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Abstract 
 
Biological assessments, in conjunction with habitat surveys, provide a time-integrated 

evaluation of water quality conditions.  Biological and habitat assessments for fish were 

conducted on 3 stream segments in and around Calhoun, Gordon County, Georgia on 

October 3 and 5, 2017.  Fish, physical habitat, and water chemistry data were evaluated 

according to Georgia Department of Natural Resources (GADNR), Wildlife Resources 

Division (WRD) – Fisheries Section protocol entitled “Standard Operating Procedures 

for Conducting Biomonitoring on Fish Communities in Wadeable Streams in Georgia”.  

All of the water quality parameters at all sites were within the typical ranges for streams 

although conductivity was somewhat high across the sites.  Fish habitat scores ranged 

from 80 (Tributary to Oothkalooga Creek) to 132.7 (Oothkalooga Creek).  Native fish 

species richness ranged from 6 species (Tributary to Oothkalooga Creek) to 17 

(Oothkalooga and Lynn Creeks).  Index of biotic integrity (IBI) scores ranged from 16 

(Tributary to Oothkalooga Creek; “Very Poor”) to 34 (Lynn Creek; “Fair”).  Overall, the 

results demonstrate that Oothkalooga and Lynn Creeks are in fair condition whereas the 

Tributary to Oothkalooga Creek is highly impaired.  Although the data are only a 

snapshot of stream conditions during the sampling events, they provide a biological 

characterization from which to evaluate the effect of future changes in water quality and 

watershed management in Calhoun.  We recommend continued monitoring of stream 

sites throughout the area to ensure that the future ecological health of Calhoun’s water 

resources is maintained.  

 

 

 

 

 

 

 

 

 



 

Introduction  
 Biotic assessments incorporate physical, chemical, and biological components of 

stream health, providing a time-integrated evaluation of stream and riparian ecological 

conditions.  Unlike other methods of assessment, biological surveys can detect the 

cumulative effects of activities within the watershed, targeting multiple stressors and 

pollutants.  As such, these assessments are useful for analyzing watershed conditions 

and can lead to suggestions for management practices that can maintain and improve 

the health of a watershed. 
 The Georgia Department of Natural Resources (GADNR) Wildlife Resources 

Division (WRD) – Fisheries Section has developed protocols for long-term biological 

monitoring to provide standardization and guidance for conducting biological 

assessments for wadeable streams throughout the state (GADNR 2005a).  These 

protocols include procedures used to evaluate:  1) physical, chemical, and habitat 

conditions, and 2) fish community structure.  Biological monitoring tasks include:   
1. In situ water quality measurements – physicochemical water quality parameters; 

2. Habitat assessment – visual evaluation of stream morphology and quantification 

of available required habitat for aquatic organisms; 

3. Fish community assessment – The Index of Biotic Integrity (IBI) is used to assess 

the health of fish communities based on functional and compositional 

components of populations.  Fish data were evaluated using the IBI created by 

the GADNR-WRD Fisheries Section Stream Assessment Team (2005a, 2005b). 

 

Study Sites 
 Biological sampling was conducted at 3 stream sites in Calhoun, Gordon County, 

Georgia (Fig. 1).  All 3 creeks are located in the Southern Shale Valleys Level IV 

Ecoregion (67g) of the Ridge and Valley Physiographic Province (Griffith et al. 2001).  

Tributary to Oothkalooga Creek (Site Calhoun 2) and Lynn Creek (Site Calhoun 3) are 

direct tributaries to Oothkalooga Creek.  Oothkalooga Creek (Site Calhoun 8) is a direct 

tributary to the Oostanaula River.  All of these creeks are part of the Coosa River 

system.  Tributary to Oothkalooga Creek and Lynn Creek are considered small 



wadeable streams because the drainage area upstream of the sampling point on each 

creek is <15 mi2 (Table 1; GADNR 2005a); Oothkalooga Creek is considered a large 

wadeable stream at the sampling point because its upstream drainage basin is >15 mi2 

(Table 1).   

 

1)  Calhoun 2: Tributary to Oothkalooga Creek at South River St – This site (hereafter 

called TOC) lies just within the south-central portion of the Calhoun city limits (Fig 1.).  

The upstream watershed is composed of residential, commercial, and industrial areas.  

Just upstream of South River St, the creek has been diverted around a paving company 

(~5 acres in size) which contains what appears to be multiple piles of raw materials 

used to make asphalt.  The stream is impounded by beavers directly above South River 

St.  The riparian areas adjacent to the study reach were natural but covered with a light-

gray dusty material.   

 The survey reach began about 100-ft upstream of the confluence with 

Oothkalooga Creek.  There were no true pools as defined by GADNR (2005a) (>0.5 m 

deep), but there was one area very close (0.47 m) that we thought was functioning as a 

pool.  There were no riffles within the sample reach.  The substrate was comprised of 

gravel, hardpan clay, and silt.  The banks were very steep and essentially bare 

suggesting there are flashy stream flows in this creek.  Common riparian trees included 

Box Elder (Acer negundo), Silver Maple (A. saccharinum), and Sugarberry (Celtis 

laevigata).  There was a thick Chinese Privet understory (Ligustrum sinense) with 

occasional River Cane (Giant Cane; Arundinaria gigantea).    

 This stream is included on the Draft 2016 Integrated 305(b)/303(d) List for not 

supporting its designated use of fishing (Appendix 6).  This listing was based on data 

from the DNR-EPD, Watershed Compliance Program (Municipal), and the cited 

potential cause was Fecal Coliform bacteria (FC) from urban runoff (UR).  A total 

maximum daily load (TMDL) for FC was created for this stream in 2004 (GAEPD 2016). 

 

2)  Calhoun 3: Lynn Creek at US 41 – This site is in the southern-most portion of the 

Calhoun city limits, about 5 miles south of the city center (Fig. 1).  The creek arises 

southeast of Calhoun and flows generally in a westward direction.  It passes beneath I-



75 and then beneath US 41 and meets Oothkalooga Creek about 1200-ft downstream 

of US 41.  The primary land use surrounding the sampling reach and upstream for 1 – 

1.5 mi, is pasture and natural habitats.   

 The survey reach began about 300-ft upstream of US 41.  There were 5 pools 

and 2 riffles in the survey reach.  The substrate was largely coarse sand but there was 

some gravel and occasional bedrock; silt was accumulating in slow-moving areas.  The 

riparian zone around the lower one-fourth of the reach was mowed to the stream edge. 

In the upper portion the reach, the riparian areas consisted of trees and shrubs along 

the banks; pasture bordered the vegetated areas along the creek.  The most abundant 

tree was Box Elder and River Cane was common in the understory. 

 Lynn Creek is included on the Draft 2016 Integrated 305(b)/303(d) List for not 

supporting its designated use of fishing (Appendix 6).  This listing was based on data 

from the GADNR WRD for impacted biota (Biota F=Fish) and was attributed to non-

point source pollution.  A TMDL for Biota F was created for this stream in 2009 (GAEPD 

2016). 

 

3)  Calhoun 8: Oothkalooga Creek at Miller Ferry Rd – This site is about 7 miles south 

of the Calhoun city center, just north of the Gordon-Bartow County line (Fig. 1).  The 

headwaters of Oothkalooga Creek are south of Adairsville in Bartow County.  The creek 

flows north toward Calhoun, essentially paralleling US 41, and meets the Oostanaula 

River northwest of the Calhoun city center.  The creek passes through urban and 

agricultural areas. 

 The survey reach began about 300-ft upstream of Miller Ferry Rd.  There were 5 

pools and no riffles in the survey reach.  Although no riffles were present, there were 

several deep runs with strong current.  The entire bottom was gravel and coarse sand, 

with fine sediments accumulating in slow moving areas.  Except for a short section on 

the upper end of the right bank, the riparian areas were wooded.  Some of the common 

overstory trees in the riparian zone were Box Elder, Water Oak (Quercus nigra), and 

Musclewood (Carpinus caroliniana).  There was a thick Chinese Privet understory.  

 Oothkalooga Creek is included on the Draft 2016 Integrated 305(b)/303(d) List 

for not supporting its designated use of fishing (Appendix 6).  This listing is based on 



data from the DNR-EPD, Watershed Planning & Monitoring Program, U.S. 

Environmental Protection Agency, and U.S Geological Survey for impacted biota (Bio 

M=Macroinvertebrate Community) and Fecal Coliform bacteria.  These impacts were 

attributed to non-point source pollution.  A TMDL for BIO M was created for this stream 

in 2004 and for FC in 2009 (GAEPD 2016). 

 

Methods 
Physicochemical Parameters:  Water quality parameters were measured in situ prior to 

each sampling event as directed by the protocol.  Water temperature (oC), pH, dissolved 

oxygen (DO mg/L, DO % saturation), and specific conductivity (µS/cm) were determined 

using handheld YSI meters (YSI Inc., Yellow Springs, OH; models pH100, DO200A, and 

EC300).  Turbidity (NTU) was measured by collecting a sample prior to stream 

disturbance and analyzed using a handheld turbidimeter (LaMotte, Chestertown MD; 

model 2020we).  Total hardness and alkalinity were assessed with LaMotte Alkalinity 

and Total Hardness test kits (LaMotte, Chestertown MD; models WAT-DR 4491 and 

PHT-DR-LI 4482). 

 

Habitat:  Fish habitat was assessed for a distance of 35 times the determined mean 

stream width, with a minimum reach of 100 m, and maximum reach of 500 m (Table 1; 

GADNR 2005a).  During the fish habitat assessment, 10 parameters were evaluated 

that affect the overall fish habitat quality in a stream (Appendix 1).  GADNR (2005a) 

assigns all streams within the Ridge and Valley province into the Riffle/Run habitat 

classification.  Instream measurements included riffle frequency, total numbers of riffles 

and pools, and depths of pools.  Pools for the fish assessment were determined to be 

areas where the maximum depth was ≥ 50 cm (GADNR 2005a). 

  

Fish:  Fish community assemblages were evaluated in a stream reach equal to 35 times 

the mean stream width (Table 1; GADNR 2005a).  Sampling was conducted using 1 or 

2 backpack electrofishing units (models LR-20B and LR-12, Smithroot, Vancouver, WA) 

as described by GADNR (2005a).  One fish biologist and 3 technicians were present to 

sample Oothkalooga Creek, 1 biologist and 2 technicians for Lynn Creek, and 1 



biologist and 1 technician for TOC.  Fish were identified to species, counted, and 

returned to the stream.  All final fish identifications were determined by Christopher E. 

Skelton.  Page and Burr (2011) was referenced for fish identification.  Fish index of 

biotic integrity (IBI) scores were then calculated from sample data (GADNR 2005a, 

2005b).  This score was then assigned a category of stream integrity class, ranging 

from “Very Poor” to “Excellent” according to the GADNR protocol (2005a) for the 

appropriate physiographic province (Appendix 2). 

 

Results 
 Most of the water quality parameters at the 3 sites were within the typical ranges 

for streams in the Ridge and Valley provinces (Table 2).  However, conductivity was 

somewhat high in all of the creeks and very high in TOC (457 µS/cm).  Fish habitat 

scores ranged from 80 (TOC) to 132.7 (Oothkalooga Creek; Table 3).  Six native fish 

species were collected from TOC, 17 from Lynn Creek, and 17 from Oothkalooga 

Creek, bringing the total collected from the 3 creeks to 23 individual fish species (Table 

4).  Index of Biotic Integrity scores ranged from 16 (TOC; “Very Poor”) to 34 (Lynn 

Creek; “Fair”; Table 5). 

 

Calhoun 2 – Tributary to Oothkalooga Creek – Fish habitat in this creek averaged a 

score of 80 (Table 3).  Overall, there was virtually no good aquatic habitat in the stream 

and all metrics except channel flow status and riparian vegetation negatively impacted 

the score.  A total of 7 fish species (6 native) and 55 individuals was collected from this 

creek (Table 4; Appendix 3).  With an IBI score of 16, the stream was rated “Very Poor” 

(Table 4).   

 

Calhoun 3 – Lynn Creek – At this site, fish habitat averaged a score of 124.7 (Table 3).  

Heavy sedimentation and lack of riparian vegetation negatively affected the overall 

habitat score (Table 3).  The score was positively impacted by the presence of multiple 

instream habitat types and channel flow status (=creek appeared full) (Table 3).  A total 

of 18 fish species (17 native), 1 hybrid sunfish, and 313 individuals was collected at this 

site (Table 4; Appendix 3).  The IBI score for Lynn Creek was 34 (“Fair”) and was 



negatively affected by the low number of minnow, sucker, and sensitive species, and 

low numbers of insectivorous minnow individuals (Tables 4, 5). 

 

Calhoun 8 – Oothkalooga Creek – Fish habitat at Oothkalooga Creek averaged a score 

of 132.7 (Table 3).  Heavy sedimentation and lack of riffle habitat negatively affected the 

overall habitat score, while most other metrics positively impacted the score (Table 3).  

A total of 18 fish species (17 native) and 187 individuals was collected from this creek 

(Table 4; Appendix 3).  With an IBI score of 32, the stream was rated at the top of the 

“Poor” category (Table 5).   

 

Discussion 
Calhoun 2 (TOC) was the lowest scoring stream sampled during the current 

survey and had the lowest score ever observed by the ichthyologist (16; “Very Poor”).  

The watershed above this creek is small (2.92 sq. mi), but smaller watersheds have 

been sampled in other areas with healthier fish communities.  TOC is more similar to a 

clay-bottomed ditch than what one would think of as a natural stream.  As mentioned 

above, it appears that a lot of water can move through this creek during rain events as 

the banks are very steep, scoured, and devoid of rooted vegetation.  Since there is so 

little good habitat available for fishes, continued assessment of this stream will likely 

render similar results. 

Calhoun 3 (Lynn Creek) scored a respectable 34 (“Fair”) IBI score.  There was 

good fish habitat at the site, but there appeared to be a problem with sedimentation.  It 

is difficult to identify the source of this sediment as upland areas around the headwaters 

are fairly well protected.  It seems possible that historically poor agricultural practices 

and loss of topsoil to streams may still be affecting this creek. 

Calhoun 8 (Oothkalooga Creek) scored a 32 which places the creek at the top 

end of the “Poor” category (Appendix 3).  This is a fairly large stream, and additional 

crew members using a seine may have increased the number of species and individual 

fish captured.  If this had occurred, the stream would likely move up a few points into 

the “Fair” category.   

The headwaters of Oothkalooga Creek are in Bartow County, south of 



Adairsville.  The creek flows north through the Adairsville city limits and through 

farmland before it reaches Miller Ferry Rd.  Much of the riparian zone around the creek 

has been reduced to thin strips of trees, or is devoid of trees.  There is likely access to 

the creek by cattle through this reach which is detrimental to stream quality. 

 The results of this study indicate that the three streams are physically impaired to 

some degree and the fish communities have been negatively affected by the long-term 

cumulative effects of multiple anthropogenic stressors, such as sedimentation, 

disturbance of riparian zones, and agricultural runoff.  When too much sediment is 

introduced to a stream, critical fish spawning habitat (clean gravel riffles) are reduced 

and pool habitats (fish refugia) fill in.  Restoring or protecting riparian zones is one of the 

keys to protecting stream health.  We recommend implementing Best Management 

Practices (BMPs) for new developments near streams to help maintain (at a minimum) 

the current quality of water resources.  We would also recommend encouraging 

landowners to protect areas around streams by protecting the stream buffer, i.e. not 

cutting all trees and understory to the stream edge.     

 

References 

Georgia Department of Natural Resources, Environmental Protection Division (GAEPD). 
2016. Georgia's 2016 305(b)/303(d) Draft List of Waters. 
http://epd.georgia.gov/georgia-305b303d-list-documents. Accessed 14 
December 2017. 

 
Georgia Department of Natural Resources, Wildlife Resources Division (GADNR).  

2005a. Standard operating procedures for conducting biomonitoring of fish 
communities in wadeable streams in Georgia. Revised June 1, 2005. Georgia 
Department of Natural Resources, Wildlife Resources Division, Fisheries 
Section, 73 pp. 

 
Georgia Department of Natural Resources, Wildlife Resources Division (GADNR).  

2005b. Part II: Scoring criteria for the Index of Biotic Integrity and the Index of 
Well-Being to monitor fish communities in wadeable streams in the Coosa and 
Tennessee Drainage Basins of the Ridge and Valley ecoregion of Georgia.  
Revised June 1, 2005. Georgia Department of Natural Resources, Wildlife 
Resources Division, Fisheries Section, 36 pp. 

 



Griffith, G., J. Omernik, T. Foster, and J. Comstock. 2001. Ecoregions of Georgia. U.S. 
 EPA, National Health and Environmental Effects Research Laboratory, Corvallis, 
 OR, 48 pp. 
 
Page, L.M. and B.M. Burr. 2011. Field Guide to Freshwater Fishes of North America 
 North of Mexico, 2nd ed. Houghton Mifflin Harcourt Publishing Company, New 
 York, 663 pp. 
 
 



Figure 1. Fish sampling sites in and around Calhoun, Gordon County, Georgia, 5 
October 2017. 
 
 

Calhoun 8 – Oothkalooga Creek 

Calhoun 2 – Tributary 
to Oothkalooga Creek 

Calhoun 3 – Lynn Creek 

Oothkalooga 
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Table 1. Stream reconnaissance data for 3 streams in Calhoun, Gordon County, Georgia.   
 
 Metric Trib to Oothkalooga Cr  Lynn Creek Oothkalooga Creek 
Site number Calhoun 2 Calhoun 3 Calhoun 8 
Location S. River St US 41 Miller Ferry Rd 
Latitude (N) 34.48317 34.43329 34.40162 
Longitude (W) -84.95332 -84.93383 -84.94385 
Drainage area (mi2) 2.92 5.64 28.9 
Subsystem class Perennial Perennial Perennial 
Stream type Warmwater / clearwater Warmwater / clearwater Warmwater / clearwater 
Riparian land use                                                                                                                            Residential, Commercial, 

Industrial 
Pasture/Residential Natural/Pasture 

Mean stream width (m) 2.22 4.22 8.49 
Fish reach (m) 100 148 297 
Number of riffles in reach 0 2 0 
Riffle frequency 0 15.9 0 
Number of pools in reach 1 5 5 
Deepest pool in reach (m) 0.47 0.9 1.2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Table 2. In situ water chemistry measurements from 3 streams in Calhoun, Gordon County, Georgia. DO = dissolved 
oxygen, NTU = Nephelometric turbidity units, -- = No data (not required by the protocol) 
 

    Air Temp 
Water 
Temp DO DO   Conductivity Turbidity Hardness Alkalinity 

Stream (oC) (oC) (mg/L) (% saturation) pH (μS/cm) (NTU) 
(ppm as 
CaCO3) 

(ppm as 
CaCO3) 

Calhoun 2 - Trib to Oothkalooga Cr         
 10/3/2017 21.0 20.4 -- -- -- 443.7 -- -- -- 
 10/5/2017 21.4 21.7 4.68 52.7 7.67 457.1 3.42 196 200 
           

Calhoun 3 - Lynn Creek         
 10/3/2017 21.2 18.1 -- -- -- 290.6 -- -- -- 
 10/5/2017 21.7 17.8 7.88 82.4 7.82 295.8 1.19 128 144 
           

Calhoun 8 - Oothkalooga Creek         
 10/3/2017 21.4 19.0 -- -- -- 348.9 -- -- -- 

  10/5/2017 15.8 16.1 7.60 77.6 8.28? 285.9 3.86 152 152 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 3. Fish survey habitat scores for 3 streams in Calhoun, Gordon County, Georgia. 
 

  Parameter 
Trib to 

Oothkalooga Cr Lynn Creek Oothkalooga Creek 
 Site number Calhoun 2 Calhoun 3 Calhoun 8 
 Date 10/5/2015 10/5/2015 10/5/2015 
 Stream gradient Riffle / Run Riffle / Run Riffle / Run 
1 Epifaunal substrate / instream cover 3.5 14.3 18 
2 Embeddedness in runs 5 11.3 15.3 
3 Velocity / depth combinations 10.5 13.7 15.3 
4 Channel alteration 16 15.3 16.0 
5 Sediment deposition 6 8.0 10.3 
6 Riffle frequency 0 10.0 0.0 
7 Channel flow status 14 17.0 16.3 
8 Bank vegetative protection      
      Left 0.5 6.7 5.3 
      Right 0.5 7.0 5.3 
9 Bank stability      
      Left 2 6.7 6.3 
      Right 2 7.0 6.0 

10 Riparian vegetation zone width      
      Left 10 3.7 9.0 
      Right 10 4 9.3 

  Total Habitat Score (200) 80.0 124.7 132.7 
 
 
 
 
 
 
 
 
 
 
 



Table 4. Fish list for surveyed streams during the Calhoun, Gordon County, Georgia biological assessment in 2017. ** = 
species introduced to the basin.  Feeding guilds: CR = top carnivore, GE = generalist, HB = Herbivore, OM = Omnivore, 
IC = insectivorous cyprinid, IN = insectivore / invertivore, PR = parasitic. Category:  BI = benthic invertivore, CENT = 
centrarchid species, RBS = round-bodied sucker, SF = sunfish, SMM = subterminal mouth minnow. Tolerance: HWI = 
headwater intolerant, INT = intolerant, DELT: D = deformities, E = eroded fins, L = lesions, T = tumors, P = popeye 

Stream 
Photo 

No. Species Family Common name 
Feeding 

guild 
Tolerance / 
Category   Number  DELT 

Trib to Oothkalooga 
Creek 1 Cyprinella venusta Cyprinidae Blacktail Shiner IC -- 1  
Calhoun 2 2 Gambusia sp. Poeciliidae Mosquitofish GE -- 21  
10/5/2017 3 Lepomis auritus** Centrarchidae Redbreast Sunfish IN -- 5  
34.48317 4 Lepomis macrochirus Centrarchidae Bluegill IN -- / SF 3  
-84.95332 5 Lepomis megalotis Centrarchidae Longear Sunfish IN -- / SF 19  
Ridge and Valley 6 Lepomis punctatus Centrarchidae Spotted Sunfish IN -- / SF 5  

 7 Micropterus salmoides Centrarchidae Largemouth Bass CR -- / CENT 1  
  Total Species     7  

   Total Individuals         55   
         

Lynn Creek 8 Campostoma oligolepis Cyprinidae Largescale Stoneroller HB -- 58  
Calhoun 3 9 Notropis xaenocephalus Cyprinidae Coosa Shiner IC -- 21  
10/5/2017 10 Semotilus atromaculatus Cyprinidae Creek Chub GE -- 5  
34.43329 11 Hypentelium etowanum Catostomidae Alabama Hogsucker IN -- / RBS 39  
-84.93383 12 Moxostoma erythrurum Catostomidae Golden Redhorse IN -- / RBS 2  
Ridge and Valley 13 Ameiurus natalis Siluridae Yellow Bullhead GE -- 1 1 Lesion 

 14 Gambusia sp. Poeciliidae Mosquitofish GE -- 11  
 15 Cottus carolinae Cottidae Banded Sculpin IN -- / BI 3  
 16 Lepomis auritus** Centrarchidae Redbreast Sunfish IN -- 19  
 17 Lepomis cyanellus Centrarchidae Green Sunfish IN -- / SF 20 1 Lesion 
 18 Lepomis gulosus Centrarchidae Warmouth CR -- / SF 7  
 19 Lepomis macrochirus Centrarchidae Bluegill IN -- / SF 45  
 20 Lepomis megalotis Centrarchidae Longear Sunfish IN -- / SF 41  
 21 Lepomis microlophus Centrarchidae Redear Sunfish IN -- / SF 7  
 22 Lepomis punctatus Centrarchidae Spotted Sunfish IN -- / SF 19  
 23 Lepomis sp.  Centrarchidae Sunfish Hybrid IN -- 2  
         
         



Table 4, cont.         

Stream 
Photo 

No. Species Family Common name 
Feeding 

guild 
Tolerance / 
Category   Number  DELT 

Lynn Creek, cont. 24 Micropterus coosae Centrarchidae Redeye Bass CR HWI / CENT 1  
 25 Etheostoma coosae Percidae Coosa Darter IN -- / BI 10  

 26 Percina nigrofasciata Percidae Blackbanded Darter IN -- / BI 2  
  Total Species     19  

   Total Individuals         313   
         

Oothkalooga Creek 27 Campostoma oligolepis Cyprinidae Largescale Stoneroller HB -- 11  
Calhoun 8 28 Cyprinella venusta Cyprinidae Blacktail Shiner IC -- 10  
10/5/2017 29 Pimephales vigilax Cyprinidae Bullhead Minnow GE -- 1  
34.40162 30 Hypentelium etowanum Catostomidae Alabama Hogsucker IN -- / RBS 31  
-84.94385 31 Moxostoma erythrurum Catostomidae Golden Redhorse IN -- / RBS 1  
Ridge and Valley 32 Moxostoma poecilurum Catostomidae Blacktail Redhorse IN -- / RBS 5  

 33 Gambusia sp. Poeciliidae Mosquitofish GE -- 25  
 34 Cottus carolinae Cottidae Banded Sculpin IN -- / BI 10  
 35 Lepomis auritus** Centrarchidae Redbreast Sunfish IN -- 24  
 36 Lepomis cyanellus Centrarchidae Green Sunfish IN -- / SF 2  
 37 Lepomis macrochirus Centrarchidae Bluegill IN -- / SF 29 1 Lesion 
 38 Lepomis megalotis Centrarchidae Longear Sunfish IN -- / SF 1  
 39 Lepomis punctatus Centrarchidae Spotted Sunfish IN -- / SF 23  
 40 Micropterus coosae Centrarchidae Redeye Bass CR HWI / CENT 2  
 41 Micropterus punctulatus Centrarchidae Spotted Bass CR -- / CENT 1  
 42 Etheostoma coosae Percidae Coosa Darter IN -- / BI 1  
 43 Etheostoma stigmaeum Percidae Speckled Darter IN INT / BI 1  
 44 Percina nigrofasciata Percidae Blackbanded Darter IN -- / BI 9  
  Total Species     18  

   Total Individuals         187   



Table 5. IBI calculations for fish assemblages for 3 sites in Calhoun, Gordon County, Georgia.  
1drainage basin area < 15 mi2, 2drainage basin area ≥ 15 mi2, 3metric unique to Blue Ridge 
Physiographic Province; * = If Metric 8 scores a 1, individuals of Lepomis are excluded from this 
calculation (GADNR 2005a). 

  Metric 
Trib to 

Oothkalooga Cr 
Lynn     
Creek 

Oothkalooga 
Creek 

 Site number Calhoun 2 Calhoun 3 Calhoun 8 
 Date 10/5/2017 10/5/2017 10/5/2017 
 Drainage Basin Area < 15 mi2 < 15 mi2 > 15 mi2 
1 Total number of native species 6 (1) 17 (3) 17 (3) 
     
2 Total number of benthic invertivore species 0 (1) 3 (3) 4 (3) 
     
3 Total number of native sunfish species1 3 (3) 6 (5)  
 Total number of native centrarchid species2   6 (5) 

     
4 Total number of native insectivorous cyprinid species 1 (1) 1 (1) 1 (1) 
     
5 Total number of native round-bodied sucker species 0 (1) 2 (1) 3 (3) 
     
6 Total number of sensitive species1 0 (1) 1 (1)  
 Total number of intolerant species2   1 (1) 

     
7 Evenness (%) 75.8 (1*) 83.4 (5) 81.8 (5) 
     
8 Proportion of individuals as Lepomis species (%) 58.2 (1) 51.1 (3) 42.3 (3) 
     

9 
Proportion of individuals as insectivorous cyprinid 
species (%) 1.8 (1) 6.7 (1) 5.35 (1) 

       
10 Proportion of individuals as generalist feeders1 (%) 38.2 (3) 23.96 (5)  

 
Proportion of individuals as top carnivore species2 

(%)   1.6 (1) 
     

11 
Proportion of individuals as benthic fluvial  
specialist species (%) 0 (1) 18.2 (3) 31.0 (5) 

     
12 Number of individuals collected per 200m 4 (1) 394.6 (3) 92.9 (1) 
     

13 Proportion of individuals with external anomalies (%) 0 (0) 2 (0) 1 (0) 

 Total IBI Score 16 34 32 
  Integrity Class Very Poor Fair Poor 

 *When total number of specimens collected is fewer than 100, this metric automatically scored "1". 
 
 
 
 
 
 



Appendix 1. Description of 10 habitat parameters used for the visual-based physical stream  
habitat assessment (GADNR 2005a).  All streams surveyed were Riffle / Run streams. 

  Habitat parameter Stream gradient Description 
1 Epifaunal cover / instream cover Riffle / run The number of different substrates that are 

   available for organisms to use as habitat 
    
 Bottom substrate / available cover Glide / pool Measures the availability of substrates that can 
   be used as refugia for aquatic organisms 
    

2 Embeddedness in run area Riffle / run The degree to which cobble, boulders, and 
   other rock substrates are surrounded by 
   fine sediment and silt 
    
 Pool substrate characterization Glide / pool Evaluates the type and condition of bottom 
   substrates found in pools 
    

3 Velocity / depth combinations Riffle / run Counts the number of combinations of 
   velocities and depths present in a stream 
    
 Pool variability Glide / pool Rates the overall mixture of pool types 
   according to size and depth 
    

4 Channel alteration Both Measure of large-scale alteration of in stream 
   morphology that affects flow, instream habitat, 
   and / or sedimentation rates 
    

5 Sediment deposition Both Quantifies the amount of sediment that has 
   accumulated and the changes that have  
   occurred to the stream bottom 
    

6 Riffle frequency Riffle / run Estimates the heterogeneity of habitat types in  
   a stream based on the frequency of riffles 
    
 Channel sinuosity Glide / pool Evaluates the meandering of a stream: high  
   sinuosity provides diverse habitat 
    

7 Channel flow status Both Quantifies how full the channel is when 
   the stream reach is sampled 
    

8 Bank vegetative protection Both The amount of the stream bank covered by  
   vegetation 
    

9 Bank stability Both Quantifies active and potential bank erosion 
    
10 Riparian vegetation zone width Both Measures the width of the natural vegetation 
   from the edge of the upper streambank out 
      through the floodplain 

 
 
 



Appendix 2. GADNR (2005a) Index of Biotic Integrity (IBI) metrics for wadeable streams in 
Georgia.  The multi-metric index is used to quantify fish community health and to assess the biotic 
integrity of the aquatic system.  Response to impairment = the metric score will either increase or 
decrease when a stream becomes impaired; 1 = metric used when drainage basin area <15 mi2; 2 
= metric used when drainage basin area ≥15 mi2. 
 

  Metric Response to impairment 
1 Total number of native species Decrease 

   
2 Total number of benthic invertivore species Decrease 

   
3 Total number of native sunfish species1 Decrease 

 Total number of native centrarchid species2 Decrease 
   

4 Total number of native insectivorous cyprinid species Decrease 
   

5 Total number of native round-bodied sucker species Decrease 
   

6 Total number of sensitive species1 Decrease 
 Total number of intolerant species2 Decrease 
   

7 Evenness Decrease 
   

8 Proportion of individuals as Lepomis species Increase 
   

9 Proportion of individuals as insectivorous cyprinid species Decrease 
   
10 Proportion of individuals as generalist feeders1 Increase 
 Proportion of individuals as top carnivore species2 Variable 
   
11 Proportion of individuals as benthic fluvial specialist species Decrease 
   
12 Number of individuals collected per 200m Decrease 
   
13 Proportion of individuals with external anomalies Increase 

 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix 3. Index of biotic integrity (IBI) scoring criteria used to determine stream integrity  
class based on the fish multi-metric index for wadeable streams (GADNR 2005a). 
 

Total IBI score Integrity class 
52 - 60 Excellent 
44 - 50 Good 
34 - 42 Fair 
26 - 32 Poor 
8 - 24 Very poor 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix 4. Photos of fish collected from 3 streams in Calhoun, Gordon County, Georgia, 5 
October 2017. 
 
Calhoun 2 – Tributary to Oothkalooga Creek 

 
 
 
 
 
 
1. 

Cyprinella venusta Blacktail Shiner 
 

 
2. Gambusia sp.  Mosquitofish 



 

 
3. Lepomis auritus Redbreast Sunfish 
 

 
4. Lepomis macrochirus Bluegill 
 
 



 
5. Lepomis megalotis  Longear Sunfish 
 

 
6. Lepomis punctatus Spotted Sunfish 
 



 
7. Micropterus salmoides Largemouth Bass 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Calhoun 3 – Lynn Creek 

 
8. Campostoma oligolepis Largescale Stoneroller 
 

 
9. Notropis xaenocephalus Coosa Shiner 
 



 
10. Semotilus atromaculatus Creek Chub 
 

 
11. Hypentelium etowanum Alabama Hogsucker 
 
 



 
12. Moxostoma erythrurum Golden Redhorse 
 

 
13. Ameiurus natalis Yellow Bullhead 
 



 
14. Gambusia sp.  Mosquitofish 
 

 
15. Cottus carolinae Banded Sculpin 
 
 
 



 
16. Lepomis auritus Redbreast Sunfish 

 

 
17. Lepomis cyanellus Green Sunfish 
 
 



 
18. Lepomis gulosus Warmouth 

 

 
19. Lepomis macrochirus  Bluegill 
 
 



 
20. Lepomis megalotis Longear Sunfish 
 

 
21. Lepomis microlophus Redear Sunfish 
 



 
22. Lepomis punctatus Spotted Sunfish 
 

 
23. Lepomis sp.  Sunfish Hybrid 
 
 



 
24. Micropterus coosae Redeye Bass 
 

 
25. Etheostoma coosae Coosa Darter 
 



 
26. Percina nigrofasciata Blackbanded Darter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Calhoun 8 – Oothkalooga Creek 

 
27. Campostoma oligolepis Largescale Stoneroller 
 

 
28. Cyprinella venusta Blacktail Shiner 
 



 
29. Pimephales vigilax Bullhead Minnow 
 
 

 
30. Hypentelium etowanum Alabama Hogsucker 
 



 
31. Moxostoma erythrurum Golden Redhorse 
 
 

 
32. Moxostoma poecilurum Blacktail Redhorse 
 



 
33. Gambusia sp.  Mosquitofish 
 

 
34. Cottus carolinae Banded Sculpin 
 
 



 
35. Lepomis auritus Redbreast Sunfish 
 

 
36. Lepomis cyanellus Green Sunfish 
 
 



 
37. Lepomis macrochirus Bluegill 
 

 
38. Lepomis megalotis Longear Sunfish 
 



 
39. Lepomis punctatus Spotted Sunfish 
 

 
40. Micropterus coosae Redeye Bass 



 
41. Micropterus punctulatus Spotted Bass 
 

 
42. Etheostoma coosae Coosa Darter 
 
 



 
43. Etheostoma stigmaeum Speckled Darter 
 

 
44. Percina nigrofasciata Blackbanded Darter 
 
 
 
 
 



Appendix 5. Habitat photos from 3 streams surveyed in Calhoun, Gordon County, Georgia, 5 
October 2017. 
 
Calhoun 2 – Tributary to Oothkalooga Creek looking downstream from beginning of sample reach. 
 

 
 
 



Calhoun 2 – Tributary to Oothkalooga Creek looking upstream from beginning of sample reach. 
 

 
 



Calhoun 3 – Lynn Creek looking upstream from beginning of sample reach. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Calhoun 3 – Lynn Creek looking downstream from middle of sample reach. 
 
 

 
 



Calhoun 3 – Lynn Creek looking upstream from middle of sample reach. 
 

 
 
 
 
 
 



Calhoun 8 – Oothkalooga Creek looking downstream from middle of sample reach. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Calhoun 8 – Oothkalooga Creek looking upstream from middle of sample reach. 

 



Appendix 6. Draft 2016 Integrated 305(b)/303(d) List – Streams. GAEPD (2016). 
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