
THE FACTORS AFFECTING THE BREEDING
OF GAMBEL'S QUAIL LOPHORTYX GAMBELLI

GAMBELLI (GAMBEL) IN ARIZONA

Item Type text; Dissertation-Reproduction (electronic)

Authors Hungerford, C. Roger (Charles Roger), 1923-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:06:38

Link to Item http://hdl.handle.net/10150/284380

http://hdl.handle.net/10150/284380


THE FACTORS AFFECTING THE BREEDING OF GAMBEL'S QUAIL 

LOPHORTYX GAMBELII GAMBELII GAMBEL IN ARIZONA 

by 

Charles Roger Hungerford 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF "WATERSHED MANAGEMENT 

In Partial Fulfillment of the Requirements 

For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

UNIVERSITY OF ARIZONA 

I960 



THE UNIVERSITY OF ARIZONA 

GRADUATE COLLEGE 

I hereby recommend that this dissertation prepared under my 

direction bv CHARLES ROGER HUNGERFORD 

THE FACTORS AFFECTING THE BREEDING OF GAM BEL'S 
entitled 

QUAIL LOPHORTYX GAMBELII GAMBELII GAMBEL IN ARIZONA 

be accepted as fulfilling the dissertation requirement of the 

degree of DOCTOR OF PHILOSOPHY 

Dissertation Director 

After inspection of the dissertation, the following members 

of the Final Examination Committee concur in its approval and 

recommend its acceptance:* 

K» f  x nc o 
*/ Y, . . - x  vl 

*This approval and acceptance is contingent on the candidate's 
adequate performance and defense of this dissertation at the 
final oral examination. The inclusion of this sheet bound into 
the library copy of the dissertation is evidence of satisfactory 
performance at the final examination. 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of 
requirements for an advanced degree at the University of Arizona and 
is deposited in the University Library to be made available to borrowers 
under rules of the Library. 

Brief quotations from this dissertation are allowable without 
special permission, provided that accurate acknowledgment of source 
is made. Requests for permission for extended quotation from or 
reproduction of this manuscript in whole or in part may be granted by 
the head of the major department or the Dean of the Graduate College 
when in their judgment the proposed use of the material is in the interest 
of scholarship. In all other instances, however, permission must be 
obtained from the author. 

SIGNED: 

ii 



This study was financed by the Arizona Cooperative Wildlife 

Research Unit, which is cooperatively maintained by the following 

organizations: The University of Arizona, the Arizona Game and Fish 

Department, the U. S. Fish and Wildlife Service, and the Wildlife 

Management Institute. 

iii 



ACKNOWLEDGMENTS 

I wish to thank Dr. Robert R. Humphrey of the Depax'tznent of 

Watershed Management, my thesis director, for his guidance on field 

procedure and for his patient editing efforts. 

I am indebted to Dr. Lyle K. Sowls of the Arizona Cooperative 

Wildlife Research Unit for the use of his unpublished data, for his 

assistance in the planning of this research, his help in the field, and for 

his critical review of the manuscript. 

Dr. Arthur R. Kemmerer and Dr. Mitchell G. Vavich of the 

Department of Agricultural Biochemistry gave considerable time and 

assistance in the laboratory phases of this research. Their help, as 

well as the use of laboratory space and facilities, is gratefully acknow

ledged. I also appreciate Dr. Kemmerer's suggestions concerning the 

preparation of this thesis. 

Dr. William J. Pistor and Dr. Raymond E. Reed of the Animal 

Pathology Department assisted in identification of quail diseases and 

Dr. Charles T. Mason, Jr. gave considerable help in plant identification. 

Dr. Arnold L. Nelson and other biologists, Branch of Research, 

Patuxent Research Refuge, Laurel, Maryland, identified several plant 

seeds eaten by the quail. Paul F. Senteney, Bobby Joe Neal, Ralph D. 

iv 



Kirkpatrick, and other graduate and undergraduate students assisted 

in the field and analyzed crop contents in the laboratory. 

Staff members of the Rocky Mountain Forest and Range Experi

ment Station permitted use of the Santa Rita Experimental Range. 

John W. Bohning and S. Clark Martin gave occasional field assistance 

and allowed use of unpublished Forest Service experiment station pre

cipitation data. 

The following men of the Arizona Game Department assisted by 

collecting quail crops for analysis and provided field information: 

Steve Gallizioli, Edward L. Webb, Paul M. Webb, Gerald I. Day, 

Wendell G. Swank, and John L. Stair. 

I am grateful to Carol Hungerford for her typing, editing, and 

encouragement. The figures are by Walter Beck. 

v 



TABLE OF CONTENTS 

Page 
List of Tables vii 

List of Figures viii 

CHAPTER 

I INTRODUCTION 1 

The Problem 1 
Lines of Investigation 2 
Study Areas. 4 
Vegetation 6 
Climate 7 
The Quail Population 8 
Effects of Precipitation on Quail Populations 18 

II EXPERIMENTAL PROCEDURE AND RESULTS 21 

Precipitation Measurement. . 21 
Quail Breeding and Survival as Affected by 

Precipitation 24 
Quail Food Production. . 29 
Food Selection by Gambel's Quail 42 
Moisture Requirements of Gambel's Quail 51 
Vitamin A Requirement, Natural Storage, and 

Significance in Gambel's Quail 56 

III SUMMARY 75 

LITERATURE CITED 78 

vi 



LIST OF TABLES 

Number Page 

1. Number of species produced by winter and by 
summer rainfall 34 

2. Ground-cover of low vegetation by season, from 
three quail habitats 38 

3. Seasonal consumption of succulent and nonsuccu-
lent Gambel's quail foods 49 

4. Moisture content of some Gambel's quail foods 55 

5. Moisture in crop contents of Gambel's quail 57 

6. Effects of carotene level on egg production of 
Gambel's quail . 62 

7. Effect of level of vitamin A on egg production in 
Gambel's quail 65 

vii 



LIST OF FIGURES 

Figure Page 

1. Location of the study areas. 5 

2. Distribution of Lophortyx Gambelii gambelii and 
other races 9 

3. Approximate periods of reproductive activity of 
Gambel's quail in southern Arizona and monthly 
average rainfall at Oracle, Arizona 17 

4. Type of accumulating rain gauge used 22 

5. Average spring and early summer ground-cover 
and percent of young quail in fall population 33 

6. Seasonal and yearly distribution of Gambel's 
quail food consumed. Based oil volumetric 
analysis of 221 crops from 1953 to 1957 36 

7. Precipitation and vitamin A storage, 1953. . Pre
cipitation by vegetation zones, January through 
March; May and June; July 68 

viii 



CHAPTER I 

INTRODUCTION 

The Problem 

Tn southern Arizona the density of Gambel's quail (Lophortyx 

gambelii gambelii Gambel) varies extremely from year to year. Years 

of lowest density are frequently preceded by one or more years of 

declining numbers. Low years may be followed by rapid increases and 

quail may return to relative abundance in a remarkably short time. For 

over twenty years it has been recognized that rainfall variations are 

closely associated with the abundance of this species of quail (Leopold, 

1933). Recent investigations have indicated that abundant production of 

young follows ample winter and spring rainfall (Swank and Gallizioli, 

1954; Gallizioli and Swank, 1958). Sowls (unpublished manuscript) has 

pointed out that because of the short life-span and rapid population turn

over, conditions that favor abundant reproduction are critically important 

to the species. During favorable years, quail numbers increase rapidly 

due to successful reproduction and increased survival of young birds. 

t)uring unfavorable years with lowered reproduction and survival, the 
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population numbers dwindle rapidly. The prime objective of this study-

was to determine the causes of these fluctuations. 

Lines of Investigation 

In order to investigate changes in environment that might be 

correlated with changes in Gambel^s quail numbers, an integrated study 

of the birds, their habitats, and climatic environment was carried out 

during the period from 1953 through 1957. Data were gathered from 

three vegetation zones on seasonal activity, relative population density, 

body condition, breeding success, liver storage of vitamin A, and other 

factors associated with changes in habitat and variations in climate. 

In desert areas, local environment varies qualitatively from year 

to year and from season to season. Local precipitation was measured to 

determine the effect of rainfall variation on quail welfare and on their 

plant food sources. The approximate water requirement was determined 

and the possibility of obtaining water from ingested food was evaluated. 

Quail breeding and production of young were studied in areas both with 

and without sources of surface water. A study was made of internal 

indications of breeding during years of adequate and of inadequate rain

fall. 

The principal habitats of Gambel's quail in southern Arizona were 

studied with emphasis on cover density, plant associations, relative food 
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abundance, and seasonal food production. The vegetation of these habitats 

was studied intensively to determine seasonal production of plants used 

by quail as sources of food, moisture, and specific nutrients. An effort 

was made to ascertain whether certain species might serve as keys to 

quail abundance through their function of providing food, cover, or special 

requirements. 

The food selection of wild quail in these habitats was determined 

through analysis of individual quail crops collected at all seasons of the 

year. Average moisture content of the foods was calculated and a study 

made of succulent and dry foods consumed at different seasons. 

The role of vitamin A was investigated first by feeding different 

levels of carotene or vitamin A to penned quail and observing subsequent 

egg production, fertility, and hatchability of eggs. Quail were killed after 

these feeding trials and their livers analyzed for vitamin A content. As 

a second line of investigation, quail were collected seasonally in differ

ent habitat types and the average vitamin A storage level of these birds 

was compared with that of the birds that were experimentally fed. Amounts 

of precipitation and subsequent seasonal plant production were also 

studied with relation to seasonal vitamin A storage level. 
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Study Areas 

Three vegetation zones were selected as representing normal 

quail habitat in southern Arizona. These were desert-shrub, desert-

grassland, and chaparral. 

The specific areas selected for intensive study were chosen for 

their relatively high quail population, uneven distribution of open water, 

and diversity of vegetation. They were also near either U. S. Weather 

Bureau or Forest Service rainfall-measurement stations. The Gibbon 

Springs area, representing the desert-shrub habitat, lay twelve miles 

northeast of Tucson at the base of the Catalina mountains (Figure 1). 

Elevation ranged from 2,400 to 2,700 feet. With respect to both climate 

and vegetation, this 3,800-acre area appeared to be typical of portions of 

the desert-shrub formation. The only open water was a spring-fed pond 

near the north boundary. 

Portions of the 53,000-acre Santa Rita Experimental Range, 35 

miles south of Tucson, were selected as representative of desert-grass -

land. Most of the data were collected at elevations of 3,000 to 3,500 feet 

near Huerfano Butte, an isolated granitic hill that rises about 300 feet 

above the surrounding terrain. The entire area was well-supplied with 

water for livestock except during critical dry periods when stock ponds 

were dry. 

The third study area was located five miles southeast of Oracle, 

Arizona, at elevations ranging from 4,100 to 4,800 feet. This area lay 
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in the transition from desert-grassland to chaparral and was considered 

typical of much of the chaparral quail habitat surrounding the desert 

mountain ranges of southeastern Arizona. During most of the spring 

and fall dry seasons, little water was available on this 3,500-acre area. 

Vegetation 

The desert-shrub areas were dominated by bur sage (Franseria 

deltoidea)^, saguaro cactus (Carnegiea gigantea), palo-verde (Cercidium 

microphyllum and C. floridum), various cacti other than saguaro, and 

near the washes by mesquite (Prosopis juliflora var. velutina), hackberry 

(Celtis pallida), and catclaw (Acacia Greggii). During the rainy seasons, 

the openings temporarily supported annual grasses, such as six-weeks 

needle grama (Bouteloua aristidoides), and short-lived annual forbs. A 

detailed description of the desert-shrub is given by Shreve (1951). 

The desert-grassland areas were dominated by soapweed yucca 

(Yucca elata), burroweed (Aplopappus tenuisectus), mesquite, and two 

species of cholla cactus (Opuntia versicolor, and O. fulgida). These 

areas also supported taller-growing, dense vegetation near the washes 

including principally hackberry (Celtis reticulata), catclaw, and white

thorn (Acacia constricta). The spaces between trees and shrubs usually 

^ Authority for scientific names of plants: Kearney, T. H. and 
R, H. Peebles, Arizona Flora, University of California Press, Berkeley. 
1951. 
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supported annual and perennial grasses with Bouteloua, Aristida, and 

Eragrostis the genera with the greatest number of species. Side-oats 

grama (Bouteloua curtipendula), hairy grama (Bouteloua hirsuta), Santa 

Rita three-awn (Aristida glabrata), poverty three-awn (Aristida divari-

cata), and Lehmann lovegrass (Eragrostis Liehmanniana) were abundant 

on the areas studied. Annual forbs occurred most commonly in the 

winter and spring months and included Lotus spp. and filaree (Erodium 

cicutarium). For a recent description of the desert-grassland see 

Humphrey (1958). 

The chaparral areas studied were dominated by Emory oak 

(Quercus Emoryi), Mexican blue oak (Quereus oblongifolia), manzanita 

(Arctostophylos Pringlei), and twinthorn (Mimosa biuncifera). Hackberry, 

skunkbush (Rhus trilobata) and other shrubs were more abundant border

ing the washes, and plains lovegrass (Eragrostis intermedia), side-oats 

grama, and cane beardgrass (Andropogon barbinodjs) appeared with other 

grasses in openings (Shantz and Zon, 1924). 

Climate 

The climate of the areas studied is characterized by high temper

atures, low annual rainfall, low relative humidity, and high evaporation. 

Weather records at the nearby University of Arizona show an annual 

mean maximum temperature of 84. 2° F. and a precipitation-evaporation 
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ratio of 1:8.2 (Smith., 1956). The precipitation pattern is characterized 

by two distinct rainy seasons alternating with dry periods. One rainy 

period extends from July to September and the highest percentage (43 

percent) of the annual total precipitation falls at this time. This summer 

precipitation is of a scattered thunderstorm type and runoff is frequently 

-. high. Winter rains (35 percent of annual total) fall from frontal systems 

in November to February and are more gentle in nature, cover wide areas, 

and produce little surface runoff at the lower elevations. 

The Quail Population 

General Characteristics: Gambel's quail is native to southwestern 

United States and northwestern Mexico (Aldrich and Duvall, 1955). The 

quail studied is the western race, Lophortyx gambelii gambelii Gambel. 

The area under study is almost exactly in the center of the species range 

(Figure 2). Mature birds are slightly larger than the eastern bobwhite 

quail (Colinus virginianus Linn. ) and possess a forward drooping, black, 

club-shaped head crest similar to that of the California valley quail 

(Lophortyx californica, Shaw). The males are characterized by a reddish 

helmet-like crown bordered by one black and one white streak around the 

forehead above the eyes, a black throat, and a white bordering streak 

across the throat from below one eye to below the other. They also have 

a creamy white belly with a large oval black patch between the legs. The 

females lack these prominent markings but retain the forward-drooping 
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black plume and light belly. The main body color of both sexes on tail, 

back, and wings is steel blue-grey. A complete description of the adults 

and young is given in McLean (1930), Gorsuch (1934), and Ridgway and 

Friedman (1946). 

Early records of this bird frequently referred to its abundance 

but minimized its sporting qualities. As McLean (op. cit. ) states in 

1920: 

. . . sitting for a dog or taking wing when the hunter 
wants them to is apparently just what the desert quail 
refuses to do. It is not the popular game bird that the 
valley quail is and never will be for several reasons, 
one, its foot-racing proclivities, another, its forbidding 
type of habitat and the thorny jungles into which it 
scurries when disturbed, and the idea of running uphill 
whenever possible. All of these traits tend to make it 
so difficult to secure that most hunters pass it up for 
easier game. 

Despite McLean's somewhat pessimistic viewpoint, the Arizona 

populations of Gambel's quail have become more and more important as 

game and recently Swank and Gallizioli (1954) have expressed a radically 

different opinion concerning them: 

This bird is Arizona's number one upland game 
species, both from the amount of area it occupies in the 
state and the number of hunters it brings to the field. 
At the beginning of the season, particularly in areas of 
minimum cover, birds are prone to run, rather than 
hold for the hunter. Not infrequently the whole covey 
may run, then flush beyond shotgun range. Once the 
covey is broken up, singles have more of a tendency to 
hold for the hunter, flush and fly in typical bobwhite 
fashion. . . 
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The sporting quality and importance of this species is no longer 

questioned. As Arizona's human population increases, more intensive 

and imaginative management of this important game bird will be neces

sary. 

Nonbreeding-season Behavior: All native American quails have 

strong coveying tendencies at all times of the year except during the 

breeding and nesting seasons. In Gambel's quail this urge or instinct 

is pronounced. The birds are continuously together whether feeding, 

loafing, or roosting, and they respond and act as a unit for protection. 

In the fall the covey usually consists of the two parent birds and their 

young of that year. Remnants of other parent-brood coveys, misplaced 

young, or unmated individuals often add to this basic family unit. These 

small coveys remain together as units and can be observed and studied 

collectively. 

Until late winter and early spring, the size of a covey is deter

mined by the increment from the summer breeding season less depletions 

from various causes during the summer, fall, and into the winter. In 

winter and early spring there is often a marked change in covey size and 

composition. Large coveys may be formed by combining several family-

unit coveys. Gorsuch (op. cit. ) noted that large winter coveys formed 

each year at about the time the winter-annual desert plants began to grow. 
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He concluded that these large winter flocks, which were composed of 

from thirty to several hundred birds, gathered to feed upon freshly-

germinated seeds and sprouts on higher, more open areas adjacent to 

their normal covey ranges. Early records indicate that the number of 

birds in a single winter covey formerly numbered in the thousands. 

In the course of the present study, many winter coveys of 

Gambel's quail were found in December and January of 1954 and 1955. 

These composite flocks were seen in all three vegetation zones and usually 

were found near water holes. The average number of birds observed in 

these flocks was about fifty. Winter coveys of fifty or more birds are 

apparently rather common in Gambel's quail and occasionally in the 

closely related California valley quail, although covey size is usually 

smaller in this species. Sumner (1935) noted in California a covey shift 

of the California quail from their winter headquarters to areas of food 

abundance as soon as green vegetation became abundant on the sunny 

sides of hills early in May. This behavior appears to correspond to that 

noted by Gorsuch in the winter coveying of Gambel's quail. 

Errington and Hammerstrom (1936) believed the number of bob-

white in a winter covey in Iowa was determined by strife with other coveys 

and stresses due to inadequate food. They stated that "commonly a covey 

does not move about greatly unless it has to. Hunger is a powerful driv

ing force and may cause winter shifting. " They noted further . . rarely 
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have we counted more than 35 bobwhite in intimate covey combination 

although we have recorded temporary associations somewhat in excess 

of this number, largely as a consequence of emergencies. 11 

The formation of large winter coveys of Gambel's quail is con

trary to the normal covey behavior of most quail species. It appears to 

demonstrate an instinctive behavioral change at this season and suggests 

a possible emergency reaction similar to that of bobwhite in response to 

the rigors of the northern winter. Heavy and frequent snowfall and 

extremely cold temperatures are uncommon in the range of the Gambel's 

quail. There is a deficiency, however, of (1) succulent feed that pro

vides moisture where no free water exists, and (2) of vitamin sources 

normally supplied in edible green plant material. Each of these require

ments is in lowest supply during the winter dry season. 

References are scanty on the coveying characteristics of the 

closely related scaled quail (Callipepla squamata pallida Vigors) that 

occurs together with the Gambel's quail in some southern Arizona 

habitats. Wallmo (1956), in a detailed Texas study, noted no aggregations 

of coveys in winter. This may perhaps be explained by the greater 

mobility of this species. These birds apparently move considerable dis

tances in seeking better feeding grounds. In the six coveys studied by 

Wallmo during one winter, the radius of movement exceeded one mile. 

This degree of mobility is considerably greater than that of Gambel's 

quail. 
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American quails as a group are perhaps the least mobile of 

North American game birds. Only the mountain quail (Oreortyx picta 

Gould) has a seasonal migration (McLean, op. cit. ); all of the others 

apparently satisfy their daily or seasonal requirements for moisture, 

food, and specific cover within a short distance or cruising radius. The 

normal daily radius of movement of Gambel's quail was recorded by 

Gorsuch (op. cit. ) as less than 500 yards. In a more recent study, 

Greenwalt (1955) found that normal seasonal movement averaged 480 

yards, although infrequently individual birds moved as much as 1, 460 

yards. These movement data are rather similar to those observed for 

bobwhite (Stoddard, 1931) and California quail (Sumner, op. cit. ). 

The covey range, or total area used by an undisturbed covey of 

Gambel's quail, is seldom circular in form because the daily movement 

pattern is normally up and down an arroyo or wash. Feeding excursions 

are frequently made up the slopes from these washes in search of food, 

but during the greater part of the day the major movement is confined to 

the better cover of the wash bottom and edges. These desert washes in 

all of the vegetation types studied consisted of a sandy central area 

devoid of plants and bordered by tall, deep-rooted vegetation. Velvet 

mesquite is the dominant tree or shrub of most wash sites, but hackberry, 

oaks, or other tree and shrub species often make these areas more 

attractive by providing added cover at all elevations within the normal 
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range of this quail in southern Arizona. The covey territory, there

fore, is generally oval in approximate shape with its long axis extending 

up and down a wash unless the range encloses a wash intersection. All 

quail functions and movements are carried out within this area from the 

end of the breeding season to the spring nesting season unless an unusual 

disturbance occurs or large temporary winter coveys are formed. 

These desert quail are thus continually confronted with the problem of 

finding adequate total and special nutrient needs within the limited area 

established by their habits of movement. 

Breeding Season Behavior: The environment of this desert quail 

varies in quality from year to year and this variation is reflected in 

variable breeding activity. Breeding-season behavior of Gambel's quail 

during a year of normal precipitation has been described in considerable 

detail by Gorsuch (op. cit. ) and Senteney (1957). These workers found 

that breeding behavior is influenced to a high degree by amounts of winter 

precipitation and also by the resultant vegetation changes. The activities 

related below may be considered as typical during a year with normal 

precipitation. 

Increasing daytime temperatures from January to April and the 

flowering of several perennial desert shrubs is accompanied by an 

abrupt change in quail behavior. Following a winter of adequate rainfall, 

pairs form within the coveys, usually after considerable fighting between 

males. 
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During the mating season the cocks give a peculiar, single-note 

call seldom heard at other times. Although these calls are generally 

attributed to unmated cocks seeking to attract a hen to their territory, 

Senteney (op. cit. ) noted paired cocks calling. In one instance he 

observed a cock calling while accompanying a hen and a brood of young. 

He also found a correlation between the peak in number of calls and the 

height of the nesting season. When the mated pairs left the cove^, they 

were observed to disperse rather widely and to occupy individual terri

tories that were often well-outside the normal range of the winter covey. 

The approximate periods of observed reproductive activity are 

shown in Figure 3, which indicates the periods of calling, nesting, and 

hatching of broods. The shaded areas represent the time period and 

degree of activity of the various indicators of breeding; full activity is 

expressed by a similar vertical scale for each of these factors. It will 

be noted that nesting (including renesting) covers the longest period and 

extends from early March to late August. Enlargement of testes, calling, 

and hatching also extend over a considerable time interval. Although 

examination of 103 males from 1953 through 1957 showed that testes 

began to enlarge in late December, a sample of 68 females did not show 

initial enlargement of the preovulatory follicles until early March. 

Active pairing within the coveys, on the other hand, was noted from Jan

uary through March. This generalized graph shows no true peaks of 
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Figure 3.-Approximate periods of reproductive activity 
of Gambel's quail in Southern Arizona and monthly 
average rainfall at Oracle Arizona. 
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breeding activity but local populations in limited areas occasionally 

show such peaks and a shorter activity period for each factor (Senteney, 

op. cit. ). Average monthly rainfall at Oracle, Arizona, is also shown 

to illustrate the fact that southern Arizona Gambel's quail mate and nest 

during the spring dry season. The reason major breeding activity 

occurs at this time is not known, but it may result from day-length and 

temperature changes or from nutritional stimuli received earlier. 

Although California quail (Sumner, op. cit. ), and in one isolated case, 

Gambel's quail (Gullion, 1956) may rear two broods per year, this appears 

to be extremely uncommon in the southeim Arizona population of the 

latter species. An extended breeding season is largely a result of renest-

ing or the influence of rainfall variation and a lack of breeding stimuli 

earlier in the season (Senteney, Gorsuch, op. cit. }. 

Effects of Precipitation on Quail Populations 

Rainfall and the resulting plant growth control, at least in part, 

the breeding of desert-dwelling birds. Keast and Marshall (1954) 

reported that Australian desert birds of several species do not breed 

during drouth and that nest-building often will start a few days after rain 

falls. In American quails as early as 1887 Anthony (in Bendire 1892) 

related that quail remained in large flocks all summer and that he 

observed only two or three broods of young. Birds that he dissected in 



19 

April, May, and June showed little development of the sex organs. 

McLean (op. cit. ) concluded from similar observations that food condi

tions tend to regulate the nesting activity. McGregor and Manley (1951) 

reported a lack of breeding during a dry spring in the Colorado and 

Mohave desert areas of California. Their dissections made during the 

normal breeding season revealed little sign of enlargement of the repro

ductive organs of either sex. After an unusual July rain, these workers 

noted that green feed became plentiful and that by mid-September young 

quail about two weeks of age were seen. It was concluded that a lack of 

green feed was responsible for the earlier failure of the birds to pair off 

and nest. Wallmo (op. cit. ) inferred a causal relationship between pre

cipitation and resultant vegetation and productivity of scaled quail in 

Texas. On the King ranch in the same state, according to JLehmann (1953), 

bobwhite quail, especially females, quickly attained high vitamin A 

reserves after adequate rainfall and very successful breeding occurred 

after heavy May rains in 1949 and 1950. He reported that the dry years 

in this part of Texas from 1939 to 1951 resulted in reduced breeding. 

During this period of breeding reduction 20 percent or less of the popu

lation paired and produced young. Lehinann also concluded that rainfall 

alone would not stimulate effective breeding unless it produced feed con

taining adequate nutrients, including vitamin A sources, which would 

stimulate vigorous breeding. 
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The success or failure of breeding, as well as the yearly fall 

abundance of Arizona Gambel's quail, is correlated closely with rainfall. 

Hunting, predation, and other depletion factors exert slight influence by 

comparison. Although these facts have been pointed out by Gallizioli 

and Swank (1958), Gorsuch (op. cit. ), and by Sowls (op. cit. ), the specific 

causative mechanism is not known. This was commented on earlier by 

Leopold (op. cit. ) ". . .no one has proved that drouth is actually the cause 

of failure to breed, or through what deficit of food, vitamins or minerals 

it operates to this end. ..." Sowls 1 (op. cit. ) studies indicated that follow

ing the good winter rainfall of 1952, 73 percent of the fall population con

sisted of juvenile birds hatched during the year. Conversely, the low 

winter rainfall of 1954 was reflected by a fall population that consisted of 

only 27 percent juvenile birds. 



CHAPTER II 

EXPERIMENTAL. PROCEDURE AND RESULTS 

Precipitation Measurement 

Effective rainfall is the variable most closely associated with 
s 

growth of certain food plants and the resulting production and survival 

of young quail. In addition to the records received from established 

rainfall-measurement stations, precipitation on the study areas was 

measured by a type of cumulative rain gauge developed by the author 

(Figure 4). These gauges were placed near the vegetative transects of 

each study area to measure total seasonal rainfall without reading each 

gauge after every shower. Evaporation of small amounts of precipitation 

is rapid from metal gauges of the standard U. S. Weather Bureau type 

under summer desert temperatures. The cumulative gauge, on the other 

hand, prevented evaporation, was sufficiently accurate, and permitted a 

single measurement of total seasonal rainfall. The upper part of the 

gauge consisted of a Coleman (Number 1A) aluminum funnel. These 

funnels were fitted to one-gallon glass jugs to which 100 cubic milliliters 

of kerosene had been added to prevent evaporation. The jugs and funnels 

21 
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Figure 4. Type of accumulating rain gauge used. 
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were placed in areas selected for protection from wind as prescribed 

for Weather Bureau gauges. They were usually located in the center of a 

clump of prickly pear cactus to prevent breakage or molestation by live

stock. The jugs and funnels were coated on the outside with orange shellac 

and rolled in fine desert sand to camouflage them and reduce the likelihood 

of human interference and also to reduce surface heating by insolation. 

The cactus or other vegetation immediately adjacent to the gauge was not 

allowed to project above the rim of the funnel. The precipitation was meas 

ured by pouring the water and kerosene into a large graduated cylinder, 

allowing the two liquids to separate, decanting the kerosene back into the 

gauge and reading the volume of water in the graduate. These gauges were 

read as frequently as possible, but were used primarily to record the total 

seasonal rainfall on the areas where plant growth and seasonal plant compo 

sition were studied. 

The seasonal rainfall recorded in the cumulative gauges from 

1955 to 1957 inclusive, together with a comparative or supplemental 

figure from the nearest permanent rainfall-recording station, is tabulated 

in Appendix A. The U. S. Weather Bureau cooperative station at Oracle, 

Arizona, was located two miles south and fifty feet lower than the Mary 

West study area; the Sabino Canyon cooperative station was four miles 

west and 150 feet below the Gibbon Springs study area. The Rocky Moun

tain Forest and Range Experiment Station maintained a standard Weather 
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Bureau rain gauge within 100 feet of the nearest cumulative gauge on 

the Santa Rita Experimental range. Two of the cumulative gauges were 

also checked by comparing amounts recorded in them against readings 

of a Tru-check brand gauge. In 14 separate periods of rainfall varying 

from a few hundredths to over one inch, there was an average difference 

of plus or minus one percent between the two gauge types. Although the 

amounts recorded in individual gauges on each study area usually differed 

slightly from those recorded at the nearest stations, these variations 

were well-within the differences caused by the random pattern of the 

summer thunderstorm-type of precipitation that falls in southern Arizona 

during the warmer seasons of the year. There were also noticeable 

differences between gauges at different elevations. As found by Humphrey 

(1933), a slight elevational increase causes increased rainfall in this 

convection type of rainfall in the Southwest. 

Quail Breeding and Survival as Affected by Precipitation 

Seasonal behavior of the quail was recorded both on the study 

areas and in other places where quail were encountered. On each of the 

study areas a fixed one- or two-mile course was walked monthly during 

the spring and early summer to obtain additional field records of breed

ing activity. 

In addition to these field observations, seasonal changes in repro

ductive organs were recorded for all of the quail collected during the five 
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years of the study. Amount and rate of development of testes and 

ovaries were used as indices to breeding. The testes measurements 

for the males were converted to volume in cubic millimeters, using the 

n 

formula for the volume of a prolate spheroid V = 4/3Tr*ab where a and 

b are the major and minor semi-axes,respectively. Testis size was 

obtained by an average of both testes of ea'ch male. 

Field observations from 1954 through 1957 showed that calling, 

pairing, laying, and hatching of young varied quantitatively from year to 

year as did the date these activities were first observed in the spring. 

These variations in breeding intensity could be measured less accurately 

than the amount of annual plant growth, but there was an apparent corre

lation between the amount of effective precipitation during the winter and 

spring and the length and intensity of the subsequent breeding season. 

The spring of 1954 was cold with several windy periods but with 

precipitation near average. The next two years, 1955 and 1956, were 

notably drier than 1954; 1957 was wetter than normal. These four years 

might be roughly classified in their general order of climatic desirabil

ity from most to least desirable as 1957, 1954, 1955, and 1956. Rainfall 

amount and distribution were of first importance in this rating, but drying 

winds and cooler temperatures were also considered. Breeding activities 

of the quail were correlated with year-to-year variations in climate. 

The earliest pairing was observed on March 1 in 1957, April 15 in 1954, 
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and April 26 and June 5 in 1955 and 1956, respectively. The earliest 

date cocks were heard calling was February 26, 1957. In 1954 the first 

calls were heard on April 1, in 1955 on April 18, and in 1956 on June 1. 

The first broods in the wet year of 1957 were seen on April 9. In 1954 

no broods were observed until May 1; in 1955 and 1956 none was seen 

until May 25. More broods were also seen during the summer of the 

relatively wet spring years of 1954 and 1957 than in 1955 and 1956. The 

most noticeable indicator of reduced breeding during the unfavorable 

years was the continuation of the covey instinct. Only during the two 

driest years of 1955 and 1956 were all-adult coveys observed during the 

entire spring and summer. The above field observations indicated a 

definite breeding activity trend was correlated with climatic conditions 

favorable to the production of green herbage. 

Examination of the reproductive condition of hens collected during 

the breeding seasons over this four-year interval yielded only incidental 

information. The reproductive organs were often damaged by shot and 

it was difficult to assess the breeding stage in mid or late summer 

because of the rapid reduction of the post-ovulatory follicles. The only 

positive indicators of breeding activity found useful were clearly defined 

post-ovulatory follicles, or fully developed preovulatory follicles (Buss 

et al. , 1951). Four hens were collected during the 1957 breeding season 

after the highest recorded period of winter precipitation. All were or had 
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been laying, and two were found to be laying rather early (mid-February). 

In the next wettest year, 1954, two birds were collected in late April. 

Evidence of laying was noted in one of these. In the two drier years of 

1955 and 1956, three out of five and eight out of thirteen hens did not lay 

prior to the April to June period, indicating a reduction in breeding 

following inadequate rainfall. 

A rather marked positive correlation between testis size and 

rainfall was apparent in each of the four years of study. Average testis 

volume during the usual nonbreeding season from July 1 through March 

31 was less than 20 cubic millimeters during each of the four years. 

During the April 1 to June 30 period, on the other hand, volumes for each 

successive year 1954 through 1957, respectively, averaged 396, 41, 148, 

and 417 cubic millimeters. These figures were obtained from samples 

of 10 to 12 males taken each year from April 1st to June 30th. 

Although the minimum testis size that indicates breeding is not 

known, an arbitrary volume of 100 cubic millimeters was assumed as a 

minimum. All males that exhibited indications of breeding such as call

ing, fighting, or early pairing had testis volumes greater than this. 

Assuming validity for the 100-cubic-millimeter volume, 60 percent of 

the males in the sample were in full-breeding condition in 1954, 2 5 per

cent in 1955, 54 percent in 1956, and 75 percent in 1957. During 1954 

and 1957 late winter and spring precipitation was markedly higher and 
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produced a much more luxuriant plant growth than either 1955 or 1956. 

Note that the highest percentage of males in active breeding condition 

was recorded during the same years the largest testis volumes were 

recorded. 

Variations in precipitation may have other effects than those 

pertaining only to breeding. The young quail produced in a dry year 

appear to have a shorter life-expectancy than those produced in a rela

tively wet year. In determining the average survival and turnover rate, 

Sowls (op. cit. ) trapped and number-banded quail from 1952 through 1956. 

Not only was a higher proportion of young birds captured in the years 

following relatively high winter and spring rainfall (1952 and 1954), but 

the percentage of survival of birds raised in a wet year was significantly 

higher. These results suggest that in a dry year the birds produced were 

less vigorous and had a higher mortality rate throughout their lifetime 

than those hatched in a year of heavier rainfall. Lack of a specific 

nutrient might have produced these results; Nestler (op. cit. ) found that 

a low intake of vitamin A by captive bobwhite hens before and during egg 

production reduced the survival of their young even though the young 

received high amounts of vitamin A. This possibility is considered 

further under.Evaluation of Vitamin A Storage. 
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Quail Food Production 

Measurement of Seasonal Food Production: In this study vegeta

tion was analyzed on the basis of: (a) seasonal food production, (b) amount 

and variation in cover, and (c) sources of plant moisture. For the first 

of these objectives, production of green plants and persistence of growth 

were chosen as primary measurable indicators of habitat quality that 

varied with amount of precipitation. Yearly observations of spring 

growth of annual plants were begun in January of 1953. Randomized 

line-intercept transects {Canfield, 1941) were established in each vege

tation type and were read monthly during the springs of 1953 and 1954. 

These transects were located in areas known to be used by quail. Key 

plants used as indices of spring growth included filaree, lotus, and annual 

grasses. By the end of the second year this procedure was found to be 

inadequate and was discontinued. In both of these years long after the 

plants on the transects were dry and cured, green annual vegetation was 

available if one looked for it carefully. This fact was discovered when 

collected quail were found to have been feeding on green material that 

included these key plants. The information gained by this early attempt 

led to adoption of the following plant-measurement method. 

Ten to twelve permanent 50-foot line-transects were established 

on each of the three study areas using a modification of the Canfield (op. 

cit. ) method. On each area, the transects were established on wash 
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edges in areas that were known producers of annual vegetation. A 

fifty-foot steel tape graduated in feet and hundredths of feet was stretched 

between two steel stakes. The tape was placed flat on the ground surface 

and stretched tight by a coil spring. These transects were read at dif

ferent seasons to assess the amount and kind of growth produced by the 

preceding seasonal rains. All live plants were measured that were inter

cepted by the right-hand edge of the tape or that were growing directly 

above or below this edge. The objective of these measurements was a 

determination of total ground cover. In measuring close-growing 

scattered grasses or seedlings, small bare spots that were too small to 

permit establishment of additional plants were ignored and the entire dis

tance was included in the intercept. All cover measurements were made 

by viewing the vegetation vertically from above. Spreading grass tufts 

were gathered together until the soil beneath the plant was completely 

hidden when the plant was viewed from above; the segment of this area 

crossed by the tape edge was then measured as the linear intercept. 

Rosette-form forbs such as filaree were measured as the inter

cept of the basal leaves along the tape edge. The intercept of single-

stem forbs was considered to be the distance across the vertical shadow 

of the crown with any spreading leaves gathered together to give complete 

cover. Shrubs were measured as the projection of the crown on the tape 

edge. A small steel rule was used as a plumb-bob to establish the linear 
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spread of the shrub crown. For the seasonal data desired, only small 

shrubs, cacti, and tree seedlings whose leaves reached almost to the 

ground were included as a percent of ground-cover. These grasses, 

shrubs, and herbs produced the green leaf and bud material most 

affected by seasonal rainfall. The overstory of taller trees, shrubs, 

and cacti three feet or more above the ground level was measured in the 

first (1955) and the last (1957) measurements made on all transects. 

Time of flowering and fruit production of perennial plants, stage of leaf 

growth on these perennials, and amount of quail and other wildlife use 

were recorded each time the study areas were visited. 

Readings of the line-intercept transects on the three study areas 

were repeated each year at approximately'the peak of growth after winter 

and after summer rainfall and during the spring dry period. The purpose 

was to record maximum growth in the spring, minimum ground-cover 

during the spring dry season, and maximum growth in late summer after 

the summer rains. Data were recorded on the desert-shrub type (Gibbon 

Springs area) at the following times: in 1955 on April 26, July 11, and 

September 3; in 1956 on February 18, June 1, and August 9; in 1957 on 

February 7, May 7, and September 4. Measurements on the desert-

grassland type (Santa Rita area) were made in 1955 on July 6 and Septem

ber 7; in 1956 on March 6, July 7, and August 6; and in 1957 on February 

26, April 17, and August 18. The chaparral type (Mary West area) 
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transects were read in 1955 on June 14 and August 31; in 1956 on Feb

ruary 25, June 18, and August 6; and in 1957 on February 5, July 24, and 

August 10. 

Food Production: A total of 123 plant species was recorded during 

the three years of study. Forbs were the most abundant (74 species) 

followed by grasses (34 species) and then trees and shrubs (15 species) 

(Appendix B). Annual plants predominated in the percent of ground cover 

recorded at all locations. In the manner characteristic of desert annuals, 

they produced rapid and extensive growth following seasonal rainfall. 

Late winter and early spring precipitation produced annuals at a time when 

green food abundance could affect quail breeding. Evidence of the impor

tance of annual plant growth at this season was the close correlation 

between amount of ground cover in spring and early summer and the per

cent of young quail in the fall population (Figure 5). 

The total number of plant species was usually larger after summer 

rains than after winter and spring rainfall (Table 1). The greatest number 

of species (40) was recorded in the desert-grassland in 1956 after the 

summer rains. These post-summer precipitation maxima were largely 

due to establishment of annual grasses in desert-grassland and of annual 

forbs in desert-shrub. In the chaparral, both of these life-forms had a 

greater number of species after summer than after winter rains. Although 

more kinds of plants grew during the summer and fall, the most important 
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and per cent of young quail in fall population. 
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Table 1. Number of Plant Species Produced by Winter and by Summer 
Rainfall. 

Life Form by Winter Rainfall Summer Rainfall 
vegetation z^one « 1955' 1956 1 1957 1 1955 1 1 1956 1 1957 

Number of species Number of species 
Desert-Shrub 

Grasses 8 4 6 9 6 5 
Shrubs -trees 1 3 3 4 4 3 
Forbs 9 6 25 22 15 12 

Total 18 13 34 35 25 20 

D e s e rt - Gr as s land 
Grasses * 7 14 18 23 11 
Shrubs-trees * 4 2 5 4 3 . 
Forbs * . 7 22 16 13 11 

Total * 18 38 39 40 25 

Chaparral 
Grasses 5 6 8 14 15 10 
Shrubs-trees 4 3 3 5 4 '4 
Forbs 4 9 12 15 12 17 

Total 13 18 23 34 31 31 

jJ; 

Transects had not been established. 
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food items, including seeds eaten during the summer months, were 

produced by winter annuals (Figure 6). For example, Lotus sp. , Ero-

dium cicutarium, and Lupinus sp. , all winter annuals, made up 45 per

cent of the summer diet on a volume basis. 

The sximmer rainy season with its high temperatures and long 

days quickly produced a crop of summer annuals in the areas studied. 

Most of the plant growth for the entire year resulted from this precipi

tation. During the period of study sufficient summer rain fell to increase 

markedly the ground cover on all three study areas and to affect both 

annuals and perennials. The greatest ground cover during the period 

was recorded when full growth was reached after the summer rains. 

These rains drastically influenced the plant environment of the quail, 

although they did not appear to have had any marked effect on production 

of their young. As mentioned earlier, the nesting season is essentially 

over by the middle of the summer; as a consequence few young are pro

duced during this season. 

Spring ground-cover of annuals was greatest during the years of 

abnormally high winter and spring rainfall. This abnormal precipitation 

and the resultant growth produced conditions favorable for quail produc

tion. In 1956-1957 the December-through-March precipitation recorded 

at Oracle, Arizona, was 109 percent of the long-time average for these 

months; in 1954-1955 and 1955-1956 it was 46 and 69 percent, respectively, 
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for these same months. Early summer ground-cover of green plants 

was highest in 1957 (32 percent), representing a three-fold and a six-fold 

increase over the average early summer ground-cover in 1955 and 1956, 

respectively. Spring ground-cover in 1957 was three times that of 1956. 

Comparative 1955 early spring data were not available as the transects 

had not been established in time for an early reading that year. Com

parative figures for the percent of young quail in the fall population were 

recorded at the Oracle hunter-checking station (Gallizioli and Webb, 1958), 

using the hunter take of quail as a sample of the population. It will be 

noted that young quail composed 74 percent of the 1957 hunter kill in con

trast to 28 percent and 19 percent in 1955 and 1956, respectively. 

The amount of rain that falls during the spring dry season (April 

through June) usually is insufficient to initiate new growth of either 

annuals or perennials. The occasional rains that do fall during this 

period, however, may maintain some plant growth started by earlier 

precipitation. This occurred in 1957; the transect readings near the end 

of this period showed an increase over early spring readings in percent 

of ground-cover on all transects in contrast to a decrease for the same 

months the two preceding years (Table 2). This continuation of growth 

could be highly important to the survival of newly-hatched birds. 



Table 2. Ground-cover of Low Vegetation by Seasons, from Three Quail Habitats. 

Life Form by 
Vegetation Type 

Desert-Shrub 

Spring 
(Feb. ,March,April) 

Early Summer 
(May, June, July) 

Late Summer 
(August, September) 

1956 1957 1955 1956 1957 1955 1956 1957 
Percent ground-cover Percent ground-cover Percent ground-cover 

Annual grass 0. 7 7. 0 6. 3 0. 0 T 
Perennial grass 0. 0 0. 1 0. 2 T T 
Shrub-tree seedling 1. 0 1. 3 2. 9 1.4 2.2 
Forb 1. 5 10. 7 3.3 0. 0 6. 1 

Total 3. 2 19. 1 12. 7 1.4 8. 3 

no 

measurements 

taken 

"^sert-Grassland 
grass 0.4 1. 0 0.4 0. 6 22. 1 19. 3 3. 6 22. 1 

Perennial grass 3. 0 2. 2 0. 9 1. 6 12. 8 14. 0 4.4 12. 8 
Shrub-tree seedling 3.2 4.4 3. 3 4.2 2.2 4. 9 2.9 2. 2 
Forb 0. 9 9.0 1.4 0.4 24. 7 20. 9 2. 1 24. 7 

Total 7. 5 16. 6 6. 0 6. 8 61. 8 59. 1 13. 0 61. 8 

Chaparral 
Annual grass 0.9 1. 1 0. 0 0. 0 3. 0 12. 0 8. 6 9. 0 
Perennial grass 0. 8 6. 2 1. 8 0.9 19. 1 33. 2 22. 3 15. 1 
Shrub-tree seedling 4.3 4. 1 8. 8 5. 8 7. 4 6. 1 6. 0 11. 2 

Forb 5. 1 18. 0 2.2 1.2 1.0 17. 9 8. 2 5. 0 

Total 11. 1 29.4 12. 8 7.9 30. 5 70. 1 45. 1 40. 3 

Avg. total ground-cover 7. 3 .21. 7 10. 5 5.4 33. 5 64. 6 29. 0 51. 0 



39 

Cover as a_ Factor Affecting Food Availability: All game birds 

require some form of protective cover to shield them from their enemies 

and from the elements. The cover provided Gambel's quail by plants 

may be designated as primary or protective cover and secondary or feed

ing cover. Protective cover provides not only shade, but loafing areas, 

nest sites, and protection from natural enemies, A certain tree, for 

example, may be used daily for essential midday shade while the birds 

are loafing and also offer good protection from ground and aerial preda

tors. In this study trees and shrubs dense enough to provide protection 

from the midday sun were found to be essential. The plants that were 

preferred as cover generally grew along the deeper washes on all three 

study areas. Certain plants typical of this first form of cover also pro

vided food as well as cover. Examples of these excellent dual-purpose 

cover plants were young mesquite, foothill and desert hackberry, and 

catclaw. These plants served to attract quail, but no single species 

appeared to be of paramount importance in determining the presence of 

Gambel's quail. 

The second basic type of cover has been termed "feeding cover", 

but this vegetation also provided protection to the birds during travel and 

feeding. Grasses, forbs, or low shrubs provided protection during the 

relatively brief feeding periods away from the washes. 
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Factors Affecting Cover Quality: This portion of the study was 

undertaken to evaluate the effect of seasonal and yearly rainfall on quality 

of cover normally used by Gambel's quail. Changes in plant cover were 

assessed and recorded seasonally on the three study areas. Additional 

observations were made in the desert grassland to determine the impor

tance of low vegetation used by the quail as travel and feeding cover. A 

three-mile-long chain of half-acre to three-acre cattle exclosures had 

been constructed during Gorsuch's (op. cit. ) study of Gambel's quail on 

the Santa Rita Experimental Range in the early 1930's. The exclosures 

were constructed in a deep, wide-bottomed wash that had been grazed for 

many years by cattle: At the time of the present study there was an 

accumulation of dead plant growth within most of these fenced areas, but 

the overstory was similar inside and outside the fences. Periodic inspec

tions of these exclosures were made during morning or evening quail 

feeding periods in both the spring and the summer growing seasons and 

during the intervening spring dry period. Ten trips were made through 

a series of eight of these exclosures from the spring of 1955 to late sum

mer of 1957 to determine whether quail made more use of these ungrazed 

and more heavily vegetated areas than of the adjacent grazed range. 

Observation and measurement of the overstory of trees and 

larger shrubs on all study areas showed no major changes in density or 

- composition during the three-year period of study. Deciduous trees and 
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shrubs gave less protection during the winter months, but there was 

always adequate winter cover of overstory vegetation in the washes fre

quented by the birds. In the desert-shrub, however, quail movements 

were restricted by inadequate low ground-cover. During the dry season 

the birds invariably remained in the shrub and tree areas of the washes. 

Only in certain portions of the two higher types were quail movements 

restricted to such tree and shrxib areas. Inadequate.cover appeared to 

be the primary reason quail did not occupy portions of all three areas. 

Feeding cover was found to be somewhat less important to the 

quail than protective cover, but unless feeding cover was adequate the 

birds would not make full use of much of the immediate areas within 

their normal daily range. As soon as rainfall had produced a new crop 

of forbs, or after new leaves had appeared on low deciduous shrubs, the 

quail were observed feeding in areas not previously used. They would 

then feed on the dry seeds, cactus fruits, and other foods that had accu

mulated in these open areas. On the other hand, current rainfall and 

resultant new growth were apparently not always necessary if there was 

a moderate density of either dead grasses and forbs or low shrubs and 

cacti. 

Observations made to determine the use made by quail of the 

more heavily vegetated cattle exclosures on the Santa Rita Experimental 

Range indicated that although some low feeding cover is necessary, dense 
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low ground cover is not desirable. Quail were frequently flushed near 

these exclosures and were observed using them as escape cover, but no 

quail were seen feeding in them. Increased density of perennial grasses 

and the accumulation of dead grass leafage in these exclosures apparently 

increased feeding cover to a point where it excluded choice quail food 

plants. These observations indicated that proper stocking of livestock 

in Gambel's quail range is not detrimental, to the birds and a heavy ground-

cover is not essential. 

Food Selection by Gambel's Quail 

The role played by food supply in determining year-to-year varia

tions in quail numbers was determined by collecting data on quail foods 

and feeding habits during the five years of the study. Data were accumu

lated by analyzing the crop content of birds collected periodically in each 

of the study areas and from similar habitats. Food choice was compared 

with food availability during the various seasons and during wet and dry 

periods. The moisture content of various known foods was determined 

to evaluate the importance of this moisture as a source of water. Crops 

from 221 adult quail were collected and analyzed. These data were 

recorded on a seasonal basis using the following seasons: spring, Feb

ruary through April; summer, May through July; fall, August through 

October; winter, November through January. Of the 221 crops analyzed, 
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36 were collected in the spring, 104 in the summer, 19 in. the fall, and 

72 in the winter. As the birds are not in breeding condition in the fall, 

few quail were collected at this season. Food use was studied primarily 

in its relation to breeding; the fall sample of 19 crops was included pri

marily for comparison with food consumption during the other seasons 

when a more adequate sample size was obtained. 

Adequate sampling, if restricted to the study areas, would have 

depleted the quail population of these areas. Some birds, therefore, 

were collected from the study areas; others were taken from similar 

habitats in other locations. Additional materials from road kills, student 

collections, and fall checking-stations were used. Analysis procedures 

followed those described in Martin, Zim, and Nelson (1951). A standard 

food-analysis card for each specimen was filed in the Arizona Coopera

tive Wildlife Unit and plant foods were identified from plant and seed 

collections at the Unit. Special collections of seeds and plants were 

made for comparison from the study areas and several doubtful food 

items were identified by U. S. Fish and Wildlife Service biologists at 

the Patuxent Research Refuge, Laurel, Maryland, using the federal col

lection of seeds located there. 

Quantitative measurements of food items were made by measur

ing displacement of water in small graduated cylinders and recording 

volumes to the nearest tenth of a milliliter. All items identified were 
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entered on the analysis card, but those that occurred in volumes less 

than 0. 1 milliliter were recorded as "trace". Care was taken to note 

the part of the plant consumed and whether or not the leaves, fruit pulp, 

or flowers were moist and succulent. Seed numbers were counted and 

recorded in the nearest round number. 

Foods consumed by birds are usually expressed quantitatively 

in terms of volume and frequency. These conventional units were used 

in this study, although each had its limitations (Martin, 1949). In the 

presentation by occurrence all crops were included except those contain

ing bait from, banding stations or those that were empty. For volumetric 

analysis a smaller number was included because several had no measur

able volume for the individual items. Crops with one-fourth or more of 

the total volume not identified were also excluded. 

Collection and preservation of the crops differed slightly from 

standard techniques. Before preservation in formalin for later analysis, 

the crop and its contents were weighed. When the crops were taken 

from the preservative and opened in the laboratory for analysis, the con

tents were first inspected and the green or succulent foods identified. 

The contents were dried at 100° C. and reweighed to determine the 

amount of moisture obtained from wild foods. Crop analyses have been 

presented in terms of percent of occurrence and percent of aggregate 

volume of individual items by seasons (Appendix C). In some cases 
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only generic identification has been given because two or more species 

occurred together in the same area and the food fragments were not 

distinguishable. 

No single plant predominated in the foods taken by Gambel's 

quail. On the other hand, one group, the Leguminosae, ranging from 

small, annual forbs to trees, were found to be the most important food-

producing family. One group of plants frequently dominated the diet at 

one season, but for any given elevation or vegetation type there was great 

variation in the foods selected. As noted by earlier investigators, 

(Gorsuch, op. cit. , and Judd, 1905) Gambel's quail are largely vegetar

ian, but their adaptability is further indicated by the amount of insects 

consumed. This varied from less than one to over fifteen percent of the 

diet during any one season. 

Low-growing annual and perennial forbs made up 56. 0 percent, 

46. 2 percent, 69- 8 percent, and 44. 7 percent of the diet in spring, slim

mer, fall, and winter, respectively. Shrubs, trees, and cacti combined 

made up 37. 1 percent, 30 percent, 18. 2 percent, and 42. 1 percent of the 

diet for these four seasons. Leaves and buds that could not be identified 

composed 5. 5 percent, 5. 4 percent, 6. 4 percent, and 4. 1 percent and 

grasses 0. 4 percent, 2. 0 percent, 1. 9 percent, and 7. 6 percent of the 

diet for the four seasons. Animal foods, largely insects, occurred during 

the siimmer rainy season and made up 15. 5 percent of the summer diet 
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but only 0. 9 percent, 1. 7 percent, and 1. 1 percent of the spring, fall, 

and winter food, respectively. These summaries together with the annual 

totals for each group are shown graphically in Figure 6. 

The ten principal plants in terms of individual volume percentage 

of the year-long diet are listed below. The year-long average volume 

of ants consumed is also listed as these insects were the most important 

animal food item in terms of total volume. 

Lotus tomentellus and L. humistratus (Leguminosae) 19.8% 

Erodium cicutarium 14. 4% 

Prosopis juliflora var. velutina (Lieguminosae) 10. 1% 

Lupinus spp. (Leguminosae) 4.2% 

Acacia constricta and A. greggi (Leguminosae) 3.0% 

Cercidium floridum (Leguminosae) 2.7% 

Descurainia sp. 2.5% 

Phorandendron spp. (mistletoe) 2.2% 

Mimosa spp. (Leguminosae) 2.2% 

Carnegiea gigantea 2. 1% 

Formicidae (ants) 2. 0% 

Six of the ten plants, or 42 percent of the total diet, consisted of 

legumes. This may be explained by the fact that legumes are relatively 

abundant in the quail habitat and produce leaves, flowers, seeds, and 

fruits that are highly palatable to these quail. The percentages listed 
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include all parts of the plant consumed: the volumes of buds, flowers, 

leaves, dry seeds, and pod fragments are expressed as average volume 

per year. Where two species were essentially similar and appeared to 

be taken indiscriminately, they have been combined. This list comprises 

65. 2 percent of the yearly diet. The remaining 34. 8 percent consisted 

of numerous other items (Appendix C), none of which comprised more 

than two percent of the total diet for the year. 

Several unusual items were found in the quail crops. These 

included snails, bone fragments, insect eggs, and rodent droppings. 

The latter were found in small amounts at all seasons of the year and 

represented almost one-half of one percent by volume of the winter and 

spring diet. Although these small rodent pellets might have been mis

taken by the birds for seeds, there is a distinct possibility they may have 

been taken intentionally and they may have some nutritional significance 

as they may be a source of Vitamin B . Grit occurred in small quan-

tities in many of the crops. The volume was measured but the percentage 

was not included in the calculations. Grit availability is never a problem 

for this desert species; Gambel's quail consume grit as do all gallina

ceous birds to facilitate the grinding action of the gizzard. 

A high proportion of the diet of these desert quail consists of 

moist, succulent foods (Figure 6). Although dry seeds are important 

and provide a highly concentrated form of nourishment, a high frequency 



48 

of occurrence was recorded for moist berries of shrubs and the fruit 

of mistletoe and cacti. Several of the spring crops examined contained 

little but the blossoms of palo-verde trees, yucca, or mesquite. In 

early summer, saguaro fruit was important in the desert-shrub zone; 

in late summer prickly pear fruit was an important constituent of the 

diet. To determine the moisture percentage of the foods consumed, 

many of the crops were oven dried. Then the contents were moistened 

and allowed to rehydrate before measuring their volume displacement. 

The measured volume of green material may be somewhat less than 

actual volume because of errors introduced by this procedure. 

A comparison of dry seeds to moist foods, including insects, 

gave the following dry to succulent ratios: Spring 50. 2:49- 7, fall 69. 0: 

29. 0, winter 67.2:32. 9 (Table 3). This is of special interest because of 

the probability that breeding stimuli are received from plants produced 

by late winter-early spring rainfall. 

Forb seeds were the most important type of nonsucculent food. 

As indicated in Table 3, this item comprised over one-half of the fall 

diet, although it constituted an appreciable fraction during all seasons. 

Dry seeds of shrubs, trees, and cacti made up almost one-fourth of the 

winter diet and less than this amount during other seasons. Grass seeds, 

on the other hand, were relatively unimportant at all seasons, as were 

the dry animal items. 
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Table 3. Seasonal Consumption of Succulent and Nonsucculent Gambel's 
Quail Foods. * 

1 

Food Item 1 
Volume by Season 

t Spring 1 Stammer 1 Fall 1 Winter 

Nonsucculent food 
pet. pet. pet. pet. 

Forb seeds 40. 7 41. 6 54. 6 37. 1 
Shrub, tree, cacti seed 8. 6 13. 7 12. 3 22. 2 
Grass seeds 0. 4 2. 0 1. 9 7. 5 
Dry animal items 0. 5 0. 2 0. 2 0. 4 

Subtotal 50. 2 57. 5 69. 0 67. 2 

Succulent food 

Forb leaves and flowers 15. 3 4. 6 15. 2 7. 6 
Shrub-cacti leaves, fruit 28. 5 16. 3 5. 9 19. 9 
Grass leaves 0. 0 0. 0 0. 0 0. 1 
Unknown green material 5. 5 5. 4 6. 4 4. 1 
Insects 0. 4 15. 3 1. 5 0. 7 

Subtotal 46. 7 41. 6 29. 0 32. 4 

Total 99. 9 99. 1 98. 0 99. 8 

Expressed as percent of total volume for each season. 
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The leaves, fruit, buds, and flowers of shrubs and trees and the 

fruit and flowers of cacti constituted the highest seasonal and over-all 

percentages of succulent food. The highest seasonal percentage was 

recorded in the spring when over one-fourth of the quail diet was com

posed of leaves, buds, and flowers of many trees and shrubs. This gen

eral category comprised about one-fifth of the winter diet, although during 

this season cacti fruit and berries of various shrubs made up a large 

part of this fraction. Consumption of forb leaves and flowers was great

est during the spring and fall following the winter and summer rainy 

periods, respectively. Succulent animal foods, primarily insects, were 

fairly important in summer but relatively unimportant at all other 

seasons. Gambel's quail apparently make little use of grass leaves. A 

small amount of grass foliage was consumed in winter, but it was not 

recorded at any other season. 

The importance of a plant in the diet did not necessarily correlate 

with its measured abundance in the field. Plant abundance on the study 

areas compared with the consumption of individual plant species yielded 

information on the relative preference expressed by quail for certain 

species. Forbs as a class made up a low (7. 7) percent of the average 

ground-cover but a large (54. 2) percent of the average crop contents. 

The birds showed a high preference for filaree. This species comprised 

8. 3 percent of the diet of birds collected in the spring but only one percent 
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of the spring ground-cover. Although only traces of this forb were 

recorded in the fall and winter ground-cover measurements, crop occur

rences of 36. 8 and 4. 2 percent, respectively, of succulent parts of 

filaree were recorded during these seasons. 

The relative importance and quail's preference for a plant is 

indicated by the ratio of green plant frequency to volume of succulent 

green parts occurring in the crops of birds at a particular season. 

This ratio of spring abundance to spring use of filaree was found to be 

1:8. Other narrow ratios indicated that Lotus spp. (1:100), Lupinus spp. 

(1:20), Descurainia sp. (1:25), and Dalea sp. (1:6) were preferred 

species. Reverse ratios recorded for Amaranthus sp. (36:1) and 

Euphorbia spp. (11:1) indicate only slight use of these relatively abun

dant plants. These ratios indicate the importance of a plant in the diet, 

but they are a true measure of only the succulent parts consumed. The 

food consumption data from the crop analyses were sufficient to show 

this importance of succulence as well as the relative preference for 

individual plant species. 

Moisture Requirements of Gambel's Quail 

Previous investigators (Leopold, Yorhies, and Gorsuch, op. cit. ) 

concluded that Gambel's quail can subsist without open water by feeding 

on berries, leaves, and other succulent parts of plants. Field observa

tions made during the present study also supported this conclusion. Crops 
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from quail collected from areas with no open water usually contained 

moist leaves, buds, fruits, flower parts, and insects. Crops collected 

near open water almost invariably contained less green succulent mater

ial and a higher proportion of dry seeds. The moisture content of the 

crop material varied from less than 15 percent to more than 88 percent, 

depending upon the season and distance from water. Gambel's quail 

were observed to raise young and survive even the driest season in 

drouth years, apparently relying entirely on moisture derived from vege

tation. In the summers of both 1955 and 1956 adult coveys or pairs with 

broods were seen at least three-quarters of a: mile from open water in 

all three study areas. These same coveys were found in essentially the 

same locations in repeated observations made at one-day to two-week 

intervals. The groups could be identified by the size and number of 

young and the total number of individuals. The available open water was 

checked during these same periods and was found to be used only by the 

coveys ranging nearby. Daily movements apparently decreased instead 

of increased during these hot dry periods and adult and young quail were 

attracted to open water only if it was near to or in their daily range of 

movement. The exact distances traveled to obtain water were not deter

mined. 

To ascertain whether adequate moisture was ingested in the food, 

an approximation of both the daily requirement of food and the total water 
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requirement of Gambel's quail was needed. No references were found 

citing Gambel's quail food or water requirements, but Sumner (op. cit. ) 

determined the weight of food eaten daily by California quail using a 

unique method that has been adopted by more recent authors. This pro

cedure consisted of trapping the birds at roosting time, weighing them, 

keeping them overnight and then reweighing them early in the morning. 

As these quail have two feeding periods, one in early morning and one in 

late afternoon, those trapped at roosting time had full crops representing 

approximately half the daily food intake. From the loss of weight during 

the night, the daily (24 hour) loss was derived by multiplying by two. This 

daily loss was considered to be equal to daily intake because body weight 

was stable. Although admittedly a rough estimate, the results are 

believed to be as accurate as food consumption figures obtained under 

the artificial conditions of pen experiments. Based on a sample of 108 

birds taken from September to December, Sumner found the daily food 

intake to be 14. 3 percent of body weight. This calculated daily require

ment for California quail was used in the present study and is assumed 

to approximate the normal food intake of nonlaying Gambel's quail. 

No published figures on water consumption of wild quail were 

found. There is, however, a large body of data on domestic fowl. The 

Committee on Animal Nutrition of the National Research Council (in 

Spector, 1956) reported the minimum daily requirement, in addition to 
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minor quantities of moisture in dry feed, for laying white leghorn hens 

to be 10. 5 percent of the body weight. The daily intake of food moisture 

by Gambel's quail can be approximated by assuming that this domestic 

species has an equal or higher water requirement. The average weight 

of nonlaying mature quail collected during the present study at all seasons 

was 164 grams. Applying Sumner's 14. 3 percent of the body weight as 

the approximate daily food requirement, Gambel's quail would require 23 

grams of food per day. This appears to be reasonable since full crops 

representing food intake for half of the daily feeding period contained 10 

to 1 7 grams of food. If the material consumed contained 50 percent 

moisture, the birds would receive 16. 7 grams of water. This compares 

favorably with 17 grams per day derived from the known water consump

tion of domestic fowl. If these assumptions are valid, quail receiving 

ample food would maintain their water balance on foods containing over 

50 percent moisture. 

Succulent parts of food plants were collected at various seasons 

and dried at 100° C. for 24 hours, and the resulting weight loss expressed 

as percent moisture (Table 4). Buds and flowers averaged 64 percent 

moisture; several fruits had higher moisture percentages and succulent 

material in general averaged about fifty percent moisture. 

Only a minor amount of moisture appears to be added to the foods 

by secretions from the crop lining. The moisture content of crops was 



Table 4. Moisture Content of Some Gambel's Quail Foods. ^ 

Type of Food 
i i 
f Plant Species f 

Moisture 
Content 

Succulent fruit Carnegiea gieantea 
Ferocactus Wislizeni 
CondaJLia lycioides 
Opuntia Engelmannii 
Opuntia versicolor 
Celtis pallida, C. reticulata 

pet. 
82. 6 
67. 3 
84. 8 
82. 5 
87. 7 
58. 9 

Average of succulent fruit 73. 9 

Leaves, buds, 
flowers of 
shrubs and 
cacti 

Acacia Greggii 
Aplopappus tenuisectus 
Beloperone sp. 
Calliandra eriophylla 
Celtis pallida, C. reticulata 
Chilopsis linearis 
Condalia lycioides 
Ephedra trifurca 
Eriogonum Wrightii 
Mimosa biuncifera 
Phoradendron californica on Prosopis, 

Olneya tesota and 
Acacia Greggii 

Prosopis juliflora var. velutina (leaf) 
(buds and flowers) 

65. 1 
68. 9 
56. 5 
54. 7 
62. 5 
63. 4 
48. 7 
51. 0 
31. 6 
41. 5 
57. 6 
59. 3 
61. 1 
56. 6 
63. 6 

Average of leaves, buds, etc. 56. 1 

Leaves of 
forbs 

Ambrosia spp, 
Baileya' multiradiata 
Boerhaavia spp. 
Cuscuta spp. 
Erodium cicutarium 
Helianthus spp. 
Proboscidea spp. 
Rum ex spp. 
Sisymbrium Irio 
Tidestromia spp. 

76. 8 
52. 1 
56. 4 
60. 5 
73. 4 
74. 1 
82. 2 
83. 0 
86. 0 
51. 8 

Average of forb leaves 68. 2 
Dry seeds Average (Amaranthus, Bouteloua,Erodium) 4.8 

* Collected during the growing season and if possible during periods of 
quail use. Each figure is an average of several samples. 
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determined; each contained a single succulent food (filaree leaves, palo-

verde, or mesquite blossoms) with only traces of other food items. 

Moisture content of this ingested food was compared with the average 

moisture content of the same plant parts collected in the field. The 

greatest increase was less than ten percent in the sample of twenty crops. 

The average increase in moisture (7 percent) was within the range of 

possible experimental error. There was little seasonal variation in the 

amount of moisture found in the crops (Table 5). 

Vitamin A Requirement, Natural Storage and Significance in Gambel's 
Quail 

The preceding sections of this study have presented observations 

and measurements pertaining to Gambel's quail reproduction in its rela

tion to certain features of quail habitat. Rainfall variations between years 

and between seasons of the year have been shown to be related to these 

changes. This correlation has been recognized by others, but the specific 

cause has not heretofore been determined. 

The deficiency of nutritional factors derived from green plant 

food was considered to be a possible cause of reduction or lack of breed

ing as well as of a lower survival rate noted in young birds and in adults. 

A lack of a food factor or factors, including vitamins, could readily bring 

about these effects. Vitamins A and E have been shown to be two of the 

nutritive elements commonly associated with bird reproduction (Maynard, 
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Table 5. Moisture in Crop Contents of Gambel's Quail. 

i t 
1 Month 1 

t i 

Number 
in 

Sample 

i i 
, Moisture t  

, Content , 

F raction 
of body 
wei ght 

pet. pet. 
Crops containing less June 19 70. 4 3. 9 
than 50% green mater July 2 75. 2 5. 7 
ial November 7 61. 8 3. 8 

December 3 64. 7 1. 7 
April 2 63. 6 2. 8 
May- 6 65. 4 2. 1 

Average 39 66. 8 3. 3 

Crops containing more June 6 48. 6 2. 9 
than 50% green mater July 2 38. 9 1. 3 
ial November 1  45. 9 

00 CO 

December 10 45. 8 3. 1 
April 1 40. 0 . 1. 8 
May 1 46. 8 2. 7 

Average 44. 3 2. 6 
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1951). Of these, vitamin E (the tocopherols) was considered less impor

tant as a limiting factor because of its abundance in most of the dry 

seeds that form an important year-round food of Gambel's quail. Caro

tene, the precursor of vitamin A, however, is contained in green foliage, 

and few native plant seeds consumed by this quail contain appreciable 

amounts of this vitamin. Because of the apparent relationship between 

production of green food and quail reproduction, and also because vitamin 

A is of known importance to bird reproduction, the effect of vitamin A 

deficiency on reproduction was undertaken as a major phase of this study. 

Carotene is converted to vitamin A after the food is assimilated. 

This vitamin is then stored in the liver until used. Although the liver 

is the primary storage organ in both mammals and birds, the higher 

requirement and smaller liver size of birds in proportion to body size 
! 

make a continuous carotene intake more essential. Beck (1942) demon

strated a relationship between precipitation and carotene content of plants 

in- a study that showed an appreciable reduction in carotene content of 

plants during drought. It was assumed that insofar as rainfall variations 

in southern Arizona control plant growth they mip11 also control sources 

of this nutrient. 

The vitamin A and other nutrient requirements of bobwhite quail 

have been reported by Nestler (1949a). The minimum requirement for 

winter survival was established at more than 1,000 International Units 
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(I. U. ) per pound of feed. A very low survival rate was reported after 

removing all vitamin A from the diet for a two-week period from birds 

previously fed a ration containing 2,000 I. U. per pound of feed (Nestler, 

1949a). Nestler (1946, 1949a, and 1949b) also found that a deficiency of 

this vitamin in the diet of either hens or growing chicks resulted in a 

reduction in breeding during the next breeding period. 

Few authenticated cases have been reported of losses of wild 

birds of any species due to a vitamin A deficiency. These few investi

gations have been restricted to bobwhite and other more northern game 

birds and were made to determine whether winter losses were due to 

carotene being unavailable because of snow or ice covering plants used 

as food. Southwestern climatic conditions are entirely different from 

those of these northern studies even in areas within the Southwest where 

bobwhite occur. Natural foods are seldom- unavailable because of snow, 

icestorms, or lack of protective cover. However, critical deficiencies 

may develop during the dry seasons and green foods have been shown to 

play an important role at this time. 

Lehmann (1953) reported that active breeding by bobwhite in 

Texas was associated with lush range. The same study showed that 

high populations and better survival of young occurred in the second of 

two successive years of atypically favorable rainfall. During a drought 

in 1950-1951 a heavy bobwhite mortality was observed. At this time the 
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individual liver storage average 132 I. U. per gram of liver with reserves 

as low as 40 I. U. or less in over one-fifth of the study specimens. The 

quail quickly attained high vitamin A reserves when generous rains fell. 

Wallmo (1956), in a Texas study made in 1953 and 1954, measured the 

storage of vitamin A in a small sample of scaled quail. He concluded 

from the study and from Lehmann's (op. cit. ) bobwhite study that vitamin 

A plays a part in the productivity of scaled quail through a mechanism 

relating precipitation and the resulting production of green vegetation. 

Controlled-feeding Tests: At the beginning of the present study 

it appeared essential to determine the minimum vitamin A requirement 

of breeding Gambel's quail. Although Gambel's quail and bobwhite are 

similar in many ways, it was not known whether the established minimum 

requirements for bobwhite would apply to this desert species. In the more 

arid parts of its Arizona range Gambel's quail exists in habitats receiving 

an average of less than four inches of precipitation annually. The only 

southwestern study of bobwhite (Lehmann, op. cit. ) was conducted in an 

area with the relatively high annual rainfall of more than 34 inches. In 

view of these climatic differences, it seemed possible that one adaptation 

of Gambel's quail that might allow it to live under desert conditions could 

be the ability to survive and reproduce on a relatively low intake of caro

tene. For this reason two separate controlled feeding experiments were 
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conducted to determine the breeding requirement and associated storage 

of vitamin A in the livers of Gambel's quail. Data from these controlled-

feeding studies supplemented vitamin A data from wild birds. These 

latter analyses were made to determine natural vitamin A storage during 

wet and dry years. 

In the first feeding test four pairs of wild-trapped adult quail 

were fed a controlled diet from May 8th to September 30th, 1953. Both 

pairs received a ration containing alfalfa meal to which commercial Beta 

carotene had been added to give the desired vitamin A level. Two pairs 

were fed this diet at a 1,500 I. U. level; two at a 3,000 I. U. level. These 

birds were kept in a four-unit McCarthy-type quail pen with a wire floor 

and their original vitamin A storage was depleted by feeding them a puri

fied vitamin-A-free diet for twenty days before the controlled diet was 

begun. The constitutents of this diet are given in Appendix D. 

The hens receiving vitamin A at the 1, 500 I. U. level laid no eggs; 

the two at the 3, 000 I. U. level produced 46 eggs (Table 6). Note that 38 

of the eggs were laid by one hen; eight were laid by the other. This vari

ation as well as the small sample size make these figures incapable of 

statistical analysis, but they indicate an apparent affect of carotene on egg 

production. The birds surviving from this experiment were saved for 

the more extensive experiment which followed. 
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Table 6. Effect of Carotene Level on Egg Production of Gambel's 
Quail. 

Pair 

1 Vitamin 1 

> A ' 
1 Level 1 

Days 
on 

Diet 

i i 
i Daily , 
, Intake , 

Eggs 
Laid 

i i 
t Egg i 
, Fertility , 

Weight 
Change 

I. U. /lb. no. grams no. pet. pet. 

1 3,000 107 10. 3 38 29 - 9 

2 3,000 107 10. 2 8 38 * 

3 1,500 122 10. 3 0 0 - 10 

4 1,500 64 * 0 0 * 

Not determined because of change of mate. 
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A second controlled diet was fed to twelve pairs of quail from 

mid-March to September 1954. These birds were divided into two 

groups of six pairs and fed a purified diet containing two levels of 

crystalline vitamin A alcohol. The composition of this diet, which was 

recommended and developed by the University of Arizona Agricultural 

Biochemistry Department, is given in Appendix D. The vitamin A 

alcohol was first recrystallized and then mixed with an ample amount 

of alpha tocopherol. The addition of this vitamin E source completed 

the diet and reduced oxidation and loss of vitamin A from the feed 

through the antioxidant effect of the tocopherol. The vitamin A and the 

tocopherol were mixed with Wesson oil before they were added to the 

base ration. The oil acted as a wetting agent making the finely ground 

diet more palatable. The freshly mixed feed was analyzed for vitamin 

A content. The unconsumed feed left in each pen was replaced by fresh 

feed of known vitamin level at three-day intervals. As vitamin A content 

was found to drop rapidly when the feed was exposed to the sun and air in 

the feeding trays, the residue was analyzed to find the vitamin A content 

at the time of removal. The average vitamin level of the fresh feed and 

of the residue was considered to be the level of vitamin A consumed by 

the birds during each three-day period. This averaged 1,940 I. U. and 

4, 050 I. U. per pound of feed for the entire experiment. The analysis 
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procedure followed was that recommended by the Official Association 

of Agricultural Chemists (1952) for vitamin A assay. 

Twenty-eight eggs were laid by the six hens on the lower 

vitamin level; 35 by the six on the higher level (Table 7). This was 

much below the expected or normal laying rate, which would have been 

at least 12 eggs per hen or 72 eggs. Fertility and hatchability were 

also low; 72 percent and 3 percent, respectively, for the 1,949 I. U. 

level and 65 percent and 8 percent for the 4,050 I. U. levels. The birds 

fed at the lower level had an average weight loss of 12. 0 percent of their 

body weight during the experiment; those on the higher level gained 6. 6 

percent. 

Low egg production during the first trial in 1953 indicated that 

a higher level of carotene was necessary. Results of this trial were 

deemed inconclusive because of the small sample size and the late start 

(May) in the spring. In the second feeding trial conducted in 1954, vita

min A was supplied in place of carotene. In this phase of the study the 

two previous levels were doubled in an attempt to find the necessary 

minimum level. The loss of vitamin A from the exposed feed, however, 

was found to have reduced the level actually consumed to approximately 

that fed the birds in the first experiment when carotene was used. 

Although minimum breeding requirement was not determined, certain 

facts became evident. These were: (1) egg production was subnormal 
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Table 7. Effect of Level of Vitamin A on Egg Production in Gambel's 
Quail. 

I. U. /lb. 
Feed 

i i 

' Pair 1 

1 I 

Time ' 
on diet 

i 

Daily ' 
Intake 

r 

Eggs 
Laid 

Fer
tility 

' Hatch-
ability 

' Weight 
Change 

days grams no. pet. pet. pet. 

1 150 7. 3 11 54 0 -14. 2 
3 85 7. 9 1 broken broken -24. 3 

1,949 5 190 6. 9 0 0 0 + 11. 4 
7 82 6. 6 8 75 12 + 7. 5 
9 86 7. 8 8 87 0 -10. 1 

11 88 6. 5 0 0 0 -27. 3 

Averages: 7. 2 7. 0* 72* 3* -12. 0 

2 150 6. 7 2 50 0 +15. 8 
4 190 7. 6 10 60 0 +14. 8 

4,050 6 83 7. 4 14 71 0 +21. 9 
8 85 6. 5 0 0 0 - 6. 9 

10 180 7. 7 9 78 33 - 5. 7 
12 150 6. 8 0 0 0 -10. 0 

Averages: 7. 1 8. 7* 64. 7* 8 . 2 *  + 4. 9 

Average of those laying. 
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with either carotene or vitamin A at the two levels, (2) higher egg pro

duction was obtained at the higher levels, and (3) bird weights were 

higher at the higher levels. The results of both feeding experiments 

indicate, therefore, that vitamin A as well as its precursor carotene 

influence the breeding, egg production, and hatchability of the eggs of 

Gambel's quail much as they do these reproductive aspects of bobwhite 

quail. 

The optimum vitamin A level necessary for reproduction was 

not determined but appears to be above 4,000 I. U. per pound of feed, or 

1 8 0  I .  T J .  p e r  d a y  f o r  s u c c e s s f u l  e g g  p r o d u c t i o n  i n  c o n t r a s t  t o  t h e  1 0 0  I .  U .  

per day for bobwhite (Nestler, op. cit. ). The exact level should be more 

accurately determined using a larger numb'er of birds to give a greater 

sample size and to compensate for the death losses which resulted from 

egg obstruction, enteritis, and blood parasitism under the penned condi

tions and unnatural foods (Hungerford, 1955). 

The amount of vitamin A stored in the livers of the birds was 

determined after the conclusion of the second experiment for comparison 

with the amount stored by breeding and nonbreeding wild quail. Four 

birds from each of the two levels of vitamin A were killed and their livers 

weighed and analyzed. Those fed 1,949 I. U. per pound had an average 

total liver storage of 588 micrograms or 163 micrograms per gram of 

liver. Those fed 4,050 I. U. per pound of feed had an average of 626 
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micrograms per liver or 165 micrograms per gram. On the basis of 

the 180 I. U. per day estimated to be required for successful egg produc

tion, this storage represents only slightly more than a one-day supply 

(1 I. U. = 0. 3 micrograms) for the birds which received the highest level 

in the diet. 

Vitamin A Storage in Wild Gambel's Quail: Changes in the abun

dance of suitable green plant foods were found to be reflected in the amount 

of vitamin A stored in the livers of Gambel's quail. The importance of 

this variation in vitamin A storage, and its relation to the intensity of 

breeding was explored by the analysis of 178 quail livers collected from 

1953 to 1957. These collections were made in the desert-shrub, desert-

grassland, and chaparral vegetation zones. The birds were collected 

during the critical early spring breeding period; for comparative purposes 

others were taken during the spring dry season, the summer rainy period, 

and the fall dry period. Vitamin A content of the livers was determined 

by the procedure described by Vavich and Kemmerer (1950). 

During 1953, the first year of collection, 69 livers were analyzed. 

The data for this year showed a consistent decrease in vitamin storage 

from high-elevation to low-elevation habitat (Figure 7). Thus, the great

est storage was recorded in chaparral and the least in desert-shrub. A 

similar decrease in precipitation was noted. At the two lower elevations 

a moderately high storage was recorded during the early breeding season 
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(January through April) and after summer rains (July and August) with 

a considerable reduction during the intervening spring dry period (May 

through June). The livers from birds in the chaparral zone, on the 

other hand, maintained a high storage level during all these periods 

(Figure 7). Rainfall during May and June in chaparral was 60 percent 

below normal, but storage apparently remained high due to vegetation 

produced by the ample earlier precipitation. 

Total rainfall for the first half of 1953 was normal or slightly 

above normal. At the three permanent weather stations, 109, 96, and 

59 percent of the station average was recorded in desert-shrub, desert-

grassland, and chaparral, respectively. 

The production of green annuals following ample early precipita

tion correlated with quail breeding response. Winter annuals appeared 

in all three study areas by November 1, 1952, and continued winter rains 

gave the ranges an over-all green appearance by the time of the first 

quail collection in January 1953. Additional rains fell in mid-February, 

and many winter annuals that had started to dry resumed growth. By 

March, however, vegetation types became progressively drier starting 

with the lowest elevation in desert-shrub. The progressive drying of the 

ranges was reflected in reduced vitamin A storage by June in desert-

shrub, the lowest zone and the first to show a curing of vegetation. Annuals 

did not resume growth until after the beginning of the summer precipita

tion in July. 
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This (1953) was considered to be a normal or good quail produc

tion year. Numerous broods were seen and seven out of the ten females 

collected in May had been laying. Several broods were seen in June, 

but no nests were found and none of the hens collected was laying. 

The amount of vitamin A storage during the early breeding period 

appears to serve as a measure of the probable breeding rate later in the 

season. This relationship was apparent when the 1953 spring storage 

was compared with that of later years. The greatest fluctuation in liver 

storage occurred in birds from the desert-shrub, the type that usually 

received the least precipitation. The average total spring storage in 

1953 (1, 575 micrograms) and 1957 (1,306 micrograms) was approximately 

six to seven times that of 1956 (207 micrograms). The January to April 

precipitation for 1953, 1957, and 1956 was 115 percent, 117 percent, and 

70 percent of normal, respectively. The quail breeding success for these 

years was shown by the percentage of juvenile birds in the fall population 

(Gallizioli and Webb, op. cit. ). During the two wet years (1953, 1957), 44 

percent and 77 percent of the fall population was composed of young pro

duced that year in contrast to only 20 percent during the dry year, 1956. 

A direct comparison through the four-year collection period could not be 

made because of unequal samples of collected birds and a lack of 1955 

spring data. 
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Reduction in breeding activity observed from February through 

April of the dry years and the lack of development of testes and ovaries 

of collected quail further indicated a relationship between precipitation, 

green plant production, and vitamin A. The exact level of natural stor

age required by these quail for normal reproduction was not determined 

and would probably vary considerably between individuals. When average 

reserves, however, were below 550 micrograms per liver or 175 micro

grams per gram of liver, the sex organs showed reduction in breeding 

development during the normal breeding period. This observed level was 

comparable to the 625 micrograms per liver or 165 micrograms per 

gram of liver stored by the birds fed the higher level of vitamin A during 

the previously described feeding experiments. Few eggs were produced 

by these penned birds and hatchability of the eggs was low. The experi

mental diet and captivity may have been factors further reducing their 

reproduction. 

The average storage level was apparently affected by plants other 

than annuals during the warmer seasons of the year. Beginning in late 

May and early June, growing conditions were good for the relatively deep-

rooted trees and shrubs. Mesquite and palo-verde adjacent to foothill 

washes at the base of the desert mountain ranges, for example, produced 

leaves and flowers even though no moisture was available in the surface 

soil. Crop analyses showed that quail utilized succulent parts of these 
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plants as food. Vitamin A storage appeared to be affected by an abun

dance of edible perennial growth. No definite correlation between rain

fall and storage was found during the nonbreeding seasons and none was 

found in mid and late summer. Sufficient green vegetation to prevent 

complete vitamin A depletion was apparently present in all areas in even 

the driest years. Although average storage levels as low as 207 micro

grams per liver were recorded, this total storage level was not consid

ered to be low enough to threaten quail survival. 

Vitamin A storage may be rapid and marked when rain falls follow

ing a period without significant precipitation. After the dry winter and 

spring of 1955-1956, total average liver storage increased from 230 

micrograms in April to 1,430 micrograms in early June soon after the 

summer rains began. No data were obtained following the dry winter of 

1954-1955. However, in view of the low precipitation during the spring 

of 1954 (only 0. 04 inches from February 15 until early June), the vitamin 

A level by the first of June may be assumed to have been low. An early 

June rain deposited from 0. 50 to 0. 70 inches on all three study areas. 

Birds collected eight days later showed a high storage level. Those from 

the desert-shrub averaged 2,325 micrograms per liver; those from the 

desert-grass land averaged 1, 480 micrograms; and those from the chap

arral 2,737 micrograms. The crops of all birds contained a high percent

age of green sprouting seeds, A similar use of new green feed and a 
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rapid increase in liver storage was reported by Lehmann (op. cit. ) in 

Texas bobwhite. 

Considerable variation in both, the individual and average vitamin 

A storage was found in the collections made in 1954 through 1957. The 

data collected during these years showed no regularity in seasonal stor

age during this period. They did show greater variation from normal 

seasonal and yearly precipitation than in 1953. The average storage from 

all collections is given in Appendix E. 

These results indicate that an additional factor should be consid

ered in the management of Gambel's quail. Previous investigators have 

suggested quail management measures that include maintenance of habitat 

through proper grazing, increasing water supply, and increasing food and 

cover plants. With adequate winter rainfall, quail production can be 

improved by these measures. Conditions during the course of this study, 

however, indicate a need for increasing the availability of green food in 

late winter and early spring by either natural or artificial means. An 

added carotene source made available during the critical months from 

January to April might stimulate and support quail reproduction. This 

seems to be the only logical management procedure toward this end 

other than artificial sources of vitamins, man-caused increases in winter 

and spring rainfall or extensive transplanting of quail from the higher 

areas to lower habitats following depletion. Experiments should be con
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ducted to determine the effect on quail breeding of providing additional 

carotene by growing cultivated plants as well as the effect if distributing 

pellets containing vitamin A at critical times. The techniques of produc

ing and distributing such temporary vitamin sources present a consider

able challenge and call for a much higher intensity of management than 

is now in practice. 



CHAPTER III 

SUMMARY 

Seasonal and yearly changes in the quality of their habitat 

require that Gambel's quail be adaptive. All American quail are birds 

of low mobility and do not move to more favorable areas when under 

stress. The various species have developed adaptations that allow them 

to occupy varied vegetation types and climatic regions. 

In southern Arizona Gambel's quail use high-moisture-content 

foods to compensate for a deficiency or lack of drinking water. During 

some seasons of the year insects are consumed for the same reason. 

Throughout the hot midday period the quail are inactive and seek dense 

cover to conserve body moisture. 

Aji important adaptation of Gambel's quail is a change of breeding 

rate with yearly differences in habitat quality. Rate of breeding is gov

erned by the amount of late-winter and spiing rainfall and its effect on 

the production of green plants. Green plant food is necessary to stimulate 

development of the reproductive organs of both sexes, to stimulate egg 

production and to increase hatchability of the eggs and survival of the 
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young. More young are produced when habitat quality is good, but there 

is a reduction or lack of breeding in drouth years when habitat quality is 

poor. 

The stimulating factor derived from green plants that controls 

the rate of breeding is either carotene or an accompanying substance 

similarly assimilated, stored, and depleted. The birds must have a liver 

storage of converted vitamin A at a level above 175 micrograms per gram 

of liver. The years of best production and survival are associated with 

ample green annual plants and a liver storage of at least 350 micrograms 

during the interval of January through March. 

The yearly production of young quail is the most important factor 

controlling their numbers. The short normal life-span of these birds 

increases the importance of an annual increment and in contrast hunting, 

predation, water availability, disease, and parasites are secondary fac

tors. The abundance and arrangement of food and cover determine the 

presence or absence of quail in a given area, but continued yearly produc

tion of young is necessary to maintain a high population. 

During favorable years with ample winter precipitation there is 

little difference in the production of young quail from the lowest eleva

tions in low desert to the highest elevations in chaparral. An increase 

in land elevation, however, causes an increase in precipitation sufficient 

to change this normal pattern in less favorable years. From higher to 
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lower elevations there is a progressive reduction in green plant foods, 

a lower average vitamin A reserve, and fewer young quail produced. 

Following a series of years of low winter rainfall only a remnant stock 

of quail may remain in the low desert, yet a moderate density may be 

produced and maintained in desert-grassland and chaparral. 

Proper management, including the addition of new sources of 

carotene, might increase quail production and quail density. This would 

be especially desirable in lower desert-shrub type, but it could benefit 

the entire population during dry years. 
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Appendix A. Seasonal Precipitation Recorded on the Study Areas. 

1 
Study Area and , 
Nearby Permaneit, 
Weather Station , 

Year 

1 Jan. , Feb. , 
1 March 

1 Apr. , May, 
1 June 

1 July, Aug., 
' Sept. 

' Oct. , 
' Dec 

Nov. , i 
, Yearly Total 

1 
Study Area and , 
Nearby Permaneit, 
Weather Station , 

Year 1 Study 
1 Area 

Perm. 
Sta. 

1 Study 
1 Area 

Perm. 
Sta. 

1 Study 
1 Area 

Perm. 
Sta. 

1 Study 
1 Area 

Perm. 
Sta. 

' Study 
1 Area 

Perm. 
Sta. 

inches inches inches inches inches 
Gibbon Springs 
and Sabino Canyon 1955 2. 00 0.49 7. 88 7. 24 0. 58 0. 35 10. 08 
"Weather Bur. Sta. 1956 1. 49 1. 68 0. 51 0. 50 4.21 4. 16 0. 70 0. 67 6. 91 7. 02 

1957 4. 89 5. 80 0. 80 0. 85 4. 85 3. 39 5. 78 5. 53 16. 32 15. 56 

Santa Rita 1955 _ _ 2. 16 0. 00 0. 00 7. 82 7. 52 1.40 1. 71 _ _ 11. 39 
and Forest Serv. 1956 1. 95 1. 87 0. 93 0. 93 2. 04 1. 91 0. 81 1.22 7. 73 5. 93 
Records 1957 3.48 2. 99 0. 85 0. 58 8. 27 6. 44 2. 68 2. 69 15. 28 12. 70 

Mary West 1955 3. 04 1.29 8. 17 7. 52 2.40 2.40 — _ 14. 25 
and Oracle 1956 3. 51 3. 80 1.21 1. 01 6. 32 5. 96 3. 06 2. 55 14. 10 13. 32 

Weather Bur. Sta. 1957 8. 72 7. 94 1. 76 1.48 ' 6. 57 4. 49 10. 11 8. 62 27. 16 22. 53 

The figures for these study areas are the averages of two or three gauges. 

oo 
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Appendix B 

Plants Recorded on Transects 

DESERT-SHRUB 

Forbs 

Allionia incarnata 
Amaranthus Palixieri 
Ambrosia artemisifolia 
Amsinckia intermedia 
Aster abatus 
Baileya multiradiata 
Boe rhaavia coccinea 

B. Coulteri 
Bowie sia incana 

Phlox tenuifolius 
Senecio neomexicanus 

Cassia Covesii 
Encelia farinosa 
Eriastrum diffusum 
Eriogonum deflexum 

E. densum 
E. Thurberi 

Erodium cicutarium 
Euphorbia capitellata 

E. polycarpa 
Heliotropium curassayicum 
Hymenoxys odorata 
Kallstroemia californica 

K. grandiflora 
Lepidium Thurberi 
Lesquerella Gordoni 
Lotus Wrightii 

L- humistratus 
L. tomentell' s 

Lupinus sparsiflorus 
Monolepis Nuttalliana 
Nama hispidum 
Oenothera primiveris 
Perezia nana 
Phacelia crenulata 
Plantago Purshii 
Proboscidea parviflora 
Psilostrophe Cooperi 

Sida procumbens 
Sis ymbrium Irio 
Sphaeralcea ambigua 
Tidestromia lanuginosa 
Trianthema portulacastrum 
Verbesina encelioides 
Zinnia pumila 

Grasses 

Aristida adscensionis 
A. purpurea 

Heteropogon contortus 
Bouteloua aristidoides 
Chloris virgata 
Cynodon dactylon 
Muhlenburgia Porteri 
Panicum obtusum 
Setaria macrostachya 

S. yiridis 
Trichachne californica 
T ridens pulchellus 

Trees and Shrubs 

Applopappus tenuisectus 
Cercidium floridum 
Eriogonum "Wrightii 
Franseria ambrosioides 
Prosopis juliflora 

var. velutina 

DESERT - GRASS LAND 

Forbs 

Allionia incarnata 
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DESERT-GRASSLAND (cont'd) 

Forbs (cont'd) 

Amaranthus Palmeri 
Ambrosia artemisifolia 
Amsinckia intermedia 
Atriplex linearis 
Baileya multiradiata 
Boerhaavia coccinea 

B. Coulteri 
Bowie sia incana 
Cucurbita digitata 

C. foetidissima 
Dyssodia accrosa 
Eriastrum diffusum 
Eriogonum deflexum. 

E. densum 
E. Thurberi 

Euphorbia capi.tellata 
E. polycarpa 

Evolyulus arizonicus 
Erodium cicutarium 
Funastrum heterophyllum 
Heliotropium curassavicum 
Hymenoxys odorata 
Ipomoea coccinea 
Janusia gracilis 
Kallstroemia californica 
Lepidium Thurberi 
Lotus humistratus 

L. tomentellus 
Lupinus sparsiflorus 
Nam a hispidum 
Nemocladus glanduliferus 
Nicotiana trigonophylla 
Phacelia crenulata 

P. distans 
Physalis Wrightii 
Portulaca suffrutescens 
Psilostrophe Cooperi 
Sedum Griffiths ii 
Sida pxocumbens 
Sisymbrium Irio 

Tidestromia lanuginosa 
Yerbesina encelioides 
Veronica didyma 

V. americana 

Grasses 

Aristida divaricata 
A. ternipes 
A. glabrata 
A. adscensionis 
A. purpurea 

Heteropogon contortus 
Bouteloua aristidoides 

B. barbata 
B. curtipendula 

Bouteloua filiformis 
B. eriopoda 
B. hirsuta 
B. Rothrockii 

Bromus arizonicus 
Eragrostis Lehmanniana 
Leptochloa dubia 
Muhlenber gia Porte ri 
Panicum arizonicum 

P. capillare 
P. obtusum 
P. scribnerianum 

Setaria macrostachya 
S. viridis 

Sporobolus cryptandrus 
Stipa comata 
Trichachne californica 
Tridens muticus 
Festuca octoflora 

Trees and Shrubs 

Applopappus tenuis ectus 
Acacia Greggii 
Anisacanthus Thurberi 
Beloperone californica 
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DESERT-GRASS LAND (cont'd) 

Trees and Shrubs (cont'd) 

Condalia lycioides 
Ephedra trifurca 
Eriogonum Wrightii 
Prosopis juliflora 

var. velutina 

CHAPARRAL 

Forbs 

Amaranthus Palmeri 
Ambrosia artemisifolia 
Amsinckia intermedia 
Boerhaavia coccinea 

B. Coulteri 
Bowiesia incana 
Convolvulus arvensis 
Cuscuta indecora 
Dyssodia acerosa 
Eriogonum Abertianum 
Eriogonum densum 

E. Thurberi 
Euphorbia capitellata 

E. polycarpa 
Eyolvulus arizonicus 
Erodium cicutarium 
Helianthus petiolaris 
Heliotr opium curassavicum 
Ipomoea coccinea 
Janusia gracilis 
Lotus Wrightii 

L. humistratus 
L. tomentellus 

Lupinus sparsiflorus 
Margaranthus solanaceus 
Maurandya antirrhiniflora 
Nama hispidum 
Plantago Purshii 
Psilostrophe Cooperi 

Sarcostemma cyanchoides 
Sanguis orba minor 
Sedum Griffiths ii 
Sisymbrium Irio 
Sphaeralcea Coulteri 
Tidestromia lanuginosa 
T rianthema Portulacastrum 
Verbena bracteata 
Veronica didyma 

Grass es 

Andropogon barbinodis 
Aristida divaricata 

A. ternipes 
A. glabrata 
A. adscensionis 
A. purpurea 

Heteropogon contortus 
Bouteloua aristidoides 

B. curtipendula 
B. eriopoda 
B. gracilis 
B. hirsuta 
B. Rothrockii 

Bromus arizonicus 
Chloris virgata 
Eragrostis Lehmanniana 
Koeleria cristata 
Leptochloa dubia 
Setaria macrostachya 

S. viridis 
Sporobolus cryptandrus 
Stipa comata 
T richachne californica 
Tridens pulchellus 

T, muticus 



CHAPARRAL (cont'd) 

Trees and Shrubs 

Applopappus tenuisectus 
Acacia Greggii 
Calliandra eriophylla 
Briogonum Wrightii 
Rhus ovata 

R. trilobata 
Krameria Greggii 

(Plus unknown annual and 
perennial grasses and unknown 
forbs in each of the three vege
tation types. ) 
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Appendix C 

Seasonal Importance of Gambel's Quail Foods 

by Percentage of Occurrence and Volume 

' Spring ' Summer ' Fall ' Winter 
Food Item * 1 Occ. Vol.'Occ. Vol.'Occ. Vol.'Occ. Vol. 

**' (36) (35) ' (104) (100)'(19) (19) 1 (72) (60) 

% % % % % % % % 
Forbs 

Erodium cicutarium. 33. 3 3. 0 54. 8 17. 1 89. 5 22. 9 41. 7 6. 5 
leaves 8. 3 5. 1 1. 9 0. 7 36. 8 5. 4 2. 8 5. 6 
flowers 0. 0 0. 0 1. 9 0. 1 5. 3 3. 6 1. 4 T 

Lotus humistratus 30. 5 13. 9 29. 8 14. 4 73. 7 26. 5 12. 5 7. 4 
leaves 2. 8 1. 4 1. 9 0. 2 5. 3 4. 2 T 0. 9 
flowers 0. 0 0. 0 1. 9 0. 6 0. 0 0. 0 0. 0 0. 0 

Lotus tomentellus 13. 9 5. 7 5. 8 0. 4 0. 0 0. 0 18. 0 3. 6 
leaves 0. 0 0. 0 1. 9 T 0. 0 0. 0 1. 4 0. 0 
flowers 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 

Lupinus spp. 5. 5 2. 9 2. 8 1. 4 0. 0 0. 0 13. 9 12. 3 
Unknown forbs 16. 7 2. 1 1. 9 0. 6 5. 3 0. 5 7. 3 0. 0 

leaves 19. 4 5. 9 31. 7 1. 6 31. 6 0. 3 6. 9 0. 1 
Unknown legume 2. 8 1. 7 1. 9 0. 3 0. 0 0. 0 4. 4 0. 1 

leaves 2. 8 T 2. 8 T 0. 0 0. 0 0. 0 0. 0 
Unknown compo sitae 5. 5 0. 2 5. 9 0. 4 0. 0 0. 0 0. 0 0. 0 

leaves T T 1. 9 0. 1 0. 0 0. 0 0. 0 0. 0 
flowers 0. 0 0. 0 1. 9 X. 0 0. 0 0-. 0 0. 0 0. 0 

Unknown seeds 8. 3 0. 3 3. 1 1. 4 10. 5 T 9. 7 0. 6 
Helianthus spp. 2. 8 0. 5 1. 0 0. 3 0. 0 0. 0 0. 0 0. 0 

leaves 0. 0 0. 0 1. 0 0. 1 0. 0 0. 0 0. 0 0. 0 
Euphorbia spp. 5. 5 T 1. 0 0. 2 5. 3 0. 8 0. 0 0. 0 

leaves 2. 8 0. 2 0. 0 0. 0 5. 3 1. 7 4. 1 T 
Amaranthus Palmeri 8. 3 0. 6 2. 9 T 5. 3 0. 5 1. 4 • T 
Brassica spp. 0. 0 0. 0 5. 8 0. 0 5. 3 1. 0 1. 4 0. 3 
Capsella Bursa-pastoris a 0 

o
 • 

o
 0. 0 

o
 • 

o
 0. 0 0. 0 2. 8 T 

Bidens bipinnata 0. 0 0. 0 1. 0 T 0. 0 0. 0 0. 0 0. 0 
leaves 0. 0 

o
 • 

o
 1. 0 0. 2 0. 0 0. 0 0. 0 0. 0 

Verbesina encelioides 0. 0 

o
 • 

o
 2. 8 0. 6 5, 3 1. 5 1. 4 T 

Physalis spp. 0. 0 0. 0 1. 0 T 0. 0 0. 0 2. 8 T 
Ambrosia spp. 0. 0 0. 0 1. 0 T 0. 0 0. 0 0. 0 

o
 • 

o
 

Amsinckia intermedia 

o
 • 

o
 0. 0 1. 9 T 0. 0 0. 0 0. 0 0. 0 

* Seeds unless otherwise stated. 
**Number of crops in sample. 
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Food Item 
Spring Summer Fall Winter 

'Occ. Vol. ' Occ. Vol. ' Occ. Vol. ' Occ . Vol 

% % % % % % % % 

o
 

o
 

0. 0 

o
 • 

o
 0. 0 0. 0 0. 0 2. 8 T 

5. 5 0. 1 1. 0 T 0. 0 0. 0 0. 0 0. 0 
0. 0 

o
 • 

o
 3. 8 0. 2 0. 0 0. 0 1. 4 0. 1 o

 • 

o
 0. 0 1. 0 T 0. 0 0. 0 0. 0 0. 0 

T T 1. 0 T 0. 0 0. 0 2. 8 1. 4 
0. 0 

o
 • 

o
 1. 9 T 0. 0 0. 0 0. 0 0. 0 

0. 0 0. 0 1. 9 o
 

« 0. 0 0. 0 0. 0 0. 0 
2. 8 T 1. 0 0. 1 0. 0 0. 0 1.4 T 
0. 0 0. 0 2. 8 T 0. 0 0. 0 0. 0 0. 0 o

 • 

o
 0. 0 2. 8 T 0. 0 0. 0 2. 8 0. 7 

0. 0 o
 

• o
 

0. 0 

o
 • 

o
 0. 0 0. 0 4. 1 0. 9 

0. 0 0. 0 1. 0 T 0. 0 0. 0 0. 0 0. 0 
5. 5 4. 1 4. 8 1. 9 0. 0 0. 0 1. 4 0. 4 
0. 0 2. 0 1. 0 T 0. 0 0. 0 1. 4 1. 0 
0. 0 0. 7 1. 0 T 0. 0 0. 0 0. 0 0. 0 
0. 0 0. 0 1. 0 0. 1 0. 0 0. 0 1. 4 0. 4 
0. 0 0. 0 1. 0 T 

o
 • 

o
 0. 0 4. 1 1. 9 

0. 0 0. 0 

o
 • 

o
 0. 0 5. 3 T 4. 1 T o

 • 

o
 0. 0 0. 0 

o
 • 

o
 

o
 • 

o
 0. 0 1. 4 0. 5 

2. 8 0. 5 0. 0 0. 0 

o
 • 

o
 0. 0 0. 0 

o
 • 

o
 

2. 8 T o
 

• o
 o

 • 

o
 0. 0 0. 0 0. 0 0. 0 

5. 5 2. 9 

o
 • 

o
 0. 0 

o
 • 

o
 0. 0 0. 0 0. 0 

0. 0 0. 0 2. 8 0. 9 5. 3 0. 9 0. 0 0. 0 
0. 0 0. 0 1. 0 T 

o
 • 

o
 0. 0 0. 0 0. 0 

0. 0 0. 0 1. 0 T 0. 0 0. 0 0. 0 0. 0 

o
 • 

o
 0. 0 1. 0 T 0. 0 0. 0 0. 0 

o
 • 

o
 

0. 0 

o
 • 

o
 1—

• 
• o

 

T 

o
 « 

o
 0. 0 0. 0 0. 0 

0. 0 0. 0 1. 0 T 0. 0 0. 0 0. 0 

o
 • 

o
 

o
 

• o
 

0. 0 1. 0 0. 4 0. 0 0. 0 0. 0 0. 0 
2. 8 2. 2 2. 8 0. 4 0. 0 0. 0 0. 0 0. 0 
0. 0 

o
 « 

o
 1. 0 0. 4 0. 0 0. 0 1. 4 T 

0. 0 0. 0 0. 0 0. 0 5. 2 T 0. 0 

o
 * 

o
 

0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 1. 4 T 
0. 0 0. 0 ' 0. 0 0. 0 0. 0 0. 0 1. 4 T 

40. 7 41. 6 54. 6 37. 1 
15. 3 4. 6 15. 2 7. 6 
56. 0 46. 2 69. 8 44. 7 

Helenium spp. 
Str eptanthus Arizonicus 
Ar gem one intermedia 
Thysanocarpus amlectens 
Qxybaphus pumilus 
Sisymbrium spp. 
Lesquerella Gordoni 
Sphaeralcia Coulteri 

leaves 
Dicoria canescens 
Gossypium Thurberi 
Descurainia pinnata 

D. obtusa 
leaves 
flowers 

Salvia spp. 
Phaseolus spp. 
Astragalus spp. 
Solidago spp. 
Trifolium spp. 
Lomatium nevadensis 
Stanleya pinnata 
Cassia Covesii 
Ambrosia spp. 
Nicotiana spp. 
Hieracium. spp. 
Erigeron spp. 
Silene spp. 
Sida Augustifolia 
Dalea Parryi 
Kalstroemia grandiflora 
Splanum spp. 
Mollugo verticillata 
Melilptus albus 

Seed 
Succulent 

Total forb: 
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1 Spring 1 Summer 1 Fall ' Winter 
' Occ. Vol. ' Occ. Vol.' Occ. Vol.' Occ. Vol. 

% % % % % % % % 
Shrubs, Trees and Cacti 

Prosopis juliflora 22. 2 4. 2 14. 4 3. 6 5. 2 4. 5 12. 5 3. 6 
var. velutina 
leaves 8. 3 6. 1 3. 8 1. 1 21. 0 4. 1 11. 1 0. 5 
flowers 25. 0 

o o
 

r—
1 

2. 8 2. 0 0. 0 0. 0 1. 4 0. 0 
Acacia constricta 16. 7 T 3. 8 0. 1 10. 5 3. 5 29. 2 6. 6 

leaves 2. 8 0. 8 1. 0 T 0. 0 0. 0 T 1. 9 
flowers 2. 8 0. 5 1. 9 0. 3 0. 0 0. 0 0. 0 0. 0 

Acacia Greggii 11. 1 - 1. 4 2. 8 0. 1 5. 2 T 2. 9 0. 1 
leaves 0. 0 0. 0 1. 9 T 0. 0 0. 0 0. 0 0. 0 
flowers 0. 0 0. 0 1. 0 T 0. 0 0. 0 0. 0 0. 0 

Mimosa biuncifera 5. 5 T 3. 8 0. 7 5. 2 4. 3 6. 9 3. 7 
leaves 5. 5 T 0. 0 0. 0 10. 5 T 0. 0 0. 0 

Cercidium floridum 0. 0 0. 0 1. 9 0. 1 0. 0 0. 0 2. 8 T 
leaves 0. 0 0. 0 1. 0 T 0. 0 0. 0 0. 0 0. 0 
flowers 11. 1 10. 0 1. 9 0. 9 0. 0 0. 0 0. 0 0. 0 

Dasylirion Wheeleri • 0. 0 0. 0 2. 0 0. 2 0. 0 0. 0 1. 4 0. 4 
Opuntia Engelmannii 5. 5 T 3. 8 0. 5 0. 0 0. 0 1. 4 0. 1 

fruit 8. 3 T T 0. 4 0. 0 0. 0 2. 8 1. 1 
Rhus trilobata 2. 8 T 3. 8 0. 1 0. 0 0. 0 1. 4 1. 4 

fruit 0. 0 0. 0 3. 8 2. 6 0. 0 0. 0 2. 4 0. 7 
Fouquieria splendens 2. 8 2. 9 1. 9 T 0. 0 0. 0 0. 0 0. 0 

flowers 0. 0 0. 0 1. 0 T 0. 0 0. 0 0. 0 0. 0 
Condalia lycioides 0. 0 0; 0 1. 9 0. 4 0. 0 0. 0 8. 3 T 

leaves 0. 0 0.0 2. 8 0. 1 0. 0 0. 0 1. 4 0. 6 
fruit 0. 0 0. 0 1. 0 1. 0 5. 2 1. 0 6. 9 5. 8 

Celtis pallida 0. 0 0. 0 1. 0 T 0. 0 0. 0 1. 4 T 
C. reticulata 0. 0 0. 0 1. 9 0. 1 0. 0 0. 0 0. 0 0. 0 
leaves 0. 0 0. 0 1. 0 T 0. 0 0. 0 2. 8 1. 0 
fruit 0. 0 0. 0 2. 8 0.2 0. 0 0. 0 4. 1 0. 3 

Condalia spathulata 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 1. 4 T 
fruit 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 1. 4 1. 4 

Phoradendron spp. 
fruit 0. 0 0. 0 1. 0 0. 8 0. 0 0. 0 15. 3 6. 6 

Krameria spp. 5. 5 T 0. 0 0. 0 0. 0 0. 0 1. 4 0. 2 
Carnegeia gigantea T T 1. 9 3. 7 0. 0 0. 0 0. 0 0. 0 

fruit 5. 5 0. 2 14. 4 4. 7 0. 0 0. 0 0. 0 0. 0 
Calliandra eriophylla 0. 0 0. 0 1. 9 T 0. 0 0. 0 0. 0 0. 0 
Quereus spp. 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 4. 1 1. 1 



90 

' Spring 1 Summer ' Fall ' Winter 
'Occ. Vol. ' Occ. Vol. ' Occ. Vol.' Occ. Vol. 

% % % % % % % % 
Aplopappus tenuis ectus 0. 0 0. 0 o

 
* o

 

0. 0 5. 2 T 2. 8 0. 3 
leaves 0. 0 o

 
• o

 

0. 0 0. 0 15. 8 0. 8 0. 0 0. 0 
Baccharis glutinosa 0. 0 0. 0 T T 0. 0 0. 0 0. 0 0. 0 

leaves 0. 0 o
 

• o
 

2. 0 0. 5 0. 0 0. 0 0. 0 0. 0 
Chilopsis linearis 0. 0 0. 0 2. 0 0. 7 0. 0 

o
 • 

o
 0. 0 0. 0 

flower 0. 0 

o
 • 

o
 1. 0 0. 2 0. 0 o

 
• o

 

0. 0 0. 0 
Rhamnus spp. 0. 0 

o
 • 

o
 0. 0 0. 0 0. 0 o

 
« o

 

1. 4 0. 1 
Eriogonum Wrightii 0. 0 

o
 • 

o
 1. 0 T 0. 0 0. 0 0. 0 0. 0 

leaves 0. 0 0. 0 1. 0 0. 3 0. 0 0. 0 0. 0 0. 0 
Yucca elata 5. 5 0. 0 4. 8 0. 4 0. 0 0. 0 0. 0 0. 0 

flowers 2. 8 T 1. 9 1. 2 0. 0 0. 0 0. 0 0. 0 
Ceanothus Greggii 0. 0 0. 0 1. 0 T 0. 0 0. 0 0. 0 0. 0 
Arctostaphylos pungens • 0. 0 0. 0 1. 0 T 0. 0 0. 0 0. 0 0. 0 
Lycium Fremontii 0. 0 0.0 1. 9 1. 0 0. 0 

o
 • 

o
 0. 0 0. 0 

leaves 0. 0 

o
 * 

o
 1. 0 T 0. 0 0. 0 0. 0 0. 0 

fruit 0. 0 

o
 • 

o
 1. 9 T 0. 0 o

 
• o

 

0. 0 0. 0 
Ferocactus Wislizeni 5. 5 T 1. 0 0. 4 0. 0 

o
 • 

o
 1. 4 0. 2 

Simmondsia chinensis 2. 8 0. 1 1. 0 T 0. 0 0. 0 2. 8 1. 9 
Carlowrightia arizonica 2. 8 T 12. 5 1. 6 0. 0 

o
 • 

o
 6. 9 2. 5 

Seed 8-. 6 13. 7 12. 3 22. 2 
Succulent 28. 5 16. 3 5. 9 19. 9 

Total shrub, tree, cacti 37. 1 30. 0 18. 2 42. 1 

Unknown Green 

Total 8. 3 5. 5 4. 8' 5. 4 21. 0 6. 4 16. 2 4. 1 

Grasses 

Unknown grass 0. 0 0. 0 3. 8 0. 2 21. 0 0. 2 2. 8 T X. 0 
leaves 2. 8 T 0. 0 0. 0 0. 0 

o
 • 

o
 6. 9 0. 1 

Panicum spp. 2. 8 T 5. 8 0. 4 0. 0 

o
 • 

o
 6. 9 2. 3 

Bouteloua curtipendula 2. 8 0. 4 0. 0 0. 0 0. 0 0. 0 1. 4 T 
Muhlenburgia spp. 0. 0 0. 0 1. 0 T 1. 0 T 0. . 0 0. 0 
Festuca elatior 0. 0 0. 0 1. 0 T 0. 0 0. 0 0. 0 0. 0 
Hordeum spp. 0. 0 0. 0 1. 0 T 0. 0 0. 0 0. 0 0. 0 
Sorghum vulgare 0. 0 0. 0 1. 0 0. 4 0. 0 0. 0 1. 4 3. 2 
Piptochaetium fimbriatum 0. 0 0. 0 1. 0 0. 6 0. 0 

o
 • 

o
 0. 0 0. 0 
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Food Items 
1 Spring 1 Summer ' Fall ' Winter u Occ. Vol. 1 Occ. Vol. ' Occ. Vol. 1 Occ. Vol 

% % % % % % % % 
0. 0 0. 0 1. 0 T 5. 3 1. 7 5. 5 1. 0 o

 • 

o
 

o
 • 

o
 0. 0 0. 0 0. 0 0. 0 1.4 T 

0. 0 0. 0 1. 0 T 0. 0 0. 0 1. 4 T 
0. 0 0. 0 1. 0 0. 4 0. 0 0. 0 0. 0 0. 0 

0. 4 2. 0 1. 9 7. 6 
0. 0 0. 0 0. 0 0. 1 
0. 4 2. 0 1. 9 7. 7 

Setaria viridis 
Eragrostis spp. 
Setaria spp. 
Hordeum vulgare 

Seed 
Succulent 

Total grass: 

Animal 

Acrididae (Grasshopper) 0. 0 0. 0 4. 8 T 0. 0 0. 0 2. 8 0. 1 
Formicidae (ant) 11. 0 0. 1 56. 7 6. 4 15. 8 0. 9 8. 3 0. 6 
Coleoptera (beetle) 8. 3 0. 3 22. 1 1. 7 10. 5 T 1. A 

*± T 
Homoptera (leaf hopper) 5. 5 T 11. 5 0. 7 0. 0 0. 0 0. 0 0. 0 
Isoptera (termite) 0. 0 0. 0 5. 8 1. 1 5. 3 T 0. 0 0. 0 
Arachnida (spider) 0. 0 0. 0 1. 9 T 0. 0 0. 0 0. 0 0, 0 
Cicadidae (cicada) 0. 0 0. 0 3. 8 4. 0 0. 0 0. 0 0. 0 0. 0 
Cocinellidae (lady bug) 0. 0 0. 0 1. 0 T 0. 0 0. 0 0. 0 0. 0 
Diptera (fly) 0. 0 0. 0 0. 0 0. 0 0. 0 0. 0 1. 4 T 
Hemiptera (true bug) 2. 8 T 2. 8 0. 7 0. 0 0. 0 0. 0 0. 0 
Unknown insect 0. 0 0. 0 2. 8 T 0. 0 0. 0 0. 0 0. 0 
Hymenoptera (bee) 2. 8 T 1. 0 0. 2 0. 0 0. 0 0. 0 0. 0 
Lepidoptera (butterfly) 0. 0 0. 0 2. 8 T 5. 3 0. 6 0. 0 0. 0 
Heterocerca 0. 0 0. 0 1. 0 0. 5 0. 0 0. 0 0. 0 0. 0 
Snail 0. 0 0. 0 1. 0 T 0. 0 0. 0 0. 0 0. 0 
Bone fragment 2. 8 0. 1 1. 9 0. 2 0, 0 0. 0 0. 0 0. 0 
Rodent droppings 8. 3 0. 4 1. 0 T 5. 3 0. 2 1. 4 0. 4 

Total animal 0. 9 15. 5 1. 7 1.1 

TOTAL, OF ALL ITEMS: 99.8 99.1 98.0 97.3 
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Appendix D 

Purified Diet Containing Alfalfa and Carotene 

Major Items Percent Minor Items Grams 

White corn 47 

25 
DLi Methionine 12 

Whole wheat 25 Replox (vit. ) 1 

Cas ein 18 MnSO^ 1 

;.II 1 
Ca3(P04)2 2 Choline cloride 6 

Gelatin 2 (The above was added to each 

NaCl 1 4 kg. batch. Beta carotene NaCl 
was added to make two levels 

Brewer's yeast 5 3,000 I. U. and 1,500 I. U. per 
pound) 

Alfalfa meal 3 
pound) 

Purified Diet Containing Vitamin A Alcohol 

Major Items 

Corn starch 

Whole wheat 

Casein 

Gelatin 

Cas(PO^)2 

NaCl 

Brewer's yeast 

Percent 

57 

25 

18 

2 

2 

1 

5 

Minor Items 

DLi Methionine 
Nopdex (vit. ) 
MnSO^ 

KI 
Choline Cloride 

Grams 

12 
1 
1 

1 
6 

(The above was added to each 
4 kg. batch. Alpha tocopherol 
and vitamin A alcohol added to 
make 3, 000 I. U. and 6,000 I. U. 
per pound) 
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Appendix E. Liver Storage of Vitamin A by Adult Gambel's Quail. 

Y ear 
1 1 
r Month t Vegetation Type 

'Total 
'Males 

•Total ' 
1 Female1 

Storage 
per gm. 

1 Total 
1 Storage 

no. no. microgms. microgms. 

1953 Feb. Desert-shrub 5 4 515 1575 
1953 Feb. Desert-grass. 6 4 540 1724 
1953 Feb. Chaparral 7 3 545 1744 

1953 May Desert-shrub 1 1 227 766 
1953 May Desert-grass. 2 5 371 1161 
1953 May Chaparral 3 4 593 2141 

1953 July Desert-shrub 5 1 194 584 
1953 July Desert-grass. 3 3 436 1348 
1953 July Chaparral 4 2 565 1864 
1953 Aug. Desert-grass. 5 1 289 874 

1954 March Desert-shrub 4 2 120 357 
1954 May Desert- grass. 5 2 330 822 
1954- June Chaparral 4 2 568 1525 

1955 June Desert-shrub 3 756 2325 
1955 June Desert-grass. 1 1 657 1480 
1955 June Chaparral 2 1 92? 2737 
1955 July Desert-grass. 3 1 807 2367 

1955 Nov. Desert-shrub 3 3 188 703 
1955 Nov. Desert-grass. 5 1 113 424 
1955 Nov. Chaparral 4 2 276 946 

1956 April Desert-shrub 1 3 52 207 
1956 April Desert-grass. 2 1 61 248 
1956 June Des ert-shrub 3 4 335 1347 
1956 June Desert-grass. 4 3 341 1086 
1956 June Chaparral - Z 487 1859 

1956 Dec. Desert-shrub 1 1 171 562 
1956 Dec. Desert-grass. 7 4 87 433 
195/j Dec. Chaparral - 1 685 2193 

1957 March Des ert-shrub 1 1 342 1306 
1957 May Desert-shrub 2 2 300 1397 
1957 May Desert- grass. 1 1 139 756 
1957 May Chaparral 1 - 162 762 

1957 June Desert-grass. 4 2 153 74-7 

Totals: 102 68 (170) 
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Appendix E. Storage of Vitamin A by Juvenile Gambel's Quail 

11 __ ' Total 1 Total ' Storage ' Total 
Year .Month , Vegetation Type ,Males ,Females,. per ^ ..storage 

no. no. microgms. microgms, 

1953 July Desert-shrub 3 - 132 306 

1953 July Desert-grass. - 2 167 168 

1953 July Chaparral - 1 141 225 

1957 May Desert-shrub 1 - 18. 6 16. 

Totals: 4 3 (7) 


