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          Redside Dace is an insectivore typically found in cool headwater streams in 
the Great Lakes region.  Recently, the Redside Dace populations have been on the 
decline7,8.  Redside Dace prefer clean, well-oxygenated, and cool pools and are 
particularly sensitive to increased turbidity and pollution5,7,8.  Because of their 
sensitivity, they have been viewed as an “indicator species,” whose presence in 
healthy populations indicates that the streams they reside in are “healthy”5.  This 
study is a part of a larger effort to understand this species and to determine if a 
captive breeding program would be successful in areas where Redside Dace 
populations are declining quickly7.   
         Female Redside Dace prefer mates with brighter red spawning coloration2.  As 
the Redside Dace have a non-resource based mating system, this preference is 
viewed as based on male genetic quality4. Our main project examined the validity of 
this assumption using sperm quality as a proxy for genetic quality.  Our hypothesis 
was that mate choice for brighter male spawning coloration conferred genetic 
benefits to the female in the form of more “fit” or more motile sperm.  Another 
aspect of our project involved assessing the range and abundances of insects 
available for Redside Dace consumption in our sampling area3.  It is not currently 
known what types of insects the Redside Dace prefers to eat, or what insect(s) it 
obtains its dietary carotenoids necessary for their red stripe coloration.  
 

Sperm Collection: 
We looked at Redside Dace in three different populations: Rathburn Run (Tributary of 
Little Killibuck River, City of Wooster, Wayne County, Ohio), Redside Dace 1 and Redside 
Dace 2 (tributaries to North Branch Kokosing River, Mount Giliad, Morrow County, Ohio),  
designated Rath, RSD1 and RSD2, respectively. Sperm and eggs was taken from mature 
males and females.  Each sperm activation was recorded and viewed under a microscope 
setup called the “spermatron,” (a video camera attached to a microscope). HTR Animal 
Movement software was used to view and record Percent Motility, VCL, and LIN.  
 

Body Characteristics Analysis  
Pictures were taken of both sides of all fish using a Cannon EOS10D digital camera at the 
time of sperm collection and were recorded in raw format.  Body area and area of the red 
spawning coloration of each fish was measured using ImageJ.  Average hue, saturation 
and brightness were recorded in Adobe Photoshop Elements 6.0.   
 

Breeding 
Using Split-clutch IVF1, we fertilized half of a Rath female’s eggs with sperm from a male 
with a stripe with low saturation and brightness (Rath 4).  The other half of eggs were 
fertilized with sperm from a male with higher saturation and brightness (Rath 7). 
 

Insect Traps 
Twelve insect traps were deployed in the RSD2 stream for 3 days at a time.  Insects were 
classified, counted, and separated by Order.  Samples were transported to University of 
Windsor for spectroscopy analysis to determine the amount of keto-carotenoids present3 

 

  

 

Figure 3. Variation in Coloration of Male Red Spawning Stripes at RSD1.  A). Male 
caught on 5/31/11 near the end of its spawning season with relatively low relative 
red area (0.8), low hue (9°), low saturation (39%), and low brightness (53%). B). 
Male caught on 5/20/11 with a high relative red area (0.19), high hue (235°), high 
saturation (68%), and low brightness (31%). C). Male caught on 6/2/11 with an 
average relative area (0.16), low hue (8.3°), high brightness (61%) and high 
saturation (78%). D). Juvenile Redside Dace with low relative area (0.05), hue 
(24.8°), low saturation (39%) and low brightness (50%). 
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Figure 4: Split Clutch Fertilizations of eggs from a female from Rathburn Run 
(Rath 5) with sperm from two different males from Rathburn Run. A). Male 
designated “Rath 4”. Relative area: 0.15, hue: 356°, saturation: 53%, 
brightness: 46%.  B). Male designated “Rath 7”. Relative area: 0.16, hue: 356°, 
saturation: 67%, brightness: 56%. C). Hatching success of each cross expressed 
as the percent of larvae hatched out of the percent of eggs fertilized. D).  Mean 
body area of larval offspring of each of the crosses 3 days post-fertilization.  
(ANOVA F=0.11, p=0.739, Errors Bars =SEM).  

The Redside Dace (Clinostomus elongatus) is a glacial relic Cyprinid minnow whose 
populations are currently declining in most of their range in the Great Lakes region7,8.  
Captive breeding and reintroduction programs have been proposed to reverse this 
decline7.  The main goal of this study was to gain understanding what factors influence 
breeding success in this minnow. Redside Dace is named for the red stripe along their 
sides, which is produced by exogenous carotenoid pigments that the dace must obtain 
through diet3.  This stripe increases in brightness and intensity on males during spawning 
season, and females tend to prefer mates with the brightest red stripes2. In this species, 
mate choice is hypothesized to be based solely on genetic quality 4.  Using sperm motility 
as a proxy for genetic quality, we tested the hypothesis that brightness and intensity of 
the red stripe is indication of male genetic quality to females.  To test this, we compared 
male stripe hue, saturation, brightness, and relative area to the male’s sperm quality (% 
Motility, VCL, LIN) at 15°C, 18°C, and 20°C.  Our results indicate that there is little 
consistent correlation between coloration and sperm motility parameters. Thus, mate 
choice based on color does not confer benefits to offspring in the form of more “fit” 
sperm.  However, mate choice based on stripe coloration may confer benefits on the 
offspring through beneficial alleles themselves.  

Figure 5: Insect Orders found at RSD2 represented as  percentages 
of the total number of insects (N=741) found on 12 insect traps.  

Figure 6: Water Temperature variation throughout the 
observed spawning season of Redside Dace at RSD2.  
Temperature data were collected using HOBO 
temperature data loggers. 

Figure 1: Mean Male Spawning  Coloration Parameters for each sampling date where 
more than 2 sperm good sperm samples we obtained.  Error bars=SEM.  A) Mean relative 
red area by date (ANOVA F=6.20, p=0.001). B). Mean hue by date (ANOVA F=2.93, 
p=0.022).  C) Mean brightness by date (ANOVA F=1.15, p=0.364). D). Mean saturation by 
date (ANOVA F=3.24, p=0.014).   

Figure 2: Regress of percent motility and relative red area of male red 
stripe coloration.  Percent motility was recorded 5 seconds after activation 
with water at 15°C. Data were analyzed in SPSS. (relative red=-4.432 
(%mot) + 1.02, R=0.555, ANOVA p=0.007).   

How are Coloration and Sperm Motility related?  
          Our analysis of sperm motility parameters and their relation to coloration 
parameters suggests that the coloration parameters we examined may not be 
reliable indicators of sperm quality in Redside Dace.  There may be a weak trade 
off between sperm motility at 15°C and relative red area, however this correlation 
is not significant at all temperatures. 
Sperm “fitness” was not predicted by larger, or brighter red stripes. This does not 
mean that females do not gain any genetic benefits from their mate choice, it 
simply means that these benefits are more likely to be in the form of beneficial 
genes, than from more motile sperm.  In the context of a captive breeding 
program, this means that sperm motility may not be the simple indicator of 
genetic quality that breeders should look for in choosing males with “good genes”.    
 

How does Coloration Vary Throughout the Spawning Season? 
The variation between fish caught on different days in relative red area, hue, and 
saturation could be a result of a variety of factors.  An increase in water 
temperature may have caused decreases in red area, hue and saturation on May 
14th and 31st 9.   These decreases could also indicate that individuals caught were at 
the beginning and near the ending of their spawning season. Limited availability of 
carotenoids in the diet of the individuals sampled may have decreased spawning 
coloration parameters.  
 

What insects provide carotenoids for spawning coloration? 
When viewed in tandem with data found by Sara Davidsion2, who analyzed the 
carotenoid content in our insects, the insect availability data suggest that Diptera 
provide Redside Dace with most of their necessary carotenoids.  She found that 
Diptera had the had the highest Carotenoid concentration (1016.01 µg/g) and 
Cloeoptera had 375.78µg/g3. 
 

From our own observations, this species is particularly sensitive to turbidity and 
needs cool, clear water for healthy survival.  Therefore, captive breeding programs 
will require careful monitoring of water quality. This study shows that although 
sperm is motility is easily measured, it may not be a reliable indicator of male 
“genetic quality” in a captive breeding program.  However, more information is 
needed to determine if coloration is linked to beneficial genes or is a non-factor in 
offspring fitness. This information is invaluable to creating a functioning and 
successful captive breeding program to aid declining populations.  

Do certain alleles thought to confer genetic benefits to offspring, such as MHC 
class alleles involved in immune responses are known to provide additive and non-
additive benefits in other species6? 
Are these benefits are dominated by additive or non-additive effects?  
Can we develop a breeding program that maximizes both additive and non-
additive benefits for offspring and ensures the fitness of captive-bred and native 
hybrid offspring? 
What are specific anthropogenic and genetic contributors to Redside Dace 
population declines?  
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