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1.0 Abstract

Presque Isle Bay is a 5.7 square mile embayment located in northwestern Pennsylvania on the southern
shore of Lake Erie. The bay’s watershed drains a highly urbanized area (62.6% imperviousness) of 26.2
square miles, including portions of Millcreek Township, City of Erie, Harborcreek Township, Summit
Township, and Greene Township in Erie County, Pennsylvania. Tributaries of the bay include, from
west to east, Scott Run, Cascade Creek, and Mill Creek and its tributary Garrison Run. In May and June
2011, macroinvertebrate community and habitat surveys were conducted at 16 sites in tributaries of
Presque Isle Bay in an effort to characterize the impact of urbanization on the watershed. EPA’s Rapid
Bioassessment Protocol for Use in Wadeable Streams and Rivers were used to assess the macroinverte-
brate communities and stream habitat. In addition, a macroinvertebrate composite index score was cal-
culated for each site based on analysis of six different metrics including: 1) total number of taxa, 2) num-
ber of Ephemeroptera, Plecoptera, and Trichoptera taxa (EPT), 3) number of intolerant taxa, 4) percent
EPT, 5) percent intolerant, and 6) Hilsenhoff Biotic Index (HBI). A total of 4,928 individual macroin-
vertebrates representing 47 taxa were collected within the Presque Isle Bay watershed. Chironomidae
and Oligochaeta were the dominant taxa in the watershed, comprising 55.01% and 20.35% of the total
catch, respectively. The median composite index score was 13.0 (very poor). The median total habitat
score was 124 (suboptimal). There was a significant, positive correlation between the epifaunal sub-
strate/available cover, left bank stability, right bank stability, total bank stability, and total habitat scores
and the macroinvertebrate composite index scores. The impaired macroinvertebrate community in the
watershed is likely due to habitat alterations as a result of urbanization.

2.0 Introduction

Presque Isle Bay is a 5.7 square mile embayment located in northwestern Pennsylvania on the southern
shore of Lake Erie. Prior to 1980, land along Presque Isle Bay was dominated by industrial uses. How-
ever, the bayfront began to transition to more tourism and recreational uses in the 1980s. As industry
began to fade from the area, environmentally minded citizens banded together with the common goal of
restoring and protecting Presque Isle Bay. In 1991, Presque Isle Bay was named the 43™ Area of Con-
cern (AOC) as a result of their efforts. In 2002, as a result of improving conditions in the AOC, Presque
Isle Bay was upgraded to an AOC in Recovery. In December 2012, the Pennsylvania Department of En-
vironmental Protection petitioned the United States Environmental Protection Agency to delist Presque
Isle Bay.

The bay’s watershed drains a highly urbanized area (62.6% imperviousness) of 26.2 square miles, in-
cluding portions of Millcreek Township, City of Erie, Harborcreek Township, Summit Township, and
Greene Township in Erie County, Pennsylvania. Tributaries of the bay include, from west to east, Scott
Run, Cascade Creek, and Mill Creek and its tributary Garrison Run (Map 1). These tributaries comprise
88.3% of the bay’s watershed; the remainder of the watershed (11.7%) is comprised of small, unnamed
tributaries and direct runoff to the bay.

It is widely known that urbanization can alter the physical and chemical characteristics of streams, which
can lead to significant decreases in invertebrate communities (Cuffney et al. 2010). As urbanization in-
creases, so does run-off during storm events, which increases sedimentation, scouring, and flushes out
critical habitat (Wang et al. 2001). The objective of this study was to evaluate the macroinvertebrate
communities and stream habitat at the 16 sites previously assessed by Campbell (2002) and Diz and
Johnson (2002).
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3.0 Methods
3.1 Sampling Locations

In May and June 2011, macroinvertebrate community and habitat surveys were conducted at 16 sites in
tributaries of Presque Isle Bay (Map 2; Table 1). In addition, three reference sites outside of the water-
shed were surveyed (Map 3). The latitude and longitude of the downstream limit were recorded at each
site using a Garmin GPSMAP® 60CSX handheld GPS unit. All sites were previously sampled by Diz
and Johnson (2002) and Campbell (2002).

3.2 Macroinvertebrate Assessment

The macroinvertebrate community was assessed using EPA’s Rapid Bioassessment Protocol for Use in
Wadeable Streams and Rivers (Barbour et al. 1999). At each site, a 100-meter section of the stream, rep-
resenting all habitats (riffle, run, pool, and snag) if possible, was sampled. The 100-meter section was
divided into corresponding percentages based on habitat type (Table 2). A total of 10 kicks were per-
formed at each site. The kicks were distributed proportionally to the habitat type [e.g. 50% riffles (five
kicks), 30% runs (three kicks), 10% pools (one kick), and 10% snags(one kick)]. A 500-micron D-
Frame net was used to collect each sample. Each kick was performed for one minute in approximately a
one square-meter section of substrate upstream from the net. After kicking, large rocks, sticks, and other
debris within the one square-meter sampling section were rinsed-off in the net. Snags were treated by
jabbing the D-Frame net into the snag for one minute. The net was then emptied into a half-gallon plas-
tic jar labeled with the location and date, with 70% alcohol, and returned to the laboratory for analysis.
In the laboratory, each sample was rinsed in a 500-micron sieve and transferred to a large, shallow white
pan with fresh alcohol. The benthic material was removed from the pan and placed into a petri dish.

The macroinvertebrates were then separated from the debris using a stereo microscope. All macroinver-
tebrates were identified to the lowest practicable taxonomic level and enumerated (Form A). In the case
of an overabundance of a species, the number of specimens was approximated.

The macroinvertebrate community at each site was analyzed using a composite index score. Six differ-
ent metrics were computed for each site, including: 1) total number of taxa, 2) number of Ephemerop-
tera, Plecoptera, and Trichoptera taxa (EPT), 3) number of intolerant taxa, 4) percent EPT, 5) percent
intolerant, and 6) Hilsenhoff Biotic Index (HBI). Intolerant taxa were determined to be any macroinver-
tebrate receiving a Hilsenhoff Biotic Index score of less than 6.0. Each metric was then given a stand-
ardization score from 1 to10 based on stream order (Tables 3-5). A composite index score was calculat-
ed by summing each of the six metrics. Composite index scores have a potential range of 6 to 60, with 6
representing minimal biotic diversity and 60 representing optimal conditions (Table 6).

3.3 Habitat Assessment

Sites were assessed using the visual-based habitat assessment methodology described by Barbour et al.
1999. USEPA’s Rapid Bioassessment Protocol for evaluating habitat provides a way for quantifying the
condition of existing habitat. At each location, a 100-meter stream segment was assessed. The visual-
based assessment evaluated and scored 10 parameters on a range of 0 to 20 (Form B) and classified each
parameter as optimal (16-20), suboptimal (11-15), marginal (6-10), or poor (0-5). The individual param-
eter scores were then summed to get a total habitat score for each location. Total habitat scores were
classified as optimal (160-200), suboptimal (110-159), marginal (60-109), or poor (< 60).

An evaluation of the Presque Isle Bay watershed macroinvertebrate community and stream habitat 2



3.4 Correlation Analysis

The relationship between the habitat parameters and macroinvertebrate composite index scores was test-
ed using the Spearman rank correlation test. The null hypothesis (H,) tested was that there is no relation-
ship between the parameters (p = 0; p > 0.05) and the alternative hypothesis (H,) was that there is a rela-
tionship between the parameters (p # 0; p < 0.05). All rho (p) calculations were performed using the
Spearman Rank Correlation — Free Statistics Software (Wessa 2012).

4.0 Results
4.1 Macroinvertebrate Assessment

A total of 4,928 individual macroinvertebrates representing 47 taxa were collected within the Presque
Isle Bay watershed (Table 7). Chironomidae and Oligochaeta were the dominant taxa in the watershed,
comprising 55.01% and 20.35% of the total catch, respectively. Chironomidae was the only taxon pre-
sent at all sites. Acentrella (1.7%), Baetis (6.98%), Caecidotea (1.83%), Cheumatopsyche (1.26%), Op-
tioservus (1.81%), Simulium (2.62%), and Stenelmis (1.93%) were the only other taxa that comprised
more than 1% of the total catch. Sites CC3 and MC4 had the fewest taxa present, two taxa were ob-
served. Site CC1 had the fewest total individuals, 17 individuals were observed. Site MC5 had the
most taxa present, 23 taxa were observed. The median number of taxa was 7.5. Site MC6 had the most
total individuals, 1,091 individuals were observed. A total of 1,329 individuals representing 24 taxa
were collected at the reference sites. Chironomidae was the dominant taxon among the reference sites,
comprising 86.68% of the total catch. The only other taxa to comprise more than 1% of the total catch
were Acentrella (1.66%), Baetis (2.48%), Ephemeroptera (1.35%), and Simulium (3.76%). Each of the
reference sites had 11 taxa present.

Composite index scores in the Presque Isle Bay watershed ranged from a low of 6 (minimal biotic diver-
sity) at sites CC5, MC4, and GR1 to a high of 34 (slightly degraded) at site MCS5 (Table 8). The median
composite index score was 13.0 (very poor). Site MC5 had the most EPT and intolerant taxa, 11 and 13
taxa respectively (Table 9). Sites SR1, CC1, CC3, CC4, CC5, MC4, and GR1 had no EPT taxa present.
Sites CC1, CC3, CC5, MC4, and GR1 had no intolerant taxa present. The median number of EPT and
intolerant taxa was 1. Composite index scores in the reference sites ranged from a low of 14 (very poor)
at site 12M to a high of 19 (poor) at site 7M2. All three reference sites had two EPT taxa present. Sites
7M1 and 7M2 had three intolerant taxa present, and site 12M had one intolerant taxa present.

4.2 Habitat Assessment

Total habitat scores in the Presque Isle Bay watershed ranged from a low of 68 (marginal) at site CCS5 to
a high of 145 (suboptimal) at site MC2 (Table 10). The median total habitat score was 124
(suboptimal). Of the 16 Presque Isle Bay watershed sites assessed, none were poor, 11 were marginal,
five were suboptimal, and none were optimal. All three reference sites were rated as suboptimal.

4.3 Relationship between Habitat and Composite Index Scores

A Spearman’s correlation was run to determine the relationship between the habitat parameters and ma-
croinvertebrate composite index scores. There was a significant, positive correlation between the epifau-
nal substrate/available cover (p = 0.51, p < 0.05), left bank stability (p = 0.49, p <0.05), right bank sta-
bility (p = 0.54, p < 0.05), total bank stability (p = 0.55, p <0.05), and total habitat scores (p = 0.57, p <
0.05) and the macroinvertebrate composite index scores (Table 11).

An evaluation of the Presque Isle Bay watershed macroinvertebrate community and stream habitat 3



5.0 Discussion

The streams in the Presque Isle Bay watershed were dominated by pollution-tolerant taxa, particularly
Chironomidae and Oligochaeta individuals, which comprised 75.36% of the total catch. Only 10.15% of
the total catch was comprised of intolerant individuals, including intolerant EPT individuals, which com-
prised 4.06% of the catch. Stepenuck et al. (2002) observed a negative relationship between urban land
use and impervious cover and percent intolerant EPT individuals in urban streams in Wisconsin. Walsh
et al. (2005), in a review of the literature, indicated that in nearly all studies, sensitive species were ab-
sent or less abundant in streams draining urbanized areas. The low median composite index score (13.0)
indicates that the macroinvertebrate community in the Presque Isle Bay watershed as a whole is in very
poor condition. Assessing the communities in the individual streams revealed Garrison Run has minimal
biological diversity, Scott Run and Cascade Creek are in very poor condition, and Mill Creek is in poor
condition. Campbell (2002) observed similarly impaired macroinvertebrate communities in the Presque
Isle Bay tributaries.

The impaired macroinvertebrate community in the watershed is likely due to habitat alterations as a re-
sult of urbanization. The Presque Isle Bay watershed is comprised of 77% urban land uses. The degra-
dation of physical habitat, as a result of urbanization, has been shown to result in a reduction in the rich-
ness or number of intolerant macroinvertebrates in streams (reviewed by Roy et al. 2003). The median
total habitat score (124.0) indicates that the Presque Isle Bay streams as a whole are in suboptimal condi-
tion. None of the stream locations received an optimal rating. There was a significant relationship be-
tween total habitat scores and composite index scores. This suggests that as stream and riparian habitats
are altered, the macroinvertebrate community will respond negatively. Assessing data from 296 stream
sites in Idaho, Mebane (2001) observed higher invertebrate scores at sites with higher habitat scores than
sites with lower habitat scores.

Efforts have been and continue to be made in the Presque Isle Bay watershed to improve habitats to re-
store aquatic biota. For example, since 2004 in the Cascade Creek watershed, 4,030 feet of stream has
been stabilized; 5,500 square feet of impervious cover has been removed; 212,125 square feet of riparian
buffer has been established; and 395 tons of sediment per year has been eliminated from the stream as a
result of habitat restoration. Miller et al. (2010), in reviewing 24 separate studies, showed that habitat
improvements had significant, positive effects on macroinvertebrate richness. Efforts to address urbani-
zation and stream habitat should continue to be implemented to restore fish and macroinvertebrate com-
munities in the Presque Isle Bay watershed.
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Form A: 2011 Presque Isle Bay Watershed Macroinvertebrate Sampling Data Sheet

2011 Presque Isle Bay Watershed Macroinvertebrate Sampling
Data Sheet

Sampling Location:
Date sample was collected:
Date sample was IDed:
IDed by:

Number of
Taxa individuals Total
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Form B: Habitat Assessment Data Sheet
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Table 1. Macroinvertebrate sampling locations

Stream Site Stream Order Date Latitude  Longitude
Presque Isle Bay Watershed Sites
Scott Run SR1 1 5/18/2011 42.1106 -80.15531
Cascade Creek CC1 2 5/18/2011  42.12647 -80.11275
Cascade Creek CcC2 2 5/23/2011  42.11678 -80.11729
Cascade Creek CC3 2 5/23/2011  42.11368 -80.11626
Cascade Creek CCc4 1 5/23/2011  42.11129 -80.12069
Cascade Creek CCs 1 5/23/2011  42.10588 -80.13155
Cascade Creek CC6 1 5/23/2011  42.10175 -80.13082
Mill Creek MCI1 3 5/23/2011  42.10571 -80.07307
Mill Creek MC2 3 6/16/2011  42.09315 -80.07096
Mill Creek MC3 2 6/16/2011  42.08557 -80.07143
Mill Creek MC4 1 6/16/2011  42.07721 -80.05157
Mill Creek MC5 2 6/16/2011  42.09208 -80.05582
Mill Creek MC6 2 6/16/2011 42.10314 -80.02643
Mill Creek MC7 1 6/16/2011  42.10325 -80.02766
Mill Creek MCS8 2 6/16/2011  42.09078 -80.01598
Garrison Run GR1 2 6/16/2011 42.14098 -80.07226
Reference Sites

Sevenmile Creek 7M1 2 6/16/2011  42.18249 -79.97916
Sevenmile Creek ~ 7M2 3 6/16/2011 42.1512  -79.93947
Twelvemile Creek 12M 3 6/16/2011  42.20889 -79.91494
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Table 2. Habitat type by site

Habitat Type (%)

Site Riffle Pool Run Snag
SR1 70 0 20 10
CCl1 30 0 60 10
cC2 50 0 50 0
CC3 70 0 30 0
CC4 30 0 65 15
CCs 20 0 80 0
CCé6 20 0 80 0
MC1 20 10 30 0
MC2 30 10 60 0
MC3 55 5 40 0
MC4 20 10 70 0
MCS5 80 0 20 0
MC6 60 10 30 0
MC7 15 0 80 5
MC8 30 10 60 0
GR1 50 40 10 0
TM-1 70 10 20 0
TM-2 70 20 10 0
12M 50 10 40 0
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Table 3. Composite index scoring criteria for 1st order streams

Metric Value
Score  10@l ppppgy, tolerant o pp Y6 dntoler 4 enhoff
Taxa Taxa ant
1 0-3 0-1 0-2 0-7 0-8 8.644-10
2 4-6 2-3 3-4 8-14 9-16 7.966-8.643
3 7-9 4-5 5-6 15-20 17-24 7.288-7.965
4 10-12 6 7-8 21-27 25-32 6.61-7.289
5 13-16 7-8 9-10 28-34 33-40 5.932-6.6
6 17-19 9-10 11-12 35-41 41-48 5.254-5.931
7 20-22 11 13 42-47 49-56 4.576-5.253
8 23-25 12-13 14-15 48-54 57-64 3.898-4.575
9 26-28 14 16-17 55-61 65-72 3.22-3.897
10 >29 >15 > 18 >62 >73 2.542-3.21
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Table 4. Composite index scoring criteria for 2nd order streams

Metric Value
Score Total EPT Taxa Intolerant % EPT % Intoler- PA Hilsen-
Taxa Taxa ant hoff

1 0-4 0-2 0-3 0-7 0-8 9.31-10
2 5-8 34 4-5 8-15 9-16  8.62-9.30
3 9-12 5-6 6-8 16-22 17-24  7.93-8.61
4 13-16 7-8 9-10 23-30 25-32 7.24-7.92
5 17-19 9-10 11-13 31-37 33-40  6.55-7.23
6 20-23 11-12 14-15 38-44 41-48  5.86-6.54
7 24-27 13-15 16-18 45-52 49-57  5.17-5.85
8 28-31 16-17 19-20 53-59 58-65 4.48-5.16
9 32-35 18-19 21-23 60-67 66-73  3.79-4.47
10 > 36 >20 >24 > 68 >74 <3.1-3.78
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Table 5. Composite index scoring criteria for 3rd order streams

Metric Value
Score Total EPT Taxa Intolerant % EPT % Intoler- PA Hilsen-
Taxa Taxa ant hoff

1 0-3 0-2 0-2 0-9 0-9 9.27-10
2 4-7 34 3-5 10-17 10-18  8.53-9.26
3 8-11 5-6 6-7 18-26 19-27  7.80-8.52
4 12-15 7-9 8-10 27-34 28-35  7.06-7.79
5 16-19 10-11 11-13 35-43 36-44  6.33-7.05
6 20-22 12-13 14-15 44-51 45-53  5.60-6.32
7 23-26 14-16 16-18 52-60 54-62  4.86-5.59
8 27-30 17-18 19-20 61-68 63-71  4.13-4.85
9 31-34 19-20 21-23 69-77 72-80  3.39-4.12
10 >35 >21 >24 >77 > 81 <3.38
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Table 6. Composite index score classifications

Classification Score (1st Order) Score (2nd Order) Score (3rd Order)

Minimal Biotic Diversity 6 6 6

Very Poor 7-13 7-15 7-15
Poor 14-21 16-24 16-25
Slightly Degraded 22-28 25-34 26-35
Fair 29-36 35-43 36-45
Good 37-48 44-51 46-52
Very Good 49-59 52-59 53-59
Optimum Condition 60 60 60
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Leptophlebiidae

Leuctra

50

41

Limnophila
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Table 8. Composite index scores, metric scores, and summary classification for all sites (2011)

Metric Score

Site Stream Total EPT Intolerant % EPT % Intolerant PA Hilsenhoff Composite Summary Classification
Order Taxa Taxa Taxa Taxa Taxa Score Score

SR1 1 2 1 1 1 1 4 10 Very Poor

CCl1 2 2 1 1 1 1 2 8 Very Poor

CcC2 2 2 1 1 1 1 3 9 Very Poor

CC3 2 1 1 1 1 1 3 8 Very Poor

cc4 1 3 1 1 1 1 2 9 Very Poor

CCs 1 1 1 1 1 1 1 6 Minimal Biotic Diversity
CCo6 1 3 1 1 1 1 5 12 Very Poor
MCl1 3 3 2 2 2 2 3 14 Very Poor
MC2 3 5 4 4 1 1 3 18 Poor
MC3 2 3 2 1 2 1 6 15 Very Poor
MC4 1 1 1 1 1 1 1 6 Minimal Biotic Diversity
MC5 2 6 6 5 7 3 7 34 Slightly Degraded
MC6 2 4 5 4 3 2 7 25 Slightly Degraded
MC7 1 6 2 3 1 4 5 21 Poor
MCS8 2 3 1 1 1 1 6 13 Very Poor

GR1 2 1 1 1 1 1 1 6 Minimal Biotic Diversity
™1 2 3 2 3 2 1 6 17 Poor

M2 3 3 2 3 2 2 7 19 Poor

12M 3 3 2 1 1 1 6 14 Very Poor
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Table 9. Composite index score metric analysis for all sites (2011)

Metric Analysis

Stream Total EPT Intolerant % EPT % Intolerant PA Hilsenhoff Composite

Site Order Taxa Taxa Taxa Taxa Taxa Score Score Summary Classification
SR1 1 4 0 1 0 3 6.811 10 Very Poor

CCl1 2 6 0 0 0 0 8.772 8 Very Poor

CcC2 2 7 1 1 2 2 8.197 9 Very Poor

CC3 2 2 0 0 0 0 8.353 8 Very Poor

cc4 1 8 0 2 0 5 8.017 9 Very Poor

CCs 1 3 0 0 0 0 9.503 6 Minimal Biotic Diversity
CCoé 1 7 1 2 0 3 6.495 12 Very Poor
MC1 3 8 4 3 17 11 8.149 14 Very Poor
MC2 3 17 7 9 7 4 7.959 18 Poor
MC3 2 11 4 3 10 1 6.459 15 Very Poor
MC4 1 2 0 0 0 0 8.815 6 Minimal Biotic Diversity
MC5 2 23 11 13 49 20 5.757 34 Slightly Degraded
MC6 2 16 9 10 20 10 5.609 25 Slightly Degraded
MC7 1 17 2 5 2 29 5.971 21 Poor
MCS8 2 9 2 3 1 3 6.034 13 Very Poor

GR1 2 4 0 0 0 0 9.525 6 Minimal Biotic Diversity
™1 2 11 4 6 9 4 5.929 17 Poor

™2 3 11 4 7 17 16 5.511 19 Poor

12M 3 11 3 2 2 0 6.096 14 Very Poor
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Table 10. Habitat scores for the Presque Isle Bay watershed and reference sites (2011)

Habitat Parameter Score

Site Epi  Emb Vel Dep ChFl ChAlt Riffle L-Stab R-Stab T-Stab L-Veg R-Veg T-Veg L-Rip R-Rip T-Rip T-Hab Rating
SR1 11 11 13 13 16 16 18 2 2 4 7 7 14 8 8 16 132 Suboptimal
CCl1 9 11 6 13 16 16 6 5 5 10 5 7 12 9 9 18 117  Suboptimal
cc2 10 15 14 10 15 12 15 7 7 14 7 7 14 2 2 4 123 Suboptimal
CC3 7 10 10 11 15 15 16 3 6 9 2 6 8 2 8 10 111  Suboptimal
CC4 11 5 10 16 16 11 9 7 7 14 8 8 16 9 8 17 125  Suboptimal
CCs5 2 8 12 16 0 10 8 8 16 0 0 0 0 0 0 68  Marginal
CCo 7 7 15 16 13 7 7 7 14 7 7 14 2 2 4 104  Marginal
MC1 11 13 14 10 10 15 15 7 7 14 6 6 12 9 8 17 131  Suboptimal
MC2 10 15 11 16 15 16 16 7 9 16 7 9 16 7 7 14 145 Suboptimal
MC3 11 12 12 10 15 11 13 8 8 16 7 8 15 5 7 12 127 Suboptimal
MC4 10 8 6 6 5 16 11 5 4 9 8 8 16 6 3 9 96  Marginal
MCS5 11 11 11 11 10 11 16 8 8 16 8 8 16 6 9 15 128  Suboptimal
MC6 16 11 14 16 16 14 15 8 8 16 8 8 16 4 2 140  Suboptimal
MC7 6 5 7 9 14 11 6 5 5 10 4 4 8 3 2 5 81  Marginal
MC8 16 12 12 16 16 14 11 5 6 11 8 8 16 9 9 18 142 Suboptimal
GR1 7 10 10 7 10 4 16 6 6 12 6 6 12 3 2 5 93  Marginal
™M1 12 16 14 12 12 11 15 8 8 16 7 5 12 2 2 4 124 Suboptimal
™2 13 15 11 15 14 14 16 9 9 18 9 9 18 7 9 16 150  Suboptimal
12M 16 15 16 15 16 13 16 7 7 14 9 9 18 9 2 11 150  Suboptimal

Epi = epifaunal substrate/available cover; Emb = embeddedness; Vel = velocity/depth regime; Dep = sediment deposition; Ch F1 = channel flow status; Ch Alt = channel
alteration; Riffle = frequency of riffles; L-Stab = left bank stability; R-Stab = right bank stability; T-Stab = bank stability; L-Veg = left bank vegetative protection; R-Veg
= right bank vegetative protection; T-Veg = vegetative protection; L-Rip = left bank riparian vegetative zone width; R-Rip = right bank riparian vegetative zone width; T-

Rip = riparian vegetative zone width; T-Hab = total habitat score
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Table 11. Relationship between composite index scores and habitat parameters (2011)
Spearman Rank Correlation
Parameter rho (p) p-value

Epifaunal substrate/available cover 0.510518158 0.025518836
Embeddedness 0.430677556 0.065654919
Velocity/depth regime 0.43473309 0.062877878
Sediment deposition 0.286417613 0.234511508
Channel flow status -0.125687571 0.608156443
Channel alteration -0.042024095 0.864367175
Frequency of riffles 0.19455073 0.424797594
Left bank stability 0.49247066 0.03218766
Right bank stability 0.538475033 0.017380792
Bank stability 0.549778952 0.014746388
Left bank vegetative protection 0.39315063 0.095872066
Right bank vegetative protection 0.352778443 0.138487198
Vegetative protection 0.391165808 0.097711136
Left bank riparian vegetative zone width 0.131258842 0.592215312
Right bank riparian vegetative zone width 0.149438418 0.54145811
Riparian vegetative zone width 0.133774847 0.585073892
Total Habitat 0.568223812 0.011141071
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APPENDIX C: MAPS
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Map 1: Tributaries of Presque Isle Bay
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Map 2: Presque Isle Bay watershed sampling sites
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Map 3: Reference sampling sites
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