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ABSTRACT 

In 1968 a 2-year study of the calling behavior of the white-

winged dove (Zenaida asiatica) was initiated on a 40-acre area near 

Tucson, Arizona. The major objective was to determine the relationship 

between calling and population and production. White-winged doves were 

trapped, banded and marked on the study area. A 2-hour call-count was 

conducted on the study area during each week of the breeding season. 

Individual white-winged doves were observed as they progressed through 

the breeding season. A 20-mile call-count route was censused weekly 

to determine the seasonal calling pattern. 

White-winged doves utter two types of calls on the breeding 

ground. The first type, the long call, functions as a territorial and 

mate attracting call. The second type, the short call, is given most 

frequently during the courtship and nest-site selection stages of the 

nesting cycle. 

The primary factor affecting the rate of individual white-

winged dove callirfg was the presence of a pair bond. Hated males 

called 1.41 calls per minute and unmated 2.35 calls per minute. The 

rate of calling was also affected by the stage in the nesting cycle. 

Males called infrequently while courting, selecting a nest-site, and 

nest building. The rate of calling increased during the laying and 

incubation stage, but was low during the nestling stage. The rate of 

calling increased when males were between nesting attempts. 
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ix 

Population density had a positive effect on the rate of 

calling. During the 2-hour period beginning 1/2 hour before sunrise, 

white-winged doves call at a uniform rate. The extremes of temperature, 

wind, rainfall and cloud cover recorded on the study area did not 

affect the calling rate. 

The territories of unmated males were more loosely defined 

and defended than mated males. The territories of unmated males were 

larger than mated males. Territorial defense by mated males was 

greatest during early stages of the nesting cycle. During early 

stages of the nesting cycle mated males returned to former territories 

and called. 

Seasonal calling by white-winged doves begins with calling by 

arriving doves and reaches a peak during May. This peak is followed 

by an irregular plateau and a subsequent increase in calling. This 

second peak is again followed by an irregular plateau of calling. The 

low periods of calling coincided with periods of high nesting activity. 

Peaks in calling represented the arrival of residents, disruptions in 

nesting cycles or completion of nesting cycles. The relationship 

between calling and the number of nests indicated that a call-count 

census for white-winged doves should be conducted no earlier than 

1 June. The variables that affect a calling census indicate that it 

would be difficult to accurately relate calling to a breeding popula

tion. Further research is needed in order to understand the relation

ship between calling and population. 



CHAPTER I 

INTRODUCTION 

The white-winged dove (Zenaida asiatica) is a common bird and 

an important game bird of southern Arizona (Saunders et al. 1968). In 

order to' effectively manage this bird, an understanding of annual 

population fluctuations is essential. Lytle H. Blankenship (personal 

communication) suggested that the white-winged dove could be censused 

using the auditory index that was developed for censusing the mourning 

dove (Zenaidura macroura). In order to adapt the mourning dove census 

technique for white-winged doves, a knowledge of the relationship 
/ 

between vocalizations and population and production is essential. 

I reviewed the literature on vocalizations of white-winged 

doves and found little quantitative data. Saunders et al. (1968) 

discussed behavior but did not consider calling behavior in depth. 

Arnold (1943) likewise did not treat calling behavior. Saunders (1951) 

briefly discussed the territorial songs of the white-winged dove. 

Bendire (1892) and Wetmore (1920) described the vocalizations but 

present no quantitative information. 

In view of the lack of quantitative information on calling 

behavior of white-winged doves, I began a study in 1967. The specific 

problem was to determine the relationship of calling to population and 

production. 
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The objectives of .the study were as follows: 

1. To evaluate the relationship of calling and reproductive 

activities. 

2. To compare calling frequency, intensity and timing with a 

known nesting population. 

3. To relate the results of call count censuses to population. 

4. To obtain information on other aspects of behavior and 

reproduction. 



CHAPTER II 

REVIEW OF LITERATURE* 

Development of the Auditory Census Technique 

An auditory index for .an indication of population trend is 

useful for biologists. Auditory indices are based on the assumption 

that vocalizations can be related to population and production. An 

early application of an auditory index to population of a game bird 

was by Stoddard (1931) on bobwhite quail (Colinus virginianus). Later, 

McClure (1939) developed a census method for mourning doves based on 

counts of calling doves. This call-count system for mourning doves 

was standardized by the Southeastern Cooperative Dove Study (South

eastern Assoc. 1957). Other auditory counts have been developed for 

woodcock (Philohela minor) by Kozicky, Bancroft, and Homeyer (1954), 

Gambel quail (Lophortyx gambelii) by Smith and Gallizioli (1965) and 

chukar partridge (Alectoris graeca) by Williams (1961). An auditory 

volume method for white-winged doves was developed in Texas (Saunders 
/ 

et al. 1968). These methods can provide an indication of population 

trend, however, it is difficult to calibrate an auditory index to 

absolute population. 

Some variables such as weather and time that affect vocaliza

tions of game birds have been identified by McClure 1939, Kimball 1949, 

Taber 1949, Bennitt 1951, Kozicky 1952, Elder 1956, Kozicky et al. 

3 



1954 and 1956, Nelson, Buss, and Baines 1962, and Robel, Dick, and 

Krause 1969. These studies refined auditory censusing techniques by 

adjusting for variables. 

Another approach considers calling during the progressive 

stages of the breeding cycle. Studies that refined the mourning dove 

coo-count census are an example. Some earlier studies were by Mackey 

1954, Lowe 1956, Cohen, Peters, and Foote 1960, and Jackson and 

Baskett 1964. Irby (1964) studied mourning doves in Arizona and 

found the primary factor affecting calling was the presence or absence 

of a pair bond and the rate of calling for mated birds was affected by 

the stage of the nesting cycle. A study by Mackey (1965) noted cooing 

frequencies for mated mourning doves were highest between nests and 

lowest during the brooding stage of the nesting cycle. These studies 

have refined the coo-count census for mourning doves. This type of 

research has not been completed on the white-winged dove. 

Concepts and Definitions of Vocalizations 

Prior to presenting data on vocalizations some concepts 

should be clarified. Nicholson (in Van Tyne and Berger 1959, p. 136) 

defined bird song as "a sustained, more or less interrupted repetition 

of one or more notes conforming recognizably to a constant specific 

type, and used by the male as an expression of independent sovereignty. 

Thorpe (1961, p. 15) found it difficult to distinguish between calls 

and song. However, he stated that "call notes are mostly mono- or 

disyllabic and practically never consist of more than four or five 



notes. When call-notes are uttered in long series, then it is without 

any clear organization of the sequence." 

If the definition of Nicholson is used, white-winged dove 

vocalizations can be classified as song. Wetmore (1920) described 

long and short vocalizations which are given without apparent choice 

and said these vocalizations were songs. Bendire (1892) considered 

the vocalizations call notes. Saunders (1951) studied white-winged 

dove vocalizations and considered them songs. Recent work by Saunders 

et al. (1968) also considered the vocalizations to be song. 

Various authors have used different terms to describe vocaliza

tions of mourning doves. For example, McClure (1939) used calling, 

Irby (1964) used coo count, Kerley (1952) and McGowan (1953) used call 

count and Cohen et al. (1960) used calling behavior. These workers 

considered mourning dove vocalizations as an indicator of the presence 

of a dove. The functional aspect of vocalizations was not of prime 

importance in these studies. The vocalizations of white-winged doves 

have not been studied as thoroughly as the vocalizations of mourning 

dove. The mourning dove studies cited above furnish a means for 

describing white-winged dove vocalizations. The terms calling and 

calling behavior adequately describe white-wi'nged dove vocalizations. 

These terms will be used in my study. 



CHAPTER III 

MATERIALS AND METHODS 

Study Area 

The study area, about 40 acres in area, was located 20 miles 

northwest of Tucson in T 13S, R 12E, section 32 of Pima County, 

Arizona. The area is in the foothills of the Tucson Mountains and a 

part of the Tucson Mountain Wildlife Area. The Wildlife Area was 

closed to firearms hunting. The elevation is 2600 feet. White-winged 

doves were present on the area in a medium density breeding population 

from about 20 April to 20 August during both years of the study. 

/ 

Vegetation of the area is characteristic of the Sonoran Desert 

as described by Shreve and Wiggins (1951). The most conspicuous 

plants were saguaro cactus (Carnegiea gigantea), ironwood (Olneya 

tesota), palo-verde (Cercidium microphyllum), cholla cactus (Opuntia 

spp.), mesquite (Prosopis juliflora), creosote bush (Larrea tridentata), 

catclaw (Acacia greggi), and triangle-leaf bursage (Franseria deltoidea). 

Other shrubs, forbs and grasses were present on the area in varying 

densities. Common and scientific names follow Kearney and Peebles 

(1960). 

Census Route 

A standard 20-stop call-count census route was established to 

secure information on the seasonal calling pattern of white-winged 

6 
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doves (Fig. 1). The route was 20 miles in length with a listening 

stop located every mile. The elevation of the census route ranged 

from 2250 to 2850 feet. The vegetation on the call-count route was 

similar to that on the study area. 

The census was started 1/2 hour before sunrise. At each stop 

there was a 3-minute listening period. The number of birds calling 

and the total number of calls were recorded for each listening stop. 

The route was censused weekly from the first week of April to the 

third week of August in 1968 and 1969. 

Trapping 

I trapped white-winged doves on the study area during the 

breeding season in 1968 and 1969. The sex and age of all captured 

white-winged doves was determined by the methods described by 

Saunders et al. (1968). The birds were banded and marked and then 

released at the capture site. 

All doves were captured in modified Stoddard quail traps 

(Stoddard 1931). Four traps were used at three trap sites on the 

study area. Milo maize mixed with corn or millet was used for bait. 

Marking 

I used a color-marking system which allowed identification of 

individual white-winged doves. Plastic back-tags similar to those 

designed by Blank and Ash (1956) were used (Fig. 2).. The back-tags 

consisted of colored plastic material which was attached to the doves 

by elastic loops placed over the wings. Numbers and colored designs 



Moore Road 

Camino de Manana 

Finish 

X Casa Grande Highway 

La Cholla Boulevard 

El Camino 

del Terra 

Orange Grove Road 

Figure 1. Call-count census route. 
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Actual size 
of backtag 2 '/4 inches 

I Vz ' 
inches 

xxxxxx T 1 K/XXXxX 

One-half size backtags and some of 

the designs used 

Figure 2. Back-tags used to mark individual white-winged doves,,., 



on the tags permitted identification of individual doves. Back-tags 

with designs were more readily identifiable in the field than numbered 

back-tags. I found no injuries from the back-tags•and I did not 

observe any behavioral differences between back-tagged and unmarked 

doves. Irby (1964) used back-tags on mourning doves and did not 

observe any behavioral deviations. Goforth and Baskett (1965) con

sidered the effects of color markings on behavior of mourning doves. 

They said the investigator should be aware of possible behavioral 

alterations caused by color markings. 

Observations 

I observed white-winged doves on the Tucson Mountain study 

area and other similar areas. All observations began 1/2 hour before 

sunrise and continued for 2 hours to coincide with the call-count 

census period. I'observed on the study area for 5 days each week of 

the breeding season. Marked and unmarked white-winged doves were 

observed from locations in or near the study area. 

A 2-hour census was conducted on the study area during each 

week of the breeding season. Each 2-hour census was conducted from 

the same location on the study area. I counted the number of birds 

calling and the total number of calls for each minute of the 2-hour 

period. One-minute periods were used to accurately determine the 

number of birds calling. Numbers and movements by the doves became 

excessive when longer intervals were tried. Following the census I 

thoroughly searched the study area for nests of white-winged doves. 
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I observed marked and unmarked white-winged doves in known 

phases of the breeding cycle. Calls were recorded by 1-minute periods 

for as long as the dove was observable. In addition to calling 

behavior, I observed other breeding behavior of white-winged doves 

during the 2-hour observation period. A portable blind was used when 

needed. t 

Analysis of Data 

I used analytical methods from Li (1957) and Fryer (1966). 

These consisted of calculation of the mean, standard deviation, 

variance and standard error. I used the Chi Square test to determine 

differences in the daily calling pattern. The tests for significant 

differences were based on these calculations. Methods applied to 

specific data are discussed in appropriate sections of the results. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Types and Functions of Calls 

White-winged doves utter two types of calls on the breeding 

ground. The long call of 12 to 16 syllables described by Wetmore 

(1920, p. 142) corresponds in type and function to the "perch coo" 

uttered by mourning doves and described by Craig (1911, p. 401). The 

long call of white-winged doves is given principally by males although 

females utter it occasionally. The female call is slower and fainter. 

Saunders et al. (1968) also noted that females occasionally call. 
/ 

The long call functions as a territorial and mate attracting 

call (Saunders et al. 1968). I observed, that males uttered this call 

while on territory whether mated or unmated. This call was usually 

given from conspicuous perches within the territory and was nearly 

always the first call uttered when a male commenced calling or when a 

male assumed a different perch. When another male intruded into an 

occupied territory the occupant of the territory always uttered the 

long call in response to the territorial intrusion. 

A second type of call given during the breeding season is the 

short call (Saunders et al. 1968). This is the familiar four noted 

"who cooks for you" described by Bendire (1892) and Wetmore (1920). I 

observed that this call corresponds in function to the "nest call" 

12 



uttered by mourning doves (Craig 1911). The short call was also given 

by females. Saunders et al. (1968) noted that females uttered the 

short call. 

I observed that male white-winged doves uttered the short call 

most frequently during courtship following pair formation and during 

nest-site selection. During t.hese stages of the breeding cycle the 

male utters the short call while near the nest and usually gives it 

from an inconspicuous perch. In other stages of the breeding cycle 

males called from conspicuous perches and interspersed short calls 

and long calls. I could not designate a purpose for the short call 

during these stages of the breeding cycle. 

Factors Affecting Calling of Individuals 

Data for analysis of factors affecting calling were obtained 

from 150 mornings of observation. I obtained 177 observations on the 

calling rates of 28 marked adult male white-winged doves and other 

unmarked white-winged doves. I defined an observation as an interval 

of time during the 2-hour observation period in which I watched a 

calling adult male' and recorded the number and kind of calls. Jackson 

and Baskett (1964) suggested that only those mourning dove observations 

of 30 minutes or longer should be used for calculating mean calling 

rates. I used all white-winged dove observations because the differ

ences between calling rates of observations greater than 30 minutes 

and those less than 30 minutes were small. 
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Pair Bond 

Armstrong (1963, p. 152) stated that the period of pair 

formation and the nesting cycle was a time of reduced song in terri

torial birds. This was the case with white-winged doves. I obtained 

136 observations of mated and 41 observations of unmated white-winged 

doves. Figure 3 presents these data. Unmated white-winged doves 

called 2.35 calls per minute with 1.29 short calls and 1.06 long calls 

per minute. Mated birds called 1.41 calls per minute with 1.05 short 

calls and 0.36 long calls per minute. The t-test showed that total 

calls and long calls were significantly different (P<0.05) between 

mated and unmated birds. 

No quantitative studies have been completed on calling rates 

of white-winged doves with which I could compare my data. However, 

studies on song and calling of other birds are available with which I 

could compare my data on white-winged dove calling. Frankel and 

Baskett (1961) found the major influence of calling of penned mourning 

doves was whether the dove was mated. Irby (1964) reached the same 

conclusion on this study of wild mourning doves. Jackson and Baskett 

(1964) found that unmated male mourning doves cooed 13 times as often 

per 3-minute period as did mated ones. I- found that unmated white-

winged doves uttered almost 2 times as many total calls as mated 

birds and nearly 3 times as many long calls as mated birds. 

The calling rates obtained from mourning doves consider only 

the "perch coo" which corresponds to the long call of white-winged 

doves. Irby (1964) found that mated mourning doves cooed 0.40 perch 
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2.00-

Calls 
per 

Minute 

1.00-

Total Short Long 

Calls Calls Calls 
Total Short Long 
Calls Calls Calls 

Unmated Mated 

Figure 3. Rate of calling for unmated and mated male white-
winged doves. 



coos per minute; I noted 0.36 long calls per minute for mated white-

winged doves. The rate of long calls for unmated white-winged doves 

and perch coos for unmated mourning doves do not agree. Irby (1964) 

found a rate of 2.73 perch coos per minute whereas unmated white-

winged doves uttered 1.06 long calls per minute. When total calls of 

unmated white-winged doves are compared to mourning doves a close 

agreement results, i.e., 2.35 and 2.73 calls per minute. 

Data from non-columbid birds show a similar pattern of 

reduced vocalization when pairs are formed. Nice (1943) noted that 

the male song sparrow (Melospiza melodia) nearly stopped singing when 

they formed mated pairs. Howard (1920) found that song was almost 

completely suspended after pair bond formation. Studies by Lack (1946) 

of the European robin (Erithacus rubecula), Kendeigh (1944) of the 

house wren (Troglodytes aedon), Thorpe (1961) of the pied flycatcher 

(Muscicapa hypoleuca) and Tinbergen (1939) of the snow bunting 

(Plectrophenax nivalis) revealed a pattern of reduced calling when 

pair bonds formed. 

Accounts of observations of white-winged dove males illustrate 

the differences in calling rate between unpaired and actively courting 

but unmated males. Marked, unmated male Yr (Yellow back-tag with a 

red design) was first observed calling on 14 May 1969. His calling 

rate was 1.75 calls per minute with 1.30 long calls. On 15 May his 

calling rate was 2.20 calls per minute with 1.23 long calls. On the 

next day Yr was courting a female and his calling rate was 1.29 calls 

per minute with 0.64 long calls. Subsequent observations revealed a 
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pattern of reduced calling by this bird when actively courting a 

female. Yr was observed intermittently throughout the breeding season 

but he never secured a mate. 

Marked male Rw called 2.06 calls per minute while alone with 

1.03 long calls. When actively courting'his rate of calling was 0.58 

calls per minute with 0.35 long calls. This bird was observed 

courting on three occasions but he never obtained a mate. In all 

cases his calling rate was .reduced when actively courting. 

An unmarked, unmated male that uttered a slow distinctive call 

was observed to call 3.87 calls per minute with 1.74 long calls. I 

observed him courting only once and his calling rate was 1.40 calls 

per minute with 1.00 long calls. This bird was observed intermittently 

for a breeding season and his rate of calling was higher than all 

other unmated birds. 

Stage in Nesting Cycle 

Thorpe (1961, p. 54) believed that birds sing with different 

intensities in different stages of the nesting cycle. I found 

differences in calling rates of white-winged doves during different 

stages of the nesting cycle. I obtained 123 observations of white-

winged doves during known stages of their nesting cycle. 

I divided the nesting cycle into six stages: courtship—nest-

site selection, nest building, egg laying, incubation, nestling and 

between nests. Courtship of mated pairs and nest-site selection were 

combined because I found slight differences in the calling rate and 



found it difficult to determine whether pairs were courting or looking 

for nest sites. Figure 4 presents the calling rates for stages of the 

nesting cycle. The rate for unmated doves is included for comparison. 

The analysis of variance was used to determine the significance 

of differences in the mean calling rate of long.calls in known stages 

of the nesting cycle. Long calls were tested because the proportion of 

long calls to short calls remained nearly the same for all stages of 

the cycle except courtship—nest-site selection. A significant F value 

of 11.87 was obtained from the analysis of variance (Table 1). Duncan's 

New Multiple Range Test (Fryer 1966) was used to determine where the 

differences in mean calling rates were. The results of this test are 

summarized in Table 2. 

/ 

The calling rates are based on observations obtained while the 

dove was on territory. Occasionally the male could not be located on 

territory during the 2-hour observation period. Thus the rates should 

represent the maximum calling rate for males in all stages of the 

breeding cycle. 

Courtship—Nest-Site Selection. The mean calling rates for 

19 observations of birds in this stage was 0.22 long calls per minute, 

3.17 short calls per minute and a combined total of 3.39 calls per 

minute. This stage was characterized by the large number of short 

calls uttered. The function of the short call is considered in 

another section. Irby (1964) found that mourning doves largely sub

stituted the nest call which corresponds in function to the short call 

of the white-winged dove for perch cooing when in nest-site selection. 



Total Calls 
3.00-

Short Calls 

Long Calls 

2.00-

Calls 
per 

minute 

.00-

Unmated Courtship 
Nest-Site 
Selection 

Nest-Building Laying Incubation Nestlings Between 
Nests 

Figure 4. Rate of calling for unraated and mated male white-winged doves in 
successive stages of the nesting cycle. 
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Table 1. Analysis of variance for calling rates during different 
stages of the nesting cycle. 

Source of Variation DF Sum of Squares Mean Square F 

Between stages 5 4.2390 0.8478 11.87* 

Within stages 117 8.3602 0.0714 

Total 122 12.5992 

^Significant at (P<0.05). 

Table 2. Ordered array of the sample means from Figure 4 and indica
tions of significant differences (P<0.05) among the means 
with Duncan's New Multiple Range Test. 

Stage 
Between 
Nests Laying Incubation 

Courtship-
Nest-Site 
Selection Nestlings 

Nest 
Bldg 

n 21 14 33 19 20 16 

Mean Calls 
Per Minute 

0. 66 0.41 0.24 0.22 0.15 0.10 

3>V 
Means above the same horizontal line are not significantly 

different; those over different lines are significantly different. 
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Nest Building. The mean calling rate of birds while nest 

building was 0.10 long calls per minute, 0.11 short calls per minute 

and a combined total of 0.21 calls per minute (16 observations). This 

represented a decrease of 55 per cent in long calls from the previous 

stage. I observed few males to call while actively building nests. 

When a nest building male did call he did so when a male intruded 

near the nest. 

Egg Laying. The mean calling rates for 14 observations of 

male white-winged doves during the egg laying stage was 0.41 long 

calls per minute, 1.06 short calls per minute and a combined total of 

1.47 calls per minute. This was a fourfold increase in long calls 

from the nest building stage. 

Incubation. The mean calling rate for doves in the incubation 

stage was 0.24 long calls per minute, 0.34 short calls per minute and 

a combined 0.58 calls per minute. This was a decrease of 43 per cent 

in long calls from the preceding stage. These figures were obtained 

from 33 observations of males in the incubation stage of the nesting 

cycle. This represents a maximum rate of calling because I often 

waited near nests that were in the incubation stage and never located 

the male during the 2-hour period.. Male white-winged doves may or 

may not have called during these instances. The actual rate of 

calling for incubating birds is probably less than the observations 

indicate. 

Nestlings. The mean calling rates for male white-winged 

doves with nestlings was 0.15 long calls per minute, 0.16 short calls 



per minute totaling 0.31 calls per minute (20 observations). This was 

a decrease of 38 per cent from the preceding stage. When the nestlings 

had nearly reached the fledgling stage (12 to 14 days after hatching), 

the male increased his rate of calling. This increased rate of 

calling was maintained through fledging of the young and continued 

into the between nest stage of the breeding cycle. 

Between Nests. When the young birds left the nest the rate 

of calling sharply increased. The mean rate for males between nests 

was 0.66 long calls per minute, 0.70 short calls per minute totaling 

1.36 calls per minute (21 observations). This was an increase of more 

than fourfold in long calls from the preceding stage. This increased 

calling rate was partly attributed to movement to new territory and 

subsequent calling to establish this territory. The male also was 

released from his brooding duties and thus free to resume calling to 

secure a new territory. 

Population Density 

If the sight or sound of a bird initiates calling in another 

bird then one would expect different calling rates in differing 

population densities. The influence of white-winged doves in stimulat

ing calling in others was tested. Using census route data I calculated 

the average number of calls for each stop when one bird called, when 

two birds called and so on. The results of these calculations are in 

Figure 5. The relationship is similar to results obtained by the 

Southeastern Association (1957) on mourning doves. As the number of 
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Figure 5. Relationship between the number of doves calling and 
the number of calls per bird per 3-minute period. 
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male white-winged doves calling increased, the rate of calls also 

increased. The increase in the number of calls per bird was 

demonstrated up to 5 birds calling. If one bird did not influence 

calling in other birds then the rate would remain the same. 

Observations on the study area support the census route data. 

Occurrences of either the sight or sound of one bird initiating 

calling in another bird were frequent. This was particularly notice

able in mated birds. Mated males often spent part of the 2-hour 

observation period near their nest. When a bird called nearby the 

mated male usually answered with a long call and continued to call 

intermittently if the intruding bird remained in the area and called. 

This effect has been noted in bobwhite quail by Bennitt (1951) and 

Elder (1956). Johnston (1960) observed that calling Inca doves 

(Scardafella inca) initiated calling by others. Mourning doves were 

observed by McClure (1939) and Mackey (1954) to be stimulated to call 

by other calling doves. 

In the use of a call-count census the effect of population 

density should not be overlooked. My census route data showed that on 

listening stops where doves called, 82 per cent of the stops had 

between 1 and 5 birds calling. Since population density influences 

the calls per bird up to 5 calling birds per listening stop, the 

effects of population density should be considered. This effect could 

be of particular importance in a call-count system for white-winged 

doves because they often nest in colonies. The calling rate for 
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colonial nesting doves could be greater than the rate for medium or 

low density nesting doves. 

Time of Day 

To determine the calling pattern for the 2-hour census period 

I divided the period into eight 15-minute segments. The number of 

birds calling during each 15-minute segment was converted to a 

percentage of the total number of birds calling during the 2-hour 

census period. If time has no effect during the 2-hour census period, 

then 12.5 per cent of the total number of birds calling would be heard 

during each 15-minute segment. 

Table 3. Percentage of birds calling per 15-minute segment of the 
2-hour census period. 

1 2 3 4 5 6 7 .8 

9.9 13.6 13.9 12.9 12.2 13.0 12.3 12.2 

Theoretical percentage 12.5 per cent. 

Table 3 presents the totals for 1968 and 1969 for each 15-

minute segment of the 2-hour census period. These data were tested 

using the Chi Square test. The calculated Chi Square value was 0.86. 

This value was not significant at (P>0.05). 

The uniformity of calling for the 2-hour period does not agree 

with results of other workers. Welty (1962) stated that the most 

vigorous calling in most species of birds was at dawn and that calling 

gradually tapered off thereafter. Studies on mourning doves by 

15-minute 
Segment 

& 
Percentage 
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Irby (1964) and Jackson and Baskett (1964) describe a peak of calling 

during the 30 minutes before sunrise. Armstrong (1963) and Thorpe 

(1961) describe similar peaks of vocalizations at dawn for most birds 

followed by a decline. 

The lowest percentage of calls in this study for a 15-minute 

segment was during the first segment. Research on mourning doves by 

Irby (1964) showed a peak of calling for the first 15 minutes of the 

2-hour period beginning 1/2 hour before sunrise. Calling by white-

winged doves peaked during the 15 minutes immediately following sunrise. 

The calling pattern of white-winged doves during the 2-hour period 

could be a behavioral characteristic of the species. 

Data on calling of mated and unmated white-winged doves were 

analyzed in a manner similar to the 2-hour census data. Calling was 

uniformly distributed for the 2-hour period for both mated and unmated 

white-winged doves. Irby (1964) and Jackson and Baskett (1964) found 

that both unmated and particularly mated mourning doves reached a 

peak of calling during the 30 minutes before sunrise. White-winged 

doves unlike most other birds do not exhibit significant peaks of 

calling during the morning calling period. 

Weather 

The effects of weather on bird vocalizations have been studied 

previously. Alexander (1931) stated that extremes of weather inhibit 

song. Welty (1962) noted that cool and hot weather depress singing 

as do wind and rain. 
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I considered the effects of temperature, wind, rainfall and 

cloud cover on calling. Temperature was recorded at 1/2 hour intervals, 

wind and cloud cover at the start and end of each 2--hour observation 

period and rain noted as light, moderate or heavy. 

The temperature at which calling was recorded ranged from 35° 

to 87°F. No differences in calling rates were found through this 

temperature range. Apparently the temperature fluctuations recorded 

in this study did. not exceed extremes at which calling would be 

inhibited. 

Wind velocities recorded on the study area ranged from 0 to 4 

on the Beaufort scale. On the census route wind velocities of 0 to 3 

on the Beaufort scale were recorded. Between Beaufort 0 and 3, I found 

no differences in calling rates. On'two occasions wind velocity 

reached Beaufort 4 while I observed calling behavior. Wind velocity of 

Beaufort 4 appeared to suppress calling although it was difficult to 

determine because of reduced audibility for calls. Irby (1964) noted 

that it was difficult to determine whether wind suppressed cooing of 

mourning doves or the reduced hearing ability of the observer resulted 

in an apparent reduction in calling. A study on mourning doves by 

Mackey (1954) showed that cooing was not decreased by wind velocity 

of 10-12 miles per hour. Mackey further stated that low cooing rates 

at this wind velocity were largely due to poor hearing conditions. 

These difficulties encountered in measuring the effects of wind 

velocity on calling rates of mourning doves are also present in 

determining calling rates of white-winged doves. 
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The effects of cloud cover on calling are more difficult to 

measure than the effects of wind velocity. Mackey (1954) found that 

cloud cover did not influence cooing by mourning doves. I found that 

cloud cover did not effect calling rates of white-winged doves. Cloud 

cover did, however, delay the onset of calling and appeared to prolong 

calling. On cloudy mornings white-winged doves often called after 

the 2-hour observation period. However, the rate appeared to be 

reduced. During cloudless mornings calling decreased rapidly after 

the 2-hour observation period. These findings agree with Armstrong 

(1963) who stated that cloud cover suppresses song. The effects of 

cloud cover could not be quantitatively determined because there were 

few cloudy mornings. 

I found that light rain had no measurable effect on calling. 

However, the four rains which occurred on the study area while I 

observed calling behavior were light and of short duration. Irby 

(1964) arrived at the same conclusion in his study of mourning doves. 

Mackey (1954) said light rain had no effect on calling of mourning 

doves but heavy rain stopped calling completely. No moderate or heavy 
/ 

rains occurred "during my study. In order to further evaluate the 

effect of rain on calling, more information is needed. 

Territorial Behavior 

The relationship of song to territory was established by 

Howard (1920). Differences in territorial calling of white-winged 

doves may be attributed to population density, breeding status (mated 

or unrnated) and whether the dove is on or off territory. Territory 
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size in white-winged doves is said to be dependent on the density of 

doves (Saunders et al. 1968). The effects of population density on 

calling were discussed in a previous section. 

Unmated 

The territories of unmated males were loosely defined and 

defended. Unmated doves called from perches over a general area but 

were aggressive only when another male was immediately near his perch. 

When a male intruded into the territory of an unmated male the unmated 

male usually called. Territory size ranged from about 5 acres to 

about 60 acres. Both unmated and mated doves called within the 

territories of unmated birds. Jackson and Baskett (1964) observed 

this same type of territorial behavior in unmated mourning doves. 

Irby (1964, p. 69) called the territory of unmated mourning doves a 

"moving display territory." This description fits the territorial 

type for unmated white-winged doves. 

Unmated white-winged doves occasionally called when off of 

their territory. When unmated doves called off of their territory 

they were usually near water holes or feeding areas. These instances 

of calling off territory usually occurred when another dove called 

and the off-territory bird uttered a response. 

Mated 

The territory of mated males was more clearly defined and 

was more aggressively defended than the territory of unmated males. 

Mated white-winged doves were not as territorial as the song sparrow as 
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described by Nice (1943). Mated doves called frpm conspicuous perches 

within their territory, usually near the nest site. 

I observed few territorial conflicts and those were brief. 

The usual response by a territorial bird to an intruding white-winged 

dove was calling, mostly the long call. A few cases of actual fighting 

occurred but in all instances the intruding bird left the contested 

territory. Saunders et al. (1968) observed that Arizona white-winged 

doves seldom engage in territorial fighting. Results of this study 

confirm their findings. 

The territory size of mated males was' less than that for 

unmated males and ranged from about 1/4 acre to about 10 acres. A 

mean territory size could not be accurately determined because males 

from adjacent territories occasionally used the same calling perches. 

In areas of colonial nesting, territories were probably smaller, but 

I do not have sufficient data to determine their size. 

Territorial defense activity of mated doves was different in 

different stages of the breeding cycle. This was noted in mourning 

doves by Swank (in Stone 1966), Webb (in Stone 1966), and Irby (1964). 

Territorial defense activity was greatest during the early stages of 

the nesting cycle and then decreased as the cycle progressed. 

Territorial maintenance increased again when nestlings left the nest 

but were within the territory. 

Another period of intense territorial defense activity 

occurred when a male was establishing a new territory. In early 

stages of territorial establishment, conflicts over the territory 
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occurred. However, physical combat was resorted to much less than 

calling. After the territory was secured and the nesting cycle in 

progress the only response to a territorial intrusion was calling by 

the resident male. 

I encountered problems in determining whether a mated white-

winged dove called when he was away from his territory.. Studies on 

the mourning dove furnish a means for clarifying this problem. 

Jackson and Baskett (1964) stated that mated mourning doves do not 

coo while away from their territory. Irby (1964) maintains that they 

do call when off their territory. The problem centers on defining 

"off territory" and "on territory." This problem arises when a white-

winged dove nesting cycle is completed and another'commenced a short 

distance from the first nest. Mated'white-winged doves called 

vigorously when establishing a new territory but they sometimes 

returned to their former territories and called. Defining which 

situation represents calling "off territory" is difficult. Irby (1964) 

considers returning to the former territory as "off territory." This 

definition is suitable for white-winged dove territorial calling. 

I could not accurately determine the off territory calling 

rate. Male white-winged doves moved during a 2-hour observation 

period from the territory in which they were establishing a nest to a 

former territory where a nesting cycle had recently been completed. 

These birds usually called when they returned to a former territory 

and also called within the newly established territory. These 

instances occurred when nesting pairs were between nests or had just 



started a nesting cycle. No mated males were observed to return to 

former territories when the incubation stage of the nesting cycle was 

begun. The calling rate while on the former territory appeared to be 

less than the calling rate on the present territory that was being 

established. 

Seasonal Calling Pattern 

The seasonal pattern of calling by white-winged doves has not 

been studied. In order to determine the seasonal calling pattern of 

Arizona white-winged doves, I established a standard 20-mile call-

count census route. I ran the census at weekly intervals from onset 

to cessation of calling for 1968 and 1969. Figure 6 presents the 

census route data which was basically the same both years. There were, 

however, some differences in the early season population. In 1968 the 

peak of birds calling was attained on 11 May but in 1969 the peak was 

one week later. I observed that white-winged doves arrived later in 

1969 than in 1968. In 1969 the doves aippeared to arrive en masse. 

These differences were more noticeable on the study area than on the 

census route. 

Sharp decreases in birds calling occurred on 1 June 1968 and 

7 June 1969, again one week later for the 1969 season. These decreases 

in calling birds occurred when most birds were mated and had commenced 

the nesting cycle. The ups and downs for the remainder of the season 

were brought about by the progression of nesting cycles. 

The 1968 season illustrates the progression of nesting cycles 

by a population of doves. The early season peak is followed by an 
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Figure 6. Number of birds calling on the census route during 
1968 and 1969. 



irregular plateau for four weeks and then a subsequent increase in 

birds calling. A decline from this peak is again followed by an 

irregular plateau of calling. The 1968 season indicated that white-

winged doves have two major nesting periods and that the entire 

population may be closely synchronized in production of young. The 

1969 season does not exhibit similar highs and lows of birds calling 

that 1968 did. Following the early season peak there is an irregular 

plateau that extends to the end of the breeding season. 

Cessation of calling was earlier in 1969 than in 1968. In 

1968 I heard 47 birds on 10 August and 19 on 17 August. In 1969 I 

heard 30 birds on 9 August and only 6 on 16 August. Study area 

observations offer a partial explanation. In 1968 the nesting season 

lasted longer in the summer. In 196^ the doves had completed their 

nests and departed earlier than the 1968 birds. The difference may 

lie in the late beginning for 1969 and a subsequent concentration on 

production of young with no waste of time. Thus, the birds could 

have completed the breeding season at an earlier date. 

The period of the national dove call-count (20 May to 10 June) 

is delineated in Figure 6. This interval was selected because the 

number of mourning doves calling is nearly stable during this period. 

My data show that the early season peak in number of white-winged 

doves calling is sampled during the national call-count interval. The 

number of white-winged doves calling is not stable during the national 

call-count period. Thus, the national call-count period does not 

appear to be satisfactory for censusing white-winged doves. I suggest 
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that the call-count census for white-winged doves in Arizona be con

ducted between 7 June and 28 June or at least no earlier than 1 June. 

With these dates the census should represent a stable period in number 

of white-winged doves calling that does not include the early season 

peak of calling. 

Relationship of Calling to Nesting Activity 

During the 1968 and 1969 breeding seasons weekly call counts 

were made on the study area. After conducting the call count the 

area was checked for active white-winged dove nests. Figure 7 

presents the 1968 and 1969 seasonal calling and nesting activity. 

Generally, as calling decreased, the number of active nests increased, 

and as calling increased fewer nests were found. 

This relationship is predictable from the calling behavior of 

mated males. Mated males decrease their rate of calling as they begin 

the nesting cycle. When a nest is completed or disrupted the rate of 

calling increases. The first peak of calling represents a peak caused 

by the arrival of doves that have not commenced nesting. Peaks later 

in the season appear to be caused by increased calling of mated birds 

that are between nesting attempts. 

My results agree with observations on the relationship of 

cooing of mourning doves to nesting activity. Blankenship (in Stone 

1966) and Irby (1964) found that cooing decreased as nesting activ

ity increased. Duvall and Robbins (1952) noted that calling was 

reduced as the nesting season progressed. Studies by Lowe (1956) and 
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McGowan (1953) also found that the plateaus of calling represented 

the peak of nesting activity. 

The general relationship between calling and nesting activity 

is confirmed by records of nesting attempts. The lows in calling 

coincided with periods when paired doves began a nesting cycle. Peaks 

in calling represented disruptions in nesting attempts or completion 

of nesting cycles. The irregular peaks also show that white-winged 

dove nesting was not highly synchronized on the study area. 

Relationship of Calling to Breeding Population 

The weekly call counts conducted on the study area allow 

calculation of the relationship between calling doves and breeding 

pairs. Figure 8 describes the relationship between breeding pairs per 

calling dove (calculated by dividing the average number of birds 

calling per minute for the 2-hour census period into the number of 

active nests) and the 1968 and 1969 breeding seasons. The general 

relationship shows an early and late season peak in breeding pairs per 

calling bird for both 1968 and 1969. These peaks generally coincide 

with peaks for nesting activity. 

The curve for 1968 reaches a peak in June and another less 

prominent peak in July. The 1969 curve also reaches these peaks, but 

they are of different magnitude. Fluctuations in numbers of nests and 

total calls were greater in 1969 than 1968. These fluctuations govern 

the relationship between breeding pairs per calling dove and season. 

For predicting breeding populations by relating calling to the 

number of breeding pairs, a stable plateau of this relationship is 
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needed. I did not detect a stable plateau of calling white-winged 

doves. Durinc 1968 a calling dove represented 2.06 to 5.88 breeding 

pairs and during 1969 represented 1.79 to 5.11 breeding pairs for the 

height of the breeding season which was about 15 May to 25 July. The 

means were 3.53 in 1968 and 3.65 in 1969. The means are similar for 

the two years but the ranges are such that prediction of breeding 

population would be of doubtful accuracy. If nesting were closely 

synchronized then a stable plateau of calling during the height of the 

breeding season should result. 

A variable of importance that affects the relationship between 

calling and breeding population and thus error in predicting breeding 

population is the proportion of unmated males in the population. A 

high proportion of unmated males in a breeding population would elevate 

the ratio of calls to breeding pairs in a population. My data indicate 

that the number of unmated males is constant during the nesting season. 

Those males that did not secure mates by June 1 usually remained 

unmated for the breeding season. I observed 4 unmated males on or near 

the study area that were unmated during the 1969 breeding season. I 

do not have sufficient data to determine the percentage of unmated 

males in the population. 

A general relationship exists between calling and a breeding 

population. Periods of decreased calling coincide with periods of 

active nesting. However, this relationship is variable. Other 

variables inherent to a dove population include breeding status of 

males, stage in nesting cycle, population density, territory size, 
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daily and seasonal calling pattern, and nesting synchronization. 

Other variables of importance are weather, hearing ability of the 

observer, determination of the area to be searched for breeding doves, 

and determination of the number of breeding doves. When these 

variables are considered, it appears difficult but not impractical to 

use calling as a measure of breeding population. 

/ 



CHAPTER V 

CONCLUSIONS 

Factors Affecting Calling 

The major factors influencing calling of white-winged doves 

are presence of a pair bond, stage in the nesting cycle, population 

density and probably nest synchronization. Weather and time of day 

are of minor importance as an influence on calling. The most important 

of the major influences is whether the dove is mated. Mated males 

called at a lower rate than unmated males. The next most important 

influence is stage in the nesting cycle. Doves call at different 

rates at various stages of the nesting cycle. The rate of calling 

per bird increased as the number of birds calling increased, thus 

calling by one bird apparently stimulates calling in other birds. If 

the nests of the breeding population are closely synchronized, then a 

seasonal graph of calls and birds calling would describe periodic 

peaks and plateaus. Findings of this study indicate that nesting is 

synchronized at the beginning of the nesting season. However, the 

nesting population gets out of phase as the season progresses. 

Fluctuations in seasonal calling indicate that nesting was not 

closely synchronized. 

41 
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Calling and Population Relationship 

A general relationship existed between calling and population 

after the nesting season had started. As calling decreased, the 

number of active nests increased, and as calling increased fewer nests 

were found. During the height of the breeding season a calling bird 

represented about 3.60 nesting pairs in the breeding population on the 

study area. 

A conclusion to the relationship between calling and popula

tion indicates that calling does not necessarily predict the breeding 

population. Factors such as breeding status, stage of nesting cycle, 

population density, nesting synchronization and number of unmated 

males can produce so much variability that an estimate of a breeding 

population from calling data would be unreliable if not impossible. 

Comparisons of the plateau of calling from one year to the next would 

reveal a useful population index. A plateau of calling during the 

breeding season that differs from previous years indicates a change 

in the breeding population. 

Calling and the Call-Count Census 

The factors affecting the variability, of a call-count census 

are a combination of those factors affecting calling of individual 

white-winged doves and those factors affecting the relationship 

between calling and breeding population. The most important factor 

affecting a call-count is whether the dove is mated or unmated. 

Many workers have attempted to refine the coo-count census 

for mourning doves. A literature review on the subject by Stone (1966) 
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indicated that the relationship between coo-counts and population 

remains a moot question. Research of this type has not been completed 

on the calling of white-winged dove. This study identified the 

variables present in a call-count census. The number of variables 

present and their interaction make interpretation of call-count 

information a complex issue. .As the situation now stands the call-

count gives the number of males calling and little more. The number 

of calling males can be compared from year to year to year to yield a 

trend in population. This study attempted to establish some relation

ship between calling and population. However, the variables affecting 

this relationship are such that no precise relationship could be 

established. Further research is indicated in order to understand the 

relationship. 
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