pervious surfaces. Openspace regulations should be established as part of all new
developments to promote efficient urban land use and retain some aspects of natural watershed
functions. Based on the results of this study, streams show signs of impairment when watersheds
exceed 40% anthropogenic land use. It would therefore be prudent to have regulations
protecting a minimum of 60% of every watershed within some type of openspace, to protect the
integrity of aquatic resources. Consideration of parks and other protected areas, as well as
previously developed areas, should be given when setting watershed standards.

5.2 FOLLOW-UP STUDIES
5.2.1 Use of Existing Data for Further Analysis

Although the original study design had some significant hurdles regarding the PHWH evaluation
methodology for estimating water quality, refinement of existing biologic data and more precise
land use estimates may be a simple means of improving the analysis. EnviroScience
recommends that biological data analysis be expanded to include invertebrate taxa richness and
larval salamander abundance. This information can be extrapolated from the existing HMFEI
data forms and the semi-quantitative VES, respectively. It may also be useful to apply the
invertebrate data to the Ohio Division of Natural Areas and Preserves’ (1993) stream assessment
protocol.

Utilization of more precise land use data as an alternative to the Camp Dresser & McKee (2002)
data should be evaluated. Data such as Geauga County’s 1996 Land Use/Land Cover data, their
forthcoming land use data, or manually digitized data (within the site drainage areas) may be
more precise or better adapted to the goals of the analysis. More accurate and site-specific
impervious surface area data from CRWP’s forthcoming (July 2004) impervious cover study will
have significant advantages over the estimates used for this analysis. Correlative analysis can be
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re-evaluated and analysis of variance (ANOVA) could be attempted by grouping similar data by
high/low land use parameters.

5.2.2 Additional Suggested Parameters for Further Analysis

Riparian buffer data are a critical component of this type of analysis. Some rudimentary data
were collected as part of the HHEI; however, they were not adequate. Parameters from a 100 m
wide riparian area extending a set distance upstream of each site should be evaluated separately
and cumulatively. Several parameters, such as width and type, may be feasible to assess
remotely using aerial photo interpretation: Average herbaceous stem density, duff depth, and
soil permeability parameters may also be useful.

Likewise, stream stability data provides valuable information on watershed-scale changes.
Standardized, and preferably tested, measures of instability (e.g. Pfankuch’s [1975] channel
stability rating system) would have to be obtained, modified, or developed for use at each site.
Rosgen (1996) further develops the concept by adapting Pfankuch’s (1975) stability rating to
stream type, accounting for differences in channel morphology.

Stream classification is also a useful tool for watershed management, as it categorizes channel
morphology and condition, relating to a range of hydraulic and sediment relationships. Each
category is associated with a specific form, pattern, and profile. Ultimately, stream classification
provides immense amounts of morphologic and hydrologic data for a particular stream reach. It
also provides a universal basis for comparison to other streams and, when grouped for analysis,
can greatly reduce problematic variability. Even a broad characterization of stream types would
be useful for data analysis. A broad characterization can be obtained remotely using U.S.
Geological Survey topographical maps and aerial photography to document slope, sinuosity, and
significant valley features.

Flow regime is undoubtedly the most important aspect of stream health, as far as biology is
concerned. It is also the most affected by urbanization (especially impervious surface area), thus
is likely a useful indicator of watershed health. A possible study plan may involve the selection
of a few strategic sites (e.g. streams with rural but developing watersheds or with varying
degrees of urbanization) to install long term monitoring devices. The devices should be capable
of, at a minimum, evaluating the flashiness of the stream so that base flow to storm event ratios
can be obtained. Water quality trends from continuous monitoring devices would also be useful.
As a less costly alternative, data from gauging or other established stations can be acquired and
correlated with watershed data and buildout trends. This data can be utilized in regression
analysis to form strong causal links between biological impairment and urbanization.
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5.2.3 Development of a Hydrophysiographic Regional Curve

Development of a regional curve for the Chagrin River hydrophysiographic province would be a
powerful tool that could be applied to many aspects of the watershed action plan and restoration
practices. A regional curve provides a relationship between stream channel dimensions such as
bankfull width, cross-sectional area, discharge velocity, and mean depth versus drainage area.
The information is extremely useful for extrapolation of bankfull width and channel dimensions
in incised urban streams where bankfull indicators are virtually absent. Restoration design relies
heavily on stream channel dimensions and application of regional curve data could verify
fieldwork and ensure proper design. Furthermore, a regional curve provides opportunity for
more accurate departure analysis during stream assessments. River4M spreadsheets, created by
the ODNR, can aid in data organization and calculation; however, the development of a regional
curve requires substantial fieldwork and data analysis.
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Appendix A:

PHWH Site Photographs



