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Mountain Quail (Oreortyx pictus) populations have declined in many areas

of the western Great Basin during the past century. Yet the life history of this

species is little known. From 1997 to 2000, I studied radio-marked Mountain Quail

in Hell's Canyon in northeastern Oregon, in the Cascade Mountains of

southwestern Oregon, and a translocated sample of quail captured in the Cascades

and released in Hell's Canyon. I monitored 252 radio-marked quail to determine

reproductive characteristics, survival rates, habitat associations, and diets.

Mountain Quail employed 2 strategies in selecting breeding sites, they remained in

winter ranges to breed or migrated 1.5-30 km to new breeding ranges. Of 34 nests

found in northeastern Oregon most were associated with coniferous forests and

understories dominated by snowberry (Symphoricarpos albus) and mallow

ninebark (Physocarpus malvaceus). In southwestern Oregon, nests (n = 23) were

generally located in early-seral (shrub-sapling) vegetation. Shrub height, shrub

density, and canopy closure were greater at nest sites than at random plots. Nearly

50% of the nests were incubated exclusively by males. In addition to incubation,

males appeared to be nearly full partners in brood rearing, and males had similar
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clutch and brood sizes and earlier hatch dates than females. I observed 6 females

that produced 2 simultaneous clutches; males and females of each pair incubated

separate clutches. Nest attendance patterns were similar for males and females, but

quail in Hell's Canyon were on nests longer before absences, and quail in the

Cascade Mountains were more frequently absent during early morning. Survival

rates were similar for native and translocated quail in Hell's Canyon and the

Cascades, but males had higher survival rates than females. Mountain Quail in

Hell's Canyon were mostly located in plant communities found on moderate to

steep slopes, with an overstory dominated by conifers {Douglas-fir (Pseudotsuga

menziesi) and ponderosas pine (Pinus ponderosa)} , and understories dominated by

snowberry, mallow ninebark, or dogwood (Cornus spp.). In southwestern Oregon,

most Mountain Quail observations were in early-seral, successional shrub/sapling

stands. In the Cascades during the fall and winter Mountain Quail used many

different food resources, but their diets were composed primarily of legumes.
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The Ecology of Mountain Quail in Oregon

CHAPTER 1
INTRODUCTION

In March of 1806, on the return journey down the Columbia River, a

member of the Lewis and Clark expedition shot a previously undescribed species of

quail near Beacon Rock (Rooster Rock) (Burroughs 1961). Lewis wrote, "last

evening Reubin Field killed a bird of the quail kind it is rather larger than the quail,

or partridge as they are called in Virginia... .this is a most beautiful bird"

(Burroughs 1961). This specimen was given to the famous illustrator, Charles

Willson Peale, and was included in a series of sketches of skins from the Lewis and

Clark expedition (Figure 1.1)(Cutright 1969). From the journal descriptions, Coues

(1893) concluded that this bird was Oreortyx pictus or Mountain Quail.

Figure 1.1 Sketch of Mountain Quail collected by Lewis and Clark along the
Columbia River, Oregon (courtesy of American Philosophical Society).
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In November 1826, David Douglas collected and subsequently lost several

pairs of Mountain Quail in "the interior of California" (later identified as the

Umpqua River in southern Oregon near Elkton), and provided the first formal

taxonomic classification and name for Mountain Quail (Jobanek 1997).

Mountain Quail have the most northerly distribution of quail in North

America. Currently, their geographic range extends south to the Baja Peninsula,

north to Vancouver Island in British Columbia, and east to western Idaho and

Nevada (Crawford 2000). Mountain Quail are endemic to most mountain ranges of

the Pacific Coast and western Great Basin, and occupy some of the highest

elevational gradients of quail in North America (Gutierrez and Delehanty 1999).

The northern and eastern extent of their historic distributions in the Pacific

Northwest is unclear. Douglas (1829) commented that the northern range of

Mountain Quail extended to near the 450 parallel. Archeological reports from

Jerome County in western Idaho identified Mountain Quail remains dated to within

the past 700 years (Gruhn 1961). Douglas (1829) obtained a specimen collected by

a hunter east of the Cascade Mountains in Wasco County, Oregon (Browning

1979). A pictograph found in Jerome County in Idaho of a gallinaceous-like bird

with some similarities to Mountain Quail was described by Murphey (1991).

Crawford (2000) concluded that the eastern extent of their native range was the

Cascade Mountain Range, and the northern extent was the southern edges of the

Columbia River. He further surmised that geographic ranges north of the Columbia

River and east of the Cascades are likely the result of multiple translocations of
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Mountain Quail that began in 1860. Mountain Quail were translocated to British

Columbia, Alabama, New Zealand, and many parts of Idaho, Washington, and

Nevada (Jobanek 1997, Crawford 2000).

Accounts from the early 1900s noted the presence of Mountain Quail in

most of the Oregon's eastern counties (Jobanek 1997). Currently, Mountain Quail

are abundant in the Coast and Cascade ranges of western Oregon. East of the

Cascades, they have declined in distribution but appear most common in central

and northeastern Oregon along the tributaries and main-stems of the John Day and

Snake Rivers. In Baker, Barney, Malheur, and Lake Counties they are rare or have

been extirpated. In southeastern Washington, western Idaho, and Nevada,

Mountain Quail distributions in the twentieth century have declined substantially

(Brennan 1990, 1994, Vogel and Reese 1995) prompting a petition to list Mountain

Quail populations in the Snake River Basin under the Endangered Species Act

(ESA) (Eric Rickerson, Upland Game Bird Coordinator, Oregon Department of

Fish and Wildlife, personal communication).

Mountain Quail are the largest of the 6 species of New World quail in North

America. Males and females are monomorphic with identical plumage and size

characteristics. Pictus is the only species in the genus Oreortyx, and has been

described as being intermediate between Northern Bobwhite (Colinus virginianus)

and Montezuma Quail (Cyrtonyx montezumae) (Gutierrez et al. 1983). The

American Ornithologists Union (1957) recognized 5 subspecies based on

comparative morphological (mostly plumage) characters: 0.p. palmeri, pictus,
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eremophilus, russelli, and confinis, but most of the subspecies designations are

considered dubious and are based on poorly defined characteristics (Gutierrez and

Delehanty 1999).

The current American Ornithologist's Union (see Gutierrez and Delehanty

1999) species account for Mountain Quail summarized most of the available

information on the life history and distribution of Mountain Quail. They are the

least studied of all quail in North America, and much of the biological knowledge

is incomplete or based on anecdotal sources. In response to the hpparent declines

of many populations in the Intermountain Region and the lack of basic biological

information on Mountain Quail, I initiated a research project in 1996 to:

1) determine the life-history attributes (reproductive characteristics,

movements, survival, and habitat use) of Mountain Quail in an area

of northeastern Oregon where populations appear to be declining;

determine similar attributes for a population in southwestern Oregon

where populations are stable and abundant, and;

3) compare the above attributes with a translocated population

captured in the same southwestern area but released in the

northeastern Oregon study site.

CHAPTER DESCRIPTIONS

The results of this research are presented in 7 chapters. Chapter 2 is a

description of nest-site and breeding range selection of native Mountain Quail in



5

the southwestern Cascade Mountain Range and Hell's Canyon National Recreation

Area in northeastern Oregon and of translocated quail captured in the Cascades and

released in Hell's Canyon. Nest sites of Mountain Quail are poorly documented,

and the few descriptions in the literature are inadequate or provide little quantitative

information. Gutierrez and Delehanty (1999) noted that Mountain Quail are

presumed to migrate seasonally from winter to breeding ranges. Yet no data are

available on the movements of individually-marked quail

Chapter 3 is a description of male parental involvement and biparental care

in Mountain Quail. Quail are primarily monogamous and the female generally

produces 1 clutch of 10-15 eggs. In a number of quail species, females may renest

if a clutch is lost, produce multiple consecutive clutches, or occasionally engage in

polygamy (Burger et al. 1995a, Brown et al. 1998, Calkins et al. 1999). The

breeding behavior of Mountain Quail is poorly understood. Delehanty (1997)

examined the ritualized behaviors of a captive population of Mountain Quail during

the breeding season in Nevada, and reported on a male that incubated a nest. Data

from my research provided the first detailed descriptions of breeding behaviors,

(e.g., clutch size, hatch size, incubation length, and male parental care of nests and

broods) and described an unusual breeding system (simultaneous multiple

clutching).

Chapter 4 describes nest-attendance patterns for male and females.

Temperature sensitive data-loggers placed in nests were used to determine

incubation constancy (frequency and length of absences). Nest constancy of males
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was compared with females, and the attentiveness of quail in Hell's Canyon was

compared with quail in the Cascades.

Chapter 5 reports on survival rates for translocated and native quail in

northeastern Oregon and for native quail in southwestern Oregon. High annual

population turnovers reported for other quail (Schemnitz 1994, Burger et al. 1995b,

Brown et al. 1998, Calkins et al. 1999) are likely found in Mountain Quail

populations, but no studies have provided estimates of survival for Mountain Quail.

I compared survival rates of translocated and native quail, of males with females,

for quail in northeastern with quail in southwestern Oregon, and for quail observed

in the fall and the winter.

In chapter 6,1 compared home range sizes for Mountain Quail in Hell's

Canyon and the lower Cascades and examined relationships of Mountain quail with

specific vegetation communities. Habitat use, selection, and availability are terms

often misused in the literature. Hall et al. (1997) in a review of habitat-related

studies concluded that habitat concepts and terminology were often ambiguous or

poorly described. They proposed a standard of use for habitat terms frequently

used in the literature. In this chapter I attempted to avoid misunderstandings of

habitat-related terms by quantifying relationships with specific plant associations.

Chapter 7 is a description of fall and winter diets of Mountain Quail in

southwestern Oregon. Youcum and Harris (1953) and Ormiston (1966) have

provided assessments of Mountain Quail diets in eastern Washington and western

Idaho, and Gutierrez (1977) described diets in their southern ranges. No studies



have examined diets of Mountain Quail in the western Cascades, an area of

relatively great importance to Mountain Quail in the Pacific Northwest.

In Chapter 8, I summarized the results from each chapter and discussed

additional research priorities. Also, I reviewed the current literature on

reintroductions, and evaluated Mountain Quail as a potential candidate for

successful translocations in Oregon.
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ABSTRACT

We measured habitat characteristics for 57 Mountain Quail (Oreortyx

pictus) nest sites and evaluated breeding range selection in the mesic montane

forests of southwestern Oregon and semi-arid canyons in northeastern Oregon.

Mountain Quail in southwestern Oregon remained in winter ranges to breed or

migrated to new breeding ranges at higher elevations. Mountain Quail captured in

southwestern Oregon and translocated to northeastern Oregon had similar (e.g.,

direction and distance) breeding range migrations as resident quail in southwestern

Oregon. Wintering and breeding ranges of resident Mountain Quail in northeastern

Oregon generally overlapped. We found no difference in habitat characteristics for

successful and unsuccessful nests. Male-incubated nest sites had taller perimeter

shrubs but shorter ground-level shrubs than female-incubated nests. Nests in

breeding ranges 1.5 km from winter ranges were located in higher elevations and

were farther from water than nests in breeding ranges that overlapped winter

ranges. Most nests in northeastern Oregon were in coniferous forests associated

with understories dominated by snowbeffy (Symphoricarpos albus) or mallow

ninebark (Physocarpus malvaceus) or in mallow ninebark shrub-dominated plant

communities. In southwestern Oregon, nests were associated with shrub-

dominated, early seral coniferous forests or edge habitats. For both areas, shrub

height, shrub density (proportion of ground shrubs) and canopy closure were

greater at nest sites than random sites. In northeastern Oregon, nests were closer to

water than southwestern Oregon.
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INTRODUCTION

Mountain Quail (Oreortyx pictus) are secretive birds that occupy diverse

forest and shrub habitats from Washington to Baja, Mexico. Much of the social

behavior and reproductive biology of this species is unknown. Nest sites

descriptions are either poorly documented or based on anecdotal sources. Gutithez

and Delehanty (1999) provided a general description of Mountain Quail nests and

nest sites, but noted that there is a paucity of information on nest-site

characteristics. Six Mountain Quail nests found in the Sierra Nevada Range were

described as generally well-concealed with dense, overhead shrub cover (Keyes

1905). Accounts from western Oregon described nest locations as adjacent to

down logs or under slash piles leftover from logging operations (Bendire 1892).

Mountain Quail records from the Western Foundation of Vertebrate Zoology

reported that most nests were located under shrubs or next to logs (Gutierrez and

Delehanty 1999).

Nests constructed by captive Mountain Quail were built in pine needles

with shallow nest bowls, and in the absence of a mate, both males and females

apparently built nests (Delehanty and Gutierrez 1999). However, little data are

available on detailed descriptions of nest construction by wild Mountain Quail.

Males take an active role in parental care and incubate clutches without assistance

from the female (Heekin 1993, Delehanty 1997, Pope and Crawford 2001).

Mountain Quail are thought to be sedentary during the breeding season with

similar winter and summer home ranges (Gutierrez and Delehanty 1999), but they
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also have been described as making seasonal movements to avoid snow (Bent

1932). Information on breeding season movements of individually marked birds is

lacking and no studies have compared selection of breeding ranges for males and

females or between populations in different parts of their range.

Broadscale habitat changes in the western Great Basin have resulted in the

decline of many populations of Mountain Quail (Brennan 1990, Gutierrez and

Delehanty 1999). Before restoration efforts are considered, it is essential to better

understand the basic life history attributes of this little-known species. The purpose

of this study was to document selection of breeding ranges and nest-site

characteristics by Mountain Quail in 2 ecologically different areas. For restoration

planning, an additional objective was to compare breeding range movements of

resident populations of Mountain Quail with translocated Mountain Quail. The

final objective was to identify habitat characteristics associated with Mountain

Quail nests and to examine the relationship of nest-site selection with gender, status

(translocated or native quail) and study area location.

METHODS

Study Areas

We studied Mountain Quail nest-site selection in Hell's Canyon National

Recreation Area (HCNRA, hereafter) on the Columbia Plateau of northeastern

Oregon and in the lower western Cascade and Coast Range mountains (CMR,

hereafter) of southwestern Oregon. Mountain Quail populations in HCNRA are
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mostly confined to narrow, disjunct riparian zones in steep canyons. In

southwestern Oregon, quail are generally abundant with populations distributed

rather homogeneously above 600 m in the coniferous forests of the Coastal and

Cascade Ranges. The two areas are ecologically distinct (Franklin and Dyrness

1973). The 1,400-km2 study site in CMR is characterized by dense conifer forests

with floristically diverse forest overstories dominated by Douglas-fir (Pseudotsuga

menziesii), western hemlock (Tsuga heterophylla) and other conifers or by Oregon

white oak (Quercus garryana) and Pacific madrone (Arbutus menziesii) (Franklin

and Dyrness 1973). Common understory shrubs include manzanita (Arctostaphylos

spp.), ceanothus (Ceanothus spp.), vine maple (Acer circinatum), salal (Gaultheria

shallon), poison oak (Rhus diversiloba), and Oregon grape (Berberis spp.).

Extensive timber removal on public and private lands in CMR has resulted in a

mosaic of early- to late-successional forest habitats. Elevations range from 600 to

1,800 m and climate conditions are generally mesic with hot, dry summers and

cool, moist conditions in fall, winter, and spring. Mean monthly temperatures in

1999 ranged from 9°C in January to 29°C in August and average annual

precipitation was 76 cm (Climate Center, Oregon State University, Corvallis, OR).

Our 2,000-km2 study site in northeastern Oregon is adjacent to the Snake

River and is a separate ecoregion in the Columbia Basin (Crowe and Clausnitzer

1997). The area is characterized by steep, rugged canyons with grass dominated

uplands dissected by stream valleys with diverse shrub communities. Forests

dominated by ponderosa pine (Pinus ponderosa), Douglas fir and Grand fir (Abies
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grandis) occur above 1,600 m. Canyon lowlands are dominated by common

understoty and transition zone shrubs including hawthorns (Crataegus spp.),

snowberry (Symphoricarpos albus) and mallow ninebark (Physocarpus

malvaceus). Grass uplands primarily contain Idaho fescue (Festuca idahoensis)

and bluebunch wheatgrass (Agropyron spicatum) (Pelren 1996, Crowe and

Clausnitzer 1997). Elevations range from approximately 900 to 2,000 m.

Topographic and elevational features result in highly variable xerophytic zones

where moisture is the major environmental constraint (Franklin and Dyrness 1973,

Crowe and Clausnitzer 1997). Mean annual precipitation in 1999 was 40 cm and

temperatures ranged from an average monthly low of 0°C in January to an average

monthly high of 26°C in August (Climate Center, Oregon State University,

Corvallis, OR).

Capture and Telemetry Monitoring

We located nests sites by monitoring radio-marked Mountain Quail (n =

252) in CMR and HCNRA from 1997 to 2000. One-hundred and three birds,

captured in CMR, were fitted with transmitters and released at the trap sites in late

winter and early spring from 1997 to 2000. Seventy-five birds, captured at 12

different trap sites in CMR, were transported to HCNRA, fitted with transmitters,

and released in two drainages in late winter 1997-1998. Seventy-four resident

Mountain Quail in HCNRA were captured, equipped with transmitters, and

released at their trap sites in fall and spring 1998-1999. All birds were banded,
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weighed, and identified by plumage as hatch year (HY) or after hatch year (AHY)

(Leopold 1939) and blood was extracted and analyzed for gender identification

(Wildlife Genetics, Ontario and PE AgGen, Davis, CA).

We relocated radio-marked Mountain Quail 2/month from date of capture

in late winter (January-February) to the last week in August from 1997 to 2000.

Nest sites were identified by observations of radio-marked birds that were

incubating clutches. When nests were located, we counted eggs and marked the

nest site for future identification. Successful nests were defined as those in which

egg hatched. Nests were unsuccessful if abandoned or depredated and no eggs

hatched.

Nest Site and Random Plot Characterization

For a general description of nest sites, we identified 33 plant associations

for the HCNRA study area based on Johnson and Simon (1987). These

associations were used to group nest sites within recognizable plant communities

based on dominant vegetation and environmental factors (e.g., moisture and soil

conditions) that influence the growth of that vegetation (Crowe and Clausnitzer

1997). General descriptions of nest-site locations and random plots in the CMR

study area were based on 15 plant cover types recognized by Keegan and Crawford

(1997) and Brown (1985), and were mostly characterized as seral stages of mixed

coniferous forests.
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Habitat measurements at nest and random sites were conducted after eggs

hatched, primarily during July and August. Random sites were selected from

random numbers generated as coordinates within the study areas. We defined nest

sites as an 8-m radius plot (0.08 ha) centered on the nest, and we compared features

of nest sites with randomly located plots within the study area. We recorded 21 nest

and random plot characteristics (Table 2.1). Overstory (canopy closure) was

measured with a convex spherical densiometer (Lemmon 1957) at nest center and

at 4 points, 8 m from nest center in each of the cardinal directions. We averaged

densiometer readings to estimate percent canopy coverage. Shrub composition and

density were determined using line-intercept estimates (Canfield 1941), and

ground-level characteristics were derived from 20-x 50-cm Daubenmire frames

(Daubenmire 1959) centered on the nest and placed at 4 and 8 m points along 4, 8-

m transects that radiated from the nest center in each of the cardinal directions.

Foliage height and cover was estimated from 220 cm Robe! poles (Robel et al.

1970) placed 8 m from nests in the 4 cardinal directions. Distance to nearest road

and water source and elevations were determined from 1:24,000 USGS

Topographic maps.

Breeding Range Movements

We began our assessment of nest site selection with a general analysis of

movements between winter and breeding ranges. Distance and direction from nest

site to winter ranges was estimated by comparisons of the last known location in



18

winter ranges with the last breeding range location. Winter range delineations were

based on movements of radio-marked birds during January-March from 1997 to

2000. We observed that beginning in early April a number of birds moved out of

winter ranges to new breeding ranges, but that for other birds winter ranges and

breeding ranges overlapped or were nearly identical. "New" breeding ranges

(distinct from winter ranges) were defined as any distance >1.5 km from winter

ranges. This distance was greater than most movements within winter ranges and

greater than the radius of most winter home ranges. Mountain Quail paired in early

to late March and established breeding range locations in late April and early May.

As a consequence, winter ranges were designated as those areas occupied before 30

April and breeding ranges as those areas occupied after 30 April. We included all

birds that survived until 5 May and designated the last known location as a

breeding range site.

Statistical Analyses

To assess breeding range selection, we developed a suite of a priori logistic

regression models (SAS, SAS Institute, 1999). In these, the response variable was

breeding site location (either within winter ranges or >1.5 km from winter ranges).

The explanatory variables were sex (S), study site (SS = HCNRA or CMR),

direction of movement to breeding sites (DR), elevation of last known location

(E2), and status (ST = translocated or resident quail). Model selection was based

on Akaike's Information Criterion (Akaike 1973, Burnham and Anderson 1998).
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Burnham and Anderson (1998) have addressed the value of testing a priori models

based on AIC for hypothesis testing when using data collected from observational

studies as opposed to iteratively searching data to find relationships. We used a

correction for small sample sizes (AICc) to rank and calibrate candidate models,

and AlCc weights (wi) to determine relationships between explanatory variables

and to estimate the likelihood of the models given the data (Burnham and Anderson

1998). We ranked models based on lowest AlCc values and calculated the

difference (AiAICc) in AlCc values between the best-fitted model and all other

models. From AiAlCc, weights were calculated to provide estimates of a model's

probability given other likely models. A 95% confidence set of models was

selected based on cumulative wi and each variable was evaluated based on model

averaging estimates (MLE coefficient estimates), unconditional estimates of

standard error, and 95% confidence intervals derived from the estimates. Variables

not included in the 95% confidence set of models were considered unimportant and

no parameter estimates were calculated.

In addition to constructing models for combined study areas, we developed

a priori models for each area to ascertain if the best fitted models and parameters

differed between areas. All t-tests were two-tailed and all means reported are ± SE.

Nest Site Habitat Characteristics

We selected 14 habitat features measured within nest plots as biologically

important variables for nest site descriptions (Table 2.1). Additionally, 7 habitat
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features {proportion of ground shrubs (GS), litter (GL), grass (GG), and wood

(GW), canopy closure (C), and height of tallest (SH) and shortest shrubs (SL)}

were measured specifically <2 m of nest center to determine if factors closer to the

nest were selected. To address the hypothesis that nest success was dependant on

the selection of specific habitat features, a set of a priori regression models was

tested, and AICc rankings, AlAICc and wi were used to determine if nest success

appeared to be influenced by any particular variable(s) within nest plots and <2 m

of nest center. Limited sample size did not allow a separate analysis of nest

success for each study site. We hypothesized that male and female nests would

have many of the same characteristics and developed a set ofa priori models with

sex as the response variable to test this hypothesis. To compare nest sites within

winter ranges and nest sites outside of winter ranges (>1.5 km from winter ranges)

a set of a priori models with breeding range distance (classified as either >1.5 km

or <1.5 km from winter ranges) as the response variable was tested. To determine

if nest plots and nest centers were different from randomly selected plots and plot

centers we developed a priori models with nests and random plots as response

variables. Including random plots in this analysis allowed for the construction of

statistical models for each study site and the combined areas.



Table 2.1. Nest site characteristics measured for Mountain Quail in the Cascade Mountain Range and Hell's
Canyon, Oregon, 1997-2000.

Cascade Mountains Hell's Canyon Both

Nest Random Nest Random Nest Random

Nest Site Variables Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

DR {Distance road (m)} 78 22.15 89 2.52 716 153.40 700 97.51 460 101 457 65

DW {Distance water (m)} 286 43.9 257 26.26 124 28.43 246 26.49 189 26.54 250 18.99

C (Prop. canopy closure) 0.52 0.06 0.65 0.05 0.48 0.04 0.16 0.03 0.49 0.04 0.36 0.04

A {Aspect (degrees)} 196 19.91 186 15.05 151 19.28 179 13.05 169 14.24 182 9.84

S {Slope (degrees)} 26 2.62 21 1.74 31 2.61 26 1.34 29 1.90 24 1.08

E {Elevation (m)} 799 66 821 43 1086 66 1084 43 971 51 979 33

GS (Prop. ground shrubs) 0.22 0.03 0.23 0.02 0.21 0.03 0.08 0.01 0.21 0.028 0.14 0.01

GG (Prop. grass} 0.09 0.02 0.16 0.09 0.19 0.021 0.39 0.09 0.15 0.02 0.30 0.06

GW (Prop. down wood} 0.19 0.03 0.17 0.01 0.08 0.01 0.05 0.01 0.12 0.01 0.09 0.01

GL {Prop. litter} 0.41 0.05 0.36 0.03 0.25 0.03 0.27 0.02 0.32 0.02 0.30 0.01

R {Height perimeter
vegetation (cm)} 136 13.30 161 12.23 108 10.30 62 5.42 119 8.31 101 7.42

SC (Prop. shrub) 0.28 0.03 0.32 0.03 0.29 0.03 0.13 0.02 0.29 0.02 0.20 0.02

SL {5.< height shortest shrub
(cm)} 23 9.80 14 1.41 36 4.34 26 3.93 127 9.05 21 2.49

SH {5-< Height tallest shrub
(cm)} 140 15.76 95 8.59 119 10.79 59 6.97 31 4.73 73 5.63
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RESULTS

We located 57 nests in HCNRA and CMR from 1997 to 2000. Twenty-

three nests were found in CMR in spring and summer from 1997 to 2000.

Seventeen nests of Mountain Quail captured in CMR and translocated in HCNRA

were located from 1997 to 1998, and 17 resident Mountain Quail nests in HCNRA

were located from 1998 to 1999. Of the 57 nests located, 25 (45 %) were incubated

exclusively by males and 30 (53 %) by females. We were unable to confirm the

gender of two birds that incubated nests. Ten of 17 translocated birds that

incubated clutches mated with resident HCNRA Mountain Quail, and 9 of 17 were

translocated males that mated with resident quail and incubated nests. We had no

means of verifying which gender constructed nests.

Mean nest width was 16.2 cm ± 0.4 and mean depth of the nest cup was 6.3

cm ± 0.3. Thirty-eight of 57 (67%) nests were composed partially or primarily of

conifer needles. For HCNRA, 13 of 34 (38%) nests were associated with either

ponderosa pine/snowberry (PIPO/SYAL) or mallow ninebark/snowbeny

(PHMA/SYAL) communities. The remaining nests were associated with 10 other

plant associations. For CMR, 18 of 23 (78%) nests were located in edge habitats or

early seral (shrub/open sapling and clear cut/shrub) habitats. Overall, 17 of 57

(30%) nests were depredated. In HCNRA, 13 of 34 (38%) nests were depredated;

6 of these were tran.slocated quail and 7 were native quail nests. Three nests were

partially depredated, and 1 was subsequently abandoned. In CMR, 4 of 23 (17%)

nests were depredated.
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Breeding Range Movements

One hundred and seventeen of 252 birds (60 males and 57 females)

survived or had active transmitters until 5 May during 1997 to 2000, and were

included in the analysis of breeding range selection and movements. Sixty-three

quail moved to new breeding ranges (>1.5 km from winter range) with a mean

distance of 10.6 km ± 1.0 (range 1.5 to 30.2 km). Twenty-four of 32 (75%)

HCNRA translocated quail, 7 of 39 (18%) HCNRA resident quail and 32 of 46

(69%) CMR resident quail moved to new breeding sites. Of 63 quail that migrated

to new breeding ranges from winter ranges, 31(53%) moved >10 km. We had few

year-to-year recaptures to document winter and breeding site fidelity for radio-

marked individuals. However, a male captured in the CMR in winter 1997 moved

>18 km in April to a new breeding range and successfully incubated a clutch. In

winter 1998 this bird was recaptured at the same winter site and was found

depredated in May 1998 <200 m from its 1997 nest location. Additionally, a

female captured in 1999 moved >18 km during breeding season and successfully

incubated a clutch. This bird was recaptured in winter 2000 in the same winter

range area but disappeared by the following spring.

Of the 9 models we tested for the combined data from CMR and HCNRA, 3

models (SS+G+DR+E2, SS+E2, and SS+Crl-E2) in our 95% confidence set were

likely candidates for best-fitted models (Table 2.2). No single model in this set was

clearly better than the others based on wz and AAICc calculations. Study site

location (SS) and E2 (elevation of breeding range) occurred in all 3 models with
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cumulative model weights of 0.99 and appeared to have the strongest effect on the

response variable (breeding range site selection). For HCNRA, 5 models (E2,

G+E2, E2 + ST, E2 + DR, E2 + G + DR) were in the 95% confidence set with

elevation appearing in all 5 models and likely the most important variable (Table

2.2). Four of the same models (E2, G+E2, E2 + DR, E2 + G + DR) were in the

95% confidence set for CMR, and elevation had the greatest effect on model

performance.

Mountain Quail that moved to new breeding ranges for HCNRA and CMR

occupied areas in higher elevations (t115 = 6.3, P < 0.001) than quail that remained

within winter ranges during the breeding season (Table 2.3). Although status

(translocated vs resident quail) did not appear to be a critical parameter, the

distance moved for translocated quail in HCNRA was greater than resident quail

(t69 = 5.7, P < 0.001), and translocated quail occupied areas in higher elevations

(t69 = 11.9, P <0.001). Translocated quail that moved out of winter ranges traveled

similar distances (t53 = 1.5, P = 0.13) and had similar elevation gains (t53 = 1.8,

P = 0.08) compared with CMR quail that moved out of winter ranges. Direction of

movement did not contribute significantly to model performance. To better

understand movement patterns, we combined direction of movement into 4

categories; NE (1-900), SE (91-180°), SW (181-260°), and NW (261-360').

Fifteen of 24 (63%) translocated quail that moved to new breeding ranges traveled

in a NE direction. Twenty-six of 32 (81%) CMR quail that moved out of winter

ranges moved in a NE direction.
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Table 2.2. Ranking of best approximating models for breeding range selection for
Mountain Quail in the Cascade Mountain Range and Hell's Canyon, Oregon, 1997-
2000.

Models for Cascades and Hell's
Canyon

SS+G+DR+E2
SS + E2

SS+G+E2
DR + E2 + G

E2

DR+G+SS
DR + G

SS

Po (intercept only)

Models for Hell's Canyon

E2

E2 + G

E2 + ST

E2 + DR

E2 + G + DR

E2 + G + DR + ST

ST

Po (intercept only)
Models for Cascade Mountains

E2 + G

E2 +G+DR
E2

E2 + DR
DR
G + DR

PO (intercept only)

* Models in >95% confidence set of best approximating models.
AICc model values.

b
Difference between best model and subsequent models.
AICc model weights

d Cumulative weights of models

AICca A AIC,b Wie

Cumulative
Wid

109.44 0.00 0.41 0.41*

110.08 0.64 0.29 0.71*

110.15 0.71 0.28 0.99*

125.98 16.89 0.00 0.99

130.90 21.56 0.00 0.99

144.89 35.80 0.00 0.99

155.82 46.59 0.00 0.99

157.80 48.46 0.00 0.99

163.53 54.09 0.00 0.99

60.85 0.00 0.4 2 0.42*

62.66 1.80 0.17 059*
62.76 1.90 0.16 0.76*

62.91 2.05 0.15 0.91*

64.57 3.71 0.06 0.97*

66.38 5.53 0.02 0.99

76.87 16.02 0.00 0.99

99.35 38.50 0.00 0.99

48.60 0.00 0.33 0.33*

48.67 0.07 0.32 0.65*

49.68 1.07 0.19 0.84*

50.37 1.76 0.14 0.98*

55.27 6.66 0.01 0.99

55.83 7.22 0.01 0.99

60.18 11.57 0.00 0.99



Table 2.3. Means and standard errors (SE) of variables measured for new breeding ranges (>1.5 km from winter range) and
breeding ranges that overlapped winter ranges in the Cascade Mountain Range and Hell's Canyon, Oregon, 1997-2000.

'Distance from last known winter to last known breeding range location.
b Elevation of last winter range location.
Elevation of last breeding range location.

New Breeding

Range

Overlapped

Winter

New Breeding

Range

Overlapped

Winter

New Breeding

Range

Overlapped

Winter

Variable Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

Distance Cm)' 9,968 1,235 7,046 68 11,083 1,734 610 59 10,626 1046 637 47

Elevation (m) Winterb 2,169 87 1,878 151 3,125 139 2,380 117 2,631 102 2,255 100

Elevation (m)

Breeding' 2,985 186 1,927 131 4,349 218 2,485 120 3,630 169 2,351 190

Cascade Mountains Hell's Canyon Both
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Nest Success

To include gender as an explanatory variable in comparing successful and

unsuccessful nests as a response variable, 2 nests with birds of unknown sex were

excluded from the analysis. No a priori model with habitat characteristics

measured in nest plots performed better than the null model (model Null = no. We

concluded that, given the data, successful nests did not differ from unsuccessful

nests in the habitat features we measured. No a priori model with habitat variables

measured m of nest centers supported the hypothesis that characteristics :_<2 m

from nests centers were different than unsuccessful nests.

Gender and Distance to Winter Range

In comparing male and female nests, Model SL + R was selected as the

most parsimonious model based on minimum AlCc and a w, >0.99 (Table 2.4).

No other model was competitive. This model contained 2 variables related to shrub

height or cover. Height of the shortest shrub (SL) was lower for male nests

(t53 = 2.2, P < 0.03) and shrub height 8 m from nest centers (R) was higher

(t53= 3.2, P < 0.00). We found that model SL was the best-fitted model based on

AICc and weights for gender selection differences of habitat features m of nest

centers (Table 2.4). Height for shortest shrub was lower (t53 = 1.9, P < 0.06) for

male nests than female nests 2 m of nest centers.



Table 2.4. Ranking of best approximating models for male and female incubated
nests in Cascade Mountain Range and Hell's Canyon Oregon, 1997-2000.

* Models in 95% confidence set of best approximating models.
AICc model values.

b
Difference between best model and subsequent models.
AICc model weights
Cumulative weights of models

We found 4 competing models (DW+E +SH+GL, DW+E, DW+E+SH, and

A+S+E+DR+DW+GG+GL) for the best approximating model in a 95% confidence

set for differences between nests in winter ranges and nests in new breeding ranges
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Gender Models for Factors in 0.08 ha Plots AlCc A AIC, wi Cum.w,

SL + R 62,97 0.00 0.99 0.99

A+S+E+DR+DW+GG+GL-FC+R+ SL 76.03 13.07 0.00 0.99

Po (intercept only) 77.87 14.89 0.00 0.99

A 79.13 16.01 0.00 0.99

A+S+E+DR+DW+GG+GL+C+R+ SL+SH 79.22 16.26 0.00 0.99

A+S 79.97 17.00 0.00 0.99

A+S+E 81.4 18.43 0.00 0.99

A+S+E+DR+DW 82.15 19.17 0.00 0.99

A+S+E+DR+DW+GG+GL+C+R+ SL+SH+SC 82.57 19.61 0.00 0.99

A +S+E+DR 83.72 20.75 0.00 0.99

A+S+E+DR+DW+GG 84.38 21.96 0.00 0.99

Gender Models for Factors <2 m Nests

SL 72.80 0.00 0.85 0.85*

Po (intercept only) 77.87 5.07 0.07 0.92*

GS+GL+GG+C+SL 79.25 6.45 0.03 0.95*

GS 80.03 7.23 0.02 0.97

GS+GL+GG+C+SL+SH 81.08 8.28 0.01 0.99

GS+GL 82.07 9.27 0.00 0.99

GS+GL+GG+C 84.12 11.32 0.00 0.99



(Table 2.5). All 4 models contained the variables elevation and distance to water.

The contribution of elevation and distance to water was evident when AlCc values

and weights were computed without these variables in the models. Nests in new

breeding ranges were in higher elevations (t53 = 4.4, P < 0.001) and further from

water (t53 = 3.2, P <0.001) than nests located in winter ranges.

Table 2 5 Ranking of best approximating models for characteristics of nests
located in new breeding ranges (> 1500 m from winter ranges) and nests located in
winter ranges in the Cascade Mountain Range and Hell's Canyon, Oregon, 1997-
2000.
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w, Cum. wi

0.46 0.46*

0.29 0.75*

0.15 0.91*

0.03 095*

0.04 0.99

0.00 0.99

0.00 0.99

0.00 0.99

0.00 0.99

0.00 0,99

0.00 0.99

0.00 0.99

Models AICc i AlCi

DW+E+SH+GL 53.92 0

DW+E 54.82 0.90

DW+E+SH 56.12 2.19

A+S+E+DR+DW+GG+GL 59.63 5.71

A+S+E+DR+DW 58.75 4.83

A+S+E+DR+DW+GG 61.18 7.26

A+S+E+DR+DW+GG+GL+C 62.5 8.58

A+S+E+DR+DW+GG+GL+C+R 63.90 9.98

A+S+E+DR+DW+GG+GL+C+R+SL+SH 65.92 12

A+S+E 66.10 12.17

A+S+E+DR+DW+GG+GL+C+R+SL 66.73 12.81

Po (intercept only) 78.27 24.35

*Models in >95% confidence set of best approximating models.
AICc model values.

b
Difference between best model and subsequent models.
AICc model weights
Cumulative weights of models
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Nest Site Selection

In comparing nest plots with random plots for HCNRA and CMR, we found

3 models {DW+R+C+GS+GG, DW+GS+R+GG, DW+C+R} in our 95%

confidence set were similar (Table 2.6). All 3 models contained the variables DW

and R. Additionally 2 of 3 models had the variables GG, GS, and C. Nests were

closer to water (t169 = 2.4, P < 0.02) and shrub height greater 8 m from nest center

than random sites (t169 = 6.0, P <0.001) (Table 2.1). Canopy closure was greater at

nest plots (1169 = 6.1, P < 0.001) and ground level shrub cover in nest plots was

greater than random plots (1169= 4.3, P < 0.001). For HCNRA data, model

C*GS+GL+S+DW was the best-fitted model and based on AICc weights was 4

times as likely as the next best model (Table 2.6).



Table 2.6. Rankings of best approximating models for nest site and random site
characteristics in 0.08 m plots in the Cascade Mountain Range and Hell's
Canyon,Oregon, 1997-2000.
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*Models in >95% confidence set of best approximating models.

Models for Cascade Mountains and Hell's Canyon. AICc A AIC;
Cum.

DW+R+C+GS+GG 192.21 0 0.58 0.58*

DW+GS+R+GG 193.96 1.75 0.24 0.82*

DW+C+R 194.74 2.53 0.16 0.99*

A+E+S+DR+DW+GW+GS+GG+C+R+SL+SH+SC+GL 201.60 9.38 0.00 0.99

A+E+S+DR+DW+GW+C+R+SC 203.58 11.36 0.00 0.99

A+E+S+DR+DW+GW+C+R+SL+SC 204.86 12.65 0.00 0.99

A+E+S+DR+DW+GS+GW+GG+C+R+SL+SH+SC 205.99 13.78 0.00 0.99

A+E+S+DR+DW+GS+GW+C+R+SL+SH+SC 206.72 14.51 0.00 0.99

A+E+S+DR+DW+GW+C+SC 207.02 14.80 0.00 0.99

Po (intercept only) 238.52 46.31 0.00 0.99

Models for Hell's Canyon

C*GS+GL+S+DW 86.67 0 0.81 0.81*

S+C*GS+DW 89.62 2.96 0.19 0.99*

A+E+S+DR+DW+GS+GW+GG+C+R+SL+SH+SC+GL 102.89 16.22 0.00 0.99

A+E+S+DR+DW+GS+GW+C+R+SL+SH+SC 105.13 18.47 0.00 0.99

A+E+S+DR+DW+GW+C 108.01 21.34 0.00 0.99

A+E+S+DR+DW+GW+C+SC 108.54 21.88 0.00 0.99

A+E+S+DR+DW+GW+C+R+SC 109.31 22.65 0.00 0.99

130 (intercept only) 131.89 45.22 0.00 0.99

Models for Cascade Mountains

A+C+R+SH+SC 77.79 0 0.89 0.89*

A+C+SH 82.10 4.31 0.12 0.99*

A+E+S+DR+DW+GW+C+R+SL+SH+SC 89.17 11.37 0.00 0.99

A+C 90.42 12.63 0.00 0.99

Po (intercept only) 91.26 13.47 0.00 0.99

C+R+SC 91.44 13.65 0.00 0.99
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Three variables (GL, S. DW) and one interactive term (C* GS) accounted for most

of the difference in variation between nest plots and random plots. Distance to

water for nest locations was less than for random plots (t99 = 3.6, P < 0.001), but

the proportion of ground shrubs (GS) and canopy closure in nest plots was >2 times

random plots (Table 2.1). Compared to random plots, no difference was found for

slope and ground litter but the inclusion of these variables improved model

performance and may indicate some interaction with DW and C. For CMR, model

C+SH+SC+R was the best approximating model and >8 times more likely than the

next best model based on differences in wi. However, we found little difference

between mean values of these variables at nest and random sites.

In our analysis of characteristics <2 m from nest centers for HCNRA and

CMR, we had 5 competing models (GS+C+SH+GG+GL, GS+C+SH,

GS+SH+GG+GL+GW+SL, GS+C+SH+GG+GL+GW+SL, and GS+C+GG+GL)

in a 95% confidence set of best fitted models (Table 2.7). One variable (GS)

appeared in all 5 models with a cumulative w, > 0.96, suggesting that this variable

may have had a strong effect on model performance. Additionally, C, GG, GL,

and SH were in four of five models. Canopy closure (C), proportion of ground

shrubs (GS) and the height of the tallest shrubs (SH) were greater at nest centers

(t170 = 3.0, P< 0.001; trio = 5.0, P <0.001; tpo = 4.8, P <0.001), but GL and GO at

nest sites were similar to random sites. For HCNRA, two models (GS+C+SH+GG

and GS+C+GG) were in a 95% confidence set of best-fitted models (Table 2.7).



Table 2.7. Rankings of best approximating models for features <2 m of nest and
random plot centers in the Cascade Mountains and Hell's Canyon, Oregon, 1997-
2000.

*Models in >95% confidence set of best approximating models.
AICc model values.

b Difference between best model and subsequent models.
AICc model weights

d Cumulative weights of models
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A AlCi wi Cum.wi

0.00 0.58 0.58*

2.90 0.13 0.71*

3.36 0.10 0.82*

3.50 0.10 0.91*

4.98 0.08 099*

7.180 0.00 0.99

32.94 0.00 0.99

0.00 0.56 0.56*

0.66 0.40 0.96*

5,59 0.03 0.99

10.71 0.00 0.99

30.50 0.00 0.99

0.00 0.33 0.33*

0.87 0.21 0.54*

1.10 0.19 0.73*

1.70 0.14 0.87*

3.28 0.06 0.93*

4.58 0.03 0.96*

4.62 0.03 0.99

8.84 0.00 0.99

Models Cascade Mountains and Hell's Canyon AICc

GS+GG+C+GL+SH 186.78

GS+GL+GG+GW+SL+SH 189.69

C+GS+SH 190.24

GS+GL+GG+GW+SL+SH+C 190.29

C+GS+GL+GG 191.76

GS+GL+GG+GW 193.50

po (intercept only) 219.72

Models for Hell's Canyon

GS+C+SH+GG 101.38

GS+C+GG 102.04

GS+GL+GG+GW+SL+SH+C 106.97

GS+GL+GG+GW+SL+SH 112.09

Po (intercept only) 131.88

Models for Cascade Mountains

GL+GL+GG+GW 81.05

GS+GL+GG 81.93

GS+GL 82.16

GS+GL+GG+GW+SL 82.76

GS++GL+GG+GW+SL+SH 84.34

GS++GL+GG+GW+SL+SH+C 85.63

GS 85.68

PO (intercept only) 89.84
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There was little difference in AICc values or w, for the 2 models. Three variables

(GS, C, and GG) were in both models with a cumulative w, >0.99. Canopy closure,

proportion of ground shrubs and height of tallest shrub were greater

(t100 = 4.4, P< 0.001; t100= 5.6, P< 0.001; t100 = 4.8, P <0.001) at nest centers.

We found no clear best model for characteristics measured m of nest center for

CMR. All models except the null were competitive.

DISCUSSION

We found that Mountain Quail in southwestern Oregon often exhibited long

winter-range to breeding-range movements that occasionally were >26 km. Over

1/3 of the radio-marked quail in southwestern Oregon that survived until 5 May

moved >10 km to new breeding ranges. Not all birds in the same covey migrated

to new breeding ranges. Most Odontiphorinae quail in North America do not make

substantial seasonal migrations (Gullion 1962, Johnsgard 1973, Savage 1974,

Schemnitz 1994). Scaled Quail (Callipepla squarnata) moved <4 km between

winter and summer ranges (Schemnitz 1994), Gambel's Quail (Callipepla

gambelii) annual movements were <2 km (Gullion 1962), and seasonal movements

for Northern Bobwhites are limited with no major daily or seasonal migrations

(Johnsgard 1973). Annual movements of >8 km were not unusual for California

Quail (Callipepla californica) and returns from banded birds found movements of

. .17 km (Savage 1974). Few data have been published on movements of

individually marked Mountain Quail. Ormiston (1966) reported that Mountain
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Quail in Idaho moved higher or lower in elevation in response to snow conditions,

but there is little documentation based on individually marked birds that suggested

patterns or processes in migration (Gutierrez and Delehanty 1999). In

southwestern Oregon, most breeding season migrations by Mountain Quail were

directional with most birds moving NE (1-900) and higher in elevation. We were

unable to confirm that Mountain Quail exhibited site fidelity for nesting areas

because of few year to year recaptures. Yet we had some evidence that Mountain

Quail returned to former breeding and winter ranges. Translocated quail captured

in the Cascade Mountains in southwestern Oregon and moved to Hell's Canyon

exhibited breeding season migration patterns that were similar to native quail in the

Cascade Mountains. Over 50% of translocated birds that moved to new breeding

ranges mated with resident quail, and most long-range movements resulted in

elevational gains. Few restoration plans that include translocations account for the

inherent behaviors that may control migration patterns, particularly during breeding

season. A potential problem for restoration efforts is attributing these movements

to poor quality habitat when migrations may be behavioral responses (e.g., site

fidelity).

Mountain Quail populations in the Cascade and Coastal Ranges have been

closely linked to early successional, shrub-dominated communities (Gutierrez

1977, Brennan et al. 1987). Most nests in southwestern Oregon were located in

either edge or mixed shrub and early seral coniferous habitats. Mountain Quail

may prefer early seral, shrub-dominated communities for nesting sites because they
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provide adequate ground cover and forage for adults and chicks. In northeast

Oregon, most nests were associated with Ponderosa pine/snowberry, mallow

ninebark/snowberry or Douglas fir/mallow ninebark communities. Ponderosa

pine/snowbetTy communities are generally found in elevations between 1,000-

1,800 m typically on canyon terraces with snowberry as the dominant understory

shrub. Herbaceous layers are typically grass dominated (Crowe and Clausnitzer

1997). Mallow ninebark/snowberry communities are dominated by tall dense

shrubs with little herbaceous understory and are found on steep north-facing slopes

with mean elevations of 1600 m (Johnson and Simon 1987). Douglas fir/ninebark

plant associations are characterized by dense shrub layers and steep north slopes

above 1,500m (Johnson and Simon 1987). All 3 communities are dominated by

shrubs that provide potential thermal and hiding cover for quail.

There was no clear difference in habitat characteristics for successful nests

compared with unsuccessful nests. Nests in the Cascades were depredated less

frequently than nests in Hell's Canyon, and successful nests were farther from

water but closer to roads than unsuccessful nests. Nests in the Cascades were

closer to roads and farther from water than Hell's Canyon nests, but these variables

may be confounded with an area effect (e.g., high densities of roads in the Cascades

and strong associations of quail coveys with water in Hell's Canyon).

Nearly 50% of the nests in our study were incubated only by males, but we

observed no bisexual incubation of single clutches. Males assumed a major role in

incubation and brood rearing but not as a secondary partner. We had 6 pairs with
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both male and female radio-marked that survived through the breeding season, and

the male and female of each pair incubated separate clutches (Pope and Crawford

2001). The female apparently produced simultaneous multiple clutches with the

male incubating one clutch and the female the other. We were unable to determine

which member of a pair selected nest sites. Our analysis of habitat characteristics

for male and female incubated nests indicated that male nests had relatively less

screening (e.g., shorter shrubs) within plots and along plot perimeters, and at nest

centers (. .2 m from nest center).

Nests located in new breeding ranges were farther from water than nests in

winter ranges, and elevation appeared to be an important factor for nests located

outside of winter ranges. Riparian areas in Hell's Canyon and the Cascade

Mountains are typically located at the bottoms of canyons or valleys. Most nests

found in new breeding ranges were located at higher elevations frequently on

upland slopes or ridge-tops.

Brennan et al. (1986) proposed a Habitat Suitability Index (HSI) model for

Mountain Quail based on data collected in northern California. Of the 15 habitat

variables they tested, 5 variables were considered important predictors for the HSI

model. The 5 predictor variables were distance to water, distance to escape cover,

minimum shrub height, maximum shrub height and percent canopy cover.

Distance to water was an important variable in our comparison of nest and random

sites, and we found that nests were generally closer to water. Shrub height

(screening perimeter cover), shrub density (proportion of ground shrubs) and
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canopy closure were greater at nest sites, an indication that Mountain Quail are

selecting areas of greater potential thermal and hiding cover than random sites. For

Hell's Canyon, nests were closer to water than random plots and shrub density and

canopy closure considerably greater than random sites. For nests sites selected in

the Cascades, distance to water was not an important variable, an indication that

water may be more important for nest sites selected in semi-arid landscapes.

MANAGEMENT IMPLICATIONS

Our discovery of migratory behaviors associated with breeding ranges has

clear management implications. Habitat selected for breeding ranges may be

spatially distinct from winter ranges, and management strategies, particularly those

plans that use translocated quail for restoration efforts, must account for these

migratory behaviors by developing strategies for breeding ranges that differ from

winter ranges.

We found that nests sites in the Cascades were typically located in early

seral, coniferous habitats composed of clumps of shrubs and interspaced with

openings. Historically, these conditions were likely associated with naturally

occurring fire. Currently, in western coniferous forests, most early seral

communities are created through logging operations. Standard prescriptions after

logging include prescribe fire and pre-commercial thinning. In the place of fire,

these practices may benefit Mountain Quail by providing early-successional shrubs
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for nesting habitat. However, the application of herbicides to reduce shrubs may

eliminate potential nesting areas.

In Hell's Canyon, nests were generally located in upland shrub communities

adjacent to riparian areas. Historically, low intensity fires occurring every 5-25

years had the greatest impact on the development of riparian and adjacent upland

vegetation (Morgan et al. 1996). More recently, extensive cattle grazing has

become a widespread source of repeated disturbance (Brennan 1990). Cattle

grazing has replaced fire as the most influential factor affecting riparian and upland

shrub communities. Grazing may reduce the distribution, density, composition,

and structure of many vegetation communities, and depending on intensity have

either a negative or a positive impact on Mountain Quail nest areas. Excessive

grazing may reduce cover critical for the production of successful nests.

Conversely, moderate grazing may benefit Mountain Quail by reducing dense,

overstory shrubs that inhibit the growth of sufficient ground cover for nests.

Mountain Quail populations have declined in much of the Intermountain

Region of the west (Brennan 1990). Much of the decline has been attributed to

habitat alterations (Brennan 1990) that threaten the continued persistence of

Mountain Quail, particularly in thinly populated, semi-arid ranges. The natural

history of Mountain Quail in many areas of its range remains poorly understood

because of the elusiveness of this species and the remote and rugged habitat that it

often occupies. We recommend that before restoration and habitat rehabilitation

efforts are implemented additional research should be conducted to further clarify



Mountain Quail reproductive relationships across the many diverse habitats

occupied by this species.

ACKNOWLEDGEMENTS

We thank A. Martin, M. Hansen, and S. Kiffe for their valuable field

assistance. For technical support and advice, we are grateful to V. Coggins, K.

Martin, S. Denney, and M. Black Funding was provided through the assistance of

K. Durbin, B. Bales, and E. Rickerson (Oregon Department of Fish and Wildlife),

K. Martin and C. Baker (U.S. Forest Service), M. ICniesel, G. Miller, E. Campbell

and J. Ramakka (Bureau of Land Management), J. Wells (Oregon Hunter's

Association), and J. Crafton (Quail Unlimited). We also express our sincere

appreciation to C. Smith, D. Edge and R. Lemon for reviewing this manuscript.

LITERATURE CITED

Akaike, H. 1973. Information theory as an extension of the maximum likelihood
principle. Pages 267-281 in B. Petrov and F. Csaki (eds.), 2' International
Symposium on Information Theory. Akademiai Kiado, Budapest. Hungary.

Bendire, C. E. 1892. Life histories of North American birds. United States
National Museum Special Bulletin. No. 1.

Bent, A. C. 1932. Life histories of North American gallinaceous birds: order
Gallifonnes and Columbiformes. United State National Museum Bulletin
162.

Brennan, L .A., W. M. Block, and R. J. Gutierrez. 1986. The use of multivariate
statistics for developing habitat suitability index models. Pages 177-182 in
J. Verner, M. Morrison, and C. J. Ralph (eds.), Wildlife 2000:Modeling
Habitat Relationships of Terresterial Vertebrates, University Wisconsin
Press, Madison, Wisconsin.

40



, W. M. Block, and R. J. Gutierrez. 1987. Habitat use by Mountain
Quail in northern California. Condor 89:66-74.

, 1990. What happened to the Mountain Quail in Idaho. Quail
Unlimited 9(69):42-43

Brown, E. R. 1985. Management of wildlife and fish habitats in forests of
western Oregon and Washington. USDA, Forest Service, Pacific Northwest
Region Publication No. R6-F&WL-192-1985, Portland, Oregon.

Burnham, K. P. and D. R. Anderson. 1998. Model selection and inference: a
practical information-theoretic approach. Springer-Verlag, New York.

Canfield, R. 1941. Application of the line interception method in sampling of
range vegetation. Journal of Forestry 39:386-394.

Crowe, E. A. and R. R. Clausnitzer. 1997. Mid-Montane wetland plant
associations of the Malheur, Umatilla and Wallowa-Whitman National
Forests. USDA, Forest Service, Technical Paper R6-NR-ECOL-TP-22-97
Pacific Northwest Region 8, Portland, Oregon.

Daubenmire, R. F. 1959. A canopy-coverage method of vegetation analysis.
Northwest Science 33:224-227.

Delehanty, D. J. 1995. Incubation and brood rearing by a wild male Mountain
Quail. Western Birds 26:46-48.

. 1997. Mountain Quail reproduction and restoration in the Great
Basin. Ph.D. Dissertation, University of Nevada, Reno. Nevada.

Franklin, J. F. and C. T. Dymess. 1973. Natural vegetation of Oregon and
Washington. USDA Forest Service General Technical Report Pacific
Northwest Region, Portland, Oregon.

Gullion, G. W. 1962. Organization and movements of coveys of a Gambel Quail
population. Condor 64:402-415.

Gutierrez, R. J. 1977. Comparative ecology of the Mountain and California Quails
in the Cannel Valley, California. Ph.D. Dissertation, University of
California, Berkeley, California.

41



. and D. J. Delehanty. 1999. Mountain quail (Oreortyx pictus). In
A. Poole and F. Gill (eds.), The Birds of North America, No. 457, The
Birds of North America, Inc., Philadelphia, Pennsylvannia.

Heekin, P. E. 1993. Radio-telemetry reveals secrets of Mountain Quail in Idaho.
Quail Unlimited 12(2):8-11.

Johnsgard, P. A. 1973. Grouse and quails of North America. University of
Nebraska Press Lincoln, Nebraska.

Johnson, C. G. and S. A. Simon. 1987. Plant associations of the Wallowa-Snake
Province. USDA, Forest Service, Pacific Northwest Region, Forest Service
Pub. No. R-6 ECOL-TP-225A-86, Portland, Oregon.

Keegan, T. W. and J. A. Crawford. 1997. Brood-rearing habitat use by Rio
Grande wild turkeys in Oregon. Great Basin Naturalists 57:220-230.

Keyes, C. R. 1905. Some bird notes from the central Sierras. Condor 7:13-17.

Lemmon, P. E. 1957. A new instrument for measuring forest overstory density.
Journal of Forestry 55:667-669.

Leopold, A. S. 1939. Age determination in quail. Journal of Wildlife Management
3:262-265.

Morgan, P., S. C. Bunting, A. E. Black, T. Merrill, and S. Barett. 1996. Fire
regimes in the interior Columbia River Basin: past and present. Final report
RJVA-INT-94913 submitted to Intermountain Fire Sciences Laboratory,
Missoula, Montana.

Ormiston, J. H. 1966. The food habits, habitat, and movements of mountain quail
in Idaho. M.S. Thesis, University of Idaho, Moscow, Idaho.

Pelren, E. C. 1996. Blue grouse winter ecology in northeastern Oregon. Ph.D.
Dissertation, Oregon State University, Corvallis, Oregon.

Pope, M. D. and J. A. Crawford. 2001. Male incubation and biparental care in
Mountain Quail. The Condor 163:865-870.

Robel, J. J. N. Briggs, A. D. Dayton, and L. C. Hulbert. 1970. Relationships
between visual obstruction measurements and weight of grassland
vegetation. Journal of Range Management 23:295-297.

42



43

SAS Institute Inc. 1999. SAS/STAT user's guide. Release 8.0. SAS Institute, Inc.,
Cary. North Carolina.

Savage, A. E. 1974. Productivity and movement of California Quail in northeast
California. Transactions Western Section Wildlife Society Conference 84-
88.

Schemnitz, S. D. 1994. Scaled Quail (Callipepla squamata). In A. Poole and F.
Gill (eds.), The Birds of North America, No. 106, The Birds of North
America, Inc., Philadelphia, Pennsylvania.



CHAPTER 3
MALE INCUBATION AND BIPARENTAL CARE IN

MOUNTAIN QUAIL

Michael D. Pope and John A. Crawford

Manuscript accepted 27 July 2001 by THE CONDOR
Published November, 2001 (103:865-870)

44



45

ABSTRACT

We examined the reproductive behavior of Mountain Quail (Oreortyx

pictus) in two ecologically different regions of Oregon. We used radio-telemetry to

locate 57 Mountain Quail nests and determine breeding behavior and incubation

patterns. Mountain Quail appeared socially monogamous and displayed few

alternative reproductive strategies; only one bird renested and no birds produced

consecutive clutches. Twenty-five of 57 nests were incubated exclusively by

males, 30 by females, and two by birds of undetermined sex. We observed no nest

switching, and males and females had similar clutch and brood sizes. Males

brooded chicks, frequently without female assistance. Within six radio-marked

pairs, males and females simultaneously incubated separate nests <200 m apart.

The average production by females was 22 eggs (range 19-26) with a mean clutch

size of 11 eggs (range 7-15). Simultaneous multiple clutches may enhance the

reproductive potential of a species when environmental conditions limit double

brooding or renesting, and may increase the likelihood that some broods will

survive high levels of nest and brood predation.



46

INTRODUCTION

Mountain Quail (Oreortyx pictus) are the most temperate-adapted of the

New World quail in western North America. Their range extends as far north as

Idaho and southeastern Washington, and they have the highest altitudinal range of

any quail in North America (Gutierrez and Delehanty 1999). Mountain Quail are

monomorphic (both sexes display almost identical plumage), highly terrestrial,

secretive, and occupy a broad variety of habitats (Gutierrez and Delehanty 1999).

Like most New World quails, Mountain Quail are socially monogamous

(Delehanty 1995, 1997, Gutierrez and Delehanty 1999), but information on their

reproductive behavior comes mostly from anecdotal sources. Both males and

females develop brood patches (Miller and Stebbins 1964). Males were assumed to

play an active role in parental care including sharing brood-rearing duties with

females (Gutierrez and Delehanty 1999). However, there is a lack of information

on the extent of the role of males in reproduction.

We investigated the reproductive characteristics of native Mountain Quail

in the western Cascade Mountains and the Columbia Plateau of Oregon and of a

translocated sample of Mountain Quail moved from the western Cascades to the

Columbia Plateau. Our objective was to compare the reproductive rates (egg

production and hatch success) of Mountain Quail in two ecologically dissimilar

areas. We hypothesized that males would play an active role in incubation and

brood care, and that reproductive parameters (hatch success, incubation length, and



hatch dates) of the native and translocated quail would differ given the different

ecological constraints between the areas.

METHODS

Study Areas

We studied Mountain Quail in Hell's Canyon National Recreation Area

(HCNRA, hereafter), in the Columbia Plateau of northeastern Oregon, and in the

western Cascade Mountains of southwestern Oregon (CMR, hereafter), from 1997

2000. Mountain Quail populations in HCNRA have persisted but appear to be

declining with quail primarily confined to narrow, disjunct riparian zones (Vic

Coggins, personal communication). In CMR, quail are abundant with populations

distributed rather homogeneously across the landscape (Steve Denney, personal

communication). The 1400-km2 study site in CMR (43°15N, 123°07W) is

characterized by dense conifer forests. This region is floristically diverse with

forest overstories dominated by Douglas-fir (Pseudotsuga menziesii), western

hemlock (Tsuga heterophylla), and other conifers, or with Oregon white oak

(Quercus garryana) and Pacific madrone (Arbutus menziesii) (Franklin and

Dyrness 1973). Extensive timber removal on public and private lands in CMR has

resulted in a mosaic of early to late-successional forest habitats. Elevations range

from 600 to 1800 m and climate conditions are generally mesic with hot, dry

summers and cool, moist conditions in fall, winter, and spring. Mean monthly

47
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temperatures in 1999 ranged from 9°C in January to 29°C in August, and average

annual precipitation was 76 cm (OSU Climate Center, Corvallis, OR).

Our 2000-km2 study site in HCNRA (45°30'N, 117°45W) is adjacent to the

Snake River and is contained in the Columbia Plateau ecoregion of the Columbia

Basin (Crowe and Clausnitzer 1997). The area is characterized by steep, rugged

canyons with grass-dominated uplands dissected by diverse shrub communities

along streams. Elevations range from approximately 900 to 2000 m. Forests

dominated by ponderosa pine (Pinus ponderosa), Douglas-fir, and grand fir (Abies

grandis) occur above 1600 m. Canyon lowlands are dominated by common

understory and transition zone shrubs including hawthorns (Crataegus spp.),

snowberry (Symphoricarpos albus), and mallow ninebark (Physocarpus

malvaceus). Grassy uplands primarily contain Idaho fescue (Festuca idahoensis)

and bluebunch wheatgrass (Agropyron spicatum) (Pelren 1996). Topographic and

elevational features result in highly variable xerophytic zones where moisture is the

major environmental constraint (Franklin and Dyrness 1973, Crowe and

Clausnitzer 1997). Mean annual precipitation in 1999 was 40 cm and temperatures

ranged from an average monthly low of 0°C in January to an average monthly high

of 26°C in August (OSU Climate Center, Corvallis, OR).

Capture and Telemetry Monitoring

We used funnel and treadle-style traps to capture 252 Mountain Quail in

CMR and HCNRA from 1997 to 2000. All captured birds were fitted with flexible,
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necklace-style transmitters, weighing 3.6 g (Model PD2C, Holohil Systems Ltd.,

Woodlawri, Ontario, Canada). One hundred and three birds captured in CMR were

fitted with transmitters and released at the trap sites in late winter and early spring

1997-2000. Seventy-five birds captured at 12 trap sites in CMR were transported

to HCNRA, fitted with transmitters, and released in two drainages in late winter

1997-1998. Seventy-four Mountain Quail in HCNRA were captured, equipped

with transmitters, and released at their trap sites in fall and spring 1998-1999. All

birds were banded, weighed, and identified by plumage as hatch year (HY) or after

hatch year (AHY) (Leopold 1939). Blood was extracted and analyzed for gender

identification (PE AgGen, Davis, CA).

We relocated radio-marked Mountain Quail from the ground from date of

capture in late winter (JanuaryFebruary) to the last week in August of each year.

Nest sites were identified by observing and flushing radio-marked birds that were

incubating clutches. When nests were located, we counted eggs, marked nest sites

for future identification, and installed data-loggers. We confirmed incubation

activity two to five times weekly by use of radio-telemetry, data-loggers, or visual

observation without flushing. Onset of incubation was estimated from frequent

observations of radio-marked birds. However, we were unable to determine the

first day of egg deposition because birds did not incubate until clutches were

complete. Our estimates of incubation length were derived from observations of

radio-marked birds on nests during 1997 and 1998 and from temperature-sensitive

data-loggers during 1999 and 2000 (Model HOBO-Pro, Onset Computer, Pocasset,
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MA) placed in nests. Data-loggers measured nest and ambient temperatures

simultaneously at 1-min intervals and were sensitive to <0,2°C temperature

changes. When the adult and chicks moved away from nest sites, we determined

numbers of hatched chicks from counts of eggshell membranes and egg caps or

unhatched eggs present in the nest. Adults and broods were monitored for two to

five weeks after hatching. Successful nests were defined as those in which, one egg

hatched.

Our determination of social status was based on observations of radio-

marked individuals. Radio-marked female and male birds that continually

associated as pairs during breeding season were classified as monogamous mates.

We were unable to classify mating systems for radio-marked birds that associated

with unmarked birds during nesting periods.

Statistical Analyses

We used two-tailed t-tests with P < 0.05 to determine if reproductive

parameters (clutch size, brood size, hatch date) differed according to sex or age of

incubating bird, or between natives of HCNRA and CMR Counties. An ANOVA

(P < 0.05) was used to compare differences among native HCNRA quail, native

CMR quail, and translocated quail. All means reported are ± SE. Analyses were

performed using SAS (SAS Institute 1999).
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RESULTS

Of 252 Mountain Quail captured, radio-marked, and released from 1997 to

2000, seven birds either did not nest or lost nests before nest sites were found.

Fifty-five percent (134) of 242 radio-marked quail were females and 45% (108)

were males.

We located 23 nests in CMR in spring and summer 1997-2000. Two birds

with chicks in CMR were found, but their nests were not located. Seventeen nests

of translocated Mountain Quail were found in HCNRA in 1997-1998.

Additionally, two birds were observed with chicks <2 days old but the nests were

not found. We located 17 native Mountain Quail nests in HCNRA in 1998-1999,

and one native bird in HCNRA was found with chicks within three days of

hatching but no nest was found.

Of the 57 nests located, 25 (45%) were incubated by males and 30 (53%) by

females. We were unable to confirm the sex of two birds that incubated nests. Of

the five birds observed with young chicks but without a known nest, four were

males. Ten of 17 translocated birds that incubated clutches were mated with native

HCNRA Mountain Quail, and nine of these were males. Only one bird renested,

and no birds produced consecutive broods. During 250 visits to nest sites we

observed only one individual incubating at any one nest. We rarely observed birds

associating with more than one bird during the breeding season (1 April-15

August).
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Mean clutch size for all nests was 11.3 ± 0.3 eggs (n = 57, range = 6-17).

Clutch size did not differ between nests incubated by males or females (153= 1.6,

P = 0.11), between nests incubated by HY and AHY birds (155 0.3, P = 0.76), or

between nests incubated by birds in HCNRA and CMR (155 = 1,1, P = 0.29). There

was no difference in mean clutch sizes for translocated birds in HCNRA, native

birds in HCNRA, and native Mountain Quail in CMR (F2,63 = 1.5, P 0.22). Mean

brood size for nests that survived to hatching was 9.7± 0.4 (n = 39) (Table 3.1).

Mean brood size did not differ between clutches incubated by males and clutches

incubated by females (t36 = 0.2, P = 0.83), clutches incubated by HY and AHY

birds (137 = 0.8, P = 0.43) or clutches incubated by native HCNRA and CMR quail

(126 = 0.2, P = 0.88). However, mean brood sizes differed between translocated

Mountain Quail in HCNRA and native CMR quail (128= 2.2, P = 0.04).

Fifty-nine percent of eggs (380 of 645) produced by Mountain Quail

hatched. Of successful nests, 14 of 230 eggs (6%) did not hatch in HCNRA nests

and 23 of 202 (11%) of eggs in CMR nests did not hatch. Seventeen of 57 (30%)

nests were completely depredated. In HCNRA 13 of 34 (38%) nests were

completely depredated; six of these were translocated quail and seven were native

quail nests. Three nests were partially depredated and one of these was

subsequently abandoned. In CMR, 4 of 23 (17%) nests were completely

depredated, and three nests were partially depredated but some chicks hatched.



Table 3.1. Mean clutch and brood size of 57 Mountain Quail nests, Cascade
Mountains (CMR) and Hell's Canyon National Recreation Area (HCNRA),
southwest and northeast Oregon, 1997-2000.

aSex unknown for one nesting bird.

Six mated pairs where both the female and male were equipped with

transmitters produced nests. Of the six pairs, all males and females incubated

separate nests <200 m from each other. The average production by the female was

22 eggs (range 19-26) with a mean clutch size of 11 eggs (range 7-15). Five of

these 12 nests were depredated. However, the birds that lost clutches remained
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Nests Clutch size (n) Brood size (n)

Adults (AHY)

Yearlings (HY)

Native quail (HCNRA)

11.4 ± 0.5(23)

11.2 ± 0.4 (34)

11.7 ± 0.6 (17)

10.1 ± 0.5(18)

9.4 ± 0.7 (21)

9.3 ± 0.9 (9)

Male 11.6 ± 1.3(5) 5.5 ± 0.5(2)

Female 11.8 ± 0.7(12) 10.4 ± 0.8(7)

Translocated quail' (HCNRA) 11.4 ± 0.5 (17) 11.1 ± 0.6 (11)

Male 12.5 ± 0.6 (6) 11.6 ± 0.4 (5)

Female 10.6 ± 0.7 (10) 10.2 ± 1.2 (5)

Native quaila (CMR) 10.9 ± 0.5 (23) 9.2 ± 0.7 (19)

Male 11,8 ± 0.8(14) 9.4 ± 1.0(11)

Female 10.0 ± 0.5 (8) 9.1 ± 0.9 ( 8)

All Nests 11.3 ± 0.3 (57) 9.7 ± 0.4 (39)

Male 11.9 ± 0.4(25) 9.6 ± 0.8(18)

Female 10.9 ± 0.4 (30) 9.8 ± 0.5 (20)
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near their mates' nests and assisted in brood rearing but not incubation. We

observed no quail associating with any bird other than its mate during nesting.

Mean hatch date for all successful nests was 6 July ± 1.6 days (range 17

June to 31 July) and differed less than one week among years. Mean hatch dates

were different for females and males (t36 = 2.8, P 0.01), but not for HY and AHY

birds (t37 = 1.6, P = 0.12). Mean hatch date was 11 July ± 3 days for females, 2

July ±2 days for males, 4 July ±2 days for HY birds and 9 July ±2 days for AHY

birds. Mean hatch date for HCNRA nests (5 July) was similar to nests located in

CMR (6 July). We located 18 nests immediately after incubation began, and mean

incubation length for these nests was 30 ± 0.6 days (range 27-36 days). Incubation

length did not differ, between nests incubated by males and those incubated by

females (t15 = 0.5, P = 0.62). We estimated the initiation date for incubation by

subtracting incubation length from hatch date for the 18 nests with known

incubation lengths. Mean start date for incubation was 10 June, and ranged from

28 May to 24 June.

DISCUSSION

Although male participation in incubation and brood rearing occurs in

several species of New World quail (Stoddard 1931, Klimstra and Roseberry 1975,

Curtis et al. 1993, Schemnitz 1994, Burger et al. 1995, Calkins et al. 1999), male

Mountain Quail appear to assume a particularly active role in incubation and brood

care. Delehanty (1995) observed a male incubating a nest in northern California,
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and Heekin (1993) found that radio-marked males incubated nests in Idaho. Nearly

half of the nests in our study were incubated only by males, but we observed no

biparental incubation of single clutches. That is, males assumed a major role in

incubation but not as a secondary partner on the same clutch. Several radio-marked

males that lost their nests did not assist their radio-marked mates in incubation but

helped brood her chicks. We also observed males that brooded chicks from the

clutch they incubated without assistance from the female. Male Mountain Quail

may exhibit the greatest parental investment of all quail species in North America,

as evidenced by their development of brood patches and participation in incubation

and brooding.

We had six radio-marked pairs that survived through a breeding season.

The male and female of each pair incubated separate clutches. Simultaneous

multiple clutches have been described in only a few species and then only as a type

of polygamous mating system (Parmelee and Payne 1973, Persson and Ohrstrom

1989, Burger et al. 1995). All species reported to produce simultaneous multiple

clutches are ground-nesting birds with precocial young that inhabit breeding areas

characterized by severe resource fluctuations or high rates of mortality (Parmelee

and Payne 1973, Emlen and Oring 1977, Persson and Ohrstrom 1989, Burger et

al.1995). Burger et al. (1995) found that rapid multiple-clutch polygamy occurred

in Northern Bobwhites (Colinus virginianus) and hypothesized that male

incubation of simultaneous nests in Northern Bobwhites was dependent on male-

biased sex ratios. They suggested that as the nesting season progressed the number
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of unmated females in the population declined and the male bias in the unmated

population increased. Therefore, males assumed greater roles in parental care

including the incubation of additional nests. In their study, male-incubated nests

had later initiation dates and smaller clutch sizes than female first nests. The

production of simultaneous multiple clutches has not been reported for any

exclusively monogamous species. We believe that simultaneous multiple clutching

in Mountain Quail is part of a predominately monogamous breeding system and not

a result of extra-pair copulations or male-biased sex ratios. Our data showed that

Mountain Quail sex ratios may be female-biased. Males appeared to be nearly full

partners in incubation and brood rearing, and in comparison to females, males had

similar clutch and brood sizes and earlier hatch dates.

The costs of producing multiple simultaneous clutches may be unusually

long incubation and egg-laying periods. Incubation lengths for Mountain Quail are

longer than other quail. The mean incubation length for Northern Bobwhites,

California Quail (Callipepla californica), Gambel's Quail (C. gambelii) and Scaled

Quail (C. squamata) was 22-23 days (Gorsuch 1934, Glading 1938, Johnsgard

1973, Schemnitz 1994, Brown et al. 1998). Captive Mountain Quail had

incubation lengths of 24-25 days (Gutierrez and Delehanty 1999). However, our

data indicated that wild Mountain Quail often incubated >30 days. Mountain Quail

may produce up to 1.1 eggs daily (Johnsgard 1973). If a female laid 26 eggs in two

nests simultaneously, and incubated >30 days, egg laying and incubation combined

would take 54 days. The costs of a long nesting period would include limited
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opportunities to renest or produce double consecutive broods and increased risk of

predation, but the benefit would be the production of two broods during a period

when environmental conditions were most favorable. Our observations of brood

and adult interactions indicated that females and males often brooded their chicks

separately until the chicks were three to four weeks old, and then the adults and

broods combined into one covey. Male and female Mountain Quail may brood

chicks separately to increase the likelihood that some chicks will escape predation.

Simultaneous multiple clutches may enhance the reproductive potential of a

species when environmental conditions and high mortality limit reproductive

output. The reproductive benefits of producing simultaneous multiple clutches

would outweigh the potential costs (reduced survival) by doubling production and

the likelihood that some of the brood will survive. By sharing extensively in the

costs (incubation and brood rearing) of reproduction, male Mountain Quail may

benefit by maximizing the number of young they produce.
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CHAPTER 4
NEST ATTENTIVENESS IN MALE AND FEMALE MOUNTAIN

QUAIL
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ABSTRACT

We studied incubation patterns of Mountain Quail (Oreortyx pictus) in the

Cascade Mountain Range of southwestern Oregon and in Hell's Canyon National

Recreation Area in northeastern Oregon to determine if nest-attentiveness differed

between male and female incubated nests and between two ecologically dissimilar

areas. We used temperature-sensitive data loggers placed in 22 nests to determine

length and frequency of nest absences during incubation. The mean (± SE) number

of recesses/day was 1.9 ± 0.03. Daily frequency of recesses was greater in

northeastern Oregon and absences were more evenly distributed across time periods

than nest recesses in southwestern Oregon. Mean recess length for combined areas

was 85.8 ± 2 9 min/day. Mean daily time away from nests was 164 ± 5.5 min;

morning recesses averaged 110± 5.4 min, and afternoon-evening absences 63 ±2

min. Male and females had similar bimodal distributions of nest absences with

birds away from nests more frequently during early morning and early evening.

Daily time away from nests was similar for males and females, but attendance on

nests before recesses was less for males. Daily time away from nests was greater

during morning for birds in southwestern Oregon, but no difference for the two

areas was detected for daily absences during afternoon and evening hours. For 10

0115 successful nests, duration of nests absences decreased as incubation

proceeded. Clutch size was negatively correlated with time away from nests, and

nest temperature was positively correlated with length of recesses. Long absences

during early incubation may contribute to prolonged incubation. Less frequent and
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shorter absences in Hell's Canyon during early morning hours may be a strategy to

minimize predation risks for nests.

INTRODUCTION

Incubation strategies are carefully balanced to meet the energetic

requirements of the attending parent while maintaining the thermal conditions

critical for development of the embryos (Rauter and Reyer 1996). Erratic nest

attendance may result in the retarded development of embryos and in longer

incubation lengths, increasing the vulnerability of eggs to predation (Weathers and

Sullivan 1989). Prolonged absences and low incubation temperatures may decrease

hatch success (Johnson and Cowan 1974). Both high (hyperthermia) and low

(hypothermia) ambient temperatures are potentially injurious to developing

embryos (Webb 1987, Turner 1991); therefore, attending parents frequently adjust

absences to periods when ambient temperatures are less likely to influence

unattended eggs (Williams 1993). Davis et al. (1984) suggested that nest

attendance patterns are ultimately controlled by responses to egg temperature

independent of fluctuations in diurnal air temperatures. Time away from the nest is

determined by how long it takes for the eggs to cool to some minimum allowable

temperature while time at the nest is dependent on the time required to reheat the

egg to some maximum beneficial level (White and Kinney 1974). When the parent

is absent, the temperature of the egg is influenced by the embryo's metabolic rate

(Turner 1991). As the embryo develops and circulates more blood, the egg should



64

require less time to be re-warmed and the absences from incubation should be more

frequent (Turner 1991). Alternatively, Weathers and Sullivan (1989) hypothesized

that nest-attentiveness may be a compromise between egg cooling and risk of

exposure to predators.

For socially monogamous species, males often share incubation duties with

females, yet few studies have compared male and female patterns of nest-

attentiveness, particularly nest attendance of mates that incubate separate clutches.

Male Mountain Quail assume an active role in incubation and brood care (Heekin

1993, Delehanty 1997, Pope and Crawford 2001). Both male and females develop

brood patches (Miller and Stebbins 1964) and commonly incubate separate

simultaneous clutches without assistance (Pope and Crawford 2001). Mountain

Quail nest on the ground, produce large clutches and precocial offspring, and

occupy habitats with varying ecological constraints (Gutierrez and Delehanty

1999). Hence, nest-attentiveness patterns for Mountain Quail may be influenced by

high predation risks common to ground-nesting species with precocial young, and

by different thermolytic conditions within disparate nesting ranges. Continuous

incubation for captive birds and artificially incubated Mountain Quail eggs

demonstrated that 22-23 days was sufficient for embryos to develop and hatch

(Johnsgard 1973, Gutierrez and Delehanty 1999). However, wild Mountain Quail

incubated for k30 days in southwestern and northeastern Oregon (Pope and

Crawford 2001). We tested the following predictions regarding reproductive

behaviors and conditions: 1) nest-attentiveness of males would be similar to
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females; 2) absences from nests during the early phase of incubation would result

in prolonged incubation; and 3) nest attendance patterns would differ between areas

with dissimilar ecological conditions.

METHODS

Study Area

We studied Mountain Quail during the spring and summer of 1999 and

2000 in Hells Canyon National Recreation Area located on the Columbia Plateau in

northeastern Oregon and in the western Cascade Mountain Range of southwestern

Oregon. Hells Canyon National Recreation Area (HCNRA, hereafter) is

characterized by steep canyons dissected by stream systems. Topographic and

elevational features result in highly variable xerophytic gradients where moisture is

the major environmental constraint (Franklin and Dyrness 1973). Temperatures

during the breeding season (May-July) in 1999 averaged 20°C in May to 32°C in

July (OSU Climate Center, Corvallis, OR). Our study site in the lower Cascade

Mountain Range (CMR, hereafter) is characterized by steep mountains covered

with dense conifer forests. Climatic conditions are generally mesic with cool,

moist springs and hot, dry summers. Temperatures in 1999 averaged 19°C in May

and 28°C in July (OSU Climate Center, Corvallis, OR).

During the breeding season (May-July) in 1999 and 2000, we placed

temperature- sensitive data-loggers (Model HOBO-Pro, Onset Computer, Pocasset,
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MA) in 22 Mountain Quail nests in CMR (n = 12) and HCNRA (n = 10) to

determine incubation constancy and attendance patterns. Nests were located by

tracking radio-marked Mountain Quail and flushing birds off nests to confirm onset

of incubation. Mountain Quail are monomorphic, which makes accurate field

identification of sex difficult. We extracted blood from each bird during the winter

trapping phase to identify its sex (PE AgGen, Davis, CA). Nine nests were

incubated by males, 12 by females and one nest by a bird of unknown sex. At 1-

mm intervals, data-loggers simultaneously measured nest temperatures with 0.2-cm

thick thermistors placed under eggs, and ambient temperatures with monitors

located outside of the nests. Thermistors were sensitive to <0.2° temperature

changes (Onset Computer, 1999). We limited disturbance by down-loading data

every 7-11 days directly from the data-loggers located >2 m from the nests.

Temperature data for each bird were examined to determine nest absences, and a

change of >3° was considered movement on or off the nests. This assumption was

confirmed by checking nests periodically to determine presence or absence of the

parent. We determined the following from these data: 1) time that the bird left and

returned to nest, 2) ambient air temperature when the bird left and returned, 3) nest

temperature when it returned, and 4) length of time the bird had remained on the

nest prior to leaving. Daily incubation constancy was the amount of time spent on

the nest during a 24-hour period beginning at midnight. To determine the

proportion of time and the frequency of absences relative to time of day, we

divided days into 6 time periods; 1) early morning 00:00-04:00 h, 2) morning



04:00-08:00 h, 3) late morning 08:00-12:00 h, 4) afternoon 12:00-16:00 h, 5) late

afternoon 16:00-20:00 h, and 6) evening 20:00-24:00 h. Because of the difficulty

in locating nests we were unable to determine onset of incubation for all nests.

Statistical Analyses

All continuous variables in our analysis were tested for normality and

transformed if warranted to meet the assumptions of normality. We screened

explanatory variables for multicollinearity in SAS (SAS Institute Inc. 1999) with

procedures REG and CORR. We used two-tailed t-test with P < 0.05 to determine

differences between incubation parameters (nest constancy, frequency and

proportion of nest absences, length of nest recesses, nest temperature and ambient

temperature) of males and females, and CMR and HCNRA birds. Simple

regression models for each bird and the pooled data were used to examine the

relationship of recess time with day of incubation. We used forward stepwise

regression analysis with time away as the dependant variable to determine

relationships with ambient air temperature when birds left nests, nest constancy

prior to leaving nests, and nest temperature when birds returned after absences. All

means reported are ± SE.

RESULTS

Mean clutch size was 10.6 ± 0.7 (range 6-16) and mean number hatched

was 9.7 ± 0.7 (range 4-13). Seven of 22 (32%) nests were depredated. We recorded

67
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292 days of incubation activity and 587 incidences of birds leaving nests (recesses).

The average number of recesses/day for all birds was 1.9 ± 0.03. There was no

difference in recesses/day for males and females (t307 = 1.58, P = 0.12) but number

of recesses/day were greater for CMR (5<- = 2.1 ± 0.03) than HCNRA (R = 1.5

± 0.06) (tmo = 8.8 P < 0.001). The distribution of recess initiation times was

bimodal for CMR, and for males and females, but was closer to a normal

distribution for HCNRA (Figure 4.1).

The distribution of time (%) away from nests for each time period was bimodal

for CMR, HCNRA, males and females (Figure 4.2). The average time absent from

nests was 85.8 ± 2.9 mm (n = 587), 110.6 ± 5.4 min for morning recesses (n = 282),

and 63.3 ±2 mm for afternoon and evening recesses (n = 305). Males and females

had similar recess lengths Om = 0.2, P = 0.8), and daily time away from nests for

males was similar to females during morning and afternoon/evening hours

(t287 = 1.5, P = 0.14; t287 = 1.7, P = 0.08). Daily nest absences were longer during

morning hours for CMR (R = 165.7 mm ± 7.6) (1289 = 3.2, P = 0.002) than HCNRA

(R =79 mm ± 7.7, but similar for both areas in afternoon and evening (t259 = 0.8,

P = 0.4). There was no difference in number of daily recesses from nests for

successful and unsuccessful nests (1289 =1.04, P = 0.3). The average length of time

on nests before recesses was 797 ± 15.4 min (n = 565). HCNRA birds remained on

nests for longer periods than CMR (1563 = 4.5, P < 0.001) and males were on nests

less than females (1559 = 2.2, P = 0.03). Ambient temperatures when birds left



nests were lower for CMR birds (t584 = 5.6, P = 0.001) and for males (t579 2.2,

P = 0.02) than HCNRA quail and females.
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Figure 4.1 Distribution of recess initiation times for male arid female Mountain
Quail (a) (n = 21) and Mountain Quail (b) in Hell's Canyon National Recreation
Area (HCNRA) (n = 10) and the western Cascade Mountain Range (CMR)
(n = 12), Oregon, 1999-2000.
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However, there was no difference in nest temperatures for males and females when

the birds returned after recesses (479 = 0.4, P = 0.7), but nest temperatures were

lower for CMR birds (686 = 2.1, P = 0.03) than HCNRA quail.

Daily absences from nests were negatively correlated with day of

incubation (r235 = -0.68, P < 0.001, n= 15) for birds with successful nests.

Duration of absences during morning periods was negatively correlated with day of

incubation (r235 = -0.62, P = 0.001) but we found no correlation for length of

absences during afternoon and evening periods and day of incubation (r235 = 0.01,

P = 0.99). Length of recesses decreased as incubation progressed for 10 of 15

(67%) successful nests. However, there was no correlation for nest constancy (time

on nests) before recesses and day of incubation (rim = 0.03, P = 0.49). Clutch size

and time away from nests were negatively correlated (r21 = -0.50, P = 0.2). Nest

temperature was positively correlated with time away from nests (7'306 = 0.30,

P = 0.001).

DISCUSSION

Our data confirmed that male and female Mountain Quail have similar nest-

attentiveness patterns. For many monogamous species with precocial offspring,

males contribute significantly to nest productivity, but share incubation duties only

as secondary partners (Ligon 1999). Our results suggested that male and female

Mountain Quail were nearly equal partners in incubation and displayed similar

incubation patterns. This behavior likely was an extension of a strong socially
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monogamous, biparental reproductive system with the male contributing

prominently during all phases of reproduction. The production of simultaneous

multiple clutches with males and females sharing extensively in the incubation and

brood rearing costs of reproduction, may increase nesting success by maximizing

the number of young produced during periods when environmental conditions are

optimum.

Contrary to expectation, Mountain Quail did not adjust their nest-

attentiveness patterns to take advantage of periods when ambient temperatures were

more favorable for absences. In fact, early mornings when ambient temperatures

were near minimum seemed to be the preferred period for absences. In our study

areas, hyperthermia likely was not a significant consideration for most birds. Most

incubation activity occurred during June when mean ambient highs for both areas

rarely exceeded 27°C. However, low temperatures during early June often were

below or near freezing (OSU Climate Center, Corvallis, OR) and nest temperatures

frequently approached ambient temperatures during long absences.

Mountain Quail appeared to spend more time away from nests during

earlier phases of incubation. The affect of this trend on incubation length was

unclear. Turner (1991) described the early phases of incubation as the most critical

to embryonic development. Lower ambient temperatures result in greater heat loss

from the exposed egg surface. As a consequence, this loss must be counterbalanced

by incubation (Turner 1991). He hypothesized that as the embryo develops and

circulates more blood that contact incubation is less critical and nest constancy
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should decrease. Webb (1987) reviewed thermal tolerance of embryos for a

number of avian species and suggested that, while some studies indicated that

embryonic chilling was correlated with prolonged incubation, species differed in

their thermal tolerances and the affects of hypothermia on embryonic development

and survival. Yet, he noted that adequate data on the slowing of development by

cold temperatures for most wild species were not available. Mountain Quail

clutches hatch in a highly synchronous pattern (Gutierrez and Delehanty 1999).

Mountain Quail produce up to 1.1 eggs daily, and initiate incubation only after all

eggs are laid (Johnsgard 1973, Gutierrez and Delehanty 1999). If a female laid 26

eggs in two nests simultaneously, incubation would not be initiated until _ .28 days

after the first egg was laid. For synchronous clutches, early eggs may require

protracted incubation (Viiiuela 1997). We propose that the combination of long

absences during early incubation and the long periods that some eggs remained in

nests before incubation may account for the prolonged incubation periods observed

in wild Mountain Quail.

Our final prediction was that nest attendance patterns would be different for

two areas with dissimilar ecological conditions. We found that frequency and

distribution of the initiation of absences differed between CMR and HCNRA. The

pattern for CMR birds was to leave nests earlier in the morning and remain away

longer than HCNRA. Birds in HCNRA had more mid-morning and early afternoon

nest absences in comparison to CMR. Nests in HCNRA had higher rates of

depredation than CMR (Pope and Crawford 2001). Less frequent and shorter
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absences in HCNRA during early morning hours may be a strategy to reduce the

predation risks for nests. Weathers and Sullivan (1989) suggested that for Yellow-

eyed Juncos (Junco phaeonotus) nest-attentiveness was a trade-off between egg

cooling and predation risks. To reduce predation risks, they predicted incubating

females should have fewer but longer absences from nests. Mountain Quail in

Hell's Canyon may reduce the exposure of unattended nests to hypothermia and to

predators by leaving nests less frequently, for shorter periods, and during times

when predators are less likely to encounter unattended nests.
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ABSTRACT

We estimated survival rates for 232 radio-tagged native (n = 157) and

translocated (n = 75) Mountain Quail (Oreorlyx pictus) from 1997 to 1999 in Hells

Canyon National Recreation Area (HCNRA) in northeastern Oregon and the

Cascade Mountain Range (CMR) in southwestern Oregon. For the combined areas

the estimated survival rate during 166-day intervals was 0.42 ± 0.04. Estimated

survival was 0.41 ± 0.04 for Mountain Quail in HCNRA, and 0.34 ± 0.34 for quail

in CMR. There were no differences in survival functions for native quail in

HCNRA and CMR (P = 0.91), for translocated and native quail in HCNRA

(P = 0.93), for native quail in CMR and translocated quail in HCNRA (P = 0.97),

or for birds released in the fall and birds released in the winter (P = 0.57). Male

and female survival functions were significantly different (P = 0.02). The

estimated risk ratio for males was 0.66 that of females. Translocated wild

Mountain Quail appeared to have similar survival rates compared to native quail.

Mountain Quail experienced high mortality (> 50% over a 166 day interval) in both

the conifer forests of the western Cascade Mountain Range and the semi-arid

habitats of northeastern Oregon.
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INTRODUCTION

Mountain Quail (Oreortyx pictus) distributions have contracted in the

Intermountain Region during the twentieth century, particularly in western Nevada,

eastern Oregon, and western Idaho (Heekin 1993, Brennan 1994,Crawford 2000).

Concerns about the status of Mountain Quail in the Snake River Basin provided the

impetus to petition this species for listing under the Endangered Species Act (ESA),

yet much of their life-history is poorly documented or unknown (Gutierrez and

Delehanty 1999). Like most quail in North America, Mountain Quail are presumed

to have high annual mortality (Gutierrez and Delehanty 1999). Age ratios for

Mountain Quail captured in the Mojave Desert from 1993 to 1997 suggested that

populations may experience high rates of turnover (Gutierrez and Delehanty 1999),

but no studies have determined survival rates for Mountain Quail. The continued

decline of Mountain Quail in eastern ranges makes accurate estimates of Mountain

Quail survival critical for restoration planning and population management.

Translocations have been used as a conservation technique to re-establish or

increase native populations in regions where these species have been extirpated or

have undergone declines (Scott and Carpenter 1987). Yet, few studies have

examined survival rates of translocated species, particularly comparing survival of

translocated with resident populations.

During the breeding season, Mountain Quail may produce multiple clutches

and large broods (Pope and Crawford 2001), yet high reproductive potential is

likely counterbalanced by high mortality. The objectives of our research were to
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compare estimated survival rates of Mountain Quail in 2 ecologically different

areas. In southwestern Oregon, Mountain Quail are generally abundant with

populations distributed homogeneously in the coniferous forests of the Coastal and

Cascade Mountain Ranges. Mountain Quail in the semi-arid regions of eastern

Oregon are sparsely distributed and mostly confined to narrow, disjunct riparian

zones. Males actively participate in nest incubation and brood care (Pope and

Crawford 2001). By sharing with the female extensively in the costs of

reproduction during the breeding season (incubation and brood rearing), males may

experience similar risks (e.g., increased exposure to predation and lower survival).

We hypothesized that Mountain Quail in semi-arid regions would experience lower

rates of survival because of increased predation, and that males and females would

have comparable survival rates because of their similar roles during the breeding

season. For restoration planning we compared survival rates of native populations

of Mountain Quail in northeastern and southwestern Oregon with translocated

Mountain Quail.

METHODS

Study Areas

We studied Mountain Quail from 1997 to 1999 in Hells Canyon National

Recreation Area (HCNRA, hereafter) located on the Columbia Plateau in

northeastern Oregon and in the western Cascade Mountain Range (CMR, hereafter)
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of southwestern Oregon. Our 2,000-km2 study site in HCNRA is characterized by

steep canyons dissected by stream systems. Forests above 1,600 m are dominated

by ponderosa pine (Pinus ponderosa), Douglas-fir (Pseudotsuga mensiesii) and

Grand fir (Abies grandis). Canyon lowlands contain common understory and

transition zone shrubs including hawthorns (Crataegus spp.), snowberry

(Symphoricarpos albus) and mallow ninebark (Physocarpus malvaceus). Grassy

uplands are primarily composed of Idaho fescue (Festuca idahoensis) and

bluebunch wheatgrass (Agropyron spicatum) (Pelren 1996, Crowe and Clausnitzer

1997). Most of the lowlands are private holdings primarily managed for livestock

grazing or managed by the U.S. Forest Service as part of HCNRA. Uplands are

mostly administered by the U. S. Forest Service or the Bureau of Land

Management. Hunting is allowed for Mountain Quail in northeastern Oregon from

October-December with a 2 bird/day limit Elevations ranged from 900 to 2,000 m.

Temperatures in 1999 ranged from an average monthly low of 0°C in January to an

average monthly high of 26°C in August, and mean annual precipitation was 40 cm

(Oregon State University, Climate Center, Corvallis, OR).

The 1,400-km2 study site in CMR is characterized by dense conifer and

mixed hardwood forests dominated by Douglas-fir, western hemlock (Tsuga

heterophylla) or Oregon white oak (Quercus garryana) and Pacific madrone

(Arbutus menziesii) (Franklin and Dyrness 1973). Common understory shrubs

included manzanita (Arctostaphylos spp.), ceanothus (Ceanothus spp.) vine maple

(Acer circinatum), salal (Gaultheria shallon), poison oak (Rhus diversiloba) and



Oregon grape (Berberis spp.) Most of the land in CMR is managed by the U.S.

Forest Service or the Bureau of Land Management. Mountain Quail in CMR are

hunted from September-January with a 10 bird/day limit. Elevations ranged from

approximately 600 to 1,800 m. Mean monthly temperatures in 1999 ranged from

9°C in January to 29°C in August, and average annual precipitation was 76 cm

(OSU Climate Center, Corvallis, OR).

Capture and Radio-Monitoring

We captured Mountain Quail with treadle traps baited with grain. We

captured 235 Mountain Quail in CMR and HCNRA from 1997 to 1999. Captured

birds were fitted with flexible, necklace-style transmitters, weighing 3.6 g (Model

PD2C, Holohil Systems Ltd., Woodlawn, Ontario, Canada) that were <2% of their

body weight. Eighty-six birds captured in CMR were fitted with transmitters and

released at the trap sites in late winter and early spring 1997-1999. Seventy-five

birds captured in CMR were transported to HCNRA, fitted with transmitters, and

released in two drainages in late winter 1997-1998. Seventy-four Mountain Quail

in HCNRA were captured, equipped with transmitters, and released at their trap

sites in the fall and spring 1998-1999. All birds were banded, weighed, and blood

was extracted and analyzed for gender identification (PE AgGen, Davis, CA).

After release, all birds were relocated visually from the ground >2/month to

determine survival during the projected life of the radio transmitter (166 days).

83
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Statistical Analyses

We used the maximum partial likelihood estimation method (Cox 1972)

with PROC PHREG (SAS, SAS Institute, 1999) to develop proportional hazard

models for Mountain Quail in CMR and HCNRA. We combined data from both

locations and included 5 explanatory variables in our global model; sex (male or

female), location (HCNRA or CMR), type (translocated or native quail), yearl

(1997), year2 (1998), year3 (1999). All birds were classified as dead, censored

(disappeared or radio-failed), or lived. Interval estimates were derived by

subtracting the date of release after capture from date of last encounter. For CMR

we tested proportional hazard models with sex, year 1, year 2, and year3 as

explanatory variables, and for HCNRA, sex, type, yearl, year2, and year3 were

included as explanatory variables. To determine if survival functions were

different for native quail in CMR and HCNRA, CMR native and HCNRA

translocated quail, and HCNRA translocated and native quail, the Kaplan-Meier

(KM) (Kaplan and Meier 1958) estimator and the log-rank (Mantel-Haenszel test)

chi-square test was used in PROC LIFETEST (SAS Institute, 1999). Additionally,

log-rank tests were used to determine differences in survival functions for male and

female quail in HCNRA and CMR, for native quail captured in the fall and winter

in HCNRA, and between different years.
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RESULTS

We excluded 3 birds from the analysis because they were not relocated after

release. Of 232 radio-tagged Mountain Quail used in the analysis, 102 (44%) were

males, 119 (51%) were females, and 11(5%) were birds of unknown sex. One

hundred and nineteen (51%) Mountain Quail died, and 53 (23%) lived the entire

interval (166 days). Sixty (26%) disappeared or their radios prematurely failed

before the interval ended. Forty-seven (46%) males died, 70 (59%) females died,

and 2 Mountain Quail of unknown sex died. In HCNRA, 78 of 149 (52%) radio-

tagged Mountain Quail died, 33 (22%) lived through the interval, and 38 (27%)

disappeared or had premature radio transmitter failures. Thirty (48%) males, 46

(60%) females died, and 2 birds of unknown sex died. In CMR, 41 of 83 (49%)

radio-tagged Mountain Quail died, 24(29%) lived the entire interval, and 18 (22%)

disappeared or the radios failed. Seventeen of 39 (44%) males died, and 24 of 42

(57%) females died. Thirty-six of 72 (50%) translocated Mountain Quail died in

HCNRA, 18 (25%) lived through the interval, and 18 (25%) disappeared or the

radio transmitters prematurely failed. Forty-two of 77 (55%) native Mountain

Quail in HCNRA died, 15 (19 %) lived, and 20 (26%) disappeared or their radios

failed.

For HCNRA and CMR combined, the only model with a significant effect

(X2i= 4-6, P = 0.03) contained sex as the single explanatory variable. The risk of

mortality for males was 0.67 that of females. Models tested for the individual

study areas showed no significant effect for variables in the global model or subsets



86

of the global model. For the combined study areas, the hazard function declined

after 90 days (Figure 5.1) and the median (50th percentile) death time was 106 days.

At the end of the interval (166 days) the survival rate was 0.42 ± 0.04 for the

combined areas. ForHCNRA, the survival rate was 0.41 ± 0.04, and for CMR the

survival rate was 0.34 ± 0.09. There was no difference in survival functions for

native quail in HCNRA and CMR (x21= 0.002, P = 0.91), for native quail in CMR

and translocated quail in HCNRA (x2i = 0.006, P = 0.93), or for native quail in

HCNRA and quail translocated fromCMR (x2i = 0.001, P = 0.97) (Table 5.1).

There was a significant difference in survival functions for males and females (X21

= 4.61, P = 0.032), but no difference in fall and winter survival of quail (x21= 0.31,

P = 0.57) in HCNRA or between different years of the study (X22= 2.31, P = 0.23)

(Table 5.1).
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Figure 5.1. Daily hazard estimates for Mountain Quail (n = 232) in Hell's Canyon
National Recreation Area and Cascade Mountain Range, Oregon, 1997-99.



Table 5.1. Survival rates, SE, and median (50th percentile) time of death of
Mountain Quail in Hell's Canyon National Recreation Area (HCNRA) and the
southwestern Cascade Mountain Range (CMR), Oregon, 1997-99.

DISCUSSION

Contrary to expectation, survival rates for Mountain Quail in southwestern

Oregon and northeastern Oregon were similar during winter, spring and summer.

There are no previous studies that have compared survival rates of Mountain Quail

in areas with different ecological conditions. Different estimates of annual survival
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Category Survival rate SE n Median death
rate (days)

Males 0.49 0.05 102 102

Females 0.32 0.05 119 88

Native Quail 0.40 0.04 157 100

Reintroduced Quail 0.43 0.06 72 108

HCNRA Quail 0.41 0.04 149 100

Males 0.48 0.07 63 135

Females 0.31 0.06 77 94

Natives 0.41 0.06 77 106

CMR Quail 0.34 0.09 83 100

Males 0.50 0.09 39 130

Females 0.35 0.08 42 85

1997 0.54 0.07 59 60

1998 0.37 0.06 87 96

1999 0.39 0.07 86 100
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for Northern Bobwhite (Colinus virginianus) (Burger et al. 1995) and Gambel's

Quail (Callipepla gambelii) (Brown et al. 1998) have been reported from different

locations across their ranges. Differences in survival estimates between studies

may be caused by variations in techniques, locations, or time (Burger et al. 1995).

Comparisons of survival between localities may be confounded by proximate

factors such as erratic cycles of explosive population growth followed by rapid

declines in populations. A number of species in the Odontophoridae demonstrate

irruptive, locally-based population growth with "boom" and "bust" years (Rollins

and Carroll 2001). Irruptions have been attributed to droughts (Wallmo 1957,

Campbell et al. 1973), vitamin A deficiencies (Lehmann 1953), and lack of nesting

cover (Rollins 1999). Mountain Quail likely experience similar population

fluctuations that may not appear in year-to-year survival comparisons, and long-

term trends may be more useful for population management.

We hypothesized that males and females would have similar survival rates

because of the equal investment that males have in parental care, but our results

indicated that the hazard of death for males was less than for females. For

Northern Bobwhites, Pollack et al. (1989) reported that male survival was higher,

but Burger et al. (1995) and Curtis etal. (1988) found no difference in survival by

gender. A number of studies have reported a male bias in Northern Bobwhite

populations (Burger et al. 1995), and the authors suggested that bias results from

differential survival during the breeding season (Roseberry and Klimstra 1992) or

from higher harvest rates for females during hunting season (Pollock et al. 1989).
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Brown and Gutierrez (1980) found that most New World Quail appeared to have

male-biased populations, but speculated that the least dimorphic members of the

New World Quail (e.g., Scaled Quail (Callipepla squamata) and Mountain Quail}

may exhibit the lowest ratio of males to females. Population sex ratios have not

been adequately determined for Mountain Quail, but our data (Pope and Crawford

2001) suggested a female bias (55/45) in the population. These data are based on a

limited sample, and more accurate assessments using larger samples may

demonstrate that sex ratios are less skewed.

No difference in survival functions were found for Mountain Quail captured

and released in the fall and Mountain Quail captured and released in the winter in

HCNRA. No comparable study was attempted in the Cascade Mountains in

southwestern Oregon. Differential seasonal mortality has been noted for Northern

Bobwhites (Pollack et al. 1989, Burger et al. 1995), but these survival differences

may have resulted from the additivity of hunting mortality for populations

harvested in late winter (Pollack et al. 1989). Differences in seasonal predator

abundances, and the relationship of exposure to predators and seasonal behaviors

have not been adequately studied. Burger et al. (1995) observed that male

Bobwhites were more vulnerable to avian predation during the breeding season

because males often displayed in exposed areas such as fence posts and roadsides.

They noted that during the same period female were more affected by mortality

associated with incubation and brood rearing. Rollins and Carroll (2001) reviewed

the impacts of predation on Scaled and Bobwhite populations, and concluded that,
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while predation was the primary cause of mortality, habitat degradation and

fragmentation likely exacerbated the risk of predation by changing the dynamics of

predator and prey communities.

Mountain Quail captured in CMR and translocated to HCNRA had similar

survival rates compared with native quail inHCNRA and to native quail in CMR.

Translocations of wildlife to supplement or re-establish populations of native

species have become an important and broadly accepted conservation technique

(Griffiths et al. 1996). A survey of translocation programs estimated that nearly

90% of approximately 700 translocations between 1973 and 1986 were game

species, and Gallinaceous birds accounted for a significant proportion (43%) of

these translocation efforts (Griffith et al. 1989). Few translocation efforts

incorporated post-release monitoring that evaluated the effectiveness of the

program or compared survival of native and translocated populations (Griffith et al.

1989). Game farm or pen-raised animals are usually less successful than wild birds

as a source for translocations (Fellers and Drost 1995). The wild Mountain Quail

translocated to HCNRA survived for as long or longer than the native quail in the

same area. In addition to similar survival functions, translocated quail in HCNRA

had a similar median death times (108 days) as native quail. With the ability to

rapidly expand their populations and opportunistically exploit marginal habitats,

Mountain Quail are excellent candidates for translocations, particularly given the

abundant sources of wild populations in western Oregon. This species has been



successfully introduced to Vancouver Island, British Columbia, parts of western

Idaho, and eastern Washington (Crawford 2000).
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ABSTRACT

We examined habitat associations for 235 radio-tagged native and translocated

Mountain Quail (Oreortyx pictus) in the Cascade Mountains of southwestern

Oregon and Hell's Canyon National Recreation Area in northeastern Oregon from

1997 to 1999. Home-range size was estimated for 12 Mountain Quail from the

Cascade Mountains and 21 quail from Hell's Canyon. Mean home range size for

both areas was 141 ± 31 ha. Compared with Hell's Canyon, home ranges were

larger in the Cascade Mountain (P = 0.02), and similar in size for males and

females. In Hell's Canyon, > 73% of Mountain Quail locations were found in 7

plant associations {black cottonwood (Populus trichocarpa)Isnowberry

(Symphoricarpos albus), Douglas-fir (Pseudotsuga mensiesii)Imallow ninebark

(Physocarpus malvaceus), talus garland, ponderosa pine (Pinus

ponderosa)Isnowberry, red alder (Alnus rubra)/dogvvood (Cornus stolonifera),

smooth sumac (Rhus g/abra)/wheatgrass (Agrpoyron spicatum), and dogwood}. In

comparison to random sites, black cottonwood/snowbeny, talus garland, ponderosa

pine/snowberry, red alder/dogwood, and smooth sumac/wheatgrass were used more

than expected. In Hell's Canyon, males used ponderosa pine/snowberry and

wheatgyass less than females. Mountain Quail captured in the Cascades and

translocated to Hell's Canyon used mallow ninebark/snowberry Douglas-

fir/mallow ninebark, and Douglas-fir/mountain ash/mallow ninebark associations

more than native quail. In the southwestern Cascades, >80% of all locations were

in early-successional (shrub/sapling) vegetation. Males used clear-cut/shrub and
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closed pole areas more than females. Compared to random sites, Mountain Quail

used grass/forb/shrub and sapling stands more and mid- to late-successional (small

sawtimber, old-growth) less than expected.
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INTRODUCTION

Mountain Quail (Oreortyx pictus) are distributed from the Baja Peninsula

north to southwestern British Columbia and east to western Nevada and Idaho

(Crawford 2000). Historically, they ranged north to the Columbia River with their

primary population centers occurring in the Cascade, Coast and Sierra Nevada

Mountain ranges of western Oregon and California (Gutierrez and Delehanty 1999,

Crawford 2000). They are the most northerly distributed of New World quail, and

occupy some of the highest elevational gradients (Gutierrez and Delehanty 1999).

Mountain Quail may migrate seasonally to breeding ranges >30 km from winter

ranges (see Chapter 2). In the Pacific Northwest, translocations of Mountain Quail

began in 1860 and continued for several decades with birds introduced into parts of

British Columbia, western Idaho, and eastern Oregon (Crawford 2000). More

recently, Mountain Quail have been translocated to supplement populations in

eastern Oregon and western Nevada (Eric Rickerson, Oregon Department of Fish

and Wildlife and San Stiver, Nevada Department of Wildlife, pers. comm.).

Mountain Quail populations have declined in major portions of their

geographic range, particularily in the Intermountain Regions of eastern Oregon,

western Idaho and Nevada (Brennan 1994). Much of their life-history is relatively

unknown. They inhabit many different plant communities, but typically have been

associated with shrub-dominated communities, including mixed-desert scrub,

chaparral, and early-successional mixed conifer-shrub vegetation usually found

after fire, logging or some other disturbance (Gutithez and Delehanty 1999) In the
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Coast Range of northern California, Mountain Quail were located most often in

mixed evergreen forest or chaparral shrublands characterized by dense canopy

cover and steep slopes (Gutierrez 1980). Brennan (1984) found that Mountain

Quail in the northern Sierra Nevada Mountains, Klamath Mountains, the Modoc

Plateau and the northern California Coast Range selected vegetated cover types in

proportion to availability, but that 95% of the Mountain Quail locations were in

mixed forest and brush cover types. He reported that at the microhabitat level, 5

habitat variables (distance to water, distance to cover, minimum shrub height,

maximum shrub height, and percent shrub cover) were the most important habitat

components for Mountain Quail (Brennan 1984, Brennan et al. 1987).

Additionally, Mountain Quail are opportunistic foragers that consume a diverse

array of seeds, flowers, insects and fruits, but will concentrate seasonally on

prevailing abundant foods (Ormiston 1966, Gutierrez 1977).

Estimates of home range sizes for individually marked Mountain Quail are

lacking (Gutierrez and Delehanty 1999). An objective of this study was to estimate

home range for Mountain Quail in 2 ecologically different areas. We hypothesized

that in the semi-arid portion of their range where resources (e.g., food, water,

cover) are concentrated in discrete patches, home ranges would be smaller than

western Oregon where resources are more homogeneously distributed across the

landscape.

No studies have examined habitat associations of native Mountain Quail in

Oregon or compared habitat associations of translocated and native populations of
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Mountain Quail. An additional objective of this study was to compare habitat use

by a translocated sample of Mountain Quail with native quail in an area where

Mountain Quail are declining. We hypothesized that translocated Mountain Quail

would use a diverse but comparable (to native quail) array of habitats in eastern

Oregon. We also hypothesized that in western Oregon Mountain Quail would be

associated primarily with early-successional shrub habitats, and would select these

habitats disproportionately to their availability.

METHODS

Study Areas

We studied Mountain Quail habitat use in Hell's Canyon National

Recreation Area (HCNRA, hereafter) on the Columbia Plateau of northeastern

Oregon and in the lower western Cascade and Coast Mountain ranges (CMR,

hereafter) of southwestern Oregon. Mountain Quail populations in HCNRA are

mostly confined to isolated, disjunct riparian zones in steep canyons. In

southwestern Oregon, quail are generally abundant with populations distributed

throughout coniferous forests above 600 m of the Coastal and Cascade Ranges.

The two areas are ecologically distinct (Franklin and Dyrness 1973). The 1,400-

2 study site in CMR is dominated by dense conifer forests with floristically

diverse forest overstories of Douglas-fir (Pseudotsuga menziesii), western hemlock

(Tsuga heterophylla) and other conifers or by Oregon white oak (Quercus
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garryana) and Pacific madrone (Arbutus menziesii) (Franklin and Dyrness 1973).

Common understory shrubs are manzanita (Arctostaphylos spp.), ceanothus

(Ceanothus spp.), vine maple (Acer circinatum), salal (Gaultheria shallon), poison

oak (Rhus diversiloba), and Oregon grape (Berberis spp.). Historically, natural or

anthropogenic fires were the primary disturbance mechanism and created many of

the diverse vegetation communities used by wildlife. Currently, extensive logging

has replaced fires as the major disturbance, and on public and private lands in CMR

has resulted in a patchy mosaic of early- to late-successional forest habitats

(Franklin and Dymess 1973). Elevations range from 600 to 1,800 m, and climate

conditions are generally mesic with hot, dry summers and cool, moist conditions in

fall, winter, and spring. Mean monthly temperatures in 1999 ranged from 9°C in

January to 29°C in August and average annual precipitation was 76 cm (Climate

Center, Oregon State University, Corvallis, OR).

Our 2,000-lun2 study site in northeastern Oregon is adjacent to the Snake

River and is considered a separate ecoregion in the Columbia Basin (Crowe and

Clausnitzer 1997). The area is characterized by steep, rugged canyons with grass

dominated uplands dissected by stream valleys with diverse shrub communities.

Forests dominated by Ponderosa pine (Pinus ponderosa), Douglas fir (Pseudotsuga

mensiesii) and Grand fir (Abies grandis) occur above 1,600 m. Canyon lowlands

are dominated by common understory and transition zone shrubs including

hawthorns (Crataegus spp.), snowberry (Symphoricarpos albus) and mallow

ninebark (Physocarpus malvaceus). Grassy uplands primarily contain Idaho fescue
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(Festuca idahoensis) and bluebunch wheatgrass (Agropyron spicatum) (Pelren

1996, Crowe and Clausnitzer 1997). Elevations range from approximately 900 to

2,000 m. Climatic factors, topographic and elevational features result in highly

variable xerophytic zones where moisture is the major environmental constraint

that influences the distribution of plant communities (Franklin and Dymess 1973,

Crowe and Clausnitzer 1997). Mean annual precipitation in 1999 was 40 cm and

temperatures ranged from an average monthly low of 0°C in January to an average

monthly high of 26°C in August (Climate Center, Oregon State University,

Corvallis, OR).

Capture and Radio Telemetry

From 1997-99, we captured 235 Mountain Quail in HCNRA and CMR in

baited, treadle traps. Captured birds were fitted with flexible, necklace-style

transmitters, weighing 3.6 g (Model PD2C, Holohil Systems Ltd., Woodlawn,

Ontario, Canada). All birds were banded, weighed, and blood was extracted and

analyzed for gender identification (Wildlife Genetics, Ontario, Canada and PE

AgGen, Davis, CA). Eighty-six birds captured in CMR were fitted with

transmitters and released at the trap sites in late winter and early spring 1997-99.

Seventy-five birds captured in CMR were transported to HCNRA, fitted with

transmitters, and released in 2 drainages in late winter 1997-98. Seventy-four

native Mountain Quail in HCNRA were captured, equipped with transmitters, and

released at their trap sites in the fall and spring 1998-1999. Radio-marked birds



were relocated visually from the ground >2/month to determine locations and

habitat relationships.

Habitat Classifications and Statistical Analysis

We identified 33 plant associations for the HCNRA study area based on

Johnson and Simon (1987) and Crowe and Clausnitzer (1997). These associations

were used to classify quail locations within recognizable plant communities based

on dominant vegetation and environmental factors (e.g., moisture and soil

conditions) that influenced vegetation composition (Table 6.1) (Crowe and

Clausnitzer 1997). Descriptions of habitats in CMR were based on 15 plant cover

types recognized by Brown (1985) and described by O'Neil et al. (2001). These

habitats are mostly characterized as seral stages of mixed coniferous forests (Table

6.2).

Home range estimates were generated at the 100% contour level using the

minimum convex polygon method (Mohr 1947) with program CALHOME

(Baldwin and Kies 1992). We limited our home range estimation to quail that

remained within winter ranges through the breeding season, and that survived

through most of the projected life of the transmitters (4-6 months). We used two-

tailed t-test with P < 0.05 to test for differences between HCNRA and CMR quail

home ranges and between males and females home ranges. All means reported are

± SE.
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Plant species Scientific name

Black Cottonwood Populus trichocarpa

Black hawthorn Crataegus douglasii

Common snowberry Symphoricarpos albus

Curl leaf mahogany Cercocarpus ledifolius

Democrat grass Aristida longiseta

Douglas-fir Pseudotsuga menziesii

Idaho fescue Festuca idahoensis

Mallow ninebark Physocarpus malvaceus

Mountain alder Acer incana

Pacific ninebark Physocarpus capitatus

Ponderosa pine Pinus ponderosa

Quaking aspen Populus tremuloides

Red alder Alnus rubra

Red current Ribes sp.

Red osier dogwood Cornus stolonifera

Rocky Mountain alder Acer glabrum

Sand dropseed Sporobolus cryptandrus

Smooth sumac Rhus glabra

Water birch Betula occidental is

Western serviceberry Amelanchier alnifolia

Wheatgrass Agropyron spicatum

Wild rose Rosa sp.

Willow Salix sp.
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Table 6.1. Common and scientific names of species associated with plant
communities used by Mountain Quail in Hell's Canyon National Recreation Area,
1997-99, Oregon.



Table 6.2. Cover types used to classify Mountain Quail locations in the Cascade
Mountain Range, southwestern Oregon, 1997-99.

Clear cut/no shrubs

Clear cut/shrubs

Grass/forb/shrub

Shrub/open sapling

Closed sapling

Open pole

Closed pole

Small savvtimber

Large sawtimber

Old growth

Edge

Hardwoods/savanah

slash piles, no saplings, forbs and grass only

slash piles, no saplings, low-medium shrubs

Canopy cover < 30%, low shrubs, understory grass and
forb mix

Canopy cover < 30%, low-high shrubs, conifer saplings <
15 yr. old.

Canopy cover > 60%, low shrubs, sapling 10-20 yr. old.

Canopy cover < 30-60%, low-high shrubs, pole size trees
20-30 yr. old.

Canopy cover 60-100%, no shrubs, pole size trees 13-27
cm dbh, 25-35 yr. old.

Canopy cover 70-90%, few shrubs, commercial grade
timber 27-55cm dbh. 30-60 yr. Old.

Canopy cover 70-80%, low-high shrubs, 55-90 cm dbh.
60-90 yr. old.

Canopy cover 70-90%, low-high shrubs, 90-120+ cm
dbh. 90-200+ year old.

Low to high shrub transition

Oak-poison oak or madrone/manzanita mix some low-
high shrubs.
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All locations for radio-marked 235 Mountain Quail were pooled to estimate

observed use for HCNRA and CMR. For HCNRA, availability of habitat

categories was estimated by generating 768 random Universal Transverse Mercator

Cover Type Characteristics
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(UTM) coordinates in the study area and classifying cover types by visual

observation based on the location of these coordinates. For CMR, availability of

habitats was estimated from the Umpqua National Forest's Geographic Information

System (GIS) and ARC VIEW with 308 randomly generated UTM coordinates. A

chi-square goodness-of-fit test was used to determine if observed use was different

(P <0.05) from expected use for Mountain Quail locations (Neu et al. 1974). A

Bonferroni Z- statistic was used to test if observed used of habitat variables was

more or less than expected based on availability derived from random locations

(Byers et al. 1984).

RESULTS

Home range estimates were generated for 12 Mountain Quail in CMR and

31 quail in HCNRA. Mean home range for the combined areas was 141 ha ± 31

(range 6-911 ha). Home ranges sizes for HCNRA were smaller (t41 = 2.4 P = 0.02)

than CMR, but males and females had similar home range sizes (t41= 0.2 P = 0.82)

(Table 6.3). We were unable to compare native and translocated Mountain Quail

home ranges because of limited sample sizes.
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Table 6.3. Home range sizes for Mountain Quail in Hell's Canyon National
Recreation Area (HCNRA) and the southwestern Cascade Mountain Range (CMR),

Of 1,259 Mountain Quail observations in HCNRA, >73% were found in 7

plant associations; 257 (20%) were in black cottonwood/common snowberry

habitats, 154 (12%) were in Douglas-fir/mallow ninebark, 151 (12%) in

talus/garland, 116(9%) in ponderosa pine/common snowberry, 94 (8%) in red

alder/dogwood, 90 (7%) in smooth sumac/bluebunch wheat grass, and 66(5%) in

dogwood plant associations (Table 6.4). In comparison with random sites, black

cottonwood/common snowberry, ponderosa pine/common snowberry,

talus/garland, smooth sumac/wheatgrass, and red alder/dogwood were used more

than expected, and the bluebunch wheatgrass series, Douglas-fir/mallow ninebark,

and Douglas-fir/mountain ash/mallow ninebark associations were used less than

expected (Table 6.5). Males used ponderosa pine/common snowberry and the

wheatgrass series less than females (Table 6.6).

1997-99, Oregon.

Category Mean (ha) N Range (ha)

HCNRA and CMR 142 ± 31 43 6-911

HCNRA 97 ± 30 31 6-911

CMR 257 ± 75 12 8-720

Males 134 ± 46 21 15-911

Females 148 ± 44 22 6-720



Table 6.4. Number and frequency of Mountain Quail locations (n = 1,259)
associated with plant associations in Hell's Canyon National Recreation Area,
1997-99, Oregon.
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Plant Association Identification Code # of Frequency
Observations

Black cottonwood/common snowberry POTR2/SYAL 257 20.4

Douglas-fir/mallow ninebark PSME/PHMA 154 12.2

Talus garland TALU/GARL 151 12

Ponderosa pine/common snowbeny PIPO/SYAL 116 9.2

Red alder/red osier dogwood ALRU/COST 94 7.5

Smooth sumac/wheatgrass RHGL/AGSP 90 7.1

Mallow ninebark/common snowberry PHMA/SYAL 66 5.2

Bluebunch wheatgrass series AGSP 45 3.6

Douglas-fir/mountain alder/mallow
ninebark

PSME/ACGL-PHMA 43 3.4

Hackberry/wheatgrass CERE/AGSP 32 2.5

Red alder/pacific ninebark ALRU/PHCA3 30 2.4

Western serviceberry AMAL 29 2.3

Black hawthorn CRDO 28 2.2

Wild Rose/common snowberry ROSA/SYAL 24 1.9

Black cottonwood/mountain alder/red
osier dogwood

POTR2/ALIN-COST 19 1.5

Douglas-fir/common snowberry PSIV1E/SYAL 13 1

Mountain alder/common snowbeny ALIN/SYAL 11 0.9

Mountain alder/red osier dogwood ALIN/COST 11 0.9

Ponderosapine/wheatgrass PIPO/AGSP 10 0.8



Table 6.4, Continued.
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Plant Association Identification Code # of Frequency
Observations

Disturbed habitats DIST 10 0.8

Water birch/mesic forbs BEOC/MESIC 6 0.5
FORE

Idaho Fescue FEID 5 0.4

Ponderosa pine/Idaho fescue PIPO/FEID 5 0.4

Willow/mesic forb SALUMESIC FORB 5 0.4

Red osier dogwood COST 4 0.3

Black cottonwood/mountain alder POTR2/ACGL 1 0.1

Grand fir/big huckleberry ABGR/VAME 0 0

Mountain alder/red current/mesic forb ALIN/RIBE/MESIC 0 0
FORE

Wheatgass/sand dropseed/democrat
grass

AGSP/SPCR/ARLO
3

0 0

Quaking aspen POTR 0 0

Red alder/alluvial ALRU/ALLUVIAL 0 0

Curl leaf mountain mahogany CELE 0 0



Table 6.6. Habitat associations of males in comparison with females in Hell's
Canyon National Recreation Area (HCNRA), 1997-1999, Oregon.

Translocated quail used mallow ninebark/common snowberry, Douglas-fir/mallow

ninebark, and Douglas-fir/mountain ash/mallow ninebark more than native quail,
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Table 6.5. Availability and use of plant communities by Mountain Quail in Hell's
Canyon National Recreation Area, 1997-99, Oregon.

Plant association Availabl Observed use X2 95% confidence Use
e (%) (%) interval

AGSP series 0.60 0.04 520 0.03-0.062 Less

PSME/PHMA 0.19 0.15 8.3 0.12-0.18 Less

PSME/ACGL-PHMA 0.10 0.04 35 0.03-0.06 Less

TALUS/GARLAND 0.01 0.15 2047 0.12-0.18 More

POTR2/SYAL 0.01 0.25 4782 0.21-0.29 More

PIPO/SYAL 0.01 0.11 1722 0.09-0.14 More

RHGL/AGSP 0.01 0.08 481 0.06-0.11 More

ALRU/COST 0.001 0.09 6035 0.07-0.12 More

Plant association Male
use (%)

Female use
(A)

X2 95%
confidence

interval

Use

PIPO/SYAL 0.13 0.09 7.3 0.05-0.12 Less

AGSP series 0.06 0.02 12 0.001-0.04 Less



and black cottonwood/common snowberry, talus/garland, smooth

sumac/wheatgrass, and red alder/dogwood habitats less than natives (Table 6.7).

Table 6.7. Habitat associations of translocated quail in comparison to native quail
in Hell's Canyon National Recreation Area, 1997-99, Oregon.
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Talus/garland, smooth sumac/wheatgrass, and red alder/dogwood were used more

during the spring and summer than the fall and winter, and ponderosa pine/common

snowberry, mallow ninebark/cornrnon snowberry, the wheatgrass series,

Douglas-fir/mallow ninebark, and Douglas-fir/mountain ash/mallow ninebark

associations were used less than fall and winter (Table 6.8).

Plant association Native Translocated X2 95% Use
quail (%) quail (%) confidence

interval

POTR2/SYAL 0.28 0.19 9 0.12-0.3 Less

TALUS/GARLAND 0.16 0.11 6.5 0.06-0.16 Less

RHGL/AGSP 0.13 0.0003 37 0.003-0.13 Less

ALRU/COST 0.13 0.003 36 0.006-0.13 Less

PHMA/SYAL 0.05 0.11 29 0.06-0.16 More

PSME/PHMA 0.06 0.37 449 0.29-0.45 More

PSME/ACGL-PHMA 0.03 0.08 21 0.03-0.12 More
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Table 6.8. Habitat use in the spring-summer compared with fall-winter for
Mountain Quail in Hell's Canyon National Recreation Area (HCNRA), 1997-99,
Oregon.

Of 558 Mountain Quail locations in CMR, 188 (34%) were in shrub/sapling

habitats, 83 (15%) in edge areas, 74 (13%) in open pole, 52 (9%) in

grass/forb/shrub habitats, 38 (7%) in late successional old growth, and 35 (6%) in

clear cuts/shrub areas (Table 6.9). Greater than 70% of all locations were in

habitats <30 years old. Males used clear-cut/shrub and closed pole areas less than

females (Table 6.10). To compare random and Mountain Quail habitat locations,

the 14 habitat categories were combined into 5 classes (grass/forb/shrub, sapling,

pole/small sawtimber, large sawtimber/mature, and old growth forests). Mountain

Quail used grass/forb/shrub and sapling habitats more, and pole/small sawtimber

and old growth stands less than available at random sites (Table 6.11).

Plant association Spring- Fall- X2 95% confidence Use
summer (%) winter (%) interval

PIPO/SYAL 0.14 0.10 5.7 0.06-0.13 Less

PHMA/SYAL 0.09 0.04 13 0.02-0.07 Less

AGSP series 0.07 0.02 21 0.004-0.04 Less

PSME/PHMA 0.20 0.11 28 0.07-0.04 Less

PSME/ACGL-PHMA 0.60 0.02 14 0.007-0.04 Less

TALUS/GARLAND 0.07 0.21 144 0.16-0.26 More

RHGL/AGSP 0.06 0.11 31 0.08-0.15 More

ALRU/COST 0.03 0.13 170 0.10-0.18 More



Table 6.9. Number and frequency of Mountain Quail locations (n = 555)
associated with cover types in southwestern Cascade Mountain Range (CMR),
1997-99, Oregon.

Cover types

clear cut/ no shrubs

clear cut/shrubs

grass/forb/shrub

shrub/open sapling

Closed sapling

open pole

Closed pole

small sawtimber

large sawtimber

old growth

Edge

hardwoods/savannah

Table 6.10. Habitat use of males compared with female Mountain Quail in the
southwestern Cascade Mountains (CMR), 1997-1999, Oregon.
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Cover type Male use
(%)

Female use
(%)

X2 95%
confidence

interval

Use

Clear cut/shrub 0.1 0.04 7.67 0.009-0.08 Less

Closed pole 0.09 0.05 4.3 0.01-0.09 Less

# Observations Cumulative Frequency

8 1.4

35 6.3

52 9.3

188 33.7

7 1.3

74 13.3

37 6.6

16 2.9

16 2.9

38 6.8

83 14.9

1 0.2



Table 6.11. Habitat use of Mountain Quail compared with random sites in the
southwestern Cascade Mountain Range (CMR), 1997-1999, Oregon
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DISCUSSION

As predicted, mean estimates of home range size for Mountain Quail in the

Cascade Mountains of southwestern Oregon were larger than Hell's Canyon in

northeastern Oregon. However, our sample size from CMR was limited, and

further research on Mountain Quail may clarify these differences. Large variations

in home range sizes for both study areas made it difficult to generalize about

territory size and shape or factors that may influence selection of particular patches,

but inter-specific competition likely was not an important factor. California Quail

(Callipepla californica) and Mountain Quail are somewhat sympatric in the

Cascades and Hell's Canyon, but were rarely observed together or near each other.

Generally, California Quail were located in lower elevations and closer to riparian

areas. In sympatric areas of California, Mountain Quail and California Quail

Cover type Available
(%)

Observed
use (%)

X2 95%
confidence

interval

Use

Pole/small sawtimber 0.24 0.17 13 0.13-0.21 Less

Old growth 0.39 0.07 151 0.04-0.09 Less

Grass/forb/low shrub 0.04 0.10 57 0.07-0.14 More

Sapling 0.23 0.56 259 0.5-0.62 More
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appeared to use different habitats and, except for young Mountain Quail, fed

mostly on different food sources (Gutierrez 1980). We observed 1 occasion where

immature Chukars (Alectoris chukar) intermixed with a covey of Mountain Quail

in Hell's Canyon. We were unable to derive accurate estimates of density or

abundance, but believed that >5 Mountain Quail/km2 occupied our primary study

site in Hell's Canyon, and >15 Mountain Quail/km2 occurred in the Cascade

Mountain study area. Mountain Quail coveys are usually <10 individuals, and are

typically smaller than other North American quail (Gutierrez and Delehanty 1999).

Mountain Quail population densities varied across their range in California with 8-

30 individuals/100 ha reported from different areas (Brennan et al. 1986), but

accurate estimates of density or abundance are difficult to ascertain because of their

secretive nature, the remote areas they often occupy, and seasonal fluctuations in

population abundance. Males and females had similar home range sizes. Male

territoriality in wild Mountain Quail is poorly known, but in other quail males

typically do not defend specific territories (Schemnitz 1994, Brown et al. 1998,

Calkins et al. 1999). We did not estimate home ranges for Mountain Quail that

moved >1,500 m to new breeding ranges. Mean distance moved for these birds

was 10 km, making home range estimates difficult to accurately calculate.

Greater than 20% of observations in Hell's Canyon were in black

cottonwood/snowberry associations. These communities typically occur on lower

elevation terraces adjacent to riparian areas with gentle slopes (< 3%) and

southeastern aspects (Crowe and Clausnitzer 1997). In addition to snowberry,
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common shrubs associated with black cottonwood/snowberry associations include

serviceberry, hawthorn, and rose. Subdominant trees are usually ponderosa pine

and grand fir (Abies grandis) (Crowe and Clausnitzer 1997). Talus garland,

Douglas-fir/mallow ninebark, ponderosa pine/snowberry, and red alder/dogwood

were other important habitat associations used by Mountain Quail. Talus garland

areas are characterized by steep canyon side slopes dominated by bunchgrass and

rocks taluses bordered by clumps of shrubs (Johnson and Simon 1987). Slopes are

generally 28-80% (5e = 63%) and aspects are usually southwest or southeast.

Common shrubs include ocean spray (Amelanchier alnifolia), mock orange

(Philadelphus lewisii), cherry (Prunus sp.) and Rocky Mountain alder (Johnson and

Simon 1987). Douglas-fir/mallow ninebark communities are forested stringers

found generally on steep, north-facing canyon slopes below 1,800 m (Johnson and

Simon 1987). In these communities, Douglas-fir and ponderosa pine are the

dominate trees with understories usually a mosaic of ninebark and pine grass-elk

sedges (Calamagrostis rubeseens-Carex geyeri) and associated shrubs that include

snowberry and spirea (Spiraea betulifolia) (Johnson and Simon 1987). Ponderosa

pine/snowbeiry plant associations are found between 1,100-1,800 m on moderately

steep slopes (9-55%) with southwest aspects. Ponderosa pine dominates all

overstory levels, and common snowberry and pinegrass are the primary understory

species (Johnson and Simon 1987). Red alder/dogwood are dense shrub

communities found in valleys along riparian areas on gentle gradients (2-7%), and
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have associated vegetation that include western thimbleberry (Rubus parviflorus)

and common cow parsnip (Heracleum lanatum) (Crowe and Clausnitzer 1997).

Males and females generally used most plant associations in the same

proportions, but there was a slight difference in male and female use of ponderosa

pine/snowberry and the wheatgrass series. The wheatgrass series are found on

moderate to steep slopes, and in elevations that range from 600-1,800 m. A few

shrubs may occur in these perennial grassland communities, but most areas are

dominated by bluebunch wheatgrass and seasonal forbs (Johnson and Simon 1987).

The most important habitats for translocated quail were black

cottonwood/snowbeny and Douglas-fir/mallow ninebark. However, when

compared to native quail, black cottonwood/snowberry associations were used less,

and the Douglas-fir/mallow ninebark were used 6 times more frequently. The

differences in use for native and translocated quail may be related to the extensive

movements that translocated quail made during the breeding season.

In the southwestern Cascade Mountains, the most frequently used plant

communities were early-successional shrub and sapling stands. Less than 20% of

Mountain Quail observations occurred in forested stands >30 years of age. Males

used clear-cut shrub and closed pole stands less than females, but locations in these

habitat categories accounted for <13% of all observations. Contrary to Brennan

(1994) and Gutierrez (1980), we found that Mountain Quail in the Cascades did not

use habitats in proportion to availability. Mountain Quail selected early semi and

avoided mid- to late-successional stands. Extensive timber harvesting has created
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most of the early successional stands in the lower Cascades. Shrub communities in

the Cascades are generally 2-10 years old, but may be 20-30 years old if tree

regeneration was retarded (Brown 1985). Habitat conditions in shrub communities

are variable with many different structural combinations ranging from low to tall

shrubs and open to closed single layered canopies (O'Neil et al. 2001). Trees in

sapling stands are generally conifers that are <3.5 m high, and similar in height to

tall shrub stands. Canopy closure varies from 10-30% closure with abundant

understory vegetation to >70% closure with limited understory development

(O'Neil et al. 2001).

MANAGEMENT IMPLICATIONS

Mountain Quail occupy a broad latitudinal distribution in western North

America, and are associated with many different ecological and vegetative

conditions. They have evolved successful strategies (e.g., simultaneous multiple

clutches, large clutches, opportunistic foraging behaviors) to cope with severe

resource fluctuations, high rates of predation, and short-term climatic influences.

In the montane areas of California and Oregon, Mountain Quail populations are

apparently stable, but populations in the eastern portion of their range have been

eliminated or have declined (Brennan 1994). Anthropogenic changes to essential

aspects of their habitats have been cited as reasons for local and regional

extinctions of Mountain Quail populations (Brennan 1994). Included among the

changes, are agricultural and water developments, urban sprawl, over-grazing by
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domestic livestock, the introduction of exotic vegetation, and timber harvesting.

For other quail, particularly Northern Bobwhite, predation has been proposed as a

cause for local and broadscale declines (Burger et al. 1995, Rollins and Carroll

2001). Rollins and Carroll (2001) suggested that land-use changes, management

practices, and imbalances in predator communities interact to suppress Bobwhite

populations across its range. They concluded that fragmentation and changes in

habitats for Bobwhite have produced changes in predator-prey communities and

relationships, and that the implementation of predator control methods similar to an

Integrated Pest Management (IPM) system should not be ruled out as a

management tool. Brennan (1994) advocated a community-level approach as a

response to habitat alterations and for restoration of quail populations. He

suggested that management strategies for wild quail populations should focus on

maintaining the integrity and functional processes of ecosystems, and identifying

linkages between species of quail and other terrestrial vertebrates. Gutierrez (1980)

and Brennan (1984) have identified some of the structural components common to

Mountain Quail habitats. We identified frequently used plant communities

associated with Mountain Quail in mesic and semi-arid habitats, but current

management and conservation strategies for Mountain Quail are still based on

inadequate information. Additional research is needed to clarify habitat

associations and the life-history characteristics of Mountain Quail, particularly in

regions with declining populations. A better understanding of how land-use

practices (e.g., livestock grazing, fire control, timber extraction), predator-prey



relationship, and habitat relationships influence Mountain Quail populations is

critical before restoration efforts are implemented.
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ABSTRACT

Ninety Mountain Quail (Oreortyx pictus) crops were collected in the fall of

1994-96 and the winter of 1998-99 to determine diets of Mountain Quail in the

southwestern Cascade Mountains of Oregon. Mountain Quail consumed items

from 61 plant taxa, but the bulk of their diet was composed of 13 plant genera or

species. Legumes were the most prominent food consumed by Mountain Quail. In

the fall, Lotus spp. accounted for 47% of the total dry weight and was found in 58%

of the crops. Hairy vetch (Vicia hirsuta) constituted 38% of the dry weight of

crops collected during the winter and occurred in 50% of the crops. Other legumes

commonly eaten during the fall were black medic, (Medicago lupulina), clover

(Trifolium spp.), peavine (Lathyrus spp.), and Scot's-broom (Cytisus scoparius).

California hedge-parsley (Caucalis microcarpa), manzanita (Arctostaphylos spp.),

and hawthorn (Crataegus spp.) were frequently used in the winter. Mountain Quail

ate greater quantities of grasses and green foliage in the winter, but berries were

consumed more during the fall. In fall and winter, insects were frequently found in

crops, but composed 3 % of the total volume of the diet. Mountain Quail in

southwestern Oregon are opportunistic foragers that seasonally shift diets to take

advantage of prevailing food abundances.
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INTRODUCTION

Mountain Quail occupy a diverse range of Pacific Coastal and Great Basin

habitats from Baja, Mexico to Washington. They are highly herbivorous, and

opportunistically exploit temporarily abundant food sources (Gutierrez 1977).

Mountain Quail in central coastal California consumed 130 different food resources

that consisted primarily of fruits, flowers, seeds, bulbs or other plant parts.

However, Mountain Quail predominantly selected perennials, and >60% of the diet

in central coastal California was composed of only 6 genera (Lithophragma,

Quercus, Stellaria, Erodium, Trifolium, and Rhus) (Gutierrez 1977). In

southeastern Washington, 85 of 95 different food items collected from Mountain

Quail crops and gizzards during the fall were plants, but >50% of the food biomass

consisted of 7 plant species (Yocum and Harris 1953). Mountain Quail crops

collected in western Idaho in the fall contained >37 different plant species, but 4

species accounted for >70% of the crop contents (Ormiston 1966).

Seasonally, Mountain Quail shift diets and foraging strategies to take

advantage of prevailing food abundances. Chickweeds (Holosteum spp.) were

important spring and early summer foods for Mountain Quail in western Idaho, but

after August these species were rarely found in crops (Ormiston 1966). In western

Idaho, Mountain Quail diets changed from the seeds of small annuals in the

summer to the seeds of larger perennials and annuals in September and October

(Ormiston 1966). Mountain Quail are sequential specialists with a diverse foraging

repertoire that include digging for bulbs in the fall, climbing trees to gather seeds,
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jumping to collect seeds from flower stalks, and shelling acorns found on the

ground (Gutierrez 1977).

Mountain Quail are distributed throughout the western Cascades of Oregon,

generally ranging from 600 to 1,800 m elevation. In the Cascades of southwestern

Oregon, Mountain Quail are abundant and occupy diverse habitats including many

early-seral shrub and mixed-forest communities (S. Denney, Oregon Department of

Fish and Wildlife, personal communication). No studies have examined diets of

Mountain Quail in the predominately mesic, coniferous forests in the western

Cascades. The objectives of our research were to understand Mountain Quail diets

in the western Cascades, particularly during fall and winter when food resources

are patchy in distribution and less abundant. We hypothesized that Mountain Quail

in southwest Oregon would use a diverse range of plant species, but the bulk of

their diet would consist of a few seasonally abundant species. We predicted that

from fall to winter, consumption of particular food items would shift as food

resources declined in quantity and variety.

METHODS

Study Area

We selected a 1,400-km2 study site in the Cascade Mountain Range of

southwestern Oregon. The area, 50 km southeast of Roseburg in the Umpqua

National Forest, is characterized by dense forests with floristically diverse forest
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overstories dominated by Douglas-fir (Pseudotsuga menziesii), western hemlock

(Tsuga heterophylla) and other conifers, or by Oregon white oak (Quercus

garryana) and Pacific madrone (Arbutus menziesii) (Franklin and Dymess 1973).

Common understory shrubs include manzanita (Arctostaphylos spp.), ceanothus

(Ceanothus spp.), vine maple (Acer circinatum), salal (Gaultheria shallon), poison

oak (Rhus diversiloba), and Oregon grape (Berberis spp.). Historically, fires, both

naturally caused and set by native Americans, were the greatest single influence

that created and perpetuated plant communities (Franklin and Dymess 1973).

Currently, logging is the major disturbance factor. Extensive timber removal on

public and private lands has resulted in a mosaic of early to late-successional forest

habitats. Elevations range from 600 to 1,800 m and climate conditions are

generally temperate with hot, dry summers and cool, moist conditions in fall,

winter, and spring. Mean monthly temperatures in 1999 ranged from 9°C in

January to 29°C in August and annual precipitation was 76 cm (OSU Climate

Center, Corvallis, OR).

Crop Collection and Statistical Analyses

Sixty-one Mountain Quail were collected from the study area by hunters

and Oregon Department of Fish and Wildlife biologists during the fall (1

September-1 December) of 1994 to 1996. Twenty-nine Mountain Quail were

collected during the winter (2 December to 1 March) of 1998 and 1999. To insure

independence of samples, we required that hunters collect 1 bird per covey. Crops
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were removed, and the contents extracted and dried in an oven at 50°C for 24 hrs.

Dried crop contents from each bird were sorted, weighed, and identified.

Procedures for identification included photographic-key manuals, visual

comparisons to seed collections, and assistance from Oregon State University's

Seed Laboratory. Insect parts were sent to the Department of Entomology at

Oregon State University for identification. Frequency of occurrence for each crop

item was determined by recording the total number of birds that consumed that

item. Percent dry weight was determined by dividing summed weights for each

item by the total weight of crop contents.

RESULTS

Mountain Quail crops collected during the fall consisted of items from 24

plant taxa. Seeds were the most used food and composed the greatest biomass (dry

weight) of crop contents (Figure 7.1a). Legumes were the most common family

represented in Mountain Quail crops, and were 47% of the total dry weight (Table

7.1). Deervetches (Lotus spp.) were found in 35 of 61 (58%) of the crops, and

accounted for 18% of the dry weight of all crops. Other common legumes in crops

were black medic (Medicago lupulina), vetches (Vicia spp.), clover (Trifolium

spp.), Scot's-broom (Cytisus scoparius), and peavine (Lathyrus spp.). Tarweed

(Madia spp.) was found in 25% of crops but was only 2% of the total dry weight.

Two species of grasses, tall fescue (Festucca arundinacea) and dogtail's grass

(Cynosurus echinatus), and berries in the genus, Rubus and Symphoricarpos, were
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frequently used (Table 7.1). Insects from 8 orders (Isoptera, Lepidoptera,

Dermaptera, Hymenoptera, Orthoptera, Coleoptera, Hemiptera, and Araneae)

were found in 45 of 61 (73%) crops, but constituted 3% of the thy weight, and

likely were only incidentally consumed. Unidentified green herbage was found in

15 of 61 (26%) of crops, but accounted for <2% of dry matter weight. Bulbs

occurred in only 5 of 61 (8%) of the crops.

Crops collected in the winter contained parts from 37 plant taxa. Seeds

were the most prominent items found in crops and constituted the greatest biomass

of food contents (Figure 7.1b). The most commonly used family was also legumes,

but primarily hairy vetch (Vicia hirsuta) (Table 7.1). Vetch was found in 15 of 29

(50%) crops and was 36% of the total dry weight. Deervetch appeared in 25% of

the crops, but constituted <5% of the dry weight. California hedge-parsley

(Caucalis microcarpa) was found in 14 of 29(50%) crops and made up 5% of the

dry weight. Manzanita occurred in 9 of 29 (32%) crops, but accounted for only

1% of the dry weight. Hawthorn (Crataegus spp.) was found in 5 of 29 (18%) of

winter crops and was 2% of the dry weight. Tall fescue, dogtail's grass, and

bromes (Brome spp.) were the most common grasses eaten and constituted 22% of

the total dry weight. Unidentified green foliage was found in 82% of the crops and

accounted for 12% of the dry weight. Insects from 5 orders (Hymenoptera,

Coleoptera, Scolopendromorpha, Orthoptera, and Chordeumida) were in 14 of 29

(48%) of the crops, but constituted only 1% of the dry weight.
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Figure 7.1. Proportions (dry weight) of food types found in Mountain Quail crops
(n = 90) collected in the fall (a) of 1994-96 and winters (b) of 1998-99 in the
Cascade Mountains, southwestern Oregon.
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Table 7.1. Frequency of occurrence (%) and dry weights (%) of major food items
found in Mountain Quail crops (n =90) during the fall (1994-96) and winter (1998-
99) in the southwestern Cascade Mountains, Oregon.

Fall Winter

Species Frequency
(Y0)

Weight
(%)

Species Frequency Weight
(%) (%)

Lotus spp. 58 18 Vicia hirsuta 50 36

Festuca arundinacea 25 9 Cynosurus echinatus 25 16

Cytisus scoparius 20 7 Misc. Greens 82 12

Lathyrus spp. 16 7 Triticum spp 4 6

Rubus spp. 24 5 Caucalis microcarpa 50 5

Medicago lupulina 21 5 Bromus spp. 25 5

Gartya fremontii 9 5 Lotus spp. 25 4

Bulbs 8 5 Crataegus spp. 18 2

Unknown seeds 16 4 Trifolium spp. 18 2

Plagiobothrys spp. 4 4 Insects 48 1

Insects 73 3 Arctostaphylos spp. 32 1

Cynosurus echinatus 25 3 Festuca arundinacea 11 1

Vicia sativa 22 3 Oryzopsis spp. 7 1

Trifolium spp. 20 3 Phalaris spp. 7 1

Misc. Greens 26 2

Ceanothus spp. 22 2

Arctostaphylos spp. 22 2

Symphoricarpos spp. 20 2

Lupinus spp. 8 2

Madia spp. 25 1

Vicia hirsuta 16 1

Vida villosa 13 1

Berberis spp. 8 1
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DISCUSSION

We confirmed that during fall and winter Mountain Quail in the southwest

Oregon Cascades consumed a diverse range of food resources. For the combined

seasons, Mountain Quail consumed items from 61 plant genera and species. The

bulk of quail diets was composed of a few seasonally abundant plants. Legumes

were especially important in fall and winter diets, and represented a substantial

proportion of the plants that were consumed. Particularly prevalent in the fall, were

species of deervetch. This genus in the Cascade Range is composed of both

introduced bird's foot-trefoil (Lotus corniculatus) and native species, and is widely

distributed in moist, disturbed sites (Richard Helliwell, Umpqua National Forest

Botanist, personal communication). In the Sierra Nevada Mountains and central

valley of California, 22% (by volume) of Mountain Quail crop contents collected

during the summer and nearly 19% collected during the fall was Spanish clover (L.

americanus) seeds (Gutithez 1977). Other frequently selected species during the

fall in the southwestern Cascades were black medic, peavine, and vetches.

Legumes, particularly clover, lupine (Lupinus spp), and vetches, were important

food items in the diets of Mountain Quail collected in southeastern Washington

(Yocum and Harris 1953) and California (Gutierrez 1977). The importance of

legumes in other quail diets has been noted (Gullion 1966, Shields and Duncan

1966, Landers and Johnson 1976, and Blakely et al. 1993), evidence that this plant

family provides a considerable source of nutrition. Duke (1981) listed a protein

content of 35% for the deervetch, L. rigidus, 33% for black medic and peavine, and
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25-48% for vetches. We also found that berries {blackberries, huckleberries

(Vaccinium spp.), and snowberries} and several grasses (tall fescue and dogtail's

grass) were relatively important in fall diets. In southeastern Washington, berries

from sumac (Rhus glabra) constituted nearly 25% of the total dry weight in

Mountain Quail crops collected during the fall (Yocum and Harris 1953). However,

in western Idaho and Nevada, berries were not an important food during the fall

(Ormiston 1966, Gutierrez 1977). Grasses were not a significant fall food for

Mountain Quail in Idaho and Washington (Yocum and Harris 1953, Ormiston

1966), but in two counties of California, grass leafage constituted 19% of the total

volume of fall crops (Gutierrez 1977). Despite appearing in 73% of fall crops

collected in the western Cascades, insects were <3% of the total volume. Insects

were eaten in greater quantities during the summer in the Great Basin, but

represented <15% of the food used by Mountain Quail in fall and winter (Gutithez

and Delehanty 1999).

Mountain Quail used more food items in the winter, but many fall foods

were not used in the winter, or were consumed in lesser amounts. We found less

deervetch in winter crops, and no black medic, lupine, or peavine. Hairy vetch

accounted for 36% of the total volume of winter crops and was the only species of

vetch. Dogtail's grass was more heavily represented in winter crops, but fescue

was found in lesser quantities. In comparison with the fall, green herbage occurred

more frequently in winter crops and was found in greater quantities. Insects were

selected less often during the winter and accounted for less of the total volume.
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Gutierrez (1977) noted that in some areas of California, Mountain Quail shifted

diets between fall and winter to take advantage of temporarily abundant foods. For

example, he found that acorns (Quercus spp.) were used heavily during the fall in

Riverside and San Bernardino Counties but figured much less prominently in

winter diets. Compared to fall diets, leafage (Erodium spp. and Graminae) was

found more extensively in winter crops, and that Mountain Quail shifted from a fall

diet composed largely of legumes (Lotus spp. and Lupinus spp.) to a winter diet

composed prominently of ponderosa pine (Pinus ponderosa) and manzanita.

In summary, we observed that Mountain Quail used a diverse range of fall

and winter foods, but legumes and a few other food types constituted most of their

diet. Mountain Quail seasonally altered their foraging habits. In the winter when

food resources were likely less abundant, Mountain Quail selected from a broader

range of food items and consumed more green leafage. Mountain Quail are closely

associated with early successional vegetation, particularly shrub-dominated

communities (Gutierrez and Delehanty 1999). Many of the plants selected during

the fall and winter are disturbance-related, introduced species or native species

typically found in disturbed sites (R. Helliwell, Umpqua National Forest Botanist,

personal communication). Black medic is a weedy exotic that thrives on highly

disturbed sites and tall fescue is an introduced grass common along logging roads

in the Cascade Range. Hairy vetch is an introduced European legume that is

widely distributed along trails and ditches and Scot's broom is a noxious weed

often found in disturbed ground along roadsides (Hitchcock and Cronquist 1973).



In southwest Oregon, Mountain Quail are opportunistic foragers that take

advantage of temporarily abundant varieties of plants. They seasonally and

regionally adjusted their diets to satisfy nutritional requirements, particularly

during periods when resources are scarce.
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CHAPTER 8
SUMMARY

This research has enhanced the knowledge of poorly known life-history

attributes of Mountain Quail. Like other Odontophorinae quail, Mountain Quail

are closely associated with early-successional vegetation and inhabit many different

plant communities including mixed-desert scrub, chaparral, and early-seral mixed

conifer-shrub vegetation usually found after fire, logging or some other disturbance

(Gutierrez and Delehanty 1999). However, Mountain Quail are different from

other New World Quail in a number of ways. They have the most northerly

distributions of New World quail, occupy some of the highest elevational gradients,

and range across many semi-arid and temperate forests habitats. They have the

ability to exploit areas with diverse ecological conditions (Gutierrez and Delehanty

1999). My research suggested that Mountain Quail are the only North American

quail that may migrate considerable distances to breeding ranges. In other quail,

males may participate in parental care, but usually as secondary partners. Male

Mountain Quail are nearly equal partners in incubation and brood rearing. They

incubate clutches and brood chicks without assistance from the female. Most New

World quail are monogamous, yet many quail exhibit flexible breeding strategies

that includes re-nesting, the production of double or triple consecutive broods, and

occasional polygamy. I found that Mountain Quail were predominantly
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monogamous, but displayed few alternative breeding strategies except

simultaneous multiple clutching.

Characteristics, such as clutch size, brood size, nest success, incubation

parameters and behaviors, and nest site selection described in Chapters 2-4, provide

a better understanding of Mountain Quail reproduction. Survival rates, habitat

associations, and fall and winter diets reported in Chapters 5-7 are important to

understanding ecological relationships, and will assist in the management and

conservation of Mountain Quail.

CHAPTER SUMMARY

In Chapter 2, I reported on Mountain Quail nest-site selection and breeding

range migrations. Mountain Quail employed 2 strategies in selecting breeding

sites, birds from the same covey either remained in winter ranges to breed or often

migrated >10 km to new breeding ranges. Most nests in northeastern Oregon were

associated with coniferous forests and understories dominated by snowberry and

mallow ninebark. In southwestern Oregon, nests were generally located in early-

seral (shrub-sapling) vegetation. Structural components common to nests in both

areas were shrub height, shrub density, and canopy closure.

In Chapter 3, I described the prominent role of males in parental care, and

the unusiial breeding system (simultaneous multiple clutching) exhibited by birds

in both study areas. Mountain Quail like other quail have high reproductive rates,

but also experience high rates of mortality (Chapter 5) and nest lost. The southerly
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distributions of many New World quail allow for egg deposition earlier in the

spring and opportunities to produce double-broods, renest, or employ alternative

incubation patterns and reproductive strategies in response to ecological

constraints, such as resource fluctuations and high levels of nest and brood

predation. Mountain Quail are, altitudinally and latitudinaly, the most temperate-

evolved New World quail, and environmentally favorable windows for producing

successful broods are likely narrower than most other quail. The production of

simultaneous multiple clutches may increase the reproductive potential of a species

when climatic conditions limit double brooding or renesting, and the likelihood that

some of the brood will survive given high levels of nest and brood predation. For

Mountain Quail, the costs associated with long incubation periods may preclude

opportunities to renest or produce double broods, whereas the benefit of

simultaneous clutches would be the production of 2 broods during a period when

environmental conditions were most favorable.

Chapter 4 described patterns of male and female nest attentiveness. Nest

attendance was similar for males and females. Patterns of nest attentiveness in

Hell's Canyon and the western Cascades were different. Quail in Hell's Canyon

were absent from nests less frequently, and remained on nests for longer periods

before absences. Longer absences during early incubation and the long periods that

eggs remained in nests before incubation may account for the prolonged

incubations noted for Mountain Quail in both study areas.

Mountain Quail survival rates reported in Chapter 5 confirmed that
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Mountain Quail had annual mortalities similar to other quail. Translocated and

native quail had comparable survival rates, but native quail in the Hell's Canyon

had lower survival compared with quail in the Cascades and higher rates of nest

lost (Chapter 3). I determined (Chapter 4) that quail in Hell's Canyon remained on

nests longer than quail in the Cascades, and were away less frequently likely

because of predation pressures. Higher adult mortalities reported for native quail in

Hell's Canyon may be additional evidence that Mountain Quail adjust incubation

patterns in response to increased predation risks.

Chapter 6 described home range sizes for Mountain Quail in Hell's Canyon

and the western Cascade Mountains. Mountain Quail in northeastern Oregon had

smaller home ranges. Differences in home range size may be attributed to the

ecological and landscape differences between the 2 study sites. Mountain Quail in

northeastern Oregon are mostly confined to narrow, disjunct riparian zones

bordered by steep, rocky canyons, whereas in the Cascades, they are more

homogenously distributed across the landscape with few barriers to movement or

dispersal. This chapter also described the association of Mountain Quail with

specific vegetation communities. In northeastern Oregon, most Mountain Quail

observations were in 6 of 33 plant associations found in the study area. In general,

these communities were found on moderate to steep slopes, with an overstory

dominated by conifers (Douglas-fir and ponderosas pine), and understories

dominated by sno\wberry, mallow ninebark, or dogwood. In southwestern Oregon,

most Mountain Quail observations were in early-s,eral successional shrub/sapling
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stands typically found after disturbances such as fire and logging.

Chapter 7 was a description of fall and winter diets of Mountain Quail in

southwestern Oregon. Diets of Mountain Quail are fairly well described (see

Youcum and Harris 1953, Ormiston 1966 and Gutierrez 1977), but this chapter is

further evidence that Mountain Quail seasonally shifted diets and consumed a

broad array of food items. Many plants used by Mountain Quail were introduced

exotics, typically associated with disturbed sites.

RESEARCH AND REINTRODUCTION GUIDELINES

Areas for further research on Mountain Quail include additional studies on

reproductive characteristics, particularly simultaneous multiple clutching,

protracted incubation, nest-site selection, and migration behaviors during breeding

season. A better understanding of distributions in eastern Oregon, and the

influence of land-use practices on these distributions are critically important for

developing restoration plans. A related area of research is the influence of fire and

fire suppression on historic and current distributions of Mountain Quail. Much of

the Great Basin range of this species has evolved and is closely associated with fire.

An objective of this research was to determine differences in reproduction,

movements, survival and habitat associations of native and translocated Mountain

Quail in Hell's Canyon. Ten of 17 quail that incubated clutches were mated with

native quail. Reproductive capacity (clutch size arid hatch size) were similar for

native and translocated quail, but nest loss for translocated quail was less than
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native quail. Movement patterns of native and translocated quail differed in Hell's

Canyon with translocated birds often moving >10 km to new breeding ranges.

Breeding season movements of translocated quail were similar in distance and

direction to movements of native quail in the western Cascades. Survival rates

estimated for translocated and native quail were similar. Translocated and native

quail were associated with similar plant communities, but with a few noticeable

differences. Translocated quail used Douglas-fir/mallow ninebark areas more and

black cottonwood/snowbeffy less than native quail.

Strategies for restoring declining wildlife populations have been largely

reactive. Recovery programs typically were initiated only after populations or

suitable habitats reached critically low levels and often without a clear

understanding of life-history or habitat requirements of a species. Research on

endangered and threatened wildlife was influenced by the necessity to address the

immediate restoration of populations across the range of a species. Griffith et al.

(1989) suggested conducting research and testing restoration techniques on species

before populations reached crisis levels.

In populations that have been isolated because of land alterations from

grazing practices, agricultural activities, fire suppression, developments, and other

processes, translocations may help restoration of declining populations. Habitat

destruction may fragment areas to the extent that Mountain Quail are unable to

disperse to adjacent suitable habitat. Translocations may supplement these

populations until land use practices are changed and dispersal corridors are re-
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established over areas of suitable habitat.

Translocations have been used as a conservation technique to re-establish or

increase native populations in regions where these species have been extirpated or

have undergone declines (Scott and Carpenter 1987). A survey of releases between

1973 and 1986 revealed that nearly 90% were translocations of native game species

and nearly 86% of these translocations were successful (Griffith et al. 1989).

Gallinaceous birds accounted for a significant proportion (43%) of these

translocation efforts, and have been used extensively throughout North America in

an attempt to establish, reestablish or supplement populations (Griffith et al. 1989).

State game agencies and private individuals relocated various species of quail

throughout the West and Southeast in attempts to introduce and augment quail

populations. Yet many previous reintroduction efforts for gallinaceous birds have

not been well documented, and information on the success or failure of most

reintroductions was limited. Griffith el al. (1989) outlined a number of theoretical

and practical considerations before attempting translocations.

Translocations are successful if the end result is a self-sustaining
population.
A population has a greater success of persisting if competition is low,
habitat quality and the rate of population increase is high.
Herbivores have a higher potential for success than carnivores.
Early breeders with large clutches are more successful than late
producers.
Translocations should be attempted before resident population densities
are too low.

Mountain Quail are an excellent candidate for translocations given the

above criteria proposed by Griffith et al. (1989). This species is highly productive
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with large clutches (10-12 eggs/clutch: Chapter 3) and feeds opportunistically on a

highly varied, mostly herbivorous diet (Chapter 7, Yocum 1953, Ormiston 1966,

Guittierez 1977). Mountain Quail are abundant west of the Cascade Range in

Oregon and California, and these areas should provide an accessible source for

reintroductions. This species can withstand repeated handling, long-term captivity

and transport (Pope 1999). Mountain Quail have been successfully introduced into

parts of Washington, Oregon, and British Columbia, demonstrating an ability to

colonize habitats with significantly different topographic and edaphic conditions

(Mclean 1930, Aldrich and Duvall 1955, Crawford 2000).
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