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ABSTRACT

Movements, habitat use, reproduction, and survival of 252 pen- 

reared masked bobwhites released in southern Pima County, Arizona, were 

studied from 9 July 1971 to 4 March 1972.

Four bobwhites were tracked for up to 12 days by means of radio 

transmitters. Expected life and range of transmitters were not achieved 

in any instance.

Birds disappeared from release sites in an average of 27 days 

(range 6 to 64). Released birds stayed within 0.5 mile of the point of 

release. Maximum movement recorded before disappearance was 1.0 mile.

Open grass areas were utilized for feeding, roosting, breeding, 

and travel lanes. Denser cover along washes was used for travel, rest

ing, and escape.

No nests were found. One brood of two young was trapped and 

banded; back-ageing indicated they hatched between 18-25 September.

An additional hatched bird was observed during August 1972.

Maximum known survival of birds from five releases ranged from 

23 to 147 days, averaging 86 days. Only two mortalities were found, 

attributed to a Cooper's hawk and an unknown mammal.

This attempt to reintroduce masked bobwhites into Arizona was 

unsuccessful. Reasons for this lack of success were discussed and 

recommendations for future releases were made.

viii



CHAPTER 1

INTRODUCTION

The type specimen of the masked bobwhite (Colinus virginianus 

ridgwayi) was collected in 1884, 18 miles southwest of Sasabe, Sonora, 

Mexico (Brewster 1885). The last Arizona specimen was obtained near 

Calabasas in 1897 (Phillips, Marshall and Monson 1964) and the sub

species has been extinct in the United States since 1900 (Brown 1904, 

Tomlinson 1972b). In Mexico the bird was present in moderate numbers 

until the livestock industry became important in the 1940's. Only small, 

scattered populations remain (Tomlinson 1972b).

The original range of the masked bobwhite was south central 

Arizona and north central Sonora (Figure 1). The birds inhabited the 

flat to gently rolling mesquite grassland between 800 and 4,000 feet in 

elevation and were probably never widespread nor abundant. Extreme over- 

grazing coupled with a series of droughts are believed to be the causes 

of the decline of the race (Tomlinson 1972a, 1972b).

Between 1937 and 1950 the Arizona Game and Fish Department made 

three attempts to restock southern Arizona ranges with bobwhites, using 

both wild-trapped and pen-raised birds. In the early 1960's the 

Arizona-Sonora Desert Museum and James and Seymour Levy, Tucson taxi

dermists, made separate attempts to propagate birds in Arizona with

1
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Figure 1. Past and present distribution of masked bobwhites. —  
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stock obtained from J. Stokely Ligon. For various reasons all these 

attempts failed (Gallizioli, Levy and Levy 1967).

The masked bobwhite was the first species to receive extensive 

attention under the Endangered Species Research Program of the Bureau of 

Sport Fisheries and Wildlife. In 1967 biologist Roy Tomlinson was 

assigned the task of locating existing populations of the bobwhites in 

Mexico and studying their biology. Two remnant populations were dis

covered (Figure 1), and a study area was established on Rancho El 

Carrizo. Birds trapped from this area by Tomlinson in 1968 and 1970 

were sent to the Bureau's Patuxent Wildlife Research Center in Maryland, 

where they were used to propagate bobwhites for release into Arizona. 

Release sites were chosen by Tomlinson and biologists with the Arizona 

Game and Fish Department. The first releases were made in 1970, prior 

to the initiation of the present study. Results of these releases have 

been previously reported (Tomlinson and Brown 1970; Tomlinson 1972a, 
1972b).

I conducted this study to evaluate the success of the 1971 

masked bobwhite releases on two study areas in southern Arizona. My 

objectives were to determine, by means of radio-telemetry, the move

ments and habitat preferences of liberated birds, extent and causes of 

mortality, and extent of reproduction. This investigation was to aid 

the Bureau of Sport Fisheries and Wildlife and Arizona Game and Fish 

Department in determining the future course of the masked bobwhite re- 

introduction program.
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CHAPTER 2

STUDY AREAS

I conducted the study from 9 July 1971 to 4 March 1972 on two of 

the original release areas, the Rancho Seco (Area One) and the Buenos 

Aires Ranch (Area Two), located in southern Pima County, approximately 

50 miles southwest of Tucson (Figure 2).

Description and Topography

Area One (T. 20 S., R. 10 E., Salt River Meridian) is almost 600 

acres of land administered by the Bureau of Land Management, and is 

situated in the northeast foothills of the Las Guijas Mountains, six 

miles north of Arivaca, Arizona. It is rolling terrain varying in ele

vation from 3650 feet to 3800 feet above sea level. The drainage is 

northeast to southwest into Las Guijas Wash. The area lies within Soil 

Sub-unit A3, shallow soils on limestone parent rock in the mesic region 

(Buol 1966). The soil appears shallow and rocky except in the central 

portion of the area where deeper silts prevail.

Area Two (T. 20 S., R. 9 E., Salt River Meridian) consists of 

several sections of state land leased for grazing to the ranch owners, 

and is located six miles west of Area One. It lies on the southwest 

bajada (outwash plain) of the Las Guijas Mountains and slopes gently up

ward from 3300 feet above sea level on the west to 3500 feet at the

4 '
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6
eastern edge. Several washes drain east or west into Arivaca Wash which 

dissects the area and flows northward. The soil is red, sandy loam on 

the uplands and alluvial silts and sands in Arivaca Wash. Area Two is 

within Soil Sub-unit C2, developed soils from acid igneous alluvium on 

gently rolling to hilly topography (Buol 1966).

Vegetation

The study areas are within the desert-grassland community of the 

Upper Sonoran Zone (Lowe 1964). Mesquite (Prosopis juliflora) is the 
dominant tree in the overstory, with catclaw (Acacia Greggii), velvet ash 

(Fraxinus velutina), netleaf hackberry (Celtis reticulata), and Arizona 

walnut (Juglans major) occurring in the larger washes. Dominant shrubs 

include catclaw, wait-a-minute bush (Mimosa biuncifera), false mesquite 

(Calliandra eriophylla), graythorn (Condalia Lycioides), and wolfberry 

(Lycium spp.). Biennial and perennial grasses are the major ground 

cover, the most common species being Rothrock grama (Bouteloua Rothrockii) 

and three-awn (Aristida hamulosa). Annual grasses such as six-weeks 

needle grama (Bouteloua aristidoides) and witchgrass (Panicum hirticaule), 

along with forbs including trailing four-o-clock (Allionia incarnate), 

Mexican-poppy (Kallstroemia grandiflora), and doveweed (Croton 

corymbulosus) constitute the remaining ground cover. On Area Two the 

Arivaca Wash floodplain is covered with sacaton (Sporobolus Wrightii), 

carelessweed (Amaranthus Palmer!), and prickly poppy (Argemone platy- 

ceras). Especially heavy vegetation grows behind several water

spreading check dams. Plant nomenclature follows Kearney and Peebles
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(1960). A complete list of plants recorded and their relative abundance 

will be found in Appendix A.

Climate

Climate in both southern Arizona and central Sonora is character

ized by hot, humid summers and mild winters. Total annual rainfall on 

the Arizona release sites, based on a 16-year average of records for 

Arivaca and Sasabe, is 16.74 inches (U. S. Department of Commerce 1956- 

1971). Rancho El Carrizo, Sonora has received an average annual rain

fall of 13.54 inches over a 40-year period (Tomlinson 1972a). The 

difference is due to increased winter precipitation in Arizona. Pre

cipitation-temperature climographs for both areas are shown in Figure 3.

Habitat Manipulation

Some habitat improvement measures for quail have been implemented 

on Area One. The study area was fenced by the BLM by August 1968 and 

was deferred from grazing in June 1969. Approximately 50 acres were 

cleared of mesquite and the brush was stacked in piles. Some reseeding 

to Lehmann lovegrass (Eragrostis Lehmanniana) and panicgrasses (Panicum 

spp.) was performed. The plantings were partially successful. Two 

sallinaceous guzzlers were purchased by the BLM and installed by the 

Arizona Game and Fish Department in August 1969. The area was posted 

against quail hunting in October 1970 and again in the fall of 1971.

Area Two did not receive treatment. At the time of the first 

release it was lightly grazed and water was available at stock tanks on 

the area. It was not posted against hunting.
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CHAPTER 3

METHODS

Prior to field work, which began in July 1971, I spent several 

months developing a telemetry system for use on masked bobwhites. I also 

conducted feeding trials and studied breeding behavior in penned birds 

temporarily housed in Tucson before their release. Field work consisted 

of summer observations of movements, habitat use, and reproductive 

activity, and follow-up studies of fall and winter survival.

Telemetry Equipment

The telemetry system chosen for this study had to meet certain 

requirements dictated by the nature of the terrain, the questions to be 

investigated, and the birds themselves. It was necessary for the re

ceiving equipment to be portable to allow me to cover all of the study 

area. A transmitter range of one mile and life expectancy of 30 days 

was desired to enable me to maintain contact with instrumented birds 

which might move long distances in a short time, and to allow for the 

collection of a reasonable amount of data from each bird. Finally, the 

units had to weigh as little as possible to avoid adversely affecting 
the bobwhites1 behavior and survival.

I first attempted to use existing equipment. Bio-tel Elec

tronics Corporation, Experiment, Georgia, offered portable 27-megacycle

9 •



10
(me) receivers and ready-made transmitters, including a "quail trans

mitter." I ordered a receiver with 30-inch diameter loop antenna and 

one assembled transmitter. Testing showed this equipment to be un

satisfactory for my purposes. The receiver was insensitive, making 

signal location difficult and limiting reception range to 400 yards in 

flat, open terrain. The transmitter had a life of only ten days and 

weighed 25 grams, more than twice as much as had been previously re

ported for use on quail (Southern 1965, Bartholomew 1967).

Mr. David Beaty of Motorola Corporation, Phoenix, Arizona, had 

designed a two-stage transmitter to be used on tree squirrels (Sciurus 

spp.). It was determined that this design could be modified, primarily 

by reduction in part size, for use on quail. Accordingly, I ordered a 

receiver and components for five transmitters from Beaty.

The receiver was a portable 12-channel Sharps Model CBT-55 con

verted for use at 148 me by Beaty. I coupled this with a portable, 

three-element yagi receiving antenna from Hy-gain Electronics Corpora

tion, Lincoln, Nebraska.

The transmitters utilized an amplifier stage for extra range and 

contained two variable capacitors for tuning purposes. No details of 

construction or schematics are available pending publication by Beaty, 

but a similar transmitter was used by Patton et al. (1968). The 

transmitters used in this study were assembled on fiberglass printed 

circuit boards by Spectrum Systems Laboratory, Tucson, Arizona. They 

emitted a pulsed signal at distinct frequencies in 0.1-mc increments 

between 148.4 me and 148.9 me. They were powered by two Everready 675
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mercury batteries, providing a life of 21 days on a test unit. I added 

10-inch wire whip antennas made from sixth guitar string to each unit.

To save weight the units were not potted but were wrapped in a layer of 

electrician's tape covering all components. The final package weighed 

11 grams.

I tested harnessing methods on captive Gambel's quail (Lophortyx 

gambelii), deciding on a package which rested on the bird's back and was 

fastened with straps around the humeri, similar to the harness used by 

Bartholomew (1967). Elastic straps were used instead of leather as they 

were easier to attach and caused no abrasion on the bird. In the final 

form a dummy transmitter weighing the same as a real one was left on a 

Gambel's quail weighing 165 grams for ten days. The bird experienced no 

difficulty in flying straight up for six feet to its perch in the cage, 

nor was any damage noted to its skin.

I began testing the completed transmitters for range on 1 July. 

One unit would not operate because of an error in construction by 

Spectrum Systems Laboratory. The theoretical range of one mile could 

not be obtained from any of the other four units, which seemed to be 

unstable. The transmitters were tuned and tested again, with field 

ranges obtained varying from 0.25 mile to 0.75 mile. Further adjustment 

and testing were not possible prior to the scheduled release of the 

bobwhites.

Penned Bird Studies

In March 1971, 290 masked bobwhites were shipped to Tucson to be 

held at the Cooperative Wildlife Research Unit's Campbell Avenue farm
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until release in July. This was done to allow the birds to acclimate to 

Arizona conditions. They were housed in six groups (hereinafter re

ferred to as coveys) of approximately 50 birds each in cages measuring 

six feet wide by seven feet high by eight feet long. Each cage was 

provided with a layer of pine needle litter and a Johnson grass (Sorghum 

halepense) shelter for cover. Tarpaper and palm fronds laid across the 

top of the cages provided shade throughout the day. I attempted to keep 

disturbance of the birds to a minimum, but it was necessary to feed and 

water them every other day. They were fed Ralston Purina game bird 

maintenance chow and hen scratch ad libitum.

Feeding Trials

To prepare them for the wild I attempted to condition the bob- 

whites to eat a variety of foods by supplementing their diet with items 

not present in the commercial mixtures being fed to them. I obtained a 

supply of seeds of native and exotic range grasses, and cultivated grains 

and forbs ranging from less than one mm to four mm in size. When it was 

determined by an initial feeding that the birds would take other foods, 

a container of seeds was placed in each cage at each feeding, in addition 

to the normal amount of their usual mixture.

Table 1 summarizes these feeding trials. All groups were given 

at least five kinds of seeds, while some pens received as many as ten 

varieties. All seeds were eaten readily, and usually the containers 

were empty by the next feeding. Some dislike of Medicago orbicularis 

may have been indicated, as a layer of this was frequently left in the

container.
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Table 1. Seeds fed to penned masked bobwhites in an attempt to
condition them to eat a variety of foods,*

Date Pen 1 Pen 2 Pen 3 Pen 4 Pen 5 Pen 6

8 June Ab es** Pa ob
Me or** Se ma
Tr re** Sp ae

10 June Pa ob Ab es
Se ma Me or
Sp ae Tr re

12 June Ab es Me or
Pa mi Pa mu

* • Sp fl Tr me

29 June Pa mu Tr me Pa mi Sp fl So al Sp us

1 July Me or Tr mo Cy da Pe gl So ha Ab es

3 July Cy da Sp ae Se ma Ab es Pa ob Tr re

5 July Tr me Me or Pe gl Pa mu Tr mo So ha

7 July Se ma Pa mi Sp us Tr re So al Sp fl

* Note: First three feedings were trials to' determine if birds would
accept seeds.

** Ab esi, Me or, and Tr ire were forbs. All other seeds were from grasses

Ab es = Abelmoschus esculentus So al = Sorghum almum
Cy da = Cvnodon dactylon So ha 5= Sorghum haggari
Me or = Medicago orbicularis Sp as ss Sporobolus aeroides
Pa mi = Panicum minus Sp fl Sporobolus flexuosus
Pa ob - Panicum obtusum Sp1 us sr Sporobolus usitatus
Pa mu = Pappophorum mucronulatum Tr me Trichloris mendocina
Pe gl = Pennisetum glaucum Tr mo ss Tricholaena monachne
Se ma = Setaria macrostachya Tr re Trifolium repens



14

Breeding Behavior

Studies on captive birds at the Patuxent Wildlife Research 

Center had indicated that a rise in humidity was an important factor 

initiating reproductive activity on masked bobwhites. When the 

humidity began to increase in June I studied breeding behavior in the 

penned birds at Tucson. Between 8 June and 9 July I listened for "bob- 

white" calls and observed pairing behavior on each visit to the farm, 

including eight pre-dawn trips specifically for that purpose. I observed 

the birds from a vehicle which served as a blind where I could watch 

with binoculars.

I heard no calling during the period. I did record antagonism 

between males, and between females and males, but this activity was rare, 

and no obvious pairings or copulations were seen.

Releases

Between 10 July and 30 July 1971, 252 masked bobwhites were re

leased in five coveys on the two study areas (Table 2).

Coveys were transported from the Research Unit farm to the 

release sites in small carrying crates early in the morning in air- 

conditioned vehicles. In spite of this, 35 of 37 birds died enroute 

to Area Two on 10 July because of heat and humidity in the crate. The 

crates were then modified by removing the foam rubber insulation and 

making the air holes larger. No further mortalities occurred.

Each covey was placed in a holding pen overnight and given food, 

water, shade, and a grass-brush shelter. The following morning the cage 

door was opened remotely by the operator who was hidden from view, and
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Table 2. Summary of masked bobwhite releases in southern Arizona, 1971.

Date Release Site Males Females Color Bands

10 July Area One 
(Site 2)

15 36 None

11 July Area Two 
(Site 1)

20 22 Green, yellow, white

14 July Area One 
(Site 3)

36 14 Red, blue, white, 
orange

20 July Area Two 
(Site 2)

24 27 Blue, white, red, 
orange, yellow

29 July Area One 
(Site 1)

22 36 Yellow, green, white 
(plus one orange,
two red, two with 
none)

the birds were allowed to walk out. During the first and last releases 

on Area One some of the birds flushed after walking away from the pen 

for a few yards, but they immediately settled down again. The other 

birds merely walked out as a group and disappeared into the grass. I 

continued to provide food and water at each release site until the middle 
of November.

To determine covey movements, a transmitter was placed on a 

heavier male bird in each of the three coveys released on 10, 11, and 14 

July. A female in the covey released on 29 July also wore a transmitter, 

the object being to study her nesting behavior. It was originally
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planned to keep track of individual coveys by means of their color 

bands, but members of the different coveys became intermingled in the 

pens at the farm, reducing the value of this method considerably.

Radio-tracking

All radio locations were made by triangulation using the portable 

receiver and antenna. Bearings were determined by bisecting the angle 

created between the nulls on either side of the signal. This angle was 

smaller at greater distances from the transmitter. I took several bear

ings for each location, walking in a semi-circle around the bird. In 

most cases, the transmitter-equipped bird was sighted.

Each location was plotted on acetate overlays covering enlarge

ments of aerial photographs supplied by the Davis-Monthan Air Force Base, 

Tucson. At the end of each day, the locations were transferred from the 

acetate to tracing paper copies, and the acetate was cleaned for reuse. 

Locations were obtained as often as possible, usually once a day.

Summer Follow-up

From 9 July until 8 September 1971 I spent at least five days of 

every week on the study areas, living in a trailer provided by the Bureau 

of Sport Fisheries and Wildlife. For three weeks following the first 

release an observer was present constantly.

Direct observations of movements, habitat use, food habits, and 

reproductive behavior of the birds were recorded in a field notebook. 

Notes were also taken on predators and predator sign observed, weather, 

and plant phenology. A collection of all plants found on the areas was 
maintained (see Appendix A).



17
I conducted systematic searches of the area to look for roosting 

areas, evidence of predation, and nests. Bird dogs were used on several 

occasions. I conducted early morning call counts (Tomlinson 1972a) by 

vehicle at least once a week.

Fall and Winter Follow-up

Between 8 September 1971 and 4 March 1972 I went to the study 

area 20 times to determine extent of reproduction and survival. Two 

searches of the areas were conducted under my direction by a wildlife 

biology class of The University of Arizona on 18 and 20 November. I 

contacted as many hunters, ranchers, and other residents of the sur

rounding areas as I could to determine if anyone had seen any of the

bobwhites



CHAPTER 4

RESULTS

The original intention of using radio-telemetry was to allow me 

to follow covey movements. This objective was not achieved because the 

transmitters performed poorly and the releases were made after the birds 

were in breeding condition. However, some data were obtained on move

ments of individual birds. Most of the information gained in this study 

was the result of direct field observation.

Telemetry

Equipment Performance

Field performance of the radio equipment was disappointing. Of 

the four transmitters used, only one remained operative in the field 

longer than 50 hours (Table 3).

The expected range of one mile was never achieved, though a 

signal from bird no. 838 was once received 0.75 mile away when the re

ceiver was on a hill. This was on 20 July when the air temperature was 

82 F at 0900. During the hotter parts of the day, the range of recep

tion decreased and the signal quality was poor. This appeared to be a 

condition of the receiver. After the study was completed I learned that 

the crystals used in the receiver and transmitters were highly heat 

sensitive. In addition, the channels in the receiver were not properly

18
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Table 3. Record of transmitter performance.

Bird Sex Released Last Location Days Probable Cause 
of Failure

756 M 10 July 10 July 0 Heat

838 M 11 July 23 July 12 Battery Failure

840 F 29 July 29 July 0 Instability

994 M 14 July 16 July 2 Moisture

aligned with the transmitter frequencies. These facts probably account 

for the decreased ranges obtained and for the failure of at least one 
transmitter, no. 756.

There was a heavy rainstorm the night of 15 July. The following 

morning the signal from bird no. 994 was pulsing very rapidly and could 

be heard only ten yards away, an indication that the battery was failing. 

It is probable that the unit became wet, shorting the batteries, though 

Bartholomew (1967) reported that the signal from transmitters which be

came wet returned to normal after the units dried.

I believe instability of the variable tuning capacitors was the 

cause of failure in transmitter no. 840 and may have been involved in 

the premature failure of the other two transmitters.
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Tracking and Plotting

Because I was never more than 100 yards from an instrumented 

bird when the signal was first received, actual plotting of the bird's 

location was not difficult. In most cases, while attempting to obtain 

a second fix, I sighted the bird. In those instances when I did not 

see the bird, I was close enough to it that its location could be de

termined within a ten-yard circle.

Effects of Transmitters

Only two of the instrumented birds were observed in the field. 

These birds showed no difficulty in running, preening, or feeding. Both 

were paired and were usually seen with their mates and other birds. 

However, when last seen bird no. 994 was trailing a .small group by a few 

yards and bird no. 838 was alone, respectively. Bird no. 994 was found 

roosting with his mate at night. He was also chased by another male and 

made some short "jump flights" to avoid him. I never observed any of 

the radio-equipped birds actually flying.

Movements

Immediately after liberation the coveys broke up into smaller 

units consisting of singles, pairs, or groups of a few pairs. These 

groups remained in the vicinity of the release points, returning daily 

to the food and water. On Area One most of the birds from the first 

release moved to the author's trailer, which was located 200 yards 

southwest of the release site, and fed and watered there.
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For a period of one week at least half of each original covey 

could be found at its release point on any given day. At the trailer, 

where such movements could be watched at leisure, nearly all the birds 

from the first release were observed the afternoon and evening of the 

third day following liberation. These birds approached in pairs and 

groups of up to 11 individuals. During this period, observations of 

birds away from the release points were also of pairs or groups of 

loosely attached pairs.

On Area One the situation was complicated somewhat by the fact 

that all three releases were within calling distance. Consequently, 

birds from the third and fifth releases appeared at the trailer after 

two and four days, respectively. In both cases some of the birds from 

the later releases were paired with birds from the first one.

The number of birds seen at the release points diminished rapidly 

after the first week. The groups became smaller, and I saw more lone 

pairs or singles. The amount of time elapsed from release until dis

appearance at the release sites ranged from six days to 64 days, averag

ing 27 days (Table 4).

The figures in Table 4 for the first release do not include a 

pair of birds comprised of a male from the first release and female from 

the fifth release (hereafter referred to as Pair One) which remained 

near the trailer site until at least December, setting up a breeding 

territory there. Nor does the table include three birds from the third 

release that were present at the trailer until at least 28 July.
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Table 4. Time elapsed from release until disappearance at the release 

site.

Release Date Last Observation Elapsed Time (Days)

First 10 July 28 July 18

Second 11 July 12 August 32

Third 14 July 20 July 6
Fourth 21 July 23 September 64

Fifth 29 July 11 August 13

Average 27

Corresponding with the decrease of birds at the release sites 

I recorded fewer rally calls and saw only five birds, all single males, 

away from these areas after the first week. I did hear more calling 

males, but total observations decreased.

Some birds exhibited a pattern of ranging out from the release 

area and returning. I saw bird no. 838, his mate, and two other pairs 

0.5 mile northeast of the second release site, five days after libera

tion. They were back at the release point two days later (Figure 4).

A similar movement may have occurred on Area One. A female from the 

first release was seen with a male from the third release at the fence 

0.4 mile south of the trailer. The following day a similar pair was at 

the trailer. It is possible these were two different pairs.
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Figure 4. Observations of masked bobwhites released on the west side
of Area Two, including radio-locations of bird no. 838.
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I saw or heard no birds farther than one mile from point of re

lease. On Area Two males were heard calling as much as one mile away 

from the fourth release site, but I actually observed no birds farther 

than 0.75 mile, and these were males attracted to a recorded female call 

(Figure 5). On Area One, I never saw any birds outside of the fenced 

area. In fact, the maximum distance of an observation there was a lone 

male of the third release 550 yards northeast, six days following 

release (Figure 6).

. There is indirect evidence of long distance movement from Area 

One. The ranch foreman reported seeing a pair at the Mary G Mine, one 

mile north of the site of the second release four days after liberation.

A local hunting guide reported a pair crossing Arivaca Road 2.25 miles 

east of the second release site three weeks after release. Both reports 

were from persons who knew the releases had been made. In addition, I 

heard rally calls in the Las Guijas Mountains, 1.5 miles south of the 

third release site, two weeks after that release. These calls could 

have been made by mockingbirds (Mimus polyglottos), which were known to 

imitate the calls of the bobwhites.

Habitat Use

In discussing use of habitat by an animal species it is important 

to consider the components of the environment in relation to the various 

activities of the species. The habitat on the study areas has been 

described in general terms (Chapter 2). Following is a more detailed 

description of the elements of the habitat available to the masked bob- 

whites released in southern Arizona.
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Figure 5. Observations of masked bobwhites released on the east side
of Area Two.
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Figure 6. Observations of masked bobwhites released on Area One.
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Area One consisted of (1) hill slopes with shallow soil and a 

discontinuous ground cover of course forbs and grasses such as dove weed, 

paperflower (Psilostrophe Cooperi), and fluffgrass (Tridens pulchellus); 

(2) flatter areas with deeper soils covered by stands of perennial 

grasses including Rothrock grama and several species of three-awn 

(Aristida spp.) with scattered small trees, shrubs, and yuccas (Yucca 

elata); (3) a disturbed area reseeded to Lehmann lovegrass and panic- 

grasses, with many large brush piles; (4) small drainages where the 

grass and shrubs were denser; (5) larger, sandy-bottomed washes in which 

the heavy understory was dominated by an overstory of mesquite; and (6) 

a large wash and flood plain with most of the ground cover grazed off.

Habitat on Area Two was more uniform. It was comprised of (1) 

flat uplands covered by Rothrock grama and scattered mesquite; (2) deep, 

narrow, steep-sided, rocky washes with heavy brush cover; (3) wider, 

shallower, sandy washes having floodplains covered with scattered brush 

and dense annual grasses such as feather fingergrass (Chloris virgata); 

and (4) the sacaton flat described in Chapter 2. Water was available 

on both areas as described previously.

Travel Lanes

When first released the birds moved directly into washes with 

denser grass cover. For about a week I observed small groups moving up 

or down washes, on occasion in the open sand in the middle of a wash. 

When moving between areas of daily activity and the food and water at 

the release sites, the birds used open grass (that is, without canopy 

cover). However, at the trailer and the fourth release site the
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approach routes used by most birds were densely vegetated washes which 

ran within a few yards of the feeding station. The birds showed no 

hesitation in crossing small patches of open ground, including roads, 

but avoided bare areas greater than ten yards across.

It appeared that the birds preferred to stay near dense cover 

until they became used to the surroundings, at which time grass or 

scattered brush and grass became acceptable as travel cover.

Food and Feeding Areas

The bobwhites were observed feeding in the open grass areas or 

on the edges of these areas next to bare ground. Only rarely could I 

determine the food items being utilized. I saw birds take seeds of 

Arizona panicgrass (Panicum arizonicum), plains bristlegrass (Setaria 

macrostachya), and witchgrass; and leaves of trailing four-o-clock and 

burroweed (Aplopappus tenuisectus). On a half dozen occasions I saw 

birds sampling several plants in quick succession, but could not de

termine if the birds were taking plant parts or gleaning insects. I 

observed one male jumping about six inches off the ground to reach the 

tips of witchgrass stalks. I found two droppings I believed to be from 

bobwhites. Both contained parts of beetles (Coleoptera), one an un

identified black beetle, and the other a plant beetle (Chrysomelidae) 

common on the area.

The bobwhites utilized the food supplied at the release sites in 

steadily diminishing numbers until their disappearance. Pair One even 

brought its brood to the feeding site at the trailer in November.
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Water

I never saw bobwhites using the water in the catchments on Area 

One. I observed a pair of scaled quail (Callipepla squamata) at the 

upper catchment on 9 July but saw no others at water after the rains 

began.

The masked bobwhites used the water provided at the trailer 

heavily prior to the onset of summer rains. On 13 July nearly all of 

the 49 birds (some duplicates probable) observed at the trailer drank.

The first heavy rain came on 16 July. Of 20 birds seen on 19 July, 13 

drank. At least 30 birds came to the trailer between 20 July and 4 

August, but only six were seen drinking. Pair One was seen eight times 

between 4 August and 7 September but I never saw them drink. Greens 

i became plentiful after the first rains, and free water became available 

in many parts of the study areas after each rain.

Dusting Areas

Dusting occurred on bare ground under or within three feet of 

shrubby cover. One site was found at the entrance to a rodent burrow. 

Dusting sites were found in both deep silty soils and sandy loam soils.

I found dusting sites at all release points. In addition, one area 

used for dusting was located 200 yards from the nearest release site.

An unusual behavior associated with dusting was noted on Area 

One on 13-15 July. Some birds dusted immediately adjacent to the water 

cups and became covered with mud. This behavior occurred mostly in 

females, but was occasionally performed by mated males. The significance 

of the activity is unknown, but it may have been a breeding behavior,



possibly a desire to wet the feathers to raise humidity in the nest, 

or a means of attracting mates.

Resting Cover

I most often found birds resting in the shade under shrub or 

tree cover along washes where the grass was taller. A particularly 

favored spot on Area One was the wash immediately north of the trailer, 

where wait-a-minute bush and catclaw formed a shady overstory above tall 

grass, and mesquite trees provided canopy over the shrubs. I found a 

single male here on 28 July at 1500. He had been lying in a circular 

depression eight inches in diameter and two inches deep, directly under 

a small catclaw.

Birds were also found resting in bristlegrass under small 

mesquites, yuccas, or catclaws in the open grass areas. I once flushed 

a bird from under one of the brush piles.

Roosting Cover

By listening to the amount and direction of rally calling in the 

early mornings I concluded that most of the birds were roosting in small 

groups or singly in the open grass. On the night of 15 July I found 

bird no. 994 and his mate roosting without other birds in sparse grass 

ten feet from the nearest cover, which was along a small drainage. I 

never found evidence of circular covey roosts typical of eastern bob- 

whites, though masked bobwhites on the Sonoran study area were known 

to roost in this manner in the winter (R. E. Tomlinson, personal com

munication).

30
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Escape Cover

Dense vegetation along washes was the preferred escape cover.

If disturbed in the open grass, birds ran or walked to the nearest wash. 

When they were in grass dense enough to prevent me from seeing them, the 

bobwhites would freeze there. If I then approached closely enough to 

flush them, the birds almost invariably flew to a wash if one were 

present within 75 yards. They also used bristlegrass patches under 

scattered shrubs for hiding if they detected me or dogs.

Breeding Habitat

• Males called from within the open grass areas. I saw them use 

trees for calling perches on three occasions, and I recorded one 

instance, on 4 August 1972, of a bird calling from the top of a brush 

pile on Area One. Scaled quail on the areas were conspicuous in their 

calling from elevated perches, while bobwhites seemed to resort to these 

less often.

No nests were found but the habitat used by Pair One was de

termined with relative certainty. This was an area of heavy ground 

cover, comprised of Rothrock grama, rattlebox (Crotalaria pumila), and 

partridge pea (Cassia leptodena).

Reproduction

By the time the bobwhites were released many of them were in 

reproductive condition. Males chased other males immediately after 

release on 14 and 29 July, and within 72 hours of the releases of 10,

11, and 21 July. Vigorous chases and fights between males and even
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between males and females occurred during the first week after each 

release, probably causing the rapid break-up of the coveys observed.

I heard females calling on several occasions and twice observed males 

responding to these calls. On 10 July, the day of the first release, a 

male came running as fast as it could from a distance of 20 yards across 

open ground in response to a female call. On 5 August, one week after 

the last release, a male responded by flying 70 yards toward the area 

from which a female was calling.

Tape recorded female calls were played on six days between 28 

July and 2 September in an attempt to elicit male calling (Levy, Levy 

and Bishop 1966). This technique was successful on 1 September, when 

two males were induced to call repeatedly and to approach the recorder 

within 15 yards.

The first male territorial call was heard, on 18 July and the 

last on 1 September, for a calling period of 46 days (Figure 7). The 

calling period was much shorter than the 70 days reported by Tomlinson 

(1972a) for Sonoran masked bobwhites. If each study area is considered 

separately the calling period is even shorter. I heard males calling 

on Area One from 18 July to 9 August (23 days) and on Area Two from 25 

July to 1 September 39 days). Calling by each group of released males 

was sporadic and of short duration, ranging from 12 to 29 days.

I observed males giving their characteristic calls five times. 

Three of these birds were calling from the inner branches of raesquite 

trees, one called from near the top of a brush pile, and one called from 

the ground. I saw the latter bird at the trailer, calling in an open
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spot five feet from brush on either side. While calling, he was stand

ing so close to his mate as to be touching her.

Copulation was recorded five times on four dates between 18 July 

and 4 August. I observed copulation only at the trailer, all the acts 

being performed by two pairs (Pairs One and Two). I saw no pre- or post- 

copulatory displays accompanying any of the copulations.

I found no nests during the study. Pair One habitually approached 

and left the trailer site from the south. From 9 August to 15 September 

rally calls could be heard almost every morning from the same location.

I also heard rally calls on some evenings and sometimes from both members 

of the pair. I interpret this to mean rejoining of the pair after egg 

laying or incubation. The male was at the release point alone on 7 

September, suggesting incubation was in progress at that time.

I observed only one brood during the 1971 study, two males 

raised by Pair One. These were first seen on 10 November and were 

trapped and banded on 12 November, at which time they were back-aged by 

the primary molt method (Petrides and Nestler 1943). According to this 

method the birds hatched the week of 18-25 September. As the pair was 

seen at the trailer on 23 September without the young, hatching must 

have taken place near the end of the week.

During August 1972 an unbanded male was seen and heard whistling 

several times on Area One. As no birds were released without bands, 

this male is believed to represent an additional bird raised on the area 

during the 1971 breeding season.
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Survival and Mortality

I have already indicated (Table 4) the time elapsed in days from 

release until last observation at the release point. In most cases this 

was also the last observation of any member of the respective release 

coveys, but there are additional records. On Area Two I heard two males 

calling on the west side of Arivaca Wash on 24 August, 44 days after the 

release was made and 12 days after the last sighting at the release 

point. Ted Parker, an undergraduate biology student with considerable 

field experience, saw a male masked bobwhite with a covey of Gambel’s 

quail on the east side of Arivaca Wash on 18 October. If the sighting 

is valid, and the bird was an adult, not a young of the year (it was 

flying), this bird had survived for 87 days.

On Area One a male from the third release was seen 0.25 mile 

from the release point on the same day as the last observation at that 

site. All the other records obtained after the birds disappeared from 

the release points on Area One pertain to sightings at the trailer. I 

observed a male wearing a red band there on 28 July, the day before the 

last release. This bird had thus been in the field 14 days. A white 

banded male and his unbanded mate (Pair Two) were there at the same 

time. This male was not seen again. Both of these color-banded birds 

were from the third release, extending the known survival time of birds 
from that release by eight days.

On 2 August three pairs of birds appeared at the trailer, each 

apparently consisting of a color-banded bird mated to a noncolor-banded 

one. Pair One, which subsequently proved to be a noncolor-banded male
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from the first release and a white-banded female from the fifth release, 

remained in the area for the rest of theseason. Pair Three consisted 

of a noncolor-banded male and a yellow-banded female, the latter from 

the fifth release as no yellow-banded birds had been previously released. 

I saw these birds again the next day, but not thereafter. Pair Four was 

a red-banded male mated to a noncolor-banded female, and was not seen 

again. I believe these birds, as well as the male of Pair Three, were 

from the first two Area One releases. Only two red-banded males were 

liberated on 29 July and these were both mated to other color-banded 

birds at the time. The only noncolor-banded birds released on 29 July 

were a pair held together by themselves for at least three months. For 

the particular combinations of bands which appeared on 2 August to have 

all been from the fifth release, three pairs of birds would have had to 

split up and recombine in three days. Thus, a bird from the third re

lease survived at least 18 days, and two birds from the first release 

survived at least 22 and 23 days, respectively.

After 3 August I saw no birds at the trailer other than Pair 

One. These birds, with their two young, were last observed in the area 

where nesting was believed to have occurred on 3 December, meaning the 

male survived for at least 147 days and the female for 128 days. Aside 

from these birds, I observed no masked bobwhite sign of any kind past 

22 September. However, the male calling on Area One in August 1972 

indicates that some birds probably did survive the interval between 

breeding seasons.
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I discovered only two mortalities, both after the fifth release 

on Area One. On 30 July I found the remains of a female, consisting of 

individual feathers, including primaries, scattered over an area of 

about 15 square yards leading away from a rock on which there were small 

pieces of entrails and "whitewash." This would indicate Cooper's hawk 

(Accipiter cooperii) predation (Einarsen 1956). On 4 August Tomlinson 

and I found some breast feathers and one wing, neatly severed at the 

wrist and still pliable, of a male a few yards from the release point.

We believed the bird had been killed by a mammal. Previous releases 

during spring and fall 1970 suffered heavy avian predation (R. E. 

Tomlinson, personal communication).

Bobcats (Lynx rufus), gray foxes (Urocyon cinereoargenteus), and 

coyotes (Canis latrans) were present on the study areas when the bob- 

whites were released. Coyotes were common and evidence of their presence 

increased as the season progressed. I heard more calling, saw more 

tracks, and observed animals close to the release sites more often later 

in the year. I examined approximately 25 coyote scats and found no 

bobwhite feathers in any of them.

Avian predators present included a pair each of Cooper's hawks, 

red-tailed hawks (Buteo jamaicensis), and great horned owls (Bubo 

virginianus) on each study area. In September the number of Cooper's 

hawks increased and marsh hawks (Circus cyaneus) arrived. One sharp- 

shinned hawk (Accipiter striatus) was seen in December.

Potential nest predators found on the study areas included 

skunks (Mustelidae), badgers (Taxidea taxus), ravens (Corvus spp.),
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roadrunners (Geococcyx californianus), gopher snakes (Pituophis melano- 

leucus), red racers (Masticophis flagellum), and ants (Formicidae).

Factors Affecting Survival

The behavior of released birds in terms of their responses to 

the environment would seem to be an important factor in their survival. 

The masked bobwhites released during this study exhibited several be

havioral characteristics that may have had an affect upon their ability 

to adapt to their surroundings.

They were conspicuous and unwary. Loud and frequent calling by 

several members of a group at the same time occurred regularly during 

the first few days following each release. On at least three occasions 

one or more birds jumped up in the air out of thick cover, attracting 

attention to themselves. I often saw birds standing in open areas with 

no cover, including roads. When crossing such areas, the birds usually 

walked, more or less rapidly, and sometimes ran, but in comparison with 

the scaled quail they were slow. Many of the bobwhites were totally 

unafraid of humans. It was possible to approach them to within a few 

feet, at which time they would merely walk away. When flushed they 

often flew well, but only for short distances.

Reactions to real and potential predators were varied and some

what ambiguous. While being held in the pen just prior to release, 

birds from the fourth release exhibited escape reactions when first a 

turkey vulture (Cathartes aura) and then a mockingbird flew over the 

pen. Immediately after liberation, three members of the third release 

jumped up in the air when a western kingbird (Tvrannus verticalis)



passed over their heads. On the other hand, birds from the second 

release took no notice of an American kestrel (Falco sparverius) flying 

near them as they were walking away from the pen.

Their reactions to dogs were also mixed. On three occasions I 

saw birds which did not move when my German shepherd passed within four 

feet of them, only to then walk away as I approached. In another . . 

instance, a pair flushed from the dog. Several birds at the trailer 

flushed from a rancher's dog when it ran into the cover in which they 

were hiding.

Another factor possibly affecting the bobwhites* survival was 

their physical condition. Many of the birds were shipped from Patuxent 

with clipped beaks, some of which regrew in a deformed manner. I had no 

opportunity to observe how these birds with severely malformed beaks 

fared after release. A number of the birds badly damaged their flight, 

feathers in the holding cages during their long stay at the university 

farm. I observed birds with frayed primaries having difficulty flying.
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CHAPTER 5

DISCUSSION

The information gathered in this study is somewhat lacking 

quantitatively. Hence, it is subject to various interpretations. In 

the discussion which follows I have attempted to follow the most logical 

course.

Movements

The data obtained suggest that the majority of the released 

birds disappeared from the release points in a short time, but that this 

disappearance was not caused by birds moving long distances. Most of my 

sightings of bobwhites were of birds less than 0.5 mile from the point of 

release. Those observations recorded farther than that were of calling 

males and none were over one mile. I observed rapid break-up of release 

coveys into small groups, pairs, and singles. Tomlinson (1972a;320) 

reported the same behavior for wild Sonora masked bobwhites in late June 

and early July. He also suspected that the ease of seeing birds at this 

time indicated a considerable amount of movement taking place immediately 

prior to the nesting season. The behavior of bird no. 838 and its 

associates could be interpreted as searching for suitable nesting areas.

Most mobility studies of eastern bobwhites show them to be 

rather sedentary (see review in Loveless 1958). Summer movements of
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longer distances than 0.5 mile are often performed by unmated males 

(Loveless 1958:50, Johnsgard 1973:423). My observations fit well with 

these studies.

In reporting on dispersal of pen-reared bobwhites Frye (1942:170) 

noted very little movement in a fall release of 166 birds, only three 

birds moving as far as 1.5 miles. Davis (1970:7) reported no appreciable 

movement of hatchery birds from the area of release. Baumgartner (1944: 

118) found that under favorable environmental conditions both adult and 

young released birds tended to take up ranges within a mile of the re

lease site, but a few individuals dispersed rapidly and moved from two 

to eight miles during a period of a few days to several months. His 

findings could account for the indirect observations of long distance 

movement reported in the present study. An annual disappearance rate of 

98.6 percent, of which only 16.6 percent was due to egress, has been 

reported for wild bobwhites by Marsden and Baskett (1958:418).

It is possible more long-distance dispersal occurred than was 

found, and that the movements I observed were the result of birds 

searching for better habitat. Future efforts should be made to locate 

birds in suitable-looking habitat over two miles from the study areas.

Habitat Use

The results of this study indicated that, in general, the masked 

bobwhites used open grass areas for feeding, roosting, breeding, and to 

some extent for travel lanes, while dense cover along washes was used for 

travel, resting, and escape. I suspected one instance of nesting in a 

lush stand of forbs and grasses. I once observed a group of birds

41



42

entering a heavy stand of sacaton grass when disturbed, a behavior 

reported in earlier papers (Brown 1885, Stephens 1885, Tomlinson 1972b).

Tomlinson (1972a) is the only investigator describing the habitat 

of native masked bobwhites in other than the most general terms, but he 

does not include a breakdown of habitat use as it relates to the various 

activities of the birds. His statements that the birds were most 

abundant in areas where brush and tree growth abut the open grassland 

(p. 300) and that masked bobwhites preferred weedy growth in conjunction 

with moderately dense stands of Rothrock grama and three-awns (p. 301) 

agree with my findings. He rarely observed birds in roads, bare spots, 

or arroyos (p. 301), whereas I frequently did.

The habitats of the Arizona and Sonora study areas are super

ficially similar. However, there are some obvious differences. In 

Sonora ironwood (Olneya tesota) and palo verdes (Cercidium spp.) are as 

common or commoner than mesquite (Tomlinson 1972a:300), while these 

species are almost totally lacking on the Arizona areas. Also, during 

a field trip to the Sonoran study area in August 1971 I observed that, 

although the species composition of the herbaceous cover of both areas 

was similar, there was a much higher percentage of forbs in Sonora. It 

has been shown for Gambel's quail that habitat which appears suitable 

for transplanting may not be so because of the species limited life-form 

requirements (Gullion 1960). Detailed vegetative analyses should be 

performed on the Sonoran study areas to better facilitate selection of 

release areas in Arizona.
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Aspects of Survival and Mortality

Except for Pair One, the members of individual masked bobwhite 

coveys disappeared in 18 to 87 days. In all cases the last covey member 

to be seen was not the most distant from the release area, further evi

dence that egress was not the major cause of disappearance. Survival, 

then, was poor.

Davis (1970:7) thought that ability to learn to forage quickly 

for natural foods was the important factor in survival of hatchery 

raised bobwhite. Excellent food supplies were present during the course 

of this study. Green feed, insects, and forb and grass seeds were • 

abundant. Of 15 genera of masked bobwhite food items listed by Cottam 

and Knappen (1939) 11 were present on the Arizona release areas; eight 

of 13 species listed were present. The released birds actively fed on 

native plants on the study areas. The conditioning experiments con

ducted prior to release probably helped prepare the bobwhites to seek 

out food items. Ellis (1961:264) found pen-reared bobwhites accepted to 

some degree all food items offered them. Nestler and Langenbach 

(1946:22) stated pen-reared birds learned quickly how to forage for wild 

foodstuffs. Bobwhites will eat anything they can swallow according to 

Errington (1939:170); I therefore feel food was not a limiting factor 

during this study.

Finding only two mortalities in the course of the study does not 

necessarily indicate mortality was negligible. Annual mortality in wild 

bobwhite populations is in the neighborhood of 80 percent (Marsden and 

Baskett 1958), yet few dead quail are seen in the field. In an
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investigation on disappearance and visibility of quail remains Rosene and 

Lay (1963:142) concluded that "in summer at least, (1) failure to find 

dead quail, even with search, is poor evidence that no dead quail are 

present, and (2) finding even a small or moderate number of dead quail 

or their remains is reason to suspect a rather heavy mortality." 

Predators, especially avian, may have removed their kills from the area, 

precluding their discovery.

The model of vertebrate predation proposed by Rolling (cited in 

Messier 1968) stated, in part, that there is a generalized responsive

ness to unfamiliar environmental stimuli and that the rate of attack 

increases if the stimulus is palatable. This may explain the increasing 

frequency of coyote observations as the study progressed.

Tinbergen, Impekoven and Franck (1967) reported that crowded 

prey suffered higher mortality than scattered prey. At least for the 

first week after release, the masked bobwhites could have been con

sidered to be "crowded."

Several studies have concluded that pen-reared bobwhites do not 

survive as well as wild ones (see review by Buechner 1950). Some 

include comments on the released birds' behavior. Nestler and Langenbach 

(1946:22) found the outstanding difference between the wild birds and 

pen-reared stock was in degree of wariness. They felt this indicated 

propagated bobwhites may find difficulty in coping with natural enemies. 

According to Frye (1942:171) pen-reared birds "showed a peculiar mixture 

of apparently inherent instincts for existence in the wild state, to

gether with inexperience in the use of these instincts brought about by
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their life of protection and confinement." He felt their attitude was 

careless and had been brought about by the frequent harmless disturbances 

in the hatchery. Even Davis (1970:5), who thought foraging ability most 

important in survival of hatchery birds, found them to be very tame.

The same behavioral deficiencies are reported by several investi

gators working with other game birds. An excellent example is the study 

of Messier et al. (1970) on pen-reared pheasants (Phasianus colchicus). 

They found their subjects to be unwary, easily identified and heard, 

conspicuous even in suitable cover, and easily approached by in- . 

vestigators. The behavior of the bobwhites released in the present 

investigation was very similar.

It has been speculated that game farm birds suffer in their 

behavioral development as chicks because innate recognition of typical 

habitat or habitat elements is absent in many species, and its character

istics must be learned at an early age (Smith 1970:166-167). If this is 

true, then the masked bobwhites used in this study would have been at a 

further disadvantage if they could not recognize favorable habitat 

elements (food, escape cover).

When interactions between game farm and wild pheasants took 

place, the pen-reared birds quickly became more wary and less approach

able (Messier et al. 1970:272). Frye (1942) investigated the release 

of pen-reared bobwhites with equal numbers of wild birds and found the 

survival of the two groups to be equal. He felt one factor accounting 

for this was the association of the pen-reared birds with the wild ones. 

His birds were released in small groups and almost all pen-reared ones
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were later observed in company with wild bobwhites, not necessarily the 

ones with which they were released. The only pen-raised quail which 

failed to combine with wild birds were released by themselves. These 

were noticeably less timid than wild birds two months later. He sug

gested releasing a few wild birds with the pen-reared ones as leaders as 

a management technique. Harper, Harry and Bailey (1958) tried the same 

approach of releasing equal numbers of wild and game farm chukars 

(Alectoris graeca). Their birds were liberated in a large covey which 

split into the respective groups. These did not rejoin.

Errington (1934:126) has stated that heavy predation on bobwhites 

is a symptom of species vulnerability. Regardless of whether the habitat 

on the Arizona study areas was inadequate (causing egress), the birds 

could not recognize good habitat, or they were deficient in their be

havior, it is my opinion that the pen-reared masked bobwhites used in 

this study were ultimately vulnerable to predation. This resulted in 

failure to obtain the most necessary objective of the re-introduction 

program: successful reproduction.

Future introduction attempts should be carried out with wild- 

trapped birds, or at least with a mixture of wild-trapped and pen-reared 

quail. Detailed vegetation analyses of the Sonora study areas and 

potential Arizona release areas should be carried out, and suitable 
areas should be purchased or leased to enable complete control of their
management.



CHAPTER 6

SUMMARY

Five releases of masked bobwhites, totaling 252 birds, were made 

between 10 and 29 July 1971 on two study areas in southern Pima County, 

Arizona. I studied movements, habitat use, reproduction, and survival 

of these birds through radio telemetry and direct field observation from 

10 July 1971 to 4 March 1972.

• Performance of the telemetry equipment was poor. The four 

transmitters used all failed prematurely and did not give expected 

ranges. Crystal sensitivity to heat and improper tuning of the receiver 

were the probable causes of the decreased range.

The masked bobwhites disappeared rapidly from the release points. 

No birds were observed greater than one mile from point of liberation.

The evidence indicated the birds set up territories on the study areas 

rather than dispersing great distances.

Open grass areas were utilized for feeding, roosting, breeding, 

and for travel lanes. Dense grass and shrub cover was used for travel, 

resting, and escape. Habitat on the Arizona release sites was super

ficially similar to that currently used by masked bobwhites in Sonora. 

However, differences exist, notably in the species of tree cover and in 

the percentage of grasses to forbs in the ground cover.
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I concluded that survival was poor. Predation was probably 

heavier than actually observed. Behavioral deficiencies in the pen- 

reared birds used in this study made them extremely vulnerable to 

predation. It is also possible the habitat was of less than optimum 

quality, putting the birds at further disadvantage.

I recommend that an effort be made to locate birds released in 

this study by searching in suitable-looking habitat over two miles from 

the study areas. Future introduction attempts should be carried out with 

wild-trapped birds, or at least with a mixture of wild-trapped and 

pen-reared quail. Detailed vegetation analyses of the Sonora study areas 

and potential Arizona release areas should be carried out, and suitable 

areas should be purchased or leased to enable complete control of their
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APPENDIX A

ANNOTATED LIST OF PLANTS FOUND ON 
1971 MASKED BOBWHITE STUDY AREAS

The following list contains all species of plants collected on 

or immediately adjacent to Area One (Al) on the Rancho Seco and Area Two 

(A2) on the Buenos Aires Ranch from 9 July 1971 to 4 March 1972, with 

notes on their relative abundance. Nomenclature follows Kearney and 
Peebles (1960).

Ephedraceae
Ephedra trifurca - present on higher ground at Al.

Gramineae
Eragrostis cilianensis - roadsides and waste places, both areas.
E, arida - uncommon on both areas.
E. Lehmanniana - introduced on Al.
E. chloromelas - introduced on A2.
Tridens pulchellus - abundant on poor soil on both areas.
T. muticus - uncommon, higher ground, both areas.
Enneapogon Desvauxii - common on Al, less so on A2.
Muhlenbergia Porteri - common under bushes on Al, less so on A2.
M. arizonica - common in hills above Al.
Sporobolus Wrightii - scattered plants on Al, covers Arivaca Wash 

floodplain on A2.
S. cryptandrus - fairly common on both areas. 
j>. contractus - a few plants on Al.
Aristida ternipes - uncommon on both areas.
A. adscensionis - abundant on both areas.
A. hamulosa - second most abundant grass on both areas.
A, longiseta - locally common on Al, not seen on A2.
A. glauca - uncommon on Al, not observed on A2.
Hilaria Belangeri - locally common on slopes, both areas.
Leptochloa dubia - present along streams, both areas.
L. filiformis - uncommon, both areas.
Chloris virgata - abundant in floodplain, A2, common on mesas, both 

areas.
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Gramineae, continued.

C. chloridea - introduced on Al.
Bouteloua barbata - present on Al, not recorded on A2.
B. hirsuta - rare on both areas.
Bouteloua eriopoda - found on high ground on east side of A2.
,B. Rothrockii - most abundant grass on both areas.
B. aristidoides - abundant on both areas.
B. chondrosioides - common on slopes and high ground, both areas.
B. filiformis - as above, but more common.
B. curtipendula - common along washes, both areas.
Tricachne californica - locally common on both areas.
Eriochloa gracilis - a floodplain species, rare on both areas, but 

more common off the areas.
Panicum fasciculatum - rare on Al.
P. arizonicum - common on both areas.
P. hirticaule - abundant in cleared area of Al, common elsewhere, 

both areas.
P. obtusum - occurs in patches, both areas.
P. antidotale - a few scattered plants on Al.
Setaria macrostachva - common under bushes and trees, both areas. 
Cenchrus pauciflorus - uncommon on Al, not seen on A2.
Andropogon barbinodis and/or saccharoides - common, more so on Al. 
Sorghum halapense - common in the floodplain on A2, rare on Al. 
Heteropogon contortus - fairly common on hillsides, both areas.

Cyperaceae
Cyperus esculentus - uncommon on both areas.

Commelinaceae
Commelina erecta - uncommon on both areas.

Liliaceae
Yucca elata - common on Al, uncommon on A2.
Dichelostemma pulchellum - uncommon but conspicuous spring flower 

on Al.

Juglandaceae
Juglans major - two or three trees in floodplain, A2. 

Ulmaceae
Celtis pallida - uncommon on Al.
C, reticulata - uncommon in washes, both areas.

Loranthaceae
Phoradendron sp. - present in small numbers on both areas.

Polygonaceae
Eriogonum Abertianum - uncommon, both areas.
E. deflexum - uncommon in washes, both areas. 
Rumex hymenosepalus - common in floodplain, A2.
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Chenopodiaceae
Chenopodium Fremontii - uncommon, Al.
Atriplex canescens - fairly common, Al, not recorded on A2.
A. elegans - common in cleared area of Al.

Amaranthaceae
Amaranthus Palmeri - abundant in A2 floodplain, scattered elsewhere, 

both areas.
A. fimbriatus - fairly common under other plants, both areas. 
Brayulina densa - common on eroded sites of A2.
Tidestromia lanuginosa - one of the commonest forbs on both areas. 
Gomphrena caespitosa - fairly common, A2, rare on Al.

Nyctaginaceae
Allionia incarnata - probably the most common forb on both areas. 
Boerhaavia coccinea - common near washes, both areas.
B. Wrightii - common on Al.
B. Coulter! - common on A2, uncommon on Al.
B. purpurascens - rare on Al.
B. erecta - common on Al.
B, intermedia - rare on Al.
B. pterocarpa - rare on Al.
Commicarpus scandens - common on both areas, growing under and in 

other plants.

Aizoaceae
MoHugo verticillata - fairly common, but inconspicuous, on both 

areas.
Trianthema Portulacastrum - common to locally abundant on both areas 

Portulacaceae
Talinum paniculatum - rare on Al.
T. aurantiacum - abundant on both areas.
Portulaca coronata - common on both areas.
P. oleracea - rare on A2.
P. suffrutescens - fairly common on both areas, more so extra- 

limitally.

Ranunculaceae
Clematis ligustifolia - rare on Al.

Papaveraceae
Argemone platyceras - abundant in floodplain, A2, a few plants on Al 

Cruciferae
Lepidium montanum - common in floodplain, A2.
Lespuere11a Gordon! - uncommon on Al.

Capparidaceae
Polansia trachysperma - uncommon in A2 floodplain.
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Leguminosae
Calliandra eriophylla - abundant on both areas.
Acacia Greggii - abundant on both areas.
A. angustissima - locally common on Al, uncommon on A2.
A. constricts - one clump of plants found on Al.
Mimosa dysocarpa - fairly common in both areas.
M. biuncifera - common along washes, both areas.
Desmanthus Cooleyi - uncommon on A2.
Prosopis julifera - abundant on both areas.
Krameria parvifolia - abundant on both areas.
Cassia leptocarpa - fairly common extralimitally.
C. leptodenia - scattered plants on both areas, dense patches on Al.
C. bauhinioides - common on open sites with little grass on both 

areas.
Parkinsonia aculeata - found adjacent to west side of A2.
Cercidium microphyllum - present on high ground at east edge of A2.
C. floridum - more common and a little lower on A2 than preceding

species.
Caesalpinia Gilliesii - on Montana Ranch, just west of Al.
Crotalaria pumila - very common and conspicuous on both areas. 
Melilotus indicus - planted around catchments, Al.
Dalea lachnostachys - uncommon on Al.
D. neomexicana - common on both areas.
D. pogonathera - common on both areas.
Sphinctospermum constrieturn - uncommon on Al.
Desmodium procumbens - uncommon on A2.
Galactia Wrightii - rare on both areas.
Phaseolus acutifolius - uncommon along washes on both areas. 

Zygophyllaceae
Larrea tridentata - one plant on Al.
Tribulus terrestris - uncommon, observed only on Al.
Kallstroemia grandiflora - abundant on both areas.
K. californica - rare on Al.

Malpighiaceae
Janusia gracilis - uncommon on hillsides east of Al.

Polygalaceae
Polygala obscura - uncommon on both areas.

Euphorbiaceae
Croton corymbulosus - abundant in areas with no grass cover on both 

areas.
Ditaxis neomexicana - common in shade of other plants on both areas. 
Acalypha neomexicana - as preceding species, more common.
Jatropha macrorhiza - present on both areas, more common on Al.
J. cardiophylla - a patch adjacent to east side of A2.

. Manihot angustiloba - a few plants on east border of Al.
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Euphorbiaceae, continued.
Euphorbia exstipulata - uncommon on Al.
E. florida - one of the most common forbs on both areas.
E. hyssopifolia - common on both areas.
E. albomarginata - common on both areas.
E. pediculifera - common on both areas.
E. serpyllifolia - locally common Al, less so A2.
E. serrula - uncommon on both areas.

Rhamnaceae
Condalia lysioides - common on both areas.

Malvaceae
Abutilon incanum - common on both areas.
Sphaeralcea angustifolia - in a wash to west of A2.
Sida physocalyx - uncommon on both areas.
£3. procumbens - common to abundant on both areas.
Anoda pentaschista - common in cleared areas, Al.

Cochlospermaceae
Amoreuxia palmatifida - common on Al, uncommon on A2.

Passifloraceae
Passiflora mexicana - rare at wells in vicinity of Al.

Loasaceae
Mentzelia pumila - uncommon on roadsides on Al.

Onagraceae
Oenothera primiveris - conspicuous spring annual on Al.

Cactaceae
Ferocactus Wislizeni - common on both areas.
Opuntia fulgida - on both areas, locally common on A2.
0. spinosior - uncommon on both areas.

In addition, several cacti present which did not bloom during the 
study, hence were not keyed.

Fouquieriaceae
Fouquiera splendens - common in foothills above both areas, uncommon 

on the areas.

Oleaceae
Fraxinus velutina - several trees in wash south of Al. 

Asclepiadaceae
Asclepias nyctaginifolia - uncommon on Al.
Funastrum heterophyllum - uncommon on other plants on Al.



Convolvulaceae
Evolvulus sericeus - rare on Al.
E. arizonicus - common both areas, one of most common forbs on A2, 
Ipomoea coccinea - uncommon in washes A2, extralimital at Al.
I. costellata - uncommon on Al.
1. leptotoma - common on both areas.
1. hirsutula - common on both areas.

Cuscutaceae
Cuscuta sp. - rare on Al.

Polemoniaceae
Cilia longiflora - fairly common on both areas.

Hydrophyllaceae
Nama hispidum - rare in floodplain on A2.
Phacelia arizonica - uncommon spring forb on Al.

Verbenaceae
Tetraclea Coulter! - common, especially in washes, on both areas. 

Solanaceae
Lycium Andersonii - common on both areas.
Chamaesaracha coronopus - uncommon in cleared area on Al.
Solanum eleaginifolium - common in disturbed places on both areas 
_S. Lumholtzianum - uncommon on Al.
Datura metaloides - common extralimitally, a few on Al. 

Bignoniaceae
Chilopsis linearis - a few trees in floodplain on A2.

Martyniaceae
Proboscides parviflora - common on both areas.
P. arenaria - common on the mesas between the study areas.

Acanthaceae
Ruellia nudiflora - extralimital just east of Al.
Tetramerium hispidum - fairly common in washes on both areas.

Cucurbitaceae
Apodanthera undulata - fairly common on both areas.
Cucurbita digitata - common on both areas.

Compositae
Gutierrezia Sarothrae - most common small shrub on both areas. 
Aplopappus tenuisectus - common on both areas.
A. gracilis - uncommon off Al to east.
Aster tagetinus - uncommon on both areas.
Baccharis glutinosa - local in large washes off both areas. 
Erigeron divergens - fairly common on A2, less so on Al.
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Compositae, continued.

Gnaphalium chilense - in floodplain of Calera Wash, south of Al. 
Ambrosia psilostachya - common on Al, less so on A2.
Zinnia pumila - common on dry, rocky sites on both areas. 
Sanvitalia Aberti - under other plants on both areas, uncommon. 
Tithonia Thurberi - common in floodplain on A2.
Bidens leptocephala - uncommon in shade near washes on both areas. 
Baileya multiradiata - common on Al and east side of A2.
Bahia absynthifolia - uncommon on hillsides on Al.
Pectis cylindrica - inconspicuous annual on Al.
P. filipes - as preceding species, more common.
Hymenothrix Wislizeni - common on roadsides, both areas.
Solidago sparsiflora - rare in washes on Al.
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