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 Scope of Work

A. Background and need: 

Introduction:  The relict leopard frog, Rana onca has been extirpated from most of its range, and some of the few remaining  Rana onca populations have been extirpated within the last several years.  It is likely that fewer than 1000 adult frogs remain. Rana onca is currently under petition for Federal listing under the ESA (CBD and SUWA). Water sources for all sites where frogs occurred most recently are geothermally influenced, with water temperatures  between 16° and 55° C at the spring head. 

The LMNRA/NPS has embarked on a program to increase the number of frogs and the number of populations, but,  identification of suitable habitat is confounded by the varied thermal environments in which the frogs currently occur. It is not known whether frogs from very warm springs can be moved safely to springs with much cooler water, or whether frogs reared under the current captive rearing protocol can be introduced successfully to new habitats with very different water temperatures.  It is not known either whether frogs from the different populations are sufficiently genetically different that their preferred thermal regimes will significantly compromise efforts to introduce R.  onca to new or historical sites.  The proposed study will examine measures of metabolism, performance and survivorship of R.  onca larvae reared at different temperatures in order to add clarity to the description of the thermal requirements of R.  onca habitat.

Thermal Acclimation: In general, anurans are quite plastic in their response to temperature and will acclimate more quickly than, and to a wider range of temperature than many other taxa. However, temperature tolerance and temperature preference vary among species and within species among populations. Measures of temperature tolerance and temperature preference are known to correlate with acclimation to specific temperatures in some species (reviewed in Ultsch, et al., 1999). In an extreme range of thermal conditions, it may be possible to introduce animals to inappropriate thermal environments or to move animals too quickly into conditions different from rearing temperature regimes.

Measures of thermal acclimation and thermal tolerance: Many traditional physiological studies of thermal tolerance have used measures that require considerable stress to the animals (critical thermal maximum and critical thermal minimum often result in death) and whose value in defining a useful thermal regime for animals in the wild is limited. Behavioral measures of temperature preference (preferred body temperature, PBT) are useful for defining the center of the tolerance range, but do not define the long-term consequences of particular thermal regimes; which may include dramatic effects on time to metamorphosis, size at metamorphosis, and survival through the larval period.  Acute measures of metabolic activities, such as oxygen consumption, when combined with behavioral measures such as ventilation rate, may be useful in defining stress level (Stuenkel and Hillyard, 1981), and have the added benefits of being sufficiently early indicators of stress that experiments can be terminated without harm to the animals. In addition, specific performance measures, such as burst swimming velocity, that may relate to larval survivorship, acclimate to temperature in some species, but not others (Wilson and Franklin, 1999; Wilson, James and Johnston, 2000) and can be useful in determining suitable thermal regime for new habitat.  

Intent of proposed experiments: The proposed studies will use both performance measures and metabolic rate to examine temperature acclimation in R. onca   larvae.  The data will be used to determine stress level and acclimation time for animals reared at one temperature and transferred to another.  This will inform the development of management procedures for transfer of captively  reared frogs.  The growth rates at different rearing temperatures may also provide information to better define most efficacious rearing protocols and preferred temperature regimes. This will provide guidance for description, discovery and creation of habitat.

Procedures.

Up to 200 tadpoles will be assigned to 5  rearing temperature.  Temperatures will be determined after evaluating temperature regimes in occupied and potential habitat (current measurement s and recommendation of the RLFCT indicate that a range from 15 to 35 oC is reasonable).  Tadpoles matched by size and stage or started from the same clutch of eggs will be randomly assigned to the treatment groups.  Individuals will be weighed and developmental stage determined once per week.  Rearing will follow NPS protocols and food will not be limiting. Growth rate, time to metamorphosis and size at metamorphosis will be recorded.

Metabolic rate:  At least 3 times during larval life, oxygen consumption and ventilation rate will be measured at each of the 5 rearing temperatures. Tadpoles will be placed in oxygen consumption chambers and when stable rates of oxygen consumption have been attained, continuous recording will be made for 30 minutes to quantify the metabolic rate using a Sable Systems Read-Ox 4 dissolved oxygen analyzer and Sable Systems software. Ventilation rate (electrical impedence, or visual observation/video recording) will be recorded simultaneously.  Detailed procedures are documented in Hillyard (2002).  Continued increase in respiratory rate without corresponding increase in oxygen consumption will be used as the acute stress trigger to terminate experiments if there are few tadpoles available and it is intended that these tadpoles will also be part of the translocation program. 

Burst swimming speed: At least once during larval life, tadpoles burst swimming performance in response to mechanical stimulation will be tested at several temperatures. Swimming will be videotaped.  

Temperature selection: At least once during larval life, tadpoles will be placed in a large trough with a thermal gradient spanning the 5 rearing temperatures.  Position of tadpoles will be recorded once per hour (8 hours per day) for 3 days.

The following hypotheses will be tested.  

Hypothesis 1: Rearing temperature will not affect Oxygen consumption , ventilation rate , or swimming speed at any temperature.

Hypothesis 2: Rearing temperature will not affect growth, development or survivorship.

Hypothesis 3: Rearing temperature will not affect temperature selection.
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