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Executive Summary 
 

The gilt darter, Percina evides, was once a part of the Allegheny River benthic 
fish community in New York. They were extirpated after 1937 and have been classified 
as a New York State endangered species. Natural restoration of gilt darters in New York 
has not occurred because the Kinzua Dam and the Allegheny Reservoir behind it, 
blocks upstream movement from Pennsylvania.  A recovery program was developed in 
2006 and Federal funding made this program possible in 2007. 

 
The objectives of this project were:  

1) Develop a Protocol for Hatchery Rearing Gilt Darters: Conservation Fisheries 
Incorporated and SUNY Cobleskill will develop hatchery techniques and systems 
for the artificial production of gilt darters. 

2) Stock Gilt Darters: Gilt darters from a source population will be stocked into the 
Allegheny River to replace this extirpated species and help restore the native 
complex fish community.   

3) Gilt Darter Habitat Evaluation: Habitat analysis will be conducted to increase 
knowledge of the gilt darter preferences and associations in their natural habitat.   

4) Determination of Gilt Darter Population Sustainability in Native New York 
Waters: Surveys will be conducted to evaluate post-stocking survival and 
document the natural reproduction.  

5) Genetic Analysis: The genetics of the source population will be described.   
 
There would also be educational outreach efforts to increase public awareness of the 
importance of these small fish and how their restoration to aquatic communities can be 
similarly important as that of sport-fish.   
 
Accomplishments 
Brood-stock were captured in 2008-2010 and a total of 150 adult-sized darters were 
transferred to the two hatcheries at the State University of New York at Cobleskill, NY 
and Conservation Fisheries Incorporated in Knoxville, TN.  Disease testing was 
routinely conducted on samples that were sub-sampled and certified as in good health 
by state and federal laboratories. 
 
Artificial spawning procedures were not successful until additional years of growth in the 
hatchery had been achieved, and the first successful cohort on a production scale was 
in 2012.  Over 1,000 fry were sent to SUNY in 2012 and 2013 for grow out and the 
fingerlings were ready to stock in November. Development of hatchery procedures was 
delayed by this late-maturity.  Feeding practices and fish health issues were overcome.   
 
An additional approach for restoration stocking was planned and carried-out by catching 
juvenile darters and transporting them directly to the Allegheny River in NY. This 
approach became possible only after discoveries of the abundance of gilt darters at 
East Brady and the willingness of PA Fish and Boat Commission staff to permit such 
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transfers.  Disease testing was an intermediary step while the darters were in 
quarantine, and the sub-sample were certified as in good health.  
 
In November of 2012 and 2013 there were 2339 gilt darters stocked into the Allegheny 
River and Oswayo Creek tributary in NY (Table 1). Elastomer tags were implanted to 
distinguish the origins of the two groups. 
 
 

Table 1. Gilt darter stocking in 2012 and 2013 in streams of New York 

 Fingerlings 
(Hatchery) 

Juveniles 
(Wild) 

Adults Total 

Nov. 2012 Allegheny River 443 380  823 

Nov. 2012 Oswayo Creek 400   400 

Nov./Dec. 2013 Allegheny River 679 402 111 1116 

 
 
Efforts to evaluate the survival of stocked gilt darters were completed in summer 2013 
and there were two locations with re-captures.  These catches were from 134 trawl 
efforts spread across 43 miles of river. Three juvenile gilt darters were caught and none 
of the hatchery fish were recovered. 
 
Observations of gilt darter habitat in Pennsylvania and West Virginia indicate that this 
species prefers deep riffles with a clean washed cobble substrate. During the winter, 
spring and fall, the high volume of flow in the Allegheny River results in swift currents 
over cobbles and boulders at depths of 1-2 meters providing good gilt darter habitat. 
However, as flows diminish over the summer, siltation, turbidity, slow moving waters 
limit the amount of suitable habitat available for gilt darters. Gilt darter summer refuges 
need to be determined. As more gilt darters are captured in New York, data on their 
habitat selection will become more helpful in mapping the locations of suitable habitat. 
 
In the end, genetics studies were not needed in this study, because gilt darters from 
distant locations were not used in this project. This project only utilized gilt darters from 
the Eastern Highlands subspecies (Near et al. 2001). Gilt darters in the Allegheny River 
below the Kinzua Dam are believed to have been sympatric with the extirpated New 
York population.  
 
The only way to determine if this project was successful in restoring gilt darters to the 
New York watershed of the Allegheny River is with continued monitoring. Field sampling 
will indicate if natural reproduction is occurring if the gilt darters captured are not 
tagged. Future capture sites will also indicate where suitable gilt darter habitat is 
located, so that a more in-depth habitat analysis can be conducted. 
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Figure 1  Gilt darter sampling crews on the Allegheny River, PA. 
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Introduction 
 

In 1937 gilt darters, Percina evides, was reported from three locations in New 
York Waters of the Allegheny River (Greeley 1938). However, in the many subsequent 
Allegheny River fisheries surveys that inventoried darters (Schwartz 1954, Eaton et al. 
1982, Carlson and Daniels 2006) none captured gilt darters. Since Greeley’s survey, the 
Kinzua Dam was constructed blocking upstream movement of gilt darters and 
inundating two of the original capture locations in New York with the Allegheny 
Reservoir. The third historical gilt darter location was about 20 miles upstream of the 
Allegheny Reservoir, near Carrollton. While over the years, sampling near the Carrollton 
location has had little regularity or thoroughness, (partly because of its location within 
the Seneca Nation) the fact remains that the gilt darter were last captured in New York 
State in 1937. Thus, the gilt darter appears to have been extirpated from New York 
reaches of the Allegheny River over seventy-five years ago. 

  
The causes of the demise of gilt darters in New York State appear to be due to 

earlier water quality degradation, caused by pollution and siltation, as well as the loss of 
habitat due to the construction of the Allegheny Reservoir (Carlson et. al. 1999; Carlson 
2001).  The gilt darter is quite intolerant of slow water and silt, and past declines in gilt 
darter populations are attributed to these factors (Hatch 1986; Skyfield & Grossman 
2008). The gilt darter prefers relatively deep, clean washed cobble-boulder substrates in 
swift currents (Skyfield & Grossman 2008). Other relatively rare members of the 
Allegheny River darter assemblage, such as the longhead darter (Percina 
macrocephala) and the bluebreast darter (Etheostoma camurum) are present in these 
types of riffle areas. Like the gilt darter, they are also habitat specialists in the benthic 
invertebrate feeding guild (Van Snik Gray et al. 1997, Stauffer et al. 1996).  

 
Since New York’s Allegheny River basin now supports other habitat specialists it 

may also be again suitable for gilt darters.  For example, a number of locations including 
the single remaining historic areas in the Allegheny River, near Carrollton and further 
upstream near Olean and Weston Mills, appear to have suitable clean washed cobble 
substrate. Studies have advanced our knowledge of stream fishes of the Allegheny 
perhaps more than in any other part of New York (Eaton et al. 1982, Carlson et al. 
1999), and it is timely to put that knowledge into use to regain a part of this assemblage.   

 
Natural restoration of gilt darters in the New York reaches of the Allegheny River 

has not occurred in over seventy years. The Kinzua Dam and the extensive Allegheny 
Reservoir behind it prevent northern Allegheny River populations of gilt darters from 
moving upstream into New York State. Downstream movement into New York State 
from an unsubstantiated small isolated population in the Allegheny River headwaters of 
Northern Pennsylvania has also not occurred.  

 
If gilt darters are to be restored to the New York reaches of the Allegheny River, 

human intervention is required. Artificial restoration efforts with this species through 
translocation have been successfully demonstrated in the Tennessee’s Pigeon River, 
after severe pollution caused them and dozens of other species of fish to be extirpated 

6 
 



 
 

(Coombs 2003). Recent advances in hatchery propagation and restoration of darters in 
other parts of Appalachia have also been demonstrated (Shute et al. 2005). Because of 
these past successes, the gilt darter appears to be a good candidate for restoration in 
New York as well.  

The goal of this project was to restore the gilt darter to New York’s Allegheny 
watershed where it has been extirpated for over seventy years. In order to meet this 
goal two approaches were undertaken.  

• Translocation of Allegheny River gilt darters into New York State from 
below the Kinzua Dam in Pennsylvania. 

• Hatchery propagation of gilt darters using wild brood-stock captured in the 
Allegheny River below the Kinzua Dam in Pennsylvania. 
 

The development of reintroduction techniques utilizing wild caught and hatchery 
reared fish will be applicable to other areas, such as Illinois, Iowa and Ohio, where gilt 
darters have also become extirpated (Near et al. 2001).  
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Brood-stock Development 

In order to meet the objectives of this project gilt darter brood-stock had to be 
developed for hatchery propagation at the State University of New York at Cobleskill 
and Conservation Fisheries Inc. (CFI). This required the capture of a small number of 
wild gilt darters and then their transfer to these two hatchery locations. The premise was 
that hatchery techniques could be developed for this small, non-game fish so that 
enough fish could be artificially reared to restore them to their natural habitat. The 
challenge was that gilt darters had never been propagated in captivity before.  

In order to utilize hatchery production to restore gilt darters, a disease free 
source of brood-stock was sought in nearby portions of the Allegheny watershed in 
Pennsylvania (Figure 2). In September 2008, French Creek at Venango, PA and the 
Allegheny River just north of East Brady, PA were sampled. The East Brady site proved 
to have sufficient quantities of gilt darters to provide brood stock for this project. 

 

 
Figure 2  Pennsylvania collection sites for gilt darter brood-stock, marked by stars. 

 
Brood-Stock Collection 
 

Missouri trawls were used to collect gilt darter brood-stock on the Allegheny 
River at four sites in Pennsylvania in September 2008, 2009 and 2010 (Figure 2).  The 
most consistent catches of gilt darters were at East Brady but fish captured there were 
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mostly yearlings. Additional brood-stock collection efforts in 2008-10 extended to the 
Allegheny River at Irvine, Parkers Landing and Franklin with improved success. 
Backpack shocker and seine were also used in 2008-2010. 

 
 

 
Figure 3 East Brady PA collection site for gilt darter brood-stock. 

Back-pack shocking and seining were used to collect gilt darters in French Creek 
in 2008 and 2009 at Venango, PA (Figure 4). Only two gilt darters were captured in 
2009 and only habitat measurements were accomplished in 2008. However the quantity 
of gilt darters captured were not sufficient to supply brood-stock for this project. 

 
Figure 4 Brood-stock collection at Venango, PA. 
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Disease Certification 

 
In order for gilt darters to be used as brood-stock at SUNY Cobleskill and 

Conservation Fisheries Inc. they had to undergo a fish health inspection. A fish health 
inspection of gilt darters captured on the Allegheny River at East Brady was conducted 
by the US Fish and Wildlife Service at the Northeast Fisheries Research and Disease 
Center, Lamar, PA. No pathogens listed in the AFS Blue-Book or USFWS Fish Health 
Policy were observed or cultured from gilt darters captured in the Allegheny River at 
East Brady, PA in 2008, 2009 and 2010, and in subsequent collections in 2012 and 
2013.   

 
There were not sufficient gilt darters collected at the French Creek site for 

disease certification. 
 

Brood-stock Development 
 

 In order for wild gilt darters to serve as brood-stock they must adapt to hatchery 
propagation facilities and techniques.   
  

Brood-stock were maintained under conditions observed at the collection sites 
and following Skyfield & Grossman (2008). They are held under natural temperature 
and day-length regimes, in stream tanks with strong current and cobble-gravel substrate 
(Figure 5 & 6).  

 
 

 

Figure 5    Five-foot circular tank used for growing out brood-stock. Spray bar provides a 
strong circular flow. 
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Figure 6  Stream tank for brood-stock grow out. Two power heads draw water through     
foam filtered inlets at the opposite end of the tank. 

 
The brood-stock were fed an ad libitum diet twice a day which included a varied 

assortment of live and frozen food. Live food consisted of grindal worms, brine shrimp, 
water fleas, copepods, black worms, pond captured plankton, and local stream 
invertebrates. This diet was supplemented by frozen brine shrimp, tubifex worms and 
midge larva. 
 

Wild caught gilt darters survived well in captivity, readily adapting to hatchery 
conditions and the diet provided.  
 

 
Brood-stock Health Management 

 
 Wild caught gilt darters carried naturally occurring protozoan parasites of 
Trichodina sp. and Icthyophthirius multifilis. These disease organisms were also 
captured in plankton tows for live food. After a few recurring disease outbreaks, brood-
stock received a prophylactic treatment of malachite green and formalin once every two 
months. Once treatment was initiated, no further protozoan disease out breaks 
occurred. 
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Brood-Stock Husbandry at Conservation Fisheries Inc. 
 
The following description follows the report from M.A. Petty, P.L. Rakes, J.R. 

Shute C. Ruble, J.B. Hendricks, and R.A. Xiques (2012) of Conservation Fisheries 
Incorporated to the Fisheries & Aquaculture Program of the State University of New 
York at Cobleskill.  

 
Physical  Environment  

 
At CFI, two multi-aquaria recirculating systems were utilized to house the gilt 

darter brood-stock and rear young (Systems W and M). System W had five glass 
breeder aquaria that were part of a larger recirculating system; the tanks were 190 liters 
(91.5 cm length, 45.7 cm width, 35.6 cm water depth) (Figure 7). System M consisted of 
one long breeder aquarium (182.9 cm length, 45.7 cm width, 18.0 cm water depth) that 
was also part of a larger recirculating system (Figure 7). Both systems included 
numerous other glass tanks and circular tubs that were added and removed as needed 
during production; total net volume of the systems varied from 750 to 1500 liters.  

 
 

   
 

Figure 7  System W. 220 L breeder tanks (on top shelf), white catch tubs (on lower shelf) 
and larger recirculating system. 

 
The substrate in all breeder tanks was a cobble, gravel and coarse sand mixture 

covering the entire bottom of the tanks to a depth of 2.5—7.0 cm. Natural slab rocks 
and plastic and ceramic tiles 10-30 cm in width were provided for “hides” and cover 
objects for the adult fish (Figure 8). 
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Figure 8  System M. Large breeder tank (top), white catch tubs (below), and larger 
recirculating system. 

 
Filtration 

All tanks were equipped with air driven sponge filters to provide aeration and 
mechanical and biological filtration. Sponge filters consisted of an open cell foam block 
connected to an air driven lift tube. Water was drawn through the sponge, which 
entrapped small particles and allowed nitrifying bacteria to grow within. Water from each 
tank in the recirculating system drained to a broad flat tray in the sump where it passed 
through bonded filter pad over a perforated bottom for mechanical filtration. In addition, 
“ammonia tower” filters in the sump provided biological filtration and aeration and 
mechanically removed particles from the water. These consisted of a tall plastic 
rectangular bucket which was filled with various high surface area plastic media (such 
as BioBalls©). Water was pumped to the top of the box where a bonded pad provided 
mechanical filtration and a drip tray distributed water (Figure 9) over the media, much of 
which was supported above water, exposed to the air. This promoted gas exchange and 
very efficient nitrification.  

 
A portion of the gilt darter breeder tanks were equipped with a reverse flow under 

gravel filter. This variant of an under gravel filter pumped water up through the gravel 
(rather than pulling it down through the gravel in the ‘typical’ way using air lift tubes). 
Both types of under-gravel filters provide mechanical and biological filtration, but 
reverse flow keeps the substrate cleaner and less compact while providing oxygenated 
interstitial water flow. The filter consisted of a grid of perforated PVC pipes (1/2” 
Schedule 40) placed on the bottom of the aquarium and then covered in gravel and 
sand. 
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Figure 9  Ammonia tower filter (constructed from used plastic containers) in the   
recirculating system sump with bonded pad on drip tray.  

 

Water Flow 

Because gilt darters typically occupy swift habitats in streams, and because 
aquarium observations revealed far more natural behavior and feeding when aquaria 
were provided with good flow regimes, all breeder tanks were equipped with at least 
one “underwater fan” (Hydor Koralia Evolution© circulation pumps). Turbulence 
“downstream” was accentuated by placing airstones under the fans so that bubbles 
were drawn into the water stream.  

 
Water Quality Management 

Beneficial bacteria in recirculating aquarium systems are critical to maintenance 
of good water quality. Nitrosomonas and Nitrobacter are the two primary types of 
bacteria that are fundamental to nitrogenous waste processing. Nitrosomonas convert 
the ammonia that fish excrete into nitrites; Nitrobacter break down nitrites into nitrates. 
Nitrifying bacteria are concentrated in the biological filters (such as the sponge filters) 
and gravel bed in an aquarium. Breakdown of nitrates is accomplished by anaerobic 
bacteria not normally abundant in most closed system aquaria. Nitrates are monitored 
using water test kits and are reduced through water changes when necessary. Both 
ammonia and nitrites are toxic to fish at any detectable level and often cloudy water with 
an off smell is associated with these high nitrogen levels. Nitrates are acceptable at low 
levels, but excessive levels can become stressful or even deadly to the fish. If these two 
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genera of bacteria are present in sufficient numbers, then ammonia and nitrite will be 
consumed almost immediately, rendering the water quality safe for the fish. The re-
circulating gilt darter systems also had an ammonia tower in the sump with “bio-balls” 
where additional bacteria resided. As noted above, these types of media offer a high 
surface area for the beneficial bacteria to grow on, as well as for gas exchange--both 
oxygenation and carbon dioxide stripping - as water trickles over them (Figure 10). 
These additional redundant biological filters provided greater biological water quality 
maintenance capacity in these systems and permitted frequent water changes, 
including gravel washing and sponge rinsing, with little affect on the overall population 
of beneficial bacteria. 

 

 
 

Figure 10  Ammonia tower in the sump, containing “bio-balls”. This media has a high 
surface area for beneficial bacteria to grow on, as well as gas exchange as 
water trickles over them. 

 
Maintaining water quality of closed systems is extremely important. Poor water 

quality can cause poor development, stress, and the weakening of the immune system 
in fishes. Diseases and parasites are likely to take advantage of the weakened immune 
system of stressed fish during times of poor water quality. Any treatment or medication 
of sick or dying fish is likely to be ineffective in the presence of high nitrates (possibly 
the original cause of the fish stress); therefore, water changes to improve water quality 
are an essential first step. Nitrate levels under 20 mg/L are optimal for general 
maintenance purposes, and if possible under 10 mg/L with more sensitive fish and 
swim-up fry. 

 
Other than performing nitrate tests, there is no simple way to determine when 

water changes are needed, but there are many suggested systems of routine 
maintenance (such as 25% per month). If a system or tank is heavily loaded with fish 
and they are spawning, large water changes may be required weekly, depending on 
how heavily the fish are being fed. The required size (%) and frequency of water 
changes must be determined by test results in order to initiate a low risk maintenance 
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routine without tests, but even this will be dependent on constant stocking and feeding 
levels. 

 
In bare tanks, simple water exchanges suffice to reduce nitrate levels, but tanks 

are rarely bare, and tanks with substrates accumulate organic wastes that must be 
removed or water changes will be much less effective. Additionally, during spawning 
season, egg-burying fish such as the gilt darter require clean substrate. Frequent water 
changes including vacuums help provide a clean spawning medium (and lift and sort 
finer sand to the surface) which can be very beneficial to stimulate and maintain 
continual spawning activity (perhaps by mimicking spring floods, scouring, and ‘fresh’ 
water low in nitrates?).  

 
Two additional aspects of water quality were carefully tended with the gilt darter 

systems. Because low pH can be an indicator of poor water quality due to accumulated 
organic detritus, pH levels were maintained between 7.0—7.5. Also, because salt can 
act as a preventative of certain parasites and diseases and assists freshwater fish in 
osmoregulation, lowering stress, salinities of 2 – 3 ppt (part per thousand) were 
maintained. Salt was replaced after water changes and care taken not to raise the 
salinity too quickly (no more than 1 ppt a day). It is less stressful for most fish to go from 
a lower to a higher salinity than the reverse, therefore adding salt to a system 
immediately after a water change assists in reducing this stress. Pure, evaporated salt 
with no additives was used for this. 

 
Brood-stock Health Management 

 
Gilt darters at CFI were only observed to suffer one disease outbreak over the 

five years of the project, an “ich” (Ichthyophthirius multifilis) infestation of the 2008-
collected brood-stock during the summer of 2009. This was successfully eliminated with 
formalin treatment, but only after losing nearly 50% of the fish to the protozoan 
parasites. 
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Captive Breeding of Gilt Darters 
 
Brood Stock Selection  
 
 At SUNY Cobleskill, gilt darters began showing a readiness for spawning in early 
April.  As males colored up and females became more rounded they were removed 
from the holding tanks and placed in the spawning tanks.  
 
 On 3, 8 April 2013, two-year old and four-year old (no 3 year olds were available) 
gilt darters that showed a readiness for spawning were anesthetized with MS-222 
measured and weighed (Table 2, Figure 11). The minimum size that females became 
gravid was 45 mm (1.2 g) and the minimum size that males took on bright red-orange 
spawning colors was 52 mm (1.7 g). Breeding males were significantly longer and 
heavier than breeding females (T-test, P<.001). 
 

Table 2 Length and weight of 2 & 4 year old gilt darter brood stock. 

            
Sex 

                    
Age                         

Length 
(mm) 

Range   
(mm) 

Weight    
(g) 

Range    
(g) 

Sample 
Size 

Males 2 59.2 52-67 2.6 1.7-4.4 22 

 4 74.0 71-76 5.3 4.6-5.7 6 

Females 2 50.8 45-57 1.9 1.2-3 22 

 4 58.2 54-64 2.5 1.8-3.9 10 

 
  

Not all fish showed a readiness to spawn. While age appears to be a significant 
factor determining readiness to spawn, size and condition also appear to be important 
(Figure 11).  Gilt darter females that became gravid, and males that developed 
spawning colors between 45-60 mm tended to be heavier than those that did not. 
Spawners were consistently above the average weight/length line, rather than below the 
line (Figure 11). 
 
Fitness 
 
 Condition (K) is often used as a measure of fitness. It is based on the relative 
fatness of the organism, which is a crude measure of its energy reserves. Many fish 
maximize their condition just prior to spawning and therefore condition can also be used 
to measure spawning fitness. 
 

Over the winter of 2012-2013 gilt darter brood-stock were fed the maximum 
amount of palatable live feed. The goal was to encourage 2-year old gilt darters to 
breed one year early. In early April 2-year old females had a condition of 1.44 and 
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males had a condition of 1.23 (N = 22, P < .001). Unfortunately, while many of these 
females did spawn, they did not successfully produce offspring. A number of the 
females did not release their eggs and appeared to be egg-bound. The eggs forced out 
of two of these females were not viable. 

 
 

 

Figure 11 Length-weight relationship of gilt darters, spawners and non-spawners. 

 
Brood-stock Mortality 
 
 Mortality of brood-stock occurred during the breeding season throughout the 
project. It appeared to be significantly impacted by the spawning set-up. Too many 
males in a tank caused injury to both males and females. Both males and females 
needed refuges in the interstitial spaces between and under the cobbles. 
 
 In 2013, mortality was examined more closely with the 4-year old brood stock.  
Two males and three females were placed in the 5-foot long stream tanks. The mortality 
amongst the females was 60% and amongst males was 0%. There was a strong 
dichotomy of sizes, weights and condition of females at the beginning of the spawning 
season in April (T-test, P < .001). The six females that died were the shortest (54-58mm 
vs. 59-64), the lightest (1.5-2.2 g vs. 3.0-3.9 g) and had the lowest condition (.90-1.33 
vs. 1.32-1.63).  The largest females with an average condition of 1.51 successfully 
spawned and survived the spawning trials, but the smallest females with an average 
condition of 1.09 did not. 
 
 Condition appears to be a major factor in the survival of brood stock. Weight loss 
occurred in four year old females throughout the spawning season and by the beginning of 
August, female condition had dropped from 1.51 in April to 1.07 (N=4) in August and males 
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had dropped from a condition of 1.31 in April  to .89 in August (N=6). Since the six females 
that died only had an average condition of 1.09 at the beginning of the spawning season, it 
appears that they lacked enough energy reserves to survive the rigors of spawning. 
 
 
Spawning Trials at SUNY Cobleskill 
 
 Young-of-the year (20-40 mm), yearlings and many 2-year olds did not come into 
spawning condition (Figure 11).  Juvenile, wild caught gilt darters captured just 
upstream of East Brady, PA in the fall of 2008, did not spawn the following spring (2009) 
as expected at age-2, but were successfully spawned by Conservation Fisheries 
Incorporated at age-3 in 2010. This marked the first documented successful spawning 
of gilt darters in captivity! Conservation Fisheries Inc. continued to successful spawn gilt 
darters in the spring of 2011, 2012 and 2013.  
 

Spawning activity was observed at SUNY Cobleskill in 2011 and 2012, and a 
number of different spawning systems were tried (Figure 12). Eggs were observed in 
the substrate and a few swim-up fry were observed in the tank, but none were 
successfully captured for grow-out.  Gilt darter adults are cannibalistic so either fry or 
adults must be removed quickly from the breeding tanks. With the success at CFI in 
2012 a similar spawning set-up was utilized at SUNY Cobleskill in 2013 and 
approximately 50 gilt darter fry were passively collected (Figure 12).  
 

 

   

Figure 12   Left: Circular breeding tank with three gravel spawning sites. Darter fry were 
expected to be collected by the white center drain and be deposited into the 
catchment at the end of the PVC pipe. Right: Stream breeding tanks. Fry were 
collected by the over flow from the end stand pipes and carried into the white 
circular tanks. Water leaves the circular tanks through plankton netting in the 
center and then down into the sump, where it is pumped back into the tank.  
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Spawning Trials at Conservation Fisheries Incorporated 
 

The following description was taken from Petty et al.’s (2012) report and 
describes key propagation methods that ultimately proved successful in the production 
of over a thousand gilt darter fry in 2012 and 2013. 
 
Overview 
 

The breeding season for darters is a stressful period. The physiological burden of 
reproduction weighs heavily on the egg-producing females and males must constantly 
defend spawning habitat and court. Negative behavioral interactions, particularly in the 
unnaturally close confines of an aquarium, stress both sexes and may reduce feeding. 
To alleviate some of these stresses of spawning, it was essential to provide the 
breeders with abundant, nutritious sources of food for the nutrients necessary for egg 
production and overall health. Close observation was also necessary to quickly detect 
excessive territoriality and disease issues as they developed. Fish that are breeding are 
more likely to succumb to pathogens and parasites, requiring quick removal or 
medication. 
  
Age at Sexual Maturity 

Some of the male gilt darters collected in fall of 2008  exhibited breeding colors in 
their second summer (2009), but did not appear to reach sexual maturity until the 
following spawning season (spring 2010) as they reached three years of age and >50 
mm total length (TL). After disease losses during the summer of 2009, no female brood-
stock remained, but a few were added to the population later in the year. Only a few of 
the females became gravid in spring 2010 and apparently very few eggs were 
produced.  
 

In spring 2011, production increased, but the <300 young collected still seemed 
to indicate participation by either only a few females or else very few eggs were 
produced by each individual. This breeding group included the few females collected in 
2009 (and therefore three years of age) as well as fish collected in 2010 that were 
mostly younger.  
 

In 2012 production increased dramatically, providing evidence of more females 
reaching reproductive maturity and an age of relatively high fecundity. These 
observations strongly suggest that the most productive females were three years of 
age. Gilt darters exhibit significant sexual dimorphism in growth rates and size at 
maturity, with the females taking significantly longer to mature and reach sexually 
productive adult size. The differences were marked in aquaria after only one year’s 
growth. For both sexes a minimum size of 50-55 mm TL appeared to be a minimum 
threshold size of maturity. Hence, sufficiently large, older females are an otherwise 
hidden key to successful captive spawning.  
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Selection of Spawners  

At CFI, all the captive gilt darters were anesthetized and examined under 
magnification to determine sex around 1 March 2012. The determination of the 
presence of ovipositors or male tubercles was required because many females 
exhibited nuptial coloration equally intense to all but the “hottest” males. Conversely, 
some males exhibited subdued coloration (“sneaky males”?). Approximately 10-12 fish 
were placed in each of the 220 L breeding tanks in system W and approximately 15 fish 
in the breeder tank in system M. Ratio of males to females was between 1:2 and 1:3. At 
least 3-4 males and 7-8 females were held in each breeder tank at all times. Gravid 
females at least 2 years old with ovipositors protruding slightly were selected as well as 
the most robust males with brightly colored throats and dorsal fins.  
 
Indicators of Spawning Onset 

Following the 2011 spawning season, the captive gilt darters at CFI entered a 
recovery period that extended into February of the following year. During this recovery 
period feeding activity declined sharply and remained low throughout the fall and winter. 
With warmer water temperatures (13-17°C) in March metabolic and digestion rates of 
the gilt darters increased accompanied by high feeding activity. Between early February 
and March, gonads developed very rapidly leading to captive spawning activity in mid-
March that continued into late June. Peak spawning occurred in middle April (water 
temperature was 18-22°C). During this period males exhibited vivid nuptial coloration—
deep orange with blue metallic pelvic fins, a bright orange band in first dorsal fin and 
dark red flushing of gular membranes. Tubercles were present on males from early 
March to the end of June. The females were very large and gravid with well developed 
ovipositors. Males demonstrated territorial and courtship behavior by following the 
largest females but only weakly defending an area around cover rocks from other 
males. Gilt darters spawned in the portion of the tank where the current velocities were 
swiftest and most eggs were recovered from the substrate under cover objects during 
vacuuming activities. The substrate was predominantly gravel and coarse sand, with 
embedded cobble (2.5—6.5 cm in diameter), and numerous flat or slab-shaped cover 
objects (mostly natural rock).  
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Egg Incubation & Fry Rearing 
 
The following description was taken from the report by M. A. Petty, P. L. Rakes, 

J. R. Shute, C. Ruble, J. B. Hendricks and R. A. Xiques (2012) of Conservation 
Fisheries Incorporated to the Fisheries & Aquaculture Program of the State University of 
New York. It is part of a manual written by CFI, describing key propagation methods that 
ultimately proved successful in 2012 and 2013 (Petty et al. 2012). 

 
Egg Incubation 

 
Even before acquiring the brood-stock, gilt darters were presumed to bury their 

eggs in fine substrates, as do all other Percina species for which this life history 
information is known. For other darters, including Percina, that exhibit this behavior, 
years of propagation protocol development at CFI have resulted in a minimally invasive 
egg incubation technique - simply leaving the eggs where the adults spawn until they 
hatch. Yolk-sac fry are also left in the substrate and allowed to swim up when ready, at 
which point they are captured and removed from the breeding tank as quickly as 
possible to minimize predation/cannibalism by the adult darters. This is typically 
performed passively via the overflow drain out of the breeding tank. This outflow is 
directed through a flexible tube to a ‘capture tub’, currently constructed from 50 L, white 
plastic trash cans with the tops cut off (Figure 13). The tubs are equipped with a central 
overflow standpipe with a very fine mesh (420 micron) screen to prevent escape of the 
fry. The white color allows for easier detection of the fry.  

 
 

 
 

Figure 13  White swim-up fry capture tub constructed from 50 L trash can with top 
cut off; low flow and no air-stone. Central overflow standpipe is 
equipped with a very fine mesh screen to prevent escape of fry. 
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Capture tubs set up below all the gilt darter breeding tanks were examined 
throughout the day for free-swimming fry. Fry were transferred with a turkey baster to a 
black oval or circular plastic feeding/rearing tub (~50 x 70 cm / ~15 cm depth) (Figure 
14). The dark color of these tubs is important because pelagic darter fry are phototropic 
(attracted to light) and are typically confused in glass or light-colored containers and 
never feed properly. They are attracted to the sides of the container where they remain 
until they die. In dark circular containers with light overhead the fry stay suspended out 
in the water column and are able to see and capture food items. Some darter fry prefer 
relatively substantial (though gentle) circular current in the rearing/feeding tubs. While 
gilt darter adults preferred high current velocities for spawning, their swim-up fry were 
poor swimmers and preferred to stay very near the surface the first few days out of the 
substrate. Often with stronger-swimming fry it has proven effective to place air-stones at 
the base of overflow standpipes to repel the fry and prevent their entrainment on the 
screen. With the gilt darter fry this technique appeared to actually attract the fry to and 
push them onto the screen, killing them. Screens without air-stones proved most 
effective at preventing such losses. Equally important was the low turnover rate of these 
feeding tubs. When higher water flow rates were used, the fry were more easily trapped 
against the overflow screen. 

 
 

   
 
 

Figure 14 Black circular fry feeding tubs and white capture tubs. Note the almost 
dripping flow rate on the upper rearing tub (air-stone on standpipe 
screen was later removed). 
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Egg & Sac-Fry Incubation 
 
In addition to passive swim-up fry capture, in 2012 more than 1200 eggs were 

collected from the substrate by vacuuming with aquarium-cleaning siphons (compared 
to ~1200 fry passively collected). This was done initially in order to observe egg 
development and estimate hatch time after spawning events, but was continued when 
the technique proved more effective for production than passive swim-up fry capture in 
certain set-ups. Siphoned eggs were incubated in a 4 L plastic flow-through tray nested 
over a 75 L aquarium (Figure 15). Eggs were observed to require about 5 days to 
develop and hatch at 21-22°C. Survivorship of apparently fertile eggs collected in 2012 
varied from 60-80%.  

 
 

   
 

Figure 15   Gilt darter eggs were incubated in 4 L plastic flow-through trays nested over 
75 L aquariums, all part of the same recirculating system. Airstones provided 
very gentle aeration. Water flow is very low, just barely more than dripping for 
gilt darter eggs and newly hatched fry. 

 
Swim-up Fry 

 
Although the adult gilt darters preferred to be in or near strong flow, gilt darter 

swim-up fry were weak swimmers at hatch and initially swam up near the surface. If 
internal circulation patterns were not ideal, the swim-up fry were pushed to “pace” the 
sides of the tank—making them highly visible prey for the adults. Careful direction of 
water currents generated by the fans positioned on the back side of the tank, angled so 
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that water flow was dispersed off the front of the tank, pushed the swim-up fry towards 
the overflow drain to passively capture/remove them more quickly, reducing cannibalism 
(Figure 16). 

 

   

Figure 16  CFI spawning tanks showing passive capture overflow (red arrows) for 
collecting swim-up fry. 

Yolk-sac fry remained relatively inactive and benthic for another 5-7 days during 
yolk sac absorption before swimming up. At this stage the fry were transferred to a 
rearing tub. Swim-up fry were pelagic for 20-24 days before becoming more demersal, 
but were maintained for only ~15-20 days in a rearing tub before being size-graded to 
prevent cannibalism of younger fry by older/larger individuals. Larger fry were 
transferred to 75 L glass tanks within the same recirculating system. These tanks 
contained only an air-driven sponge filter with no substrate and low flow and aeration. 
By this age, behavior in glass aquaria was ‘normal’ and was much easier to monitor 
visually. 

 
Rearing tank density was kept at 25-30 (per 75 liter tank) fish to minimize growth 

inhibition by crowding and competition and the resulting unequal growth rates that can 
result in cannibalism. Growth of gilt darters from this point forward during the first 4  
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months of life was rapid. If juveniles had been held beyond 4 months of age or 35-40 
mm TL it would have been necessary to further reduce grow out density. 

 
In 2011 at CFI, the first swim-up fry were captured on 17 April from two of the 

breeder tanks containing N=9 adults (3:6 sex ratio). Passive collection of swim-up fry 
continued until the end of June with the last fry being captured on 7 June. At this time 
water temperatures were exceeding 23°C. In 2011 a total of 136 fry were collected by 
passive capture, and 113 eggs and fry were collected by gravel siphoning the substrate 
(7 gravel siphoning events).  This year’s production was insufficient but provided an 
optimistic outlook for the future. 

 
In 2012 the 190 L tanks (W system) were most effective at passively capturing fry 

with 1013 swim-up fry collected vs. 223 passively captured from the one long shallow 
tank (M system). The first swim-up fry was captured on 22 March with the last on 25 
June. At this time water temperatures were exceeding 23.6°C. Despite the difference in 
passive collection, vacuuming the substrate in both systems recovered almost the same 
number of eggs/fry: 684 (W) and 558 (M). Reverse under gravel filtration did not 
improve passive swim-up fry capture (and therefore presumed egg survivorship in 
better-oxygenated substrate). Frequent vacuuming of spawning substrate yielded 
significant egg collections from 20 March through 10 May, strongly indicating the 
technique’s importance as a means to evaluate reproduction since passive swim-up fry 
capture could vary from tank to tank, presumably due to internal current patterns and 
overflow locations. A total of 1236 fry were collected by passive capture, and 1242 
eggs/fry were collected by vacuuming spawning substrate. A total of 1458 fingerlings 
were produced with the highest survivorship (59%) to date (Table 3).  

 
Survivorship Through the Fry Stage 

 
In 2010 only four fry were produced so the sample size was too small to provide 

meaningful statistics. However, in 2011 at CFI a total of 65 fingerlings were produced. 
Survivorship was low at 26% (Figure 17). Cannibalism on the youngest fry by older, 
larger fry was suspected as the primary cause of mortality.   

 
Survivorship substantially improved in 2012 and 2013 (Figure 17). A total of 1236 

fry were collected by passive capture, and 1242 eggs/fry were collected by vacuuming 
spawning substrate. Egg/fry survivorship reached 59% in 2012. In 2013 when 95% of 
the fry were collected passively, survivorship reached 70%.  These fry were then sent to 
SUNY Cobleskill where they were reared to fingerlings within an additional 5 months. 
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Figure 17    Survivorship to the fingerling stage of gilt darter eggs and fry reared at Conservation 
Fisheries Incorporated. 

 
 

Feeds & Feeding 
 
The fry thrived, and were easily reared with zooplankton and chopped frozen and 

live foods. The rearing of tiny pelagic fry required a balance between providing 
adequate zooplankton food densities while simultaneously maintaining adequate water 
quality and avoiding excessive swim-up fry densities. The rearing tub was set up with a 
reservoir, timer and solenoid for constant food dispersal during the day (Figure 18). The 
timers opened the solenoid valves for ten seconds every two minutes during daylight 
hours. The feeding reservoir was filled with water from the system, then with a portion of 
Brachionus rotifers, Nanno 3600 ™ Nannochloropsis sp. (Instant Algae ® produced by 
Reed Marineculture Inc.), Ceriodaphnia dubia neonates, brine shrimp (Artemia) nauplii 
and grindal worms. To supplement the reservoir feeding, commercial larva feed/powder 
was lightly dusted on top of the rearing tub several times daily. Routine cleaning of the 
feeding reservoirs, rearing tubs, and tanks was necessary to maintain water quality and 
prevent unwanted bacterial and/or fungal growths on uneaten food and waste. The use 
of aquatic snails also aided in maintaining a clean environment for the fry by eating 
excess powders. 
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Figure 18   Liquid live zooplankton feeding reservoir and solenoid valve, controlled by a 
repeat timer (not visible) for frequent feeding throughout daylight hours. 

 

Table 3    Age of females and number of eggs/fry produced from 2010-2013 at 
Conservation Fisheries Incorporated. 

 

 2013 2012 2011 2010 

Age of Females 3+ yrs 3+ yrs 2-3 yrs 1-2 year 

Production from 
Passive Capture 

2404 1236 136 4 

Production from 
Substrate Siphoning 

135 1242 113 4 

Total Eggs/Fry 
Produced 

2539 2478 249 4 
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Fingerling Grow-out at SUNY Cobleskill 
 

Shipping Mortality 
 

Between 30 April and 9 July 2012, a total of 1489 gilt darters were shipped to 
SUNY Cobleskill from Conservation Fisheries Inc. Another 1169 gilt darters were 
received on 13 May and 17 June 2013 (Table 4).  
 

Mortality in the shipping bags and within 24 hours of placement of gilt darters in 
grow-out tanks was 2.9% (or 76 fish). The greatest cause of mortality was fish 
becoming trapped in the folds of the plastic shipping bags. There was typically 20-30 
hrs from time of loading into bags in TN to placement in tanks in NY. 
 
 

Table 4    Shipping date, number shipped and shipping morality for gilt darter 
fingerling shipped to SUNY Cobleskill in 2012 and 2013 by Conservation 
Fisheries Inc. 

 
 

Date Shipped Number Shipped Shipping Mortality 

4/30/2012 348 10 

5/15/2012 563 17 

6/4/2012 289 6 

7/9/2012 289 8 

5/13/2013 383 14 

5/20/13 613 NA 

6/17/2013 786 21 
 
 
Grow-out Conditions 
 
 Fingerling were grown out at SUNY Cobleskill under ambient temperatures and 
day length from May to early November. Grow out temperatures ranged from a low of 4 

o C in November to a high of 20o C in the summer.  
 
  A variety of tanks  (Figure 19) were used to grow out fingerling, 55 gallon (.45m 
deep) class aquaria, 125 gallon, (.6 m deep class aquaria) and 1.5 m diameter circular 
tanks (.3m deep). Tanks utilized under-gravel bio-filtration to control ammonia and 
nitrite. Partial water changes occurred twice a week using dechlorinated tab water.  
 
 All tanks had gravel, sand, cobble and flat shale rocks on the substrate. Air-
injected power heads were used to provide horizontal and turbulent water currents and 
air-stones were used to add turbulence and vertical current.  
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Figure 19  Fingerling grow-out tanks at SUNY Cobleskill. 

 
Grow-out Diet 
 

Gilt darter fingerlings were fed twice a day, primarily with live feed consisting of 
brine shrimp, grindal worms and black worms, as well as locally captured plankton 
consisting of water fleas, copepods, rotifers and phantom midges.  This diet was 
supplemented by frozen brine shrimp, tubefix worms, blood worms (midge swim-up fry) 
and the semi-moist commercial fingerling diet - Otohime Marine Diet B1 and C1.  At most 
feedings, Otohime was fed first, while the live feed was prepared. Then approximately a 
half hour later the fingerling received the live or frozen food. Live feed persisted in the 
tank and was available to the fingerling hours after feeding. 
 

In 2013 a greater reliance was placed on the commercial feed Otohime and the 
feeding of live plankton was greatly reduced.  With plankton, more pathogens, such as 
Trichodina sp. and Ichthyophthirus multifiliis occurred. Consequently chemical 
therapeutics (primarily a combination of formalin and Malachite Green) had to be used. 
There was also a concern raised about the occurrence of plankton in the water column 
training fingerling to feed off the bottom (Figure 19). However, the higher usage of 
Otohime in 2013 resulted in more issues with tank cleanliness and bacterial gill disease 
and the fingerling still spent more time than expected in the water column.   
 
Survival to Fingerlings 
 

A fingerling inventory using physical counts was taken on 6 November 2012, 
when the fish were being   boxed up for transport for stocking. In 2012 a total of 873 gilt 
darters were stocked, 65 fish had been used for disease testing and 30 fish were 
retained at SUNY Cobleskill for a total survival of 968 fish. Therefore with the initial 
inventory of 1448 live gilt darters from CFI the survival through the grow-out phase was 
66.9%.  
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In 2013, inventory was again taken just prior to stocking and after the 65 fish had 

been sent to the NYSDEC Fish Pathology Lab for disease testing. With a total of 1134 
gilt darter fingerling received alive from CFI, 65 used for disease testing and 603 gilt 
darter fingerlings released at stocking, the survival through grow-out in 2013 was 
58.9%.  
 

Lower survival in 2013 was attributed to the greater reliance on the commercial 
Otohime feed and reduced feeding of live plankton and black worms.  Black worms and 
plankton persisted in the tank and were available to the fingerling at all hours of the day. 
 

Another contributing factor in the lower survival in 2013 was that the fingerlings 
received for grow-out in 2013 were significantly smaller than those received in 2012 
(see below).  
 
Mortality 
 

In general there was not an obvious cause of mortality of gilt darter fingerlings. 
However, there was a persistent mortality of 1-3 fish per day. Mortalities usually 
occurred overnight and were discovered in the morning. Unfortunately, dead (or 
sick/injured) fish were set upon by the other darters, and often when they were removed 
from the tanks in the morning, their eyes,  gills and even fins had been chewed off. Thus 
it was virtually impossible to determine the cause of death. 
 

In 2013 it was suspected that the mortality of gilt darter fingerling was size 
related. In October and November with the low water temperatures, mortalities were 
more frequently found intact. During these months every intact mortality was preserved, 
measured and weighed. Dead gilt darter fingerling (n = 95) had an average length of 
29.4mm, an average weight of .2 g and a condition (K) of .80. In contrast living gilt 
darters had an average length of 31.4mm, a weight of .3 g and a condition of .97. Thus 
a significantly higher mortality had occurred in the smaller, lighter and poorer 
conditioned gilt darter fingerling (T-test, P < .001). In death fish absorb water causing a 
slight increase in length and weight compared to living fish. Therefore the differences in 
length, weight and condition is even greater than that shown by the analysis above.   
 

The best way to reduce size related mortality is to sort the fish by size so that fish 
of similar size are reared together in the same tank. Since fingerling mortality may be 
reduced by sorting it is recommended here that gilt darter fingerling are sorted every 2-3 
months. 
 
Growth 
 
 In 2012 the average size and weight of gilt darters received at SUNY Cobleskill 
was 25.3mm and .19g, respectively (N=23). Fish ranged from 20mm to 29 mm. Weights 
and lengths were taken from shipping mortalities. Again, fish tend to swell after death, 
slightly increasing these length and weight measurements.  
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 Fish received on 30 April had reached a length of 35.7 mm and a weight of .5 g 
by 1 November (N=30). Darters received on 9 July had an average length of 32.5 mm 
and a weight of .4 g by 1 November. The 30-35 mm size corresponded closely with the 
young-of-the-year gilt darters identified by Koryak et al. (2011) in the lower Allegheny 
River. The intrinsic growth rate during the growing season appears to be between .06 
and .07mm/day. 
 

The growth of fingerling in 2012 was significantly better than in 2013 (T-Test, 
P<.001). On the first week of November hatchery reared fingerling had grown to an 
average length of 34.1 mm and an average weight of .4 grams in 2012 (N=60) and an 
average length of 31.4 mm and an average weight of .3 grams in 2013 (N=100, Figure 
20).  Lower growth in 2013 was attributed to the greater dependence on commercial 
feed and reduced utilization of live plankton and black worms.   
 
 

 

Figure 20 Size of gilt darter fingerling in November in 2012 and 2013. 

 
Some of the fingerling darters were kept at the hatchery for a second growing 

season to compare their growth rates.  Yearling gilt darters spawned at Conservation 
Fisheries Inc. in 2011 and grown at SUNY Cobleskill were measured and weighed on 
16 August 2012.  Males (N=10) had a mean length and weight of 54.4mm and 1.7g, 
while females (N=13) had a mean length and weight of 47.8mm and 1.3g, respectively. 
Males were significantly longer and heavier than females (T-test, P < .001). 
 
  Hatchery reared gilt darters grew at the same rate as gilt darters in the Allegheny 
River of PA. Average size of hatchery reared yearling gilt darters was 50.5 mm on 16 
August 2012. The average size of wild caught gilt darters captured 23-24 September 
2012 was 50.9 mm when measured on 31 October 2012. The average wild caught gilt 
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darters collected 25-26 September 2013 were 48.7, when measured 8 November 2013 
(N = 100).  
 
Condition  
 
 Condition (K = (Weight in g/Length3 in cm) X 100)) which is based on the relative 
fatness of a fish, is often used as a crude measure of fitness. Hatchery reared yearling 
gilt darters were on average 17% heavier than wild caught gilt darters of the same 
length. For example in the fall, wild gilt darters from the Allegheny River just north of 
East Brady had an average condition of 1.04, while hatchery reared yearlings had a 
condition of 1.09. 
 
Disease Certification 
 

In 2012 and 2013, 65 hatchery reared gilt darters were sent to the NYSDEC Fish 
Pathology Lab, Rome, NY for disease certification. No pathogens listed in the AFS 
Blue-Book or USFWS Fish Health Policy were observed or cultured from gilt darters 
spawned at CFI and reared at SUNY Cobleskill. 
 
Marking 
 

During the last week of October, hatchery reared gilt darters were anesthetized 
and injected with a yellow elastomer mark (Northeast Marine Technologies, Inc.) at the 
base of the anal fin (Figure 21). Only two fish died during the week following marking. 
 

   

Figure 21  Elastomer marking of hatchery reared gilt darters for stocking. 

 
Because of their small size (30+ mm), a special cradle had to be used to hold the gilt 
darter fingerlings, while marking (Figure 21). The top of a pen cap was cut out and the 
end was filled with epoxy. Individual fish were laid on their back along the curved 
extension, so that the elastomer could be injected into the base of their anal fin (Figure 
21). 
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Translocation of Gilt Darters 

Initially during the developmental stages of this project, translocation from the 
nearby Allegheny River populations did not seem feasible, since in Pennsylvania gilt 
darters were rare and listed as critically imperiled. However, by 2012, surveys of the 
Pennsylvania reaches of the Allegheny River demonstrated substantial gilt darter 
populations that could support translocation to New York waters (Freedman et al. 2009; 
Koryak et al. 2011), and Pennsylvania Fish & Boat Commission permitted those 
removals.   

Wild gilt darters for translocation were primarily captured with an electrified trawl 
just upstream from East Brady, PA on the Allegheny River. The Missouri trawl utilized 
followed the design developed by Herzog et al. (2005) and Freedman et al. (2009). An 
electrical array was installed on a modified Missouri trawl by the Fisheries & 
Aquaculture Program at SUNY Cobleskill with guidance from Doug Fischer of the 
Pennsylvania Fish & Boat Commission. A 2000 Watt Honda Generator coupled to a 
Smith Root 1.5 KVA electrified the trawl (Figure 22). Un-electrified trawls and electrified 
trawls following a similar design were deployed by PA Fish & Boat Commission and the 
NYS Department of Environmental Conservation to capture gilt darters for translocation. 

 
Gilt darters to be translocated were captured on 23-24 September 2012 and 25-

26 September 2013. Darters were transported to SUNY Cobleskill on the last day of 
collection in plastic bags consisting of one third water and two thirds oxygen. Trans-
portation time in the bags was about 6 hours. 

 
 

 

Figure 22   Electrified Missouri trawl used to capture gilt darters in the Allegheny River, 
PA  for translocation to New York. 
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Quarantine Conditions 

 
Wild gilt darters were help in the quarantine lab at SUNY Cobleskill until they 

were disease certified by the Northeast Fisheries Research & Disease Center at Lamar, 
PA.  Darters were held in two, 100 gallon, 1.5m diameter recirculating tanks at the 
quarantine lab in the Fisheries & Wildlife Annex (Figure 23). All water in the recirculating 
system passed through the biofilters every 5 minutes and 5% of the water was 
exchanged each day.  

 
Wild gilt darters were held under natural day length and temperature until they 

were released about 6 weeks later into New York waters. Strong horizontal current was 
provided by the spray bar and air-stones were used to add turbulence and vertical 
current.  A cobble-gravel substrate replicated the stream habitat, observed at the 
collection sites and by Skyfield and Grossman (2008).  

 
 

 

Figure 23   Quarantine lab holding tanks of wild caught gilt darters (white bead biofilter in 
the center) at the SUNY Cobleskill Fisheries & Wildlife Annex. 

  
Wild gilt darters were fed a natural diet of live plankton (copepods, water fleas 

and rotifers) brine shrimp, grindal worms, black worms and a variety of natural stream 
invertebrates. 
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Disease Certification 
 
Prior to release from the quarantine lab and stocking into New York waters, 

disease testing had to be conducted. The U.S. Fish & Wildlife Service, Northeast 
Fisheries Research & Disease Center at Lamar, PA conducted the disease testing for 
juvenile gilt darters that were to be translocated to New York. No pathogens listed in the 
AFS Blue-Book or USFWS Fish Health Policy were observed or cultured from gilt 
darters captured in the Allegheny River upstream of East Brady in 2012 and 2013.  

 
Mortality of Juvenile Gilt Darters 

 
In 2012, 383 darters were transported to SUNY Cobleskill. Mortality over the 43-

day period (25 September – 7 November) was 4 fish. One fish died the day after it was 
received, probably as a result of capture trauma. Another fish died as the result of 
tagging trauma. In total there was a 99% survival of wild captured juvenile darters used 
for stocking in 2012. 

 
The situation was quite different in 2013. In 2013 the survival of wild captured 

juvenile fish was only 67% of the 599 darters initially transported to SUNY Cobleskill.  
Seventeen darters were dead on arrival and there was a steady mortality throughout the 
47-day holding period.  Many gilt darters had internal hemorrhaging which could have 
resulted from injuries received from rocks in the trawl.   Higher voltage settings of one of 
the electric trawls for part of the effort in 2013 could also have contributed to the higher 
mortality. Treatment of the darters with a mixture of formalin and Malachite Green did 
not reduce the mortality rate. 

 

  

Figure 24   Length frequency distribution of translocated gilt darters stocked in 2012 and 
2013. (Histograms are in 2 mm intervals, e.g. 44mm = 44 plus 45 mm fish).  
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Length and Weight of Translocated Gilt Darters  
 
On 1 November 2012 a subsample of 30 gilt darters that were captured on 23-24 

September 2012 just upstream of East Brady were weighed and measured. Mean 
length was 50.9 mm and mean weight was 1.2 grams (Figure 24). Just prior to stocking 
on 12 November 2013, a subsample of 100 gilt darters that were captured on 25-26 
September 2013 just upstream of East Brady were weighed and measured. Mean 
length was 48.7 mm (Figure 24) and mean weight was 1.2 grams.  

 
Translocated gilt darters stocked in 2013 were significantly smaller than the 

translocated gilt darters stocked in 2012 (T-test, P = .01).  
 

Age of Translocated Gilt Darters 
 
Unfortunately, it was difficult to determine the age of the translocated gilt darters 

by their scales. Often a clear annulus could not be consistently detected on the scales 
of the wild gilt darters examined.  

 
The age of translocated gilt darters can be estimated from their length. In 2012 

translocated gilt darters had a mean length of 50.9 mm and mean weight of 1.2 grams 
and in 2013 a mean length of 48.7 mm and a mean weight of 1.2 grams (Figure 24). In 
both years the modal length was 48mm.  The translocated fish were similar in size and 
weight to the yearling fish spawned at Conservation Fisheries Incorporated and shipped 
to SUNY Cobleskill in 2011. The mean length and weight of 23 hatchery-reared yearling 
gilt darters was 50.5mm and 1.4 grams respectively. Therefore the vast majority of wild 
caught translocated gilt darters shown in Figure 24 were yearlings.  

 
Marking 

 
During the last week of October in 2012 and 2013, wild gilt darters were injected 

with a red elastomer mark (Northeast Marine Technologies, Inc.) at the base of the anal 
fin. Gilt darters had 2-3 weeks to recover from tagging before they were stocked.  
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Stocking 

 
In the Pigeon River, TN the restoration of an extirpated population of gilt darters 

was accomplished with the translocation of 974 fish stocked over a 2-year period 
(Combs 2003).  In this project, the restoration plan was loosely based on the stocking of 
a similar number of gilt darters into the New York reaches of the Allegheny River. 
Hatchery reared gilt darter young-of-the-year and wild caught gilt darter juveniles from 
East Brady, PA were stocked into the Allegheny River in 2012 and 2013. These fish 
were supplemented in 2013 by 107 darters that were 2+, 3+ and 4+ year old and had 
been reared in the hatcheries as brood stock. 

 
Stocking Procedure 

 
Gilt darters were transported from SUNY Cobleskill to the Allegheny watershed 

stocking sites in plastic bags, filled with one third water/fish and two thirds pure oxygen. 
Each bag held 100-200 gilt darters, in approximately 6 gallons of water and 12 gallons 
of pure oxygen.  

 
 

   

Figure 25   Stocking gilt darters in Allegheny River in 2012. Left at Weston Mills (Doug 
Fischer -PA Fish & Boat Com, Mike Clancy-DEC, Tobias Widger-DEC, John 
Foster-SUNY, Doug Carlson-DEC, Brent Lehman-SUNY and Chris Urban PA 
Fish & Boat Com). Right at South Carrollton (left to right, Shane Titus -Seneca 
Nation of Indians, Amanda Wagner-DEC, Chris Urban-PA Fish & Boat Com, 
and Robert D’Argenio-DEC).  

   
Fish were transported at water temperatures of 4-5oC, which was later tempered 

to be close to the temperature of the receiving water. Coolers were used to transport the 
fish so that water temperature could be maintained during the 5-6-hour trip to the 
stocking sites (Figure 25). Upon arrival gilt darters were acclimated to the receiving 
water by either floating the bags for 15-20 minutes in water from the stocking site or 
gradually adding river water to the bags.   
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2012 Stocking Locations 

 
The three stocking sites (Figure 26) utilized on 7 November 2012 largely followed 

the recommendations of Morse et. al (2009). They included the single remaining historic 
Allegheny River 1937 collection site not inundated by the Allegheny Reservoir at South 
Carrollton (Figure 25 & Figure 27), the Allegheny River at Weston Mills (Figure 25 & 27) 
and Oswayo Creek at the state line (Figure 26 & 27). Oswayo Creek was chosen 
because that location was also inhabited by bluebreast darter, and its size appeared 
more favorable so that later evaluations might be achievable. 

 
 
 
 

 
 

Figure 26 Geographic location of stocking sites for 2012. 
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Figure 27   Allegheny River stocking site at South Carrollton (left) and in Oswayo Creek 
at the State Line (right, with Robert D’Argenio) in November 2012. 

 
A total 1223 gilt darters were stocked in 2012 (Table 5). Oswayo Creek received 

400 young-of-the-year hatchery fish. The Allegheny River at Weston Mills received 243 
young-of-the-year hatchery fish and 190 wild caught yearlings, the Allegheny River at 
South Carrollton 200 young-of-the-year hatchery fish 190 wild caught yearlings. 

Table 5    The number, markings and origin of gilt darters stocked in various locations in 
November 2012. 

Stocking 
Location 

Date          
Stocked 

Number    
Stocked 

Fish          
Stocked 

Elastomer Tag               
Color 

Oswayo Creek    
41.999846                
W 78.302851 

11/07/2012 400 Young-of-the-Year 
Hatchery Fish 

Yellow 

Total  400   

Weston Mills         
N 42.058189                 
W 78.378595          

11/07/2012 190 PA Juvenile 
Translocated Fish 

Red  

 11/07/2012 243 Young-of-the-Year 
Hatchery Fish 

Yellow 

Total  433   

South Carrollton    
N  42.087207               
W 78.649550  

11/07/2012 190 PA Juvenile 
Translocated Fish 

Red 

 11/07/2012 200 Young-of-the-Year 
Hatchery Fish 

Yellow 

Total  390   

Total Stocked in 
2012 

 1223   
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2013 Stocking Locations 
 
Two sites were stocked in 2013 with 1116 gilt darters (Figures 28 & 29, Table 6). 

Darters were primarily stocked on 12 November 2013, but a small number (13) were 
stocked on 13 December 2013.  The Union Street Bridge site and the Clark Street site  

 

 

Figure 28   Union Street Bridge (left arrow) and Clark Street (right arrow) stocking sites 
used in 2013. 

 

   

Figure 29   SUNY Cobleskill’s Brent Lehman, Eric Malone and Justin Sheward stocking 
gilt darters at the Union Street Bridge (left) and Clark Street (right) in 2013. 
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were chosen because of the presence of clean washed cobles throughout the year. 
They were also chosen because of the presence at these locations of species which 
prefer similar habitats to the gilt darter, like the bluebreast darter (Hatch 1986; Koryak et 
al. 2009; Koryak et al. 2011). As in 2012 both translocated fish from Pennsylvania and 
hatchery reared young-of-the-year were stocked at both sites. Also, the propagation 
phase of this project had ended, and the wild plus the hatchery reared brood-stock were 
also stocked in 2013. 

Table 6    The number, markings and origin of gilt darters stocked in various locations in 
November and December 2013. 

Stocking 
Location 

Date          
Stocked 

Number    
Stocked 

Fish          
Stocked 

Elastomer Tag               
Color 

Union St. Bridge 
N  42.070492               
W 78.430628 

11/12/2013 53 CFI Adult Hatchery 
Fish 

Yellow 

 11/12/2013 195 Young-of-the-Year 
Hatchery Fish 

Yellow 

 11/12/2013 271 PA Juvenile 
Translocated Fish 

Red 

 
12/13/2013 4 Cobleskill Adult 

Hatchery Fish 
Yellow 

 12/13/2013 9 Young-of-the-Year 
Hatchery Fish 

Yellow 

Total   532   

South Clark St.                         
N  42.07062 
W 78.40651 

11/12/2013 54 Cobleskill Adult 
Hatchery Fish 

Yellow 

 11/12/2013 399 Young-of-the-Year 
Hatchery Fish 

Yellow 

 11/12/2013 131 PA Juvenile 
Translocated Fish 

Red 

Total  584   

Total Stocked in 
2013 

 1116   

 
In 2012 and 2013 this project reintroduced gilt darters to their native range in 

New York State, after a 75 year absence! A total of 2,339 gilt darters were stocked into 
the New York reaches of the Allegheny River. This was 2.4 times the number stocked 
by in the Pigeon River, TN that resulted in the restoration of an extirpated population of 
gilt darters (Combs 2003).    
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Post-Stocking Monitoring 
 

Eight months following the November 2012 stocking of gilt darters, NYSDEC 
conducted 123 trawl surveys in the Allegheny River and SUNY Cobleskill conducted 11 
trawl surveys in the Allegheny River (Figure 30) and a backpack survey in Oswayo 
Creek, NYSDEC samples were collected from 24 June to 7 August 2013 and SUNY 
Cobleskill samples were collected 30-31 August. This effort was spread over 43 miles of 
river. 
 
 

 

Figure 30   The electric trawl was the primary method used to recapture stocked 
gilt darters in the summer of 2013. 

 
 

Three gilt darters were recaptured in the summer of 2013 by the NYSDEC and all 
were marked with a red elastomer. This indicated that they were translocated from the 
Allegheny River just upstream from East Brady, PA as juveniles. No gilt darters of 
hatchery origin (yellow elastomer) were recaptured.  

 
In the 134 surveys following stocking, gilt darters were only recaptured at two 

sites: (1) behind the NYSDEC Allegheny Office  (N 42.086407; W 78.495820) Gravel 
Bar Downstream of old Bridge, 2700 ft downstream of four mile creek), and (2) the Mill 
Hole site,(N 42.020740; W 78.344112)  just downstream of the Gleason Hollow bridge. 
The site behind the NYSDEC office was sampled by NYSDEC on 24 June and by 
SUNY Cobleskill on 31 August 2013. The Mill Hole site was sampled by NYSDEC on 1 
July and 3 times by SUNY Cobleskill on 31 August 2013.  

 
Ten other species of darter were captured with the gilt darters (Figure 31). 

Banded, channel and variegate darters were the most common darter species captured 
with the gilt darters.  
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Figure 31 Percent of darter species captured at gilt darter Allegheny River 
recapture sites. 

 
 
Movement 
 

Unfortunately gilt darters did not receive a unique mark that would designate their 
stocking site. If the origin of these recaptures were from the South Carrollton (N 
42.087207; W 78.649550) stocking site then the gilt darters would have travelled 
upstream 17.15 km to reach the NYSDEC Allegheny Office recapture site, and 35.48 
km upstream to reach the  Mill Hole recapture site. Therefore It is more likely that the 
Weston Mills stocking site (N 42.058189  W 78.378595) was the origin of the fish 
captured behind the NYSDEC Allegheny Office and the  Mill Hole recapture site. To 
reach the recapture site behind the NYSDEC Allegheny Office would require a 
downstream journey of 12.33 km. To reach the Mill Hole recapture site would require 
that the gilt darters moved upstream 6.07 km. 
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The movement of stocked gilt darters was unexpected. However, little is known 
about gilt darter movements. In an autumn study in North Carolina the majority of 
marked gilt darters moved greater than 5 meters, in a matter of just a few weeks 
(Skyfield & Grossman 2008). Some moved as much as 58 meters upstream and 28 
meters downstream.  Other studies carried out by CFI with stocked darters have shown 
them to move a mile or more away from the stocking site (P. Rakes personal comm.). 
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Gilt Darter Habitat 
 

Gilt darters are habitat specialists. They have a substrate preference of clean 
washed cobbles and boulders and prefer deeper stream sections with swift current 
(Hatch 1986; Greenberg 1991; Skyfield & Grossman 2008).  In the Pennsylvania 
segments of the Allegheny River downstream of New York, gilt darters inhabit the 
swiftest deepest riffles (Freedman et. al 2009; Koryak et al. 2009 & 2011). These areas 
are often referred to as erosion zones (Skyfield & Grossman 2008). The converse has 
also been demonstrated:  gilt darters avoided depositional substrates (Hatch 1986; 
Skyfield & Grossman 2008). 

 
Initially gilt darter habitat was surveyed at two locations in Pennsylvania: The 

Allegheny River just upstream of East Brady and French Creek at Venango (Figure 32). 
 
 
 
 

 

Figure 32 Pennsylvania gilt darter habitat survey sites on the Allegheny River at East 
Brady and French Creek at Venango. 
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East Brady, Pennsylvania 

 
Observations of gilt darter habitat occurred in September 2008, 2010, 2012 and 

2013 in the Allegheny River just upstream of East Brady, PA. At this location large 
numbers of juvenile gilt darters were captured by electric trawl over clean washed 
cobbles and boulders in fast current in 1-2 m of water (Figure 33).   

 

 
 

Figure 33  A clean, washed cobble, removed from the electric trawl at the gilt darter 
collection site on the Allegheny River just upstream of East Brady PA). 

 
French Creek near Venango, Pennsylvania 

 
  Gilt darter habitat was also examined in French Creek near Venango, PA in late 

September 2008.  While this habitat had patches of shallow riffles, and cobble-pebble 
substrate it was somewhat turbid and lacked deep clean washed cobbles and boulders 
(Figure 34). Physical variables were reported by Daniels and Morse (unpublished files). 
After hours of electrofishing and seining effort, only a single adult gilt darter was 
captured, indicating that this was not prime gilt darter habitat in September. 
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Figure 34  French Creek collection site at Venango, PA. 

 
Elk River, West Virginia 

 
In early July 2010, gilt darter habitat was examined and sampled in the Elk River, 

at Clendenin, WV. (The exact location was the public access site at the terminus of 
Maywood Ave. East, coordinates 38.490325, 81.331444). The primary purpose was to 
observe gilt darters in the wild by snorkeling and to photograph their habitat so that it 
could be better replicated in the laboratory.  

 
Gilt darters were observed in the deepest part of the river at a depth of 1-2 m. 

They were swimming close to the substrate in the fast current over clean washed 
cobbles and boulders.  Gilt darters were not observed in shallower water by snorkeling. 
Shocking in shallow water, by conducting 500 sec runs or placing the electrodes on 
opposite sides of submerged flat rocks was effective at collecting a variety of darter 
species, but not gilt darters. In total 2500 seconds of backpack shocking caught zero gilt 
darters in shallow water even though the substrate appeared to be no different than that 
observed in deep water with stronger currents (Figure 34). This indicated that water 
depth was more important than substrate in characterizing gilt darter habitat. 
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Figure 34  Gilt darter habitat in Elk River, West Virginia, 1 July 2010. 

 
Allegheny River, NY 

 
NYS Museum Staff collected data on potential gilt darter habitat in the NY 

reaches of the Allegheny River from 2006-2008 (Morse et al. 2009). Their conclusion 
was that habitat exists in the New York State portion of the Allegheny River to support 
gilt darters, particularly the riffle near Portville, at West River Road Bridge, the large 
riffle area downstream of Olean Creek mouth, the riffle above the fishing access point 
located under the first crossing of Route 86/17 downstream of Allegany, and the riffles 
near the historic collection near Carrollton. 

 
Habitat requirements of gilt darters in New York reaches of the Allegheny River 

are expected to be similar to that of the bluebreast darter (Hatch 1986; Koryak et al. 
2011).  In the lower Allegheny River (Koryak et al. 2009) and in the Ohio River 
(Freedman et al. 2009) and gilt darters were associated with bluebreast darter in tail 
water habitats below navigational dams. Morse et al. (2009) provided a characterization 
of bluebreast habitat as well as a description of gilt darter habitat based on historical 
locations (Table 8). 
 

In May and September 2010, June and November 2012 and August 2013 habitat 
observations in the New York reaches of the Allegheny River were made by the author. 
The focus of the 2010 observations was the potential stocking area at Weston Mills (at 
the Steam Valley Road Bridge crossing) and at the Union Street Bridge crossing in 
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Olean. In late June 2012 and early November four sites were surveyed and observed: 
the single remaining historic collection site not inundated by the Allegheny Reservoir 
near Carrollton, the Union Street Bridge crossing in Olean, another area farther 
upstream near Olean at Weston Mills and Oswayo Creek at Carroll (Figure 35). 

 
 

Table 8    Habitat parameters associated with bluebreast and gilt darters from 
Morse et al (2009). 

Habitat Parameters Bluebreast Darter 
2007 Catch Sites 

Gilt Darter 
Historical Sites 

Available 

avg. depth (cm) 36* 57 23 

shore dist. (m) 22* 14 11 

Stream width (m) 71* 150 52 

surface vel. (mps) 1.3* 0.4    .4 

site vel. (mps)       .5* 0.1    .2 

% cover 67* 15 9 

% detritus     .3     .4 

% boulder 50* 45 9 

% cobble 15* 25 32 

% gravel 27 15 40 

% sand 8 15 16 

%run 19 100 31 

%riffle 81 0 58 

no. sites 16 2 343 

    * Values that differ significantly from microhabitat availability. 
 

 
In May and September 2010, June and November 2012 and August 2013 habitat 

observations in the New York reaches of the Allegheny River were made by the author. 
The focus of the 2010 observations was the potential stocking area at Weston Mills at 
the (Steam Valley Road Bridge crossing) and at the Union Street Bridge crossing in 
Olean. In late June 2012 and early November four sites were surveyed and observed: 
the single remaining historic collection site not inundated by the Allegheny Reservoir 
near Carrollton, the Union Street bridge crossing in Olean, another area farther 
upstream near Olean at Weston Mills and Oswayo Creek at Carroll (Figure 35). 
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Figure 35   High turbidity and silt covered the substrate at Oswayo Creek, New York 
during electrofishing surveys conducted in late June 2012. 

 
In late August 2013 all sites where gilt darters were stocked or recaptured were 

surveyed as well as the site below the Union Street Bridge in Olean. Backpack shocking 
and an electric trawl were used in an attempt to recapture stocked gilt darters. In 
contrast to observations made in mid-May, late-September and early-November, 
observations made in late-June 2012 and late-August 2013 indicated very low volume 
of flow (Table 9), high siltation and high turbidity (Figures 35 & 36).   
 

 

Figure 36   High turbidity and silt were encountered at most sites when electric trawling 
and backpack shocking was conducted in late August 2013.  
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Table 9    Mean monthly flow (ft3/sec) of the Allegheny River at Olean, NY (USGS Gaging 
Station 03010820). 

 

Year Jan.  Feb. March April May June July Aug. Sept. Oct. Nov. Dec. 

2010        508 244 1306 1876 4575 

2011 1272 1775 7897 7115 5836 943 223 371 471 1640 2323 2880 

2012 3282 1767 2651 1317 1849 781 366 391 325    

Mean 2280 1770 5270 4220 3840 862 244 423 347 1470 2100 3730 

 
 
In the NYS Museum surveys (Morse et al. 2009) snorkeling proved to be a poor 

technique due to water turbidity, and was abandoned as a method early in their study. 
In this study snorkeling was only employed at the Union Street Bridge site in late August 
2013. Eric Malone who had conducted snorkeling surveys for gilt darters with the U.S. 
Park Service in the Great Smoky Mountains assisted Brent Lehman and John Foster 
(Figure 37). While no gilt darters were observed, clean washed cobbles and boulders 
were observed at depths of .5 to 1.5 m (Figure 38). High water clarity and low siltation 
provided a good indication that the habitat at this site was suitable for gilt darters. 

 
 

 

Figure 37   Brent Lehman (left) and Eric Malone (right) survey for gilt daters just 
downstream of the Union St. Bridge in Olean, NY. 
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Figure 38   Clean washed cobbles in .5-1.5 m depth just below the Union Street Bridge at 
Olean, NY, 31 August 2013. 

Laboratory Studies of Gilt Darter Habitat Utilization 
 
  In these studies in September 2008-2013, juvenile (yearling) gilt darters were 

predominantly captured in the Allegheny River upstream of East Brady, PA. A high per 
cent of these darters were males. Differences in habitat utilization by size and sex have 
been noted by Skyfield & Grossman (2008) for gilt darters. Unfortunately, we currently 
do not have good data on the habitat requirements of young-of-the-year and adult gilt 
darters. This makes it difficult to determine if there is suitable habitat available in the 
New York reaches of the Allegheny River for all life stages of this species.  

 
  In hatchery tanks, during the summer and fall, gilt darter fry and fingerlings did 

not remain stationary in the interstitial spaces among the cobbles as expected (Figure 
39).  They were up in the water column and actively swimming. They seemed to avoid 
both the rocky substrate and the areas of strong current. Only when temperatures 
dropped below 10o C did gilt darter fry/fingerlings stay on the substrate amongst the 
cobbles.   

 
Initially the occurrence of gilt darter fry/fingerlings in the water column was 

thought to be abarent behavior. The availability of plankton was thought to have 
attracted gilt darters into the water column. However, in 2013, after a switch to more 
benthic feed, fry and fingerlings continued to be distributed in the water column. CFI 
confirmed that this was normal behavior for wild gilt darter fingerlings at temperatures 
above 10o C.  Gilt darter fry and fingerlings also were observed to avoided strong 
currents created by the power head in the tank and were most often observed in areas 
of little or no current.  
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Figure 39 Gilt darter fry/fingerlings actively swim in the water column. 

 
 

 

Figure 40   Observation tank of habitat usage and movements of adult gilt darters. Red        
arrows indicate fish locations. 
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  Using surveillance cameras, habitat utilization and movements of 5 adult gilt 
darters were observed in a 1.5m diameter tank .3 m deep (Figure 40). Three water jets 
maintained a high current in a clockwise direction, and an air-stone created turbulent 
flow.  The tank was divided into three sections: cobbles with laminar and turbulent flow, 
open water turbulent flow, and open water laminar flow.  

 
Habitat utilization and movement patterns were impacted by water temperature 

and time of year (Table 10). The interstitial space among and under the cobbles 
appeared to be particularly important for spawning and over wintering. Gilt darters spent 
the majority of their time in the cobble substrate during spawning and during the cold 
winter months. As shown in Figure 40 they seemed to prefer the half of the cobbles with 
turbulent flow rather than the half of the cobbles with more laminar flow. 

 

  Table 10  Adult gilt darter habitat utilization and movement patterns related to time of 
year and temperature. 

  

Season Months Temperature Primary 
Habitat 

Behavior 

Winter November  -
February 

2.5-5 o C Cobbles Relatively Stationary 
Amongst Cobbles 

Early Spring March  - Early 
April 

5-10 o C Cobbles Relatively Stationary 
Amongst Cobbles 

Late Spring Early April – 
Early May 

10-15 o C Open Water 
High 
Turbulence 

Actively Swimming Into 
the Current 

Spawning 
Season 

May – June 15-20 o C Cobbles  Short Movements 
Confined to Cobbles 

Summer July - Early 
Sept. 

20-25-20 o C Open Water 
Turbulent & 
Laminar Flow 

Active Swimming Into 
the Current 

Fall Sept – 
October 

20-10 o C Open Water 
Turbulent & 
Laminar Flow 

Active Swimming Into 
the Current 

Winter November 10-5o C Cobbles Relatively Stationary 
Amongst Cobbles 
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When not utilizing the cobble substrate, gilt darters were more likely to be 
swimming off the bottom in the open water sections of the tank. Unfortunately, this tank 
was relatively shallow, so utilization of open water meant that the darters were still 
within 30 cm of the bottom. Gilt darters were observed in Elk River, WV in early July 
swimming around 20-30 cm off the bottom in strong current in water 1 – 1.5 m deep. 

 
Deep Water Darter Community  

 
An objective of this project was to restore the lotic-benthic community of New York’s 

Allegheny River. The native assemblage of darters that inhabit deep swift riffles with clean 
washed cobble-boulder substrates not only include the gilt darter, but also the bluebreast 
darter (Etheostoma camurum), channel darter (Parcina copelandi), banded darter 
(Etheostoma zonale) and the longhead darter  (Percina macrocephala). Gilt darters were 
associated with bluebreast darter in tailwater habitats below navigational dams in the lower 
Allegheny River (Koryak et al. 2009) and in the Ohio River (Freedman et al. 2009) and 
prefer similar habitats (Hatch 1986; Koryak et al. 2011).  In the lower Allegheny gilt darters 
were collected at depths of 2.7- 8.2 meters and were primarily associated with the 
numerically dominant channel darters (Koryak et al. 2011). The longhead darter (Van Snik 
Gray et al. 1997, Stauffer et al. 1996) and the banded darter (Kessler et al 1995) are also a 
habitat specialist preferring clear waters with cobble-boulder bottoms and swift currents in 
moderate to large streams (Van Snik Gray et al. 1997, 2005, Stauffer et al. 1996).  

 
  An indirect way of determining if suitable habitat is available for gilt darters is to 

look for the assemblage of fish that prefer similar types of habitats. By necessity, trawl 
samples can only be collected in habitat deep enough for trawling and therefore trawl 
sampling is focused on deep water habitat preferred by gilt darters. In 134 electric trawl 
samples collected between 24 June and 31 August 2013 in the New York reaches of 
the Allegheny River, the banded darter was collected in 78% of the samples followed by 
the channel darter in 72%, the longhead darter in 28% and the bluebreast darter in 11% 
(Table 11). While stocked gilt darters were only found in 1% of the samples, the 
occurrence of these other deeper water species further indicate that there may be 
suitable habitat for gilt darters in New York’s Allegheny River. The two gilt darter 
catches also included bluebreast darter and 14 other species. 

 
Table 11  Occurrence of deepwater darters in 134 electric trawl samples  

                               collected in the summer of 2013. 
 

Species NYSDEC SUNY Percent 

Banded darter 94 11 78 

Channel darter 90 6 72 

Longhead darter 34 4 28 

Bluebreast darter 14 1 11 

Gilt darter   2 0   1 
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The relative abundance of the darter species captured by electric trawl in 2013 in 
the Allegheny River at East Brady PA and in New York indicate some strong similarities 
between the darter communities (Figure 41). Data collected by the PA Fish & Boat 
Commission, NYSDEC and SUNY Cobleskill at East Brady, PA (25-26 September) 
indicated that banded darters, channel darters and gilt darters made up 68% of the 
darter community.  In New York reaches of the Allegheny River, electric trawl surveys 
conducted by N. Y. State Department of Environmental Conservation and SUNY 
Cobleskill also indicated that the banded darter and channel darter also dominated the 
darter community.  

 
Figure 41 The percent composition of various species of darter collected in the 

Allegheny River by electric trawl in Pennsylvania and New York in 2013. 

 
 

 
Restoration of the deep water darter community may have broad ranging 

ecological benefits. Darters play an important role is the life cycle of Unionid mussels 
(Dee & Watters 2000) and freshwater mussels have the highest percentage of federally 
and state listed endangered and threatened species (U.S. Fish & Wildlife Service 2009). 
Restoration of gilt darters and the recovery of deepwater darter community may assist 
the recovery of Unionid mussels in the Allegheny River.  
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Conclusions  
 

Successful spawning of captive brood-stock and the translocation of disease-free 
wild fish continue to hold promise for restoring gilt darters to New York waters. In 2012 
and 2013 this project reintroduced gilt darters to their native range in New York State, 
after a 75 year absence! A total of 2,339 gilt darters were stocked into 4 sites in the New 
York reaches of the Allegheny River and one site in the Allegheny River tributary, 
Oswayo Creek. This was 2.4 times the number stocked into the Pigeon River, TN that 
resulted in the restoration of an extirpated population of gilt darters (Combs 2003).   

 
Restoration Through Translocation 

 
Restoration of an extirpated gilt darter populations in the Pigeon River, TN was 

accomplished by the translocation of wild fish (Coombs 2003). 
 
• For New York State, translocation of gilt darters from the Allegheny River 

below the Kinzua Dam is the most economical approach for restoration of this 
species.  

 
• The electric trawl was the most effective technique used for capturing gilt 

darters. In 2012 post-capture mortality was low (1%), however in 2013 latent 
mortality was higher (33%). Many factors might be the cause of the higher 
mortality. The settings on the shocker, interference with rocks in the trawl and 
performance of members of the trawl crews might be examined closer. 

 
Hatchery Propagation  

 
A major contribution to the advancement of science by this project was the 

hatchery propagation of gilt darters by Conservation Fisheries Incorporated. This was 
the first time this species was spawned and reared in captivity.  

 
• Spawning and culturing first feeding fry was difficult. In fact, the development 

of propagation protocols for any new species is extremely difficult. The 
transfer of the knowledge and experience accumulated by experts in the field, 
even via a detailed manual or protocol is a challenge. It takes a significant 
period of time to accumulate the minutiae and details from working with 
similar species that will allow the successful technological transfer to a new 
species. Partnering with such organizations as Conservation Fisheries 
Incorporated over the long term is the only way to conquer the learning curve 
for propagating a new species in a reasonable amount of time. 

 
• Grow out of gilt darter fingerlings was not difficult. Fingerlings grew best on a 

variety of live food, but the presence of live freshly caught pond plankton was 
critical. Three concerns were raised about using plankton: (1) Brood-stock 
would be trained to eat plankton and therefore would cannibalize their fry 
excessively. (2) All age groups would be trained to swim un-naturally into the 
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water column to feed. (3) Phantom midges common in the plankton would 
feed on newly hatched fry.  

 
• The best way to reduce size related mortality of fingerling gilt darters is to sort 

the fish by size so that fish of similar size are reared together in the same 
tank. Since fingerling mortality may be reduced by sorting, it is recommended 
here that gilt darter fingerlings be sorted every 2-3 months during grow-out. 

 
Restoration Through Hatchery Propagation 

 
The propagation techniques refined in this project present an alternative to trans-

location, particularly when source populations are considered rare or unavailable.  
 
• The development and successful spawning of captive brood-stock continue to 

hold promise for restoring gilt darters to NY.  
 
• Gilt darter hatchery techniques refined in this project may be applicable to 

other watersheds in Illinois, Iowa and Ohio, where this species has also 
become extirpated.  
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Recommendations 
 
This project was developed on the premise that habitat improvements in New 

York’s Allegheny watershed made it now suitable to support gilt darters. Unfortunately 
we currently still do not have a good idea of the habitat requirements of young-of-the-
year and adult gilt darters, particularly those from the Eastern Highlands subspecies 
(Near et al. 2001), which was the focus of this project. In this project only juvenile 
(yearling) gilt darters were captured in the Allegheny River upstream of East Brady, PA. 
A high percent of these darters were males. Differences in habitat utilization by size and 
sex have been noted by Skyfield & Grossman (2008) for gilt darters. This makes it 
difficult to determine the availability of suitable habitat in the New York reaches of the 
Allegheny River for this species.  As more gilt darters are captured in New York, data on 
their habitat selection will become more helpful in determining the availability of suitable 
habitat. 

 
During most of the year, the habitat in the New York’s Allegheny River does 

appear suitable to support gilt darters as noted by Morse et al. (2009). The presence of 
other deep water darters is encouraging. During the winter, spring and fall, the high 
volume of flow results in swift currents over cobbles and boulders at depths of 1-2 
meters providing good gilt darter habitat. If the stocked gilt darters become established 
their reproduction will show there that suitable habitat was available. 

 
However, the situation from late June to mid-September is not as encouraging. 

Low flows result in high turbidity, increased silt deposition and reduced velocity. 
Increased turbidity and sedimentation have been shown to negatively impact stream 
fishes by reducing prey abundance, foraging success, degrading spawning, non-
spawning habitats (Hatch 1985; Sutherland et al. 2002; Tabit & Johnson 2002).  Gilt 
darters avoided depositional substrates and thus sedimentation is likely to be 
detrimental to the fitness and persistence of this species.  

 
Habitat Improvement to Enhance Gilt Darter Survival 

 
The largest number (2) of the gilt darters stocked in 2012 were recaptured just 

downstream of the Gleason Hollow Bridge (Figure 40) by NYSDEC trawl surveys. At 
this site the river flow has been narrowed by tree stumps and boulders so that a deep 
fast run occurs even under low flow conditions found at the end of August (Figure 42).  

 
In New York’s reaches of the Allegheny River, during the summer, deep, silt free, 

high velocity habitat with clean washed cobbles and boulders is in very short supply. 
The strategic placement of armor stone cross vanes may be a method of scouring silt 
and forming deep channels to provide habitat for gilt darters (Figure 43). This would 
also provide habitat under low flow conditions for other species that prefer deep, clean 
washed, cobble-boulder substrates, such as the bluebreast darters. Besides the 
development of deepwater habitat, cross vanes are used to protect bridges during flood 
events, such as occurred in eastern New York’s counties after Hurricane Irene and Lee 
in 2011.          
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Figure 42   Recapture site just downstream of the Gleason Hollow Bridge showing 
the narrowing of the river to form a deep area of swift current. 

 
 

   

Figure 43 Cross vane under high flow in Catskill Creek, Greene County, NY and 
cross vane under low flow at Cobleskill Creek, Warnerville, NY. 

 
Monitoring 
 

While this project put gilt darters back into the New York reaches of the 
Allegheny River for the first time in 75 years, in order to claim success for the 
restoration of this species, a self-replicating population of gilt darters will have to 
become established. One way to demonstrate that this has happened is to continue with 
the trawl surveys to capture unmarked gilt darters. Darters stocked through this project 
will have a yellow or red elastomer tag. Unmarked gilt darters will have been the product 
of natural reproduction. Therefore, continued monitoring of gilt darters in New York’s 
Allegheny River is essential. 
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The characterization of gilt darter habitat in New York’s Allegheny watershed is 
dependent on recaptures. In this study gilt darters were only recaptured in two locations 
in early summer, and were not recaptured at the same sites two months later.  There is 
clear evidence that darters change their habitat utilization with age, sex, season, and 
presence of other darters in the community (Greenburg, 1991, Staufer et al. 1996, 
Kessler et al. 1995, van Snik Gray et al. 2005). Therefore, more gilt darters need to be 
recaptured or observed by snorkeling so that habitat data can be collected at these 
locations. 

 
  

62 
 



 
 

 
Literature Cited 

 
Argent, D. G., R.F. Carline and J.R. Stauffer.  1998.  Application of geographical system 

technology to fish conservation in Pennsylvania, phase I. Final report to 
Pennsylvania Wild Resource Conservation Board, Harrisburg, PA   

 
Becker, L. R. Jr.  1982.  Fishes of the Allegheny River and its tributaries between 

Salamanca and Allegany, Cattaraugus County, New York.  M.S. Thesis. St 
Bonaventure University, St. Bonaventure, NY.  132pp 

 
Carlson, D.M. and R.A. Daniels 2006 (file records).  Fishes of the Allegheny watershed, 

survey update. NYSDEC, Watertown, NY 
 
Carlson, D.M. R.A. Daniels and S.W. Eaton 1999.  Status of fishes of the Allegheny 

River watershed of New York State. Northeastern Naturalist 6(4):305-326. 
 
Coombs, J.A. 2003. Tag Retention in re-introduced species of selected darters in the 

Pigeon River, TN. MS Thesis, Univ. TN. Knoxville, TN 165pp 
 
Cooper, E.L. 1985.  Chapter 3 - Fishes pp 169-256. in (eds) H.H. Genoways and F.J. 

Brenner. Species of special concern in Pennsylvania. Carnegie Museum of Natural 
History Spec. Publ. 11. 

 
Criswell, RW. and J.R. Stauffer, Jr. 2005.  Gilt darter, Percina evides. pp 1-8  in  Exhibit 

A: CWCS Priority Species’ Assessments. PA Fish and Boat Comm. Harrisburg PA. 
 
Dee, S.H. & G.T. Watters. 2000. New or confirmed host identifications for ten freshwater 

mussels. Proc. Of the Conservation, Captive Care & Propagation of Freshwater 
Mussels Symposium 1998. pp 77-82, Ohio Biological Survey.  

 
Denoncourt, R. F.  1969.  A systematic study of the gilt darter (Percina evides) (Jordan 

and Copeland) (Pisces:Percidae).  PhD dissertation.  Cornell University. Ithaca. 
 
Eaton, S.W., R.J. Nemecek and M.M. Kozubowski.  1982.  Fishes of the Allegheny 

River above Kinzua Dam. N.Y. Fish and Game J. 29(2):189-198. 
 
Freedman J. A., T. D. Stecko, B. D. Lorson, and J. R. Stauffer Jr. 2009. Development 

and efficacy of an electrified benthic trawl for sampling large-river fish assemblages. 
North American Journal of Fisheries Management 29:1001–1005. 

 
Greeley, J.R. 1938. II. Fishes of the area with annotated list. pp.47-73. in Biological 

Survey of the Allegheny and Chemung Watersheds.  Suppl. 27th Ann. Rept. N.Y. 
Cons. Dept. 1937, Albany, NY. 

 

63 
 



 
 

Greenberg, L.A. 1991. Habitat use and feeding behavior of thirteen species of benthic 
stream fishes.  Env. Biol. Fishes 31:389-401. 

 
Hatch, J. T.  1982.  Life history of the gilt darter, Percina evides, (Jordan and Copeland) 

in the Sunrise River, Minnesota.  PhD dissertation.  University of Minnesota.  
Minneapolis. 

 
Hatch, J. T.  1986.  Distribution, habitat, and status of the gilt darter (Percina evides), in 

Minnesota.  J.  Minn. Acad. Sci. 51: 11-16. 
 
Herzog, D.P., V.A. Barko, J.S. Scheibe, R.A. Hrabik, and D.E. Ostendorf. 2005. 

Efficancy of a benthic trawl for sampling small-bodied fishes in large river systems. 
North Am. J. of Fish. Mgmt. 25: 594-603. 

 
Kessler, R.K.,  A.F. Casper and G. K. Weddle. 1995. Temporal Variation in Microhabitat 

Use and Spatial Relations in the Benthic Fish Community of a Stream.  American 
Midland Naturalist, 134(2), pp. 361-370 

 
Koryak, M., P.S. Bonislawsky, D.D. Locy and B.A. Porter. 2009 Typical channel fish 

assemblage of the recovering lower Allegheny River navigation system, PA. J. 
Freshwater Ecol. 24(3):509-514. 

 
Koryak, M., P.S. Bonislawsky, D.D. Locy and B.A. Porter. 2011 Gilt darter (Percina 

evides: Percidae: Etheostomatinae) range expansion, microhabitat selection, and 
phylogenetics within the Allegheny River navigation system, Pennsylvania, USA. J. 
Penn. Acad. Sci. 85(2/3):104-108. 

 
Morse, R., B. Weatherwax and R. Daniels. 2009. Rare fishes of Oswayo Creek and the 

upper Allegheny River.  Final report to State Wildlife Grants- Grant T-5 to NYSDEC 
Albany, NY. 30pp. 

 
Near, T.J, L.M. Page and R.L. Mayden. 2001.  Intraspecific phylogeography of Percina 

evides (Percina: Etheostomitinae): an additional test of the Central Highlands pre-
Pleistocene vicariance hypothesis. Molecular Ecol. (2001)10:2235-2240. 

Petty, M.A., P.L. Rakes, J.R. Schute, C. Ruble, J.B. Hendricks and R.A. Xiques 2012 A 
protocol for hatchery rearing Gilt Darters (Percina evides), Gilt darter manual to 
SUNY Cobleskill. Conservation Fisheries Inc., Knoxville TN 16pp. 

 
Raney, E. C.  1938.  The distribution of the fishes of the Ohio drainage basin in western 

Pennsylvania.  PhD dissertation.  Cornell University.  Ithaca, NY. 
 
Rosgen, D.  2001. The Cross-Vane, W-Weir and J-Hook Vane Structures...Their 

Description, Design and Application for Stream Stabilization and River Restoration. 
In Donald F. Hays (ed.) Wetlands Engineering & River Restoration: pp. 1-22.  

 

64 
 



 
 

Schute, J.R., P.L. Rakes and P.W. Schute. 2005.  Re-introduction of four imperiled 
fishes in Abrams Creek, Tennessee.  Southeastern Naturalist 4:93-110. 

 
Schwartz, F.J. 1954.  Variations in the growth rates, densities and meristic characters of 

four species of darters (Etheostomatinae) from the upper Allgeheny River and its 
tributaries. PhD Dissertation Univ. Ptittsburgh, PA. 

 
Skyfield, J. P. & G. D. Grossman. 2008. Microhabitat use, movements and abundance 

of gilt darters (Percina evides) in southern Appalachian (USA) streams. Ecology of 
Freshwater Fish 17: 219-230.  

 
Stauffer, J.R. 1995. 1995 final report, endangered fisheries investigation: darter biology.  

Penn. State Univ., Univ. Park, PA (with the attached progress report) Substrate 
preferences of four species of darters (Ammocrypta pellucida, Percina evides, 
Etheostoma camurum and Percina macrocephala) in stream simulation tank. 

 
Stauffer, J.R., Jr., J.M. Boltz, K.A. Kellogg and E.S. vanSnik. 1996. Microhabitat 

partitioning in a diverse assemblage of darters in the Allegheny River system.  Env. 
Biol. Fishes 46:37-44. 

 
Sutherland, A. B., Meyer, J.L. & Gardiner, E.P. 2002. Effects of land cover on sediment 

regime and fish assemblage structure in four southern Appalachian streams.  
Freshwater Biology 47: 1791–1805. 

 
Tabit, C.R. & Johnson, G.M. 2002. Influence of urbanization on the distribution of fishes 

in a southeastern upper Piedmont drainage. Southeastern Naturalist 1: 253–268. 
 
U.S. Fish & Wildlife Service. 2009. Endangered Species Bulletin. Vol. 34(1). 
 
VanSnik Gray, E. F.M. Boltz, K.A. Kellogg and J.R. Stauffer. 1997.  Food resource 

partitioning by nine sympatric darter species.  Trans. Amer. Fish. Soc. 126:822-840. 
 
Van Snik Gray, E.,  K.A. Kellogg and J.R. Stauffer. 2005. Habitat Shift of a Native Darter 

Etheostoma olmstedi (Teleostei: Percidae) in Sympatry with a Non-native Darter 
Etheostoma zonale. The American Midland Naturalist 154(1):166-177.  
 

Yochim, W.D. 1981.  Distribution of darters (Etheostoma and Percina) in the major 
riffles of the Allegheny River upstream of Allegheny Reservoir.  MS thesis.  St. 
Bonaventure Univ., St. Bonaventure, NY. 

 
  

65 
 



 
 

Project Publications & Presentations  

Publications 

Carlson, Doug and Doug Fischer. 2013. Gilt Darters Return to New York’s Allegheny 
River. Summer (July) American Currents. 38(3):8-10. 

Anonymous. 2012. Hatchery project to restore gilt darters in New York River. 2012. 
Hatchery International. July/August 2012. 

Anonymous. 2012. Tiny fish, big effort: gilt darter restoration in western NY. New York 
Outdoor News. Nov 30 2012:4. 

Murray, Jeff. 2012. Cobleskill students work to restore the gilt darter. New York Outdoor 
News. August 2012: 11. 

Petty, M.A., P.L. Rakes, J.R. Schute, C. Ruble, J.B. Hendricks and R.A Xiques 2012 A 
protocol for hatchery rearing Gilt Darters (Percina evides), Gilt darter manual to 
SUNY Cobleksill. Conservation Fisheries, Knoxville TN 16pp. 

Poster Presentations 

Davis, T.C., J.R. Foster, B.C. Lehman, D.M. Carlson, P.L. Rakes, J.R. Shute, & D.P. 
Fischer. 2013. The Restoration of the Gilt Darter, Percina evides to the Lotic-Benthic 
Community of New York’s Allegheny River. Northeast Natural History Conference 
XIII.  Springfield, MA, 13-15 April. 

Sinicropi, Arthur J., Brent C. Lehman, John R. Foster & Doug P. Fischer. 2013. The 
Electric Trawl:  An Effective Method of Sampling Fish in Lotic-Benthic Communities. 
Northeast Fish & Wildlife Conference, Saratoga Springs, NY. 7-9 April.  

Sinicropi, Arthur J., Brent C. Lehman, John R. Foster & Doug P. Fischer. 2013. The 
Electric Trawl:  An Effective Method of Sampling Fish in Lotic-Benthic Communities. 
Annual Meeting of the New York Chapter of the American Fisheries Society.  
Watertown, NY. 30 Jan- 1 Feb. Best Poster Award 

Rakes, Patrick L., J. R. Shute, Crystal L. Ruble, Melissa A. Petty, Jessica B. Hendricks, 
Rebecca A. Xiques, Doug M. Carlson, John R. Foster, Brent C. Lehman & Tyler 
Davis. 2013.  Captive propagation of the gilt darter, Percina evides, for restoration of 
an extirpated population in New York State. World Aquaculture Society’s 
Aquaculture American 2013 Conference. Nashville, TN 22-25 Feb. 

Rakes, Patrick L., J. R. Shute, Crystal L. Ruble, Melissa A. Petty, Jessica B. Hendricks, 
Rebecca A. Xiques, Doug M. Carlson, John R. Foster, Brent C. Lehman. 2012.  
Captive propagation of the gilt darter, Percina evides, for restoration of an extirpated 
population in New York State. Southeastern Fisheries Council. Annual Meeting. 
November 8-9, 2012. New Orleans, LA 

66 
 



 
 

Dieterle, Kristen J., John R. Foster, Doug M. Carlson, Pat Rakes and J. R. Shute. 2012. 
The Feasibility of Applying Culture Techniques for Restoring the Gilt Darter Percina 
evides to the Lotic-Benthic Community of New York’s Allegheny River. World 
Aquaculture Society’s Aquaculture American 2012 Conference. Las Vegas, NV. 29 
Feb.– 2 Mar. 

Foster, J.R., D. Carlson, P. Rakes and J.R. Schute. 2010. The Feasibility of Restoring 
the Gilt Darter (Percina evides) to the Lotic-Benthic Community of New York’s 
Allegheny River. American Fisheries Society National Meeting 12-16 Sept. 
Pittsburgh, PA.  

Foster, J.R. & D. M. Carlson. 2010. The Feasibility of Restoring the Gilt Darter (Percina 
evides) to the Lotic- Benthic Community of New York’s Allegheny River. NYS 
American Fisheries Society Meeting Lake George. 10-12 Feb. 

 
 
 

  

67 
 



 
 

APPENDIX A 
 

 
 
 
 

A Protocol for Hatchery Rearing Gilt Darters (Percina evides) 
 
 
 
 
 
 
 

by M.A. Petty, P.L. Rakes, J.R. Shute C. Ruble, J.B. Hendricks, and R.A. Xiques  
Conservation Fisheries, Inc. 

September 20, 2012 
 
 
 
 
 

Gilt Darter Propagation Manual to: 
 THE AQUACULTURE PROGRAM 

STATE UNIVERSITY OF NEW YORK 
COBLESKILL, NEW YORK 

December 1, 2008 through August 31, 2012 
  

68 
 



 
 

Introduction 
 
A multi-year effort to develop propagation protocols for the gilt darter (Percina 

evides) was conducted from 2008 to 2012 at Conservation Fisheries, Inc. (CFI) in 
Knoxville, Tennessee. A manual describing key methods that ultimately proved 
successful in 2012 is provided below, followed by images and a history of results and 
notable observations for each year of the effort. 

 
Husbandry and Rearing Conditions 

 
Tank Size/Dimensions Physical 
 

Two multi-aquaria recirculating systems were utilized to house the gilt darter 
broodstock and rear young in 2012 (Systems W and M). System W had five glass 
breeder aquaria that were part of a larger recirculating system; the tanks were 190 L 
(91.5 cm length, 45.7 cm width, 35.6 cm water depth) (Figure 1). System M consisted of 
one long breeder aquarium (182.9 cm length, 45.7 cm width, 18.0 cm water depth) that 
was also part of a larger recirculating system (Figure 2). Both systems included 
numerous other glass tanks and circular tubs that were added and removed as needed 
during production; total net volume of the systems varied from 750 to 1500 liters (L). 
The substrate in all breeder tanks was a cobble, gravel and coarse sand mixture 
covering the entire bottom of the tanks to a depth of 2.5—7.0 cm. Natural slab rocks 
and plastic and ceramic tiles 10-30 cm in width were provided for “hides” and cover 
objects for the adult fish. 

 
Filtration 

All tanks were equipped with air driven sponge filters to provide aeration and 
mechanical and biological filtration. Sponge filters consisted of an open cell foam block 
connected to an air driven lift tube. Water was drawn through the sponge, which 
entrapped small particles and allowed nitrifying bacteria to grow within. Water from each 
tank in the recirculating system drained to a broad flat tray in the sump where it passed 
through bonded filter pad over a perforated bottom for mechanical filtration. In addition, 
“ammonia tower” filters in the sump provided biological filtration and aeration and 
mechanically removed particles from the water. These consisted of a tall plastic 
rectangular bucket which was filled with various high surface area plastic media (such 
as BioBalls©). Water was pumped to the top of the box where a bonded pad provided 
mechanical filtration and a drip tray distributed water (Figure 3) over the media, much of 
which was supported above water, exposed to the air. This promoted gas exchange and 
very efficient nitrification. A portion of the gilt darter breeder tanks were equipped with a 
reverse flow under gravel filter. This variant of an under gravel filter pumped water up 
through the gravel (rather than pulling it down through the gravel in the ‘typical’ way 
using air lift tubes). Both types of undergravel filters provide mechanical and biological 
filtration, but reverse flow keeps the substrate cleaner and less compact while providing 
oxygenated interstitial water flow. The filter consisted of a grid of perforated PVC pipes 
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(1/2” Schedule 40) placed on the bottom of the aquarium and then covered in gravel 
and sand.  

 
Water Flow 

Because gilt darters typically occupy swift, usually shallow habitats in streams, 
and because aquarium observations revealed far more natural behavior and feeding 
when aquaria were provided with good flow regimes, all breeder tanks were equipped 
with at least one “underwater fan” (Hydor Koralia Evolution© circulation pumps). 
Turbulence “downstream” was accentuated by placing airstones under the fans so that 
bubbles were drawn into the water stream. Although the adult gilt darters preferred to be 
in or near strong flow, gilt darter larvae were weak swimmers at hatch and initially swam 
up near the surface. If internal circulation patterns were not ideal, the larvae were 
pushed to “pace” the sides of the tank—making them highly visible prey for the adults. 
Careful direction of water currents generated by the fans positioned on the back side of 
the tank, angled so that water flow was dispersed off the front of the tank, pushed the 
larvae towards the overflow drain to passively capture/remove them more quickly, 
reducing cannibalism (Figure 1).  

 
Water Quality/Tank Maintenance/Fish Health Management 

Beneficial bacteria in recirculating aquarium systems are critical to maintenance 
of good water quality. Nitrosomonas and Nitrobacter are the two primary types of 
bacteria that are fundamental to nitrogenous waste processing. Nitrosomonas convert 
the ammonia that fish excrete into nitrites; Nitrobacter break down nitrites into nitrates. 
Nitrifying bacteria are concentrated in the biological filters (such as the sponge filters) 
and gravel bed in an aquarium. Breakdown of nitrates is accomplished by anaerobic 
bacteria not normally abundant in most closed system aquaria. Nitrates are monitored 
using water test kits and are reduced through water changes when necessary. Both 
ammonia and nitrites are toxic to fish at any detectable level and often cloudy water with 
an off smell is associated with these high nitrogen levels. Nitrates are acceptable at low 
levels, but excessive levels can become stressful or even deadly to the fish. If these two 
genera of bacteria are present in good numbers, then ammonia and nitrite will be 
consumed almost immediately, rendering the water quality safe for the fish. The re-
circulating gilt darter systems also had an ammonia tower in the sump with “bio-balls” 
where additional bacteria resided. As noted above, these types of media offer a high 
surface area for the beneficial bacteria to grow on, as well as for gas exchange--both 
oxygenation and carbon dioxide stripping--as water trickles over them (Figure 4). These 
additional redundant biological filters provided greater biological water quality 
maintenance capacity in these systems and permitted frequent water changes, 
including gravel washing and sponge rinsing, with little affect on the overall population 
of beneficial bacteria. 

 
Maintaining water quality of closed systems is extremely important. Poor water 

quality can cause poor development, stress, and the weakening of the immune system 
in fishes. Diseases and parasites are likely to take advantage of the weakened immune 
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system of stressed fish during times of poor water quality. Any treatment or medication 
of sick or dying fish is likely to be ineffective in the presence of high nitrates (possibly 
the original cause of the fish stress); therefore, water changes to improve water quality 
are an essential first step. Nitrate levels under 20 mg/L are optimal for general 
maintenance purposes, and if possible under 10 mg/L with more sensitive fish and 
larvae. 

 
Other than performing nitrate tests, there is no simple way to determine when 

water changes are needed, but there are many suggested systems of routine 
maintenance (such as 25% per month). If a system or tank is heavily loaded with fish 
and they are spawning, large water changes may be required weekly, depending on 
how heavily the fish are being fed. The required size (%) and frequency of water 
changes must be determined by test results in order to initiate a low risk maintenance 
routine without tests, but even this will be dependent on constant stocking and feeding 
levels. 

 
In bare tanks simple water exchanges suffice to reduce nitrate levels, but tanks 

are rarely bare, and tanks with substrates accumulate organic wastes that must be 
removed or water changes will be much less effective. Additionally, during spawning 
season, egg-burying fish such as the gilt darter require clean substrate. Frequent water 
changes including vacuums help provide a clean spawning medium (and lift and sort 
finer sand to the surface) which can be very beneficial to stimulate and maintain 
continual spawning activity (perhaps by mimicking spring floods, scouring, and ‘fresh’ 
water low in nitrates?).  

 
Two additional aspects of water quality were carefully tended with the gilt darter 

systems. Because low pH can be an indicator of poor water quality due to accumulated 
organic detritus, pH levels were maintained between 7.0—7.5. Also, because salt can 
act as a preventative of certain parasites and diseases and assists freshwater fish in 
osmoregulation, lowering stress, salinities of 2 – 3 ppt (part per thousand) were 
maintained. Salt was replaced after water changes and care taken not to raise the 
salinity too quickly (no more than 1 ppt a day). It is less stressful for most fish to go from 
a lower to a higher salinity than the reverse, therefore adding salt to a system 
immediately after a water change assists in reducing this stress. Pure, evaporated salt 
with no additives was used for this. 

 
Gilt darters at CFI were only observed to suffer one disease outbreak over the 

four years of the project, an “ich” (Ichthyophthirius multifilis) infestation of the 2008-
collected broodstock during the summer of 2009. This was successfully eliminated with 
formalin treatment, but only after losing nearly 50% of the fish to the protozoan 
parasites. 

 
Fish that are captively propagated at CFI are typically screened for disease 

organisms prior to transfer or release by providing sample individuals to the U.S. Fish 
and Wildlife Service National Fish Health Center in Warm Springs, Georgia. Juvenile gilt 
darters produced during this effort were transferred to the SUNY-Cobleskill fish lab 
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without screening because all were to be held in a dedicated closed system and were 
destined to be screened prior to any release to the wild from that facility. However, a 
sample of the last shipment was screened prior to transfer and determined disease-free. 

 
Seasonal Conditioning/Feeding Rate/Diet 

During the winter months, like all the fish at CFI, the gilt darters were maintained 
and conditioned in preparation for captive spawning. Photoperiod was controlled with an 
astronomic timer to mimic natural winter lighting conditions with slowly decreasing, then 
increasing day length on a schedule comparable to the actual season. Both water 
temperatures and day length and feedings were reduced to mimic natural conditions as 
closely as possible. By using ventilation of outdoor air we maintained water 
temperatures as low as 2°C and food quantities were provided dependent upon water 
temperature and the accompanying activity levels of the fish (low water temperatures 
reduce metabolic and digestion rates). As spring approached, both water temperatures 
and day length were increased, closely following natural conditions (in Knoxville). 
Feeding was increased as appetites tracked rising water temperature. High feeding 
activity and provision of food (2—3 times/day) began in March as the fish came into 
breeding condition and remained at high levels through August. Activity levels and 
feeding declined sharply in September and remained very low throughout the fall and 
winter. Foods consisted of frozen bloodworms (chironomids) and brine shrimp, and live 
blackworms and Daphnia. Summer water temperatures were not allowed to exceed 
24.5°C. 

 
The breeding season for darters is a stressful period. The physiological burden of 

reproduction weighs heavily on the egg-producing females and males must constantly 
defend spawning habitat and court. Negative behavioral interactions, particularly in the 
unnaturally close confines of an aquarium, stress both sexes and may reduce feeding. 
To alleviate some of these stresses of spawning, it was essential to provide the 
breeders with abundant, nutritious sources of food for the nutrients necessary for egg 
production and overall health. Close observation was also necessary to quickly detect 
excessive territoriality and disease issues as they developed. Fish that are breeding are 
more likely to succumb to pathogens and parasites, requiring quick removal or 
medication. 

  
Growth Rate/Age at Sexual Maturity 

Some of the male gilt darters collected in fall of 2008  exhibited breeding colors in 
their second summer (2009) but did not appear to reach sexual maturity until the 
following spawning season (spring 2010) as they approached two years of age and >50 
mm total length (TL). After disease losses during the summer of 2009, no female 
broodstock remained, but a few were added to the population later in the year. Only a 
few of the females became gravid in spring 2010 and apparently very few eggs were 
produced. In spring 2011, production increased, but the <300 young collected still 
seemed to indicate participation by either only a few females or else very few eggs were 
produced by each individual. This breeding group included the few females collected in 
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2009 (and therefore approaching two years of age) as well as fish collected in 2010 that 
were mostly younger. In 2012 production increased dramatically, providing evidence of 
more females reaching reproductive maturity and an age of relatively high fecundity.  

 
These observations strongly suggest that the most productive females are those 

approaching (at least) three years of age. Gilt darters (and as far as we know, many 
Percina) thus exhibit significant sexual dimorphism in growth rates and size at maturity, 
with the females taking significantly longer to mature and reach sexually productive 
adult size. The differences were marked in aquaria after only one year’s growth. For 
both sexes a minimum size of 50-55 mm TL appeared to be a minimum threshold size 
of maturity. Hence, sufficiently large, older females are an otherwise hidden key to 
successful captive spawning.  

 
Spawning/Egg Handling & Incubation/Rearing Sac-Fry and Fry 

 
Selection of Spawners/Quantity/Male:Female Ratio 

Around 1 March 2012 all the captive gilt darters were anesthetized to examine 
under magnification to determine sex. Examination of ovipositors or male tubercles was 
required because many females exhibited nuptial coloration equally intense to all but 
the “hottest” males and, conversely, some males exhibited subdued coloration (“sneaky 
males”?). Approximately 10-12 fish were placed in each of the 220 L breeding tanks in 
system W and approximately 15 fish in the breeder tank in system M. Ratio of males to 
females was between 1:2 and 1:3. At least 3-4 males and 7-8 females were held in 
each breeder tank at all times. Gravid females at least 2 years old with ovipositors 
protruding slightly were selected as well as the most robust males with brightly colored 
throats and dorsal fins.  

 
Indicators of Spawning Onset/Spawning Facilities and Protocol 

Following the 2011 spawning season, the captive gilt darters at CFI entered a 
recovery period that extended into February of the following year. During this recovery 
period feeding activity declined sharply and remained low throughout the fall and winter. 
With warmer water temperatures (13-17°C) in March metabolic and digestion rates of 
the gilt darters increased accompanied by high feeding activity. Between early February 
and March, gonads developed very rapidly leading to captive spawning activity in mid-
March that continued into late June. Peak spawning occurred in middle April (water 
temperature was 18-22°C). During this period males exhibited vivid nuptial coloration—
deep orange with blue metallic pelvic fins, a bright orange band in first dorsal fin and 
dark red flushing of gular membranes. Tubercles were present on males from early 
March to the end of June. The females were very large and gravid with well developed 
ovipositors. Males demonstrated territorial and courtship behavior by following the 
largest females but only weakly defending an area around cover rocks from other 
males. Gilt darters spawned in the portion of the tank where the current velocities were 
swiftest and most eggs were recovered from the substrate under cover objects during 
vacuuming events. The substrate was predominantly gravel and coarse sand, with 
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embedded cobble (2.5—6.5 cm in diameter), and numerous flat or slab-shaped cover 
objects (mostly natural rock).  

 
 
Egg Incubation/Egg and Fry Incubator Descriptions/Egg Counts/Egg 

Survival/Time to Hatch/Time to Absorb Yolk Sac/Densities/Feeding/Nutrition 

Even before acquiring the broodstock, gilt darters were presumed to bury their 
eggs in fine substrates, as do all other Percina for which this life history information is 
known. For other darters, including Percina, that exhibit this behavior, years of 
propagation protocol development at CFI have resulted in a minimally invasive egg 
incubation technique--simply leaving the eggs where the adults spawn until they hatch. 
Yolk-sac larvae are also left in the substrate and allowed to swim up when ready, at 
which point they are captured and removed from the breeding tank as quickly as 
possible to minimize predation/cannibalism by the adult darters. This is typically 
performed passively via the overflow drain out of the breeding tank. This outflow is 
directed through a flexible tube to a ‘capture tub’, currently constructed from 50 L, white 
plastic trash cans with the tops cut off (Figure 5). The tubs are equipped with a central 
overflow standpipe with a very fine mesh (420 micron) screen to prevent escape of the 
larvae. The white color allows for easier detection of the larvae.  

 
 Capture tubs set up below all the gilt darter breeding tanks were examined 

throughout the day for free-swimming larvae. Larvae were transferred with a turkey 
baster to a black oval or circular plastic feeding/rearing tub (~50 x 70 cm / ~15 cm 
depth) (Figure 6). The dark color of these tubs is important because pelagic darter 
larvae are phototropic--attracted to light-- and are typically confused in glass or light-
colored containers and never feed properly, attracted against the container sides until 
they die. In dark circular containers with light overhead the larvae stay suspended out in 
the water column and are able to see and capture food items. Some darter larvae prefer 
relatively substantial (though gentle) circular current in the rearing/feeding tubs. 
Although gilt darter adults preferred high current velocities for spawning, their larvae 
were poor swimmers at hatch and preferred to swim up and stay very near the surface 
the first few days out of the substrate. With stronger-swimming larvae it has proven 
effective to place airstones at the base of overflow standpipes to repel the larvae and 
prevent their entrainment on the screen. With the gilt darter larvae this technique 
appeared to actually attract the larvae to and push them onto the screen, killing them. 
Screens without airstones proved most effective at preventing such losses. Equally 
important was the low turnover rate of these feeding tubs. When higher water flow rates 
were used, the larvae were more easily trapped against the overflow screen. 

 
 The rearing of tiny pelagic larvae required a balance between providing 

adequate zooplanktonic food densities while simultaneously maintaining adequate 
water quality and avoiding excessive larval densities. The rearing tub was set up with a 
reservoir, timer and solenoid for constant food dispersal during the day (Figure 7). The 
timers opened the solenoid valves for ten seconds every two minutes during daylight 
hours. The feeding reservoir was filled with water from the system, then with a portion of 
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Brachionus rotifers, Nanno 3600 ™ Nannochloropsis sp. (Instant Algae ® produced by 
Reed Marineculture Inc.), Ceriodaphnia dubia neonates, brine shrimp (Artemia) nauplii 
and grindal worms. To supplement the reservoir feeding, commercial larval feed/powder 
was lightly dusted on top of the rearing tub several times daily. Routine cleaning of the 
feeding reservoirs, rearing tubs, and tanks was necessary to maintain water quality and 
prevent unwanted bacterial and/or fungal growths on uneaten food and waste. The use 
of aquatic snails also aided in maintaining a clean environment for the larvae by eating 
excess powders. 

 
In addition to passive larval capture, in 2012 more than 1200 eggs were collected 

from the substrate by vacuuming with aquarium-cleaning siphons (compared to ~1200 
larvae passively collected). This was done initially in order to observe egg development 
and estimate hatch time after spawning events, but was continued when the technique 
proved more effective for production than passive larval capture in certain set-ups (see 
appendix results). These eggs were incubated in a 4 L plastic flow-through tray nested 
over a 75 L aquarium (Figure 8). Eggs were observed to require about 5 days to 
develop and hatch at 21-22°C. Survivorship of apparently fertile eggs collected in 2012 
varied from 60-80%. Yolk-sac larvae remained relatively inactive and benthic for 
another 5-7 days during yolk sac absorption before swimming up. At this stage the fry 
were transferred to a rearing tub. Early larvae/fry were pelagic for 20-24 days before 
transforming to relatively benthic juveniles, but were maintained for only ~15-20 days in 
a rearing tub before being size-graded to prevent cannibalism of younger fry by 
older/larger individuals. Larger larvae were transferred to 75 L glass tanks within the 
same recirculating system. These tanks contained only an air-driven sponge filter with 
no substrate and low flow and aeration. By this age, behavior in glass aquaria was 
‘normal’, far more easily visually monitored, and survivorship approached 100%.  

 
Rearing tank density was kept at 25-30 (per 75 liter tank) fish to minimize growth 

inhibition by crowding and competition and the resulting unequal growth rates that can 
result in cannibalism. Growth of gilt darters from this point forward during the first 4 
months of life was rapid. If juveniles had been held beyond 4 months of age or 35-40 
mm TL it would have been necessary to further reduce grow out density. 
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Appendices: 

I. Figures 1—8 

Figure 1. System W. 220 L breeder tanks (on top shelf), white catch tubs (on lower 
shelf) and larger recirculating system. 
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Figure 2. System M. Large breeder tank (top), white catch tubs (below), and larger 
recirculating system. 

 
 

 
 

 
 

Figure 3. Ammonia tower filter (constructed from used cat litter containers) in the 
recirculating system sump with bonded pad on drip tray.  
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Figure 4. Ammonia tower in the sump, containing “bio-balls”. This media has a 

high surface area for beneficial bacteria to grow on, as well as gas exchange as water 
trickles over them. 

 
 

 
 
 

Figure 5. White larval capture tub constructed from 50 L trash can with top cut off; low 
flow and no airstone. Central overflow standpipe equipped with a very fine mesh screen 
to prevent escape of larvae. 
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Figure 6. Fry rearing/feeding black oval/circular plastic tubs and white capture 

tub. Note the almost dripping flow rate on the upper rearing tub (airstone on standpipe 
screen was later removed). 
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Figure 7. Liquid live zooplankton feeding reservoir and solenoid valve, controlled 

by a repeat timer (not visible) for frequent feeding throughout daylight hours. 
 
 

 
 
 
 
 
 
 
 
 
 

Spout

Solenoid

Spout

Solenoid

80 
 



 
 

Figure 8. Gilt darter eggs were incubated in 4 L plastic flow-through trays nested 
over 75 L aquariums, all part of the same recirculating system; very gentle airstone and 
water flow is very low, just barely more than dripping for gilt darter eggs and newly 
hatched larvae. 
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II. Propagation of Gilt Darters, Percina evides, from the Allegheny River 
system of New York at Conservation Fisheries, Inc. (CFI) 2009—2012. 

2009-2010 Methods and Results 
 
Twenty-five sub-adult gilt darters, Percina evides, were received at the CFI 

hatchery in Knoxville, TN on 1 October, 2008. All specimens were < 50mm TL and 
presumed 0+ age young of the year (YOYs). These fish were acclimated into a 550 L 
recirculating fiberglass vat where they were provided numerous cover objects (mostly 
natural rock) and relatively strong internal circulation. 

 
On 24 February 2009 all gilt darters were moved from their 550 L fiberglass tank 

to two 190 L glass aquaria, one with 12 and the other with 13 specimens. All fish were 
robust at this time, but accurate sexing of all fish was still impossible. Some of the 
(presumed) males had been exhibiting breeding colors, but all lost intensity after the 
transfer process. 

 
Initially after the establishment of the fish into the two tanks, none of the males 

were observed to demonstrate nuptial colors. Some presumed females appeared to be 
slightly gravid. All of the fish appeared very robust, exhibiting excellent physical 
condition. The fish were fed heavily during the spring and received frequent water 
changes to maintain high water quality. By June the fish were still likely too small for 
spawning, the largest males and females not exceeding 50 mm total length (TL). 

 
By early July 2009, males finally began to develop higher color; however, no 

spawning was observed and no larvae captured by the overflow system. Vacuuming the 
substrate also failed to produce any eggs or larvae.  The collection tubs were checked 
regularly for larvae and the adult fish were monitored for any signs of spawning, but no 
spawning or larval capture was observed throughout the summer of 2009. By 
September only 13 of the original 25 gilt darters collected in fall 2008 survived following 
a bout of ich. 

  
On 30 September 2009, 15 more gilt darters were shipped to CFI. One arrived 

dead and another died the following day. The survivors were successfully quarantined 
two weeks in a separate 190 L aquarium.  The tank was then “turned on” within the 
larger recirculating system and no additional losses occurred. These fish were even 
smaller in size than the original group of gilt darters, which now was apparently 
comprised of only males (some of the fish that originally appeared to be females were 
actually males that did not demonstrate male nuptial coloration). 

 
 All the gilt darters were again winter-conditioned, followed by increased feeding 

as day length and water temperatures in the hatchery increased through February and 
March 2010. By early to mid-March males were exhibiting high nuptial colors and a few 
females appeared gravid. Territorial and courtship behavior was observed. The first 
evidence of spawning was the collection of 4 larvae on April 7 in the capture tub. These 
survived and were easily reared with zooplankton foods, but no additional larvae were 
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captured.  A few eggs were recovered by vacuuming spawning substrates but none 
were viable when collected in this manner. We subsequently planned to isolate the 
sexes to heavily feed and better condition the females until the following breeding 
system, at which time we planned to re-sort the adults and combine the few mature 
females available with one or two dominant males per tank.  

 
2011 Methods and Results 

 
Fifty-nine newly collected gilt darters were received on 30 September 2010, 

bringing the total number of breeders to 99. Twenty-nine adult males were returned to 
SUNY on 4 October because of space limitations at CFI. The remaining 70 adults were 
utilized during the 2011 breeding season at CFI. The breeders were sorted and housed 
in three 190 L tanks (each containing 3 males: 6 females) and two 75 L tanks (each 
containing 2 males: 3 females). These five aquaria were part of a larger recirculating 
system. The remaining 37 fish were sorted and held in 75 L tanks within the same 
recirculating system to be exchanged and used as additional breeders when necessary.  

 
By early April spawning activity was observed when water temperatures 

approached 16-18°C mostly in the large tanks with 3:6 males to females. Males were 
demonstrating nuptial coloration and many of the females were gravid. Territorial and 
courtship behavior was observed. Spawning activity was concentrated in the swiftest 
current areas mostly over coarse gravel and cobble. The first larvae were captured on 
17 April from two of the breeder tanks containing N=9 adults (3:6 ratio) and passive 
collection of larvae continued until the end of June with the last larvae being captured 
on 7 June. At this time water temperatures were exceeding 23°C. A total of 136 larvae 
were collected by passive capture, and 113 eggs and larvae were collected by gravel 
siphoning the substrate (7 gravel siphoning events).  A total of 65 juveniles were 
produced, for a low survivorship of ~26%, with cannibalism on the youngest larvae by 
older, larger larvae suspected as the primary cause of mortality.  The juveniles thrived, 
easily reared with zooplankton and chopped frozen and live foods.  

 
Resulting plans for the following year included: 1) at least a portion of the larvae 

would be dropped directly into 75 L glass tanks to facilitate observation of potential 
cannibalism and to aid in size sorting and separation, if necessary (all very difficult in 
the opaque rearing tubs); and 2) winter and early season conditioning of the breeders 
would build upon this year’s observation that mature females were best maintained 
initially in isolation and relatively low numbers per tank, followed by introduction to 
breeding tanks with dominant males in high condition at the beginning of the breeding 
season.  It appeared that low density conditioning had yielded much greater egg 
production by the females, but this year’s production was still far lower than expected 
relative to our observations with other Percina species. 

  
2012 Results 

 
The 190 L tanks (W system, Figure 1) were most effective at passively capturing 

larvae with 1013 larvae collected vs. 223 passively captured from the one long shallow 
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tank (M system). The first larva was captured on 22 March with the last on 25 June. At 
this time water temperatures were exceeding 23.6°C. Despite the difference in passive 
collection, vacuuming the substrate in both systems recovered almost the same number 
of eggs/larvae: 684 (W) and 558 (M). Reverse under gravel filtration did not improve 
passive larval capture (and therefore presumed egg survivorship in better-oxygenated 
substrate). Frequent vacuuming of spawning substrate yielded significant egg 
collections from 20 March through 10 May, strongly indicating the technique’s 
importance as a means to evaluate reproduction since passive larval capture could vary 
from tank to tank, presumably due to internal current patterns and overflow locations. A 
total of 1236 larvae were collected by passive capture, and 1242 eggs/larvae were 
collected by vacuuming spawning substrate. A total of 1458 juveniles were produced 
with the highest survivorship (59%) to date (Table 1).  

 
Table 1. Age of females, number of eggs/larvae collected, and young survivorship 
2010—2012: 

 
 2012 2011 2010 
    

Age of ♀s: 2+ yrs 1-2 yrs 0-1 yr 
    

Passive Capture: 1236 136 4 
    

Vacuum Substrate: 1242 113  
    
    

Total Eggs/Larvae: 2478 249 4 
    

Young Survivorship: 1458 (59%) 65 (26%) 4  
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