Study Proposal

Determining differential growth, longevity and age at maturity of the mountain yellow-legged frog over varying elevations and latitudes in the Sierra Nevada Mountains
Kathleen R. Matthews, Igor Lacan, and Robert Grasso

Background Information and Objectives
Three amphibian species (Rana muscosa, R. boylii, and Bufo canorus) are considered to be “focal species” by the USDA Forest Service Sierra Nevada Forest Plan Draft Environmental Impact Statement (US Forest Service 2000) and monitoring plans are currently being developed for the species in the Sierra Nevada.  A major goal of the monitoring plans is to collect information that will help us to predict the long-term viability of the species given current or future management practices.  Many agencies including the US Forest Service are proposing to use viability assessment tools such as population viability analyses (PVAs) or survival matrix models to predict the long-term viability of a species or populations of a species at risk in a given area.  For all viability models it is imperative to input accurate information on longevity, age at maturity, reproduction rates, population size and survival.  

Virtually nothing is known regarding the lifespan or age structure of Sierra Nevada amphibians.  Distribution and population size monitoring that will be conducted under the monitoring plans will help provide information on population dynamics but will not provide information on age and growth rates.  Collecting accurate information on age and growth rates of amphibians in the Sierra Nevada is confounded because amphibians have been shown to have plastic phenotypic responses to local environmental conditions that alter individual growth time and energy budget constraints (Berven 1982; Hemelaar 1988).  Therefore, different environmental conditions at various altitudes and latitudes in the Sierra Nevada can alter growth rates, sexual maturity onset, and longevity within a species.  Many studies on amphibian and reptile species that occur over a range of altitudes have shown that animals at higher elevations take longer to reach sexual maturity, live longer, and grow larger than animals at lower elevations (Esteban and Sanchiz 2000; Atkinson and Sibly 1997; Hemelaar 1988).  We expect that this will also be the case for Sierra Nevada amphibians.  

Skeletochronology has proven to be an excellent tool in evaluating age and growth rates in amphibians (Esteban et al. 1996; Smirina 1994). Annual seasonal changes and the physiological response of amphibians cause the formation of bone growth marks including ‘zones’ which are thicker layers of bone laid down during periods of fast osteogenesis, and ‘lines of arrested growth’ (LAGs) formed in periods when osteogenesis is very slow or non-existent (Castanet et al. 1993).  A zone followed by a LAG correspond to a single annual cycle of activity in cold or temperate regions.  The number of growth marks and their histological structure have been used in a large number of amphibian species (especially in Europe) to estimate individual age, and they also enable us to trace the history of growth year by year (Smirina 1994).  Often, amphibian growth rate is more rapid prior to the onset of sexual maturity, and therefore, the age at onset of sexual maturity can be determined by measuring the thickness of the zones and counting the number of LAGs before growth slows.

We expect that Sierra Nevada amphibians will have differential growth, maturation, and longevity over different latitudes and altitudes. Thus, determining age and growth rates for one population will not provide the information necessary to conduct a viability assessment of a population in a different area of the Sierra Nevada.  Therefore, we propose to use skeletochronology on a sample of mountain yellow-legged frog populations ranging in elevation, latitude and habitat types to develop a statistical model that will accurately predict age at maturity, longevity, and growth rates of populations in varying altitudes, latitudes and habitat types throughout the Sierra Nevada. We will conduct this initial aging study on mountain yellow-legged frogs because we have experience with the species and they occur throughout the Sierra Nevada over a range of elevations from about 5,000 feet to 12,000 feet. We hope the study will then be used as a model for developing age models for other Sierra Nevada amphibians and reptiles.

Methods

To our knowledge, there have been no skeletochronological studies conducted on Sierra Nevada amphibians. We intend to collect toe samples from 10-15 known populations of mountain yellow-legged frogs throughout the Sierra Nevada during the 2001 and 2002 field seasons.  We will weigh, measure and collect one toe from approximately12 individual frogs of varying size and sexes from each population. The samples will be sent to Matson’s Laboratory In Montana for cryostatic sectioning and slide preparation.  Preliminary samples analyzed by Matson indicated that R. muscosa toes are suitable for ageing. The analysis and interpretation of growth marks will be conducted under a light microscope. We will measure the perimeter of the marrow cavity, the outer margin of the digit, and each LAG. We will test to make sure each LAG represents the end of a one-year cycle by injecting tetracycline in several known marked individuals from Dusy Basin and running skeletochronology on a toe of the frogs one year later. We should see a stain in the zone prior to the final LAG if each zone and LAG series represents one year.  

Data Analysis
We will plot the age (LAG number) versus snout-vent length (SVL) of both sexes of frogs sampled from varying elevations and use ANOVA to determine if there is a significant difference in age and growth rates at different elevations and for different sexes.  Assuming we find a difference, we will develop regression models to assess the relationship between frog lifespan and age at sexual maturity of both sexes and explanatory variables including elevation, latitude, habitat type, frog sex, and frog length.  Based on the results of the regression analysis, we will develop a statistical model that will predict average longevity and age at maturity given specific geographic and habitat characteristics for a population.  Because the model will be based on real data, we will be able to obtain confidence intervals for our predictions and test the accuracy with some of our sample sites. The model could then be used by managers to obtain accurate age information for specific mountain yellow-legged frog populations so that more accurate population viability analyses can be conducted.

Research Timetable in Yosemite National Park

Date (2002)



Task


      Responsible person(s)

	March 1-May 30
	Determine field sites and prepare research permit application
	Matthews, Grasso and Lacan

	June 20-September 30
	Collect field information and samples
	Grasso and Lacan

	September 30-October 15
	Send samples for slide preparation
	Grasso and Lacan

	October 15-December 15
	Analyze slides and data and prepare report 
	Matthews 

	December 31
	Finalize and submit report
	Matthews 


Expected Results and Applications
This is the first attempt to accurately age a Sierra Nevada amphibian.  Because other studies in the European Alps and Canada have shown great variability in age and growth rates of amphibians across elevation or latitudinal gradients, we anticipate this will be the same for Sierra Nevada amphibians.  Therefore, instead of designing a study to determine average lifespan and age at maturity for one population, we have designed the study to predict ages in populations over the range of elevations, latitudes and habitats found in the Sierra Nevada.  The resultant model could then be used to determine accurate average lifespans and ages at maturity for any population in the Sierra Nevada for use in population viability analyses. Accurate viability analyses can be powerful tools in determining the status of a species or population and predicting the effects of specific management actions.  In addition, this study could be used as a model for determining ages of other Sierra Nevada amphibians and reptiles. 

Pitfalls and Limitations
Because we have not used skeletochronology before, we will spend time working out our specific field and analysis techniques.  We will use a laboratory experienced in skeletochronology of amphibians for preparation of our slides.  Some amphibians have been found to reabsorb portions of bone and therefore, are difficult to age.  We will run a control study in Dusy Basin using a biomarker (tetracycline) on known tagged frogs to assess the amount of reabsorption (if any) that occurs so that we can incorporate it into our calculations.  Although starting a new study with new techniques can be risky, we believe that the benefits from the knowledge gained outweigh the risk. Preliminary toe samples from 45 frogs have already been collected and we have observed no harm to the frogs. It is crucial to have samples from Yosemite National park as an important central Sierran location for mountain yellow-legged-frogs. We propose sampling from 3 water bodies previously sampled by Dr. Roland Knapp where over 50 adult frogs were observed. 
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