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Executive Summary 
 

1. Captive-reared Barrens topminnows were released into ten sites with no historic 

topminnow presence in the headwaters of Hickory Creek and the Barren Fork River in 

Warren, Coffee, and Grundy counties in the Barrens Plateau region of middle Tennessee.  

One site in the Duck River watershed that once harbored topminnows was also stocked.  

The Barrens Topminnow Working Group reared, tagged, and stocked 3,696 topminnows 

between August 2001 and December 2003. 

 

2. Early efforts to monitor topminnow persistence and reproduction relied heavily on visual 

observations using binoculars.  This technique was abandoned in 2003 in favor of more 

active sampling methods such as backpack electrofishing and seining to increase our 

ability to detect topminnow presence and estimate population sizes. 

 

3. Visible implant elastomer tag loss was 4-6%.  Stocking mortality due to handling, 

hauling, or introduction to a new environment was nil.   

 

4. Most (71%) stocking events through June 2003 resulted in at least one Barrens 

topminnow surviving at a stocked site for at least 6 months. Thirty-five percent of the 

stocking events resulted in persistence of at least one stocked fish for at least 12 months; 

however, only 15% of the stocking events resulted in 3 or more stocked fish persisting for 

at least 12 months.  

 

5. We documented movements of topminnows among different pools at two sites (Sain and 

Clayborne) in close proximity to each other.  Several topminnows were also observed 

downstream of stocked springs that drain into Hickory Creek. 

 

6. The longest time-at-large for any stocked topminnows was 733 days.     

 

7. Natural reproduction by stocked topminnows was detected at three sites: the isolated pool 

at the Clayborne spring site (in 2003), one of the middle pools at the Clayborne site 

(2003), and the Vervilla site (2002).  The wild fish produced at the Vervilla site were not 

observed past age-1 and we did not observe any reproduction there in 2003.  Two of the 

sites were similar in that mosquitofish were absent or had only recently invaded.   

 

8. Dense growths of filamentous algae are probably not required as spawning substrate 

because topminnow reproduction occurred at one site (Clayborne isolated pool), and 

perhaps a second (Clayborne pool 5), where algae was scarce. 

 

9. The Zippin technique was used to estimate population size at several stocking sites.  

Densities of Barrens topminnows ranged from 0 to
 
1.4 fish/m

2 
 and densities of 

mosquitofish ranged from 0
 
to

 
 41.0 fish/m

2 
.  At sites with mosquitofish, the ratio of 

mosquitofish-to-topminnows in our samples ranged from 3.3:1  to 127:1. 

 



 

 

 

ii 

 

 

10. Barrens topminnow growth (in length) was variable in the presence of mosquitofish and 

ranged from 0.07 to 0.37 % per day; the greatest growth occurred at a site void of 

mosquitofish.  However, Barrens topminnows were robust and grew rapidly in the 

presence of dense mosquitofish populations at some sites. 

 

11. Although topminnows persisted at some flood-prone sites, reproduction by stocked 

topminnows only occurred at upland sites.  The four wild populations of Barrens 

topminnows inhabit systems that are not prone to major flooding, which suggests that 

future stocking efforts should choose sites that are less flood prone. 

 

12. Sites prone to excessive plant growth should not be considered prime stocking locations.  

Lush vegetation does not mimic the habitats supporting wild Barrens topminnow 

populations, and excessive plant growth makes it difficult to monitor stocked fish and 

their offspring. 

 

13. Care should be taken to avoid creating prime mosquitofish habitat when manipulating 

sites that are otherwise believed to be good candidates for receiving stocked fish (e.g., 

low velocity spring discharge; not flood prone, only modest amounts of vegetation; no 

mosquitofish). 

 

14. Spring-moderated temperatures may be important to long-term topminnow persistence, 

but seasonal water temperature fluctuations can be tolerated by adult topminnows. 

 

15. Springs harboring few, if any, mosquitofish should receive top priority as stocking sites.   

Enough circumstantial evidence is present from previous status surveys of the Barrens 

topminnow, published accounts for other species in different locales, and our own 

sampling to suggest that mosquitofish suppress populations of other fishes, including 

Barrens topminnows. 

 

16.  Adult topminnows exhibited good growth and robust condition at some sites despite high 

abundance of mosquitofish.  However, the ability of stocked Barrens topminnows to 

grow and persist for several years is of no consequence if they cannot produce offspring 

that survive to maturity.     
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INTRODUCTION 

 

 

 The southern United States has the richest fish diversity and highest number of endemic 

fishes in North America north of Mexico (Burr and Mayden 1992).  The region also has a high 

proportion of fish threatened with extinction (Minckley and Deacon 1991) and lack of critical 

information on their habitats and life histories precludes informed recovery efforts (Warren et al. 

2000).  In 1979, 85 fish species from the southern United States were considered to be 

endangered, threatened, or of special concern (Deacon et al. 1979).  In 2000, the number of 

species in these same categories increased to 188 (Warren et al. 2000).   

 Three southern United States fish species known to be extinct are the whiteline 

topminnow Fundulus albolineatus, San Marcos gambusia Gambusia georgei, and harelip sucker 

Moxostoma lacerum (Miller et al. 1989).  The whiteline topminnow was known from one 

location in Spring Creek at Huntsville, Alabama.   Attempts in 1966 and in the early 1980s to 

locate the topminnow were unsuccessful. The whiteline topminnow and the Barrens topminnow 

Fundulus julisia were once considered conspecific.  In the early 1980s, topminnow specimens 

collected in the 1930s and catalogued by C.L. Hubbs as F. albolineatus were re-examined.  

Although those specimens shared some meristic, morphological, and pigment characteristics 

with F. albolineatus, J.D. Williams and D.A. Etnier in 1982 formally described them as a new 

species, Fundulus julisia.  These two species are part of the subgenus Xenisma, which also 

includes northern studfish Fundulus catenatus, southern studfish Fundulus stellifer, speckled 

killifish F. rathbuni, and stippled studfish F. bifax (Williams and Etnier 1982; Cashner et al. 

1988).  

The Barrens topminnow is known only from the Barrens Plateau region of the Highland 

Rim physiographic province in middle Tennessee.  This region encompasses streams in both the 

Tennessee River and Cumberland River watersheds. The Barrens topminnow was listed by the 

Tennessee Wildlife Resources Agency (TWRA) as state-endangered in 1979 under the 

Tennessee Nongame and Endangered or Threatened Wildlife Conservation Act of 1974.  

However, new Barrens topminnow populations were discovered in 1983 and 1984 and TWRA 

subsequently downlisted the species to threatened status in 1986. 

 In 2000, wild populations of Barrens topminnows were known to exist in only two 

locations, both on private property.  One population has been routinely threatened by drought 

and the other population declined precipitously due to habitat degradation by cattle (Rakes 

1996).  In early 2002, two new populations of Barrens topminnows were discovered in the 

McMahan Creek watershed in Cannon County, Tennessee.  The stability of these two sites is 

also questionable.  One site occurs behind a developing residential subdivision and the other 

occurs on a cattle farm adjacent to a major highway.   

The decline of the Barrens topminnow may be due to numerous factors including habitat 

alteration, predation, and competition from non-native species (Rakes 1989).  Concerns over 

habitat alteration prompted the United States Fish and Wildlife Service and The Nature 

Conservancy to work with landowners throughout the Caney Fork River watershed to develop or 

maintain suitable habitat on their properties.   

 Predation may be an important factor affecting Barrens topminnow survival and 

distribution.  Young-of-year Barrens topminnows may be preyed upon by the Western 

mosquitofish Gambusia affinis, a livebearer that matures rapidly and reproduces several times 

per year.  Schoenherr (1981) and Meffe et al. (1983) observed mosquitofish preying on juvenile 
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Sonoran topminnows Poeciliopsis occidentalis.  Meffe et al. (1983) also observed mosquitofish 

chasing and nipping adult Sonoran topminnows, causing fin damage and death.   

 Mosquitofish have been introduced throughout the United States; however, this species 

negatively affects populations of native fishes through competition and predation on fish eggs, 

larvae, and adults (Milton and Arthington 1983).  Mosquitofish often eliminate Sonoran 

topminnows within a year of introduction, although cases of long-term coexistence of these two 

species are known (Meffe et al. 1983).  Schoenherr (1981) documented four separate instances in 

which mosquitofish eliminated the Sonoran topminnow from habitats in Arizona.  However, he 

did not believe that competition was as important as aggression by mosquitofish in eliminating 

Sonoran topminnows.  Spring habitats in Tennessee that now contain mosquitofish might have 

once harbored Barrens topminnows because mosquitofish were not present on the Barrens 

plateau as recently as the 1980s (Rakes 1989).   

 To assist in Barrens topminnow recovery, the Barrens Topminnow Working Group 

(BTWG) was created in 1999.  The BTWG is comprised of representatives of the United States 

Fish and Wildlife Service (USFWS), Conservation Fisheries Inc., Tennessee Wildlife Resources 

Agency, the Tennessee Aquarium, and The Nature Conservancy of Tennessee.  The goal of the 

BTWG is to protect the remaining wild populations and establish at least five populations in the 

headwaters of each of the three watersheds (Duck River, Elk River, and Caney Fork River) 

where the Barrens topminnow once occurred.   

 Barrens topminnows have been reared in captivity and stocked into multiple spring sites 

on the Barrens Plateau since August 2001.  This interim report summarizes our observations 

through February 2004 regarding: (1) resident fish fauna surveys of springs stocked with Barrens 

topminnows; (2) aquatic plant and habitat surveys; (3) fate of stocked topminnows; (4) evidence 

of reproduction by stocked topminnows; and (5) standing crop and density estimates of 

mosquitofish and topminnows.  

 

 

METHODS 

 

Characterization of Study Sites 

 

 The resident fish fauna at each stocking site was sampled using a Smith-Root Model LR-

24 backpack DC electrofishing unit, a seine (1.5 m x 2.3 m, 0.3-mm mesh), or both.  The sites 

were sampled at least once per year to determine if new species entered each spring.  

 Aquatic vegetation was collected and identified at each springhead in 2001, 2002, and 

2003.  A line-transect method was used at most of the springs to measure percent plant coverage.  

The presence or absence of aquatic vegetation was noted at points along transects placed 

perpendicular to the stream flow (McMahon et al. 1996).  Percent vegetation coverage was 

estimated visually at small sites where vegetation was scarce, or at springs where vegetation 

covered most of the surface.   

Riparian vegetation measurement methods followed Mills and Stevenson (1999).  The 

riparian zone was classified as hydroriparian, mesoriparian, or xeroriparian.  Hydroriparian 

wetlands have hydric soils or substrates that are rarely or only briefly dry.  Mesoriparian areas 

have nonhydric soils and substrates that are dry seasonally.  Xeroriparian habitats are mesic to 

xeric; the average moisture is higher than surrounding uplands due to occasional surface wetting 

or increased groundwater from an adjacent water body.   
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 Shoreline animal damage was assessed along a transect parallel to the water that was five 

to seven times the channel width in length.  The extent of animal damage to streambanks was 

rated at 30 or more points along the transect (Stevenson and Mills 1999).  Ratings ranged from 1 

(excessive damage) to 4 (undamaged).  The average rating was then calculated. 

 All sites were surveyed using a transit or an alidade and plane table.  Velocities of the 

springheads were measured using a Marsh-McBirney electromagnetic digital flow meter (model 

201D).  Mean velocity was estimated by measuring the velocity at 60% of the depth below the 

surface (McMahon et al. 1996).  Discharge was measured at irregular intervals.  Automatic 

temperature loggers (Onset, Inc.) were placed at most springs to record the temperature 

continuously throughout the year.  

 

Monitoring Persistence of Stocked Barrens Topminnows 

 

 All hatchery-reared Barrens topminnows were tagged with visible fluorescent elastomer 

implants developed by Northwest Marine Technology, Inc.  The tags were placed in different 

body locations to designate fish stocked at different times and places.  Prior to tagging, fish were 

anesthetized with 60 mg/L of clove oil (Anderson et al. 1997).  After 2002, a portable ultraviolet 

light was used to increase the visibility of the tags when topminnows were examined in the field. 

 Monitoring efforts through the spring of 2003 emphasized visual surveys using 

binoculars (Celestron Ranger 10 x 42, model 71158).  The number of fish observed and their tag 

locations were recorded each monitoring trip.  Monitoring occurred within 48 hours of initial 

release and at regular intervals thereafter.  If topminnows were repeatedly not observed at an 

introduction site, a seine, minnow trap, or electrofishing gear was used to confirm that 

topminnows were absent; the amount of effort expended at such sites was site-specific.  If no 

topminnows were collected or observed, the system was considered devoid of topminnows. 

Beginning in fall 2003, a Zippin removal-depletion (Zippin 1958) method was employed 

at most of the stocking sites to estimate the population size of Barrens topminnows and 

mosquitofish. The most common collecting gear was a seine net (1.8 m x 6.0 m, 3.1-mm mesh) 

but at locations with abundant aquatic vegetation, DC backpack electrofishing gear  (Smith-Root 

Model LR-24) was used.  Removal-depletion data were analyzed using the MicroFish 3.0 

software package (Van Deventer and Platts 1985).  If removal patterns failed to produce a robust 

population estimate, or minimum capture probabilities did not exceed 0.2, the total number of 

fish captured was used as the minimum population size (Dunham et al. 2002).  Throughout this 

report, population estimates calculated using the MicroFish 3.0 software include a 95% 

confidence interval.  If the population estimate is the minimum population size, no confidence 

interval is reported.  Barrens topminnows were measured (TL mm), weighed using a digital scale 

(0.1 g), checked for an elastomer tag, and assigned to a stocking cohort based on tag color and 

location.  Mosquitofish were preserved in 10% formalin and returned to the laboratory and 

counted. The number of other fish species present was also recorded.   

 

 

STUDY AREA 

 

 

Captive-reared Barrens topminnows were released into ten sites with no historic 

topminnow presence in the headwaters of Hickory Creek and the Barren Fork River in Warren, 
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Coffee, and Grundy counties in the Barrens Plateau region of middle Tennessee (Figure 1).  One 

site in the Duck River watershed in southwest Coffee County that once harbored topminnows 

was stocked in August 2003.  

 

Barren Fork Drainage 

 

 There were two stocking sites in the Barren Fork drainage.  Witty Creek is a first order 

headwater stream in southwestern Warren County, Tennessee.  The spring originates from a well 

house that supplies water to a dairy farm adjacent to the site.  The spring flows into a run, which 

then empties into a large pool, which then flows into Witty Creek.  A fence was constructed prior 

to topminnow introductions to restrict cattle from entering the spring area.  The fence created a 

3-m buffer zone on either side of the stream. This spring is located on the floodplain of Witty 

Creek and it is very prone to flooding.  

The Pocahontas spring in northeastern Coffee County, Tennessee, is a shallow pool with 

multiple springheads that is adjacent to Pocahontas Creek, which allows for easy movement of 

fish between the creek and the pool.  A fence was constructed prior to topminnow introduction to 

create a 3-m wide buffer zone around the site.  

 

Hickory Creek Drainage 

 

 The Vervilla site, located in southwestern Warren County, Tennessee, is owned by the 

USFWS.  It is a first order stream with seven small pools that drain into an intermittent creek, 

which then enters Hickory Creek, a fourth order stream.  The pools were excavated and the 

springhead, located in the uppermost pool, subsequently filled them (Figure 2).  A fence was 

constructed to prevent off-road vehicle access to the site and warm season grasses were planted 

to control erosion and sedimentation.  This site is above the floodplain of Hickory Creek. 

 The Clayborne site is located in northeastern Coffee County, Tennessee.  This site was 

originally comprised of five small pools (Figure 3). Two pools, the isolated and middle pools, 

were excavated adjacent to the main springhead.  Water levels and temperatures in these two 

pools are controlled by underground sources.  The other three pools were directly connected to 

the main spring source.  In early 2003, two more pools (6 and 7) were excavated. During heavy 

rains, surface water flow connects all the pools except the isolated pool (4). 

 The Sain site is immediately downstream of the Clayborne spring.   The site was altered 

by the USFWS to create two pools, which were connected by a long slow moving run (Figure 4).  

The springhead located in the second pool discharges little or no water during dry periods.  The 

site is mainly supplied from water flowing downstream from the Clayborne site.  The USFWS 

planted riparian vegetation when the site was created, but cattle were allowed into the site and no 

riparian vegetation existed in the fall and winter of 2003-2004.   

The Cunningham property harbors two widely separated spring sites and is located in 

northeastern Coffee County, Tennessee.  The upper site is a large pool created by the USFWS 

adjacent to a springhead on a dairy farm.  The pool empties into Little Hickory Creek several 

hundred meters downstream.  The spring produces little water and only during wet periods can 

water be seen exiting the pool.  The lower Cunningham site is located downstream of the upper 

spring in the floodplain of Little Hickory Creek.  It consists of a large pool (Cunningham lower 

1) with a long spring run through a wetland that connects it to two separate smaller pools that 
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were excavated in 2003 (Cunningham lower 2 and 3; Figure 5).  The confluence of the lower 

pool systems creates a first-order tributary of Little Hickory Creek.   

The Murphy complex consists of two spring pools approximately 500 m apart, both of 

which drain into Little Hickory Creek.  In winter 2001, the USFWS created a small pool adjacent 

to the upper spring pool to create a hydraulic refuge for topminnows (Figure 6); the run was also 

widened.  A fence was constructed around the upper site to exclude cattle, but was ineffective 

during much of 2003 until it was repaired in late fall. The lower Murphy springhead is a small, 

deep (2-3 m) pool (Figure 7).  The spring run draining the pool empties into Little Hickory Creek 

~ 230 m from the springhead.  A fence was constructed to create a 3-m buffer zone around this 

springhead to exclude cattle. 

The Hancock site is located in northwest Grundy County, Tennessee.  The spring is 

adjacent to Hickory Creek, which provides easy access to the main creek for any fish stocked in 

the spring pool.  A fence was constructed, the slopes of the eroded banks were reduced, and the 

spring pool was enlarged in 2002 to create more slackwater habitat for topminnows. 

 The Crooks site is located on a first order tributary of Hickory Creek in Grundy County, 

Tennessee.  A culvert divides this site and probably prevents upstream movement of fish. 

Directly downstream of the culvert is a small slack-water pool adjacent to the main spring run. 

Upstream of the culvert is a heavily vegetated slack-water pool influenced by a spring emanating 

from a cave farther upstream. 

 

Duck River Watershed 

 

 The Marcum site is located on private land near Tullahoma in Coffee County, Tennessee. 

The spring drains from a concrete trough and flows into an existing creek, which flows into a 

large pond. The system lacks mosquitofish due to a concrete barrier separating this pond from 

Ovoca Lake. 

 

 

RESULTS 

 

Habitat Surveys 

 

 The Witty Creek site was surveyed for vegetation in July 2001 (Table 1) and mapped in 

August 2001.  The run was 40 m x 3 m and the downstream pool was approximately 133 m x 16 

m.  The riparian zone was mesoriparian. The volume of water discharged from the site during 

2001-2002 ranged from 0.088-0.094 cms (Table 2).  Temperatures fluctuated over a narrow 

range between October 2001 and April 2002 (13° C to 16°C).  In July 2001, vegetation (mainly 

watercress Nasturtium officinale and mint Mentha aquatica x Mentha epicata) was restricted to 

the banks of the spring run; by September 2001, aquatic vegetation covered the entire surface of 

the spring run and 73% of the pool.  When cattle were excluded from the site vegetation 

coverage increased to 80% in July 2002.  The landowner subsequently allowed cattle to graze the 

spring area and aquatic vegetation coverage decreased to 72% by October 2002.  Aquatic 

vegetation was again surveyed on 9 September 2003 and coverage was 62% in the presence of 

cattle; watercress and water starwort Callitriche heterophylla were the dominant species. 

The Pocahontas site was mapped in October 2001. The spring pool was 40 m x 13 m and 

the maximum depth was ~ 30 cm.  The riparian zone was hydroriparian.  The site is fenced and 
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cattle have not had access to the site since 2001.  Discharge ranged from 0.073-0.076 cms (Table 

2).  Temperatures ranged from 12°C to 16°C between September 2002 and March 2003. Aquatic 

vegetation was lush, covering 93 – 96% of the surface area on several dates, including the most 

recent survey on 14 October 2003.  Predominant species included mint, watercress, duckweed 

Lemna minor, and horned pondweed, Zannichella palustris (Table 1). 

The Vervilla site is fenced and there was no cattle damage to the riparian zone, which 

was classified as xeroriparian. The site consists of seven small pools (Figure 2); the uppermost 

pool is the spring pool, which covered about 11 m
2 

and was ~ 1 m deep.  Temperatures in the 

first pool below the spring pool (where topminnows were first stocked) ranged from 6°C to 20°C 

between August 2001 and September 2002.  Flows were too low to be measured in October 

2001, June 2002, or October 2002 (Table 2).  Aquatic vegetation and algal abundance varied 

spatially and temporally at the Vervilla site.  Aquatic vegetation covered 25% of the spring pool 

in October 2001 and increased to 81% coverage by June 2002.  The periodic blooms of 

filamentous algae in the upper pools made it difficult to see topminnows or actively sample 

them.  In October 2002 there was no aquatic vegetation or filamentous algae in the upper pools.  

By October 2003, coverage in the upper two pools increased to more than 90% (mostly 

filamentous algae and water primrose).   In the middle pools (3 and 4), less than 10% of the 

surface was covered in October 2003, but filamentous algae covered about 50% of the bottom of 

each pool.  Most of the surface of pool 5 was covered with filamentous algae in October 2003.  

Plant coverage in the lowermost pools (6 and 7) was less than 10% in October 2003.  

The pools at the Clayborne site were first mapped July 2001 and subsequently re-mapped 

in 2003.  During dry periods, pools 4 and 5 are isolated from pools 1, 2, and 3 (Figure 3).  During 

extremely wet periods, surface water connected pool 5 to pools 1, 2, and 3; pool 4 remained 

isolated throughout 2001-2002.  The riparian zone was classified as mesoriparian. The site was 

well fenced and there was no animal damage to the riparian zone. Pools 6 and 7 were 

subsequently excavated in 2003. Discharge from the site was too low to be measured in October 

2001, June 2002, or October 2002 (Table 2).  Temperatures at the springhead ranged from 9°C to 

19°C between June 2002 and March 2003.  Little aquatic vegetation was present in any of the 

pools during 2001, 2002, or 2003.   Watercress and water primrose were the most common 

species; filamentous algae was never observed in substantial quantities in any of the pools. 

The Sain site was mapped in February 2004 (Figure 4). The upper pool is downstream of 

the Clayborne site and drains into the lower pool.  No measurable flow was discharged from the 

site in June 2002 or October 2002 (Table 2). The riparian zone was classified as mesoriparian.  

Cattle damage at the site was high because cattle were not excluded.  Although filamentous algae 

inundated the larger of the two pools throughout 2001 and 2002 (Table 1), vegetation was scarce 

(< 10% coverage) and restricted to the margins of each pool and the run connecting them when 

the site was surveyed October 2003.   

The upper Cunningham site was mapped in November 2002; the pool was 23 m x 13 m 

and 1.5 m deep.  The riparian zone was classified as xeroriparian.  Discharge from the site was 

not detected in June or October 2002 (Table 2).  Cattle had only recently been excluded from this 

site and the riparian zone suffered excessive cattle damage in 2002.  Duckweed covered the pool 

entirely on several dates in 2002 and a layer of filamentous algae formed below the duckweed, 

which made it difficult to observe or sample topminnows.  Temperatures ranged from 7°C to 

28°C between August 2002 and April 2003.  Duckweed covered less than 10% of the surface on 

30 September 2003 and filamentous algae and watermilfoil covered about 40% of the bottom.  

By September 2003 the riparian zone had recovered and no cattle damage was noted. 
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 The lower Cunningham site was first mapped in November 2002.  The largest (13 m x 

15 m, 1-2 m deep) pool at this site was stocked with topminnows.  The riparian zone was 

classified as hydroriparian.  No animal damage was present and no measurable flow was 

detected (Table 2).  Temperatures in the large pool ranged from 5°C to 24°C between September 

2002 and March 2003. Aquatic vegetation in the large pool was scarce in 2002 (Table 1).   In 

2003 the surface of the lower pool was usually devoid of vegetation, but the bottom of the pool 

was almost entirely covered with aquatic plants, principally Myriophyllum.  On 30 September 

2003, pools 2 and 3 at the lower site (Figure 5) were surveyed and plant coverage at each pool 

exceeded 90%; duckweed, filamentous algae, and primrose were the predominant plants.  

The upper Murphy site was first surveyed in August 2001. A small pool adjacent to the 

spring flow was constructed and was last surveyed in February 2004 (Figure 6).  The small pool 

had a surface area of 10 m
2 

and the main spring pool had an area of 28 m
2
.  The riparian zone 

was classified as mesoriparian. Discharge at the site was 0.08 cms in October 2001(Table 2).  

Temperatures were consistent (14°C to 16°C) at the springhead between April 2002 and 

February 2003, but varied widely (11°C to 23°C) in the adjacent pool between August and 

December 2002.   Vegetation in July 2001 was scarce and limited to the margins of the stream; 

however, vegetation coverage increased to 96% in October 2002 after cattle had been excluded 

(Table 1).  When the fence was damaged and cattle gained access to this site, vegetation 

coverage decreased, but coverage approached 100% in the fall of 2003 after the fence was 

repaired and cattle were again excluded.  

The lower Murphy site was mapped in January 2004 (Figure 7).  The springhead pool had 

an area of 216 m
2
 and was 2-3 m deep. Vegetation was visually surveyed in fall 2002 and 

covered approximately 85% of the site (Table 1).  The riparian zone was hydroriparian.  Cattle 

damage was excessive before a fence was erected in 2002.  This was one of the largest springs 

(in terms of discharge) stocked with topminnows; discharge was 0.338 cms in October 2002 

(Table 2).  Aquatic vegetation often covered the entire surface of the pool at this site and 

persisted at high levels each winter.  

The Hancock site was mapped in November 2001 and consisted of a 10 m x 15 m pool 

about 0.5 m deep.   The riparian zone was xeroriparian.  Cattle damage was high until a fence 

was erected in 2002.  This was one of the two largest springs (in terms of discharge); the highest 

discharge (0.32 cms) was measured October 2001.  Temperatures ranged from 12°C to 16°C 

between October 2001 and April 2002.  Vegetation was dense (75%-86%) in 2001, 2002, and 

2003.  Watercress and water milfoil were the most abundant species at this site.  

Vegetation was visually surveyed at the Crooks site in August 2003.  Watercress lined 

the margins of backwater pools in the lower reach below the culvert, but coverage was less than 

10%.  Aquatic vegetation (mostly filamentous algae and watercress) was lush in the pool above 

the culvert and coverage exceeded 90%.  The spring run emptying into the pool was sparsely 

vegetated (less than 10% coverage) and restricted to the margins and backwater areas.  

 

Resident Fish Fauna 

 

All sites harbored other fish species when topminnows were first stocked, with the 

exception of the isolated pool 4 at the Clayborne site.  Common fish species inhabiting the 

springs included the flame chubs Hemitremia flammea, fringed darter Etheostoma crossopterum, 

spring cavefish Forbesichthys agassizii, banded sculpin Cottus carolinae, and western 

mosquitofish Gambusia affinis (Table 3).   
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Fish at the Vervilla site were first sampled with backpack electrofishing gear during the 

summer of 2001.  Minimal fish habitat was present until pools were excavated at this site.  Two 

of the four species in the spring pool (golden shiner Notemigonus crysoleucas and bluntnose 

minnow Pimephales notatus) were unique to this site among all the stocking sites.  Mosquitofish 

invaded the Vervilla site between July 2001 and April 2002.  The minimum population size of 

mosquitofish at the Vervilla site (all pools combined) in November 2003 was 2,162 fish.  

Additional species observed in November 2003 included bluegill Lepomis macrochirus, green 

sunfish Lepomis cyanellus, flame chubs, creek chubs Semotilus atromaculatus, central 

stonerollers Campostoma anomalum, and a single redband darter Etheostoma luteovinctum 

(Table 3).   

At the lower Cunningham pool 1, black bullhead Amerius melas, largemouth bass 

Micropterus salmoides, bluegill, and mosquitofish were present before a rotenone treatment in 

2002.  The site was re-sampled after the rotenone application and only immature bluegill sunfish 

and mosquitofish were collected; however, the site was quickly recolonized by other species.  

This same pool was sampled December 2003 and numerous flame chubs were collected, along 

with 264 mosquitofish and nine fringed darters (Table 3).  Pools 2 and 3 at the lower 

Cunningham site were excavated and resident fish surveys were conducted in December 2003. In 

pool 2, we collected flame chubs, fringed darters, and creek chubs, and the population estimate 

for mosquitofish was 753 (+ 30).  In pool 3 we collected flame chubs, telescope shiners, fringed 

darters, central stonerollers, rosyside dace, green sunfish, and largemouth bass and the 

population estimate for mosquitofish was 273 (+ 57).   

The upper Cunningham site could not be efficiently sampled until January 2004, when a 

die-off of duckweed allowed us to seine the site.  The mosquitofish population estimate was 

5,528 fish (+ 266).  Three other species (green sunfish, bluegills, and fringed darters) had been 

observed in earlier samples.   

The species composition at the upper Murphy site (fringed darter, mosquitofish, spring 

cavefish) remained unchanged between August 2001 and early spring 2002, when the adjacent 

pool was constructed.  Bluegill and green sunfish were abundant when the site was re-sampled in 

February 2002.  The abundance of mosquitofish also appeared to increase after the adjacent pool 

was constructed in July 2002.  We did not collect any centrarchids at this site in January 2003, 

but 415 mosquitofish and 164 flame chubs were collected at that time (Table 3).  

We have never been able to collect a good sample of fishes at the lower Murphy site.  

However, the samples we did collect since 2001 indicated that the fish assemblage there was 

similar to that found at the upper Murphy pool (e.g., mosquitofish, flame chubs, banded sculpin, 

bluegills).   

Early surveys at the Hancock site collected mosquitofish, flame chubs, and banded 

sculpin.  We used backpack electrofishing gear and a seine on 2 December 2003 and collected 

746 flame chubs, 44 banded sculpin, and five or fewer green sunfish, mosquitofish, stonerollers, 

creek chubs, and cherry darters.   Dense vegetation and instream woody debris rendered this site 

particularly difficult to sample quantitatively.  

The Crook site below the culvert was sampled with a seine in August 2003 and 

electrofishing gear in December 2003. We sampled riffle and slack water habitats and collected 

banded sculpins, roseyside dace, mosquitofish, flame chubs, telescope shiners, and fringed 

darters (Table 3).  The spring run above the culvert was sampled using electrofishing gear in 

December 2003; we collected numerous banded sculpins and fewer flame chubs, roseyside dace, 

and central stonerollers.  Most importantly, no mosquitofish were collected above the culvert. 
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 We were unable to sample the resident fishes at the Marcum site using active sampling 

techniques before the site was stocked with topminnows in 2003.  This site is probably void of 

mosquitofish due to the concrete barrier separating Ovoca Lake and the pond below the spring 

run.   Sampling in 2004 will confirm the suspected absence of mosquitofish at this site. 

 The species composition in the two Sain pools was identical (mosquitofish, flame chubs, 

fringed darters).  Population estimates for mosquitofish in the upper and lower Sain pools were 

243 (+ 30) and 688, respectively, which equaled a density of 4.7 and 13.7 fish/m
2
  

The Clayborne site consisted of seven pools and the fauna was nearly identical in all of 

them (except for the isolated pool which was fishless before it was stocked).  The six pools all 

contained fringed darters, flame chubs, and mosquitofish, and three pools harbored spring 

cavefish (Table 3).  Details on the abundance of mosquitofish in those pools are provided in the 

following section on topminnow persistence. 

 

Topminnow Persistence  

 

Pocahontas.  Forty-five Barrens topminnows were released on 30 August 2001 (Table 

4).  No topminnows were detected in visual surveys until November 2001, when two 

topminnows were sighted.  Electrofishing yielded no topminnows on 14 December 2001, 1 

February 2002, or 3 July 2002.  On 3 September 2002, 90 more topminnows were released into 

the site.  The site was sampled using minnow traps on 6 September 2002 (three days after 

stocking), but no topminnows were collected.  No topminnows were collected using 

electrofishing gear on 16 December 2002.   This site was not sampled in 2003. 

 

Witty Creek.  Sixty-four topminnows were stocked on 30 August 2001 (Table 4).  Fish 

were visually observed at the site until mid-October 2001.  None were observed in early 

November 2001; therefore, the site was sampled using electrofishing gear on 14 December 2001, 

and two fish were collected.  No fish were seen in a visual survey in January 2001.  When the 

site was sampled with backpack electrofishing on 2 February 2002, two fish were collected.  On 

3 September 2002, 82 topminnows were released into the springhead.  On 16 December 2002, 

backpack electrofishing gear collected seven topminnows from the September 2002 cohort.  On 

20 March 2003, the run was shocked and no topminnows were collected; however, three 

topminnows from the September 2002 cohort were seined in a small slough area next to the main 

spring run.   

 

Marcum.  This site was stocked with 126 topminnows on 27 August 2003. This was the 

first reintroduction in the Duck River system. This site has not been sampled. 

 

Vervilla.  Forty-five topminnows were released on August 2001 and were observed 

through mid-November 2001.  Algal blooms often inhibited visibility during the summer 

months.  The inability to see topminnows when water temperatures were cooler than 10° C 

indicated topminnows assumed a more sedentary, benthic existence with the onset of winter and 

declining water temperatures.  Periodic active sampling techniques (e.g., seining, backpack 

electrofishing, and minnow traps) yielded greater numbers of topminnows than visual surveys.  

For instance, only one or two topminnows were seen in December 2001 and January 2002 

surveys using binoculars; however, 14 fish were collected when the site was seined on 1 

February 2002.     
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Topminnows were stocked again at this site on 10 April 2002 (n = 50) and 3 September 

2002 (n = 48).   The September 2002 fish were released in the first pool downstream from the 

springhead and the site was sampled the following day.  Seven of those fish moved up to the 

spring pool, perhaps due to the cooler water temperatures near the springhead.  When the site 

was sampled on 16 December 2002, 10 fish were collected:  two had been stocked April 2002, 

five were stocked September 2002, and three fish bore no tags (Figure 8).  On 20 March 2003, 

19 topminnows were seined; nine were tagged and 10 were not tagged.  Tagged fish were larger 

on average than untagged fish (t-test; t = 2.87; d.f. = 11; P = 0.0075).  We concluded that the 

untagged fish in December 2002 and March 2003 samples represented wild fish produced in 

2002 by topminnows stocked in August 2001 or April 2002.  The untagged fish were presumed 

to be wild fish because (1) wild topminnows reach standard lengths of ~ 43 mm in their first four 

months of life (Rakes 1989), and (2) the untagged topminnows in the December 2002 sample 

were 40-52 mm TL.  This was the first site where natural reproduction was documented and it 

occurred as the site was being colonized by mosquitofish, which occurred sometime between 

July 2001 and April 2002.   

Topminnows were stocked again at the Vervilla site on 27 August 2003; 50 fish were 

stocked in pool 2 and 49 fish were stocked in the pool 4 (Figure 2).  We then seined all seven 

pools on 4 November and 11 November 2003.   Topminnows were only collected in the upper 

three pools and we recaptured 19 of the 99 topminnows stocked August 2003 and two 

topminnows stocked September 2002.  Thus, at least 18% of the August 2003 cohort persisted 

for 76 days and 4% of the 3 September 2002 cohort persisted for 434 days.  The lack of any 

small, untagged fish indicated that topminnows did not produce any offspring in 2003. 

 

Clayborne.  The isolated pool 4 (Figure 3) was stocked 22 August 2001 (n = 10) and 10 

April 2002 (n = 9).  The pool was unique in that no other fish were present when the topminnows 

were stocked.  It was difficult to visually monitor topminnows in this small isolated pool due to 

shadows from overhanging trees.  The site was seined on 1 February 2002 and 3 July 2002 and 7 

and 10 topminnows, respectively, were collected.  On 10 July 2002, a minnow trap was floated at 

the surface and one was sunk to the bottom.  The traps were retrieved 36 h later and the floating 

trap collected 16 of the 19 fish stocked into the site.  Unfortunately, nine of the fish, mostly 

males, were dead.  Both cohorts of fish stocked into the pool were collected in the minnow trap 

(August 2001 cohort, n = 7; April 2002 cohort, n = 9).  Annual mortality was no more than 33% 

for the August 2001 cohort based on 7 fish collected 322 days post stocking.  No mortality 

occurred among the fish stocked April 2002, because all nine fish that were stocked were 

collected in the minnow trap.  The site was seined on 16 December 2002 and 20 March 2003, but 

no topminnows were collected on either date. This pool was subsequently stocked with 12 

topminnows on 3 June 2003 and sampled on 2 December 2003.  In three seine hauls we collected 

10 topminnows; seven were longer than 55 mm TL and were marked with elastomer tags that 

identified them as fish stocked June 2003.  The other three topminnows were small (< 30 mm 

TL) and bore no tags; thus, they were naturally produced offspring.  No mosquitofish were 

collected in the sample.  This was the second observation of natural recruitment by topminnows 

since the stocking program began in 2001.  At least 58% of the June 2003 cohort persisted 182 

days.   

Topminnows (n = 29) were first stocked into the Clayborne middle pool 5 on 22 August 

2001.  Visual surveys took place from 23 August 2001 until 25 January 2002 and fish were seen 

in high numbers (n ≥ 10) through 7 September 2001.  In subsequent surveys the number of 
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topminnows observed decreased to one or two fish per survey.  When the site was seined on 

February 1, 2002, seven fish were collected.  Twenty-four fish were stocked on 10 April 2002, 

and on the following day 24 topminnows were observed; 15 fish from the first stocking and 9 

from the second stocking.  Topminnows were routinely seen in visual surveys and 19 fish were 

collected when the site was seined on 3 July 2002.  When sixteen fish (8 from August 2001 

cohort, 6 from April 2002 cohort, and 2 untagged fish) were seined on 16 December 2002, 

several of the fish appeared severely emaciated, although they were not weighed.  The untagged 

fish were believed to be tagged fish that had lost their tags based on their large size.  On 11 April 

2003 the pool was seined and only six topminnows, all from the April 2002 cohort, were 

collected; however, all appeared healthy (e.g., males were robust and in breeding colors). This 

same pool was seined three times on 25 August 2003 and 4 fish from the April 2002 cohort were 

collected, which means that at least 17% of those fish persisted for 502 days. We also collected 4 

topminnows that were stocked in this pool on August 2001, but they were collected in other 

pools in the Clayborne complex; thus, at least 14% of that cohort persisted for 733 days. These 

were two of the longest persistence times documented for any cohort.  On 2 December 2003, this 

same pool was sampled repeatedly with a seine, but no adult topminnows from either of those 

cohorts were collected.   

Nearly 300 mosquitofish were collected in pool 5 in December 2003 and they were 

preserved and returned to the laboratory. When the sample was processed, two juvenile Barrens 

topminnows, both under 30 mm TL, were identified. It is not known whether those topminnow 

juveniles were the progeny of the cohorts stocked into pool 5 or the product of immigration from 

other pools at this site.  In either case, the presence of juvenile topminnows in that pool was 

evidence that stocked Barrens topminnows reproduced in the presence of mosquitofish at the 

Clayborne site.  It is not known whether a few naturally produced topminnows will thrive in pool 

5 because of the large population of mosquitofish in that pool.  

The Clayborne spring pool (pool 1) was stocked four times (Table 4).  The first stocking 

(n = 28) occurred on 22 August 2001 and these fish were visually observed in low numbers 

through 13 November 2001.  On 14 December 2001 and 1 February 2002 the site was 

electrofished and no topminnows were collected.  Thirty-five more topminnows were released on 

10 April 2002.  Eleven fish from this second cohort were seined on 3 July 2002.  On this same 

date three topminnows stocked at the Clayborne site were seined at the Sain site.  Two of these 

fish originated from the Clayborne middle pool 5 and one emigrated from the Clayborne spring 

pool.  The third stocking into the Clayborne spring pool (n = 25) occurred on 3 September 2002.  

The pool was subsequently seined three times and topminnows were collected each time (6 

September 2002, n = 9; 16 December 2002, n = 1; and 20 March 2002, n = 1).  On 11 April 

2003, no topminnows were collected when we seined the spring pool.  Topminnows were 

stocked again into the spring pool on 3 June 2003 (n = 50).  We repeatedly seined this pool on 25 

August 2003 and we collected one topminnow from the September 2002 cohort and 22 

topminnows from the June 2003 cohort.  These fish had persisted for 356 and 83 days, 

respectively.  We seined this pool again on 25 November 2003 and collected 17 topminnows 

from the June 2003 cohort; five fish from that same cohort were collected on the same date in 

Clayborne pool 7.  At least 44% of the June 2003 cohort stocked into the spring pool persisted 

for 175 day. The minimum population size of mosquitofish in November 2003 in the spring pool 

was 203 fish.  

Clayborne pool 3 has been stocked once (27 August 2003, 49 fish). We seined this pool 

repeatedly two days after it was stocked to assess our sampling efficiency and post-stocking 
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mortality.   Forty-three of the 49 topminnows (88% of cohort) stocked two days earlier were 

collected in five seine hauls, which indicated that our sampling efficiency in that pool was 

excellent, and post-stocking mortality was slight, if not zero. We resampled pool 3 on 25 

November 2003 and we only collected 4 of the topminnows stocked there in August 2003.  The 

low catch rate reflected the movement of topminnows out of that pool and into the upper Sain 

pool (27 fish), the lower Sain pool (6 fish) and the spring pool at the Clayborne site (1 fish 

captured in subsequent samples). Thus, 78% of the August 2003 cohort stocked into pool 3 

persisted among the Clayborne and Sain pools for at least 90 days.  The minimum population 

size of mosquitofish in pool 3 on 25 November 2003 was 252 fish. 

The two Clayborne pools that were excavated in early 2003 (pools 6 and 7) were stocked 

with 88 and 78 topminnows, respectively, on 27 August 2003.  In pool 6, 80 topminnows (91% 

of original number stocked) were collected in 10 seine hauls two days post-stocking and 57 

topminnows (65%) were collected in 8 seine hauls 90 days post-stocking.  In pool 7, 76 Barrens 

topminnows (97%) were collected in 8 seine hauls two days post-stocking and 66 topminnows 

(85%) were collected in 4 seine hauls 90 days post-stocking. These high catch rates immediately 

after stocking indicated that stocking mortality was essentially nil.  The minimum population 

size of mosquitofish in pools 6 and 7 were 287 and 321, respectively.  

 

Clayborne Site Summary: We have documented only three instances of natural 

reproduction by stocked Barrens topminnows and two of those were at the Clayborne site 

(isolated pool 4; middle pool 5).  The presence of wild juveniles in the middle pool suggests 

some reproduction can occur in the presence of mosquitofish. Topminnows stocked into all but 

the isolated pool were routinely observed downstream in the Sain pools.  Immigration into the 

Clayborne pools (1, 3, and 6) from the upper Sain pool was also documented and some 

movement of topminnows between Clayborne pools 1, 3, 5, and 7 has been observed (note: pool 

2 has not been stocked or sampled).  Several of the topminnow cohorts in these pools have 

persisted for 1-2 years, indicating that adult topminnows can tolerate interactions with 

mosquitofish.  With the exception of isolated pool 4, mosquitofish were abundant in all of the 

Clayborne pools in November-December 2003; densities were remarkably consistent and ranged 

from 4.9 to 6.9 mosquitofish per m
2
.  In contrast, minimum estimates of topminnow density were 

much lower: 

 

 

 Pool 1 Pool 3 Pool 4 Pool 5 Pool 6 Pool 7 

 

Pool Size (m
2
) 

 

33 

 

49 

 

16 

 

45 

 

59 

 

46 

 

Mosquitofish  

Density (per m
2
 ) 

 

6.1 

 

5.1 

 

0 

 

6.4 

 

4.9 

 

7.0 

 

Minimum topminnow 

density (per m
2
) 

 

0.67 

 

0.27 

 

0.63 

 

0.04 

 

0.98 

 

1.43 
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Sain.  Fifty-six topminnows were stocked at this site on 3 September 2002 (Table 4).  

Prior to that stocking event, immigration of Barrens topminnows from the Clayborne site was 

documented, as discussed above.  On 16 December 2002, the upper pool was seined and three 

topminnows were collected.  These fish also originated from the Clayborne site (pools 1 and 5).  

On 3 March 2003, three topminnows were collected in an electrofishing sample of the upper Sain 

pool.  Two of the fish had been stocked there and one emigrated from the Clayborne spring pool. 

Fifty more topminnows were stocked in the lower Sain pool on 3 June 2003.  On 25 August 

2003, four fish from the September 2002 cohort were collected in the lower Sain pool, meaning 

that at least 7% of the stocked cohort had persisted 356 days post stocking.  Eighteen fish from 

the June 2003 cohort were also collected, two of which were collected in the upper Sain pool.  

The eighteen fish collected from the June 2003 cohort meant that at least 36% of the stocked 

cohort had persisted 83 days. The upper pool was stocked again with 61 topminnows on 27 

August 2003. Two days post-stocking, 89% of these fish were collected in seine samples of that 

pool.  On 4 November 2003, 69 days post stocking, 90% (n = 55) of the August 2003 cohort was 

recaptured.  Although 44 of those fish were recaptured in the upper pool, recaptures also 

occurred in the lower Sain pool (n = 7), Clayborne pool 3 (n = 2), Clayborne spring pool (n = 1), 

and Clayborne pool 6 (n = 1).   

 

Upper Cunningham.  Twenty-eight topminnows were released at this site on 10 April 

2002.  Visual surveys and active sampling were hindered by excessive vegetation and only one 

topminnow was collected when the pool was seined on July 3, 2002.  No topminnows were 

collected using electrofishing gear or minnow traps on 16 December 2002 or 20 March 2003. 

Forty-nine topminnows were stocked into this pool on 27 August 2003. The absence of 

topminnows in our earlier samples at this site led us to believe that no topminnows persisted.  

However, 41 topminnows were collected in four seine hauls on 29 January 2004, a time of low 

vegetation abundance.  Thirty of the 41 fish belonged to the August 2003 cohort based on their 

elastomer tags, but 11 fish bore no tag.  We believe these fish were stocked topminnows that had 

lost their tags and not wild fish because: (1) they were the same approximate size (range: 55-64 

mm TL) as the tagged fish, and (2) no juvenile or adult topminnows had previously been 

collected at this site.  Eighty-four percent of the stocked cohort persisted 155 days post stocking.  

 

Lower Cunningham.  Eighty topminnows were stocked at lower Cunningham pool 1 on 

3 September 2002.  On 16 December 2002, three minnow traps were floated at the water’s 

surface for 16 hours and no topminnows were collected.  On 20 March 2003, the site was 

electrofished and no topminnows were collected.  One hundred topminnows were stocked on 3 

June 2003 and 51 were stocked on 27 August 2003. On 17 December 2003 seine samples 

collected four topminnows from the June 2003 cohort.  Sampling was hindered by dense growths 

of Myriophyllum, but numerous (n = 210) flame chubs were collected.  This pool was 

subsequently stocked with 108 topminnows on 18 December 2003.     

Each of the recently excavated pools (2 and 3) at the lower Cunningham site was stocked 

with 99 topminnows on 27 August 2003.   Each of those pools was sampled using a seine on 11 

December 2003.   In pool 2, 12% of the stocked cohort persisted 106 days.  No topminnows were 

collected in pool 3, but we collected numerous flame chubs, two green sunfish, and one 

largemouth bass.  These pools were stocked again on 18 December 2003; pool 2 received 41 fish 

and pool 3 received 36 fish.  
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Upper Murphy.  This spring was stocked on four dates.  The first stocking of 29 fish 

occurred on 22 August 2001.  We observed topminnows rapidly dispersing from the spring pool 

soon after they were stocked, possibly due to strong current coming from the springhead.  Fish 

were not observed the following day or two weeks later when the entire site (from Hickory Creek 

to the springhead) was electrofished.  On 10 April 2002, 50 topminnows were released into the 

pool adjacent to the springhead.  On 3 July 2002, the spring run and adjacent pool were sampled 

with electrofishing gear and a seine.  No topminnows were collected in the run; however, three 

topminnows from the April 2002 cohort were collected in the adjacent pool.  On 31 August 

2002, the adjacent pool was seined and six topminnows were collected; two were from the 

August 2001 cohort, marking the first time these fish had been collected.   Forty-nine fish were 

stocked into the adjacent pool on 3 September 2002.  It was seined two days later and fish from 

the April 2002 cohort (n = 2) and September 2002 cohort (n = 11) were collected.  On 16 

December 2002, the spring and adjacent pools were seined and fish from all three cohorts were 

collected (August 2001, n = 1; April 2002, n = 4; and September 2002, n = 3).   On 20 March 

2003, only one fish (from the August 2001 cohort) was seined in the adjacent pool; this fish had 

survived 576 days.  The most recent stocking occurred on 27 August 2003 (n = 47).  The site was 

last sampled on 29 January 2004.  Despite its small size, this spring has been difficult to sample 

because of abundant aquatic vegetation on most sample dates.  Low sampling efficiency would 

explain why fish from the August 2001 cohort were not observed in some of the earlier samples 

(see below).   Movements into and out of this spring might also explain the inconsistent 

recapture data. 

  

Number of topminnows stocked at the upper Murphy spring and observed in seine and 

electrofishing samples on seven dates.   

 

Stocking  

Date 

Number 

Stocked 

Sept. 

2001 

July 

2002 

Aug. 

2002 

Sept. 

2002 

Dec. 

2002 

March 

2003 

Jan. 

2004 

8/01 29 0 0 2 0 1 1 0 

4/02 50 - 3 5 2 4 0 0 

9/02 49 - - - 11 3 0 0 

8/03 50 - - - - - - 0 

 

 

Lower Murphy.  On 31 August 2002 (before topminnows were stocked at this site), a 

run 55 m upstream from where the outflow of this spring enters Hickory Creek was sampled 

using a seine.  A topminnow was collected that was stocked on 22 August 2001 in the upper 

Murphy site, approximately 500 m upstream, signifying emigration and the possibility of 

downstream colonization at other stocking sites.  The lower Murphy spring has been stocked 

with the second highest number of topminnows (ntotal  = 510 fish. Topminnows were first stocked 

on 3 September 2002 (n = 84) and 26 November 2002 (n = 76).  One fish from the November 

2002 cohort was collected when the site was electrofished on 16 December 2002.  On 20 March 

2003 the site was electrofished and no topminnows were collected.  On 11 April 2003, five 

minnow traps were floated at the surface of the springhead for 18 hours; no topminnows were 

collected.  The site was stocked again on 3 June 2003 (n = 204) and 27 August 2003 (n =146).  

This site has proven to be one of the most difficult sites to sample, for several reasons.  It is too 

deep in the middle of the pool to wade; the bottom is unconsolidated mud, making walking its 
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shorelines difficult; and emergent and submersed aquatic vegetation is lush.  We will have to rely 

on visual observations to detect persistence of stocked topminnows at this site and larval fish 

traps to detect reproduction. 

 

Hancock.  The Hancock spring has been stocked with the third highest number of 

topminnows (ntotal  = 480 fish); 57 topminnows were first stocked on 28 September 2001.  Two 

days later, one of those tagged topminnows was spotted along the bank of Hickory Creek about 

150 m downstream from the spring.  No topminnows were observed at this site during the winter 

of 2001, when high water in Hickory Creek prevented visual surveys.  Fifty-five topminnows 

were subsequently stocked on 10 April 2002, at which time seven of the topminnows stocked in 

September 2001 were seen, 194 days post-stocking.  On 3 July 2002, the site was electrofished 

and only one topminnow from the April 2002 cohort was collected.  Topminnows were also 

stocked on 3 September 2002 (n = 57) and 26 November 2002 (n = 62).  On 21 March 2003, the 

site was sampled using electrofishing gear; one fish from the September 2002 cohort and one 

from the November 2002 cohort were collected.  On 3 June 2003, 156 topminnows were stocked 

at this site and six topminnows were sighted in the springhead, two each from the September 

2001 and April 2002 cohorts, one from the November 2002 cohort, and one possibly untagged 

topminnow. The two topminnows from the September 2001 cohort had persisted for 613 days. 

On 27 August 2003, ninety-three Barrens topminnows were released at the Hancock site.  Seven 

topminnows were collected using a combination of seine hauls and electrofishing gear in 

December 2003: three fish were from the August 2003 cohort, three were stocked June 2003, and 

one was stocked April 2002. These topminnows persisted for 92 days, 182 days, and 601 days, 

respectively.  Lush vegetation and stumps render this site particularly difficult to seine or 

electrofish and it will not be possible to estimate the size of the mosquitofish or topminnow 

populations.  We will rely on visual observations to detect persistence of stocked topminnows at 

this site and larval fish traps to detect reproduction. 

  

Crooks.  This site has been stocked with the most topminnows (ntotal  = 590 fish); it was 

first stocked on 6 June 2003 with 191 topminnows. We collected six topminnows using a seine 

in August 2003, all in the slack-water pool directly below the culvert.  More topminnows were 

stocked on 27 August 2003 (150 below and 49 above the culvert) and we sampled this site on 18 

December 2003 and 25 November 2003.  We could not use the seine because of high water; 

therefore, we used electrofishing gear.  The populations could not be depleted; thus, the 

estimates are minimum estimates of the number of topminnows persisting. One fish from the 

June 2003 cohort was collected below the culvert and had persisted for 175 days. Two 

topminnows from the August 2003 cohort were collected below the culvert and one above.  On 

18 December 2003, ninety-two fish were stocked below the culvert and 108 were stocked above. 

The site has not been sampled since that last stocking event.    

 

All Sites.    It was assumed that at least three of the 10 topminnows stocked into the 

isolated pool at the Clayborne site in April 2002 would have persisted for at least six months if 

they had not been killed in the minnow trap in August 2002.  Thus, if persistence is defined as 

one or more fish in each cohort surviving for at least six months, then 22 cohorts met the criteria, 

representing 71% of the 31 stocking events through June 2003 (Table 5).  If persistence is 

defined as three or more fish persisting for at least 12 months, only four cohorts met that criteria, 

or 15% of 26 cohorts at large for at least 12 months at the time our last samples were taken.  
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An alternative approach to describe persistence is to examine the fate of all the Barrens 

topminnows stocked at one time.  For instance, of the 315 fish stocked on 3 September 2002 

(into pools that were sampled in fall 2003 and early 2004), six fish (1.9%) were collected one 

year later (Table 6).  Of the 510 fish stocked on 3 June 2003, at least 45 fish (8.8%) survived 

through fall 2003. Of the 911 fish stocked on 27 August 2003, (into pools that were sampled 

later that same year), 293 fish (32.2%) survived through November-December 2003.  These 

estimates of persistence are minimum estimates because topminnows could have been present, 

but not observed. 

 

Growth and Mortality 

  

 Due to substantial movements among pools at some sites (e.g., Clayborne and Sain sites), 

growth and mortality were calculated as cohort-specific rather than site-specific.  The growth and 

mortality of stocked topminnows varied widely.  Growth (in length) ranged from a low of 0.07% 

per day for the August 2003 cohort stocked in pool 3 at the Clayborne site to a high of 0.37% per 

day for the June 2003 cohort stocked in pool 4 (the isolated pool) at the Clayborne site.  Monthly 

mortality ranged from 3.4% for the August 2003 cohort stocked into the upper Cunningham site 

to 62.9% for the August 2003 cohort stocked into pool 4 at Vervilla (Table 4).  The mortality 

estimates are maximum estimates because some topminnows may have been present at a site, but 

not observed.  The estimates are also liberal because they reflect any emigration that might have 

occurred, but was not observed.  

 In the presence of mosquitofish, Barrens topminnow growth and mortality was variable.  

The lowest monthly mortality (3.4%) and one of the highest growth rates (0.36 % per day) was 

observed for the August 2003 cohort at the upper Cunningham site, which was nutrient enriched 

and supported a high density of mosquitofish (18.5/m
2
).  Conversely, the highest monthly 

mortality (62.9%) was observed at the Vervilla site, where the density of mosquitofish was also 

high (10.8/m
2
). The June 2003 cohort in the isolated pool at the Clayborne site, which was void 

of mosquitofish, had one of the lowest monthly mortality rates (8.5%) and the highest growth 

rate (0.37 % per day).   

  

 

DISCUSSION  

 

Elastomer Tagging 

 

Detailed records of Barrens topminnow mortality due to handling and tagging were not 

kept, although few (~2%) fish died during tagging or immediately after they were tagged.  The 

visible implant elastomer (VIE) tag was developed to aide in tagging small fish such as 

topminnows.  Fredrick (1997) reported that skilled application of the VIE tag induced no 

mortality for fish longer than 20 mm standard length   Initial efforts to tag pikeminnows with 

VIE tags resulted in high (~ 32%) mortality (Haines and Modde 1996), which was subsequently 

reduced to 5% or less as personnel became more experienced.   

Two hundred forty (19%) of the 1,267 Barrens topminnows stocked between August 

2001 and November 2002 were recaptured and 14 (6%) of the 240 recaptures had tags that were 

undetectable.   Similarly, 293 (23%) of the 1,281 Barrens topminnows stocked in August 2003 

were recaptured and 11 (4%) of the recaptures had tags that were undetectable, all originating 
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from the Cunningham upper pool.  These fish were almost certainly stocked fish that had lost 

their tag, not wild recruits such as those observed at the Vervilla site and two of the Clayborne 

pools because of their size and when and where they were observed.  For instance, 18 

topminnows were seined from pool 5 at the Clayborne site on 2 July 2002 and four were 

untagged.  That pool is usually isolated from the main spring flows at the Clayborne site and 

immigration of wild fish into that pool would have been difficult.  Untagged fish were not 

observed at the site in subsequent samples.  Also, the lengths of the four untagged fish (48-55 

mm TL) were encompassed by the lengths of the 14 tagged topminnows (37-75 mm TL) in the 

same sample.   Similarly, the tag losses observed at the Cunningham site were for adults longer 

than 55 mm TL. VIE tag detectability over long periods is often difficult unless a UV or blue 

light is used (Haines and Modde 1996; Close 2000).  Auxiliary lights were not used to detect 

VIE tags in Barrens topminnows until August 2002 and many of the topminnows without visible 

tags were observed before July 2002.  Therefore, the 4-6% tag loss rate observed in this study 

should be considered a maximum estimate.  

 

Sampling Methods 

 

 Visual surveys were initially used to monitor reintroduced Barrens topminnows.  Slowly 

approaching the stocking site, standing still and slowly scanning the site to look for topminnows 

and their characteristic hovering and darting swimming pattern proved to be more time 

consuming (and inefficient) than actively sampling the sites with seines or backpack 

electrofishing gear.  Also, fish could not be seen when pools were partially shaded or excessive 

amounts of vegetation existed.  No published material could be located reporting the 

effectiveness of binoculars as a sampling technique, but we documented numerous instances of 

“false negatives” when we relied solely on visual surveys (i.e., we declared sites devoid of 

topminnows that were subsequently shown to harbor them).  Active sampling yielded larger 

numbers of topminnows when compared to visual surveys and also allowed us to estimate 

population sizes of topminnows and mosquitofish.  Unless water depth or excessive vegetation 

prevents their use, we will rely on active sampling gear and techniques in all future assessments 

of topminnow persistence and recruitment.  We are cognizant of the potential to injure 

topminnows (and other fishes) when using pulsed DC electrofishing gear and we will resort to 

using that gear only when seining or other less injurious methods cannot be used. 

  

Habitat Surveys 

 

 Eleven sites were selected to receive Barrens topminnows in 2001, 2002, and 2003.  The 

sites varied and consisted of spring runs and pools, with different water temperature regimes, and 

minimal to lush aquatic vegetation.  Vegetation and structure are critical features for many fish 

species, particularly topminnows, because they provide cover, food, and a substrate for egg 

deposition.  However, gaps remain in understanding the importance of aquatic vegetation to 

reproduction and foraging, mainly due to difficulties in sampling fish in vegetated habitats (e.g., 

Jordan et al. 1997).  Barrens topminnows were known to exist in sites where watercress and 

filamentous algae were abundant and flow was minimal (Williams and Etnier 1982).  Early 

surveys suggested that topminnows occurred only in pristine, heavily vegetated spring-type 

habitats (Rakes 1989).  Our observations suggest that topminnows do not require pristine habitat 

if there are open pool areas and only modest amounts of vegetation.  Also, filamentous algae is 
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not required as spawning substrate because topminnow reproduction occurred at one site 

(Clayborne isolated pool 4), and perhaps a second (Clayborne pool 5), where algae was scarce. 

Finally, spring-moderated temperatures may be important to long-term topminnow persistence, 

but water temperature fluctuations can be tolerated by topminnows, as was observed at the 

Vervilla site.  

 Future research could investigate habitat preferences of the Barrens topminnow in the 

presence and absence of mosquitofish.  The use of preferred resources by a subordinate species is 

often restricted in the presence of a dominant species with similar ecological demands.  For 

instance, when rainbow trout abundance was reduced in an Appalachian stream, brook trout 

responded by shifting positions further from overhead cover (Lohr and West 1992).  Three of the 

four wild Barrens topminnow populations had no mosquitofish present as of spring 2003.  

Young-of-year and adult topminnows should be observed at those sites and stocked sites to 

monitor what position topminnows maintain in the presence and absence of mosquitofish.  When 

mosquitofish are abundant, topminnows may be excluded from preferred habitat due to the 

presence of mosquitofish. 

 

Natural Reproduction and Mosquitofish Abundance 

 

 Rakes (1989) noted there were only two articles on the biology of the subgenus Xenisma:  

analysis of the food of the northern studfish (McKaskill et al. 1972) and a comparison of meristic 

and morphometric variation in Fundulus catenatus and Funduls stellifer (Thomerson 1969).  

Rakes (1989) found the breeding season to be comparable with other Fundulus species by 

starting in mid-March, when water temperatures are 14-15° C, and peaking in late May and early 

June.  Rakes (1989) reported that wild Barrens topminnows reached standard lengths of about 

40-43 mm in their first three to four months of life.  That growth rate suggests that topminnows 

at the Vervilla site spawned in mid-summer of 2001, after mosquitofish invaded that system, but 

perhaps before the mosquitofish population expanded.  Unlike topminnows, mosquitofish will 

continue to spawn throughout the summer (Etnier and Starnes 2001).  In our December 2003 

samples we did not detect any evidence of reproduction continuing at the Vervilla site, and 

mosquitofish were abundant.  In fact, mosquitofish in our samples outnumbered topminnows by 

about 110:1 in the Vervilla pools (all pools combined).  Our observation of natural reproduction 

by topminnows in the middle pool (5) at the Clayborne site indicates that topminnows can 

reproduce in the presence of mosquitofish, albeit at low levels. 

 We will deploy larval fish traps at most of the stocking sites in the spring and summer of 

2004.  These traps are designed to capture larval fish and juveniles shorter than ~ 35 mm total 

length, which should limit bycatch mortality.  These samples and seine and electrofishing 

samples scheduled for the fall and winter of 2004-2005 will provide additional information on 

whether young-of-year topminnows can survive in the presence of mosquitofish.  In the Rio 

Yaqui basin headwaters of Arizona, the Western mosquitofish and Yaqui topminnow 

Poeciliopsis occidentalis sonoriensis coexisted and where they were syntopic, the topminnow 

was larger in the presence of mosquitofish.  Galat and Robertson (1992) reported the size 

differential was due to two interacting biotic factors: size-selective predation by mosquitofish 

and intraspecific density-dependent effects on growth.  Whether these mechanisms occur at any 

of the stocked sites in our study is unknown.   

 We originally thought flood prone areas would be unsuitable for Barrens topminnows.  

However, floods may be an important determinant of Barrens topminnow persistence.  Flash 
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flooding is thought to allow coexistence of Western mosquitofish and Yaqui topminnows by 

removing disproportionate numbers of mosquitofish (Meffe 1984).  Differential removal was a 

result of differences in how each species responded to floods.  At some of our flood-prone 

stocking sites (e.g., Hancock site), Barrens topminnows and mosquitofish coexisted; however, no 

natural reproduction by topminnows was observed at any of the sites located on a floodplain.  

 

Future Stocking Sites 

 

The ability of stocked fish to reproduce will ultimately determine the success of the 

stocking program.  Although adult topminnows grew and survived for a year or more at several 

sites, merely persisting as adults will not help Barrens topminnows populations survive.  We 

observed one instance of topminnow reproduction where mosquitofish were abundant (middle 

pool at Clayborne site), but successful recruitment of adult topminnows has not yet been 

documented at any site (i.e., we have not observed adult topminnows produced by stocked fish).  

We will target larval and juvenile topminnows in our 2004 field season to shed new insight into 

where and when topminnows are reproducing.   In the absence of any additional information, we 

offer these suggestions: 

   

(1) Springheads harboring few if any mosquitofish should receive top priority as stocking 

sites.  Exhaustive empirical data are lacking at this writing, but enough circumstantial evidence is 

present from status surveys of the Barrens topminnow, published accounts for other species in 

different locales, and our own sampling to suggest that mosquitofish suppress populations of 

other fishes, including Barrens topminnows. 

 

(2) Flood prone springheads should be viewed as less desirable sites than isolated springs.  

Although some topminnows have persisted at flood-prone sites such as Hancock’s spring, 

reproduction by stocked topminnows has only been observed at two upland sites (Vervilla and 

Clayborne). The influence of major floods on the relative survival of topminnows and other fish 

in springheads (e.g., mosquitofish) has not been established on the Barrens plateau. The four 

wild populations of Barrens topminnows inhabit systems that are not prone to major flooding, 

which suggests that future stocking efforts should focus on similar systems. 

 

(3) Sites prone to excessive (> 80% coverage) plant growth, particularly by emergent and 

floating macrophytes, should not be considered prime stocking locations.  Lush vegetation does 

not mimic the habitats supporting wild Barrens topminnow populations, and excessive plant 

growth renders sampling and monitoring nearly impossible. 

 

(4) Care should be taken when manipulating the habitat at sites that are otherwise good 

candidates for receiving stocked fish (e.g., low velocity spring discharge; not flood prone, only 

modest amounts of vegetation; no mosquitofish) to avoid creating prime mosquitofish habitat.  In 

particular, habitat alterations that raise the water temperature should be avoided unless laboratory 

data become available to discount the influence of temperature on growth and survival of 

topminnows and mosquitofish. 
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       Table 1.  Vegetation surveys of spring sites stocked with Barrens topminnows in 2001-2003. 
    Plant   

Property or Creek Site Coverage (%)                Species 

        

Clayborne All pools  < 5
A
 Ludwigia palustris (water primrose) 

Nasturtium officinale (watercress) 

 

Hancock 

 

- 

 

75-86 

 

Ludwigia palustris 

   Nasturtium officinale 

   Zannichella palustris (horned pondweed) 

   Myriophyllum pinnatum (milfoil) 

   Didiplis linearis (water purselane) 

   Alisma subcordatum (water plantain) 

   Juncus spp. (Bulrush) 

   Filamentous algae 

    

Murphy Upper -      <10
A 

- 96  Nasturtium officinale 

   Ludwigia palustris 

   Mentha aquatica x M. epicata (mint) 

   Lemna minor (duckweed) 

   Filamentous algae 

Murphy Lower  85
A
 Mentha spp. 

   Nasturtium officinale  

   Lemna minor  

   Ludwigia palustris 

   Filamentous algae 

    

Vervilla (all pools) - 0-81 Zannichella palustris 

   Ludwigia palustris 

   Microspora (Filamentous algae) 

    

Witty Creek - 62-80 Mentha aquatica x M. epicata 

   Nasturtium officinale 

   Zannichella palustris 

   Callitriche heterophylla (water starwort) 

   Ludwigia palustris 

   Bidens frondosa (Beggar tick) 

   Polygonum lapathifolium (smartweed) 

   Lemna minor 

   Didiplis linearis  

   Microspora (Filamentous algae) 
               A

 – visual estimates 
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         Table 1 continued.   

Property or Creek Site 

        Plant 

Coverage (%)               Species 

Pocahontas - 93-96 Mentha spp.  

   Nasturtium officinale 

   Zannichella palustris 

   Ludwigia palustris 

   Myriophyllum alterniflora (milfoil) 

   Polygonum lapathifolium 

(smartweed) 

   Lemna minor 

   Filamentous algae 

    

Cunningham                Upper > 90
A
 Lemna minor 

   Nasturtium officinale 

   Filamentous algae 

    

Cunningham                Lower Pool 1  <10
A
 Filamentous algae 

  Myriophyllum sp. 

                                     Lower Pool 2 > 90 
A 

Lemna minor 

  Ludwigia palustris 

  Filamentous algae 

                                     Lower Pool 3 > 90
A 

Lemna minor 

  Ludwigia palustris 

  Filamentous algae 

   

Sain (both pools)  65-85
A
 Lemna minor 

   Alisma subcordatum (water plantain) 

   Juncus spp. (Bulrush) 

      Filamentous algae 

    

Crooks Upper >90
A
 Filamentous algae 

   Nasturtium officinale 

    

    

 
               A

 – visual estimate 
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Table 2.  Coordinates and discharge for sites stocked with Barrens topminnows in 2001.  

Discharge measured in October 2001, June 2002, October 2002, and/or February 2004.   

 

 

Watershed Property or Creek Coordinates 
Discharge 

(cms)  

    

Hickory Creek Clayborne 
N 35

o
30’358” No measurable 

flow on three 

dates W 85
o
54’769” 

    

Hickory Creek Hancock 
N 35

o
30’000” 0.319, 0.143, 

0.028 W 85
o
52’172” 

    

Hickory Creek Murphy Upper 
N 35

o
30’540" 0.08, 0.045, 

0.05 W 85
o
55’278" 

    

Hickory Creek Murphy Lower 
N 35

o
30'587" 

0.338, measured 

October 2002 W 85
o
53'205" 

    

Hickory Creek Vervilla 
N 35

o
35’222” No measurable 

flow on three 

dates W 85
o
51’475” 

    

Hickory Creek Sain 
N 35

o
30’209” No measurable 

flow on three 

dates W 85
o
51’444” 

    

Hickory Creek 
Cunningham 

Upper 

N 35
o
29'332" No measurable 

flow on three 

dates W 85
o
55'198" 

    

Hickory Creek 
Cunningham 

Lower 

N 35
o
29'549" No measurable 

flow on three 

dates W 85
o
54'236" 

Hickory Creek 

 

Crooks  

 

    N 35
o
51’907” 

   W 85
o
51’660” 

 

N/a 
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Table 2. - Continued. 
 

Watershed Property or Creek Coordinates 
Discharge 

(cms)  

Duck River Marcum 

 

 

N/a          N/a        

 

Barren Fork Witty Creek 
N 35

0
 40’ 597” 0.089, 0.083, 

0.094 W 85
0
 58’ 559”  

 

 

Barren Fork 

 

 

Pocohantas Creek 

 

N 35
0
 38’ 

W 85
0
 63’ 

 

 

0.072, 0.08 
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 Table 3.  Number of resident fishes collected in 2003 or 2004 at sites stocked with Barrens 

topminnows in 2001-2003.  Confidence limits (95%) are listed in parentheses after Zippin 

population estimates.  An asterisk denotes species that were observed in previous samples at sites 

that were not sampled in 2003 or 2004.  

 

Property or Creek Site Species Number 

 Pocahontas Creek - F. agassizii * 

  G. affinis * 

  H. flammea * 

  C. carolinae * 

  E. crossopterum * 

Sain Upper G. affinis 243 (+ 30) 

  H. flammea   89 

  E. crossopterum   64 

 Lower G. affinis 688 

  H. flammea 156 

  E. crossopterum   29 

Cunningham Upper - G. affinis              5,528 (+ 266)        

  L. cyanellus    * 

  L. macrochirus    * 

  E. crossopterum    * 

Cunningham Lower #1 G. affinis                264 

  H. flammea                210  

  E. crossopterum   4 

 #2 G. affinis               753 (+ 30) 

  H. flammea               103 

  E. crossopterum                 23 

  S. atromaculatus  6 

 #3 G. affinis               273 (+ 57)            

  H. flammea                 34 

  E. crossopterum                 18 

  N. telescopus 8 

  C. funduloides 5 

  C. anomalum 4 

  L. cyanellus 2 

  M. salmoides 1 
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Table 3. Continued.  

 

 

 

 

 

 

Property or Creek Site Species Number 

   Clayborne Spring Pool G. affinis 203 

  H. flammea                   61 

  E. crossopterum 27 

  F. agassizii  2 

  S. atromaculatus  1 

 #2 G. affinis 54 

  H. flammea 27 

  E. crossopterum   3 

 #3 G. affinis 252 

  H. flammea 101 

  E. crossopterum  27 

 #4 None - 

 #5 G. affinis 290 

  H. flammea 20 

  E. crossopterum 2 

 #6 G. affinis 287 

  H. flammea 25 

  F. agassizii 9 

  E. crossopterum 8 

 #7 G. affinis 321 

  H. flammea 15 

  E. crossopterum  5 

  F. agassizii  4 

Crooks Lower H. flammea                 128 

  G. affinis                 103 

  C. funduloides                   77 

  C. carolinae                   54 

  N. telescopus                   17 

  E. crossopterum  1 

 Upper C. carolinae                 234 

  C. funduloides 20 

  H. flammea 21 

  C. anomalum 19 
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Table 3. Continued. 

 

Property or Creek Site Species           Number 

Hancock - H. flammea                 746 

  C. carolinae  44 

  L. cyanellus    5 

  E. crossopterum     4 

  G. affinis    2 

  C. anomalum    1 

  C. funduloides    1 

  E. etnieri    1 

Murphy Upper - G. affinis 415 

  H. flammea 164 

  C. carolinae   1 

  L. macrochirus   * 

  F. agassizii   * 

Murphy Lower - H. flammea   * 

  L. cyanellus   * 

  L. macrochirus   * 

  C. carolinae   * 

  G. affinis   * 

Vervilla (all pools) - P. notatus   * 

  G. affinis 2,167 

  H. flammea                 139 

  N. crysoleucas 16 

  E. crossopterum   8 

  L. cyanellus   5 

  E. luteovinctum   1 

Witty Creek - F. agassizii  * 

  G. affinis  * 

  H. flammea  * 

  C. carolinae  * 
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Table 4.  Barrens topminnow stocking summary stocked tag color, date stocked, and number 

stocked.    

Site 

  

Tagging Position 

Number 

Stocked Tag Color 

Date 

Stocked 

Total 

Stocked   

BARREN FORK       

       

Pocahontas  Right and Left Anterior 45 Red  8/30/2001 135 

   90 Green 9/3/2002  

       

Witty Creek  Left Anterior 64 Red 8/30/2001 146 

   82 Green 9/3/2002  

       

Marcum   Left Posterior 126 Yellow 8/27/2003 126 

       

HICKORY CREEK       

       

Vervilla  Left Anterior 45 Red 8/22/2001 242 

   50 Yellow 4/10/2002  

   48 Green 9/3/2002  

   99 Orange 8/27/2003  

       

Clayborne Spring  Left Posterior 28 Red 8/22/2001 138 

(Pool 1)   35 Yellow 4/10/2002  

   25 Green 9/3/2002  

   50 Red 6/3/2003  

       

Clayborne Pool 3  Left Posterior 49 Yellow 8/27/03 49 

       

Clayborne Isolated  Right and Left Posterior 10 Red 8/22/2001 31 

(Pool 4)   9 Yellow 4/10/2002  

   12 Red 6/3/2003  

       

Clayborne Middle  Right Posterior 29 Red 8/22/2001 53 

(Pool 5)   24 Yellow 4/10/2002  

       

Clayborne Pool 6  Left Anterior 88 Yellow 8/27/2003 88 

       

Clayborne Pool 7  Right Anterior and Posterior 78 Red 8/27/2003 75 
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Table 4. Continued. 

 

 

Sain  Right and Left Anterior 56 Green  9/ 3/2002 167 

   50 Red 6/ 3/2003  

   61 Yellow 8/27/2003  

       

Cunningham Upper  Right Anterior and Left Posterior 28 Yellow 4/10/2002 77 

   49 Red 8/27/2003  

       

Cunningham Lower   Right Anterior and Left Posterior 80 Green 9/3/2002 339 

(Pool 1)   100 Red 6/3/2003  

   51  Yellow 8/27/2003  

   108 Orange 12/18/2003  

       

Cunningham Lower  Left Posterior 99 Yellow 8/27/2003 140 

(Pool 2)   41 Orange 12/18/2003  

       

Cunningham Lower  Right Posterior 99 Green 8/27/2003 135 

(Pool 3)   36 Yellow 12/18/2003  

       

Murphy Upper  Right Anterior 29 Red  8/22/2001 175 

   50 Yellow 4/10/2002  

   49 Green 9/3/2002  

   47 Orange 8/27/2003  

       

Murphy Lower  Right and Left Posterior 84 Green 9/3/2002 510 

  Right Posterior and Left Anterior 76 Green 11/26/2002  

  Right Posterior and Left Anterior 204 Red 6/3/2003  

  Right Posterior and Left Anterior  146 Yellow 8/27/2003  

       

Hancock  Right and Left Anterior 57 Red 9/28/2001 480 

  Right and Left Anterior 55 Yellow 4/10/2002  

  Right and Left Anterior 57 Green 9/3/2002  

  Right Posterior 62 Green 11/26/2002  

  Right Posterior 156 Red 6/3/2003  

  Right Posterior 93 Yellow 8/27/2003  
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Table 4.  Continued. 

       

Crooks Lower  Right Anterior and Right Posterior 191 Red    6/3/2003 433 

   150 Green   8/27/2003  

   92 Orange 12/18/2003  

       

Crooks Upper  Right Anterior and Right Posterior 49 Green  8/27/2003 157 

   108 Yellow 12/18/2003  

       

Overall           3,696 
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 Table 5.  Persistence of Barrens topminnows stocked through June 2003.  Cohorts meeting any 

of the criteria for persistence are indicted with a “Y(es)””.   Any cohort that persisted for at least 

170 days was assumed to have persisted for 6 months; any cohort that persisted for at least 350 

days was assumed to have persisted for 12 months. N/a signifies that a cohort was not at large for 

at least 12 months at the time the last samples were taken. 

 

  
 

Site 

Num-

ber 

 

Date 

> 1 fish  

> 6 months 

> 3 fish  

> 6 months 

>1 fish  

> 12 months 

> 3 fish  

> 12 months 

Pocohantas 45 8/01 - - - - 

 90 9/02 - - - - 

Witty Creek 64 8/01 Y - - - 

 82 9/02 Y Y - - 

Vervilla 45 8/01 Y Y - - 

 50 4/02 Y - - - 

 48 9/02 Y Y Y - 

Clayborne  Pool 1 28 8/01 - - - - 

(springhead) 35 4/02 Y - Y - 

 25 9/02 Y - - - 

 50 6/03 Y Y n/a n/a 

Clayborne Pool 4 

(isolated) 

10 

  9 

8/01 

4/02 

Y 

 Y
1 

Y 

 Y
1 

Y 

- 

Y 

- 

  12 6/03 Y
 

Y n/a n/a 

Clayborne Pool 5 29 8/01 Y Y Y Y 

(middle) 24 4/02 Y Y Y Y 

Sain 56 9/02 Y Y Y Y 

 50 6/03 n/a         n/a n/a n/a 

Cunningham (upper) 28 4/02 - - - - 

Cunningham (lower – 

                       Pool 1)                                                                                               

80 

100 

9/02 

6/03 

- 

Y 

- 

Y 

- 

n/a 

- 

n/a 

Murphy (upper) 29 8/01 Y - Y - 

 50 4/02 Y - - - 

 49 9/02 - - - - 

Murphy (lower) 84 9/02 - - - - 

 76 11/02 - - - - 

Hancock  57 9/01 Y Y Y - 

 55 4/02 Y - Y - 

 57 9/02 Y - - - 

 62 11/02 Y - - - 

Crooks (lower) 191 6/03 Y - n/a n/a 

Number of Events  

(percent of total) 

  

 

22 

 (71%) 

12 

(39%) 

9 

(35%) 

4 

(15%) 
 

1 
 - see text for explanation 



 

 

Table 6.  Cohort persistence and monthly mortality estimates for topminnows stocked in 

pools sampled in Fall 2003 and Winter 2004.  All sites were sampled with a minimum of 

three seine hauls unless otherwise indicated.  DPS = days post-stocking.  Mortality 

estimates are maximum estimates because the number of topminnows recaptured 

represents the minimum number of topminnows present at a site.  
 

 

Stocking 

Site 

Number 

Stocked 

Recapture 

Date 

Number 

Recaptured 

Percent 

Recaptured 

 

DPS 

  Monthly 

Mortality (%) 

   

             3 September 2002 Cohort 

 

  

Sain 56  8/29/03 3 5.4 360 21.6 

Clayborne Pool1 25  8/25/03 1 4.0 356 23.8 

Vervilla 48 11/11/03 2 4.2 434 19.7 

Cunningham Lower Pool 1 80 12/17/03 0 0 470 - 

Murphy Upper 49  1/29/04 0 0 513 - 

Hancock 
A
 57 12/02/03 0

 
0 455 - 

                               Total     315    

                3 June 2003 Cohort 

 

  

Sain 50 11/04/03  8 16.0 154 30.0 

Clayborne Pool 1 50 11/25/03 22 44.0 175 13.1 

Clayborne Pool 4 12 12/02/03  7 58.3 182 8.5 

Crooks Lower 
A 

191 11/25/03  0
 

0.0 198 - 

Cunningham Lower Pool 1 100 12/17/03  4 4.0 197 38.7 

Hancock 
A
  156 12/02/03   3

 
1.9 182 - 

                               Total     559      

                27 August 2003 Cohort 

 

  

Sain Upper 61 11/04/03 55 90.2 69 4.4 

Clayborne Pool 3 49 11/25/03 38 77.6 90 8.1 

Clayborne Pool 6 88 11/25/03 57 64.8 90 13.5 

Clayborne Pool 7 78 11/25/03 66 84.6 90 5.4 

Crooks Lower 
A 

150 11/25/03  2
 

1.3 113 - 

Crooks Upper 
A 

49 11/25/03  1
 

2.0 90 - 

Cunningham Upper 49 1 /29/04 41 83.7 155 3.4 

Cunningham Lower Pool 1 51 12/17/03  0 0 112 - 

Cunningham Lower Pool 2 99 12/11/03 12 12.1 106 45.0 

Cunningham Lower Pool 3 99 12/11/03  0 0 106 - 

Hancock 
A 

93 12/02/03  3 3.2 97 - 

Murphy Upper 47 1/29/04  0 0 155 - 

Vervilla Pool 2 50 11/11/03 13 26.0 76 41.2 

Vervilla Pool 4 49 11/04/03  5 10.2 69 62.9 

                               Total     1009      

 
A
  -  Most of the sampling at these sites was accomplished using backpack electrofishing 

gear.  The low catch rates at these sites do not necessarily reflect topminnow abundance; 

thus, no estimates of mortality are provided for these sites.  
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Figure 1.        Map of Barrens topminnow stocking sites 
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Figure 2.  Map of the Vervilla stocking site, January 2004.
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Figure 3.  Map of the Clayborne stocking site, January 2004. 
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Figure 4.  Map of the Sain site, February 2004. 
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Figure 5.  Map of the Cunningham lower spring site, January 2004.    . 
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Figure 6.  Map of the upper Murphy site, February 2004 
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Figure 7.  Map of the lower Murphy site, February 2004. 
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Figure 8.  Sizes of Barrens topminnows stocked and recaptured at the Vervilla site, 2001- 

2003. The black bars represent unmarked fish presumed to be wild fish.  


