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1.0 INTRODUCTION 
 
As part of the Municipal Separate Storm Sewer System (MS4) Small Municipal NPDES permit 
for Spring Hill, issued by the Tennessee Department of Environment and Conservation (TDEC), 
the city is required to perform benthic macroinvertebrate surveys in streams identified by TDEC 
as waters with unavailable parameters for siltation, habitat alteration, nutrients, and/or pathogens 
within a five-year permit cycle. There are four (4) stream locations within the cities MS4 
jurisdiction that require benthic macroinvertebrate sampling: Grassy Branch, McCutcheon Creek, 
Rutherford Creek, and Crooked Creek. Sampling locations are identified on Figure 1. All sampling 
locations are located in the Lower Duck River (HUC-8 – 06040003). The sampling locations are 
all located within the Level IV Ecoregion 71i – Inner Nashville Basin. Sampling locations were 
chosen based on known TDEC water quality assessment monitoring sites located within Spring 
Hill City Limits.   
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2.0 METHODS 
 
2.1 FIELD 

Four benthic macroinvertebrate samples were collected on April 17, 2020 in accordance with the 
2017 TDEC Quality Stream Standard Operating Procedure for Macroinvertebrates Stream 
Surveys (SOP). In each sampling reach (site), a square meter net (500-µm mesh) was used to 
collect approximately one square meter of material from two locations in riffle habitat (SQKICK). 
The two samples were then composited. For smaller streams, four kick samples were collected 
using a modified one-person kick net, having a 500 µm mesh. The four samples were then 
composited. All samples in this survey were collected with a 1𝑚𝑚2 net. The combined material 
collected at each site was emptied into a labeled heavy-duty plastic bag, and fixed with 80 percent 
ethanol. Appendix A contains photos of upstream and downstream views of each site. 
 
In conjunction with the benthic macroinvertebrate sampling, habitat assessments were performed 
at each site, following the procedures outlined in the SOP. Parameters such as substratum, 
embeddedness, velocity, depth, bank characteristics, and land use were assessed and rated to 
determine if, and to what extent, the habitat is capable of supporting a diverse benthic community. 
Other site characteristics such as sketches of the site, important features, weather, sampling 
personnel, methods, and other aquatic life were recorded on TDEC’s field data sheets. In-situ water 
quality measurements were taken for dissolved oxygen, pH, conductivity, and temperature using 
a YSI Professional Plus portable meter. Water velocity and depth at each specific sampling site 
were measured using a Marsh-McBirney flow meter. All meters were calibrated prior to field use. 
All data, including habitat assessments and sketches of each site, can be found in Appendix B. 
 
2.2 LABORATORY 

Each sample was washed using a U.S. Series No. 35 (500 µm mesh) sieve to remove ethanol and 
excess detritus. The samples contained a large amount of material (detritus and organisms) and 
were, therefore, subsampled using the Caton (1991) method recommended by the SOP. This 
procedure consists of dividing a given sample into 30 equal portions (termed grids) using a 
specified subsampling device, then sorting at least four of these grids (which have been randomly 
selected) to obtain 200±20 percent (160-240) organisms. If sorting a grid had been started, it was 
finished in its entirety. The benthic organisms removed from the sample were placed by major 
groupings (e.g., mayflies, worms, snails) into glass vials containing 70 percent ethanol. Each vial 
was labeled with information such as date of collection, location, specific sample identification, 
name of taxonomic group and number of organisms. The residue from the sorted portion of a 
sample was preserved separately from the portion that was not sorted for quality assurance/control 
purposes. Organisms were identified using either a dissecting or compound microscope. The 
compound microscope was used for identifying chironomids (midgefly larvae) and oligochaetes 
(aquatic segmented worms) after these organisms were mounted on microscope slides using 
CMCP mounting medium. Most organisms were identified to the generic level, unless the 
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specimens were too small or damaged to allow identification to this level. Identifications were 
recorded on laboratory bench sheets. The benthic laboratory data can be found in Appendix C.  
  
2.3 DATA ANALYSIS 

When identifications were complete, the raw benthic data were used to calculate values for seven 
individual metrics. The following metrics are required by the SOP and are all based on generic 
level identifications: 
 

1. TR (Taxa Richness) – total number of distinct taxa identified. 
 

2. EPT (Ephemeroptera Plecoptera Trichoptera) Richness – total number of genera of 
mayflies (Ephemeroptera), stoneflies (Plecoptera), and caddisflies (Trichoptera). 
 

3. %EPT-Cheum (EPT abundance excluding Cheumatopsyche sp.) – total number of 
individuals of EPT taxa minus number of Cheumatopsyche sp., divided by the total 
number of individuals in the sample. 
 

4. %OC (Percent Oligochaeta and Chironomidae) – total number of individuals in these 
two groups, divided by total number of individuals in the sample. 
 

5. NCBI (North Carolina Biotic Index) – calculated as NCBI = ∑ 𝑥𝑥𝑖𝑖 𝑡𝑡𝑖𝑖
𝑁𝑁

 where: 
 
xi = number of individuals in a taxon 

ti = tolerance value of a taxon 

N = total number of individuals in sample that have an assigned tolerance value 
 

6. %Clingers-Cheum (Percent Clingers excluding Cheumatospyche sp.) – total number 
of individuals that build fixed retreats (or have adaptations to attach to surfaces in 
flowing water) excluding Cheumatospche sp., divided by the total number of 
individuals in the sample. 

 
7. %TNUTOL (Percent TN Nutrient Tolerant Organisms) – total number of Tennessee 

nutrient tolerant organisms divided by the total number of organisms in the sample. 
The Tennessee nutrient tolerant organisms include Cheumatopsyche, Stenelmis, 
Polypedilum, Cricotopus, Cricotopus/Orthocladius, Lirceus, Caenis, Elimia, Nais, 
Dero, and undetermined (immature) tubificids. 

 
Upon completion of the individual metric calculations, each metric is assigned a score of 0, 2, 4, 
or 6 based on comparison to the ecoregion reference database which is separated based on 
ecoregion, sampling period, and drainage area. The resulting total of all metric scores is the 
Tennessee Macroinvertebrate Index (TMI) score (TDEC 2017). The drainage area for all streams 
at the sampling locations, is >2.5 square miles. 
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3.0 RESULTS 
 
Measurements of in-situ water quality parameters, flow, and habitat assessment are presented in 
Table 1 below. 
 

Table 1. In-situ Water Quality Monitoring and Habitat Assessment 
Spring Hill, TN 

Site Grassy Branch 
(GRASS001.4WI) 

McCutcheon Creek 
(MCCUT000.1MY) 

Rutherford Creek 
(RUTHE019.3MY) 

Crooked Creek 
(CROOK000.2MY) 

pH (su) 7.66 7.90 7.89 7.68 
Conductivity 

(µS/cm) 
367.9 306.2 315.2 377.4 

Temperature 
(oC) 13.5 13.2 13.9 15.0 

Dissolved 
Oxygen 
(mg/L) 

9.69 11.50 9.26 12.4 

Flow (cfs) 3.26 11.85 48.47 0.82 
Habitat 

Assessment 106 85 65 99 

Turbidity 
(NTU) 5.86 5.12 6.79 9.87 

 
In-Situ water quality parameters give a general sense of water quality at each of the benthic 
sampling locations. The pH ranged from 7.66 to 7.90 with Grassy Branch having the lowest (7.66) 
and McCutcheon Creek having the highest pH (7.90). The normal range for pH in freshwater 
streams is 6.5 to 8.5. Conductivity is the ability of water to carry an electric current and indicates 
the physical presence of dissolved electrolyte ions in the water. The conductivity readings ranged 
from 306.2 to 377.4 with Crooked Creek having the highest conductivity reading of 377.4. The 
ideal range of conductivity in freshwater streams to support diverse aquatic life is between 150 to 
500 µS/cm (River Watch Network 1997). Conductivity readings higher than 500 µS/cm could 
indicate an elevated presence of chemicals in the water. Dissolved oxygen refers to the level of 
free oxygen in the stream. Aquatic life depends on dissolved oxygen to survive. The dissolved 
oxygen (mg/L) levels in the sampled streams ranged from 9.26 (Rutherford Creek) to 11.50 
(McCutcheon Creek). Dissolved oxygen is produced primarily by agitation (riffles) of water and 
plant photosynthesis. There are three main factors that can be attributed to the higher dissolved 
oxygen numbers: lower water temperature, excessive algae, and the time of day in which the 
samples were taken. Likewise, factors causing lower dissolved oxygen numbers can be related to 
higher water temperatures and low flow or lack of agitation (riffles). Dissolved oxygen fluctuates 
daily and seasonally based on water temperature and photosynthetic activity of aquatic plants. 
Samples taken later in the day in streams with excessive algae can have higher dissolved oxygen 



 

 -5- Benthic Macroinvertebrate Survey 2020 
CEC Project 194-523  August 2020 

than samples taken early in the day. Colder water temperatures also increases the water’s capacity 
for dissolved oxygen.   
 
Results from the calculations of the biological measures are presented in Table 2, with the 
corresponding individual metric and TMI scores shown in Table 3. 
 

Table 2. Values for Biological Measures 
Spring Hill, TN 

Site Grassy Branch 
(GRASS001.4WI) 

McCutcheon Creek 
(MCCUT000.1MY) 

Rutherford Creek 
(RUTHE019.3MY) 

Crooked Creek 
(CROOK000.2MY) 

Total # of 
individuals 189 194 180 215 

Taxa Richness 27 27 22 26 

EPT Richness 3 4 4 5 
Percent 
EPT- 

Cheumatopsyche 
6.35 7.73 36.67 27.91 

Percent 
Oligochaeta/ 

Chironomidae 
60.85 71.13 31.11 14.42 

NC Biotic Index 4.80 5.35 5.18 4.95 

Percent 
Clingers-

Cheumatopsyche 
20.63 40.21 31.11 53.49 

Percent Nutrient 
Tolerant 36.51 41.75 35.56 49.77 

 
The total number of individuals identified ranged from 180 to 215 organisms. A total of 55 taxa 
were identified from the samples with a range of 22 to 27 taxa per sample. Eighteen taxa were 
categorized as intolerant (tolerance values < 4.51) and seven taxa were categorized as tolerant 
(tolerance values > 7.50); those between these two values are considered facultative. Tolerance 
values ranged from 1 (Rhyacophila sp) to 10 (Tubificinae w.o.h.c.), and there were 14 taxa 
classified as clingers. A phylogenetic list of taxa identified from the benthic samples is provided 
in Appendix C. 
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The values for Taxa Richness ranged from 22 to 27, resulting in TMI scores ranging from 4 to 6, 
with Rutherford Creek  having the lowest number of taxa (22) resulting in a metric score of 4. EPT 
Richness values ranged from 3 to 5, resulting in TMI scores of 2 for all sampling sites. Percent 
EPT-Cheumatopsyche values ranges from 0-6 with Grassy Branch and McCutcheon Creek having 
the lowest value and Rutherford Creek having the highest value (6). Sampling locations scores 
ranged for Percent Oligochaeta + Chironomidae from 2-6. Grassy Branch and McCutcheon Creek 
had a TMI score of 2 and Rutherford Creek and Crooked Creek had a TMI score of 6. The NC 
Biotic Index had metric scores of 6 for all sampling locations. Percent of Clingers ranged from 
20.63-53.49, resulting in TMI metric scores ranging from 2-6, with Grassy Branch having the 
lowest score of 2 and Crooked Creek having the highest score of 6. Percent nutrient tolerant ranged 
from 36.51 to 49.77, resulting in TMI scores of 4-6 with Crooked Creek having the lowest score 
and all other locations receiving a score of 6. 
 
 
 

Table 3. Biological Measure Scores (TMI scores) 
Spring Hill, TN 

Site Grassy Branch 
(GRASS001.4WI) 

McCutcheon Creek 
(MCCUT000.1MY) 

Rutherford Creek 
(RUTHE019.3MY) 

Crooked Creek 
(CROOK000.2MY) 

Drainage Area at  
Sampling Site 
(square miles) 

2.51 11.41 39.41 2.99 

Bioregion 71i 71i 71i 71i 

Taxa Richness 6 6 4 6 

EPT Richness 2 2 2 2 
Percent 
EPT- 

Cheumatopsyche 
0 0 6 4 

Percent 
Oligochaeta/ 

Chironomidae 
2 2 6 6 

NC Biotic Index 6 6 6 6 

Percent 
Clingers-

Cheumatopsyche 
2 4 4 6 

Percent Nutrient 
Tolerant 6 6 6 4 

Total (TMI) 24 26 34 34 
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A determination of biological condition is determined from the TMI bio-criteria scores as follows: 
 

• >32 – Non-impaired (Supporting) 
• 21-31 – Slightly impaired (Partially Supporting) 
• 10-20 – Moderately impaired (Partially Supporting) 
• <10 – Severely impaired (Non-supporting) 

 
The target TMI score for the bioregion evaluated (71i) is 32, which indicates no impairment. Two 
sites Grassy Branch and McCutcheon Creek fell into the 21-31 category of slightly impaired 
(Partially Supporting). The other sites at Rutherford Creek and Crooked Creek both had total TMI 
scores of 34 making them Non-impaired (Supporting). Grassy Branch was the smallest stream and 
flowed along a residential area, which could be the case for the lower score. All sampling locations 
were heavily impacted by residential areas or golf courses. All streams lacked adequate buffers in 
the areas sampled. However, having such a large watershed masks these impacts which are not as 
evident to the overall stream health.  
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Photo 1: View of Grassy Branch looking downstream. 

Photo 2:Grassy Branch sampling location looking upstream. 



Photo Summary: Spring Hill MS4 Benthic Survey: CEC Project # 194-523 
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Photo 3: View looking upstream of McCutcheon Creek.. 

Photo 4: View looking downstream of McCutcheon Creek. 
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Photo 5: View looking downstream of Rutherford Creek. 

Photo 6: Rutherford Creek sampling location looking  upstream. 
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Photo 7: View looking upstream of Crooked Creek. 

Photo 8: Crooked Creek looking upstream. 
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CEC, SPRINGHILL, MAURY COUNTY, TN, BENTHIC MACROINVERTEBRATES COLLECTED 4/17/2020.

PAI ID NO 53717 53718 53719 53720

STATION GRASS001.4WI MCCUT00.1M4 RUTHE019.3M4 CROOK000.2M4

DATE 4/17/2020 4/17/2020 4/17/2020 4/17/2020

FRACTION 1/24 1/32 1/20 1/3

SPECIES T.V. F.F.G. CL

PLATYHELMINTHES
 Turbellaria P
   Tricladida P
    Planariidae 6.3 O
     Girardia sp. 7.1 P 2

MOLLUSCA
 Gastropoda
   Mesogastropoda
    Pleuroceridae 6
     Elimia sp. 2.7 SC 11 9 26

   Basommatophora
    Ancylidae 6.6 SC
     Ferrissia sp. 6.6 SC 2

    Physidae 8.7
     Physella sp. 8.8 CG 5

    Planorbidae 7.1 SC
     Menetus sp. 7.6 SC 3

ANNELIDA
 Clitellata
 Oligochaeta 8 CG
   Tubificida
    Enchytraeidae 9.8 CG 1

    Naididae CG
    Naidinae 8 CG
     Nais sp. 8.7 CG 1

    Tubificinae w.o.h.c. 10 CG 1

ARTHROPODA
 Arachnoidea
   Acariformes 5.5 2

    Lebertiidae 5.5
     Lebertia sp. 5.5 1

    Sperchontidae 5.5
     Sperchon sp. 5.5 2 5 12

 Crustacea
   Isopoda 7.4
    Asellidae 7.9 SH
     Lirceus sp. 7.4 CG 13 4 2 4

   Amphipoda 7.2 CG
    Crangonyctidae 7.2
     Crangonyx sp. 7.2 CG 3

   Decapoda 6
    Cambaridae 6
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CEC, SPRINGHILL, MAURY COUNTY, TN, BENTHIC MACROINVERTEBRATES COLLECTED 4/17/2020.

PAI ID NO 53717 53718 53719 53720

STATION GRASS001.4WI MCCUT00.1M4 RUTHE019.3M4 CROOK000.2M4

DATE 4/17/2020 4/17/2020 4/17/2020 4/17/2020

FRACTION 1/24 1/32 1/20 1/3

SPECIES T.V. F.F.G. CL

     Faxonius sp. 2.7 SH 1 1 3

 Insecta
   Ephemeroptera
    Baetidae 6 CG 12

     Acentrella sp. 2.5 CG 10

     Baetis sp. 6 CG 9

     Plauditus sp. 4 CG 6 45

    Caenidae 6 CG
     Caenis sp. 6.8 CG 8 12

   Plecoptera
    Perlidae 2 P CL
     Perlesta sp. 2.9 P CL 11

    Perlodidae 2.2 P CL
     Isoperla sp. 3.2 P CL 1

   Trichoptera
    Hydropsychidae 4.1 FC CL 35

     Cheumatopsyche sp. 6.6 FC CL 5 6 3

    Philopotamidae 2.2 FC CL
     Chimarra sp. 3.3 FC CL 2 1

    Rhyacophilidae 1 P CL
     Rhyacophila sp. 1 P CL 1

   Coleoptera
    Elmidae 4.41 CG CL 1

     Optioservus sp. 2.1 SC CL 1

     Stenelmis sp. 5.60 SC CL 7 12 26 59

    Psephenidae 3.3 SC CL
     Psephenus sp. 2.3 SC CL 2 2

   Diptera
    Ceratopogonidae 6.8 P 5

    Chironomidae
     Brillia sp. 5.7 SH 1

     Conchapelopia sp. 8.4 P 2 1

     Cricotopus sp. 7.44 CG CL 9 39 11 3

     Dicrotendipes sp. 7.2 CG 1 1 4

     Eukiefferiella devonica gp. 3.45 CG 3 12 8

     Hydrobaenus sp. 9.2 SC 1

     Micropsectra sp. 2.4 CG 7

     Microtendipes sp. 4.6 CG CL 19

     Orthocladius sp. 4.4 CG 2 6 12 1

     Parametriocnemus sp. 3.9 CG 52 24 7 8

     Phaenopsectra sp. 6.85 SC CL 1

     Polypedilum sp. 6.1 SH 22 3 7 7
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CEC, SPRINGHILL, MAURY COUNTY, TN, BENTHIC MACROINVERTEBRATES COLLECTED 4/17/2020.

PAI ID NO 53717 53718 53719 53720

STATION GRASS001.4WI MCCUT00.1M4 RUTHE019.3M4 CROOK000.2M4

DATE 4/17/2020 4/17/2020 4/17/2020 4/17/2020

FRACTION 1/24 1/32 1/20 1/3

SPECIES T.V. F.F.G. CL

     Potthastia sp. 5.4 CG 2 1

     Rheocricotopus sp. 4.7 CG 2 2

     Rheotanytarsus sp. 6.5 FC CL 2 4 4

     Stempellinella sp. 5.6 CG 1

     Stictochironomus sp. 5.4 CG 9 1

     Sublettea sp. 1.4 6 1

     Tanytarsus sp. 6.6 FC 11 1

     Tvetenia sp. 3.55 CG 9 1 2 4

    Empididae 7.6 P 5

     Hemerodromia sp. 6 P 3

    Muscidae 5.3 1

    Pericomanini 1

    Simuliidae 4.7 FC CL
     Simulium sp. 4.9 FC CL 17 13 5

TOTAL NO. OF ORGANISMS 189 194 180 215

TOTAL NO. OF TAXA 27 27 22 26
aTOTAL NO. OF TAXA 26 27 22 26

EPT 3 4 4 5

%OC 60.85% 71.13% 31.11% 14.42%

%EPT-CHEUM 6.35% 7.73% 36.67% 27.91%

NCBI 4.80 5.35 5.18 4.95

%TNUTOL 36.51% 41.75% 35.56% 49.77%

% CLINGERS-CHEUM 20.63% 40.21% 31.11% 53.49%

6 6 4 6

EPT 2 2 2 2

%OC 2 2 6 6

%EPT-CHEUM 0 0 6 4

NCBI 6 6 6 6

%TNUTOL 6 6 6 4

% CLINGERS-CHEUM 2 4 4 6
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CEC, SPRINGHILL, MAURY COUNTY, TN, BENTHIC MACROINVERTEBRATES COLLECTED 4/17/2020.

A117Cell:

a Organisms identified to order, family and subfamily are not included in total taxa or EPT counts (marked in bold) if an Comment:

organism is identified to genera under that order, family or subfamily unless it exhibits characteristics indicating it is not 

one of the genera listed.
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