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EXECUTIVE SUMMARY 
 

Mountain Quail populations have declined in the eastern portion of their range 

during the last century.  However, few studies have investigated the nesting habitat and 

survival of Mountain Quail translocated into an area from which they have been 

extirpated.  In 2005 and 2006, we translocated 217 wild Mountain Quail from 

southwestern Oregon to Steens Mountain in southeastern Oregon to re-establish a 

population in part of their former range.  We measured habitat characteristics at 45 nest 

sites and 90 random sites to identify the habitat characteristics important in Mountain 

Quail nest site selection.  Canopy cover of shrubs, trees, and rocks, and shrub height 8 m 

from the nest were the 2 most important characteristics influencing Mountain Quail nest-

site selection.  Mean shrub height at nest sites was approximately 1 m tall and mean 

canopy cover was 28%.  Managing habitat for a diversity of low and tall shrubs and a 

medium density canopy cover may increase habitat suitable for Mountain Quail 

reproduction. The availability of shrub height and canopy cover should be a major factor 

in consideration of future reintroduction sites. 

We also estimated survival rates for 135 radio-collared Mountain Quail in 2005-6 

for the 5-month period following translocation and examined the effects of year, sex, 

time, linear and quadratic time trends, body condition, and weather covariates to 

determine if they explained variation in survival rates. Year, sex, and a quadratic time 

trend were the most important factors explaining variation in survival for reintroduced 

Mountain Quail on Steens Mountain.  Survival was higher in 2005 than 2006 and was 

higher for females in both years of the study. Survival was lowest during the first 2 weeks 

after the release suggesting that improving survival during this time period may improve 



overall chances of a successful translocation.  Survival in 2005 was high relative to other 

translocation sites and comparable to other translocation sites in 2006.  In both years of 

this study, a high proportion of surviving Mountain Quail were able to successfully 

reproduce, indicating that Mountain Quail populations may persist if translocations 

provide sufficient numbers of birds.
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INTRODUCTION 
 

Mountain quail (Oreortyx pictus) occupy some of the highest elevation ranges of 

quail in North America and may migrate seasonally to breeding ranges >30 km from 

winter ranges (Pope 2002).  They are the most northerly distributed of the New World 

quails and their current range extends from extreme southwestern British Columbia south 

to Baja and eastward to Idaho and Nevada (Johnsgard 1973, Crawford 2000).  Mountain 

Quail occupy diverse habitats including hardwood, hardwood-coniferous, and coniferous-

chaparral vegetation communities with a shrub understory in the western part of their 

range (Johnsgard 1973, Vogel and Reese 1995) and shrub communities often associated 

with riparian areas that may or may not have an open coniferous forest overstory in their 

eastern ranges (Ormiston 1966, Brennan 1994, Vogel and Reese 1995).  Across their 

range, Mountain Quail are generally found in shrub-dominated communities and early-

successional mixed conifer-shrub vegetation usually found after disturbances such as fire 

and logging (Johnsgard 1973, Guitierrez and Delehanty 1999, Pope 2002).   

Mountain Quail populations have declined in the eastern portion of their range 

during the last century, likely as a result of habitat loss resulting from overgrazing and fire 

suppression (Brennan 1994).  Mountain Quail were once found throughout Oregon and 

continue to be abundant in the Coastal and western Cascade forests.  However, they are 

now restricted to isolated populations east of the Cascade Range (Figure 1).  As a result of 

these declines, conservation groups filed a petition to list Mountain Quail in the northern 

and western Great Basin and Interior Columbia Basin as a threatened or endangered 

distinct population segment under the Endangered Species Act (1973), but this petition 

was denied (Federal Register 58:14 2003).  
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Figure 1.  Mountain Quail locations in eastern Oregon as of 2006.  (Courtesy of ODFW) 
 
 

Aside from habitat loss, a major impediment to successful recovery efforts for 

Mountain Quail populations is the lack of information on basic life history characteristics 

such as survival and reproduction.  The secretive nature of Mountain Quail and the steep 

and rugged terrain they inhabit are just two of the factors limiting the number of studies 

conducted (Gutierrez and Delahanty 1999).  However, in a survey of 198 reintroduction 

programs, Griffith et al. (1989) found that restoration efforts have a much greater chance 

of success if action is taken before populations reach crisis levels. 

In 2001, Oregon State University, Oregon Department of Fish and Wildlife and the 

U.S. Forest Service initiated a Mountain Quail translocation and research program for 
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eastern Oregon.  The primary goal of this program was to restore Mountain Quail to their 

former range.  Additional objectives were to collect information on basic natural and life 

history of Mountain Quail to assist in evaluations of translocation efforts and refine 

protocols for future translocations.  Mountain Quail are good candidates for translocations 

with translocated birds exhibiting similar survival rates to wild birds (Pope 2002, Nelson 

2007).  Oregon has abundant Mountain Quail populations west of the Cascades that 

provide an accessible source population for translocations.   

Like much of eastern Oregon, Steens Mountain has seen a decline in Mountain 

Quail over the past 50 years, with the last sighting occurring in 1982 (Matt Obradovich, 

BLM, personal communication).  If remnant populations of Mountain Quail still persisted 

on Steens Mountain, they were too rare to be detected and unlikely to recover without 

human intervention.  The designation of Steens Mountain as a wilderness area in 2000 

provided greater assurance that habitat for Mountain Quail will be protected from 

overgrazing and development.  In addition, the size and remoteness of the Steens make the 

area a viable site for restoration of Mountain Quail.  Monitoring Mountain Quail on Steens 

Mountain also allowed for collecting data in a unique sagebrush ecosystem where 

Mountain Quail had not been studied.  

The following report summarizes data collected on movements, survival, habitat 

use, and reproductive characteristics of Mountain Quail translocated from western Oregon 

to Steens Mountain in southeast Oregon during spring and summer 2005-2006. 
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METHODS 

Study Area 

Steens Mountain is a 30-mile long fault block mountain located approximately 90 

km south of Burns, Oregon.  The mountain has a steep eastern face (nearly 1.5 km) and a 

gentle west slope dissected by steep canyons and glacial gorges.  The mountain covers 

nearly 500,000 ac, of which 187,000 ac are managed by the BLM.  In 2000, Congress 

passed the Steens Mountain Cooperative Management and Protection Act, which 

designated 169,465 ac as wilderness.  Elevations range from 1280-2980 m. Habitat types 

on Steens Mountain are very diverse and follow an elevational gradient ranging from arid 

sagebrush (a mix of big sagebrush (Artemisia tridentata) and low sagebrush (Artemisia 

arbuscula)) to subalpine grassland.  Intermediate vegetation zones include western 

juniper (Juniperus occidentalis) (1524-1829 m), mountain mahogany (Cercocarpus 

ledifolius) (1829-2438 m), mountain big sagebrush (Artemisia tridentata vaseyana) 

(1981-2591 m), and quaking aspen (Populus tremuloides) (1829-2438 m).  Understories 

are primarily bunchgrasses. Temperatures during 1971-2000 averaged from a monthly 

mean high of 29.3º C in July to a low of –6.9º C in January.  Annual precipitation during 

this period was 34.2 cm (Oregon State Climate Center, Oregon State University).   
Field Techniques 
 

We captured 217 Mountain Quail during the winters of 2005 and 2006 from 

Douglas and Jackson Counties in southwestern Oregon, using treadle traps baited with 

grain.  Captured birds were weighed, banded, identified by plumage as hatch year (HY) 

or after hatch year (AHY) (Leopold 1939), and blood was extracted for gender 

identification (Veterinary Diagnostic Center, Fairfield, Ohio) from birds selected for 
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radio-marking.  Captured quail were held over winter in a holding facility specifically 

constructed for captive wild Mountain Quail at the Southwest Regional office of Oregon 

Department of Fish and Wildlife (ODFW) in Roseburg, Oregon.  One hundred thirty-six 

Mountain Quail were fitted with necklace-style radio transmitters that weighed 

approximately 4.3 g (Model PD2C, Holohil System Ltd., Woodlawn Ontario, Canada).  

We released 56 radio-collared quail with leg bands and 34 quail with only leg bands near 

lower Fish Creek on Steens Mountain in March 2005.  We released another 80 radio-

collared and leg-banded birds and 48 birds with only leg bands north of Fish Creek and 

near Page Springs on Steens Mountain in March 2006 (Table 1).  Vegetation at release 

sites was primarily western juniper (Juniperus occidentalis) with big sagebrush 

(Artemisia tridentata) and low sagebrush (Artemisia tridentata) in the understory.  

Table 1.  Number of radio-marked and banded translocated Mountain Quail released on 
Steens Mountain in March 2005 and 2006. 

Release Date # Radio-marked # Banded Only HY/AHY‡ Male/ 
Female* Release Total

3/9/05 56 34 66/24 52/38 90 
3/15/06 80 48 85/43 39/41 128 

‡HY = hatch year, AHY = after hatch year 
*Gender determined only for radio-marked birds 

 
Each radio-collared bird was located at least biweekly for 5 months following the 

release.  For each time interval, a bird was confirmed alive by a visual or auditory 

identification, or in the case of mortality, by locating the radio-collar.  Cause of death 

was determined whenever possible by examining the site for tracks, scat, pluck-sites, or 

other predator sign.  A bird was recorded as censored for each time interval during which 

it was not located, either due to radio-failure or long-range movements.  We also 

recorded, for all ground-monitored radio-marked birds, location (UTM), habitat 
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associations (based on plant assemblages), topographic characteristics (slope, elevation, 

and aspect), and distance to road and water.   

Nest sites were located by visually identifying radio-marked Mountain Quail 

incubating clutches.  Quail were flushed off the nest initially to count the number of eggs 

being incubated.   In July, after chicks hatched and left a nest site, eggshells were counted 

to determine the number of chicks hatched. Successful nests were defined as those in 

which   ≥1 egg hatched.  Twelve habitat measurements were recorded at each nest site.  

Protocols for nest-site measurements were adapted from Pope (2002).  Measurements 

were recorded within an 8-m radius circle centered on each nest.  Proportion of ground-

level characteristics (shrubs, forbs, grass, litter, bare ground, rock) were obtained from 20 

x 50 cm Daubenmire frames centered on the nest and placed at 2 and 4 m points from the 

nest center in each of the 4 cardinal directions (Pope 2002).  Canopy cover of all trees, 

shrubs, and rock was measured with a convex spherical densiometer held at waist height.  

Readings were taken at nest center and at 8 m from nest center in each of the 4 cardinal 

directions.  From these 5 readings, an average value was derived to estimate percent 

canopy cover for each nest site.  Height was recorded for the tallest and shortest shrub 

within 1 m of nest center and at points 4 m in each cardinal direction and the 5 values 

averaged for each site.  Shrub perimeter height was measured with 300 cm Robel poles 

placed 8m from the nest in 4 cardinal directions and averaged to obtain one value for 

each site.  Shrub cover was measured using line-intercept estimates for 8 m transects in 4 

cardinal directions from nest center.  Distance to nearest water was calculated using 

ARCVIEW GIS (Environmental Systems Research Institute 1999).  For each nest site, 

we also sampled, using identical protocols, 2 randomly selected sites for comparison with 
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nest sites.  Random sites were selected using Excel random number generator (Microsoft 

Corporation 2001) to select 2 random bearings (1-360˚) and distances less than 300 m 

from each nest site. 

RESULTS 
 
Breeding Range Movements 
 

Summaries of movements during the breeding season were based on 71 

translocated radio-marked Mountain Quail that survived until or after 1 May.  The first 

location after 1 May was used as a reference location to compare with the release 

location.  We used 1 May because Mountain Quail pair in late March and are generally in 

breeding ranges by late April (Pope 2002). 

Mean distance moved between release sites and breeding ranges was similar for 

females in 2005 and 2006 (6.8 km and 7.0 km respectively), but greater for males in 2005 

than in 2006 (10.5 km vs. 7.2 km) (Table 2).  Mean distance moved between release sites 

and breeding ranges was greater for males than females in 2005 (10.5 km vs. 6.8 km), but 

similar for males and females in 2006 (7.2 km and 7.0 km respectively) (Table 2).  Mean 

elevation change between release sites and breeding ranges was greater in 2006 than 

2005 (170.1 m vs. 133.2 m), and greater for males than females in both years (Table 2).  

Seventy-three percent of Mountain Quail moved north from release sites to breeding 

ranges in 2005 but only 58% moved north from release sites to breeding ranges in 2006 

(Table 3). 
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Table 2.  Mean distance and elevation moved from release site to breeding range for 
Mountain Quail translocated to Steens Mountain 2005-2006. 
   

2005 
 

2006 
 
Male  

   
  10.5 ± 1.8 km (n=23) 

    
   7.2 ± 1.6  km (n=12)

Female     6.8 ± 1.6 km (n=17)    7.0 ± 1.2  km (n=19)

 
Mean distance from 
release site to breeding 
range ± SE 
 

Both     8.9 ± 1.2 km (n=40)    7.1 ± 1.0  km (n=31)

Male 164.7 ± 31.6 m (n=23) 209.9 ± 51.7 m (n=12)
Female   90.5 ± 18.8 m (n=17) 171.3 ± 31.7 m (n=19)

Mean elevation change 
from release site to 
breeding range ± SE Both 133.2 ± 20.5 m (n=40) 170.1 ± 18.6 m (n=31)

 
 
Table 3.  Direction of movement from release sites to breeding ranges of Mountain Quail 
translocated to Steens Mountain 2005-2006.  
 

Year 

Northeast  
(1-90°)  
(# birds) 

Northwest  
(271-360°) 
(# birds) 

Southeast  
(91-180°) 
(# birds) 

Southwest  
(181-270°) 
(# birds) 

2005 (n = 40) 21 (53%) 8 (20%) 9 (23%) 2 (5%) 

2006 (n = 31) 11 (35%) 7 (23%) 4 (13%) 9 (29%) 

 
 
Survival 

Survival rates to the end of the 5-month monitoring period were estimated for 135 

Mountain Quail in 4 groups: 2005 males, 2005 females, 2006 males, and 2006 females.  

There were at least 23 individuals in each group.  Twenty-nine birds were tracked until 

the end of the study, 76 were found dead, and 30 were right censored when they 

disappeared or their radio failed.  We were unable to accurately assign cause of death in 

46% of the known mortalities.  However, 46% of mortalities were attributed to raptors 

and 8% to bobcats (Felis rufus).  Survival to the end of the study was 57.0% (95% CI 

39.8, 72.6) for females and 42.4% (95% CI 27.4, 59.1) for males in 2005 (Table 4)1.  In 

                                                 
1 For a complete description of data analysis methods, see Nelson 2007. 
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2006, the survival rate was 20.1% (95% CI 10.4, 35.1) for females and 9.0% (95% CI 

3.8, 21.5) for males (Table 4).  In 2005 and 2006, survival was lowest for both sexes 

during the first 2 weeks post-release but then increased until 8-14 weeks when it declined 

(Figure 2).  

  
Table 4.  Survival to the end of the 5-month period following the translocation of 
Mountain Quail to Steens Mountain, 2005-2006. 
 Sex Survival rate (%) 95% CI 

Females 57.0 39.8 – 72.6 2005 

Males 42.4 27.4 – 59.1 

Females 20.1 10.4 – 35.1 2006 

Males 9.0  3.8 – 21.5 

 

 

2005 females

2005 males

2006 females

2006 males
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Figure 2.  Bi-weekly survival rates for Mountain Quail translocated to Steens Mountain 
during the 5-month period following their release, 2005-2006. 
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Reproductive and Nest Site Characteristics 

Twenty-six nests incubated by radio-marked quail were located in 2005 and 20 

nests were located in 2006.  Mean clutch size incubated by males was similar between 

2005 and 2006 with 10.8 ± 0.8 and 11.3 ± 0.7 eggs respectively (Table 5).  Female clutch 

size was also similar between years with an average of 9.1 ± 0.6 eggs in 2005 and 9.6 ± 

0.7 eggs in 2006.  Mean clutch size incubated by males was slightly higher than mean 

clutch size of females in both years (confidence intervals did not overlap).  Mean hatch 

size (number of chicks hatched) was higher in 2006 than in 2005 (10 chicks vs. 7.4 

chicks) (Table 5).  Mean hatch size was similar for males and females in 2005 (7.6 and 

7.3 chicks), but higher for males than for females in 2006 (11.0 and 9.1 chicks).  In 2005, 

there were 7 pairs of Mountain Quail where both sexes were radio-marked.  In all 7 pairs, 

both male and female quail incubated their own nest independently of one another.  Mean 

clutch size was 21.8 ± 1.0 eggs and mean hatch size was 14.4 ± 2.2 chicks per pair. 

 
Typical Mountain Quail nest on Steens Mountain, located underneath  
a rock and concealed by bunchgrasses. 
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Eleven of 13 (85%) nests incubated by males and 10 of 13 (77%) nests incubated 

by females were successful in 2005, for a total success rate of 81% (Table 5).  In 2006, 7 

of 10 (70%) nests incubated by males and 8 of 10 (80%) nests incubated by females were 

successful for a success rate of 75%.  Three nests were completely depredated and 2 

adults were killed during incubation in 2005 and 3 nests were completely depredated and 

2 adults were killed during incubation in 2006.  In 2005, 156 out of 258 eggs (60%) 

hatched and 52 eggs in successful nests did not hatch or disappeared.  In 2006, 150 of 

156 (96%) eggs hatched and 6 eggs in successful nests did not hatch or disappeared.   

 Table 5.  Reproductive characteristics of translocated Mountain Quail on Steens 
Mountain, 2005-2006. 
Year Sex Mean Clutch Size 

(# eggs ± SE) 
Mean Hatch Size 
(# chicks ± SE) 

Nest Success 
(# successful nests/    
# total nests) 

Males 10.8 ± 0.8   7.6 ± 1.1 11/13 (77%) 
Females   9.1 ± 0.6   7.3 ± 0.8 10/13 (85%) 

2005 

Both   9.9 ± 0.5   7.4 ± 0.6 21/26 (81%) 
Males 11.3 ± 0.7 11.0 ± 0.8  7/10  (70%) 
Females   9.6 ± 0.7   9.1 ± 0.9  8/10  (80%) 

2006 

Both 10.4 ± 0.5 10.0 ± 0.6 15/20 (75%) 
 

Of the 12 habitat variables we measured at each nest site, perimeter shrub height 

(shrub height 8 m from the nest) and canopy cover were found to be the most important 

predictors of Mountain Quail nest site selection (Nelson 2007).  The odds of a site being 

selected by a Mountain Quail as a nest site increased as perimeter shrub height increased 

(Nelson 2007).  Perimeter shrub height at nests sites was 111.0 cm compared to 66.8 cm 

at random sites (Table 6) and mean canopy cover at nest sites was 27.9%. 
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Table 6. Mean values for habitat variables measured at 45 nest sites and 90 random sites 
on Steens Mountain, Oregon, 2005-2006.  

 Random Sites Nest Sites  
 Mean SE  Mean SE 

Distance to water (m)  291.07 1.61 324.84 2.37 
Perimeter shrub height (cm)  66.77 0.76 111.02 1.26 
Canopy cover (%)  17.92 0.46 27.87 0.66 
Height of tallest shrub (cm)  42.29 0.60 41.55 0.88 
Shrub cover (%)  17.02 0.04 20.52 5.78 
Bare ground (%)  30.39 0.51 17.73 0.64 
Forb (%)  3.48  0.19 3.07  0.24 
Grass (%)  16.54 0.43 15.45 0.54 
Litter (%)  6.46  0.31 10.17 0.51 
Rock (%)  23.68 0.53 27.95 0.73 
Shrub (%)  9.13  0.35 11.42 0.46 
Woody debris (%)  3.74  0.23 5.85  0.47 
 
 

View from a Mountain Quail nest site on Steens Mountain.  Plant community consists 
mainly of mountain big sagebrush, bluebunch wheatgrass, and arrowleaf balsamroot, 
with an open canopy of western juniper. 

 



 16

Mean hatch date in 2005 was 7 July and average hatch date in 2006 was 27 June. 

Nests were primarily located under overhanging rocks, shrubs, and inside clumps of 

bunchgrasses. Western juniper was the most ubiquitous species in nest plots, occurring at 

98% of the nest sites (Table 7).  We did not flush broods from thick cover, to avoid 

exposing them to unnecessary risks. However, chick counts appeared high when we 

incidentally flushed broods in 2005 and 2006.  

Table 7. Current vegetation at nest sites for translocated Mountain Quail on Steens 
Mountain, Oregon, 2005-2006.  
Overstory / understory  # nests 
Juniper / big sagebrush  26  
Juniper / low sagebrush  6  
Juniper / bitterbrush  5  
Cut juniper / big sagebrush  4  
Juniper / bunchgrass  3  
Big sagebrush / bunchgrass 1  
Total  45  
 
 

In 2005, 1 Mountain Quail nest contained 3 eggs deposited by a California Quail 

(Calipepla californica).  The eggs were found directly below the nest, presumably kicked 

out by the Mountain Quail.   

 
California Quail egg (bottom) found kicked out of Mountain Quail nest. Mountain Quail 
egg (top) and fence staple (right) for size comparison. 
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In 2006, 3 separate Mountain Quail nests were located that contained between 2 and 6 

California Quail eggs.  The eggs hatched and California Quail chicks were observed 

(along with Mountain Quail chicks) being brooded by adult Mountain Quail.   

DISCUSSION 

Breeding Range Movements 

Similar to Pope’s (2002) study on translocated Mountain Quail in Hells Canyon, 

and the Jackle et al. (2002) and Pope et al. (2003, 2004) reports on translocated Mountain 

Quail in Murderer’s Creek, the Deschutes National Forest, and Malheur National Forest, 

a number of translocated quail on Steens Mountain moved considerable distances to 

breeding ranges both in 2005 and 2006.  In 2006, several birds moved nearly 20 km from 

the release site to establish nests less than 1 km from 2005 nest locations.  This finding is 

consistent with Pope’s (2002) observation that translocated Mountain Quail had the 

ability to locate other Mountain Quail over great distances.  

Translocated birds on Steens Mountain in 2005 and 2006 moved higher in 

elevation during breeding season, but not as high as translocated birds in Hells Canyon 

and native birds in the lower Cascades of southwest Oregon (Pope 2002).  Consistent 

with the findings of Pope (2002), there appeared to be a relationship between the distance 

of movements and elevation gain by Mountain Quail on Steens Mountain.  Most birds 

that moved considerable distances also moved higher in elevation. 

The direction (primarily NW-NE) of movements in 2005 were also similar to 

translocated birds monitored in Hells Canyon in 1997-1999 and to native birds in the 

Cascades of southwestern Oregon in 1997-2000 (Pope 2002).  Only slightly more than 
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half (58%) of quail moved in a northerly direction in 2006 despite the close proximity of 

the 2005 and 2006 release sites (< 5 km).   

Survival

Few studies have examined Mountain Quail survival during the breeding season.  

Survival estimates are quite variable, but like other species of quail, Mountain Quail may 

experience large fluctuations in annual survival.  Survival for translocated quail on Steens 

Mountain in 2005 was higher than for other translocated Mountain Quail populations in 

Oregon, including Murderer’s Creek, the Deschutes National Forest, and the Malheur 

National Forest (Pope et al. 2004).  In 2005 the survival rate of 57% for females and 42% 

for males was similar to the 42% survival rate reported by Pope and Crawford (2004) for 

a sample of 232 native and translocated Mountain Quail over a 5 month period in 

northeastern and southwestern Oregon.  Pope and Crawford (2004) found no difference 

in survival estimates between the 3 years studied.  In contrast, our study found survival 

rates to be different between years.  Our estimates of 20% for females and 9% for males 

in 2006 was lower than estimates reported from Murderer’s Creek, the Deschutes 

National Forest, Malheur National Forest, Hells Canyon, and the Cascade Range in 

Oregon (Pope and Crawford 2004).  We explored several hypotheses for the variation in 

survival between years including differences in rainfall and presence of raptors.   

Total precipitation during the monitoring period was higher in 2005 than in 2006 

with 56.6 cm and 36.3 cm, respectively (Natural Resource Conservation Service, United 

States Department of Agriculture).  Weather was not shown to have a direct influence on 

Mountain Quail survival in this study (Nelson 2007).  However, it may be that heavy 

spring rains in 2005 resulted in high grass and forb production, which resulted in 
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increased body condition and better cover (hiding) conditions for quail throughout spring 

and summer and a subsequent increase in survival.   

While the difference in survival between 2005 and 2006 is most pronounced 

during the first 4 weeks following release, the survival rate was consistently lower 

throughout the remainder of 2006.  It may be there was a higher abundance of raptors in 

2006 and, consequently, a higher risk of predation throughout the season.   

The difference in survival rates between sexes was most pronounced during the 

first 6 weeks of the study period.  This time period coincides with territorial and 

reproductive behaviors of males that frequently crow from perches to attract mates and 

may make them more conspicuous to predators.  If the lower survival rate in 2006 was a 

result of higher predator abundance, then males would have been disproportionately 

affected during this time period.  In contrast, Pope and Crawford (2004) reported higher 

survival for male Mountain Quail in Oregon with a survival rate of 49% for males and 

32% for females.  More research is needed to establish a clear trend. 

We found that survival during each of the 2 years exhibited the same pattern.  

This fact indicated that similar processes were producing fluctuations in survival between 

time periods during both years.  In both years, survival was lowest during the first 2 

weeks and gradually improved over the following 8 weeks.  It is likely that the low 

survival during the first 2 weeks could be attributed to the bird’s lack of familiarity with 

the area and, perhaps, increased movement related to this lack of familiarity.  It is also 

possible that a lack of grass and forb cover in early spring contributes to the high 

mortality rate during this period.  Survival then improves as the birds become familiar 

with the area.  Increased survival during this period may be related to increased cover 
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(during green-up), movement away from the release areas, and better familiarity with 

habitats in the area.   

The highest survival during the 5-month period occurred 8 -14 weeks after release 

and corresponded to when birds are incubating nests.  Mountain Quail spend as many as 

22 hours per day on the nest (Pope 2002).  Other studies have found that birds are most 

vulnerable to predation while incubating nests (Devries et al. 2003).  However, if the 

majority of Mountain Quail predators are raptors, then being concealed under a rock or 

bush should improve survival.  After the nests have hatched and quail begin moving 

again with their broods, the survival rate began to decline, an indication that the 

incubation period may be one of the safest for adult birds.    

 

Reproductive and Nest Site Characteristics 

Reproductive behaviors were similar for the translocated quail released on Steens 

Mountain in 2005-2006 and other translocation sites (Hells Canyon 1997-1998, 

Deschutes National Forest 2003-2005, Murderer’s Creek 2002-2003, and the native quail 

in Hells Canyon and the lower Cascades (1997-2000).  Males actively incubated clutches 

and brooded their chicks without assistance from their mates.  Mountain Quail 

demonstrated a reluctance to abandon nests even after partial nest depredation.  There 

were no incidences of nest abandonment in 2005 or 2006.  

Clutch sizes on Steens Mountain in 2005 and 2006 were similar to Murderer’s 

Creek, Hells Canyon, the Cascade Range, and Deschutes National Forest 2003-2005.  In 

2005 and 2006, males incubated slightly larger clutch sizes than females (11.3 vs. 9.6).  

Hatch size for Steens Mountain in 2006 (10.0 chicks) was higher than in 2005 (7.4 
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chicks) and higher than found at many other release sites.  Mean hatch sizes from other 

areas and years ranged from 7.4-10.3 chicks.  Larger hatch sizes in 2006 are likely a 

result of fewer partial nest depredations and non-viable eggs in nests.  Mean hatch date 

for Steens Mountain in 2005 (7 July) was similar to hatch dates for the Cascades (6 July) 

and Hells Canyon (5 July), but mean hatch date in 2006 (27 June) was closer to hatch 

dates recorded in the Deschutes National Forest (24 June).  The earlier hatch date on 

Steens Mountain in 2006 may be a result of milder spring conditions.  Nest success 

(number of nests that hatched chicks) on Steens Mountain in 2005 and 2006 (81% and 

75%) was similar to Murderer’s Creek (84%) and the Cascades (83%), but higher than 

Hells Canyon (62%), Malheur National Forest (66%) and Deschutes National Forest 

2003-2005 (58%). 

 
CONCLUSIONS 

Translocations have become a common technique for wildlife conservation but 

few translocation programs incorporate post-release monitoring to evaluate the success or 

failure of the translocation (Griffith et al. 1989).  The first indication a translocation is 

successful is the first cohort surviving long enough to reproduce (Griffith et al. 1989). 

Translocated Mountain Quail on Steens Mountain were successful at reproducing in 2005 

and 2006, providing a good indication of short-term success.  

Mountain Quail on Steens Mountain primarily nested in western juniper/big 

sagebrush habitat types and preferred sites with perimeter shrubs averaging 1 m in height 

and an average canopy cover of 27%.  These conditions appeared to be similar for males 

and females.  While the sagebrush ecosystem on Steens Mountain is unique among 

systems where Mountain Quail have been studied, our results support the findings of Pope 
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(2002) that canopy cover and perimeter shrub height were important in Mountain Quail 

nest site selection in the mesic montane forests of southwestern Oregon and semi-arid 

canyons in northeastern Oregon. Therefore, we should consider these factors when 

restoring or maintaining habitat for Mountain Quail and when planning future 

translocations.  

While survival was considerably lower in 2006, there were still a number of birds 

that survived and successfully reproduced.  These results suggested that releasing close to 

100 birds might be a sufficient number for successful reproduction in years with lower 

survival.  We found that survival was different between the 2 years of our study. Body 

weight at the time of release and weather covariates such as temperature and precipitation 

did not explain the differences in survival.  We hypothesized that other factors such as 

predator abundance or habitat quality resulting from differences in weather patterns 

between years may explain the difference in survival rates.  Further examination of these 

factors may provide more insight into the mechanisms that drive year-to-year variation in 

survival rates.  

We found that male Mountain Quail experienced higher mortality than females in 

this study.  This is contrary to the results of Pope (2002) and warrants further 

investigation.  Survival was highest for both sexes while they were incubating clutches. 

Many other avian species experience lower survival while incubating nests (Devries et al. 

2003).  It may be that raptors are more of a threat to Mountain Quail on Steens Mountain 

than mammalian predators and concealment under a rock or a bush increases their 

probability of survival.  Survival was lowest for male and female Mountain Quail during 

the first 2 weeks following translocation and may indictate that pro-active measures to 
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minimize mortalities during this initial time period may increase overall survival for 

translocated Mountain Quail.  Predator control is not an option for federally protected 

raptors.  However, we should consider timing the release to avoid major predator 

movements through the area and choose release sites with sufficient cover for protection 

from predators.  

In both years of this study, a high proportion of surviving Mountain Quail were 

able to successfully reproduce, indicating that Mountain Quail populations may persist if 

translocations provide sufficient numbers of birds.  By restoring Mountain Quail to parts 

of their historic range such as Steens Mountain, we may prevent continued declines and 

increase population distributions in eastern ranges. 
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