Response to ISRP for Project ID 21029

1. Clearly identify the distinctions and complementarity between 21029 and 21023.

· Will sample areas be the same?

· Are there possibilities for synergistic results?

It is important to note that Project ID 21029 and 21023 are key components of a comprehensive, landscape level investigation of mule deer ecology in northeastern Washington with a study area that extends well beyond the boundaries of the Inter-Mountain Province (IMP).  The umbrella study is titled the Cooperative Mule Deer Project (CMDP) and includes financial and staff support from the Washington Dept of Fish and Wildlife (WDFW), the Colville Confederated Tribes (CCT), Chelan County Public Utility District (CPUD), the Colville, Okanogan, and Wenatchee National Forests, Washington Dept of Natural Resources, three major universities (University of Idaho, University of Washington, and Washington State University), and several sports groups (Inland Northwest Wildlife Council, Northern Okanogan Sports Council, and a local chapter of Safari Club International).  Since the original proposal was submitted to CBFWA, the Spokane Tribe of Indians, the Kalispell Tribe and the U.S.D.I. Bureau of Land Management have joined CMDP as cooperators. 


CMDP has a number of goals and objectives designed to address management needs and questions regarding relationships between habitat quality and reproductive performance, population regulation across a variety of habitat types, movements and herd delineation, survival rates, and mortality sources. (For a more detailed discussion of CMDP purpose, goals, and objectives, please see the attached project prospectus, “Population Regulation and Habitat Ecology of Mule Deer in North-Central and Northeast Washington”).  

The overall approach is to sample deer from various winter ranges throughout the CMDP study area, including within the IMP.  Although population trend data are available for most wintering areas, no density information exists which would allow for calculations of sample size requirements for radio placement.   Similarly, only empirical and anecdotal information regarding deer dispersal from known winter ranges is currently available.  We intend to mark 40 mule deer with radios on geographically larger winter ranges and 15 mule deer on the smaller sized winter use areas during the upcoming (2000-2001) winter season as part of the descriptive phase of the research project.   Even though having approximately  180 (120 in IMP) adult females marked with radios will provide an adequate sample for estimating survival (using the currently observed survival rate of 0.80, estimates of survival will be +/- 0.058 of the mean at the 95% confidence interval with alpha = 0.05), additional deer may need to be radio-marked following completion of aerial surveys to estimate densities. 

Although the goals of Project 21029 and 21023 differ, these two projects do complement each other and should produce synergistic results.  Project 21029 is designed to explore the relationship between habitat (forage/nutrition) quality, physical condition of adult females, and reproductive performance, while 21023 will test the hypothesis that increasing numbers of sympatric white-tailed deer maintain mountain lion numbers at a higher level which results in decreased mule deer densities due to predation by mountain lions.  All of the deer marking and monitoring within and outside the over-lapping study areas will be conducted under CMDP and directed by WDFW.  Reductions in white-tailed deer densities will be at the direction of WDFW.  Project 21023 will be focused on marking mountain lions and monitoring their movements within the treatment and control study areas. The complementary aspects of the two projects begin with the study areas (e.g., 21029 totally encompasses that of 21023).  Since information regarding the nutritional planes of female mule deer and its influence on reproductive performance within the study area of 21023 will be known, correlations between body condition, reproduction, and predation rates can be explored.  Potential interspecific competition between sympatric mule and white-tailed deer may be assessed while densities of white-tailed deer are compressed.  Perhaps the most exciting and unique aspect of having complementary studies is the measurement of potential limiting factors at a system level, where habitat quality, reproduction, and predatory influences are measured and analyzed in unison.  

2. A sampling plan for collecting fecal pellets and forage samples should be presented and justified.

· Where are sample sites and how are they chosen?
Our goal is to assess habitat quality and potential of deer ranges within IMP to meet the nutritional needs of lactating mule deer, influence reproduction, and provide for the seasonal nutritional requirements of mule deer.  To achieve our goal, we need basic information about seasonal diets and dietary quality.  To assess the quality of seasonal diets of free-ranging mule deer, we need to know what forage species are available to the deer by season, what the deer are consuming seasonally, and the level of digestible energy and protein present in forage eaten by deer. Bimonthly collection and analysis of fecal pellets will allow us to determine what foods are being consumed and seasonal changes in forage species.  Similarly, bimonthly measurement of forage quantity and nutritional energy will show the type of forage and amount of digestible energy available to deer seasonally.  

Since movements of radio-marked deer will define the seasonal use ranges within IMP, we will use locations of radio-marked deer during the collection intervals (bimonthly) to identify sites for collection of fecal, forage nutrition, and forage quantity samples.  Specifically, we will collect the samples within a 1,000 meter radius (the mean distance an undisturbed deer will move in a day) of the last location point of each deer as determined by radio telemetry.  This strategy will provide a relatively unbiased sampling scheme because the initial deer captures are random (helicopter net-gunning as opposed to baited traps) across the winter season use areas, and deer are defining sampling areas.  Although the seasonal ranges are not yet known, we expect the radio-marked deer to disperse throughout the IMP once they leave the winter ranges.  We assume that a sample of 120 randomly marked and widely dispersed deer will represent an adequate sample, but will be prepared to increase the sample size as necessary following population estimates.

3. Needs statistical justification for sample size

A. Objective 1, Task 1:  Number of deer chosen for determining the digestibility of trial diets (5 animals, each animal receiving each of the 3 diets).  

We will conduct in vivo digestion trials to estimate the apparent digestibility of dry matter, protein, fiber, and energy of each of the trial diets.  This will provide a descriptive statistic,the goal is not necessarily to test hypotheses about the differences among diets.  Variance tends to be very low among individual animals on digestion trials.  For example, the variance among dry matter digestibility of  3 small ungulates on digestion trials conducted with 9 different diets at WSU ranged from 0.01 – 0.6% of the mean digestibility (Shipley and Felicetti, in press, Wenninger and Shipley 2000).  Therefore, using 5 mule deer per diet should allow precise estimates of digestibility of the trial diets.  We have chosen to use the same 5 mule deer for all 3 diets to remove or account the effects of animal variation when looking at diet digestibility.

B. Objective 1, Task 2: Number of deer chosen for nutrition/reproduction study (30, 10 per treatment)

The number of deer chosen for each treatment group follows that of Cook (2000), who conducted a similar study by assigning 30 elk to one of 3 nutritional treatments to examine the effects of nutrition on reproduction in elk.  In her study, she was able to detect a significant difference in the proportion of cows breeding (X2 = 18.4, P < 0.001), breeding dates (F = 31.19, P <0.001), and progestagen levels (F = 18.5, P < 0.001).  Ninety percent of the cows in the medium and high nutrition treatment groups bred, whereas only 10% bred in the low treatment group. Because this thesis did not provide variances for each treatment group, we cannot use them to estimate variances for a power analysis, which thus may give biased or unuseful results.  However, if detectable differences were found among treatment groups in elk, it would be natural to assume similar differences could be found among 30 mule deer in a similar study. We will obtain 45-50 animals that will be available for the study.  The extra animals will be males for breeding and for backup in case of injury or death of fawns or adults prior to the experiment commencing.

C. Objective 2, Task 1:  Number of deer chosen for examining and selecting body condition indices (30, 10 per treatment)

A suite of noninvasive body condition indices that can be used in the field will be compared with the noninvasive DEXA (X-ray technique) for 5 animals in each treatment, and with whole-body grinding for the remaining 5 animals in each treatment group.  In Cook (2000), 17 elk were used to determine body condition indices.  With these animals divided among  the three nutritional treatments, Cook (2000) achieved total body fat measurements ranging from 1.6% to 19%, and protein from 16.6-24.8%.  When creating a body condition index, you must compare indirect measures of body fat with actual measured total body fat using linear regression.    The most important attribute of your data is that they cover a wide range of condition levels so linearity and predictability can be assessed.  Depending on the body condition index assessed, Cook (2000) found r2 ranging from 0-0.90 with total body fat, depending on the technique.  Therefore, body condition indices of 15 animals corresponding to measured total body fat (whole-body grinding) and body condition indices for an additional 15 animals corresponding to DEXA measurements should be adequate to determine the best body condition index to use in the field to determine body condition of wild-caught mule deer in the study area.

D. Objective 2, Task 2: Number of deer chosen to develop techniques for determining pregnancy

We will use ultrasound technology and sera analysis for fetal blood protein levels to determine pregnancy of all captured deer (N=120 in IMP, 180 for CMDP).  Use of ultrasound equipment will allow us to count the number of fetuses present (tests during initial captures conducted under CMDP showed the technique to be successful).  These will be descriptive values.

E. Objective 3, Task 1: Number of fecal pellet samples collected to determine seasonal diet composition

Samples will be collected bimonthly within 1,000 meters distance (the mean distance an undisturbed deer will move in a day) of known location of each radio-marked animal.  The sampling period will be within 1 week for the complete study area.  Sampling from each marked deer location (N=120), we will collect 2-4 pellets from each feces group, collecting from 4 feces groups per deer location; this will yield a total sample of 480 feces groups every other month.  Feces will likely be pooled within subgroups for analyses.

F. Objective 3, Task 2: Number of forage samples to determine quality of forages in deer’s diets.

Samples will be collected bimonthly within 1,000 meters distance (the mean distance an undisturbed deer will move in a day) of known locations of each radio-marked animal.  The sampling period will be within 1 week for the complete study area.  Six samples of each forage species will be collected per deer location (N=120).   Samples will be dried and ground at WSU.  Duplicate samples of each forage will be analyzed for each location and time period.  Nutritional content must be within 2% between the duplicates or additional samples will be run to achieve that precision.

G. Objective 3, Task 3:  Number of wild deer upon which new body condition indices will be assessed

Preliminary techniques as described by Cook (2000) will be applied to all captured deer (N=120 in IMP). When the body condition study described in Obj. 2, task 1 is completed on mule deer, the index that provides the best predictive value for mule deer will be used.  New body condition indices will be measured from a sub-sample of radio-marked deer, road kills, and hunter killed deer at hunter check stations. 

H. Objective 4, Task 1:  Number of deer used to determine herd/subherd boundaries

Presently, there is no available information that defines herd/sub-herd boundaries within IMP.  We will use documented movements of all radio-marked deer to determine herd and sub-herd boundaries; such information will be descriptive. Herd and subherd delineations will be defined by use of common winter ranges and overlapping annual home ranges.   We will be able to estimate the proportion of the total mule deer sample that belong to each herd after census surveys are completed (aerial surveys are covered under the umbrella project, CMDP).

I. Objective 4, Task 2:  Number of deer used to determine survival rates, mortality, recruitment, and age and sex composition in the study area

We will be able to estimate survival/mortality rates from the fates of the radio-marked deer (N=120) within +/- 0.058 of the mean at the 95% confidence interval with alpha = 0.05 given the currently observed survival rate of 0.80.  Measurements of recruitment will come from several sources: 1) fetal rates of radio-marked deer compared to the number of fawns at the side of each radio-marked deer during September and late March (these data are descriptive); 2) fetal rates will be collected from road-killed deer; 3) comparisons of doe:fawn ratios measured in September, December, and late March (95% confidence limits will be estimated using Czaplewski et al. 1983).  Age and sex composition information will be collected during aerial surveys (covered under CMDP) conducted during early fall, winter, and late spring with sample sizes ranging between 500-2,000 mule deer depending upon season and weather conditions; 95% confidence limits will be estimated using Czaplewski et al. 1983.  

J. Objective 4, Task 3:  Assess influences of sympatric ungulates

We will map the known ranges and density indices of ungulates (white-tailed deer, elk, bighorn sheep, and domestic livestock) within IMP using GIS technology to assess sympatry with mule deer.  Sympatry will be assumed to occur if an overlap of ranges is noted; the potential level of competition will be estimated by comparing density indices between mule deer and other sympatric ungulates.We will compare body condition scores from mule deer herds/sub-herds that are sympatric and allopatric to other ungulates.  In a control-treatment experiment, we intend to reduce white-tailed deer numbers on or near the Flag Mountain winter range by unrestricted antlerless harvest by hunters or other means as necessary (this treatment area is intended to be used for experimental purposes under Project 21023).  During treatment, body condition indices will be measured on hunter killed whitetails from within the treatment area.  We will collect body condition information pre- and post-treatment from mule deer; results will provide a measure of competition influences between the two species nutritionally.  At the same time, we will be collaborating with Project 21023 to assess the effects of whitetail reductions upon mountain lion movements and prey selection.

K.   Objective 4, Task 4: Correlate BCI, survival rates, recruitment, and mortality factors of mule deer by herd/subherd units and vegetative communities with habitat quality indices and competition with sympatric ungulates
To complete this task, we will use general linear models to analyze the relationships between body condition indices, survival rates, recruitment, and mortality factors, habitat quality indices, and competition factors at the sub-herd and herd levels.

4. Statistical analysis of feeding trials, perhaps use special treatment for growth data.

The proposed statistical analysis for the pen trials is as follows:

A. Obj. 1, Task 1: Digestion trials – Quality of experimental diets  will be described using means and standard deviation; Digestibility will be compared using ANOVA.

B. Obj. 1, Task 2: Nutrition/reproduction study—Comparison of pregancy rates among  nutritional treatments will be completed using X2 test of homogeneity.   Breeding dates will be compared using a 1-way, fixed effects ANOVA.  Progestagen levels will be first compared across all treatments for 3 time periods: 1) baseline period before animal breeding, 2) overall breeding period, and 3) post breeding period.  For each time period, an average progestagen value will be calculated per doe.  The effect of treatment on these 3 time periods will be analyzed with a fixed effects, repeated measures ANOVA.
C. Obj. 3, Task 1: Determine the best non-invasive field method for estimating body condition—First we will assess influences of age and season as covariates on relationships between each index and nutritional condition (measured from the DEXA unit and total body fat from whole body grinding) using ANCOVA, to determine if separate equations are required for each age and season.  All indices  with r2 < 0.25 will be excluded from further analyses. We will then develop multi-variable predictive models using multiple regression to determine which set of indices best predicts body condition.  All models will be tested for multicollinearity of the independent variables with a variance inflation estimate function—values > 10 indicated excessive dependence among independent variables in the model and such models will be rejected (Mendenhall and Sincich 1989).  It is likely that each condition index will only be useful over a restricted rage of animal condition.  Therefore, we will create single variable indices from arithmetic combinations of 2 or more indices with different ranges, to maximize the value of each index over its range of utility (Connelly 1981).  
5. Should include assurance that animal care and use guidelines will be followed.

All research with wild or captive animals conducted by WSU must be done according to animal care and use guidelines established by USDA and AAALAC and follow recommendations of the Natural Resource Council (1996).    Veterinarians and staff at Lab Animal Resource Center at WSU monitor and give guidance for animal care issues.  Therefore, when this project is funded, a detailed protocol including specifics on housing, veterinary care, immobilization, feeding and research protocol for captive and wild animals must be submitted and approved by the Institutional Animal Care and Use Committee (IACUC) before research can commence and animals can be brought onto campus (see final statements under Objective 1, Task 2 and Objective 2, Task 1).  Inspections by USDA and IACUC occur regularly. 

Because this is a cooperative study with the Washington Department of Fish and Wildlife (WDFW), WDFW will issue permits allowing for the holding and handling of captive mule deer and will periodically inspect the facilities to ensure proper care, treatment, and handling of the captive deer. 

During any capture operations, WDFW protocol for animal welfare and safety will be followed.
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Attachment:
Population Regulation and Habitat Ecology of Mule Deer


in North-Central and Northeast Washington
Problem Statementtc \l1 "Problem Statement
Management of mule deer populations in much of the foothill and shrub steppe regions of north-central (NC) and northeast (NE) Washington state has been complicated by extreme short term changes in population density.  Although some of these changes likely relate to current and long term trends in habitat capacity for mule deer, population harvesting is still the largest direct mortality factor acting on population demographics.  Population management in Washington generally follows a density dependent model, where hunting mortality is assumed to be compensatory to other mortality factors (e.g., as hunting harvest increases, natural mortality declines).  This model, developed primarily from white-tailed deer population dynamics, allows hunters to harvest both the annual production of the population and to "capture" a portion of the annual mortality normally expressed in other areas (e.g., disease, predation, etc) in the harvest, resulting in sustainable annual harvests much larger than that based on annual production alone.  In Washington and other areas, however, mule deer harvests have historically not been sustainable.  Similar regulations tend to result in very different population responses (i.e., under-harvest vs. over-harvest).  The general trend has been a declining mule deer harvest and resource, resulting in more stringent harvest regulations, buck harvest strategies of questionable value, and dissatisfaction of the general and hunting public over the state of the resource.

How well mule deer populations actually fit the density dependent model is questionable.  As a general rule, populations which are compressed (either by man made or natural barriers, or by their own numbers distributed functionally uniformly across the landscape) exhibit strong density dependent regulation and, therefore, have the capacity for compensatory mortality.  Alternatively, populations which regulate by dispersal (usually populations associated with more patchy habitat distribution across the landscape) tend to show much weaker density dependence, and thus a much lower potential for any mortality factor to be compensatory, since mortality rates are closer to minimal chronic levels.  

Studies assessing mule deer regulatory dynamics are rare.  In Colorado, Bartman et al. (1992) found mortality in mule deer to be density dependent and thus potentially compensatory.  These studies were done in contiguous high quality habitat and with a confined (compressed) population, both characteristics which favor the expression of density dependence.  In contrast, Wood et al. (1989) found hunting mortality to be additive in mule deer in the foothills of eastern Montana.  This population was characterized by patches of high quality habitat dispersed in a landscape of lower quality habitat; mule deer apparently regulated through dispersal amongst the patches.  Based on this limited evidence, regulation in mule deer populations appears to be tied to the characteristics of the habitat at the landscape level.  Patchy habitat may favor a regulatory mechanism based on weak density dependence and dispersal, while contiguous uniform quality habitat results in compression by deer distribution and strong density dependence.  Since strong density dependence is a prerequisite for hunting mortality to be compensatory, the nature of regulation in NC and NE mule deer populations is key to proper harvest management.

Complicating population management is the role of habitat in mule deer dynamics.  Both population management and habitat quality can affect deer numbers in a proximate sense.  However, the ultimate determinant of deer numbers across a landscape is habitat quantity (Mautz 1978, Guthery 1997).  Anecdotal evidence suggests that mule deer numbers were once substantially greater than at present.  Although the current intensity of human harvest is likely much greater than in the early and mid 1900's, landscape level habitat features have also changed dramatically.  Thus, the ultimate ability of the landscape to support mule deer may have changed irrespective of harvest intensity.  Currently, no long term habitat assessment exists in Washington state for any big game species.  Since both the hunting and nonhunting public often desire a return to "the good old days" of large healthy populations, it is necessary to contrast past levels of mule deer habitat with current, to determine whether the landscape has the capability of supporting grater numbers of deer than currently seen.

The interaction of direct mortality (which is primarily human caused), habitat quality, and habitat quantity ultimately will determine mule deer habitat capacity and realized population size and harvest.  If the overall landscape quantity of mule deer habitat has significantly declined over the past century, mule deer numbers will never again reach historic levels, barring the development of new habitat.  Within the quantity of habitat present, population demographics will be decided by direct mortality, habitat distribution, and habitat quality.  If current mule deer habitat at the landscape level consists of a mosaic of high quality patches interspersed in a low quality matrix, mule deer likely regulate through dispersal, density dependence is minimized, and hunting mortality is only weakly compensatory or additive.  The harvestable surplus of the population consists solely of annual production, since mortality levels are near the chronic minimum.  Since annual production is the most vulnerable population segment, annual sustainable yields can vary significantly dependent upon survival of the annual production.  Mortality of the annual cohort tends to be partitioned into heavy early (summer) density independent mortality (disease, accidents, predation) and comparatively minor late (winter) density dependent mortality;  harvestable surplus is thus critically dependent upon those individuals who survive the chronic summer mortality period.  These individuals face a variety of potential mortality factors during their first winter, primarily density dependent effects which can be minimized by maximizing per capita resource availability (e.g., habitat quality).  However, infrequent but critical density independent affects such as severe winters can result in the loss of the entire cohort.  In this situation, harvesting becomes entirely additive and populations will decline even in the face of very limited harvests.  Thus, it is critical that a model of harvestable surplus include a sensitive weather and habitat quality index.    

In the alternative sustained yield model, if current mule deer habitat is fairly homogenous across the landscape, the population will be compressed by its own numbers and regulation will be strongly density dependent.  Since strong density dependence implies increased survival as density declines, mortality factors are compensatory and deer mortality normally allocated to factors other than harvesting can be "captured" in the harvest.  The harvestable surplus thus consists of both the annual production and mortality that can be captured from other causes.  Since the harvestable surplus includes other contributions beyond the annual production, it is less sensitive to vagaries in the annual production and may be lower than an additive level even in the loss of an entire annual cohort.  Under this scenario, deer populations are more stable, more responsive to harvest management, less influenced by other mortality and weather affects, and produce much higher annual sustainable yields.  In reality, mule deer dynamics in Washington state likely rest somewhere between the two extremes in sustained yield models described above.  It is the level of density dependence exhibited by the population, as influenced by the landscape level habitat patterns and relative quality, that determine the extent of density dependence and thus the level of the sustainable harvest.

Information on the dynamics of Washington mule deer in is very limited (Zeigler 1978).  No information on regulatory mechanisms or landscape level habitat relationships is available in Washington state.  Currently, population management of mule deer is very imprecise due to this lack of knowledge.  As a consequence, mule deer numbers are low and harvest opportunity is severely restricted throughout much of Washington.  Since the interaction of regulatory mechanisms and landscape level habitat characteristics, both in the present and the past, is critical to develop a sustainable yield harvest model for mule deer in Washington, the nature of these interactions must be documented and consolidated into a management tool if mule deer populations are to be properly managed for long term health, stability, and sustained yield in Washington.  The goals of this study can be divided into two major portions: 1) Determine the nature of mule deer population dynamics and regulation, and 2) Measure landscape level habitat use characteristics in a landscape characterized by other sympatric large herbivores (e.g., white-tailed deer, elk, bighorn sheep).  These objectives provide the opportunity to test several hypotheses.  Specific objectives include:


Population dynamics and regulation
1.  Determine herd boundaries, home range sizes, and seasonal use areas.

2.  Determine movement and dispersal patterns of mule deer, including their relationships to population density.

3.  Determine mortality rates and patterns of mule deer, including relationships to population density.

4.  Determine productivity rates for mule deer and their relationships to population density.

5.  Determine population regulatory strategies of mule deer (e.g., dispersal vs. density dependence).

6.  Determine whether hunting mortality is compensatory or additive to other mortality factors in mule deer in NE and NC Washington habitats.

7.  Develop sustainable yield models based on the annual harvestable surplus (as determined by Objectives 1-5).


Landscape level habitat use patterns
8.  Determine landscape level habitat association patterns of mule deer.

9.  Determine long-term landscape trends in NC and NE Washington and relate these to habitat carrying capacity for mule deer.

10.Develop and validate nutritionally driven carrying capacity models for mule deer (to assist in achieving Objectives 6, 7, and 8).

11.  Determine the landscape level habitat association relationships between mule deer, white-tailed deer, elk, bighorn sheep and domestic livestock.

12.  Develop a habitat and weather index with a level of sensitivity to allow annual modifications in outputs of the sustainable yield model (Objective 6).

Study areatc \l1 "Study area
Mule deer occupy a variety of vegetative cover types throughout eastern Washington.  To ensure that study objectives are met and products from this investigation can be applied in managing mule deer across most occupied ranges, a broad study area representing the core of Washingtons mule deer range was selected which contains areas subject to intensive field study. 

Methodstc \l1 "Methods

Population dynamics and regulationtc \l2 "Population dynamics and regulation
1.  Conduct extensive literature review and develop detailed study design

2.  Determine herd boundaries, home range sizes, and seasonal use areas.

Mark mule deer with radio-telemetry radios and colored collars.
3.  Determine movement and dispersal patterns of mule deer, including their relationships to population density.

a. Movements and dispersal:

Mark yearling and adult female mule deer with radio-telemetry radios and colored collars.
b. Population densities:

Measure herd and sub-herd boundaries (telemetry 1a).

Estimate mule deer densities by aerial surveys, SAK, or other methods.
4.  Determine mortality rates and patterns of mule deer, including relationships to population density.

a. Mortality rates, patterns, and causes:

Estimated from radio-marked deer of known age

                                   Estimated from lactation vs. pregnancy rates

Estimated from age-structure or life table analysis using teeth collected from deer killed by hunters or other causes.                          

b. Population densities:

Relate observed mortality patterns to local deer densities to assess any                                          density related changes (e.g., density-dependence).

5.  Determine productivity rates for mule deer and their relationships to population density.

a. Productivity:

Pre-season composition counts

Post-season composition counts

Analysis of blood samples and reproductive tracts to measure pregnancy                                        rates

Analysis of deer physiological condition using blood and body condition                                        indices

Fawn survival studies
b. Population densities:

Relate productivity parameters to deer physiological condition and                                                population densities to assess density affects.
6  Determine population regulatory strategies of mule deer (e.g., dispersal vs. density dependence).

Determine if mortality, productivity, and physiological parameters are density                               dependent

Relate observed mortality, productivity, and physiological parameters to                                       landscape level habitat configuration
7.  Determine whether hunting mortality is compensatory or additive to other mortality factors in mule deer in NE and NC Washington habitats.

Density dependence = compensatory; density independence = additive
8.  Develop sustainable yield models based on the annual harvestable surplus (as determined by Objectives 1-5).

a.  Determine harvestable surplus of deer annually.

Modeling exercise using population productivity, mortality, deer condition, and habitat condition indices (see below)
b.  Determine maximum deer escapement objectives 
Modeling exercise based on mortality patterns, population productivity, deer condition, and habitat condition indices (see below)


Landscape level habitat use patternstc \l2 "Landscape level habitat use patterns
9.  Conduct extensive literature review and develop detailed study design

10.  Determine landscape level habitat association patterns of mule deer.

a. Landscape attributes

Map vegetative characteristics using LANDSAT imagery, aerial photos, plot sampling, gathering available data

Create GIS layers for hydrology, transportation, ownership, aspect

b. Habitat use

Measure 2nd and 3rd order habitat use by direct observation, telemetry (Neu, Byers, Peek or Johnson methods) 

Relate relocation data with landscape attributes to measure habitat use patterns  
11. Determine long-term landscape trends in NC and NE Washington and relate these to habitat carrying capacity for mule deer.

a. Changes in landscapes occupied by mule deer over time

Collect information on historic (> 30 yrs ago) landscape scenes from surveyors records, forester/ranger notes, published accounts and studies, site photo records

Collect information on short-term (5-30 yrs) changes in landscape scenes from LANDSAT 

b. Key factors for evaluation of landscape changes

Road development, logging patterns, weather patterns (drought, snow fall, and temperature), timing and intensity of grazing, changes in human population densities, housing developments, changes in interspecific competition, changes in K    
c. Relate changes in landscapes to carrying capacity for mule deer

Compare estimates of historic mule deer densities, range, and trends with current levels  
12. Develop and validate nutritionally driven carrying capacity models for mule deer (to assist in 6., 7., and 8).

a. Measure mule deer range condition and trend

Develop nutritional carrying capacity model
b. Assess physical condition and develop condition indices under various nutritional planes

Develop/extrapolate condition indices from feeding trials of penned female mule deer  
Measure physical condition of captured and harvested mule deer
Develop model correlating physical condition indices and current habitat 




nutritional carrying capacity
13. Determine the landscape level habitat association relationships between mule deer, white-tailed deer, elk, bighorn sheep and domestic livestock.


a. Range sympatry

Map (GIS layer) known white-tailed deer, elk, and bighorn sheep range in the study areas

b. Habitat partitioning

Compare landscape characteristics of sympatric ranges and evaluate impacts from competing species

Measure densities of mule deer, white-tailed deer, elk, and bighorn sheep on sympatric ranges

Compare mule deer habitat use, physiological condition, mortality,                                                productivity, and density on sympatric vs. allopatric ranges

Develop model which predicts future sympatry and impacts to mule deer numbers 
14.  Develop a habitat and weather index with a level of sensitivity to allow annual modifications in outputs of the sustainable yield model (Objective 6).

Modeling exercise using results from population dynamics and regulation, landscape level habitat characteristics and use patterns, and temperature and precipitation patterns  
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