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INTRODUCTION

Several parties and individuals have recommended restoration of gray wolves (Canis lupus) to the Olympic Peninsula.  In a report to the National Park Service, Murie (1935:29) suggested “consideration be given to introduction of the wolf” in response to perceived deficiencies in Roosevelt elk (Cervus elephus roosevelti) populations.  This sentiment was echoed by J. C. Carpenter, a sport hunter, who conceded that wolf reintroduction “would probably be the best conservation method at this time” (cited in Dratch et al. 1975:3).  The National Park Service (cited in Dixon 1997 et al., Chapter 1:5) concluded that reintroduction warranted detailed analysis.  

During 1991, Booth Gardner (Governor of Washington at that time) called upon Washington State residents to pressure relevant agencies to work toward wolf reintroduction to the Olympic Peninsula.  Six years later, Representative Norm Dicks, Washington, and Defenders of Wildlife President, Roger Schlickeisen, announced plans for a feasibility study.  They also co-sponsored a conference during April 1997 which brought together wolf biologists, government experts, private-sector representatives, area residents, and community leaders to consider the question of wolf reintroduction (McNulty 1997:6).  


Although data indicated that wolves inhabited the Olympic Peninsula historically, it remained unclear if sufficient habitat and prey to maintain a viable wolf population were still available.  Extensive timber removal and resultant increased-road densities significantly altered the landscape and allowed human access to much of the Olympic Peninsula.  Urbanization and development to the east and south rendered the Olympic Peninsula a biological island to large predators.  Additionally, the failed effort to reintroduce red wolves (Canis rufus) to Land Between the Lakes demonstrated that lack of local-resident support was capable of undermining restoration efforts (Reading and Clark 1996:321-323).  Other social factors with potential to affect wolf reintroduction to the Olympic Peninsula included affinities of resident Native American cultures to both wolves and elk, and traditions of big game harvest within both Native American and Anglo cultures.     


During February 1998, the US Fish and Wildlife Service (US Fish and Wildlife Service, hereafter USFWS, Western Washington Office, Lacey) distributed a request for proposals (RFP) for a feasibility study on reintroduction of gray wolves to the Olympic Peninsula.  The RFP stipulated that (1) principal investigators must be impartial and qualify as “de novo” participants (e.g., no previous publications or formal positions on wolf reintroductions), (2) the proposal was to include a detailed literature review, plan of study, and methods for completion of the contract, (3) deadline for submissions was 6 March 1998, (4) the due date for the final report was 30 August 1998, and (5) the budget was limited to $125,000.


Drs. J. Michael Scott and John T. Ratti responded to the RFP by preparation and submission of a 56-page proposal, and were awarded the contract.  A cooperative agreement between the USFWS, the Idaho Cooperative Research Unit, and University of Idaho was signed on 15 April 1998.  In addition to Scott and Ratti, 6 research associates (Avsharian, Bomar, Gillesberg, Miller, Szepanski, and Weinstein) were employed by the University of Idaho to assist with research and report preparation (1-page resumes for all report authors are provided in Appendix A).


Most historic wolf populations in the conterminous US have become extinct or greatly reduced.  Population losses have been attributed to a number of factors, including: (1) human settlement and habitat loss, (2) conflicts associated directly with predation on livestock, (3) incomplete knowledge of wolf ecology, (4) concerns that wolves were eliminating or reducing prey important to humans (e.g., deer [Odocoileus spp.], elk [Cervus spp.] and moose [Alces alces]), and (5) aggressive wolf-control programs (Mech 1991, USFWS 1992).  Wolf populations in North America were at their lowest levels during the late 1950s.  By 1975, however, the US experienced an “environmental revolution” and passed 3 versions of the Endangered Species Act (Spinks 1990).  Interest in wolf recovery has increased since that time (Mech 1995).


Several rigorous studies of wolf populations in North America have contributed to our current general knowledge of biology, ecology, and behavior (e.g., Murie 1944; Burkholder 1959; Mech 1966; Pimlott et al. 1969; Peterson 1977; Gasaway et al. 1983; Messier 1985a, b; Bergerud and Elliot 1986; Fuller 1989; Ballard et al. 1997; and others).  These studies have also enabled identification and partial understanding of factors responsible for the decline or extinction of some wolf populations.  Subsequently, opportunities have been recognized to re-establish populations in several previously occupied ranges.  

Wolf reintroductions have been proposed or attempted in several areas of North America (Fritts 1993), including the northeastern (USFWS 1992, Harrison and Chapin 1997), southeastern (Parker and Phillips 1991), and western US (USFWS 1987, 1994; Cook 1993; Fritts et al. 1995; Parson and Nicholopoulos 1995; Bangs and Fritts 1996), and Mexico (Bednarz 1988).  These efforts have received much attention from public and private sectors, with numerous supporters and detractors.  Feasibility studies have been completed prior to some reintroduction efforts (e.g., Yellowstone National Park et al. 1990, Wolf Management Committee 1991, Bennet 1994).

CURRENT AND HISTORICAL STATUS OF WOLVES ON THE OLYMPIC PENINSULA

Historical Status of Wolves on the Olympic Peninsula


The gray wolf had the largest natural range of any living terrestrial mammal, including all habitats of the Northern Hemisphere except tropical forests and arid deserts (Nowak and Paradiso 1983:953).  In North America, wolves were absent only from the Mojave Desert, most of California, eastern Texas, Oklahoma, southern Missouri, and those states bordering the Gulf of Mexico (Hall and Kelson 1959:849, Map 44).  Twenty-four subspecies were identified in North America (Mech 1970:30, Hall and Kelson 1959:847-850).  The western Washington subspecies, Canis lupus fuscus, ranged from southwestern Alaska, south through British Columbia, western Washington and Oregon, and the northeastern corner of California (Hall 1981:849).  However, recent assessments of gray wolf taxonomy using modern tools of multivariate statistics and DNA analysis resulted in classification of only 5 subspecies (Brewster and Fritts 1995:375, Nowak 1995:377).  The historic Olympic Peninsula population was reclassified as C. l. nubilus (Nowak 1995:395).


The gray wolf historically occurred throughout all but the most arid areas of Washington State.  Early settlers considered it a pest and by 1900, the species had nearly been extirpated (Dalquest 1948:233).  Still, T. S. Palmer described the wolf as “common in the woods near the Quinault Reservation and the wilder portions of northwestern Washington” during 1889 (Scheffer 1995:76).  Bailey (1907, cited in Scheffer 1995:76) concurred, reporting that wolves were considered common in the Olympic Mountains during 1894.  Benedict (personal communication, cited in Scheffer 1995:77) estimated the wolf population on the Olympic Peninsula at 115 animals during the early 1900s.  Scheffer (1995:77) documented 42 reports of wolves in the Lost Creek bottom during 1917.  However, Olaus Murie (unpublished field notes) was unsuccessful trapping wolves in the Elwha River drainage during December 1916 and January 1917.


During 1906-1929, bounties were paid on 46 wolves by the Clallam County Auditor’s office.  Thirty-three bounties were paid to residents of Elwha or Sequim, including the last paid on 17 January 1929 (Adamire 1985:1).  However, it was unclear if trapped wolves were actually obtained from the Olympic Peninsula.  Throughout the US, predator bounties were often paid on fraudulent animals imported from outside regions designated for bounty payments (Allen 1962:266-276).

Present Status


Dalquest (1948:233) stated that 2 wolves killed on the North Fork of the Quinault River around 1920 were “the last ones known from the Olympic Peninsula.”  By 1952, the status of wolves on the Olympic Peninsula was considered uncertain, but sightings by “experienced men” suggested that a few wolves might still have been present in the Olympic Mountains (Johnson and Johnson 1952:34).  Larrison (1970:144) lent credence to this suggestion by stating that wolves occurred “rarely and irregularly in the timbered parts of the state” and concluding that “a few may be present in the vastness of the Olympic Mountains.”  Although reports of wolves have continued into recent decades (Dratch et al. 1975:60), no verified photographs or specimens have been documented since 1920 (Scheffer 1995:77-78).

CULTURAL AND SPIRITUAL CONSIDERATIONS


To determine current and historic cultural and spiritual affinities of Native Americans to wolves, elk, and deer, we reviewed existing literature and communicated with at least 1 representative from each Olympic Peninsula tribe who was identified to us as an appropriate spokesperson.  Although we asked for tribal views, it should be noted that the personal-communication citations were expressed by individuals, and do not necessarily reflect the views of entire tribes. 

Cultural and Spiritual Value of Wolves

Native Americans consider all animals part of the great circle of life; no animal is more important than another (R. M. Foster, Squaxin Island, personal communication).  Wolves, however, figure prominently in the cultural and spiritual life of many northwest tribes (Arima and Dewhirst 1990:403, Casey and Clark 1996:xvi), including the Quinault, Quileute, and Makah tribes of the Olympic Peninsula. 


Wolves are respected for their intelligence, hunting ability, and “familial devotion” (Casey and Clark 1996:xvi; G. L. Capoeman, Quinault, personal communication).  Pack leaders are revered for their consideration of the welfare of the entire wolf community (R. M. Foster, Squaxin Island, personal communication).  In addition, cooperative behavior exhibited by wolves provides guidelines for human behavior (G. W. Arnold, Makah, personal communication).  These and other values have been taught to generations of Native Americans through the telling of stories and legends.

Stories and Myths
.--Wolves play a significant role in the creation stories of the Quinault tribe (L. S. Jones, Quinault, personal communication) and contributed to cultural and spiritual foundations.  Wolves also were important in the origin of the Quileute Tribe, which was attributed to “Kwati”, a “being put on earth to change things and make things better” (Renker and Gunther 1990:435; C. E. Morganroth, Quileute, personal communication).  In his wanderings, Kwati came to the area known as La Push and transformed 2 wolves into the first members of the Quileute Tribe (C. E. Morganroth, Quileute, personal communication).

Reagan and Walters (1933:299-246) documented 3 Quileute myths in which wolves were featured in the title: “Kwati Kills Wolf Chief”, “The Wolves Kill Deer”, and “The Wolf Kills Deer Children.”  These myths were in addition to the creation story cited above and illustrated the continued importance of wolves to tribal life.  Killer whales (Orcinus orca) are also part of Quileute, Quinault, Makah, and other northwest-coast tribal cultures.  Stories of the “seawolf” vary among tribes, but illustrate similarities between wolves and their seagoing counterparts (C. E. Morganroth, Quileute, personal communication; G. L. Capoeman, Quinault, personal communication; H. Ward, Makah, personal communication).  According to the Makah (H. Ward, Makah, personal communication), “wolves and whales were the same person.”  

Gunther (1925:140, 141, 161) interpreted 3 Quinault folktales involving wolves: “Kekaiax Makes Salmon Jump into His Canoe” (3 versions), “Kekaiax Makes Salmon Jump Ashore” (2 versions), and “War with the Quinault.”  In the latter tale, a female protagonist used a wolf-skin quiver to gather fruit.  In addition, Eells (1890:164) related the Twana story entitled “A Kolsid Indian and a Wolf” and reported a Twana tradition of stone arrowheads made by wolves (Eells 1985:150).  Stories of the S’Klallam described friendly relationships with wolves and a mother who raised wolf children (K. E. Duncan, Jamestown S’Klallam, personal communication).  No myths or stories involving wolves were found that could be attributed to the Chemakum, an Olympic Peninsula tribe whose remaining members were assimilated into other tribes by the early twentieth century (Elmendorf 1990:438).  

Ceremonies and Rituals
.--Wolves play important roles in the spiritual life of some Olympic Peninsula tribes.  According to K. E. Duncan (Jamestown S’Klallam, personal communication), wolves serve as spirit guides for tribal members.  Wolves are also thought to provide spiritual power to warriors and hunters (Elmendorf 1960:490; K. E. Duncan, Jamestown S’Klallam, personal communication).  Furthermore, wolves are featured in vision-quest stories (J. R. Valadez, Lower Elwha S’Kallam, personal communication) and rituals or ceremonial practices.  For example, the crawling-wolf dance is a masked ritual of the Makah and Quileute tribes (Ernst 1952:2; H. Ward, Makah, personal communication).  The Makah “Klukwalle” or wolf ritual (Ernst 1952:2; G. W. Arnold, Makah, personal communication) is a secret society that required a 6-day initiation period.  Klukwalle takes place before the full moon in November or December and is often referred to as the “winter ceremonial” (Ernst 1952:21-22).  In this ritual, the wolf is a primary character. 


The Quileute practice a similar ritual called the “Tlokwali”, or wolf ritual.  Thought to be of Kwakiutl origin and passed to the Quileute through the Makah, this 6-day initiation ritual was described in detail by Frachtenberg (1921:326-332).  Of the 5-ceremonial societies of the Quileute that were identified, the wolf society (or Black Face Society) for warriors is considered most prestigious (Powell 1990:433), although not necessarily the most widely accepted because of its particular mix of beliefs and practices (C. E. Morganroth, Quileute, personal communication).  The Quinault tribe also referred to the Klukwalle (G. L. Capoeman, Quinault, personal communication).  In comparison, initiation lasts only 4 days but members of the warrior group are similarly required to adhere to certain rules of behavior.


Masks are commonly used in various rituals of the Olympic Peninsula tribes. These masks are sacred and some depict a wolf, or use wolf skin or fur for construction.  For example, Ernst (1952:frontispiece) described a Makah wolf mask with a carved wolf head and a partial cape of wolf skin attached to the back.  The wolf is respected as a powerful image and wolf masks are generally made for use within particular families (J. Aradanas, University of Washington, personal communication).  Other ceremonial masks and art objects used by the Quileute and Makah were depicted by Ernst (1952:Plates XII, XIII) and Inverarity (1971:Plate 102), including a very large Makah wolf-festival mask (Ernst 1952:Plates I, II, VI, VII).  A mask from the late nineteenth century was carved from yellow cedar (Chamaecyparis nootkatensis), decorated with human hair, and used in the Klukwalle ritual (Holm 1987:Figure 103).  Also during Klukwalle, a small-black mask called “Sah’koob” was used in the crawling-wolf dance (Ernst 1952:38).

The central coast Salish, to which the Port Gamble S’Klallam, Jamestown S’Klallam, and Lower Elwha S’Klallam belong, hold “Black Tamahnous” ceremonies in which wolf masks are used (Eells 1985:385).  Wolves are also represented in a cleansing ceremony practiced to remove disgrace (Suttles 1990:468).  Woven designs depicting wolves are found in the decorated hats of the Quinault (Olson 1936:55).


Other Relationships
.--In addition to folklore and ceremonial associations, wolves were hunted by the Salish and Quinault with bow and arrow (Eells 1887a:214, Olson 1936:43).  Eells (1889:619) suggested the meat was eaten, but Olson (1936) questioned this report.  Olson (1936:55) also reported that the Quinault sometimes kept wolves as pets.  


Although viewpoints shared may have been more personal in nature rather than a reflection of particular tribal relationships, general support for wolf reintroduction was expressed by representatives of Olympic Peninsula tribes with strong cultural and spiritual ties to wolves (e. g., Quinault, Quileute, and Makah).  Some tribes view the return of wolves as essential for restoring harmony and unity in a world which is “out of balance” (R. M. Foster, Squaxin Island, personal communication).  According to R. N. Hepfer (Lower Elwha S’Kallam, personal communication), Native Americans believe that life is represented by a circle where everything is connected.  Without wolves, the circle is broken.  The return of wolves to the Olympic Peninsula would signal a renewed respect for living things and help heal the human spirit (G. R. Jones, Port Gamble S’Klallam, personal communication).    

Cultural and Spiritual Values of Primary Prey: Deer and Elk

Deer and elk were historically important to many Washington Native Americans.  Both species were commonly used as sources of food, tools, clothing, and a variety of other items.  Eells (1889:619) noted that black-tailed deer (Odocoileus hemionus) were probably the most useful wild animal to the Twana, Chemakum, and S’Klallams.  Elmendorf (1960:86) reported that elk were 1 of the most valuable species for the Point No Point Treaty tribes, rivaled only by deer.  Elk held particular spiritual value, and were associated with several ceremonial traditions of the Twana and Quileute (Frachtenberg 1921:333, 337-338; Elmendorf 1960:484).  Elk also held particular spiritual value for the Makah (Densmore 1939).


Food Uses
.--Deer and elk provided important-food resources for many tribes, second only to fish (Eells 1889:662; Olson 1936:41; Elmendorf 1960:86; A. S. Penn, Hoh, personal communication).  All parts of the animal including meat, fat, bone, and antler were saved; nothing was wasted (Olson 1936:42).  Meat was eaten fresh, but also dried for later use (Elmendorf 1960:117, 119).


Tool Uses
.--Many tools were made using deer and elk bone, antler, sinew, and skin.  Antler was used to make wedges, tweezers, spoons, blueberry (Vaccinium spp.) pickers, and a variety of handles (Gibbs 1877:214-215; Elmendorf 1960:135; Waterman 1973:50, 54, 62-63; Eells 1877:77).  Curtis (1970:13) noted elk-antler daggers of the Chemakum.  Smith (1940:321-322) reported that the Puyallup and Nisqually used deer and elk bone for making awls, points, tips, wedges, scrapers, and other items.  Elk bone was used by S’Klallams to make points for arrows, seal harpoons, and fishhooks, and teeth on herring rakes (Gunther 1927:202, 204, 210, 268).  Elmendorf (1960:103) documented Twana use of elk antler for harpoon points, and the Makah used elk antler for harpoon valves (Densmore 1939).  Deer bone was used as a weaving tamp by the Twana (Elmendorf 1960:198), and S’Klallams fashioned elk bone into pegs for cedar-storage boxes (Gunther 1927:224).


Bowstrings were often made from sinew and intestine (Eells 1889:632; Gunther 1927:268; Olson 1936:74; Eells 1985:177; A. S. Penn, Hoh, personal communication), and among the Twana, occasionally from deerskin thongs (Elmendorf 1960:88).  Deerskin thongs served a variety of purposes, including cradleboard bindings, snowshoe lashings, and wrappings for basket handles (Gunther 1927:223, 235; Eells 1888:35).  Twana arrow quivers were made from untanned-deer hide (Elmendorf 1960:90-91).  For whale hunting, the S’Klallam used a buoy made from a fawn skin turned inside out and filled with air (Eells 1985:156, 161).  Deer and elk hides were often tanned using brains of the animal (Eells 1889:635; Gunther 1927:219), then crafted into bags or clothing (Gunther 1927:219).


Clothing Uses
.--Deer and elk hides were widely used among Washington Native Americans for clothing and bedding.  Hides were made into blankets (Eells 1889:630, Elmendorf 1960:206), robes, moccasins, and other types of clothing (Vancouver 1798:252-253; Eells 1889:630; Menzies 1923:26-27, 40-41; Gunther 1927:219, 269; Olson 1936:42; Smith 1940:317, 318; Waterman 1973:31; Eells 1877:72; Eells 1985:122).  Deer and elk sinew was used as sewing thread to make clothing, moccasins and bags (Eells 1889:639; Gunther 1927:219, 230; Eells 1877:72).


Other Uses
.--An assortment of materials was derived from deer and elk for cosmetic, entertainment, and commercial use.  Deer (Gunther 1927:231) and elk (Olson 1936:61) tallow was used by the Klallam, Twana, and Quinault as a hair dressing and a facial creme.  A whitish or yellowish paint was prepared from burned and powdered-elk antler (Eells 1889:636), with deer or elk tallow often used as a base (Gunther 1927:288).  Deer bones were decorated for use in a popular game (Elmendorf 1960:240), and a deer-foreleg bone was fashioned into a buzzer toy for boys (Elmendorf 1960:227).  The Twana and Quinault kept young deer and elk as pets (Olson 1936:137, Elmendorf 1960:114-115).  Commercial uses of deer and elk included trade of meat, hides, and other products with neighbors (Gunther 1927:212, Elmendorf 1960:310), and traders (Eells 1877:82, Gibbs 1967:431).


Spiritual Aspects
.--Deer and elk are considered a gift from the Creator (R. M. Foster, Squaxin Island, personal communication) and play a role in some spiritual and ceremonial aspects of tribal culture.  Elk (particularly bulls) are revered for their strength and power (G. L. Capoeman, Quinault, personal communication).  Elk have special significance for many Washington tribes and this was evidenced by several ceremonial traditions, such as elk dances and songs, still practiced today (A. S. Penn, Hoh, personal communication; G. L. Rogers, Skokomish, personal communication).  

Deer were not accorded the same spiritual standing as elk, but were used to make drums (Eells 1889:651-652, Elmendorf 1960:221) and rattles (Eells 1889:652; Gunther 1927:298, 302; Elmendorf 1960:223) by several tribes.  Although deer hooves were sometimes attached in bunches to the mink headband of Quinault shamans (Olson 1936:60), Elmendorf (1960:223) wrote that Twana never attached deer-hoof rattles to the body or clothing.  Rather, they attached the rattle to dance poles, especially at spirit dances.


Elk were included by the Twana in a group of “fathers”, or spiritual prototypes of animals (Elmendorf 1960:484), and were part of several ceremonies.  Twana would participate in communal-elk drives.  The first elk of the season is celebrated with a ritual feast to thank the animal for its contribution to the welfare of the tribe (K. E. Duncan, Jamestown S’Klallam, personal communication; G. L. Rogers, Skokomish, personal communication).  The ceremony also serves to placate the “father of the elk”, or animal chief, and to ensure abundant elk the following season (Elmendorf 1960:117, Wray 1997:151).  The ritual feast was interpreted also as “feeding the power” of the land-game specialist that slowed elk with a special “stop-game” spirit power (Elmendorf 1960:117).


Elk hunters enjoy elevated status among tribal members (G. L. Rogers, Skokomish, personal communication).  Their skill and ability to provide for the tribe are highly respected (G. L. Capoeman, Quinault, personal communication).  In addition, they are thought to possess special powers that enable them to be successful in the hunt (G. L. Rogers, Skokomish, personal communication).  Elk hunters of the Hoh tribe drink blood of a freshly killed elk to increase their power (A. S. Penn, Hoh, personal communication).  The hunter ritual of the Quileute Indian Hunting Society includes many references to elk.  Elk are 1 of the guardian spirits of the Society, and many dances involve imitating elk movements (Frachtenberg 1921:333, 337-338).  According to G. L. Capoeman of the Quinault tribe (personal communication), there are elk dances that symbolize hunts and elk songs that symbolize powers.


Elk are highly valued by the Skokomish and extremely important to the identity of the tribe (G. L. Rogers, personal communication).  S. A. Nickelson (Point No Point Treaty Council, unpublished report) described a word in the Twana language that signifies loss of identity: sH3P, literally, “it is all ended.”  Protecting traditional herds of elk is 1 aspect of guarding Twana culture and existence, and avoiding sH3P (Point No Point Treaty Council, unpublished report).  

Currently, concerns for declining-elk populations influence management practices, and the potential reintroduction of wolves is viewed with trepidation by the Skokomish (G. L. Rogers, Skokomish, personal communication).  These fears are shared by all Point No Point Treaty tribes, who have relied upon elk and deer for subsistence (K. E. Duncan, Jamestown S’Klallam, personal communication, S. Nickelson, personal communication).  Elk have traditionally been more important than wolves to the Hoh tribe (A. S. Penn, Hoh, personal communication).  Their concern regarding the addition of an effective predator and its potential impacts on elk is shared by the Quinault who are reluctant to limit their annual-elk harvest (G. L. Capoeman, Quinault, personal communication).  In contrast, a representative of the Makah expressed the belief that elk and deer populations would survive the addition of wolves, stating that humans “have to learn to share” (G. W. Arnold, Makah, personal communication).

HABITAT SUITABILITY FOR SUPPORTING A VIABLE SELF-SUSTAINING WOLF POPULATION

General Description of the Olympic Peninsula

Topography
.--We defined the Olympic Peninsula as area within the Washington State counties of Grays Harbor, Clallam, Jefferson, and Mason, which encompassed 16,767 km2.  The Olympic Peninsula is bounded to the west by the Pacific Ocean, to the north by the straight of Juan de Fuca, and to the east by Hood Canal.  The Olympic Mountains dominate the region, rising sharply from the east and gradually sloping downward to coastal plain in the west.  Mount Olympus is the highest peak (2,430 m) and 37 peaks exceed 2,130 m.  The 10 major rivers of the Olympic Peninsula radiate from the central highlands.  On the east side of the Olympic Peninsula, river valleys are steep and narrow.  West-side drainages have U-shape configurations typical of glacial troughs (Dratch et al. 1975:5).


Climate
.--Houston et al. (1990) described climate of the Olympic Peninsula as maritime with wet winters and drier summers.  Topography interacted with climate to create varying weather patterns throughout the region.  Precipitation was greatest in the west (180-250 cm on the coast to >500 cm on Mount Olympus).  The eastern portion of the Olympic Peninsula was much drier, with 40-60-cm rainfall annually.  During winter, precipitation fell mostly as rain <300 m, as rain and snow 300-750 m, and as snow >750 m (Houston et al. 1990:6). 

 
Flora
.--Mild climate, combined with long-growing seasons, long photoperiods, and abundant precipitation, have resulted in lush-coniferous forests in most low-elevation areas of the Olympic Peninsula.  Along west-side drainages of Olympic National Park, temperate rainforest predominated and was characterized by ancient stands of western hemlock (Tsuga heterophylla), Sitka spruce (Picea sitchensis), western red cedar (Thuja plicata), Douglas fir (Pseudotsuga menziesii), and silver fir (Abies amabilis).  Subalpine meadows and subalpine forest occurred above 1650 m.  Most forested areas outside of the Park were managed-second-growth stands established after logging (Houston et al. 1990:6).


Kuchler (1964:39) classified 2 types of climax forests on the Olympic Peninsula, however, this classification was likely too general (E. Schreiner, US Geological Survey, personal communication).  Forests on western slopes and Pacific coast were classified spruce-cedar-hemlock.  These usually occurred <450 m, but have been found at elevations as high as 750 m (Franklin 1980:103).  Dominant species were Sitka spruce, western red cedar and western hemlock.  Other species included Pacific silver fir at mid-elevations.  Higher-elevation forests included Englemann spruce (Picea englemannii), subalpine fir (Abies lasiocarpa), and mountain hemlock (Tsuga mertensiana).  East-side forests were classified as cedar-hemlock-fir.  Dominant species were Douglas fir, western red cedar, and western hemlock.  Other forest species were grand fir (Abies grandis) through mid-elevations, and mountain hemlock, subalpine fir, and Englemann spruce at higher elevations (Kuchler 1964:map).   

Road Density
.--Road density (length of roads/area) was estimated within 25-km2 cells of US Geological Survey 1:100,00-scale coverages encompassing the Olympic Peninsula using 4 classifications: (1) interstate and US highways, (2) state and county highways, (3) county roads other than highways, and (4) streets and seasonally improved gravel roads (Figure 1). 

Class-1 roads were limited to US Highway 101 around the perimeter of the Olympic Peninsula, US Highway 12 and state Highway 8 in Grays Harbor and Mason counties, and state Highway 20 from Fairmont to Port Townsend in northeastern Jefferson County (Figure 1).  Although state Highway 8 and 20 were not technically class-1 roads, they were classed as such because of construction.  The densities of these highways ranged to 1.5 km/km2.

Class-2 roads had density <2.0 km/km2, were located in Grays Harbor county near Aberdeen and Elma and in northeast Jefferson County near Port Townsend, and included state Highway 112 from Port Angeles to Neah Bay in Clallam County.

Most class-3 roads were located in northeast Jefferson County from Quilcene to Port Townsend, and in eastern Mason County from Shelton north toward Bremerton; densities were <4.0 km/km2.  Several low-density (<1.5 

km/km2) areas were in western Clallam and Jefferson counties, and near Aberdeen in Grays Harbor County.

Most class-4 roads were located in Olympic National Forest.  An extensive network of these roads was located in Quinault Ranger District of western Mason County and southeast of Makah Reservation in Clallam County.  Densities ranged to <16 km/km2.  These roads were constructed for timber sales and were either maintained for recreation (68%) or closed (32%) following timber operations. 

Road densities were higher for types 1-4 when examined with US Geological Survey coverages at 1:24,000 scale (Figure 1).  This was especially true of Washington State owned timberlands to the west of Olympic National Park.

Human Density
.--Human density throughout the Olympic Peninsula was determined at the scale of census blocks (US Census Bureau 1990).  Census blocks were regions of relatively homogenous density that averaged 246 km2.  Fuller et al. (1992:49) reported that 88% of wolves in Minnesota were located in regions where human density was <8 humans/km2 and road density <0.50 km/km2, or where human density was <4 humans/km2 and road density <0.80 km/km2.  Harrison and Chapin (1997:3) used this information to define potential-wolf habitat in the northeast as having <4 humans/km2.  On the Olympic Peninsula, human density was distributed similarly to road density (Figure 2).  It should be noted that census blocks overlap Olympic National Park 

and Olympic National Forest and human density estimates within these regions were over-represented (thus, human densities within blocks which overlap federal lands were not directly comparable to blocks that do not overlap public lands).

Amount and Distribution of Lands Capable of Supporting Wolves

For the Olympic Peninsula, we examined the ability of all lands to support wolves.  Mladenoff et al. (1995:284) developed a logistic-regression model that predicted potential-wolf habitat in Wisconsin and Michigan.  Although many variables were examined for discrimination, the most parsimonious result was a 1-variable model of road density.  This model has been expanded (Mladenoff et al. 1997:24) to estimate potential-wolf density determined from an observed relationship between wolf and ungulate densities (Fuller 1989:21).  The resulting 2-stage-modeling approach has been applied to the northeastern US (Mladenoff and Sickley 1998:1) to examine sites suitable for reintroduction.  

Although simple in application, this approach had several notable limitations.  The model was developed from an increasing wolf population recolonizing Wisconsin, where wolf densities were below carrying capacity.  Thus, areas where wolves were not observed may have been suitable, but less optimal than selected areas.  The model was built from a small sample of actual wolf packs (n = 14), making comparisons to other areas or other wolf populations tenuous.  Additionally, the area studied was relatively homogeneous regarding cover types and ungulate density; in more diverse areas, a multi-variable model may have been more appropriate.

Despite limitations, we have chosen this method as a first approximation of wolf carrying capacity on the Olympic Peninsula.  Our reasons for doing so included ease of application, minimal data requirements, and that this approach has been subjected to peer review.  Additionally, Mech (1970:31-32) described wolves as habitat generalists, originally occupying every northern-hemisphere biome except tropical rainforest and desert.  This observation suggested that habitat characteristics such as cover type were unlikely predictors of potential occupancy.  More likely, anthropogenic factors have limited wolf distribution.  Assuming road density provides an index of human activity, a modeling approach using road density to define occupancy and ungulate density to characterize quality seemed reasonable.  

Wolf/road relationships have been studied by numerous authors (e.g., Jensen et al. 1986, Mech et al. 1988, and Thiel 1995) and road density has been used by others to estimate potential-wolf occupancy (e.g., Harrison and Chapin 1997:3, Hosack 1996:26).  Jensen et al. (1986:365) on the Ontario-Michigan border near Sault Ste. Marie, Thiel (1985:405) in Wisconsin, and Mech et al. (1988:86) in Minnesota, demonstrated wolf distribution was limited by road densities of about 0.6 km/km2.  Person et al. (1996:23) observed wolves using areas with density >0.6 km/km2, but packs that did so were generally found in less roaded areas and used densely roaded portions of ranges mostly at night.  Fuller (1989:14,15) reported wolf packs occupying areas with road densities of about 0.7 km/km2, but these areas were associated with much larger areas with fewer roads.  The relationship between road density and wolf-occupancy probability (Figure 3) modeled by Mladenoff et al. (1997:24) appears to reasonably represent observations of previous researchers.
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Figure 3.  Posterior probability of wolf occupancy derived from logistic regression analysis of occupied and unoccupied areas by colonizing wolves in Wisconsin.  Modified from Mladenoff et al. (1997:24)

Although anecdotal accounts of wolves fearing roads have been noted (Mech et al. 1995:369), observations of wolves preferring closed roads or low-use roads for hunting and travel (Thurber et al. 1994:66) and crossing major- paved throughways during dispersal (Mech et al. 1995:369), suggested that roads alone were not significant factors limiting wolf numbers.  More likely, road density was a surrogate measure of human activity, and, therefore, indexed probability of wolf disturbance and/or mortality through deliberate, accidental, or incidental killing (Mech et al. 1988:86). 

Our model follows Mladenoff and Sickley (1998:3-4).  Road coverages were obtained from the US Geological Survey at scales of 1:100,000 and 1:24,000.  We used only roads classed 1-4.  These included both paved and unpaved roads but excluded trails not passable year-round by vehicles.  Road coverages were manipulated to calculate road density (total-road length within a cell / cell area) for 25 km2 cells.  To each cell we applied
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where P was the probability of wolf pack occupancy from Mladenoff et al. (1995:286), R was road density (km/km2), and e was the natural exponent.  We repeated this analysis on a grid of 1 km2 cells for comparison, but applied no further analysis to this finer resolution.  We considered cells with P > 0.1 (road density <0.60 km/km2) to be suitable habitat for wolves.

Although the road coverage and density available at 1:24,000 scale provided a truer picture of road coverage on the Olympic Peninsula, the gross-scale road coverage may be more appropriate in the context of studies of wolf/road relationships, all of which reported a critical threshold of about 0.6 km/km2.  Thiel (1985), in Wisconsin, used state-highway commission records of county- and town-maintained roads to determine road density.  Although no scale data were provided, Thiel (1985) stated that “very few other rural roads existed.”  Mech et al. (1988), Fuller (1989), and Fuller et al. (1992) all used the Minnesota Land Mapping Information System (MLMIS) to obtain road densities.  Roads included were those requiring year round maintenance and which were passable by 2-wheel drive vehicles year-round (Fuller et al. 1992).  The MLMIS data were at a scale of 1:125,000.  Jensen et al. (1986:364) used differently-scaled maps for study areas near Sault Saint Marie, Ontario (1:126,720 for Canada and 1:56,320 for Michigan.  Mladenoff et al. (1995), Mladenoff et al. (1997), and Mladenoff and Sickley (1998) used 1:100,000 scale data to develop predictive models of wolf/road relationships.  Because it was this later model we were emulating, we believed it was more appropriate to use the 1:100,00 scale.  However, available 1:100,000 scale coverages contained an obvious spatial bias in lands to the west of Olympic National Park.  This area was at least as roaded as National Forest land south of Olympic National Park and road construction did not differ.  For this region, we chose to substitute the 1:24,000 scale coverage in an attempt to mitigate this bias. 

We considered lands capable of supporting wolves year-round if (1) road density was <0.60 km/km2, (2) human density was <5 humans/km2, and (3) elevation was <500 m.  Wolves were predicted to use elevations above 500 m during summer, but ungulate distribution was limited to below this elevation by winter snow (Houston et al. 1990:7).  Although recent investigations suggested that deer and male elk may use higher elevations in mild years, Jenkins et al. (1984:444) reported 99% of elk-cow locations occurred below 425 m in the Hoh drainage.   Thus it is unlikely that high elevations can support wolves year-round.  Although we estimated area-specific-ungulate biomass, we assumed that ungulates would determine densities, rather than occupancy, of wolves.

Lands meeting the 3 criteria outlined above were limited to Olympic National Park and adjacent wilderness as well as a few isolated fragments, mostly northwest and southwest of the Park.  We decided not to include isolated fragments in further analyses and considered the single block of land consisting mostly of Olympic National Park as our Primary Analysis Area.  Human density was <5 humans/km2 throughout this region, and high-elevation exclusions are identified in Figure 4. 

An additional concern was the large number of roads throughout the Olympic Peninsula that were closed to the public.  Access restriction ranged from road demolition to simple posting.  Given the limitations of this project, we were unable to describe access on a road-by-road basis.  We did graphically examine the potential effects of such restriction by assuming closures of 10-

60% of roads on public lands (Figure 5).  We were unable to determine exact ownership of private timberlands and did not examine how much land would be added to the analysis area by inclusion of road closure on these lands.     

The following evaluation of available lands considers the Olympic Peninsula generally, and the Primary Analysis Area specifically.  Throughout this document, unless otherwise noted, evaluations were applied to the entire Olympic Peninsula. 

Land Ownership and Use


We identified 6 types of land ownership on the Olympic Peninsula (Figure 6).  Private ownership was the largest single ownership within the Olympic Peninsula, and Olympic National Park occupied most of the Primary Analysis Area (Table 1).  Four ownership categories (i.e., private, US Forest Service, National Park Service, and Washington State) comprised >99% of the Primary Analysis Area. 

Private
.--Dixon et al. (1997, Chapter 3, Section 2:8) reported private lands on the Olympic Peninsula were mostly (57%) devoted to timber production.  Other land uses included agricultural (5%), residential, commercial, and industrial (combined 38%).  Of lands used for timber production, 72% were owned by commercial growers and 28% were owned by private-woodlot owners (Dixon et al. 1997, Chapter 3, Section 2:8).

Table 1.  Land ownership on the Olympic Peninsula, Washington (Washington Department of Natural Resources 1995).

Ownership


              Olympic

             Peninsula
        Primary

     Analysis area


           km2


       %
    Km2
   %

Private
7506
45
55
1

National Park Service
3640
22
3495
78

US Forest Service
2540
15
842
19

Washington State 
2039
12
38
1

Tribal
978
1
25
<1

County
45
<1
0
0

US Department of  

    Defense
16
  <1
0
0

US Fish and Wildlife 

    Service
2
<1
0
0

Bureau of Land   

    Management
1
<1
0
0







National Park Service
.--Most (95%) lands within Olympic National Park were designated wilderness and managed to maintain primitive characteristics.  As with all federally designated wilderness, activities such as road construction, timber harvest, and motorized transportation were prohibited.  Remaining lands within the Park were managed for public enjoyment, education, or protection of historical resources.

US Forest Service
.--Most (66%) of Olympic National Forest was classified as Late-Successional Reserve (N. Benson, US Forest Service, unpublished data).  These lands were designated to serve as habitat for late-successional and old-growth-related species including the northern spotted owl (Strix occidentalis) (U.S. Department of Agriculture and U.S. Department of Interior 1994b).  Another 14% of Olympic National Forest was classified as wilderness.  Management of lands within these 2 categories was limited to preserving natural characteristics.  Additionally, the Record of Decision identifies Olympic National Park and designated wilderness within Olympic National Forest as Congressionally Withdrawn Areas (N. J. Gloman, U.S. Fish and Wildlife Service, Personal Communication).


Under the Northwest Forest Plan (US Department of Agriculture and US Department of the Interior, 1994) 50,182 ha (19.6%) of Olympic National Forest were within Adaptive Management Areas.  Of these, 20,841 ha (8.2% of Olympic National Forest lands) were available for timber harvest.  Remaining lands consisted of 3,642 ha of unsuitable and non-forest lands, 728 ha of “no harvest” lands, and 25,050 ha of riparian reserves (N. Benson, US Forest Service, unpublished data).

Washington State
.--When Washington gained statehood, specific lands were granted to the state by the federal government for management, lease, or sale to benefit schools or other-public institutions (Dixon et al. 1997, Chapter 3, Section 2:6).  Since 1957, these lands were managed by Washington Department of Natural Resources “to produce the most substantial financial support possible over the long term while exercising prudent management” (Dixon et al. 1997, Chapter 3, section 2:6).  These lands were similar to industry-owned forests based on patch size, density, and distribution (Turner et al. 1996:1166-1167).   


Implications for Reintroduction
.--Within the Primary Analysis Area, >98% of lands were publicly owned and were within areas managed as wilderness or Late-Successional Reserve.  The undeveloped character of this land base suggests that there are few potential land-use conflicts.  

Lands With Potential Conflicts

We assessed lands on the Olympic Peninsula for potential social conflicts associated with wolf reintroduction.  We identified and defined 4 categories of conflicts: (1) livestock, (2) private-timber concerns, (3) culturally important small-east-side populations of elk, and (4) big-game hunting.  Although aspects of each of these topics were presented elsewhere in this report, other issues and spatial extent of conflicts are reviewed here.

Livestock Abundance
.--Livestock interests occurred throughout the Olympic Peninsula, but were primarily limited to small resident-owned farms (US Census Bureau 1994).  Although other livestock (e.g., llamas [Lama glama], horses [Equus caballus]) existed on the Olympic Peninsula, we considered only cattle (Bos taurus) and sheep (Ovis aries) regionally significant. Throughout the Olympic Peninsula there were about 33,000 cows and 3,000 sheep located on 1,000 farms.  Although wolf predation on domestic animals was predicted to be of minimal impact regionally (see Domestic Animal Depredation below), localized-depredation events may be significant to individual landowners.

Livestock were less abundant within and adjacent to the Primary Analysis Area than on the Olympic Peninsula generally, and no large cattle or sheep operations were identified within or adjacent to the Primary Analysis Area.  Most livestock producers (>100 animals) in Clallam County were located near Sequim, but many cows were grazed adjacent to Olympic National Park during summer (C. E. Beus, Washington State Cooperative Extension, Clallam County, personal communication).  In Grays Harbor County, large cattle-producers were primarily located between Olympia and Aberdeen (G. R. Fredericks, Washington State University Cooperative Extension Service, personal communication).  One dairy farm was located in the Wynoochee River drainage (Dixon et al. 1997, Chapter 3, Section 5:3), and 5 major dairy farms existed in the Chimicum watershed in Jefferson County (A. W. Latham, personal communication).  Other areas with livestock included Discovery Bay, Snow Creek and Quilcene River valleys (Dixon et al. 1997, Chapter 3, Section 5:3).  Small farms (<10 cattle) were prevalent in Mason County.  However, 1 large farm (200+ cattle) was recorded in Skokomish Valley (Figure 7).


Private-Timber Concerns
.--No land use restrictions were predicted on private lands (see Land Use Restrictions).  However, timber companies may perceive potential for restrictions, possibly exacerbated by previous experience with spotted-owl issues, and this perception could lead to future conflicts.

Exact distribution and ownership data were not available, but most privately owned-forested lands were managed for timber production (Figure 8). 


Small Culturally Important East-Side Populations of Elk
.--S. A. Nickelson (Point No Point Treaty Council, unpublished document) described a word in the Twana language of the Skokomish tribe, which literally translated means “it is all ended” and signifies loss of tribal identity.  Loss of language, stories, ceremonies, salmon (Onchorynchus spp.), or elk are considered steps toward loss of being.  It is the duty of every tribal member to ensure that this loss of identity does not occur.  Because elk are so closely tied to tribal identity, tribal-management systems are based on drainages rather than larger units.  Loss of a traditional herd in any drainage, even if healthy populations are found in other drainages, would be a loss of great significance to the Point-No-Point Treaty Tribes (S. A. Nickelson, Point-No-Point Treaty Council, unpublished report).

Although deer and elk are culturally important throughout the Olympic Peninsula, several east-side drainages contained small-isolated populations that may be particularly vulnerable to wolf predation.   East-side drainages that included small isolated and culturally important populations of elk were the South Fork Skokomish, Lower North Fork Skokomish, Dosewallips, Duckabush, Dungeness, Hamma Hamma, Lilliwaup Swamp, and Upper North Fork Skokomish (Figure 9).  Elk harvest in these drainages has been limited recently to permit hunting only in response to low numbers (Table 2).

Table 2.  Elk populations within east-side-river drainages: South Fork Skokomish (SFS), Lower North Fork Skokomish (LNFS), Dosewallips (DO), Duckabush(DK), Dungeness (DN), Hamma Hamma (HH), Lilliwaup Swamp (LS), and Upper North Fork Skokomish (UNFS), Olympic Peninsula, Washington (Point-No-Point Treaty Council, unpublished report) (“-“ = no available data)a.  

Year(s)
SFS
LNFS
DO
DK
DN
HH
LS
UNFS











1926
-
-
-
-
150
-
-
-

1930
-
-
-
-
38
-
-
-

1930s
100
150
-
-
-
-
-
-

1938
-
-
150
100
50
75
-
150

1945
-
-
-
-
-
-
55
-

1949
-
-
-
-
-
200
-
-

1961
-
-
-
-
-
-
-
80

1966
-
-
-
-
-
-
-
28

1963
-
-
-
-
-
22
-
-

1960-1979
-
-
-
-
-
-
150
-

1970-1989
120
100
-
-
-
-
-
-

1985
-
-
47
80
-
-
-
-

1990
-
-
-
-
44
32
-
-

1991
-
-
24
55
26
27
89
-

1992
-
28
29
44
38
31
-
28

1993
-
-
28
42
45
33
-
-

1994
-
-
22
47
55
31
52
18

1995
20
2
32
70
48
37
52
-

1996
17
-
52
78
53
37
-
-

1997
41
6
50
61
63
33
24
38

1998
25
-
56
72
63
43
38
43

aLast estimate used for years with >1 estimate.

Although the east side of the Olympic Peninsula was expected to support few, if any, wolves and most of these drainages were exterior to the Primary Analysis Area, it is impossible to predict if these herds would be jeopardized by wolf reintroduction.  These drainages were excluded from the Primary Analysis Area based on elevation.  During mild winters or during other seasons, wolves may use these drainages.  Additionally, individual-dispersing wolves have the potential to depredate these herds.  Elk losses could occur as: (1) slow declines associated with normal levels of wolf depredation, (2) rapid declines associated with surplus or excessive killing, or (3) elk displacement from drainages in response to wolves.  However, displacement seems unlikely given that Roosevelt elk have been described as poor colonizers (Starkey et al. 1982:358). Slow losses could potentially be prevented with monitoring and translocation or control of wolves.  States and tribes were permitted to move reintroduced wolves in Idaho and Yellowstone National Park if they caused “unacceptable impacts on ungulate populations if those impacts would inhibit wolf recovery” (USFWS 1994:2.9).  


Killing more prey than could be consumed, or surplus killing (Kruuk 1972:233), by wolves has been documented (Mech et al. 1971, cited in Miller et al. 1985:298; Bjarvall and Nilsson 1976:585; Eide and Ballard 1982:87; Miller et al. 1985:295).  In most documented cases, snow conditions or steep terrain made prey more vulnerable.  Carbyn (1983:971) related carcass utilization to snow conditions; crusting snow accounted for easier killing of elk (Cervus elephus) and lower consumption per kill.  Seip (1992:1502) and Messier (1995:191) speculated that when wolves can subsist on alternate prey, low-density populations of preferred prey may be extirpated.  Thus, high densities of deer on the east side of the Olympic Peninsula may be sufficient to support wolves through winter, rendering east-side elk subpopulations more vulnerable.  (i.e., the potential for wolves to extirpate small herds of elk while subsisting on plentiful deer would necessitate careful monitoring of wolf and prey populations).     


East-side populations of elk represented a potentially important source of conflict with wolf reintroduction.  Given flexibility associated with experimental, non-essential designation, it is possible that wolf management within these drainages could incorporate provisions for protection of culturally important ungulates through translocation (USFWS 1994:2.9).  Additionally, harvest of wolves within these drainages may be a socially acceptable form of control worthy of consideration. 


Big-Game Hunting
.--All available ungulate data were analyzed by GMU (Figure 10) and summarized in Appendix B-H.  Virtually all predicted wolves were expected to occupy West-side drainages of Olympic National Park.  Although high-road densities and elevation surrounding the Park may inhibit permanent occupancy by wolves, seasonal movements, occasional-range expansion, and individual-wolves dispersing are expected to impact ungulates outside of Olympic National Park.  These impacts are likely to be small-scale

events but may be significant to small-isolated herds.  Wolf presence, if our model is correct, will not likely impact non-Park ungulates to an extent likely to cause changes in harvest regulation.

Geographic Extent of Reintroduction

Although it was impossible to predict the exact distribution of a reintroduced wolf population, we concluded that the Primary Analysis Area offered the greatest probability of wolf occupancy.  Road density within the Olympic Peninsula was such that few regions exhibited intermediate densities.  Therefore, it is unlikely that an established wolf population would expand significantly beyond the boundaries predicted by our model.  To assess impacts of a reintroduced wolf population, we have assumed that reintroduced wolves would remain within the Primary Analysis Area.  It is likely, however, that as suitable habitat becomes saturated, reintroduced wolves will disperse into low-quality habitats.  While the impacts of dispersing wolves are expected to be biologically insignificant on a large scale, small-isolated herds of deer or elk may be jeopardized.  It is probable that dispersing individuals will provide the greatest source of human conflict through depredation of domestic or wild animals or through presence alone.

DEMOGRAPHY AND DISTRIBUTION OF POTENTIAL PREY SPECIES

Black-tailed Deer


Occurrence
.--Wallmo (1981:423) described Columbian black-tailed deer range as the northern Pacific coast of North America from south-central California to northern British Columbia.  Black-tailed deer in northern areas were often abundant in old-growth forests (Schoen and Wallmo 1979:69, Wallmo and Schoen 1981:456), despite earlier reports (Einarsen 1946:54, Cowan 1956:552-553, Brown 1961:7).  Black-tailed deer were common on the Olympic Peninsula.  Populations were estimated at 2,484 animals within the Primary Analysis Area (combined totals from Tables 3 and 4).  Although deer occurred throughout Olympic National Park, they were at higher densities on the drier east-side river drainages (Schwartz and Mitchell 1945:305-308) with an estimated population of 1917 animals within Olympic National Park (Table 4).


Habitat
.--Although most North American deer have been associated with early successional stages of forest vegetation, black-tailed deer exhibited seasonal-habitat preferences for old-growth forest over younger stands (Wallmo and Schoen 1981:456, Hanley et al. 1984:361).  Deer densities were higher on xeric than mesic sites in west-central Washington (Hanley 1980:100) and on Olympic Peninsula (Raedeke and Taber 1982:74).  Habitat selectivity may indicate effects of soil moisture on habitat or forage types preferred by deer.  Raedeke and Taber (1982:74) suggested drier areas had higher occurrence of 

Table 3.  Most recent population reconstruction estimates for Columbian black-tailed deer within the Primary Analysis Area. Olympic Peninsula, Washington.a
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analysis
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number of
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Total

analysis

Year
GMU
(km2)
area (%)
harvestc
 bucks
does
fawns
Population
Density
area













1997
Pysht 
603.71
1.99 (0.3)
310
795.38
2,840.66
1,903.24
6,032
9.99
20

1997
Soleduck 
529.89
15.77 (0.3)
66
169.23
604.40
404.95
1,178
2.22
35

1997
Clearwater
832.18
3.16 (0.4)
83
213.33
761.90
510.48
2,136
2.56
8

1997
Matheny 
249.29
7.74 (3.1)
7
17.95
64.10
42.95
157
0.62
5

1997
Skokomish
1,096.52
15.76 (0.1)
234
599.49
2,141.03
1,434.49
4,721
4.30
68

1997
Quinault
386.48
34.4 (8.9)
31
80.51
287.55
192.66
561
1.45
49

1997
Olympic 
1,645.47
90.6 (5.5)
327
837.44
2,990.84
2,003.86
6,428
3.91
354

1997
Quinault Reservationd
838.78
25.16 (2.9)




964
1.14
28


Total

194.68






567













   a Herd composition data (0.39 buck mortality, 0.28 buck:doe ratio, 0.67 fawn:doe ratio) from Schirato (1996:51).  However, mortality rates were estimated as ranging from 26-32% in high-cover areas such as Soleduck and Matheny, to 54% in more-logged areas (G. A. Schirato, Washington Department of Fish and Wildlife, personal communication).








   cMean buck harvest was calculated from a 5-year period ending in the year of the estimate.  These values include state-reported harvest only.









     dPopulation estimates extrapolated from mean-deer density of neighboring GMUs.







Table 4.  Ungulate populations and densities (km-2) within winter ranges, Olympic National Park, Washington. 




























Deer  
Deer 
Elk
Elk

Region
Drainage
Area
Density
population
density
population

















West-side
Soleduck
59.67
4.80
286
2.93
175


Bogachiel
109.19
2.76
303
7.49
844


Hoh
67.83
2.34
158
6.49
440


SF Hoh
23.37
2.32
54
6.45
151


Queets
134.02
3.42
459
9.51
1,275


Quinault
131.17
2.70
354
7.49
983


Elwha
50.78
4.80
244
7.49
380

East-side
Skokomish
11.51
3.54
41
0.00
0.00


Duckabush
4.03
3.54
14
0.00
0.00


Dosewallips
0.734
3.54
3
0.00
0.00

Total 

592.33

1,917

4,248









fire that led to breaks in canopy cover, and slower growth of conifers resulting in prolonged-shrubby stages.  Also, elk preference for mesic sites (Hanley 1980:100, Raedeke and Tabor 1982:71) may have inhibited deer use.  Although not always true (D. B. Houston, US Geological Service, retired, personal communication), some combination of these variables likely explained the general observation of increasing deer density with decreasing precipitation.


During winter, black-tailed deer fed primarily on shrubs and conifers, but arboreal lichens were an important source of nutrition during periods of snow accumulation (Bunnell 1979:94-95, Jones and Bunnell 1984:388).  Old-growth forest contained adequate forage, but more importantly, provided cover and decreased-snow depths (Hanley et al. 1984:361).  Clearcutting may have temporarily increased forage production, but carrying capacity for black-tailed deer was lowered when understory forage was covered in snow (Cowan 1956:608, Harestad et al. 1982:349, Schoen and Wallmo 1979:72, Hanley et al. 1984:362).  Harestad et al. (1982:346) suggested snow depth was the principal factor determining deer-habitat use during winter.


Effects of Snow on Distribution
.--Snow depth influenced both distribution and survival of black-tailed deer (Klein and Olson 1960:82, Brown 1961:35-36, Wallmo and Schoen 1981:457-458, Bunnell et al. 1990:346).  Deep snow increased energy expenditure for foraging and locomotion (Bunnell et al. 1990:403), and may have increased vulnerability to predation (Wallmo 1981:249).  Kelsall (1969:302) found ungulate movements were seriously impeded when snow reached depths approximately 70% of chest height.  Deer movements were restricted at snow depths greater than 40 cm (Kelsall 1969:307, Telfer 1970:557, Wallmo and Gill 1971:3), but 7.6-10.1 cm (3-4 inches) may have driven deer to lower elevations (McCullough 1964:250).


Columbian black-tailed deer seldom yarded at snow depths of <1.2m (Cowan 1956:578), and yarding has not been reported on Olympic Peninsula (H. M. Zahn, Washington Department of Fish and Wildlife, personal communication).  On southern Vancouver Island, family groups temporarily aggregated in response to snow (Cowan 1956:578).  Throughout much of the Olympic Peninsula snow does not affect movements of deer; the maritime climate results in little snow at lower elevations.

Movements
.--Many black-tailed deer migrated to avoid deep snow (McCullough 1964:249, Wallmo 1981:423).  Winter ranges were typically at lower elevations on south-facing slopes (Harestad et al. 1982:349).  In coastal areas with variable-winter weather and insular valleys, migration appeared shorter and less predictable than in continental climates (Wallmo 1981:423, Schoen and Kirchhoff 1985:100, McNay and Voller 1995:143).  Migratory deer departed from winter ranges in March (McCullough 1964:251, McNay and Voller 1995:143), in contrast to resident deer, which remained at low elevations year-round (McCullough 1964:250, Schoen and Kirchhoff 1985:100).  Sexual segregation was often evident in habitat selection, with males occupying drier, more rugged areas at higher elevations (Schoen and Kirchhoff 1985:101).


Within Olympic National Park, it has been recently observed (K. J. Jenkins, US Geological Survey, Forest and Rangeland Ecosystem Science Center, Olympic Field Station, unpublished data) that of 11 deer radio-collared below 700-m elevation during winter, 6 were observed to disperse 20-35 km up the Elwha valley, and in some cases, over the Olympic mountains.  Thus, within the Park during summer, black-tailed deer may exhibit a “filling in” strategy allowing use of higher elevations during summer.

Social Behavior
.--Cowan (1956:576) described black-tailed deer social structure as family groups consisted of a doe and her offspring that feed, rest, and move together as a unit.  Adult deer were sexually segregated for most of the year, coming together during the rut during November (Cowan 1956:576, 577).  Outside the rut, bucks were often found in bachelor herds of 2-3 individuals (Dasmann and Taber 1956a:149).


Reproduction
.--Columbian black-tailed deer were less fecund and slower to attain maximum fertility (Taber 1953:180-181; Brown 1961:24,32) than mule deer (Thomas 1983:505) or white-tailed deer (Odocoileus virginianus) (Mundiger 1981:135).  Thomas and Cowan (1975:261) reported that black-tailed does ovulated twice before they became pregnant, and were not sexually mature during their first year.  First breeding in black-tailed does typically occurred at 16-17 months of age (Taber 1953:181, Cowan 1956:530), in contrast to white-tailed does, which often bred at 7 months of age (Cheatum and Severinghaus 1950:178).


Schirato (1996:51) reported a fawn:doe ratio of 0.67 for Olympic Peninsula deer herds, similar to the 1948 fawn:doe ratio of 0.62 given by Lauckhart (1948:156) for Washington.  Because black-tailed deer had relatively low reproductive rates, they may have been more sensitive than other deer to adult mortality (Van Ballenberghe and Hanley 1984:291).


Mortality
.--Deer harvest on Olympic Peninsula has remained fairly stable for the past 10 years (Appendix F), with a relatively low level of exploitation (Schirato 1996:53-54).  Tribal harvest rates were not available, but Schirato (1996:50) estimated tribal harvest as approximately 5% of state-reported harvest.  Buck mortality rate (calculated from the ratio of spikes to total number of bucks) was 0.39 averaged across the Olympic Peninsula, but varied among GMUs.  Herds in high-cover GMUs such as Soleduck and Matheny had mortality rates of 0.26-0.32, compared to 0.54 in areas of less-mature growth and increased access (G. A. Schirato, Washington Department of Fish and Wildlife, personal communication).


Rates of Increase
.--Caughley (1977:109) defined maximum finite rate of population increase ((m) as the growth rate achieved when neither habitat nor resources were limited.  This was approximated in populations that were newly established or recovering from a significant reduction in number.  Observed maximal rates of increase in expanding black-tailed and mule deer herds ranged from 1.04 to 1.40 (Table 5).

Table 5.  Maximum observed rates of increase ((m) for expanding mule and 

black-tailed deer populations.














Location
((m)
Source





Lake County, California
1.04
Taber and Dasmann 1957:239

North Kaibab, Arizona
1.05
Connolly 1981a:338

Cedar Creek, Oregon
1.15
Connolly 1981a:338

Middle Park, Colorado
1.16
Connolly 1981a:338

Nimpkish Valley, British Columbia
1.17
Hatter and Janz 1994:881

Okanogan, Washington
1.28
Connolly 1981a:338

Nanaimo River, British Columbia
1.40
Hatter 1988:62






Population Estimates
.--Data regarding Olympic Peninsula deer populations were scarce.  Population estimates were calculated by the Washington Department of Fish and Wildlife for 1976-1982 (Appendix D) using a harvest-based-estimation method.  Population size in several Population Management Units was estimated using a Sex-Age-Kill method (Schirato 1996:54, Zahn 1997:83).  Using herd-composition data (Schirato 1996:51) and annual-buck harvest (Washington Department of Fish and Wildlife 1976-1997), we performed population reconstructions to estimate deer populations on Olympic Peninsula (Appendix B).  Population reconstruction was based on the assumption that harvest accounted for all mortality and was highly sensitive to changes in variable-harvest rates.  Thus, these estimates should be regarded with caution.  Deer populations appeared limited by resources rather than harvest pressure, which may explain reports of deer in poor nutritional condition (Schirato 1996:53).  Within Olympic National Park, deer were at relatively low densities (L. C. Bender, Washington Department of Fish and Wildlife, personal communication), especially on west-side drainages (Table 4).

Roosevelt elk

Occurrence
.--Starkey et al. (1982:353) described distribution of Roosevelt elk as northern California to southern British Columbia (Vancouver Island) in the coastal Pacific Northwest.  Roosevelt elk have adapted to relatively moist-forest habitats with maritime climates, compared to the continental climate associated with Rocky Mountain elk (Starkey et al. 1982:353).  There were 4,409 elk estimated within the Primary Analysis Area (combined totals from Tables 4 and 6).  The Olympic National Park elk population was estimated at 4,248 animals, and most animals were concentrated in west-side drainages (Table 4).  Due to a mild and wet climate, there was greater-forage productivity west of the Olympic Mountains.  East-side drainages were drier and more suitable for deer than elk (Schwartz and Mitchell 1945:305-308).

 
Habitat
.--Roosevelt elk had seasonal preferences for old-growth stands (Jenkins and Starkey 1984:645).  Elk selected mesic sites (Hanley 1980:100), showing increasing density with increasing precipitation (Raedeke and Taber 1982:71).  Typical habitat has been described as meadows and riparian areas interspersed through the coastal coniferous forest, which provided abundant herbaceous forage close to forest cover (Hanley et al. 1984:363).  Schwartz and Mitchell (1945:301) reported that Olympic Peninsula elk browse and graze (primarily browsing during winter when snow covers herbaceous plants).  Olympic Peninsula elk wintered in old-growth forest, especially on wetter west and south slopes.  Summer range included timbered valleys at higher elevations as well as subalpine and alpine meadows (Schwartz and Mitchell 1945:308).

Table 6.  Most recent population estimates for Roosevelt elk in Washington Department of Fish and Wildlife 

Game Management Units and tribal lands within the Primary Analysis Area on Olympic Peninsula, Washington. 
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1995
Pysht
603.71
1.99 (0.3)
0.78
14.00
18.00
0.17
106.00
0.33

35.00
159
b
1


1996
Soleduckc
529.89
15.77 (0.3)







81.30
514

15


1996
Clearwaterc
832.18
3.16 (0.4)








1,405

5


1993
Mathenyc
249.29
7.74 (3.1)
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76.00
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     aMean bull harvest was calculated from a 5-year period ending in the year of the estimate.  These values

included state and tribal harvest. 

















     bReconstruction estimate (S. A. Nickelson and Anderson, Point No Point Treaty Council, unpublished data).

     cMark-resight estimates (references provided in Appendix E)








    dMark-resight data (S. A. Nickelson and Anderson, Point No Point Treaty Council, unpublished data).








     eGround counts aided by telemetry (S. A. Nickelson and Anderson, Point No Point Treaty Council, 

unpublished data).









     fEstimate from K. A. Raedeke (Raedeke Associates, personal communication).





 
Effects of Snow on Distribution
.--Roosevelt elk faced problems similar to those of black-tailed deer where snow accumulated on winter ranges.  Moving to areas of increased-canopy cover reduced impacts of snow depth (Hanley et al. 1984:364).  While elk tolerated greater-snow depths than deer, 46-61 cm of snow caused elk to leave an area (Leege and Hickey 1977:1).  Throughout much of the Olympic Peninsula, snow has not been a problem for elk, i.e., maritime climate has produced little snow at lower elevations.


Movements
.--Most Roosevelt elk in Washington, Oregon, and California did not demonstrate distinct migrations (Graf 1943, cited in Adams 1982:301), but many Olympic Peninsula elk migrated in response to snowfall (Schwartz and Mitchell 1945:299).  Migratory herds remained at low elevations during winter, then followed the receding snowline to summer ranges.  Some made only short-vertical migrations, ascending to nearby higher ridges for summer range (Schwartz and Mitchell 1945:299).  Resident elk remained within lower drainages year-round (Schwartz and Mitchell 1945:299).  Roosevelt elk tended to be philopatric and were slow to colonize new habitat (Starkey et al. 1982:358).  Starkey et al. (1982:358) suggested that locally extirpated Roosevelt elk herds were not replaced quickly by neighboring groups.


Because of their large size, elk were more conspicuous than deer, and had greater requirement for cover (Thomas et al. 1979:109).  Roosevelt elk typically did not venture far into openings or clearcuts.  Witmer (1982:38, 41) observed that nearly all Roosevelt elk located by telemetry were within 130 m of forest and daytime-forest use increased during hunting seasons.


Social Behavior
.--Roosevelt elk social structure was described as a matriarchal system based on cohesive calf-cow herds (Franklin and Lieb 1979:187).  Olympic National Park calf-cow herds in the Hoh drainage had a mean size of 27 individuals during spring, and exhibited minimum sociality with neighboring herds even if home ranges overlapped (Jenkins and Starkey 1982:332-333).  Bulls did not generally associate with calf-cow groups outside of rut, and were found in less stable bachelor groups of up to 15 individuals (Schwartz and Mitchell 1945:297, Franklin and Lieb 1979:190).  During rut, calf-cow herds were divided by bulls into individual harems (Schwartz and Mitchell 1945:298, Franklin and Lieb 1979:189).  Cows left herds to calve, then rejoined herds after several weeks of separation (Boyd 1978:16, Franklin and Lieb 1979:188-189).  Nursery groups were observed where1or more cows stayed with a group of calves while the rest of the herd fed or rested (Schwartz and Mitchell 1945:298, Harper et al. 1967:42).  


Reproduction
.--Roosevelt elk had lower-pregnancy rates and calf recruitment than Rocky Mountain elk (Starkey et al 1982:355).  First breeding in elk cows typically occurred at 2.5 years of age (Murie 1951:123), however, there was considerable evidence of yearling pregnancy (Pierson 1963:7, Trainer 1971:25, Kuttel 1975:17, Smith 1980:84).  Calf:cow ratios recorded during composition-count-aerial surveys varied from 0.23 to 0.54 (Appendix C), but 0.30 was suggested as a conservative estimate for the Olympic Peninsula (Nickelson and Anderson 1996:6).  Smith (1980:95) reported higher calf:cow ratios in hunted elk than in Olympic National Park elk, but these differences were not statistically significant.  Within Olympic National Park, Schwartz and Mitchell (1945) reported calf:cow ratios declining from 63:100 to 19:100 from July to the following March.  During the 1980s, 24 calves:100 cows were estimated (D. B. Houston, US Geological Survey, Olympic Field Station, retired, unpublished data).  This ratio differed from observed ratios outside of the Park, suggesting differing recruitment patterns within and without the Park.  Although it has been suggested that harvest may increase productivity (Knight 1970:62, Smith 1980:95), calf:cow ratios recorded in Oregon did not reflect increased productivity with increasing harvest (Oregon Department of Fish and Wildlife 1950, 1960, 1980, all cited in Starkey et al. 1982:359).


Mortality
.--Elk mortality can be divided into human-caused and natural-mortality factors.  Human-caused mortality included hunting and poaching pressures, and was estimated to remove 65.2% of bulls and 7% of cows from the non-Park Olympic Peninsula population annually (Smith et al. 1994:31).  Of the mortalities documented on the Olympic Peninsula 33/35 (94%) bull mortalities and 15/26 (58%) cow mortalities were human caused (Smith et al. 1994:31).  Nickelson and Anderson (Point No Point Treaty Council, unpublished data) used herd composition to obtain estimates that indicated mean-bull mortality of 74% during the 1980s and 78% during the 1990s.  These estimates were based on mark-resight data from elk in Clearwater, Matheny, and Goodman GMUs.  Annual harvest has declined for more than a decade (Zahn 1996:106), and several GMUs have been closed to hunting in response to reduced elk populations (Appendix G).  In some areas, bull:cow ratios were as low as 0.08, which may have been an indicator of overexploitation (Appendix C).  Within west-side drainages of Olympic National Park, K. J. Jenkins (US Geological Survey, Forest and Rangeland Ecosystem Science Center, Olympic Field Station, unpublished data) estimated adult female mortality at 8.7%.  Additionally, Schwartz (1939) and Jenkins (1981) described winter die-offs during particularly severe winters.


Rates of Increase
.--Maximum rates of increase ((m) for elk populations ranged from 1.00 to 1.38 (Table 7).  Although coastal herds had relatively low (m values, Olympic National Park elk introduced to Afognak Island exhibited 1 of the highest (m values recorded.  During periods closed to hunting, the Dosewallips and Hamma Hamma elk herds exhibited negligible increases (1.00 and 1.06, respectively), indicating that population growth may have been limited by other factors.  Values obtained from Dungeness and Duckabush herds may have more closely approximated the (m of elk on Olympic Peninsula.

Table 7.  Maximum observed rates of increase ((m) for expanding elk populations.








Location
((m)
Source






Tyson Park, Missouri
1.34

Murphy 1963:413

Point Reyes, California
1.34

Gogan and Barrett 1987:22

Grizzly Island, California
1.36

Gogan and Barrett 1987:22

Afognak Island, Alaska
1.38

Burris and Mcknight 1973 

Yellowstone Park, Wyoming
1.46

Houston 1982:62

Hanford, Washington
1.33

Eberhardt et al 1996:372

Cedar River, Washington
1.23

Raedeke et al. 1986:239

Mt. St. Helens, Washington
1.35

Raedeke et al. 1986:239

Dungeness River, Washington
1.20

Hart 1995:53

Duckabush River, Washington
1.19

Schirato unpublished

Dosewallips River, Washington
1.00

Schirato unpublished

Hamma Hamma River, Washington
1.06

Schirato unpublished






Population Estimates
.--Elk populations on Olympic Peninsula have been estimated using several methods (Table 6, Appendix C).  During 1976-1982, Washington Department of Fish and Wildlife multiplied 5-year-average-bull harvest by 7.5 to calculate rough population estimates for GMUs (Washington Department of Fish and Wildlife: 1977-1983).  Using annual-herd-composition data and bull harvest, we performed population reconstructions to estimate elk populations outside of Olympic National Park.  Nickelson and Anderson (Point No Point Treaty Council, unpublished data) also reconstructed elk populations for several years.  As noted above, population reconstruction was based on the assumption that harvest acounted for all mortality and was highly sensitive to changes in variable-harvest rates.  Thus, these estimates should be regarded with caution.  Mark-resight data were available for 7 GMUs, and ground counts aided by radio-telemetry were conducted in Olympic GMU.  We estimated elk populations within Olympic National Park by extrapolating elk densities from 3 west-side drainages (Houston et al. 1987:221), and assuming no east-side elk were resident in the Park (Table 4).  Elk populations within Olympic National Park have remained stable, in contrast to generally declining populations outside the Park.  Although populations increased in some GMUs (Zahn 1996:106), overall-elk trends on Olympic Peninsula declined over the past decade (Zahn 1997:164).  Significant changes in harvest strategy have been implemented for the 1997-1999 seasons to increase elk populations (Zahn 1997:166).

Alternate Prey


Mountain Goats
.--Mountain goats (Oreamnos americanus) originally ranged in mountainous areas from southeastern Alaska and southwestern Northwest Territories to north-central Oregon and western Montana (Hall 1981:1112).  Mountain goats were introduced into Colorado, central Montana, the Black Hills of South Dakota, northeastern Oregon, 3 Alaskan islands (Kodiak, Baranof, and Chichagof), and Olympic National Park (Rideout 1978:158).  Typical habitat consisted of steep slopes and cliffs in alpine or subalpine areas associated with low temperature and heavy snowfall.  Fox (1983:115, 132) suggested predator avoidance was of primary importance in winter-goat-habitat selection.  Summer ranges on the Olympic Peninsula were described as mostly above 1,520 m (Houston et al. 1994).  Habitat-selection studies of mountain goats indicated selection for cover rather than diet (Houston et al. 1994).  Goats were described as having a broad diet, including grasses, mosses, lichens, woody plants, and herbs (Rideout 1978:157).  Negative effects of goat herbivory have been demonstrated for selected plants and Houston et al. (1994) expressed concern for rare-endemic plants.


Mountain goats were introduced to the Olympic Peninsula from Canada and Alaska during the 1920s (Scheffer 1993:916).  The population grew from 25, during 1937 (Scheffer 1949:237), to approximately 1,200 individuals, during 1983 (Houston et al. 1986).  After removal of 509 animals between 1981 and 1989, the estimated population in 1990 was 389 (106 (Scheffer 1993:917).


The National Park Service considered the mountain goat an unwanted, exotic species (National Park Service, 1981, 1986; both cited in Houston and Stevens 1988:236) and a threat to unique, endemic plants (Scheffer 1993:916).  During 1987, the National Park Service proposed removal of goats from the Park (Scheffer 1993:917).  However, the proposal received opposition from The Fund For Animals and others, who maintained that goats occupied the Olympic Peninsula during the nineteenth century and were entitled to protection (Scheffer 1993:917).


Where wolves and mountain goats have coexisted, wolves hunted goats opportunistically but infrequently (Smith 1986:744, Huggard 1993b:134-135, Festa-Bianchet et al. 1994:26).  However, goat remains were found in 62% of wolf scats in southeastern Alaska (Fox and Streveler 1986:193).  This high proportion was likely due to high mountain goat and low-deer density (Fox and Streveler 1986:193).  Wolves selected juvenile goats (Fox and Streveler 1986:193, Festa-Bianchet et al. 1994:25), as was common with ungulate prey (Fritts and Mech 1981:65).  Frequent visits by wolves to goat habitat suggested that predation was a selective pressure for goats to remain within or near escape terrain (Fox and Streveler 1986:194).


The physical adaptations of goats have made them more agile than wolves in steep and broken terrain and once in such terrain they were difficult prey to capture (Smith 1983:110, Fox and Streveler 1986:194, Carnes et al. 1996:27).  Low-predation levels were described as unlikely to regulate goat populations (Festa-Bianchet et al. 1994:26).  Although occasionally taken by mountain lions (Felis concolor), mountain goats in Olympic National Park have not faced significant predation, and were slower to flee from humans than goats in Glacier Bay National Monument, Alaska, where there were abundant predators (Fox 1983:125).  Goats have been reported to use habitat in Olympic National Park that would be atypical under predation pressure (Dratch et al. 1975:43).  With the presence of wolves, Olympic National Park goats may be restricted to more typical habitat within 500 m from escape terrain.


Other Species
.--Wolves used alternate-prey species opportunistically or when ungulates were less abundant (Mech 1970:179; Hall 1971, cited in Voigt et al. 1976:663).  A variety of alternate-prey species have been documented in wolf diets, including raccoon (Procyon lotor) (Voigt et al. 1976:664), snowshoe hare (Lepus americanus) (Theberge et al. 1978:93, Fritts and Mech 1981:57), marmot (Marmota spp.) (Meiklejohn 1994:10), beaver (Castor canadensis) (Peterson 1977:53), porcupine (Erethizon dorsatum) (Voigt et al. 1976:664), muskrat (Ondantra zybethicus) (Voigt et al 1976:664), various birds (Voigt et al. 1976:664, Fritts and Mech 1981:58, Meiklejohn 1994:10), and salmon (Young 1944:251, Carnes et al. 1996:32, Szepanski 1998:16).  These species were typically of minimal importance in wolf diets (Pimlott et al. 1969:50, Mech 1970:177-178), and often seasonally available (Fritts and Mech 1981:58, Meilkejohn 1994:11).  Several studies found significant consumption of beaver by wolves (>30% of scats), but these were usually under conditions of decreased-ungulate and high-beaver density (Hall 1971, cited in Peterson 1977:53; Peterson 1977:55; Voigt et al. 1976:667).  Pimlott (1967:271) argued that beaver were not primary prey species and that wolves would not persist without large ungulates.  Although beaver were documented as summer prey in several studies (Voigt 1976:667, Peterson 1977:51, Theberge et al. 1978:92, Pimlott 1967:271), Milne et al. (1989:85) reported beaver in the winter diet of wolves on Vancouver Island.  Vancouver Island had mild winters (similar to portions of Olympic Peninsula), making beaver available to wolves year-round (Milne et al. 1989:85).  


On the Olympic Peninsula, wolves will likely consume a variety of foods.  It is unlikely, however, that any species other than deer and elk will be important at the population level.  On an individual level, beaver may provide important-summer food and salmon may be seasonally important as well.  Olympic marmots are endemic to the Olympic Mountains and evolved with wolf predation.  It is likely that wolves will kill marmots, but unlikely they will affect population levels.

ADEQUACY OF HABITAT AND PREY BASE FOR SUPPORTING A VIABLE SELF-SUSTAINING WOLF POPULATION

Carrying Capacity of Wolves: Landscape Approach


Methods
.--
For areas outside Olympic National Park, we estimated ungulate densities within Washington Department of Fish and Wildlife GMUs and within the Quinault reservation.  For deer within all GMUs we used population reconstruction (Bender 1996a:93) based on herd composition data from aerial surveys and annual harvest of males (Washington Department of Fish and Game, unpublished data; Point No Point Treaty Council, unpublished data).  Although only 1 peninsula-wide herd-composition count was available for deer (Schirato 1996:51) and it included individuals from south of the Olympic Peninsula, elk-herd composition was sampled yearly for most GMUs.  For all reconstructions, spike-antlered-male:branch-antlered-male and adult-male:adult-female ratios were obtained from fall flights, when mixing of animals occurred during rut.  Spring-flight data were used for fawn/calf:adult-female ratios.  We used the most recent flight data available for each GMU when >100 animals were observed and >1 animal was observed within each sex-age class.

To reconstruct populations from existing data, we used the following equations (Bender 1996a:93): (1) adult male mortality (MORT) = spike-antlered males / branch-antlered males observed in fall flights, (2) preseason adult males (MALES) = reported male harvest (averaged for 5 previous years) / MORT, (3) preseason adult females (FEMALES) = MALES / male:female ratio observed during fall flights, (4) preseason calf/fawn population (YOUNG) = FEMALES x (calves/fawns:adult female observed in spring flights), and (5) total preseason population = MALES + FEMALES + YOUNG.  We followed Bender (1996a:93), rather than the Sex-Age-Kill model described by Bender (1996b:45, 46), because estimates agreed better with previous surveys (the Sex-Age-Kill method produced estimates 3-6 times lower than other surveys) (Schirato 1996:54).  Because reconstruction was highly sensitive to reported harvest rates, and because these rates were highly variable, we averaged harvest rates for the previous 5 years prior to incorporation.  Population estimates were converted to densities within each GMU (Table 8).  

 
We used available elk population estimates for the GMUs of Pysht, Skokomish, and Quinault (S. A. Nickelson, Point No Point Treaty Council, unpublished data), Soleduck, Matheny, and Clearwater (Paint ball mark-resight surveys, Washington Department of Fish and Wildlife, unpublished) and the Quinault reservation (K. A. Raedeke, Raedeke Associates, personal communication).  We extrapolated deer density within the Quinault reservation from surrounding GMUs. 

Table 8.  Ungulate density estimates (per km2) for regions outside of Olympic National Park, Olympic Peninsula, Washington.

Area


Deer

 
Elk

 

Pysht
9.99
0.26

Soleduck
2.22
0.97

Clearwater
2.57
1.69

Matheny
0.63
2.66

Skokomish
4.30
0.24

Quinault
1.45
2.43

Olympic
3.90
0.17

Quinault Reservation
1.15
0.59










Within Olympic National Park, ungulates have been grouped into west-side, east-side, and coastal subpopulations (Houston et al. 1990:8).  West-side included portions of the Elwha, Soleduck, Calawah, Bogachiel, Hoh, South Fork Hoh, Queets, and Quinault rivers, and maintained year-round populations of elk.  Few elk occurred in east-side drainages such as the Dungeness, Dosewallips, Duckabush, and North Fork Skokomish and they generally wintered outside of the Park (Houston et al. 1990:8). 

 
Quantitative-population data within the past 20 years existed only from aerial surveys of elk in the Hoh, Queets, and South Fork Hoh drainages.  Flights were conducted during 1985-1988, 1991, and 1998 (P. J. Happe, National Park Service, unpublished data).  Maximum counts of elk per drainage per year were averaged among years.  We used estimated census area, area of drainages, and a sightability correction of 74% (Houston et al. 1987:221) to determine elk density.  The elk population within Soleduck was estimated by Newman (1954) at about 175, and this estimate likely applies today (K. J. Jenkins, US Geological Survey, Forest and Rangeland Ecosystem Science Center, Olympic Field Station, personal communication).  We extrapolated observed mean-elk density to the 4 remaining west-side drainages (Table 9) and estimated 4,248 elk on the west-side.  We assumed that the few elk contained within the 5 east-side drainages spent part of the year outside the Park, and were counted in neighboring GMUs. 


There have only been quantitative investigations of deer populations within the Elwha drainage (density = 4.8, K. J. Jenkins, US Geological Survey, unpublished data).  We used the estimate of 4.8 for the Soleduck drainage as well.  A 100:36 elk:deer ratio was estimated in the Hoh drainage (Leslie 1983).  We used this ratio to estimate deer in the 6 remaining west-side drainages.  Because there were no ungulate estimates available for east-side drainages, we used deer density on neighboring GMUs to estimate these populations (Table 3).

Table 9.  Ungulate density estimates (per km2) for regions within Olympic National Park, Washington.






Region
Drainage
Deer
Elk











West-side
Soleduck
          4.8
2.93


Bogachiel
2.76
7.49


Hoh
2.34
6.49


South-fork Hoh
2.32
6.45


Queets
3.42
9.51


Quinault
2.70
7.49


Elwha
4.80
7.49

East-side
Skokomish
3.54
0.00


Duckabush
3.54
0.00


Dosewallips
3.54
0.00

Other
Surveyor
3.54
0.00


Little River
3.54
0.00











  
Additionally, we restricted our definition of usable habitat to elevations <500 m, because Houston et al. (1990:7) reported upper range limits for wintering elk of 450-500 m for Olympic National Park.  Both deer and elk avoided high elevations during winter because deep snow increased foraging costs and vulnerability to predation (Connolly 1981b:249).  Deer and elk used higher elevations during summer, resulting in more area potentially available to wolves.  However, our estimate of wolf carrying capacity was based on ungulate densities, so areal expansion during summer was compensated by reduced-ungulate density. 

Following Fuller (1989:21), we calculated predicted-wolf density within each GMU, tribal reservation, or Park drainage using 


where W was predicted wolf density (per 1000 km2) and D and E were estimated deer and elk densities (per km2), respectively. 

Results
.--Within the Primary Analysis Area predicted by our model, the usable-ungulate habitat (elevation <500 m) comprised 828 km2, with 592 km2 within park boundaries, and 237 km2 located outside the park in neighboring GMUs (Figure 4).  We estimated 56 wolves could survive within Park boundaries and no wolves were expected to solely occupy areas outside Park boundaries (Table 10). 

Discussion
.--There have been 3 previous quantitative estimates of potential wolf carrying capacity for the Olympic Peninsula and all predicted vastly different numbers of wolves.  Dratch et al. (1975:39) used a detailed population model that predicted <21 wolves in a slightly smaller area than we modeled.  However, based on literature review, Dratch et al. (1975:52) concluded, “Olympic Peninsula ecosystems’ still have the

Table 10.  Area (km2) and expected number of wolves to occupy regions within the Olympic Peninsula, Washington, that were predicted to support >2 wolvesa. 

    Regionsa
Area 
Wolves





Olympic National Park
 
 

    Soleduck
60
3.2

    Bogachiel
109
10.6

    Hoh
68
5.7

    South Fork Hoh
23
2.0

    Queets
134
16.3

    Quinault
131
12.7

    Elwha
51
5.3

Total

55.8

aNo areas outside of Olympic National Park were expected to support >2 wolves (e.g., the highest predicted occupancies were: Olympic = 1.76, Quinault = 1.23, and Soleduck =0.35)

capacity to support a population of 40 to 60 wolves.”  Dixon et al. (1997:Chapter 2:7) estimated 81-101 wolves for a larger region than we modeled.  Hosack (1997, Defenders of Wildlife, unpublished manuscript) estimated 25-32 wolves within park boundaries.  The latter 2 estimates and our estimates were based on Fuller’s (1989:21) model; differences are explained by application.  The model was designed to relate wolf density with ungulate biomass measured in deer-equivalent units (e.g., 1 elk = 3 deer)(Fuller 1989:21, 41).  Both Dixon et al. (1997, Chapter 2:7) and Hosack (1997, Defenders of Wildlife, unpublished manuscript) misapplied the model by simply counting elk as deer.  Using data presented in Dixon et al. (1997, Chapter 2:7) for ungulate densities, and correctly applying Fuller’s (1989:21) equation, we calculated 125-160 wolves for the Olympic Peninsula.  Similarly, using Hosack’s (1997, Defenders of Wildlife, unpublished manuscript) estimates of ungulate density, we estimated 60-79 wolves within Olympic National Park.  These corrected estimates more closely agreed with our estimate of 56 wolves within Park boundaries.

Our estimated wolf population included spatial variation in ungulate density, but did not include any potential for spatial-population limitation by wolves.  For example, we predicted that ungulates in the Elwha drainage could support 5.3 wolves.  During winter, this drainage is predicted to be isolated from other park areas, with surrounding non-park areas of high-human and road densities.  Given that average wolf-pack size exceeded 5.3 (Fuller 1989:23), it was unclear if a resident pack of 7-8 individuals could be supported through winter.


We used 25-km2 cells to calculate road density on the Olympic Peninsula.  Although this cell size has previously been used for wolf models and was much smaller than typical territory size of wolves, it is possible that evaluations on a finer scale would produce different results.  We calculated road density on a 1-km2 grid for comparison.  With this finer grid, more area was predicted as wolf habitat, but this occurred in a more-fragmented pattern (Figure 11).  There appeared to be a clustering of suitable area southwest of the Park, but the fragmented character of this land base may exclude wolves.  This area and National Forest lands directly south of the Park had low-human densities.  Both areas probably would not support wolves in their present condition, but offer potential sites for proactive management should the need arise.  By closing or restricting access on some roads, low-human densities and sufficient prey indicated these areas could potentially support roughly 19 wolves (calculated from mean ungulate densities of the Quinault and Skokomish GMUs and assuming an area of 1000 km2).  


The main purpose of this modeling effort was to provide a geographic boundary for decision making.  We modeled demographic data more thoroughly for both wolves and ungulates (presented below), which enabled more-detailed prediction.

Population Viability

Estimated carrying capacity for wolves on the Olympic Peninsula and the insular nature of predicted-wolf habitat prompted an assessment of long-term viability of a population of roughly 56 individuals.  Lande (1988:1455) described risks of extinction for small populations from genetic factors (inbreeding depression, founder effect), stochastic variation of population parameters, or rare-catastrophic events, the effects of which may act independently or synergistically to decrease probability of population persistence. 

Population Genetics
.--Many authors (e.g., Soulé 1980:152, Lacy 1987:144, USFWS 1994:6.69) have concluded that populations of small sizes with no gene flow were subject to founder effect and subsequent-inbreeding depression.  Lacy (1987:144) described founder effect as the sample bias inherent in choosing few individuals from a large population.  Franklin (1980:145), citing research on Drosophila, concluded that founder effects were minimal if bottlenecks (temporary population reductions) did not persist (i.e., as long as the population grew quickly from initial-founding members).  Even in the extreme case of a single founding pair, 75% of the additive variance was maintained in recovered Drosophila populations (Franklin 1980:145).  

Inbreeding depression has resulted from deleterious alleles becoming fixed (homozygous in all individuals) in a population through random chance (Lacy 1987:144).  Examinations of inbreeding depression have resulted in the 50/500 rule (Franklin 1980:147, USFWS 1994:6.70) which required a minimum effective population size (Ne; Kimura and Crow 1963, cited in Franklin 1980:138) of 50 for short-term (several generations) persistence of a population, but an Ne of 500 for long-term (centuries) persistence.  Bath et al. (1988, cited in USFWS 1994:6.70) calculated that an Ne of 50 required 46-150 wolves.  In comparison, Soulé (1980:163) suggested >600 wolves would be needed to overcome loss of genetic variability.  

According to Shields (1983:90), wolves may inbreed at optimal levels to allow local adaptation to specific environments.  Relatively frequent inbreeding may have eliminated deleterious genes and reduced negative effects of inbreeding depression.  Similarly, Soulé (1980:158) concluded that populations of animals characterized by high levels of inbreeding were less subject to inbreeding depression.  However, USFWS (1994:6.70) and Smith et al. (1998:384) indicated that inbreeding in wolves may be less prevalent than previously suspected.     

Reintroduced populations have been founded from few individuals and thus have represented a relatively narrow genetic base (Theberge 1983:89, Forbes 1996:1093).  Periodic reintroductions of additional wolves have been considered necessary to broaden the genetic base of these small populations and bolster defenses against threats of inbreeding depression and environmental stochasticity (Theberge 1983:89, Peek et al. 1991:7-8).  An average of 1-reproducing migrant per generation has been suggested as sufficient to counter inbreeding depression (Lacy 1987:152).  Subsequent genetic evaluation would be recommended to monitor long-term viability of recovered-wolf populations (Conner 1988:82, Peek et al. 1991:8).  

Stochastic Processes
.--Lande (1988) reviewed sources of population extinction and concluded that demographic processes represented a greater threat to small populations than lack of genetic variability.  Lande (1993:911, 912) defined demographic stochasticity as “chance realization of individual probabilities of death and reproduction”, and noted that individual survival or reproduction tended to “average out” among individuals in large populations, but random variation of individual-vital rates could pose extinction risk for small populations.  Environmental stochasticity was defined as chance events that simultaneously affect individuals (Lande 1993:912), presenting a greater threat to large populations than demographic stochasticity.  Large-scale disturbances (e.g., hurricanes, drought, fire) were more likely to affect populations of limited geographic extent than larger or more dispersed populations.  Comparing extinction models, Lande (1993:142) noted that risk from environmental stochasticity and random catastrophic events have probably been over-estimated for small populations with positive long-term-growth rates.  He concluded “the only general statement supported by existing theory is that in sufficiently large populations demographic stochasticity is a less important cause of extinctions than either environmental stochasticity or random catastrophes.”  

Implications for Reintroduction
.--Given lack of empirical basis for existing theory and often conflicting conclusions regarding magnitudes of threats, it was impossible to ascertain minimum-viable-population sizes for wolves.  Observations of wolves on Isle Royale (a population which has persisted since the 1940s despite being founded from1pair and losing about 50% of its heterozygosity; Wayne et al. 1991:41) and populations of <200 wolves in Italy, Spain, and Portugal have been instructive (USFWS 1994:6.71).  During evaluation of wolf reintroduction to Yellowstone National Park and central Idaho, 43 biologists were questioned if “a population of 10 breeding pairs alone for 3 consecutive years would constitute a viable population.”  No definition of viability was provided.  Twenty-five biologists responded, >60% affirmatively.  However, 6 of the affirmative respondents commented that 10 pairs represented marginal viability and that interchange with another population would be required (USFWS 1994:6.74).  Assuming an average pack size of 7.5 individuals, we predicted between 6 and 7 breeding pairs for Olympic National Park.

Recovery goals for northern Rocky Mountain wolves (>10 breeding pairs in each of 3 areas for 3 successive years, USFWS 1994:2.16), eastern timber wolves (self-sustaining population of >200 wolves or 100 individuals within 100 miles of a self-sustaining population, USFWS 1994:2.16), Mexican wolves (Canis lupus baileyi) (1 population >100 wolves, USFWS 1982:23), and red wolves (3 disjunct populations totaling 220 animals, USFWS 1989:70) indicated that about 100 animals could be considered a minimal standard of viability.  In all of these cases, however, gene flow among populations was expected through either dispersal or supplemental stocking of captive-bred animals.  

High-reproductive capacity of wolves and relatively stable environmental conditions (Houston et al. 1990:10) of the Olympic Peninsula suggest that threats from stochastic processes may be small.  Furthermore, genetic monitoring of wolves and supplemental stocking if needed could limit potential impacts of founder effect and inbreeding depression.  Absence of such management, however, could affect probability of persistence of a small-reintroduced population. 

FUTURE PROJECTIONS FOR AN ESTABLISHED WOLF POPULATION ON THE OLYMPIC PENINSULA

Ungulate Populations


Because previous wolf-prey models (e.g., Garton et al. 1990:3.60, Boyce 1995:199, Vales and Peek 1995:213) were specific to a multiple-prey system quite different from the Olympic Peninsula, we developed models specific to the Olympic Peninsula.  Assuming the Primary Analysis Area is the most applicable geographic region, Olympic National Park was expected to support virtually all reintroduced wolves (Table 10), thus, we limited our quantitative analyses of wolf impacts on ungulate populations to Olympic National Park.  We based our modeling approach on Eberhardt (1998:381), which was an extension of Lotka-Voltera equation systems to model equilibrium levels of predator and prey.  This approach allowed for density-dependant response of prey, but was limited to gross numerical estimates (not age- or sex-class specific). 

Ultimately, dynamics of a predator-prey system resulting from reintroduction of wolves to the Olympic Peninsula would be affected by numerous factors.  These would include, but would not be limited to: (1) demography of prey; (2) demography of wolves; (3) demography of other carnivores (i.e., black bears, coyotes, and cougars); (4) competition among carnivores; (5) functional and numerical responses of predators; (6) human influences (e.g., poaching, wolf management, disturbance); (7) habitat influences; (8) weather influences, including snow dynamics (e.g., Fuller 1991:285, Mech et al. 1987:615); (9) density-dependent responses of prey; and (10) movements of both predators and prey.  Ideally, data would have been available, and current knowledge regarding predation dynamics developed sufficiently, to address all intricacies of a predator-prey system.  Unfortunately, modeling has represented a trade-off between model detail and applicability (Starfield and Bleloch 1986:7).  Given lack of data pertaining to potential wolf predation on the Olympic Peninsula, we included only dynamics of wolf, deer, and elk populations; a more detailed model would have required an arbitrary assignment of parameter values.

Methods
.--Eberhardt (1998:381) considered a difference-equation variant of the Lotka-Volterra equations

and

where Vt was ungulate-prey abundance at time t, H was wolf-population size, K was the carrying capacity for ungulates, r1 was the maximum finite-growth rate of the ungulate species ((m-1), r2 was the wolf-growth rate, c was estimated number of kills of each ungulate species by wolves, a was the equilibrium ratio (the number of prey per wolf at equilibrium), and z was a scaling parameter dictating the shape of ungulate-density-dependent response to predation.  We arbitrarily chose z = 5, based on the recommendation of Eberhardt (1997:1944).  These equations were then modified to encompass a 2-prey, 1-predator system.  We modified the value of c in the prey equations to account for differential availability and wolf-selection of prey (described below).  


We used reported values of (m for black-tailed or mule deer (Table 5, mean=1.213 [not including obviously low estimates of 1.05 and 1.04]) and elk from the Olympic Peninsula (Table 7, mean = 1.195 [excluding estimates of 1.0 and 1.06]).  The 2 low values from the Olympic Peninsula resulted from populations of less than 50 individuals, suggesting a lower-population threshold below which elk will not recover.  Thus, we considered a predicted population of <50 individuals essentially unrecoverable.  For wolves, we used (m =1.48.

Although most recent models of wolf predation assume a type-II or type-III functional response (see review by Messier 1995:187-197), Eberhardt (1997:1943) reanalyzed data from Messier (1991:379, 1994:480) and Dale et al. (1994:647) to demonstrate the hypothesized type-II response did not significantly improve model fit relative to a constant-predation rate.  The model we used assumed a constant-predation rate, dependent on the relative availability of elk and deer.  

In Montana, wolves selected deer 1.3x as often as elk, relative to abundance (Kunkel 1997:194).  Huggard (1993:135a) reported that elk and deer were selected equally on a per-individual basis.  Cowan (1947:164) reported elk were 1.1x more prevalent in wolf scat than predicted from numbers of each species observed in Rocky Mountain parks of Canada.  Carbyn (1975:165) reported mule deer more common in diet than elk, although elk outnumbered deer 8:1 in Jasper National Park, Canada.  On Vancouver Island, deer were about 4x as prevalent in wolf scat as elk, but no estimate of relative availability of the species was available (Scott and Shackleton 1980:1203).  Boyce (1995:200) assumed that wolf preference for deer was 1.3x that of elk in his model predicting consequences of wolf reintroduction to Yellowstone.  However, M. S. Boyce (University of Wisconsin, personal communication) suggested that given knowledge obtained since wolves were released, he would have used equal selectivity.  Vales and Peek (1995:213-214) assumed twice as many deer as elk would be consumed in Montana where elk were 0.25-0.67x as abundant as deer.  We assumed deer would be more (1.3x) preferred than elk, relative to availability, but also included model output assuming equal selectivity.     


In general, wolves have killed more young and old ungulates, and more males than were available.  In Jasper National Park, elk calves were killed at almost twice the rate expected from availability, and 1.4x as many male elk were killed than females, although sex ratio was 28:100 (Huggard 1993b:143).  Carbyn (1983:970) reported that wolves killed larger percentages of calves and older individuals than hunters; 26% of elk killed by wolves were calves, 47% were >10-years old, 0% were yearlings.  Wolves in Riding Mountain National Park killed mostly adult females (39 of 57 adults killed), but no estimates of relative availability were provided (Carbyn 1980, cited in Vales and Peek 1995:214).  Based on these data, Vales and Peek (1995:214) predicted that, given a winter-population structure of 33 bulls:100 cows:40 calves, kills would be distributed as 37.5% calves, 6% yearling cows, 36% adult cows, 7% 1-year-old bulls, and 12.5% adult males.  Mack and Singer (1992:4.41) assumed male elk and deer were selected at 1.3x the rate of females and calves were selected at twice the rate of females in their model for the Yellowstone National Park reintroduction.  We used this ratio (1.3:1:2, bull:cow:calf) to model wolf selection of elk.  Predation patterns for deer were modeled using this same ratio (1.3:1:2, buck:doe:fawn) based on reviews provided by Vales and Peek (1995:215) and Mack and Singer (1992:4.41).  

We determined annual-biomass consumption per wolf using mean values reported for wolves preying on a variety of species throughout North America (Fuller 1989:29).  For elk, we averaged daily-consumption rate of wolves among values reported for all species reviewed by Fuller (1989:29).  For deer, we used the average of the 4 consumption rates reported for deer.  These values were extrapolated to a yearly estimate of biomass consumed per wolf (917 kg for deer, 1,616 kg for elk).  Because we extrapolated winter consumption throughout the year, we likely over-estimated consumption.  We used literature values of weights of Columbian black-tailed deer and Roosevelt elk (26, 50, and 69 kg for 6-month-old doe, and buck deer, Brown 1961:12; 91 kg for elk calves, Dratch et al. 1975:31; 249 and 385 kg for cow and bull elk, Schwartz and Mitchell 1945:296) to estimate number of individuals consumed.  Although Vales and Peek (1995:214) used a 75% consumption rate, we assumed 85% of the biomass of individuals of all age and sex classes were consumed by wolves (E. E. Bangs, USFWS, personal communication).

We determined average-biomass from 1 deer or elk (multiplication of herd composition and biomass of each sex/age class).  From this and relative abundance of each species (scaled so deer were selected 1.3x as often as elk relative to availability), we calculated number of deer and elk killed such that total biomass consumed was the weighted average of 917 and 1,616 kg (weighted by percent of each species in the diet).  We multiplied elk consumed per wolf by 1.1 to account for potential surplus killing (Bjarvall and Nilsson 1976:585, Eide and Ballard 1982:87, Miller et al. 1985:295). 

We wrote a computer program to iteratively calculate numbers of deer, elk, and wolves according to the above initial values (Table 11) and equations.  Wolf density (i.e., numerical response) was calculated from equation 2 using combined biomass of deer and elk available to wolves.  We ran the program separately for west-side drainages and for each GMU.  We assumed elk and deer populations were at K within the Park.  We ran each simulation examining deer selectivity of 1 and 1.3 through 500 years or until either elk populations fell below 50 or deer populations reached 0.

Results
.--This modeling approach predicted slightly higher-wolf densities (Table 12) than our application of Fuller’s (1989:21) model (see Adequacy of Habitat… ).  There were 2 reasons for this: (1) Roosevelt elk weigh more than the 3-deer equivalents and thus support more wolves when wolf numbers are predicted from observed weights, and (2) Columbian black-tailed deer averaged less than the 1-deer equivalent defined by Fuller (1989:23), thus their contribution to equilibrium level of wolves was over-represented.  In no case were ungulate populations 

Table 11.  Population characteristics used to model wolf, elk, and deer relationships for regions within Olympic National Park, Washington.

Parameter
Value




Elk population
4248

Deer population
1917

Elk composition

  (bull:cow:calf)
0.43:0.1:0.38

Deer composition

  (buck:doe:fawn)
0.28:1:0.67

Elk composition in   

  diet (bull:cow:calf)
0.25:0.45:0.34

Deer composition in 

  diet (buck:doe:fawn)
0.13:0.37:0.50

Weight of average elk 

  consumed (kg)
179.87

Initial number of  

  wolves
10



Table 12.  Predicted numbers of wolves, deer, and elk in west-side drainages of Olympic National Park, Washington.

Year


Wolves
Deer
Elk

Deer Selectivity = 1






1

2

3

5

10

20

500
10

14

19

34

59

59

59
1917

1888

1876

1859

1706

1668

1668
4248

4176

4142

4043

3676

3531

3531



         Equilibrium consumption = 3.0 deer, 7.07 elk









Deer Selectivity = 1.3









1

2

3

5

10

20

500


10

14

19

34

59

59

59


1917

1883

1869

1825

1664

1608

1608
4248

4179

4146

4050

3697

3562

3563



Equilibrium consumption = 3.4 deer, 6.9 elk









expected to decline to 0.  Deer populations were predicted to decline by 13-16% and elk populations by 16-17%.  It is likely that cougar predation is significant and bear and poaching may take additional individuals rendering our lambda value of 1.195 too high, but this seems unlikely as elk have exhibited much-higher growth rates elsewhere (Table 7).


Model limitations
.--Although our choice of parameter values was data based in most cases, the values chosen may not accurately reflect dynamics that will be observed if wolves are reintroduced.  We chose values of a = 209 deer-equivalent units, z =5, and (m for wolves = 1.48 based on the recommendations of Eberhardt (1998:384).  Equilibrium ratio of prey per wolf (a) was based on the reviews provided by Fuller (1989:40) and Messier (1984:478-488).  Although these data sets represented the best available data,

many of the wolf populations reviewed were exploited and most did not represent systems at equilibrium.  Eberhardt (1997:1944) suggested that, for large mammals, z was probably “at least 5” and a value of 11 was used to represent elk in Yellowstone National Park (Eberhardt 1987:112).  A lower z value may have been more accurate (D. K. Person, personal communication), but in the absence of empirical data, we chose to use a value that matched intuition and recommendations of previous research.  A lower z value would have resulted in greater predicted impacts on ungulate populations.  Our choice of (m for wolves = 1.48 may have been too low (observed wolf-population growth in Yellowstone National Park [D. W. Smith, Yellowstone National Park, personal communication] was higher, but the population had yet to attain a stable-age distribution).  Rate of wolf-population growth did not affect equilibrium-population sizes predicted with our model; only the time to reach equilibrium changed.


Our choices of (m for ungulates were also likely low relative to the maximum-potential-growth rates of deer and elk (D. K. Person, personal communication).  However, these values probably approach the maximums that will be observed in the Olympic Peninsula given cougar predation and other extrinsic factors.  Higher values would have resulted in less-severe-predicted impacts on ungulate populations.


In our modeling approaches, we have assumed that road density will determine wolf occupancy only and that wolf density will be determined strictly by ungulate density.  Although, as a generalization, this is likely true, other factors than ungulate density will likely affect wolf carrying capacity.  High-road density, alternate prey sources, road access, and other factors will all affect the actual number of wolves in an area.


Finally, we chose a deterministic modeling approach.  Although this approach can be criticized in that it provided single solutions to model systems, we felt that stochastic modeling was not warranted because of the paucity of data on demographics of Olympic Peninsula prey species.  Our goal was to predict the most likely outcomes of reintroduced wolves.  Stochastic simulation would have provided the same answer to this question.  Additionally, any parameter distributions we would have chosen or any values of parameter dispersion would have been arbitrary.  Although our model did not include stochastic processes, we recognized that actual-system dynamics are likely to be variable, and that our modeling results should be interpreted with caution and not be regarded as the single answer to potential effects of wolf predation.  However, our results are well within the bounds of previously observed and modeled impacts of wolves on deer and elk.  

Implications for Reintroduction
.--Elk and deer populations are expected to decrease in the presence of wolves.  Cougar predation was not modeled but is likely significant.  It is unclear to what extent wolves will inhibit cougar populations and predation.  If cougar predation remains significant, the equilibrium values reported herein will likely be too liberal; both ungulate populations and wolf populations are likely to decrease.  

Vegetative Structure and Composition


Preface
.--Because wolves may change population levels of prey (i.e., ungulates that consume vegetation) there may be a corresponding change in ungulate-herbivory pressure.  Thus, the following review summarizes published research that attempted to assess the impact of herbivory on vegetative communities.


General Effects of Herbivory
.--Herbivores may affect individual plant fitness as well as plant-community structure and composition.  Although herbivory may be detrimental to individual plants, several hypotheses predicted increased productivity (McNaughton 1983:331; Belsky 1986:870, 880).  The herbivore-optimization model (Dyer 1975:723; McNaughton 1979a:696, 697; 1979b:49; Hilbert et al. 1981:14; Dyer et al. 1982:279; Belsky 1986:873) predicted increased productivity of grazed plants at low levels of herbivory until productivity was maximized at an optimal-grazing level.  At high-grazing intensities, productivity fell below ungrazed levels (Belsky 1986:872).  Many hypotheses have predicted plant productivity compensated for, or was stimulated by, herbivory due to a variety of proximal mechanisms, including: (1) increased-photosynthetic rates; (2) re-allocation of substrates; (3) mechanical removal of older tissue at less than maximum-photosynthetic function; (4) increased-light intensity to remaining tissues; (5) reduction of leaf-senescence rate; (6) rapid-leaf growth and promotion of tillering from hormonal redistributions promoting cell division and elongation, and activation of remaining meristems; (7) enhanced conservation of soil moisture through reduction of transpirational surfaces; (8) fertilization from feces and urine; and (9) growth-promoting substrates in ruminant saliva (McNaughton 1979a:693).  Despite proposed-herbivory benefits (many studies cited by Belsky 1986:870), there has been little empirical support for the herbivore-optimization model (Belsky 1986:884) and most grazing literature reported an overall negative or neutral impact of herbivory on plant production (Milchunas and Lauenroth 1993:344).  It has been well documented that herbivores benefited some species by reducing competitor size, affecting succession, removing litter, and fertilizing the soil, but these were community and ecosystem effects (Belsky 1987:780).


Different types of herbivory may have selected for different growth forms.  Sustained-ungulate herbivory selected for prostrate, rapidly growing phenotypes with emphasis on vegetative reproduction and lateral spread (McNaughton 1979b:47-48, 62-65).  Periodically intense herbivory separated by lengthy intervals favored erect, light-competitive phenotypes, with less lateral spread and vegetative reproduction (McNaughton 1983:332).   Hanley and Taber (1980:104) and Crawley (1983:17) concluded that ungulates affected species composition of plant communities through selective consumption and microclimate alteration resulting from herbivory and trampling.  Grazing was considered a major factor for grassland maintenance (Belsky 1986:885) and the creation of shrublands (Milchunas and Lauenroth 1993:327).  Milchunas and Lauenroth (1993:342) suggested grazing should have greater effect on species composition in humid areas; adaptations of tall-growth forms capable of competing for light in a dense canopy were opposite to those providing grazing resistance.


Ungulate Herbivory
.--Herbivores have played an important role in natural-grazing systems (Naiman 1988:770, McNaughton et al. 1989:142) by altering genetic and species composition of grassland vegetation (Crawley 1983:341), and possibly increasing productivity by accelerating nutrient recycling through the ecosystem (McNaughton 1985:283, 285-286; McNaughton 1989:143, 144; Frank and McNaughton 1992:2043, 2056).  In boreal forests, moose herbivory affected species composition, structure, and nutrient availability (Pastor et al. 1988:770-771, McInnes et al. 1992:2059).  Winter browsing of shrubs by deer and elk may have increased production of grasses during spring by reducing competition for water and nutrients (Robertson 1947:15-16, Rittenhouse and Sneva 1976:326-327, but see Wright 1970:20), but only at moderate-ungulate densities.  Shrub cover was least and grass cover greatest with intermediate-elk densities; grass cover decreased with high-elk densities (Hobbs et al. 1996:200). 


Elk have been classified as diet generalists (Jenkins and Wright 1988:21, Hobbs et al. 1983:10, Bubenik 1982:137) due, in part, to large rumen to body-size ratio (Nelson and Leege 1982:325, Collins and Urness 1983:657).  Increased-digestive capability may have made elk more efficient under poor-forage conditions (Collins and Urness 1983:657, Bubenik 1982:137) and dominant in competitive interactions with other ungulates over a range of conditions (Mackie 1970:72, 77; Mackie 1981:491, 495; Oldemeyer et al. 1971:267-268; Hudson et al. 1976:42-43; Collins and Urness 1983:660).  In contrast, deer had smaller rumens and specialized on high-quality forage (Raedeke and Taber 1982:74, Collins and Urness 1983:655-658).  The small bite size of deer was adapted for selective browsing (Hanley 1980:abstract), as compared to the larger bite size of elk, which was better suited for grazing (Raedeke and Taber 1982:74, Collins and Urness 1983:656-658).


Regional-Herbivory Effects
.--A similar pattern of vegetative response to elk and deer use occurred in western Washington exclosures (Hanley and Taber 1980:97).  Shrubs were disadvantaged and forbs (especially graminoids) were favored under ungulate use, which tended to create more-open landscapes (Hanley and Taber 1980:101, 104, 105).  Vegetative responses were interpreted as the result of plant tolerances to trampling and selective herbivory (Hanley and Taber 1980:97).


Many studies in western Washington and Oregon examined ungulate effects on Douglas fir (e.g., Roy 1960:518, Crouch 1966:471, 1968:542, Dimock 1971:80).  Damage to Douglas fir seedlings by elk and deer has been reported (Roy 1960:519,521; Crouch 1966:471; 1968:542; 1981:449-451), although Hanley and Taber (1980:105) found increased Douglas fir outside of exclosures.  Herbivory of Douglas fir varied with availability of alternative forage (Crouch 1968:542; Campbell 1974, cited in Hanley and Taber 1980) and with ungulate density (Hanley and Taber 1980:102,105).  Although heavy-deer use was detrimental, moderate-deer use favored Douglas fir seedlings in Oregon by reducing abundance of competing shrubs (Crouch 1974, cited in Hanley and Taber 1980).


Olympic Peninsula
.--Moderate-diet overlap has been reported with high-habitat overlap for elk and mule deer (Hudson et al. 1976:40,41), but many have also reported dietary differences (Mackie 1970:71; Hansen and Reid 1975:45; Hobbs et al. 1983:11,13).  Nelson (1982:427) and Picton (1984:877) suggested little competition occurred between elk and mule deer.  However, Olympic Peninsula elk and black-tailed deer exhibited high-dietary overlap, similar to that observed for Sitka black-tailed deer and introduced elk in southeast Alaska (Kirchhoff and Larsen 1998:236).  Hemlock, swordfern (Polystichum munitum), oxalis (Oxalis oregana), and alder (Alnus spp.) were the most common annual-dietary components of both elk and deer (Leslie et al. 1984:765).  Leslie et al. (1984:772) suggested that, despite dietary overlap, sympatry on the Olympic Peninsula was maintained by the complex structure of old-growth forests (downed trees provided areas accessible only to deer).


Within exclosures on the Olympic Peninsula, plant communities displayed general trends of increased shrubs and decreased grasses and forbs, with mixed overstory.  Woodward et al. (1994:107) reported that grass cover, forb cover, and forb diversity all decreased with exclusion of ungulates.  Fern abundance and height increased inside exclosures (Woodward et al. 1994:107).  Abundance of 3-introduced forbs (clover [Trifolium spp.], buttercup [Ranunculus repens], and dandelion [Taraxacum officinale]) was greater outside exclosures, probably due to their high-light requirements and tolerance for trampling (Woodward et al. 1994:107).


Shrub size and density increased within exclosures (Schwartz and Mitchell 1945:309), particularly salmonberry (Rubus spectabilis) and huckleberry (Vaccinium spp.) (Woodward et al. 1994:104).  Vine maple (Acer circinatum) establishment was affected within exclosures, with more ground-rooted individuals and fewer branches reaching apical dominance from fallen trunks (Woodward et al. 1994:104).  Woodward et al. (1994:108) suggested ungulate herbivory limited establishment of ground-rooted vine maple and promoted more clumped-species distributions.


Ungulate effects on overstory composition were variable (Woodward et al. 1994:104).  Pacific silver fir and western red cedar were more abundant following ungulate exclusion, but effects on other species were unclear (Woodward et al. 1994:104).  Woodward et al. (1994:108) enumerated fewer Douglas fir seedlings outside exclosures, in contrast to Hanley and Taber (1980:97).  Ungulates affected overstory recruitment in valley floor sites dominated by western hemlock, reducing hemlock and increasing Sitka spruce (Woodward et al. 1994:108).  However, tree-age sampling did not support the hypothesis that hemlocks on the South Fork Hoh valley became established during periods of low-elk density (Harmon and Franklin 1983:249). 


Happe (1994) reported studies of Olympic Peninsula vegetation and herbivory undertaken in the mid-eighties.  Herbivory reduced leaf area, weight, and standing crop biomass.  Sites with grass-dominated understories had increased forage biomass, production, herbivory, and herbivory influences.  Generally, production was either stimulated or not affected by herbivory.  In sites with a forb-moss understory, biomass, production, and herbivory were less.  Long-term ungulate exclusion indicated that soon after herbivory ceased, grass-dominated understories disappeared.  Happe (1994) concluded that cervid herbivory created or maintained “grazing lawns.” 

On a larger scale, conflicting results suggested that effects of ungulate herbivory on forest overstory are complex.  Woodward et al. (1994:109) proposed that large-scale disturbances such as fires, floods, or windthrow may drive the dynamics of Olympic Peninsula forests.  Although ungulates may have affected vegetation on the scale of individual tree gaps, forest composition likely depended on occurrence of larger disturbances (Pastor et al. 1988:775).  Thus, changes in ungulate populations on the Olympic Peninsula from wolves are not predicted to significantly alter forest composition.

Hunting Opportunities

Deer hunting opportunities during 1998 included modern rifle, archery, and muzzleloader seasons.  General-rifle-deer seasons lasted approximately 2 weeks during October and harvest of any buck was allowed.  Late-rifle season was opened for 2 weeks in November.  Buck harvest was restricted to a 2-point minimum in Skokomish GMU, but harvest of any buck was allowed in other units (Zahn 1997:81).  Archery season for deer was open for any deer during September, except in Skokomish GMU, where harvest was restricted to antlerless deer or bucks with a 2-point minimum.  Muzzleloader season was open for 7 days during October and harvest was restricted to harvest of bucks.


Modern-rifle season for elk was open 1 week during November for all units within the Primary Analysis Area, except Skokomish GMU (no season) and was restricted to permit-only hunting within the Olympic GMU.  Harvest was limited to bulls with (3 points.  Archery season was 2 weeks during September and harvest was restricted to bulls with (3 points.  A 7-day-muzzleloader season for bulls with (3 points was held in Pysht and Soleduck GMUs.


Season length and harvests were restricted to the most-conservative seasons since the inception of Washington Department of Fish and Wildlife.  With exception of few-controlled hunts, hunting opportunities in 1998 were limited to harvest of antlered animals only.  Restrictions were placed on hunting opportunities during 1996 to increase ungulate populations in all Olympic Peninsula GMUs.  During 1997, deer hunters, harvest, and hunter-days afield declined from the previous-5-year’s mean.  However, percent success increased in 4 of the 8 units in the Primary Analysis Area (Table 13).  Elk hunters, harvest, and days afield also declined during 1997 (Table 14).  Hunter success (%) increased in 4 of 7 units. 

Table 13. Deer hunters, hunter days, and success for Washington Department of Fish and Wildlife Game Management Units, Olympic Peninsula, Washington (1997 and 5-year meana).

GMU
Hunters

1997
Mean Hunters

1992-1997
Harvest

1997
Mean Harvest

1992-1997
Hunter days

1997
Mean 

hunter days

1992-1997
Success (%)

1997
Mean Success (%)

1992-1997











603
1,278
1,929
289
388
6,205
7,807
23
20

612
185
625
7
55
548
2,362
38
9

607
556
749
82
62
2,237
2,633
15
8

615
485
1,132
54
114
1,602
5,023
11
10

618
187
231
3
8
880
889
2
4

636
1,706
2,359
174
282
7,672
9,188
10
12

638
308
474
15
37
1,446
1,665
5
8

621
2,726
3,356
329
393
12,977
12,804
12
12

Total
7,431
10,855
953
1,339
33,567
42,371
13
12

     aWashington Department of Fish and Wildlife (1998). 

Table 14.  Elk hunters, hunter days, and success for Washington Department of Fish and Wildlife Game Management Units, Olympic Peninsula, Washington (1997 and 5-year meana).

GMU
Hunters

1997
Mean hunters

1992-1997
Harvest

1997
Mean harvest

1992-1997
Hunter days

1997
Mean 

hunter days

1992-1997
Success (%)

1997
Mean success (%)

1992-1997











603
90
216
6
11
199
878
7
5

612
104
905
3
42
478
3,713
3
5

607
293
507
18
34
1,304
2,074
6
7

615
360
1,214
17
52
1,473
6,593
5
4

618
168
473
18
43
969
2,269
11
9

636
0
319
0
7
0
1,142
0
2

638
157
479
18
35
567
2,020
12
7

621b
30
13
14
3
10
2
247
23

Total
1,202
4,126
94
227
5,000
18,691
8
6

aWashington Department of Fish and Wildlife.

bControlled hunt only, includes $3.00 application fee.

Hunting Revenue
.--Because it was unknown if the current-conservative harvest seasons would continue indefinitely, it was impossible to predict exact-economic impacts of reintroduced wolves.  Given the heavily roaded nature of the Olympic Peninsula, wolves are not expected to persist outside of park boundaries.  However, wolves will likely disperse into non-Park areas and may migrate in response to seasonal movements of ungulates.  Most reintroduced wolves would be expected within portions of Olympic, Goodman, Matheny, and Clearwater.  We estimated revenue from 1997 permit sales within these GMUs and projected 20% decreases in sales with wolves, to gauge relative magnitude of economic impacts associated with harvest declines (Table 15).  Two important limitations should be noted: 1) we only examined permit sales, other harvest-related economic expenditure (e.g., ammunition sales, gasoline) were not included, and 2) we did not predict populations of wolves outside of Park boundaries, suggesting that true impacts will be much less than a 20% reduction.  During 1998, deer permits were $18.00 and elk permits were $24.00.  Declines in revenue were $12,899 for deer and $3,196 for elk permits.  These estimates presume any declines predicted occur throughout the GMU, and thus are over-estimates.  

Table 15.  Revenue from deer and elk permits with reduction in ungulates.

GMU
1997

deer revenue

($)
Deer revenue

($) with 20% reduction
1997

elk revenue

($)
Elk revenue

($) with 20% reduction







612
3,330
2,664
2,496
1,997

615
8,730
6,984
8,640
6,912

618
3,366
2,693
4,032
3,226

621
49,068
39,254
810
648

Total
64,494
51,595
15,978
12,782

Wolf Interaction with Other Predators

Interspecific competition, either by differential acquisition of food resources (exploitation) or direct aggression (interference), has been influenced by topography, snow cover, food abundance, and carnivore population abundance (Peterson 1995:315-318).  These factors may influence responses of existing predators on the Olympic Peninsula to reintroduced wolves.  

Cougars
.--Cougars may compete directly with wolves because of dietary overlap.  Ungulates are the primary prey for both species, but they differ with respect to hunting style and feeding behavior.  Cougars are solitary predators that generally kill large prey (Kleiman and Eisenberg 1973:644) and typically do not consume their prey quickly (Murphy 1998:72).  Therefore, potential exists for wolves to displace cougars from prey or kill them directly (White and Boyd 1989:408, Boyd and Neale 1992:524, Hornocker and Ruth 1997:13).  Usurping prey by wolves may cause cougars to increase their kill rates (Kunkel 1997:34-35).  In the North Fork valley of Glacier National Park, Montana, most interspecific aggression among cougars and other carnivores occurred during winter and spring (Hornocker and Ruth 1997:13).  As hunting became difficult, competition for food intensified and cougar mortality increased.  During winter, snow forced ungulates to aggregate and spatial overlap between wolves and cougars was extensive.  During summer, cougars followed deer and elk to summer ranges at higher elevations, while wolves remained in valley bottoms (Hornocker and Ruth 1997:17; Kunkel 1997:110, 153).  Seidensticker et al. (1973:17-18, 22) observed similar cougar home-range separation between winter and summer seasons in Idaho. 

Deer were the primary prey of western cougars (Dixon 1990:714, 717), including those on the Olympic Peninsula (Schwartz and Mitchell 1945:314).  In Washington, elk comprised only about 10 percent of cougar diet (Schwartz and Mitchell 1945:314).  White-tailed deer made up a majority of both wolf and cougar diets in the North Fork Valley (Kunkel 1997:ii).  Both cougars and wolves were attracted to deer winter ranges, but cougars consumed fewer elk than wolves because wolves selected elk whenever possible (Kunkel 1997:ii).  Wolves killed deer on open valley bottoms and flatter, non-vegetated sites, but cougars preferred sites with greater slope, more mature trees, and moderately dense-canopy cover (Hansen 1992:21; Kunkel 1997:110, 153).  Logan and Irwin (1985:259-260) suggested similar habitat preferences for cougars in Wyoming, and noted that cougars generally avoided grasslands and slopes <20 degrees.  In the North Fork Valley, prey partitioning between wolves and cougars was not observed in the early stages of wolf recolonization, but Kunkel (1997:37) suggested that competition for prey between these 2 predators was likely, especially in ecosystems dominated by deer.  

Cougar populations on the Olympic Peninsula have increased since 1987.  An minimum of 250 cougars inhabited the Olympic Peninsula during 1994 (S. A. Nickelson, Point-No-Point Treaty Council and G. Schirato, Washington Department of Fish and Wildlife, unpublished data), and current numbers may be around 300 individuals (H. M. Zahn, Washington Department of Fish and Wildlife, personal communication).  Estimates of elk and deer mortality from cougar predation on the Olympic Peninsula were unavailable, but Hornocker (1970:26) estimated 14-20 deer or 6 adult elk were taken by individual cougars annually from central Idaho.  Kunkel (1997:222-223) suggested wolf reintroduction may represent additive mortality on ungulate populations.

Black Bear
.--Black bears (Ursus americanus) were numerous on the Olympic Peninsula (Mathews 1988:337).  They are predominantly herbivorous, although salmon and carrion are commonly consumed.  Despite a largely herbivorous diet, bears have depredated ungulates, especially neonates, and have been an important mortality factor for ungulate populations (Mathews and Porter 1988:1241, Kunkel and Mech 1994:1557).  Relationships between reintroduced wolves and bears are likely to be more predatory than competitive and wolves may displace bears from ungulate kills.  Numerous incidents have been reported of wolves killing and consuming black bears (e.g., Ligon 1926:158, Rogers and Mech 1981:435, Horejsi et al. 1984:368, Paquet and Carbyn 1986:371).  Black bear remains have been found in wolf scats in Algonquin Park, Ontario (Voigt et al. 1976:664) and southeastern Alaska (Smith et al. 1987:19; Kohira 1995:39-40; J. C. Carnes, University of Idaho, personal communication).  Black bear do not comprise a significant part of wolf diet, but wolves will kill and prey on bears opportunistically. 

Coyotes
.--Coyotes (Canis latrans) historically occupied open, brushy terrain typical of lower-elevation, heavily logged areas of the south, east, and north sides of the Olympic Peninsula, but were not readily observed in the heavy timber of west-side drainages (Schwartz and Mitchell 1945:315).  Since the wolf’s extirpation, coyote ranges may have expanded (Murie 1935:21).  This phenomenon is evident on a large scale from other regions, i.e., with local eradication of wolves, coyotes have become more-widely distributed (Voigt and Berg 1987:346).  


Most research has shown that coyote and wolf population levels were inversely related, or they both co-exist at low densities (see hybridization section below) and remain spatially segregated due to aggressive encounters (i.e., wolves killing coyotes; Litvaitis 1992:76).  Dekker (1989:261) noted spatial segregation in Jasper National Park, Alberta, and coyote home ranges were peripheral to wolf home ranges in northeastern Alberta (Fuller and Keith 1981:404).  Alternately, home ranges of wolves and coyotes overlapped on the Kenai Peninsula, Alaska (Thurber et al. 1992:2496) and in Riding Mountain National Park, Manitoba (Carbyn 1982a:179, Paquet 1991:400, Paquet 1992:341).  Range overlap and coyote mortality from wolves most often occurred in winter when prey resources were limited and coyotes scavenged wolf kills (Carbyn 1982a:178, Thurber et al. 1992:2496, Smith et al. 1996:143).  Competition may be less prevalent in areas where coyote densities naturally exceed those of wolves.


Extent of aggressive encounters may be determined by prey availability.  Although coyotes generally prey on small mammals and birds, neonate and scavenged adult ungulates were common in their diet (Hamlin and Schweitzer 1979:849-850, White 1973:291).  Paquet (1992:342) concluded that the probability of successful coexistence between wolves and coyotes was low if deer were the preferred prey, because wolves leave few deer remains.  Moose or elk, however, are large enough to satiate wolves and allow scavenging by coyotes.  Coyotes were competitively excluded by wolves in Minnesota (Berg and Chesness 1978:229) where the main prey base was white-tailed deer.  Despite some examples of wolves killing coyotes, they apparently coexisted on the Kenai Peninsula, in Riding Mountain National Park, and on the Copper River Delta, Alaska (Carnes et al. 1996:37) where prey were larger.  In Yellowstone National Park, the multi-ungulate prey base was predicted to support sympatric wolf and coyote populations (Singer 1990:4.22), although coyote numbers recently have been reduced by wolves (Williams 1997:25; R. L. Crabtree, Yellowstone Ecosystem Studies, personal communication).


Human and road densities may influence the degree of competitive interactions between wolves and coyotes.  Thurber et al. (1992:2496) speculated that coyote abundance was higher along roads with human activity than in remote areas.  Wolves tended to avoid open roads and used closed roads.  Presence of humans likely provided a refuge for coyotes from competitively dominant wolves on the Kenai Peninsula (Peterson 1995:321) and Copper River Delta, Alaska (Carnes et al. 1996:37).

Wolf-Coyote Hybridization
.--Nonspecific-predator control in the early 1900s was detrimental to wolf populations, but bolstered coyote numbers (Voigt and Berg 1987:346).  Subsequent agricultural and human expansion has promoted hybridization between wolves and coyotes (Lehmen et al. 1991:114).  Although they are ecological competitors, hybridization has been documented genetically throughout the mid-western and eastern US (Lehmen et al. 1991:104, Roy et al. 1994:553, Wilson et al. 1996:204).  Hybridization in this region appears to be a unidirectional introgression of coyote mitochondrial DNA into wolf populations, affecting wolves but not coyotes (Lehmen et al. 1991:115).  Lehmen et al. (1991:116) speculated the most likely scenario to create the observed degree of hybridization is for a male wolf to pair with a female coyote, and subsequent male wolf-female hybrid matings.  In agricultural areas adjacent to wolf habitat, dispersing males may find coyotes more abundant.  Where human development is minimal (e.g., Alaska, Montana, British Columbia, Riding Mountain National Park), wolves have not acquired coyote genotypes (Lehmen et al. 1991:114, Pilgrim et al. 1998:687).  Wolves and coyotes were reported to co-exist without hybridization in these areas because wolf densities were relatively high with sufficient habitat (Pilgrim et al. 1998:687).  

Wolf-Dog Hybridization
.--In disturbed areas of North America, hybridization between gray wolves and domestic dogs (Canis familiaris) was less common than wolf-coyote hybridization (Wayne et al. 1992:567).  Survival of hybrids in the wild is probably lowered by a reduced competitiveness and by reduced parental care of young if the sire is a dog (Mengel 1971:316, 323).  Additionally, dental anomalies and weak bone deposition were noted in first-generation (F1) hybrid offspring of coyote-dog crosses (Mengel 1971:324).  However, wolf-dog hybrids successfully occupied the wolf’s ecological niche in the USSR, living with wolves or independently of them (Bibikov 1982:132).  Predation by hybrids reduced Ural Mountain roe deer populations substantially (Danilkin 1979:18-19, cited in Bibikov 1982:133).  In other regions, livestock and dogs comprised a large part of wolf-dog hybrid diets (Bibikov 1982:133).   Hybrids generally have less fear of humans, and may be more aggressive than wolves (Ryabov 1973, cited in Bibikov 1982:133).  Hybrid females from a male wolf x female dog cross mature sexually 13 months earlier than a wild wolf, creating high potential for proliferation (Ryabov 1973, in Bibikov 1982:133).  The isolated and discontinuous distribution of wolves likely promoted interbreeding between wolves and dogs in Italy (Boitani 1982:164-165).  Boitani (1982:165) suggested that hybrids were more suited to the altered local environment, and had relatively high survival rates because humans misidentified them as dogs.

Domestic Animal Depredation

Background
.--Wolf predation on livestock, and ensuing bounties on wolves (Fritts 1982:2), contributed to nearly complete eradication of wolves in the western US.  Subsequently, wolves in most regions have been limited to remote or wilderness areas with relatively few livestock conflicts (Mech 1970:348).  Depredations were reported as early as the mid-1800s in Canada, but were uncommon following stringent-wolf control in the first quarter of this century (Gunson 1983:102).  Resurgence in livestock predation by wolves has been evident in many Canadian provinces since the early 1970s (Gunson 1983:103). Weaver (1983:38) suggested that lone wolves or pairs, rather than packs, were responsible for most depredations in Canada.  Extensive-wolf control within livestock range may have exacerbated depredation by disrupting packs, leaving lone wolves and pairs (Bjorge and Gunson 1983:111, but see Fritts 1982:4; Mack et al. 1992:Chapter 5:25, Chapter 5:40).  Fritts (1982:10) and Tompa (1983:112) noted that wolves may seriously impact individual-livestock producers, but losses were often sporadic and have not threatened the livestock industry.  Fritts et al. (1992:2) speculated that as changes in the relative abundance of native prey occurred and livestock grazing continued on public and private lands, predation on livestock by wolves influenced human tolerance of wolf-recovery programs.  

Livestock depredations by wolves in Canada and Minnesota have occurred along the forest-agricultural fringe and were related to the extent of this boundary (Fritts 1982:5, Bjorge and Gunson 1983:107, Gunson 1983:102, Mech et al. 1988:270).  Dorrance (1982:690) reported that cattle depredation in Alberta increased with increased-forest cover and was augmented by rugged topography.  In that area, livestock losses to coyotes (35%) and black bears (31%) were higher than losses to wolves (16%).  Coyotes were probably more important predators of domestic animals in northern Minnesota than wolves (Fritts 1982:6).  Wolf-livestock interactions have been a function of wolf-population size and distribution, the availability of native prey, and the vulnerability of livestock adjacent to wolf range (Dixon et al. 1997, Chapter 3, Section 5:6, Section 5:7).  Livestock vulnerability to wolf predation was related to vegetation cover and/or terrain, and animal-husbandry practices including carcass disposal and grazing rotations (Dixon et al. 1997, Chapter 3, Section 5:7).  Leaving livestock carcasses near farmyards or in pastures, allowing calving on pastureland, and minimal monitoring of livestock perpetuated livestock depredations in Minnesota (Fritts et al. 1992:14).  Mech et al. (1988:271) noted a significant inverse relationship between wolf depredation on domestic animals and winter severity, and suggested that availability of deer fawns was negatively associated with livestock losses to wolves.  In Canada, cattle were the most commonly depredated livestock species, followed by sheep (Mack et al. 1992, Chapter 5:31).  Turkeys (Meleagris gallopavo gallopavo) comprised a significant portion of livestock depredations in Minnesota (Fritts et al. 1992:9).  Wolves selected calves over adult cattle (Bjorge and Gunson 1983:106, Gunson 1983:104, Dorrance 1982:690, Fritts et al. 1992:10) and most losses to wolves occurred in the late summer-fall seasons (Dorrance 1982:690, Tompa 1983:112), coinciding with maturation of wild-ungulate neonates and increased-food demands of wolf pups (Dorrance 1982:691, Tompa 1983:114).  In Minnesota, cattle, sheep and turkey depredations peaked in early, mid-, and late summer, respectively (Fritts et al. 1992:12).  Total sheep losses were relatively low in Alberta and British Columbia (Tompa 1983:113, USFWS 1994:4.9), probably because sheep were not exposed to depredation within wolf range (USFWS 1994:4.9).  However, per capita losses of sheep were higher than for cattle (USFWS 1994:4.13).  High-annual variation in verified-livestock losses was observed in Canada and Minnesota (USFWS 1994:4.12).  Studies from several areas in North America indicated that wolf depredation was highly variable among years and among livestock operations (USFWS 1996:F.3), perhaps due to winter severity (Fritts et al. 1992:21).  Fritts et al. (1992:27) speculated that as wolves returned to their former ranges, wolf-livestock-man conflicts were expected to increase.

Livestock Distribution and Abundance on the Olympic Peninsula
.--Only 5% (37,158 ha) of privately owned lands on the Olympic Peninsula were considered agricultural; all others were classified as timber or residential lands (Dixon et al. 1997, Chapter 3, Section 5:2).  Average number of farms on agricultural lands on the Olympic Peninsula (4 counties) during 1987-1992 was 1,022 (Table 16).  Overall, few farms with livestock existed in close proximity to the Primary Analysis Area (Dixon et al. 1997, Chapter 3, Section 5:3).  No cattle or sheep grazing occurred in Olympic National Park, and only 1 grazing permit existed as of August 1998 on Olympic National Forest lands (G. A. Stone, US Forest Service, personal communication).  A maximum of 50 cattle and 2 horses have been permitted to graze on 200 ha located in the North Fork Calawah River drainage, 5 km north of the Primary Analysis Area.  This allotment was permitted under extenuating circumstances; additional grazing permits in the future are unlikely (Dixon et al. 1997, Chapter 3, Section 5:3).  

Relative to wolf-recovery areas in North America, the Olympic Peninsula had few livestock (US Census Bureau 1994, Table 16).  Although lower counts of livestock were available, we used US Department of Commerce agricultural-census data (US Census Bureau 1994) in subsequent analyses to obtain  estimates of potential-wolf depredation on the Olympic Peninsula.  Cattle (n = 32,706) accounted for approximately 82% of livestock in the region, whereas sheep (n = 2,906) accounted for about 7.3% (totals calculated from the largest value from 1987 or 1992, US Census Bureau 1994).  In Clallam County, most 

Table 16.  Distribution and abundance of cattle and sheep within Olympic Peninsula counties, Washington.

County
Total

area

(km2)
PAA

Area

(km2)
Farms

1987a
Farms

1992a
Average 

number of

farms
Total

number of

cattleb
Total

number of

sheepb



















Clallam
4,602.4
1,496.5
375
328
351.5
8,662
2,356

Grays Harbor
4,995.3
288.9
410
385
397.5
17,938
280

Jefferson
4,704.7
3,672.3
116
120
118.0
4,261
176

Mason
2,466.4
303.1
165
145
155.0
1,845
94

Total
16,768.8
5,760.8
1,066
978
1,022.0
32,706
2,906

aUS Census Bureau 1994.

bData from 1987 and 1992 (US Census Bureau 1994); the larger quantity of the 2 years was used.

livestock producers (100-200 cattle) were located near Sequim, including the largest dairy farm (400+ cattle) and sheep producer (100+ sheep) (C. E. Beus, Washington State Cooperative Extension, Clallam County, personal communication).  Cattle in Clallam County often spent summer grazing rotations in foothills adjacent to Olympic National Park.  In Grays Harbor County, beef- cattle producers were primarily located between Olympia and Aberdeen, within 3 km of Highway 101 (G. R. Fredericks, Washington State University Cooperative Extension Service, personal communication).  One dairy farm was located in the Wynoochee River drainage (Dixon et al. 1997, Chapter 3, Section 5:3).  Five major dairy farms existed in the Chimicum watershed in Jefferson County (A. W. Latham, personal communication).  Other agricultural areas with livestock, mostly beef cattle, included Discovery Bay, Snow Creek valley and Quilcene River valley (Dixon et al. 1997, Chapter 3, Section 5:3).  Mostly small farms (<10 cattle) existed in Mason County, with 1 large farm (200+ cattle) in Skokomish Valley.   

Estimates of Wolf Depredation Rate on Livestock
.--Rates of livestock depredation have been evaluated for Canada, Minnesota, and Rocky Mountain wolf populations (Table 17).  Cattle and sheep depredation ranged from 0.01 to 0.91 (mean = 0.22) and 0.08 to 3.3 (mean = 1.08), respectively, in those areas.  Cattle losses (# killed/year) and livestock-depredation rates (killed/1,000) were highest in Alberta, despite average numbers of cattle and the lowest  

Table 17.  Livestock availability, mean depredation rates, and wolf numbers from other study areas compared to the Olympic Peninsula, Washington.

Area
Wolf

numbers
Number of livestock



Depredation rate



Available


Killed per year
Cattle killed

per 1,000
Sheep killed 

per 1,000



Cattle
Sheep
Cattle
Sheep



Albertaa
1,500
257,941
10,000
235.0
33.0
0.91
3.30

British Columbiab
1,500
587,750
48,000
137.0
26.0
0.23
0.54

Montanac
44
75,000
11,000
4.6
3.8
0.06
0.34

Minnesotad
1,460
229,065
23,719
27.0
50.0
0.12
2.11

Yellowstonee
64
146,000
265,000
1.7
26.0
0.01
0.10

Idahof
55
182,925
223,523
1.3
17.7
0.01
0.08

Mean





0.22
1.08

Olympic Peninsula
60g
32,706h
2,906h
0.8g
0.4g
0.05g
0.30g










a1974-1979, 1980-1991 (Mack et al. 1992: 5.31).

b1978-1980 (Mack et al. 1992: 5.33).

c1987-1997 (J. A. Fontaine, US Fish and Wildlife Service, personal communication).

d1979-1991 (Mack et al. 1992: 5.33).

eYellowstone National Park, 1995-1997 (J. A. Fontaine, US Fish and Wildlife Service, personal communication).

f1995-1997 (J. A. Fontaine, US Fish and Wildlife Service, personal communication).

gProjected value.

hUS Census Bureau 1994.

iCalculated assuming uniform distribution of livestock across county area.

numbers of sheep within reviewed areas of wolf range.  Approximately 1,500 wolves were estimated near livestock in Alberta.  Although wolves frequently encountered livestock in Minnesota without depredations occurring (Fritts 1982:6-7, Fritts et al. 1992:23), depredation rates for wolves on sheep in this area were higher than all areas evaluated (except Alberta).  


Estimating depredation rates for reintroduced wolves on the Olympic Peninsula based on data from other areas may be confounded by differences in climate, vegetation, topographic features, size of livestock operations, husbandry practices, and native prey populations (Fritts et al. 1992:23).  Additionally, widespread livestock production did not occur in close proximity to the proposed reintroduction area on the Olympic Peninsula.


Because we predicted wolves would be limited essentially within the park and adjacent wilderness, livestock depredation was predicted to be insignificant.  Dispersing individuals and occasional residents outside of the Park may impact livestock, however.  To gauge the maximum-expected impact we used the total-predicted-wolf population and all livestock within the Olympic Peninsula. 



To standardize depredation rates in relation to livestock and wolf numbers from previously studied areas (USFWS 1994:4.14) we used 

livestock (primary analysis area)        wolves (primary analysis area)        Mean annual       Estimated annual
livestock (other area)                  X   livestock(other area)                 X   depredations  =  depredations

                                                                                                       (other area)        (primary analysis area)          

to estimate Olympic Peninsula wolf-depredation rates on both cattle and sheep.

Reintroduced wolves (n = 60) were estimated to take 0.84 cattle and 0.43 sheep annually across the 4 counties on the Olympic Peninsula (Table 17).   Estimated-depredation rates for wolves reintroduced to the Olympic Peninsula (cattle = 0.05, sheep = 0.30) were similar to those observed for recolonizing-wolf populations in Montana.  Predicted-maximum impact increases linearly with predicted-wolf population (i.e., 50% more wolves are expected to depredate, at most, 50% more livestock than reported here). 

Although individual livestock operators have sustained substantial losses (e.g., Canada, Idaho and Montana), the rate of wolf depredation on domestic livestock across large-geographic areas has been low, averaging usually less than 0.1% of all livestock within wolf range (USFWS 1994:4.12).  


Occasional loses of horses and llamas, and other domestic animals, will occur.  While these losses probably will not be economically significant, they may be an important source of conflict should wolves be re-introduced.

Wolf Depredation on Domestic Dogs
.--Wolves have killed domestic dogs, although reports greatly exceed confirmed wolf-dog interactions (Fritts and Paul 1989:121).  Tompa (1983:112-113) reported 29 dogs killed or injured by wolves in British Columbia, 1978-1980.  All attacks occurred between October and March, coinciding temporally with wolf depredation on livestock in British Columbia and other parts of wolf range.  Increases in wolf-livestock interactions likely resulted from increases in proximity of wolves to humans and dogs.  In Minnesota, 24 dogs were killed and another 10 were injured during 1979-1987 (annual mean = 3.1) in an area with approximately 68,000 households (Fritts and Paul 1989:121-122).   Wolf range in Minnesota was rural, forested, and included numerous small communities and single residences (Fritts and Paul 1989:121).  However, the spatial distribution of wolf attacks on dogs in Minnesota was independent from other domestic animal attacks; wolves showed no strong inclination to attack dogs at residences near depredated livestock.  Unlike dog depredations in British Columbia, no seasonal pattern was evident in Minnesota.  Wolves killed 4 dogs and injured 5 in Montana during 1987-1997 (J. A. Fontaine, USFWS, personal communication).  During 1995-1997, wolves killed 1 dog in Yellowstone National Park and 4 dogs in central Idaho.  Alternately, several incidents of non-aggressive encounters were observed between wolves and guard dogs in the Yellowstone experimental area (J. A. Fontaine, USFWS, personal communication).  We caution that dog losses to wolf predation may be underestimated (relative to livestock depredation estimates) because many (probably most) depredated dogs were undetected by dog owners, and were assumed lost, stolen, or accidentally killed.

Potential for depredation on domestic animals, including dogs, has been a major issue in public acceptance of wolves.  Although uncommon, wolf attacks on dogs can be substantial locally and could produce anti-wolf sentiment that could hinder recovery of wolf populations (Fritts and Paul 1989:123).  The proximity of human habitation to the Primary Analysis Area suggests that pet depredation may be more of an issue on the Olympic Peninsula than in other wolf-recovery areas.  Incidents should be expected based on wolf-dog interactions observed elsewhere (Fritts and Paul 1989:121).

Disease

Infectious and parasitic diseases may affect physiology, reproduction, behavior, and social structure of wolf populations, or cause direct mortality (Brand et al. 1995:419).  However, the role of disease in wolf-population dynamics has remained unclear (Carbyn 1982b:106, Brand et al. 1995:419, Mech and Goyal 1993:330).  Contact between wolves and domestic animals (e.g., dogs) may determine disease composition and extent (Brand et al. 1995:419) and hinder recovery of small recolonizing wolf populations (Mech and Goyal 1993:330, Johnson et al. 1994:272).  Because wolves may harbor some diseases, human-health issues must be considered (Brand et al. 1995:429).  

Rabies
.--Rabies has occurred in most regions that have wolves (Brand et al. 1995:419) and may have limited some wolf populations (Cowan 1949:398, Ballard and Krausman 1997:244).  However, wolves have not been primary hosts of rabies and few reports of rabid wolves existed in North America (Johnson 1995:436-437).  Several recent (1981-1991) cases have occurred in Canada and Alaska (Zarnke and Ballard 1987:82, Theberge et al. 1994:563, Johnson 1995:436, Weiler et al. 1995:79, Ballard and Krausman 1997:242).  Rabies was a significant source of localized wolf mortality in arctic Alaska (Chapman 1978:365) and Algonquin Park, Ontario (Theberge et al. 1994:564), but these were sporadic incidents.  Because few cases of rabies in wolves have been reported, human exposure from wolves in North America is unlikely (Johnson 1995:438).  

Rabies in North America has occurred as “bat rabies” or “terrestrial rabies” (Johnson 1992:5-56).  Bat rabies has posed less-exposure risk to humans, domestic animals and wildlife than terrestrial rabies (Johnson 1995:435).  Skunks (Mephitis mephitis and Spilogale putorius), domestic cats (Felis catus), cattle, and dogs have been important hosts of terrestrial rabies in the western and mid-western US and Canada (Prins and Yates 1986:165; Johnson 1995:432, 437).  Only 9 of 6,975 nation-wide cases of rabies (wild and domestic animals) occurred in Washington during 1991 (Krebs et al. 1992:1839) and cases were similarly low in Idaho (n = 6) and Oregon (n = 7): bats (order Chiroptera) and domestic cats were the primary hosts for these states (Krebs et al. 1992:1841, 1845).  Two human cases in Washington State during the last 3 years were associated with bat rabies.  However, the disease has not been found in domestic dogs since 1970 (J. H. Grendon, Washington Environmental Health Department, Olympia, personal communication).  In addition, typical wild reservoirs (skunks and foxes [Vulpes spp., Alopex lagopus, and Urocyon cinereoargenteus]) have been absent or at low densities on the Olympic Peninsula (Mathews 1988:336, 341, 348), thus, exposure to a reintroduced wolf population would likely be low. 

Canine Parvovirus
.--Canine parvovirus (CPV-2, a variant that replaced the original strain CPV; Parrish et al. 1985:1046) was widespread in domestic dogs by 1980 (Brand et al. 1995:421), and North American wolves and coyotes were likely exposed concomitantly (Thomas et al. 1984:1283, Goyal et al. 1986:1092).  Gese et al. (1997:47) found 100% exposure to canine parvovirus in Yellowstone National Park coyotes.  High prevalence of CPV-2 was also reported in coyotes in Texas, Utah, Idaho, and Colorado (Thomas et al. 1984:1283, Gese et al. 1991:320).  Canine parvovirus was isolated from free-ranging wolves in Alaska (Zarnke and Ballard 1987:79), Minnesota (Mech et al. 1986:105, Goyal et al. 1986:1093, Muneer et al. 1988:171), Wisconsin (Wydeven et al. 1995:151, 155), and Montana (Johnson et al. 1994:270-271), and appeared to be enzootic in these populations (Johnson et al. 1994:271).  Wolves were generally exposed at a young age, after maternally derived antibodies had declined (Gese et al. 1997:51).  Social structure likely increased intra-pack infection (Goyal et al. 1986:1093, Johnson et al. 1994:272).  Although domestic dogs and captive wolves have been highly susceptible (Mech et al. 1986:104-105), only a single mortality from CPV-2 had been confirmed for free-ranging wolves (Mech et al. 1997:321-322).  However, anecdotal evidence suggested that high mortality recorded for Isle Royale wolves during the late 1980s could be attributed to CPV-2 (R. O. Peterson, unpublished data, cited in Brand et al. 1995:421).


Mech and Goyal (1993:331, 1995:568) noted the prevalence of CPV antibodies was inversely related to the percentage of trapped pups and wolf-population increases.  Additionally, Johnson et al. (1994:272) reported correlation between positive CPV-2 titers (i.e., concentration of substance in solution) and pup mortality in Glacier National Park, Montana, and southeastern British Columbia, Canada.  Coyote pup mortality in Yellowstone National Park was likely caused by active infection (Gese et al. 1997:51).  Although CPV-2 may have hindered wolf recolonization via early pup mortality, it may have also compensated for other mortality factors such as pup starvation (Mech and Goyal 1993:332).


Effects of CPV-2 on wolves may be increasing (Mech and Goyal 1995:566) and may have impeded recovery in Wisconsin (Wydeven et al. 1995:156) and Montana (Johnson et al. 1994:270).  Thus, this disease could be a serious mortality factor for small, isolated, or disjunct wolf populations (Mech and Goyal 1993:332).  Coyotes were a potential source of viral infection for recolonizing wolves in Yellowstone National Park (Gese et al. 1997:51-52) and may pose similar risks to wolves on the Olympic Peninsula.  Preventative vaccinations of translocated wolves should be considered (Johnson et al. 1994:272).

Canine Distemper Virus
.--Distemper was not likely to cause mortality in free-ranging wolf populations (Stephenson et al. 1982:423, Zarnke and Ballard 1987:81, Brand et al. 1995:421, but see Carbyn 1982:111, Peterson et al. 1984:31).  Choquette and Kuyt (1974:321-322) suggested distemper (CDV) infection became an important mortality source in northern Canada when other stressors were present (e.g., crowding and malnutrition).  Poor nutrition may have caused susceptibility in Alaska wolves (Stephenson et al. 1982:421).  Some wolves tested seropositive for distemper in central Alaska (Stephenson et al. 1982:419, 421, Zarnke and Ballard 1987:77, 79-80), Montana (Johnson et al. 1994:270), and Minnesota (T. K. Fuller, unpublished data, cited in Brand et al. 1995:420).  Zarnke and Ballard (1987:81) suggested distemper was enzootic and concluded that wolves were not directly infected by dogs.  The distemper virus was usually transmitted by direct contact or as aerosols, and was readily deactivated by exposure (Stephenson et al. 1982:422).  Thus, indirect transfer from dogs (e.g., via urine) was unlikely (Stephenson et al. 1982:422), but intra-pack infection may have been considerable.  Because distemper infected young wolves (Gillespie and Carmichael 1968:114), mortality may have occurred but was undetected (Brand et al. 1995:421).  Distemper reportedly caused high mortality and was a recurrent problem in raccoons on the west side of Washington State during recent years.  Consequently, wolves reintroduced to the Olympic Peninsula may be exposed to this disease by raccoons (W. J. Foreyt, Washington State University Veterinary Hospital, Pullman, personal communication).   

Infectious Canine Hepatitis
.--Wolf mortality from infectious canine hepatitis (ICH) has not been reported (Brand et al. 1995:421), but free-ranging wolves from northern Canada (Choquette and Kuyt 1974:321-322), Alaska (Stephenson et al. 1982:419-420, Zarnke and Ballard 1987:79), and Montana (Johnson et al. 1994:270-271) have tested seropositive.  This disease was more prevalent in Alaska wolves than wolves from northern Canada (Brand et al. 1995:421) or Montana (Johnson et al. 1994:270); ICH was believed to be enzootic in most populations (Stephenson et al. 1982:423, Zarnke and Ballard 1987:79, Johnson et al. 1994:271).  Transmission occurred through direct contact with saliva, urine, or feces (Cabasso 1970:136).  Zarnke and Ballard (1987:79) hypothesized contact between wolves and domestic dogs did not determine infection rates of wolves.  However, Stephenson et al. (1982:423) noted prevalence of ICH in Alaska wolves was related to proximity to human habitation and argued that dogs contributed to ICH transmission.  Johnson et al. (1994:272) did not find a relationship between ICH titers and pup mortalities.

Brucellosis
.--The 6 species of Brucella (B.abortus, B. suis, B. canis, B. melitensis, B. neotomae, and B.ovis) have affected animal reproductive systems (Johnson 1992:5-74).  Although brucellosis has been generally associated with ruminants (Neiland 1970:136, Neiland 1975:45, Brand et al. 1995:422), 3 species (B. abortus, B. suis, and B. canis) have been identified in domestic and wild canids (Johnson 1992:5-74).  Brucellosis usually caused more severe symptoms in ruminants (infertility and arthritis) than in canids.  Canid infection was typically subclinical (Johnson 1992:5-76, 5-78; Gese et al. 1997:53) and the likelihood of reproductive failure was minimal (Gese et al. 1997:53).  Brucellosis occurred in free-ranging elk (Thorne et al. 1978a:74, 77; Morton et al. 1981:23), but was not prevalent in white-tailed or mule deer (Moore and Schnurrenberger 1981:1105, Ingebrigtsen et al. 1986:84-85).  B. abortus was found in wolves of Wood Buffalo National Park (Johnson 1992:5-78).  B. suis, which was pathogenic to humans (Tessaro 1986:119), has been cultured from a small percentage of Alaska wolves (Neiland 1970:137; 1975: 45, 49, 51; Zarnke and Ballard 1987:82), but distribution was limited to circumpolar regions (Johnson 1992:5-79).  Although reproductive failure was noted in gravid wolves experimentally infected with B. suis (Neiland and Miller 1981:183), population-level effects have not been ascertained (Brand et al. 1995:422).  B. canis has affected domestic dogs worldwide (Johnson 1992:5-81) with clinical symptoms including abortions and infertility.  B. canis has never been cultured in wild canids (Johnson 1992:5-81) and was not of concern for wolves (Johnson 1992:5-81).  Dog-wolf transmission probably has been uncommon because most infected dogs in the US were in kennels or breeding programs (Johnson 1992:5-81).  Brucella bacteria can be shed in wolf feces, but numbers were usually too low to infect livestock (Johnson 1992:5-79, 5-82).  Livestock in Washington were brucellosis free (as of July 1998) and were not considered a source of infection for reintroduced wolves to the Olympic Peninsula (J. H. Grendon, Washington Environmental Health Department, Olympia, personal communication).   

Bovine Tuberculosis
.--Tuberculosis can be transmitted via aerosol, direct, or indirect contact and clinical signs may not be present or vary with mode of transmission (Johnson 1992:5-85).  Mycobacterium (M. bovis, M. tuberculosis, and M. avium) infections were more common in captive than wild animals (Tessaro 1986:122), but have occurred in wild canids (Johnson 1992:5-87).  Carbyn (1982b:111) reported lesions of bovine tuberculosis in 2 wolf pups from Riding Mountain National Park, Manitoba.  Infections in wild wolves were rare (Tessaro 1986:122), possibly because of limited exposure and infrequent reporting of cases (Johnson 1992:5-87).  However, exposure may be more prevalent in populations associated with heavily infected ungulates (Tessaro 1986:122).  Bison (Bison bison) in Wood Buffalo National Park, Alberta, were 1 of the only known free-ranging hosts among primary wildlife (Tessaro 1986:122, Johnson 1992:5-87), but 13 wolves examined there showed no sign of bovine tuberculosis (S. V. Tessaro, unpublished data, cited in Brand et al. 1995:424).  Deer and elk were reservoirs of bovine tuberculosis but infection has been most prevalent in captive elk (Tessaro 1986:122, Rhyan et al. 1997:290, Rhyan et al. 1995:434).  The highest frequency (15 of 354 deer) was observed in northeastern Michigan, where deer had no association with infected livestock (Schmitt et al. 1997:749).  Schmitt et al. (1997:755) suggested high concentrations of deer caused by supplemental feeding contributed to disease transmission among deer.  The disease has been nearly eradicated in domestic livestock (Johnson 1992:5-87), and has not existed in livestock in Washington (as of July 1998; J. H. Grendon, Washington Environmental Health Department, personal communication). 

Leptospirosis
.--Leptospirosis, which includes 170 known species of Leptospira spirochetes (Brand et al. 1995:423), was endemic in bovine, porcine, and equine populations (Khan et al. 1991:250), and has also been found in free-ranging white-tailed deer (Ingebrigtsen et al. 1986:84-85).  High seroprevalence for L. interrogans was observed in localized western Washington elk herds, but the rugged topography was not conducive to interpopulation transmission (Bender and Hall 1996:123).  Stagnant ponds, moist-alkaline soils, and slow-moving streams promoted survival of L. interrogans; survival was poor in well-drained soils (Bender and Hall 1996:123).  Urine was a source of infection for wild animals, making scent marking a potential mode of transmission among wolves (Brand et al. 1995:423).  Once infected, wolves may be maintenance hosts of leptospirosis due to the close contact associated with their social behavior (Khan et al. 1991:250).  Zarnke and Ballard (1987:77) reported only

1 of 82 wolves positive for L. interrogans antibodies in Alaska, but Khan et al. (1991:249) found 11.4% seroprevalence in Minnesota.  Wolves that inhabited farming areas in Minnesota had substantially higher prevalence of antibodies than wolves from more remote areas (Khan et al. 1991:251).  Symptoms included chronic kidney infections, hepatitis and/or abortions in wild carnivores and fever, meningitis, and kidney failure in humans (Roth 1970:297).  Although the disease may have caused death in domestic dogs (Drewek et al. 1981:35), clinical signs were not reported in wild canids (Brand et al. 1995:423).  Brand et al. (1995:423) suggested the disease might warrant concern where potential wolf reintroduction sites included areas of enzootic leptospirosis among prey or where wolf-livestock interactions were likely.  Several cases of leptospirosis in dogs were recently reported in Washington, and raccoons were seropositive on the western side of the state (J. H. Grendon, Washington Environmental Health Department, Olympia, personal communication).  However, prevalence in free-ranging carnivores has been low (W. J. Foreyt, Washington State University Veterinary Hospital, Pullman, personal communication).   

Lyme Disease
.--The Borrelia burgdorferi spirochete has caused human Lyme disease and was transmitted by deer ticks (Ixodes dammini and I. pacificus, Burgdorfer et al. 1982:1317).  White-tailed deer were a principle-vertebrate reservoir of the spirochete (Lissman et al. 1984:220).  The disease infected a variety of wild and domestic animals with several symptoms (Kazmierczak et al. 1988:522), and was known to cause fever and arthritis in domestic dogs (Lissman et al. 1984:219, Kornblatt et al. 1985:960).  Wolves have been susceptible to Lyme disease infection (Kazmerczak et al. 1988:526, Theiking et al. 1992:177), but clinical signs exhibited by captive wolves included only enlargement of lymph nodes (Kazmierczak et al. 1988:524).  Two free-ranging wolves (of 78 sera tested) in the mid-west US were reactive for the disease (Kazmerczak et al. 1988:525).  Theiking et al. (1992:177, 180) found 15 (2.5%) gray wolves seropositive for antibody to B. burgdorferi.  Although abortions and fetal mortality occurred in infected humans and horses (Burgess and Windberg 1989:50), effects of the disease on wild wolves were not known (Brand et al. 1995:423).  On the Olympic Peninsula, Lyme disease has been prevalent enough to warrant vaccinations of dogs (W. J. Foreyt, Washington State University Veterinary Hospital, Pullman, personal communication).  B. burgdorferi has been transmitted by the tick Ixodes pacificus in this region, but has not been found on free-ranging Columbia black-tailed deer (J. H. Grendon, Washington Environmental Health Department, Olympia, personal communication).

Salmon Poisoning
.--Salmon (Onchorynchus spp.) have been a seasonally important food for some wolves (Szepanski 1998:iii), and salmon poisoning may be locally significant for recolonizing wolves on the Olympic Peninsula.  Neorickettsia helminthoeca has been described as a helminth-transmitted-rickettsial organism with snails, fish, and mammals as hosts (Gorham and Foreyt 1984:539).  Distribution of the disease has been limited to the western slopes of the Cascade Mountains, from northern California to the Olympic Peninsula in Washington, and was determined by the distribution of the snail Oxytrema silicula (Knapp and Millemann 1970:334, Gorham and Foreyt 1984:538).  Salmon poisoning has been highly fatal to domestic and wild canids that consumed raw salmon.  Although actual cause of death was unknown, depression, anorexia, diarrhea, vomiting and enlarged lymph nodes were common-clinical signs (Gorham and Foreyt 1984:541).  The disease was first described in the Pacific Northwest in the early 1800s, when dogs died from eating anadromous fish (Gorham and Foreyt 1984:538).  Young (1944:163) suggested that the disease was 1 reason for scarcity of wolves in coastal mountains of Washington and Oregon.  Susceptibility may partially explain the paucity of foxes and coyotes in coastal Oregon (Philip 1955:129).  E. M. Houghton (cited as personal communication in Young 1944:163) noted abundant wolf sign along Oregon salmon streams from September to January and reported evidence of salmon poisoning.  High numbers of wolves were “almost wiped out during years of large salmon runs” and salmon poisoning may have contributed to disappearance of wolves from Oregon (cited as personal communication with E. M. Houghton, Young 1944:163).  Salmon poisoning infection was not limited to salmon consumption.  Under experimental conditions, partial transmission was attained via ticks (Philip 1955:141-142).  Transmission among dogs has also been reported, although the disease was not highly contagious (Bosman et al. 1970:1909).  Humans were susceptible to infection with the trematode vector, but the disease was not fatal (Knapp and Millemann 1970:337).

Helminths
.--Although helminth parasites may adversely affect individual wolves, they often have limited pathogenicity and, thus, have minimal effect in regulating wolf populations (Brand et al. 1995:424).  Wolves with  characteristic helminth fauna were reported by Custer and Pence (1981:289, 305) and Samuel et al. (1978:2614), which were related to regional differences in wolf diets and associated parasites of prey species (Brand et al. 1995:424).  At least 9-trematode (fluke) species, 21-cestode (tapeworm) species, and 24-nematode (roundworm) species have been reported from gray wolves (Mech 1970:305-309).  

Liver flukes (Metorchis conjunctus), found in the gall bladder and bile duct, were potential pathogens of wolves (Brand et al. 1995:425).  The parasite infected working dogs that were fed fish in northern Canada (Mongeau 1961:35), and was found in wolves in Alberta (Holmes and Podesta 1968:1193, 1195) and Saskatchewan, Canada (Wobeser et al. 1983:353).  Infection in wolves seemed to be associated with freshwater fish consumption (Wobeser et al. 1983:353, 356).  Clinical abnormalities were relatively difficult to demonstrate in dogs, and significance of the parasite was unknown for wolves (Wobeser et al. 1983:355).  Effects were restricted to local populations that consumed freshwater fish (Brand et al. 1995:425).

Hydatid tapeworms (Echinococchus granulosus) have been a special disease concern for human safety (Mech 1970:306).  Moose were the most important host for E. granulosus larvae in North America, and infection of the adult parasite in wolves seemed more common where moose were primary prey (Freeman et al. 1961:532, McNeill et al. 1984:1659).  Infections have been noted to a lesser degree in elk (Green 1949:204-205, Holmes and Podesta 1968:1195), mountain goats (Rausch and Williamson 1959:399), white-tailed deer (Riley 1939:170), and black-tailed deer (Rausch and Williamson 1959:399, Cowan 1948:105).  In North America, hydatid tapeworms have been found in wolves in Alaska (Rausch and Williamson 1959:398), Minnesota (Riley 1939:171-172, Erickson 1944:361, Byman et al. 1977:378), and Canada (Cowan 1948:106, Freeman et al. 1961:528, Holmes and Podesta 1968:1195, Choquette et al. 1973:1087-1088, Samuel et al. 1978:2615, McNeill et al. 1984:1659).  Cases of human infestations have been infrequent (Cowan 1948:106).

Human cases of trichinosis in northwestern North America have been associated with wildlife cases (Gunson and Dies 1980:525), with transmission of Trichinella spp. (nematode parasite) occurring by consumption of infected meat, including lynx (Felis lynx) (Zarnke et al. 1995:314) and bear (Rausch et al. 1956:262, Butler and Khan 1992:474).  Ungulates were not considered a source of infection for wolves (Rausch et al. 1956:262).  Rather, wolves in Alaska (Rausch et al. 1956:262) and Canada (Choquette et al. 1973:1090) were thought to have been infected with T. spiralis by consuming other carnivores.  Black bears have harbored Trichinella larvae (Rausch et al. 1956:260, Butler and Khan 1992:474, Duffy et al. 1994:479), and may have spread the parasite when wolves consumed bear meat.  Because human use of wolf meat has been uncommon, wolf reintroduction to the Olympic Peninsula would probably not contribute to human cases of trichinellosis.  

Current National Park Service restrictions for pets in Olympic National Park include (1) no pets on hiking trails, (2) pets must be leashed at all times, and (3) owners must properly dispose of pet fecal material.  Many of these regulations have been ignored by visitors in Yellowstone National Park and infected dogs have likely deposited urine and feces along roads, which increased disease exposure to wild-canid populations (Gese et al. 1997:54).  The same will likely occur in Olympic National Park.

Human Safety

Attacks on Humans
.--The possibility that reintroduced wolves would attack humans was a contentious issue during public debates of the proposed Yellowstone National Park wolf reintroduction (Mech 1990:82-83).  However, despite notable reports of attacks (Peterson 1947:294-295, Munthe and Hutchison 1978:877, Jenness 1985:129), no serious injury or death from a non-rabid wolf has been recorded in North America since 1890 (USFWS 1994:1.19).  Most attacks on humans, primarily by rabid wolves, have occurred in Europe and Asia (Clarke 1971:69).  Reports from India of children taken by wolves have recently been confirmed (L. N. Carbyn, Canadian Wildlife Service, personal communication).  In France, during the mid-1700s, about 100 human deaths were attributed to non-rabid wolves, but attacks were probably associated with wolf hybrids (Clarke 1971:69); i.e., abnormal coloration, aberrant behavior, and lack of fear of humans were indicative of hybrids (Ryabov 1973, in Bibikov 1982:133).  Although Tompa (1983:115) reported 19 wolf complaints concerning human safety during a 3-year period on or near Vancouver Island, only 5 reports of wolf attacks on humans in North America have been published in scientific journals.  In each case, extenuating circumstances implied abnormal behavior.  Peterson (1947:294-295) reported a deliberate, unprovoked wolf attack on a man riding a “speeder” railcar in Ontario, but the wolf was thought to be rabid (Mech 1990:85).  Chapman (1978:366) reported an encounter with a wolf that continually approached him within 3 m and was later determined to be rabid.  Attacks by single wolves in the Canadian Arctic (Munthe and Hutchison 1978:877, Scott et al. 1985: 807-808, Jenness 1985:129) were attributed to human proximity to den sites or a female wolf in estrus condition (Mech 1990:84).  Given the rarity and nature of documented attacks, it was assumed that reintroduced wolves would not be a danger to humans (Mech 1970:293, Mech 1990:85).

Wildlife-Car Collisions
.--Bruinderink et al. (1996:1059) reported that ungulate-car collisions may be a serious road-safety issue in the US.  If reintroduced wolves decreased ungulate abundance or altered ungulate habitat-use patterns, they may indirectly affect human safety.  In a survey of public attitudes by Stout et al. (1993:243), threat to human safety was perceived as the most serious consequence of deer-related-vehicle accidents.  Ungulates were attracted to early successional grasses along roads (Case 1978:8) and salt on road surfaces (Bruinderink et al. 1996:1062).  Collisions typically increased at night during ungulate-activity peaks (Bruinderink et al. 1996:1063), and were often associated with breeding activities and dispersal (Case 1978:8).
Stout et al. (1993:237) classified accidents as (1) direct ungulate-vehicle collisions or (2) when motorists attempted to avoid ungulates (Stout et al. 1993:237).  Within the 4 counties of the Olympic Peninsula during 1987-1996, the mean number of accidents attributed to wildlife was 120/year, the mean number of fatalities was 0.2/year, and the mean number of personal injuries was 9/year (Washington State Department of Transportation, unpublished data).  Using the national mean-damage value reported by Hansen (1983:161) of $650 per accident, annual property damage for the Olympic Peninsula was about $77,500.  Relatively few wildlife-car collisions have occurred on the Olympic Peninsula, and our Primary Analysis Area had a low-road density.  Thus, it is doubtful that wolves would indirectly affect human safety either by reductions in ungulate populations (i.e., reduced accidents) or by concentrating ungulates near roads (i.e., increased accidents).  

Disease
.--Diseases of concern to humans from wolves included rabies, brucellosis, tuberculosis, leptospirosis, Lyme disease, and helminth infections.  Reviews of these were provided above (see Disease).

SOCIO-ECONOMIC FACTORS ASSOCIATED WITH WOLF RESTORATION

Public Opinion


General Attitudes
.--Individual and social values often determine the acceptance of reintroduction plans and may “factor heavily into the success or failure of carnivore reintroduction plans” (Reading and Clark 1996:312).  Local support has been critical to accomplish restoration objectives.  Unfortunately, careful consideration of human values has been lacking or insufficient in most carnivore-management programs (Reading and Clark 1996:312).  Support partially stems from general attitudes people hold toward predators.  Kellert (1985:171) noted that predators were not well liked, and the wolf is 1 of the least-liked predators.  Several factors may account for negative perceptions.  Physical characteristics, such as size of animals, may be perceived as frightening.  Factors with strong social interpretation (e.g., propensity to cause property damage, dangerousness) combine to form a perception that carries a negative-social value (Kellert 1986:173-174, Reading and Clark 1996:313).  These negative attitudes were especially prevalent in perceptions of the wolf (Kellert et al. 1996:980).

Public attitudes toward wolves and wolf-reintroduction projects were generally positive across the US (McNaught 1985:45, Kellert 1986:195, Bath and Buchanan 1989:522, Bath 1992:2-11, Pate et al. 1996:423, Lohr et al. 1996:417).  Llewellyn (1978:44-445) noted that 90% of residents outside of Minnesota had positive attitudes toward the presence of wolves in Minnesota.  Alaska residents had the most positive attitudes toward wolves of any national region, possibly from utilitarian uses of trapping and hunting, while residents of the Rocky Mountain states and the Pacific Northwest were second and third in terms of positive attitudes, respectively (Kellert 1985:174, 182).  Residents of northwestern Montana expressed positive attitudes toward wolves, providing their presence did not restrict human activities such as hunting (Tucker and Pletscher 1989:510-511).  Visitors to Yellowstone National Park generally supported wolf reintroduction (McNaught 1985:46).


Numerous studies have examined situational determinants of individual and social values toward wolves.  Existing values regarding laws, conservation programs, and government agencies could influence values associated with wolves (Naess and Mysterud 1987:31, Reading and Clark 1996:314, Wilson 1997:463).  Hook and Robinson (1982:392) suggested negative values held toward the Minnesota Department of Natural Resources were transferred to attitudes toward wolves.  Tucker and Pletscher (1989:510,512) reported residents in northwestern Montana opposed to the presence of wolves held those values based on their perceiving the Endangered Species Act as inflexible.  Members of conservation organizations held positive values toward wolves (Henshaw 1982:405, Bath and Buchanan 1989:522, Wilson 1997:465), but members of livestock-growers associations had highly negative values toward wolves (Kellert 1986:195, Bath and Buchanan 1989:522, Wilson 1997:464).  These pre-existing values have played an important role in the success or failure of efforts to reintroduce wolves (Archibald et al. 1991:507, Reading and Clark 1996:312).  The importance of public support was reinforced in efforts to reintroduce red wolves to the Land Between the Lakes, Tennessee.  Planning efforts did not include public education, and this oversight and the outcry of negative-public values lead to project abandonment (Reading and Clark 1996:321-323).

Factors associated with negative attitudes toward predators generally and wolves specifically were age, education, and occupation (Kellert 1985:175-176).  Older persons, those with lower education, and those with occupations that perceive predators as an economic threat (e.g., ranching and other livestock interests) tended to have a more-negative view of predators (Kellert 1985:176, Kellert et al. 1996:980).  Positive values toward predators increased with knowledge of the species and values associated with wilderness (Hook and Robinson 1982:389, Kellert 1986:174).


Older Michigan residents expressed more-negative attitudes toward wolves (Hook and Robinson 1982:392).  In a survey of attitudes toward wolves held by visitors to Yellowstone National Park, older visitors had a negative orientation toward wolves and were less likely to support reintroduction (McNaught 1987:519).  Bath (1987:49) reported age to be a significant predictor of attitudes toward wolves expressed by Wyoming residents; age was negatively correlated with attitudes.  Age was the primary factor predicting attitudes in Montana and the second-most-important variable that explained attitudes among Montana residents (Bath 1992:2-14).  A study of Colorado residents and their attitudes toward wolf reintroduction produced similar results (Pate et al. 1996:425).


Formal education and knowledge about wolves were also significant factors in predicting attitudes.  Hook and Robinson (1982:388) reported a positive correlation between supportive attitudes toward predators and level of formal education.  These findings were also supported by Kellert (1985:176) and Lohr et al. (1996:417).  Although Bath and Buchanan (1989:522) found a correlation between these 2 parameters, they reported the association as weak.  However, Bath (1992:2-14) reported level of formal education to be the most important factor predicting attitudes in Montana residents, but was not significant among Idaho residents responding to the same survey.


Increased knowledge about wolves was shown to be positively correlated with attitudes in a study of Michigan residents (Hook and Robinson 1982:389).  Nationally, attitudes toward wolves became more positive with increasing knowledge of animals (Kellert 1985:176).  Bath (1987:52) reported knowledge to be a significant predictor of attitudes among Wyoming residents, and knowledge scores provided the third-most-significant variable in predicting attitudes for both Montana and Idaho residents (Bath 1992:2-15).  Kellert (1991:157) reported relatively low-knowledge scores for residents of Michigan, but no reference was made of relationships between those scores and their attitudes toward wolves.  However, Kellert et al. (1996:90) reported no relationship between attitudes toward wolves and knowledge about wolves.


Research has indicated support for reintroduction of wolves among hunters.  Hook and Robinson (1982:386-388) found that hunting and hunting by family elders was positively associated with supportive attitudes toward wolves (Hook and Robinson 1982:390-391).  Tucker and Pletscher (1989:510-511) reported the majority of hunters in northwest Montana to be supportive of the presence of wolves (58.3%), but were unwilling to curtail human activities (e.g., hunting) to favor wolf recovery (Tucker and Pletscher 1989:510-511).  The majority of hunters in a Wyoming survey favored reintroduction of wolves in Yellowstone National Park (Thompson and Gasson 1991:6), and the majority of hunters in a New Brunswick study also favored wolf reintroduction (Lohr et al. 1996:416-417).   Negative attitudes among hunters may arise from fears that wolves will deplete big game populations (Hook and Robinson 1982:393, Lohr et al. 1996:417-418). 


Individuals involved in the farming and ranching industries had the most-negative orientation toward wolves and wolf reintroduction (Kellert 1986:195, Bath and Buchanan 1989:522, Wilson 1997:464).  Many studies have indicated the vast majority of farmers and ranchers had negative attitudes toward wolves, and the general public held positive attitudes toward wolves and wolf-recovery efforts (Hook and Robinson 1982:388, Kellert 1985:175, Kellert 1986:195, Bath and Buchanan 1989:522, Bath 1989:300, Kellert 1991:154)  

Proximity of wolf range or proposed reintroduction site to human populations contributed to attitudes among residents in Minnesota (Llewellyn 1978:445), New York (Henshaw 1982:405), Michigan (Kellert 1991:154), Montana (Tucker and Pletscher 1989:510-511), Wyoming (Bath 1989:300), and Idaho and Montana (Bath 1992:2-14).  Llewellyn (1978:445) reported attitudes toward wolves to become increasingly positive with increased distance from wolf range.  Respondents who lived outside of Minnesota had more-positive attitudes toward wolves than rural Minnesota residents (Llewellyn 1978:445).  Henshaw (1982:405) indicated local acceptance of wolves would be an important limiting factor to wolf reintroduction in the Adirondack region of New York.  Kellert (1991:154) reported a greater degree of positive orientation toward wolves in the less-rural Lower Peninsula of Michigan than in the Upper Peninsula.  Pate et al. (1996:425) cited a significant difference in attitudes between residents of the eastern slope of the front range and those of residents of the more rural western regions.  Residents from more-urban regions of New Brunswick were more supportive of wolf reintroduction than those from the more-rural northern region (Lohr et al. 1996:417).  

     
Olympic Peninsula
.--In a study of Olympic Peninsula residents, Rooney (1995:12) used the same survey instrument that Bath (1987:29) used in Wyoming.  Rooney (1995:15, 30) reported 55% of Olympic Peninsula residents liked or strongly liked wolves, 53% felt the reintroduction issue was important to them, and 48% were in favor of reintroducing wolves to Olympic National Park.  Those residents opposed to reintroduction cited (1) livestock loses (10%), (2) cost of the program (37%), and  (3) decline in big game (8%) as reasons for opposition.  The majority (81%) of those opposed to reintroduction would not change their opinion if livestock losses were held to less than 1%, and 66% would not support the program if wolves were kept within the park boundary.  Those respondents in favor of the reintroduction reported (1) historic presence of wolves (50%), (2) regulation of elk and deer numbers (8%), and (3) the endangered status of wolves (25%) as reasons they supported the reintroduction (Rooney 1995:30-33).

Rooney (1995:19-20) reported both age and education were predictors of attitudes among residents of the 4 Olympic Peninsula counties.  Older residents expressed greater dislike of wolves, and negative attitudes declined with increased formal education.  These results were consistent with those reported elsewhere (Hook and Robinson 1982:388, Kellert 1985:176, Bath 1992:2-14).  Bath (1987:53-54) reported dislike toward wolves increased from 33% for people 18 to 25 years old to 67% for residents over 76 years of age.  Rooney’s (1995:20) Olympic Peninsula results agreed with those from Wyoming (Bath 1987:53-54).  Responses for the category “strongly dislike” were highest for the over 66 age group (Rooney 1995:20).  When collapsed across dislike and strongly dislike categories, negative attitudes were highest among Olympic Peninsula residents in the 18 to 24 age group (33%) and second among those over 66 years of age (24%, Table 18).  Rooney’s (1995:19-22) results should be viewed with caution, as he received a low response (45%) from only 1 mailing, did not provide a measure of standard error, and did not test for nonresponse bias.

Table 18.  Public attitudes toward wolves by age for Wyoming (Bath 1987:54) and Olympic Peninsula (Rooney 1995:20) residentsa




Wyoming
Olympic Peninsula















Age 
% Like
% Dislike
Age 
% Like
% Dislike

18 - 25
52
30
18 - 24
67
33

36 - 45
45
34
25 - 30
79
0

56 - 65
36
44
31 - 40
59
8

76+
20
67
41 - 55
62
8




56 - 65
55
13




65+
40
24









aReported frequencies do not include neutral category.


The 1990 census data for age of residents in the 4 counties of the Olympic Peninsula were combined into categories similar to those used by Rooney (1995:20).  In Clallam and Jefferson counties, more residents were over 65 years of age than in any other age category (20.4% and 20.7%, respectively), with the 40- to 54-year category second (16.9% for Clallam and 19.5% for Jefferson) (US Census Bureau 1990).  In Grays Harbor and Mason Counties, those patterns were reversed.  The greatest representation was 40 to 54 years of age (17.5% for Grays Harbor County and 16% for Mason County) and 15.9% of the populations of Grays Harbor and 16.4% Mason County residents were over 65.  Median age was 36 years for Clallam, Grays Harbor, and Mason counties, and 41 for Jefferson County (US Census Bureau 1990).  Given observed changes in attitude by age (Rooney 1995:20), it may be reasonable to expect greater resistance to potential reintroduction in Clallam and Jefferson Counties than in Grays Harbor and Mason counties.


Because categories used by Rooney (1995:20) were not distinct, comparisons across level of formal education were difficult to make.  For example, Rooney (1995:20) used the education category 9–12 years without regard to graduation.  Census information provided discrete categories specifying degree attained (US Census Bureau 1990).  Another problem was the census bureau included students <15 years old still attending school, but Rooney (1995:11) included only adults listed in the telephone directory in his sample.  Rooney (1995:20) reported more positive attitudes with higher levels of formal education, although these results were not as consistent as those of Bath (1987:54).  Positive attitudes toward wolves were above 50% for those levels of education beyond high school, with the exception of trade school, where positive attitudes were lower (39%) (Rooney 1995:20) (Table 19).

Table 19.  Public attitudes toward wolves on the Olympic Peninsula by level of education (Rooney 1995:20). 





Level of education
% Like
% Dislike









1 - 8 years
33
50

9 - 12 years
54
16

Some college - trade
39
25

Some college - academic
64
8

Bachelor’s degree
50
7

Master’s degree
83
0

Doctor of Philosophy (Ph.D.)
62
23





Jefferson County had the highest education level of the 4 Peninsula counties, with 83% of the residents attaining a high school diploma and 22% receiving a bachelor’s degree or higher.  In Clallam County, 80% of the residents graduated from high school and 16% received at least a bachelor’s degree.  Mason County was ranked close to Clallam County, as 79% of residents received their high school diploma and 14% earned a bachelor’s degree or more.  Grays Harbor County was slightly lower in education level, with 74% graduated from high school and 11% received at least a bachelor’s degree (US Census Bureau 1990).  Given these levels of education and a relationship between attitudes and education, it would be reasonable to expect more support than opposition to wolf reintroduction on the Olympic Peninsula.

Although the studies reviewed above have not made specific distinctions regarding attitudes related to income, reference has been made to negative attitudes expressed by individuals involved in farming and ranching industries.  In the 4 counties of the Olympic Peninsula, income from farming was lower than non-farming employment (mean farm/non-farm income: Clallam $4,956/$17,919; Mason $7,185/$20,814; Grays Harbor $15,050/$20,067; Jefferson $556/$18,762).  The percent of people employed in the agriculture and forestry industries did not constitute a large proportion of the populations (Grays Harbor, 2.2%; Clallam, 1.9%; Mason, 1.8%; Jefferson, 2.2%) (US Bureau of Census 1990).  These figures were from the subject heading “industry.”  The US Census Bureau (1990) also used these categories under the heading “occupation”, but this heading included positions such as office staff and others involved in support services.  Additionally, the fishing industry should not be affected by the reintroduction.  Thus, attitudes expressed relative to these industries should not represent the majority of residents on the Olympic Peninsula.

In summary, based on age alone, the 4 counties of the Olympic Peninsula had a high proportion of older residents.  Older persons tend to have negative attitudes toward wolves.  When education is considered, the Olympic Peninsula population had a high level of high school and college graduates, who generally hold more-positive attitudes.  Ranching and other agricultural industries that have been opposed to wolf reintroductions elsewhere were not widely represented in the 4 counties of the Olympic Peninsula.

Human Population Growth


Population Trends
.--During the last 3 decades, population trends for the 4 Olympic Peninsula counties reflected regional economy.  Historically, Grays Harbor County had the largest population, followed by Clallam, Mason, and Jefferson (Cook and Jordan 1994:6).  Economic recession during the early 1980s lead to slow population growth in Clallam, Jefferson, and Mason counties.  The population of Grays Harbor County decreased during the 1980s, but increased during the first 3 years of the 1990s (Cook and Jordan 1994:7) (Table 20).

Table 20. Population change for Clallam, Gray’s Harbor, Jefferson, and Mason counties, Washington 1970–1993 (Cook and Jordan 1994:7). 

County
1970–1979

n (%)


1980–1989

n (%)
1990–1993

n (%)

Clallam
 16,878 (48.5)
   4,816   (9.3)
   5,196   (9.2)

Grays Harbor
   6,761 (11.4)
   2,139  (-3.2)
   2,325   (3.6)

Jefferson
   5,304 (49.8)
   4,181 (26.2)
   3,094 (15.2)

Mason
 10,266 (49.1)
   7,157 (23.0)
   4,559 (11.9)



The primary source of growth was in-migration (population influx from other areas), not from natural increase (difference between the birth and death rate).  In-migration slowed during the 1980s, but increased from 1990 through 1993 (Table 21).

Table 21. Natural increase and net migration for Clallam, Grays Harbor, Jefferson, and Mason counties, Washington 1970–1993 (Cook and Jordan 1994:9).

County
% Natural Increase

1970-     1980-     1990-

1979      1989      1993
% Net-migration

1970-        1980-        1990-

1979         1989         1993



Clallam
 7.2         4.6         0.3
 41.4             4.7           9.0

Grays Harbor
 5.7         5.1         1.1
   5.7            -8.3           2.5

Jefferson
 3.5         2.8         0.6
 46.2           23.4         14.6

Mason
 6.1         5.7         0.9
 43.0           17.3         11.0



     Population Structure
.--Age structures of the 4 Olympic Peninsula counties were indicative of an aged population.  In 1980, median ages were slightly higher than for Washington state.  By 1990, median ages were considerably higher than the state median.  These data indicated both low birth rates and higher in-migration among older people (Cook and Jordan 1994:13-14) (Table 22).  


The number of persons 16-19 years old enrolled in school declined from 1980 to 1990 for Clallam, Grays Harbor, Jefferson, and Mason counties.  These declines were consistent with a population decreases among younger-age groups (Cook and Jordan 1994:43).  Persons 25 years old who had graduated from high school or college increased from 1980 to 1990.  This increase was from in-migration and lower dropout rates (Cook and Jordan 1994:45) (Table 23).

Table 22.  Median age (years) of residents of Washington State and Clallam, Grays Harbor, Jefferson, and Mason counties (US Census Bureau 1990).







Median age

Location
1980                           1990


Washington state
29.8
33.1

Clallam 
31.6
38.4

Grays Harbor
30.8
35.4

Jefferson
34.9
40.9

Mason
32.5
36.8





Table 23.  Education completed for persons 25 years and older for Washington State and counties of Olympic Peninsula (Cook and Jordan 1994:45).

Location
Percent of population with 4 or more years of high school
1980 1990


Percent of population with 4 or more years of college
       1980            1990

Washington state
77.6
83.8
19.0
22.9

Clallam
73.3
79.7
13.8
16.1

Grays Harbor
67.3
74.0
 9.8
11.0

Jefferson
76.9
82.7
      17.6
21.8

Mason
71.2
79.2
      11.6
13.6








The proportion of population employed in extractive industries (i.e., agriculture, forestry, fisheries) changed slightly from 1980 to 1990.  In Clallam and Grays Harbor counties, total employment in these industries increased.  In Mason County, percentage of residents employed in agriculture increased and decreased for forestry and fisheries.  In Jefferson County, there was a decrease in the percent of people employed in all extractive industries (Cook and Jordan 1994:64-71). 


American Indians comprised a higher percentage of the population for the 4 Peninsula counties than for the state (Clallam, 4.6%; Grays Harbor, 4.1%; Jefferson, 2.8%; Mason, 3.6%; Washington state, 1.6%).  Age structure of American Indians was pyramidal with more individuals in the youngest age group (Cook and Jordan 1994:10-11), which indicated a population with growth potential.  

Population Projections
.--The populations of the 4 counties were projected to increase substantially from 1990 to 2010 (Office of Financial Management, January 1998:31-86).  Jefferson County was projected to experience the largest increase (82.4%), followed by Mason County (55%), Clallam County (34%), and Grays Harbor County (19.7%) (Table 24).  Populations of Jefferson and Mason counties were expected to grow faster than Washington State (Thomas 1998, report 58:1).  Port Angeles, Clallam County, was ranked fourth in growth potential for the state and seventy-sixth nationally (Thomas 1998:3).


Given the projected population growth and current level of natural growth, in-migration should constitute the primary source of growth for the next 20-30 years (Cook and Jordan 1994:2-3, 44).  Individuals out-migrated for education and employment during peak child-producing years.  Population 

Table 24. Expected population growth for Clallam, Grays Harbor, Jefferson, and Mason counties, Washington 1990–2010 (Office of Financial Management 1998:31-86).

County


1990 
2010 
Increase %

Clallam
56,464
75,502
34.0

Grays Harbor
64,175
76,821
19.7

Jefferson
20,146
36,747
82.4

Mason
38,341
59,404
55.0






migration will likely continue to create a bimodal population; lifetime Olympic Peninsula residents will be predominantly middle-aged and less educated and those in-migrating will be older and more educated.  


Growth of the surrounding region will likely increase public use of recreational resources on the Olympic Peninsula.  Annual population growth of the Seattle-Tacoma-Bremerton metropolitan areas ranged from 1.15% for King County to 3.27% for Kitsap and Thurston counties.  Mount Vernon, located north of Seattle, was recently rated as the population center with the second highest growth potential in the US (Thomas 1998:1).

 Implications for reintroduction.--Distribution of public lands within Clallam and Jefferson counties does not allow for population growth in the interior of the Olympic Peninsula (see Figure 6).  Growth will be confined to coastal regions.  Grays Harbor and Mason counties have less public lands and topography more favorable to residential and commercial development.  Population growth patterns in these counties were less predictable than Clallam or Jefferson, but future growth will likely follow coastal patterns.  Thus, an increase in human population may not directly affect potential wolf-reintroduction habitat, but may increase human disturbance (e.g., on roads and trails) and pressure on available resources (e.g., big-game hunting). 

Recreation and Tourism


Olympic National Park
.--Visitation to the Olympic National Park increased 42.7% during 1988-1997, from 3,519,181 visitors to 5,023,302.  Visitors used park trails (over 95% of the Olympic National Park was designated wilderness and accessible only by trail) and most camped in 16 public campgrounds.  Campground use decreased slightly during 1988-1997: 247,202 (58.3%) overnight stays were in campgrounds during 1988, and 222,591 were in campgrounds (51.9%) during 1997.  However, backcountry use, particularly overnight stays, became increasingly popular.  During 1988, 83,497 overnight stays were recorded for the backcountry; in 1997, overnight stays increased 47.4% to 126,045.  Backcountry visitation was highest during July and August, and accounted for 69.2% of annual visitation for 1997 (B. Maynes, Olympic National Park, unpublished data).


More than 50 private concessionaires were licensed to operate in the park (B. Maynes, National Park Service, personal communication).  Concessions included private campgrounds and lodges.  Overnight stays at private campgrounds decreased 29.6% from 15,627 (1988) to 10,997 (1997).  Overnight visitors at lodges decreased 2.5%, from 76,284 (1988) to 74,417 (1997) (B. Maynes, Olympic National Park, unpublished data).


Olympic National Forest.— Olympic National Forest was divided into 4 ranger districts: Hood Canal, Quilcene, Quinault, and Soleduck.  Visitor use was recorded as Recreation Visitor Days (RVD) by ranger district.  One RVD equaled 1 visitor for 12 hours, 12 visitors for 1 hour, or any combination thereof.  For the 3-year period ending in 1993 (the latest records available), mean RVD was 1,477,992/year (Table 25).  Highest-annual visitation for a single district (625,237) during 1991 to 1993 was recorded at the Quilcene Ranger District (K. Eldridge, US Forest Service, unpublished data).

Recreation opportunities on Olympic National Forest included hunting, fishing, camping, picnicking, visitor centers, and backcountry-day hikes.  Twenty-two campgrounds, 2 visitor centers, numerous picnic areas, and scenic overlooks were available.  Participation, recorded as Recreation Inventory Management (RIM), varied across the 4 ranger districts. (Table 26).

Table 25.  Recreation visitor daysa/year for the Olympic National Forest, Washington, 1991-1993b.

District


1991
1992
1993
3-yr mean

Hood Canal
514,683
469,046
457,890
480,540

Quilcene
617,922
571,537
625,237
604,899

Quinault
596,011
623,751
130,804
450,189

Soleduck
290,263
571,885
571,885
478,011

Total
2,018,942
2,236,219
1,785,816
1,477,992




a Recreation visitor days = visitors/12 hours.


b US Forest Service, Olympic National Forest, unpublished data.

Table 26. Recreation Inventory Managementa by type of activity, 1997.b

Activity
Hood Canal


Quilcene
Quinault
Soleduck
Total 

Campgrounds
226,857
114,860
11,160
38,225
391,102

Picnic sites
2,310
c


2,310

Observation sites

6,900


6,900

Rental cabins
3,650



3,650

Visitor centers

7,300
7,300

14,600

Trailheads
443,035
230,615
234,830
142,985
104,760

Total
675,852
359,675
253,290
142,985
1,413,802




aRecreation Inventory Management = number of recreational visitor days per activity.


bUS Forest Service, Olympic National Forest, unpublished data.


cBlank cell indicates no data available.

Private concessionaires were licensed for special uses (e.g., private campgrounds, the Lake Quinault Lodge, and summer residences).  During the 1998 recreation season, there were 65,730 RVDs for campground, 151,840 for Lake Quinault Lodge, and 20,620 for summer residences (K. Eldridge, US Forest Service, unpublished data).


Hood Canal Ranger District was used most during the 1998 recreation season (675,852 RIMs), followed by Quinault (491,480), Quilcene (359,675), and Soleduck (142,985).  Use patterns shifted from 1991 to 1993, when Quinault received the most visitors.


Olympic National Forest provided approximately 400 km of maintained hiking trails.  Beginning in July 1997, day passes were required for trail users.  From July through December 1997, 6,600 day-use and 800 seasonal-trail passes were sold.


Other Recreation Areas
.--Four National Wildlife Refuges were located in Clallam, Jefferson, and Grays Harbor counties.  All 4 refuges were along coasts and on coastal islands.  These refuges were outside of the Primary Analysis Area and public use of refuges should not be affected by the proposed wolf reintroduction.


Fifteen state parks were located on the Olympic Peninsula, mostly along the Pacific coast, Strait of San Juan de Fuca, and the coast of Hood Canal.  Shafer State Park, in western Mason County, was on the margin of the Primary Analysis Area.  Parks and campgrounds on the eastern shore of Lake Cushman may be affected by the proposed reintroduction, but human activity and development (i.e., disturbance) will likely inhibit wolf use of the area.


Park Visitation and Wolves
.--Few parks have provided visitors the opportunity to view wild wolves, and the importance of wolf observations to visitors has not been thoroughly examined.  Results of a recent survey of visitors to Denali National Park and Preserve indicated viewing wolves was of moderate importance, and ranked below viewing grizzly bears (Ursus arctos) or moose (C. Miller and G. Wright, Idaho Cooperative Research Unit, unpublished data).  Wolves were seen less often than Dall’s sheep (Ovis dalli), caribou (Rangifer tarandus), grizzly bears, or moose.  Of 860 visitors surveyed on public buses, 174 (20%) reported seeing a wolf while visiting the park.  Considering the open-tundra habitat of Denali Park and ease with which visitors viewed other species, the low percentage of wolf observations is noteworthy.  Wolf observations in the dense forests of Olympic National Park will likely be rare.


Visitation to Yellowstone and Great Smoky Mountains national parks was projected to increase following wolf reintroductions (Dixon et al. 1997, chapter 6.3).  Duffield (1992:2-71) predicted a 5% to 7% increase in Yellowstone National Park visitors.  Phillips and Smith (1996:20) reported a 20% increase (but see below) in visitor use of Yellowstone National Park’s northeast entrance in response to wolf reintroduction.  Rosen (1996:176) estimated red wolf reintroduction would increase visitation to Great Smoky Mountains National Park and northeastern North Carolina 8.3% to 19%.


Actual visitor statistics for both parks did not support these projections (S. Broadbent, National Park Service, unpublished data).  During the 2 years prior to reintroduction, Yellowstone National Park visitation averaged 3,930,269/year.  During 1995–1997, visitation averaged 3,974,660 annually, an increase of 1.13% over 1993-1994 attendance.  Visitation increased for the months of January and February, but these changes were attributed to the opening of Old Faithful Lodge during the winter and increased visitation by snowmobile enthusiasts (S. Broadbent, National Park Service, unpublished data).


Visitor statistics for the northeast entrance of Yellowstone National Park also did not support suggestions (Phillips and Smith 1996:20) that visitation increased following wolf reintroduction.  Visitors using the northeast entrance increased 12.9% during 1995, the year wolves were introduced, but dropped 15.9% the following year.  If increased visitation was associated with wolves, effects were temporary.


In addition, statistics for Great Smoky Mountains National Park did not indicate increased visitor numbers from red wolf reintroduction.  During the 3 years prior to reintroduction, mean annual visitation was 8.4 million.  Average-annual visitation increased to 9.1 million in the 4 years following reintroduction, but visitation for 2 of these years (8.7 million) was lower than 1988 (8.8 million) (National Park Service, unpublished data).  


No records were kept of actual visitor numbers for Alligator River National Wildlife Refuge, but managers reported each year more visitors expressed an interest in observing wolves at the refuge.  Second-home development, an expanding tourism economy, and easier access to the refuge were contributing to what managers perceived as increased visitation (B. Kelly, USFWS, personal communication).


Tourism
.--During 1991-1996, travel spending in the state of Washington increased 4.9% per annum, more than twice the rate of inflation for the state.  This trend was even greater for the 4 counties of the Olympic Peninsula.  Travel spending increased 22.9% in Clallam County, 26.9% in Grays Harbor County, 38% in Jefferson County, and 33.6% in Mason County for the same 6-year period (Washington State Department of Community, Trade, and Economic Development 1997:21, 30, 32, 39). 


Implications for Reintroduction
.--Tourism on the Olympic Peninsula and visitation to Olympic National Park and Olympic National Forest increased during the past10 years.  This trend is expected to continue as the population of the Seattle-Tacoma-Bremerton region continues to increase (B. Gable, Washington State Department of Community, Trade, and Economic Development, personal communication).  Existing data did not provide evidence that wolf reintroduction to the Olympic Peninsula would affect tourism significantly over the long term.

Changes In Road Density


Olympic Peninsula road densities were described above (Figure 1).  As the population grows, new roads extending from population centers will likely be constructed, and will be mostly class 3 and 4, with few class-2 roads. Future-road construction from timber harvest could not be estimated because there was a nationwide US Forest Service moratorium on road construction in national forests and US Forest Service road policy was undergoing evaluation.  Generally, private forestlands on the Olympic Peninsula were intensively managed and road construction likely will be limited to road improvements.  Because there were no population centers within the Primary Analysis Area, and most of this area was federally designated wilderness, projected-road growth will likely have little impact on proposed wolf reintroduction.

Silvicultural Changes


Preface
.--Forest-harvesting practices affected deer distribution and habitat use on Vancouver Island (Jones and Mason 1983:22), and similar effects are likely on the Olympic Peninsula.  Fawns in particular avoided large clearcut openings (Jones and Mason 1983:22).  Regeneration harvests on Washington Department of Natural Resources lands may influence ungulate distributions, particularly females with young.  However, reduced-regeneration harvests on Olympic National Forest may have a positive effect on ungulate populations.  Because timber-harvest practices may influence the biology of a reintroduced population of wolves and their prey, we have provided the following review.

Productivity
.--Moist-soil conditions of the Olympic Peninsula led to high-productivity forests.  Productivity was >3.4 m3/yr (>120 ft3/yr), the highest productivity class measured by the US Forest Service.  Stem wood production for hemlock on nearby Vancouver Island was recorded at 1,063 to 1,200 m3/ha (Packee 1976, cited in Franklin 1980:104).  During 1992, growing stock was highest at 69 million m3 (2,433 ft3) on industry-owned lands in Grays Harbor County (Table 27).

Table 27. Net volume of growing stock (million m3) on timberland, by county and owner, Olympic Peninsula, Washington, 1992 (Bolsinger et al. 1997:71).
County


National

Forest


Other

Public


Industry


Other

Private

    

Clallam
25.69
24.66
7.18
0.68

Grays Harbor
13.96
23.15
69.00
23.45

Jefferson
16.25
19.43
14.12
5.53

Mason
11.62
8.25
25.61
8.25



     
Timber Harvest
.--Timber harvesting was prohibited in Olympic National Park by various statutes, including the National Park Service Act of 1916.  Olympic National Forest was opened to timber harvest by the Forest Service Organic Act of 1897, but subsequent statutory and policy actions limited harvest.  Timber harvests in the national forests of the Pacific Northwest were restricted by the Northwest Forest Plan (US Department of Agriculture and US Department of the Interior, 1994).  Under this policy, 50,182 ha (19.6%) were declared Adaptive Management Areas (AMA).  These lands were then divided into 3,642 ha of unsuitable and non-forest lands, 728 ha “No Harvest” lands, 25,050 ha riparian reserves, and 20,841 ha (8.2%) available for timber harvests.  Land available for harvest was primarily in younger-age classes: 5,949 ha (28.5%) in the 0-30 year age class and 10,724.4 ha (51%) in the 31-80 year age class (N. Benson, US Forest Service, unpublished data).


The annual Maximum Allowable Cut for Olympic National Forest was 20 million board feet.  Proposed-timber sales for green and salvage timber in million board feet were: 17.45 (1998), 15.0 (1999), 16.4 (2000), 15.0 (2001), 15.0 (2002) (N. Benson, US Forest Service, unpublished data).

Late Successional Reserves were designated for protection of late-successional forest species such as the northern spotted owl.  Olympic National Forest classified 169,567 ha as late-successional forests.  These stands were taken out of timber harvest planning under the Northwest Forest Plan 1994 (N. Benson, US Forest Service, unpublished data).  

During 1991, silviculture treatments shifted from even-aged to uneven-aged management.  Even-aged management was characterized by large clearcuts.  Uneven-aged management used selective harvest of individual trees or small stands (<10 ha).  Stand treatments were required to enhance biological connectivity, promote ecological diversity, and lead to complex stand structure (1998; Olympic National Forest Five Year Action Plan, US Forest Service, unpublished report).


During 1992, Washington Department of Natural Resources owned 186,968 ha of timberland in the 4 counties of the Olympic Peninsula (Table 28).  State holding for commercial lands exceeded federal holdings in Clallam and Jefferson counties.  Industrial forests comprised the majority in Clallam and Grays Harbor counties.  Native American tribal forest holdings were greatest in Grays Harbor County.

Table 28. Area of timberland (ha) by county and owner, Washington, 1992 (Bolsinger et al. 1997:71).

County


National 

Forest


State


Industry


Native 

American



Clallam
27,923.92
56,252.53
102,792.39
9,712.67

Grays Harbor
46,944.56
32,780.25
225,010.00
56,252.53

Jefferson
46,539.86
68,798.06
60,299.47
2,428.17

Mason
40,469.45
29,138.00
83,771.75
2,023.47




Timberlands owned by the state were more-intensively managed than Olympic National Forest.  Forests managed by Washington Department of Natural Resources were more similar to industry-owned forests than Olympic National Forest based on patch size, density, and distribution (Turner et al. 1996:1166-1167).  Harvest schedules for Washington Department of Natural Resources lands through 2008 called for approximately 80 million board feet of green timber.  Grays Harbor County was scheduled for 10 million board feet, Jefferson County for 25 million board feet, and Clallam County for 45 million board feet.  Fifteen million board feet in both Jefferson and Clallam counties were scheduled to be harvested in partial cuts (uneven-aged stand management).  The remaining 50 million board feet were scheduled to be cut as regeneration harvests (D. Ferris, Washington Department of Natural Resources, personal communication).

Legal Aspects of Wolf Management


Legal Context
.--During 1994, just prior to reintroduction to Yellowstone National Park, the American Farm Bureau Federation attempted to block northern Rocky Mountain wolf-recovery efforts by filing a lawsuit challenging the legality of wolf translocation under the Endangered Species Act (ESA) (Wyoming Farm Bureau Federation v. Babbitt 1997:1355-1356).  The Farm Bureau claimed depredation by wolves would undermine the livestock industry, despite management flexibility allowing control of problem wolves.  This lawsuit was combined with 2 others.  One represented an alliance of environmental groups and illustrated current dissension within the environmental community working for wolf recovery (Keiter and Holscher 1990:33).  The National Audubon Society, the Predator Project, Sinapu, and the Idaho Gray Wolf Committee argued that reintroduction by the federal government illegally reduced protection afforded to naturally recolonizing wolves in recovery areas, and pushed for full ESA protection for all wolves and their offspring (Wyoming Farm Bureau Federation v. Babbitt 1997:1356-1358).  A Wyoming couple filed the other lawsuit claiming the government failed to delineate recovery areas outside the current range of the species.  They also argued that reintroduction of genetically distinct wolves from Canada would disrupt their studies of naturally occurring wolves (Wyoming Farm Bureau Federation v. Babbitt 1997:1356).


United States District Court Judge Downes’ decision hinged on interpretation of the language and intent of the ESA, and arguments promulgated by environmental groups (Wyoming Farm Bureau Federation v. Babbitt 1997:1372-1376).  The experimental, non-essential designation (discussed below), allowed under section 10(j) of 1982 Amendments to the Act, was instituted to address local opposition to rigid protection and prohibitions surrounding listed species, particularly controversial species such as wolves and other predators.  Designation encouraged cooperation among stakeholders and facilitated use of reintroduction for endangered-species’ recovery (USFWS 1984:33,886), but required experimental populations to be “wholly separate geographically from non-experimental populations of the same species” (USFWS 1984:33,893).  Zuccotti (1995:356) noted, however, there was no evidence that Congress required 100% certainty in this regard, only that the 2 populations be “distinct.”


The USFWS (1994:2.5) determined that wolves observed in proposed recovery areas did not meet their definition of a population (2+ breeding pairs that raise 2+ young for 2+ consecutive seasons) and, therefore, contended that no geographic overlap existed that could threaten the status of naturally occurring wolves under the ESA.  Although Judge Downes deferred to the agency’s definition of a population (Wyoming Farm Bureau Federation v. Babbitt 1997:1366-1367, 1371-1372), he concluded that ESA protection was not limited to populations, but extended to individuals that occurred within or migrated to experimental population areas (Wyoming Farm Bureau Federation v. Babbitt 1997:1372-1376).  Judge Downes, therefore, ordered removal of all reintroduced wolves and their offspring from recovery areas, ensuring wolves already present and those that immigrate would have full ESA protection.  However, he acknowledged prolonged and extensive efforts made in development and implementation of the northern Rocky Mountain wolf-recovery program, particularly the accommodation of concerns of local residents, and stayed his order pending appeal (Wyoming Farm Bureau Federation v. Babbitt 1997:1376).


Use of experimental, non-essential designation has been similarly disputed in Mexican wolf-recovery efforts in Arizona and New Mexico with unconfirmed sightings of wolves recorded prior to reintroduction (E. E. Bangs, USFWS, personal communication).  However, it has been used successfully to promote red wolf recovery in North Carolina (Parker and Phillips 1991:73-79; Phillips et al. 1995:158-159).  In this case, there was no question that wild populations of wolves existed at the time of reintroduction to confuse protected status (Parker and Phillips 1991:76, Parsons and Nicholopoulos 1995:145, Phillips et al. 1995:158-159).  In addition, a recent decision by the Ninth Circuit Court of Appeals (US v. McKittrick 1998:1170-1179) confirmed the validity of the experimental, non-essential population designation in wolf reintroduction to Yellowstone National Park and challenged Judge Downes interpretation of congressional intent. 

Dratch et al. (1975:13) speculated a few lone wolves might still survive within the remote interior of Olympic National Park.  However, the last confirmed wolf report occurred during the 1920s (Dratch et al. 1975:11-13; Wright 1992:145) and most authors have concluded that wolves no longer exist on the Olympic Peninsula (Rooney 1995:9; Dixon et al. 1997:2; McNulty 1997:9).  In comparison, confirmed observations in Yellowstone National Park and central Idaho were reported as recently as 1992 (USFWS 1994:6.85-6.93), although recent genetic evaluation of the animal shot in Yellowstone during 1992 suggested it was of captive origin (E. E. Bangs, USFWS, personal communication).  Thus, current information regarding the status of wolves on the Olympic Peninsula (see Present Status subsection, above) supports designation of a reintroduced population as experimental, non-essential. 


Experimental, Non-essential Designation
.--The primary objective of the ESA has been species conservation and recovery (Bader 1989:519), and some recovery plans have recognized reintroduction as the only means of restoring species to their former ranges (Parker and Phillips 1991:73).  To make reintroductions of controversial species more palatable to those expressing opposition, 1982 Amendments allowed for designation of such populations as “experimental” and invested the Secretary of the Interior (Secretary of Commerce for marine species) with ability to selectively apply provisions of section 7 and section 9 to accomplish recovery goals (USFWS 1984:33,886; O’Neill 1988:239; Bader 1989:525; Goble 1992:109; Parker and Phillips 1991:73).  Section 7 imposed an affirmative duty upon all federal departments and agencies to restore populations of endangered and threatened species (Mallory 1976:1253, Eider-Orley 1978:1067, Bader 1989:531, Zuccotti 1995:337).  Mallory (1976:1249, 1256) noted that this emphasis on restoration was critical to understanding congressional intent.  Section 9 made it unlawful to “take” (i.e., harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or attempt to engage in any such conduct) an endangered species (USFWS 1994:6.7, Goble 1992:107, Zuccotti 1995:337).  Given flexibility and discretionary power, management (e.g., control) of an experimental population could be tailored to specific-local conditions (Fritts 1991:5).


Assessments of local conditions and associated risks have been inherent to the regulatory process involved in experimental-population designations.  For example, the USFWS recognized the importance of determining any possible adverse effects on extant populations of species prior to designation and release of experimental populations (USFWS 1984:33,893).  Likelihood of establishment, survival, and recovery of experimental populations have also been important considerations.  In addition, knowledge of the extent to which populations could be affected by current and/or future federal or state actions and private activities has been considered necessary for drafting adequate regulations (USFWS 1984:33,893).  Finally, public participation should always be sought and encouraged in preparation of a final rule, particularly during early stages of development (USFWS 1984:33,893).


Experimental-population regulations have warranted environmental assessments in accordance with the National Environmental Policy Act (NEPA) to determine if a reintroduction would have significant environmental impacts (USFWS 1984:33,892).  The National Environmental Policy Act has required environmental factors be integral to federal decision-making and has balanced environmental costs against economic and other benefits (Coggins and Smith 1975:614, Mallory 1976:1257).  Although substantive policy, NEPA has exhibited more flexibility than the ESA in that it has required only consideration of environmental values rather than absolute preservation (Mallory 1976:1267-1268; Zuccotti 1995:354).  Still, if an environmental assessment has determined impacts to be significant, an environmental impact statement (EIS) must be prepared to evaluate the nature and extent of impacts.  Reintroduction of red wolves did not require an EIS (Parker and Phillips 1991:75).  However, both the Mexican wolf reintroduction and restoration of gray wolves to the northern Rocky Mountains required preparation of an EIS given concerns regarding livestock depredation, land use restrictions, economic effects, ecological considerations, and future management (USFWS 1994:v-xix, Parsons and Nicholopoulos 1995:146).


Land-use Restrictions
.--Many private and corporate landowners fear land-use restrictions that accompany endangered-species-recovery programs.  However, the USFWS has rarely exercised its authority to stop or delay potentially disruptive land-management practices (Gilbreath and Phillips 1996:162).  To quell fears and further recovery efforts, Congress has allowed experimental populations to be classified as threatened and thus subject to fewer restrictions regarding take, even though donor populations may be listed as endangered (USFWS 1984:33,886; O’Neill 1988:239; Fritts 1991:5; Zuccotti 1995:339).  In addition, experimental populations have not been considered “essential” to the continued existence of species in the wild and, unless found within a National Park or National Wildlife Refuge, have been excluded from full consideration under section 7 (USFWS 1984:33,886; Zuccotti 1995:341).  


Experimental, non-essential designation for wolves reintroduced to the northern Rocky Mountains allowed for movement or killing of wolves that threatened or killed livestock, and both intentional and unintentional take as long as regulatory conditions were met and reporting procedures followed (USFWS 1994:2.9-2.10-2.11).  Such management flexibility provided biologists with the latitude necessary to resolve wolf-livestock conflicts (Bangs and Fritts 1993:19, Phillips 1997:7-9, Phillips and Smith:in press).  Land-use restrictions imposed solely for wolf recovery were limited to control of intrusive human activities such as use of predator toxicants, and protection of den sites from 1 April to 30 June when the population numbered <6 breeding pairs (USFWS 1994:2.5, Zuccotti 1995:349-351, Bangs and Fritts 1996:406).  The supposition was that >6 pairs indicated wolf numbers sufficient to promote recovery, taking into account a relatively high reproductive rate, and losses from control actions and other sources of mortality (USFWS 1994:2.5).  Need for aggressive management would diminish with population growth (Phillips and Smith:in press). 


Implication of experimental regulation has been that removal or loss of these populations would not jeopardize species’ survival (Parker and Phillips 1991:74).  Therefore, identification of critical habitat and establishment of accompanying restrictions has not been necessary.  For example, road closures were not required and timber harvests, mining, and livestock grazing were not interrupted in Yellowstone and central Idaho recovery areas (USFWS 1994:2.15-2.16).  Although management practices vary with local conditions, this precedent should alleviate fears held by landowners on the Olympic Peninsula.  Experimental populations have been designated as non-essential in keeping with congressional intent of section 10(j) of the ESA (USFWS 1984:33,886; Parker and Phillips 1991:74; Zuccotti 1995:341).  Essential designations would impose restrictions that could inhibit cooperation among parties effected by reintroduction and hamper recovery efforts.


Wolves reintroduced to Olympic National Park would be expected to disperse into surrounding national forest, state lands, tribal lands, and private timberlands.  Wolves could also range onto residential property, although this possibility would be considered less likely (Dixon et al. 1997, Chapter 3, Section 2:12-17).  Land-use restrictions within the Park would be mandated under section 7, but will likely be limited to occasional changes of backcountry use patterns.  Visitation patterns and recreational use by outfitters might require restrictions during the denning period, but overall access to the Park would not be expected to be greatly affected (Dixon et al. 1997, Chapter 3, Section 2:12).  Olympic National Forest managers would continue to manage lands for multiple uses.  No section 7 restrictions would apply except for development of conservation plans and consultation on actions likely to jeopardize wolf populations.  However, managers would be expected to uphold their mandate to maintain viable populations of wildlife, including an experimental, non-essential population of wolves (Dixon et al. 1997, Chapter 3, Section 2:12).  


States have maintained listings of endangered and threatened species within their borders.  These lists have been no less inclusive than those of the federal government, and restrictions could be imposed beyond those required by the ESA (Dixon et al. 1997, Chapter 3, Section 2:13).  However, lack of a state ESA has rendered listings more informational than regulatory.  For example, gray wolves were listed as an endangered species in Washington State during 1980.  However, the Washington Department of Fish and Wildlife lacked authority to impose restrictions beyond protection from illegal killing or protection of the species’ prey base (H. L. Allen, Washington Department of Fish and Wildlife, personal communication).  The State Forest Practices Act, administered by Washington Department of Natural Resources, identified Class IV-Special forest practices with potential for significant impacts on the environment, including threatened and endangered species.  Timber harvesting, road construction, or site preparation practices within 1.6 km of active-wolf-den sites between 15 March and 30 July, or within 0.4 km at other times of the year, would be subject to compliance with the State Environmental Policy Act.  Subsequent review by Washington Department of Fish and Wildlife and others would determine significance of impacts.  If significant, a detailed EIS could be required (Dixon et al. 1997, Chapter 3, Section 2:8-9; H. L. Allen, Washington Department of Fish and Wildlife, personal communication).  


The Washington Department of Fish and Wildlife has worked cooperatively with landowners and both state and federal agencies to ensure protection of listed species (H. L. Allen, Washington Department of Fish and Wildlife, personal communication).  For example, Washington Department of Natural Resources adopted specific conservation measures for wolves under a habitat-conservation plan, which called for establishment of a 12.8-km radius “wolf habitat management area.”  Site-specific plans to minimize human disturbance were developed in consultation with Washington Department of Fish and Wildlife and would remain in effect until 5 years after the last confirmed wolf observation (Dixon et al. 1997, Chapter 3, Section 2:7).  However, an experimental, non-essential designation would mean wolves could not be considered endangered (or threatened) and thus not require such special treatment (Dixon et al. 1997, Chapter 3, Section 2:14).  State land managers would not be subject to section 7 restrictions, nor would they be required to adhere to habitat-conservation-plan regulations.  Agency mandates would dictate management practices (Dixon et al. 1997, Chapter 3, Section 2:14).


No management restrictions would apply on tribal lands, nor would access be restricted on private timberlands, although managers might be encouraged by USFWS biologists to consider wolves and wolf habitat in their planning (Dixon et al. 1977, Chapter 3, Section 2:16, 17).  Additionally, conference with Bureau of Indian Affairs may be required.  Private landowners would be permitted to harass wolves on their property and kill them if caught in the act of livestock or pet depredation (USFWS 1994:2.9).  Residents would also be allowed to kill wolves that presented a threat to human safety (see Human Safety subsection above).  Reports of take would be required to be filed with USFWS according to established guidelines (USFWS 1994:2.9-2.10).


The experimental, non-essential designation has allowed and encouraged development of partnerships among federal and state agencies, and private landowners to aid in recovery of endangered and threatened species (USFWS 1984:33,886).  For example, Olympic National Forest managers have worked closely with state wildlife personnel to ensure that viable populations were maintained on forest lands (K. A. O’Halloran, US Forest Service, personal communication).  Written agreements or memoranda-of-understanding between the USFWS and other federal-land-management agencies could be established to address special-management concerns.  Agreements could serve as substitutes for additional-protective regulations should the agency involved have an effective-management plan in place that satisfies ESA standards.  However, they could not replace experimental-population regulations (USFWS 1984:33,886).


Red wolf recovery in North Carolina has relied heavily on cooperation from the Department of Defense and private landowners (Parker and Phillips 1991:78, Gilbreath and Phillips 1996:163, Waddell 1996:11).  For example, project personnel coordinated radio-telemetry flights with US Air Force and Navy training flights.  Incorporation of private property into recovery efforts has been encouraged and accomplished through official agreements and financial compensation (Gilbreath and Phillips 1996:163).  Memoranda-of-understanding, leases, and partner agreements have been used.  This has allowed for timely compensation of landowners and has provided maximum flexibility, both of which improved local support (Gilbreath and Phillips 1996:163).  Verbal agreements have also been popular with landowners that distrust the government (i.e., for those unwilling to enter into official, written agreements).  Gilbreath and Phillips (1996:164) emphasized the importance of honesty and reliability in establishing a reputation that would instill trust and encourage cooperation and participation of landowners in endangered-species-recovery programs.


Federal vs. State Management Authority
.--The USFWS has been the agency through which the Secretary of the Interior has administered regulatory power of the ESA (Czech and Krausman 1997:7).  The primary concern for implementation of experimental-population regulations has been recovery of listed species.  Promulgation of the regulation, however, has not exempted populations from restrictions imposed by other applicable-wildlife laws (USFWS 1984:33,886).  Outside national wildlife refuges and national parks, experimental populations have been treated as populations of species proposed for listing.  Agencies have been required to confer only informally with USFWS on activities that might affect these populations, and indications of adverse effects have not necessarily prohibited agencies from proceeding with proposed activities (Parker and Phillips 1991:74).


When considering future management of recovered-wolf populations, it has been important to understand the antagonistic relationship between federal and state agencies, as witnessed recently in Wyoming, Montana, and Idaho with impending transition of wolf-management authority (Keiter and Holscher 1990:19).  Wildlife law, management, and regulation traditionally have been state prerogatives (Coggins and Smith 1975:586, Matthews 1986:459-460, Keiter and Holscher 1990:19).  However, growth of federal law in response to what Coggins and Patti (19980:170) described as “the historical inability or unwillingness of state agencies to preserve or conserve nongame species”, has created conflicts with state laws, philosophies, and attitudes (Coggins 1980:301, Matthews 1986:460).  


Since the Lacey Act of 1900, federal agencies have maintained active roles in wildlife management (Coggins 1980:308-309, Matthews 1986:460, Keiter and Holscher 1990:34), the breadth and scope of which became apparent with ESA establishment (Keiter and Holscher 1990:35).  The ESA has preempted state laws except those that conserve wildlife (Coggins 1980:358, Matthews 1986:463, Keiter and Holscher 1990:35).  Additionally, the supremacy clause of the US Constitution has invested federal legislation with power to supercede conflicting state regulations (Coggins 1980:346, Matthews 1986:463).  Despite their power and authority, federal agencies have deferred to local knowledge of state agencies on many issues and a trend toward shared management of wildlife populations, or cooperative federalism, has been apparent (Coggins 1980:320, 358, Matthews 1986:463).  Still, wolf recovery has remained contentious.  Assurances of management flexibility, sufficient funding, and a commitment to delist the species when appropriate, have been needed for support of state wildlife agencies (Wright 1992:139; Beisher 1994:431, 436-437).  These agencies will be expected to assume the lead in future wolf management and cooperate fully with other participants, such as Native American tribal authorities.   


Tribal Authority and Management
.--Four treaties negotiated in the 1850s (Point No Point, Makah, Quinault, and Medicine Creek) outlined privileges concerning hunting and gathering, and rights to fish and shellfish resources for tribes on the Olympic Peninsula.  With these rights and privileges have come management responsibilities, and during the last 5 years the tribes have been working closely with state agencies to manage deer and elk (S. A. Nickelson, Point No Point Treaty Council, personal communication).  However a recent-court decision has allowed non-Olympic Peninsula Tribes rights to harvest ungulates on any open and unclaimed land in the Washington territory (J. Smith, personal communication) and this harvest may be conducted without any involvement with management or reporting of take.  


Courts have determined a maximum of 50% of the allowable state harvest of fish and shellfish would become tribal property.  However, no court cases which have addressed allocation have occurred that would affect hunting and gathering privileges.  These are based largely on management criteria that have used population estimates to determine sustainable-harvest levels.  According to S. A. Nickelson (Point No Point Treaty Council, personal communication), these estimates have improved considerably during the last 5 years and have resulted in reductions in harvest levels to reflect declining numbers of elk attributed to over-harvesting.


The Olympic Peninsula tribes have not yet taken an official position on wolf reintroduction (S. A. Nickelson, Point No Point Treaty Council, personal communication).  However, coastal tribes have had close cultural ties to wolves, whereas other tribes have had close cultural ties to elk.  The non-coastal tribes, in particular, may be concerned about reintroduction of a predator and potential competitor for a resource known to be declining.  S. A. Nickelson (Point No Point Treaty Council, personal communication) emphasized that all tribes would be interested in active roles in management of a recovered-wolf population.  The Nez Perce tribe in Idaho has managed reintroduced wolves both on and off tribal lands and has received about $300,000 per year from USFWS to do so (E. E. Bangs, USFWS, personal communication).  Olympic Peninsula tribes have been part of the oversight committee on wolf reintroduction and Nickelson (Point No Point Treaty Council, personal communication) expects that their involvement would continue through the duration of any restoration efforts.  


Delisting Criteria
.--At least 10-breeding pairs in each of 3 areas (northwestern Montana, Yellowstone National Park, and central Idaho) for 3-successive years were required for recovery and removal of northern Rocky Mountain wolves from ESA protection, and subsequent management solely by state or tribal agencies (USFWS 1987:12, Bangs 1991:8, Fritts 1991:2, USFWS 1994:2-13).  Appropriate-management plans and regulatory mechanisms would have to be in place, however, prior to transition (Fritts 1991:2, USFWS 1994:6.82).  

In comparison, the Mexican Wolf Recovery Team foresaw no possibility of complete delisting of the Mexican wolf (USFWS 1982:23).  This observation was essentially reiterated in the Final EIS (USFWS 1996:1-1) with recognition that full recovery would require additional reintroductions into other areas and would take decades to accomplish.  Initially, the Red Wolf Recovery Team was also uncertain regarding chances for full recovery, suggesting that establishment of a viable, self-sustaining population throughout most of the red wolf’s former range might be an unattainable goal (USFWS 1982:12).  Yet, an updated Recovery Plan (USFWS 1984:15) called for establishment of a minimum of 3-disjunct populations and this goal was later amended to include a wild population of 220 animals and a captive population of 330 animals (USFWS 1989:70).


The USFWS has yet to determine delisting criteria for the proposed reintroduction of wolves to the Olympic Peninsula and how a recovered population of wolves might be managed in the future has remained undecided (J. L. Michaels, USFWS, personal communication).  To date, USFWS attention in Washington State has been focused on the North Cascades, a region that could witness natural recolonization.  Should reintroduction to the Olympic Peninsula be deemed feasible, however, delisting criteria would reflect the number of wolves the designated recovery area could support based on habitat and prey availability.  Questions of viability and sustainability would be paramount (J. L. Michaels, USFWS, personal communication).  


In general, the delisting process has closely resembled the listing process for endangered and threatened species outlined in section 4 of the ESA (USFWS 1994:6.80-6.81-6.82; J. L. Michaels, USFWS, personal communication).  Once the reintroduced population meets the criteria established for recovery, then mechanisms operating when the species was listed would be reexamined to determine if they might still be operating.  These could include: (1) habitat destruction, modification, or curtailment; (2) overutilization for commercial, recreational, scientific, or educational purposes; disease or predation; (3) inadequacy of existing regulatory mechanisms; or (4) other natural or man-made factors affecting the species’ continued existence (USFWS 1994:6.82).  


If examination of these mechanisms has warranted delisting, then the next regulatory step would be a proposal to delist followed by hearings to obtain, consider, and incorporate public opinion and written comment (J. L. Michaels, USFWS, personal communication).  However, the decision to delist would be made “solely on the best scientific and commercial data available at that time” (USFWS 1994:6.83).  A delisted species would be monitored for a period of >5 years, at which time USFWS would re-evaluate its status and decide to continue or terminate monitoring, or relist the species if the population had significantly declined (USFWS 1994:6.81).  During this time, J. L. Michaels (USFWS, personal communication) emphasized state agencies would be heavily involved as would resident tribal authorities.


Recently, the Secretary of the Interior and the Director of the USFWS announced that the USFWS would be considering reclassification of gray wolf populations from endangered to threatened status in some areas of the species’ historic range (J. L. Michaels, USFWS, personal communication).  Delisting may be considered more appropriate for Great Lakes populations, and the status of both Mexican wolves and red wolves would remain unaffected.  How this could affect designation of an experimental, non-essential population of wolves reintroduced to the Olympic Peninsula has not been determined.  However, the USFWS would continue to be actively involved in any recovery efforts (J. L. Michaels, USFWS, personal communication).


Other Legalities
.--Review of legal issues related to reintroduction of wolves to Yellowstone National Park and central Idaho (USFWS 1994:1.5-1.10) identified additional federal regulations that would also be applicable to reintroduction and future-wolf management on the Olympic Peninsula.  These regulations included: National Refuge System Act of 1966, US Forest Service Creative Act of 1891, Organic Act of 1897, National Forest Management Act of 1976, Organic Act of 1916, Wilderness Act of 1964, and the Animal Damage Control Act of 1931.

Wolf Monitoring and Control


Wolf Monitoring
.--If wolves were reintroduced to the Olympic Peninsula, it would be important to monitor released animals to address questions raised by residents and others.  Documentation of restoration details would add to knowledge of wolf demography, ecology, and behavior, and increase likelihood of success of future recovery programs (Griffith et al. 1989:479).  For example, a review of information gleaned from previous reintroductions by Fritts (1993:24) revealed the need for managers to be prepared for extensive movements by wolves outside the target recovery area, as well as mortality from both expected and unexpected causes.  On occasion, adult pairs were observed to separate following their release and deviations from normal behavior were noted.  Similar information would be important for managers, particularly if control of individual wolves was deemed necessary (Smith and Phillips 1996:3).


Wolf movements have been a primary consideration, given concerns by livestock producers, private landowners, and local residents (Fritts et al. 1984:709, Fritts et al. 1985:462).  Because potential conflicts were expected, wolves were closely monitored following release.  Monitoring of reintroduced populations would also be necessary to determine when recovery goals have been met and delisting could proceed, along with the transfer of management responsibility and authority.  Thus, monitoring (i.e., methods, funding, etc.) should be considered an essential component of any reintroduction program (Bangs 1991:9).  


Prior to reintroduction of wolves to Yellowstone National Park and central Idaho, programs to determine existing distribution and abundance consisted of detection, confirmation through field surveys, and activity monitoring using standard wolf-capture and radio-telemetry techniques (Bangs 1991:9; Fritts 1991:3). The Wolf Ecology Project at the University of Montana, in conjunction with USFWS, established a monitoring and research program in, and adjacent to, Glacier National Park to document wolf recovery (Ream et al. 1987a:1).  The program’s primary objectives included determination and analysis of wolf-population dynamics, spatial relationships of packs and lone wolves, and wolf-prey relationships in a multi-prey system.  Identification of habitat parameters and determination of extent and significance of wolf-human-livestock interactions were also considered important (Ream et al. 1987a:3).  Methods used to obtain data necessary to meet these objectives (Ream et al. 1987b:5-8; Ream et al. 1987a:9-55) were further detailed in the program developed to monitor the return of wolves to Yellowstone National Park (Smith and Phillips 1996).  Much of what was outlined and discussed by Smith and Phillips (1996) would be pertinent to the Olympic Peninsula, and thus is offered (in the review below) as a model for development of a monitoring program.  However, managers would have to determine components necessary and appropriate to the Olympic Peninsula according to their specific research and management concerns and available resources.


Population monitoring in Yellowstone National Park established 3-target levels (Smith and Phillips 1996:4) that could be applied to the Olympic Peninsula to provide guidelines to managers.  The first level required 2 breeding pairs, having 2 young, in 2 consecutive seasons to discontinue reintroductions (Smith and Phillips 1996:4); the second used 6-breeding pairs as a measure of population resilience, which allowed more flexible management (e.g., take by livestock producers with grazing allotments on public land) (USFWS 1994:2.5); and the third considered 10-breeding pairs having young in 3-consecutive seasons indicative of recovery.  Once the population reached this third-target level, wolves would be delisted and no longer afforded ESA protection (USFWS 1994:2.13, Smith and Phillips 1996:4).  To determine population growth rate and estimate when these target levels would likely be met, demographic parameters, including total-population size, pack size and structure, spacing of packs, annual reproduction, and annual mortality were obtained (Smith and Phillips 1996:4-5).  Genetic studies, which used DNA fingerprinting and mitochondrial DNA analysis to examine relatedness among wolves and reproductive performance of individuals, accompanied demographic research (Smith and Phillips 1996:5, 15).


Several methods were used to describe characteristics of reintroduced-wolf populations.  Elusive and wide-ranging habits required monitoring of wolves with radio-telemetry (Smith and Phillips 1996:15).  This technique allowed researchers to minimize wolf disturbance and limit influence on wolf behavior (Ream et al. 1987b:6).  Initially, all reintroduced animals were radio-collared.  However, as the population grew, it was no longer possible to monitor all individuals and 1 or 2 animals from each established pack were radio-equipped and monitored (Smith and Phillips 1996:5, 15).  Wolves were captured from May to October using leghold traps with drag chains (soft catch) or aerial darts.  Winter captures were avoided unless required for control.  Animals were aged by toothwear, sex was determined, and overall condition was assessed.  In addition, blood samples were collected to determine incidence of disease and parasites, and for concomitant genetic analyses (Smith and Phillips 1996:5, 16).  


Winter-population monitoring consisted primarily of aerial surveys conducted from fixed-wing aircraft, although snow tracking was also important, particularly for identification of scent-marks (an indicator of territorial behavior).  Flights were every fifth day, weather permitting (Smith and Phillips 1996:5).  However, Olympic National Park might be difficult to regularly survey given terrain with heavily forested mountains, and inclement-weather patterns.  Although limited similarly (i.e., by mountains and forest or cloud cover) satellite telemetry should be evaluated to determine if it is a more practical and cost-effective alternative (Ballard et al. 1995:461).  Scent-stations (Linhart and Knowlton 1975:119, Roughton and Sweeny 1982:217) or line-intercept track sampling (Ballard et al. 1995:469) used for estimating wolf densities should also be explored as alternative techniques or adjunct methodologies.  Line-intercept sampling has provided relatively accurate wolf-population estimates and has proved objective, repeatable, expedient, and economical (Ballard et al. 1995:476-480).  However, variable snow cover on the Olympic Peninsula may render this method less reliable.


During summer, wolf packs have been less cohesive and their location and observability from the air has been poor (Smith and Phillips 1996:6).  Monitoring efforts concentrated more on observations at dens and rendezvous sites, although no dens were disturbed to obtain data.  Additionally, sign surveys were conducted and howling activity was described.  Den sites were examined after abandonment for behavioral clues, and scats were collected for food-habits analysis.  Summer monitoring allowed for preliminary assessments of reproduction and determination of juvenile mortality (Smith and Phillips 1996:6-7).  


Adult mortality was monitored using motion-sensitive radio-collars (Smith and Phillips 1996:6).  Searches for radio-equipped wolves were instituted when signals could not be located for weeks or to investigate visual sightings and tracks in new areas.  Wolves were presumed dead or dispersed when searches over several months failed to locate missing individuals.  Wolf carcasses were recovered when possible and cause of death determined.  Adult females were examined for placental scars to determine litter size and other reproductive measures (Smith and Phillips 1996:6).


Wolves were monitored to determine movement from the Park, movements to ungulate-winter range, or use of areas frequented by livestock (Smith and Phillips 1996:7).  Wolves that left the Park were a management concern and thus were more-intensively monitored; in some instances, wolves were translocated to their release sites to appease landowners and prevent potential conflicts (USFWS 1995:8, Phillips and Smith 1997:10-12).   


Potential impacts of wolves on ungulate populations were a concern of hunters and biologists, and were addressed by examining wolf-prey interactions.  Wolf monitoring included evaluation of habitat quality and use, and determination of species, number, and condition of wolf kills (Smith and Phillips 1996:9).  Prey concentrations and migration routes, human influences (e.g., roads, trails, campsites), and adjacent packs were recorded.  Kills were found in winter by locating wolves at or near the site of a carcass, and confirmed by noting evidence of struggle (e.g., chase tracks, blood)  (Phillips and Smith 1997:12-14).  Kill rates (kills/wolf/time) were estimated and used to determine kill intervals (time between kills) and consumption rates (meat/wolf/time period), both recognized measures of wolf welfare (Smith and Phillips 1996:9, Phillips and Smith 1997:15).


Summer-kill rates for wolves have been difficult to determine as vegetation concealed evidence from aerial observers (Smith and Phillips 1996:11).  Therefore, wolves located at a kill were monitored for several days and scat collection became an important part of food-habits analysis.  Prey remains found in scats collected from dens and rendezvous sites were identified by comparisons with known material, and amount of prey consumed was estimated.  Examination of wolf-killed carcasses for species, age, sex, and condition provided additional insights into prey selectivity (Smith and Phillips 1996:10-12).  Similar data would be valuable for managers of a reintroduced-wolf population on the Olympic Peninsula. 


Wolf Control
.--Predator-control programs designed to protect domestic livestock and wild-ungulate populations accompanied western settlement (Leopold 1964:28-29, 34; Connolly 1978:370; McCulloch 1986:216-217; Pletscher et al. 1991:539; Fritts et al. 1994:23-25).  Early superintendents of national parks also participated in predator control to ensure protection of visitors and perpetuation of prey populations (Wright 1992:59), although by 1931, official Park Service policy reflected a growing awareness that predators were integral to natural ecosystems (Cahalane 1939:229-230, 235-236).  Changes in attitudes toward wilderness coupled with increased knowledge of wolves (Fogleman 1989:80, Fritts et al. 1994:26) marked the evolution of public support for returning wolves to their former ranges.  


Wolf recovery has necessarily required wolf management and control of problem animals (Fritts 1993:173-174).  Potential impact of wolf recovery on domestic livestock was a contentious issue during development of the EIS for reintroduction of wolves to Yellowstone National Park and central Idaho (USFWS 1994:1.11).  The USFWS (1994:2.4-2.15) outlined conditions and criteria used to determine problem status of wolves within recovery areas, and the extent of control actions allowed under the experimental, non-essential regulation.  These criteria emphasized verification of wolf depredation or harassment of domestic livestock along with the probable occurrence of additional incidents prior to control, and were adapted from Interim Wolf Control Plan guidelines  (USFWS 1988:4.9).  According to Fritts (1982:5-7), however, verification has sometimes proved difficult as wolves have opportunistically fed on existing livestock carcasses.  


Animal-husbandry practices designed to minimize attracting wolves (e.g., burial or burning of carcasses), have been required on federal grazing allotments and have been encouraged on private lands to limit wolf-livestock conflicts (Fritts 1982:7, USFWS 1994:7).  Guard dogs (Linhart et al. 1979:238, Green and Woodruff 1980:187, McGrew and Blakesley 1982:693, Andelt 1992:61-62), fencing (Gates et al. 1978:151, Dorrance and Bourne 1980:385), and antifertility agents (Balser 1964:356-357, Kirkpatrick and Turner 1985:486-487, Haight and Mech 1996:241) have also been explored as alternatives to lethal control which has met with increased-public opposition (Linhart 1980:1837, Arthur 1981:15, Gentile 1987:490, Cluff and Murray 1995:491).  Cluff and Murray (1995:501-504) reviewed aversive conditioning (Gustavson 1982/83:63), repellents (Lehner et al. 1976:145, Okarma and Jedrzejewski 1997:78), and diversionary feeding and reported mixed success.  For example, guard dogs (McGrew and Blakesley 1982:693, Green et al. 1984:49, Andelt 1992:55) and fencing (Gates et al. 1978:151, Dorrance and Bourne 1980:385) have been shown to limit coyote depredation on sheep.  However, wolves have attacked and killed domestic dogs (Fritts and Paul 1989:121-122) and their response to fencing has remained largely untested (Cluff and Murray 1995:502).  Live trapping and relocation of problem animals have been favored as nonlethal-control techniques in Yellowstone National Park and central Idaho (Phillips and Smith 1997:17-19).


When preventative measures failed to deter wolf depredation, managers have employed selective-lethal control to reduce depredation and increase public acceptance of wolves.  This resulted in reduced illegal-wolf mortality and improved chances of wolf recovery (Fritts 1993:173, USFWS 1994:2.13).  Depredation on Olympic Peninsula livestock would be expected infrequently given relatively few livestock that have occupied private lands surrounding Olympic National Park (see Domestic Animal Depredation).  However, potential for depredation exists, particularly proximal to the Primary Analysis Area, and a demonstrated commitment to active-wolf management would be essential to establish landowner trust and local support (Van Ballenberghe 1974:321, USFWS 1988:14, Gilbreath and Phillips 1996:163).


Guidelines established for Yellowstone National Park and central Idaho (USFWS 1994:2.13-2.14) recommended wolves that attacked livestock be live-captured and translocated when there were <6 packs.  However, when the population reached 6 packs in the designated recovery areas, wolves could either be killed or placed in captivity.  Individuals that depredated after relocation could be removed from the experimental, non-essential population (USFWS 1994:2.14).  Specific-management guidelines for the Olympic Peninsula would depend on the number of wolves the area could support, and determination of recovery levels.  


Assuming wolves, if introduced to the Olympic Peninsula, were managed similarly to wolves reintroduced to the Rocky Mountains, livestock producers who used public lands for grazing would be permitted to harass wolves near livestock in a non-injurious manner (USFWS 1994:2.14).  Killing of wolves by private individuals would be allowed if wolves were found wounding or killing livestock.  In this case, a report must be given within 24 hours of the incident and evidence would be required (USFWS 1994:2.14; Dixon et al. 1997, Chapter 3, Section 5:13).  Such allowances for take could be particularly effective in controlling problem animals and reducing potential conflicts with landowners (Mech 1995:276).  Appropriate agency officials with authority to institute control actions (e.g., USFWS, Washington Department of Fish and Wildlife, Animal and Plant Health Inspection Service-Animal Damage Control) determined prior to reintroduction would investigate reports and verify that wolves were responsible for depredation.  Once sufficient numbers of packs had been established to indicate population resilience, 30-day-take permits could be issued to livestock producers.  However, confirmation of previous-wolf attacks or depredation would be needed from authorities, as well as acknowledgement that control attempts by agency officials were unsuccessful.  Reports of take would still be required within 24 hours of action (USFWS 1994:2.14).  Although red wolves that moved onto private lands were removed at the insistence of landowners (Gilbreath and Phillips 1996:164), similar provision was not made for the Yellowstone National Park and central-Idaho reintroductions (USFWS 1994).  Private landowners on the Olympic Peninsula would likely only be granted permission to harass wolves encountered on their land at any time, as long as harassment was non-injurious (USFWS 1994:2.14).  Attacks on pets or domestic animals other than livestock would result in wolf relocation.  However, chronically offending wolves (i.e., 1 depredation after relocation) would be killed or placed in captivity according to established guidelines (USFWS 1994:2.14).  In some cases, control might be deemed necessary to manage impacts of reintroduced wolves on ungulate populations.  For example, specific-elk herds on the Olympic Peninsula might be particularly vulnerable to predation (see Culturally Important Small East-Side Populations of Elk above).   


No federal compensation program was instituted to mitigate damages incurred by livestock producers or private landowners associated with Yellowstone National Park and central Idaho reintroductions (USFWS 1994:2.15), and it would be unlikely that one would be enacted to promote wolf recovery on the Olympic Peninsula.  Defenders of Wildlife (non-profit organization, Washington, D.C.) has established a private fund to temporarily shift the economic burden of livestock depredation to those who support wolf reintroduction (Fischer 1989:9, Fischer 1991:39, Fischer et al. 1994:4-5).  Defenders of Wildlife could reimburse any losses suffered by livestock producers on the Olympic Peninsula at fair market value where wolf depredation had been confirmed.  If cause of death were unknown, damages paid would reflect 50% of market value.  However, it is important to note that the Defenders of Wildlife compensation fund is financially limited and may be temporary (i.e., Defenders of Wildlife has not established a perpetual fund, nor have they indicated if the compensation program will continue if wolves recover to the level where they would be removed from the endangered species list – a level where livestock-loss claims may reach a peak).

Ungulate Monitoring

The impact of reintroduced wolves on ungulate populations has been a significant concern, and post-reintroduction evaluations have required baseline estimates of total populations, distributions, and relative densities of elk and deer (Smith and Phillips 1996:11).  Ideally, an ungulate-monitoring program on the Olympic Peninsula would accompany reintroduction, at minimum, to monitor elk populations within east-side drainages and deer and elk populations within GMUs.  To better understand and predict population changes, knowledge of age structure and age-specific-vital rates would be needed (Eberhardt 1985:997).  However, these data are lacking for deer and elk on the Olympic Peninsula.


Within the Olympic National Park, smaller-east-side populations of elk have been counted since 1994 (G. Schirato, Washington Department of Fish and Wildlife, unpublished data), and population reconstructions were conducted for 1997 west-side populations (this study).  Deer numbers and distributions within Olympic National Park were unknown, and outside the Park data were limited to harvest trends.  Evidence of declining elk populations in GMUs, and uncertainty associated with predictions of wolf impacts indicated need for population monitoring.  Elk populations have been monitored outside the Park through harvest trends, spring and fall aerial surveys for composition counts, and mark-resight estimates (Washington Department of Fish and Wildlife, Point No Point Treaty Council, and Makah Indian Nation, unpublished data).  Dratch et al. (1975:57) evaluated pellet surveys as a potential technique to estimate ungulate abundance, but determined this inadequate after failure to find multiple groups of pellets within the census area (this conclusion is tenuous in that it was based on a limited sample, K. J. Jenkins, US Geological Survey, Forest and Rangeland Ecosystem Science Center, Olympic Field Station).  


Concomitant to this study, an investigation of ungulate census and monitoring techniques was initiated (K. J. Jenkins, US Geological Survey, Forest and Rangeland Ecosystem Science Center, Olympic Field Station, P. Happe, Olympic National Park, J. Pierce, Washington Department of Fish and Wildlife, unpublished research prospectus).  Objectives were to (1) determine patterns of winter-habitat use by black-tailed deer, (2) estimate deer population abundance within a representative west-side drainage of Olympic National Park and sections of Olympic Peninsula GMUs, (3) estimate elk population abundance in west-side drainages of Olympic National Park, and (4) determine the statistical efficiency of monitoring techniques (K. J. Jenkins, US Geological Survey, Forest and Rangeland Ecosystem Science Center, Olympic Field Station, unpublished research prospectus).  


Radio-collared deer will provide the basis for estimating winter movements of deer in the Olympic Mountains.  Radio-telemetry will also be used to estimate deer density in a representative-west-side drainage using mark-recapture techniques.  Deer-transect counts will be conducted in the Elwha drainage to compare relative-deer densities in north- and east-side drainages.  To determine total-deer populations on Olympic Peninsula outside of Olympic National Park, populations will be estimated using DNA fingerprinting of fecal samples combined with application of mark-recapture theory to pellet-group-sampling methods.  Elk populations in Olympic National Park will be estimated by repeating the aerial surveys conducted during 1984-1998 on the Hoh and Queets rivers (Houston et al. 1987:224; National Park Service, unpublished data).  Proposed methods will be evaluated to determine optimal sampling needed for specified levels of precision in population estimation.  Data from these investigations will generate recommendations for future-monitoring plans.

Source Population


Potential reintroduction of wolves to the Olympic Peninsula warrants taxonomic assessment of a source population.  However, demographics, ecology, and behavior of wolves, may be more important to consider than phenotypic and genetic purity (Lande 1988:1459, Theberge 1991:460, Wayne et al. 1991:49, Dowling et al. 1992:8, Wayne et al. 1992:567).  Thus, consideration of an integrated approach has been recommended (Lande 1988:1459, Avise 1989:279-280, May 1990:130-131, O’Brien and Mayr 1991:1187-1188, Cronin 1993:345). 


Wolf taxonomy has been unclear (Nowak 1983:13, Mech 1991:315), particularly considering human-induced-habitat fragmentation and increased potential for interspecific hybridization (Lehman et al. 1991:114, Roy et al. 1994:566, Brownlow 1996:392, Wayne 1996:86, Pilgrim et al. 1998:687-688).  For example, reintroduction of red wolves spawned substantial debate concerning conservation of a genetically “impure” species given limited resources (Avise 1989:279-280, Gittleman and Pimm 1991:524-525, O’Brien and Mayr 1991:1187-1188, Wayne and Jenks 1991:567-568, Dowling et al. 1992:600-603, Nowak 1992:593-595, Phillips and Henry 1992:596-599, Wayne 1992:590-592, Brownlow 1996:395, Wayne 1996:99).  Improved taxonomic methods, larger samples, and multivariate statistical analyses (Jolicoeur 1959:297, Skeel and Carbyn 1977:746, Pedersen 1982:356, Fritts 1983:166, Nowak 1983:11, Peek et al. 1991:2) have led to questions regarding the validity of the 24 subspecies of Canis lupus described by Goldman (1944:391).  Recent reviews (Brewster and Fritts 1995:372-373, Nowak 1995:394-397) recognized 5 subspecies: C. l. arctos, C. l. baileyi, C. l. lycaon, C. l. nubilus, and C. l. occidentalis.  The Cascade wolf (C. l.  fuscus), which inhabited coastal forests of western Washington and Oregon, was considered a population of C. l. nubilus.  Wolves from central Canada, the western US through Minnesota, southeastern Alaska, and southern British Columbia were classified as C. l. nubilus (Nowak 1995:396).


Little genetic differentiation has been observed among wolves (Kennedy et al. 1991:1187, Wayne et al. 1991:48, Wayne et al. 1992:567, Wayne 1996:90).  Wolf population dynamics, especially long-distance dispersal, have been proposed to explain observed gene flow (Kennedy et al. 1991:1187, Wayne et al. 1992:560, Roy et al. 1994:553).  Wayne et al. (1992:567) speculated that small differences among populations may have been more a consequence of human impacts and subsequent population declines than past genetic isolation.  Because of genetic similarity, potential source populations have not been limited to the nearest extant population of wolves (Wayne 1996:92).  Rather, an integrated assessment of taxonomy, habitat, prey base, and climate may be more appropriate when identifying source populations (Theberge 1991:460).  For example, wolves reintroduced to Yellowstone National Park were selected from mountainous habitats with similar prey in Alberta and British Columbia, based on wolf ecology and behavior, taxonomy, and conservation genetics (USFWS 1994:2.11).  Ideally, reintroduced wolves would originate from climatic conditions and habitats similar to those of recovery areas.  Thus, southeast Alaska and Vancouver Island may be logical source populations for Olympic Peninsula reintroductions.  


Though morphometrically distinct, Friis (1985, cited in Person et al. 1996:5) and Nowak (1983:15) suggested Alexander Archipelago wolves (formerly C. l. ligoni, now C. l. nubilus) were more related to wolves that occupied coastal British Columbia, Vancouver Island and western Washington and Oregon than to other Alaskan wolves.  Ingle (1995:25-26) speculated that the Prince of Wales Island population represented a reservoir of genetic material from now-extinct populations of Pacific Northwest wolves.  Preliminary genetic analyses have further supported southern affinities (Shields 1995, cited in Person et al. 1996:6) and suggest consideration of Alexander Archipelago wolves as a source population.  


Vancouver Island wolves (formerly C. l. crassodon, now C. l. nubilus) could also serve as founders based on environmental and prey-base similarity to the Olympic Peninsula (McNulty 1997:11).  Recent control of wolves on Vancouver Island (Atkinson and Janz 1994:1-2) and Canada’s previous cooperation with reintroductions to Yellowstone National Park and central Idaho (USFWS 1994:2.11) further support consideration of Vancouver Island wolves as a source population.

DATA LIMITATIONS AND NEEDS


Unfortunately, as with most investigations of this nature, data were lacking to completely address many issues.  In some cases (e.g., livestock distribution), lack of complete data ultimately was not problematic because predicted impacts were minimal.  However, some limitations have greater significance to our assessment than others.  Most important were the nature and paucity of ungulate data, and the unclear interpretation of road densities.  

Ungulate Data

Throughout the peninsula, data on ungulate populations and life-histories were scant.  We were forced to use population reconstructions to derive population estimates in many instances.  Reconstruction assumes that harvest accounts for all mortality and assumes a stable age distribution.  For deer throughout the Olympic Peninsula, only 1 estimate of age and sex composition was available.  This will obviously vary with habitat and harvest history.  Deer populations within Olympic National Park are virtually unstudied and their populations could not be ascertained with any hope of accuracy.  Any decision to re-introduce wolves should be preceded by an effort to gather the most basic data on the deer and elk of the Olympic Peninsula.  At a minimum deer should be studied within the Park and generally throughout the peninsula.  Preferably, rigorous population studies of elk and deer should be completed throughout Olympic National Park and adjacent GMUs.  An additional concern is unreported tribal harvest within GMUs that may, combined with poaching, and cougar predation, equal reported harvest as a source of mortality.

Road Density

The available-road data at 1:100,000 scale depicted road densities significantly less than the 1:24,000 scale.  Unfortunately, previous wolf research has determined wolf/road relationships at scales more comparable to the 1:100,000 coverage, and we found the similar road density differences between the 2 scales.  We have presented analysis combining the 1:100,000 and 1:24,000 scales (a less-than-optimal approach).  Additionally, given the limitations of this effort, it was impossible to determine access restrictions on specific roads within the Olympic Peninsula.  It is probable that many industrial forestlands will support wolves, despite high-road densities, because of limited access.  Prior to any reintroduction effort, it will be necessary to complete a more-thorough analysis of wolf/road relationships, especially determination of road access throughout the peninsula.

Wolf Dispersal

Wolves are known to disperse great distances.  We did not seek to determine impacts of individual wolves that may leave re-introduction areas.  Likely the impacts of dispersing animals will be minimal economically and biologically to most regions of the Peninsula.  However, dispersing wolves may cause reductions to small-isolated elk herds, numerous negative public responses, and create new political and management problems of significance for agencies (e.g., Washington Department of Fish and Wildlife). 






CONCLUSIONS

Because topic-specific discussions related to the Olympic Peninsula were provided in most sections and subsections, comments in this section will be limited.  Thus, the following summary comments are mostly conclusions with some additional discussion as needed.


This document has reviewed and analyzed a large number of factors germane to the decision process regarding the proposed reintroduction of gray wolves to the Olympic Peninsula.  To help the reader review many of these factors in a summarized form, we have constructed Table 29 (which coincides with the table of contents).   We have categorized our findings as supportive, non-supportive, neutral, or unclear, based on our best judgement (we acknowledge that others may interpret this information differently).  We also caution that Table 29 is not intended to be a “score card” regarding consideration of this issue, i.e., most issues listed have variable “weight” with regard to importance or ramifications.


We concluded that reintroduction of gray wolves to Olympic Peninsula is biologically feasible.  Our analysis indicated that adequate habitat and prey base exists to support a marginally viable population of wolves over the long term (i.e., sustaining long-term populations will likely require management such as additional reintroductions).  However, we again acknowledge data limitations (as noted in the previous section), and we do not know how poorly documented parameter estimates affect the accuracy of our predictions.  Significant increases in human population and development, and current and subsequent habitat fragmentation outside of Olympic National Park, may negatively impact wolves on the periphery of the Primary Analysis Area.  But adequate habitat and prey are likely to remain available to sustain some wolves within Park boundaries indefinitely.  In addition, it is clear that wolves were culturally and ecologically important to this region, and restoration of the wolf population could have many positive aspects. 


However, there are a number of factors that demand careful consideration prior to moving forward with the proposed reintroduction plans, and some of these factors may prove significant enough to abandon the reintroduction proposal.  Isolated elk populations were projected to be potentially vulnerable to predation by dispersing wolves.  These elk populations are exceptionally important to local Native Americans, and this issue will require careful consideration and discussion between the tribes and land-management agencies. 


Currently there is concern for declining public-hunting success for deer and elk on GMUs, and we conclude that wolves (those existing on Park boundaries and dispersing individuals) would place some additional pressure on deer and elk herds (although we cannot estimate actual impact on hunter-success rates).  Thus, competition for ungulates between the hunting public and wolves will likely be controversial, regardless of whether or not wolves actually cause declines in hunter success.


We do not project significant losses to livestock or pets on the Olympic Peninsula (relative to other regions with natural or reintroduced wolf populations).  However, occasional losses are likely, and they probably will be a constant source of concern by some residents of the Olympic Peninsula.  A related factor is compensation for livestock or pet losses.  As noted above, some private funding for livestock losses is currently available, but if these funds evaporate, there likely will be public pressure for compensation by some residents and special-interest groups.


Management of reintroduced wolves has required major biological research and management programs elsewhere (e.g., Yellowstone National Park), and similar efforts will be needed on the Olympic Peninsula.  We were unable to predict the frequency or number of wolves that will disperse from the Primary Analysis Area.  As suitable habitat becomes saturated with wolves, some individuals will undoubtedly migrate out of the Primary Analysis Area.  These individuals may travel great distances.  Given human distribution on the Olympic Peninsula, it is likely that any wolf migrating from the analysis area will present a management challenge.  Area-specific zoning may be employed as a management tool and, presumably, problem wolves will be controlled through either translocation or lethal control.  This will necessitate active management and accompanying expense, as well as probable constant public relations conflicts.

Active management demands substantial long-term funding and organization, and these factors should receive careful attention before a decision on reintroduction of wolves is determined.  An associated issue is management authority.  On the Olympic Peninsula, authority must be shared by the USFWS, National Park Service, Washington Department of Fish and Wildlife, Native American Tribes, Washington Department of Natural Resources, and the US Forest Service.  Such an interagency management plan may prove very difficult to develop to the satisfaction of all parties, however, the agencies involved have a history of working together successfully on some issues.

Thus, although wolf reintroduction to the Olympic Peninsula may be biologically feasible, such action may not be prudent, i.e., the political, social, and financial consequences associated with wolves outside Olympic National Park will be substantial.  We recommend and urge all agencies to consider these issues cautiously, and with clear public disclosure of both positive and negative aspects of the proposed wolf reintroduction. 

Table 29.  Selected issues identified by the wolf reintroduction feasibility analysis and their relationship to the reintroduction decision process.  Plus (+) = supportive, minus ( - ) = non-supportive, N = neutral, and U = unclear.  Sections are listed in the same order as presented in the text.  Section heading coincide with the Table of Contents for easy cross reference.

Section
Issue
Relationship

CURRENT AND HISTORICAL STATUS OF WOLVES ON THE OLYMPIC PENINSULA



  Historical Status of Wolves on   

  the Olympic Peninsula
Wolves are native to the Olympic Peninsula
+

  Present Status
Extant populations unlikely
+

CULTURAL AND SPIRITUAL CONSIDERATIONS



  Cultural and Spiritual Values of Wolves
Wolves have cultural and spiritual value to Native Americans
+

  Cultural and Spiritual Values of Primary Prey:      

  Deer and Elk
Deer and elk have cultural and spiritual value

     -Positive if wolves improve health of herd

     -Negative if wolves render local populations extinct

     -Neutral if presence of wolves does not significantly impact ungulate populations
+/-/N

HABITAT SUITABILITY FOR SUPPORTING A VIABLE SELF-SUSTAINING WOLF POPULATION



    Road Density
Low road density within the analysis area

High road density outside analysis area

     -Negative for dispersing wolves

     -Positive for containment of wolves within analysis area
+

+/-

    Human Density
Same as issues outlined above for Road Density
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Section
Issue
Relationship

  Land Ownership and Use
Primarily wilderness within analysis area
+


Mix of land ownership necessitates coordination and cooperation with many agencies
-

    Private
Most private land managed for timber production
+

  Lands With Potential Conflicts



    Livestock Abundance
Presence of few livestock on the Olympic Peninsula suggests limited potential for conflicts
+

    Private-Timber Concerns
Perceived potential for land-use restrictions
-

 Culturally Important Small East-    

   Side Populations of Elk 
Wolves may jeopardize small east-side elk populations.
-

    Big-Game Hunting
Presence of wolves not predicted to greatly affect hunting opportunities
+

DEMOGRAPHY AND DISTRIBUTION OF POTENTIAL PREY SPECIES



  Black-tailed Deer
Prey base exists for population of wolves

Populations are relatively stable with low-level exploitation

Species has relatively low reproductive capacity

Tendency to concentrate in insular valleys during winter
+

+

-

-

  Roosevelt Elk
Prey base exists for population of wolves

Elk populations are in decline

Low reproductive capacity

High level of exploitation

Recent restrictions placed on harvest level

Tendency to concentrate in insular valleys during winter
+

-

-

-

+

-

Table 29, continued.
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Issue
Relationship

  Alternate Prey



    Mountain Goats
Wolves may restrict distribution of mountain goat populations
+

    Other Species
Alternate prey base exists for population of wolves
+

ADEQUACY OF HABITAT AND PREY BASE FOR SUPPORTING A VIABLE SELF-SUSTAINING WOLF POPULATION



  Carrying Capacity of Wolves: Landscape    

  Approach
Olympic Peninsula can support population of >55 wolves
U

    Genetics
Founder effect not a significant concern

High level of inbreeding predicted
+

-

    Demographics
Olympic Peninsula environment is relatively stable

Wolves have high reproductive capacity

Recovered population may be at risk from stochastic events


+

+

-

Table 29, continued.
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Issue
Relationship

FUTURE PROJECTIONS FOR AN ESTABLISHED WOLF POPULATION ON THE OLYMPIC PENINSULA



  Ungulate Populations
Within Olympic National Park, significant ungulate declines are not expected


+

  Vegetative Structure and Composition
Changes in ungulate populations not expected to significantly alter vegetation 
N

  Hunting Opportunities
Any reduction in harvest opportunities will reduce harvest revenues
-

  Wolf Interaction With Other Predators



    Cougars
Wolves may negatively impact cougar populations; ungulate losses could be compensatory if wolves reduce cougar populations
U

    Black Bears
Few significant interactions expected
N

    Coyotes
Wolves will likely displace and lower coyote populations
N

    Wolf-Coyote Hybridization
Wolves may interbreed with coyotes
-

    Wolf-Dog Hybridization
Wolf-dog hybridizations may occur
U

  Domestic Animal Depredation



    Estimates of Wolf Depredation Rate on 

    Livestock
Wolves depredate livestock

Wolf depredation on livestock is expected to be infrequent
-

+

    Wolf Depredation on Domestic Dogs  
Dog depredation can be expected
-

Table 29, continued. 
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Issue
Relationship

  Human Safety
Wolves are not expected to be a danger to humans

Wolves are not expected to indirectly affect human safety
+

+

  Disease
Some diseases (i.e., parvovirus, distemper, salmon poisoning) are concerns

Effects of other diseases (e.g., rabies, brucellosis, etc) are not expected to be significant 

Effects of Lyme disease on reintroduced wolves are unclear
-

+

U

SOCIO-ECONOMIC FACTORS ASSOCIATED WITH WOLF RESTORATION



  Public Opinion
Older people tend to have negative attitudes toward wolves; Olympic Peninsula had a high proportion of older residents

Educated people tend to have positive attitudes toward wolves; Olympic Peninsula residents had relatively high levels of education

People in extractive industries tend to have negative attitudes toward wolves; relatively few residents were involved in these industries
-

+

+

  Human Population Growth
Human population on the Olympic Peninsula is likely to increase

Average age of residents is likely to increase

Average education level is likely to increase
U

-

+

  Recreation and Tourism
Presence of wolves is not likely to increase human visitation to Olympic National Park

Tourism could increase with population size in nearby urban areas; visitors will likely be young, educated and outdoor-oriented
N

+

  Silvicultural Changes
Silvicultural practices are not expected to change appreciably
N

Table 29, continued.
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Issue
Relationship

MANAGEMENT CONSIDERATIONS
No extant wolf populations to confuse protected status

Wolf management can be tailored to specific-local concerns

No significant land-use restrictions expected

Transition from federal to state and tribal management of wolves may be problematic
+

+

+

-

  Wolf Monitoring and Control
Control of problem wolves necessary to encourage and maintain public support

Financial burden of wolf monitoring and management
-

-

  Ungulate Monitoring
Financial burden of ungulate monitoring

General lack of knowledge regarding ungulate populations on the Olympic Peninsula
-

-

  Source Population
Wolf populations behaviorally and taxonomically similar to historic populations on the Olympic Peninsula exist and are available as source populations
+

EXPERT OPINION


Prior to submission of our first draft manuscript, we requested technical review and expert-opinion statements (optional) from 3 individuals:  Dr. Ludwig N. Carbyn (Canadian Wildlife Service, Edmonton, Alberta), Dr. David K. Person (Alaska Department of Fish and Game, Ketchikan), and Douglas W. Smith (Yellowstone Center for Research, Yellowstone National Park Service, Wyoming).  We completed a review draft only 6 days prior to our printing deadline; thus, it was difficult for reviewers to provide comments in such a short-time period.  

(Author’s Note:  After technical comments were received on the first 2 drafts, 1 significant change resulted; our Primary Analysis Area was reduced from that presented in the first draft [which was the draft reviewed for expert-opinion statements].  The Primary Analysis Area in the first draft included 4 Washtington game management units outside the Olympic National Park.  However, due to corrections regarding the road-density and elevation source data, our final Primary Analysis Area was reduced to basically the Park (and some minor adjacent lands), and our final prediction of wolf carrying capacity was approximately 56 [reduced from our original modeled estimate of 120].  When the final draft was completed, we advised Drs. Carbyn and Smith of these changes and offered the opportunity to revise their expert-opinion statements.  Neither individual chose to do so; their original comments follow.)

Dr. Carbyn provided a number of comments on the draft, and also submitted the following expert-opinion statement:

     "There are many areas throughout the world where the wolf has

disappeared, but it could again be part of the local ecosystem.  The

report by Ratti et al. deals with the issue of reintroducing wolves on

the Olympic Peninsula.  It is a wide-ranging and good review on the

subject of wolves in a very rich, yet incomplete, ecosystem in  the

United States of America's Northwest . 

     There appears to be a place for wolves in the region in question. 
However , it should be clearly stated that options to manage the predator 
should always be a prerequisite to any future actions."






Lu Carbyn, 27 August 1998


Dr. Person chose not to provide an expert-opinion statement, but did offer detailed comments on our mathematical models and the alternate prey section.  His comments were incorporated into the text of this draft.


Dr. Smith provided several technical comments (also incorporated into this report) and submitted the following expert-opinion statement:


      “Wolf reintroduction and recovery on the Olympic Peninsula has an outstanding chance for success.  Wolf recovery is most likely to succeed where human population density is low, livestock production minimal, and wild prey abundant.  The Olympics meet all three criteria.


      Wolf restoration, however, will probably be more challenging than Rocky Mountain wolf recovery has been.  Aggressive management will likely be necessary to reduce wolf/human conflicts.  Wolves may need to be recaptured and placed back into acclimation pens and/or controlled.  The Olympic recovery area is smaller than any one of the Rocky Mountain recovery areas (northwest Montana, central Idaho, and the Yellowstone ecosystem) with less public land making intensive management almost certain.  Managers should expect wolves to leave the primary recovery area and expect lethal control to play a part in recovery.  Once recovered (approximately 100 wolves) continued management will be necessary.


      The key to long term success will be minimizing wolf/human conflicts.  Research in other areas has shown wolves tolerant of people but not the reverse.  A projection for increased human population growth on the Olympic Peninsula does not bode well for a recovered wolf population.  Olympic National Park and National Forest will play an important role in wolf conservation in the future as a result.


The return of the wolf to suitable areas (Idaho, Yellowstone, Wisconsin, and Michigan) has been a positive step toward saving wild areas and restoring ecosystems.  Indeed, bringing back large predators may be the best way to capture public attention and promote species and ecosystem conservation.  Most large, wild areas with adequate prey should be considered for wolf recovery.  The Olympic Peninsula represents such an area and should be aggressively pursued for wolf restoration.”








Douglas W. Smith, 25 August 1998
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Appendix B: Reconstructed Deer

Table 1.  Population reconstruction estimates for Columbian black-tailed deer in Washington Department of Fish and Wildlife Game Management Units (GMUs), Olympic Peninsula, Washington.a
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1996
Copalis
75.60
193.85
692.31
463.85
1,350.00

1995

66.40
170.26
608.06
407.40
1,185.71

1994

65.75
168.59
602.11
403.41
1,174.11

1993

58.00
148.72
531.14
355.86
1,035.71

1992

62.50
160.26
572.34
383.47
1,116.07

1991

60.25
154.49
551.74
369.67
1,075.89

1990

66.50
170.51
608.97
408.01
1,187.50

1989

60.60
155.38
554.95
371.81
1,082.14

1988

62.60
160.51
573.26
384.08
1,117.86

1987

62.20
159.49
569.60
381.63
1,110.71

1986

58.60
150.26
536.63
359.54
1,046.43

1988
Hoquiam 
88.00
225.64
805.86
539.93
1,571.43

1987

79.60
204.10
728.94
488.39
1,421.43

1986

69.00
176.92
631.87
423.35
1,232.14

1981
Copalis-Hoquiam
143.33
367.51
1,312.55
879.41
2,559.46

1980

191.33
490.59
1,752.11
1,173.91
3,416.61

1979

204.33
523.92
1,871.15
1,253.67
3,648.75

1978

196.75
504.49
1,801.74
1,207.17
3,513.39

1977

197.00
505.13
1,804.03
1,208.70
3,517.86

1976

208.00
533.33
1,904.76
1,276.19
3,714.29

1997
Wynoochee
360.00
923.08
3,296.70
2,208.79
6,428.57

1996

378.80
971.28
3,468.86
2,324.14
6,764.29

1995

366.40
939.49
3,355.31
2,248.06
6,542.86

1994

349.00
894.87
3,195.97
2,141.30
6,232.14

1993

314.75
807.05
2,882.33
1,931.16
5,620.54

1992

346.25
887.82
3,170.79
2,124.43
6,183.04

1991

282.00
723.08
2,582.42
1,730.22
5,035.71

1990

249.50
639.74
2,284.80
1,530.82
4,455.36

1989

204.20
523.59
1,869.96
1,252.88
3,646.43

1988

188.00
482.05
1,721.61
1,153.48
3,357.14

1987

166.80
427.69
1,527.47
1,023.41
2,978.57

1986

159.20
408.21
1,457.88
976.78
2,842.86

1997
Satsop 
357.00
915.38
3,269.23
2,190.38
6,375.00

1996

403.20
1,033.85
3,692.31
2,473.85
7,200.00

1995

406.80
1,043.08
3,725.27
2,495.93
7,264.29

1994

412.50
1,057.69
3,777.47
2,530.91
7,366.07

1993

361.75
927.56
3,312.73
2,219.53
6,459.82

1992

413.25
1,059.62
3,784.34
2,535.51
7,379.46

1991

378.25
969.87
3,463.83
2,320.76
6,754.46

1990

389.00
997.44
3,562.27
2,386.72
6,946.43

1989

394.60
1,011.79
3,613.55
2,421.08
7,046.43

1988

404.40
1,036.92
3,703.30
2,481.21
7,221.43

1987

388.60
996.41
3,558.61
2,384.27
6,939.29

1986

371.80
953.33
3,404.76
2,281.19
6,639.29

1981
Wynoochee-Satsop
844.00
2,164.10
7,728.94
5,178.39
15,071.43

1980

809.33
2,075.21
7,411.45
4,965.67
14,452.32

1979

514.33
1,318.79
4,709.98
3,155.69
9,184.46

1978

583.75
1,496.79
5,345.70
3,581.62
10,424.11

1977

684.80
1,755.90
6,271.06
4,201.61
12,228.57

1976

725.80
1,861.03
6,646.52
4,453.17
12,960.71

1997
Olympic
326.60
837.44
2,990.84
2,003.86
5,832.14

1996

360.00
923.08
3,296.70
2,208.79
6,428.57

1995

430.00
1,102.56
3,937.73
2,638.28
7,678.57

1994

457.50
1,173.08
4,189.56
2,807.01
8,169.64

1993

512.00
1,312.82
4,688.64
3,141.39
9,142.86

1992

544.00
1,394.87
4,981.68
3,337.73
9,714.29

1991

573.50
1,470.51
5,251.83
3,518.73
10,241.07

1997
Coyle
297.00
761.54
2,719.78
1,822.25
5,303.57

1996

307.20
787.69
2,813.19
1,884.84
5,485.71

1995

324.40
831.79
2,970.70
1,990.37
5,792.86

1994

345.75
886.54
3,166.21
2,121.36
6,174.11

1993

357.50
916.67
3,273.81
2,193.45
6,383.93

1992

341.75
876.28
3,129.58
2,096.82
6,102.68

1991

350.00
897.44
3,205.13
2,147.44
6,250.00

1990

349.75
896.79
3,202.84
2,145.90
6,245.54

1989

351.60
901.54
3,219.78
2,157.25
6,278.57

1988

330.60
847.69
3,027.47
2,028.41
5,903.57

1987

368.40
944.62
3,373.63
2,260.33
6,578.57

1986

393.40
1,008.72
3,602.56
2,413.72
7,025.00

1985

500.40
1,283.08
4,582.42
3,070.22
8,935.71

1984

589.80
1,512.31
5,401.10
3,618.74
10,532.14

1983

660.50
1,693.59
6,048.53
4,052.52
11,794.64

1982

727.00
1,864.10
6,657.51
4,460.53
12,982.14

1981

782.67
2,006.85
7,167.31
4,802.10
13,976.25

1980

669.67
1,717.10
6,132.51
4,108.78
11,958.39

1979

672.33
1,723.92
6,156.87
4,125.10
12,005.89

1978

649.75
1,666.03
5,950.09
3,986.56
11,602.68

1977

651.80
1,671.28
5,968.86
3,999.14
11,639.29

1976

609.80
1,563.59
5,584.25
3,741.45
10,889.29

1993
Indian Island
8.25
21.15
75.55
50.62
147.32

1992

15.25
39.10
139.65
93.57
272.32

1991

20.50
52.56
187.73
125.78
366.07

1990

29.75
76.28
272.44
182.53
531.25

1989

30.20
77.44
276.56
185.29
539.29

1988

34.20
87.69
313.19
209.84
610.71

1987

36.60
93.85
335.16
224.56
653.57

1997
Kitsap
150.20
385.13
1,375.46
921.56
2,682.14

1996

146.00
374.36
1,337.00
895.79
2,607.14

1995

135.80
348.21
1,243.59
833.21
2,425.00

1994

140.25
359.62
1,284.34
860.51
2,504.46

1993

112.25
287.82
1,027.93
688.71
2,004.46

1992

102.25
262.18
936.36
627.36
1,825.89

1991

93.00
238.46
851.65
570.60
1,660.71

1990

92.50
237.18
847.07
567.54
1,651.79

1989

87.00
223.08
796.70
533.79
1,553.57

1988

82.20
210.77
752.75
504.34
1,467.86

1987

92.40
236.92
846.15
566.92
1,650.00

1986

101.00
258.97
924.91
619.69
1,803.57

1985

116.40
298.46
1,065.93
714.18
2,078.57

1984

136.60
350.26
1,250.92
838.11
2,439.29

1983

153.00
392.31
1,401.10
938.74
2,732.14

1982

161.00
412.82
1,474.36
987.82
2,875.00

1981

177.00
453.85
1,620.88
1,085.99
3,160.71

1980

202.00
517.95
1,849.82
1,239.38
3,607.14

1979

259.67
665.82
2,377.93
1,593.21
4,636.96

1978

311.25
798.08
2,850.27
1,909.68
5,558.04

1977

325.00
833.33
2,976.19
1,994.05
5,803.57

1976

357.00
915.38
3,269.23
2,190.38
6,375.00

1997
Mason Lake
194.20
497.95
1,778.39
1,191.52
3,467.86

1996

190.40
488.21
1,743.59
1,168.21
3,400.00

1995

200.60
514.36
1,837.00
1,230.79
3,582.14

1994

210.25
539.10
1,925.37
1,290.00
3,754.46

1993

194.50
498.72
1,781.14
1,193.36
3,473.21

1992

183.50
470.51
1,680.40
1,125.87
3,276.79

1991

180.00
461.54
1,648.35
1,104.40
3,214.29

1990

172.50
442.31
1,579.67
1,058.38
3,080.36

1989

179.40
460.00
1,642.86
1,100.71
3,203.57

1988

169.60
434.87
1,553.11
1,040.59
3,028.57

1987

179.40
460.00
1,642.86
1,100.71
3,203.57

1986

170.20
436.41
1,558.61
1,044.27
3,039.29

1985

219.20
562.05
2,007.33
1,344.91
3,914.29

1984

276.40
708.72
2,531.14
1,695.86
4,935.71

1983

312.75
801.92
2,864.01
1,918.89
5,584.82

1982

358.33
918.79
3,281.41
2,198.54
6,398.75

1981

424.00
1,087.18
3,882.78
2,601.47
7,571.43

1980

440.00
1,128.21
4,029.30
2,699.63
7,857.14

1979

412.00
1,056.41
3,772.89
2,527.84
7,357.14

1978

383.50
983.33
3,511.90
2,352.98
6,848.21

1977

385.60
988.72
3,531.14
2,365.86
6,885.71

1976

367.20
941.54
3,362.64
2,252.97
6,557.14

1997
Soleduck 
66.00
169.23
604.40
404.95
1,178.57

1996

73.20
187.69
670.33
449.12
1,307.14

1995

83.80
214.87
767.40
514.16
1,496.43

1994

86.25
221.15
789.84
529.19
1,540.18

1993

98.75
253.21
904.30
605.88
1,763.39

1992

123.00
315.38
1,126.37
754.67
2,196.43

1991

146.75
376.28
1,343.86
900.39
2,620.54

1990

146.25
375.00
1,339.29
897.32
2,611.61

1989

141.20
362.05
1,293.04
866.34
2,521.43

1988

130.40
334.36
1,194.14
800.07
2,328.57

1987

123.80
317.44
1,133.70
759.58
2,210.71

1986

104.80
268.72
959.71
643.00
1,871.43

1985

121.80
312.31
1,115.38
747.31
2,175.00

1984

200.80
514.87
1,838.83
1,232.01
3,585.71

1983

233.50
598.72
2,138.28
1,432.65
4,169.64

1982

273.67
701.72
2,506.14
1,679.11
4,886.96

1981

276.00
707.69
2,527.47
1,693.41
4,928.57

1980

255.33
654.69
2,338.19
1,566.59
4,559.46

1979

174.00
446.15
1,593.41
1,067.58
3,107.14

1978

176.00
451.28
1,611.72
1,079.85
3,142.86

1977

192.80
494.36
1,765.57
1,182.93
3,442.86

1976

218.20
559.49
1,998.17
1,338.77
3,896.43

1997
Clearwater 
83.20
213.33
761.90
510.48
1,485.71

1996

119.60
306.67
1,095.24
733.81
2,135.71

1995

137.20
351.79
1,256.41
841.79
2,450.00

1994

151.00
387.18
1,382.78
926.47
2,696.43

1993

176.00
451.28
1,611.72
1,079.85
3,142.86

1992

209.75
537.82
1,920.79
1,286.93
3,745.54

1991

216.75
555.77
1,984.89
1,329.88
3,870.54

1990

248.25
636.54
2,273.35
1,523.15
4,433.04

1989

229.40
588.21
2,100.73
1,407.49
4,096.43

1988

209.60
537.44
1,919.41
1,286.01
3,742.86

1987

201.40
516.41
1,844.32
1,235.70
3,596.43

1986

181.20
464.62
1,659.34
1,111.76
3,235.71

1997
Matheny 
7.00
17.95
64.10
42.95
125.00

1996

8.80
22.56
80.59
53.99
157.14

1995

10.40
26.67
95.24
63.81
185.71

1994

8.00
20.51
73.26
49.08
142.86

1993

14.75
37.82
135.07
90.50
263.39

1992

26.50
67.95
242.67
162.59
473.21

1991

37.00
94.87
338.83
227.01
660.71

1990

49.25
126.28
451.01
302.17
879.46

1989

49.20
126.15
450.55
301.87
878.57

1988

50.00
128.21
457.88
306.78
892.86

1987

47.40
121.54
434.07
290.82
846.43

1986

44.60
114.36
408.42
273.64
796.43

1981
Clearwater-Matheny
140.33
359.82
1,285.07
861.00
2,505.89

1980

108.67
278.64
995.15
666.75
1,940.54

1979

78.00
200.00
714.29
478.57
1,392.86

1978

74.25
190.38
679.95
455.56
1,325.89

1977

84.20
215.90
771.06
516.61
1,503.57

1976

82.40
211.28
754.58
505.57
1,471.43

1997
Skokomish
233.80
599.49
2,141.03
1,434.49
4,175.00

1996

264.40
677.95
2,421.25
1,622.23
4,721.43

1995

274.20
703.08
2,510.99
1,682.36
4,896.43

1994

274.50
703.85
2,513.74
1,684.20
4,901.79

1993

274.25
703.21
2,511.45
1,682.67
4,897.32

1992

331.50
850.00
3,035.71
2,033.93
5,919.64

1991

360.75
925.00
3,303.57
2,213.39
6,441.96

1990

379.75
973.72
3,477.56
2,329.97
6,781.25

1989

356.20
913.33
3,261.90
2,185.48
6,360.71

1988

335.40
860.00
3,071.43
2,057.86
5,989.29

1987

296.80
761.03
2,717.95
1,821.03
5,300.00

1986

279.60
716.92
2,560.44
1,715.49
4,992.86

1981
Skokomish-Humptulips
620.67
1,591.46
5,683.79
3,808.14
11,083.39

1980

566.33
1,452.13
5,186.17
3,474.74
10,113.04

1979

543.67
1,394.03
4,978.66
3,335.70
9,708.39

1978

498.25
1,277.56
4,562.73
3,057.03
8,897.32

1977

557.80
1,430.26
5,108.06
3,422.40
9,960.71

1976

496.20
1,272.31
4,543.96
3,044.45
8,860.71

1997
Quinaultd
31.40
80.51
287.55
192.66
560.71

1996

34.80
89.23
318.68
213.52
621.43

1995

31.60
81.03
289.38
193.88
564.29

1994

28.00
71.79
256.41
171.79
500.00

1993

19.50
50.00
178.57
119.64
348.21

1992

19.50
50.00
178.57
119.64
348.21

1991

22.00
56.41
201.47
134.98
392.86

1990

18.50
47.44
169.41
113.51
330.36

1989

17.00
43.59
155.68
104.30
303.57

1988

14.80
37.95
135.53
90.81
264.29

1993
Humptulips
57.50
147.44
526.56
352.79
1,026.79

1992

69.25
177.56
634.16
424.89
1,236.61

1991

70.25
180.13
643.32
431.02
1,254.46

1990

77.50
198.72
709.71
475.50
1,383.93

1989

79.80
204.62
730.77
489.62
1,425.00

1988

74.00
189.74
677.66
454.03
1,321.43

1987

82.80
212.31
758.24
508.02
1,478.57

1986

83.20
213.33
761.90
510.48
1,485.71

1983
Ozette
366.25
939.10
3,353.94
2,247.14
6,540.18

1982

371.00
951.28
3,397.44
2,276.28
6,625.00

1981

358.67
919.67
3,284.52
2,200.63
6,404.82

1980

352.00
902.56
3,223.44
2,159.71
6,285.71

1979

308.67
791.46
2,826.65
1,893.85
5,511.96

1978

294.25
754.49
2,694.60
1,805.38
5,254.46

1977

332.80
853.33
3,047.62
2,041.90
5,942.86

1976

349.80
896.92
3,203.30
2,146.21
6,246.43

1997
Hoko 
61.60
157.95
564.10
377.95
1,100.00

1996

62.80
161.03
575.09
385.31
1,121.43

1995

65.80
168.72
602.56
403.72
1,175.00

1994

65.75
168.59
602.11
403.41
1,174.11

1993

66.50
170.51
608.97
408.01
1,187.50

1992

66.50
170.51
608.97
408.01
1,187.50

1991

67.75
173.72
620.42
415.68
1,209.82

1990

74.25
190.38
679.95
455.56
1,325.89

1989

67.60
173.33
619.05
414.76
1,207.14

1988

70.60
181.03
646.52
433.17
1,260.71

1997
Dickey 
118.00
302.56
1,080.59
723.99
2,107.14

1996

148.80
381.54
1,362.64
912.97
2,657.14

1995

168.80
432.82
1,545.79
1,035.68
3,014.29

1994

181.00
464.10
1,657.51
1,110.53
3,232.14

1993

221.50
567.95
2,028.39
1,359.02
3,955.36

1992

255.25
654.49
2,337.45
1,566.09
4,558.04

1991

248.75
637.82
2,277.93
1,526.21
4,441.96

1990

252.50
647.44
2,312.27
1,549.22
4,508.93

1989

233.00
597.44
2,133.70
1,429.58
4,160.71

1997
Pysht 
310.20
795.38
2,840.66
1,903.24
5,539.29

1996

337.80
866.15
3,093.41
2,072.58
6,032.14

1995

343.40
880.51
3,144.69
2,106.94
6,132.14

1994

320.00
820.51
2,930.40
1,963.37
5,714.29

1993

316.50
811.54
2,898.35
1,941.90
5,651.79

1992

326.50
837.18
2,989.93
2,003.25
5,830.36

1991

299.00
766.67
2,738.10
1,834.52
5,339.29

1990

279.50
716.67
2,559.52
1,714.88
4,991.07

1989

267.20
685.13
2,446.89
1,639.41
4,771.43

1988

230.00
589.74
2,106.23
1,411.17
4,107.14

1987

216.40
554.87
1,981.68
1,327.73
3,864.29

1986

200.80
514.87
1,838.83
1,232.01
3,585.71

1985

192.00
492.31
1,758.24
1,178.02
3,428.57

1984

162.20
415.90
1,485.35
995.18
2,896.43

1983

162.75
417.31
1,490.38
998.56
2,906.25

1982

147.00
376.92
1,346.15
901.92
2,625.00

1981

185.33
475.21
1,697.16
1,137.10
3,309.46

1980

220.33
564.95
2,017.67
1,351.84
3,934.46

1979

318.67
817.10
2,918.22
1,955.21
5,690.54

1978

324.50
832.05
2,971.61
1,990.98
5,794.64

1977

322.60
827.18
2,954.21
1,979.32
5,760.71

1976

307.00
787.18
2,811.36
1,883.61
5,482.14

1997
Goodman 
43.40
111.28
397.44
266.28
775.00

1996

66.20
169.74
606.23
406.17
1,182.14

1995

80.60
206.67
738.10
494.52
1,439.29

1994

88.75
227.56
812.73
544.53
1,584.82

1993

103.50
265.38
947.80
635.03
1,848.21

1992

121.50
311.54
1,112.64
745.47
2,169.64

1991

109.25
280.13
1,000.46
670.31
1,950.89

1990

103.75
266.03
950.09
636.56
1,852.68

1989

93.60
240.00
857.14
574.29
1,671.43

1988

83.40
213.85
763.74
511.70
1,489.29

1987

73.40
188.21
672.16
450.35
1,310.71

1986

72.20
185.13
661.17
442.99
1,289.29

1985

77.00
197.44
705.13
472.44
1,375.00

1984

116.80
299.49
1,069.60
716.63
2,085.71

1983

125.00
320.51
1,144.69
766.94
2,232.14

1982

141.33
362.38
1,294.23
867.13
2,523.75

1981

139.67
358.13
1,279.03
856.95
2,494.11

1980

115.00
294.87
1,053.11
705.59
2,053.57

1979

63.67
163.26
583.06
390.65
1,136.96

1978

55.50
142.31
508.24
340.52
991.07

1977

63.80
163.59
584.25
391.45
1,139.29

1976

67.20
172.31
615.38
412.31
1,200.00









     aHerd composition data (0.39 buck mortality, 0.28 buck:doe ratio, 0.67 fawn:doe ratio) from Schirato (1996:51).  However, Schirato (Washington Department of Fish and Wildlife, personal communication) estimated mortality rates from 26-32% in high cover GMUs such as 607 and 618, and up to 54% in more logged areas. 











     bNo harvest data were available for 1978-79, 1990.





Appendix C: Reconstructed Elk

Table 2.  Population reconstruction estimates for Roosevelt elk within Washington Department of Fish and Wildlife 

Game Management Units (GMUs), Olympic Peninsula, Washington.








































Mean
Estimated

Estimated

Estimated
Estimated



Bull
bull
number of
Bull:cow
number of
Calf:cow
number of
total

Year
GMU
mortalitya
harvestb
bulls
ratioa
cows
ratiod
calves
population
























1997
Wynoochee
0.50
50.20
100.40
0.08
1,255.00
0.37
e
464.35
1,819.75

1993
Soleduck
0.54
41.00
75.69
0.27
280.34
0.29
f
81.30
437.33

1989
Soleduck
0.47
57.50
121.39
0.31
391.58
0.37
g
144.88
657.85

1988
Soleduck
0.44
59.50
135.23
0.26
520.10
0.35

182.04
837.37

1987
Soleduck
0.68
66.80
98.34
0.35
280.98
0.54

151.73
531.06

1986
Soleduck
0.59
78.40
133.28
0.36
370.22
0.39
h
144.39
647.89

1997
Clearwater
0.63
66.70
105.94
0.23
460.59
0.32

147.39
713.91

1990
Clearwater
0.72
202.50
281.25
0.25
1,125.00
0.37
g
416.25
1,822.50

1989
Clearwater
0.76
205.60
268.86
0.39
689.39
0.34

234.39
1,192.64

1988
Clearwater
0.59
210.20
353.52
0.23
1,537.04
0.36

553.33
2,443.89

1987
Clearwater
0.71
244.00
343.25
0.37
927.71
0.36

333.98
1,604.95

1986
Clearwater
0.76
268.40
352.28
0.21
1,677.50
0.31

520.03
2,549.80

1984
Clearwater
0.49
283.60
582.96
0.46
1,267.29
0.39
h
494.24
2,344.50

1983
Clearwater
0.78
300.00
387.10
0.23
1,683.03
0.38

639.55
2,709.68

1982
Clearwater
0.55
297.67
538.64
0.19
2,834.95
0.39
h
1,105.63
4,479.22

1981
Clearwater
0.87
276.33
317.78
0.36
882.72
0.39
h
344.26
1,544.76

1980
Clearwater
0.63
249.67
399.47
0.10
3,994.72
0.39
h
1,557.94
5,952.13

1976
Clearwater
0.74
213.60
288.99
0.22
1,313.58
0.39
h
512.30
2,114.87

1993
Matheny
0.47
58.25
123.78
0.14
884.15
0.29
f
256.40
1,264.34

1991
Matheny
0.68
69.50
101.93
0.18
566.30
0.41

232.18
900.41

1986
Matheny
0.63
83.40
131.68
0.44
299.28
0.34
j
101.76
532.72

1984
Matheny
0.86
117.20
136.73
0.27
506.42
0.39
h
197.50
840.66

1983
Matheny
0.43
117.20
273.47
0.25
1,093.87
0.39
h
426.61
1,793.94

1981
Matheny
0.79
148.67
188.56
0.22
857.08
0.39
h
334.26
1,379.89

1980
Matheny
0.59
128.00
217.60
0.27
805.93
0.39
h
314.31
1,337.84

1976
Matheny
0.74
143.20
194.34
0.43
451.96
0.39
h
176.26
822.57

1997
Dickey
0.46
54.30
116.95
0.26
449.82
0.36
e
161.94
728.71

1996
Dickey
0.46
60.70
132.78
0.36
368.84
0.36

132.78
634.40

1995
Dickey
0.67
72.00
108.00
0.35
308.57
0.38
i
117.26
533.83

1993
Dickey
0.57
72.63
127.83
0.22
581.04
0.23

133.64
842.51

1992
Dickey
0.53
67.50
126.56
0.29
436.42
0.27

117.83
680.82

1991
Dickey
0.59
63.00
106.62
0.33
323.08
0.49

158.31
588.00

1990
Dickey
0.56
53.38
94.63
0.39
242.64
0.39

94.63
431.89

1989
Dickey
0.33
51.70
155.10
0.41
378.29
0.32

121.05
654.45

1988
Dickey
0.57
49.90
87.92
0.42
209.33
0.42

87.92
385.17

1987
Dickey
0.34
43.60
126.84
0.45
281.86
0.53

149.39
558.08

1986
Dickey
0.58
36.40
62.73
0.34
184.51
0.39
h
71.96
319.19

1984
Dickey
0.67
57.80
86.70
0.31
279.68
0.39
h
109.07
475.45

1983
Dickey
0.62
60.00
97.24
0.32
303.88
0.39
h
118.51
519.63

1976
Dickey
0.31
168.00
537.60
0.27
1,991.11
0.39
h
776.53
3,305.24

1997
Goodman 
0.33
31.10
93.30
0.24
388.75
0.37
e
143.84
625.89

1993
Goodman 
0.89
66.38
74.68
0.18
414.88
0.24

99.57
589.12

1991
Goodman 
0.81
62.13
76.47
0.17
449.81
0.34

152.94
679.21

1989
Goodman 
0.53
74.80
140.80
0.15
938.67
0.39

366.08
1,445.55

1987
Goodman 
0.84
93.00
110.95
0.36
308.19
0.39

120.19
539.33

1986
Goodman 
0.70
93.80
134.84
0.27
499.40
0.34

169.80
804.03

1983
Goodman 
0.81
108.75
133.85
0.21
637.36
0.54

344.18
1,115.38

1981
Goodman 
0.73
131.67
179.55
0.16
1,122.19
0.39
h
437.65
1,739.39

1980
Goodman 
0.71
155.33
218.87
0.34
643.75
0.39
h
251.06
1,113.68

























     aMortality (spiked:antlered ratio) and bull:cow ratio were from fall composition flights for each year of reconstruction.  Only flights with >100 elk sighted and no zero categories were used.

     bMean bull harvest was calculated from a 5-year period ending in the year of the estimate.  These values included tribal harvest starting in 1984.  No state harvest data were available for 1978-79, 1990.

     dSpring calf:cow ratios were from the year following the reconstruction year unless otherwise noted.  Only flights with >100 elk sighted were used.

     eMean of all 1998 spring flights.

     fMean of all 1994 spring flights.

     gMean of all 1991 spring flights.

     hMean of all 1980s spring flights.

     iMean of all 1997 spring flights.

     jMean of all 1987 spring flights.

Appendix D: Deer Population Estimates

Table 3.  Population estimates for Columbian black-tailed deer in Washington

Department of Fish and Wildlife Population Management Units (PMUs) and 

Game Management Units (GMUs), Olympic Peninsula, Washington.




















PMU
GMU
Year
Estimatea











63

1996
11,597



1995
10,332


Copalis-Hoquiam
1981
1,300



1980
1,600



1977
2,000



1976
2,100


Satsop
1982
8,900


Wynoochee-Satsop
1981
9,050



1980
8,800



1977
7,900



1976
8,300

64

1996
10,544



1995
10,374


Olympic
1982
5,500



1981
5,400



1980
5,300



1977
5,400



1976
5,300


Coyle
1982
8,000



1981
7,900



1980
7,200



1977
6,500



1976
6,100


Kitsap
1982
1,700



1981
1,800



1980
1,900



1977
3,200



1976
3,600


Mason Lake
1982
5,200



1981
5,350



1980
5,400



1977
3,800



1976
3,700

65

1996
6,280



1995
5,384


Soleduck
1982
2,200



1981
2,650



1980
2,500



1977
1,700



1976
2,200


Matheny
1982
1,700


Clearwater-Matheny
1981
1,550



1980
1,400



1977
800



1976
800


Humptulips
1982
6,100


Skokomish-Humptulips
1981
6,450



1980
6,100



1977
5,500



1976
5,000

66

1996
5,683



1995
7,461


Ozette
1982
3,600



1981
3,550



1980
3,500



1977
3,300



1976
3,500


Pysht
1982
2,200



1981
2,450



1980
2,700



1977
3,200



1976
3,100


Goodman
1982
1,600



1981
1,600



1980
1,500



1977
700



1976
700











     aEstimates for 1996 (Zahn 1997:83) and 1995 (Schirato 1996:54) calculated 

using a Sex-Age-Kill model.  All other years were harvest-based estimates 

(Washington Department of Fish and Wildlife 1976-1982 big-game status reports).










Appendix E: Elk Population Estimates

Table 4.  Population estimates for Roosevelt elk in Washington Department of Fish and Wildlife Game Management Units (GMUs), tribal lands, and Olympic National Park, Olympic Peninsula, Washington. 

































Estimated
Estimated
Estimated
Total







number of
number of
number of
population





GMU
Year 
bulls
cows
calves
estimate
Method

Source
























Copalis
1991-95
13
76
25
114

Recon
NAup



1984-88
20
61
22
103

Recon
NAup



1982



200

H-B
WDFW



1981



200

H-B
WDFW



1980



200

H-B
WDFW



1977



300

H-B
WDFW



1976



300

H-B
WDFW


Hoquiam
1982



300

H-B
WDFW



1981



300

H-B
WDFW



1980



300

H-B
WDFW



1977



550

H-B
WDFW



1976



600

H-B
WDFW


Wynoochee
1997
15
696
256
967

M-R
NAup



1991-95
103
606
176
885

Recon
NAup



1984-88
73
221
80
374

Recon
NAup



1982



800

H-B
WDFW



1981



800

H-B
WDFW



1980



750

H-B
WDFW



1977



800

H-B
WDFW



1976



800

H-B
WDFW


Satsop
1991-95
37
218
72
327

Recon
NAup



1984-88
42
127
46
215

Recon
NAup



1982



250

H-B
WDFW



1981



300

H-B
WDFW



1980



300

H-B
WDFW



1977



600

H-B
WDFW



1976



650

H-B
WDFW


Olympicc
1996
60
160
61
287

Telem
NAup



1984-86
26
79
28
133

Recon
NAup



1982



250

H-B
WDFW



1981



200

H-B
WDFW



1980



200

H-B
WDFW



1977



350

H-B
WDFW



1976



350

H-B
WDFW


    Duckabush
1996



66

Telem
S96



1980
11
41
21
80

Comp
SO



1953



100

EG
NEW



1939



75

EG
SP



1938



100

EG
SW


    Dosewallips
1996



36

Telem
S96



1984
5
27
10
47

Comp
SO



1953



50

EG
NEW



1939



80

EG
SP



1938



150

EG
SW


    Hamma Hamma
1996



34

Telem
S96


    North Fork Skokomish
1996



38

Telem
S96


    Dungeness
1996



53

Telem
S96


    Lilliwaup 
1996



50

GC
Npc


Soleduck
1996
29
423
63
514

M-R
NA96



1991-95
52
260
73
385

Recon
NAup



1984-87
112
320
112
544

Recon
NAup



1982



1,100

H-B
WDFW



1981



1,100

H-B
WDFW



1980



1,000

H-B
WDFW



1977



1,100

H-B
WDFW



1976



1,100

H-B
WDFW


Clearwater
1996
30
1,034
342
1,405

M-R
Z96



1991-95
167
1,044
292
1,503

Recon
NAup



1984-88
276
1,314
407
1,997

Recon
NAup



1982



2,300

H-B
WDFW



1981



2,200

H-B
WDFW



1980



2,100

H-B
WDFW



1977



2,300

H-B
WDFW



1976



2,100

H-B
WDFW


Matheny
1993
46
464
153
663

M-R
NAup



1991-95
57
317
130
504

Recon
NAup



1984-88
109
248
89
446

Recon
NAup



1982



1,000

H-B
WDFW



1981



1,050

H-B
WDFW



1980



1,000

H-B
WDFW



1977



1,400

H-B
WDFW



1976



1,400

H-B
WDFW


Skokomish
1995
7
175
76
258

M-R
NAup



1991-95
37
185
50
272

Recon
NAup



1984-88
72
225
99
396

Recon
NAup



1986



918

Recon
S97



1983



479

Recon
S97



1982



357

Recon
S97



1982



550

H-B
WDFW



1981



1,003

Recon
S97



1981



550

H-B
WDFW



1980



500

H-B
WDFW



1977



800

H-B
WDFW



1976



800

H-B
WDFW


Quinault
1998
52
653
235
941

M-R
NA98



1995-96
40
200
62
302

Recon
NAup


Humptulips
1982



1,300

H-B
WDFW



1981



1,200

H-B
WDFW



1980



1,300

H-B
WDFW



1977



1,500

H-B
WDFW



1976



1,550

H-B
WDFW


Ozette
1982



1,250

H-B
WDFW



1981



1,400

H-B
WDFW



1980



1,600

H-B
WDFW



1977



2,300

H-B
WDFW



1976



2,450

H-B
WDFW


Hoko
1992-95
25
125
53
203

Recon
NAup



1984-88
23
82
30
135

Recon
NAup


Dickey
1995
48
576
202
826

M-R
Z95



1991-95
126
573
200
899

Recon
NAup



1984-88
86
253
91
430

Recon
NAup


Pysht
1991-95
18
106
35
159

Recon
NAup



1984-88
23
70
25
118

Recon
NAup



1982



150

H-B
WDFW



1981



150

H-B
WDFW



1980



200

H-B
WDFW



1977



350

H-B
WDFW



1976



400

H-B
WDFW


Goodman
1991-95
62
344
114
520

Recon
NAup



1984-88
93
258
88
439

Recon
NAup



1984-88
93
344
117
554

Recon
NAup



1982



1,000

H-B
WDFW



1981



1,150

H-B
WDFW



1980



1,300

H-B
WDFW



1977



1,200

H-B
WDFW



1976



1,200

H-B
WDFW


Quinault Reservation
1989



400-600

EG
R89


Olympic National Park
1990



5,000

EG
H90


    West- and North-side 
1990



3000-4000

EG
H90


    Coastal strip
1990



"few hundred"
EG
 H90

Olympic Peninsula




15,000

EG
ST
























     aMethods abbreviated as follows: M-R = Mark-resight, Recon = Reconstruction, H-B = Harvest-based estimate, Telem = Estimate from Telemetry, Comp = Composition count, EG = Educated guess, GC = Ground count. 










     bSources abbreviated as follows: Z95 = Zahn 1995, Washington Department of Fish and Wildife unpublished report; NAup = Nickelson and Anderson, unpublished data; NA96 = Nickelson and Anderson 1996, Point-No-Point Treaty Council unpublished report; WDFW = Washington Department of Fish and Wildlife (1976-1982, Big Game Status Reports); S96 = Schirato 1996:169, Pittman-Robertson report; NEW = Newman 1953, cited in Starkey et al 1987:28; SO = Schroer 1987:28; SP = Springer 1939, cited in Starkey et al 1987:28 ;SW = Schwartz 1939, cited in Starkey et al. 1987:28); NA98 = Nickelson and Anderson 1998:7, ptnopt; Npc = S. A. Nickelson, Point No Point Treaty Council, personal communication; Houston et al. 1990:8; ST = Starkey et al. 1982:355; Z96 = Zahn 1996:4; S97 = Schirato 1997:178; R89 = Raedeke 1989.










     cOlympic GMU includes Duckabush, Dosewallips, Hamma Hamma, North Fork Skokomish, Dungeness, and Lilliwaup subpopulations.










Appendix F: Deer Harvest

Table 5.  State-reported harvest of Columbian black-tailed deer within Washington Department of Fish and Wildlife Game Management Units (GMUs), Olympic Peninsula, Washington (Washington Department of Fish and Wildlife big game harvest reports, 1976-1997).a 



















Antlered 
Antlerless
Total

GMU
Year
harvest
harvest
harvest













Copalis 
1997
75
5
80


1996
85
6
91


1995
69
6
75


1994
91
0
91


1993
56
3
59


1992
77
11
88


1991
39
0
39


1989
60
6
66


1988
74
6
80


1987
68
0
68


1986
64
0
64


1985
37
0
37


1984
70
0
70


1983
72
0
72


1982
50
0
50

Hoquiam
1988
123
0
123


1987
113
0
113


1986
83
2
85


1985
63
0
63


1984
58
4
62


1983
81
0
81


1982
60
0
60

Copalis-Hoquiam
1981
54
0
54


1980
244
79
323


1977
132
20
152


1976
198
21
219


1975
283
134
417


1974
174
26
200


1973
198
22
220


1972
187
80
267

Wynoochee 
1997
383
9
392


1996
384
56
440


1995
436
42
478


1994
419
113
532


1993
178
63
241


1992
477
61
538


1991
322
67
389


1989
282
57
339


1988
304
51
355


1987
220
50
270


1986
192
18
210


1985
23
241
218


1984
201
37
238


1983
198
23
220


1982
182
0
182

Satsop 
1997
294
58
352


1996
336
115
451


1995
384
145
529


1994
541
22
563


1993
230
86
316


1992
525
95
620


1991
354
92
446


1989
338
83
421


1988
436
56
492


1987
385
54
439


1986
397
46
443


1985
417
42
459


1984
387
18
405


1983
357
28
286


1982
301
0
301

Wynoochee-Satsop
1981
833
86
919


1980
1,105
323
1,428


1977
594
266
860


1976
729
205
934


1975
220
763
983


1974
792
384
1,176


1973
1,089
391
1,480


1972
799
534
1,162

Olympic 
1997
305
24
329


1996
233
64
297


1995
320
57
377


1994
422
67
489


1993
353
120
473


1992
472
130
602


1991
583
135
718


1989
640
145
785


1988
481
106
587


1987
590
151
741


1986
478
76
554


1985
347
67
414


1984
384
62
446


1983
420
17
437


1982
429
0
429


1981
561
16
577


1980
487
44
531


1977
390
0
390


1976
556
0
556


1975
434
0
434


1974
556
0
556


1973
772
0
772


1972
346
0
346

Coyle 
1997
266
41
307


1996
280
86
366


1995
239
80
319


1994
365
96
461


1993
335
63
398


1992
317
82
399


1991
366
80
446


1989
412
89
501


1988
272
49
321


1987
350
91
441


1986
365
65
430


1985
359
64
423


1984
307
42
349


1983
461
30
491


1982
475
67
542


1981
900
90
990


1980
806
125
931


1977
642
98
740


1976
561
130
691


1975
814
321
1,135


1974
582
215
797


1973
660
300
963


1972
432
290
722

Indian Island 
1993
0
3
3


1992
3
3
6


1991
0
0
0


1989
30
20
50


1988
28
24
52


1987
24
29
53


1986
37
33
70


1985
32
33
65


1984
50
78
128


1983
40
41
81

Kitsap 
1997
157
37
194


1996
151
43
194


1995
118
44
162


1994
207
78
285


1993
118
22
140


1992
136
27
163


1991
100
22
122


1989
95
19
114


1988
78
17
95


1987
99
16
115


1986
98
35
133


1985
65
13
78


1984
71
21
92


1983
129
9
138


1982
142
7
149


1981
175
0
175


1980
166
85
251


1977
190
70
260


1976
250
100
350


1975
339
200
539


1974
466
265
731


1973
380
155
535


1972
350
100
450

Mason Lake 
1997
232
7
239


1996
163
67
230


1995
162
44
206


1994
243
36
279


1993
171
55
226


1992
213
35
248


1991
214
22
236


1989
180
31
211


1988
127
25
152


1987
199
27
226


1986
184
11
195


1985
207
28
235


1984
131
21
152


1983
176
8
183


1982
153
6
159


1981
429
29
458


1980
493
146
639


1977
350
124
474


1976
477
132
609


1975
409
129
538


1974
298
136
434


1973
394
110
504


1972
258
90
348

Soleduck 
1997
82
0
82


1996
51
5
56


1995
74
11
85


1994
74
11
85


1993
49
12
61


1992
118
11
129


1991
104
17
121


1989
124
15
139


1988
146
20
166


1987
213
8
221


1986
102
5
107


1985
121
6
127


1984
70
8
78


1983
113
0
113


1982
118
0
118


1981
187
0
187


1980
516
88
604


1977
125
0
125


1976
125
0
125


1975
272
0
272


1974
182
0
182


1973
260
0
260


1972
252
0
252

Clearwater 
1997
54
0
54


1996
80
39
119


1995
82
41
123


1994
123
30
153


1993
77
43
120


1992
236
34
270


1991
168
51
219


1989
223
51
274


1988
212
52
264


1987
264
27
291


1986
294
25
319


1985
154
37
191


1984
124
25
149


1983
171
0
171


1982
163
0
163

Matheny 
1997
3
0
3


1996
4
0
4


1995
20
3
23


1994
3
0
3


1993
5
0
5


1992
12
0
12


1991
12
0
12


1989
30
0
30


1988
52
3
55


1987
54
3
57


1986
61
5
66


1985
49
8
55


1984
34
4
38


1983
39
0
39


1982
40
0
40

Clearwater-Matheny
1981
150
0
150


1980
185
0
185


1977
86
0
86


1976
55
0
55


1975
93
0
93


1974
63
0
63


1973
124
0
124


1972
77
0
77

Skokomish 
1997
171
3
174


1996
247
64
311


1995
273
74
347


1994
324
48
372


1993
154
54
208


1992
324
57
381


1991
296
83
379


1989
323
74
397


1988
383
65
448


1987
441
115
556


1986
372
76
448


1985
262
35
297


1984
219
48
267


1983
190
54
244


1982
355
168
523

Skokomish-Humptulips
1981
475
0
475


1980
759
0
759


1977
628
0
628


1976
312
0
312


1975
691
0
691


1974
362
0
362


1973
796
0
796


1972
320
0
320

Quinault 
1997
13
2
15


1996
39
3
42


1995
46
3
49


1994
51
13
64


1993
8
6
14


1992
30
0
30


1991
23
0
23


1989
17
0
17

Colonel Bob 
1988
8
0
8


1987
40
0
40


1986
9
0
9


1985
11
2
13


1984
6
0
6

Humptulips 
1993
28
3
31


1992
85
3
88


1991
40
3
43


1989
77
13
90


1988
75
9
84


1987
89
0
89


1986
69
2
71


1985
89
4
93


1984
48
2
50


1983
119
0
119


1982
91
0
91

Ozette 
1983
352
0
352


1982
277
0
277


1981
251
0
251


1980
585
175
760


1977
240
0
240


1976
231
0
231


1975
455
87
542


1974
251
105
356


1973
487
72
559


1972
325
190
515

Hoko 
1997
57
0
57


1996
44
12
56


1995
66
8
74


1994
67
11
78


1993
74
11
85


1992
63
20
83


1991
59
16
75


1989
70
12
82


1988
74
15
89


1987
68
14
82


1986
85
5
90


1985
41
12
53


1984
85
0
85

Dickey 
1997
76
0
76


1996
95
18
113


1995
120
36
156


1994
134
38
172


1993
165
55
220


1992
230
81
311


1991
195
69
264


1989
296
72
368


1988
300
38
338


1987
204
62
266


1986
210
41
251


1985
155
18
173


1984
154
23
177

Pysht 
1997
233
99
332


1996
283
81
364


1995
437
101
538


1994
360
81
441


1993
238
68
306


1992
371
79
450


1991
311
74
385


1989
346
74
420


1988
278
107
385


1987
261
102
363


1986
233
68
301


1985
218
56
274


1984
160
54
214


1983
210
16
226


1982
183
5
188


1981
189
10
199


1980
69
44
113


1977
298
32
330


1976
294
100
394


1975
364
102
466


1974
342
140
482


1973
315
192
507


1972
220
110
330

Goodman 
1997
7
0
7


1996
32
16
48


1995
48
18
66


1994
76
14
90


1993
54
12
66


1992
121
17
138


1991
104
31
135


1989
135
22
157


1988
126
28
154


1987
72
5
77


1986
82
12
94


1985
53
0
53


1984
84
2
86


1983
76
30
106


1982
66
0
66


1981
106
0
106


1980
252
0
252


1977
61
0
61


1976
32
0
32


1975
98
0
98


1974
31
0
31


1973
97
0
97


1972
78
0
78







aNo state harvest data were available for 1990, 1978-79.

Appendix G: Elk Harvest

Table 6.  Harvest of Roosevelt elk within Washington Department of Fish and Wildlife Game Management Units (GMUs), Olympic Peninsula, Washington.











Total state and 



State antlered 
State antlerless 
tribal antlered

GMU
Year
Harvesta
harvesta
harvestb













Copalis 
1997
7
0
16.0


1996
8
2
12.0


1995
13
0
17.0


1994
10
0
11.0


1993
7
3
7.0


1992
4
0
4.0


1991
11
6
11.0


1989
16
9
16.0


1988
8
0
8.0


1987
28
4
28.0


1986
13
0
13.0


1985
12
0
12.0


1984
16
0
16.0


1983
11
0



1982
24
0



1981
26
0



1980
12
25



1977
23
0



1976
8
0



1975
40
0



1974
24
0



1973
38
8



1972
28
8


Hoquiam 
1988
30
14



1987
30
19



1985
36
44



1984
35
48



1983
44
51



1982
35
56



1981
27
29



1980
24
0



1977
20
40



1976
29
26



1975
49
36



1974
92
17



1973
89
22



1972
52
39


Wynoochee
1997
9
0
21.0


1996
38
22
41.0


1995
56
44
66.5


1994
54
20
69.5


1993
42
18
53.0


1992
113
20
121.0


1991
86
36
88.0


1989
75
64
78.5


1988
39
27
39.0


1987
54
45
54.0


1986
49
39
49.0


1985
63
65
63.0


1984
65
70
65.0


1983
75
77



1982
67
72



1981
112
72



1980
135
51



1977
49
56



1976
87
49



1975
79
56



1974
92
53



1973
109
33



1972
35
35


Satsop
1997
7
0
21.0


1996
28
0
34.0


1995
9
3
13.5


1994
24
0
28.5


1993
18
0
29.0


1992
15
0
26.0


1991
44
0
47.0


1989
31
3
36.5


1988
17
0
17.0


1987
25
1
25.0


1986
33
7
38.0


1985
29
2
29.0


1984
44
0
44.0


1983
35
0



1982
24
0



1981
32
0



1980
10
29



1977
28
35



1976
71
37



1975
52
35



1974
50
23



1973
99
33



1972
46
22


Olympicc
1997


23.5


1996


0.0


1995
0
0
0.0


1994


0.0


1993


0.0


1992
8
5
10.0


1991
13
2
15.0


1989
15
12
16.0


1988
3
8
3.0


1987
8
21
8.0


1986
19
1
20.0


1985
22
3
22.0


1984
16
0
16.0


1983
37
27



1982
43
12



1981
57
13



1980
37
14



1977
8
0



1976
31
0



1975
23
0



1974
15
0



1973
90
0



1972
15
0


Coyle
1997
0
0



1994
3
0



1991
0
0



1984
1
0


Kitsap
1997
0
0



1993
0
0



1992
0
0



1988
0
0



1984
0
0


Mason Lake 
1994
0
0



1993
0
0



1992
0
0



1988
0
0



1987
0
0



1985
0
0



1984
0
0


Soleduck
1997
18
0
24.0


1996
22
0
25.0


1995
19
0
27.0


1994
33
19
42.0


1993
21
23
26.5


1992
29
35
34.5


1991
41
27
43.0


1989
58
25
60.0


1988
34
32
36.5


1987
34
22
34.0


1986
66
57
66.0


1985
91
47
91.0


1984
70
37
70.0


1983
73
64



1982
92
85



1981
120
51



1980
186
46



1977
109
37



1976
64
30



1975
137
0



1974
117
0



1973
122
0



1972
105
0


Clearwater
1997
17
0
38.0


1996
42
10
58.0


1995
31
25
47.0


1994
74
60
90.0


1993
85
44
100.5


1992
165
48
179.0


1991
213
69
228.5


1989
185
83
185.0


1988
127
87
127.0


1987
300
61
300.0


1986
198
68
198.0


1985
208
75
208.0


1984
218
82
218.0


1983
307
127



1982
289
127



1981
330
54



1980
274
98



1977
225
65



1976
250
45



1975
224
38



1974
227
10



1973
204
0



1972
163
30


Matheny 
1997
18
0
20.0


1996
23
32
27.0


1995
9
26
14.0


1994
38
43
40.0


1993
16
8
18.0


1992
71
32
73.0


1991
49
21
51.0


1989
91
38
91.0


1988
66
42
66.0


1987
70
24
70.0


1986
63
67
63.0


1985
69
81
69.0


1984
73
45
75.0


1983
100
61



1982
110
58



1981
196
43



1980
105
42



1977
145
26



1976
134
0



1975
142
0



1974
129
0



1973
188
0



1972
123
0


Skokomishd
1997


0.0


1996


0.0


1995
0
0
6.5


1994
26
0
29.5


1993
11
0
27.0


1992
10
0
29.0


1991
26
0
31.5


1989
30
0
38.5


1988
20
5
30.0


1987
31
4
31.0


1986
31
17
44.0


1985
36
10
36.0


1984
25
21
25.0


1983
29
0



1982
48
0



1981
69
0



1980
64
32



1977
43
9



1976
18
4



1975
34
20



1974
77
0



1973
178
0



1972
102
0


Quinault
1997
19
0
22.0


1996
26
3
33.0


1995
19
13
21.0


1994
52
16
55.0


1993
20
10
20.0


1992
38
5
38.0


1991
23
14
23.0


1989


17.0

Colonel Bob
1988
11
16
11.0


1987
13
2
13.0


1986
35
22
35.0


1985
29
14
29.0


1984
19
3
19.0

Humptulips 
1993
7
5
8.0


1992
22
12
22.0


1991
20
14
20.0


1989
11
29
11.0


1988
21
15
21.0


1987
8
12
8.0


1986
22
16
22.0


1985
50
25
50.0


1984
46
12
46.0


1983
64
59



1982
95
52



1981
119
49



1980
270
72



1977
110
40



1976
140
42



1975
223
83



1974
112
20



1973
186
0



1972
123
0


Ozette
1983
42
46



1982
28
43



1981
95
62



1980
185
80



1977
129
24



1976
222
61



1975
183
68



1974
310
56



1973
312
62



1972
198
37


Hoko
1997
2
0
15.0


1996
6
0
10.0


1995
14
3
23.0


1994
10
8
23.0


1993
8
11
9.0


1992
12
20
15.0


1991
2
10
2.0


1989
13
15
13.0


1988
24
3
28.0


1987
14
4
14.0


1986
9
0
9.0


1985
13
35
13.0


1984
6
34
6.0

Dickey
1997


41.0


1996
15
0
22.0


1995
50
0
79.0


1994
26
0
48.5


1993
47
2
81.0


1992
43
0
73.0


1991
62
30
78.5


1989
54
31
58.0


1988
58
25
60.5


1987
55
25
55.0


1986
40
47
40.0


1985
45
35
45.0


1984
49
38
49.0

Pysht
1997
6
0
9.0


1996
11
5
16.0


1995
13
6
13.0


1994
10
7
12.0


1993
6
4
10.0


1992
22
2
25.0


1991
4
0
6.0


1989
21
3
21.0


1988
16
5
18.5


1987
8
2
8.0


1986
25
2
25.0


1985
23
8
23.0


1984
13
4
13.0


1983
8
16



1982
18
16



1981
17
7



1980
14
13



1977
17
11



1976
31
5



1975
26
7



1974
34
4



1973
69
18



1972
53
5


Goodman
1997
3
0
11.0


1996
16
21
23.0


1995
36
31
45.0


1994
15
27
23.5


1993
46
15
53.0


1992
74
57
83.0


1991
57
33
69.5


1989
60
25
60.0


1988
60
33
60.0


1987
59
41
59.0


1986
60
52
60.0


1985
135
63
135.0


1984
88
58
88.0


1983
123
0



1982
63
0



1981
44
0



1980
205
42



1977
146
33



1976
115
0



1975
100
0



1974
99
0



1973
154
0



1972
145
0






     aFrom Washington Department of Fish and Wildlife big game harvest reports (1976-1997).

     bFrom S. A. Nickelson (Point No Point Treaty Council, unpublished data) for years available.  Values listed as ranges were reported here as mean value.

     cClosed to elk hunting by state since 1993, reopened for permit by drainage in 1997.

     dClosed to elk hunting in 1995.



Appendix H: Elk Herd Composition

Table 7.  Herd composition data for elk populations in Washington Department of Fish and Wildlife 

Game Management Units (GMUs), Olympic Peninsula, Washington.a
















































Calf:cow
Bull:cow

  Date
GMU
Spike
Branched
Antlered
Cows
Calves
Unantlered
Total
ratio
ratio

























9/84
601
8
5
13
47
25
72
85
0.53
0.28

9/86
601
0
4
4
8
6
14
18
0.75
0.50

4/94
601
8
7
15
128
47
175
190
0.37
0.12

4/97
601
8
3
11
90
38
128
139
0.42
0.12

9/97
601
4
3
7
44
24
68
75
0.55
0.16

3/98
601
2
2
4
53
26
79
83
0.49
0.08

7/76
602
5
0
5
11
3
14
19
0.27
0.45

9/76
602
5
11
16
60
27
87
103
0.45
0.27

3/77
602
1
1
2
43
20
63
65
0.47
0.05

8/78
602
0
0
0
43
13
56
56
0.30
0.00

9/78
602
0
0
0
32
9
41
41
0.28
0.00

2/80
602
0
0
0
24
9
33
33
0.38
0.00

9/80
602
1
2
3
20
3
23
26
0.15
0.15

10/81
602
0
3
3
112
20
132
135
0.18
0.03

8/82
602
6
0
6
32
15
47
53
0.47
0.19

9/82
602
1
0
1
18
6
24
25
0.33
0.06

3/83
602
30
3
33
0
0
0
33



9/83
602
29
18
47
148
66
214
261
0.45
0.32

9/83
602
13
10
23
83
41
124
147
0.49
0.28

3/84
602
20
2
22
0
0
0
22



9/84
602
16
8
24
77
34
111
135
0.44
0.31

3/85
602
25
4
29
0
0
0
29



9/85
602
1
1
2
14
5
19
21
0.36
0.14

9/86
602
47
34
81
235
110
345
426
0.47
0.34

4/87
602
32
9
41
189
69
258
299
0.37
0.22

9/87
602
22
42
64
141
75
216
280
0.53
0.45

4/88
602
12
10
22
92
49
141
163
0.53
0.24

9/88
602
21
16
37
88
38
126
163
0.43
0.42

4/89
602
36
6
42
150
63
213
255
0.42
0.28

9/89
602
11
22
33
81
35
116
149
0.43
0.41

3/90
602
4
0
4
31
10
41
45
0.32
0.13

3/90
602
1
0
1
8
3
11
12
0.38
0.13

3/90
602
0
3
3
9
7
16
19
0.78
0.33

3/90
602
3
0
3
11
3
14
17
0.27
0.27

3/90
602
4
0
4
21
10
31
35
0.48
0.19

3/90
602
1
0
1
22
5
27
28
0.23
0.05

3/90
602
2
3
5
19
5
24
29
0.26
0.26

3/90
602
2
2
4
16
2
18
22
0.13
0.25

3/90
602
2
0
2
11
3
14
16
0.27
0.18

3/90
602
19
8
27
148
48
196
223
0.32
0.18

9/90
602
22
17
39
99
41
140
179
0.41
0.39

3/91
602
29
15
44
188
73
261
305
0.39
0.23

9/91
602
26
18
44
132
54
186
230
0.41
0.33

3/92
602
12
2
14
94
50
144
158
0.53
0.15

4/92
602
15
5
20
104
51
155
175
0.49
0.19

9/92
602
16
14
30
105
51
156
186
0.49
0.29

3/93
602
13
8
21
146
39
185
206
0.27
0.14

9/93
602
25
19
44
202
71
273
317
0.35
0.22

3/94
602
6
1
7
88
20
108
115
0.23
0.08

9/94
602
4
6
10
23
14
37
47
0.61
0.43

9/95
602
18
9
27
78
39
117
144
0.50
0.35

9/96
602
16
19
35
98
28
126
161
0.29
0.36

4/97
602
16
10
26
137
49
186
212
0.36
0.19

9/97
602
13
15
28
106
45
151
179
0.42
0.26

3/98
602
6
12
18
123
45
168
186
0.37
0.15

9/78
603
0
0
0
8
5
13
13
0.63
0.00

9/86
603
3
0
3
10
7
17
20
0.70
0.30

3/92
603
0
0
0
17
7
24
24
0.41
0.00

3/77
607
3
1
4
47
24
71
75
0.51
0.09

9/78
607
0
0
0
9
5
14
14
0.56
0.00

3/80
607
2
0
2
19
9
28
30
0.47
0.11

9/80
607
5
3
8
15
8
23
31
0.53
0.53

10/81
607
0
2
2
6
5
11
13
0.83
0.33

8/82
607
0
0
0
14
10
24
24
0.71
0.00

9/82
607
0
0
0
2
1
3
3
0.50
0.00

9/83
607
9
0
9
23
14
37
46
0.61
0.39

9/83
607
0
0
0
2
7
9
9
3.50
0.00

3/84
607
1
0
1
26
10
36
37
0.38
0.04

9/86
607
20
14
34
94
38
132
166
0.40
0.36

9/87
607
36
17
53
151
61
212
265
0.40
0.35

4/88
607
15
0
15
71
38
109
124
0.54
0.21

9/88
607
11
14
25
96
40
136
161
0.42
0.26

3/89
607
15
2
17
108
38
146
163
0.35
0.16

9/89
607
9
10
19
61
28
89
108
0.46
0.31

9/91
607
10
2
12
39
15
54
66
0.38
0.31

3/92
607
11
0
11
102
37
139
150
0.36
0.11

4/93
607
10
1
11
90
28
118
129
0.31
0.12

9/93
607
13
11
24
88
34
122
146
0.39
0.27

3/96
607
22
2
24
181
46
227
251
0.25
0.13

4/96
607
17
0
17
140
39
179
196
0.28
0.12

4/97
607
3
1
4
72
31
103
107
0.43
0.06

9/97
607
1
3
4
43
10
53
57
0.23
0.09

3/98
607
6
5
11
175
54
229
240
0.31
0.06

9/76
612
3
0
3
21
10
31
34
0.48
0.14

3/77
612
6
0
6
49
17
66
72
0.35
0.12

3/80
612
2
0
2
9
5
14
16
0.56
0.22

9/80
612
22
9
31
90
38
128
159
0.42
0.34

10/81
612
11
4
15
94
27
121
136
0.29
0.16

8/82
612
4
3
7
26
17
43
50
0.65
0.27

9/82
612
2
3
5
15
8
23
28
0.53
0.33

9/83
612
26
6
32
153
53
206
238
0.35
0.21

9/83
612
20
6
26
120
41
161
187
0.34
0.22

3/84
612
1
0
1
0
0
0
1



9/84
612
18
6
24
83
45
128
152
0.54
0.29

9/85
612
6
1
7
0
0
0
7



9/85
612
3
0
3
7
4
11
14
0.57
0.43

9/86
612
32
14
46
169
74
243
289
0.44
0.27

4/87
612
11
5
16
238
82
320
336
0.34
0.07

9/87
612
57
11
68
189
72
261
329
0.38
0.36

4/88
612
3
2
5
103
40
143
148
0.39
0.05

9/88
612
13
3
16
47
23
70
86
0.49
0.34

3/89
612
17
4
21
126
46
172
193
0.37
0.17

9/89
612
17
15
32
207
84
291
323
0.41
0.15

3/90
612
0
1
1
1
1
2
3
1.00
1.00

3/90
612
0
0
0
31
16
47
47
0.52
0.00

3/90
612
0
0
0
39
11
50
50
0.28
0.00

3/90
612
2
0
2
35
15
50
52
0.43
0.06

3/90
612
0
0
0
16
8
24
24
0.50
0.00

3/90
612
1
1
2
23
6
29
31
0.26
0.09

3/90
612
1
0
1
20
8
28
29
0.40
0.05

3/90
612
4
2
6
165
65
230
236
0.39
0.04

4/91
612
0
1
1
91
32
123
124
0.35
0.01

9/91
612
26
6
32
191
66
257
289
0.35
0.17

3/92
612
3
0
3
79
27
106
109
0.34
0.04

9/92
612
7
0
7
60
25
85
92
0.42
0.12

3/93
612
9
0
9
222
73
295
304
0.33
0.04

9/93
612
24
3
27
152
64
216
243
0.42
0.18

3/94
612
7
2
9
164
40
204
213
0.24
0.05

9/96
612
5
3
8
54
14
68
76
0.26
0.15

9/97
612
7
2
9
42
14
56
65
0.33
0.21

10/97
612
9
18
27
114
42
156
183
0.37
0.24

9/76
615
17
6
23
103
51
154
177
0.50
0.22

8/78
615
0
0
0
25
10
35
35
0.40
0.00

11/79
615
2
1
3
21
7
28
31
0.33
0.14

2/80
615
3
0
3
149
25
174
177
0.17
0.02

10/80
615
5
3
8
83
35
118
126
0.42
0.10

10/81
615
20
3
23
64
27
91
114
0.42
0.36

8/82
615
18
3
21
57
17
74
95
0.30
0.37

9/82
615
21
17
38
197
66
263
301
0.34
0.19

3/83
615
5
2
7
0
0
0
7



4/83
615
6
0
6
0
3
3
9



9/83
615
31
9
40
177
69
246
286
0.39
0.23

9/83
615
24
6
30
104
36
140
170
0.35
0.29

2/84
615
5
2
7
39
15
54
61
0.38
0.18

3/84
615
9
5
14
0
0
0
14



9/84
615
18
19
37
80
40
120
157
0.50
0.46

2/85
615
1
1
2
27
13
40
42
0.48
0.07

3/85
615
4
2
6
0
0
0
6



3/85
615
10
6
16
0
0
0
16



9/85
615
2
1
3
24
3
27
30
0.13
0.13

9/86
615
64
20
84
394
164
558
642
0.42
0.21

4/87
615
7
11
18
235
73
308
326
0.31
0.08

9/87
615
59
24
83
222
99
321
404
0.45
0.37

4/88
615
11
4
15
178
64
242
257
0.36
0.08

9/88
615
22
15
37
164
79
243
280
0.48
0.23

4/89
615
18
4
22
294
105
399
421
0.36
0.7

9/89
615
26
8
34
88
41
129
163
0.47
0.39

3/90
615
3
1
4
3
0
3
7
0.00
1.33

3/90
615
0
0
0
23
7
30
30
0.30
0.00

3/90
615
0
0
0
2
2
4
4
1.00
0.00

3/90
615
2
0
2
14
5
19
21
0.36
0.14

3/90
615
0
0
0
15
8
23
23
0.53
0.00

3/90
615
0
0
0
15
7
22
22
0.47
0.00

3/90
615
1
0
1
14
2
16
17
0.14
0.07

3/90
615
0
0
0
13
3
16
16
0.23
0.00

9/90
615
18
7
25
99
50
149
174
0.51
0.25

9/92
615
17
5
22
140
56
196
218
0.40
0.16

10/92
615
3
0
3
166
65
231
234
0.39
0.02

4/93
615
9
7
16
263
73
336
352
0.28
0.06

3/94
615
1
4
5
103
31
134
139
0.30
0.05

9/96
615
7
5
12
54
15
69
81
0.28
0.22

4/97
615
5
3
8
176
67
243
251
0.38
0.05

9/97
615
17
10
27
120
54
174
201
0.45
0.23

3/98
615
0
1
2
191
61
252
254
0.32
0.01

7/76
618
14
5
19
44
30
74
93
0.68
0.43

9/76
618
8
1
9
33
16
49
58
0.48
0.27

3/77
618
2
0
2
30
13
43
45
0.43
0.07

8/78
618
0
0
0
26
8
34
34
0.31
0.00

10/80
618
10
7
17
63
22
85
102
0.35
0.27

8/81
618
24
9
33
132
56
188
221
0.42
0.25

8/81
618
17
2
19
104
35
139
158
0.34
0.18

10/81
618
11
11
22
85
46
131
153
0.54
0.26

9/82
618
0
6
6
44
13
57
63
0.30
0.14

9/83
618
9
12
21
83
38
121
142
0.46
0.25

9/84
618
18
3
21
77
35
112
133
0.45
0.27

9/86
618
19
11
30
68
30
98
128
0.44
0.44

9/87
618
0
3
3
31
8
39
42
0.26
0.10

9/91
618
15
7
22
121
56
177
199
0.46
0.18

3/92
618
1
1
2
70
29
99
101
0.41
0.03

9/93
618
8
9
17
115
32
147
164
0.28
0.15

9/93
618
8
9
17
129
42
171
188
0.33
0.13

7/76
636
0
0
0
8
9
17
17
1.13
0.00

10/81
636
7
1
8
51
19
70
78
0.37
0.16

8/82
636
1
0
1
16
8
24
25
0.50
0.06

9/82
636
11
6
17
17
8
25
42
0.47
1.00

9/83
636
6
7
13
40
21
61
74
0.53
0.33

9/83
636
3
2
5
11
8
19
24
0.73
0.45

3/84
636
22
2
24
78
34
112
136
0.44
0.31

9/84
636
1
2
3
10
5
15
18
0.50
0.30

9/86
636
3
9
12
35
17
52
64
0.49
0.34

4/95
636
3
4
7
122
34
156
163
0.28
0.06

10/95
636
3
1
4
44
8
52
56
0.18
0.09

10/97
636
0
4
4
19
6
25
29
0.32
0.21

3/98
636
6
7
13
100
48
148
161
0.48
0.13

9/86
638
0
4
4
5
2
7
11
0.40
0.80

4/95
638
3
1
4
61
19
80
84
0.31
0.07

3/98
638
14
10
24
165
59
224
248
0.36
0.15

3/98
638
15
6
21
108
45
153
174
0.42
0.19

7/76
639
9
6
15
56
26
82
97
0.46
0.27

3/77
639
0
0
0
9
4
13
13
0.44
0.00

8/78
639
0
0
0
23
4
27
27
0.17
0.00

9/78
639
0
0
0
6
2
8
8
0.33
0.00

2/80
639
2
1
3
37
15
52
55
0.41
0.08

9/80
639
6
5
11
26
8
34
45
0.31
0.42

9/84
639
1
0
1
8
5
13
14
0.63
0.13

9/80
642
0
1
1
3
3
6
7
1.00
0.33

3/77
645
0
0
0
11
4
15
15
0.36
0.00

8/78
645
0
0
1
12

12
13
0.00
0.08

2/80
648
1
0
1
51
7
58
59
0.14
0.02

8/82
648
4
4
8
22
10
32
40
0.45
0.36

9/86
648
1
0
1
7
4
11
12
0.57
0.14

4/97
648
1
0
1
96
29
125
126
0.30
0.01

9/97
648
4
0
4
95
12
107
111
0.13
0.04

10/97
648
4
4
8
98
15
113
121
0.15
0.08

3/98
648
2
1
3
56
22
78
81
0.39
0.05

7/76
651
1
0
1
3
2
5
6
0.67
0.33

4/97
651
4
0
4
66
22
88
92
0.33
0.06

10/97
651
2
2
4
57
10
67
71
0.18
0.07

3/98
651
2
1
3
27
13
40
43
0.48
0.11

























     aComposition data from aerial survey flights conducted by Washington Department of Fish and 

Wildlife, Point No Point Treaty Council, and Makah Indian Nation (unpublished data).
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		0.8459927

		0.8469927

		0.8479927

		0.8489926

		0.8499926

		0.8509926

		0.8519926

		0.8529926

		0.8539926

		0.8549926

		0.8559926

		0.8569926

		0.8579925

		0.8589925

		0.8599925

		0.8609925

		0.8619925

		0.8629924

		0.8639924

		0.8649924

		0.8659924

		0.8669924

		0.8679924

		0.8689924

		0.8699924

		0.8709924

		0.8719924

		0.8729923

		0.8739923

		0.8749923

		0.8759923

		0.8769923

		0.8779922

		0.8789922

		0.8799922

		0.8809922

		0.8819922

		0.8829922

		0.8839922

		0.8849922

		0.8859922

		0.8869922

		0.8879921

		0.8889921

		0.8899921

		0.8909921

		0.8919921

		0.8929921

		0.8939921

		0.8949921

		0.8959921

		0.896992

		0.897992

		0.898992

		0.899992

		0.900992

		0.9019919

		0.9029919

		0.9039919

		0.9049919

		0.9059919

		0.9069919

		0.9079919

		0.9089919

		0.9099919

		0.9109919

		0.9119918

		0.9129918

		0.9139918

		0.9149918

		0.9159918

		0.9169918

		0.9179918

		0.9189918

		0.9199918

		0.9209918

		0.9219917

		0.9229917

		0.9239917

		0.9249917

		0.9259916

		0.9269916

		0.9279916

		0.9289916

		0.9299916

		0.9309916

		0.9319916

		0.9329916

		0.9339916

		0.9349916

		0.9359915

		0.9369915

		0.9379915

		0.9389915

		0.9399915

		0.9409914

		0.9419914

		0.9429914

		0.9439914

		0.9449914

		0.9459914

		0.9469914

		0.9479914

		0.9489914

		0.9499914

		0.9509913

		0.9519913

		0.9529913

		0.9539913

		0.9549912

		0.9559912

		0.9569912

		0.9579912

		0.9589912

		0.9599912

		0.9609912

		0.9619912

		0.9629912

		0.9639912

		0.9649911

		0.9659911

		0.9669911

		0.9679911

		0.9689911

		0.9699911

		0.9709911

		0.9719911

		0.9729911

		0.9739911

		0.974991

		0.975991

		0.976991

		0.977991

		0.978991

		0.9799909

		0.9809909

		0.9819909

		0.9829909

		0.9839909

		0.9849909

		0.9859909

		0.9869909

		0.9879909

		0.9889908

		0.9899908

		0.9909908

		0.9919908

		0.9929908

		0.9939908

		0.9949908

		0.9959908

		0.9969908

		0.9979908

		0.9989907

		0.9999907

		1.000991

		1.001991

		1.002991

		1.003991

		1.004991

		1.005991

		1.006991

		1.007991

		1.008991

		1.009991

		1.010991

		1.011991

		1.012991

		1.013991

		1.014991

		1.015991

		1.016991

		1.017991

		1.018992

		1.019992

		1.020992

		1.021992

		1.022992

		1.023992

		1.024992

		1.025992

		1.026992

		1.027992

		1.028992

		1.029992

		1.030992

		1.031992

		1.032992

		1.033992

		1.034992

		1.035992

		1.036992

		1.037992

		1.038992

		1.039992

		1.040993

		1.041993

		1.042993

		1.043993

		1.044993

		1.045993

		1.046993

		1.047993

		1.048993

		1.049993

		1.050993

		1.051993

		1.052993

		1.053993

		1.054993

		1.055993

		1.056993

		1.057993

		1.058993

		1.059993

		1.060993

		1.061994

		1.062994

		1.063994

		1.064994

		1.065994

		1.066994

		1.067994

		1.068994

		1.069994

		1.070994

		1.071994

		1.072994

		1.073994

		1.074994

		1.075994

		1.076994

		1.077994

		1.078994

		1.079994

		1.080994

		1.081994

		1.082995

		1.083995

		1.084995

		1.085995

		1.086995

		1.087995

		1.088995

		1.089995

		1.090995

		1.091995

		1.092995

		1.093995

		1.094995

		1.095995

		1.096995

		1.097995

		1.098995

		1.099995

		1.100995

		1.101995

		1.102995

		1.103996

		1.104996

		1.105996

		1.106996

		1.107996

		1.108996

		1.109996

		1.110996

		1.111996

		1.112996

		1.113996

		1.114996

		1.115996

		1.116996

		1.117996

		1.118996

		1.119996

		1.120996

		1.121996

		1.122996

		1.123996

		1.124996

		1.125997

		1.126997

		1.127997

		1.128997

		1.129997

		1.130997

		1.131997

		1.132997

		1.133997

		1.134997

		1.135997

		1.136997

		1.137997

		1.138997

		1.139997

		1.140997

		1.141997

		1.142997

		1.143997

		1.144997

		1.145997

		1.146998

		1.147998

		1.148998

		1.149998

		1.150998

		1.151998

		1.152998

		1.153998

		1.154998

		1.155998

		1.156998

		1.157998

		1.158998

		1.159998

		1.160998

		1.161998

		1.162998

		1.163998

		1.164998

		1.165998

		1.166998

		1.167998

		1.168999

		1.169999

		1.170999

		1.171999

		1.172999

		1.173999

		1.174999

		1.175999

		1.176999

		1.177999

		1.178999

		1.179999

		1.180999

		1.181999

		1.182999

		1.183999

		1.184999

		1.185999

		1.186999

		1.187999

		1.188999

		1.19

		1.191

		1.192

		1.193

		1.194

		1.195

		1.196

		1.197

		1.198

		1.199

		1.2

		1.201

		1.202

		1.203

		1.204

		1.205

		1.206

		1.207

		1.208

		1.209

		1.21

		1.211001

		1.212001

		1.213001

		1.214001

		1.215001

		1.216001

		1.217001

		1.218001

		1.219001

		1.220001

		1.221001

		1.222001

		1.223001

		1.224001

		1.225001

		1.226001

		1.227001

		1.228001

		1.229001

		1.230001

		1.231001

		1.232001

		1.233002

		1.234002

		1.235002

		1.236002

		1.237002

		1.238002

		1.239002

		1.240002

		1.241002

		1.242002

		1.243002

		1.244002

		1.245002

		1.246002

		1.247002

		1.248002

		1.249002

		1.250002

		1.251002

		1.252002

		1.253002

		1.254003

		1.255003

		1.256003

		1.257003

		1.258003

		1.259003

		1.260003

		1.261003

		1.262003

		1.263003

		1.264003

		1.265003

		1.266003

		1.267003

		1.268003

		1.269003

		1.270003

		1.271003

		1.272003

		1.273003

		1.274003

		1.275003

		1.276004

		1.277004

		1.278004

		1.279004

		1.280004

		1.281004

		1.282004

		1.283004

		1.284004

		1.285004

		1.286004

		1.287004

		1.288004

		1.289004

		1.290004

		1.291004

		1.292004

		1.293004

		1.294004

		1.295004

		1.296004

		1.297005

		1.298005

		1.299005

		1.300005

		1.301005

		1.302005

		1.303005

		1.304005

		1.305005

		1.306005

		1.307005

		1.308005

		1.309005

		1.310005

		1.311005

		1.312005

		1.313005

		1.314005

		1.315005

		1.316005

		1.317005

		1.318006

		1.319006

		1.320006

		1.321006

		1.322006

		1.323006

		1.324006

		1.325006

		1.326006

		1.327006

		1.328006

		1.329006

		1.330006

		1.331006

		1.332006

		1.333006

		1.334006

		1.335006

		1.336006

		1.337006

		1.338006

		1.339006

		1.340007

		1.341007

		1.342007

		1.343007

		1.344007

		1.345007

		1.346007

		1.347007

		1.348007

		1.349007

		1.350007

		1.351007

		1.352007

		1.353007

		1.354007

		1.355007

		1.356007

		1.357007

		1.358007

		1.359007

		1.360007

		1.361008

		1.362008

		1.363008

		1.364008

		1.365008

		1.366008

		1.367008

		1.368008

		1.369008

		1.370008

		1.371008

		1.372008

		1.373008

		1.374008

		1.375008

		1.376008

		1.377008

		1.378008

		1.379008

		1.380008

		1.381008

		1.382008

		1.383009

		1.384009

		1.385009

		1.386009

		1.387009

		1.388009

		1.389009

		1.390009

		1.391009

		1.392009

		1.393009

		1.394009

		1.395009

		1.396009

		1.397009

		1.398009

		1.399009

		1.400009

		1.401009

		1.402009

		1.403009

		1.40401

		1.40501

		1.40601

		1.40701

		1.40801

		1.40901

		1.41001

		1.41101

		1.41201

		1.41301

		1.41401

		1.41501

		1.41601

		1.41701

		1.41801

		1.41901

		1.42001

		1.42101

		1.42201

		1.42301

		1.42401

		1.425011

		1.426011

		1.427011

		1.428011

		1.429011

		1.430011

		1.431011

		1.432011

		1.433011

		1.434011

		1.435011

		1.436011

		1.437011

		1.438011

		1.439011

		1.440011

		1.441011

		1.442011

		1.443011

		1.444011

		1.445011

		1.446011

		1.447012

		1.448012

		1.449012

		1.450012

		1.451012

		1.452012

		1.453012

		1.454012

		1.455012

		1.456012

		1.457012

		1.458012

		1.459012

		1.460012

		1.461012

		1.462012

		1.463012

		1.464012

		1.465012

		1.466012

		1.467012

		1.468013

		1.469013

		1.470013

		1.471013

		1.472013

		1.473013

		1.474013

		1.475013

		1.476013

		1.477013

		1.478013

		1.479013

		1.480013

		1.481013

		1.482013

		1.483013

		1.484013

		1.485013

		1.486013

		1.487013

		1.488013

		1.489013

		1.490014

		1.491014

		1.492014

		1.493014

		1.494014

		1.495014

		1.496014

		1.497014

		1.498014

		1.499014

		1.500014

		1.501014

		1.502014

		1.503014

		1.504014

		1.505014

		1.506014

		1.507014

		1.508014

		1.509014

		1.510014

		1.511015

		1.512015

		1.513015

		1.514015

		1.515015

		1.516015

		1.517015

		1.518015

		1.519015

		1.520015

		1.521015

		1.522015

		1.523015

		1.524015

		1.525015

		1.526015

		1.527015

		1.528015

		1.529015

		1.530015

		1.531015

		1.532016

		1.533016

		1.534016

		1.535016

		1.536016

		1.537016

		1.538016

		1.539016

		1.540016

		1.541016

		1.542016

		1.543016

		1.544016

		1.545016

		1.546016

		1.547016

		1.548016

		1.549016

		1.550016

		1.551016

		1.552016

		1.553016

		1.554017

		1.555017

		1.556017

		1.557017

		1.558017

		1.559017

		1.560017

		1.561017

		1.562017

		1.563017

		1.564017

		1.565017

		1.566017

		1.567017

		1.568017

		1.569017

		1.570017

		1.571017

		1.572017

		1.573017

		1.574017

		1.575018

		1.576018

		1.577018

		1.578018

		1.579018

		1.580018

		1.581018

		1.582018

		1.583018

		1.584018

		1.585018

		1.586018

		1.587018

		1.588018

		1.589018

		1.590018

		1.591018

		1.592018

		1.593018

		1.594018

		1.595018

		1.596018

		1.597019

		1.598019

		1.599019

		1.600019

		1.601019

		1.602019

		1.603019

		1.604019

		1.605019

		1.606019

		1.607019

		1.608019

		1.609019

		1.610019

		1.611019

		1.612019

		1.613019

		1.614019

		1.615019

		1.616019

		1.617019

		1.61802

		1.61902

		1.62002

		1.62102

		1.62202

		1.62302

		1.62402

		1.62502

		1.62602

		1.62702

		1.62802

		1.62902

		1.63002

		1.63102

		1.63202

		1.63302

		1.63402

		1.63502

		1.63602

		1.63702

		1.63802

		1.639021

		1.640021

		1.641021

		1.642021

		1.643021

		1.644021

		1.645021

		1.646021

		1.647021

		1.648021

		1.649021

		1.650021

		1.651021

		1.652021

		1.653021

		1.654021

		1.655021

		1.656021

		1.657021

		1.658021

		1.659021

		1.660021

		1.661022

		1.662022

		1.663022

		1.664022

		1.665022

		1.666022

		1.667022

		1.668022

		1.669022

		1.670022

		1.671022

		1.672022

		1.673022

		1.674022

		1.675022

		1.676022

		1.677022

		1.678022

		1.679022

		1.680022

		1.681022

		1.682023

		1.683023

		1.684023

		1.685023

		1.686023

		1.687023

		1.688023

		1.689023

		1.690023

		1.691023

		1.692023

		1.693023

		1.694023

		1.695023

		1.696023

		1.697023

		1.698023

		1.699023

		1.700023

		1.701023

		1.702023

		1.703023

		1.704024

		1.705024

		1.706024

		1.707024

		1.708024

		1.709024

		1.710024

		1.711024

		1.712024

		1.713024

		1.714024

		1.715024

		1.716024

		1.717024

		1.718024

		1.719024

		1.720024

		1.721024

		1.722024

		1.723024

		1.724024

		1.725025

		1.726025

		1.727025

		1.728025

		1.729025

		1.730025

		1.731025

		1.732025

		1.733025

		1.734025

		1.735025

		1.736025

		1.737025

		1.738025

		1.739025

		1.740025

		1.741025

		1.742025

		1.743025

		1.744025

		1.745025

		1.746026

		1.747026

		1.748026

		1.749026

		1.750026

		1.751026

		1.752026

		1.753026

		1.754026

		1.755026

		1.756026

		1.757026

		1.758026

		1.759026

		1.760026

		1.761026

		1.762026

		1.763026

		1.764026

		1.765026

		1.766026

		1.767026

		1.768027

		1.769027

		1.770027

		1.771027

		1.772027

		1.773027

		1.774027

		1.775027

		1.776027

		1.777027

		1.778027

		1.779027

		1.780027

		1.781027

		1.782027

		1.783027

		1.784027

		1.785027

		1.786027

		1.787027

		1.788027

		1.789028

		1.790028

		1.791028

		1.792028

		1.793028

		1.794028

		1.795028

		1.796028

		1.797028

		1.798028

		1.799028

		1.800028

		1.801028

		1.802028

		1.803028

		1.804028

		1.805028

		1.806028

		1.807028

		1.808028

		1.809028

		1.810028

		1.811029

		1.812029

		1.813029

		1.814029

		1.815029

		1.816029

		1.817029

		1.818029

		1.819029

		1.820029

		1.821029

		1.822029

		1.823029

		1.824029

		1.825029

		1.826029

		1.827029

		1.828029

		1.829029

		1.830029

		1.831029

		1.83203

		1.83303

		1.83403

		1.83503

		1.83603

		1.83703

		1.83803

		1.83903

		1.84003

		1.84103

		1.84203

		1.84303

		1.84403

		1.84503

		1.84603

		1.84703

		1.84803

		1.84903

		1.85003

		1.85103

		1.85203

		1.853031

		1.854031

		1.855031

		1.856031

		1.857031

		1.858031

		1.859031

		1.860031

		1.861031

		1.862031

		1.863031

		1.864031

		1.865031

		1.866031

		1.867031

		1.868031

		1.869031

		1.870031

		1.871031

		1.872031

		1.873031

		1.874031

		1.875032

		1.876032

		1.877032

		1.878032

		1.879032

		1.880032

		1.881032

		1.882032

		1.883032

		1.884032

		1.885032

		1.886032

		1.887032

		1.888032

		1.889032

		1.890032

		1.891032

		1.892032

		1.893032

		1.894032

		1.895032

		1.896033

		1.897033

		1.898033

		1.899033

		1.900033

		1.901033

		1.902033

		1.903033

		1.904033

		1.905033

		1.906033

		1.907033

		1.908033

		1.909033

		1.910033

		1.911033

		1.912033

		1.913033

		1.914033

		1.915033

		1.916033

		1.917033

		1.918034

		1.919034

		1.920034

		1.921034

		1.922034

		1.923034

		1.924034

		1.925034

		1.926034

		1.927034

		1.928034

		1.929034

		1.930034

		1.931034

		1.932034

		1.933034

		1.934034

		1.935034

		1.936034

		1.937034

		1.938034

		1.939035

		1.940035

		1.941035

		1.942035

		1.943035

		1.944035

		1.945035

		1.946035

		1.947035

		1.948035

		1.949035

		1.950035

		1.951035

		1.952035

		1.953035

		1.954035

		1.955035

		1.956035

		1.957035

		1.958035

		1.959035

		1.960036

		1.961036

		1.962036

		1.963036

		1.964036

		1.965036

		1.966036

		1.967036

		1.968036

		1.969036

		1.970036

		1.971036

		1.972036

		1.973036

		1.974036

		1.975036

		1.976036

		1.977036

		1.978036

		1.979036

		1.980036

		1.981036

		1.982037

		1.983037

		1.984037

		1.985037

		1.986037

		1.987037

		1.988037

		1.989037

		1.990037

		1.991037

		1.992037

		1.993037

		1.994037

		1.995037

		1.996037

		1.997037

		1.998037

		1.999037



Road Density (km/km2)

Probability

0.9986198

0.9985996

0.998579

0.9985581

0.9985368

0.9985153

0.9984936

0.9984713

0.9984489

0.9984261

0.998403

0.9983795

0.9983557

0.9983315

0.998307

0.9982821

0.9982569

0.9982312

0.9982052

0.9981788

0.9981521

0.9981249

0.9980974

0.9980694

0.9980411

0.9980122

0.997983

0.9979534

0.9979233

0.9978928

0.9978619

0.9978304

0.9977985

0.9977662

0.9977334

0.9977001

0.9976664

0.997632

0.9975972

0.9975619

0.9975261

0.9974898

0.9974529

0.9974156

0.9973776

0.9973391

0.9973001

0.9972603

0.9972202

0.9971794

0.9971379

0.9970959

0.9970532

0.99701

0.9969661

0.9969216

0.9968764

0.9968305

0.996784

0.9967368

0.996689

0.9966403

0.9965911

0.9965409
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		0.20		0.9745729

		0.20		0.9742081

		0.20		0.9738382

		0.21		0.9734633

		0.21		0.9730831

		0.21		0.9726976

		0.21		0.9723067

		0.21		0.9719104

		0.21		0.9715086

		0.21		0.9711012

		0.21		0.9706881

		0.21		0.9702694

		0.21		0.9698448

		0.22		0.9694144

		0.22		0.968978

		0.22		0.9685356

		0.22		0.9680871

		0.22		0.9676325

		0.22		0.9671715

		0.22		0.9667042

		0.22		0.9662304

		0.22		0.9657503

		0.22		0.9652635

		0.23		0.96477

		0.23		0.9642699

		0.23		0.9637628

		0.23		0.9632489

		0.23		0.9627279

		0.23		0.9621998

		0.23		0.9616646

		0.23		0.9611221

		0.23		0.9605722

		0.23		0.9600149

		0.24		0.9594501

		0.24		0.9588774

		0.24		0.9582972

		0.24		0.9577091

		0.24		0.9571132

		0.24		0.9565091

		0.24		0.9558971

		0.24		0.9552767

		0.24		0.9546481

		0.24		0.9540109

		0.25		0.9533654

		0.25		0.9527112

		0.25		0.9520483

		0.25		0.9513766

		0.25		0.9506959

		0.25		0.9500062

		0.25		0.9493074

		0.25		0.9485994

		0.25		0.947882

		0.25		0.9471552

		0.26		0.9464188

		0.26		0.9456728

		0.26		0.9449169

		0.26		0.9441511

		0.26		0.9433754

		0.26		0.9425894

		0.26		0.9417933

		0.26		0.9409869

		0.26		0.9401699

		0.26		0.9393424

		0.27		0.9385042

		0.27		0.9376552

		0.27		0.9367952

		0.27		0.9359243

		0.27		0.9350421

		0.27		0.9341486

		0.27		0.9332438

		0.27		0.9323274

		0.27		0.9313994

		0.27		0.9304595

		0.28		0.9295078

		0.28		0.9285439

		0.28		0.927568

		0.28		0.9265798

		0.28		0.9255792

		0.28		0.9245661

		0.28		0.9235404

		0.28		0.9225018

		0.28		0.9214504

		0.28		0.9203859

		0.28		0.9193082

		0.29		0.9182174

		0.29		0.9171129

		0.29		0.9159951

		0.29		0.9148634

		0.29		0.9137181

		0.29		0.9125587

		0.29		0.9113853

		0.29		0.9101978

		0.29		0.9089958

		0.29		0.9077794

		0.30		0.9065484

		0.30		0.9053028

		0.30		0.9040422

		0.30		0.9027668

		0.30		0.9014761

		0.30		0.9001703

		0.30		0.8988491

		0.30		0.8975123

		0.30		0.89616

		0.30		0.8947919

		0.31		0.8934079

		0.31		0.8920079

		0.31		0.8905918

		0.31		0.8891595

		0.31		0.8877108

		0.31		0.8862454

		0.31		0.8847636

		0.31		0.8832648

		0.31		0.8817493

		0.31		0.8802167

		0.32		0.8786671

		0.32		0.8771001

		0.32		0.8755158

		0.32		0.8739139

		0.32		0.8722946

		0.32		0.8706574

		0.32		0.8690024

		0.32		0.8673295

		0.32		0.8656384

		0.32		0.8639293

		0.33		0.8622019

		0.33		0.8604562

		0.33		0.8586918

		0.33		0.8569089

		0.33		0.8551073

		0.33		0.8532869

		0.33		0.8514476

		0.33		0.8495892

		0.33		0.8477119

		0.33		0.8458154

		0.34		0.8438994

		0.34		0.8419643

		0.34		0.8400096

		0.34		0.8380354

		0.34		0.8360417

		0.34		0.8340283

		0.34		0.831995

		0.34		0.829942

		0.34		0.827869

		0.34		0.8257761

		0.35		0.8236633

		0.35		0.8215301

		0.35		0.8193771

		0.35		0.8172036

		0.35		0.8150101

		0.35		0.8127961

		0.35		0.810562

		0.35		0.8083073

		0.35		0.8060323

		0.35		0.8037369

		0.36		0.801421

		0.36		0.7990846

		0.36		0.7967276

		0.36		0.79435

		0.36		0.791952

		0.36		0.7895335

		0.36		0.7870943

		0.36		0.7846345

		0.36		0.7821543

		0.36		0.7796536

		0.37		0.7771321

		0.37		0.7745904

		0.37		0.772028

		0.37		0.7694453

		0.37		0.7668421

		0.37		0.7642185

		0.37		0.7615746

		0.37		0.7589104

		0.37		0.7562259

		0.37		0.7535212

		0.38		0.7507965

		0.38		0.7480516

		0.38		0.7452869

		0.38		0.7425021

		0.38		0.7396977

		0.38		0.7368734

		0.38		0.7340296

		0.38		0.7311662

		0.38		0.7282835

		0.38		0.7253813

		0.39		0.7224601

		0.39		0.7195198

		0.39		0.7165606

		0.39		0.7135824

		0.39		0.7105857

		0.39		0.7075706

		0.39		0.704537

		0.39		0.7014853

		0.39		0.6984155

		0.39		0.6953278

		0.40		0.6922225

		0.40		0.6890998

		0.40		0.6859595

		0.40		0.6828024

		0.40		0.6796281

		0.40		0.6764373

		0.40		0.67323

		0.40		0.6700062

		0.40		0.6667665

		0.40		0.663511

		0.41		0.6602399

		0.41		0.6569533

		0.41		0.6536517

		0.41		0.6503352

		0.41		0.6470041

		0.41		0.6436587

		0.41		0.6402992

		0.41		0.6369258

		0.41		0.633539

		0.41		0.6301389

		0.42		0.6267259

		0.42		0.6233002

		0.42		0.6198621

		0.42		0.6164118

		0.42		0.61295

		0.42		0.6094766

		0.42		0.6059921

		0.42		0.6024968

		0.42		0.5989909

		0.42		0.595475

		0.43		0.5919491

		0.43		0.5884138

		0.43		0.5848694

		0.43		0.5813163

		0.43		0.5777545

		0.43		0.5741846

		0.43		0.5706072

		0.43		0.5670222

		0.43		0.5634302

		0.43		0.5598316

		0.44		0.5562267

		0.44		0.5526158

		0.44		0.5489994

		0.44		0.5453777

		0.44		0.5417513

		0.44		0.5381205

		0.44		0.5344856

		0.44		0.530847

		0.44		0.5272052

		0.44		0.5235604

		0.45		0.5199132

		0.45		0.5162639

		0.45		0.5126127

		0.45		0.5089602

		0.45		0.5053068

		0.45		0.5016529

		0.45		0.4979986

		0.45		0.4943447

		0.45		0.4906914

		0.45		0.487039

		0.46		0.483388

		0.46		0.4797389

		0.46		0.4760918

		0.46		0.4724473

		0.46		0.4688058

		0.46		0.4651675

		0.46		0.4615329

		0.46		0.4579026

		0.46		0.4542765

		0.46		0.4506554

		0.47		0.4470396

		0.47		0.4434292

		0.47		0.4398249

		0.47		0.4362268

		0.47		0.4326356

		0.47		0.4290512

		0.47		0.4254745

		0.47		0.4219054

		0.47		0.4183445

		0.47		0.414792

		0.48		0.4112485

		0.48		0.407714

		0.48		0.4041892

		0.48		0.4006741

		0.48		0.3971694

		0.48		0.3936751

		0.48		0.3901916

		0.48		0.3867194

		0.48		0.3832585

		0.48		0.3798095

		0.49		0.3763725

		0.49		0.372948

		0.49		0.3695362

		0.49		0.3661374

		0.49		0.3627517

		0.49		0.3593798

		0.49		0.3560215

		0.49		0.3526774

		0.49		0.3493477

		0.49		0.3460327

		0.50		0.3427326

		0.50		0.3394474

		0.50		0.3361778

		0.50		0.3329237

		0.50		0.3296856

		0.50		0.3264633

		0.50		0.3232575

		0.50		0.3200682

		0.50		0.3168957

		0.50		0.31374

		0.51		0.3106016

		0.51		0.3074804

		0.51		0.3043768

		0.51		0.3012909

		0.51		0.2982228

		0.51		0.2951728

		0.51		0.2921409

		0.51		0.2891275

		0.51		0.2861325

		0.51		0.2831563

		0.52		0.2801988

		0.52		0.2772603

		0.52		0.2743409

		0.52		0.2714406

		0.52		0.2685597

		0.52		0.2656982

		0.52		0.2628562

		0.52		0.2600339

		0.52		0.2572313

		0.52		0.2544485

		0.53		0.2516856

		0.53		0.2489427

		0.53		0.2462199

		0.53		0.2435171

		0.53		0.2408346

		0.53		0.2381722

		0.53		0.2355303

		0.53		0.2329086

		0.53		0.2303074

		0.53		0.2277265

		0.54		0.2251662

		0.54		0.2226263

		0.54		0.220107

		0.54		0.2176082

		0.54		0.2151298

		0.54		0.2126721

		0.54		0.2102349

		0.54		0.2078183

		0.54		0.2054222

		0.54		0.2030467

		0.55		0.2006917

		0.55		0.1983572

		0.55		0.1960432

		0.55		0.1937497

		0.55		0.1914767

		0.55		0.189224

		0.55		0.1869917

		0.55		0.1847798

		0.55		0.1825881

		0.55		0.1804166

		0.56		0.1782654

		0.56		0.1761344

		0.56		0.1740233

		0.56		0.1719323

		0.56		0.1698612

		0.56		0.1678102

		0.56		0.1657788

		0.56		0.1637672

		0.56		0.1617754

		0.56		0.1598031

		0.57		0.1578502

		0.57		0.1559168

		0.57		0.1540028

		0.57		0.1521082

		0.57		0.1502326

		0.57		0.1483761

		0.57		0.1465387

		0.57		0.14472

		0.57		0.1429202

		0.57		0.141139

		0.58		0.1393765

		0.58		0.1376325

		0.58		0.1359067

		0.58		0.1341993

		0.58		0.1325101

		0.58		0.1308389

		0.58		0.1291856

		0.58		0.1275503

		0.58		0.1259325

		0.58		0.1243323

		0.59		0.1227496

		0.59		0.1211844

		0.59		0.1196363

		0.59		0.1181054

		0.59		0.1165914

		0.59		0.1150944

		0.59		0.113614

		0.59		0.1121503

		0.59		0.1107032

		0.59		0.1092723

		0.60		0.1078577

		0.60		0.1064593

		0.60		0.1050768

		0.60		0.1037103

		0.60		0.1023594

		0.60		0.1010242

		0.60		9.97E-02

		0.60		9.84E-02

		0.60		9.71E-02

		0.60		9.58E-02

		0.61		9.46E-02

		0.61		9.33E-02

		0.61		9.21E-02

		0.61		9.09E-02

		0.61		8.97E-02

		0.61		8.85E-02

		0.61		8.73E-02

		0.61		8.62E-02

		0.61		8.50E-02

		0.61		8.39E-02

		0.62		8.28E-02

		0.62		8.17E-02

		0.62		8.06E-02

		0.62		7.95E-02

		0.62		7.84E-02

		0.62		7.74E-02

		0.62		7.64E-02

		0.62		7.53E-02

		0.62		7.43E-02

		0.62		7.33E-02

		0.63		7.23E-02

		0.63		0.0713635

		0.63		7.04E-02

		0.63		6.95E-02

		0.63		0.0685116

		0.63		6.76E-02

		0.63		6.67E-02

		0.63		6.58E-02

		0.63		6.49E-02

		0.63		6.40E-02

		0.64		6.31E-02

		0.64		6.23E-02

		0.64		6.14E-02

		0.64		6.06E-02

		0.64		5.98E-02

		0.64		0.0589357

		0.64		5.81E-02

		0.64		5.73E-02

		0.64		0.0565502

		0.64		5.58E-02

		0.65		5.50E-02

		0.65		5.43E-02

		0.65		5.35E-02

		0.65		5.28E-02

		0.65		0.0520491

		0.65		5.13E-02

		0.65		5.06E-02

		0.65		4.99E-02

		0.65		4.92E-02

		0.65		4.86E-02

		0.66		4.79E-02

		0.66		4.72E-02

		0.66		4.66E-02

		0.66		4.59E-02

		0.66		4.53E-02

		0.66		4.47E-02

		0.66		4.40E-02

		0.66		4.34E-02

		0.66		4.28E-02

		0.66		4.22E-02

		0.67		4.16E-02

		0.67		4.11E-02

		0.67		4.05E-02

		0.67		3.99E-02

		0.67		3.94E-02

		0.67		3.88E-02

		0.67		3.83E-02

		0.67		3.77E-02

		0.67		3.72E-02

		0.67		3.67E-02

		0.68		3.62E-02

		0.68		3.57E-02

		0.68		3.52E-02

		0.68		3.47E-02

		0.68		3.42E-02

		0.68		3.37E-02

		0.68		3.33E-02

		0.68		3.28E-02

		0.68		3.23E-02

		0.68		3.19E-02

		0.69		3.14E-02

		0.69		0.0309803

		0.69		3.05E-02

		0.69		3.01E-02

		0.69		2.97E-02

		0.69		2.93E-02

		0.69		2.89E-02

		0.69		2.85E-02

		0.69		2.81E-02

		0.69		2.77E-02

		0.70		2.73E-02

		0.70		2.69E-02

		0.70		2.65E-02

		0.70		2.61E-02

		0.70		0.0257571

		0.70		2.54E-02

		0.70		0.0250336

		0.70		2.47E-02

		0.70		2.43E-02

		0.70		2.40E-02

		0.71		2.36E-02

		0.71		2.33E-02

		0.71		2.30E-02

		0.71		2.27E-02

		0.71		2.23E-02

		0.71		2.20E-02

		0.71		2.17E-02

		0.71		2.14E-02

		0.71		2.11E-02

		0.71		2.08E-02

		0.72		2.05E-02

		0.72		2.02E-02

		0.72		1.99E-02

		0.72		1.96E-02

		0.72		1.94E-02

		0.72		1.91E-02

		0.72		1.88E-02

		0.72		1.85E-02

		0.72		1.83E-02

		0.72		1.80E-02

		0.73		0.0177583

		0.73		1.75E-02

		0.73		1.73E-02

		0.73		1.70E-02

		0.73		0.0167667

		0.73		1.65E-02

		0.73		1.63E-02

		0.73		1.61E-02

		0.73		1.58E-02

		0.73		1.56E-02

		0.74		1.54E-02

		0.74		1.52E-02

		0.74		1.49E-02

		0.74		1.47E-02

		0.74		1.45E-02

		0.74		1.43E-02

		0.74		1.41E-02

		0.74		1.39E-02

		0.74		1.37E-02

		0.74		1.35E-02

		0.75		1.33E-02

		0.75		1.31E-02

		0.75		1.29E-02

		0.75		1.28E-02

		0.75		1.26E-02

		0.75		1.24E-02

		0.75		1.22E-02

		0.75		1.20E-02

		0.75		1.19E-02

		0.75		1.17E-02

		0.76		1.15E-02

		0.76		1.14E-02

		0.76		1.12E-02

		0.76		1.10E-02

		0.76		1.09E-02

		0.76		1.07E-02

		0.76		1.06E-02

		0.76		1.04E-02

		0.76		1.03E-02

		0.76		1.01E-02

		0.77		9.97E-03

		0.77		9.83E-03

		0.77		9.69E-03

		0.77		9.55E-03

		0.77		9.41E-03

		0.77		9.28E-03

		0.77		9.15E-03

		0.77		9.01E-03

		0.77		8.88E-03

		0.77		8.76E-03

		0.78		8.63E-03

		0.78		8.51E-03

		0.78		8.38E-03

		0.78		8.26E-03

		0.78		8.14E-03

		0.78		8.03E-03

		0.78		7.91E-03

		0.78		7.80E-03

		0.78		7.69E-03

		0.78		7.57E-03

		0.79		7.47E-03

		0.79		7.36E-03

		0.79		7.25E-03

		0.79		7.15E-03

		0.79		7.04E-03

		0.79		6.94E-03

		0.79		6.84E-03

		0.79		6.74E-03

		0.79		6.65E-03

		0.79		6.55E-03

		0.80		6.46E-03

		0.80		6.36E-03

		0.80		6.27E-03

		0.80		6.18E-03

		0.80		6.09E-03

		0.80		6.00E-03

		0.80		0.0059178

		0.80		5.83E-03

		0.80		5.75E-03

		0.80		5.67E-03

		0.81		5.58E-03

		0.81		5.50E-03

		0.81		5.42E-03

		0.81		5.35E-03

		0.81		5.27E-03

		0.81		5.19E-03

		0.81		5.12E-03

		0.81		0.0050433

		0.81		4.97E-03

		0.81		4.90E-03

		0.82		4.83E-03

		0.82		4.76E-03

		0.82		4.69E-03

		0.82		4.62E-03

		0.82		4.56E-03

		0.82		4.49E-03

		0.82		4.42E-03

		0.82		4.36E-03

		0.82		4.30E-03

		0.82		4.24E-03

		0.83		4.17E-03

		0.83		4.11E-03

		0.83		4.05E-03

		0.83		4.00E-03

		0.83		3.94E-03

		0.83		3.88E-03

		0.83		3.83E-03

		0.83		3.77E-03

		0.83		3.72E-03

		0.83		3.66E-03

		0.84		3.61E-03

		0.84		3.56E-03

		0.84		3.50E-03

		0.84		3.45E-03

		0.84		3.40E-03

		0.84		3.36E-03

		0.84		3.31E-03

		0.84		3.26E-03

		0.84		3.21E-03

		0.84		3.17E-03

		0.85		0.0031194

		0.85		3.07E-03

		0.85		3.03E-03

		0.85		2.99E-03

		0.85		2.94E-03

		0.85		2.90E-03

		0.85		2.86E-03

		0.85		2.82E-03

		0.85		2.78E-03

		0.85		2.74E-03

		0.86		2.70E-03

		0.86		2.66E-03

		0.86		2.62E-03

		0.86		2.58E-03

		0.86		2.54E-03

		0.86		2.51E-03

		0.86		2.47E-03

		0.86		2.43E-03

		0.86		2.40E-03

		0.86		2.36E-03

		0.87		2.33E-03

		0.87		2.30E-03

		0.87		2.26E-03

		0.87		2.23E-03

		0.87		2.20E-03

		0.87		2.17E-03

		0.87		2.14E-03

		0.87		2.10E-03

		0.87		2.07E-03

		0.87		2.04E-03

		0.88		2.01E-03

		0.88		1.99E-03

		0.88		1.96E-03

		0.88		0.001928

		0.88		1.90E-03

		0.88		1.87E-03

		0.88		1.85E-03

		0.88		1.82E-03

		0.88		1.79E-03

		0.88		1.77E-03

		0.89		1.74E-03

		0.89		1.72E-03

		0.89		1.69E-03

		0.89		1.67E-03

		0.89		1.64E-03

		0.89		1.62E-03

		0.89		1.59E-03

		0.89		1.57E-03

		0.89		1.55E-03

		0.89		1.53E-03

		0.90		1.50E-03

		0.90		1.48E-03

		0.90		1.46E-03

		0.90		1.44E-03

		0.90		1.42E-03

		0.90		1.40E-03

		0.90		1.38E-03

		0.90		1.36E-03

		0.90		1.34E-03

		0.90		1.32E-03

		0.91		1.30E-03

		0.91		1.28E-03

		0.91		1.26E-03

		0.91		1.24E-03

		0.91		1.23E-03

		0.91		1.21E-03

		0.91		1.19E-03

		0.91		1.17E-03

		0.91		1.16E-03

		0.91		1.14E-03

		0.92		1.12E-03

		0.92		1.11E-03

		0.92		1.09E-03

		0.92		1.08E-03

		0.92		1.06E-03

		0.92		1.04E-03

		0.92		1.03E-03

		0.92		1.01E-03

		0.92		1.00E-03

		0.92		9.85E-04

		0.93		9.71E-04

		0.93		9.57E-04

		0.93		9.43E-04

		0.93		9.29E-04

		0.93		9.16E-04

		0.93		9.03E-04

		0.93		8.89E-04

		0.93		8.77E-04

		0.93		8.64E-04

		0.93		8.51E-04

		0.94		8.39E-04

		0.94		8.27E-04

		0.94		8.15E-04

		0.94		8.03E-04

		0.94		7.91E-04

		0.94		7.80E-04

		0.94		7.69E-04

		0.94		7.57E-04

		0.94		7.46E-04

		0.94		7.36E-04

		0.95		7.25E-04

		0.95		7.14E-04

		0.95		7.04E-04

		0.95		6.94E-04

		0.95		6.84E-04

		0.95		6.74E-04

		0.95		6.64E-04

		0.95		6.55E-04

		0.95		6.45E-04

		0.95		6.36E-04

		0.96		6.26E-04

		0.96		6.17E-04

		0.96		6.08E-04

		0.96		6.00E-04

		0.96		5.91E-04

		0.96		5.82E-04

		0.96		5.74E-04

		0.96		5.66E-04

		0.96		5.57E-04

		0.96		5.49E-04

		0.97		5.41E-04

		0.97		5.33E-04

		0.97		5.26E-04

		0.97		5.18E-04

		0.97		5.11E-04

		0.97		5.03E-04

		0.97		4.96E-04

		0.97		4.89E-04

		0.97		4.82E-04

		0.97		4.75E-04

		0.98		4.68E-04

		0.98		4.61E-04

		0.98		4.54E-04

		0.98		4.48E-04

		0.98		4.41E-04

		0.98		4.35E-04

		0.98		4.28E-04

		0.98		4.22E-04

		0.98		4.16E-04

		0.98		4.10E-04

		0.99		4.04E-04

		0.99		3.98E-04

		0.99		3.93E-04

		0.99		3.87E-04

		0.99		3.81E-04

		0.99		3.76E-04

		0.99		3.70E-04

		0.99		3.65E-04

		0.99		3.60E-04

		0.99		3.54E-04

		1.00		3.49E-04

		1.00		3.44E-04

		1.00		3.39E-04

		1.00		3.34E-04

		1.00		3.29E-04

		1.00		3.25E-04

		1.00		3.20E-04

		1.00		3.15E-04

		1.00		3.11E-04

		1.00		3.06E-04

		1.01		3.02E-04

		1.01		2.97E-04

		1.01		2.93E-04

		1.01		2.89E-04

		1.01		2.85E-04

		1.01		2.80E-04

		1.01		2.76E-04

		1.01		2.72E-04

		1.01		2.68E-04

		1.01		2.65E-04

		1.02		2.61E-04

		1.02		2.57E-04

		1.02		2.53E-04

		1.02		2.50E-04

		1.02		2.46E-04

		1.02		2.42E-04

		1.02		2.39E-04

		1.02		2.35E-04

		1.02		2.32E-04

		1.02		2.29E-04

		1.03		2.25E-04

		1.03		2.22E-04

		1.03		2.19E-04

		1.03		2.16E-04

		1.03		2.12E-04

		1.03		2.09E-04

		1.03		2.06E-04

		1.03		2.03E-04

		1.03		2.00E-04

		1.03		1.97E-04

		1.04		1.95E-04

		1.04		1.92E-04

		1.04		1.89E-04

		1.04		1.86E-04

		1.04		1.84E-04

		1.04		1.81E-04

		1.04		1.78E-04

		1.04		1.76E-04

		1.04		1.73E-04

		1.04		1.71E-04

		1.05		1.68E-04

		1.05		1.66E-04

		1.05		1.63E-04

		1.05		1.61E-04

		1.05		1.59E-04

		1.05		1.56E-04

		1.05		1.54E-04

		1.05		1.52E-04

		1.05		1.50E-04

		1.05		1.47E-04

		1.06		1.45E-04

		1.06		1.43E-04

		1.06		1.41E-04

		1.06		1.39E-04

		1.06		1.37E-04

		1.06		1.35E-04

		1.06		1.33E-04

		1.06		1.31E-04

		1.06		1.29E-04

		1.06		1.27E-04

		1.07		1.26E-04

		1.07		1.24E-04

		1.07		1.22E-04

		1.07		1.20E-04

		1.07		1.18E-04

		1.07		1.17E-04

		1.07		1.15E-04

		1.07		1.13E-04

		1.07		1.12E-04

		1.07		1.10E-04

		1.08		1.08E-04

		1.08		1.07E-04

		1.08		1.05E-04

		1.08		1.04E-04

		1.08		1.02E-04

		1.08		1.01E-04

		1.08		9.94E-05

		1.08		9.79E-05

		1.08		9.65E-05

		1.08		9.51E-05

		1.09		9.37E-05

		1.09		9.24E-05

		1.09		9.10E-05

		1.09		8.97E-05

		1.09		8.84E-05

		1.09		8.71E-05

		1.09		8.59E-05

		1.09		8.46E-05

		1.09		8.34E-05

		1.09		8.22E-05

		1.10		8.10E-05

		1.10		7.98E-05

		1.10		7.86E-05

		1.10		7.75E-05

		1.10		7.64E-05

		1.10		7.53E-05

		1.10		7.42E-05

		1.10		7.31E-05

		1.10		7.20E-05

		1.10		7.10E-05

		1.11		7.00E-05

		1.11		6.90E-05

		1.11		6.80E-05

		1.11		6.70E-05

		1.11		6.60E-05

		1.11		6.50E-05

		1.11		6.41E-05

		1.11		6.32E-05

		1.11		6.22E-05

		1.11		6.13E-05

		1.12		6.05E-05

		1.12		5.96E-05

		1.12		5.87E-05

		1.12		5.79E-05

		1.12		5.70E-05

		1.12		5.62E-05

		1.12		5.54E-05

		1.12		5.46E-05

		1.12		5.38E-05

		1.12		5.30E-05

		1.13		5.22E-05

		1.13		5.15E-05

		1.13		5.07E-05

		1.13		5.00E-05

		1.13		4.93E-05

		1.13		4.86E-05

		1.13		4.78E-05

		1.13		4.72E-05

		1.13		4.65E-05

		1.13		4.58E-05

		1.14		4.51E-05

		1.14		4.45E-05

		1.14		4.38E-05

		1.14		4.32E-05

		1.14		4.26E-05

		1.14		4.19E-05

		1.14		4.13E-05

		1.14		4.07E-05

		1.14		4.01E-05

		1.14		3.96E-05

		1.15		3.90E-05

		1.15		3.84E-05

		1.15		3.79E-05

		1.15		3.73E-05

		1.15		3.68E-05

		1.15		3.62E-05

		1.15		3.57E-05

		1.15		3.52E-05

		1.15		3.47E-05

		1.15		3.42E-05

		1.16		3.37E-05

		1.16		3.32E-05

		1.16		3.27E-05

		1.16		3.22E-05

		1.16		3.18E-05

		1.16		3.13E-05

		1.16		3.09E-05

		1.16		3.04E-05

		1.16		3.00E-05

		1.16		2.95E-05

		1.17		2.91E-05

		1.17		2.87E-05

		1.17		2.83E-05

		1.17		2.79E-05

		1.17		2.75E-05

		1.17		2.71E-05

		1.17		2.67E-05

		1.17		2.63E-05

		1.17		2.59E-05

		1.17		2.55E-05

		1.18		2.51E-05

		1.18		2.48E-05

		1.18		2.44E-05

		1.18		2.41E-05

		1.18		2.37E-05

		1.18		2.34E-05

		1.18		2.30E-05

		1.18		2.27E-05

		1.18		2.24E-05

		1.18		2.20E-05

		1.19		2.17E-05

		1.19		2.14E-05

		1.19		2.11E-05

		1.19		2.08E-05

		1.19		2.05E-05

		1.19		2.02E-05

		1.19		1.99E-05

		1.19		1.96E-05

		1.19		1.93E-05

		1.20		1.91E-05

		1.20		1.88E-05

		1.20		1.85E-05

		1.20		1.82E-05

		1.20		1.80E-05

		1.20		1.77E-05

		1.20		1.75E-05

		1.20		1.72E-05

		1.20		1.69E-05

		1.20		1.67E-05

		1.21		1.65E-05

		1.21		1.62E-05

		1.21		1.60E-05

		1.21		1.58E-05

		1.21		1.55E-05

		1.21		1.53E-05

		1.21		1.51E-05

		1.21		1.49E-05

		1.21		1.46E-05

		1.21		1.44E-05

		1.22		1.42E-05

		1.22		1.40E-05

		1.22		1.38E-05

		1.22		1.36E-05

		1.22		1.34E-05

		1.22		1.32E-05

		1.22		1.30E-05

		1.22		1.28E-05

		1.22		1.27E-05

		1.22		1.25E-05

		1.23		1.23E-05

		1.23		1.21E-05

		1.23		1.19E-05

		1.23		1.18E-05

		1.23		1.16E-05

		1.23		1.14E-05

		1.23		1.13E-05

		1.23		1.11E-05

		1.23		1.09E-05

		1.23		1.08E-05

		1.24		1.06E-05

		1.24		1.05E-05

		1.24		1.03E-05

		1.24		1.02E-05

		1.24		1.00E-05

		1.24		9.87E-06

		1.24		9.73E-06

		1.24		9.58E-06

		1.24		9.44E-06

		1.24		9.31E-06

		1.25		9.17E-06

		1.25		9.04E-06

		1.25		8.91E-06

		1.25		8.78E-06

		1.25		8.65E-06

		1.25		8.53E-06

		1.25		8.40E-06

		1.25		8.28E-06

		1.25		8.16E-06

		1.25		8.04E-06

		1.26		7.93E-06

		1.26		7.81E-06

		1.26		7.70E-06

		1.26		7.59E-06

		1.26		7.48E-06

		1.26		7.37E-06

		1.26		7.26E-06

		1.26		7.15E-06

		1.26		7.05E-06

		1.26		6.95E-06

		1.27		6.85E-06

		1.27		6.75E-06

		1.27		6.65E-06

		1.27		6.55E-06

		1.27		6.46E-06

		1.27		6.36E-06

		1.27		6.27E-06

		1.27		6.18E-06

		1.27		6.09E-06

		1.27		6.00E-06

		1.28		5.92E-06

		1.28		5.83E-06

		1.28		5.75E-06

		1.28		5.66E-06

		1.28		5.58E-06

		1.28		5.50E-06

		1.28		5.42E-06

		1.28		5.34E-06

		1.28		5.26E-06

		1.28		5.19E-06

		1.29		5.11E-06

		1.29		5.04E-06

		1.29		4.96E-06

		1.29		4.89E-06

		1.29		4.82E-06

		1.29		4.75E-06

		1.29		4.68E-06

		1.29		4.61E-06

		1.29		4.55E-06

		1.29		4.48E-06

		1.30		4.42E-06

		1.30		4.35E-06

		1.30		4.29E-06

		1.30		4.23E-06

		1.30		4.17E-06

		1.30		4.11E-06

		1.30		4.05E-06

		1.30		3.99E-06

		1.30		3.93E-06

		1.30		3.87E-06

		1.31		3.82E-06

		1.31		3.76E-06

		1.31		3.71E-06

		1.31		3.65E-06

		1.31		3.60E-06

		1.31		3.55E-06

		1.31		3.50E-06

		1.31		3.44E-06

		1.31		3.39E-06

		1.31		3.35E-06

		1.32		3.30E-06

		1.32		3.25E-06

		1.32		3.20E-06

		1.32		3.16E-06

		1.32		3.11E-06

		1.32		3.06E-06

		1.32		3.02E-06

		1.32		2.98E-06

		1.32		2.93E-06

		1.32		2.89E-06

		1.33		2.85E-06

		1.33		2.81E-06

		1.33		2.77E-06

		1.33		2.73E-06

		1.33		2.69E-06

		1.33		2.65E-06

		1.33		2.61E-06

		1.33		2.57E-06

		1.33		2.53E-06

		1.33		2.50E-06

		1.34		2.46E-06

		1.34		2.43E-06

		1.34		2.39E-06

		1.34		2.36E-06

		1.34		2.32E-06

		1.34		2.29E-06

		1.34		2.25E-06

		1.34		2.22E-06

		1.34		2.19E-06

		1.34		2.16E-06

		1.35		2.13E-06

		1.35		2.10E-06

		1.35		2.07E-06

		1.35		2.04E-06

		1.35		2.01E-06

		1.35		1.98E-06

		1.35		1.95E-06

		1.35		1.92E-06

		1.35		1.89E-06

		1.35		1.86E-06

		1.36		1.84E-06

		1.36		1.81E-06

		1.36		1.78E-06

		1.36		1.76E-06

		1.36		1.73E-06

		1.36		1.71E-06

		1.36		1.68E-06

		1.36		1.66E-06

		1.36		1.63E-06

		1.36		1.61E-06

		1.37		1.59E-06

		1.37		1.56E-06

		1.37		1.54E-06

		1.37		1.52E-06

		1.37		1.50E-06

		1.37		1.48E-06

		1.37		1.45E-06

		1.37		1.43E-06

		1.37		1.41E-06

		1.37		1.39E-06

		1.38		1.37E-06

		1.38		1.35E-06

		1.38		1.33E-06

		1.38		1.31E-06

		1.38		1.29E-06

		1.38		1.27E-06

		1.38		1.26E-06

		1.38		1.24E-06

		1.38		1.22E-06

		1.38		1.20E-06

		1.39		1.19E-06

		1.39		1.17E-06

		1.39		1.15E-06

		1.39		1.13E-06

		1.39		1.12E-06

		1.39		1.10E-06

		1.39		1.09E-06

		1.39		1.07E-06

		1.39		1.05E-06

		1.39		1.04E-06

		1.40		1.02E-06

		1.40		1.01E-06

		1.40		9.94E-07

		1.40		9.80E-07

		1.40		9.66E-07

		1.40		9.52E-07

		1.40		9.38E-07

		1.40		9.24E-07

		1.40		9.11E-07

		1.40		8.98E-07

		1.41		8.85E-07

		1.41		8.72E-07

		1.41		8.59E-07

		1.41		8.47E-07

		1.41		8.34E-07

		1.41		8.22E-07

		1.41		8.10E-07

		1.41		7.99E-07

		1.41		7.87E-07

		1.41		7.76E-07

		1.42		7.64E-07

		1.42		7.53E-07

		1.42		7.42E-07

		1.42		7.32E-07

		1.42		7.21E-07

		1.42		7.10E-07

		1.42		7.00E-07

		1.42		6.90E-07

		1.42		6.80E-07

		1.42		6.70E-07

		1.43		6.60E-07

		1.43		6.51E-07

		1.43		6.41E-07

		1.43		6.32E-07

		1.43		6.23E-07

		1.43		6.14E-07

		1.43		6.05E-07

		1.43		5.96E-07

		1.43		5.88E-07

		1.43		5.79E-07

		1.44		5.71E-07

		1.44		5.62E-07

		1.44		5.54E-07

		1.44		5.46E-07

		1.44		5.38E-07

		1.44		5.30E-07

		1.44		5.23E-07

		1.44		5.15E-07

		1.44		5.08E-07

		1.44		5.00E-07

		1.45		4.93E-07

		1.45		4.86E-07

		1.45		4.79E-07

		1.45		4.72E-07

		1.45		4.65E-07

		1.45		4.58E-07

		1.45		4.52E-07

		1.45		4.45E-07

		1.45		4.39E-07

		1.45		4.32E-07

		1.46		4.26E-07

		1.46		4.20E-07

		1.46		4.14E-07

		1.46		4.08E-07

		1.46		4.02E-07

		1.46		3.96E-07

		1.46		3.90E-07

		1.46		3.85E-07

		1.46		3.79E-07

		1.46		3.73E-07

		1.47		3.68E-07

		1.47		3.63E-07

		1.47		3.57E-07

		1.47		3.52E-07

		1.47		3.47E-07

		1.47		3.42E-07

		1.47		3.37E-07

		1.47		3.32E-07

		1.47		3.27E-07

		1.47		3.23E-07

		1.48		3.18E-07

		1.48		3.13E-07

		1.48		3.09E-07

		1.48		3.04E-07

		1.48		3.00E-07

		1.48		2.96E-07

		1.48		2.91E-07

		1.48		2.87E-07

		1.48		2.83E-07

		1.48		2.79E-07

		1.49		2.75E-07

		1.49		2.71E-07

		1.49		2.67E-07

		1.49		2.63E-07

		1.49		2.59E-07

		1.49		2.55E-07

		1.49		2.52E-07

		1.49		2.48E-07

		1.49		2.44E-07

		1.49		2.41E-07

		1.50		2.37E-07

		1.50		2.34E-07

		1.50		2.31E-07

		1.50		2.27E-07

		1.50		2.24E-07

		1.50		2.21E-07

		1.50		2.17E-07

		1.50		2.14E-07

		1.50		2.11E-07

		1.50		2.08E-07

		1.51		2.05E-07

		1.51		2.02E-07

		1.51		1.99E-07

		1.51		1.96E-07

		1.51		1.93E-07

		1.51		1.91E-07

		1.51		1.88E-07

		1.51		1.85E-07

		1.51		1.82E-07

		1.51		1.80E-07

		1.52		1.77E-07

		1.52		1.75E-07

		1.52		1.72E-07

		1.52		1.70E-07

		1.52		1.67E-07

		1.52		1.65E-07

		1.52		1.62E-07

		1.52		1.60E-07

		1.52		1.58E-07

		1.52		1.55E-07

		1.53		1.53E-07

		1.53		1.51E-07

		1.53		1.49E-07

		1.53		1.47E-07

		1.53		1.44E-07

		1.53		1.42E-07

		1.53		1.40E-07

		1.53		1.38E-07

		1.53		1.36E-07

		1.53		1.34E-07

		1.54		1.32E-07

		1.54		1.30E-07

		1.54		1.28E-07

		1.54		1.27E-07

		1.54		1.25E-07

		1.54		1.23E-07

		1.54		1.21E-07

		1.54		1.19E-07

		1.54		1.18E-07

		1.54		1.16E-07

		1.55		1.14E-07

		1.55		1.13E-07

		1.55		1.11E-07

		1.55		1.09E-07

		1.55		1.08E-07

		1.55		1.06E-07

		1.55		1.05E-07

		1.55		1.03E-07

		1.55		1.02E-07

		1.55		1.00E-07

		1.56		9.87E-08

		1.56		9.73E-08

		1.56		9.59E-08

		1.56		9.45E-08

		1.56		9.31E-08

		1.56		9.18E-08

		1.56		9.05E-08

		1.56		8.91E-08

		1.56		8.78E-08

		1.56		8.66E-08

		1.57		8.53E-08

		1.57		8.41E-08

		1.57		8.29E-08

		1.57		8.17E-08

		1.57		8.05E-08

		1.57		7.93E-08

		1.57		7.82E-08

		1.57		7.70E-08

		1.57		7.59E-08

		1.57		7.48E-08

		1.58		7.37E-08

		1.58		7.26E-08

		1.58		7.16E-08

		1.58		7.06E-08

		1.58		6.95E-08

		1.58		6.85E-08

		1.58		6.75E-08

		1.58		6.65E-08

		1.58		6.56E-08

		1.58		6.46E-08

		1.59		6.37E-08

		1.59		6.28E-08

		1.59		6.19E-08

		1.59		6.10E-08

		1.59		6.01E-08

		1.59		5.92E-08

		1.59		5.83E-08

		1.59		5.75E-08

		1.59		5.67E-08

		1.59		5.58E-08

		1.60		5.50E-08

		1.60		5.42E-08

		1.60		5.34E-08

		1.60		5.27E-08

		1.60		5.19E-08

		1.60		5.11E-08

		1.60		5.04E-08

		1.60		4.97E-08

		1.60		4.90E-08

		1.60		4.82E-08

		1.61		4.75E-08

		1.61		4.69E-08

		1.61		4.62E-08

		1.61		4.55E-08

		1.61		4.48E-08

		1.61		4.42E-08

		1.61		4.36E-08

		1.61		4.29E-08

		1.61		4.23E-08

		1.61		4.17E-08

		1.62		4.11E-08

		1.62		4.05E-08

		1.62		3.99E-08

		1.62		3.93E-08

		1.62		3.87E-08

		1.62		3.82E-08

		1.62		3.76E-08

		1.62		3.71E-08

		1.62		3.65E-08

		1.62		3.60E-08

		1.63		3.55E-08

		1.63		3.50E-08

		1.63		3.45E-08

		1.63		3.40E-08

		1.63		3.35E-08

		1.63		3.30E-08

		1.63		3.25E-08

		1.63		3.20E-08

		1.63		3.16E-08

		1.63		3.11E-08

		1.64		3.07E-08

		1.64		3.02E-08

		1.64		2.98E-08

		1.64		2.93E-08

		1.64		2.89E-08

		1.64		2.85E-08

		1.64		2.81E-08

		1.64		2.77E-08

		1.64		2.73E-08

		1.64		2.69E-08

		1.65		2.65E-08

		1.65		2.61E-08

		1.65		2.57E-08

		1.65		2.54E-08

		1.65		2.50E-08

		1.65		2.46E-08

		1.65		2.43E-08

		1.65		2.39E-08

		1.65		2.36E-08

		1.65		2.32E-08

		1.66		2.29E-08

		1.66		2.26E-08

		1.66		2.22E-08

		1.66		2.19E-08

		1.66		2.16E-08

		1.66		2.13E-08

		1.66		2.10E-08

		1.66		2.07E-08

		1.66		2.04E-08

		1.66		2.01E-08

		1.67		1.98E-08

		1.67		1.95E-08

		1.67		1.92E-08

		1.67		1.89E-08

		1.67		1.87E-08

		1.67		1.84E-08

		1.67		1.81E-08

		1.67		1.79E-08

		1.67		1.76E-08

		1.67		1.73E-08

		1.68		1.71E-08

		1.68		1.68E-08

		1.68		1.66E-08

		1.68		1.64E-08

		1.68		1.61E-08

		1.68		1.59E-08

		1.68		1.57E-08

		1.68		1.54E-08

		1.68		1.52E-08

		1.68		1.50E-08

		1.69		1.48E-08

		1.69		1.46E-08

		1.69		1.43E-08

		1.69		1.41E-08

		1.69		1.39E-08

		1.69		1.37E-08

		1.69		1.35E-08

		1.69		1.33E-08

		1.69		1.31E-08

		1.69		1.29E-08

		1.70		1.28E-08

		1.70		1.26E-08

		1.70		1.24E-08

		1.70		1.22E-08

		1.70		1.20E-08

		1.70		1.19E-08

		1.70		1.17E-08

		1.70		1.15E-08

		1.70		1.13E-08

		1.70		1.12E-08

		1.71		1.10E-08

		1.71		1.09E-08

		1.71		1.07E-08

		1.71		1.05E-08

		1.71		1.04E-08

		1.71		1.02E-08

		1.71		1.01E-08

		1.71		9.95E-09

		1.71		9.81E-09

		1.71		9.66E-09

		1.72		9.52E-09

		1.72		9.39E-09

		1.72		9.25E-09

		1.72		9.11E-09

		1.72		8.98E-09

		1.72		8.85E-09

		1.72		8.72E-09

		1.72		8.60E-09

		1.72		8.47E-09

		1.72		8.35E-09

		1.73		8.23E-09

		1.73		8.11E-09

		1.73		7.99E-09

		1.73		7.88E-09

		1.73		7.76E-09

		1.73		7.65E-09

		1.73		7.54E-09

		1.73		7.43E-09

		1.73		7.32E-09

		1.73		7.21E-09

		1.74		7.11E-09

		1.74		7.01E-09

		1.74		6.90E-09

		1.74		6.80E-09

		1.74		6.71E-09

		1.74		6.61E-09

		1.74		6.51E-09

		1.74		6.42E-09

		1.74		6.32E-09

		1.74		6.23E-09

		1.75		6.14E-09

		1.75		6.05E-09

		1.75		5.97E-09

		1.75		5.88E-09

		1.75		5.79E-09

		1.75		5.71E-09

		1.75		5.63E-09

		1.75		5.54E-09

		1.75		5.46E-09

		1.75		5.39E-09

		1.76		5.31E-09

		1.76		5.23E-09

		1.76		5.15E-09

		1.76		5.08E-09

		1.76		5.01E-09

		1.76		4.93E-09

		1.76		4.86E-09

		1.76		4.79E-09

		1.76		4.72E-09

		1.76		4.65E-09

		1.77		4.59E-09

		1.77		4.52E-09

		1.77		4.45E-09

		1.77		4.39E-09

		1.77		4.32E-09

		1.77		4.26E-09

		1.77		4.20E-09

		1.77		4.14E-09

		1.77		4.08E-09

		1.77		4.02E-09

		1.78		3.96E-09

		1.78		3.90E-09

		1.78		3.85E-09

		1.78		3.79E-09

		1.78		3.74E-09

		1.78		3.68E-09

		1.78		3.63E-09

		1.78		3.58E-09

		1.78		3.52E-09

		1.78		3.47E-09

		1.79		3.42E-09

		1.79		3.37E-09

		1.79		3.32E-09

		1.79		3.28E-09

		1.79		3.23E-09

		1.79		3.18E-09

		1.79		3.14E-09

		1.79		3.09E-09

		1.79		3.05E-09

		1.79		3.00E-09

		1.80		2.96E-09

		1.80		2.91E-09

		1.80		2.87E-09

		1.80		2.83E-09

		1.80		2.79E-09

		1.80		2.75E-09

		1.80		2.71E-09

		1.80		2.67E-09

		1.80		2.63E-09

		1.80		2.59E-09

		1.81		2.56E-09

		1.81		2.52E-09

		1.81		2.48E-09

		1.81		2.45E-09

		1.81		2.41E-09

		1.81		2.38E-09

		1.81		2.34E-09

		1.81		2.31E-09

		1.81		2.27E-09

		1.81		2.24E-09

		1.82		2.21E-09

		1.82		2.18E-09

		1.82		2.14E-09

		1.82		2.11E-09

		1.82		2.08E-09

		1.82		2.05E-09

		1.82		2.02E-09

		1.82		1.99E-09

		1.82		1.96E-09

		1.82		1.94E-09

		1.83		1.91E-09

		1.83		1.88E-09

		1.83		1.85E-09

		1.83		1.83E-09

		1.83		1.80E-09

		1.83		1.77E-09

		1.83		1.75E-09

		1.83		1.72E-09

		1.83		1.70E-09

		1.83		1.67E-09

		1.84		1.65E-09

		1.84		1.62E-09

		1.84		1.60E-09

		1.84		1.58E-09

		1.84		1.55E-09

		1.84		1.53E-09

		1.84		1.51E-09

		1.84		1.49E-09

		1.84		1.47E-09

		1.84		1.44E-09

		1.85		1.42E-09

		1.85		1.40E-09

		1.85		1.38E-09

		1.85		1.36E-09

		1.85		1.34E-09

		1.85		1.32E-09

		1.85		1.30E-09

		1.85		1.29E-09

		1.85		1.27E-09

		1.85		1.25E-09

		1.86		1.23E-09

		1.86		1.21E-09

		1.86		1.19E-09

		1.86		1.18E-09

		1.86		1.16E-09

		1.86		1.14E-09

		1.86		1.13E-09

		1.86		1.11E-09

		1.86		1.09E-09

		1.86		1.08E-09

		1.87		1.06E-09

		1.87		1.05E-09

		1.87		1.03E-09

		1.87		1.02E-09

		1.87		1.00E-09

		1.87		9.88E-10

		1.87		9.74E-10

		1.87		9.60E-10

		1.87		9.46E-10

		1.87		9.32E-10

		1.88		9.18E-10

		1.88		9.05E-10

		1.88		8.92E-10

		1.88		8.79E-10

		1.88		8.66E-10

		1.88		8.54E-10

		1.88		8.41E-10

		1.88		8.29E-10

		1.88		8.17E-10

		1.88		8.05E-10

		1.89		7.94E-10

		1.89		7.82E-10

		1.89		7.71E-10

		1.89		7.59E-10

		1.89		7.48E-10

		1.89		7.38E-10

		1.89		7.27E-10

		1.89		7.16E-10

		1.89		7.06E-10

		1.89		6.96E-10

		1.90		6.86E-10

		1.90		6.76E-10

		1.90		6.66E-10

		1.90		6.56E-10

		1.90		6.47E-10

		1.90		6.37E-10

		1.90		6.28E-10

		1.90		6.19E-10

		1.90		6.10E-10

		1.90		6.01E-10

		1.91		5.92E-10

		1.91		5.84E-10

		1.91		5.75E-10

		1.91		5.67E-10

		1.91		5.59E-10

		1.91		5.51E-10

		1.91		5.43E-10

		1.91		5.35E-10

		1.91		5.27E-10

		1.91		5.19E-10

		1.92		5.12E-10

		1.92		5.04E-10

		1.92		4.97E-10

		1.92		4.90E-10

		1.92		4.83E-10

		1.92		4.76E-10

		1.92		4.69E-10

		1.92		4.62E-10

		1.92		4.55E-10

		1.92		4.49E-10

		1.93		4.42E-10

		1.93		4.36E-10

		1.93		4.29E-10

		1.93		4.23E-10

		1.93		4.17E-10

		1.93		4.11E-10

		1.93		4.05E-10

		1.93		3.99E-10

		1.93		3.93E-10

		1.93		3.88E-10

		1.94		3.82E-10

		1.94		3.77E-10

		1.94		3.71E-10

		1.94		3.66E-10

		1.94		3.60E-10

		1.94		3.55E-10

		1.94		3.50E-10

		1.94		3.45E-10

		1.94		3.40E-10

		1.94		3.35E-10

		1.95		3.30E-10

		1.95		3.25E-10

		1.95		3.21E-10

		1.95		3.16E-10

		1.95		3.11E-10

		1.95		3.07E-10

		1.95		3.02E-10

		1.95		2.98E-10

		1.95		2.94E-10

		1.95		2.89E-10

		1.96		2.85E-10

		1.96		2.81E-10

		1.96		2.77E-10

		1.96		2.73E-10

		1.96		2.69E-10

		1.96		2.65E-10

		1.96		2.61E-10

		1.96		2.57E-10

		1.96		2.54E-10

		1.96		2.50E-10

		1.97		2.46E-10

		1.97		2.43E-10

		1.97		2.39E-10

		1.97		2.36E-10

		1.97		2.32E-10

		1.97		2.29E-10

		1.97		2.26E-10

		1.97		2.22E-10

		1.97		2.19E-10

		1.97		2.16E-10

		1.98		2.13E-10

		1.98		2.10E-10

		1.98		2.07E-10

		1.98		2.04E-10

		1.98		2.01E-10

		1.98		1.98E-10

		1.98		1.95E-10

		1.98		1.92E-10

		1.98		1.89E-10

		1.98		1.87E-10

		1.99		1.84E-10

		1.99		1.81E-10

		1.99		1.79E-10

		1.99		1.76E-10

		1.99		1.74E-10

		1.99		1.71E-10

		1.99		1.69E-10

		1.99		1.66E-10

		1.99		1.64E-10

		1.99		1.61E-10

		2.00		1.59E-10

		2.00		1.57E-10

		2.00		1.54E-10

		2.00		1.52E-10

		2.00		1.50E-10
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