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research on the effects of liming on G. porphyriticus abundance, although not significant, 

indicated that distance from lime and liming frequency were the most important covariates for 

abundance estimates, with lower abundance in sites closer to DAL sites and in sites with greater 

liming frequencies (Edwards 2014).  The trend for lower abundance downstream of DAL 

suggests lower densities that could have resulted from increased mortality through predation. 

Decreased abundance would lower intraspecific competition and increase resource availability.  

Although liming significantly increased the pH as intended, I observed other differences 

in stream characteristics below the DAL site, such as increased sedimentation (Figure 18), 

compared to control streams (Figure 19) and the presence of a grayish precipitate on the stream 

substrate (Figure 20).  The grayish substance observed was likely a precipitate of dissolved 

aluminum, which occurs when pH levels increase and has been found below lime application in 

other streams (LeFevre & Sharpe 2002).  Aluminum precipitate decreases macroinvertebrate 

abundance, with the greatest impact directly below lime in the mixing zone (Okland & Okland 

1986; Gensemer & Playle 1999; LeFevre & Sharpe 2002; Simmons et al 2006), which would 

further explain why macroinvertebrate abundance appeared lower downstream of the DAL; 

however, this was not quantified. 

 

Figure 18: Direct application lime site in Dogway Fork. 
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Figure 19: Control stream site with numerous moss covered rocks providing good habitat for 

larvae. 

 

 

Figure 20: Photos from DS1 site on Bear Run showing grayish precipitate. 
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My results may indicate that strong selection, where slower growing individuals are 

removed from the population, results in lower abundances and reduced intraspecific competition, 

which possibly explains both faster growth and higher body condition downstream of DAL.  

Plasticity is a trait that allows many species, such as G. porphyriticus, to occupy a range of 

environmental conditions. The adaptive nature of the plastic trait is evidenced by the reaction 

norm, which is often predictable across populations and characteristic of specific populations 

(Stearns 1989; DeWitt et al. 1998).  My research demonstrates that G. porphyriticus exhibits 

population-level responses to DAL mitigation, which may cause life history shifts in larvae.  

Further research is needed to identify specific mechanisms to understand if my observations are 

the direct effects of liming, such as increased sedimentation and changes in water chemistry, or 

caused by indirect effects, such as alterations in trophic structure, and how these changes 

contribute to emergent effects.  It is important to further investigate the tradeoffs that are 

occurring within individuals with increased growth rates and smaller gape sizes, as well as 

differences in diet using gut content analysis to determine if trophic structure has been altered.     
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CHAPTER 2 

 GYRINOPHILUS PORPHYRITICUS LIFE HISTORY NOTE 

Gyrinophilus porphyriticus is a stream associated species and its distribution ranges from 

Southern Quebec to Alabama, throughout the Appalachian Mountains (Petranka 1998).  Their 

distribution covers a large range of latitudes, with southern populations experiencing different 

climates than northern populations, contributing to different life history strategies.  Previous 

research on G.  porphyriticus populations in the southern Blue Ridge Mountains reported that 

there was no correlation between SVL and age, and suggested that skeletochronology may be an 

unreliable technique for aging these populations, which may remain active throughout the year, 

due to indistinguishable lines of arrested growth (n=17; Bruce & Castanet 2006).  

 I collected G.  porphyriticus larvae between April 25, 2014 to August 23, 2014 from 

multiple populations in the Gauley River watershed in Pocahontas and Greenbrier counties, WV, 

in the southern portion of the Monongahela National Forest.  I used skeletochronological 

analysis of femurs for larval age determination.  Age can be determined in amphibians by 

counting the number of lines of arrested growth (LAGs) in the cross-sections of the diaphysis of 

long bones or phalanges (Castanet et al. 1993). Lines of arrested growth are deposited annually 

in temperate regions during winter when growth slows and individuals are less active. My 

research shows that there is a significant positive correlation between SVL (mm) and age (years) 

in G. porphyriticus (Figure 1; p < 0.0001, R = 0.669).  However, there is a substantial amount of 

overlap in SVL between age classes (Table 1), supporting that size classes should not be used to 

estimate age.  My research indicated that skeletochronology is a reliable method G. porphyriticus 

in West Virginian populations that experienced colder winters and therefore experienced a period 

of reduced growth that produced reliable and well defined LAGs.   
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Figure 1: Linear correlation for SVL with age, including 95% confidence intervals. 

 

Table 1: Descriptive statistics for larval G. porphyriticus populations in the Monongahela 

National Forest. The range and mean for SVL ± standard deviation was calculated for each age. 

The percentage of each age group from the entire sample (n = 158) is reported. 

  AGE 

Indicators 0 1 2 3 4 5 6 

Range (SVL, mm) 25.70-27.00 28.10-36.60 31.05-51.95 32.95-67.75 37.90-64.20 45.35-63.90 51.05-61.67 

Mean (SVL, mm) 26.40±0.66 31.03±3.58 38.08±6.19 47.92±7.90 51.26±5.52 55.23±4.90 55.38±4.58 

% of Sample 1.91% 3.82% 9.55% 41.40% 26.75% 13.38% 3.18% 
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APPENDIX A 

 

Figure 1: Cross section.  No LAGs are present, but the hatching line (HL) is clearly seen.  This 

larva is a young of the year (0 years). 

 

Figure 2: Cross section.  One LAG is present, with the HL clearly seen.  This individual was 

collected at the end of the sampling season; therefore, there is growth behind the LAG, and the 

peripheral edge is not considered a LAG.  This larva is one year. 

HL 

HL 1 
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Figure 3: Cross section.  Two LAGs are present, with the HL clearly seen.  This individual was 

collected at the end of the sampling season; therefore, there is growth behind the LAG, and the 

peripheral edge is not considered a LAG.  This larva is two years. 
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