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Introduction and Objectives:

Global concern over recent amphibian declines has prompted the formation of numerous conservation organizations and initiatives including the Declining Amphibian Population Task Force (DAPTF), North American Amphibian Monitoring Program (NAAMP), Partners in Amphibian and Reptile Conservation (PARC), and Amphibian Research and Monitoring Initiative (ARMI).  A primary objective among all these groups is to assess the current status of amphibians and to monitor selected populations for declines.  Developing appropriate sampling methodologies is critical to detect trends in amphibian distribution and abundance and make predictions concerning population status.  

In 1998 research began in Great Smoky Mountains National Park (GSMNP) to assess the bias and effectiveness of four commonly used sampling methods for salamanders (Hyde 2000).  Salamanders are likely the most abundant vertebrate group in many southern Appalachian forests (Howard 1987; Van Devender 2000) and because of their unique biology (permeable skin needed for respiration and often dual life history phases) they have been promoted as indicators of overall forest health (Welsh and Droege, unpublished).  Currently our research is focused on validating three diurnal sampling methods for terrestrial salamanders (area constrained natural cover searches, coverboard arrays and leaf litter searches).  Our goal is to determine which method or combination of methods is most successful at: (1) detecting all salamander species present in a given area and (2) effectively determining population decline.  This project involves intensive mark and recapture studies at twenty plots within a single watershed in GSMNP.  Two chief assumptions of all mark and recapture models are that marks are not lost or overlooked by the observer and there is no mark-induced mortality. This proposal outlines a study to test these two assumptions, focusing the research on the smallest and most restricted salamander found on our plots, Desmognathus wrighti.
Study Species:

Desmognathus wrighti (pigmy salamander) is a tiny salamander species, usually found at high elevations in southeastern Virginia, western North Carolina and eastern Tennessee.  This species is often associated with spruce-fir forests, though high-density populations have also been found in old-growth deciduous forests (Petranka 1998).  D. wrighti only occurs on our old-growth plots and we estimate that densities can be as high as 2-3 adults per square meter.  Due to D. wrighti’s small size and apparent restricted, patchy distribution, it is likely to be the most sensitive species to our marking methods, therefore, we propose to use D. wrighti in this marking study.

Methodology:
Our research will consist of three phases: (1) collect and mark D. wrighti in the field, (2) care and maintain D. wrighti in a lab setting to monitor possible mortality, and (3) perform multiple observer tests to determine mark loss and variations in observability.  In June 2001, sixty to eighty adult D. wrighti  (>22 mm snout-vent length) will be collected from 1-2 of our plots in GSMNP.  An effort will be made to collect animals from the same location to minimize genetic differences that may occur among individuals from different populations.  Necessary permits will be obtained prior to collection and SSAR/ASIH field protocol will be followed.  Each salamander will be placed in its own plastic bag and randomly assigned one of three treatments: no marks (control), toe clip, or marked via elastomer.  Toe clipping is a convenient and inexpensive marking technique, but there is evidence that it may affect behavior and survival of marked animals (Clark 1972; Golary and Durrer 1994).  In addition, toe clipping is likely to have limited use due to limb regeneration (Mallory 1998).  We will clip one toe per foot for a total of three toes per salamander according to methods suggested by Howard (1987).  We plan to compare toe clipping to a relatively new fluorescent elastomer marking system developed by Northwest Technology Inc.  Originally developed for fish, fluorescent elastomer has been used in studies on larval anurans and western redback salamanders  (Plethodon vehiculum) (Anholt et al. 1998; Davis and Ovaska 1998).  Each elastomer-marked salamander will be sub-cutaneously injected at three of four possible locations: anterior to either hind leg or posterior to either front leg.  

Salamanders will then be transported in coolers to the wet lab at North Carolina Museum of Natural Sciences.  The museum has agreed to house the salamanders in a temperature-controlled room.  Salamanders will be transferred to individual plastic containers with a damp paper towel as substratum and a crumpled damp paper towel as refuge.  Salamanders will be fed pinhead crickets twice weekly and paper towels will be replaced every week. Starting in September 2001 and every month thereafter, marks will be checked in two ways.  First, one of the primary investigators will measure snout-vent length (SVL) of all salamanders and check all marked salamanders for mark-visibility and signs of toe regeneration.  Second, a randomly selected subset of the salamanders will be examined by 2-4 trained, but “blind” observers that do not know which treatment they are examining.  The first procedure will identify mark loss, while the second procedure will assess observer variation and bias. If an animal should die, the date, treatment-type and SVL will be recorded. The study will be terminated after one year. Salamanders will be retained by either the North Carolina State Museum of Natural Sciences or the National Park Service.

Standard analysis of variance (ANOVA) procedures will be used to test for treatment difference in the following response variables: number of salamanders that survive one year, total number of days survived, average number of days survived and average change in SVL.  In addition, we will use a Chi-square test to compare the proportion of recognizable marks in both the toe-clipped and elastomer-marked animals after each month and at the end of the one-year period.  Finally, this study will yield an estimate of observer variation and overall misidentification rates for each marking method.

Expected Results and Relevance

Ideally, we would like to show that elastomer marking has no effect on salamander survival and that no marks are lost or misidentified.  If this were the case, we would have confidence in our estimates of population size and survival rates for all of the species of salamanders found on our plots in GSMNP.  Furthermore, this study would promote the use of elastomer in future studies, especially those requiring longer time periods where toe-clipping is unreasonable.  On the other hand, if elastomer marks are lost, then this study will provide an estimate that can be used as a correction factor for our GSMNP abundance estimates.  The worst-case-scenario is if elastomer-marking causes unacceptably high rates of mortality in D. wrighti, in which case we would be forced to use total number of D. wrighti seen as an estimate for abundance and would strongly recommend that elastomer not be used for marking small salamander species.  

By itself, this proposed study represents a solid comparison of two commonly used marking techniques: one well-established, but limited to short duration studies versus a new technique with long-term potential.  More importantly, this study represents an important validation step to supporting the conclusions of our GSMNP project.  Results from the GSMNP study are expected to produce recommendations for salamander monitoring for national parks throughout the country.  The strength of our conclusions depends on the validity of the elastomer-marking technique.  Hopefully, this study will grant us ‘peace of mind’.
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Budget:

Storage Containers ($2.00/package of 4 containers)



$ 35.00

Pinhead Crickets (1000 crickets at $17.00/2 weeks)



$442.00

Partial travel to collection sites (~600 miles round trip)


$ 33.00
Total Cost








$500.00

Timetable for Project Activities: 

Late April/ Early May 2001:

Collect, mark, transport, and house 60 D. wrighti.

May 2001 – May 2002:

Feed and house salamanders.

June 2001- May 2002:

Monitor salamander survival.

Visually observe marked salamanders for mark loss.

Estimate observer variation.

