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Background and Rationale


Lassen Volcanic National Park (LAVO) comprises approximately 200 square miles of high elevation volcanic terrain in northeast California.  Although the park was established to protect the unique geological features surrounding Lassen Peak, it contains the most extensive ungrazed landscape of high elevation lakes, wetlands, and meadows in northeast California.  This pristine landscape forms the southern extent of the range of the Cascades frog (Rana cascadae) and supports populations of long-toed salamander (Ambystoma macrodactylum), rough-skinned newt (Taricha granulosa), Pacific chorus frog (Pseudacris regilla), and western toad (Bufo boreas).  The montane lakes of LAVO and adjacent U.S. Forest Service wilderness lands comprise a biogeographically distinct island of high elevation aquatic habitats between the uplands of the Cascades, Klamath Mountains, and Sierra Nevada and are of particular interest because they provide an opportunity to evaluate the ecology and persistence of an amphibian species at the margin of  its range.


Native amphibians have undergone striking global declines in recent years (e.g., Blaustein and Wake 1990).  In the Pacific Northwest such declines have been attributed to a variety of factors, including changes in physical and chemical characteristics of aquatic habitats and introductions of non-native species (Adams 1999).  Native frog species, in particular, have suffered major declines due to such anthropogenic habitat alteration.  For example, in LAVO, historic populations of R. cascadae have nearly disappeared (Fellers and Drost 1993). Of the possible causes of such regional amphibian declines, negative effects of introduced fish are the most direct and potentially reversible.


Pleistocene glaciation prevented colonization by fish into most lakes of the mountainous Pacific Northwest and northern California above 1,500-1,800 meters in elevation.  As a result, such high elevation aquatic environments historically provided refuges for native amphibians.  With the arrival of Euro-Americans in the late 1800s, however, various species of salmonids (primarily Oncorhynchus, Salvelinus and Salmo species) were widely introduced into high elevation lakes.  This practice was expanded in the early 1990s when the California Department of Fish and Game (CDFG) began to manage high lake fish stocking.  Routine fish stocking ceased in LAVO in the early 1990s, but naturalized, breeding populations persist in some of the lakes.   Fellers and Drost (19903) suggested that introduced fish are likely a major factor contributing to the decline of R. cascadae in LAVO.  In addition, simultaneous analyses of fish and amphibian distributions in the Sierra Nevada, have shown strong negative effects of introduced salmonids on the closely-related and ecologically similar mountain yellow-legged frog (Rana muscosa) (Knapp and Matthews 2000).  In the Trinity Alps of northern California, Welsh and Boiano ( In Prep.) found a strong relationship between the presence of introduced salmonids and absence of several native amphibian species.  Moreover, introduced fish populations have extensive, but reversible, impacts on the entire lake food web as shown by the changes in zooplankton and macroinvertebrate assemblages in response to fish removal (Knapp et al. 2001).  Monitoring these other components of lake environments, therefore, provides additonal and valuable information on the impacts of introduced fish. 


Based on these and other studies (e.g., Larson and Hoffman 2002, Bull and Marx 2002), park managers and scientists believe populations of Cascades frog are at immediate risk of extinction at LAVO and other native amphibian populations may be threatened by the persistence of fish populations throughout the park.   Yet even the most fundamental information to determine specific causes for population declines and to remedy the situation is lacking.  It is unknown how many frog populations remain in the park, their distribution and the prospect for recovery.  A rigorous, quantitative analysis of fish and frog populations is essential to preserve this element of park biodiversity. 

Objectives


This project is a collaboration between scientists at the U. S. Forest Service Redwood Sciences Laboratory and Southern Oregon University.  The specicific objectives are to:  (1)  inventory and record the distribution and abundance of native amphibian and introduced fish populations in lake, pond, and wetland habitats throughout LAVO;  (2) evaluate relationships between fish and amphibian distributions and assess historic and ongoing impacts of fish on amphibian populations;  (3) compare differences in plankton and macro-benthos assemblages between lakes with self-sustaining fish populations and lakes in which fish were stocked historically but no longer occur, and (4) provide an information base on the existing ecological conditions within and among lentic habitats to guide future management efforts, including restoration of amphibian populations.

Methods and Approach


We will survey amphibian and fish populations during one summer field season (June through August, 2004) using an integrated approach, developed by investigators studying amphibian-fish interactions in the Sierra Nevada  (e.g., Knapp and Mathews 2000), and elsewhere in northern California (Welsh and Boiano, in Prep.).  We will survey all water bodies shown on 7.5’ topographic maps within the boundaries of  LAVO and at sites not shown on the map but found traveling between mapped water bodies. Physical characteristics of each water body will be measured, including the number of inlets and outlets, amount of fish spawning habitat, substrate percentages of the littoral zone (the area between the shoreline and the outer limit of rooted plants), lake maximum depth, and summer water temperature.
1.  Fish Surveys
Fish populations will be sampled using visual encounter surveys and by gill-netting.   Visual surveys will be conducted at all water bodies and will include surveying main inlet and outlet streams for fish presence, species identity and evidence of spawning.  In larger water bodies, typically > 2 m depth in which the surveyors can not see the entire lake bottom, fish will be sampled using gill nets.  Gill nets will be set for 4 hours, near lake outlets.  Gill nets are made of fine monofilament, 36 m long X 1.8 m tall, and have six panels with mesh sizes ranging from 10 to 38 mm.  During each net set, surveyors will remain in close proximity to insure that nets are operating effectively and to minimize vandalism.  At the end of a set, nets will be retrieved and all fish captured will be identified to  species, measured (standard and fork length to the nearest mm), and weighed.  A portion of the fish sampled may be dissected and their digestive tracts retained for diet analysis, particularly in lakes with both amphibians and fish.  Fish will be disposed of by deflating their air bladders and sinking them in the deepest part of the lake.  This method will insure that nutrients are retained in the lake from which the fish were captured and will prevent animals being attracted to the fish carcasses, as would happen if they were disposed of on land.  


Gill nets will not be set in Butte Lake because of the potential existence of the federally-listed Modoc sucker.  

2.  Amphibian Surveys
Amphibian larvae and adults will be sampled using visual encounter surveys and the total number of individuals observed within each life stage will be recorded.  The entire perimeter of each water body will be surveyed and amphibian densities estimated as the number of individuals observed per length shoreline perimeter.  In addition total survey time will be recorded to determine observations per unit effort.  When larval identity is uncertain, a small number of individuals will be captured with a dip net, closely examined, and returned unharmed. 

Tissue Samples --  For sites that contain > 100 Cascade frog and long-toed salamander larvae and/or adults, and that are separated by > 1 km from other such populations in the same drainage, we will be collecting tissue samples for a study of the genetic structures of these species in California.  We will capture 5 larvae of a given species from a site using a small dip net.  To obtain a tissue sample from each larva we will clip a small, approximately 0.5 cm, section from the tip of the tail using small dissecting scissors while gently restraining the animal in the net bag.  Prior to removing the sample the scissors will be sterilized by immersing the blades in 95% ethyl alcohol.   After the sample is obtained the larva will be released.  Tissue samples will be placed into the same cryo-vials in which the scissors were sterilized along with a detailed label identifying the species, date, site ID and drainage and returned to the laboratory for DNA analysis.  

Chydtrid Fungi -- Because chytrid fungi have been identified as a possible cause of amphibian declines in several parts of the world, we will also examine samples of  ranid frog tadpoles (approximately 10 individuals), when they are present, to determine the existence of  chytrid infection.  When the fungus attacks the larvae, it deforms their mouthparts.  Larvae will be examined for mouth deformities using a  10X hand lens.  The number of larvae with mouth deformities will be recorded and one individual will be euthenized and preserved (10% formalin).  The specimen will be clearly labeled, including collectors names, species and life stage, date and time, site ID and specific habitat characteristics.  Vouchered specimens will be sent to the U.S. Geological Survey Wildlife Health Center for confirmation of fungal infection. 


Disease Transmission -- To prevent exchange of pathogens upstream within a watershed, or among watersheds, fish and amphibian surveys will be conducted by surveying the highest elevation sites within a basin first, proceeding down slope to the lowest elevation sites.  Prior to moving into  a different watershed, all foot wear and sampling equipment will be sanitized by soaking in a 0.5% solution of Quat 128 for five minutes. Used disinfection solution will be disposed more than 100 meters from the water on bare soil or rock. 

3.  Zooplankton and Macroinvertebrate Surveys 


We will collect zooplankton and macroinvertebrate samples from a subset of the water bodies surveyed for fish and amphibians (N = 50-80 water bodies).  This will include all lakes with self-sustaining fish populations and an approximately equal number of lakes, within the same size range and with similar physical characteristics. but without fish populations.  Among these will be lakes known to have been stocked with salmonids prior to the 1990s but no longer supporting a fish population.


Zooplankton – Zooplankton samples will be collected with a Wisconsin-style plankton net (80 micron mesh), by making 3-5 vertical hauls through the entire water column within the deepest portion of the lake.  We will use inflatable float tubes to conduct plankton sampling.  All plankton samples will be preserved in the field (4% sugar formalin solution) and returned to the laboratory for analysis. 

In the laboratory, samples will be concentrated and sub sampled.  Organisms will be identified to the lowest practical taxonomic level and measured (to the nearest 0.01 mm under 40X magnification using an ocular micrometer fitted to a compound light microscope)to assess differences in species composition and size distributions among lakes.


Benthic and Nectonic Macroinvertebrates –  We will use standard D-frame dip nets (1mm mess) to collect samples of littoral zone invertebrates.  At several locations around the margins of each water body we will make repeated 1 m sweeps along the surface of the substrate.  This technique will allow us to collect taxa that reside within upper layers of lake sediments, that cling to emergent vegetation, and reside within the water column.  Samples will be preserved in the field (70% ethyl alcohol), labeled, and returned to the laboratory for analysis.  Prior to being preserved all samples will be placed into a shallow pan and thoroughly searched for larval amphibians and large branchiopod crustacea, particularly fairy shrimp  If collected, larval amphibians and fairy shrimp will be identified, the number captured will be recorded and they will be released.   A sub-sample of fairy shrimp may be retained for taxonomic verification, but will not exceed 10 individuals from any single water body.  The total number of samples collected per water body will be determined by water body size (e.g., perimeter and surface area) and microhabitat diversity (e.g. bare sediment, emergent vegetation, bedrock).  At least three 1 m sweeps will be made within each microhabitat.  


In the laboratory, invertebrates will be separated from sediments and organic debris under 10X magnification, identified to the lowest practical taxonomic level (typically genus), and measured to the nearest 0.01mm (body length or head capsule width).  From these data we will be able to determine differences in species composition and size frequency distributions between lakes with and without fish.


Limnological characteristics --  In addition to the above described biological and physical habitat variables, we will also measure physical and chemical conditions within the water column of each lake.  Variables sampled will include (1) temperature, dissolved oxygen and pH in all lakes and vertical profiles of these variables in lakes deeper than 2 m,  (2) secchi depth in lakes in which the bottom is not visible, (3) Total dissolved solids, and (4) alkalinity.  In addition, we will determine chlorophyll-a concentrations within the phytoplankton by filtering 200-500 liters of lake water collected at 0.5 m depth and returning the filters to the laboratory for pigment analysis. 

4.  Data Analysis 


We will compare amphibian abundances between lakes with and without fish, and  between deep and shallow lakes, using nonparametric Analysis of Variance.  To determine variation in assemblage structure across gradients in fish abundance and physical conditions, amphibian species composition will be analyzed with nonparametric multidimensional scaling (NMS).  Similar analyses will be used to compare differences in zooplankton and macroinvertebrate assemblages.  Environmental data for lakes with and without fish will be tabulated and statistical summaries prepared.  Amphibian and fish species distributions will be analyzed, summarized and archived using geographic information system technologies.    
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