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D.  Abstract - In November 2000, 19 parks in the Southern Colorado Plateau Inventory and Monitoring Network, the Colorado Plateau Ecosystem Studies Unit, and the USGS Colorado Plateau Field Station submitted a proposal to the National Park Service for an inventory plan that would provide data on vertebrate animals and vascular plants for parks with inadequate inventories.  The plan has been approved, and funds are available.  This proposal is taken from the original, larger one; additional details about existing data, evaluation of needs, and establishing priorities can be found in the original proposal (Drost et al. 2000).  This proposal addresses the work on taxonomic groups, including birds, mammals, reptiles, amphibians, and plants that will be done in individual parks for projects beginning in 2001 and ending in 2003. 





II.  Overview





In fiscal year 2000, the Park Service received a substantial budget increase for inventory and monitoring studies, and a nationwide program to inventory vertebrates and vascular plants within the national parks was begun in earnest.  As part of this new inventory effort led by the Inventory and Monitoring office, a total of 265 National Park units (parks, monuments, recreation areas, historic sites, etc.) were identified as having significant natural resources, and these were divided into 32 groups or “networks” based on geographical proximity and similar habitat types.  The many NPS areas on the Colorado Plateau of Utah, northern Arizona, northwestern New Mexico, and western Colorado were divided into a northern and a southern network.  This proposal provides a description of biological inventory studies for some of the 19 park units in the southern Colorado Plateau (SCP) network  Details for the selection of units for inventory work are presented in the full proposal (Drost et al. 2000)





III.  Objectives





The objectives for this study are to provide inventory data on vertebrate animal and vascular plant species for certain parks in the Southern Colorado Plateau Inventory and Monitoring Network.





IV.  Methods 





The methods for each taxonomic group are described in detail under general and specific procedures outlined below.  They are designed to accomplish the goal of having 90% of vertebrate animals and vascular plants inventoried for parks in the SCP network.





A. Description of Study Areas – Work will be conducted at AZRU, ELMO, HUTR, PETR, and YUHO.





B.  General Procedures – The following procedures are being followed for all taxonomic groups.





1. Sampling design -The three primary tasks in developing a sample design for biological inventories are:  (1) estimate the number of plots needed to achieve 90% completeness in each NPS unit; (2) spatially and temporally allocate these plots; and, (3) determine what methods will be used to gather data at sampled points, specific to each taxonomic group.  





2. Number of Sampling Points - For planning purposes, we estimated the number of sample points required to achieve 90% completeness in each inventory based on the number of species estimated to be in an inventoried unit and the number of species we expected to detect, on average, in a single plot.    The number of plots varies with taxonomic groups and will be calculated prior to the first field season.





3.  Stratification - Stratification here generally refers to the framework for planning sampling or organizing biological information.  With respect to sample design, we will apply stratification in the following way.  Upon detailed examination of the sampling environment, principal investigators will decide whether stratification for logistical or biological reasons is appropriate to each inventoried NPS unit.  If stratification is deemed appropriate, strata will be registered to the sampling grid.  Sample density will be adjusted for different taxa and strata.  If stratification is not appropriate (e.g. if park is small, and all areas can be covered) the entire park will be covered.  Sampling points may also be placed in areas that were not part of the stratification, but in areas that the principal investigators believe should sampled (e.g. small wetlands where amphibians may be found).  Sampling points and transects will be located with GPS units and marked with flagging to help in relocation each year.  The flagging will be removed after the studies are complete.





C.  Specific Methods for Taxonomic Groups





1. Birds 





We established the following objectives for bird inventory studies in the Southern Colorado Plateau park units:


Systematic Surveys – Document presence/absence of bird species, and their distribution and abundance in habitats that were historically under-sampled or not sampled at all.


Identify Critical Habitats – Document locations of key breeding and non-breeding habitats where current records are lacking.


Species of Concern – Document presence/absence of birds of special management concern that are known or expected to occur in the park units based on habitat or historic records.  





Estimating Richness, Relative Abundance and Density of Breeding Birds - Wherever possible, we plan to use models based on mark-recapture designs for estimating species richness (Dawson et al. 1995, Boulinier et al. 1998).  There are many mathematical models that can potentially describe the rate at which species detections accumulate as a function of area or number of plots. 





It is rarely possible to count all of the birds that are actually present in an area.  Consequently, we emphasize methods that will allow us to estimate the proportion of birds that are missed.  Below we emphasize the method of distance sampling because it is an established method that can be employed by only one person   Distance sampling has been used for more than 30 years to estimate animal abundance.  It is currently being used to sample birds in many national parks, for over 20 years in Hawaii, and has been found to be a reliable method for estimating relative abundance and population trends for most bird species (Fancy 1997, Nelson and Fancy 1999).





Distance sampling allows for the estimation of detectability.  Because many birds are undetected, distance sampling provides a means for estimating the number of individuals that are not seen or heard (Buckland et al. 1993, Boulinier et al. 1998), in turn providing a means for estimating total densities.    





Distance sampling includes two approaches to estimating density: line transects and variable circular plots.  Both will be used for sampling depending on the habitat type (see Ralph et al. 1995).  In both sampling techniques the horizontal distance is estimated between the observer and the bird for each individual of each species heard or seen.  For many surveys, the majority of birds are heard but not seen, and the observer estimates the distance to a tree or bush or other object where they think the bird is located.  





Line Transect Sampling - For line transect sampling, an observer walks a transect and records either the perpendicular distance to each bird heard or seen or else records the sighting angle and sighting distance. Line transects can be very efficient because data are continually collected as the observer walks the line.  By contrast, during variable circular plot sampling (see below), birds are counted only at stations located every 250 m or some other interval along the transect.





Variable Circular Plot Sampling - Variable circular plot (VCP) counts are the preferred approach in patchy habitats where the objective is to correlate bird data to vegetation or other habitat information, and in dense or rugged terrain where walking a transect would be unacceptable. In the case of VCP sampling, the observer stands at a sampling station and records the horizontal distance between the observer and the bird.  





Depending on stand size and shape, point count stations will be located 250 m apart in each habitat type. Between each habitat type a 200 m buffer will be implemented. Three visits will be conducted to cover the period in which the greatest number of passerine bird species would be exhibiting breeding behavior, such as territorial calling and singing.  Visits will start at one/half hour after sunrise and be completed by 1000 hours. No visit will last beyond that time.  At each station, one observer will record all individual birds seen or heard for 7 minutes with counting subdivided into 3 periods: 0-3 minutes, 3-5 minutes and 5-7 minutes. Counting will begin 1 minute after arriving at a station.  Bird detections will be recorded to the nearest 5 meters.  Laser rangefinders will be used to estimate distance.  These rangefinders can measure distances to rocks or trees where birds are detected within 1% accuracy.





Flyover species will be recorded in the same time periods, but with no estimates of distance.  Additional notes will be taken regarding whether detections were songs, calls, or other (e.g., drumming wings), whether the detection was aural, visual, or both, and whether the bird was detected at a previous point count station to avoid double-counting individuals.  Birds flushed while walking between point count stations will be counted and their distance estimated to the nearest point count station.  Field sheets will be modeled after those recommended by Ralph et al. (1995).   


 


Data analysis - We will estimate species richness using models based on mark-recapture designs.  This procedure does not identify species that are not seen; rather, it provides an estimate of the number of species that have not been detected but are probably present.  Estimates of species richness will be used to assess adequacy of the sampling technique and the sampling done to date. 





Relative abundance and density of each species with >50 detections will be calculated for each habitat using DISTANCE (Thomas et al. 1999).  Distance data will be used to model probability detection functions, from which we can obtain unbiased estimates of abundance for each species (Buckland et al. 1993).  For this analysis, distances will be placed into intervals such as 0-10 m, 11-20 m, 20-30 m, and analyzed as grouped data.  Such grouping minimizes the effects of error in estimating detection functions.





There are many advantages to using distance-sampled data. For one, multiple surveys can be combined to increase sample sizes.  By combining surveys, it is possible to estimate densities of species, even in situations where only 1 or 2 birds are detected while sampling many stations.  Bias of estimated abundances also can be reduced by adjusting for the effects of covariates such as the observer, vegetation cover, and detection distances.  Historical count data also can be used in situations where NPS units collected bird data using unadjusted point counts and later switched to VCP counts.





Additional breeding and non-breeding surveys - Most bird survey methods provide good information for common species and relatively sparse information for rare or secretive species.  This does not mean the survey method is invalid; it is simply a reflection of the difficulty of sampling rare and secretive species using general methods.  Therefore, in addition to point counts, an area search of all habitats during breeding and non-breeding periods will be completed to increase the chance of detecting rare and secretive species that occur in the park units.


Personnel will go to the different habitats where point counts have been established in the units and record all species they see or hear.  These surveys will be conducted in conjunction with the standard survey protocol (i.e., point counts) during the breeding season.  During the non-breeding season (November – February) we will conduct three additional visits. These surveys will be conducted between sunrise and 1000 hours.  Extra visits will be made in the late afternoon that may detect the presence of vultures, buteos, or other birds not found in early morning (Robbins 1981).  Survey data will include species encountered, habitat, location, dates, and evidence of breeding status (i.e., courtship behavior, nests). 


Species of concern - Playback recorded calls will be implemented to increase the probability of detecting rare species of concern.  Broadcasting tape playbacks has been effectively used to survey for marsh-breeding (Marion et al. 1981) and endangered species (e.g., Southwestern Willow Flycatcher; Sogge et al. 1997).  We will include the playback procedure in likely habitats, increasing our chance of detecting these targeted species (Verner and Milligan 1971). Broadcasting of taped calls will occur in habitats where standard count surveys are not being done or after the standard count period is completed.





Nocturnal Species - Nocturnal birds (i.e., owls) will also be surveyed using taped broadcasts.  Owls are usually surveyed using tape broadcasts of the owl species songs or calls (Springer 1978, Forsman 1983).  These surveys will be conducted in all habitats that may be occupied by owls or where historical sightings have been noted.  Tape broadcasts will be played for 15 minutes at each designated point.  Survey times will occur between 1 hour after sunset and 1 hour before sunrise.  We will conduct 2 surveys during the breeding season and 2 surveys during the non-breeding season. Survey data will include species encountered, habitat, location, dates, and evidence of breeding status (i.e., courtship behavior, nests).  All other nocturnal and crepuscular species will also be noted.





Species verification and voucher specimens - All survey observers will be hired based on their bird identification skills, and they will be given further training on Colorado Plateau bird species identification. Observers will be trained to identify birds by both visual and aural cues.  Since 80% of all birds are aurally detected, observers will familiarize themselves with all known species songs and calls.  Identification by song will be particularly important for some species such as the Empidonax flycatchers, which are very similar in appearance.  For all rare and difficult-to-identify species, field personnel will record detailed notes on appearance, behavior, and calls of the bird.  These field notes will be included as appendices to project reports. 


Our field methods do not include capture of birds, but birds found dead in good condition will be saved as specimens.  Specimens found dead may be stored temporarily in a freezer at the Park or researcher’s office. We suggest that specimens be put in a plastic bag (Zip-loc© heavy duty freezer bags are excellent), along with label noting date of find, precise location where found, and collector. Air should be squeezed out of the bag, and the bag securely sealed. If the specimen will remain in the freezer for more than a few weeks, it is a good idea to double-bag the specimen.  Specimens will be curated and stored at either at the Museum of Northern Arizona, Northern Arizona University, or the University of New Mexico.  All specimens will be affixed with National Park Service issue specimen tags containing information on species, collector, date of collection, collection site, and NPS record number.





2. Mammals 





Background on plateau mammals:





The PI for mammal work on the subject parks has extensive experience with mammals on the Colorado Plateau (see Literature Cited for references by Bogan, Ramotnik, and Valdez) and this experience will facilitate mammal work during the current effort.  In terms of conservation status of plateau mammals, there are no federally threatened or endangered mammals on the Colorado Plateau other than the black-footed ferret and the Utah prairie dog.  However, states that manage wildlife on the plateau have developed lists of species of concern.  These lists are somewhat idiosyncratic (Bogan, 1998) but include many species of legitimate concern.  In particular, bats as a group are generally perceived as declining in numbers although precise data documenting long-term population declines in western bats are not available (O’Shea and Bogan, 1999).  In addition, some shrews, pikas, gophers, pocket mice, kangaroo rats, and squirrels are variously listed by the states.  Typically, rigorous data documenting declines are not available; many of the species are frequently peripheral within a given state and this accounts for their listing within that state.  





Dominant species of the Colorado Plateau include several species of Peromyscus (in some areas deer mice may account for 70% or more of captured small mammals), a modest variety of ground squirrels, three species of lagomorphs, and deer and elk.  Carnivores often seem thinly scattered but this may reflect their secretive habits.  In some parks (e.g., MEVE), away from people, carnivores (foxes, bears, mountain lions) are frequently seen.  





Uncertainties about occurrence of most mammals on the plateau are more a function of insufficient sampling for mammals, failure to retain voucher specimens that attest to the occurrence of a species, misidentification of a species when in hand, or a misunderstanding of taxonomy.  We are of the view that most species of mammals on the plateau still reside at historic localities; the exceptions to this statement are some large carnivores (e.g., grizzly bear, gray wolf) and black-footed ferrets that have been extirpated from the region.  





Sampling Overview for Mammals:





Our use of the word “inventory” as applied to mammals in this network follows the definition given in “Guidance for the Design of Sampling Schemes for Inventory and Monitoring of Biological Resources in National Parks” (Fancy et al., 2000, internal report).  Conroy and Nichols (1996) note that if the primary objective is to obtain as complete a mammal species list for an area as possible, the investigator should use a wide variety of methods for detecting animals.  In addition, the PI should use intuition and past experience to direct search efforts to specific locations where the largest number of species are likely to be recorded.  These “directed efforts” may not always yield count statistics that are useful in estimating species richness but they are appropriate when the goal is a complete species list.  Although several parks present evidence that a 90% level of documentation has been reached, this is not true for most parks.  Baseline inventories for small mammals have never been conducted on many southern Colorado Plateau parks and directed efforts conducted by knowledgeable investigators are an appropriate approach for this work.





Where possible, we will conduct inventories for mammals on plots that have been selected in a stratified random fashion.  It seems likely that stratification will be on the basis of selected landscape features (likely habitat).  Theoretically, it should be possible to “piggy back” on plots selected in a similar fashion by those working on other groups.   





The smallest of parks (e.g., 100s of ha) should lend themselves to more or less complete coverage with no need to randomly select samples.  Larger parks that are not diverse topographically can be sampled using random points in which both quadrats and starting points for work within the quadrat can be chosen randomly.  Large, topographically diverse parks with no history of baseline inventories can be stratified using elevation, aspect, or similar feature and sampling points chosen by random selection (e.g., stratified random cells within a grid of the park) to the extent possible. 





Areas that are remote, logistically challenging, or sensitive will be excluded from quadrat selection but not necessarily from inventory work as it may be possible to sample limited areas for selected species.  Several parks have been the beneficiaries of previous inventories, although rarely have inventories been conducted on random plots.  Nonetheless, studies of so-called “representative areas” have provided considerable information on mammals of the Colorado Plateau and are responsible for documenting new species on some parks.  For parks with some history of inventory, and where the previous work seems satisfactory, additional areas that have not been studied will be targeted for directed efforts.  Where possible, inventory study plots will be chosen for compatibility with long-term monitoring sites as this effort proceeds.  





Many species of mammals are habitat specialists (e.g., cliffs, marshes, streamsides, etc.) and may occur only in limited areas of a park.  Plots chosen at random, as well as designs using traps in grids, may miss such species and their habitat.  Bats that are not roosting can be captured only at sites where they come to forage and drink and not at random stations.  We concur that such special areas of focus at each park should be mapped and then evaluated as candidates for surveys in an “unequal-proportion” approach.  It seems possible that such areas may ultimately be recommended as likely candidates for long-term monitoring.  In this regard, we generally advocate monitoring of such special areas on parks rather than just simply monitoring individual species.  





Medium-sized diurnal mammals such as lagomorphs and squirrels are more likely to be observed than uncommon, small, and nocturnal mammals and certain observational techniques (e.g., line or strip transects) can be used.  Common and widespread “weedy” species (e.g., Peromyscus maniculatus) may be more likely to be captured in randomly chosen areas and such species can also dominate traplines and exclude rarer species.  Large mammals, although theoretically easy to document due to their size or aggregations, may have home ranges several times larger than small parks and may be elusive enough so that their presence has to be inferred from tracks or scats.





Methods for mammals:





Sampling strategies and methods for mammals will vary from park to park, depending upon the specific objectives as specified in detailed study plans, and perhaps upon availability of plots developed for other groups that also can be sampled for mammals.  A combination of designs and methods will provide the most complete coverage of mammals for each park.  For example, pitfalls are most effective at capturing shrews, mist nets and bat detectors for bats, various sorts of traps for small and medium-sized rodents, larger traps for some medium-sized species (e.g., rabbits), and a variety of observational and tracking methods for carnivores and ungulates.  Data on larger species (furbearers and game species) may be available from park records and state wildlife investigations.  





Inventory methods for mammals of the plateau will follow guidelines enumerated in Kunz (1988) and Wilson et al. (1996).  Kunz’ (1988) book provides details on an array of capture and research techniques for bats.  Wilson et al. (1996) provide a comprehensive collection of papers on measuring and monitoring mammalian diversity including several on aspects of design and randomization.  Estimation of species richness of mammals is still a developing field, perhaps in opposition to such studies of plants or birds.  Nichols and Conroy (1996:233) discuss various indices (which they don’t recommend) and sampling techniques but do not present examples of the various methods because they “do not know of any situations in which these estimators have been used with mammalian data.”  Neither do they discuss specific field methods because they believe that investigators interested in mammalian species richness should select methods as dictated by factors such as their experience, prior knowledge of the fauna, and the nature of sampled habitats.  





Shrews are vastly undersampled on the plateau and where complete inventories are called for, some effort will be put into pitfall trapping.  Although sites for pitfalls can be chosen randomly, aspects of shrew biology should be applied, as most species of Sorex have a preference for more mesic, litter-rich sites.  Small plastic cups or buckets, and even bottles, have proven effective as pitfalls for shrews (Jones et al., 1996); we will allow the linearity of suitable shrew habitat to determine whether pitfalls are set in grids or lines.  In suitable habitat we will install 10-20 pitfalls (plastic buckets ca. 8in deep with top diameter of 6in) at 5-m intervals.  Water shrews can be most effectively sampled at the edge of small streams with pitfalls spaced at wider intervals (15-20m).  Where possible, we will operate pitfalls with drift fences to help “corral” shrews and direct them to the pitfalls.  Pitfalls will be unbaited, kept dry, and checked frequently so animals can be released alive.  Pitfalls also are effective for capturing some small heteromyid rodents, such as pocket mice, and we will use pitfalls for these species in suitable habitat.  Effort and catch will be quantified for each area based on numbers of nights that a given number of pitfalls are operational (pitfall-nights).  Pitfalls will be removed at the end of each session and earth replace and tamped to ground level.  Mammal crews will be reminded of the need to be vigilant for human artifacts and the need for such artifacts to be left in place, undisturbed.





Small- and medium-sized rodents (including some ground squirrels) are effectively trapped in livetraps such as those made by Sherman or wire traps such as those made by Tomahawk and others; animals can be released unharmed following identification (Jones et al., 1996).   For inventory efforts where densities of small mammals are not required, livetraps can be effectively set in lines 150m in length in appropriate habitat with starting points determined randomly (Jones et al., 1996).  Grid designs of traps are more appropriate where densities are needed, as in long-term monitoring, but may miss some species (e.g., certain microtine rodents).  We will use two traps per station and stations will be spaced at 15-m intervals along the line and additional lines within the same habitat will be spaced at equal intervals.  Habitat complexity may require shorter intervals in some cases.  Traps will be set for three nights, baited with rolled oats in most cases, checked at least twice per day, and will be closed during daylight hours except for directed efforts on diurnal species when traps will be checked frequently to prevent mortality.  Where possible, livetraps will be set at habitat features (e.g., logs, trees, burrows) but within 2m of the station point.  Effort and catch will be quantified based on numbers of nights a given number of traps are set (trap-nights).   





In selected areas and for selected species, “snap” traps that kill rodents may be used.  To the extent possible, kill traps (e.g., Museum Specials, Victor rat traps) will be set in a fashion consistent with livetraps as described above.  Kill traps are effective for species that are reluctant to enter box (Sherman-style) traps and are useful and effective in logistically-difficult areas (e.g., cliffs) where a sufficient number of box traps may be difficult to carry or set.  A snap trap costs less than half the recommended Sherman trap (LFADTG; ca. $15.00 each) and life spans under normal usage are equivalent.  All specimens taken in “snap” traps will be saved as vouchers and deposited in the Museum of Southwestern Biology.  All rodent sampling will be consistent with published guidelines for reducing exposure of trapping personnel to hantavirus and other infectious diseases.





Bats will be sampled in several ways, depending on park size, availability of known or suspected roosts, and presence of water sources.  Where roosting sites are known or suspected the sites will be observed without disturbing the bats as the great likelihood is that such aggregations will be maternity colonies (females with young).  Such roosts can be selectively and carefully netted from the outside to determine species identification.  We may also choose to videotape exit flights of bats as appropriate.  We believe that detection of roost sites using radiotransmitters affixed to bats is a research question that generally is not appropriate for inventory purposes.  For bats roosting in small numbers, they can be hand-captured, identified, and released but such attempts should be used cautiously in maternity colonies.  On parks where bats are not readily captured, we will develop walking transects to search for bat presence based on observations of guano and insect remains.





All water sources larger than 1m (arbitrarily) will be included in the list of “unequal-sampling” focal sites, visited if possible and a decision made as to feasibility of erecting mist nets for capture.  (Most pools at “hanging garden” sites are not suitable for drinking by most bats, are typically difficult to net, and netting may damage fragile plants and substrates.)  Suitable sites (streams, creeks, stock ponds, etc.) will be netted two to three times per summer season no more often than every four to five days, depending on past success.  Where inclement weather results in low capture success the site will be revisited sooner.  Effort with mist nets will be quantified based on size and numbers of nets set each night (net-nights).  At most water sources on the plateau, 6- and 10m nets are sufficient although longer nets (14- and 20m) may be needed at times.  Bats will be carefully removed, sex, reproductive status, age, and species recorded, and released unharmed.  In some cases it may be useful to take selected measurements (mm) or body masses (g).  Where there are no water sources over which mist nets can be deployed it may be possible to net areas that intuitively appear to experienced investigators as flyways through which bats might travel.  Personnel handling bats will be vaccinated against rabies using the rabies pre-exposure regimen with subsequent testing of rabies antibody titers.





In selected parks or areas, especially those with limited roosts and water sources, it may be necessary to use a bat detector to determine the presence of bats.  Sample points or transects can be randomly selected and both species diversity and relative activity levels can be determined at a pre-determined number of points along the line.  Most North American investigators use the Australian bat detector Anabat, made by Titley.  Typically, calls are recorded on the hard drives of laptop recorders and saved for subsequent analysis.  Calls also can be saved on high-quality tape recorders or compact disk devices for analysis.  Although randomly-chosen bat detector transects may be very useful in long-term monitoring as well, a variety of caveats have been raised about their use in this fashion (e.g., O’Shea and Bogan, 1999) and we recommend that for parks on the SCP, efforts with Anabat be restricted to the identification and confirmation of bat species occurring on the park.  This should provide a more cost-effective effort, in conjunction with roost observations, searches, and netting.  Also, some species of bats have audible echolocation cries and experienced personnel can recognize those calls to help document presence of some species.  





To confirm the presence of some medium-sized terrestrial mammals and all large mammals, especially carnivores, we will use a combination of methods including historic and recent museum records, park staff and visitor files (with caution), field observations (for tracks, scat, sign) by those conducting mammal surveys, photographs, and relevant information from state fish and game agencies.  Most small parks will be too small to have any resident carnivores, rather the carnivore’s home range may encompass the park or at least the appropriate habitat components that occur on the park.  Likewise, for some larger parks and some wide-ranging species of carnivores much of the range of some species will be off the park.  Rather than mount an expensive and time-consuming effort to trap such species we recommend that other information sources be used.  We believe that this will provide a landscape-level overview of carnivore presence that should be more useful to parks in helping to understand the importance of the park to medium- and large-sized mammals within a regional context.  Larger parks will certainly have resident medium and large mammals but we recommend the same methods be used, except in the case of questions about occurrence of selected species on some parks or where identified needs exist.  





Finally, there is a suite of perhaps 20 or so medium-sized mammals, many diurnal, that are scansorial, arborial, fossorial or semi-fossorial, and aquatic.  Traps and trapping methods are available for some of these species but some of these species are difficult to trap and some require sedation for handling.  For many of these species the most cost-effective way to document presence for initial inventory is probably by observations documented with photographs by knowledgeable personnel.  If allowable, small-bore firearms, used discreetly, are a useful adjunct.  Park records may help confirm presence of some of these species as well.  For gophers, standard traps will be installed within burrows to determine species present.  Such installations typically require only minor excavation of a single point along a burrow.





3. Reptiles and Amphibians   





General Sampling Considerations - To inventory 90% of all reptile and amphibian species and determine general abundance and distribution in small park units, the entire unit will be sampled. For larger units, sampling will be stratified by habitat. Sampling will take place when reptiles this will entail sampling and amphibians are active, and breeding is likely, generally mid-May to the end of September. Sampling will occur throughout this season, focusing in May and June on early-season lizard activity and spring-breeding amphibians, in July and August on reptile hatching and monsoon-breeding amphibians and snakes, and in September on the last of the hatching reptiles and pre-hibernation snake activity. 





Sites for sampling herpetofauna will be selected in each habitat within each park using a stratified random procedure, in conjunction with other taxa researchers (refer to SCP full proposal). However, sampling sites will not be randomly chosen when detection of amphibians and species with specific habitat requirements is desirable. For example, all permanent and semi-permanent bodies of water in each park unit should be sampled during the spring and summer rainy periods for breeding amphibians. Rock outcrops (see Dalrymple et al. 1968 for a discussion of different types) provide critical habitat for species such as chuckwallas and desert night lizards, as well as winter hibernacula for many snake species. Road driving (see below) will cover all habitats adjacent to a strip transect (the road). 





Time-constrained searches. Time-constrained searches (TCS) are a version of visual encounter surveys defined by Crump and Scott (1994) in which not only the amount of time spent searching, but also the area covered, are standardized. TCS consist of walking systematically through each habitat within the sampling area for a specified amount of time, searching all reasonable areas within that habitat, and recording reptiles and amphibians encountered (Drost and Nowak 1997, Scott 1994). This method yields a number of individuals and species collected or observed per person-hour. The focus of these surveys will be to document species present rather than capturing and processing each individual seen.





We recommend that time-constrained searches be conducted by one or two herpetologists, and last 60 minutes (one or two person-hours, depending on the number of observers) per habitat to avoid observer fatigue. We recommend that the area covered by each TCS be one hectare (ha) in size; however if a given microhabitat is not structurally or vegetatively diverse (e.g. short-grass prairie), a greater area could be covered during the one-hour sampling period. This method is heavily influenced by the skill of its users, so we recommend only using skilled herpetologists familiar with the local species, capable of recognizing species, age classes, and sexes at a distance. Care must also be taken to define and stratify all major habitats to be sampled a priori, to ensure that each habitat is sampled for an equivalent amount of time (Scott 1994). Each habitat should be sampled during every sampling trip to ensure representative temporal coverage. 


We recommend supplementing road cruising surveys with nocturnal TCS in parks where there are few roads, and in habitats without roads running through them. Nocturnal TCSs will be conducted in the same plots searched by day, during the evening following the daytime searches, using the technique outlined above. However, unlike diurnal TCSs where each person can search independently, for safety reasons, technicians will work in 2-person teams to conduct a nocturnal TCS.  Each team will be considered a single person for measuring time spent searching.  Thus a single team would work for 1 hour to achieve a 1 person-hour search. 





Road cruising or night driving surveys. Driving slowly on roads at night is recognized as an excellent method for surveying some groups of reptiles, particularly snakes (e.g., Bernardino and Dalrymple 1992, Dodd et al. 1989, Klauber 1939, Mendelson and Jennings 1992, Rosen and Lowe 1994, Sullivan 1981). This method is also effective for surveying amphibians (Shafer and Juterbock 1994), particularly in the arid southwest where many anuran species are seldom active during daytime, but can often be found crossing roads on warm, rainy nights.





We recommend that night driving surveys be standardized in the following way: 1) Drive a vehicle at slow speeds (30-40 km per hour) on park roads for 2-4 hours each survey night (ca. 60-120 km per night); 2) Identify all amphibians and reptiles encountered to species, record either alive on the road (AOR) or dead on the road (DOR), sex and age all individuals, as possible; 3) Record locations to the nearest 0.1 km using calibrated vehicle odometers, and later convert these positions to GIS point locations; and 4) Collect animals found DOR and in good condition and preserve as voucher specimens. Occasionally live animals should be collected for voucher specimens, as needed.


In addition to night driving surveys, reptile and amphibian experts should opportunistically record amphibians and reptiles seen on roads during daytime, during the course of travel within the parks. Although less effective and less quantifiable than night driving, due to faster driving speeds and the presence of other vehicles on the road, this is still an effective method for detecting the presence of some diurnal reptiles, such as whipsnakes (Masticophis), patch-nosed snakes (Salvadora), and horned lizards (Phrynosoma).





Amphibian-specific methods. Amphibians are important bioindicators due to their dependence on water and to their sensitivity to environmental changes, and there has been recent international attention on the problem of widespread amphibian declines (Dunson et al. 1992, Vertucci and Corn 1996). The methods most effective for detecting amphibians are night road driving (see above), audio strip transects, and diurnal visual encounter surveys (Crump and Scott 1994). Audio strip transects consist of walking systematically along a body of water (ponds or streams) at night during amphibian breeding times, and recording the number and species of amphibians heard calling or seen. This method is extremely effective when breeding locations are known, and it may also be used if breeding locations are detected during another method, such as road driving. Counts are used to estimate relative abundance and composition of species, relative abundance of individual calling males, habitat use, and timing of breeding of different species. Diurnal visual encounter surveys consist of walking through a habitat for a prescribed time period looking for amphibians. They are a type of time-constrained search focusing on aquatic habitats, and effort is expressed in the number of person-hours searching in each habitat. This type of survey in parks on the southern Colorado Plateau would focus on permanent bodies of water and temporary pools, and its utility would be in detecting evidence of breeding, specifically searching for egg masses, tadpoles, and metamorphic (newly terrestrial) individuals.





Collaboration on Mammal Pitfall Trapping. Pitfall trapping is another method commonly used to detect reptile and amphibian species presence, as well as to conduct population studies (Drost et al. 2000 unpubl., Drost and Nowak 1997, Campbell and Christman 1982). We have chosen not to use this method for reptiles and amphibians due to its being time and effort-intensive. However, we will work with mammalogists conducting pitfall trapping for mammals in each park to ensure that all reptiles and amphibians that fall into pitfall traps are properly identified to species. Prior to the beginning of each field season, we will meet with these technicians to train them in reptile and amphibian species identification. We will request copies of herpetological data produced by pitfall trapping, and will incorporate any pertinent information thus gleaned into our final report.





Timing of Methods. The timing of methods for each cluster are based on the following assumptions. Each park will be surveyed three times (“trips”) per year, and the sampling period will last two years. Small parks, or those with limited habitat diversity, will require two days, one night at each park, assuming that two morning surveys (during peak reptile activity) can be conducted during each trip. Larger parks will require four days, three nights per park to ensure adequate sampling. Taking travel time between parks into consideration, this works out to five days per trip for the parks in Cluster 1 and HOVE, and ten days per trip for Clusters 3 and 4. A two-person field crew will be adequate to conduct the research in Clusters 1, 3, 4, and HOVE. Additionally, one day should be added to each trip for administrative work and data management.  





During each visit, we will conduct at least one TCS per habitat, and road drive every night while in the park. One amphibian survey should be conducted at each permanent and semi-permanent body of water in the park per trip during the spring and monsoon trips. 





4.  Vascular Plants 





The principal objectives for work on vascular plants are to document 90% of the species present in parks, to survey for special status and exotic species, and to provide baseline information for park planning and resource monitoring.  In parks that need vegetation inventories, we will use a sampling approach to estimate when 90% of species present in a park have been encountered.





For basic inventory work, a combination of an area search and one or more relevés (Rowlands 1995) will be used. By this method, the area around the sample point is thoroughly searched for species presence.  A definite area will be defined for part of this search.  We do not yet know the minimum size and number of plots needed to adequately sample plant species within a stratified area, but it will be one hectare or less.  The defined area will allow the sampling to be repeated during different growing seasons, and if desired, will also allow comparability from year to year.  This does not preclude additional search of larger areas, but does ensure the collection of information on species numbers that can be used in projecting total species numbers.  This technique, combined with one or more relevé plots will be used for basic floristic inventories in the parks.








A relatively simple relevé method will be used where detailed quantitative data is not required.  In this technique, a circular plot of specified dimensions is positioned in the community of interest, and species presence is recorded within the area.  The standard area used is 0.1 hectare (a circular plot of radius 17.84 meters).  A calibrated estimate of cover for each species is made using either calibrated percentage estimates or ranked scale of abundance from 1-5.  Estimates of total canopy cover and vegetation height by strata, environmental features of the relevé and notes on disturbance also will be collected.  The relevé methods are described at the USGS/NPS vegetation mapping web site (http://biology.usgs.gov/npsveg/) and in Rowlands (1995).  All exotic species encountered in the relevé, in the relevé environs, or eencountered in transit to the relevé will be recorded. 





The smallest NPS units (AZRU, HUTR, NAVA, and YUHO) will be inventoried by area searches encompassing the entire unit.  We will use the stratification and sampling grid approach to inventory in the larger parks.  


D.  Collections





Birds - No collections are planned for birds, but birds found dead will be collected opportunistically.  Specimens will be curated and stored at either at the Museum of Northern Arizona, Northern Arizona University, or the University of New Mexico.  All specimens will be affixed with National Park Service issue specimen tags containing information on species, collector, date of collection, collection site, and NPS record number.  





2.  Mammals – In general, most mammal work will be “capture and release.”  We anticipate releasing all captured bats unharmed except when a single voucher is required to document a particularly noteworthy range extension.  Likewise, the bulk of captured rodents will be released unharmed as well.  However, some rodents will be retained as voucher specimens, as some species (e.g., Peromyscus spp.) are difficult to identify without a cleaned skull.  For parks with little or no previous inventory work, we will retain small numbers (up to 10) of all rodent and lagomorph species as voucher specimens.  We will salvage dead animals whenever possible (e.g., road-killed animals) and will work with each park to process material they may have in freezers on-site.  We will deposit mammal specimens in the USGS Biological Survey Collection in the Museum of Southwestern Biology.  This collection is accredited by the American Society of Mammalogists (Hafner et al. 1997).  





It should be noted that properly identified voucher specimens, cataloged, accessioned, and deposited in accredited museums are fundamental to an improved understanding of occurrence and distribution of vertebrate species and plants on SCP parks.  Such specimens will allow independent assessment of the thoroughness and quality of work in the current effort.  All new inventory work on SCP parks should be properly vouchered to the maximum extent possible.  For species where it is not appropriate (e.g., protected species) or feasible (e.g., black bear or pronghorn) to take vouchers, documentation will be provided in some other form.  We will attempt to document such species with photographs of individuals, their sign, or scat  





Reptiles and Amphibians - We will collect a maximum of 10 voucher specimens of each amphibian and reptile species per park. It is doubtful that more than one or two individuals will be collected for each species, but for some taxons like whiptail lizards (Cnemidophorus), additional specimens may be necessary to ensure representative coverage of all subspecies and intergrades. We will focus on collecting road-killed and other dead individuals as much as possible rather than killing live animals.





At a minimum, presence of species at each park should be documented using high-quality, close-up color slides. Animals found dead and in identifiable condition should also be salvaged (e.g., those found dead on the road). Depending on park needs, live animals may also be collected and preserved. This is particularly important when species are found at park units that are not expected, and/or range extensions.


Specimens found dead may be stored temporarily in a freezer at the Park or researcher’s office. Place specimens in a plastic bag (Zip-loc© heavy duty freezer bags are excellent), along with a tag providing information on date of find, precise location where found, and collector. Air should be squeezed out of the bag, and the bag securely sealed. If the specimen will remain in the freezer for more than a few weeks, it is a good idea to double-bag the specimen. At the end of each year of sampling, all frozen specimens should be thawed out, injected with and immersed in 10% formalin for fixing, then transferred to 70% ethyl alcohol for preservation. Long-term storage should be in museum-quality glass storage jars. Animals collected alive may be killed by freezing or drowning in warm water, or preferably, through lethal injection of sodium pentobarbital (AVMA 1993). All specimens should be affixed with National Park Service issue specimen tags containing information on species, collector, date of collection, collection site, and NPS record number.





A potential negative side effect of any wildlife research project is injuring or stressing captured animals. Researchers may minimize stress by releasing animals as quickly as possible after capture. There is no reason to mark animals as part of the initial inventory work, but it is critical to the success of the future monitoring phase of the I&M projects. Therefore, all animals captured during monitoring should be marked to assist with detection of long-term population trends, and to assess relative abundance and distribution of local reptiles and amphibians. Lizards may be toe-clipped (Ferner 1979); snakes may be scale-clipped (Ferner 1979); and amphibians may be freeze-branded (Donnelly et al. 1994). All of these methods will produce a mark that will be identifiable for at least several years, and none are thought to cause severe pain or long-term suffering to the animals. Where necessary, all procedures for handling the animals will be reviewed and approved by a University Institutional Animal Care and Use Committee (IACUC), and by each state’s Game and Fish Department.


4.  Plants – Two specimens of each plant species will be collected as needed for vouchers or for identification of unknown species at the herbarium.  Specimens will be placed in the Museum of Southwest Biology, or in the Deaver Herbarium at Northern Arizona University.  Additional specimens will be collected and provided to the parks if desired.  Specimen vouchers collected as part of this study will be affixed with National Park Service issue specimen tags containing the following information: species name, collector, date of collection, collection site, and NPS record number.  





E.  Analysis – The study will result in tabular and spatial data from animal and plant inventories in formats compatible with service-wide and network databases developed by NPS and databases maintained by the USGS/Colorado Plateau Field Station at NAU.  These data will be compiled Access and ArcView GIS formats as required by the NPS National Inventory and Monitoring Program, for incorporation into the following databases: Dataset Catalog, NPSpecies, ANCS+, and NRBib.   The resulting data bases will be provided to the parks for their use at the completion of the project.


F.  Schedule – Following are general schedules for the taxonomic groups.  We will provide a more detailed schedule when available.


1.  Birds -





Mid May to late May: First trip, 1 VCP and area search survey per habitat per day plus 1 nocturnal survey.


Early June to mid June: Second trip, 1 VCP and area search survey per habitat per day plus 1 nocturnal survey.


Mid June to early July: Third trip, 1 VCP and area search survey per habitat per day plus 1 nocturnal survey.


2.  Mammals – For mammals in general, we envision a seasonal two-year effort for those parks needing partial or complete inventories.  Most work will be done in the summer season (June to August) and will usually consist of one multi-day or multi-week visit to each park (length of visit dependent on park size).  A specific schedule is in development and will be forwarded to each park for discussion and concurrence.  During the two years of work we will attempt to stagger visits to each park so populations can be sampled at different times.  It may be possible to work at some parks in this network in late spring or early fall.  Work at other times of the year will depend on specific needs.  Capture of data from park records and files may be done during visits in the off-season.  





3. Reptiles and Amphibians - (depending on each year’s weather conditions): 


early-May to early June: First trip, 1 TCS/habitat/day and amphibian searches


early-mid July: Second trip, 1 TCS/habitat/day + road driving at night + amphibian searches


mid-late August: Third trip, 1 TCS/habitat/day + road driving at night





4.  Plants


a.  Mid-May to Mid June, first trip, establish sampling points, do early sampling


b.  Mid-August to Mid-September, second trip, relocate sampling points, do late sampling


G.  Budget – See earlier proposal (Drost et al. 2000) for budgets for each project.





Data Management – Data management will follow guidelines from the national Inventory and Monitoring Program which include updating the NPSpecies data base, Natural Resource Bibliography, the Dataset Catalog, and to produce spatially oriented data bases for use in GIS products.  The information is to be provided to the parks in accessible formats.  Data collection and management are integral parts of the Southern Colorado Plateau inventory and monitoring program.  Efforts will focus primarily on the production of spatially oriented database tables and themes in a GIS framework, with continued work on the NPSpecies, Natural Resources Bibliography, and Dataset Catalogs.  The staff of the Southern Colorado Plateau program will work closely with the Northern Colorado Plateau program to develop database standards and formats that are compatible and to share resources whenever possible.  Additional detail about data management can be found in the earlier proposal (Southern Colorado Plateau Biological Inventory Group, 2000).





V.  Products





A.  Publications and Reports – Reports on the inventories will be prepared on an annual basis, and there will be a comprehensive final report for each taxonomic group.  There will also be tablular data, both non-spatial and spatial, as well as information in GIS themes or layers.  These reports and GIS products will be available to parks through Inventory and Monitoring and CESU websites, or by other means.  For additional detail on products, standards, and availability, see Drost et al. (2000).





B.  Collections – Vertebrate animal collections will be placed in the USGS Biological Survey Collection in the Museum of Southwest Biology and plant collections will be placed in the Museum of Southwest Biology or at the Deaver herbarium, Northern Arizona University.  The specimens will be labeled according to NPS requirements (see specific procedures above, and Drost et al. 2000).





C.  Data and other materials – Data will be stored at the Southern Colorado Plateau Inventory and Monitoring Network, Northern Arizona University, as well as at the National Inventory and Monitoring Program in Ft. Collins, Colorado.  The information will be available to each park through websites, or will be provided in other ways (e.g. CD’s) if necessary or desirable.  NPS data formats and standards will be followed (see previous section on products and Drost et al. 2000).
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Bogan, MA.  1999.  Family Vespertilionidae. In The mammals of northwestern Mexico (S.T. Alvarez-Castañeda and J.L. Patton, eds.)


Bogan, M.A. 1999.  California myotis, Myotis californicus. Pp. 85-86 in Complete book of North American mammals, D.E. Wilson and S. Ruff (eds.). Smithsonian Institution Press, Washington, DC.


Bogan, M.A. 1999.  Western small-footed myotis, Myotis ciliolabrum.  Pp. 87-88 in Complete book of North American mammals, D.E. Wilson and S. Ruff (eds.).  Smithsonian Institution Press, Washington, DC.


Bogan, M.A.  1999. Long-eared myotis, Myotis evotis. Pp. 88-90 in Complete book of North American mammals, D.E. Wilson and S. Ruff (eds.).  Smithsonian Institution Press, Washington, DC.


Bogan, M.A.  1999. Gray myotis, Myotis griscesens.   Pp. 90-92 in Complete book of North American mammals, D.E. Wilson and S. Ruff (eds.).  Smithsonian Institution Press, Washington, DC.


Bogan, M.A. 1999. Eastern small-footed myotis, Myotis leibii.  Pp. 93-94 in Complete book of North American mammals, D.E. Wilson and S. Ruff (eds.).  Smithsonian Institution Press, Washington, DC.


Bogan, M.A. 1997.  Bats happen-ecologically:(Review of) Ecology, evolution and behavior of bats by P.A. Racey and S.M. Swift (eds.).  Ecology, 78(4):1293-1294.


Bogan, M.A. 1997.  On the status of Neotoma varia from Isla Dátil, Sonora. Pp. 81-87 in Life among the muses: Papers in honor of James S. Findley. T.L. Yates, W.L. Gannon and D.E. Wilson, (eds.). Special Publication, Museum of Southwestern Biology, No. 3. 308 pp.


Bogan, M.A.  1997.  Historical changes in the landscape and vertebrate diversity of north central Nebraska.  Pp. 105-130 in Ecology and conservation of Great Plains vertebrates.  F.L. Knopf and F. B. Samson (eds.).  Springer-Verlag, New York, 320 pp.


Bogan, M. A., and P. M. Cryan. 2000. The bats of Wyoming. Pp. 71-94 in Reflections of a Naturalist: Papers honoring Professor Eugene D. Fleharty, J. R. Choate, ed.  Fort Hays Studies, Spec. Issue 1. 


Bogan, M.A., and R.B. Finley, Jr.  1996.  (Review of) Mammals of Colorado by J. Fitzgerald, C. Meaney, and D. M. Armstrong.  Journal of Mammalogy, 77:901-904.


Bogan, M.A. and C.A. Ramotnik.  1999.  Mammalian species diversity of the Grand Staircase-Escalante National Monument.  Pp. 153-159 in Learning from the land: Grand Staircase-Escalante National Monument Science Symposium Proceedings, L.M. Hill (ed.).  Bureau of Land Management, BLM/UT/G1-98/006+1220.
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Bogan, M.A., T.J. O’Shea, and L. Ellison.  1996.  Diversity and conservation of bats in North America.  Endangered Species Update, 13(4 and 5):1-2 & 14.
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Bogan, M.A., T.J. O’Shea, P.M. Cryan, A.M. Ditto, W.H. Shaedla, E.W. Valdez, K.T. Castle, and L. Ellison.  1998.  A study of bat populations at Los Alamos National Laboratory and Bandelier National Monument, Jemez Mountains, New Mexico.  FY95-97 report to Los Alamos National Laboratory and Bandelier National Monument. Los Alamos National Laboratory, LA-UR-98-2418.
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Cryan, P. M., M. A. Bogan, and G. M. Yanega. submitted. Roosting habits of four bat species in the Black Hills of South Dakota.  Journal of Mammalogy.
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Mollhagen, T.R., and M.A. Bogan.  1997.  Bats of the Henry Mountains region of southeastern Utah.  Occasional Papers, Museum of Texas Tech University, Number 170:1-13.


Perry, T.W., P.M. Cryan, S.R. Davenport, and M.A. Bogan.  1997.  New locality for Euderma maculatum (Chiroptera: Vespertilionidae) in New Mexico.  The Southwestern Naturalist, 42(1):99-101.
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Anne Calvert Cully


National Park Service, Colorado Plateau Cooperative Ecosystem Studies Unit


P.O. Box 5765, Northern Arizona University


Flagstaff, Arizona  86011-5765


(520) 523-0280  Internet:  anne.cully@nau.edu


EDUCATION


2000		Kansas State University, Manhattan, Kansas


Doctor of Philosophy, Biology (Plant Ecology)  Ph.D. 2000


1977		University of New Mexico, Albuquerque, New Mexico


		Master of Science, Biology (Plant Ecology)


1971		University of New Mexico, Albuquerque, New Mexico


		Bachelor of Arts, Major-Anthropology


	EMPLOYMENT


August 2000 to present – Plant Ecologist, Colorado Plateau Cooperative Ecosystem Studies Unit, National Park Service


January 1997 to August 2000 - Graduate Research Assistant, Division of Biology, Ackert Hall, Kansas State University, Manhattan, Kansas.


December, 1995 to December, 1997 - Fish and Wildlife Biologist, U. S. Fish and Wildlife Service, Kansas Ecological Services Field Office, Manhattan, Kansas.


October, 1990 to December, 1995 - Botanist, U.S. Fish and Wildlife Service, New Mexico Ecological Services Field Office, Albuquerque, New Mexico.


April, 1985 to September, 1990 - Botanist (Planner IV), State Forestry Division, New Mexico Energy, Minerals and Natural Resources Department, Santa Fe, New Mexico.


1979 to 1985 - Research Associate, Biology Department, University of New Mexico, Albuquerque, New Mexico.


1977 to 1979 - Botanical and palynological consultant.


1975 to 1976 - Research Assistant, Biology Department, University of New Mexico, Albuquerque, New Mexico.


SELECTED PUBLICATIONS, PRESENTATIONS, AND REPORTS


Knight, P.J., S. Lucas, and A.C. Cully.  1996.  An early Pleistocene flora from Central New Mexico.  Southwestern Naturalist 41(3):207-217.


Cully, A.C.  1996.  Knowlton’s cactus (Pediocactus knowltonii) reintroduction.  In Restoring diversity: Strategies for reintroduction of endangered plants, pp 403-410.   D.A. Falk, C.I. Millar, and M. Olwell, editors.  Island Press, Washington, D.C.


Knight, P.J. and A.C. Cully.  1991.  A new species of Astragalus from southeastern New Mexico.  The Southwestern Naturalist 34(4):487-498.


Staehlaker, D., P. Kennedy, A. Cully, and B. Kuykendahl.  1989.  Breeding bird assemblages at Guadalupe Mountain, Taos County, New Mexico.  The Southwestern Naturalist 34(4):487-498.


Cully, A.C. and J.F. Cully, Jr.  1989.  Spatial and temporal variation in annual vegetation at Chaco Canyon, New Mexico.  Great Basin Naturalist 49(1):113-122.


Cully, A.C.  1979.  Some aspects of pollen analysis in Archaeology.  The Kiva 44(2-3):95-100.


Presentations:


The effects of size and fragmentation on invasion of tallgrass prairie fragments by non-native plant species. Fifth International Conference on the Ecology of Invasive Alien Plants.  La Maddalena, Sardinia, Italy.  1999.


Reintroduction of Pediocactus knowltonii: A case study.  Symposium on Restoring Diversity: Is Reintroduction an Option for Endangered Plants?  Center for Plant Conservation, Missouri Botanical Garden, St. Louis, Missouri. 1993.


Preliminary results of a long-term monitoring study of Mesa Verde cactus (Sclerocactus mesae-verdae).  Southwestern Rare and endangered Plant Conference, Santa Fe, New Mexico.  1992.


Preliminary results from monitoring two populations of Sclerocactus mesae-verdae.  Third Annual Conference, Society for Conservation Biology, University of California at Davis.  1988. (With M. Olwell, D. House, P.J. Knight)


Indian ricegrass (Oryzopsis hyemenoides):A potentially useful wild grass species adapted to dunal habitats.  Meeting on Management and Utilization of Arid Land Plants, Saltillo, Coahuila, Mexico.  U.S.D.A. Rocky Mountain Forest and Range Experiment Station, Secretaria Agricultura y Recursos Hydrologicas, and UNESCO Program on Man and the Biosphere.  1985.


            Additional Reports and Publications


Crawford, C.S., A.C. Cully, R. Leutheuser, M.S. Sifuentes, L.H. White, J.P. Wilber.  1993.  Middle Rio Grande Ecosystem: Bosque Biological Management Plant.  Bosque Interagency Team (Army Corps of Engineers, Bureau of Reclamation, Fish and Wildlife Service, University of New Mexico).  U.S. Fish and Wildlife Service, Region 2, Albuquerque, New Mexico.


Cully, A.C., P.J. Knight, P. Olwell, and D. House.  1992.  Preliminary results of a long-term monitoring study of the Mesa Verde cactus (Sclerocactus mesae-verdae), pp. 108-120.  In Proceedings of the southwestern rare and endangered plant conference.  R. Sivinski and K. Lightfoot, editors.  New Mexico Forestry and Resources Conservation Division. Santa Fe.


Cully, A.C. and P.J. Knight.  1988.  Status report on Amsonia fugatei.  Report on file, U.S. Fish and Wildlife Service.  Albuquerque, New Mexico.


Olwell, M., A. Cully, P. Knight, and S. Brack.  1987.  Recovery efforts for Pediocactus knowltonii, pp. 519-512.  In Conservation and Management of Rare and Endangered Plants.  T.S. Elias, editor.  California Native Plant Society.  Sacramento, California.


Cully, A.C. and P.J. Knight.  1987.  Status report on Sibara grisea.  Report on file, U.S. Fish and Wildlife Service. Albuquerque, New Mexico.


Cully, A.C. and P.J. Knight.  1987.  A handbook of vegetation maps of New Mexico Counties.  New Mexico Department of Natural Resources. Santa Fe, New Mexico.


Cully, A.C.  1986.  Indian ricegrass (Oryzopsis hymenoides): A potentially useful wild grass adapted to dunal habitats.  In Management and utilization of arid land plants: Symposium proceedings.  February, 18-22, Saltillo, Mexico.  Rocky Mountain Forest and Range Experiment Station.  Fort Collins, Colorado.
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Charles A. Drost


U.S. Geological Survey / Biological Resources Division


Colorado Plateau Research Station


Box 5614, Northern Arizona University


Flagstaff, AZ  86011


Education: �


1989		University of California, Davis, 1989


M. A., Zoology:  


1979		Auburn University


B. S., Biology:  


research Experience:


Zoologist, National Biological Service / Colorado Plateau Research Station (1993 - present)�Population studies of vertebrate species.  Inventory studies in Colorado Plateau Parks.  Research on declining amphibian species.  Design and management of surveys for rare mammal, reptile and amphibian species.





Zoologist, Cooperative Parks Studies Unit, University of California, Davis, CA  (1989 - 1993)�Review of native animal restoration and non-native animal control work in natural reserves.  Research on declining amphibian species.  Ecology of threatened Santa Rosa Island spotted skunk.  Biological diversity in California National Parks.





Biological Consultant, Davis, CA  (1989 - 1992)�Design, fieldwork, and reporting for biological studies for private and government agencies, including:  1) surveys of plants, vertebrate animals, and potential environmental impacts of proposed construction on islands in the Sacramento River delta;  2) intensive survey for rare plant species within project area of proposed dam.





Zoologist, Channel Islands National Park, Ventura, CA  (1985 - 1989)�Population studies of terrestrial vertebrates and invertebrates on the Channel Islands of southern California, including: 1) design of survey and population monitoring techniques; 2) field surveys and tests of techniques; 3) development of computer databases and programs for analyzing data; and 4) statistical analysis.  Co-authored comprehensive monitoring handbooks for the Park.  





Thesis research, Predation and Population Cycles on a Southern California Island  (1984 - 1989)�Studied relationship of deer mouse population cycles to weather patterns, predation pressure, and predation on alternative prey species.  Designed and carried out censuses of mice and predators, collected food habits and mortality data, and analyzed and synthesized results for professional papers.





Biological Technician, Channel Islands National Park  (1981 - 1984)�Research on ecology of endangered island night lizard.  Conducted field work, analyzed parts of the resulting data (food habits, predation), collaborated on statistical analysis, and on writing and editing the resulting monograph.  





Wildlife Assistant, Carson National Forest, Taos, NM  (1980)�Field studies ranging from an alpine plant survey to habitat evaluation for restoration of White-tailed Ptarmigan, to habitat use and population ecology of a herd of Bighorn Sheep.  Assumed primary responsibility for habitat evaluation for restoration of White-tailed Ptarmigan.  Assisted in wildlife surveys on timber tracts, including bird counts, searches for deer and elk sign, and vegetation description.


�
Publications:


Drost, C. A., and D. W. Blinn. 1997. Invertebrate Community of Roaring Springs Cave, Grand Canyon National Park, Arizona.  Southwest Naturalist 42:497-500.


Drost, C. A., and M. K. Sogge. 1996. Preliminary survey of leopard frogs in Glen Canyon National Recreation Area.  Proceedings of the Second Biennial Conference on Research on the Colorado Plateau.  National Park Service Transactions and Proceeding Series NPS/NRNAU/NRTP-95/11


Drost, Charles A., and Gary M. Fellers. 1996. Collapse of a Regional Frog Fauna in the Yosemite Area of the California Sierra Nevada, USA.  Conservation Biology 10(2):414-425


Drost, Charles A., and Elena T. Deshler. 1995. Status of reptiles and amphibians on the Colorado Plateau.  Pages 326-328 In: E. T. LaRoe et al. (eds.),  Our Living Resources: a report to the nation on the distribution, abundance, and health of U.S. plants, animals, and ecosystems. National Biological Service, Washington, D. C.


Drost, Charles A., and Gary M. Fellers. 1995. Non-native animals on public lands.  Pages 440-442 In: E. T. LaRoe et al. (eds.),  Our Living Resources: a report to the nation on the distribution, abundance, and health of U.S. plants, animals, and ecosystems. National Biological Service, Washington, D. C.


Fellers, Gary M., and Charles A. Drost. 1995. Handbook for Restoring Native Animals.  Natural Resources Report NPS/NRPORE/NRR-95/19. U.S. Department of Interior, National Park Service.  Natural Resources Publication Office, Denver, CO.


Drost, Charles A., and David B. Lewis. 1995. Xantus' Murrelet (Synthliboramphus hypoleucus). In: The birds of North America, A. Poole and F. Gill, eds.  The Academy of Natural Sciences, Philadelphia, and The American Ornithologists' Union, Washington, D.C.


Fellers, Gary M. Charles A. Drost, and W. Ronald Heyer. 1994. Handling live amphibians. pp. 275-276 in: Heyer, W. Ronald, et al. (eds.) Measuring and Monitoring Biological Diversity: Standard Methods for Amphibians.  Smithsonian Institution Press, Washington, D. C.


Fellers, Gary M. and Charles A. Drost. 1994. Sampling with artificial cover. pp. 146-149 in: Heyer, W. Ronald, et al. (eds.) Measuring and Monitoring Biological Diversity: Standard Methods for Amphibians.  Smithsonian Institution Press, Washington, D. C.


Drost, Charles A., and Gary M. Fellers. 1994. Decline of Frog Species in the Yosemite Section of the Sierra Nevada.  Final report to Yosemite National Park and the Yosemite Association, iii + 54 pp.


Junak, Steve, Ralph Philbrick, and Charles Drost. 1993. A revised flora of Santa Barbara Island.  pp. 54-112 in: M. Daily (ed.), Santa Barbara Island. Occasional Paper No. 6, Santa Cruz Island Foundation, Santa Barbara, California.


Drost, Charles A., and Thomas J. Stohlgren. 1993. Natural Resource Inventory and Monitoring Bibliography.  Technical Report NPS/WRUC/NRTR-93/04.  U.S. Department of Interior, National Park Service.  Cooperative National Park Studies Unit.  University of California, Davis, CA.


Fellers, Gary M. and Charles A. Drost. 1993. Disappearance of the Cascades Frog, Rana cascadae, at the Southern End of its Range, California, USA.  Biological Conservation 65:177-181.
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MATTHEW J. JOHNSON


USGS/BRD, Colorado Plateau Field Station	506 Dinnebito Trail


Box 5614, Northern Arizona University, Flagstaff, AZ 8601	Flagstaff, AZ 86001


(520) 556-7466 ext. 236.  Internet: Matthew.Johnson@nau.edu.	(520) 525-2405


EDUCATION


1994-1997	NORTHERN ARIZONA UNIVERSITY, Flagstaff, Arizona�Master of Science in Avian Ecology


1990-1992	WEBER STATE UNIVERSITY, Ogden, Utah�Bachelor of Science in Wildlife Biology


1978-1983	WESTERN STATE COLLEGE, Gunnison, Colorado�Bachelor of Arts in Applied Education, Minor Business Administration


RESEARCH  EXPERIENCE


WILDLIFE BIOLOGIST - Population status and distribution of the avian community at Pipe Spring National Monument, Arizona and Canyonlands National Park, Utah; monitoring land birds (including raptors and owls), setting up and implementing permanent transects.  Also responsible for oral presentations at agency and public meetings, and providing park with monthly reports on the progress and status of the study.  COLORADO PLATEAU RESEARCH STATION/NORTHERN ARIZONA UNIVERSITY (CPFS).  Supervisor: Dr Charles van Riper III, Phone (520) 556-7466 ext. ext. 227. 1998-present 


WILDLIFE BIOLOGIST - Plan, coordinate and implement research on breeding ecology, winter distribution and abundance of Southwestern willow flycatchers in Central America, Grand Canyon NP, Canyonlands NP and throughout the Colorado Plateau.  Determine presence, reproductive status, habitat occupancy, foraging patterns and breeding biology of this endangered species.  CPFS.  Supervisor: Mark Sogge, Ecologist.  1992-present.


THESIS RESEARCH - Studies on brown-headed cowbird brood parasitism effects on black-throated sparrows in north-central Arizona.  Coordinated and conducted research, including: designing protocols; hiring, training, and supervising staff; budget tracking; data evaluation and analysis; and preparing scientific journal articles and agency reports.  Also, responsible for preparing and delivering oral presentations at agency meetings, public meetings and scientific conferences. CPFS.  Supervisor: Dr. Charles van Riper III.  9/94-5/97.


WILDLIFE BIOLOGIST - Develop brown-headed cowbird inventory and monitoring program for Montezuma Castle National Monument, Arizona.  Establish sampling sites, collect inventory data, evaluate habitat characteristics, and write monthly and annual reports.  Supervised a two-person crew locating and monitoring nests of host species parasitized in riparian zones.  KERN RIVER RESEARCH CENTER, CALIFORNIA.  Supervisor: Murrelet Halterman.  3/95-8/96.


RESEARCH ASSISTANT - Collected baseline information on distribution and abundance of the avian community at Montezuma Castle NM, Arizona.  Field monitoring of land birds (including raptors and owls).  Also gave oral presentations at agency and public meetings, and prepared monthly reports on the progress and status of the study.  COOPERATIVE PARK STUDIES UNIT/NORTHERN ARIZONA UNIVERSITY. Supervisor: Mark Sogge.  1/92-8/94. 


WILDLIFE BIOLOGIST - Field supervisor for population inventory of Mexican spotted owls in central and southern Utah.  Duties included route selection and setup for designated survey areas, organizing a three-person crew to complete each survey, and preparing daily and ten-day reports of all owl sightings and status of surveys completed.  Also captured individual owls for radio and band placement, and tracked individuals to determine home range occupancy for a telemetry research project in Zion National Park, Utah.  HIGH DESERT RESEARCH. Supervisor: David Willey.   5/91-10/91 


PUBLICATIONS


Sogge, M.K. and  Johnson, M.J., .  1998.  A checklist of birds of Montezuma Castle and Well National Monuments and Vicinity.  Southwest Parks and Monument Association, Tucson, AZ.


Johnson, M.J.  1997.  Cowbird brood parasitism of the Black-throated Sparrow in the Verde Valley of central Arizona.  Master’s thesis, Flagstaff, Arizona, Northern Arizona University.


Johnson, M.J., and M.K. Sogge.  1995.  Cowbird concentrations at livestock corrals in Grand Canyon National Park.  Pages 275-284 in C. van Riper III,  Editor.  Proceedings of the Second Biennial Conference on Research in Colorado Plateau National Parks, 25-28 October 1993.  National Park Service Transactions and Proceedings Series NPS/NRNAU//NRTP-95/11.


Johnson, M.J., and M.K. Sogge.  1995.  A checklist of birds of Tuzigoot National Monument and Vicinity.  Southwest Parks and Monument Association, Tucson, AZ.


Johnson, M.J., L.E. Ellison and M.K. Sogge.  1993.  Southwestern Willow Flycatcher declines in Grand Canyon National Park.  Park Science 13:12-13.


SELECTED TECHNICAL AND AGENCY REPORTS


Johnson, M.J.   1999.  Southwestern Willow Flycatcher and Western Yellow-billed Cuckoo Surveys along the Colorado and Green Rivers in Canyonland National Park. Colorado Plateau Field Station/Northern Arizona University.  33 pp.


Tibbitts, T. and Johnson, M.J.,  1999.  Southwestern Willow Flycatcher surveys conducted along the Colorado River Corridor in Grand Canyon National Park.  Colorado Plateau Field Station/Northern Arizona University. 18 pp.


Johnson, M.J. and C. O’Brien.  1998.  Southwestern Willow Flycatcher and Western Yellow-billed Cuckoo Surveys along the San Juan River, Utah (Four Corners Bridge - Mexican Hat and Clay Hills Crossing).  Colorado Plateau Field Station/Northern Arizona University.  45 pp.


Johnson, M.J.  1998.  Southwestern Willow Flycatcher Surveys in the Manti-La Sal National Forest (Moab and Monticello Districts) Utah.  Colorado Plateau Field Station/Northern Arizona University.  19 pp.


Johnson, M.J. and C. van Riper III.  1998.  The Black-throated Sparrow at Montezuma Castle National Monument in the Verde Valley of Central Arizona.  Colorado Plateau Field Station/Northern Arizona University.  Technical Report Series USGSFRESC/COPL/1998.  45 pp. 


Sogge, M.K. and M.J. Johnson.  1998.  Montezuma Castle Avian Inventory 1991-1994.  Colorado Plateau Field Station/Northern Arizona University.  202 pp.


Tibbitts, T. and Johnson, M.J.,  1998.  Southwestern Willow Flycatcher surveys conducted along the Colorado River Corridor in Grand Canyon National Park.  Colorado Plateau Field Station/Northern Arizona University. 18 pp.
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Erika Nowak


USGS/BRD, Colorado Plateau Field Station


Box 5614, Northern Arizona University


Flagstaff, AZ 86011


(520) 556-7466


EDUCATION


1998		Northern Arizona University, MS, Biology


1991		Cornell University, BS, Wildlife Biology





HERPETOLOGICAL WORK EXPERIENCE


November 1992 to Present


WILDLIFE BIOLOGIST (RESEARCH TECHNICIAN) from 11/92 to  6/98, USGS Forest and Rangeland Ecosystem Science Center/ Colorado Plateau Field Station at Northern Arizona University, Flagstaff, Arizona.   Supervisors: Charles van Riper III, Station Leader, and Charles A. Drost, Zoologist


* Beginning a study of the status, distribution, habitat use, and prey preference of a rare garter snake in Oak Creek Canyon. Initiated Passive Integrated Transponder (PIT) tag monitoring programs for rattlesnakes at Montezuma Castle and Tuzigoot National Monuments and Northern Arizona. Conducted inventories and assessments of the herpetofaunas of Montezuma Castle National Monument and Petrified Forest National Park using standard herpetological techniques. Prepared proposals, annual reports, presentations, and final reports for these projects using DOS, Windows, and UNIX-driven word processing, database, statistical, and mapping programs. Collected distributional and seasonal abundance informa�tion for reptiles and amphibians based on personal and park staff observations. Conducted first two years of monitoring program for herpetofauna at Montezuma Castle. Writing an illustrat�ed guide to the natural history and identifi�cation of the herpetofauna of Montezuma Castle National Monument and Petrified Forest National Park for use by park staff and visitors. Collected and prepared voucher specimens. Assisted with proposal development for additional surveys of the grassland herpetofauna of southern Colorado Plateau National Parks (funding requested). Served on Quality Circles to develop an in-house award system and to determine networking needs for this Field Station. Organized the Colorado Plateau Field Station’s Producer of the Year Award for researchers. 


March 1995 to April 1998: HERPETOLOGIST, USGS Forest and Rangeland Ecosystem Science Center/ Colorado Plateau Field Station at Northern Arizona University, Flagstaff, Arizona.  Supervisor: Kathy Davis, National Park Service - Southern Arizona Group Office, Phoenix, AZ.


* Principal Investigator for telemetry study of eight free-ranging rattlesnakes at Tuzigoot National Monument (Arizona). Developed proposal, supervised one field technician, assisted with implantation of transmitters and field data collection from telemetered and untelemetered rattlesnakes, and produced maps and text for final report. Determined movement patterns, range size, habitat use, behavior, and hibernation and foraging sites for this population. Used GIS-based technology to record and map rattlesnake positions, activity ranges, and movements. Developed text and images for interactive computer program detailing rattlesnake natural history, snakebite, conservation, and results of the telemetry research for monument visitor center. Submitted proposal for further research on this population to the Arizona Game and Fish Department Heritage Fund.


August 1994 to May 1998: GRADUATE  STUDENT, Northern Arizona University, Flagstaff, Arizona. Major Advisors: Dr. Charles van Riper and Dr. Kiisa Nishikawa


* Conducted Master's thesis at Northern Arizona University on the effects and effectiveness of rattlesnake relocation at Montezuma National Monument (Arizona). Radio-tracked 19 western diamondbacks between 1994 and 1996 about every two days during active periods and weekly during hibernation. Determined movement patterns, range size, behavior, hibernation and foraging sites, and thermal ecology for this population. Used GIS-based technology to record and map rattlesnake positions, activity ranges, and movement patterns. Developed interpretative trailside display and brochures detailing rattlesnake natural history, behavior, and results of the telemetry research for monument visitor center. 


May 1992-October 1992: Volunteer, Malheur National Wildlife Refuge, Princeton, Oregon.  Supervisor: Gary Ivey, Wildlife Biologist


* Designed and analyzed a herpetological survey in upland and aquatic habitats. Presented informal talks on the natural history of reptiles and amphibians of the refuge. Conducted surveys of nests, broods, and adults of waterfowl and sandhill cranes. Captured and banded water�fowl and sandhill cranes. Conducted radio telemetry of sandhill crane colts from hatching until fledging. Conducted surveys of raptors, shorebirds, other breeding birds, and coyotes. Staffed visitor center reception desk. Cared for ill waterfowl and raptors. 


September 1991-March 1992: Intern, Archbold Biological Station, Lake Placid, Florida.  Supervisors: Dr. John Fitzpatrick, Director, Dr. James Layne, Ver�te�brate Ecol�ogist, and Dr. Glen Wolfenden, Ornithologist


* Designed and completed a herpetological census of a cattle ranch using standard herpetological techniques and mechanical dredging. Supervised drainage ditch dredging and the capture and processing of animals in the ditches. Collected and prepared specimens inclusion in museum. Analyzed the relative effectiveness of drainage ditches in providing habitat for reptiles and amphibians. Recorded minute-by minute location and social and feeding behavior of scrub jays. Sampled insect populations monthly. Compiled and indexed 20 years of field observations and data, and more than 40 years of anecdotal and scientific field observations of the feeding and social behavior of crested caracaras. Acted as inter�preter for several high school groups viewing scrub jay research.    


�
RESUME





Trevor B. Persons


Colorado Plateau Field Station


Box 5614, Northern Arizona University


Flagstaff, Arizona 86011-5614


(520) 556-7462 x 239


Trevor.Persons@nau.edu


and


P.O. Box 31060, Flagstaff, Arizona 86003


(520) 853-1282





EDUCATION





1991-1994


�
University of Maine, Orono. Graduated in May, 1994 with a Bachelor of Arts in Zoology.


�
�
1989-1990�
University of Arizona, Tucson. Attended part-time and took courses in the department of Ecology and Evolutionary Biology.


�
�
1985-1987�
University of Maine, Orono. Attended full-time, taking courses primarily in Studio Art and Philosophy.


�
�



EXPERIENCE





1997-present�
Currently employed at the Colorado Plateau Field Station (CPFS), USGS/BRD/FRESC, Northern Arizona University, Flagstaff,  specializing in herpetology field studies. Projects have included a herpetofauna inventory of Petrified Forest National Park, distribution and road mortality of snakes and amphibians at Wupatki National Monument (WUPA), distribution and status of the canyon spotted whiptail lizard in southeastern Arizona (with researchers at the University of Arizona), breeding bird surveys at WUPA, and Brown-headed Cowbird movement ecology in the Verde Valley and at Grand Canyon National Park. Current projects include a long-term mark-recapture study of lizards northeast of Flagstaff, distribution and habitat association of the little striped whiptail lizard in and around WUPA, distribution of the introduced New Mexico whiptail lizard in and around Petrified Forest National Park, and other studies of the distribution, ecology, and systematics of whiptail lizards of Arizona and the Colorado Plateau (many with Dr. John W. Wright of the Natural History Museum of Los Angeles County). In addition, am working with Erika Nowak and Charles Drost  (of the CPFS) co-leading the herpetofaunal component of a biological inventory of all National Park Service areas on the southern Colorado Plateau, and on developing the Flagstaff Area National Monuments Visitor Experience and Resource Protection plan.


�
�
1995�
Worked for Dr. Cecil Schwalbe of the University of Arizona on an anuran toxicity study. Operated and maintained the experimental apparatus and monitored the effects of arsenic, cadmium, and ultraviolet light on frogs and toads.


�
�
1995�
Worked for Dr. Cecil Schwalbe and graduate student Dixie Bounds of the University of Arizona on a study comparing the effectiveness of different sampling methods for monitoring lizard populations at Buenos Aires National Wildlife Refuge in southern Arizona. Work primarily consisted of running lizard line transects and monitoring pitfall traps. Also recorded data on vegetation using line and belt transects.


�
�
1994�
Worked part-time for graduate student Phillip DeMaynadier of the University of Maine on a study examining the effects of forestry practices on amphibian populations in the Maine woods. Work primarily involved monitoring pitfall traps.


�
�
1993-1994�
Worked for two field seasons for the University of Maine and the Environmental Protection Agency (EPA) on the EPA’s Environmental Monitoring and Assessment Program. Conducted lake shore bird censuses (point counts) on lakes throughout New England, New York, and New Jersey. Served as crew leader, supervising a habitat data recorder.


�
�
1993-1994�
Worked part-time for Norman Famous on a cooperative study with Partners in Flight designed to assess the validity of neotropical migrant songbird declines found on Breeding Bird Surveys. Used point count and spot mapping techniques to census birds on an island off the coast of Maine.


�
�
1990-1991�
Worked for Dr. Tim Graham for two seasons as a biological aid for the National Park Service at Natural Bridges National Monument in southeast Utah on a study of the Western rattlesnake. Duties included locating snakes using radiotelemetry and recording data on behavior, temperature, and microhabitat characteristics. Also assisted in the monument’s long-term monitoring program by running bird and herpetofauna transects and small mammal trap lines. Produced bird and herpetofauna checklists for the monument.


�
�
1989-1990�
While attending the University of Arizona worked part-time in the laboratory of endocrinologist Dr. Mac Hadley. Work consisted of preparing and treating amphibian and reptile skin with derivatives of melanocyte stimulating hormone and recording subsequent lightening or darkening of the skin. Also performed numerous miscellaneous tasks.


�
�
1989�
Worked for the summer as a field assistant to Dr. Don Miles on an ecological study of the Tree lizard at Saguaro National Park in southern Arizona, as well as on studies of ecological morphology of other Sceloporine lizards throughout the southwest. Work involved capturing and marking lizards, recording temperature and microhabitat data, and running lizards on treadmills and racetracks in the laboratory. 





�
�
PUBLICATIONS





Persons, T. 1992. A checklist of the amphibians and reptiles of Natural Bridges National Monument. Intermontanus 1: 1-2.


Graham, T.B., T. Persons, W. Schaedla, and D. Moore. 1995. Temperature patterns of rattlesnakes at Natural Bridges National Monument, Utah. Pages 255-274 In C. van Riper III, editor. Proceedings of the Second Biennial Conference on Reserach in Colorado Plateau National Parks. Transactions and Proceedings Series NPS/NRNAU/NRTP-95/11.


Persons, T. 1999. Geographic Distribution: Sonora semiannulata. Herpetological Review 30: 55.


Persons, T., and J.W. Wright. 1999. Geographic Distribution: Cnemidophorus inornatus. Herpetological Review 30: 109.


Persons, T., and J.W. Wright. 1999. Discovery of Cnemidophorus neomexicanus in Arizona. Herpetological Review 30: 207-209.


Persons, T.B., and G.L. Bradley. 2000. Geographic Distribution: Diadophis punctatus. Herpetological Review 31:113-114.


Drost, C.A., T.B. Persons, and E.M. Nowak. In press. Survey of the herpetofauna of Petrified Forest National Park, Arizona. In M. Stuart, editor. Proceedings of the Fifth Biennial Conference on Research on the Colorado Plateau. 


Persons, T. B., and J.W. Wright. In preparation. Isogenicity of an introduced population of the New Mexico whiptail lizard (Cnemidophorus neomexicanus) from Arizona. (to be submitted to The Southwestern Naturalist).


Persons, T.B., and P.C. Rosen. In preparation. Geographic Distribution: Thamnophis cyrtopsis (to be submitted to Herpetological Review).














�
VIII.  Supporting Documentation and Special Concerns





A.  Safety – In handling live animals, investigators may be bitten or scratched.  Herpetologists may be bitten by venomous snakes.  The herpetologists are experienced researchers and will take all necessary precautions.  Other investigators are also experienced and will take precautions when walking or setting up transects to avoid bits from venomous snakes or insects.





B.  Access to study sites – Most scientists will be visiting the park two to three times per year.  They will need access to all areas of the park (depending on sampling points).  Most activities will not involve any ground disturbance, however, there will be some associated with mammal studies.  Access to restricted areas (if there are any) could be discussed with park staff prior to establishing sampling areas.  No backcountry camping is planned.





C.  Use of mechanized and other equipment – No use of mechanized equipment is planned.  





D.  Chemical use – No chemicals will be used at the study sites.  Preservatives for specimens (formalin, ethanol) may be used at the camp sites or living areas.





E.  Ground disturbance - 





F.  Animal welfare – Protocols are being reviewed by Northern Arizona University’s Institutional Animal Care and Use Committee.  We will forward protocol and approval when it arrives.





G. NPS Assistance - All taxonomic groups would like to share housing in NPS areas as available.  NPS Inventory and Monitoring Program has provided funds for these studies.





H.  Wilderness “minimum requirement” protocols – No activities will be conducted in proposed or designated wilderness areas.
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