Behavioral Ecology Responses to Wolf Recovery by the Northern Yellowstone Elk Herd on Winter Range

INTRODUCTION

The response of North American elk (Cervus canadensis) to the threat of predation can have many ecological consequences for elk and their habitats.  Most studies of the interactions between wolves (Canis lupus) and elk have focused on predation rates, or frequency and composition of prey taken by wolves, while few studies have examined the effects wolves have on elk that are not associated with direct predation (Lima 1998).  In fact, wolves do impose alterations in movements, herd composition, habitat use, and behavior that have consequences for elk and their ecological system (Lima 1998, Laundre et al. 2001, Hebblewhite et al. 2002).  Studies have examined elk movements in relation to wolf encounters (Kunkel and Pletscher 1999), but not for the Northern Range of Yellowstone National Park, Wyoming, where both elk and wolf density are considered high.  The predator-averse response of elk to wolves, described in terms of the individual elk, would be valuable in assessing the impact of wolf recovery on Yellowstone’s elk herd.
Yellowstone National Park may be an ideal location to find evidence for these responses and the mechanisms underlying the response.  The park has been without wolves for about 70 years (Weaver 1978), and presumably many ecological processes have changed in that time.  Wolves were reintroduced to the park in 1995 (Bangs and Fritts 1996, Fritts et al. 1997) effectively restoring these processes to the ecosystem.  The non-predation effect of wolf recovery on elk in Yellowstone have yet to be well understood or described, and may best be substantiated and explained through monitoring the movements, resource use, and group composition of individual elk.  The park also has fewer influences such as extensive harvest, supplemental feeding, or widespread habituation to humans that could confound results.

Using radio-telemetry techniques, data will be collected on elk movement, group composition, resource selection, and interactions with wolves, all of which would be used to investigate the non-predation effects of wolves on elk.  A top-down, trophic cascade response in the park has been suggested by several researchers (Ripple et al. 2001, Smith et al. 2003, Ripple and Beschtab 2003), but at present not well explained mechanistically.  The purpose of this study is to find evidence for changes in elk ecology that is associated with wolves, and measure responses in browse species favoured by elk that reflect these changes.  The following methods will be employed in the winter of 2003-2004 to test specific hypotheses for wolf-elk interactions and the resulting trophic cascade mechanisms.  

METHODS

Field Effort.  Current funding will allow for 4 full-time field technicians, mid-November to end of April 2004.  The study area, Yellowstone’s Northern Range, will be divided into east and west halves, each covered by one team, two technicians will be housed in Gardiner, Montana, at the north entrance and two housed in Cooke City, Montana, at the Yellowstone Ecological Research Center or YERC (in collaboration with Dr. Robert Crabtree) near the northeast entrance.  Both crews will travel the main road system along the Northern Range meeting at about the half-way point, Tower Junction, each day to confer and discuss strategy.  This will save on mileage and allow for more specialization in the “local knowledge” of the elk and wolves found in the two general areas.  The Gardiner crew will have a vehicle provided by University of Alberta (Ford Ranger #272), and the YERC crew will be using transportation provided by YERC.

Before the study begins, all personnel will be trained and made aware of the specific hazards that may be encountered in the winter environment of the Northern Range. The two crews will be checking in with each other at the end of each day to ensure that each has made it safely out of the field, and to coordinate plans for the coming days.  Work off of the road, i.e. hiking, skiing or snowshoeing, will be done in groups of two or more for safety.   Radios and cell phones will be used for communications and emergencies.

Hypotheses.  The influence of wolves on individual elk will be investigated through the testing of several specific hypotheses.  Wolves may be playing a role in elk distribution, movement rate, habitat selection, and group size and composition.  In turn, these influences may be affecting patterns of vegetation use by elk that will be measured using woody browse species.  Hypotheses are chosen within a framework of theories that describe how wolves are influencing elk, and how that might lead to changes in vegetation patterns.

Three theories describing the interaction between wolf and elk leading to a possible trophic cascade will be examined:  (1) Density mechanism—elk herbivory on vegetation will continue until elk density is reduced to some low level at which time herbivory pressure will be sufficiently alleviated to allow vegetation release in browse species like willow, aspen and cottonwood. (2) Disturbance mechanism—elk herbivory in habitats with browse species will continue, however, frequent wolf encounters will cause disruption of the continuous use of those habitats, resulting in lower rates of elk herbivory that leads to browse species increases.  (3) Avoidance mechanism—elk herbivory in habitats with browse species will be low due to avoidance of these habitats of high predation risk.

A combination of mechanisms may be interacting in the system, so evidence could found that may support several mechanisms.  Multiple hypothesis testing will help to discern which are having a significant or predominant influence at the current time.  From the hypothesis testing results, implications for elk fitness and landscape herbivory patterns, will be discussed.

Table 2 describes the hypotheses as a set of expected outcomes from the theories of interactions between wolves and elk.  Individual hypotheses are stated below with expected analysis and interpretation of the data collected to test the hypothesis.  

Table 2.  Expected outcomes from data collection from hypothesis testing of elk/wolf interactions.

	Data:
	Movement Rate
	Encounter Rate
	Group Size
	Habitat Use vs. pre-wolf
	Biomass removed at Browse sites
	Frequency of use at Browse sites

	Theory:
	
	
	
	
	
	

	Disturbance:
	High
	High
	High
	Similar or Same
	Low, not influenced by predation risk
	Intermittent, 

not influenced by predation risk

	Avoidance:  
	Low
	Low
	Moderate to low
	Different
	Low, influenced by predation risk
	Infrequent, influenced by predation risk

	Density:
	Variable
	Variable
	Low
	Same
	High
	High


Movement Rate

Hypothesis 1:  Wolves will increase the movement rates of elk.

Analysis:  wolf and elk location data, estimate home range using Wilmer’s nearest-neighbor convex hull method, and estimate degree of overlap among individual elk and wolves, for individual elk estimate a wolf presence index from overlap in home ranges, regress movement frequency, mean distance, and ratio of short to long movements as response variables among individuals with wolf presence index as the predictor variable.

Interpretation:  Elk with high wolf presence will have higher movement than elk with less wolf presence.  Higher movement rates may have influence on group size and habitat selection, and possibly implications for overall fitness.  With increasing wolf presence (decreasing overlap in individual home range and wolf home ranges) on the X-axis and increasing movement rate on the Y-axis, a negative relationship supports disturbance theory.  No relationship supports avoidance theory.

Encounter Rate

Hypothesis 2:  Individual elk with a high wolf presence index encounter wolves more frequently than those individuals with a low wolf presence index.

Analysis: wolf and elk location data, observed wolf encounters with individual elk (observed encounter rate), wolf presence index (as above) plotted with observed encounter rates (observed encounters refers to known encounters recorded during daily monitoring and observation, and then encounter rate generated from GPS data).  Using discriminant analysis for determination of spatial and temporal thresholds (from observed encounters) encounters in GPS wolf and elk data would be identified.  

Interpretation:  Elk with high wolf presence index and low encounter rates are successfully avoiding wolves (support for avoidance theory), high wolf presence and low encounter rate indicate elk are experiencing disruption (support for disturbance theory).

Habitat Use at browse sites.

Hypothesis 3:  The frequency of browse use and biomass taken at browse sites will be high.

Analysis: 24 browse sites have been selected, biomass of 20 willow stems per site measured and monitored throughout the winter for estimates of biomass taken and timing of the take.  Index of wolf presence taken from wolf location data assigned to each site.  Compare frequency and biomass taken with index of wolf presence for individual sites.  

Interpretation:  Browse sites with low herbivory and high wolf presence favours avoidance theory, browse sites with moderate herbivory (some biomass removed, gradual or intermittent use) would favour disturbance theory.  Browse sites with high herbivory favours density theory.

Habitat Use by elk in winter

Hypothesis 6:  The proportion of vegetation types used by elk will be different than the proportion reported previous to wolf recovery.

Hypothesis 7:  The proportion of forage site attributes, e.g. slope and aspect, used by elk will be different than the proportion reported previous to wolf recovery.

Analysis:  Analysis of variance using foraging habitat and characteristics for individual elk from observations in the current study compared with Houston (1982) and Barmore (1980) (comparisons restricted to years that are similar in climate conditions and elk density).

Interpretation:  Change in habitat use would support avoidance theory, little change would support disturbance theory, and no change would support density theory.

Group Size and Composition

Hypothesis 8:  Elk with high wolf presence index will have groups with larger size and lower cow/calf ratios than elk with low wolf presence index.

Analysis:  Group size and composition collected for individual collared elk will be compared, mean group size and cow/calf ratio will be compared among individuals with wolf presence index being the predictor variable.

Interpretation:  A positive relationship between wolf presence index for an individual elk and group size would be interpreted as a predation avoidance strategy.  Implications of group size for top-down mechanisms would be discussed.

Direct evidence for the density mechanism would be difficult to obtain without the ability to experimentally manipulate elk density.  Historical records indicate that elk densities have existed in which browse species throughout their Northern Range were not repressed (YNP 1997, Meagher and Houston 1998); however interpretation may have been confounded by human hunting and high predator abundance.  Browsing by elk has been identified as a leading cause of browse species suppression for some time (YNP 1997, Singer et al. 1996, White et al. 2003), and casual observation of browse species on the Northern Range currently supports the assumption that densities of elk have not declined to any threshold below which browse species would recover.  Despite this general observation, browse species in some habitats appear to be recovering (Ripple et al. 2001, Ripple and Beschtab 2003, Beschtab 2003) suggesting that the avoidance and/or disturbance mechanisms may be at work.

Support for the avoidance theory has been found in Alberta particularly where elk densities are low (White et al. 2003).  A vegetation response may be tied to changes in elk behavior that stem from a perceived risk of predation (Ripple et al. 2001, Laundre’ et al. 2001, Wolff and Van Horn 2003).  Ripple et al. (2001) proposed that a change in ungulate herbivory patterns in Yellowstone was induced by a disparate distribution of wolves, resulting in increased growth (as measured in height of aspen leaders) in high-use wolf areas relative to low-use wolf areas.  Within wolf-use areas, habitats with low visibility or obstacles to elk escape seem to receive little use (Ripple and Beschtab 2003).  Laundre’ et al. (2001) described a “landscape of fear” in which the energy requirements for foraging by elk is tapped by a need to be watchful for predators.  Elk experience a trade-off between foraging efficiency and predator avoidance (Berger et al. 2001, Hebblewhite et al. 2002), and this may lead to increased growth and persistence of vegetation throughout habitats where predation risk, and the associated fear response, is greatest.

In a system with high wolf and elk densities such as the Northern Range in winter, the ability for elk to avoid wolves or select habitats of low predation risk may be compromised (Mao 2003).  Therefore, elk may be using habitats with high predation risk and encountering wolves frequently (causing disturbance).  They may be relying on other anti-predation strategies such as large group size.  The disturbance theory has received little attention, though finds circumstantial support in the history of elk management and browse species status (described below), and should be considered in the current high wolf and elk density system of the Northern Range.  Observations of wolf and elk interactions in the field have led to questions about the number of encounters with wolves individual elk experience each winter.  This has yet to be quantified in a way that describes the amount of movement and the subsequent re-distribution that occurs as a direct result of interaction with wolves.  Wolves are considered coursing predators and behave as such in Yellowstone (MacNulty 2002); therefore, their success depends in part upon frequent encounters and testing of large numbers of potential prey.  The individual elk, as a result, may be encountered and tested many times throughout a winter without ever becoming prey.  However, this interaction would incur the associated costs of evasion manifested in large group sizes, inflated movement rates, and a compromised ability to select and stay in optimal habitat.  The frequency of encounters and movement subsequent to encounters may be a factor in determining the utilization of foraging sites and associated vegetation.  If these effects amount to significant loss of foraging opportunities, these losses may be manifested in high elk movement rates and top-down vegetation responses.
General hypotheses for examining possible mechanisms of interaction, particularly the avoidance and disturbance mechanisms, will be tested with field data describing elk movement rates, wolf encounter rates, habitat use, group composition, and browse species use.

Daily Locations.  Patterns of individual elk movement, habitat use, and encounter rates will be described through the locating of marked elk on a frequent basis.  Crews will be in the field daily to track ~48 collared elk using radio telemetry.  An attempt will be made to locate individuals as often as possible by visual observation and/or triangulation with radio telemetry.  Trackers will locate and observe the marked elk with three types of collars: (1) the GPS collars programmed for intensive winter sampling (i.e. 12 locations/day, November to April), (2) GPS collars with regular sampling (i.e. 5 locations/day, they fall off in mid-December), and lastly, (3) VHF collars, about 40 collars currently functioning (see Table 1 at the end of the document for GPS collar details).

As many elk as possible will be located each day.  Elk will be tracked using radio-telemetry, binoculars and spotting scopes will be used to locate by observation.  When the collared elk can be observed directly, a location UTM will be plotted using a USGS 7.5” topographic map.  Approximately 3-8 elk can be located from the ground on a daily basis.  Ground observation location data will be used to supplement the aerial and GPS location data.

When elk can not be observed directly, an approximation of the location using field triangulation methods will be recorded.  These locations will be recorded as occupation of a specific telemetry district, or bin, defined as an irregular polygon on the map of the study area.  The Northern Range has been divided into 98 discrete bins each of a different size and characterization, with bin boundaries drawn for ease in determining location using telemetry along the primary road corridor.  This location data will allow for the gross movements of many more (~40) elk to be monitored on a daily basis.  Bins will be characterized using GIS layers and will include the land area, proportional habitat availability within the bin, and the wolf presence within the bin.  Movement among the bins will be analyzed as indices of movement.  Aerial flights will be used to assess error in bin location data.  On good weather days, a flight will be done concurrent with ground effort to check for errors in bin assignments.

Concurrent with locating elk, field crews will be recording wolf locations in relation to elk locations by use of telemetry, observation and networking with others, i.e. wolf researchers and the “wolf-watchers,” the enthusiastic throngs of roadside visitors that search for wolves in the same areas.  Error in assessing wolf locations will be assessed using aerial and GPS wolf location data.

When marked elk are observed, data will be recorded on field forms and will include time, location of observer, location of collared individual elk as a UTM (NAD83), habitat type for elk (see habitat use below), group size and composition if the elk is observed, presence of a calf with the collared cow, current behavior of elk (foraging, resting, other), and presence/proximity of a wolf pack.  Data will be entered in a spreadsheet periodically for analysis and to ensure continuous back-up.

Habitat Use.  Observations of marked elk while foraging will be used to make comparisons among individual elk, and to the observations made prior to wolf recovery by Grimm 1939, Barmore 1980, Houston 1982, and Barmore 2003.  While comparative data exists, it is highly variable due to methods and environmental conditions among years.  As this study will be in the winter of 2003-2004, comparisons will be made with previous years similar to 2003-2004 in climatic conditions like snow accumulation/consistency and elk density.

After visually locating elk, a one-time (1 day-1 data point) recording of habitat characteristics for feeding elk will be recorded.  Habitat would be characterized as it has by past researchers on the Northern Range to retain consistency (Houston 1982, Despain 1990, YNP 1997, Barmore 2003).  Characteristics would include vegetation type (mesic grassland, xeric grassland, sagebrush (Artemesia spp.) grassland, aspen, riparian shrub (including willow and cottonwood), Douglas fir, and mixed conifer (including spruce, pine and fir), and estimations of aspect and slope.  Observational data will be compared with similar data from vegetation, DEM, and other GIS layer data for comparative error estimation in using both kinds of habitat characterization data.  Habitat characterization of the individual bins will provide resource selection data for comparison among individual elk.

Much of the Northern Range is characterized by open country: sagebrush grasslands, rolling hills, and river valleys.  This terrain lends itself to direct observation of feeding elk by habitat type.  A sampling bias is introduced when elk are in habitat types where observability is poor.  These tend to be associated with widely scattered spruce (Picea engelmanni) and Douglas fir (Psuedotsuga menziesei) forests on north- and east-facing slopes and drainage bottoms.  Habitat with heavy cover have been used little for feeding and mostly for resting previously (Houston 1982, Barmore 2003); however, to test this under current conditions, crews will snow track elk after they have left these areas (to avoid disturbance), and look for bedding sites, feeding craters, and other signs that would suggest the activity of the elk using these heavy cover sites.

Encounter Rate.  Locations of elk and wolves instrumented with GPS collars that are programmed with frequent sampling rates will be analyzed in relation to one another to detect the influence wolf presence have on the movement rate and patterns of individual elk.  Currently 9 elk wear functioning GPS collars, five with a sampling rate of every 2 hours and four with a sampling rate of 5 hours.  Four wolves of four different Northern Range wolf packs, Druid Peak, Leopold, Geode Creek, and Swan Lake currently wear Wolf GPS collars.  The wolves’ winter sampling rate is 1 location per 3 hours.  While some collars are due to fall off in December, collars will be added during capture operations conducted by the Yellowstone Wolf Project in January.  Because wolf packs tend to be cohesive in winter (Mech 1970, Messier 1985), we will be making the assumption that the location of the individual with the GPS collar represents the location of its wolf pack.  This assumption can be tested through independent observations of these individuals and their packs throughout the winter by wolf researchers.

Movement rates for individual elk will be generated from ground, aerial and GPS location data.  A wolf presence index will be generated from estimations of home range overlap with wolf location data.  Home ranges will be estimated using Wilmer’s nearest-neighbor convex hull method which is akin to a three dimensional model in which activity centers and travel routes are identified by location point densities (Getz and Wilmers, 2003, pers. com.).  Movement rates will be plotted with wolf presence to find associations between the two.

Given significant overlap in the home range of at least some marked wolves and elk, the effect of wolf encounters on movement rate will be analyzed using case-control methods in which elk movements are compared with wolf location (time and distance sensitive case control).  Encounters may not be apparent in this data despite the frequency of sampling locations; therefore, distance and time thresholds will be imposed to define encounters.  For example, locations of an elk and a wolf within 0.5 km and 1 hour of each other might be defined as an encounter.  The detection of encounters within GPS data would therefore rely upon the known encounters observed and recorded by field crews.  Time and distance thresholds would be set using discriminant analysis of field observation estimates of the time, distance, and response of elk that characterized known encounters.  Observers would describe encounters by noting duration of encounter, elk response, e.g. distance moved by the elk before and after the encounter, behavior of the elk after encounters, and new locations and/or group associations that result from an encounter.  Developing the time and distance thresholds within the location data that would be realistic for describing encounter rates will require extensive contact with and observation of the marked individuals.

Once encounters are defined within the data, encounter rates for individual elk can be compared within the range of variation for all individuals.  Movement rate, distances traveled over winter, habitat use, and can be compared among individual elk to describe the ability of individual elk to select habitat, remain in selected areas, and minimize energy expenditures inherent in winter travel as influenced by wolf encounters.  More extensive movements by elk that have frequent interaction with wolves compared with those that do not would lend support to the disturbance mechanism for a trophic cascade.  Taking this analysis approach further, the influences of cougars (Felis concolor) and grizzly bears (Ursus arctos for early and late winter) as represented by GPS data could be added to assess the full array of large predator influence.

GPS Data Interpretation.  The need for behavioral data to accompany the GPS data requires opportunistic observations of the GPS collared elk (see Table 1).  Crews will locate and observe these marked elk and record location, behavior, group size, and habitat selection for as long as contact is maintained with the individual elk.  The behavioral observations will provide interpretation of the ecology behind the movement metrics of these elk.  Emphasis in the field will be on observation of these individuals without disturbance.  Observations will take place at a distance using binoculars and high-powered spotting scopes to avoid observer influences on activity and movement.  Behavioral interactions with predators and disturbance by humans are infrequent events that may occur during these observations, in which case, post-encounter movements and locations from the GPS data can be used to assess the qualitative impact of these particular events.

Browse Species.  The explanations offered for the mechanisms for a trophic cascade range from changes in elk density, elk behavior, and/or elk distribution.  Prior to wolf recovery, one popular perception for non-adjacent trophic level responses was based on a decrease in elk density, which would allow for release of certain plant species suppressed by elk.  White et al. (1998) proposed that elk density had to decrease to <1 elk/km2 for a response in aspen (Populus tremuloides) that led to stands with representative leaders of an even age distribution that characterize a healthy clone structure.  During elk reduction programs of the 1950’s and 1960’s elk numbers were suppressed to historically low levels, less than 4,000 for a herd that has averaged 14,000 since the implementation of the “natural regulation” policy (Houston 1982, YNP 1997).  While many factors may influence growth of aspen (Romme et al. 1995, Singer et al. 1996) and woody browse species, this change in elk density (~2-3 elk/km2) failed to result in alleviation of heavy browse.  In fact, willows (Salix spp.) were still heavily browsed (Barmore 1980, Singer et al. 1996), suggesting that alleviation of browsing pressure may not be achieved by decreases in elk density alone, at least at levels observed during reductions.  The growth of aspen to mature trees has essentially not occurred on the Northern Range since prior to the 1920’s after which time the park’s wolves were extirpated (Ripple and Larsen 2000), suggesting elk response to wolves may be influencing the growth form of aspen and other browse species.

This work is designed to identify the extent and timing of elk use of browse species throughout the northern range in relation to the spatial variation of wolf activity, elk activity, human activity, and snow characteristics.  This work is split into two segments, phenology sampling and biomass sampling.


Phenology.  One segment of the winter work will be done in collaboration with Bob Crabtree (YERC) and Don Despain (USGS) who have begun monitoring phenology sites of aspen, cottonwood and willow across the northern range for sampling use by elk.  These areas experienced variation in use by elk during three winters, 1999, 2000, and 2001.  Sites were chosen to describe the phenology of browsing by ungulates, mainly elk.  Preliminarily, willow was taken in December and January with use continuing throughout the winter, aspen was taken in February and used thereafter, and cottonwood species in March.  These sites will be monitored again this winter, the fourth such winter for phenology monitoring. 

Biomass.  Separate willow sites will be selected to measure biomass removal in relation to wolf and elk activity.  At about twenty sites, multiple individual stems (about 20) representative of the site will be marked and measured (height from ground, length of stem by growth year, and diameter of stem) as an index of consumable biomass for the available forage species at the beginning of the winter.  This will be done in November, the beginning point after growth has ended for the season, and then measured again at the end of the winter, April, when snow no longer deters the measuring of stems.  In contrast to the phenology sites, field crews will not frequent the biomass sites, as visitation may confound results by altering snow conditions, and creating and/or discouraging access.

Given a variable amount of use by elk among all biomass sites as measured by the percent biomass consumed at each site, linear regression will be used to describe associations with factors that may influence use.  Independent variables include distance to roads (index of human use), snow depth (determined from the snow models), elk use (from GPS and VHF locations), and wolf use (from GPS and VHF locations).  Wolf density negatively associated with elk use would be supportive of both the disturbance and avoidance hypotheses for trophic cascade mechanisms.  Elk activity as measured by location data and/or census and distribution data could describe the degree to which elk are visiting a site independent of browse pressure.  If much of the available biomass is not taken at many sites with high elk use, the hypothesis of disturbance would be supported.  Alternatively, low elk visitation and low biomass removal would support the avoidance hypothesis.  That is, if visitation is high low removal, disturbance may be influencing the overall take of biomass, and alternatively, if visitation and browse are both low, elk are avoiding the site.

Mortality.  Occasionally the study elk will experience the more direct effect of predation, they will die.  Marked elk have mortality signals equipped with collars to alert field crews to the presence of a dead elk or dropped collar.  Those that have died will be located and cause of death, condition of elk previous to death, and other data will be collected at the site.  Investigations will take place as soon as possible after discovery of the death for the best chance of finding data, but care will be taken to avoid disturbance of predators and scavengers at the kill.  The protocol will be identical to the current protocol used by wolf project personnel and previously used for this elk study.

Table 1.  GPS collars on12 elk of the Northern Range.

	Name
	Freq.
	Fix Rate
	Summer location
	Winter location
	Drop-off

	Gardinerica
	220.440B
	5 hours
	Mt. Holmes
	Gardiner
	Dec 11, 2003

	Biggie Shorty
	220.460B
	2 hours
	Mirror Plateau
	Junction Slope
	May 1, 2004

	Ireene
	220.480B
	5 hours
	Cache Creek
	Lamar
	Dec 11, 2003

	Ms. Elusive
	220.500C
	2 hours
	Dead
	Dead
	Dead, March 2003

	Rosebud
	220.520C
	2 hours
	Lamar
	Lamar
	Dead, June 2003

	Rump Fat
	220.540C
	5 hours
	?-lost
	?
	Dec 11, 2003 

	Shiny

Bon Bon
	220.560C
	2 hours
	Otter Creek
	Geode
	May 1, 2004

	Authentica
	220.580C
	2 hours
	Table Mountain
	Hellroaring Slope
	May 1, 2004

	Summitica / Trilobitica
	220.600C
	2 hours
	Summit Lake
	?
	May 1, 2004

	Lost Girl III
	220.620
	5 hours
	Mirror Plateau
	Dome Mtn.
	By the grace of God

	Turbidica
	220.640C
	2 hours
	Turbid Lake
	Lamar
	May 1, 2004

	Charismatica
	220.660B
	5 hours
	Summit Lake
	Gardiner
	Dec 11, 2004
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