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Thank you for the comments to our proposals.  I have had the opportunity to talk with several experts regarding bullfrogs and their interaction with leopard frogs in preparing these responses.


Marc Hayes, who wrote the often cited article “Decline of Ranid Frog Species in Western North America: Are Bullfrog (Rana catesbeiana) Responsible?” is a co-author on this proposal.  I also was able to talk with Michael Sredl, the Ranid Frogs Projects Coordinator with the Arizona Game and Fish Department and Gary Casper, with the Milwaukee Museum, who wrote the chapter on bullfrogs for the up-coming book, “Status and Conservation of U.S. Amphibians” and Bill Leonard, northwest amphibian expert (“Amphibians of Washington and Oregon”).  Further, Marc Hayes, who assisted in gathering the responses to this proposal discussed recent research with Michael Adams, a researcher in the Biological Resources Division of the United States Geological Survey in Corvallis (Oregon) who is extensively involved in research addressing bullfrogs, warmwater fishes, and native amphibians; and Charles (Chuck) Peterson, a research herpetologist at the University of Idaho who, with several graduate students, has been intimately involved in studies focused, in part, under understanding limiting factors in the distribution of native amphibians, including leopard frogs.





Question 1) What is the extent of known bullfrog predation on leopard frogs?  If the predation is a major factor for this state endangered species why not take immediate action to remove predators?  Three years of study before any action is taken is likely too long.  





Bullfrogs are known to prey upon leopard frogs in their native range, but predation frequency is recorded as low.  Several papers document this relationship.  Details of this interaction remain obscure because low predator frequencies are difficult to interpret without a clear context of leopard frog demography at points of co-occurrence or co-existence with bullfrogs.  However, available data from authors and species experts suggest that enough resource partitioning occurs between bullfrogs and leopards in relatively low disturbance landscapes within their native range that co-existence may occur because of low overlap in habitat utilizations patterns.  This, by itself, could explain the low predation frequency of bullfrogs on leopard frogs in the instances where it has been recorded in their native range.  However, this relationship may break down in landscapes that have sustained substantial disturbance, and in which bullfrogs are new colonists (i.e., bullfrog introduced range).  Bullfrogs are well known to respond positively to a variety of human-altered environments.  In the west, bullfrog predation on leopard frogs has not been studied directly, and patterns that suggest that bullfrog predation might be important are entirely confounded with one or both of habitat and fish predation effects (Hayes and Jennings 1986).  The only systematic area of study of introduced bullfrog interaction with native ranid frogs are several elegant studies of either competition between bullfrog larvae and native ranid frogs (Kupferberg 1997) or the three- way interaction between larval bullfrogs, fish, and native ranid frog larvae (Kiesecker and Blaustein 1997, 1998) .  These studies have not addressed the issue of predation by the post-metamorphic stages of bullfrogs on native ranid frogs.  As noted in the proposal, the suggestive evidence for a bullfrog effect consists entirely of bullfrogs inhabiting areas where leopard frogs once occurred.  Moreover, the interval between bullfrog occupancy and presumed disappearance of leopards frogs is relatively short (less than a decade).  However, it needs emphasis that the available documentation of leopard frog disappearance, which can be elusive, is in many cases anecdotal.  Reappearance of leopard frogs has occurred at some places where they were believe extirpated in Idaho (Charles Peterson, personal communication), and systematic address of disappearance is essential.  In Arizona, leopard frogs were eliminated from 6 sites over a 7-year period in one study, and bullfrogs colonized 3 of the 6 sites and introduced fish one of the six.  The author of the study (Michael Sredl, personal communication) cautioned that it is not know whether direct displacement occurred or whether it was habitat change that resulted in the loss of leopard frog sites.  Clearly, as leopard frogs have become extirpated from sites without direct impact from bullfrogs or introduced fish, the importance of the latter must be called to question. 





Assuming that bullfrogs are an issue, the only methods that have been used for controlling them are direct removal.  Where direct removal has been attempted, but it has been only marginally successful in highly restricted circumstances, i.e., those in which isolation and likelihood of bullfrog recolonization are low to non-existent.  In most habitats, direct removal is ineffective because it is a continuous, high cost effort to combat a species that is highly effective at colonizing new landscapes and has numerous sources from which to immigrate in the nearby environment.  Nonetheless, because of the potential problem than bullfrogs might be, development of methods for control of bullfrogs is an important research topic.  Methods such as the use of rotenone may have some potential.  However, rotenone has broad effects on non-target species, and bullfrogs are known to be less sensitive to rotenone than native non-target amphibians.


		





Question 2) Where do bullfrogs and leopard frogs co-exist and how are these situations different from the Columbia Basin?





Bullfrogs and leopard frogs co-exist or are sympatric throughout much of  native bullfrog range.  However, as noted in under question #1, they are rarely syntopic (i.e., occur in the same meso-habitat).  Rather, bullfrogs and leopard frogs tend to occur mostly in different meso-habitats within the same areas and exhibit spatial resource partitioning at a meso-scale, which some have argued is a manifestation of past competition.  Leopard frogs not currently known to co-exist within the range of introduced bullfrogs in western North America, where opportunity to occupy different meso-habitats in the same aquatic systems are frequently much more restricted, i.e., aquatic systems in the west tend to be less expansive than in eastern North American landscapes.  A further major difference between studied eastern (native) co-occurrence and western (introduced) situations is levels of disturbance.  The western sites from which leopard frogs are recorded has been disturbed in a fashion that promotes bullfrogs.  Within native bullfrog range, bullfrogs inhabitat waterways that also include warm-water fishes, and leopard frogs tend to not be found in these habitats.  In introduced bullfrog range, warm-water fishes are frequently presence and may facilitate bullfrog presence.  An elegant major study currently under review for the journal Ecology indicates that bluegill sunfishes facilitate bullfrog larval survival through their pattern on predation on native aeshnid dragonfly larvae (Michael Adams, personal communication).  





Habitat conditions within the overlapping native ranges of the bullfrog and leopard frog also differ from those in the Columbian Basin.  Their overlapping native ranges are much more mesic, from wet meadow habitats to forested wetland habitats.  The leopard frog has been called the “meadow frog” for its long migratory movements and tendency to remain out of water for long periods of time (Dole 1966, 1967).   Leopard frog movements have not been studied within arid environments such as the Columbian Basin, where such environments are much more restricted than where leopard frogs overlap with bullfrogs in the native range of the latter.





Arizona Game and Fish has been struggling to protect leopard frogs since 1998.  They use an integrated approach based upon site-specific information at what they call “Conservation and Management Zones” and hope that these efforts will work.  Their approach includes renovating habitats, controlling native and non-native predatory species where necessary, and re-establishing and augmenting populations with captive head started juvenile frogs or direct augmentation.  WDFW hopes to develop a scientific information-based foundation to implement a similar program after determining the distribution of leopard frogs and factors affecting their survival in the Columbia Basin.


     


Question 3) How will reservoir inundation be evaluated separately from the effects of introduced fish and/or bullfrogs?





As the Potholes reservoir fills, the water streams into the ponds, often in narrow channels created by the topography of the old dune system.   Many of these “streams” travel considerable distances, filling numerous ponds.   Some ponds are completely inundated, becoming part of the reservoir, but many retain their general structure with rising water levels.  The effects of reservoir inundation will be evaluated separately by screening stream channels at the inflow of ponds where this maneuver is feasible, i.e., those that Potholes Reservoir will not inundate completely.  Specifically, the study will attempt to address a three-way comparison with leopard frog production (egg masses) and a measure of recruitment (number of metamorphs) as the response variables: (1) leopard frog-occupied ponds not affected by inundation and without fish,             (2) leopard frog ponds affected by inundation and screened from fish, and (3) unscreened leopard frog ponds affected by inundation.  If inundation is not important, then screened inundated ponds should be similar in their response non-inundation ponds lacking fishes.  If inundation is an effect, then non-inundated, non fish ponds and inundated ponds screened from fish should differ.  If an effect is strictly fish-linked, then unscreened, inundated ponds should differ from inundated ones with fish, and inundated, screened ponds should be similar to non-inundated ponds lacking fish.  If fish and inundation are both effects, then all three should differ.  Synergistic interactions between fish and inundation may be identified with interaction terms in the design.  Aerial photos, generally taken during summer months will help identify these potential ponds for this design, but refinement will require confirmation of  fish presence.





Question 4) What plans are there to publish the results of this study in peer-reviewed journals?





Due to the lack of information regarding leopard frogs in arid environments, we will  publish the results of this study in a peer-reviewed journal.  John Pierce, Wildlife Science Section Manager will be responsible for publication of the study results. 
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