
THE EFFECTS OF HEAT AND ARIDITY ON REPRODUCTIVE
SUCCESS OF THE CURVE-BILLED THRASHER

Item Type text; Dissertation-Reproduction (electronic)

Authors Smith, Ernest Linwood, 1942-

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 16/05/2023 13:52:27

Link to Item http://hdl.handle.net/10150/287800

http://hdl.handle.net/10150/287800


72-2171 

SMITH, Ernest Linwood, 194-2-
THE EFFECTS OF HEAT AND ARIDITY ON REPRODUC
TIVE SUCCESS OF THE CURVE-BILLED THRASHER. 

The University of Arizona, Ph.D., 1971 
Biology-

University Microfilms, A XEROX Company, Ann Arbor, Michigan 

THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED' 



THE EFFECTS OF HEAT AND ARIDITY ON 

REPRODUCTIVE SUCCESS OF THE 

CURVE-BILLED THRASHER 

by 

Ernest Linwood Smith 

A Thesis Submitted to the Faculty of the 

DEPARTMENT OF BIOLOGICAL SCIENCES 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 
WITH A MAJOR IN ZOOLOGY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

19 7 1 



THE UNIVERSITY OF ARIZONA. 

GRADUATE COLLEGE 

I hereby recommend that this dissertation prepared under my 

direction by Ernest Linwood Smith 

entitled THE EFFECTS OF HEAT AND ARIDITY ON REPRODUCTIVE 

SUCCESS OF THE CURVE-BILLED THRASHER 

be accepted as fulfilling the dissertation requirement of the 

degree of Doctor of Philosophy 

W. I 3-3 Qtdk >17/ 
Dissertation Director Date 

. After inspection of the final copy of the dissertation, the 

following members of the Final Examination Committee concur in 

its approval and recommend its acceptance:" 

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 allow
able without special permission, provided that accurate 
acknowledgment of source is made. Requests for permission 
for extended quotation from or reproduction of this manu
script in whole or in part may be granted by the head of 
the major department or the Dean of the Graduate College 
when in his judgment the proposed use of the material is 
in the interests of scholarship. In all other instances, 
however, permission must be obtained frum Liie author. 



PLEASE NOTE: 

Some Pages have indistinct 
print.  Filmed as received. 

UNIVERSITY MICROFILMS 



ACKNOWLEDGMENTS 

My thanks go to a number of people who have helped 

with one phase or another of this study. George T. Austin, 

Kirk and Beth Horn, Patrick J. Gould, Carol O'Neil and 

Carl S. Tomoff all took part in nest hunting expeditions. 

For discussion of ideas and directions I am indebted to 

Drs. Stephen M. Russell, Charles H. Lowe, Jr. and William 

A. Calder. In addition I thank Dr. David S. Hinds, George 

T. Austin, Carl Tomoff, John Tramontano, Patrick J. Gould, 

Eric Yensen, Jim Ambrose, Larry L. Christensen and others 

for comments and discussion of ideas related to this 

project. 

Thanks also go to the staff of Saguaro National 

Monument (eastern section) for all of their help and co

operation, especially Harold T. Coss who was always willing 

to stop and help look for buried weather records and dis

cuss ideas. 

Special thanks go to my wife, Bonnie, for putting 

up with the multitude of trials and tribulations inherent 

in a spouse's graduate school training. 

This study was supported in 1970 by a grant from 

the Chapman Memorial Committee of the American Museum of 

Natural History, 

iii 



TABLE OF CONTENTS 

Page 

LIST OF TABLES V 

LIST OF ILLUSTRATIONS via i 

ABSTRACT ix 

INTRODUCTION 1 

METHODS 6 

RESULTS 11 

DISCUSSION , . . . 38 

SUMMARY , . 52 

LITERATURE CITED . 53 

iv 



LIST OF TABLES 

Table Page 

1. Annual and winter rainfall in each study 
area with deviations from previous 
means 11 

2. Distribution by month of winter rainfall 
in each study area during the period of 
study 12 

3. Mean monthly high temperatures for each 
study area during the period of study .... 12 

4. The timing of initial egg laying and 
duration of the nesting season in all 
study areas 13 

5. The percent of total eggs laid in each 
ctudy area by month 14 

6. Summary of height-relative nest place
ment in Curve-billed Thrashers 16 

7. Clutch size variation in Curve-billed 
Thrasher populations along an east-west 
gradient of increasing mean daily high 
temperatures and decreasing winter rain
fall 17 

8. Monthly clutch size variation in each 
study area 18 

9. Whole nest success in Curve-billed 
Thrashers presented as the probability 
of any given nest surviving the entire 
nesting period and producing at least 
one fledgling 19 

10. Comparison of reproductive success data 
using two methods of calculating percent 
s u c c e s s  .  . . . . . . . . . .  2 0  

v 



vi 

LIST OF TABLES (Continued) 

Table Page 

11. The probabilities of individual eggs 
surviving the incubation period with 
and without hatching failure and the 
percent loss of eggs attributable to 
hatching failure 21 

12. The probabilities of individual nest-
lings surviving the nestling period 
and resulting in fledged young 21 

13. Probable causes of egg and nestling 
mortality in Curve-billed Thrashers ..... 22 

14. Daily mortality rates and survival 
probabilities of nestlings in suc
cessful nests 24 

15. Comparison of egg and nestling mor
tality rates for individual eggs and 
whole clu Lobes • •.••.••... .«»«, ^~> 

16. Probability of success in Curve-billed 
Thrasher nests on a monthly basis 26 

17. Curve-billed Thrasher reproductive 
success relative to overhead nest 
shade as indicated by the height of 
nest plant directly above the rim of 
the nest 27 

18. Probabilities of nests surviving the 
entire nesting period in different types 
of cholla cacti 28 

19. Probabilities of Curve-billed Thrasher 
nests surviving the entire nesting cycle 
in early and late nesting 29 

I • 
20. Nestling losses in early and late nests 

of Curve-billed Thrashers at Saguaro 
National Monument 29 

21. Chi square analysis of young fledged/ 
eggs laid 30 



vii 

LIST OF TABLES (Continued) 

Table Paga 

22. Total reproductive success and popula
tion density in each study area during 
1970 33 

23. Brood size and the number of young pro
duced in successful Curve-billed Thrasher 
nests 33 

24. Success of Curve-billed Thrasher nests in 
which eggs were laid during May, 1970 at 
Saguaro Monument, Sells and Organ Pipe 
Cactus National Monument ..... 34 



LIST OF ILLUSTRATIONS 

Figure Page 

1, The percent of total eggs laid by month .... 15 

2, Success of Curve-billed Thrasher nests 
in which eggs were laid during May, 1970 ... 32 

3. The relationship between brood size and 
the percentage of young fledging from 
successful nests ............... 35 

4. Weights of known age nestlings from 
Oracle, Saguaro National Monument, and 
Organ Pipe Cactus National Monument 
study areas 36 

viii 



ABSTRACT 

A study of the effects of increasing heat and 

aridity on nesting success in Curve-billed Thrashers 

(Toxostoma curvirostre) was conducted during the breeding 

seasons of 1969-1971 at Saguaro National Monument, east of 

Tucson, Arizona. In 1970 and 1971 data were also collected 

from three other areas along a 130 mile east-west gradient 

characterized by increasing mean daily high temperatures 

and decreasing winter precipitation. 

Low or sporadic winter rainfall appears to delay 

initiation of spring breeding until a period coincident 

with the blooming of the saguaro cactus. 

Heat appears to be a factor limiting reproductive 

success. It may contribute to high levels of hatching 

failure of eggs and may limit foraging activities of. 

adults, resulting in nestling loss through starvation. 

Probabilities of whole nest success and total reproductive 

success (young fledged per pair of breeding adults) were 

highest in the hottest, driest study area and in the 

coolest, wettest one. 

Fewer young fledged per pair in areas with the 

highest population densities. The number of young fledged 

ix 



per acre was almost idential in each study area. There 

appeared to be no correlation between bird densities and 

temperature and precipitation on the gradient. 



INTRODUCTION 

The Curve-billed Thrasher (Toxostoma curvirostre) 

is a common and conspicuous resident species of desert 

scrub and mesquite-grassland habitats in southern Arizona. 

The species ranges from western Arizona (Growler and Kofa 

Mountains) east into southern Texas, north to central 

Arizona and New Mexico and south to Oaxaca, Mexico. In 

Arizona it rarely occurs above 4,000 ft (Bent, 1948; 

Phillips, Marshall and Monson, 1964). 

The genus Toxostoma consists of ten species (Ridq-

way, 1907), with seven occurring in the United States. 

There are nine species in Mexico, three of which are en

demic . The Brown Thrasher (T. rufum) is the only species 

that does not normally occur in Mexico. 

Habitat preferences within the genus are quite 

similar (Bent, 1948). All ten species inhabit xeric 

sites. Selection of habitat ranges from fairly dry, 

brushy areas in eastern deciduous woodland (T. rufum) to 

very hot, dry creosotebush lowlands in southwestern Arizona 

and northwestern Sonora, Mexico (T. lecontei). An eleva-

tional range of sea level to 8,000 ft occurs within the 

group. The Curve-billed Thrasher is the most variable in 
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the latter respect with an elevational range equivalent to 

that of the entire group (e.g., sea level at Guaymas, 

Sonora to 8,000 ft in San Luis Potosi, Mexico). 

Udvardy (1958) considers the genus Toxostoma to 

be a group of late or recently adapted forest species that 

are not completely adapted to recently formed desertscrub 

habitats. The genus or its progenitor may have been 

present in xeric portions of the Madro-tertiary forests of 

the Mexican plateau. During the radiation of the Madro-

tertiary floral elements that gave rise to desert scrub 

and chaparral vegetation types (Axelrod, 1950) the ances

tral form of Toxostoma may have undergone a corollary 

radiation resulting in the present forms of Toxostoma. 

A preliminary study of T. curvirostre conducted 

in 1969 at Saguaro National Monument near Tucson indicated 

a very definite decrease in reproductive success during the 

hotter, drier portions of the breeding season. Perhaps the 

increased heat and aridity characteristic of late spring 

and early summer in the Sonoran Desert was limiting re

productive success in this species. The length of the 

Curve-bill's breeding season in the Tucson area (late 

February to early August) made it an ideal subject in which 

to study the effects of increasing environmental stress 

during the course of a single breeding season. 
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To test the hypothesis that increasing heat and 

aridity were factors limiting reproductive success, a study 

along a gradient of increasing heat and aridity was con

ducted in 1970 and 1971. The gradient extends from a 

point seven miles west of Oracle (elev. 36 00 ft) to a 

point about 18 miles north of the Mexican border at Organ 

Pipe Cactus National Monument (elev. 1900 ft), The dis

tance between the easternmost point and the westernmost 

point of the gradient is approximately 130 miles. Inter

mediate study areas were at Saguaro National Monument 

(elev. 3100 ft) east of Tucson and at Sells (elev. 2300 ft). 

Tables 1 through 3 summarize rainfall and temperature data 

along the gradient during the periods of study. 

Based on the 1969 data, it was expected that Curve-

bills would start breeding earlier and stop earlier at the 

western end of the gradient. It was also expected that 

clutch sizes would be smaller and nesting success lower 

in the hotter, drier study areas (Organ Pipe and Sells). 

Three of the four study areas lie within the lower 

Sonoran Life-zone and are Arizona Succulent Desert habitats 

(Kearney and Peebles, 1951; Lowe, 1964). The fourth, 

Oracle, at 3600 ft elevation is near the upper elevational 

limit of the Lower Sonoran Life-zone (Lowe, 1964) and is a 

mesquite-grassland habitat.. 
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The Oracle study area, 7 miles west of Oracle, 

Arizona on the Willow Springs Ranch Road, is dominated by 

mesquite (Prosopis juliflora), chain cholla (Opuntia 

fulgida), palmilla (Yucca elata) and a variety of grasses 

including Aristida sp., Bouteloua sp., and Sporobolus sp. 

There are no saguaro (Carnegiea gigantea) on the study 

area. There is no standing water on the site and a small 

herd of cattle occasionally grazes on the site. There is 

no damage to perennial plant species and overgrazing does 

not appear to be present. 

The other three study areas are dominated by saguaro 

and paloverde but differ in the relative abundance of 

mesquite and ironwood (Olynea tesota). Mesquite is 

abundant on the Saguaro National Monument plot, less 

obvious at Sells and almost completely replaced by iron-

wood at Organ Pipe. There is no ironwood on the Saguaro 

Monument study area but it is a common species at Sells. 

Overgrazing is obvious on the Sells plot. Along 

the major washes, large perennial species such as palo

verde show considerable damage. There is virtually no 

herbaceous ground cover on interwash sites and deep cattle 

trails criss-cross the area. There are cattle on the Organ 

Pipe plot also but damage is not as noticeable as at Sells. 

There is standing water on both the Sells and Organ Pipe 



study areas. At Sells, an earthen dam has been built 

across a large wash to catch runoff water in the wash. 

The water at Organ Pipe is in two galvanized steel tanks 

that are filled daily during the summer months. 



METHODS 

During the spring and summer of 1969 this study 

was restricted to the Saguaro National Monument study 

area. During the 1970 and 1971 breeding seasons it was 

expanded to include the Oracle, Sells, and Organ Pipe 

Cactus National Monument study areas previously described. 

Each area was censused once every seven to ten days 

following the initiation of breeding by Curve-bills. Each 

area was also visited on other days to obtain data on re

productive success and nestling growth rates. During the 

height of the breeding season, an attempt was made to visit 

each area twice a week. 

New nests were numbered, the contents examined with 

the aid of a mirror attached to a meter stick, and several 

measurements were made. The height of the nest plant, the 

distance of the eggs or nestlings from the ground, and the 

distance from the nest rim to the highest portion of the 

nest plant overhanging the nest was recorded to the nearest 

inch. 

Most of the adult and nestling thrashers in the 

Saguaro National Monument study area were banded during 

1969 with U.S. Bureau of Sport Fish and Wildlife aluminum 
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bands and colored plastic bands. Nestlings were banded 

when they were about two weeks old. Most adult thrashers 

were banded after being chased off the nest into a mist 

net, or they were netted as they approached the nest with 

food or nesting materials. Due to time limitations and a 

desire not to disrupt normal nesting activities, no birds 

were banded in any of the other study areas except Oracle 

(12 nestlings, 4 adults). 

During the 1970 breeding season, few growth rate 

data were collected in an attempt to minimize the effects 

of human disturbance at each nest (Skutch, 1966). In 

addition, eggs were not marked or weighed as in 1969 and 

visits to each nest were kept as brief as possible. 

The nestling weights reported here for the 1970 

season were obtained from an Ohaus triple beam balance, 

accurate to 0.1 g, inside a plywood box which could be 

closed when necessary to lessen the effects of breezes. 

The nestling weights reported here are of nestlings whose 

age was known within 12 hours. Nestlings were weighed 

between 1600 and 1900 hours. Those nestlings from which 

growth data were obtained were marked by painting one or 

more claws with fingernail polish. In this manner it was 

possible to identify all members of a given brood throughout 

the nesting cycle. 
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Clutch size data were computed for those nests 

found prior to the hatching of young. No nest was included 

in clutch size tabulations unless it was determined that 

incubation had begun. Incubation was considered to have 

commenced whenever an adult bird was seen to be present 

on a nest at least one full day after the number of eggs 

in the nest had become constant. Nests found with newly 

hatched young are not included even though the number of 

such young probably represented the true number of eggs. 

Variations in clutch size were tested statistically with 

Student's t, significant at the .05 level (Verner, 1965). 

Nesting success was calculated from "exposure" 

(Mayfield, 1961), This method is based on the nest day, 

egg day, or nestling day as a unit of time (= exposure). 

Observation of one nest and its contents for two con

secutive days constitutes one nest day. A nest observed 

only once cannot be included because there is no time 

lapse involved in such an observation. One nest known to 

have been in existence for five days but observed only the 

first and fifth day of the period constitutes five nest 

days and so on. Nests, eggs, or nestlings lost during an 

interval of time are arbitrarily assumed to have been lost 

on the middle day of the interval. 
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The technique is based on the assumption that the 

number of nests, eggs, or nestlings lost is directly 

proportional to exposure. It is thus possible to calculate 

the mortality rate (r) for any given portion of the 

nesting cycle as nests lost/nest day, eggs lost/egg day, 

or nestlings lost/nestling day. The daily mortality rate 

can then be used to calculate the probability of survival 

as (1-r) where d is the period of time during incubation, 

hatching, or the nestling period. 

Total nesting mortality ratios (.young fledged/eggs 

laid) were analyzed by chi-square (Simpson, Roe and 

Lewontin, 1960). Several assumptions were made in analyzing 

these ratios. First, in one test, nests found after 

hatching were included in tabulating the number of eggs 

laid. In a second test, only nests of known clutch size 

and ultimate fate were used. Secondly, nestlings were as

sumed to have fledged if they were more than two weeks 

old on one visit and gone on a subsequent visit at least 

three days later. In such situations it was usually pos

sible to find fledged young near the nest to confirm 

fledging. If there was considerable damage to the nest, 

the nest was considered unsuccessful when no fledglings 

were found. Fledging was assumed if there was no contrary 
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evidence (.nest damage) even though fledglings were not found 

in the vicinity of the nest. 



RESULTS 

Precipitation and temperature data for the periods 

of study are summarized in Tables 1 through 3. Data for 

Oracle, Sells and Organ Pipe are from U.S. Department of 

Commerce ESSA, Weather Bureau (1955-1971). Saguaro National 

Monument data are from a weather station at monument head

quarters and have not been published elsewhere. All 

weather stations were within seven miles of study areas. 

Table 1. Annual and winter rainfall in each study area 
with deviations (D) from previous means. — Devia
tions in the Saguaro Monument data are from 
previous 10 year mean, others are deviations 
from previous 15 year means. SNME = Saguaro 
National Monument (eastern section), OPCNM = 
Organ Pipe Cactus National Monument, 

Study Area Annual Winter Total 
and Year Total D (Nov.-March) D 

ORACLE 1970 11.33 -4.60 8.58 +1.07 
ORACLE 1971 - 2.41 -4.51 

SNME 1969 10.63 -2.01 4,96 -0.19 
SNME 1970 12,08 t -0.56 4,85 -0.30 
SNME 1971 — 1.37 -3,78 

SELLS 1970 13.97 -0.06 4.09 -0.31 
SELLS 1971 - 1.44 -2.96 

OPCNM 1970 10.82 -0.11 3,66 -0.40 
OPCNM 1971 1.05 -3.01 

11 
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Table 2. Distribution by month of winter rainfall in each 
study area during the period of study. — Rain
fall in inches. 

Study Area 
and Year Nov Dec Jan Feb Mar 

ORACLE 1969-70 
ORACLE 1970-71 

1.85 
0.15 " 

2.68 
0.78 

0.00 
0.37 

0.50 
1.11 

3.55 
0. 00 

SNME 1968-69 
SNME 1969-70 
SNME 1970-71 

1.53 
1.34 
0.00 

0.79 
1.00 
0.61 

1.17 
0.00 
0.00 

0.95 
0.53 
0.76 

0.52 
1.98 
0.00 

SELLS 1969-70 
SELLS 1970-71 

1.02 
0.20 

0.57 
0.44 

0.35 
0. 00 

0.26 
0.63 

1.89 
0.00 

OPCNM 1969-70 
OPCNM 1970-71 

1.12 
0.14 

0.53 
0. 63 

0. 00 
0.00 

0.37 
0.26 

1.64 
0.02 

Table 3. Mean monthly high temperatures for each study 
area during the period of study. — Means are 
normal in all cases. Temperatures in degrees 
F, Study areas: 1 = Oracle, 1970; 2 = Saguaro 
National Monument, 1969; 3 = Saguaro National 
Monument, 1970; 4 = Sells, 1970; 5 = Organ Pipe 
Cactus National Monument, 1970. 

Study Area 
and Year March April May June July 

1 65.5 74.2 87.0 94.1 

2 70.8 83.6 91.3 98.5 99.0 

3 74.6 80.1 91.9 99.3 100.6 

4 - 78.4 93.5 101.4 

5 - 93.6 100.1 103.7 
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Reproductive activities were initiated later in the 

western study areas than in the eastern study areas. In 

1969 and 1970, first eggs were laid in the Saguaro Monu

ment study area during the last week of February. In 1971 

the first eggs were not laid until the third week of April. 

At Oracle in 1970 and 1971, first eggs were laid during 

the first two weeks of March. The Sells population started 

during the second week of April in 1970 and over a month 

later in 1971, The Organ Pipe population started nesting 

during the second week of May in both years. The initia

tion and duration of nesting in all study areas is summarized 

in Table 4, 

Table 4. The timing of initial egg laying and duration 
of the nesting season in all study areas. — 
SNME = Saguaro National Monument (eastern sec
tion) , OPCNM = Organ Pipe Cactus National Monu
ment, 

Study Area 
and Year First Eggs Last Eggs 

ORACLE 1970 6 March 15 June 
ORACLE 1971 14 March — 

SNME 1969 • 21 February 31 June 
SNME 1970 * 20 February 15 July 
SNME 1971 23 April — 

SELLS 1970 9 April 11 July 
SELLS 1971 16 May — 

OPCNM 1970 10 May 15 July 
OPCNM 1971 10 May — 
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The monthly percent of total eggs laid in each 

study area is summarized in Table 5 and presented graphic

ally in Figure 1, It can be seen that peak laying occurred 

in May in the Saguaro Monument and Sells areas but Oracle 

birds peaked in March and the Organ Pipe birds peaked in 

June, 

Nest site selection is summarized in Table 6. All 

nests in this study were placed in cholla cacti (Opuntia sp.). 

Table 5, The percent of total eggs laid in each study 
area by month. — Eggs represented by nestlings 
are included in these data. (N) = number of 
eggs laid. 

ORACLE SNME SNME SELLS OPCNM 
Month 1970 1969 1970 1970 1970 

Feb none 7.0 (7) * 2.0 (2)* none none 

March 42.6 (26) 15.0 (15) 13.9 (14) none none 

April 24,6 (15) 22.0 (22) 22.8 (23) 19.7 (29) none 

May 27,9 (17) 36.0 (36) 43.5 (44) 51.7 (76) 38.4 (28) 

June 4.9 (3) 20.0 (20) 5.9 (6) 27.2 (40) 45.2 (33) 

July none none 11.9 (12) 1.4 (2) 16.4 (12) 

Total 
Eggs 61 100 101 147 73 

*Found as nestlings on March 6, not included in 
-clutch size data. 
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Table 6, Summary of height-relative nest placement in 
Curve-billed Thrashers. — (N) = sample size. 
Study area and year code as in Table 3. 

Study Area Mean Nest Mean Height of 
and Year Height (in) Nest Plant 

1 51.9 (23) 68.5 (23) 

2 54.5 (40) 72.0 (40) 

3 50.5 (46) 69.2 (43) 

4 59.8 (62) 76.5 (60) 

5 60.3 (31) 79.5 (29) 

In all study areas but Saguaro Monument, the nests were 

placed in 0, fulgida. At Saguaro Monument, six nests were 

placed in 0. versicolor and 20 were placed in the nearly 

spineless variety of O, fulgida, 0. fulgida var mamillata. 

This variety of 0. fulgida was present in the Oracle and 

Sells study areas also but was not used as a brood nest 

site, 

On all study sites nests were placed in the area 

between 73 and 78 percent from the bottom (e.g., above 

ground level) of the nest plant. Nests placed in taller 

cacti (e,g,, Organ Pipe Cactus Monument nests) were slightly 

farther from the ground but still placed in the same relative 



height position in the cactus as lower nests in smaller 

cacti. 

Clutch sizes were expected to decrease along the 

gradient but as can be seen in Table 7, this was not the 

case. There was a weakly developed tendency for clutch 

size to increase as the breeding season progressed in each 

area. This tendency may be real but masked by small 

monthly samples in some areas (Table 8). 

Nesting success by Curve-billed Thrashers in this 

study ranged from 21.0 percent to 44.9 percent, with a mean 

value of 26.8 percent. Whole nest success is presented in 

Table 9. For comparative purposes, the percent values for 

whole nest success are presented in Table 10. It should 

Table 7. Clutch size variation in Curve-billed Thrasher 
populations along an east-west gradient of in
creasing mean daily high temperatures and de
creasing winter rainfall. — N = number of 
clutches. D.F. = degrees of freedom, P = 
probability that the difference between means 
is not significant. Study area abbreviations 
as in Table 1. 1970 data only. 

Study 
Area N 

Clutch Size 
X ± 2SE 

Student's t 
(SNME 1970) P D.F, 

ORACLE 17 2.59 + .192 1.762 <.10 56 

SNME 41 2.29 + .204 - - -

SELLS 49 2.61 ± .142 3.124 <.01 88 

OPCNM 27 2.48 ± .196 1.278 <.10 66 



Table 8. Monthly clutch size variation in each study area. — (N) = number of 
clutches. 1 = Oracle, 1970; 2 = Saguaro Monument, 1969; 3 = Saguaro 
Monument, 1970; 4 = Sells, 1970; 5 = Organ Pipe Cactus National 
Monument, 1970. 

Study Area 
and Year March April May June July 

1 3.00 (4) 2.50 (4) 2.37 (8) 3.00 (1) none 

2 2.20 (5) 2.25 (8) 2.36 (14) 2.45 (11) none 

3 2.20 (5) 2.10 (10) 2.37 (16) 2.40 (5) 2.40 (5) 

4 none 2.33 (9) 2.68 (25) 2.67 (15) none 

5 none none 2.55 (9) 2.33 (12) 2.66 (6) 



Table 9, Whole nest success in Curve-billed Thrashers 
presented as the probability of any given nest 
surviving the entire nesting period and pro
ducing at least one fledgling. — x = nests 
lost/nest days, r = daily mortality rate, p = 
probability of survival (p-j_ is the probability 
of a nest surviving the incubation period; pn = 
probability of a nest surviving the nestling 
period) . Total p = p-j_ X pn. Study area and year 
as in Table 8. Total p X 100 = percent. 

Study Area 
and Year 

Incubation 
x r Pi 

Nestlings 
x r Pn 

Total 
P 

1 4/118 .034 . .555 4/210 .019 .694 .385 

2 13/149 .052 .403 8/372 .021 .668 .269 

3 17/356 .048 .433 13/348 .037 .488 .211 

4 25/443 .056 .375 12/402 .030 .561 .210 

5 6/183 .033 .565 4/341 .012 .795 .449 

Totals 65/1349 .049 .425 40/1673 .024 .630 .268 

be noted that Total p of Table 9 multiplied by 100 gives a 

percent figure. 

It can be seen from Table 10 that Mayfield's (1961) 

technique of calculating nest success tends to depress 

success figures, but all nests are included rather than 

discarding data from nests whose outcome is unknown. 

Partial losses (loss of part of a clutch or brood) 

were quite high in this study. A portion of losses during 
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Table 10. Comparison of reproductive success data using 
two methods of calculating percent success. — 
Column A represents values obtained by dividing 
the number of successful nests by the total 
number of nests. Column B represents the 
probability values under Total p from Table 9 
multiplied by 100. 

Study Area 
by Year A B 

ORACLE 1970 47.4 38.5 

SNME 1969 37.0 26.9 
SNME 1970 22.0 21.1 

SELLS 1970 27.9 21.0 

OPCNM 1970 52,0 44.9 

incubation can be attributed to hatching failure. In this 

study, hatching failure accounted for 13,5 percent of all 

egg losses. The probabilities of individual eggs surviving 

the incubation period are presented in Table 11. 

Partial losses of individual nestlings are sum

marized in Table 12 as the probability of a given nestling 

surviving the nestling period to fledging. 

In the current study, disappearance of all eggs or 

all young from a nest was considered to be the result of 

predation (Table 13) « Thus predation was the single 

largest factor influencing egg and nestling mortality in 



Table 11, The probabilities of individual eggs surviving 
the incubation period with and without hatching 
failure and the percent loss of eggs attributable 
to hatching failure. — H.F. = hatching failure, 
x = egg lost/egg day, r and p as in Table 9, 
Other symbols as in Table 8. 

Study Area Percent Loss tc 
and Year X r P Hatching Failure 

1 10/284 .035 .546 
with H.F. 20/284 .070 .291 16.3 

2 29/555 .052 .403 
with H.F. 39/555 .070 .291 10.0 

3 32/793 .040 .499 
with H.F, 41/793 .052 .403 9.0 

4 47/1105 .042 .482 
with H.F. 69/1105 .062 .337 14.9 

5 8/394 .020 .709 
with H,F. 22/394 .055 .382 18.6 

Table 12, The probabilities of individual nestlings sur
viving the nestling period and resulting in 
fledged young. — x = nestlings lost/nestling 
days, r and p as in Table 9, other symbols as 
in Table 8. 

Study Area 
and Year X r P 

1 11/458 .024 .630 

2 24/673 .035 .508 

3 37/660 .057 .334 

4 37/789 ,047 ,401 

5 14/670 .020 .681 
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Table 13, Probable causes of egg and nestling mortality 
in Curve-billed Thrashers. — Symbols as in 
Table 8. 

1 
Study Area and 
2 3 

Year 
4 5 

Total Eggs 
Lost 20 39 41 69 22 

Losses Due 
to (%) : 

Hatching 
Failure 50.0 25.6 21.9 31.9 63.6 

Predation 20.0 61.5 36.6 60.8 18.2 

Desertion 30.0 7.7 26.8 7.3 18.2 

Other - 5.2 12.7 - -

Total Nest
lings Lost 11 24 37 37 14 

Losses Due 
to (%) ; 

Predation 54.5 58.3 51.3 64.9 57.2 

Starvation 9.1 29.1 27.0 35.1 42.8 

Other 36.4 12.6 21.7 - -

this study. Loss of eggs to predators was lower than other 

factors in the Oracle and Organ Pipe study areas. Loss of 

nestlings to predators was consistently the highest cause 

of mortality in all study areas. Factors included under 
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"other" that caused significant mortality (e.g., in the 

Oracle study area) included accidents (e.g., nestlings 

impaled on cactus spines in the nest), weather (e.g., nests 

blown out of chollas by windstorms) and unknown causes. 

Losses (e.g., disappearance) of young from success

ful nests were noted in this study and considered to repre

sent nestling starvation. In those situations where nest

lings were marked by claw painting the youngest, lightest 

nestling was invariably the one lost (N = 31). X have no 

records of the largest or second largest (in broods of 

three) nestling being lost. I do not believe predation 

enters this picture at all. It is difficult to envision 

a predator so selective that it would invariably take the 

smallest nestling and not bother with its nestmates. In 

several cases where nestlings other than the smallest have 

disappeared first, the others have disappeared within two 

days. No nest was successful where a large nestling dis

appeared before the lighter one(s). The latter suggests 

predation in which the predator returned to the nest on 

more than one occasion and took one nestling each time. 

Daily mortality rates and survival probabilities of 

nestlings in nests that were ultimately successful (fledged 

at least one young) varied considerably in this study 

(Table 14) .' It is interesting to note that nestling loss 

from successful nests at Saguaro Monument in 1969 occurred 
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Table 14, Daily mortality rates and survival probabilities 
of nestlings in successful nests. — Symbols and 
study area designations as in Table 8. 

Study Area 
and Year X r P 

1 1/409 .002 ,998 

2 7/498 .014 .765 

3 10/473 ,021 ,655 

4 13/661 .019 ,694 

5 6/641 ,009 ,991 

almost entirely (6 of 7 cases) from eggs that hatched 

after May 15. In 1970 at Saguaro Monument such losses 

occurred throughout the breeding season as was the case 

at Sells and Organ Pipe. The single such loss that occurred 

in 1970 at Oracle was from a nest in which the eggs hatched 

after May 15, 

While failure of nestlings to fledge, in part due 

to starvation, is an important aspect of mortality in 

Curve-billed Thrashers, it is not as important as egg 

losses. Comparing the differences in mortality rates of 

eggs and nestlings (Table 15) is illustrative of this 

point. In situations where nestling mortality rates ex

ceed egg mortality rates, the difference between the two 



Table 15, Comparison of egg and nestling mortality rates 
for individual eggs and whole clutches. — M0 = 
whole nest mortality during the incubation 
period, Mn = whole nest mortality during the 
nestling period, me = mortality rate of indi
vidual eggs (including hatching failure) and 
mn = mortality rate of individual nestlings. 
Values are percent per day. Study area designa 
tions as in Table 8. 

Study Area 
and Year Me - Mn me - mn 

1 1.65 5.14 

2 3.44 3.95 

3 1.25 -0.41 

4 2.92 1.72 

5 2.30 3,88 

rates is negative (Ricklefs, 1969). It can be seen from 

Table 15 that the differences between these two rates are 

mostly large and positive. Only at Saguaro Monument in 

1970 did nestling losses exceed egg losses. 

In addition to the foregoing, nesting success has 

been calculated for each study area on a monthly basis, 

relative to plant species serving as a nest site and as 

a function of the height of nest plant directly above the 

rim of the nest. The results of these analyses are pre

sented in Tables 16 through 18. 



26 

Table 16, Probability of success in Curve-billed Thrasher 
nests on a monthly basin, •— Values represent 
the total probability of a given nest (whole) 
or a given egg (partial' to produce fledglings. 
Study area designations as in Table 8. 

Study Area 
and Year March April May June July 

1 
whole .583 .008 .747 
partial .036 .005 .561 

2 
whole ,325 ,353 .126 .281 
partial ,229 .223 ,109 ,075 

3 
whole .063 ,296 ,225 ,004 ,103 
partial ,042 ,128 ,166 ,010 ,141 

4 
Whole - ,081 ,427 .164 
partial - ,049 .244 .073 

5 
whole - - ,555 ,375 .361 
partial - ,268 .284 .149 

At Organ Pipe, there was a tendency for whole nest 

success to decline as the season progressed. Partial 

losses increased as the season progressed at Saguaro Na

tional Monument in 1969 (Table 16), Otherwise no signifi

cant trends occur in any of the study areas. 

From Table 17 it can be seen that whole nest 

survival probabilities tend to be higher in nests that have 



27 

Table 17, Curve^billed Thrasher reproductive success 
relative to overhead nest shade as indicated 
by the height of nest plant directly above the 
rim of the nest.—Study area and year designa
tions as in Table 8. 

1 
Study Area and 
2 3 

Year 
4 5 

Less than 12 
inches above 
rim of nest 

Whole Nest .004 .042 .250 .216 .262 

Partial .012 .029 .118 .093 .108 

12 or more 
inches above 
rim of nest 

Whole Nest .471 .490 .182 .207 .547 

Partial .199 .239 .133 .151 .316 

more than 12 inches of nest cactus directly above the rim 

of the nest. The more significant and consistent trend, 

however, is that of increased survival probabilities of 

individual eggs and nestlings ir. well shaded nests. 

Table 18 summarizes nesting success in different 

types of cacti at Saguaro National Monument. The Saguaro 

Monument study area was the only one in which chollas other 

than Opuntia fulgida were used as nest sites. 
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Table 18, Probabilities of nests surviving the entire 
nesting period in different types of cholla 
cacti. — Data from 1969 and 1970 pooled, 
ri = daily mortality rate during the incuba
tion period, rn = daily mortality rate during 
the nestling period. p^, pn and total p as in 
Table 9, 

Plant N rj[ rn pi pn Total p 

Opuntia 
versicolor 6 ,072 .034 ,281 .518 .145 

O. fulgida 62 ,063 .025 ,331 .618 ,204 

0. f, var 
mamillata 20 ,033 .036 ,565 .498 .281 

Early nests (those in which eggs hatched prior to 

1 May) tended to be more successful nests (Table 19), The 

only variance from this pattern was at Oracle and Sells. 

The samples at Oracle and Sells, however, are too small 

to attach much significance to the high figures for nests 

in those study areas. 

In 1969 at Saguaro National Monument, nestling 

survival rates were extremely high in early nests compared 

with later nests that same year. In 1970, later nests 

were more successful but not nearly as successful as the 

early nests of 1969 (Table 20). 
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Table 19, Probabilities of Curve-billed Thrasher nests 
surviving the entire nesting cycle in early 
and late nesting (see text). — Pi ^ proba
bility of surviving the incubation period, 
Pn = probability of surviving the nestling 
period and total p = Pi X pn. Study area 
designations as in Table 8. There were no 
early nests at Organ Pipe Cactus Monument, 
hence no #5 study area. 

Study Area 
and Year N Pi Pn Total p 

1 
Early 14 .425 .479 .203 
Late 8 .747 1.000 .747 

2 
Early 16 .266 1.000 .266 
Late 27 .465 .561 .261 

3 
Early 16 .403 .561 .226 
Late 29 .457 .442 .202 

4 
Early 8 .238 .193 .046 
Late 52 ,396 .344 .136 

Table 20. Nestling losses in early and late nests of 
Curve-billed Thrashers at Saguaro National 
Monument, — Symbols as in Table 9. 

Year 
• 

X r P 

1969 Early 1/245 .005 .923 
Late 23/428 .054 .389 

1970 Early 15/237 .063 .331 
Late 11/241 .046 .449 
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Chi^square analyses (Simpson et al», 1960, p. 321) 

were conducted on the ratios of young fledged to eggs laid 

for each study area. Two analyses were done, one including 

nests in which fledging was inferred and one using only 

nests of unquestionable clutch size and fate. The results 

were significant in both cases (p <.01 and p <,025 respec

tively. The results of the latter test are presented in 

Table 21. 

The significance of the above is related to the 

very high mortality ratios at Saguaro National Monument 

Table 21. Chi square analysis of young fledged/eggs 
laid. •— Data from nests in which the clutch 
size and ultimate fate were known. 1970 data 
only. Mortality ratio = L/L+F. 

SNME ORACLE SELLS OPCNM TOTALS 

Laid 76 42 112 63 293 

Fledge 14 22 31 30 97 

L+F 90 64 143 93 390 

L/L+F 0,844 0,656 0. 783 0, 677 0. 751 

L(L/L+F) 64,174 27,560 87. 718 42, 676 220, 131 

X2 = 
D.F. = 

10,679 
3 p <.025 



and Sells compared to the lower ratios at Oracle and Organ 

Pipe Cactus National Monument. The Saguaro Monument ratio 

compared with the Oracle ratio by the same test is not 

significantly different (p <.250). 

In addition to the above, a significant difference 

was found in the number of fledglings produced per nest 

from eggs laid in May, 1970 (Figure 2, Table 24). The 

difference in this case results from the high mean value 

at Organ Pipe (1,64 fledglings per"nest) compared with the 

low Saguaro Monument value (0.61 fledglings/nest). 

Total reproductive success and density of breeding 

pairs is presented in Table 22. Fledging success was ob

viously higher in those areas with the lowest density of 

breeding thrashers, A similar result is reflected in 

probabilities of whole nest success (Table 9, p. 19). Of 

particular interest in Table 22 is the consistency in num

ber of fledglings produced per acre which varied by only 

2.2 fledglings between the areas producing the most 

(Oracle) and the fewest (SNME) fledglings per acre. 

Larger broods fledged a smaller percentage of the 

entire brood (Figure 3) and broods of two produced more 

fledglings than broods of three (Table 23). However, 

broods of three produced more young/nest than broods of 

two. More fledglings resulted from broods of two partly 

because there were more broods of two than three. Twenty-two 
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Figure 2. Success of Curve-billed Thrasher nests in which 
eggs were laid during May, 1970. — The vertical 
bar is the mean, the open rectangle includes ± 2 
standard errors of the mean, and N is the number 
of nests. 



Table 22. Total reproductive, success and population den
sity in each study area during 1970. — Repro
ductive success is expressed as fledglings/ 
pair, population density is expressed as pairs 
of breeding birds/100 acres. 

Study Area 
ORACLE SNME SELLS OP CNF. 

Breeding Pairs 14 26 45 27 

Pairs/100 Acres 7 16 15 9 

Fledglings 22 14 31 30 

Fledge/Pair 1.57 0.54 0.69 1,11 

Fledge/100 Acres 11 9 10 10 

Table 23. Brood size and the number of young produced in 
successful Curve-billed Thrasher nests. — Body 
of the table indicates sample size (N) and num
ber of young fledged. Study area designations 
as in Table 8. 

Study Area 
and Year 1 

Brood Size 
2 3 

1 1 (1) 16 (8) 11 (4) 

2 5 (5) 19 (11) 11 (5) 

3 - - '15 (10) 5 (3) 

4 1 (1) 22 (12) 19 (10) 

5 9 (9) 23 (12) 13 (6) 

Fledglings/ 
Nest 1 .0 1.8 2.1 
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Table 24, Success of Curve-billed Thrasher nests in which 
eggs were laid during May, .1970 at Saguaro 
Monument, Sells and Orgc-.n Pipe Cactus National 
Monument. -— Success expressed as fledglings per 
nest. Results of Student's t comparing means 
of each area are presented. N = number of nests, 

Study Area 
and Year N 

Fledglings/Nest, 
x ± 2 SE 

Student1 
. OPCNM 

1 s t 
SELLS 

SNME 18 0.61±0.432 t=2.928 
p <.01 

t=l.792 
p <. 1 

SELLS 30 1,13±0.366 t=l.469 
p <,2 

OPCNM 11 1,64±0.566 

broods of two resulted from clutches of three in which one 

egg did not hatch. Broods of one resulted from clutches 

of two on nine occasions and from clutches of three on 

three occasions. 

The weights of nestlings whose age was known within 

12 hours are presented in Figure 4. Sample sizes are small 

on some days in each study area. Only days for which there 

are at least four nestling weights are presented in 

Figure 4, 

It can be seen that age specific nestling weights 

are less in the westernmost study area compared with the 
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from pooled data. 
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Figure 4. Weights of known age nestlings from Oracle, 
Saguaro National Monument and Organ Pipe Cactus 
National Monument study areas. 
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easternmost, JData are not available on the weights of adult 

birds in the three study areas presented in Figure 4. 



DISCUSSION 

The timing of reproductive activities in birds has 

been extensively studied over long periods of time by 

various European workers (Lack, 1950, 1954; and Gibb, 1950), 

Lack points out that early breeding starts are usually 

correlated with early appearance of insects and plants that 

may serve as food sources for nestlings. Conversely, late 

breeding starts are correlated with late emergence of food 

supplies, 

In the present study similar adjustments are present 

and appear to be correlated with the amount and distribu

tion of winter rainfall. Thrashers in the westernmost 

study areas consistently started breeding later than those 

in the easternmost areas (see Table 4, p. 13). During the 

drought year of 1971, Curve-bills started breeding later in 

the Saguaro Monument and Sells study areas than in 1970. 

The Organ Pipe and Oracle populations started at about the 

same time in both years. 

The most obvious factor that could account for 

these differences is the amount and distribution of winter 

rain, Hensley (1954) reports finding nests of Curve-bills 

at Organ Pipe as early as March 6 in 1949. Winter rainfall 

in 1948'-49 totaled 3.82 inches, slightly more than winter 

38 



jrainfa,ll in 1969--70, Curve-bills started breeding in the 

second week of May in 1970. It is doubtful that such a 

small difference (0.16 inches) in winter rain between the 

two years could account for the differences in initial 

nesting activities. However, most of the rainfall reported 

by Hensley occurred in December and January (3.33 inches). 

In the present study, most of the winter rain influencing 

the Organ Pipe population occurred in November, 1969 and 

March, 1970 (2.76 of 3.66 inches). The temporal aspect 

of the winter rainy periods may be an important factor. 

Two or more fairly wet months in succession may be required 

to provide food sources that may elicit early spring 

breeding, Good rains that come late (as the March rains at 

Organ Pipe, 1970) may not be adequate to stimulate repro

ductive activities in April, 

Substantiation is provided by timing of the Oracle 

population in 1970 and 1971. The birds started breeding 

at about the same time in both years. In 1971, despite 

very low winter rainfall, the only rainless month of the 

November-March rainy period was March. There was 1.11 

inches of rain at Oracle in February and rains in December 

and January totaled over one inch. 

The actual adaptation of the breeding season to 

winter rains is probably ecologic rather than climatic. 

If winter rains are adequate to produce a flush of green 
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vegetation and elevated insect populations in March and 

April, then the birds start breeding earlier. 

Early spring breeding by Curve-bills, then, appears 

to be related to the extent of winter rain, and very pos

sibly not the amount per se but the distribution in time 

of the rainy periods. Thus winter rains totaling 5 inches 

in November followed by several rainless months would 

probably not have the stimulating effect of 4 inches 

spread over the entire winter period. 

In those years when winter rainfall is low and/or 

sporadic, the blooming and fruiting of the saguaro cactus 

appears to have an influence on reproductive activities. 

The initiation of breeding by Curve-bills at Organ Pipe 

in 1970 and 1971 was closely correlated with the appearance 

of blossoms on the saguaros. In 1971, a similar situation 

was encountered at Saguaro Monument and Sells. The 

blossoms and fruits are undoubtedly an important source of 

food for Curve-billed Thrashers and many other birds. The 

insects attracted to the blossoms and fruits also serve 

as a food source. The use of saguaros by Curve-bills 

has been noted by other workers (Ambrose, 1963; Hensley, 

1954). It is not uncommon to see Curve-bills probing 

flowers for insects as well as capturing insects landing 

on the flowers and fruits. Virtually every nestling ob

served in this study during the period when saguaros were 



41 

blooming and fruiting had red stains or pollen grains about 

the mouth, Saguaro fruit and the insects attracted to it 

provide an easily exploited source of food and water during 

the hotter parts of the breeding season. Adult birds could 

probably make use of this source with a minimum of effort, 

thereby avoiding excess activity and the potential heat . 

stress associated with it. 

Height-relative placement of Curve-billed Thrasher 

nests was remarkably consistent in this study (Table 6), 

All nests were placed in positions between 73 and 78 percent 

from the bottom (ground) of the nest cactus. This is un

doubtedly due, in part, to the shape of the cactus used as 

a nest site. Most chollas (Opuntia fulgida and 0. fulgida 

var mamillata) have a well defined trunk topped by a more 

or less global crown of branches. It is in this crown of 

branches that Curve-billed Thrashers place their nests. 

Nests are usually placed near the middle portion of the 

crown regardless of its size. The latter suggests nest site 

selection that serves the dual function of overhead shading 

and predator protection from all sides. 

Several workers (Brown, 1888; Ambrose, 1963; 

Willard, 1912; Gilman, 1909; and Ricklefs, 1965) have com

mented on the stability of clutch size in Curve-billed 

Thrashers, Three is the most frequently reported clutch 

size, although Brown reports late May nests at Quijotoa 



(between Sells and Organ Pipe) in 1885 all contained two 

eggs, Ambrose considered clutches of less than three to be 

the result of predation and accidents, and Brown dismissed 

clutches of one and two as being incomplete. 

Herbert Brown (unpublished notes) records 123 

nests of Curve-bills taken in April of 1886 through 1889. 

The mean clutch size of these nests was 3.31 eggs. Other 

months involving a total of 45 nests had mean clutch sizes 

ranging from 2.75 to 3.10 eggs, Scott (1888) reports on 

28 nests with a mean clutch size of 2.18 eggs. Gilman's 

(1909) records indicate 14 of 27 nests with three eggs, 

2 of 27 with four eggs and the remainder of the 27 with one 

or two eggs. No mention is made in most cases of whether 

or not nests were rechecked to determine if the clutches 

observed were actually complete or partial. 

The point to be made is that clutch size in Curve-

billed Thrashers is variable. As indicated in Table 7, 

there were significant clutch size variations in this study. 

Variations do not, however, appear to have any relation 

to heat or aridity. The largest mean clutch size (2.61) 

observed in this study occurred in the Sells study area, the 

smallest (2,29) at Saguaro National Monument, The Sells 

area was very badly overgrazed and there was considerable 

damage to perennial plant species by cattle. The Saguaro 

Monument area is not grazed at all by cattle. The effects 
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of extreme habitat disturbance may, in some way, be related 

to the large clutch size at Sells. 

It was expected that clutch size would decrease as 

the breeding season progressed. Examination of Table 8 

reveals a tendency for clutch sizes to increase as the 

season becomes hotter and drier. Lack (1954) points out 

that clutch sizes of some species increase as the season 

progresses and others decrease. If lack's hypothesis re

lating food supply to clutch size is correct, it must be 

assumed that there is an increase in food supply (saguaro?) 

as the season progresses in Lower Sonoran habitats dominated 

by paloverde and saguaro. The decline in clutch sizes at 

Oracle where there are no saguaros tends to substantiate 

this observation. 

Nesting success by Curve-bills in this study is 

generally much lower than figures reported in studies of 

other birds (Nice, 1957; Ricklefs, 1969), Nice presents 

an average figure for success in open nesting altricial 

birds of 49,3 percent. In the present study nest success 

ranged from 21,0 percent to 44.9 percent with a mean value 

of 26,8 percent (Table 9). Low nesting success in this 

study is partly a function of the method of data reduction, 

Skutch (1966) has criticized Mayfield's method of analyzing 

nesting success and suggests the values obtained are prob

ably too low. He also noted the necessity of making daily 
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trips to nests to obta,in the most complete data, would 

probably result in too much disturbance resulting in 

greater nest mortality. The latter criticism is based 

on a basic misunderstanding of the technique. As Mayfield 

points out, it is not necessary to make daily trips to 

nests. In fact, it is only necessary to visit nests at 

the periods of egg laying, hatching, and fledging. As 

long as a nest is checked more than once it may be included 

in data analysis. This is not the case with the methods 

employed by most workers (including Skutch) that rely on 

knowing the fate of every nest and excluding from analysis 

those with outcome unknown. Ideally Skutch's method of 

finding all nests before eggs are laid and following their 

fate from that point on is best but not very practical in 

most field situations, in reality most figures on nesting 

success are probably higher than they should be (Lack, 

1954; Ricklefs, 1969; Skutch, 1966). 

A comparison of the two methods of calculating nest 

success gave slightly different results in this study 

(Table 10), The differences between the two techniques 

are not great and both sets of figures presented in Table 

10 are generally lower than the 49.3 percent figure re

ported by Nice (1957). 

The effects of heat and aridity per se on nesting 

success in this species do not appear to be great. For 
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example, the highest success in this study occurred in the 

hottest, driest study area during the hottest, driest part 

of the breeding season. This result was roughly paralleled 

in the coolest, wettest study area during the coolest, 

wettest part of the breeding season (Table 9). The entire 

picture is further clouded by other facets of environ

mental impact including nest site selection, predation and 

habitat disturbance. 

Nest failures at Saguaro National Monument during 

the hot portion of 1969 may be related to increased heat 

and aridity, especially as they influenced food supplies 

and the ability of adult birds to gather food under physi

ologically stressful conditions. Loss of nestlings from 

successful nests was highest at Saguaro Monument and Sells 

in 1970 (Table 14), but very low at Organ Pipe. The latter 

again suggests that heat and aridity alone are not as im

portant as other factors influencing nesting success. Low 

nestling weights at Organ Pipe (Figure 4), however, suggest 

that adult thrashers are not as effective in feeding nest

lings as in other areas. This could be the result of heat 

stressed adults being unable to elevate their foraging 

activities adequately to*maintain nestling weight gains. 

It is also possible that the adult birds at Organ Pipe are 

smaller (weigh less) than adults at Oracle and normally 



fledge nestlings that are lighter but weigh the same 

proportionately as nestlings in other areas, 

Ricklefs (1965 and 1969) has suggested that nest

ling starvation is an important source of mortality in 

Curve-billed Thrashers. In his 1965 paper Ricklefs demon

strated brood reduction or selective starvation of nestling 

by adults in two model broods (broods in which nestling 

weights were taken daily and the energy requirements of 

nestlings estimated). He suspected brood reduction in at 

least five other nests. He attributed starvation to low 

food supply and the inability of the adults to elevate 

their food gathering capabilities enough to feed all 

young in the nest. Nestling starvation was also noted 

in this study (Table 14, Figure 3) but it was not as im

portant a source of mortality as egg loss (Table 15) 

except at Saguaro Monument in 1970, 

Nestling starvation was not highest in the hottest 

study area but was highest in the Saguaro Monument and 

Sells study areas. Nestling starvation may have been re

lated to an inability on the part of adults to elevate 

feeding rates in areas of short food supply. The ability 

of adults to increase feeding rates could be related to 

heat stress. Adult birds feeding nestlings are frequently 

heat stressed from early in the morning throughout the day 

as indicated by gaping and spread-wing cooling behavior. 
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Thus in a,reas where food is in short supply, heat could 

limit the foraging of the adults and result in nestling 

starvation, If the latter is true, it must be assumed that 

food supplies were greatest in the hottest, driest study 

area. This may well be the case and it is my subjective 

impression that saguaros are more numerous in the Organ 

Pipe study area than any of the others. 

Partial losses of eggs and nestlings were higher in 

nests that were poorly shaded than in well shaded nests 

(Table 17), The lack of shade, however, did not always 

result in higher whole nest losses. Partial losses in 

poorly shaded nests resulted from hatching failure and 

loss of individual nestlings. Hatching failure was much 

higher in this study than in studies summarized by Ricklefs 

(1969). Ricklefs reports an average loss of 5.1 percent 

of eggs laid to hatching failure. In the present study 

hatching failure ranged from 9.0 to 18.6 percent of all 

eggs laid and accounted for as much as 50 percent of all 

egg losses (Tables 11 and 13). First eggs laid in poorly 

shaded nests may have been exposed to prolonged periods of 

direct sunlight prior to the initiation of incubation re

sulting in heat death of the egg. This is substantiated 

by the high rate of hatching failure in the hottest study 

area. 



Smaller nestlings tha,t were unable to compete with 

nestmates for patches of shade in the nest may have suc

cumbed to sun exposure. The latter possibility is probably 

less likely as adult birds are very attentive of young 

nestlings. It is conceivable that small nestlings in 

poorly shaded nests are more likely to starve as adults 

may have to spend more time protecting nestlings from 

exposure to the sun and thereby not make as many feeding 

trips per unit time as in well shaded nests. 

Also, nests that were not well shaded were probably 

more susceptible to predation. Such nests were usually 

poorly concealed. Entry to the nest from above would pre

sent few problems to any predator that could get into the 

nest cactus. Similarly, low survival probabilities of 

nests placed in Opuntia versicolor were probably due as 

much to predation as any other factor, 

Predation was the single most important factor in 

egg and nestling loss in this study (Table 13) and in

variably led to whole nest losses. During 1969 and 1970, 

I did not record any instances of predators taking part of 

a clutch or brood. I have one 1971 record of one egg dis

appearing from a nest that was ultimately successful. 

Whole nest losses were lowest at Organ Pipe and 

Oracle {.Table 9) . This may have been a result of nest site 

availability, The chain chollas at Organ Pipe have more, 
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longer opines than the chain chollas at pells, Spine 

length of Organ Pipe chollas is significantly different 

(p <,001) from the chollas at Sells. Also, there are more 

spines per aereole (12.1 versus 11.2) and more aereoles 

per cm of cactus branch (0.63 versus 0.57). Nests at 

Organ Pipe were afforded more protection from predators 

as well as having more shade by virtue of the greater 

number of longer spines in the nest cacti. Similar data 

collected at Oracle indicate that the Oracle chollas have 

longer, more dense spines than Sells chollas. Low success 

at Saguaro Monument is related to the tendency for the 

birds to place nests in the nearly spineless variety of 

cholla as well as Opuntia versicolor, neither of which 

provide the protection of the Oracle and Organ Pipe 

chollas, 

The differences in whole nest survival probabilities 

(Table 9) and total reproductive success (Table 22) may be 

density dependent. The number of fledglings produced per 

pair and the probabilities of a given nest producing fledg

lings were much lower in those study areas (Saguaro Monu~ 

ment and Sells) with the greatest population densities. 

The consistent number of fledglings produced per acre may 

be related to community productivity and certainly, I 

believe, is deserving of further study. 
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Loss of nestlings from larger broods (Figure 3) 

is definitely a, case of density dependent mortality that 

is primarily food limited, A similar case of density 

dependent mortality has been reported (.Lack and Arn, 1947 

in Lack, 1954) in a non-passerine, the Alpine Swift (Apus 

melba), The population in both cases is the population 

of nestlings in a given nest and as can be seen from Figure 

3, as the population increases (brood size becomes larger) 

there is a decline in the percentage of surviving members 

of the population. 

Relative to density dependent mortality in the four 

study areas, it is of interest to note that snakes (es

pecially Masticophus flagellum) were apparently more common 

on the Saguaro Monument and Sells sites. I have counted 

as many as six M. flagellum in one day while censusing 

at Saguaro Monument, I have never seen more than three 

in one day at Sells and have never seen the species at 

either Organ Pipe or Oracle. 

Ricklefs (1969) suggests that the structural sim

plicity of field and marsh habitats reduces the hunting 

tasks of predators, resulting in higher mortality rates 

in species in those habitats. A similar line of reasoning 

could be applied to cholla nesting species. It would seem 

that a predator, by searching through scattered chollas 

and eliminating from its search all other nest sites could 



evolve a rather efficient system for ta,king cholla nesting 

species ne.sts, especially where population densities were 

high. 

Other species that nest in cholla (e.g,, Cactus 

Wrens, Brown Towhees, House Finches, etc.) frequently 

place their nests in other plant species even when chollas 

are available. This may tend to cause a diversification 

in predator foraging niches for these species resulting in 

lower mortality rates. Cactus Wrens have low mortality 

rates (Ricklefs, 1969) which are probably related to the 

type of nest construction but may also be enhanced by nest 

site diversity. 



SUMMARY 

The effects of aridity on reproductive activities 

of Curve-billed Thrashers are manifested primarily through 

a delay of initiation of breeding following winters of 

low and/or sporadic rainfall. Reproductive success in 

early nests is probably related to food supplies which in 

turn may be influenced by the temporal aspect of winter 

rains rather than the amount of rain per se. There is no 

well developed tendency for reproductive success to de

cline as the breeding season becomes drier (e.g., in late 

spring) and this may be related to the concurrent blos

soming and fruiting of the saguaro cactus. 

There is some evidence that heat plays a role in 

limiting reproductive success. It may contribute to nest

ling starvation by imposing limits on the activity of 

adult thrashers and prevent increases in nestling feeding 

rates. Heat may be partly responsible for the high level 

of hatching failure in Curve-billed Thrasher eggs. 

Predation is the single largest cause of nest loss 

in this species, Predation may be density dependent, 

causing higher mortality rates in areas where breeding 

bird densities are greatest. 
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