CHAPTER 5

DISCUSSION

The stream restoration effort resulted in biological improvement within the fish
community. Improvement within the macroinvertebrate community cannot be
demonstrated because this was the first post-restoration data collected within the new
channel. Furthermore, data from the macroinvertebrate samples were not compared
because sampling in August 2009 was performed outside the sample index period.
Macroinvertebrate samples prior to restoration were deposited into the Branson Museum
at Eastern Kentucky University, but have not been assessed to date. Post-restoration
survey data showed an increase in abundance of blackside dace in the restored channel of
Mill Branch. The overall morphology of the restored channel changed considerably from
August 2009 through June 2010. The stream bed had become more firm with less impact
from sediment deposition. Pools, both upstream and downstream of the passable culvert,
had begun to fill in due to the accumulation of upstream sediment creating more suitable
habitat for blackside dace. Sedimentation had decreased in the riffles and shallow runs.
Banks also had more undercut sections with exposable rootwads than observed in
October 2009.

Capture rates recorded for fishes in the restored channel were considered to serve as
baseline information for future studies at Mill Branch. A comparison of pre- and post-
restoration data revealed a considerable increase in abundance of sunfishes in the restored
channel, especially L. auritus. Increased capture rates and increased L. auritus abundance

in the restored channel, below the new culvert, were likely due to several factors,
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including proximity of the restored channel to the Stinking Creek confluence and an
established beaver dam near the Stinking Creek confluence. Also, this section of the
channel was deeper and contained more suitable habitat for a number of species that were
not collected above the culvert, including rock bass, Ambloplites rupestris (Rafinesque),
yellow bullhead, Ameiurus natalis (Lesueur), brown bullhead, Ameiurus nebulosus
(Lesueur), northern hogsucker, Hypentelium nigricans (Lesueur), warmouth, Lepomis
gulosus (Cuvier), bluegill, Lepomis macrochirus (Rafinesque), longear sunfish, Lepomis
megalotis (Rafinesque), scarlet shiner, Lythrurus fasciolaris (Gilbert), largemouth bass,
Micropterus salmoides (Lacepéde), and golden shiner, Notemigonus crysoleucas
(Mitchill).

The presence of four age classes and high recruitment of blackside dace was evident
throughout the study (e.g. pre- and post restoration), with the exception of the 2006
sampling event. This was likely due to improvement of water quality, habitat conditions,
and perennial flow. Histograms for August 2009 through June 2010 showed unbalanced
age distributions of blackside dace, with low numbers of juveniles. The low number of
juveniles was expected due to the cautionary use of lower output voltage settings on the
backpack electroshocker, which tends to produce fewer juveniles due to the smaller size
(surface area) of younger individuals. Age-0 individuals captured during the June 2010
sampling of the restored channel, upstream of the new culvert, indicated that reproduction
was occurring within the new channel. Blackside dace was also utilizing restored
instream habitats such as rootwads, and intentionally placed log structures, especially in

areas upstream of the new culvert.
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The River Continuum Concept (Vannote et al. 1980) proposes that biotic
communities downstream take advantage of the processing inefficiencies of upstream
biotic communities. Macroinvertebrate communities in small order streams are comprised
mostly of collectors and shredders because of allochthonous inputs such as leaves and
woody debris (CPOM) via riparian vegetation. Ideally, riffle habitat is the predominate
habitat for macroinvertebrates in headwater steams; and therefore, offer the highest
potential diversity and abundance (KDOW 2002); therefore, macroinvertebrate
abundance and species richness may have been low within riffles areas of the new
channel. The cause of this may be due to how the riffles were constructed. These riffle
areas were constructed using large cobble and small boulders that were dumped into
piles, leaving very little, or no interstitial space for species that are typically found within
this type of habitat, including members belonging to Ephemeroptera, Plecoptera,
Trichoptera, and Diptera. However, the new channel is expected to change over time, and
move to a more natural state.

The sampling index period for macroinvertebrates in headwater streams is between
mid-February and early June (KDOW 2002). These sampling protocols were designed
and calibrated for seasonality. Only one sampling event, March 2010, was within the
sampling index period; and therefore, was used only to assess the biotic integrity of the
new channel for that particular time. The August 2009 macroinvertebrate data was
collected for the purpose of investigating the macroinvertebrate community at the time of
the connection of the new channel to the mainstem. Sometimes sampling outside of

sampling index periods is necessary in order to assess immediate impacts (in this case,
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restoration) by following USFWS guidelines or KDOW Standards and Specifications
Section for monitoring and assessing streams with federally listed species (KDOW 2002).
Large boulders were placed underground at the most upstream section of the restored
channel to divert runoff and groundwater seeps from a reclaimed mine into an adjacent
floodplain wetland. This is one reason for the decrease in conductivity since August
2008. The highest conductivity measure for Mill Branch, 271.1 pS/cm, was recorded in
the non-restored channel at an illegal dump site during that time. Perennial flow may
have also contributed to the decline in conductivity within the restored channel, diluting
groundwater seeps and runoff. The decrease in conductivity may have also influenced
blackside dace inhabitance in the new channel, especially since predictive models have
indicated the optimal conductivity value for healthy populations of blackside dace is less
than 240 puS/cm (Jones 2005, Black and Mattingly 2007). Dissolved Oxygen (mg/L) and
pH fell within the normal range to support aquatic life for all reaches, including those in
the new channel for all sampling events. Most aerobic organisms need dissolved oxygen
levels to be at least Smg/L. Dissolved Oxygen is typically at or near saturation in most
small order streams. Dissolved Oxygen and carbon dioxide are usually inversely related
due to photosynthesis and respiration. Carbon dioxide acts as an acid in freshwater and
can alter pH by forming carbonic acid. pH is highly dependent on vegetation and
geology. Limestone, like the cobble and boulders used to create the riffles within the new
channel, contains high concentrations of bicarbonate ions, resulting in alkaline waters.
Most streams have a pH between 6.5 and 8.5. Temperature and dissolved oxygen are also

inversely related. The slightly high temperatures recorded in the channel during August
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2009 and June 2010 was expected, especially since the riparian vegetation had not had
sufficient time to provide shade to this section of stream.

Rapid Habitat Assessment scores indicated that both the restored and non-restored
channels of Mill Branch are not supporting the aquatic life use designation. Reach 1:
Section 1 scored lower in March 2010 than it did in August 2009 primarily because of the
large deep pools created by beaver dams. Reach 1: Section 2 scored lower in August
2009 because of sediment deposition (embeddedness) issues, especially below the new
culvert. Embeddedness is a term used to describe the degree in which rocks or snags on
the stream bottom are covered or sunken into the silt, sand, mud or biofilms (KDOW
2002). Embeddedness decreases the amount of available surface area for
macroinvertebrates and fish for shelter, egg incubation, or to spawn. Scores for Reach 1:
Section 3 and Reach 2: Section 1 indicated an improvement in habitat from October 2009
to March 2010. Approximately 100m of Reach 2: Section 1 is located in the restored
channel. The other 100m is in the non-restored channel and is channelized. The
channelized section holds less than half the normal water flow during the low flow
months. This was observed in August 2009 and again in June 2010.

KIBI scores were consistent in the non-restored section of Mill Branch, with
exceptions of Reach 2: Sections 1 and 2. One hundred meters of Reach 1: Section 2 is
located in the non-restored section. This section of Reach 2: Section 1 is channelized with
very little in-stream habitat, especially during low flow months. As mention previously,
the lower portion of Reach 1: Section 1 could not sampled during March 2010 because of
a large pool created by a beaver dam. This could have contributed to the lower KIBI

score from October 2009 to March 2010. The decreased KIBI score for Reach 1: Section
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2 could be due to an increase in percentage of insectivores and a decrease in percentage
of tolerant individuals from October 2009 to March 2010. The decreased KIBI score for
Reach 1: Section 3 (upstream of the new culvert) from October 2009 to March 2010 may
partly be contributed to a decrease in total number of individuals (TNI) and percentage of
facultative headwater individuals. Blackside dace abundance decreased in this section of
stream from October 2009 to March 2010. Furthermore, the moderate increase in the
percentage of insectivores and tolerant individuals could have also contributed to the
decrease score for this section of Mill Branch.

One major difference in MBI scores from August 2009 to March 2010 is due to %
EPT abundance. March 2010, produced more EPT taxa than August 2009. Most taxa
within these orders are generally pollution sensitive, and their increased abundance is
indicative of increasing water quality and/or habitat conditions (KDOW 2002). Diversity
and abundance is expected to be higher within the sampling index period (mid-February
to early-June). Furthermore, the decrease in chironomids and oligochaetes for sites 1 and
3 may have contributed to an increased MBI score for March 2010. The decrease in
abundance of chironomids and oligochaetes is associated with increasing water quality
(KDOW 2002). August 2009 and March 2010 data only serve as baseline information for
future surveys or monitoring efforts at Mill Branch. August 2009 and March 2010 data
were not intended to be compared to one another because the difference in community
structure was likely due to differences in insect life cycles.

As the riparian vegetation matures and the riffles, runs, and pools become less
embedded, Mill Branch will provide more cover and food, creating suitable habitats for

EPT taxa, including shredders and collectors. This in turn will provide a more stable food
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source for other predator insects and fish, including blackside dace. Thus,
macroinvertebrate and fish communities are expected to improve as riparian vegetation
matures along the stream corridor and in-stream conditions improve (e.g. reduced
sediment deposition),

The October 2009 stepwise regression results indicated that creek chub abundance
contributed 50% of the variation in blackside dace abundance. This was likely due to the
high abundance of both species in shallow pool areas throughout sections where they
were collected. Both blackside dace and creek chub abundance was higher in shallow
pool areas than other areas during that time. It is possible that both species sought refuge
from the elevated temperatures. During March 2010 sampling, blackside dace individuals
were scattered throughout different habitat types (i.e. pool areas, run areas, and riffle
areas). Blackside dace and creek chub abundance, as well as temperatures were slightly
higher in the non-restored channel at that time. This could explain the positive correlation
between temperature and blackside dace abundance for the March 2010 stepwise
regression model.

The overall blackside dace population seems to be utilizing more habitat than
previously observed in March 2009. March 2009 was the first time blackside dace were
observed in the new channel. In June 2010, blackside dace were observed in sections of
Mill Branch over 300m downstream from where the newly constructed passable culvert
is located. This observation is an indication that the stream was gradually changing in a
positive direction that will hopefully benefit the blackside dace population. However, the
beaver population had moved upstream from March 2010 to June 2010, as more dams

were being constructed. This could be detrimental to the blackside dace population if they
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persist and create additional impounded reaches, thereby creating favorable conditions
for predatory fishes. As of June 2011, the beaver had been trapped and relocated, and the
lower reaches of Mill Branch were free-flowing (Michael Floyd, USFWS, 2010).

The Cumberland arrow darter could have been extirpated from Mill Branch,
especially since only one individual was collected from 2006-2010. There is an obvious
association between the Cumberland arrow darter and blackside dace in other tributaries
within the Cumberland River basin (Starnes and Starnes 1978, O’Bara 1990). The new
channel design, including instream habitat and flow modifications could allow for the re-
introduction of Cumberland arrow darters into Mill Branch, primarily because it is known
to co-occur with black dace throughout most of its range; and therefore, is susceptible to
the same threats.

Rapid human population growth within the Cumberland River basin and the
associated increase of natural resource extraction activities are the greatest threats to
blackside dace and other fishes that inhabit this drainage system. For Mill Branch, the
most immediate threat was an increasing beaver population. Thus, it is recommended that
the lower portion of Mill Branch be monitored frequently for beavers. It is also
recommended that long-term monitoring be done on both the fish and macroinvertebrate
communities of Mill Branch. Long-term monitoring can greatly improve our
understanding of blackside dace, and more importantly, the overall physical and chemical
dynamics of stream structure and function. Restoration requires knowledge of the
complex interactions within stream ecosystems. Furthermore, additional information is

needed on how these ecosystems react to the physical and chemical perturbations that act

37



within their watersheds. This knowledge will greatly determine the success of future

restoration projects.
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Table 1. Representative fish identified and enumerated by Michael Floyd, USFWS
within the Reach 1 of Mill Branch, Knox Co., KY. Data collected between 2006-2009
(pre- and post-restoration) but prior to eliminating old channel. (Note: New refers to
restored channel and old refers to old channel. New-above and New-below refers to
upstream and downstream of newly installed culvert).

Reach 1
Species 2006 2007 —ar-08 _ Nov-08 2009
Old New  New New-above New-below
Lampetra aepyptera 0 88 0 0 0 0 0
Campostoma anomalum 12 140 10 85 1 195
Cyprinella spiloptera 24 7 6 27 0 0 3
Luxilus chrysocephalus 80 62 5 39 0 0 28
Lythrurus fasciolaris 0 0 2 0 0 0 0
Notropis buccatus 0 2 0 1 0 0 1
Notropis rubellus 0 0 0 16 0 0 0
Pimnephales notatus 22 105 25 48 240 1 134
Chrosomus cumberlandensis 6 75 0 0 0 43 0
Chrosomus erythrogaster 0 11 0 0 0 2 1
Semotilus atromaculatus 123 478 1 2 7 76 20
Rhinichthys obtusus 1 2 0 0 0 0 0
Catastomus commersoni 2 13 0 0 169 77 44
Hypentelium nigricans 0 0 1 0 0 0 0
Ameiurus natalis 0 0 0 0 4 0 0
Lepomis auritus 14 42 4 9 95 0 37
Lepomis cyanellus 4 0 0 2 0 0 3
Lepomis gulosus 0 0 0 0 2 0 3
Lepomis macrochirus 3 0 0 0 26 0 21
Lepomis megalotis 0 0 0 0 3 0 0
Ambloplites rupestris 0 0 0 0 7 0 0
Micropterus salmoides 0 0 0 0 0 0 0
Micropterus punctulatus 0 0 0 0 26 0 13
Etheostoma caeruleum 2 38 1 19 28 6 107
Etheostoma kennicotti 7 56 5 4 5 25 21
Ethostoma sagitta sagitta 0 1 0 0 0 0 0
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Table 2. Representative fish identified and enumerated by
Michael Floyd, USFWS within Reach 2 of Mill Branch,
Knox Co., KY. Data collected between 2006-2009 (pre- and
post-restoration) but prior to eliminating old channel.

Reach 2

Species 2006 2007 2008 2009
Campostoma anomalum 5 1 0 2
Luxilus chrysocephalus 0 0 15 0
Pimnephales notatus 0 0 1 0
Chrosomus cumberlandensis 63 386 406 316
Chrosomus erythrogaster 1 13 28 20
Semotilus atromaculatus 118 726 209 429
Rhinichthys obtusus 0 0 0 0
Catastomus commersoni 16 23 9 19
Lepomis auritus 1 0 0 0
Lepomis cyanellus 1 0 0 0
Micropterus salmoides 1 0 0 0
Etheostoma caeruleum 0 0 0 1
Etheostoma kennicotti 18 50 1 18
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Table 3. Representative fish identified and enumerated by Michael Floyd, USFWS within
the upper non-restored reaches of Mill Branch, Knox Co., KY. Data collected between
2006-2009 (pre- and post-restoration) but prior to eliminating old channel.

Reach 3 Reach 4
Species 2006 2007 2008 2009 | 2006 2007 2008 2009
Pimephales notatus 0 0 0 7 0 0 0 0
Chrosomus cumberlandensis 7 64 0 44 0 0 0 0
Chrosomus erythrogaster 1 0 0 9 0 0 0 0
Semotilus atromaculatus 112 257 7 439 49 19 0 1
Catastomus commersoni 0 5 0 0 0 0 0 0
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Table 4. Fish Sampling Sites in August 2009 through June 2010 in Mill Branch, Knox
Co., KY, indicating a total of 3 reaches, each 600 meters in length, Each 600 meter reach
has 3 sections within, measuring 200 meters each. Reach 1 begins at the confluence of
Mill Branch and Stinking Creek.

Reach : Section Latitude Longitude
Reach 1: Section 1 N 36.8733 W -83.7323
Reach 1: Section 2 N 36.8722 W -83.7309
Reach 1: Section 3 N 36.8706 W -83.7305
Reach 2: Section 1 N 36.8692 W -83.7295
Reach 2: Section 2 N 36.8676 W -83.7289
Reach 2: Section 3 N 36.8663 W -83.7276
Reach 3: Section 1 N 36.8653 W -83.7259
Reach 3: Section 2 N 36.8651 W -83.7237
Reach 3: Section 3 N 36.8647 W -83.7218
Reach 3: Section 4 N 36.8648 W -83.7201
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Table 5. Macroinvertebrate Sampling Sites in August 2009 and March-April
2010 in Mill Branch, Knox Co., KY. (Note: All macroinvertebrate collection
sites are located within the restored section. Site 1 is located within the first 100
meters from the mouth of Stinking Creek. Site 2 is located within 100 meters
downstream of Mill Branch Rd. Site 3 is located within 100 meters upstream
from Mill Branch Rd.)

Site # Latitude Longitude
N 36.872625 W 83.731753
N 36.870522 W 83.730467
3 N 36.869783 W 83.729989
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Table 6. Representative fish within the restored section
of Mill Branch, Knox Co., KY. Data collected August 18-
22, 2009 after connection of new channel to main stem.

Species Below Culvert Above Culvert
Ambloplites rupestris 7 0
Ameiurus nebulosus 1 0
Campostoma anomalum 68 47
Catastomus commersoni 141 45
Chrosomus cumberlandensis 2 132
Etheostoma caeruleum 8 4
Etheostoma kennicotti 9 9
Hypentelium nigricans 1 0
Lepomis auritus 178 30
Lepomis cyanellus 2 1
Lepomis gulosus 2 0
Lepomis macrochirus 33 3
Lepomis megalotis 1 6
Luxilus chrysocephalus 13 0
Micropterus punctulatus 3 0
Micropterus salmoides 7 0
Notemigonus crysoleucas 11 0
Notropis buccatus 5 0
Pimephales notatus 402 53
Semotilus atromaculatus 114 96
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Table 10. Capture rates (fish/minute) for all fish species.
Note: (-) indicates the section was not sampled. R1: S3
was divided into two 100 meter sections, indicated as BC
(below culvert) and AC (above culvert). For June 2010,
R1: S3 was combined into 200 meters.

Reach (R): ) (ober 2009 March 2010 June 2010

Section (S)
R1:S1 9.88 7.55 6.50
R1:S2 11.37 3.86 3.46
R1: S3 (BC) 14.88 13.96
R1: S3 (AC) 17.30 5.94 010
R2: S1 9.18 5.77 -
R2: S2 13.55 4.76 -
R2: S3 8.83 6.77 -
R3: S1 6.58 2.84 -
R3: S2 5.95 6.90 -
R3: S3 5.19 4.87 -
R3: S4 7.76 - -
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Table 11. Blackside dace capture rates in the new channel. (Note: BC =
below new culvert, AC = above new culvert. Reach 1: Section 3 was
divided into 100 meter reaches, 100 meters BC and 100 meters AC. R =

Reach : S = Section.)
Capture Rates (blackside Dace/minute)

Sampling Date | RI1 :S2 R1: S3 (BC) R1:S3(AC) | R2:SI1
Oct/Nov 2009 0.00 0.27 5.68 0.00
Mar/Apr 2010 0.00 0.75 1.26 2.02
June 2010 0.02 0.71 N/A
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Table 13. Mean conductivity, temperature, dissolved oxygen, and pH
for the restored channel of Mill Branch, Knox County, Kentucky.
(Note: August 2008 (N = 6; + = Standard Deviation); August 2009 (N =

3; + = Standard Deviation); October 2009 (N = 4; + = Standard

Deviation); March 2010 (N = 4; + = Standard Deviation); June 2010 (N =

3; + = Standard Deviation).

Date Conductivity Tempoerature D(i)s;;;‘e’fld pH
(1S) 0) P
August 2008 235.12 22 22.18£2 - -
August 2009 158.27 £27 21.07 £1 - 7.61 £0.3
October 2009 143.00 £10 16.39 £1 10.69 £3 7.81 £0.8
March 2010 75.90 £10 12.73 +4 11.15£2 7.02 £0.7
June 2010 144.53 +5 23.10 %1 8.31+0.2 7.45 £0.1
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Table 14. Rapid Habitat Assessment scores for Mill Branch, Knox
Co., KY, for all reaches. Sampled October 2009 and March 2010.

Reach: Section Date capid Habitat
Assessment Score

_ 10/9/09 99

Reach 1: Section 1
3/27/10 84
_ 10/9/09 113
Reach 1: Section 2 3/22/10 123
_ 10/12/09 124
Reach 1: Section 3 4/1/10 127
. 10/12/09 109
Reach 2: Section 1 4/6/10 114

10/1 12

Reach 2: Section 2 013109 :
4/6/10 125
. 10/27/09 129

Reach 2: Section 3
4/15/10 127
. 10/27/09 129

Reach 3: Section 1
4/15/10 133
. 11/4/09 132

Reach 3: Section 2
4/15/10 132
e S 11/4/09 123
cach 5z section 4/15/10 129
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Table 17. Combined discharge (riffle, run, pool) of each 200 meter section,
indicating date and corresponding reach and section.

Reach: Section Date Discharge (m’/s)
. 10/9/09 0.090 £0.132
Reach 1: Section 1 3/27/10 0.200+0.117
10/9/09 0.051 £0.20
Reach 1: Section 2 3/22/10 0.079 +0.041
6/4/10 0.161 +0.062
10/12/09 0.096 +0.054
Reach 1: Section 3 4/1/10 0.236 +0.047
6/4/10 0.312 +0.005
10/12/09 0.014 +0.005
Reach 2: Section 1 4/6/10 0.178 £0.016
6/4/10 0.098 +0.105
. 10/13/09 0.045 +0.041
Reach 2: Section 2 4/6/10 0.066 +0.040
. 10/27/09 0.026 +0.021
Reach 2: Section 3 4/15/10 0.159 +0.028
. 10/27/09 0.015 £0.009
Reach 3: Section 1 4/15/10 0.056 +0.015
. 11/4/09 0.069 £0.079
Reach 3: Section 2 4/15/10 0.071 £0.022
. 11/4/09 0.055 +0.030
Reach 3: Section 3 4/15/10 0.089 +0.033
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APPENDIX B: FIGURES
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Blackside Dace Size-Frequency Histogram
Mill Branch, February 16, 2006
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Figure 1. Blackside dace (Chrosomus cumberlandensis) length-frequency
histogram, Mill Branch, February 16, 2006 (Figure courtesy of Mike Floyd,
USFWS). A total of 76 individuals were collected.
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Blackside Dace Size-Frequency Histogram
Mill Branch, March 22, 2007
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Figure 2. Blackside dace (Chrosomus cumberlandensis) length-frequency
histogram, Mill Branch, March 22, 2007 (Figure courtesy of Mike Floyd,
USFWS). A total of 525 individuals were collected.
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Blackside Dace Size-Frequency Histogram
Mill Branch, March 13, 2008
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Figure 3. Blackside dace (Chrosomus cumberlandensis) length-frequency
histogram, Mill Branch, March 13, 2008 (Figure courtesy of Mike Floyd,
USFWS). A total of 406 individuals were collected.
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Figure 4. Blackside dace (Chrosomus cumberlandensis) length-frequency

Blackside Dace Size-Frequency Histogram

Mill Branch, March 6, 2009
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histogram, Mill Branch, March 6, 2009 (Figure courtesy of Mike Floyd,

USFWS). A total of 397 individuals were collected.
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Stinking Creek
inking Cree -
Mill Branch ¥

Figure 5. Map of Mill Branch, Knox County, Kentucky Note: Mill Branch is a
small headwater tributary to Stinking Creek. Stinking Creek is indicated by the
black arrow and Mill Branch is indicated by the red star.

72



Stinking Creek

— Reach 1 (Sections 1, 2, 3)

Restored

____— Reach2 (Sections 1, 2, 3)

Non-restored

- Reach 3
(Sections 1, 2, 3, 4)

Figure 6. Defined reaches (indicated by yellow braces) and sections (indicated by
red lines) of Mill Branch, Knox County, Kentucky, post-restoration and following
connection of the new channel to the mainstem.
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Blackside Dace Size-Length Histogram
Mill Branch, August 18-22, 2009
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Figure 7. Blackside dace (Chrosomus cumberlandensis) length-frequency
histogram for August 2009. Note: only includes restored channel. A total of
134 individuals were collected.
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