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Abstract: Fluctuating asymmetry (FA), random and 

subtle differences occurring between the left and right 

sides of a normally bilaterally symmetrical organism, has 

been of interest to biologist who study the effects of and 

responses to environmental stress on organisms.  The 

study aimed to assess the occurrence of FA in two 

meristic and six morphometric traits of the Gambusia 

affinis (Baird and Girard 1853). Gambusia affinis, the 

Western Mosquitofish, was collected from two 

waterways in Texas.  Fish from Clear Creek, a spring-fed 

site with high dissolved oxygen, low turbidity, constant 

temperature and pH levels were compared to those from 

Diamond Y, a spring subject to high dissolved oxygen, 

high turbidity, high temperature fluctuations and pH 

levels.  All fish (n=25) were assessed for the eight FA 

indices.  Individuals collected from Diamond Y showed 

considerable difference in FA as compared to the Clear 

Creek fish.  Overall, five of the eight FA traits showed 

significant differences in assessing deviations from 

symmetry.  These findings demonstrate FA as a useful 

tool for detecting biological changes in stressful 

environments. 
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1. INTRODUCTION 

Developmental homeostasis is the ability of organisms 

to maintain their course of behavior over age or time in 

the presence of environmental variability.  This type of 

developmental stability is influenced by an organism’s 

ability to handle environmental and genetic 

disturbances during development.  Environmental 

stress has been shown to increase developmental 

instability.  Studies that evaluate developmental 

instability allow conservation biologist to visualize a 

population’s ability to survive change within their 

environment despite their genetic makeup [1].  

Increase of developmental instability caused by genetic 

of environmental stress can most often be displayed by 

evaluating fluctuation asymmetry (FA) – random and 

subtle deviations from bilaterally symmetrical traits 

[2].  Though some studies assess the influence of 

environmental and genetic stress on development by 

evaluating fertility and mortality, they require marked 

modifications over a longer period of time.  Therefore, 

before a population has been obviously affected by 

such influence, fluctuating asymmetry has been 

proposed as an early warning biomarker in identifying 

potential harm of exposure to stress [3,4,5]. FA studies 

are being increasingly used over traditional methods 

for environmental and biomonitoring assessments [6,7, 

8].   

The study measured fluctuating asymmetry in two 

populations of western mosquitofish (Gambusia 

affinis).   The western mosquitofish has been attractive 

to many researchers due to its ability to utilize a wide 

range of habitats and its occurrence across a broad 

thermal spectrum, from ice-covered lakes and ponds 

[9, 10] to thermally elevated springs and streams [11, 

12].  Thus, the western mosquitofish is a good species 

to test whether FA can serve as a biomarker – a 

functional measure of exposure to various stressors , 

acting as an early warning sytem to assess declines in 

environmental quality and population health [13].   

Waterways where the fish inhabit are both springs 

located in Texas.  Clear Creek arise from the Edwards-

Trinity aquifer [14].  Average water temperatures were 

20.5 °C, average dissoled oxygen above 5 mg/L, pH 

near 7 and relatively low turbidity [15]. Due to its 

constancy in these paramenters, for this study the 

spring is categorized as an unstressed environment.  

Diamond Y is another spring located in Pecos County. 

The spings are thought to originate from the Permian 

Rustler Formation and issue from Cretaceous caronate 

rocks [16]. Spring parameters included average 

temperatures of 17.6 °C, dissolved oxygen up to 4 

mg/L, pH at 7.6 (fluctuating), high ammonia levels and 

increased salinity.  The site was categorized as a 

stressful environment.  The objective of the study was 

to test the hypothesis that stress associated with 

development in an enviroment prone to perturbations 



International Journal of Innovative Studies in Sciences and Engineering Technology 

(IJISSET) 

ISSN 2455-4863 (Online)                                             www.ijisset.org                            Volume: 2 Issue: 8 | August 2016

 

© 2016, IJISSET                                                                                                                                                                               Page 22 

would increase developmental instability, which would 

be reflected in an elevated level of fluctuating 

assymetry in mosquitofish in Diamond Y as compared 

to Clear Creek. 

2. MATERIAL AND METHODS 

2.1 Sample sites 

Western moquitofish were collected from Clear Creek, 

16 km west of Menard, Menard County Texas and from 

Diamond-Y, 10 km north of Fort Stockton, Pecos 

County.   

2.2 Fish 

The study used mature female moquitofish from each 

spring locality.. Fish utilized in the present study were 

initially preserved in 95% ethanol for use in a previous 

study by Hubbs [15].  A random sample of 25 mature 

female fish was taken from each sample collection and 

used in the study. 

2.3 Traits 

Digital calipers (Mitytoyo series 500, Aurora, IL) were 

used to measure eight meristic and 3 morphometric 

traits (Table 1). Each fish was measured by a single 

individual and each measurement done twice on 

separate days to minimize error [17, 18].  The two 

meristic traits assessed were number of scales in the 

lateral line and number of pectoral fin rays while the 

six morphometric traits evaluated were length of fifth 

pectoral fin ray, orbit diameter, distance from eye 

socket to the base of the pectoral fin, body depth, 

standard length and total length.   

Table 1: Morphological traits used to measure FA 

Trait Abbreviation Description 

Numbers of scales 

in the lateral line LLScales 

All scales in the lateral line 

were counted 

Number of pectoral 

fin rays RPec rays 

All pectoral fin rays on the right 

were counted 

LPec rays 

All pectoral fin rays on the left 

were counted 

Length of fifth 

pectoral fin ray RPR len 

Distance from the tip of the ray 

to th base of the right fin  

LPR len 

Distance from the tip of the ray 

to th base of the left fin  

Orbit diameter OR diam 

Distance from anterior edge of 

the eye to the posterior edge of 

the eye socket 

Distance from eye 

socket to the base of 

the pectoral fin 

RE to P 

Length of a straight line from 

the dorsal base of the pectoral 

fin to th edge of the right eye 

socket 

LE to P 

Length of a straight line from 

the dorsal base of the pectoral 

fin to th edge of the left eye 

socket 

Body Depth BD 

Vertical distance from the 

dorsal margin of the body to the 

ventral margin of the body 

Standard Length SL 

Straight-line measurement 

taken from tip of the snout to 

the last vertebra supporting the 

tail fin 

Total Length TL 

Straight-line measurement 

taken from tip of the snout to 

the end of the caudal peduncle 

2.4 Statistical Methods 

This study employed a quantitative approach in 

addressing the research objective.  Descriptive analyses 

were conducted on each of the two meristic and six 

morphometric variables associated with fish from each 

population. In order to control for size effects and 

potential directional asymmetry, individual FA was 

quantified as the difference between left (L) and right 

(R) measures divided by mean trait size [19].  

Independent samples analysis was then conducted to 

compare Clear Creek (unstressed) and Diamond-Y 

(stressed) populations to determine if there were any 

statistically significant effect in FA between the two. 

3. RESULTS 

Table 2 shows that Gambusia affinis females exposed to 

stressed conditions were significantly different from 

unstressed female fish in five morphometric traits 

(p<0.03).  None of the two meristic traits were 

statistically significant (p>0.99). The magnitude of 

difference between groups were high (d>0.8) as 

measured by Cohen’s d.  

Table 2: Comparison of meristic and morphometric traits in 

unstressed and stressed fish (n=25) 

Variable M SD t df p 

BD 

          Stressed 7.67 1.49 6.09 48.00 0.000* 

     Unstressed 5.6 0.81 

   LE to P 

          Stressed 4.81 0.60 8.76 48.00 0.299 

     Unstressed 3.49 0.47 

   RE to P 

          Stressed 4.86 0.65 8.21 48.00 0.033* 

     Unstressed 3.56 0.45 

   RPR len 

          Stressed 5.17 1.10 4.81 48.00 0.138 

     Unstressed 3.77 0.95 

   LPR len 

          Stressed 5.31 0.92 17.89 48.00 0.000* 

     Unstressed 1.90 0.26 

   LLScales 

          Stressed 29.06 1.82 1.36 48.00 0.795 

     Unstressed 28.36 1.82 
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LPec rays 

          Stressed 12.70 1.31 25.29 48.00 0.964 

     Unstressed 3.34 1.31 

   RPec rays 

          Stressed 12.42 1.11 1.52 48.00 0.545 

     Unstressed 11.58 2.54 

   OR diam 

          Stressed 2.10 0.19 5.31 48.00 0.999 

     Unstressed 1.91 0.26 

   SL 

          Stressed 31.83 4.20 7.33 48.00 0.000* 

     Unstressed 24.51 2.70 

   TL 

          Stressed 37.55 4.79 7.12 48.00 0.002* 

     Unstressed 29.29 3.27       

4. DISCUSSION AND CONCLUSION 

The study utilized an analytical approach in assessing 

the reliability of FA as a biomarker for environmentally 

induced developmental instability.   The occurrence of 

increased developmental instability in a population 

experiencing temperature fluxes and high pH is not 

itself evidence of cause and effect.  However, the results 

of the present study are consistent with the hypothesis 

that stress from exposure to stochastic environmental 

conditions increased the level of developmental 

instability in female mosquitofish from the stressed 

spring.  Of the two meristic and six morphometric traits 

measured, a significant majority (n=5) of the 

morphometric traits showed higher fluctuating 

asymmetry in Diamond-Y (stressed) fish compared to 

those from the Clear Creek (unstressed).  Numerous 

studies have suggested that developmental stability is 

decreased by low genetic variation, which may induce 

an increase in the degree of fluctuating asymmetry 

observed [20, 21]. It can be concluded that FA in 

mosquitofish can serve as a reliable and sensitive 

biomarker for environmental stress.  Future studies 

will assess the genetic variation within each population 

(Clear Creek and Diamond-Y) and determine if there is 

a correlation with FA. 

ACKNOWLEDGEMENT 

The authors would like to thank Edith Marsh-Matthews 

for providing specimen for the study, along with 

valuable resources.  We acknowledge Florida A&M 

College of Science and Technology and the School of 

Graduate Studies and Research. We are grateful to the 

Florida Georgia Louis Stokes Alliance for Minority 

Participation for financial support. 

REFERENCES 

[1] Moller A. 1999. Developmental stability is related 

to fitness.  The American Naturalist 153(5): 556-

560. 

[2] Leung B., Forbes MR. 1997. Fluctuating 

asymmetry in relation to indices of quality and 

fitness in the damselfly. Enallagma erbium 

(Hagen). Oecologia 110: 472-477. 

[3] Rabitsch WB. 1997. Levels of asymmetry in 

Formica pratensis Retz. (Hymenoptera, Insecta) 

from a chronic metal-contaminated site. Environ. 

Toxicol. Chem. 16: 1433-1440.. 

[4] Palmer AR., Strobeck C. 1986. Fluctuating 

asymmetry: Measurement, analysis, patterns. 

Annu. Rev. Ecol. Syst. 17: 391-421. 

[5] Goenendijk D., Zeinstra LWM, Postma JF. 1998. 

Fluctuating asymmetry and mentum gaps in 

populations of the midge Chironomus riparius 

(Diptera: Chironomidae) from a metal-

contaminated river. Environ. Toxicol. Chem. 17: 

199-205. 

[6] Kitevski B., Pyron M. 2006. Symmetry of banding 

pattern in banded killifish (Fundulus diaphanus) 

from Presque Isle Bay, Lake Erie. J. Freshw. Ecol. 

18: 229-233. 

[7] Graham JH, Raz S, Hel-Or H, Nevo E. 2010. 

Fluctuating asymmetry: method, theory, and 

applications. Symmetry 2: 466-540., 

[8] Leamy LJ, Klingenberg CP. 2005. The genetics and 

evolution fo fluctuating asymmetry.  Annu. Rev. 

Evol. Syst. 36: 1-21. 

[9] Krumholz LA. 1948. Reproduction in the western 

mosquitofish Gambusia affinis affinis (Baird & 

Girard) and its use in mosquito control. Ecological 

Monographs 18: 1-43. 

[10] Otto RG. 1973. Gambusia affinis (Mosquito 

destroying fish) Hunter Natural History 5: 14-18. 

[11] Cherry DS, Guthrie RK, Rodgers Jr JH, Cairns Jr J, 

Dickson KL. 1976. Responses of mosquitofish 

(Gambusia affinis) to ash effluent and thermal 

stress. Transactions of the American Fisheries 

Society 6: 686-694. 

[12] Feder JL, Smith MH, Chesser RK, Godt MW, Asbury 

K. 1984. Biochemical genetics of moquitofish II. 

Demographic differentiation of populations in a 

thermally altered reservoir. Copeia 1984: 108-

119. 

[13] Adams SM, Giesy JP, Tremblay LA, Eason CT. 2001. 

The use of biomarkers in ecological risk 

assessment: recommendations from the 

Christchurch conference of biomarkers in 

ecotoxicology. Biomarkers 6: 1-6. 



International Journal of Innovative Studies in Sciences and Engineering Technology 

(IJISSET) 

ISSN 2455-4863 (Online)                                             www.ijisset.org                            Volume: 2 Issue: 8 | August 2016

 

© 2016, IJISSET                                                                                                                                                                               Page 24 

[14] Sharp JM Jr. 1990. Stratigraphic, geomorphic and 

structural controls of the Edwards aquifer, Texas, 

USA. Pp 67-82 in Selected Papers on 

Hydrogeology (E.S. Simpson and J.M. Sharp, Jr. 

eds). International Association of Hydrogeologists 

1: 508. 

[15] Hubbs C. 2001. Environmental correlates to the 

abundance of spring-adapted versus steam-

adapted fishes. Texas J. Sci. 53 (4): 299-326 

[16] Boghici R 1997. Hydrological Investigations: 

Diamond Y Springs and surrounding areas, Pecos 

County, Texas. Unpub, MA Thesis. Uni of Texas 

Austin, Texas 120 pp. 

[17] Merilä J, Björklund M. 1995. Fluctuating 

asymmetry and measurement error. Syst. Biol. 44: 

97-101. 

[18] Graham JH, Raz S, Hel-Or H, Nevo E. 2010. 

Fluctuating asymmetry: methods, theory, and 

applications. Symmetry 2: 466-540. 

[19] Kristoffersen JB, Magoulas A. 2009. Fluctuating 

asymmetry and fitness correlations in two 

Engraulis encrasicolus populations. J. Fish Biol. 75: 

2723-2736. 

[20] Hutchison DW and Cheverud JM. 1995. Fluctuating 

asymmetry in Tamarin (Saguinus) cranial 

morphology: Intra- and Interspecific comparisons 

between taxa with varying levels of genetic 

heterozygosity. J. Hered 86(4): 280-288. 

[21] Hoelzel AR, Fleischer RC, Campagna, C, Le Boeuf, B 

J and Alvord G. 2002. Impact of a population 

bottleneck on symmetry and genetic diversity in 

the northern elephant seal. J. of Evol. Biol. 

15: 567–575. 

 


