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Abstract: In south-central Oregon, mule deer herd composition and population trend 
information is collected annually while deer are located on winter ranges, typically in 
early winter (November and December) and spring (March and April).  These data are 
then utilized by Oregon Department of Fish and Wildlife (ODFW) biologists to develop 
harvest recommendations for the next autumn hunting season.  Population parameters 
based on deer surveys are reported for each Wildlife Management Unit (WMU) in the 
region.  However, the majority of mule deer are harvested during rifle hunting seasons 
(late September-early October) when deer may still be located on summer or transition 
ranges in potentially different WMUs than the winter range units in which they were 
surveyed.  Location data from 483 radio-marked mule deer (2005-2012) were partitioned 
into “winter” and “rifle hunting season” periods.  Results showed that 54% of deer used 
the same WMU during both winter and rifle season while the remaining 46% of deer 
were located in a different WMU during rifle season than during winter. Because winter-
collected mule deer population data can be adjusted to account for individuals that are 
enumerated in one WMU, but occur in other WMUs during the harvest period, these 
findings will be useful in determining harvest quotas and establishing appropriate hunting 
season structures in south-central Oregon. (Wildlife Technical Report 004-2014) 
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Mule deer (Odocoilius hemionus) use migration as a strategy to best utilize food and cover 
resources in accordance with the temporal and spatial availability of these resources across 
landscapes (Garrott et al. 1987, Nicholson et al. 1997, Monteith et al. 2011).  Mule deer 
populations may be entirely non-migratory (Eberhardt et al. 1984, Bowyer 1986), entirely 
migratory (Gruell and Papez 1963, Zalunardo 1965, Garrott et al. 1987), or contain both 
migratory and non-migratory deer (Brown 1992, Mathews and Coggins 1997, Nicholson et al. 
1997).  Migratory deer make movements from high-elevation summer ranges to low-elevation 
winter ranges and may move through the summer and winter ranges of other deer which 
complicates the interpretation of distribution and movement patterns (Gruell and Papez 1963, 
Brown 1992).  Studies conducted in south-central Oregon in the 1960s indicated that most mule 
deer winter in desert habitats and then migrate to higher elevation forested habitats in summer 
(Zalunardo 1965, Olsen 1967).  A variety of factors may influence the timing of deer migrations 
between summer and winter ranges, including the onset of seasonal climate conditions, plant 
phenology, photoperiod, predation risk, and individual deer characteristics (Garrott et al. 1987, 
Nicholson et al. 1997, Monteith et al. 2011, van Beest et al. 2013). 
 
The Oregon Department of Fish and Wildlife (ODFW) maintains established Wildlife 
Management Units (WMUs) to administer hunting regulations for a variety of game species, 
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including mule deer.  The Oregon Fish and Wildlife Commission adopted the Mule Deer 
Management Plan (Oregon Department of Fish and Wildlife 2003) which directs mule deer 
management and specifies population management objectives (MOs) for each WMU.  Hunting 
regulations implemented by ODFW are designed to promote the achievement of MOs (Oregon 
Department of Fish and Wildlife 2003).  Throughout south-central Oregon, the number of mule 
deer rifle hunters are limited and tags are awarded through a public drawing (Oregon Department 
of Fish and Wildlife 2003). The majority of mule deer harvest occurs during annual rifle seasons 
which are typically 2 weeks in duration and span late September to early October (Appendix A-
1).  Rifle seasons generally occur prior to the median autumn migration dates for south-central 
Oregon herds (October 23 – November 7, Appendix A-2). 
 
Though the primary hunting season in south-central Oregon occurs during autumn while 
migratory deer may still be present in transitional or summer ranges, information used to 
evaluate mule deer population trends, herd composition, and over-winter survival is collected by 
biologists during early winter (November-December) and spring (March-April) when deer are 
typically found on winter ranges.  Mule deer population parameters are thus associated with the 
winter WMUs in which they were collected and may not accurately represent the complex 
movement patterns exhibited by migrating and non-migratory portions of populations.  Due to 
this seasonal mismatch between the time at which population data is collected (winter) and the 
point at which the data-driven tag limits are implemented (autumn hunting seasons), ODFW 
biologists sought to develop an empirical-based approach to quantify the seasonal allocation of 
wintering mule deer populations to WMUs during rifle seasons. 
 
In response to this knowledge gap, in 2005 ODFW initiated a 7-year study in south-central 
Oregon to understand several mule deer management issues, including the seasonal WMU 
allocation of wintering deer.  The study collected data on mule deer seasonal distribution, 
migratory patterns, and habitat selection and obtained biological parameters (survival, causes of 
mortality, and population age structure) for use in population estimates. This report describes the 
seasonal allocation of mule deer in south-central Oregon and the adjustments required for 
estimating the number of deer present in a WMU during the rifle-hunting season. 
 
 
STUDY AREA  
The study area (based on a 95% minimum convex polygon of all radio-collar locations) was 
41,848 km2 and was primarily encompassed by 9 WMUs located on the eastern slopes of the 
Cascade Mountain Range (Fort Rock, Interstate, Klamath Falls, Metolius, Paulina, Silver Lake, 
Sprague, Upper Deschutes, and Wagontire WMUs) (Figure 1).  Additionally, during the summer, 
some mule deer utilized areas west of the Cascade Mountain crest in the Indigo, McKenzie, and 
Santiam WMUs, as well as Crater Lake National Park.  Small portions of some mule deer winter 
ranges also occurred in the Maury and Warner WMUs, as well as north-central California.  
 
The study area overlapped portions of the Eastern Cascades Slopes and Foothills, Blue 
Mountains, Cascades, and Northern Basin and Range ecoregions (U.S. Environmental Protection 
Agency 2011).  Soils are predominately composed of pumice and ash deposits from the eruption 
of Mt. Mazama (Franklin and Dyrness 1973).  The climate is characterized by warm dry 
summers with maximum July temperatures of 27 to 31 °C and cold wet winters with minimum 
January temperatures between -7 to -11 °C (Franklin and Dyrness 1973).  Annual precipitation 
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ranges from 30 cm in the eastern part of the study area to 100 cm west of the Cascade Mountain 
crest and falls primarily as snow.  Elevations in the study area range from 315 m to 3,157 m. 
 
Plant communities vary widely depending on longitude, elevation, aspect, and soil type (Franklin 
and Dyrness 1973).  Winter ranges are characterized by western juniper (Juniperus occidentalis), 
ponderosa pine (Pinus ponderosa), mountain mahogany (Cercocarpus ledifolius), antelope 
bitterbrush (Purshia tridentata), wax current (Ribes cereum), sagebrush (Artemisia spp.), 
rabbitbrush (Chrysothamnus spp.), willow (Salix spp.), fescue (Festuca spp.), Sandberg 
bluegrass (Poa sandbergii), and wheatgrass (Agropyron spp.).  Forbes include phlox (Phlox 

spp.), clover (Trifolium spp.), and pussytoe (Antennaria spp.).  Transition and summer ranges are 
typically forested communities.  Overstory vegetation includes ponderosa pine, lodgepole pine 
(Pinus contorta), Douglas fir (Psuedotsuga menziesii), true fir (Abies spp.), and quaking aspen 
(Populus tremuloides).  Shrub communities include antelope bitterbrush, green-leaf manzanita 
(Arctostaphylos patula), snowbrush (Ceanothus velutinus), sagebrush, and mountain mahogany.  
Grasses include needlegrass (Stipa occidentalis), Ross’s sedge (Carex rossii), squirreltail 
(Sitanion hystrix), and Idaho fescue (Festuca idahoensis).  Transition and summer range are 
typified by a variety of forbes including mules ear (Wyethia mollis), woolly sunflower 
(Eriophyllum lanatum), arrowleaf balsamroot (Balsamorhiza sagittata). 
 
The majority of the study area (71%) was under federal ownership, primarily the Deschutes and 
Winema-Fremont National Forests and Lakeview and Prineville Districts of the Bureau of Land 
Management.  The Modoc, Ochoco, Umpqua, and Willamette National Forests, as well as Clear 
Lake National Wildlife Refuge and Crater Lake National Park also comprised portions of the 
study area.  Private lands occurred primarily along highways, but were also scattered throughout 
the study area in the valley, meadow, and riparian habitats.  Primary private land uses were 
timber and hay production, as well as cattle grazing. 
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Figure 1. South-central Oregon mule deer study area boundary, mule deer winter range, and Wildlife 
Management Unit boundaries.  The study area polygon contains 95% of all GPS radio-locations obtained 
from mule deer, 2005-2012. 
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METHODS 
Capture and radio-marking 
During June 2005 – September 2011, we captured mule deer using helicopter net gunning, 
darting, modified Clover traps (McCullough 1975), and panel traps at selected winter range sites 
within the Fort Rock, Interstate, Klamath Falls, Metolius, Paulina, Silver Lake, and Wagontire 
WMUs.  With the exception of 39 radio-collars deployed by the Klamath Tribes, radio-collar 
distribution was based on wintering deer densities. Additional captures occurred in summer 
range habitat within randomly selected townships in the Fort Rock, Interstate, Metolius, Paulina, 
Silver Lake, and Upper Deschutes WMUs.  Radio-marked deer were fitted with either VHF 
collars (MOD 500: Telonics, Inc., Mesa, Arizona, USA) or GPS collars (models 3300s and 
4400s: Lotek Wireless, Inc, Newmarket, Ontario, Canada; model Tellus 2D: Followit, 
Lindesberg, Sweden; model G2110B: Advanced Telemetry Systems, Isanti, Minnesota, USA).  
We recorded sex, age class (fawn, yearling, adult), and physical characteristics such as total 
length, girth, neck diameter, and condition based on fat index (Kistner et al. 1980) for each deer.   
 
We attempted to locate all radio-collared deer a minimum of 1-2 times per month using both 
aerial (fixed-winged aircraft) and ground telemetry.  Deer with VHF radio-collars were located 
as frequently as possible to determine movement patterns and critical migration corridors during 
autumn (September-November) and spring (April-June), and to identify locations during hunting 
seasons.   
 
Most GPS radio-collars were programmed to obtain a location every 4 hours.  We programmed 
44 collars to increase location frequency to every 1.5 hours during autumn and spring migration 
periods.  Some collars (n = 39) were scheduled to obtain locations every 0.5 hour, 1 hour, or 2 
hours. The majority (95%) of GPS collars were designed to automatically detach from the deer 
68-72 or 52-58 weeks after deployment.  As detached collars were recovered, detailed location 
data for these deer became available.  We downloaded data from the collar to a computer with 
proprietary software (Lotek Wireless, Inc., Followit, Advanced Telemetry Systems) and prepared 
individual deer location files for analyses.  
 
WMU assignment during winter and hunting seasons 
We determined the WMU in which each deer was located during the winter (hereafter called, 
“winter WMU”) and hunting seasons (hereafter, called “rifle WMU”) using one of two methods 
depending on the location data type available (GPS versus VHF). 
 
GPS-collared deer 
Downloaded location data from deer fitted with GPS radio-collars were restructured into a GIS 
database, ArcMap, (ArcMap Version 10.0, Environmental Systems Research Institute, Inc., 
Redlands, California, USA).  We validated and error checked individual deer locations and 
removed obvious erroneous locations.  We displayed locations for each deer in ArcMap and then 
classified locations as either occurring during summer, winter, or spring or autumn migration 
periods.  Locations classified as “winter” or “summer” were typified by shorter movements 
between sequential locations and thus, tighter clustering, than those obtained during migration 
(autumn median migration dates were October 23 – November 7, spring median migration dates 
were May 10 – May 19, Appendix A-2).  We defined the start of a spring migration sequence as 
the locations just prior to the beginning of linear movement from winter to summer range; spring 
migration was considered complete after the directional movement concluded at summer range.  
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Similarly, an autumn migration sequence was defined to begin just prior to the start of the linear 
movement between summer and winter ranges and was considered complete immediately after 
the directional movement terminated at winter range.  Several deer exhibited multiple partial 
migration events during a single migration period.  Some deer migrated completely between 
seasonal ranges, but quickly returned to the seasonal range from which they originated and 
remained there for several additional days before completing a final migration.  We classified 
these multi-migration sequences as “summer” or “winter” until the final migration event that 
occurred prior to the deer reaching and staying in its summer or winter range for the duration of 
that season.  Another migration pattern we observed during classification was clusters of 
locations on migration routes that occurred in close proximity to a summer or winter range.  We 
subjectively, but consistently gave clusters season designations using the following criteria: if a 
cluster was within 3 km of a summer or winter range and was used for ≥5 sequential days, the 
locations were considered to have occurred during the summer or winter season, respectively; 
otherwise, they were classified as “spring” or “autumn”.  Animals that did not migrate were 
classified as “non-migratory”. 
 
In order to determine each deer’s winter WMU, we used ArcMap to calculate the geographic 
centroid (mean center) of all winter locations for individual deer and then identified the WMU in 
which the centroid occurred.  Because radio-marked deer demonstrated high fidelity to winter 
ranges each year (ODFW, unpublished data), all winter locations (obtained during a maximum of 
two winters) were used in the calculation of the geographic centroid.  We also calculated 
geographic centroids for non-migratory deer using all locations, regardless of season.  For each 
rifle season that a deer was radio-marked (up to 2 rifle seasons if the animal was marked during 
summer), we used ArcMap to select its locations that occurred during rifle season (see Appendix 
A-1 for rifle season dates, 2005-2012).  We used ArcMap to determine the WMU in which each 
rifle season location occurred.  We assigned a rifle WMU for each rifle season the animal was 
radio-marked based on the WMU corresponding to the greatest proportion of locations during 
that season.   
 
VHF-collared deer 
We used ground and aerial telemetry locations obtained from VHF-collared deer while they were 
on winter ranges (November 15 – April 15) to determine each animal’s winter WMU on an 
annual basis (up to 2 winters).  In order to determine the rifle WMU for VHF collared deer, we 
examined telemetry locations that occurred during the rifle season timeframe (Appendix A-1) 
and determined the WMU in which each location occurred.  For each rifle season during which 
the deer was radio-marked (up to 2 rifle seasons), we assigned the rifle WMU corresponding to 
the greatest proportion of telemetry locations.  Additionally, telemetry locations were examined 
to determine if animals were migratory or non-migratory. 
 
Radio-collar location accuracy 
Though a variety of factors (canopy cover, terrain, animal behavior, electromagnetic 
interference, weather, etc.) can introduce error into locations obtained from GPS and VHF 
collars (Lee et al. 1985, White and Garrott 1990, Rempel et al. 1995, Withey et al. 2001, 
Augustine et al. 2011), errors from GPS collars in our study were small (< 7 m; P. K. Coe, 
ODFW, unpublished data) in comparison to the scale of our analyses (WMU area ranged from 
1,700-8,000 km2).   Thus, we do not think this type of error is relevant to the scope of our 
analyses (presence-absence in a WMU), nor our results.    
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Calculation of deer-equivalent per collar 
We calculated the average wintering deer population for each winter WMU using ODFW 
population estimates spanning 2004-2011 (ODFW, unpublished data).  For each winter WMU, 
we divided its average population size by the number of radio-marked deer with at least one 
winter-rifle season sequence (or rifle season-winter sequence for summer caught deer) 
originating from (or terminating in, for summer caught deer) that winter WMU.  These results 
estimated the number of deer represented by each radio-marked deer for each winter WMU.  We 
then calculated the overall average number of deer equivalents per collar for all winter WMUs 
combined. 
 
Analysis of seasonal WMUs 
Seasonal WMU allocations for individual deer were based on the first occurring winter-rifle 
season sequence (or rifle season-winter sequence for deer caught in summer) for each deer.  For 
each winter WMU, we calculated the proportion of deer that utilized the same and different 
WMUs during rifle season.  Because mule deer inventories and harvest quotas in the Paulina 
WMU are partitioned by north and south sections, the proportion of deer that utilized the Paulina 
unit during winter and rifle seasons were determined according to this management boundary. 
 
RESULTS  
A total of 711 deer were captured in 9 WMUs and 628 (94 bucks and 534 does) were radio-
marked (Tables 1 and 2).  Four deer were captured twice during the study for collar replacement.  
The majority of radio-marked deer (79%) received a GPS radio-collar; 21% received a VHF 
collar and 11% of captured deer were not radio-collared (Table 2).  Location data needed to 
determine whether deer were non-migratory or migratory were available for 525 deer.  The 
majority of deer (87%, n = 457) were migratory and 13% (n = 68) were classified as non-
migratory.   
 
 
Table 1.  Total radio-marked mule deer by Wildlife Management Unit (WMU) in south-central Oregon 
(June 2005 – September 2011). 

WMU GPS VHF Total radio- 
marked deer Buck Doe 

Fort Rock 68 31 99 20 79 
Interstate 96 1 97 1 96 
Klamath Falls 20 -- 20 -- 20 
Metolius 65 17 82 17 65 
Paulina 96 40 136 26 110 
Silver Lake 80 24 104 17 87 
Sprague 15 6 21 4 17 
Upper Deschutes 18 8 26 7 19 
Wagontire 37 6 43 2 41 
Total 495 133 628 94 534 
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Table 2.  Total capture and total radio-collars deployed (by type) on mule deer in south-central Oregon 
during June 2005 - September 2011.  (Note: 4 deer were captured and collared twice during the study.) 

 Radio-collar type Summary 
Capture 
period GPS VHF 

Kydex or 
expanding VHF 

Fawn  
VHF 

No  
collar 

Total 
capture 

Total 
collars 

2005 6 2 6 -- 8 22 14 
2006 54 34 22 9 54 173 119 
2007 67 4 18 -- 8 97 89 
2008 81 -- 7 -- 7 95 88 
2009 60 -- 11 -- 2 73 71 
2010 139 4 11 -- -- 154 154 
2011 91 -- 6 -- -- 97 97 
Total 498 (78.8%) 44 (7.0%) 81 (12.8%) 9 (1.4%) 79 (11.1%) 711 632 

 
 
Of the 525 deer for which we classified migration status, location data were obtained from 389 
GPS-collared and 99 VHF-collared deer (total of 488 deer) for at least one winter-rifle season 
sequence or rifle season-winter sequence. The remaining 37 deer lacked location data that 
spanned the duration of at least one sequence either because their radio collars failed or we were 
unable to relocate them.  We calculated deer-equivalents for 465 radio-marked deer.  Deer-
equivalent calculations did not include 13 deer that wintered in California and 10 deer that 
wintered in WMUs with an insufficient winter sample size (e.g. n = 5 deer for Upper Deschutes 
winter WMU; n = 2 deer for Sprague winter WMU; n = 3 deer for Maury winter WMU).  Pooled 
across 8 winter WMUs (Fort Rock, Interstate, Klamath Falls, Metolius, North Paulina, Silver 
Lake, South Paulina, and Wagontire), each collar represented 112 ± 26 yearling/adult deer (95% 
CI, Table 3). 
 
   
Table 3.  The number of deer represented by each collar (deer-equivalents) for winter Wildlife 
Management Units in south-central Oregon.  aDeer with at least one winter-rifle season or rifle-
season-winter sequence. 

Unit 
Mean winter population 

(2004-2011) 
aRadio-marked deer 

wintering in unit Deer/collar 
Fort Rock 7231 52 139 
Interstate 8188 87 94 
Klamath Falls 2968 20 148 
Metolius  7140 72 99 
Paulina N  2750 47 59 
Paulina S 8713 71 123 
Silver Lake 7580 79 96 
Wagontire 5214 37 141 
 Overall mean (all units combined) 112 ± 26 (95% CI) 
 
 
The seasonal WMU analysis included 483 deer; 5 deer were excluded because the number of 
deer initiating from a particular winter WMU was insufficient to make meaningful inferences 
(e.g. n = 2 deer for Sprague winter WMU; n = 3 deer for Maury winter WMU). The Upper 
Deschutes WMU had 100% of the marked wintering deer still present during rifle season, 
although only 5 deer were monitored.  The Fort Rock WMU had 52 marked wintering deer 
monitored and 92% of them stayed within that WMU during rifle season.  This contrasts 
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dramatically with the Wagontire WMU where only 16% of the marked wintering deer were still 
in the WMU during rifle season.  Six WMUs had >50% of the wintering deer stay within the 
WMU during the rifle season (Fort Rock, Interstate, Klamath Falls, Metolius, North Paulina, and 
Upper Deschutes); whereas 3 WMUs (South Paulina, Silver Lake, and Wagontire) and California 
had <50% of the wintering deer stay in the WMU during rifle season.  Pooled across all WMUs, 
about half (54%, range 16-100%) of the deer used the same WMU during both the winter and 
rifle season while the remaining 46% of wintering deer were located in a different WMU during 
rifle season (Table 4, Figure 2, Appendix B).   

The array of different wintering deer movements (distances and directions), as well as 
interchanges of deer between WMUs, demonstrates the complexity of the rifle-season allocation 
of deer that were surveyed on winter ranges.  For example, the 2 portions of the Paulina WMU 
(North and South) were examined separately.  Over 25% of the wintering deer in the North 
Paulina moved into the Upper Deschutes WMU (which is located west of Paulina WMU), but 
only 9% of the wintering South Paulina deer were found in the Upper Deschutes during rifle 
season.  Neighboring WMUs exchanged wintering deer to varying degrees during the rifle 
season.  For example, small proportions of wintering deer (≤5%) were exchanged between the 
Klamath Falls and Interstate WMUs, as well as between the two portions of the Paulina WMU.  
In contrast, 59% of the wintering deer in the South Paulina moved into the Fort Rock WMU 
during rifle season, but none of the Fort Rock wintering deer were located in the South Paulina 
unit during rifle season.  Two WMUs (Metolius and Wagontire) did not reciprocally exchange 
deer with any other WMUs during rifle season, but rather were only sources of deer available in 
other WMUs (while also retaining some portion of their respective wintering deer populations 
during rifle season). The number of WMUs into which deer dispersed from a single wintering 
WMU varied.  For example, wintering deer from the Fort Rock WMU moved into only 2 other 
units during rifle season.  Wintering deer from the Klamath Falls and Metolius WMUs also 
moved into a small number of other units during the rifle season (3 units each).  However, the 
wintering deer in the South Paulina and Wagontire WMUs moved into 6 and 7 other WMUs, 
respectively, during the rifle season.  The distance marked deer moved from their winter range 
varied and was not restricted to adjacent WMUs.  Deer that moved from the Metolius WMU (for 
example) moved shorter distances into adjacent WMUs, while some wintering Wagontire deer 
(5%) moved long distances, crossed the neighboring Paulina WMU, and were present in the 
Upper Deschutes WMU during rifle season.  In summary, the final allocation of mule deer from 
winter WMUs to rifle season WMUs revealed the complex network of deer movements that 
occurred in south-central Oregon.  
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Table 4.  Proportion (and number) of deer that utilized the same or different Wildlife Management Unit 
(WMU) during rifle season compared to the WMU utilized during winter (n = 483 deer) in south-central 
Oregon, during 2005-2011. 

Winter WMU n 

Rifle WMU same as 
winter WMU 

 % (n) 

Rifle WMU different 
from winter WMU 

 % (n) 

Rifle WMU different from winter 
WMU, 

expanded % (n) 

Fort Rock 52 92.3 (48) 7.7 (4) Crater Lake NP 5.8 (3) 
Upper Deschutes 1.9 (1) 

Interstate 87 79.3 (69) 20.7 (18) 

Sprague 14.9 (13) 
Silver Lake 2.3 (2) 
California 1.1 (1) 
Klamath Falls 1.1 (1) 
Warner 1.1 (1) 

Klamath Falls  20 60.0 (12) 40.0 (8) 
Sprague 30.0 (6) 
California 5.0 (1) 
Interstate 5.0 (1) 

Metolius 72 54.2 (39) 45.8 (33) 
Upper Deschutes 20.8 (15) 
Santiam 18.1 (13) 
McKenzie 6.9 (5) 

Paulina N 47 57.4 (27) 42.6 (20) 
Upper Deschutes 25.5 (12) 
Fort Rock 12.8 (6) 
Paulina S 4.3 (2)  

Paulina S 71 23.9 (17) 76.1 (54) 

Fort Rock 59.2 (42) 
Upper Deschutes 8.5 (6) 
Silver Lake 4.2 (3) 
Crater Lake NP 1.4 (1) 
Paulina N 1.4 (1) 
Sprague 1.4 (1) 

Silver Lake 79 45.6 (36) 54.4 (43) Fort Rock 31.6 (25) 
Sprague 22.8 (18) 

Upper 
Deschutes 5 100.0 (5)  -- (--) NA NA 

Wagontire 37 16.2 (6) 83.8 (31) 

Paulina S 27.0 (10) 
Silver Lake 18.9 (7) 
Paulina N 13.5 (5) 
Fort Rock 10.8 (4) 
Interstate 5.4 (2) 
Upper Deschutes 5.4 (2) 
Sprague 2.7 (1) 

California 13 15.4 (2) 84.6 (11) 

Interstate 46.2 (6) 
Silver Lake 23.1 (3) 
Klamath Falls 7.7 (1) 
Sprague 7.7 (1) 

All winter  
WMUs 
combined 

483 54.0 (261) 46.0 (222) 
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Figure 2. Distribution of radio-marked mule deer from winter Wildlife Management Units (WMUs) to 
WMUs in which they occurred during rifle season. Values are %, sample sizes are in parentheses.  Arrows 
originate in winter WMUs and terminate in rifle WMUs; arrow weight corresponds to percentage of radio-
marked deer. 
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DISCUSSION 

Quantifying the seasonal distribution of mule deer in south-central Oregon is complex because 
herds within this region contain both migratory and non-migratory deer that utilize common 
winter ranges.  Migratory deer in our study area winter in several broad areas and disperse to 
even more numerous summer ranges.  Furthermore, differences in migration distances between 
summer and winter ranges, as well as individual variability among deer in terms of migration 
timing, make it difficult to estimate the allocation of wintering deer to WMUs during the rifle 
season. 
 
Our study was the first large-scale attempt to understand the movement patterns of mule deer in 
south-central Oregon using modern radio-marking techniques.  A previous study conducted in 
1968-1969 marked 346 deer on winter ranges in the northern portion of the Paulina WMU 
(Ingram 1972).  In that study, deer were marked with ear streamers, sheep ear tags, and collar 
flaps and migration patterns were determined from sightings reported by the public and hunter 
harvest of tagged deer.  In comparison to our study, Ingram (1972) reported a different rifle 
WMU distribution for deer that wintered in the North Paulina WMU.  The majority of marked 
deer harvested by hunters during the 1968-1969 study (males and females combined, n = 31) 
were killed during rifle season in the Upper Deschutes WMU (55%, n = 17), followed by the 
North Paulina WMU (35%, n = 11).  However, our study showed that most (57%, n = 27) deer 
that wintered in the North Paulina WMU (n = 47) remained in the North Paulina WMU during 
rifle season.  Only 26% (n = 12) were available for harvest in the Upper Deschutes WMU during 
rifle season.  Because his methods relied on observation or harvest of marked animals, Ingram’s 
(1972) findings may have been influenced by the relative hunting pressure in the Upper 
Deschutes and Paulina WMUs.  The number of hunter days per square mile in the Upper 
Deschutes WMU in 1968 (130 hunter days/mi2) was more than twice as high as that in the 
Paulina WMU (49 hunter days/mi2, Ingram 1972).  This may have corresponded to a greater 
chance of hunters observing or harvesting marked deer in the Upper Deschutes WMU during that 
study period.  Differences between our results and Ingram’s (1972) also may be related to the 
residential development which has occurred over the past 4 decades along the U.S. Highway 97 
corridor that separates the two WMUs and may have influenced deer movement patterns and 
landscape utilization.   
 
Results from another study conducted during 1964-1966 tracked movements of 454 mule deer 
caught on the Fort Rock WMU winter range and showed a different rifle season mule deer 
distribution than that observed during our study (Olsen 1967).  In Olsen’s (1967) study, mule 
deer were marked with visual tags and bells and deer movements were determined through 
recorded observations and harvest locations (or other mortality during rifle season).  1960s-era 
harvest (and other mortality) records for males and females combined, indicated 61 deer, 
originally marked on the Fort Rock WMU winter range, were killed during rifle season. About 
one-half of those 61 mule deer were killed within the Fort Rock WMU (Figure 3a, 49%, n = 30).  
However our data, using radio-marked deer, showed a much higher percent of wintering deer 
remaining in the Fort Rock WMU during rifle season (Figure 3b, 93%, n = 48).  In both studies, 
deer were found in the Upper Deschutes WMU, though this proportion was higher in the 
previous study (7%, n = 4 1960s data; 2%, n = 1 our data).  Also, wintering Fort Rock WMU 
deer in Olsen’s (1967) study migrated to WMUs that were not represented in our results, 
including the Interstate (3%, n = 2), Klamath Falls (2%, n = 1), North Paulina (2%, n = 1), South 
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Paulina (5%, n = 3), Rogue (2%, n = 1), Silver Lake (23%, n = 14), and Sprague (10%, n = 6) 
units.  During our study, wintering deer were found in Crater Lake National Park (6%, n = 3) 
where hunting is not allowed.  Hunting restrictions in national parks means no harvests would 
have been documented there during the 1960s.  Thus, some differences between our results and 
those reported by (Olsen 1967) may be attributed to the use of different methods.  Interestingly 
though, overall deer movements documented from the Fort Rock winter range in the 1960s were 
more diverse than our observations.  This shift could be a result of differences in habitat 
availability on summer range between the two time periods, mortality factors that may have 
eliminated those migrating portions of the Fort Rock wintering herd, or the presence of new 
barriers to migration.   
 
In comparison to the previous studies conducted in the region (Olsen 1967, Ingram 1972), our 
findings show the need to utilize contemporary mule deer movement information that reflects 
potential impacts of landscape alterations on habitat selection by mule deer and uses modern 
techniques that are independent of biases in human observation rates. Moreover, our study’s 
findings demonstrate the importance of empirically quantifying the seasonal distribution of mule 
deer relative to WMUs to improve harvest management.  Nearly half of the deer in our study 
(46%) occurred in different WMUs during rifle season than during winter. Thus, previous 
harvest recommendations based solely on population parameters collected during the winter may 
have misrepresented the availability of mule deer in WMUs during rifle season.   
 
For example, in 2010 the wintering deer population in the Fort Rock WMU was estimated to be 
5,344 deer (ODFW, unpublished data).  Our results suggest that nearly 8% of deer that winter in 
the Fort Rock WMU are located in a different WMU during rifle season.  Applied to the 2010 
population estimate, during rifle season 411 deer were located in other WMUs and 4,933 deer 
remained present in the Fort Rock WMU.  However, our results indicate that 13%, 59%, 32%, 
and 11% of the North Paulina, South Paulina, Silver Lake, and Wagontire wintering deer 
populations, respectively, were also located in the Fort Rock unit during rifle season.  Applying 
these percentages to the respective 2010 winter population trend data for each of these WMUs 
suggests an influx of 6,914 deer into the Fort Rock WMU during rifle season.  However, these 
deer were not present in the Fort Rock WMU during the winter, and thus would not be accounted 
for during Fort Rock winter deer surveys.  In summary, the corrected estimated population in the 
Fort Rock unit during the 2010 rifle season is 11,847 yearling and adult deer (5,344 – 411 + 
6,914 = 11,847) (Table 5). 

Table 5.  Rifle season deer population adjustment for the Fort Rock Wildlife Management Unit 
(using 2010 population trend data).  aIncludes 4933 deer that are present in the Fort Rock 
WMU for both winter and rifle season.  bYearling and adult deer. 

WMU 2010 winter       
population estimate 

% in Fort Rock unit 
during rifle season 

Contribution of deer from each 
WMU to the Fort Rock WMU 

during rifle seasona,b 

Fort Rock 5344 92.3 4933 
Paulina N 3000 12.8 384 
Paulina S 6800 59.2 4026 
Silver Lake 6143 31.6 1941 
Wagontire 5214 10.8 563 
Total   11847 
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As a caveat, we note that the majority of deer in this study were does (85%), while bucks are 
harvested during rifle seasons in the region.  If bucks and does exhibit different behaviors during 
rifle season or migration periods, the seasonal allocations determined in this study may not be 
applicable to bucks.  Differences between buck and doe movement patterns and home range 
sizes have been noted in other studies (Dasmann and Taber 1956, Robinette 1966, Brown 1992).  
However, when radio-marked buck and doe winter-rifle season sequences were examined for 
each winter WMU, bucks and does from only one of the six winter WMUs (for which there was 
available data) showed significant differences in the distribution of selected rifle season WMUs 
(p = 0.026 Fort Rock winter WMU; Fishers exact test; R version 2.15.1, R Core Team, Vienna, 
Austria) (Table 6).  Buck sample sizes were low in most winter WMU units, so results based on 
sex-specific movement patterns should be interpreted with caution. 
 

 

MANAGEMENT IMPLICATIONS 

Establishing appropriate harvest regulations for mule deer in south-central Oregon is critical for 
the overall management of this herd.  Previous studies in this area documented deer migration 
paths and WMU allocation based on data from deer without radio-collars.  The harvest 
regulations and population modeling of this herd has relied on these data for nearly 30 years.  
Our data suggests that nearly 46% of the deer that could have been surveyed in the winter range 
of one WMU are actually present in a different WMU during the rifle harvest season.  Managers 
in south-central Oregon can now utilize the findings from this study to adjust winter population 
estimates for each WMU to reflect the availability of deer during rifle season.  Winter deer 
population estimates for each WMU must be adjusted to account for two factors: the absence of 
winter-surveyed deer that move elsewhere during rifle season and the influx of deer from other 
winter WMUs during rifle season.  These adjustments should improve the quality of harvest 
recommendations. 
 

Table 6. Deer winter-rifle season sequences from winter WMUs to rifle season WMUs based on sex. Values 
reported are number of deer.  Unit numbers are as follows: 1 Crater Lake National Park; 16 Santiam; 19 
McKenzie; 32 Klamath Falls; 33 Sprague; 34 Upper Deschutes; 35N Paulina N; 35S Paulina S; 39 Metolius; 73 
Wagontire; 74 Warner; 76 Silver Lake; and 77 Fort Rock. 

  Rifle season WMU 

Winter 
WMU Sex 1 16 19 32 33 34 35N 35S 39 73 74 75 76 77 Calif. Total 

Fishers 
exact test 
p-value 

Fort 
Rock  

Buck 2 -- -- -- -- 1 -- -- -- -- -- -- -- 8 -- 11 0.026 Doe 1 -- -- -- -- -- -- -- -- -- -- -- -- 40 -- 41 

Interstate Buck -- -- -- -- -- -- -- -- -- -- -- 1 -- -- -- 1 0.100 
Doe -- -- -- 1 13 -- -- -- -- -- 1 68 2 -- 1 86 

Metolius Buck -- 4 -- -- -- 1 -- -- 10 -- -- -- -- -- -- 15 0.252 Doe -- 9 5 -- -- 14 -- -- 29 -- -- -- -- -- -- 57 
Paulina 
N  

Buck -- -- -- -- -- 2 4 -- -- -- -- -- -- -- -- 6 0.882 Doe -- -- -- -- -- 10 23 2 -- -- -- -- -- 6 -- 41 
Paulina 
S  

Buck -- -- -- -- -- -- 1 1 -- -- -- -- -- 3 -- 5  0.277 Doe 1 -- -- -- 1 6 -- 16 -- -- -- -- 3 39 -- 66 
Silver 
Lake  

Buck -- -- -- -- 3 -- -- -- -- -- -- -- 4 5 -- 12  0.610 Doe -- -- -- -- 15 -- -- -- -- -- -- -- 32 20 -- 67 
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We recommend managers use caution when interpreting and applying the findings associated 
with WMUs in which few radio-marked deer wintered.  For instance, 20 or fewer radio-marked 
deer wintered in north-central California, as well as the Klamath Falls and Upper Deschutes 
WMUs; thus, our results may not be representative of the seasonal movements of wintering mule 
deer herds in these areas. 
 
Further investigation is warranted to better quantify the proportion of deer that winter in north-
central California (in the Modoc National Forest and in the vicinity of the Clear Lake National 
Wildlife Refuge), but are located in Oregon WMUs during Oregon’s rifle season.  Although our 
sample of radio-marked deer that wintered in north-central California was small (n = 13), 85% 
were located in the Interstate, Klamath Falls, or Silver Lake WMUs during rifle season.  Thus, 
Oregon wildlife managers may find it useful to collaborate with California Fish and Game 
wildlife biologists to improve estimates of deer availability during rifle seasons in these units. 
 
Our findings, when combined with survival estimates and cause specific mortality of deer from 
each WMU in the study area, will provide the basis for future management of deer in south-
central Oregon.  When considered with other mule deer population characteristics (habitat use, 
home range size, reproduction, and dispersal), our data can also be used by ODFW biologists to 
recommend areas for habitat conservation and enhancements, as well as provide accurate 
information for proposed land management activities and developments. 
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APPENDIX A 

Appendix A-1.  Eastern Oregon mule deer rifle 
 season dates, 2005-2012. 

Year Start date End date 
2005 October 1 October 12 
2006 September 30 October 11 
2007 September 29 October 10 
2008 October 4 October 15 
2009 October 3 October 14 
2010 October 2 October 13 
2011 October 1 October 12 
2012 September 29 October 10 
 
 
Appendix A-2.  Median migration dates (calculated annually and all years combined) 
 for radio-marked mule deer on the south-central Oregon study area, 2006-2012.  
Season Year Median start date Median end date 

Autumn 

2006 October 16 November 2 
2007 October 16 October 27 
2008 October 20 November 6 
2009 October 20 November 5 
2010 October 25 November 21 
2011 November 4 November 22 

Median autumn (all years) October 23 November 7 

Spring 

2006 May 13 May 23 
2007 May 8 May 16 
2008 May 15 May 24 
2009 May 16 May 23 
2010 May 12 May 19 
2011 May 7 May 20 
2012 May 7  May 17 

Median spring (all years) May 10 May 19 
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APPENDIX B 

 
The following 8 figures (B-1 to B-8) represent the distribution of radio-marked mule deer from 8 
Wildlife Management Units (WMUs) in which they wintered to WMUs in which they were 
located during rifle season.  The figures are enlargements of data presented in Figure 2.  Each 
figure displays only general deer movements into and out of a single WMU. 
 
Appendix B-1: Fort Rock 
Appendix B-2: Interstate 
Appendix B-3: Klamath Falls 
Appendix B-4: Metolius 
Appendix B-5: North Paulina 
Appendix B-6: South Paulina 
Appendix B-7: Silver Lake 
Appendix B-8: Wagontire
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