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1.0

INTRODUCTION

This report details the results of the Stream Monitoring Information Exchange from the spring and
fall of 2012. SMIE, coordinated by EQI, has assumed responsibility for designing and implementing
a program to train volunteers to use standardized protocols for benthic macroinvertebrate
monitoring in western North Carolina. Protocols were developed by Jason Robinson (Kanugalihi
Biological Consulting), the NC Division of Water Quality (DWQ), and the SMIE program itself,
which is a collaboration between regional organizations, educational institutions, and government
agencies with an interest in water quality issues. EQI coordinates the training and sampling in
Haywood, Buncombe, Madison, Mitchell, and Yancey Counties. ECO coordinates the training and
sampling in Henderson County.
Biological stream monitoring is one way to measure the effects of the chemical and physical
impacts in a watershed. It is particularly useful due to the time constraints and high cost of
laboratory testing for organic pollutants, such as pesticides. Aquatic insect communities are
excellent indicators of toxic substances in streams since they are in the water constantly and have
specific habitat requirements and tolerance levels to pollution. If a stream has good chemical
ratings but poor biological scores, it could mean that unmeasured toxic substances are getting into
the water periodically or that the habitat has been degraded. These biomonitoring data are
valuable to researchers as well as other volunteer monitoring groups.
Volunteer stream monitoring data are also used increasingly by government agencies for planning
and review purposes. The NC DWQ is operating on an increasingly restrictive budget, and looking
to collaborate with environmental organizations who share their mission to protect and enhance
water quality. SMIE provides more frequent sampling at a variety of sites in the region and helps
DWQ identify streams that may be degrading or in threat of degradation. The data can be used to
raise red flags so that DWQ can provide an in-depth survey of pollution sources and stressors. This
protocol is specifically designed to mimic DWQ collection techniques in order to facilitate
comparisons between those data. The advanced level of identification (often to species) used by
DWQ precludes anything but general comparisons with SMIE data, as the volunteer monitoring
protocol identifies only to the family levels (at best).
In 2012, EQI's core SMIE program conducted biannual sampling at 34 sites, while ECO sampled
20 additional sites in Henderson County following the SMIE protocol. Table 1A and 1B are lists of
all SMIE monitoring sites in Haywood, Buncombe, Madison, Mitchell, Yancey and Henderson
Counties. Figures 1A and 1B depict the locations of sites in the region. Results are available
through technical reports that can be accessed at EQI's website (www.eqilab.org), ECO's
website (www.eco-wnc.org), or by request. These websites also have online SMIE training
videos, which cover basic stream ecology, macroinvertebrate identification, sampling protocols,
and habitat assessment.
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Table 1A. List of EQI's SMIE Monitoring Sites
Haywood County
1
East Fork of Pigeon River
Pigeon River downstream of Canton
2

16 Smith Mill Creek
17 Reed Creek at Botanical Gardens
18 Lower Newfound Creek
19 Reems Creek
20 Sandymush Creek
Madison County
21 California Creek at Radford Rd
22 California Creek at Beech Glen
23 East Fork Bull Creek
24 Little Ivy River at Forks of Ivy
25 Big Ivy River at Forks of Ivy
26 Shelton Laurel Creek
27 Puncheon Fork Creek
28 Big Laurel Creek
Mitchell County
29 Cane Creek at Bakersville
30 North Toe River
Yancey County
31 Cane River

3
Raccoon Creek
4
Richland Creek upstrm of Hyatt Creek Rd
5
Crabtree Creek
6
Jonathan Creek at Coleman Mtn Rd
7
Jonathan Creek upstrm of Moody Farm Bridge
8
Lower Fines Creek
32 Cataloochee Creek
Buncombe County
9
Cane Creek at Miller Rd
10 Ashworth Creek
11 Cane Creek at Ashworth Creek
12 Bent Creek
13 Hominy Creek
14 Swannanoa River downstream of Beetree Ck
15 Swannanoa River upstream of Bull Creek
33 Swannanoa River at Nature Center
34 Nasty Branch

32

34

Figure 1A. Map of EQI's SMIE Monitoring Sites
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33

Table 1B. List of ECO's SMIE Monitoring Sites (with ECO site numbers)
Henderson County
35 Green River @ Bobs Creek Road (GR42)
36 Rock Creek on Rock Creek Road (GR46)
37 Green River @ Terry's Creek Road (GR12)
38 Green River below Lake Summit (GR11)
39 Big Hungry River upstream (HR43)
40 Little Hungry River (HR44)
41 Big Hungry River downstream (HR13)
42 Big Willow Creek @ Patterson Road (MR23)
43 Little Willow at Pleasant Grove Rd (MR24)
44 Gash Creek @ Etowah Park (MR25)
45 Shaw Creek @ Hunter's Glen (MR28)
46 Mill Pond Creek (MR27)
47 Boylston Creek @ Ladson Road (MR14)
48 North Fork Mills River (MR7)

Figure 1B. Map of ECO's SMIE Monitoring Sites
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49
50
51
52
53
54
55
56
57
58
59
60
61

South Fork Mills River (MR8)
Mills River @ Davenport Bridge (MR9)
Mills River @ Hooper's Lane (MR10)
Mud Creek @ Berea Church Road (MC21)
Mud Creek @ 7th Avenue (MC18)
Brittain Creek at Patton Park (MC26)
Clear Creek @ Bearwallow Road (MC20)
Clear Creek @ Gilliam Road (MC40)
Clear Creek @ Lancaster Road (MC41)
Clear Creek at Nix Road (MC5)
Hooper's Creek @ Jackson Rd (CC22)
Cane Creek @ Howard Gap (CC16)
Uncle's Creek (UNCLGR)

2.0

METHODS

2.1

Instruction and Training

EQI volunteers are solicited through participating SMIE organizations as well as through public
outreach. Thirteen new recruits attended each of the 2012 trainings in April and September, which
were led by Dave Penrose of Watershed Science Consulting and Gracia O'Neill of EQI. Tim
Forrest from the University of North Carolina-Asheville was instrumental in providing classroom
resources to host both the spring and fall training sessions. Afternoon field sessions were
conducted at the Big Ivy River monitoring site. The 2012 Henderson County training session was
held at Blue Ridge Community College in March and was led by Rachel Hodge of ECO. Twentyeight volunteers attended. The afternoon field session was conducted at the Big Hungry River
monitoring site.
Volunteers were instructed in general stream ecology principles, the theory behind sampling
streams for water quality, and the common groups of insects used in the protocol. Microscopes
greatly facilitated this process, but the protocol is designed such that microscopic evaluation is not
necessary for field identifications. Volunteers received packets containing information on basic
stream ecology (including a dichotomous key), the SMIE sampling protocol, and a laminated
identification sheet.
The effectiveness of each training session is evaluated using several methods: (1) a brief five
question pre- and post-survey of general knowledge of invertebrate identification and sampling
concepts; (2) after several hours of identification training, a 15-question quiz to test identification
skills; and (3) an evaluation of the instructor, methods and materials, individual performance, and
overall efficacy of the training.
Group leaders are responsible for overseeing the implementation of the protocol at all EQI
monitoring sites, assisting with logistics, and having the final say on identification of specimens.
EQI provides additional training for group leaders, which includes evaluations of both
macroinvertebrate identification and protocol proficiency. The volunteer must score 93% in order to
complete both requirements. In addition to the initial competency verification, group leaders must
preserve all specimens from one site per season to be analyzed by the SMIE biologist, Dave
Penrose. Anyone with less than 85% similarity to the biologist’s counts and identifications is
required to attend a refresher training session.
2.2

Sampling

All stream sampling follow the SMIE stream monitoring protocols (Robinson 2004). At least one
group leader or the SMIE biologist is in charge of leading each group. Sites are selected, when
possible, as Volunteer Water Information Network (VWIN) sites (a chemical water monitoring
program, also coordinated by EQI) or DWQ sampling sites as identified from the French Broad
Basinwide Water Quality Plans and Assessment Reports (NCDENR-DWQ-BPU 2011, NCDENRDWQ-ESS 2008). Samples are collected using kicknet, leaf pack, and visual search methods.
Riffles are the primary habitat for benthic macroinvertebrate collection. Riffles are loosely defined
as areas greater than 15 ft2 with relatively shallow water depth (5-40 cm) and visible current.
Benthic macroinvertebrates are collected using a kicknet (mesh size 500 m). Sampling consists of
overturning stones (by feet or hands) for one minute within a 15ft2 area upstream of the net. All
organisms are picked from the net, identified, and recorded separately from the leaf pack and
visual collections.
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Leaf packs are collected at each site within riffle habitats. Volunteers collect about 600 to 700 cm3
of leaf material in a leaf pack sample. This material is washed and poured through a kicknet
several times to isolate insects and reduce the volume of material to be searched. Organisms are
picked from the net and leaf material, identified, and recorded separately from the kicknet and
visual collections.
The visual survey is performed by someone with a working knowledge of different types of habitats
and insects; in most instances the group leader. Searchable habitats include pools, riffles, runs,
aquatic macrophytes, submerged mosses, undercut banks, large logs, boulders, and sand bars.
This method often yields taxa not collected in the other two samples and provides a total estimate
of taxa richness at a site. These organisms are identified and recorded separately from the kicknet
and leaf pack collections.
Several habitat characteristics are evaluated as part of each sampling event, including:
 What type of barriers to fish movement may be present (i.e., waterfalls, culverts);
 The location of leaf packs, which gives an indication of riparian buffer quality and quantity;
 What substrates are available for aquatic invertebrates to inhabit (i.e., bedrock, boulder,
cobble, gravel, sand, clay, algae, woody debris);
 Water color to give an indication of problems such as sedimentation or nuisance algal blooms;
 The composition of streambank vegetation; a healthy riparian buffer of trees and shrubs
provides adequate shade to keep water temperatures cool and a supply of leaf litter inputs that
are important for the base of the food chain;
 If any litter or trash is observed; and
 The effort it took to sample the riffle habitat. If a lot of effort was made, this is an indication of
severe sedimentation. Substrates that are extremely embedded are poor habitat for aquatic
organisms. Many taxa inhabit the underside of rocks for protection, searching for food, or
predation. The undersides of rocks cannot be accessed if the spaces between the rocks are
filled in with sediment. Excess sediment also inhibits fish and amphibian reproduction by
covering the area where many of those organisms lay their eggs, and may smother the eggs
themselves.
This habitat description helps interpret what natural or manmade factors are affecting the benthic
macroinvertebrate community. The presence or absence of fish is also noted. Streams that support
a greater diversity of organisms are generally considered healthier streams.
2.3

Information Output

Microsoft Excel© spreadsheet software is used to summarize and manage data. Data are used to
calculate several metrics that help interpret the level of water quality and potential sources of
impairment.
Total Taxa Richness: Sites with greater taxa richness are considered to have higher water quality
(Rosenberg and Resh 1996). There are 43 possible taxa identified in the SMIE methods.
EPT Taxa Richness: It is generally considered that EPT taxa (Ephemeroptera = mayflies,
Plecoptera = stoneflies, and Trichoptera = caddisflies) are the most pollution-sensitive aquatic
invertebrates (Resh 1993), thus sites with greater number of EPT taxa are considered to have
better water quality. It is important to note that many EPT taxa exhibit natural trends in their life
cycle, such that many organisms observed in spring may not be observed in fall, and vice versa.
There are 19 possible EPT taxa in the SMIE methods.
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Total Number of Organisms: This metric is merely a sum of all the benthic macroinvertebrates
collected in the kicknet and leaf pack samples. With good species diversity, high total numbers can
indicate good water quality. If total numbers are high but species diversity low, the stream may be
impaired and only those species that can tolerate the pollutant(s) are flourishing. The stream may
also be impaired if low numbers are collected (i.e., chemical contamination, recent flooding). Low
numbers may also indicate inadequate sampling techniques or uneven macroinvertebrate
distribution in the stream. This latter phenomenon is called patchiness, a natural property of many
living (plant and animal) communities. Low numbers pose a very real problem to the interpretation
of data, so SMIE aims to collect approximately 200 individuals per site. The total number of
organisms is used as the index of sampling effort, since volunteers may have slightly different
sampling abilities.
Virginia Save Our Streams (VASOS) multi-metric index: The VASOS index calculates six metrics,
which are then used to produce an Acceptable or Unacceptable ecological condition rating. The six
metrics are percent EPT (excluding the net-spinning caddisflies), percent net-spinning
(Hydropsychidae) caddisflies, percent lunged snail, percent beetle, percent tolerant organisms, and
percent non-insects. The VASOS method scores sites on a scale of 1 to 12 with Acceptable
between 7 and 12 and Unacceptable between 0 and 6.
Izaak Walton League (IWL) multi-metric index: The IWL rating uses the presence of various
macroinvertebrate groups, combined with estimated tolerance values for these groups, to calculate
an index of water quality. The IWL narrative score ranges are <11 Poor; 11-16 Fair; 17-22 Good,
and >22 Excellent. There is no upper limit for the Excellent range.
The use of these metrics is widespread. A summary of standard ecological metrics can be found in
Hauer and Lamberti (2000) and Rosenberg and Resh (1996). It should be noted that the SMIE
protocol was designed to include VASOS and IWL collection strategies nested within the collection
procedure, but slight deviations from those procedures are necessarily expected (e.g., the relaxing
of the requirement that the kicknet collect >200 organisms). Relationships between the metrics
calculated are being explored in an effort to determine which metrics best explain water quality and
habitat quality at each site.
3.0

RESULTS and DISCUSSION

3.1

Training Sessions

All EQI training participants complete an evaluation of the instructor, methods and materials,
overall efficacy of the training, and individual performance. Evaluations from 2012 showed that all
participants felt the SMIE training improved their monitoring skills and knowledge. All participants
felt they had maintained or improved their knowledge of threats to water quality, and all felt more
empowered to address threats to water quality. The pre- and post-training surveys of the SMIE
trainings found all participants either maintained or improved (by at least one question) their
comprehension of basic stream ecology and water quality assessment concepts, and 84%
maintained or improved their basic invertebrate identification skills after completing the training
sessions. The average taxonomy score on the identification quiz was 83% (or 12.5 out of 15) in the
spring training. In the fall, the average score for the identification quiz was 68% (or 10 out of 15).
ECO's 2012 training session included a new section the described county-wide water quality
issues at length. The discussion included a PowerPoint presentation while in the classroom about
identifying various causes and effects of poor water quality, including visible and prevalent issues
like sedimentation and erosion, pollution from stormwater runoff, and pastured animal
disturbances. Explaining some of the factors that often attribute to low bug counts specifically in
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Henderson County enabled the volunteers to think more critically about visual observations made
during sampling sessions in the field while filling out the habitat sheets. ECO recruits were asked to
fill out a survey following the training session. All participants felt that the program increased their
understanding of environmental and conservation efforts, except one person with previous water
quality training. They all expressed their intent to take action because of the program, mostly by
continued participation in the SMIE biomonitoring program.
3.2

Quality Control

As a continuing check on the volunteer skills, the SMIE biologist checks the identifications and
counts of preserved specimens for one site from each of EQI's group leaders each season.
Specimens from the kicknet, leaf pack, and visual sampling are preserved in separate vials. SMIE
uses a proportional similarity calculation to compare the volunteer field identifications and biologist
re-identifications of the samples quantitatively (Garey and Smock 2007). Table 2A and 2B
summarize the results for EQI's 2012 quality control checks. The spring 2012 median similarity for
kicknets was 93% (range: 75-97%) and for leaf packs was 92% (range: 68-97%). The fall 2012
median similarity for kicknets was 88% (range: 75-97%) and for leaf packs was 80% (range: 6897%). Similarity values less than 85% indicate that the group leader needs to attend a refresher
training session. Some differences in similarity may be due to the lack of notes on the data sheet
that could indicate if individuals were discarded prior to preservation, which is usually due to large
size or predatory habits. Additionally, VASOS and IWL scores were calculated to see if these
ecological metrics changed. While some samples resulted in different ratings, the scores
themselves were sometimes only one point apart.
Table 2A. Volunteer (Vol) and biologist (Biol) proportional similarity for kicknet (KN) and leaf
pack (LP) data, with comparisons of VASOS and IWL scores (spring 2012).
% similarity
Stream

VASOS (score/rating)

LP

Bent Creek

86

90

11

A

11

A

28

E

23

Cane Creek at Bakersville

75

72

12

A

12

A

30

E

27

E

Cane Creek at Miller Rd

92

68

11

A

11

A

24

E

21

G

Cataloochee Creek

78

96

10

A

10

A

16

F

17

G

East Fork of Bull Creek

94

94

12

A

12

A

20

G

21

G

Little Ivy River

95

95

12

A

12

A

17

G

17

G

Puncheon Fork

97

89

8

A

8

A

20

G

21

G

Reems Creek

92

94

12

A

11

A

28

E

28

E

Richland Creek

95

95

10

A

10

A

20

G

15

F

9

A

9

A

16

F

15

F

Sandymush
Median:

94

89

93

92

Vol

IWL (score/rating)

KN

Biol

Vol

A=Acceptable, U=Unacceptable

10

Biol
E

E=Excellent, G=Good, F=Fair

Table 2B. Volunteer (Vol) and biologist (Biol) proportional similarity for kicknet (KN) and leaf
pack (LP) data, with comparisons of VASOS and IWL scores (fall 2012).
% similarity
Stream

VASOS (score/rating)

KN

LP

Ashworth Creek

86

94

8

A

9

A

29

E

32

E

Bent Creek

89

64

11

A

11

A

25

E

26

E

Big Laurel

69

50

12

A

12

A

16

F

17

F

East Fork of Bull Creek

80

79

10

A

9

A

26

E

25

E

Fines Creek

83

61

10

A

9

A

24

E

24

E

Little Ivy River

86

72

10

A

10

A

23

E

24

E

Newfound Creek

97

93

7

A

7

A

19

G

12

F

North Toe River

96

100

6

U

7

A

25

E

25

E

Smith Mill Creek

97

93

10

A

10

A

13

F

12

F

Raccoon Creek

91

81

8

A

8

A

22

G

23

E

88

80

Median:

Vol

IWL (score/rating)

Biol

Vol

A=Acceptable, U=Unacceptable

Biol

E=Excellent, G=Good, F=Fair

To assess their volunteers' skills, ECO performed identification checks on each sample during the
spring of 2012. All specimens were preserved in one vial per site. The identification checks were
performed by ECO's Water Quality Administrator (WQA), who had been trained in ecosystem
science. Identifications were checked in the field at some locations so the data recorded by the
volunteer and WQA were identical. Table 2C summarizes the results for the 2012 quality control
checks. Since the samples are not separated by sampling method (kicknet, leaf pack, or visual),
VASOS and IWL scores were not computed. The spring 2012 median similarity for kicknets was
70% (range: 17-93%). It is important to note that the quality control portion of ECO’s SMIE program
is limited to one staff person who is not necessarily a trained invertebrate biologist, though this
person does have a background in ecosystem science with particular attention on water quality.
The quality control portion of ECO’s SMIE protocol is being re-evaluated to include supervised
biologist input over the next several years.
Table 2C. Volunteer and biologist proportional similarity for ECO samples (spring 2012).
% similarity
Combined
KN/LP/V

Stream
Bob's Creek

73

Lower Big Hungry

43

Clear Creek at Nix Rd

93

Clear Creek at Bearwallow

38

Brittain Creek

79

Boylston Creek

17

Little Willow Creek

34

Terry's Creek

75

Rock Creek

83

Mud Creek at Berea Ch Rd

67

North Fork Mills River

85

South Fork Mills River

41

Hooper's Creek

70

Mills Pond Creek

76

Shaw Creek

51
Median:

70
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3.3

Site Descriptions and Stream Monitoring Results

Most of the monitored streams addressed in this report are tributaries in the French Broad River
Basin, and are located in the Pigeon River, Upper French Broad River, and Nolichucky River
subbasins. The following section describes the location, habitat, and monitoring results of each
SMIE site. The sites are grouped by subbasin and watershed and are generally described from
upstream to downstream, not necessarily by numerical order. Unique SMIE site identification
numbers have been assigned to each site, but corresponding DWQ and VWIN site identifications
and water quality ratings are specified if available. Overall water quality patterns for many of the
streams or their parent watersheds are described in the NC Department of Environment and
Natural Resources DWQ basinwide reports for the French Broad River basin (NCDENR-DWQBPU 2011, NCDENR- DWQ-ESS 2008). VWIN chemical monitoring results are described in
technical reports (Traylor 2013a; Traylor 2013b; Westphal, Patch, & Traylor 2009a; Westphal,
Patch, & Traylor 2009b; Westphal et al 2008), and water quality ratings used in this report are
updated with data through 2012. Volunteer observations are also critical in documenting habitat
and water characteristics at specific sites. References to the right and left side of the stream
correspond to the right and left sides when facing downstream.
Table 3 summarizes the collected data from 2012. Table 4 lists cumulative results from all
sampling occasions. The results from sites where very low numbers were collected should be
interpreted conservatively. Low numbers significantly affect data interpretation and can explain
many of the discrepancies between metrics. Collecting 200 organisms is generally considered the
minimum number for good quality data interpretation (Barbour et al. 1999). Previous comparative
analysis of SMIE and NC DWQ data showed the predictive power of SMIE data improves
considerably when a minimum of 200 organisms are collected.
Pigeon River Subbasin (Haywood County)
The Pigeon River is the main artery through Haywood County and is a large tributary to the French
Broad River in Tennessee. The headwaters of the Pigeon River are located in southern Haywood
County.
Site #1 – East Fork of Pigeon River
The East Fork of the Pigeon River flows through southeastern Haywood County, which is largely
comprised of forested public land. This monitoring site is located approximately 100 meters
upstream of the bridge on SR 276 over the East Fork, near the junction with Max Thompson Road
(SR1105). It corresponds to the discontinued VWIN site Y2, near Bethel. Trees and shrubs
dominate the banks, and the substrate is gravel, cobblestones, and bedrock.
This site was first sampled in the fall of 2005. The East Fork of the Pigeon River rated Excellent in
both the spring and fall of 2012. The IWL scores appear to have improved in the past three years.
It had the highest taxa richness (29 out of 43 possible) of all sites in the spring, and one of the
highest EPT taxa richness values (14 out of 19 possible). These values are also higher than
samples taken during previous monitoring years at this site. The spring sampling was affected by
recent heavy rains, so the volunteers collected two kicknet samples. There were a greater number
of spiny crawler mayflies in both samples than any other taxa. These samples included several
pollution-sensitive taxa such as water pennies, case caddisflies, coiled right face snails, giant
shredder stoneflies, and roach shredder stoneflies. The VWIN project has assigned an Excellent
rating to the East Fork, showing the water quality is comparable with relatively undisturbed
streams.
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Site #2 – Pigeon River downstream of Canton
This site is located on the Pigeon River just downstream of the Blue Ridge Paper Products Mill in
Canton. It is located near Fiberville Street off NC215 in Canton, and is very close to VWIN site Y4.
The riparian zone is comprised mostly of trees and shrubs, with some grass. The substrate is
mostly gravel and cobblestones. Volunteers have noted that the water was tea-colored during 90%
of the sampling events. In the fall of 2012, they recorded that the water was warm.
The Pigeon River was first sampled here in the fall of 2006. It received an Excellent IWL score in
the spring of 2012, and Good in the fall. Spiny crawler mayflies and quick crawling predator
stoneflies dominated the spring sample, while net spinner caddisflies comprised almost half of the
fall sample. The collection of sensitive case caddisflies in both seasons may have bolstered the
IWL scores. The fall sample was one of the few sites to receive an Unacceptable VASOS rating
with a score of one (with zero being the worst score and 12 being the best), which can be attributed
to the high proportion of tolerant organisms collected. These taxa include coiled left face snails,
blackflies, leeches, and chironomid midges. VWIN rates this site as Average, and shows high
conductivity, alkalinity, orthophosphate, and ammonia concentrations. DWQ finds benthic
macroinvertebrate communities largely comprised of pollution-tolerant taxa just downstream of the
mill and the City of Waynesville’s Wastewater Treatment Plant (WWTP).
Site #4 – Richland Creek
Richland Creek runs through Waynesville, into and out of Lake Junaluska, then into the Pigeon
River. SMIE samples this creek in Waynesville, upstream of Lake Junaluska and Raccoon Creek.
The site is approximately 200 meters upstream of Hyatt Creek Road at Exit 98 on US 23/74, near
the upper end of the Wal-Mart parking lot. The VWIN site Y10 is approximately two miles
upstream. The stream resembles a long straight channel with little riffle formation or bank
heterogeneity. The riparian zone includes trees and shrubs, but it is highly modified by both a large
parking lot and residential homes. The substrate is mostly gravel and cobblestone.
Richland Creek was first sampled in the spring of 2005. It received a Good score in both the spring
and fall of 2012. The IWL scores were slightly higher in 2012 than in previous years. It took two
kicknet samples in the fall just to reach 112 individuals. The spring sample was dominated (74%)
by spiny crawler mayflies, while the fall sample showed more diversity among taxa such as small
head caddisflies, quick crawling predator stoneflies, round headed swimmer mayflies, and flattened
scraper mayflies. Sensitive taxa such as case caddisflies, water pennies, and coiled right face
snails were present at this site. VWIN analysis shows overall Good water quality, with sediment an
ongoing issue in Richland Creek. DWQ has found improved benthic macroinvertebrate
communities at various sites along this creek (with bioclassifications from Good-Fair to Good),
attributed mainly to the repair of leaking sewer lines in the watershed.
Site #3 – Raccoon Creek
Raccoon Creek is a tributary to Richland Creek in western Haywood County, upstream of Lake
Junaluska. The watershed suffers from a lack of riparian buffers and is vulnerable to erosion from
row crops and livestock. This site is located in Waynesville, downstream of the first bridge on
Howell Mill Road at the intersection with Business 23 (Old Asheville Highway). It corresponds with
VWIN site Y25. The riparian zone consists of trees and shrubs, and the substrate is mainly gravel,
cobblestones, and sand.
Raccoon Creek was first sampled in the spring of 2008. It earned an IWL rating of Poor in the
spring of 2012, and Good in the fall. The volunteers noted that the water was muddy and high
during the spring season. This sampling showed one of the lowest IWL scores among all sites, and
the lowest score at this site. Two kicknet samples were collected in the fall to reach 200 individuals.
Round headed swimmer mayflies and net spinner caddisflies had the highest percentages during
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both seasons. Sensitive taxa present included case caddisflies. This VWIN monitoring site exhibits
an Average chemical rating, with high turbidity, total suspended solids, and nitrate concentrations.
Site #5 – Crabtree Creek
Crabtree Creek is a tributary of the Pigeon River in eastern Haywood County. The SMIE monitoring
site is located approximately fifty meters below the first bridge on Upper Crabtree Creek Road,
which is less than a mile upstream of where Crabtree Creek flows under Hwy 209. This site
corresponds to a VWIN site (Y26) near the confluence with the Pigeon River. The substrate
consists of gravel, cobblestones, bedrock, and boulders, with a riparian zone of trees and shrubs.
Crabtree Creek was first sampled in the spring of 2005. This monitoring site rated Fair in the spring
of 2012, and Good in the fall. The 2011 and 2012 IWL scores are slightly lower than they have
been in previous years. The taxa richness in the spring was also lower than it has been in the past,
perhaps due to very high flow after heavy rains. Volunteers collected two kicknet samples during
both seasons. The spring sample yielded mostly spiny crawler mayflies (58% of individuals). In the
fall almost half of the macroinvertebrates were net spinner caddisflies, and volunteers noticed a
strong manure smell. Sensitive taxa detected at this site include water pennies and case
caddisflies. The VWIN rating for Crabtree Creek is Average, with data showing above average
levels of turbidity, total suspended solids, conductivity, and orthophosphate. DWQ cites cattle as
likely sources of sediment and nutrients to this rural stream.
Site #7 – Jonathan Creek at Moody Farm Bridge
Jonathan Creek originates west of Maggie Valley and flows northwest into the Pigeon River. This
site is located downstream of the Maggie Valley WWTP, and approximately 50 meters downstream
of the first bridge on Moody Farm Road (SR 1307). It is near the junction with SR 19 and across
from the Maggie Valley Country Club golf course. It corresponds with VWIN site Y27. The riparian
zone is mostly trees and shrubs, with a roadway and houses paralleling the stream. The dominant
substrates are gravel, cobblestones, and sand.
This site on Jonathan Creek was first sampled in the spring of 2005. It received an Excellent IWL
rating in the spring of 2012, and Good in the fall. The IWL score had the highest score in the spring
than any other sampling event at this site. The spring sample was characterized by round headed
swimmer mayflies, with sensitive roach shredder stoneflies and water pennies present. Quick
crawling predator stoneflies and flattened scraper mayflies were most concentrated in the fall
collection, which also included sensitive taxa such as case caddisflies, water pennies, giant
shredder stoneflies, and coiled right face snails. Volunteers collected two kicknets in the spring and
three in the fall to try to attain 200 individuals. Jonathan Creek was particularly high and fast in the
fall of 2012. VWIN gives this site an Excellent rating, and shows median levels of most chemical
parameters are less than the regional medians. However, this site shows slightly higher maximum
nutrient and sediment concentrations than the downstream site, perhaps due to stormwater runoff
in Maggie Valley or the proximity to the Maggie Valley WWTP.
Site #6 – Jonathan Creek at Coleman Mountain Rd
This Jonathan Creek monitoring site is located approximately 50 meters downstream of the
Coleman Mountain Road Bridge (SR 1364) near the junction with SR 276. It corresponds with
VWIN site Y12, is between DWQ sites EB240 (at SR1322) and EB241 (at SR1349), and is
downstream of SMIE site #7. The riparian zone consists of mostly grasses, with very few trees
present. Mobile homes and commercial properties line both sides of the stream. The substrate
consists of gravel and cobblestone.
This downstream site on Jonathan Creek was first sampled in the spring of 2005. This site had an
IWL rating of Fair in the spring of 2012, but Excellent in the fall. Over the years, this site has
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displayed a pattern of lower scores in the spring and higher scores in the fall. The spring sampling
had high percentages of flattened scraper and round headed swimmer mayflies, with the sensitive
roach shredder stoneflies, case caddisflies, and water pennies present in the collection. In the fall,
net spinner caddisflies and water pennies comprised about half of the kicknet sample, with case
caddisflies and coiled right face snails present. With recent heavy rains and high flow rates, three
kicknets were sampled in the fall to collect enough individuals. This site on Jonathan Creek has an
Average VWIN rating, with sediment a larger problem than nutrients. DWQ has given both of their
nearby sites Good bioclassifications, with declines in EPT taxa attributed to effluent from the
Maggie Valley WWTP discharge during drought conditions.
Site #8 – Lower Fines Creek
Fines Creek is a tributary to the Pigeon River in northeastern Haywood County. This site is located
near the bridge on SR 1355 near the junction with SR 1338, approaching the confluence with the
Pigeon River. It corresponds to VWIN site Y7 and DWQ site EB231 at SR1355. The right side of
the stream is mainly trees and shrubs, but the left side is grassy with a road in close proximity to
the stream. The substrate is mostly boulders and bedrock, with some gravel, cobblestone, and a
substantial amount of sand present.
Fines Creek was first sampled in the spring of 2005. This site had an IWL rating of Excellent in
both seasons of 2012, and has regularly received high scores in previous years. It had high taxa
richness, and one of the highest EPT taxa richness in the spring. Net spinner caddisflies were
dominant in both seasons, as well as spiny crawler mayflies in the spring. Sensitive taxa at this site
included giant shredder stoneflies, case caddisflies, and water pennies. Fines Creek received a
Below Average VWIN rating, with Poor sediment scores. DWQ gives this site a Good
bioclassification, with steep slopes in the upper reaches and dairy farms in the valleys causing the
most impact to water quality.
Site #32 – Cataloochee Creek
Cataloochee Creek is located in the Great Smoky Mountains National Park in northwestern
Haywood County. It empties into the Pigeon River at the northern end of Waterville Lake. EQI
holds a National Park Service permit to conduct scientific research related to the SMIE project, but
is not allowed to disclose the specific sampling site publicly. The riparian zone is mostly trees and
shrubs with some grass. The stream substrate is composed of gravel, cobblestones, bedrock, and
boulders.
Cataloochee Creek was first sampled in the spring of 2012. It had an IWL rating of Fair in the
spring, and Good in the fall. The spring collection was characterized by spiny crawler and round
headed swimmer mayflies, with all stonefly taxa present. No visual sample was collected during the
spring monitoring, which may have underrepresented the taxa richness. This site had one of the
highest EPT taxa richness values in the fall, with pollution-sensitive roach shredder stoneflies
dominating the sample. This creek has a reputation for very high water quality and intact habitats
due to the large amount of protected land in the watershed. DWQ gives this stream an Excellent
bioclassification.
Green River Subbasin (Henderson County)
The Green River and its tributaries originate in Henderson County and flow into the Broad River.
The upper Green River above the confluence with Rock Creek is classified as High Quality Water
by DWQ. Much of the catchment is forested, but agriculture, residential development along the
escarpment, and sediment pollution from silvicultural activities are evident in some areas and
beginning to threaten the high water quality.
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Site #61 - Uncle's Creek (UNCLGR)
Uncle's Creek is a tributary to the Green River located near the rural area near Bear Paw Ridge
Road. There is a sparse residential area nearby, along with a private camp. The streambed is
gravel, cobblestone, bedrock, and boulders. The riparian zone is mostly trees and shrubs.
The Uncle's Creek monitoring site was established in the fall of 2012 by ECO’s WQA to serve as a
reference site. Uncles Creek is mostly untouched by any form of development as it flows off the
protected property of the Green River Preserve summer camp. As concerns grew that logging in
the Green River basin were adding large amounts of sediment to sections of the Green River and
its tributaries, ECO decided to establish a reference site on the basin to represent normal,
undisturbed conditions. It had an IWL score of Good, although only 52 individuals were collected.
Site #35 - Green River at Bobs Creek Road (GR42)
This sampling location is situated on the property of a local church where the riparian zone is very
narrow if existent at all along the waterway. On the opposite side of the church property, a large
field that possibly supports agriculture is present. The riparian zone is mostly made up of trees,
shrubs, grass, and construction fill. The stream bottom consists of gravel, cobblestone, and sand.
The Green River was first sampled at this site using the SMIE protocol in the spring of 2009. It
received an Excellent rating in both the spring and fall of 2012, as it did in 2011. The spring taxa
richness score was one of the higher scores of all the sites in 2012. The fall IWL score was higher
in the fall than at any other sampling at this site. High flow rates were observed during the fall
sampling due to heavy rain a few days prior. Both seasons had mostly round headed swimmer
mayflies, blackflies, and quick crawling predator stoneflies, along with small head caddisflies in the
spring and coiled right face snails in the fall. There was a mix of pollution-tolerant (blackflies,
midges, leeches) and intolerant taxa (case caddisflies, giant shredder stoneflies, roach shredder
stoneflies, and coiled right face snails) observed at this site.
Site #36 - Rock Creek on Rock Creek Road (GR46)
The Rock Creek sampling site is within a private RV campground and receives some input from
agricultural land uses across the creek. The creek is wide and shallow, but receives high amounts
of organic input from dense upstream stream bank vegetation. Though the banks are steep, they
are mostly intact; however, the riparian zone on the campground side has little to no buffer and the
opposite buffer is quite narrow. The riparian zone is mostly trees, shrubs, grasses, and vines. The
stream bottom consists of gravel, cobblestone, and sand.
Rock Creek was first sampled using the SMIE protocol in the spring of 2009. It received an
Excellent IWL rating in both seasons of 2012. The fall sampling was conducted a few days after a
heavy rain and yielded only 92 individuals, far less than the 200 that the SMIE protocol aims to
collect. In the spring, flattened scraper mayflies, spiny crawler mayflies, and quick crawling
predator stoneflies comprised most of the sample. Roach shredder stoneflies, case caddisflies,
and water pennies were sensitive taxa captured in the spring. Coiled right face snails were
prevalent in the fall sample.
Site #37 - Green River at Terry’s Creek Road (GR12)
This Green River site is downstream of site #35 and Rock Creek. Habitat data from years past
suggest sedimentation issues have lowered water quality in this stretch of the Green River. Trees
and shrubs comprise the buffer zone of the river, with construction fill present, and the substrate is
sand. The volunteers noted almost total shade at this site in the spring, and an irrigation pipe
present in the fall. This site corresponds to VWIN site H12.
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The Green River was first sampled at this site using the SMIE protocol in the spring of 2009. It
received a Fair IWL rating for both seasons of 2012. The IWL scores at this site have been highly
variable throughout the monitoring years, ranging from nine (Poor) to 28 (Excellent). Few
individuals were collected in both 2012 seasons, with 62 and 58 individuals respectively. Net
spinner caddisflies made up almost half of the spring sample. In the fall sample was mostly
represented by coiled right face snails, dragonflies, net spinner caddisflies, and flattened scraper
mayflies. Pollution-sensitive taxa are present at this site, such as coiled right face snails, and case
caddisflies, along with some tolerant taxa. This site has a Good VWIN rating and while nutrients
are not a problem, excessive sediment is notable in the results.
Hungry River Watershed
The Big Hungry River flows into the Green River just above “The Narrows”, before the Green River
flows into Polk County. The Hungry River is an escarpment system with very high gradient and
good water quality in the upper reaches. This subbasin is located within the larger Broad River
Basin, which covers the southeastern portion of Henderson County and reaches across the border
into Polk County. The catchment contains sections of the Green River Gamelands, which in total
protects just over 10,000 acres of land. Sedimentation is problematic in some areas, including the
Big Hungry River below the dam, which leads to habitat loss and water quality degradation.
Site #39 - Big Hungry River at Schoolhouse Road (HR43)
This Big Hungry River site is located upstream of the dam. The riparian zone is mostly trees,
shrubs, and grasses. There are eroding stream banks at the monitoring site, and the stream
bottom is gravel, cobblestone, bedrock, and boulders. In the fall, volunteers noted that the stream
seems to have narrowed and the water level was low considering recent heavy rains.
The Big Hungry River was first sampled at this site using the SMIE protocol in the spring of 2009. It
rated Excellent in both seasons of 2012. The IWL scores for both seasons are higher than previous
years at this site. The spring monitoring had the one of the highest IWL scores and EPT taxa
richness values of all sites in 2012. Volunteers at this site noted few leaf packs and fewer
invertebrates at this site than in previous years. The predominant taxa in the spring sample were
spiny crawler mayflies, quick crawling predator stoneflies, and flattened scraper mayflies. The fall
sampling yielded only 81 individuals, about one-third of which were net spinner caddisflies, and
was less than the target of 200 individuals. Several pollution-sensitive taxa were collected here,
such as giant shredder stoneflies, roach shredder stoneflies, case caddisflies, water pennies, and
coiled right face snails.
Site #41 - Big Hungry River below dam (HR13)
Located downstream of the dam, the riparian zone at this Big Hungry River location is made up of
trees, shrubs, grasses, vines. There are eroding streambanks, a small waterfall upstream, and the
substrate is mostly sand, bedrock, and boulders. The volunteers note that it is getting harder to
sample in this location due to silt and debris, and access to the stream is degrading. The
volunteers also note tea-colored water here. Seasonal differences in results are likely due to the
overriding effects of the dam. This site corresponds to VWIN site H13.
The Big Hungry River was first sampled below the dam using the SMIE protocol in the spring of
2009. This site rated Good in the spring of 2012, and Excellent in the fall. The IWL scores were
similar to the scores of previous years at this site. There were only 120 and 96 individuals in the
collections of the respective seasons. Quick crawling predator stoneflies dominated the spring
sample, while the fall was characterized mainly by net spinner caddisflies, round headed swimmer
mayflies, small head caddisflies, and quick crawling predator stoneflies. Pollution-sensitive taxa
such as giant shredder stoneflies, water pennies, and roach shredder stoneflies were collected.
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This site received an Average VWIN rating. Sediment has a bigger negative influence than
nutrients, despite being downstream of the dam that should act as a sediment sink.
Upper French Broad River Subbasin (Henderson, Buncombe and Madison Counties)
The French Broad River originates in Transylvania County and flows through Henderson,
Buncombe, and Madison Counties in North Carolina before entering into Tennessee. Though the
headwaters are located within mostly protected forested land, the river encounters high agricultural
land uses in Transylvania and Henderson Counties.
Henderson County French Broad Tributaries
Site #43 - Little Willow Creek at Pleasant Grove Road (MR24)
Little Willow Creek runs along the property of a multi-acre abandoned development. The riparian
zone at Little Willow Creek is overgrown with invasive plant species, but less than 5 feet wide on
both sides. The creek is very narrow and shallow, making it difficult to take an accurate sample
with few riffles. Riparian zone vegetation includes shrubs and grasses, and the stream substrate is
sand. This site corresponds to VWIN site H24.
Little Willow Creek was first sampled using the SMIE protocol in the spring of 2009. This site rated
Poor in the spring of 2012, and was not sampled in the fall due to lack of riffle habitat. Despite the
fact that the sampling yielded almost 200 individuals, the taxa richness of six and EPT taxa
richness of four were extremely low. The site had the lowest IWL score, taxa richness, and EPT
taxa richness values of any site in 2012. Round headed swimmer mayflies comprised 89% of the
individuals captured. While the results have been variable over the years, the spring of 2010 had
the highest IWL (23) and taxa richness (17) scores at this site and rated Excellent. Sedimentation
and erosion issues from this property may seriously affect the biological integrity of this location,
leaving little habitat for the benthic macroinvertebrates. The VWIN rating is Average, with
excessive sedimentation evident.
Site #45 - Shaw Creek at Hunter’s Glen (MR28)
The Shaw Creek catchment is forested but residential development has impacted the quality of the
stream, along with one permitted discharger. Trees, shrubs, and vines make up the riparian zone,
and the stream bottom is about 90% sand with some gravel or cobblestones present. Volunteers
sometimes report that the water is tea-colored, and a culvert or pipe provides a barrier to fish
movement. This site corresponds to VWIN site H28.
Shaw Creek was first sampled using the SMIE protocol in the spring of 2009. It rated Poor in the
spring and Fair in the fall of 2012. There were only 35 individuals captured in the spring and 67 in
the fall. The spring sampling had some of the lowest IWL scores, taxa richness, and EPT taxa
richness values of all sites in 2012, and also of all prior sampling at this site (except for EPT taxa
richness). Volunteers noted that there was little riffle habitat here and recommended that the
sampling location be moved upstream 100ft. Two-thirds of the individuals collected in the spring
were round headed swimmer mayflies. The fall sampling showed monitoring results that were more
typical for this site. Round headed swimmer mayflies and net spinner caddisflies were prevalent in
this sample. Shaw Creek has a VWIN rating of Average, with a low sediment score that indicates
runoff and erosion in the watershed.
Site #46 - Mill Pond Creek at Haywood Knolls Road (MR27)
Much of the Mill Pond Creek watershed is suburban, has narrow to non-existent riparian buffers,
and directly catches stormwater runoff from commercial and residential development. Stormwater
scour has resulted in eroded and undercut stream banks. There are two permitted wastewater
dischargers along this creek, and its headwaters originate in the landfill. Due to the general
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shallowness of this stream, riffles and runs are very rare, making biomonitoring sampling difficult.
The riparian zone is primarily trees and shrubs with some construction fill present. The stream
bottom is mostly sand, along with some gravel and cobblestones. This site is located near VWIN
site H27.
Mill Pond Creek was first sampled using the SMIE protocol in the spring of 2009. It received an
IWL rating of Fair for both seasons in 2012, and was one of the few sites to receive an
Unacceptable VASOS rating in the spring due to the high proportion (49%) of chironomid midges in
the sample. There were only 47 individuals captured in the spring and 46 in the fall. The fall sample
yielded only three EPT taxa, one of the fewest in 2012. However, the IWL scores were higher in
2012 than previous years, with the exception of the fall of 2009. The fall sample contained mostly
round headed swimmer mayflies and net spinner caddisflies. Mill Pond Creek has a Below
Average VWIN rating, and has major issues with sediment and nutrients. This site exhibits the
highest median alkalinity, ammonia, and conductivity, with the median conductivity continuing to be
more than twice the value of any other monitored site in Henderson County.
Site #47 - Boylston Creek at Ladson Road (MR14)
Boylston Creek is a tributary of the French Broad River that has extensive agriculture, with cattle
pasture and row crops dominating the land use. Riparian buffers are minimal on both sides of the
sampling location, which is also located underneath a frequently used bridge. The riparian zone
consists of trees, shrubs, grasses, and vines. The substrate is mostly sand with some gravel and
cobblestone, and the stream bank is eroding in places. Volunteers describe the water as teacolored. This site corresponds to VWIN site H14.
Boylston Creek was first sampled using the SMIE protocol in the spring of 2009. This site had the
lowest percentage similarity (17%) between the biologist and volunteer taxa identifications in the
spring of 2012, so the results may not be reliable. This may be due in part to the few individuals
that were captured at this site, with the samples yielding only 26 individuals in the spring and 13 in
the fall. The IWL rating was Fair in the spring of 2012, and Poor in the fall, both of which are about
normal for this site. Boylston Creek received some of the lowest taxa richness values in both
seasons of 2012, as well as one of the lowest EPT taxa richness values and IWL scores in the fall.
Round headed swimmer mayflies were prevalent in both samples, along with water worms in the
fall. Habitat loss in the form of sedimentation, erosion, and lack of riparian buffers may be causing
the low macroinvertebrate counts at this site. VWIN gives Boylston Creek an Average rating, with
both sediment and nutrients lowering the score. DWQ gives this creek a Good-Fair
bioclassification.
Mills River Watershed
Mills River serves as the drinking water source for Henderson County, with intakes on the North
Fork and Bradley Branch in Pisgah National Forest. Much of the headwaters are within the
National Forest. Agricultural influences come from pasture and cropland, specifically cattle,
peppers, corn, and tomatoes. Agriculture is denser closest to the confluence of the forks. The Mills
River Partnership has been created to address the water quality issues in the catchment and to
implement best management practices.
Site #48 - North Fork Mills River (MR7)
Much of the land upstream from the North Fork monitoring site is within the Pisgah National Forest
but there are isolated tomato, corn, and cattle farms within the watershed. The stream bottom is
gravel and cobblestone, and the riparian zone consists of trees and shrubs. VWIN site H7 is
upstream of this location.
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The North Fork of Mills River was first sampled using the SMIE protocol in the spring of 2009. It
rated Good in the spring of 2012, and Excellent in the fall. The spring sample had one of the
highest taxa richness and EPT taxa richness values of all sites in 2012. Common taxa included
flattened scraper mayflies, quick crawling predator stoneflies, and the pollution-sensitive roach
shredder stoneflies. The fall seasons of 2011 and 2012 both had higher IWL scores than other
collections at this site. Only 99 individuals were collected in the fall of 2012, including several
coiled right face snails, small head caddisflies, and dragonflies. That may be due to recent high
water levels at this site. Pollution-sensitive taxa were collected such as several roach shredder
stoneflies, case caddisflies, coiled right face snails, and one giant shredder stonefly. The North
Fork of Mills River has a Good VWIN rating, with nutrient pollution being minimal at this site.
Site #49 - South Fork Mills River (MR8)
The catchment above the South Fork monitoring location is also mostly forested but some isolated
tomato and cattle farms possibly influence the water quality. This site is located directly next to row
crop fields with narrow riparian zones. The stream substrate is sand, gravel, and cobblestone. The
riparian zone consists of trees and shrubs. This site is located downstream of VWIN site H8.
The South Fork of Mills River was first sampled using the SMIE protocol in the spring of 2009. It
had an IWL rating of Poor in the spring of 2012, and Excellent in the fall. Quick crawling predator
stoneflies comprised 43% of the spring sample. The fall collection had fewer individuals (85
compared to 138 in the spring) even with two kicknet samples, but had higher taxa richness and
EPT taxa richness values. Flattened scraper mayflies, dragonflies, water pennies, and blackflies
were common in the fall. The fall IWL score of 30 is much higher than previous years, with the next
highest at this site being 18 in the fall of 2011. The fall IWL and taxa richness scores are some of
the highest of all sites in 2012. Sensitive taxa were collected at this site, for example roach
shredder stoneflies, giant shredder stoneflies, case caddisflies, coiled right face snails, and water
pennies. The volunteers noted silt and algae on the streambed in both seasons. The South Fork of
Mills River received a Good VWIN rating, with sediment more of a problem than nutrients.
Site #51 - Mills River at Hooper’s Lane (MR10)
This is the furthest downstream monitoring location on Mills River, not far from the confluence with
the French Broad River. The land use near this site is primarily agriculture (soybeans, sod,
peppers, corn) and erosion of stream banks at this site is problematic. The volunteers sampling in
the spring noted a milky cloud of water at the end of a trench from a nearby agricultural field.
Heavy traffic on Hooper’s Lane possibly contributes to the amount of trash in the river at this site.
Riparian buffers with trees, shrubs, and grasses are largely overgrown during the spring season
but tend to be narrow on both sites of the river. The stream bottom includes gravel, cobblestone,
and woody debris. This site corresponds to VWIN site H10.
Mills River was first sampled at this site using the SMIE protocol in the spring of 2009. It received a
Fair IWL rating in both seasons of 2012. This rating is typical for this site based on previous
monitoring. While the spring sampling had more than 200 individuals, only 73 were collected in the
fall. Round headed swimmer mayflies, net spinner caddisflies, quick crawling predator stoneflies,
and spiny crawler mayflies were common in the spring. The fall sample was characterized by
square log cabin caddisflies, spiny crawler mayflies, flattened scraper mayflies, and blackflies. This
site yielded lower taxa richness values than upstream in either the North or South Forks of Mills
River. A mixture of pollution-sensitive and tolerant taxa was collected at this site. This location
received a Good VWIN rating, and DWQ gave this stretch of Mills River a Good rating in 2007,
although it has varied over the years.
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Mud Creek Watershed
Mud Creek is a very large urban tributary of the French Broad River that receives stormwater runoff
from the city of Hendersonville. Local land uses include cropland, pasture, orchards, forestland,
and urban development. In 2007, DWQ assigned Mud Creek a Fair bioclassification, up from Poor
in 2000. Their basinwide report indicated that pollutants included excessive nutrients and
sediment, as well as the concern of agricultural runoff in the headwater reaches of the catchment.
The Mud Creek Watershed Restoration Project, an EPA 319 Clean Water Act grant, and
Ecological Enhancement Program restoration projects are actively working in the catchment to
improve water quality conditions. Projects have focused on curbing stormwater and treating it
before it rushes into Mud Creek and tributaries, as well as restoring and stabilizing stream banks.
Site #52 - Mud Creek at Berea Church Road (MC21)
This upstream Mud Creek site lies between two major agricultural fields. The riparian zone is
narrow on both sides and limited bumper crop planting between seasons contributes major
sediment to the stream during heavy rains. The stream bottom has lots of silt, and the riparian
zone consists of grasses and vines with eroding streambanks. There is little to no shade along the
stream. This site corresponds to VWIN site H21.
Mud Creek was first sampled at Berea Church Road using the SMIE protocol in the spring of 2009.
This site received a Fair IWL rating in the spring of 2012, and Poor in the fall. Few individuals were
collected in either the spring (47) or fall (45). One-third of the spring sample consisted of quick
crawling predator stoneflies. This site had some of the lowest IWL scores, taxa richness, and EPT
taxa richness values of all sites in 2012. The fall sample yielded only two EPT taxa. It received an
Unacceptable VASOS rating in the fall, likely due to the high proportion (51%) of the pollutiontolerant net spinner caddisflies. This site had an Average VWIN rating, with sediment and nutrient
pollution evident. Periodic stormwater runoff could be degrading the habitat at this sampling
location.
Site #53 - Mud Creek at 7th Avenue (MC18)
This Mud Creek location is situated in an urbanized area of the City of Hendersonville. It runs along
the Oklawaha Greenway for approximately 1.5 miles but still suffers from urban inputs that
increase sediment and turbidity. The creek travels under major roads, which contribute high
amounts of stormwater runoff filled with pollutants. Volunteers note tea-colored water at this site.
The stream bottom is mostly gravel, cobble, and sand, and the riparian zone consists of trees and
shrubs. This site corresponds to VWIN site H18.
Mud Creek was first sampled at 7th Avenue using the SMIE protocol in the spring of 2009. It earned
a Poor rating in both seasons of 2012, which is normal for this site. However, the IWL scores were
lower in 2012 than previous years. The spring taxa richness and EPT taxa richness values are
some of the lowest of all sites in 2012, as are the IWL scores in both seasons. The stream was
high and fast during the spring sampling, making sampling difficult and the visual sample
impossible. This may have underrepresented the taxa richness values for that season. Few
individual macroinvertebrates were collected in 2012, with 54 in the spring and 79 in the fall. Most
individuals in the spring were either blackflies or chironomid midges, both pollution-tolerant taxa.
The fall sampling was dominated by net spinner caddisflies and flattened scraper mayflies. This
monitoring location received an Average VWIN rating, and sampling shows that sediment runoff
and erosion are detrimental to the water quality.
Site #54 - Brittain Creek at Patton Park (MC26)
Brittain Creek is a major tributary of Mud Creek. The watershed is nearly 75% developed and the
stream parallels heavily used SR 191. The creek runs through several subdivisions upstream
before entering Patton Park where the ECO team monitors the waterway. Brittain Creek at this
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point receives stormwater runoff from impervious surfaces in the catchment. Both residential and
commercial development in the area heavily influences the taxa groups in Brittain Creek. In the
past, there have been local issues at this site concerning a constant removal via mowing of the
already narrow riparian zone. Though the buffer has been allowed to grow up since 2010, it is not
nearly wide enough to provide adequate filtration of runoff from the nearby parking lots before
stormwater enters the creek. The stream bottom consists of gravel, cobblestone, and sand. The
riparian zone includes trees, shrubs, grass, and vines. This site corresponds to VWIN site H26.
Brittain Creek was first sampled using the SMIE protocol in the spring of 2009. It received a Poor
IWL rating in the spring of 2012, and Fair in the fall. The IWL scores are slightly lower than
previous years at this site. The EPT taxa richness values routinely range from two to four, and
2012 was no different. The IWL scores, taxa richness, and EPT taxa richness values for both
seasons are some of the lowest in 2012. This site also has low numbers of individuals, with 46 in
the spring (mostly blackflies and midges) and 59 in the fall (almost half being net spinner
caddisflies). The VWIN rating at this site is Good.
Clear Creek Watershed
Clear Creek is a large tributary of Mud Creek in Henderson County. Land use within the catchment
is primarily agriculture (row crops and orchards) and urban or suburban. This watershed has a very
high concentration of apple orchards and water quality problems may be associated with pesticide
use (NCDENR 2008). It also has four permitted dischargers along its length. The DWQ has
classified its only biological collection site in the catchment as Good-Fair in 2007, up from Fair or
Poor in previous years.
Site #55 - Clear Creek at Bearwallow Road (MC20)
This site is located in a primarily rural area with several large residences, orchards, and cleared
fields nearby. Bearwallow Road at this site seems to be relatively new and well maintained, though
runoff from stormwater is able to filter directly into Clear Creek. Volunteers have noted tea-colored
water at this site. The stream substrate is mostly gravel and cobblestone but some sand is present.
Trees and shrubs make up the riparian zone. This site corresponds to VWIN site H20.
Clear Creek was first sampled at Bearwallow Road using the SMIE protocol in the spring of 2009. It
received a Fair IWL rating in the spring of 2012, but Excellent in the fall. This site has a history of
having much higher scores in the fall than the spring, which may be due to seasonal impacts of
land use practices on the macroinvertebrate community. Round headed swimmers comprised 50%
of the spring sample. The fall 2012 sample has higher taxa richness and EPT taxa richness values
than previous years, and the taxa richness of 22 is one of the highest values of any site in 2012.
However, in the fall it was one of the few sites to have an Unacceptable VASOS rating, probably
due to the prevalence of several pollution-tolerant taxa such as net spinner caddisflies. While
several pollution-tolerant taxa are found at this site, such as coiled left face snails, blackflies,
midges, and coiled left face snails, so are several sensitive taxa like case caddisflies, water
pennies, and coiled right face snails. VWIN gives this site a Good rating, with minimal sediment or
nutrient contributions in the watershed.
Site #58 - Clear Creek at Nix Road (MC5)
Clear Creek at this point in the catchment is mostly forested but agriculture comprises just under
half of the local land use. The wastewater treatment plant is located at Nix Road. The riparian zone
is all grasses and vines with eroding streambanks noted. The stream bottom is mostly gravel,
cobblestone, and sand. This site corresponds to VWIN site H5.
Clear Creek was first sampled at Nix Road using the SMIE protocol in the spring of 2009. It
received a Good IWL rating for both seasons in 2012. The site had an Unacceptable VASOS rating
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in the spring, probably due to the large proportion (68%) of coiled right face snails in the sample.
Few leaf packs were collected in the spring, largely due to high flow rates and elevated water
levels. Coiled right face snails comprised 80% of the fall sample, which are pollution-sensitive but
exceedingly abundant at this site. VWIN rates this site as Below Average, with much higher
sediment and nutrient concentrations than the upstream site.
Cane Creek Watershed
Cane Creek is a large tributary of the French Broad River that drains much of southeastern
Buncombe County and northeastern Henderson County before its confluence with the French
Broad River. Agriculture and pasture are the principal land uses in the catchment. DWQ rated the
benthic communities of Cane Creek as Poor in 2007, and documented declining water quality in
this watershed. The Cane Creek valley is becoming more developed and increased erosion may
be responsible for high values for both turbidity and total suspended solids. The DWQ report also
noted excessive sedimentation at many locations, suggesting the effects of non-point source
pollution.
Site #9 - Cane Creek at Miller Rd
The upstream Cane Creek site is near the Cane Creek cemetery and Fairview School in
Buncombe County. The sample is collected off US-74 near the bridge where Miller Road crosses
Cane Creek (below Ballard Creek). The site corresponds to DWQ monitoring site EB67 at SR2800.
The riparian zone is mainly trees and shrubs, while the stream substrate is composed of gravel and
cobblestones.
This site on Cane Creek was first sampled in the spring of 2008. It rated Excellent in both seasons
of 2012, which is normal for this site. The taxa richness and EPT taxa richness values were higher
in the spring than the fall, but so were the total number of individuals collected. Net spinner
caddisflies characterized samples in both seasons, with spiny crawlers and water pennies
abundant in the spring collection. Case caddisflies, giant shredder stoneflies, and many water
pennies were detected at this site in 2012.
Site #11 – Cane Creek at Ashworth Creek
This site on Cane Creek is approximately 50 meters upstream of the US 74 bridge in Fairview,
near the confluence with Ashworth Creek and less than a mile downstream of the SMIE sites #9 at
Miller Rd. It corresponds with VWIN site B15A. The riparian zone is mostly made up of trees and
shrubs, but is also disturbed by a parking lot and driveway. The substrate is composed of gravel
and cobblestone.
Cane Creek was first sampled near Ashworth Creek in the spring of 2005. Just as at site #9, this
site rated Excellent in both seasons of 2012. This is also normal for this location. The IWL scores
were slightly higher at this site than at the upstream site near Miller Road. The spring sample was
dominated by spiny crawler mayflies, and the fall sample contained an abundance of net spinner
caddisflies and fragile detritivore stoneflies. Water pennies and case caddisflies were some of the
sensitive taxa at this site, while the more tolerant midges and blackflies were also present. This site
had a VWIN rating of Good.
Site #10 – Ashworth Creek
Ashworth Creek originates in Fairview near the border with Henderson County and flows northwest
into Cane Creek. The SMIE monitoring site is located approximately 30 meters upstream of the
confluence with Cane Creek at the US 74 bridge. It is just downstream of VWIN site B15B. The
riparian zone is primarily composed of trees and shrubs with a road running parallel to the stream.
The substrate is gravel and cobblestone, which are loosely embedded.
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Ashworth Creek was first sampled in the spring of 2005. It had an Excellent IWL rating in both
seasons of 2012, which had some of the highest IWL scores of all sites in 2012. This site has had
Excellent ratings each season since the spring of 2007. The spring of 2012 sample yielded an
exceedingly high number of individuals with 511 insects, similar to the spring of 2011. Spiny
crawler mayflies and small head caddisflies are abundant in the spring sample, while net spinner
caddisflies and fragile detritivore stoneflies are prevalent in the fall. Sensitive taxa such as water
pennies and coiled right face snails were collected, as well as pollution-tolerant blackflies and
midges. This site has an Average VWIN rating, with nutrients in particular scoring Below Average.
Site #59 - Hooper’s Creek at Jackson Road (CC22)
Much of the Hooper’s Creek watershed in Henderson County is forested, with agriculture
comprising substantial areas of land. This site is located in a residential area with an open field.
The stream bottom is dominated by gravel, cobblestone, and sand, while the riparian zone is
mostly trees and shrubs. This site corresponds to VWIN site H22.
Hooper’s Creek was first sampled using the SMIE protocol in the spring of 2009. It rated Good in
the spring of 2012, and Poor in the fall. The variability in the IWL scores is typical of this site. While
the spring had more than 200 individuals in the sample, there were only 68 collected in the fall.
Round headed swimmer mayflies, net spinner caddisflies, quick crawling predator stoneflies, and
spiny crawler mayflies were the most common taxa in the spring. The fall collection was dominated
by round headed swimmer mayflies, net spinner caddisflies, and water worms. The IWL score and
taxa richness in the fall were some of the lowest in 2012. Hooper’s Creek has a Below Average
VWIN rating, with sediment the biggest issue in the creek.
Site #60 - Cane Creek at Howard Gap (CC16)
The local land uses at this downstream Cane Creek site include a large town park in the Fletcher
Community, a private golf course, and private agricultural lands that border the golf course. The
stream bottom substrate is gravel, cobblestone, and sand. The riparian zone is mostly comprised
of trees and shrubs. Volunteers noted tea-colored water in the spring. This site corresponds to
VWIN site H16.
Cane Creek was first sampled at Howard Gap using the SMIE protocol in the spring of 2009. It had
a Fair rating for both seasons of 2012, which is much lower than the upstream sites in Buncombe
County. Pollution-tolerant midges made up 43% of the spring sample. The fall season only yielded
47 individuals, and had some of the lowest taxa richness and EPT taxa richness values of all sites
in 2012. Round headed swimmer mayflies and midges dominated the fall sample, with leeches
present. This location had an Average VWIN rating, with high turbidity, total suspended solids, and
conductivity values.
Buncombe County French Broad Tributaries
Site #12 – Bent Creek
Bent Creek is a tributary to the French Broad River located in southwest Buncombe County. This
site is located in the Asheville Arboretum near the Hard Times Road parking lot just past the main
entrance. The sampling area was approximately 10 meters upstream of the trail bridge before a
debris dam changed the habitat to a pool, so it was subsequently moved approximately 100 yards
upstream of the trail bridge. The site is just upstream of VWIN site B12A, and about one mile
downstream of DWQ site EB359 on FSR479. The riparian zone is relatively intact at this site,
consisting of trees and shrubs. The stream bottom habitat is mainly gravel and cobblestones that
are loosely embedded.
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Bent Creek was first sampled in the spring of 2005. It received an Excellent IWL score for both
seasons of 2012. This is similar to previous years of monitoring at this site. Spiny crawlers are
abundant in the spring sample, along with quick crawling predator stoneflies. The fall sample has
more quick crawling predators and net spinner caddisflies. Sensitive taxa such as case caddisflies,
water pennies, giant shredder stoneflies, and coiled right face snails are present at this site. This
stream has a Good VWIN rating, with very little sediment pollution. DWQ gives this site a Good
bioclassification.
Site #13 – Hominy Creek
Hominy Creek also drains southwest Buncombe County and empties into the French Broad River.
This monitoring site is located approximately 100 meters upstream of the confluence with South
Hominy Creek, off NC151. It corresponds to a discontinued VWIN site (B11A) and DWQ site
EB103 at NC151. The riparian zone consists of about 60% trees and shrubs, and 20% impervious
surfaces, along with some grass and exotic plants. The substrate is composed of gravel,
cobblestones, and sand. Volunteers regularly report eroding streambanks and trash. In the fall of
2012 there was a four foot high pile of woody debris under the nearby bridge, so the volunteers
sampled upstream of the blockage.
Hominy Creek was first sampled in the spring of 2005. It rated Excellent in both seasons of 2012,
which is in line with previous years of monitoring. Two samples were collected in the spring to
achieve more than 200 individuals. Spiny crawler mayflies represent more than half of the
individuals in the spring sample. Pollution-tolerant blackflies comprised 46% of the fall sample.
Coiled right face snails and a couple of water pennies were the only pollution-sensitive taxa at this
site during 2012. DWQ gives this site a Good-Fair bioclassification, with the stream showing
elevated conductivity and silt on the substrate.
Site #14 – Swannanoa River downstream of Beetree Creek
The Swannanoa River is a major tributary to the French Broad River, flowing west from Black
Mountain through Swannanoa and Asheville. This site is located off Warren Wilson Road at
Charles D. Owen Park, below the confluence with Beetree Creek. In 2012, this was the furthest
upstream SMIE site on the Swannanoa River. It corresponds to VWIN site B9B, and is located
upstream of DWQ site EB142 on SR2416. The immediate riparian zone is mostly trees and shrubs.
Past this narrow buffer on the right side of the stream are a large public park and lake, with
residential land use on the left. The substrate is mostly gravel and cobblestones, with some sand.
This monitoring site was first sampled in the spring of 2005. It had a rating of Fair in the spring of
2012, and Good in the fall. This site exhibits a pattern of lower IWL scores in the spring than the
fall. The spring sampling had one of the lowest taxa richness scores of all sites in 2012, and there
were low numbers of individuals in both seasons (99 and 42 respectively). The spring sample
mostly consisted of round headed swimmer mayflies (71%), and contained pollution-tolerant
leeches. It was collected during a high flow event, and the volunteers noted a large amount of
sediment in the kicknet. The fall sample had net spinner caddisflies, flattened scraper mayflies, and
oligochaetes, among other taxa. This site had an Average VWIN rating with high turbidity and total
suspended solids values. DWQ has assigned a site approximately five miles upstream a Fair
bioclassification.
Site #15 – Swannanoa River upstream of Bull Creek
Downstream of SMIE site #14, this Swannanoa River monitoring site is located near Old Farm
School Road at Wykle Drive, just above the confluence with Bull Creek on the Warren Wilson
College campus. It corresponds to VWIN site B38, and is located downstream of DWQ site EB142
on SR2416. The riparian zone is made up of trees and shrubs, and the substrate is gravel,
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cobblestones, and sand. The streambed is covered with silt and algae. Volunteers have reported a
muddy or green color to the water in 25% of the samples, but not since 2009.
This SMIE site was first sampled in the spring of 2005. It received an Excellent IWL score in the
spring of 2012, and Good in the fall, which is about normal for this site. The spring sample
consisted of spiny crawler mayflies, flattened scraper mayflies, quick crawling predator stoneflies,
and blackflies. The fall sample had an Unacceptable VASOS rating. Each fall sample since 2005
has had either an Unacceptable VASOS rating or the lowest possible Acceptable score. This is
likely due to the high proportion of tolerant organisms collected, such as net spinner caddisflies.
While more than 200 individuals were collected in the spring, only 85 were collected in the fall,
possibly due to high flow rates in the stream. This site has an Average VWIN rating, with sediment
more of a problem than nutrients.
Site #33 – Swannanoa River at WNC Nature Center
This site is the furthest downstream SMIE site on the Swannanoa River. The sample was collected
above a long pool near Gashes Creek Road, below the soccer fields. The site is about a mile
upstream of the Swannanoa River VWIN site, B17A, which is located across Swannanoa River
Road from Lowe's. The substrate is mostly gravel or cobblestones, with some sand, boulders, and
woody debris present. About half of the riparian zone is comprised of trees and shrubs, along with
eroding stream bank, exotic plants, and impervious surfaces.
The Swannanoa River was first sampled at the WNC Nature Center in the fall of 2012. It had an
IWL rating of Good, and volunteers collected two kicknet samples to bolster the number of
individuals captured. The most abundant taxa were net spinner caddisflies and flattened scraper
mayflies, but pollution-sensitive giant shredder stoneflies, case caddisflies, and coiled right face
snails were collected too. The fall samples from each of the three Swannanoa River sites had
identical IWL scores in 2012. This site had a higher EPT taxa richness than the two upstream sites.
The VWIN site downstream of this location had an Average chemical rating, and showed
substantial sediment pollution.
Site #34 – Nasty Branch
Nasty Branch is a small urban tributary on the east side of the French Broad River. There is a
substantial amount of impervious surfaces throughout the watershed, resulting in large amounts of
stormwater runoff. Culverts impact the habitat in this stream. The substrate is about 80% gravel or
cobblestones, with algae and woody debris present. The riparian zone consists of 40% trees and
shrubs, 30% grass, and 30% rip-rap that was added during MSD line work in the winter of 2011.
Nasty Branch was first sampled in the fall of 2012. It received a Poor IWL rating, and an
Unacceptable VASOS rating. Only 17 individuals were collected during the sampling, representing
three total taxa and only one EPT taxa. These taxa were pollution-tolerant net spinning caddisflies,
water worms, and coiled left face snails. Nasty Branch had the absolute lowest IWL score, taxa
richness, and EPT taxa richness value of any site in 2012. The volunteers noted that it was difficult
to find rotting leaf packs to sample in the fall. These results are indicative of a very poor habitat for
the benthic macroinvertebrate community, with a lack of microhabitats available due to
sedimentation.
Site #16 – Smith Mill Creek
Most of the Smith Mill Creek watershed is located in urban West Asheville. This site is located at
Louisiana Boulevard off Patton Avenue, just over a mile from its confluence with the French Broad
River. The stream flows inside culverts for long sections along Patton Avenue. The riparian zone
consists of some trees, shrubs, and grasses, as well as typical urban development. The substrate
is mostly sand, with some gravel and cobblestones that are extremely embedded. There is a lot of
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garbage present due to the site's proximity to the KFC restaurant and heavily travelled roads. It
corresponds to VWIN site B35.
Smith Mill Creek was first sampled in the spring of 2009. It rated Fair for both season in 2012. In
the spring, only 27 individuals were collected (with only two EPT taxa), and 111 in the fall (with four
EPT taxa). These results are typical for this site. The spring sampling was mostly comprised of
pollution-tolerant oligochaetes, water worms, and net spinner caddisflies. The fall included round
headed swimmer mayflies, flattened scraper mayflies, and net spinner caddisflies. Both seasons
have some of the lowest taxa richness values of all sites in 2012, with the spring having one of the
lowest EPT taxa richness values. Smith Mill Creek has an Average VWIN rating, with excessive
sediment and nutrients.
Site #17 – Reed Creek at Botanical Gardens
Reed Creek is a tributary of the French Broad River that flows through downtown Asheville. This
site is located in the Botanical Gardens of Asheville near UNCA at the corner of Weaver Boulevard
and Broadway Street. The sample is taken below the confluence with Glenn Creek. It is
downstream of VWIN sites B7A and B7B, which are both above the confluence. The riparian zone
includes trees, shrubs, and grass, landscaped within the Botanical Garden’s property, which is
surrounded by an urban setting. The substrate is composed of gravel, cobblestones, and sand.
Reed Creek was first sampled in the spring of 2005. This site had a Good rating in both seasons of
2012, which is normal for this site. The fall sample had one of the lower EPT taxa richness values
of any site in 2012. Two kicknets were collected to reach 200 individuals, possibly due to high flow
events prior to the fall sampling. Round headed swimmer mayflies and net spinner caddisflies were
abundant in both seasons. Pollution-tolerant blackflies and midges were also present in both
seasons. The Glenn Creek VWIN site above the confluence has a Below Average chemical rating,
and the Reed Creek VWIN site above the confluence has a Poor rating. While sediment is of
concern in these streams, very high nutrient and conductivity values characterize the stream water.
Site #18 – Lower Newfound Creek
Newfound Creek flows through western Buncombe County and its watershed is largely rural with
significant agricultural land use. This site is less than a mile from its confluence with the French
Broad River, approximately 50 meters upstream of the bridge at Jenkins Valley Road and Rhymer
Road. It corresponds to VWIN site B4 and is near DWQ site EB129, which is upstream on SR1622
(Rhymer Rd). Trees, shrubs, and grass are prevalent in the buffer zone of this stream. Gravel and
cobblestones make up the substrate, with lots of silt and algae covering the rocks.
Newfound Creek was first sampled in the fall of 2005. It had a Fair IWL rating in the spring of 2012,
and Good in the fall. The lower spring rating could be due to lack of leaf packs for sampling, which
were impossible to find in fast and muddy water on that sampling occasion. Two kicknets were
collected to increase the individuals for spring collection. Net spinner caddisflies represented about
half of the collection in both seasons, with an addition one-third being spiny crawler mayflies in the
spring and round headed swimmer mayflies in the fall. The IWL scores are higher than they have
been since 2009. While pollution-sensitive case caddisflies were found, so were the pollutiontolerant blackflies, midges, and coiled left face snails. This site, as well as two other sites upstream
on Newfound Creek, had a Poor VWIN rating with severe sediment and nutrient pollution. DWQ
gives the nearby site a Fair bioclassification.
Site #19 – Reems Creek
Reems Creek flows through northeastern Buncombe County and into the French Broad River. This
site is located just below the confluence of Reems and Ox Creeks in Weaverville and is just
downstream of VWIN sites B5A (Ox Creek) and B5B (Reems Creek). In the fall of 2012, the

27

volunteers moved to a site a half mile downstream for ease of access. The riparian zone consists
of trees and shrubs, and the substrate is gravel, cobblestones, and sand.
Sampling started in the fall of 2007 on Reems Creek. Every monitoring event since that time has
resulted in an Excellent rating, including both seasons of 2012. The spring sampling resulted in one
of the highest taxa richness and EPT taxa richness values of all samples in 2012. Spiny crawler
mayflies and made up half the spring sample, while net spinner caddisflies were more abundant in
the fall. Pollution-sensitive taxa such as giant shredder stoneflies, case caddisflies, water pennies,
and coiled right face snails were collected in both seasons. The VWIN site on Reems Creek
upstream of the confluence with Ox Creek has a Good chemical rating. Ox Creek, which has a
Below Average VWIN rating could also influence this SMIE site with excessive sediment.
Site #20 – Sandymush Creek
Sandymush Creek originates in northwestern Buncombe County, and then runs along the Madison
County border until its confluence with the French Broad River. This site is located approximately
50 meters downstream of the bridge on Willow Creek Road and corresponds to VWIN site B3B.
Trees and shrubs dominate the stream at this site, with much of the surrounding land dedicated to
agriculture (mostly corn, tomatoes, and cattle). The substrate is mostly gravel and cobblestones.
Sandymush Creek was first sampled in the fall of 2005. It rated Fair in the spring of 2012 and
Excellent in the fall. These ratings are in the normal range for this site, although lack of leaf packs
found in the spring sample may have negatively affected the score. Round headed swimmer
mayflies and net spinner caddisflies were the dominant taxa collected in both seasons. There were,
however, more pollution-sensitive taxa present such as giant shredder stoneflies, case caddisflies,
water pennies, and coiled right face snails. The VWIN rating is Poor at this site on Sandymush
Creek, and it exhibits the lowest overall score of all Buncombe County VWIN sites. This has worse
water quality than the downstream VWIN site largely due to cattle pollution from upstream. The
volunteers noted a manure smell during the fall sampling. DWQ has documented declining benthic
macroinvertebrate scores in lower Sandymush Creek, particularly EPT taxa richness.
Madison County French Broad Tributaries
Ivy River Watershed
Site #21 – California Creek at Radford Rd
California Creek is a tributary to the Little Ivy River in southeastern Madison County. This site is
located off Old California Creek Road, approximately 50 meters upstream of the bridge at Radford
Road, which is just downstream of US 19. Riparian vegetation is mostly trees and shrubs, but
roads, pastures, and residential areas have disturbed the riparian buffer. The stream bottom is
mostly gravel and cobblestones, which the volunteer noted were slippery and silty. This site
corresponds with VWIN site M13.
California Creek was first sampled at Radford Road in the spring of 2005. It received a Good IWL
rating in both seasons of 2012. All seasons of monitoring since 2008 (with the exception of the
spring of 2011) have had Excellent IWL ratings, but the scores in 2012 are slightly lower than
previous years. Spiny crawlers comprised almost 60% of the spring sample, and leaf packs were
scarce. Net spinner caddisflies represented about 40% of the individuals collected in the fall. Many
pollution-sensitive water pennies were collected at this site, as were giant shredder stoneflies in the
spring. All VWIN sites in Madison County have Poor water quality ratings, with very high nutrient
and sediment loads, and this site is no exception.
Site #22 – California Creek at Beech Glen
This California Creek site is located approximately 1.3 miles downstream of SMIE site #21,
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downstream of the confluence with Middle Fork but upstream of the confluence with Paint Fork.
The riparian zone is mostly trees and shrubs, and an eroding streambank was noted by the
volunteers. The substrate is a combination of gravel, cobblestones, sand, bedrock, and boulders,
with rocks moderately embedded in fine sediment.
This site was first sampled in the fall of 2011. It received an Excellent rating for both seasons in
2012, as well as the fall of 2011. The IWL scores have increased each season, from 22 to 28. In
the spring, spiny crawler mayflies were prevalent, while net spinner caddisflies and round headed
swimmer mayflies were dominant in the fall. While some pollution-sensitive taxa were collected in
small numbers, pollution-tolerant blackflies and midges were common. The taxa richness and IWL
scores are higher for this downstream site than upstream at site #21. VWIN does not have
chemical data for this site, but Middle Fork generally has lower levels of conductivity than upstream
on California Creek, which may effectively dilute the water in California Creek below the
confluence.
Site #24 – Little Ivy River at Forks of Ivy
The Little Ivy River is a tributary to the Big Ivy River. This monitoring site is located in the Forks of
Ivy area at the border of Madison and Buncombe Counties. It is approximately 100 meters
upstream of the confluence with Big Ivy River and corresponds to VWIN site B1B and DWQ site
EB205 at SR1610. Grasses and vines dominate the riparian zone, with a road in close proximity to
the left side of the stream and a few trees present. The substrate consists of gravel, cobblestone,
boulders, and bedrock, with silt and algae on the rocks.
The Little Ivy was first sampled in the spring of 2005. This site had a Good rating in the spring of
2012, and Excellent in the fall. These ratings are comparable to previous years. Spiny crawler
mayflies made up half of the spring sample, followed by net spinner caddisflies and water pennies.
Two kicknets were collected for the fall sample, which was also characterized by net spinner
caddisflies and water pennies. The VWIN score for the Little Ivy River is Poor, with sediment and
nutrient pollution evident. DWQ gives this site a Good-Fair bioclassification, attributing declining
water quality to increased non-point source pollution from agricultural, residential, and forest use.
Site #25 – Big Ivy River at Forks of Ivy
The Big Ivy River is a tributary of the French Broad River, mostly situated in southeastern Madison
County. This site is located in the Forks of Ivy area off Ellisboro Road at the border of Madison and
Buncombe Counties, upstream of the confluence with the Little Ivy River. It corresponds to VWIN
site B1A and DWQ site EB200 at SR2150. The riparian zone is mainly trees and shrubs, with a
road and several houses along this part of the stream. Loosely embedded gravel and cobblestones
comprise the stream substrate.
The Big Ivy was first sampled in the spring of 2005, and is frequently used as the SMIE field
training location. It had a Good rating in the spring of 2012, and Excellent in the fall. Taxa richness
and IWL scores at this site have been variable over the years, with the fall IWL score being the
highest of all prior sampling occasions. Net spinner caddisflies were dominant in both seasons,
comprising almost half of the fall sample. Spiny crawlers were more common in the spring, and two
kicknets were collected to reach 200 individuals. Many pollution-sensitive water pennies were
found at this site. The Big Ivy River has an Average VWIN rating, with high turbidity and total
suspended solids values. DWQ gives this site a Good bioclassification.

Site #23 – East Fork of Bull Creek
Bull Creek is another tributary of the Big Ivy River. This site is located on the East Fork of Bull
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Creek, approximately ¼ mile upstream from the East Fork Road Bridge, east of Beetree Road. The
riparian zone is composed of trees and shrubs, with some grass and vines present. The substrate
consists of gravel, cobblestones, bedrock, and boulders. This site corresponds to the VWIN site
M4.
The East Fork was first sampled in the spring of 2009. The IWL rating in the spring of 2012 was
Good, and it was Excellent in the fall. The IWL scores were normal for this site. Half of the
individuals collected in the spring were spiny crawler mayflies. Quick crawling predator stoneflies,
net spinner caddisflies, and small head caddisflies were common in the fall. Pollution-sensitive taxa
such as giant shredder stoneflies, case caddisflies, water pennies, and coiled right face snails were
collected in both seasons. The East Fork of Bull Creek has a Poor VWIN rating with heavy
sediment and nutrient pollution. DWQ has determined that development and agricultural land use
impact water quality in the watershed.
Laurel Creek Watershed
Site #27 – Puncheon Fork Creek
Puncheon Fork Creek is a tributary located in the headwaters of Big Laurel Creek in northeastern
Madison County. This site is located near Ebbs Chapel at the junction of Laurel Valley Road and
Puncheon Fork Road, just upstream of the culvert under Laurel Valley Road. It corresponds to a
discontinued VWIN site (M20) and DWQ site EB217 at SR1503. The riparian zone is mainly trees
and shrubs, with some grass and vines. The substrate is composed of loosely embedded gravel
and cobblestones. In the spring, the volunteers noted a beaver dam about a half mile upstream.
Puncheon Fork was first sampled in the fall of 2007. It received a Good IWL rating in both seasons
of 2012. The spring sample had higher taxa richness and EPT taxa richness values than previous
samples at this site. Spiny crawler mayflies and net spinner caddisflies were dominant in the
spring. Net spinner caddisflies, round headed swimmer mayflies, spiny crawler mayflies, and larval
riffle beetles were common in the fall, although leaf packs were scarce. Pollution-sensitive taxa
such as giant shredder stoneflies, roach shredder stoneflies, case caddisflies, water pennies, and
coiled right face snails were collected at this site. Past VWIN monitoring detected elevated
sediment levels, and DWQ gives this site an Excellent bioclassification.
Site #26 – Shelton Laurel Creek
Shelton Laurel Creek is another tributary to Big Laurel Creek, draining the far north reaches of
Madison County. This site is located adjacent to the Belva Baptist Church parking lot on
Guntertown Road, near the intersection with NC208 and NC212. It corresponds to a discontinued
VWIN site (M9) and DWQ site EB219 at NC208. Trees and shrubs border the stream upstream of
this site, but the trees and shrubs are mostly on the left bank. Shrubs, grasses, and herbs
consistent with roadside habitat characterize the riparian zone on the right bank. The substrate is
mostly gravel and cobblestones.
Shelton Laurel Creek was first sampled in the spring of 2006. It received an Excellent rating in both
seasons of 2012, which is normal for this site. The spring sampling had some of the highest taxa
richness and EPT taxa richness values of all sites in 2012. Flattened scraper mayflies and spiny
crawler mayflies were dominant in the spring sample, and the volunteers noted high water levels
and muddy water. In the fall, net spinner caddisflies and round headed swimmer mayflies were
prevalent. Sensitive taxa such as case caddisflies, water pennies, and a giant shredder were
collected. DWQ gives this site an Excellent bioclassification.
Site #28 – Big Laurel Creek
Big Laurel Creek is a tributary of the French Broad River in rural northeastern Madison County.
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This monitoring site is located about 3.5 miles upstream of the confluence with the French Broad
River. It is approximately 200 meters downstream of the bridge at the Hwy 25/70 and NC 208
junction, near the confluence with the River. It corresponds to a discontinued VWIN site (M10).
There is a small campground and parking lot on the left side of the creek upstream of the
monitoring site. Trees and shrubs comprise the riparian zone. Gravel, cobblestones, and boulders
make up the stream bottom, with sandy deposits along the bank.
Big Laurel Creek was first sampled in the fall of 2005. It had an Excellent IWL rating in the spring of
2012, and Good in the fall, which is similar to previous years of monitoring. Spiny crawler mayflies
were common in both seasons, with flattened scraper mayflies abundant in the spring and round
headed swimmer mayflies abundant in the fall. Volunteers noted muddy water in the spring.
Pollution-sensitive taxa such as water pennies were common here, along with fewer giant shredder
stoneflies, case caddisflies, and coiled right face snails. DWQ gives this stream an Excellent
bioclassification, and streams throughout the entire watershed are considered HQW (high quality
waters).
Nolichucky Subbasin (Mitchell and Yancey Counties)
The North Toe and Cane Rivers in Mitchell and Yancey Counties combine to form the Nolichucky
River, which then flows into Tennessee to the north.
Site #29 – Cane Creek at Bakersville
Cane Creek is a tributary of the North Toe River in Mitchell County. This sample is collected just
upstream of the South Mitchell Avenue bridge, near the intersection of Highway 226 (Crimson
Laurel Way) and Mitchell Avenue. The riparian zone is mostly trees, shrubs, and construction fill on
the right bank and grasses, with some vines present, on the left bank. The stream habitat consists
of gravel and cobblestones. This location corresponds to VWIN site T1.
Cane Creek in Mitchell County was first sampled in the spring of 2008. It had an Excellent IWL
rating in the spring of 2012, and Good in the fall. Two kicknets were collected in the spring, and
spiny crawler mayflies represented half of the individuals. Spiny crawler mayflies, fragile detritivore
stoneflies, quick crawling predator stoneflies, and net spinner caddisflies were all common in the
fall. Pollution-sensitive taxa such as water pennies, coiled right face snails, and a giant shredder
were collected, as were tolerant organisms such as midges, blackflies, and a coiled left face snail.
The VWIN rating for this site is Average. Cane Creek exhibits high maximum sediment values,
likely due to upstream runoff and agricultural activities.
Site #30 – North Toe River
The North Toe River originates in Avery County, and travels through Mitchell County and along the
Yancey County border. This site is located downstream of Spruce Pine, on Penland Road off US
19E. It corresponds to DWQ site EB286 at SR1162. The riparian zone consists of trees and
shrubs. The stream’s substrate is composed of gravel and cobblestones, with more sand than the
other SMIE sites in the Nolichucky subbasin.
The North Toe River was first sampled in the spring of 2009. This site had a Good IWL rating in the
spring of 2012, and Excellent in the fall. Pollution-tolerant midges made up 46% of the spring
sample. The volunteers noted that it was difficult to sample in the spring due to high water, fast
current, and slightly muddy water. The fall sample had one of the highest IWL scores of all the sites
in 2012, but it had an Unacceptable VASOS rating. This can be attributed to the high proportion of
tolerant organisms collected in the fall, such as net spinner caddisflies (68%). The spring sample
only yielded 76 individual insects, while the fall sample approached 200. This is similar to the
seasonal pattern found in 2011. Although tolerant organisms were prevalent in these samples,
some more sensitive taxa were collected such as case caddisflies, water pennies, coiled right face
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snails, and a giant shredder stonefly. A VWIN site downstream of this area has an Average
chemical rating, and displays high sediment and conductivity. DWQ gives this site a Good rating,
and attributes variation in the benthic community to NPDES dischargers upstream and a petroleum
spill that took place in 2002.
Site #31 – Cane River
The Cane River forms in the Pisgah National Forest on the west site of the Black Mountain Range,
then flows through Yancey County before merging with the North Toe River. This monitoring site is
located near Mountain Heritage High School's practice football field, about a mile west of
Burnsville. It corresponds to VWIN site T5 and is near the DWQ site EB303 at US 19E. The river
runs alongside Highway NC 197 for much of its length, which disrupts the riparian buffer. The
riparian zone is about half trees and half grass at the monitoring site, with some clearing close to
the left bank where river rocks are intermittently mined. The substrate is mainly gravel and
cobblestones.
Sampling the Cane River began in the fall of 2008. The IWL rating for both seasons of 2012 was
Excellent. The spring season had one of the highest IWL scores out of all sites in 2012, and both
seasons exhibited high taxa richness values. Quick crawling predators and net spinner caddisflies
were most the most common taxa in both seasons, accompanied by small head caddisflies and
round headed swimmer mayflies in the spring. Sensitive case caddisflies, water pennies, and
coiled right face snails were also collected at this site. The Cane River has an Average VWIN
rating, with high maximum nutrient values likely due to the WWTP upstream. DWQ gives this site
an Excellent biological rating, attributing high water quality from contributions from undisturbed
tributaries.
3.4

Summary

Drought conditions can have long lasting and severe impacts on streams by reducing aquatic
habitats, providing less water to dilute point source pollution, and reducing nonpoint source
pollution between rainfall events. Heavy rains can also have consequences for the invertebrate
communities due to streambed scour, deposition of sediment, increased pollutant loads, or
temperature increases from runoff. WNC experienced an extreme drought that lasted
approximately two years from 2007 to 2009. There were abnormally dry conditions during parts of
2010 and 2011, but 2012 had mostly normal amounts of rainfall (Drought Management Advisory
Council 2013). Many volunteers in the spring and fall seasons mentioned swift or high streams
resulting from recent rains, which could have diminished the efficacy of their sampling (i.e. not
finding leaf packs, being able to conduct visual surveys, or kicknet complications).
Other factors affecting WNC streams include human encroachment, replacement of native riparian
buffer vegetation with impervious surfaces, exotic and invasive species, and erosion that lead to
sedimentation of stream substrates. Henderson and Buncombe Counties have experienced more
rapid population growth than surrounding areas in western North Carolina. The valleys along with
the Upper French Broad River have provided suitable land for development and agriculture
throughout the region, bringing nonpoint sources of pollution in close proximity to the streams. In
more urban areas, stormwater infrastructure diverts pollutant-laden runoff directly to streams.
Excess sediment particularly contributes to the degradation of WNC streams. Several of the SMIE
sites in 2012 yielded few benthic macroinvertebrates, in some cases due to sedimentation and lack
of riffle habitats.

In 2012, EQI and ECO conducted biomonitoring at 54 sites in the spring and fall seasons. DWQ's
protocols are more rigorous and detailed than the SMIE protocol, but they sample substantially
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fewer sites in WNC. Additionally, they sample their sites once every five years, in which time
environmental conditions can change dramatically. The work performed by the SMIE program puts
additional feet into regional streams to help document local water quality and educate the public
about natural resources. Combining the biomonitoring results from ECO and EQI into one report
this year has strengthened the SMIE program and created a cohesive resource for regional
partners. The SMIE program continues to work with professional biologists to further develop an
effective evaluation tool to rate streams. SMIE also aims to continue improving the skills of
volunteers and building a database of biomonitoring results in WNC. Additional goals include
further development of information available on the website (www.eqilab.org), targeted training
based on QAQC results, the addition of new monitoring sites, and analysis of biological data with
land use and water chemistry.
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Figure 2B. ECO’s taxa richness values for spring and fall 2012 (43 taxa possible).
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Figure 2A. EQI’s taxa richness values for spring and fall 2012 (43 taxa possible).
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Figure 3B. ECO’s EPT taxa richness values for spring and fall 2012 (19 taxa possible).
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Figure 3A. EQI’s EPT taxa richness values for spring and fall 2012 (19 taxa possible).
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Figure 4B. ECO’s Izaak Walton League scores for spring and fall 2012
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Figure 4A. EQI’s Izaak Walton League scores for spring and fall 2012
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Table 3. SMIE summary data (spring and fall 2012; richness, abundance, VASOS, and IWL data).
Site
#
1

Site
East Fork of Pigeon River

2

Pigeon River dws of Canton

3

Raccoon Creek

4

Richland Creek ups Hyatt Creek Rd

5

Crabtree Creek

6

Jonathan Creek at Coleman Mtn Rd

7

Jonathan Creek at Moody Farm Bridge

8

Lower Fines Creek

9

Cane Creek at Miller Rd

10

Ashworth Creek

11

Cane Creek at Ashworth Ck

12

Bent Creek

13

Hominy Creek

14

Swannanoa River dws of Beetree Ck

15

Swannanoa River ups of Bull Ck

16

Smith Mill Creek

17

Reed Creek at Asheville Bot Gard

18

Lower Newfound Creek

19

Reems Creek

20

Sandymush Creek

Season
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall

Taxa
Richness
26
18
20
17
13
14
15
18
11
15
12
18
15
19
20
17
20
17
19
16
17
17
18
19
15
13
9
15
17
16
9
9
11
10
11
13
22
17
15
15

Total
Number
Collected
332
200
233
240
144
243
213
112
163
156
253
241
228
168
213
222
280
133
511
207
366
176
279
185
227
170
99
42
243
85
27
111
250
141
158
271
369
157
283
124
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Number
of EPT
Taxa
14
10
8
7
8
7
9
9
7
8
10
10
8
11
12
10
11
7
8
6
8
7
9
10
7
6
5
6
6
6
2
4
5
3
6
4
12
9
8
7

VASOS
Score
11
10
7
1
10
8
10
12
11
8
12
10
10
12
11
10
11
8
12
8
11
9
11
11
10
7
9
7
9
3
9
10
9
8
8
7
12
11
9
10

VASOS
Rating
Acceptable
Acceptable
Acceptable
Unacceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Unacceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Izaak
Walton
League
Score
29
24
27
19
8
22
20
22
16
19
15
27
28
21
26
24
24
24
33
29
28
27
28
27
23
23
14
22
25
22
14
13
17
20
15
21
28
27
16
25

Izaak
Walton
League
Rating
Excellent
Excellent
Excellent
Good
Poor
Good
Good
Good
Fair
Good
Fair
Excellent
Excellent
Good
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Fair
Good
Excellent
Good
Fair
Fair
Good
Good
Fair
Good
Excellent
Excellent
Fair
Excellent

Table 3 (continued). SMIE summary data (spring and fall 2012; richness, abundance, VASOS, and IWL data).
Site
#
21

Site
California Creek at Radford Rd

22

California Creek at Beech Glenn

23

East Fork of Bull Creek

24

Little Ivy River at Forks of Ivy

25

Big Ivy River at Forks of Ivy

26

Shelton Laurel Creek

27

Puncheon Fork Creek

28

Big Laurel Creek

29

Cane Creek at Bakersville

30

North Toe River

31

Cane River

32

Cataloochee Creek

33

Swannanoa River at Nature Center

34

Nasty Branch

35

Green River at Bobs Creek Road

36

Rock Creek

37

Green River at Terry's Creek Road

39

Big Hungry River upstream

41

Big Hungry River downstream

Season
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall
Spring
Fall

Taxa
Richness
12
15
16
17
16
17
15
15
12
17
23
18
19
15
17
14
19
15
15
17
22
21
12
18
Not sampled
17
Not sampled
3
21
19
20
18
14
13
20
16
15
17

Total
Number
Collected
249
166
279
270
324
268
171
208
238
207
195
179
281
203
269
115
261
211
76
186
334
282
225
281
143
17
311
132
294
92
62
58
190
81
120
96
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Number
of EPT
Taxa
9
9
6
7
10
9
6
7
6
9
14
8
12
8
9
7
7
9
6
7
11
10
8
12
10
1
11
11
11
10
6
5
13
8
10
10

VASOS
Score
12
10
11
10
12
10
12
10
11
9
11
10
8
12
10
12
12
10
7
5
9
9
10
10
7
2
10
9
10
9
9
9
11
9
12
11

VASOS
Rating
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Unacceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Unacceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable
Acceptable

Izaak
Walton
League
Score
19
21
24
28
22
28
20
23
19
27
25
28
20
22
23
18
28
21
21
29
30
24
16
19
22
5
24
27
26
26
14
12
26
31
20
28

Izaak
Walton
League
Rating
Good
Good
Excellent
Excellent
Good
Excellent
Good
Excellent
Good
Excellent
Excellent
Excellent
Good
Good
Excellent
Good
Excellent
Good
Good
Excellent
Excellent
Excellent
Fair
Good
Good
Poor
Excellent
Excellent
Excellent
Excellent
Fair
Fair
Excellent
Excellent
Good
Excellent

Table 3 (continued). SMIE summary data (spring and fall 2012; richness, abundance, VASOS, and IWL data).
Site
#
43
45
46
47
48
49
51
52
53
54
55
58
59

Site
Little Willow
Shaw Creek
Mill Pond Creek
Boylston Creek
North Fork Mills River
South Fork Mills River
Mills River at Hooper's Lane
Mud Creek at Berea Church Road
Mud Creek at 7th Avenue
Brittain Creek
Clear Creek at Bearwallow Road
Clear Creek at Nix Road
Hooper's Creek

60

Cane Creek at Howard Gap

61

Uncle's Creek

VASOS
Rating

Izaak
Walton
League
Score

Izaak
Walton
League
Rating

10

Acceptable

6

Poor

-

-

-

-

3

10

Acceptable

6

Poor

6

9

Acceptable

13

Fair

47

5

6

Unacceptable

11

Fair

10

46

3

9

Acceptable

15

Fair

Spring

8

26

5

10

Acceptable

12

Fair

Fall

7

13

3

9

Acceptable

8

Poor

Spring

21

207

15

10

Acceptable

17

Good

Fall

19

99

10

8

Acceptable

25

Excellent

Spring

15

138

9

10

Acceptable

10

Poor

Fall

21

85

10

12

Acceptable

30

Excellent

Spring

13

219

9

10

Acceptable

13

Fair

Fall

13

73

9

10

Acceptable

14

Fair

Spring

9

47

5

11

Acceptable

14

Fair

Fall

9

45

2

6

Unacceptable

9

Poor

Spring

9

54

3

10

Acceptable

6

Poor

Fall

11

79

5

8

Acceptable

8

Poor

Spring

6

46

2

9

Acceptable

10

Poor

Fall

7

59

3

8

Acceptable

11

Fair

Spring

15

202

7

10

Acceptable

16

Fair

Fall

22

144

11

6

Unacceptable

24

Excellent

Spring

16

202

8

6

Unacceptable

18

Good

Fall

12

268

5

9

Acceptable

21

Good

Spring

13

230

6

10

Acceptable

21

Good

Fall

10

68

4

7

Acceptable

9

Poor

Spring
Fall
Spring
Fall

11
8
Not sampled
13

117
47
52

6
4
8

9
10
12

Acceptable
Acceptable
Acceptable

11
13
19

Fair
Fair
Good

Taxa
Richness

Total
Number
Collected

Number
of EPT
Taxa

VASOS
Score

Spring

6

197

4

Fall

Not sampled

-

-

Spring

5

35

Fall

11

67

Spring

13

Fall

Season

EPT = Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies); VASOS = Virginia Save Our Streams Index
See Section 2.3 of this report for descriptions of scoring techniques.
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Table 4. Cumulative SMIE data (spring 2005 – fall 2012).
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Table 4 (continued). Cumulative SMIE data (spring 2005 – fall 2012).
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Table 4 (continued). Cumulative SMIE data (spring 2005 – fall 2012).
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Table 4 (continued). Cumulative SMIE data (spring 2005 – fall 2012).

43

Table 4 (continued). Cumulative SMIE data (spring 2005 – fall 2012).

44

Table 4 (continued). Cumulative SMIE data (spring 2005 – fall 2012).
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Table 4 (continued). Cumulative SMIE data (spring 2005 – fall 2012).
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Table 4 (continued). Cumulative SMIE data (spring 2005 – fall 2012).
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Table 4 (continued). Cumulative SMIE data (spring 2005 – fall 2012).
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Table 4 (continued). Cumulative SMIE data (spring 2005 – fall 2012).

49

Table 4 (continued). Cumulative SMIE data (spring 2005 – fall 2012).

What do the scores mean?
Total Taxa Richness = the higher the better
EPT Taxa Richness = the higher the better
Izaak Walton Score: Excellent > 22, Good 17-22, Fair 11-16, Poor < 11
Note: IWL modified their index calculation; the SMIE Program used the revised methods in spring 2008, all
previous years data were calculated using the old methods.
VA SOS Rating: Acceptable 7-12, Unacceptable 0-6
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Appendix A. SMIE Biological monitoring data sheet (invertebrate identification)
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Appendix B. EQI's Habitat data sheet
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