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  Abstract - Prescribed burning is used to manage fuels in many North American forest ecosystems, but few studies have examined the effects of fire on forest wildlife.  In particular, it is not clear what impacts burning may have on northern flying squirrels (Glaucomys sabrinus) in the Sierra Nevada.  We propose to examine the effects of prescribed burning on the habitat associations of flying squirrels in mixed conifer and red fir forests of Yosemite National Park.  During the summers of 2004 and 2005, flying squirrels will be sampled using mark-recapture techniques of live-trapped animals.  Paired trap transects will be established in both recently (( 6 years) burned and adjacent unburned areas of Yosemite National Park.  Both microhabitat and physiographic variables will be recorded along trap transects to evaluate habitat associations of flying squirrels.  In addition, captured individuals will be fitted with external transmitters and located throughout the summer to determine nest site preferences.  Flying squirrel diets will be sampled using microhistological methods of field-collected fecal samples and will focus on consumption of identifiable truffle spores.  Results from this study will be used to evaluate the effects of burning on northern flying squirrel habitat use in Yosemite National Park.

Overview

Prescribed and managed fires are often used to reduce fuels and restore forest ecosystems to a desired condition (McKelvey et al. 1996, Dickman and Rollinger 1998).  Reintroducing fire to forests may reduce the frequency of stand-replacing crown fires, restore stand structure, and improve habitat for wildlife (Biswell 1989, Chang 1996, Allen et al. 2002).  Prescribed fire has been successful at reducing fuels within national parks of the Sierra Nevada (Husari and McKelvey et al. 1996), but few studies have evaluated fire impacts on forest wildlife.

The northern flying squirrel is a small (100-150 g), nocturnal, arboreal mammal that inhabits forests throughout much of northern and western North America (Wells-Gosling and Heaney 1984).  As the principal prey species of the California spotted owl (Strix occidentalis occidentalis) and the northern spotted owl (S. o. caurina) (Williams et al. 1992, Poopatanapong 2000), northern flying squirrels have become important in forest management.  The northern flying squirrel also is distinguished by its frequent consumption of hypogeous and epigeous fungal sporocarps (truffles and mushrooms, respectively) (Pyare and Longland 2001).  By consuming fungi, northern flying squirrels assist in the dispersal of mycorrhizal fungi that in turn are critical for water and nutrient uptake by forest trees (Maser and Maser 1988).  

Flying squirrels are associated with several forest conditions, including stand age (Carey et al. 1992 & 2000, Waters and Zabel 1995), canopy structure (Carey et al. 1999), presence of suitably-sized nesting trees and snags (Cotton and Parker 2000, Meyer 2003), understory shrubs (Carey 1995), and truffle abundance (Waters and Zabel 1995, Pyare and Longland 2002).  Many of these factors can be affected by burning (Mutch and Parsons 1998, Miller and Urban 2000, Meyer 2003), however no study has examined the influence of burning on habitat and nest tree selection of northern flying squirrels.  Understanding the impacts of prescribed burning on flying squirrel habitat and nest use as well as truffle consumption is important for evaluating whether current fire management policies in Yosemite National Park have an impact on northern flying squirrels.  Results from this proposed study will be shared with scientists and managers to contribute to the development of a beneficial fire management policy in Yosemite National Park and other regions of the Sierra Nevada, as well as provide useful comparisons with studies of flying squirrels in Pacific Northwest forests.
Objectives

The objectives of this study are to examine the post-fire effects of burning on the habitat use of northern flying squirrels in Yosemite National Park.  Specifically, this study will address the following null hypotheses:  

(1) flying squirrels are not associated with any habitat factors in burned or unburned areas;

(2) truffle consumption by northern flying squirrels does not differ between burned and unburned areas;

(3) core nest areas, distances between nest sites, and number of nest sites used per month do not differ between burned and unburned areas;

(4) nest trees are similar to random trees with respect to size (dbh, height), type (snag or live tree), species, and canopy cover in both burned and unburned areas.

Results from this study will be used to evaluate the effects of prescribed burning on small mammals in the Sierra Nevada.

Methods

  Study area - This proposed research will be conducted at several front-country and backcountry locations in Yosemite National Park, including the Snow, Tuolumne, Starr Lake Fire Unit (near Tioga Road between Lukens Lake and Aspen Valley), Kibbie Complex Fire Unit (northwest corner of park near Kibbie Lake), and Duncan Complex Wildland Fire Unit (near Ten Lakes and May Lake area).  Additional sites (e.g., planned prescribed fires for 2004 in Mariposa Grove and Aspen Valley) may be selected following consultation with NPS and USGS research scientists Les Chow, Jan van Wagtendonk, and Kara Paintner.  Sites will be chosen based on accessibility and recent fire history (( 6 years) or the long-term absence of fire (≥ 48 years).  At least half of all sites will be located along a perennial creek, since flying squirrels were strongly associated with perennial creeks in a related study (Meyer 2003).

Small mammal sampling - At each study site, a pair of trap transects will be established within both a burned and adjacent unburned area (2 transects per treatment type).  Each transect will parallel a creek for its entire length and be established at a randomly selected point along the creek.  Where a perennial creek is not present, transects will be oriented in a random direction.  Transects will be 480 m long, and consist of both Tomahawk (Model 201) and Sherman (Model LFA) traps.  Specifically, five Tomahawk traps will be placed at 40 m intervals for a total of 160 m; single Sherman live traps will be placed every 20 m where no Tomahawk traps are present (20 Sherman traps per transect).

In May-October 2004 and 2005, traps will be set in each plot for four consecutive nights for a total of 100 trap-nights per transect or 200 trap-nights per site and treatment type (burned and unburned).  Traps will be baited with a mixture of peanut butter and rolled oats.  Traps will be checked at dawn, closed in the daytime, and reset at dusk; traps will be closed in the event of adverse weather. Animals will be marked with individually-numbered metal ear tags, and body mass, sex, reproductive condition, and age class will be recorded.  Processing time will be minimized to reduce stress and discomfort to captured animals.  Locations of all sampling locations will be recorded in Universal Transverse Mercator (UTM) coordinates using a mobile global positioning system (GPS) unit.  In the event of accidental death, salvageable specimens will be collected and deposited in the Yosemite National Park vertebrate collections or the University of California Davis Museum of Wildlife and Fish Biology.  Non-target small mammal species (e.g., Tamias spp., Peromyscus spp.) will not be handled but immediately released from traps.  All captured animals will be handled in accordance with the American Society of Mammalogists Animal Care and Use Committee (1998), except that bedding material will not be provided to reduce contact with rodent excreta as a safety precaution against hantavirus infection (Pearson and Ruggiero 2003).

  Flying squirrel nest trees – A subset of captured individuals (n ≤ 12 individuals per treatment per year) will be fitted with a 3.5 g external radiotransmitter (< 3% of body mass; model MD-2C, Holohil Systems Ltd., Carp, Ontario, Canada) that will be secured around the neck of each animal (following animal care guidelines outlined in University of California Animal Use and Care Protocol), and animals will be tracked with hand-held receivers (Model TR-4; AVM Instrument Co. Ltd., Livermore, California).  Individuals will be tracked to nest sites during the day, 1-3 times weekly from May through October in 2004 and 2005 or until transmitters are recovered.  Nest trees will be characterized by size (dbh), height (using a hysiometer), species, type (live tree or snag), and frequency of use.  Additionally, we will estimate canopy cover at each nest tree using hemispherical photographs (methods described in vegetation sampling methods).  The geographic locations of all nest trees will be recorded (±1 m accuracy) in UTM coordinates using a Trimble TDC-2 global positioning system (GPS) unit (Trimble Navigation, Sunnyvale, California).  To test if squirrels select large trees (relative to other trees in the immediate vicinity) for nest sites, dbh and height also will be recorded for the nearest two large (≥37 cm dbh) trees or snags (37 cm is the smallest diameter of tree used by flying squirrels in a related study; Meyer 2003).

We will use spatial UTM coordinate data to estimate the distance between nest trees and the size of the core nest area.  For distances <250 m between nest trees, a laser rangefinder (±1 m accuracy) will be used to estimate distance.  Following Witt (1992), Gerrow (1996), and Cotton and Parker (2000), the size of each individual’s core nest area will be estimated using the minimum convex polygon method (Mohr and Stumf 1966).

   Habitat sampling - Along each of the trap transects, vegetation and stand structure variables will be measured at all flying squirrel capture locations and an equal number of random trap locations where no flying squirrels were captured.  At each of these locations, we will collect data on microhabitat variables within a 10 m radius centered on the trap station.  These variables were selected based on previous studies of northern flying squirrels (Wells-Gosling and Heaney 1984, Rosenberg and Anthony 1991, Waters and Zabel 1995, Carey et al. 2000, Cotton and Parker 2000, Pyare and Longland 2002, Meyer 2003).  Measured microhabitat variables will include: (1) canopy cover, (2) total basal area of trees, (3) number of large (>50 cm dbh) snags, (4) number of heavily decayed logs (decay classes 3-5; Cline et al. 1980), (5) percent shrub cover, and (6) distance of trap station to understory cover <2 m height.  Shrub cover will be visually estimated using a cover class system (Mueller-Dombois and Ellenberg 1974).  Canopy cover and both direct and diffuse photosynthetically active photon flux density (PPFD, μmol s-1 m-2) will be estimated using hemispherical photographs taken at 100 m intervals along the trap transect (4 total per transect).  PPFD values are a direct measure of understory light conditions and are highly correlated to ambient air temperature (Siyan Ma unpublished data).  In addition to microhabitat variables, we will measure physiographic variables: (1) slope, (2) aspect, (3) distance to water, (4) distance to road, and (5) elevation.  General forest type and site description also will be noted.

Diet sampling – Fresh fecal samples will be opportunistically collected from captured squirrels.  Samples will be placed into individual coin envelopes, labeled, and stored in a dry location at room temperature for several months.  Fecal samples will be mixed with 3 ml of distilled water and three slides will be prepared from each sample.  Each slide will contain one drop of prepared sample mixed with one drop of Melzer’s reagent (I, K, and chloral hydrate).  For each slide, 25 systematically located fields of view will be examined at 400x magnification (total of 75 fields of view per sample).  All fungal spores present will be identified to genus using a synoptic key (Castellano et al. 1989; see Meyer 2003).  Frequency of occurrence will be calculated separately for each genus.

Statistical analysis - A two-factor multivariate analysis of variance (MANOVA) will be used to test whether the distance between nest trees, number of nest trees used per month, and size of core nest areas are similar between treatment type (burn and no burn) and sex.  To examine the potential influence of a sampling intensity bias, Pearson’s correlation will be used to examine if there is a relationship between the number of nest trees or size of core nest areas and the number of times an individual is located (removing all samples with <10 observations).  

Chi-square (χ2) will be used to test the null hypotheses that flying squirrels show no nest preference based on the type (snag versus live tree) or species of tree in burned and unburned areas.   Ninety-five percent confidence intervals based on a Bonferroni z statistic for the observed proportion of use of each tree species will be calculated to evaluate specific tree species preferences by flying squirrels in each treatment type (Neu et al., 1974).  Student’s independent t-test will be used to determine whether canopy cover of nest trees is significantly different from that of random trees.  Tree availability and cover data in these tests will be obtained from nearby 10 m radius habitat sampling plots along trap transects.  To determine whether flying squirrels select larger diameter and taller nest trees, the dbh and height measurements of nest trees and large nearest neighbor trees will be compared with a paired t-test.

Logistic regression will be used to examine the relationship between the presence and absence of flying squirrels and measured habitat variables; the most informative models will be evaluated using Akaike’s Information Criterion.   MANOVAs will be used to test for differences in the frequency and generic richness of truffle spore consumption in flying squirrel diets.  Data will be evaluated for normality with the Kolmogorov-Smirnov test and for homoscedasticity with Levene’s test.  All statistics will be conducted with Statistica 6.0 (StatSoft Inc., Tulsa, Oklahoma).

Schedule:

	Date
	Task

	4/26/04
	Start date of proposed project

	4/26/04 - 10/15/04
	Site selection, Field data collection for first summer

	10/16/04 - 4/30/05
	Diet sample and data analysis; results provided to park research scientists and presented to academic science community and resource managers

	4/15/05 - 10/15/05
	Field data collection for second summer

	10/16/05 - 4/26/06
	Diet sample and data analysis; results provided to park research scientists and presented to academic science community and resource managers

	4/27/06
	Project end date


Budget

Funding for this project will be provided by a Joint Fire Science Program Grant (ID# 8217).  The Sierra Nevada Research Center of U.S.F.S. Pacific Southwest Research Station and Department of Wildlife, Fish, & Conservation Biology of the University of California at Davis will provide logistic and equipment support.

Products

This project will communicate study results in two forms:

(1) Publications - Scientific information will be presented to the scientific community in the form of published papers in established scientific journals and presentations of papers at science symposia and meetings.  Study data and results will be immediately reported to park scientists and officials in the form of an Investigator Annual Report (IAR).

(2) Public outreach - Science and management information will be presented to the general public, academic institutions (UC Davis), and resource management organizations (CAFE, USDA). This will include but not be limited to presentations at the Joint Fire Science Program and Ecological Society of America annual meetings.
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Qualifications

Marc Meyer is the principal investigator for this proposed project and is currently a research ecologist for the USDA Forest Service PSW Sierra Nevada Research Center.  Dr. Meyer’s dissertation research focused on the impacts of fire and mechanical thinning on small mammals and truffles as well as nest tree use by northern flying squirrels at the Teakettle Experimental Forest in the Sierra National Forest. Dr. Malcolm North is the principal investigator for the Teakettle Experiment and has completed numerous ecological studies in forests of the Pacific Northwest and the Sierra Nevada.  Dr. Douglas Kelt has extensive experience working with small mammals in the western United States and South America.

Special concerns

Field and laboratory personnel will be exposed to conditions typical of field and laboratory environments.  Prior to field data collection, all project personnel will be trained in basic safety methods and precautions.  Individuals working independently will carry hand-held radios in the field.  All captured animals handled by field personnel will be in accordance with NPS animal protocol and regulations and the American Society of Mammalogists Animal Care and Use Committee (1998) guidelines.  All research sites will be accessed on foot, and field personnel will carry all field equipment to and from each site.  Field personnel will request use of established campground facilities at White Wolf, Yosemite Creek, Tamarack Flat, or Tuolumne Meadows.

