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a. Abstract 
Mule deer (Odocoileus hemionus), a high priority ranked target species for mitigation and management, have been declining in most, if not all, subbasins within the Intermountain Province (IM) and adjacent Provinces/subbasins located in Northeast Washington.  Reasons for the decline are unknown but believed to be related to both short and long term changes in habitat quality, recreational/subsistence harvest, and increased levels of predation. We are proposing a cooperative, five-year research investigation involving the Washington Department of Fish and Wildlife (WDFW), the lead agency, and Washington State University (WSU), a collaborating agency, to assess the role of habitat in maintaining mule deer numbers. Our approach concentrates on measuring the effects of differing quality in seasonal forage upon physical condition and reproductive performance of adult female mule deer. The approach is two-fold, incorporating both laboratory and field investigations.  Laboratory studies will to be conducted at WSU under the direction of Dr. L. Shipley and Dr. C. Robbins using captive mule deer in feeding trial experiments. Lab experiments will address the effects of digestible energy intake and body fat composition on lactation, fawn growth, and estrus.  Experimental data will be used to  develop quantitative body condition and reproductive indices for mule deer that may be applied in the field to assess body condition on live, free-ranging mule deer.  Field studies within IM will focus on measuring mule deer forage quality and preferences, assessing range conditions, and determining the relationships between lab derived physical condition indices, mule deer range condition, deer recruitment and survival, mortality factors, and influences of competing sympatric ungulates at the landscape level. Results will be used by wildlife managers to develop field techniques to assess the physical condition and reproductive performance of mule deer, identify both landscape and project scale management treatments/actions to enhance forage quality, increase mule deer reproductive potential and winter survival, and reverse habitat related declines in mule deer numbers within the IM and adjacent Provinces/subbasins. In addition, research data will be used to validate and/or modify existing Habitat Evaluation Procedures (HEP) mule deer models. Results should be applicable to mule deer mitigation and management throughout the North American West. 

b. Technical and/or scientific background
Survey and trend information shows that mule deer numbers are declining in the IM province and adjacent provinces and subbasins (Colville Confederate Tribes, WDFW unpublished file data).  Reasons for the decline are unknown; however, habitat alteration or loss, poor nutrition, excessive harvests by recreational and subsistence hunters, competition with white-tailed deer and other sympatric ungulates, and predation have been hypothesized as probable direct or indirect causes for downward trends in mule deer numbers.  These factors have been associated with declines in mule deer numbers across its range (Anderson et al.1972, Bartmann 1984, Hamlin et al. 1984, Whittaker and Lindzey 1999, Unsworth 1999). 

Construction and associated development of the Grand Coulee and Chief Joseph dams  resulted in inundation and loss of 29,125 total habitat units for mule deer in the Intermountain Province (IM) of the Columbia basin. Mule deer have been ranked as a high priority target species for mitigation in Shrub-Steppe habitat types in the Upper Columbia Subbasin as a result of this loss; consequently, the blockage of anadromous fish due to dam construction has shifted tribal subsistence towards mule deer (Fish and Wildlife Program 1995). Mule deer are the top-ranked large mammal species and are currently declining throughout the Lake Roosevelt (Underwood 2000), Lake Rufus Woods (LeClaire 2000), San Poil River (Jones 2000), and Spokane River (Whalen 2000) Subbasins of the IM.   

A review of aerial survey results to assess age and sex ratios of mule deer herds in early and mid winter within IM show variable yet declining doe:fawn and adult:fawn ratios, suggesting declining productivity.  Maintaining healthy recruitment of juveniles into adult age classes is the foundation for stable or increasing population levels.  Low productivity in deer herds may be linked to poor habitat quality that is manifested as unsatisfactory body condition of does directly resulting from low nutrition.  Nutrition is one of the key factors influencing productivity of deer populations (Verme 1967, McCullough 1979) because it affects the proportion of females that become pregnant and ovulation rates (Sadleir 1987, Folk and Klimstra 1991).  These effects are well documented for free-ranging (Morton and Cheatum 1946, Julander et al. 1961, Kucera 1988) and captive deer (Verme 1965, 1967, Ozoga and Verme 1982).  Research has consistently shown that deer on good quality ranges have higher rates of ovulation, conception, and pregancy than deer on poor ranges.  Therefore, nutritionally-induced hormonal changes may contribute to declining productivity in mule deer populations. An understanding of the relationships between body condition and reproductive performance of wild ungulate populations is necessary for their management (Saltz et al. 1992).  Therefore, a high priority in any deer herd where fawn production is suboptimal should be to evaluate the physical condition of females during breeding and pregnancy (Connolly 1981, Saltz et al. 1992, Taylor 1996). 

The quantity of nutritious forages is most likely to affect ungulates both in the summer and early fall; this a time when lactating females must provide for growing young as well as maintain fat reserves for estrus and conception in the late autumn.  Likewise, the effects of summer and early fall forage quality can occur in the winter, when low fat reserves can result in late winter mortality. Winter malnutrition can periodically reduce survival of animals of all ages. However, northern ungulates can compensate for mass lost over winter by increasing summer food intake.  The magnitude of this response is inversely proportional to body mass at the end of winter (Ouvellet et al. 1997).  The nutrition of summer and fall ranges influence the likelihood that lactating females will come into estrus and breed the following fall. Poor nutrition can adversely affect hypothalamic-pituitary function (Day et al. 1986, Armstrong and Britt 1987, Cupps 1991). The influence continues by affecting the weights of fawns/calves and thus their survival and future breeding success, because forage must support both lactation and replenishment of maternal reserves (Russel et al. 1998, Post and Klein 1999).  The effects of summer and autumn body condition of lactating female ungulates has been studied most thoroughly in caribou (Rangifer tarandus).  Maternal reserves are lowest 3 weeks after calving and highest in autumn, and the probability of pregnancy and parturition was strongly correlated with body fat and body mass in autumn  (Cameron et al. 1993, Gerhart et al. 1996, Russel et al. 1998).  Those female caribou that extended lactation were more commonly not pregnant or bred later, and low body fat reserves increased the probability of terminating pregnancy shortly after breeding (Russel et al. 1998).  Only lactating caribou demonstrated early embryonic mortalities, and even  relatively small changes in maternal body  condition seemed to affect pregnancy rates, especially among lactating animals.  Therefore, the probability of successful pregnancy largely determined at breeding is based on autumn condition (Cameron et al. 1993).

Summer and autumn nutrition also affect the growth and survival of young. In caribou, calf growth during the first summer determines adult size, overwinter survival, age at first reproduction, and potential reproductive success (Gerhart et al. 1996).    

Body condition of lactating females in autumn correlate well with calving rates in other ungulates as well, including elk (Cervus elaphus) (Cook 2000), moose (Alces alces)  (Testa and Adams 1998) and muskoxen (Ovibos moschatus) (White et al. 1997).  Lactating muskoxen must gain weight and fat in late summer and early winter for annual ovulation and conception (White et al. 1989). Although studies directly linking autumn body condition in lactating female mule deer with reproduction are scarce, early field studies also suggested that successful reproduction, especially rate of ovulation, strongly affected by level of nutrition of does just prior to rut (Longhurst et al. 1952, Julander et al. 1961). Pederson and Harper (1978) found that the nutritional quality and quantity within summer ranges accounted for a 38% higher population growth among two mule deer ranges in Utah which had similar nutritional capacity of winter ranges, disease, parasite, and predation rates.

Understanding body composition of individual animals is fundamental to establishing relationships between populations of wild ruminants and their habitats. Body composition measurements are necessary for predicting pregnancy rates, fawn survival and growth, and overwinter survival. Body fat is the component most often associated with animal condition and can be used to index animal response to nutritional and climatic stressors (Robbins et al. 1974, Torbit et al. 1985a). Body fat is responsible for most overwinter body mass loss, but 1/3 of body protein can also be metabolized  (Gerhart 1996).  Although, measuring total body fat from homogenized carcasses of large mammals is the most accurate way to measure body condition, it is also expensive, tedious, time consuming, and can only be completed on dead animals (Torbit 1985b, 1988).   Therefore, a variety of indices have been developed to estimate body condition. The best indices measure body condition rather than short-term nutrition, are adequately reliable and practical for routine applications by game managers in field condition, and are sufficiently sensitive and consistent for a wide range of body condition (Hobbs 1987, Cook 2000). 

Weight change has been historically used as an index and body weight has been shown to be a reasonable index of body condition related to reproductive performance (Cameron et al. 1993).  However, these measures cannot account for different frame sizes and differential loss of protein and fat.Various fat indices have been developed to estimate body condition, including bone marrow fat (Cheatum 1949, Riney 1955, Ransom 1965, 1967), kidney fat (Riney 1955, Ransom 1965,67, Batcheler and Clark 1970, Van Vuren and Coblentz 1985, Torbit et al. 1988), and visual scoring methods (Ransom 1965, Kistner 1976).  Torbit et al. (1988) found that transformed kidney fat index correlated best with total body fat in mule deer. However, tracking body fat composition in live animals requires other specialized techniques.  Torbit et al. (1985b) found that in vivo by dilution of tritiated water into the total body water pool was highly correlated with total body fat in mule deer.  This method, however requires at least 2 contacts with the animal—one for injection and one for collection of a urine or blood sample.  Stephenson et al. (1998) developed a method for using ultrasonography for determining maximum rump fat thickness in moose, which correlated with total body fat.  Testa and Adams (1998) were able to use this method to examine relationships between body condition and reproduction in moose, but may not be effective after rump fat disappears (Cook 2000) . This method has the advantage of allowing a skilled technician to also assess reproductive status simultaneously (Stephenson et al. 1995, Testa and Adams 1998).  Bioelectric impedance has been used successfully to estimate fat levels of live black and grizzly bears (Hildebrand et al. 1998).  Equipment for this analysis is relatively inexpensive and would be potentially useful for predicting body fat composition in mule deer, although Cook (2000) was unable to achieve consistent readings for elk.  Body condition scoring, a visual method for assessing body condition in livestock, has the potential for subjectivity, but Cook (2000) showed high correlation with body fat composition over the entire range of body condition in elk.  Although  serum is often collected when managers handle elk and many serum metabolites have been examined for their relationship with body condition, few measures show consistent relationships (Cook 2000).

Repeated capture, restraint and blood sampling is generally impractical for monitoring reproductive status in wildlife species, therefore noninvasive methods for tracking reproductive activity have become increasingly important (Monfort  et al. 1993). Fecal and urinary steroids are now  routinely used to assess reproductive status in captive and free-ranging wildlife.  Monfort et al. (1993) used radio-immunoassays to detect fecal progesterone in moose.  This technique has been applied to a wide range of animal species, including elk (Cook 2000). Detailed information on reproductive status has been obtained by real-time B-mode ultrasonography in ungulates such as mule deer (Smith and Lindzey 1982) and moose (Stephenson et al. 1995, Testa and Adams 1998.)  Ultrasonography requires neither surgical skills nor removal of animals.  This technique is relatively easy to use so that a large number of mule deer could be examined (Smith and Lindzey 1982). When blood is being collected for other analyses, blood serum assay for pregnancy, specific protein B and progesterone can also be used (Haigh et al. 1993, Stephenson et al. 1995).  

Wildlife managers need a way to quickly and safely assess body composition and reproduction in field, and be able to interpret indices as to its affect on reproduction.  The intent of this research investigation, in part, is to develop such a field methodology.

c. Rationale and significance to Regional Programs
Our proposed project would contribute to the wildlife goals, objectives, and strategies  identified in the subbasin summaries for Lake Roosevelt, Lake Rufus Woods, San Poil River, and Spokane River. The primary goal stated in all subbasin plans is to maintain and manage viable populations of native wildlife species, with mule deer identified specifically, and to provide harvest opportunities to meet cultural, subsistence, and recreational needs. With mule deer numbers in decline throughout IM (CCT, WDFW unpublished file data), failure to reverse these population trends would certainly result in failure to achieve goals for mule deer as a the primary harvestable native wildlife species in the IM. Concern over mule deer declines in IM resulted in initiation of a cooperative (WDFW, Colville Confederated Tribes, Inland Northwest Wildlife Council, US Forest Service and others) 5-year mule deer study in February 20000 to determine rates and causes of decline in the Lake Roosevelt Subbasin (Underwood 2000). This proposal would provide additional data to assist in identifying causes of and, subsequently, reverse declines in mule deer numbers.  The Columbia Basin Fish and Wildlife Foundation would become a partner in our attempt to halt the declines and maintain viable, harvestable populations of mule deer to meet agency and tribal goals. 

d. Relationships to other projects 
This project will become an integral part the WDFW lead Cooperative Mule Deer Project (CMDP) which was initiated in January 2000.   The CMPD is composed of numerous cooperating groups and agencies including The Colville Confederate Tribes, Chelan County PUD, the Colville, Okanogan, and Wenatchee National Forests, Washington State Department of Natural Resources, the Inland Northwest Wildlife Council, the Northern Okanogan Sports Council, the Inland Empire Chapter of the Safari Club International, the University of Washington, Washington State University, and the University of Idaho.

e. Project history (for ongoing projects) 

Not applicable; this is a new project.

f. Proposal objectives, tasks and methods
Objective 1: Determine the effects of digestible energy intake and body fat composition on lactation, calf growth, and estrus in mule deer by December 2005.

Task 1:  Develop experimental diets that mimic the range of nutrition available to free-ranging mule deer for use in feeding trials

Methods: Three pellet diets will be developed to simulate high, medium, and low digestible energy (DE) content of summer and fall mule deer range forage within the Columbia Plateau in Northeastern Washington. The high-quality diet will be designed so as not to limit performance by fawns and does based on predictions from the livestock literature (National Research Council 1984, 1985).  The lowest-quality diet will mimic the lowest level of nutrition encountered by mule deer in the study area during summer and fall.  The medium level will reflect the minimum required by a lactating mule deer. To design these diets, fecal samples collected from free-ranging mule deer in the study area during early summer, late summer, and fall in Year 1 will be analyzed to determine seasonal diet composition.  Microhistological analyses of feces will be conducted at the Wildlife Habitat Lab at Washington State University.  To determine the forage quality of dietary components, forage samples will be collected and analyzed, by season, for crude protein content (Kjeldahl analysis), fiber composition (Neutral Detergent Fiber analysis), and in vitro digestibility. Samples will be analyzed at the Wildlife Habitat Lab (Association of Agricultural Chemists 1984).  Based on similar studies with elk in the Blue Mountains in Oregon, these diets will most likely span the range of 2.3 – 3 kcal/g digestible energy ( Cook 2000).  Study pellet diets will be developed at the Feed Mill at WSU.  During Year 2, actual in vivo digestibility will be determined by conducting a 5 day complete balance digestion trial for each diet using 5 captive female mule deer.  Before the trial, animals will be gradually introduced to the diet over 2 weeks, and experience a 5 day pretrial in the digestion crates.  During the trial, food offered and remaining will be weighed and corrected for dry matter.  Feces and urine will be collected.  Food, feces, and urine will be analyzed for energy (bomb calorimetery) and protein (Kjeldahl analysis) at the Wildlife Habitat Lab (Association of Agricultural Chemists 1984).  Digestible energy digestibility will be calculated as in Robbins (1993).


Task 2: Conduct summer-fall feeding trials with lactating females and fawns

Methods:  We will acquire 50 fawns (at least 45 females and 5 males) during Year 1 of the project by directly capturing them on the study site and by collecting orphans routinely acquired by wildlife rehabilitators and agencies in the area.  These fawns will be hand-reared and trained to experimental protocol.  These animals will be bred during their second fall.  In Year 3, we will select 30 doe/fawn pairs to participate in the feeding trials.  Doe/fawn pairs will be randomly assigned a feeding treatment (10 each for high, medium, or low DE intake based on the diets created in Task 1).  All pairs will be fed on the high DE diet from January through June.  Starting in late June (or after all fawns are born), animals in the high-DE group will be fed at the original level.  Animals in the medium and low-DE treatments will be gradually reduced to their low DE intake diets, reaching a low in October.  Treatments will continue through November.  Each doe and fawn will be weighed weekly, and body condition assessed bi-monthly using the DEXA unit at WSU Veterinary Teaching Hospital, Bioelectric Impedance Analysis, ultrasound, various condition index scoring systems (Cook 2000), and serum metabolites. Daily intake will be monitored for all animals.  Starting in mid-October, fecal samples will be collected weekly, and from November-December they will be collected daily, and analyzed for fecal progestagen, an indicator of estrus using radio-imunoassay (Monfort et al. 1993) at the Center for Reproductive Biology, Hormone Assay Core at WSU.  Trials will continue through November, and will repeated in Year 4 of the study with 2-year-old females with fawns.  Body condition, doe/fawn weights, lactation duration, and estrus rates and times will be compared among 3 nutritional treatments using analysis of variance and analysis of covariance.  Body fat requirements for estrus to occur in lactating females will be calculated.  In elk, a body fat content of 6% is required for lactating females to show estrus the following fall ( Cook 2000)  We expect a similar result for mule deer does. All protocols will be first approved by WSU’s Institutional Animal Care and Use Committee.


Task 3: Disseminate information gathered from experiments.

Methods: Findings will be synthesized and submitted to a peer-reviewed scientific journal in Year 4 and made available to all resource management agencies, tribes, universities, and private citizens through web based electronic mail.  Presentations on findings will be made during years 3-5.  
Objective 2: Develop quantitative body condition and reproductive indices for mule deer that may be applied in the field to assess body condition on live, free-ranging animals by December 2005. 

Task 1: Examine the correlation between common condition indices that may be used on live mule deer with direct measurement of total body fat.

Methods:  During Year 4, the body fat composition of each animal on the 3 feeding treatments above will be assessed bi-monthly from June through November using 5 noninvasive (or mildly invasive) methods – Bioelectric Impedance Analysis, ultrasound, Dexa unit, serum metabolites, and condition scores.  At the end of November, 5 animals in each treatment group representing the greatest range of body condition will be returned to the high quality diet for 7 days.  They will then be euthanized, shaved, and ground in the whole body grinder at Colorado State University to determine total body fat.  Fat content of the carcass will be determined using petroleum ether extract in a Soxhlet apparatus (Association of Agricultural Chemists 1984) at the Wildlife Habitat Lab at WSU.   Body condition estimates from the 5 noninvasive measurements will be correlated with total body fat measurements.  Cost, portability, and strength of correlation will be used to develop recommendations for Washington Department of Fish and Wildlife for obtaining estimates of body fat composition in live, free-ranging mule deer. All protocols will be first approved by WSU’s Institutional Animal Care and Use Committee (IACUC).

Task 2:  Develop protocol for using ultrasound to determine pregnancy in mule deer.

Methods: Monthly from November through February, we will examine all does exposed to reproductive males using ultrasound to develop methods for assessing pregnancy in mule deer (Smith and Lindzey 1982).  We will collect feces and take blood samples to confirm pregnancy in these animals.

Task 3:  Develop techniques to be used by deer managers and biologists to assess physical condition of mule deer while in the field.

Objective 3:  By 2005, assess the habitat quality and potential of seasonal ranges to meet the nutritional needs of lactating female mule deer, influence reproduction, and provide general seasonal nutrition requirements of mule deer. 

Task 1.  Determine seasonal forage preferences.

Methods: Collect fecal pellets seasonally throughout the study area and analyze to identify common forage species.

Task 2.  Determine seasonal variations in protein and digestible energy levels of forage species.

Methods: Forage samples collected seasonally and analyzed for crude protein (Kjeldahl analysis), fiber composition (Neutral Detergent Fiber analysis), and in vitro digestibility at the Wildlife Habitat Lab.

Task 3.  Apply lab calibrated body condition indices (BCI) to data sets from free-ranging mule deer.

Methods: BCI from captive deer will be compared with measurements from free-ranging deer captured for marking, deer collected from scientific purposed, and hunter harvested deer.

Task 4.  Determine whether body condition of lactating females is sufficient to allow estrus and conception in subsequent rut.

Objective 4:  Assess relationships between BCI, mule deer recruitment and survival, causes of mortality, habitat condition, and competition with sympatric ungulates at the landscape level by 2005.

Task 1: Identify mule deer herd/subherd boundaries by radio-telemetry and vegetative features by ground sampling and geographic information system (GIS) analysis within each herd/subherd unit.

Task 2: Determine survival rates, mortality factors, and estimate recruitment by radio-telemetry and age and sex composition surveys.

Methods: Estimate survival rates of radio-marked mule deer using staggered entry estimators.  Conduct aerial relocation and composition surveys to measure fawn survival and yearling recruitment annually.
Task 3: Assess influences of sympatric ungulates

Methods: Identify and map (GIS) ranges sympatric with other ungulates (white-tailed deer, elk, bighorn sheep, and domestic livestock).  Measure BCI of mule deer sympatric and allopatric to other ungulates.  Use control-treatment designs by reducing white-tailed deer numbers to measure potential competition effects upon mule deer physical condition and reproductive performance.

Task 4: Correlate BCI, survival rates, recruitment and mortality factors of radio-marked mule deer by herd/subherd units and vegetative communities with habitat quality indices and competition with sympatric ungulates. 

Task 5: Develop treatments to improve habitat quality where BCI and other

 population parameters show deficiencies. 

Task 6: Test and validate current HEP models developed for mule deer in IM and adjacent provinces and subbasins.

Task 7: Disseminate information.

Methods: Findings will be synthesized and submitted to a peer-reviewed scientific journal in Year 5 and made available to all resource management agencies, tribes, universities, and private citizens through web based electronic mail. 

Objective 5: Develop project and landscape level management/land treatments and recommendations, in 2005, that enhance mule deer ranges and increase mule deer productivity and carrying capacity. 

Task 1. Produce management prescriptions and disseminate information through publications, and presentations. Results and prescriptions will be made available to all resource management agencies, tribes, universities, and private citizens through web based electronic mail.   

Summary:

This project is expected to span 5 years from January 2001, to December 2005.  The first year of laboratory studies would be devoted to facility construction, capturing and raising fawns, and preparing experimental diets.  In the second year, fawns would be bred and digestion trials conducted to determine the digestibility of experimental diets.  Years 3 and 4, when mule deer are yearlings and 2-year-olds, the feeding trials and body condition trials would take place.  Field studies will be conducted concurrently with laboratory studies.  The final year will be used to complete lab, field and statistical analysis, develop landscape management recommendations, and write and present findings.

g. Facilities and equipment
Pen facilities


WSU, Department of Natural Resource Sciences, owns 40 acres on campus that houses wild ungulates (4 caribou and 4 blue duikers).  This facility contains 5 acres of large animal pen facilities and a small, open barn, and digestion crates.  This facility provides a secure space within easy access of campus for holding and handling mule deer.  However, to hand-raise and handle 50 mule deer in accordance with IACUC guidelines, it will require improvements to existing facilities.  

Lab facilities

1. Wildlife Lab, Johnson Hall,WSU, assigned to L. Shipley


Fiber analysis, drying ovens, hood, lab space

2. Wildlife Habitat Lab, Johnson Hall, WSU, assigned to B. Davitt


Fat, gross energy, protein analysis

3. WSU Veterinary Teaching Hospital


DEXA unit for assessing body composition, assigned to S. Martinez


Serum metabolites

4. Center for Reproductive Biology, Hormone Assay Core, Clark Hall, assigned to J. Reeves


Radio-immunoassays for assessing progesterone in feces

Additional Equipment

Bioelectric Impedance Analyzer, assigned to C. Robbins
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