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ABSTRACT 

In 1967 the Arizona Game and Fish Department and the U. S. 

Bureau of Sport Fisheries and Wildlife asked for research to determine 

the reproductive potential of Band-Tailed Pigeons (Columba fasciata 

fasciata Say) in Arizona to permit better management of this potential 

game bird. This study was conceived to determine the duration of the 

breeding season, the phenology of breeding activity, the number of 

clutches per adult pair per year, and to identify other questions re

lated to better management of the Band-tailed Pigeon. 

Data related to calling and crop gland activity were collected 

in an intensive study area in the Santa Catalina Mountains near Tucson, 

These data were used as indices of breeding activity during the breed

ing seasons of 1968 through 1970. Data related to egg laying were col

lected throughout the state from 1968 through 1970 but could not be used 

as an index of breeding activity. 

The breeding seasons during the study began before May and 

ended in October. Measurement of calling and crop gland activity pro

vided data for multimodal graphs that indicated two or three periods 

of breeding activity throughout the summer. Peaks in each of the in

dices were separated by approximately the amount of time predicted from 

a theoretical schedule of events during a nest cycle. Call count data 

and crop gland activity data were significantly correlated. There were 

statistically significant peaks of crop gland activity in 1969 and of 

call counts in 1970. 

ix 
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The data appear to represent two or three periods of intense 

breeding activity during one season. Several interpretations of this 

cyclic breeding are discussed. Experienced adult birds probably breed 

twice during the sunnier, and second-year birds breed once, beginning 

later than the older birds. 



INTRODUCTION 

The Band-tailed Pigeon is a wild bird slightly smaller than a 

domestic pigeon, but of a similar gray color. It has a white crescent 

on the back of the neck, a wine-tinted breast, and dark and light bands 

near the end of the tail. The pigeon's call vaguely resembles that of 

a great horned owl. Band-tailed Pigeons may be found in Arizona from 

the mixed conifer regions down to the upper Sonoran desert. Nests and 

roosts are usually in the higher elevations, from which the bird de

scends each day to feed. These flights of descent are often rapid, 

with wings partly closed in a dive. Wing-shooting of pigeons in moun

tain passes is one of the most difficult kinds of sport and stalking 

the wary birds to flush them from trees within shotgun range takes 

great skill. They are large and usually good tasting. For these rea

sons it is no wonder that sportsmen have sought the privilege of hunt

ing this bird. 

Many people have feared that the pigeon would become extinct 

and repeat the Passenger Pigeon tragedy. In the interior portions of 

its range, the reasoning of J. Stokely Ligon (1927, p. 145) has pre

vailed. "Although there is no open season for the hunting of these 

birds, they do not appear to increase but remain in about the same num-

bers, an indication that they could not stand an open season in this 

state." Neff (1947) recommended no further liberalization of seasons 

or bag limits, because of the low reproductive potential of the bird. 

1 
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In his opinion population levels in the interior states were too mar

ginal to justify hunting there. Objections to re-opening the hunting 

season in Arizona during the early 1960 1 s were based on the unsupported 

contention that Band-tailed Pigeons raised only one young per year 

(James and Seymour Levy of Tucson, personal communications). Pressure 

for a hunting season increased, both from potential hunters and from 

within the U. S. Bureau of Sport Fisheries and Wildlife and the Arizona 

Game and Fish Department. Following this the Arizona Cooperative Wild

life Research Unit initiated a study to determine the reproductive po

tential of the bird, in order that factually based management decisions 

could be made. 

The study had the following objectives: 1) to determine the 

distribution of breeding activity during the breeding season; 2) to de

termine how many clutches of young can be expected ' from a normal pair 

of Band-tailed Pigeons; 3) to determine the duration of the breeding 

season; and 4) to determine what additional research is needed to ob

tain information for the management of Band-tailed Pigeons. 



LITERATURE REVIEW 

I completed a lengthy literature review of the interior sub

species of Band-tailed Pigeons as part of this study (Fitzhugh 1970). 

It included a complete bibliography for the subspecies. Most of the 

references involve brief notes of accidental observations by lay or 

professional ornithologists. In the following paragraphs, where a syn

thesis of many scattered reports is involved in a single statement, the 

literature review is cited. 

Taxonomists recognize two subspecies of the Band-tailed Pigeon 

in the United States. The coastal subspecies (Columba fasciata monolis 

Vigors) occupies California, Oregon, Washington, and southern British 

Columbia. The interior subspecies (~. £. fasciata Say) spends the win

ter in Mexico and the summer in the mountains of Arizona, New Mexico, 

west Texas, Colorado, and Utah. Ranges of the two subspecies meet only 

in southern Nevada (Fitzhugh 1970). Only one major . scientific investi

gation of the interior subspecies of the Band-tailed Pigeon predates 

the initiation of the present study. In 1947 Johnson Neff published a 

collection of information on food habits and life history. In addition 

to Neff's major work, some taxonomic analyses and efforts at identifi

cation of disease organisms have been published by other authors. 

Reproductive Potential 

Many ornithologists have accidentally found nests of Band

tailed Pigeons. Reports by these people indicate that pigeons usually 

3 
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lay one egg per nest. Occasionally two eggs are found. The number of 

nests per year is not well known, but nests of the coastal subspecies 

have been found in every month of the year. The nesting period for the 

interior subspecies in southern Arizona appears, from an analysis of 

all existing reports, to be from early April through October (Fitzhugh 

1970). Eggs have been found as early as April 2 and as late as October 

25 (Fowler 1903; Phillips, Marshall, and Monson 1964). From 1952 

through 1955, Macgregor and Smith (1955) recorded 26 nests and 33 nest

ings of Band-tailed Pigeons in Monterey, California. Some of the birds 

Macgregor and Smith studied were marked for identification. One of the 

marked birds in urban Monterey raised three young in four attempts be

tween May and October of one year. In an enclosure in Oregon, one pair 

of Band-tailed Pigeons nested three times between April and October, 

1952, and raised two young (Einarsen 1954). No information is available 

concerning the nest-success ratio, except from Macgregor and Smith 

(1955), who conducted their study in an urban area under climatic con

ditions different from those in Arizona. 

Identification and Age of Young Pigeons 

Juvenile pigeons can be identified by the presence of feathers 

that have buff-colored tips until these feathers are lost in the post-

juvenal molt, which occurs in the autumn (Silovsky et al. 1968), These 

authors presented a key for identification of juvenile birds from the 

summer of hatching through October in Oregon. 

In many birds, including Mourning and White-winged Doves, the 

date of hatching or egg laying can be determined from the molt 
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development of young birds (Giles 1969, p, 332; Saunders, Cottam and 

Trefethen 1968, p. 325). Gene D. Silovsky (Department of Fisheries and 

Wildlife, Oregon State University, Corvallis, personal communication, 

1968) supplied a tentative guide to the age of juvenile Band-tailed 

Pigeons in Oregon based on the number of primary feathers lost in the 

postjuvenal molt. He expressed lack of confidence in this guide beyond 

the third primary, although some of his data extend through the sixth 

primary. His guide is based on a small number of captive pigeons. 

Physiology and Timing in the Nest Cycle 

The pituitary hormone prolactin stimulates enlargement and pro

liferation of epithelial cells in the crop of pigeons. The swollen 

tissue thus formed is usually called a "crop gland." Members of the 

pigeon family feed their young a substance from these glands called 

"pigeon milk" (Riddle 1947). The development of the glands was studied 

by Zeigler (1971) at different stages in the breeding cycle of Band-

tailed Pigeons. He described the physical appearance of the crop gland 

and the timing of different stages of development both in terms of days 

elapsed and relative to development of the nestling Band-tailed Pigeon. 

Zeigler*s (1971) study has been the only one to determine the 

amount of time required for different phases of the breeding cycle. It 

was published after analysis of my data was completed. However, by as

sembling widely scattered observations I approximated the same informa

tion that Zeigler later developed. Because my analysis of the timing in 

the nest cycle was used as an integral part of the methodology of the 
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present study, it is presented in Appendix A. My approximation of the 

timing agreed so closely with Zeigler's findings that it was unneces

sary to change my approximation when his results were published, 

March and Sadleir (1970) found evidence that the female Band-

tailed Pigeon stops feeding the fledgling before the male Band-tailed 

Pigeon, probably in preparation for another breeding period. Whitman 

(1919) and Murton (1965) found that Domestic and Wood Pigeons commonly 

lay eggs while the first brood is still being fed pigeon milk. 

The gonads of birds expand greatly during the breeding period. 

This fact is often used to determine limits of a breeding season and 

whether individual birds are in breeding condition (Welty 1962, pp. 

134-138). Some reduction in the size of testes was noted during crop 

gland enlargement in Domestic Pigeons. This reduction was tentatively 

attributed to an atrophy-causing effect of prolactin on the gonads 

(Riddle 1938). 

The History of Call Counts 

Auditory counts of calling male birds have long been used to 

estimate population levels and the extent of breeding activity. These 

counts are usually made for three-minute periods at established loca

tions along a road, usually one-half or one mile apart. Time of day, 

wind, and moisture have been shown to be important factors causing 

variation in calling intensity, although the exact relationships have 

not been highly defined (Giles 1969, p. 428). Calling intensity is ul

timately controlled by changes in hormone levels related to breeding 
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activity. Males typically sing more during courtship than afterward 

(Welty 1962, p. 200). 

Call counts have been investigated for use as an index to popu

lation levels of Band-tailed Pigeons (Sisson 1968; Keppie, Wight, and 

Overton 1971). These authors recommended that call count data not be 

used if wind speed during the collection period was over 5 and 7 miles 

per hour, respectively. Keppie et al. (1971) found only one seasonal 

peak in calling activity, but they grouped their data into 10 and 15 

day periods during their analysis. Ihey presented several graphs of 

calling activity which appear to me to contain one, two, or three peaks 

of activity. No other authors have reported a scientific investigation 

of Band-tailed Pigeon calling patterns. 

Baiting and Trappins 

In Oregon, Band-tailed Pigeons congregate at mineral springs or 

tidal flats for five or six weeks before migration in August and Sep

tember (Morse 1957). Morse theorized that each mineral spring is a 

focal point of a single breeding population and is used by the same 

birds each year. Packard (1946) reported seeing pigeons in Colorado 

at cattle salt blocks. Neff (1952) reported that the use of "salt 

licks" by the interior subspecies is apparently not as great as use by 

the coastal subspecies. This salt-eating habit of pigeons may have 

contributed to the trapping success of Mace and Batterson (1961) in 

Oregon. They located an area where pigeons came to a tidal salt flat 

in the autumn. By baiting in this area with grain they were able to 

trap pigeons in the spring. Howard Wight (Department of Fisheries and 
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Wildlife, Oregon State University, Corvallis, personal communication, 

1968) indicated that mature pigeons in Oregon could be lured to trap-

sites by bait in the spring, but that no good method of trapping large 

numbers of juvenile pigeons had been developed. Pigeons would not come 

to bait later in the summer and fall. 

Many different types of traps have been used on Band-tailed 

Pigeons, but the most successful appears to be the cannon-net trap (U, 

S. Department of Interior, Fish and Wildlife Service 1967; Evans 1972). 

The first successful trapping of large numbers of Band-tailed Pigeons 

in Arizona occurred in 1967. These pigeons were trapped by the Arizona 

Game and Fish Department when they entered one group of grain fields to 

feed (Evans 1972). During the present study, Band-tailed Pigeons did 

not, to my knowledge, feed in grain fields in Arizona except in that 

one group of fields in 1967. 



METHODS 

A primary study area was chosen in 1968 in the Santa Catalina 

Mountains near Tucson, Arizona. However, some birds were collected and 

trapped throughout the state. 

The natural means of determining how many broods of young a 

pair of pigeons raised per summer seemed to be to find some nests, mark 

the parent birds, and watch them. Searches for pigeon nests in the 

tall forests of the Pacific Coast had been largely unsuccessful (Howard 

Wight, personal communication, 1968). However, because most of the 

nests reported in Arizona were in low pinyon or oak trees, I believed 

nest location would be easier in Arizona. Therefore, the summer of 

1967 was spent observing pigeon habits, their habitat, and looking for 

nests throughout the state. It became obvious that the reports of 

nests had been biased in that low trees had facilitated accidental 

sightings of pigeon nests. Most of the pigeons nested in the tall for

ests at higher elevations. The nests were extremely well concealed and 

none were found until later in the study. 

Beginning in 1968, indirect indices were used to demonstrate 

changes in population-wide breeding activity during each season through 

1970. I assumed that most birds in any one year begin to breed at 

about the same time. Welty (1962) says avian breeding is stimulated by 

increasing day length or some other environmental phenomenon. If most 

of the adult pigeons begin breeding at the same time at the start of 

the breeding season, subsequent nestings, if they occur, should occur at 

9 
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about the same time later in the breeding season. Therefore, popula

tion-wide behavioral or physiological indices should show an increase 

in frequency during each peak in breeding activity. If more than one 

nesting period occurs during the breeding season, a frequency graph 

along a time scale should be multimodal in nature. 

The indices of breeding activity measured during this study 

were: 1) the frequency of birds heard calling on a standard route and 

2) the degree of activity of the crop gland, Postjuvenal molt data 

could not be used to indicate dates of egg laying because there were 

too many assumptions involved. Molt data did, however, tend to support 

crop gland and calling data. 

The distribution of breeding activity during a breeding season 

is illustrated with graphs and statistical tests depicting changes in 

calling levels, and crop gland activity. These graphs show the rela

tive frequency of each index throughout the breeding season. 

To determine how many clutches a normal pair of pigeons raise 

during a summer, the time-distribution of breeding activity is compared 

with the length of a nest cycle (Appendix A) and some physiological 

data concerning the onset of a second nesting period. 

In order to determine the limits of the breeding season, monthly 

averages of gonadal measurements from 1967 through 1970 were considered 

with the level of crop gland activity (1969-1970) and calling activity 

(1968-1970). Then I made a subjective conclusion about the approximate 

beginning and end of the breeding season. 

Needs for additional research were identified subjectively as 

problems arose during the study. 
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Sampling Methods and 
Field Techniques 

Collection of Call Count Data 

A call count route was established on April 30, I968f for Band-

tailed Pigeons in the Santa Catalina Mountains. The first 10 listening 

points were in mixed conifer and pine forest along a ridge which con

nects the peaks at either end of the mountain range. The remaining lis

tening points were on a ridge which descends through a mixed pine-oak 

vegetation type. In different years the total number of listening points 

varied from 19 to 13. Making observations along this call count route 

involved making periodic trips along the route with stops at the same 

listening points each time the route was traveled. Procedures for per

forming the call count were based on recommendations of Daniel Keppie 

(personal communication, later published, Keppie et al. 1971). Individ

ual birds were identified by direction and distance from the observer. At 

each listening point I recorded the number of birds and calls heard dur

ing a 3-minute listening period and the maximum and minimum wind values 

5 feet above ground. Wind speed was estimated in miles per hour accord

ing to a modification of Beaufort criteria which uses as estimators the 

drifting of smoke, movement of leaves on trees, etc, I averaged all wind 

speed values to obtain the average wind speed for that day's count. Data 

from call counts that had average wind speed greater than 5 miles per hour 

were omitted from the breeding intensity analyses. This procedure is less 

conservative than recommended by Sisson (1968) and perhaps Keppie et al. 
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(1971). They recommended not completing call counts if maximum wind 

speed was over 5 and 7 miles per hour, respectively. Reasons for using 

an average of 5 miles per hour as an upper limit to the usability of 

call count data are given in Appendix B, 

After completing the call count on each day of observation, X 

recorded a subjective evaluation of my ability to hear calls under 

existing wind conditions. Listening points were closer together than 

one-half mile if physical features prevented the transmission of sound. 

In 1968 I completed one call count per week. In 1969 and 1970, 

an attempt was made to obtain data from three counts per week, but high 

wind levels usually prevented the use of more than two of them. It was 

often necessary to cover the route on four or more days to obtain two 

usable samples. 

Starting time In 1968 was one-half hour before sunrise. In 

1969 I began 15 minutes before sunrise, and in 1970, 10 minutes before 

sunrise. Data from each year were analyzed separately. Counts of 

birds and calls heard at one location throughout the day were made in 

1969 and 1970. The greatest amount of calling occurred during the 

first hour after sunrise. A graph of the data was similar to graphs 

found in an extensive study of the daily calling cycle in Oregon (Fig

ure 3, page 23, in Keppie 1970). These data indicate that the call 

counts were conducted at an efficient time of day. 

At the beginning of 1969 and 1970 I changed the exact location 

of the least productive listening points in order to gain efficiency. 

Between 1968 and 1969, eight points were the same. Between 1969 and 
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1970, nine remained the same. Five points were the same in all three 

years, although the time of day at which calls were counted at that lo

cation changed slightly. The total numbers of listening points during 

1968, 1969, and 1970 respectively were 19, 19, and 13. Extreme route 

alterations were attempted in early 1970, then abandoned. The stand

ardized route for that summer was not established until May 21. During 

April, 1970, however, counts were regularly made along a newly proposed 

route, part of which was on the same road used in 1968, 1969, and later 

in 1970. Results of counts on this proposed route were used in several 

figures to show the beginning of calling. 1 believe these results were 

sufficiently representative of the calling intensities in the Santa 

Catalina Mountains to allow that comparison. 

Examination of Pigeons 
During Hunting Seasons 

Ages of juvenile pigeons were classified according to progres

sion of the postjuvenal molt of the primary wing feathers. Data on the 

postjuvenal molt, crop gland enlargement, sex ratio, and gonadal de

velopment were obtained during hunting seasons from hunter checking 

stations in the Santa Catalina Mountains and the Huachuca Mountains, 

from field checks of hunters by state and federal personnel throughout 

the state, and from a systematic sample of hunters. Sixty percent of 

all pigeon hunters were given envelopes in which to return the wings of 

all birds shot during the seasons. These envelopes were mailed by the 

hunter after each day's hunt and identified by the hunter's permit num

ber and the area where he hunted. The wing envelope survey provided 
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data for an age ratio of pigeons and a frequency distribution of pri

mary molt stages of juvenile pigeons killed during the hunt. 

At checking stations and during field checks sex was usually 

determined from gonads. The key to the age of pigeons (from Silovsky 

et al. 1968) was included on the reporting form, always available to 

the person examining the birds. 

Examination of Pigeons 
Throughout the Year 

Data concerning the presence of enlarged crop glands, age 

ratios of the pigeon population, and progression of the postjuvenal 

molt were obtained throughout the summer by examining pigeons that were 

trapped and released and others that were shot. Most of the trapping 

was done in the Santa Catalina Mountains where a cannon-net trap was 

used. Pigeons were attracted to an old salting ground for cattle at 

most trap sites, including the Santa Catalina Mountains site. At these 

locations, the birds came to eat the salty dirt. Trap sites at Tonto 

Basin, Frescott, Rye, Pima, and Lakeside were in feeding areas. 

Cracked corn and other grains were used to increase the attractiveness 

of the site at salting grounds and at some of the feeding locations. 

Trap sites other than the Santa Catalina Mountains site furnished only 

data concerning the postjuvenal molt. Trapping in the Santa Catalina 

Mountains took place in 1968 at irregular intervals, usually one week 

apart or longer. In 1969 and 1970 pigeons were trapped as often as 

possible whenever the call count was not being performed. Because more 

pigeons used the salt area late in the season, more were trapped then. 
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Pigeons were collected by shotgun at irregular intervals and at widely 

scattered locations throughout the state wherever they were found in 

1967, 1968, and 1969, except at trap sites. Many of these collections 

were made by personnel of the Arizona Game and Fish Department during 

the course of their other duties. 

Identification of Juvenile Pigeons 

Juvenile and adult pigeons were separated by the presence of 

Juvenal plumage and lack of wear on the primary and secondary feathers 

of the wing. The procedure of Silovsky et al. (1968) was the only 

method used by personnel of state and federal agencies who supplied 

data. This method involved identification of juvenal and adult feath

ers by color, wear, and eruption sequence, I searched for the bursa 

of Fabricius in questionable cases when I examined birds, because the 

presence of the bursa was a more certain indicator of a young pigeon 

(Silovsky et al. 1968). 

Personnel from all agencies cooperating in the present study 

and in other Band-tailed Pigeon studies in the southwest met annually 

to determine the ages of birds from the wing envelope survey. I re-

checked almost all of these wings personally. As a result of this re-

check, I modified Silovsky's criteria for separating adult from 

juvenile pigeons (Silovsky et al. 1968). Modified criteria were re

duced to a key (Appendix C), based on the one by Silovsky et al. 
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Interpretation of Primary Molt 
Patterns in Juvenile Pigeons 

Silovsky's guide (Department of Fisheries and Wildlife, Oregon 

State University, Corvallis, personal communication, 1968) to the age 

of juvenile Band-tailed Pigeons by analysis of the postJuvenal molt 

might have provided a valuable source of data to augment the call count 

data. Because his data were so limited and tentative (they included 

only primary feathers 1-6), it was necessary to test the validity of 

their application. An attempt to validate Silovsky's guide by direct 

measurement of elapsed time between molt stages in wild, recaptured 

pigeons failed because of small sample size. 

Several tenuous and unavoidable assumptions would have been 

necessary in order to use the data without validation. These assump

tions were: 1) that Silovsky's guide was accurate and precise through 

the sixth primary; 2) that the length of time required to molt each 

feather was similar for Band-tailed Pigeons in Arizona and Oregon; 3) 

that primaries 7-10 were replaced at a more regular interval than pri

maries 1-6, as Levi's (1941) data suggest for Domestic Pigeons; and 4) 

that the time interval between replacement of primary feathers 5 and 6 

in Silovsky's guide is the same as the intervals for replacement of 

primary feathers 6-10. 

The reliability of data from trapping is questioned because 

juvenile birds did not appear in a uniformly random manner in trapping 

attempts. Very young pigeons, as well as older juvenile pigeons, were 

frequently trapped, but juvenile pigeons tended to be mostly of one molt 

class in any one trap attempt, not proportional to the molt classes 
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theoretically available. Therefore, it does not appear that the at

tractiveness of the trap site caused an age-dependent bias. In order 

to use data from trapping juvenile birds I would have to assume that 

the sampling procedure selected various groups of juvenile pigeons in 

an unbiased manner. Therefore the number of eggs presumed laid on each 

date must be regarded as a function of trap date, trap success, and the 

number of juvenile pigeons present in the population. Variations in 

trap success caused fluctuations in data on frequency of eggs laid that 

are not representative of the actual situation. Because of this, zero 

frequencies had to be ignored where they could be related to a lack of 

sampling. It was assumed that adequate sampling occurred if any obser

vations were made. This assumption is probably wrong, but could not be 

easily avoided. 

The necessity for all of the assumptions in this section consid

erably weakens the age-class data. They are therefore not used as an 

index to breeding activity although they did tend to show the same pat

tern as calling and crop gland activity. 

Measurement of Crop Gland Activity 

The presence or absence of a visible crop gland (Silovsky 1969, 

Zeigler 1971) was recorded for all adult pigeons examined during each 

of the annual hunting seasons 1968-1970, Crops were opened for inspec

tion. Data concerning percentage of birds with active crop glands were 

gathered at later dates in each of the three succeeding years because 

the hunting seasons occurred on later dates in each succeeding year. 

These percentages show the approximate end of squab-feeding because the 
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range of dates on which data were collected includes the end of the 

squab-feeding period, at which time the percentage of crop gland activ

ity changed. 

On July 31, 1969, I began recording the presence of a visible 

crop gland in live birds. When I stretched and moved the skin in the 

crop area, I could see either the gland or the crop contents. The per

centage of birds with active crop glands on each trap day was an index 

to nesting activity. Both male and female pigeons were included, re

gardless of the time of day when trapped, in order to assume the sam

pling of all birds that were not sitting on a nest. Data from two trap 

days were combined to calculate one percentage if samples were small 

and within six calendar days of each other. 

Measurement of Gonads 

Gonads were measured in all dead pigeons, except in a few dur

ing the hunting seasons when hunters were in a hurry. The length, 

width, and depth of testes, and the dimensions of the ovary as well as 

individual ova were recorded from pigeons collected and autopsied. 

When the oviduct was enlarged, its size and condition were noted. Where 

possible, measurements were made on both testes. Only the length of 

the left testis and the diameter of the largest ovum was measured or 

visually estimated during hunting seasons. The number of ova larger 

than about 2.5 millimeters was also recorded. 
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Statistical Procedures 

Statistical Analysis 
of Calling Levels 

The number of birds heard on one day was considered as one sam

ple. The results from two consecutive days were paired in order to 

calculate variance. Occasionally} it was possible to obtain samples 

from three consecutive days, which were treated as a triplet. This 

grouping of samples in 1969 and 1970 allowed a one-way analysis of var

iance with unequal numbers in groups of data. Nonpaired days could not 

be used in the analysis of variance because no variance figure could be 

calculated for them. In 1969, 10 pairs were available and, in 1970, 8 

pairs and 2 triplets. A significant F test indicated that the means of 

some samples from that year were different from the means of other sam

ples. The exact hypotheses are stated in the section "Seasonal Trends 

in the Call Count." Hartley's maximum F test indicated no significant 

differences in variance between the samples. When a significant F test 

occurred in the analysis of variance, Student-Newman-Keuls' (SNK) and 

Least Significant Difference (LSD) tests were uBed to Identify the 

groups of data which caused the high F value (Fryer 1966, pp. 260-262, 

274-275; Steel and Torrie 1960, pp. 110-111). When the natural order 

of the data was considered, the differences identified real peaks and 

low points in the multimodal graphs. 

The coefficient of confidence in the LSD test applies to each 

separate comparison, so that one test result in a series of 20 compari

sons is expected to be erroneous at the .05 confidence level. The con

fidence level of the SNK test as it was used applies to the whole group 
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of data, so that an error anywhere in the group is expected to occur 

only in one of twenty groups of data analyzed at the .05 confidence 

level. 

Other Statistical Tests Used 

I used Chi-square tests on the percentages of active and inac

tive crop glands obtained on different days during the breeding season. 

Chi-square tests were used on other data as noted in the results sec

tion. In all cases, the null hypothesis was that all data represented 

the same population. The Chi-square test is designed to determine 

whether two binomial samples are from populations which differ in any 

way. 

When sample sizes were small, I used Fisher's exact probability 

test (Siegel 1956, pp. 96-104) to determine whether two binomial fre

quencies were different. This test is designed to tell whether two 

samples differ in central tendency when the sample size is very small. 

In this test exact probabilities of occurrence are calculated for each 

datum. 

Multimodal data were put in order by date of collection and 

tested with a one-tailed, one-sample runs test (Siegel 1956, pp. 52-58). 

This test showed whether the arrangement of data in time could be at

tributed to random variation. In the test, points in the multimodal 

graph that were above the preceding point were given positive ratings, 

and points that were lower were given negative ratings. Consecutive 

points having the same sign constituted a run. When two points were at 

the same level the rating given was that which would give the greatest 
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number of runs, thus making the test conservative. When a series of 

points were at the same level, all members of the series were given 

the same rating. Few runs were expected because a bi-modal or tri-

modal curve was hypothesized, and the interval between sampling dates 

was expected to be shorter than that between high and low points on the 

curve. 

The standard parametric product-moment correlation test depends 

on a linear trend in data. It is not well adapted to testing multi

modal data. Parametric correlation test results are presented to pro

vide a frame of reference for those unfamiliar with the nonparametric 

tests. Nonparametric correlation tests, while they still depend on a 

linear relationship, do offer some advantages in greater flexibility 

from the linear requirement. Kendall's tau gives a measure of correla

tion between two sets of ranks, instead of using exact values of the 

g 
data. Without adjustment for ties, tau = ^ n(N-1)* w^ere ^ *-B t^e num~ 

ber of pairs of ranks and S is a score based on the degree of disarray 

of one set of ranks when the other set is in numerical order. The denom

inator is the maximum possible S (Siegel 1956, pp. 213-223). 



RESULTS 

I indicated in the previous section that the correlation tests 

could not use all of the available data because the data could not al

ways be placed in pairs. Neither were the linear tests adapted to 

testing multimodal data. Other problems associated with statistical 

testing will be discussed where the results are presented. Because o£ 

these problems in testing, visual comparisons of graphs of the differ

ent surveys are regarded as more important in forming conclusions than 

are the results of statistical tests. The reason that statistical 

tests are presented at all is that some of them do result in signifi

cantly different results. When a statistically significant difference 

is detected, it supports the conclusions that are basically derived 

from visual comparisons. 

Seasonal Trends in Breeding Activity 

Seasonal Trends in 
the Call Count 

Call count results showed two, three, and four separate periods 

of intense calling activity during 1968, 1969, and 1970, respectively. 

In 1968 there was a third period of increased calling but at a lower 

intensity than the others. These results are present in Appendix D, 

Figures D-l through D-3. In these figures, the number of birds heard 

each day is plotted as a percentage of all the birds heard annually. 

The absolute numbers of birds heard for each of the three years are 

22 
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plotted in FigureB D-4 through D-6, Appendix D. Oscillations in the 

graphs of calling during 1969 (Figures D-2 and D-5) appear visually to 

be more equal to each other in amplitude and period than is true in 

other years. The last Increase in calling.activity is the most con

sistent in date of occurrence among the three years of sampling. 

Statistical Tests of Observed Variations in Calling Activity. 

The analysis of variance test could not be performed on call count data 

from 1968 because calling was sampled weekly. In 1969 data were col

lected on two consecutive days each week, and the average numbers of 

birds heard on each of the two days were treated as paired samples in 

the analysis. The null hypothesis for the F test was that the number 

of birds heard on all call counts represented the same intensity of 

calling. The alternate hypothesis was that the number of birds heard 

on some call counts represented different intensities of calling than 

did the number of birds heard on other call counts. Variation within 

paired counts taken on consecutive days was great enough that no dif

ference could be detected between pairs of counts a"t the 10 percent 

level of confidence (Table 1). Only 10 pairs of counts were available 

for the analysis because of excessive wind on many days. Although the 

10 paired samples included all of the high points of the curve, only 

one relatively low point was included. Other low points on the curve 

are represented by single counts. Excessive wind prevented the use of 

one member of the pair of counts in these cases. 

Ihe F ratio from the 1970 data (number of birds heard) was 

highly significant (Table 1). The LSD test indicated significant 
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Table 1. Analysis of variance of birds and calls heard during call 
counts, 1969 and 1970. 

Mean Mean n 

„ _ Grand square square _ 8 ,, Confidence 
Year Data n F t i 

mean among within , . level 
°a a freedom 

groups groups 

1969 Birds 5.6 6.1 8.0 0.76 9,10 Very large 
heard 

Calls 11.4 32.2 30.3 1.06 9,10 Greater 
heard than .10 

1970 Birds 13.6 226.6 13.5 16.77 9,12 .001 
heard 

Calls 28.9 1001.4 85.3 11.74 9,12 .001 
heard 

a. "Group" refers to the results of two or three call counts within a 
a three-day period. 
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differences in each of the four major peaks of the curve (indicated by 

••A," "C," "E," and "G" in Figure 1) except the first one. No paired 

data existed with which the first peak (A) could be tested. If paired 

data existed, with mean values the same as the values obtained from the 

single day's counts, the high rate of calling in mid-May would also be 

significantly different from the low calling intensities that occurred 

before and after the peak (A). 

The SNK test separated the call count results into two ranges 

which were significantly different from each other. Results of the SNK 

and LSD tests.are shown in Figure 1. The LSD test is designed so the 

confidence level permits a 5 percent chance of identifying a difference 

between two call counts when no difference exists in the population 

sampled. At the same confidence level, the SNK test allows a 5 percent 

chance of error in the statement that all of the call counts for the 

year are grouped into a certain number of mutually exclusive ranges of 

calling intensity. For example the SNK test at the .05 level would al

low one group of call counts to be mistakenly separated during the 

analysis of 20 years of call counts, if each year were analyzed as a 

set. However, the LSD test would allow one pair of call counts to be 

mistakenly identified out of 20 pairs of call counts. All of the 20 

pairs could be within the same year (or set of data) if enough call 

counts were obtained during that year. 

When the time scale is taken into account the net result of the 

statistical tests on 1970 data is that the two highest points of the 

graph of calling activity are separated from each other by points that 
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Figure 1. Separation of points in the 1970 call count by the LSD and SNK tests. 

Ihe LSD test, preceded by an F test, indicated that observations identified on the 
graph by the following pairs of letters were significantly different from each other; 
B and C, C and E, D and E, E and F, F and G, H and I. The horizontal line at 22 on 
the vertical axis separates the two groups of data that the SNK test identified as 
separate and distinct statistical groups. 
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are significantly different from the high points. The high points are 

also significantly different from all other points on the graph. These 

represent real differences in calling levels. The second peak is dis

tinct from the third and fourth, and from the low area in early June, 

but not from the low area in early July. Data from the first peak 

could not be tested. 

Time Interval Between Peaks 
in Calling Activity 

The interval between periods of intense calling activity in the 

present study approached 50 days only in 1969 (Table 2). The intervals 

between the first and second calling peaks in 1968 and in 1970 were 

about 40 days. In 1968 and 1969 the intervals between the second and 

third peaks were slightly less than those between the first and second. 

Seasonal Trends in the Frequency 
of Birds with Active Crop Glands 

Percentages of birds with active crop glands are presented on 

the dates when they occurred in Figures 2-4. Figures 2 and 3 represent 

the percentages during 1969 and 1970. Figure 4 represents percentages 

in 1970 if inactive but vascular crop glands are included with the ac

tive ones. Inactive but vascular crop glands were not recorded in 

1969. 

Neither the beginning nor the end of the 1969 breeding season 

were in the sample period. There were differences in the frequency of 

birds with active crop glands on different trap-days at the .10 confi

dence level (Chi-square = 17.1, 8 df.). The Fisher test, however, 



Table 2. The interval in days between periods of intense calling activity of Band-tailed Pigeons 
in the Santa Catalina Mountains, Arizona. 

Year 

Date 

of 
first 
peak 

Interval3 

(days) 

Date 

of 
second 
peak 

Interval 
(days) 

Date 
of 

third 
peak 

Interval 
(days) 

Date 
of 

fourth 
peak 

1968 13 June 41 25 July 35 28 Aug. 0 -

1969 24 May 51 14 July 48 31 Aug. 0 

1970 26 May 39 4 July 18 22 July 17 8 Aug. 

a. Intervals were estimated from a .single date if data showed a peak on that date. Otherwise, 
they were estimated from an average of several dates. 
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Figure 2. Percentages of adult pigeons with active crop glands on the dates when they were 
trapped during the breeding season of 1969. 
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Figure 3. Percentages of adult pigeons with active crop glands on the dates when they 
were trapped during the breeding season of 1970. 

The dashed line indicates a portion of the curve in which additional data 
would have been desirable. 
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could not detect differences between percentages from consecutive trap-

days at the 10 percent confidence level. 

There were two periods in the 1970 curve when additional sam

ples would have been desirable. These are indicated by a dashed line 

in Figure 3. If the beginning and ending values are ignored, the per

centages of birds with active crop glands in 1970 varied from 54 per

cent to 20 percent. Without the beginning and ending values, the 

contingency Chi-square does not detect a significant difference between 

remaining frequencies of birds with active crops on different trap-days 

(Chi-square a 10.5, 10 df.). If all data between adjacent high and low 

points are tested, only points from August 20 to September 11 in Figure 

3 show differences at the ,10 confidence level (Chi-square = 5.52, 2 

df.). The first increase and final decrease in calling would also rep

resent significant changes. The runs test (Siegel 1956) showed a nor

mal number of runs for randomly distributed data. Statistical testing 

thus failed to show more than one real peak in crop activity during 

1970. 

If adult pigeons with highly vascular crop walls but undevel

oped glands are included with those that have active glands (Figure 4), 

the same three peaks are present, but they are larger. All points from 

July 7 to 22, 1970, were included in a Chi-square test as previously 

described, with highly significant results at a confidence level of 

.005. Chi-square with 2 degrees of freedom waB 17.6. The initial in

crease, from June 5 to July 10 was also highly significant (Chi-square 

= 31.3, 3 df.). The increase between July 19 and August 14 was shown 
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to be significant at .10 confidence (Chi-square = 7.6, 3 df.). These 

significant values indicate that the data show a departure from a 

single binomial distribution. The difference between these data and 

those for active glands alone can be partly attributed to higher per

centages in the peaks. 

Physiological Observations of Active Crop Glands. Some physio

logical observations support the possibility of more than one nesting 

period. A female pigeon collected July 4, 1968, had an active crop 

gland and a fully developed egg in the oviduct. This bird was in a 

mid-morning flight presumably typical for brooding females. This col

lection indicates that more than one peak in crop activity is possible 

biologically, and that ovulation can take place while young are being 

fed. 

Six adult pigeons were retrapped in the same breeding season 50 

days or more after the initial trapping. Three of these pigeons had 

active crop glands both times they were trapped. The actual numbers of 

days elapsed between observations on each of the three birds were 50, 

50, and 58 days. These observations indicate dual nestings, none, one, 

or both of which could have been successful. It is impossible, however, 

to tell which ones were successful. 

Comparison of Call Counts and Crop 
Gland Activity as Criteria 

of Breeding Activity 

Figures 5 and 6 show the relationship between the different in

dices measured within each year .for 1969 and 1970, respectively. In 

order to make visual and statistical comparisons, the time scales for 
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Figure 5. Superimposed curves for calling and crop gland activity, each as a function of date, 

in the Santa Catalina Mountains, 1969. 

3he curve for crop gland activity is shifted backward by 39 days (the average theoretical time 
lag from calling to crop gland activity) so the curve for crop gland activity will be super

imposed on the curve for calling activity. 
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Figure 6, Superimposed curves for calling and crop gland activity, each as a function of date, 

in the Santa Catalina Mountains, 1970. 

The curve for crop gland activity is shifted backward by 39 days (the average theoretical time lag 
from calling to crop gland activity) so the curve for crop gland activity will be superimposed on 

the curve for calling activity. 
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crop gland curves are adjusted backward in time so peaks and valleys in 

these curves should theoretically coincide with those in the call count 

curve. The timetable and sources of information for the adjustments 

are presented in Appendix A. 

Results of rank correlation and product-moment correlation 

tests are in Table 3. The values of the coefficients are probably not 

accurate because of the multimodal nature of the data. Neither do 

these correlation tests utilize information about the time relation

ships of the data. They do indicate, however, whether the variables 

rise or fall together. None of the correlation tests use all of the 

data because data from different surveys did not always represent a 

time period within five days of each other. If not, they were not con

sidered as paired data. Because the data are nonlinear and all data 

could not be used in the tests, visual comparisons of Figures 5-6 are 

probably more informative than statistical ones. 

Limits of the Breeding Season 

The percentage of Band-tailed Pigeons that had enlarged crop 

glands and the percentage that had enlarged gonads when shot by Arizona 

hunters are shown in Table 4. On the first weekend of the 1968 hunt, 

two hunting parties each killed a pigeon that contained well-developed 

eggs. One egg waB hard-shelled; the other was an ovum 14 millimeters 

in diameter. This fact showed that egg laying was still in progress 

during the 1968 hunting season. As the hunting seasons began at later 

dates in the autumn, data were collected at successively later dates 

each year. The breeding activity indicated by both crop glands and 
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Table 3. Correlation between call count and crop gland activity from 
Band-tailed Pigeons in the Santa Catalina Mountains, Arizona. 

Year 

TeBt results* 

Kendall Confidence Product-moment Confidence 
tau level correlation level 

1970 .51 .88 .58** .90 

1969 .63** .97 .66** .90 

*. Data tested were the number of birds heard calling on each daily 
call count route and the percentage of active crop glands in a 
group of birds trapped within five days of the date of the call 
count route, 

**, Values significant at the .90 confidence level. 
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Table 4. Percentages of Band-tailed Pigeons taken in Arizona during 
hunting seasons of 1968-1970 with enlarged crop glands and 
gonads. 

Year 
Enlarged 

crop glands, 
Enlarged gonads, Santa 

Catalina Mountains 
statewide 

n 
Males Females 

na "J* 
n % n 7. 

1968 Sept. 28-Oct. 6 155 80 24 93 27 76 

1969 Oct. 11-19 194 48 18 88 17 12 

1970 Oct. 17-25 180 24 43 26 33 18 

a. n = sample size. 

Table 5. Size of gonads 
May-November. 

of Band-tailed Pigeons collected in Arizona, 

Month 
a 
n 

Average length 
of left testis 

n 
Average diameter 
of largest ovum 

May 3 13 nun. 3 3.2 mm. 

June 10 14 10 5.9 

July 5 13 15 5.5 

Augus t 11 14 8 4.0 

September 47 12 8 3.6 

October 55 9 6 1.8 

November 2 7 1 2.0 

a. n = sample size. 



39 

gonads decreased with the successive shift in time, illustrating an ap

proximate end of the breeding season. Monthly average length of tes

tes and average size of the largest ovum of Band-tailed Pigeons killed 

statewide throughout the year are shown in Table 5. These data indi

cate that Band-tailed Pigeons are physiologically ready to breed from a 

time at or prior to my sampling in May, continuously through September, 

Gonad size data failed to exhibit the predicted cyclic pattern. 

Graphs of crop gland activity, calling activity, and egg laying 

as a function of date all seem to indicate that courtship actually be

gins in mid-May or late May and ends by mid-September at the latest, 

with some annual variation. Of course, the data do show natural varia

tion and individual birds may be found breeding earlier or later than 

these dates. 



DISCUSSION 

Inability to control environmental variables and the impracti-

cality of precisely controlled sampling cause statistical tests in this 

study to be weak in indicating underlying patterns of behavior in Band" 

tailed Pigeons. I will now consider the effect of environmental vari

ables on different kinds of data in order to reach a better understand

ing of the data. First call count and crop gland activity are treated 

separately; then they are considered together as they represent breed

ing activity. 

Analysis of Calling Activity 

Variations in Calling 
Activity. 1970 

The first peak in calling activity in 1970 was about May 26, 

during a period of frequent wind. This increase in calling activity 

could not be tested statistically. Because this peak is matched by 

corresponding increases in egg laying and crop gland activity (Figure 

6), I believe there was a real increase in calling about May 26, 1970. 

There was a statistically significant increase in calling in 

late June and early July, 1970. The highest level of calling in this 

period is statistically distinct from high levels reached later in the 

year. Data in the ensuing decline (Figure 1, C to D), however, could 

not be distinguished statistically from the previous peak. Because 

this peak is matched by corresponding peaks in crop gland activity 

40 



41 

(Figure 6), I believe there was a real increase, followed by a decrease 

in calling activity in early July, 1970. 

The two highest peaks in the 1970 curve appear anomalous be

cause calling intensity is unusually high and successive peaks are very 

close together. A population-wide nesting failure would account for 

the close spacing, but no unusual storm activity could be isolated in 

weather records that would have caused a population-wide nesting fail

ure. An immigration of breeding birds could also account for the un

usual calling. At the same time that calling increased, an obvious 

increase occurred in numbers of pigeons seen. Normally, fewer than 

five pigeons were seen during one call count. In August, 1970, the 

numbers ranged from about 20 to over 100. This increased number of 

pigeons continued into November. It is possible that an immigration 

occurred and that the new birds were also breeding. 

Crop gland data did not show a decline between two large, 

closely spaced peaks at this time in 1970. They show a single peak 

at the time of the large double peak in calling activity. (It could 

have been possible for a double peak to have been present in crop gland 

data because of a scarcity of sample points during the critical time.) 

Because of the anomalous calling activity, statistically significant 

differences in calling level in 1970 cannot be interpreted as indicat

ing three or four separate breeding cycles by a resident population. 

The meaning of the last two peaks in the 1970 call count curve is con

jectural. 
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Variations in Calling Activity. 1969 

There was much less difference between calling periods of high 

and low intensity in 1969 (Figures D-2 and D-5, Appendix D) than in 

1970 (Figures D-3 and D-6). Furthermore, usable paired data were not 

available for the periods May 27-June 30, July 6-August 5, and after 

September 4. These periods represent the low extremes of calling in

tensity. There was also a large amount of variation within pairs of 

data in the analysis of variance. The F (9,10) value of 0.76 from the 

analysis of variance of birds heard during 1969 is far from signifi

cant. The 1969 crop gland activity curve did contain significantly 

different values at the 10 percent confidence level. Because all 

available data could not be used in the F test, it is not surprising 

that the test failed to demonstrate a significant difference among call 

count data. The fact that the shapes of the call count curve and the 

curve for crop gland activity (Figure 5) are very similar indicates to 

me that there still may be real calling peaks in the call count curve, 

but they are not demonstrable statistically. 

Time Interval Between NestlnR Periods 

Zeigler (1971) used an interval of 50 days for one nesting cy

cle. March and Sadleir (1970) show an interval of more than 50 days 

between consecutive peaks in frequencies of large ovarian follicles. 

If peaks in calling activity duping 1969 actually occurred, then the 

intervals observed in calling activity (Table 2) suggest that there 

were three separate breeding periods in 1969, each of which involved 

the entire population. The same statement cannot be made for 1968 or 
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1970 data unless the Interval between nestings can be shortened by at 

least 10 days. March and Sadlelr (1970) indicate that female Band-

tailed Pigeons may be capable of ovulation while feeding pigeon milk to 

a previous squab. One pigeon collected during the present study was 

within a few days of laying an egg and had an active crop gland. This 

observation supports those by March and Sadleir. If pigeons ovulate 

again before they are through feeding the previous squab, they also may 

call before 50 days have elapsed. Such an occurrence would explain the 

intervals of 35 to 41 days observed in the call count data. 

Analysis of Crop Gland Activity 

The percentages of birds with active crop glands in 1969 seem 

to show two peaks of activity, occurring on August 20 and September 24 

(Figure 2). Samples were not taken to find peaks which might have oc

curred earlier or later. In 1970, only the peak on September 11 was 

statistically separable from the rest of the data (Figure 3), Two 

other peaks may have existed on July 9 and August 4. The only support 

for their existence is that similar statistically significant peaks 

occurred in the call count curve during 1970 (Figures 1 and 6). 

I began to record the presence of inactive, but vascular crop 

glands in 1970. If inactive, vascular glands are grouped with active 

glands, such grouping is based on a short developmental time presumably 

represented by the inactive, vascular stage (Zeigler 1971). Whether 

these inactive, vascular glands represent the highly vascular develop

mental stage noted by Zeigler is questionable. If so, the frequency of 

inactive, vascular glands in groups of trapped pigeons should reach a 
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peak just before the frequency of active glands. My data show that the 

frequency of vascular, inactive glands in groups of pigeons reaches a 

peak concurrent with the first peak in frequency of active glands. The 

second peak in frequency of inactive, vascular glands is two to three 

weeks later than the second peak in frequency of active glands. There 

remain, however, no other good explanations for highly vascularized 

crop walls than as a developmental stage of the crop gland. I think it 

is better to group inactive, vascular glands with active glands. When 

both types of glands are considered together, the three peaks of activ

ity are significantly different from one another at the .10 confidence 

level. 

Certain data indicated dual nesting periods by the same birds. 

Three birds had an active crop gland both on the date they were first 

captured and 50 days or more later when they were recaptured. One 

pigeon was collected that had an active crop gland and was ready to lay 

another egg. I cannot dismiss the possibility that all birds with 

physiological indications of dual annual nestings were re-nesting after 

an initial failure or were trapped both times during the same crop ac

tivity period. However, Macgregor and Smith (1955) reported three suc

cessful nestings per season by a marked pair in California. Therefore, 

the probability is good that some of the evidence gathered here indi

cates dual successful nesting. March and Sadleir (1970) obtained an 

indication of dual peaks in gonadal activity during a single season. 
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Relationship Between Periodicity of Calling 
and Crop Gland Activity 

Data in Figures 5, 6, and Table 3 show the results of the dif

ferent surveys adjusted by the theoretical time lag of sequential ac

tivities so as to superimpose curves for crop gland activity over those 

of calling frequency. The curves are multimodal and the correlation 

tests do not account for time sequence factors, so the estimates of 

statistical error are probably not accurate. The correlation tests do 

indicate whether the curves representing the time sequence of various 

breeding activities rise and fall together. None of the correlation 

tests Included all data because of a lack of appropriate pairs of 

points. 

Comparison of CalllnA with 
Crop Gland Activity 

After adjustment for time lag in crop gland activity, the curve 

for crop gland activity data coincides well with the curve for call 

count data, except where too few samples of crop gland activity exist 

in late July and August, 1970. There are too many possible variables 

to allow confident interpretation of this part of the 1970 curve. 

Positive correlations between data for crop gland activity and 

for call counts in 1969 and 1970 (Table 3) support the original assump

tion that both crop gland activity and calling were influenced by breed

ing activity. There were statistically significant differences among 

data from the 1969 crop gland measurements and among data from the 1970 

call count. Therefore, it would appear that real fluctuations in 
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breeding activity exist. These fluctuations indicate two or three dis

tinct periods of high activity per summer, approximately as depicted in 

Figures 5 and 6. 



CONCLUSIONS 

Although evidence is not conclusive, peaks in frequency of 

calling and feeding of young appear to represent two or three periods 

of intense breeding activity during a single season. Whether the 

whole pigeon population breeds during each of the three sequential 

peaks of breeding activity cannot be determined from the data. In 

1969 the entire population certainly could have bred during each peak 

of activity because the peaks were each separated by approximately the 

number of days required for one complete nest period. If pigeons can 

Btart calling about 10 days before crop glands have regressed, there 

could have been three nesting periods in the 1968 season. Under the 

same conditions, the population could have bred at least twice in 

1970. Without any assumption of early calling, about half of the popu

lation in all three years could have participated in two cycles. The 

half represented in the second calling peak possibly would have bred 

only once. These late breeders may be second-year birds. There is 

also the possibility that three groups of birds breed once, at differ

ent times. Because of spacing of the peaks of breeding activity and 

known multiple breeding of closely related species, I consider the lat

ter possibility highly unlikely, except possibly in August, 1970. If 

different individuals are involved in each peak, mechanisms known to 
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trigger breeding behavior in birds are not adapted to spacing of the 

type found here, except where second-year birds are involved. 

X believe there are two or three peaks of breeding activity in 

the southern-desert-mountain habitat. These peaks probably involve two 

(or three, if second-year birds act as older adults) complete nesting 

cycleB for the breeding population. I believe that two cycles by the 

entire population of experienced adults, and one cycle by inexperienced 

(second-year) birds would be a reasonable presumption for management 

purposes. 

This study tentatively answered the question, "How many clutches 

per year can we expect from a population of Band-tailed Pigeons in Ari

zona?" The literature tells us the number of eggs per nest. In order 

to know the reproductive potential of the species, we need to know the 

rate of success per nest and average longevity of Band-tailed Pigeons. . 

Sufficient banding and recapture data should soon be available to allow 

a determination of longevity. 

The difficulty in finding nests, and the uncertainties involved 

in trapping unbiased samples of pigeons (Appendix E) leave me without a 

suggestion for the approach to the problem of nesting success. 

Before starting work on either of these problems it may be nec

essary to find out why data from trapping and hunting seasons do not 

represent the same population, and why there appears to be non-random

ness in trapped samples of juvenile pigeons. This information will 

also have a strong influence on future studies and in assessing the 
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validity o£ past research that was based on samples taken during the 

hunting season. 

In order to validate the conclusions reached tentatively in 

this study, further clarification is needed in some of the techniques 

used herein. In particular, the relationship between crop activity, 

calling, and development of young should be determined for the interior 

subspecies in Arizona or New Mexico. This could be done by watching a 

fairly large number of captive, breeding Band-tailed Pigeons. The tim

ing, degree of activity, and identification of calling, crop gland ac

tivity, and postjuvenal molt should be established for different stages 

in the reproductive cycle. 

The place of the inactive, vascular crop in the reproductive 

cycle should be clarified. Zeigler's (1971) work is valid if the crop 

can be inspected internally, but a written or photographic guide to 

classification of the crop by external examination should be prepared 

in order to lessen the bias of individual judgment. 

The development of the primary feather molt in juvenile pigeons 

should be recorded for as many birds as possible, throughout the molt 

progression. This analysis of captive juvenile birds should be cali

brated againBt information from banded, free, juvenile birds re-inspected 

during the same season. To accomplish this, it is suggested that care 

be taken in recording the molt stage of all juvenile birds trapped dur

ing banding operations, particularly those trapped a second time in the 

same season. Personnel doing the banding should be carefully instructed 

in counting the molt development of birds. 
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Once the above relationships are established, data from the 

present study may be reassessed and, if necessary, another study 

planned. More data at more closely spaced intervals may increase the 

degree of correlation between variables. 

In future studies patterned after this one, two people should 

be involved in data collection. It is physically impossible for one 

person to collect sufficient data from both trapping and call count op

erations during the same season. Two or more years should be planned 

for data collections. 

A minimum of two and preferably three usable call counts should 

be completed each week. To be usable, the average wind speed on the 

route should be less than 5 miles per hour. It would be desirable if a 

hand anemometer were used to measure wind. The same observer should do 

all call counts. All three counts in one week should be on consecutive 

days. Counts involving more than a three-day time span should not be 

paired. Every effort should be made to obtain at least one pair of 

usable counts every week during the breeding season. 

Trapping should be done in the same area as the call count. 

The birds that use the trap site should be followed visually or by 

electronic means to make sure the same population is involved in both 

studies. It is desirable that 40 pigeons or more be trapped each week 

from mid-May through mid-October in Arizona. This goal may not be at

tainable during the early months, but should be attempted. If data are 

available to support the use of juvenile molt data to determine hatch

ing dates, it will be absolutely necessary to continue trapping into 
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October in order to sample the later breeding peaks for molt of juven

ile birds. However, trap data should not be used after evidence of a 

changing population occurs. Progress of postjuvenal primary feather 

molt and crop gland activity in adults should be recorded. The method 

of external visual examination developed in the present study is prob

ably less accurate, faster, and causes less stress than the method de

veloped by Zeigler (1971). 



APPENDIX A 

TIME RELATIONSHIPS IN THE NESTING CYCLE 

In order to discover the time relationships between the se

quential physiological events of a nesting cycle, it was necessary to 

search many scattered accounts of nests that had been accidentally 

found, as vsll as published research on Domestic Pigeons. The results 

are shown In Figure A-l. Zeigler's (1971) work was published after the 

original figure had been drawn, but his research so closely substanti

ated my conclusions from the literature that it was unnecessary to 

change the figure. His thesis is cited because it is the most compre

hensive manuscript on the subject. 

Information in Figure A-l was used in this study to adjust crop 

gland activity data so peaks of activity in those data would theoreti

cally be superimposed over peaks of activity in calling data. For ex

ample, 38 days represented the time lag between at least one day of 

calling and the mid-point of the period of crop gland activity. On 

this basis, frequency data for birds with active crop glands were ad

justed backward in time by 38 days. 

After the adjustments were made, the adjusted data were placed 

on graphs with the call count data (Figures 5-6 in the text) with the 

expectation that peaks in one graph would coincide with peaks in the 

others, which they did, 
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Figure A-l. Time sequence of breeding activities in the breeding cycle of Band-tailed Pigeons. 

Based on Zeigler (1971, Fig. 3); Stillman (in_Abbott 1927); Willard (1916); Noack 
(1916); Neff (1947); Macgregor and Smith (1955); Beams and Meyer (1931); Patel 

(1936); Riddle (1931). 



APPENDIX B 

THE EFFECT OF WIND ON CALL COUNT RESULTS 

Because application of the call count technique to Band-tailed 

Pigeons is new and the climatic conditions where it was first tested 

are different from those in Arizona, I wanted to assure myself that my 

data were not biased by wind. 

Data from 1968 and 1969 are presented in Figure B-l, in which 

average wind speed per call count is plotted against the number of birds 

heard on that call count. It is obvious that there is no significant 

effect of wind on the level of calling below a wind speed of 5 miles 

per hour. 

The field work was not specifically designed to test the effect 

of wind on calling. Therefore, further justification may be needed 

for my use of an average rather than a maximum value for wind speed, 

above which calling data were considered biased. An average speed of 5 

miles per hour at a listening point indicates that there were gusts 

both above and below that speed. If a bird called more than once, it 

was likely to be heard in spite of gusts over 5 miles per hour. During 

high intensity calling periods, birds usually called more than one time 

per three-minute listening period. Thus, even if the birds were missed 

during periods of low calling intensity, the basic relationship of high 

versus low calling intensities would be unaltered. Coupled closely 
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with this is the minor statistical effect of high wind speed on 

most of the call count. Fairly large changes in birds heard per call 

count are required to indicate significant differences in calling ac

tivity, and high wind has a minor effect if it is limited to a few 

points near the end of the route. Wind almost always increased from 

the start of the call count to the end. The first 10 stops included 

the time period in which the great majority of the calling took place. 

Wind did not usually become noticeable until about the fifth or sixth 

stop, during the declining portion of the morning calling period. If 

wind was critical during the peak calling period of the morning, it was 

certain to be Btrong enough later in the call count to make the average 

wind speed greater than 5 miles per hour. Here again, the relative 

value of the number of birds missed is what is important, I think the 

number of birds missed under the limits chosen is small in relation to 

the number needed to make a significant difference. It was therefore 

my subjective judgment, supported by Figure B-l, that data could be 

used if average wind speed per call count was 5 miles per hour or less. 



APPENDIX C 

MODIFICATIONS IN THE TECHNIQUE 
FOR DISCERNING THE AGE OF PIGEONS 

Juvenile Band-tailed Pigeons can usually be separated from 

adult pigeons by color patterns and texture of the plumage. Light-

edged juvenal coverts are usually present. The primary feathers are 

brown or lighter gray, and softer in texture than adult primaries. 

Primaries from juvenile birds usually also have at least a vestige of 

light edging on the tip, 

A number of juvenile wings were found with obvious wear on some 

secondary feathers, and especially on the outermost primaries. During 

analysis of wings from the wing envelope survey, occasional wing en

velopes from specific localized areas contained adult wings that were 

extremely worn. Barbules were absent from barbs on most of the length 

of secondaries, tertiaries, and outer primaries. These wings appeared 

to be covered with fine brown threads or wires rather than cohesive 

feathers. If one wing in a wing envelope was worn in this fashion, 

they were all similarly worn. Juvenile wings in these envelopes were 

also abnormally worn, but to a lesser extent than wings from adults. 

The amount of wear, then, is not consistent throughout the state. It 

must be considered in relation to the wear on wings from the same spe

cific area. Wings of juvenile Band-tailed Pigeons from Arizona occa

sionally show more wear than those from Oregon, as reported by Sllovsky 

et al. (1968). 
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One juvenile wing from the October, 1970, hunt in Arizona, 

bearing a white-tipped covert, had the 10th adult primary about half-

grown. No juvenile pigeons were found molting primary 9 in 1970, but 

two were found in 1969 when the hunt was a week earlier. Three young 

birds molting primary 8 were found in 1970 and one in 1969. In 1969, 

310 wings were examined, and in 1970, 364. Wings molting primaries 

\ 

7 through 10 were difficult to recognize, and it is likely that several 

more wings were misclassified as adult. On October 18, 1969, I checked 

two birds that had large glandular bursae, a definite indication of im

maturity (Silovsky et al. 1968). I had suspected from the plumage that 

they were juveniles, but I could find no definite evidence. One had a 

fully developed neck ring and the other was partly developed and could 

have been an adult molting. They were both molting primary 7. After I 

finished classifying wings from wing bags sent in during the hunt, I 

located the bags sent by the hunters who shot those two birds on October 

18. 1 had misclassified one of the two juvenile wings as an adult. 

For this reason I suspect that a significant percentage of birds molting 

primaries 7-10 might be misclassified as adults. Fortunately, the number 

of birds molting primaries 7-10 during October is probably small. 

A key to the age of Band-tailed Pigeons' wings during mid-

September in Arizona is presented in Table C-l. It was adapted from 

Silovsky et al. (1968) to fit conditions found in Arizona. It may be 

used in October if allowance is made for the existence of unidentifi

able juvenile wings in the later stages of progression. A quantitative 

adjustment for the unidentifiable wings may be possible when the time 

involved in molt progression is well established. 



Table C-l. Key to the age of Band-tailed Pigeons in Arizona for 
September#a 
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1. Lesser or middle secondary coverts white or buff-tipped, 
or buff or salmon color present on lesser, middle, or 
greater primary or secondary coverts, or primary feathers Immature 

1. No white or buff tipping on any of the lesser or middle 
secondary coverts. There may be a streak of white on 
greater coverts, forming a pattern similar to that found 
on white-winged doves. No buff or salmon color on pri
maries or coverts. 

2. Molt complete, or molt progression less than primary 
number 5. 

2. Molt progression incomplete, but greater than primary 
number 4. 

3, Unmolted primaries fringed with white or buff, espe
cially on tip and leading edge of tip, becoming thicker 
at leading edge of tip. In birds with complete set of 
primaries, white extends around tip, becoming thicker 
on leading edge of tip. 

3. Primaries fringed with white only on trailing edge of 
tip and leading edge of main portion of vanes, or not 
fringed with white, or if white extends around leading 
edge, not becoming thicker at leading edge of tip 

4. Tips of unmolted primaries fringed with white, tips en
tire, unmolted primaries and secondaries showing little 
or no wear compared to other birds from the same area 
and with similar molt progression. 

4. Tips of primaries not fringed with white; tips often not 
entire, but worn and sometimes "V1.1 notched; unmolted 
secondaries heavily worn on leading edge and sometimes 
on tips. Adult 

NOTE: After mid-September some young birda will have attained adult 
plumage and are discernible only by internal inspection of the bursa 
of Fabricius. If the bursa is present and glandular, it is an imma
ture bird. In the spring and early summer, an occasional salmon-
colored feather will be found on a bird that is clearly an adult. 
This is particularly true near the alula. 

a. Modified from Silovsky et al. (1968). Numbers on the right are in
structions to proceed directly to the correspondingly numbered set 
of choices in the key. 

2 

3 

4 

Immature 

Adult 

Immature 



APPENDIX D 

CALLING BEHAVIOR OF BAND-TAILED 
PIGEONS IN ARIZONA, 1968-1970 

Graphs in Appendix D show the chronology of calling as observed 

during this study. Except in 1969, when calls were heard during the 

first visit to the breeding area in the spring, pigeons were seen at 

least one or two weeks before calling began. 
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Figure D-4. Numbers of birds heard as a function of date for call counts of 1968. 

Each point represents the number of birds heard during one day's count. 
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APPENDIX E 

EVIDENCE OF NON-RANDOMNESS IN 
SAMPLES OF THE POPULATION 

Systematic or random sampling schemes are usually difficult to 

apply in sampling wildlife populations, and it is often necessary to 

assume random distribution of members of the population. Most re

searchers of Band-tailed Pigeons have avoided making this assumption, 

or otherwise protected themselves from error in this respect. Data 

were gathered during this study that show evidence of non-randomness in 

samples of the Band-tailed Pigeon population. ThiB evidence should 

elicit caution, especially for those dealing with band recovery data 

when the bands were placed in the population by trapping during the 

summer and recovered by hunting during the fall. 

Non-uniformly Random Occurrence 
of Juveniles in Traps 

In September, 1969, the percentage of juveniles per trap at

tempt varied as much as 42 percent between successive trappings four 

days apart (Table E-l). This difference is highly significant (Chi-

square = 7.88, 1 df.), indicating that some day's catches were from a 

different statistical population than that of other days. Fisher's 

exact probability test showed significant differences in 1970 at the 90 

percent level of confidence. The differences in 1968 were not signifi

cant. None of the differences in 1970 are significant if I include in 
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Table E-l. Percentages of juvenile Band-tailed Pigeons in the Santa 
Catalina Mountains, Arizona, 

Date 
Source 
of data 

Adults Young 
Sample 
size 

Percent 
young 

Average 
percent 
young 

8-15 to 
9-14-68 

Visual 
observ. 

132 47 179 26 

8-29-68 Trapping 14 8 22 36 

9-6-68 Trapping 3 1 4 25 41 

9-14-68 Trapping 3 5 8 63 

9-28 to 
10-6-68 

Hunting 87 28 115 28 

8-30-69 Trapping 22 5 27 18 

9-2-69 Trapping 22 5 27 18 
30 

9-5-69 Trapping 20 4 24 17 
30 

9-9-69 Trapping 12 20 34 59 

10-11 to 
10-19-69 

Hunting 54 15 69 22 

8-25-70 Trapping 20 4 24 17 

9-11-70 Trapping 28 0 28 0 18 

10-10-70 Trapping 16 10 26 38 

10-17 to 
10-20-70 

Hunting 105 35 140 25 

10-21 to 
10-25-70 

Hunting 77 42 119 35 
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the test only the older juvenile birds that were available during all 

trapping periods. Differences in 1969 remain significant when only the 

older birds are included. Because there were statistically significant 

differences in age ratios from day to day, it must be assumed that some 

unknown factor was influencing the number of juveniles or adult birds 

trapped. 

The Difference in Data From 
Trapping and Hunting 

The effect of sample time and perhaps method on the age dis

tribution of juvenile pigeons is illustrated in Figure E-l. The rela

tive frequency of eggs laid early in the summer is artificially 

expanded in trapping data because birds hatched early were available 

to trapping for a longer period than those hatched late in the summer. 

In 1968, and possibly in 1969, the percentages of juvenile 

pigeons shot during the hunting seasons were lower than the percentages 

from birds trapped in September (Table &-1). These differences in age 

distribution among juvenile pigeons and in the percentage of young in 

the population demonstrate that birds shot during the autumn hunting 

seasons did not represent all of the birds available to trapping during 

the summer. 

Visual inspection of Figure E-l shows that it is so unlikely 

that data from both sources represent the same statistical population 

that statistical testing is unnecessary. Objectives of this study in

volved events that took place throughout the summer. Therefore as long 

as the sampling technique is unbiased, data collected during that 
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Figure E-l. Percentages of eggs laid in Arizona, 1969, as a function of date, determined 
by samples of birds killed during the fall hunting season and by samples of 
those trapped throughout the summer. 

Dates of egg laying were based on progression of the molt of juvenile birds. 
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period should better represent what happened. In addition, call count 

and crop gland activity data indicated substantial breeding activity in 

June. This activity was only slightly represented in postjuvenal molt 

data from birds taken during the hunting season. If birds shot during 

the hunting season do not truly represent the summer breeding popula

tion, then data from the hunting season cannot be used to infer any

thing about the summer population. Although a large quantity of such 

data was collected, it was not used in forming conclusions for this 

study. 
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