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encounters but females were often present so it was 

difficult to determine who was intended to be the 

receiver of the message. 

Cassin's Sparrow 

"Chitter" - Several times I recorded a rapid 

series of chips that covered either a broad or a narrow 

frequency range (Appendix 1, Cl, C2), which probably 

corresponds to the "chitter" call described by Wolf 

(1977). The two types of calls sound different and are 

spectrographically unalike, yet both resemble a 

"chitter" sound and were used in the same contexts. 

Thus, they were most likely two extremes of a vocal 

continuum. "Chi tters" oc:::urred most often during 

territory establishment and in territory disputes, and 

in either case, males were close together and often 

chased each other about, "chittering" in flight or from 

a perch. When playback of this species' songs was 

presented to the birds in December, individuals 

approached and "chittered" in flight or while perched. 

When "chittering" occurred between a pair, as during a 

reunion, the female sometimes "chittered", but there 

was never a duet. Wolf (1977) once observed two groups 

of adults 27-36 meters apart "chittering", and 
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concluded that the "chittering" probably functioned as 

a reinforcer of the pair bond as well as for 

territoriality. My observations concur with his. 

"Chittering" also occurred preceding a "chitter 

warble song" which will be discussed under the heading 

of Song Description and Organization. 

"Chips" - These single, high pitched notes 

(Appendix 1, C3) were given by adults that, while 

feeding nestlings or fledglings, were . 1 in a~arm 

situations. "Chips" were readily elicited as soon as I 

entered a nesting pair's territory, and one time a pair 

chipped continuously for over 35 minutes as I 

unsuccessfully searched for their nest. 

"Pips 11 - I recorded a rapid series of brief, high 

pitched notes from a female just prior to a copulation 

attempt (Appendix 1, Al). The female steed on an 

exposed arm of a cholla, and as her mate approached, 

she immediately crouched low with her tail raised at a 

90 degree angle and began to gi?e a long series of high 

pips. The male hovered over her back but no cloacal 

contact was made. 



SINGING BEHAVIOR 

Rufous-crowned Sparrow 

Primary songs were usually given from an exposed 

perch and also from the ground. I regularly recorded 

one or two males that sang in flight over the top of 

the gulch, exhibiting singing behavior much like a 

skylarking Cassin's Sparrow. The flight song was a 

primary song and no particular song type was preferred 

in the song flights. Song flights occurred most often 

when a female was nearby, thus it appeared to have been 

an intersexual display. Miller (1955) reported a 

flight song from a male while Wolf (1977) did not 

record any. 

Males sang at all hours of the day, with peaks 

occurring in the morning and late afternoon. Males 

were already singing full primary song when the study 

began in March, and quit singing in mid-September. 

They do not sing in winter (pers. obs.) but resume 

their song activity by mid-February. Average singing 

rate of 13 sequences of 6 consecu~ive songs was 9.87 

songs per minute (S.D. = 2.48 s). Males appeared to 

sing faster while sitting on an exposed perch while 

countersinging with another male than when singing from 

24 



25 

the ground while foraging. Males frequently sang while 

following their female around the territory, and at 

these times song was very much subdued, almost to a 

whisper, and most certainly directed towards the 

female. 

The birds sang from all sorts of perches, 

including stems of ocotillos, branches on mesquite and 

kidneywood, and from rock outcroppings. From 125 

observations, excluding flight songs, the mean perch 

height was 1.93 m, wi~h a median of 1.7 m and modes of 

1.0 and 2.3 m (Fig. 2). Perch heights ranged from 0 

(ground) to 4.58 m, the highest available perch. Thus, 

it appears that Rufous-crowns utilize a variety of song 

perch heights. 

Rufous-winged Sparrow 

Primary song was sung most often from an exposed 

perch on a hackberry, mesq~ite, or cholla, while the 

same song types also were sung on the ground during a 

foraging bout. I recorded one instance of a flight 

song performed by a Rufous-wing. A male that ~ad been 

singing for several minutes was about to utter another 

song; just as he opened his bill to sing, he noticed a 

male Rufous-wing intruding into his territory. He then 
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flew after the ir.truder singing a full song in flight. 

In this case, I doubt another song purposely would have 

been sung in flight if the territory owner had 

discovered the intruder a moment later. Wolf (1977) 

stated that he was aware of only two instances of 

flight songs occurring in Rufous-wings. 

Peak song activity was early in the morning, 

markedly decreasing after 08:00. Rufous-wings 

periodically sang at all hours of the day, with another 

peak of song activity occurring in late afternoon. 

Males sing in the winter, so primary song was heard at 

the commencement as well as at the end of my study. 

The average singing rate of 20 seq-~ences of 11 

consecutive summer songs was 11.52 songs per minute 

(S.D. = .59 s). Compared to winter observations, more 

songs were sung during the peak of the breeding season. 

Males sang from all parts of their territories, 

seeming to prefer perches near the nest site during the 

breeding season. A pair was rarely separated, except 

during the nesting period when the female was 

incubating or while the pair foraged for food for the 

nestlings, thus the female was most often present when 

a male sang. Before nesting it appeared that females 
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followed males, whereas during nesting males tended to 

follow females. This close association of paired birds 

is consistant with the male's staying and singing near 

the nest while the female is on it. 

Perch heights were noted as males sang, in order 

to determine the singing perch height distribution. 

From 125 observations, the mean perch height was 1.98 

m, with a median of 1.7 m and a mode of 2.7 m. The 

birds' perch heights ranged from 0 (ground) to 4.58 m, 

the maximum perch height available (Fig. 2). 

Therefore, a wide range of perch heights was utilized. 

Cassin's Sparrow 

The primary song of Cassin's Sparrows is sung on 

an exposed perch, as a flight song, or on or near the 

ground. Flight song performances, or skylarking, 

occurred as song flights with either marked horizontal 

or vertical components. Horizontal flight songs were 

given while a bird changed location from one tree to 

another, or sometimes while flying from a perch then 

descending to the ground. I noted no specific angle of 

flight, although Wolf (1977) reported angles of 60° and 

greater above the horizontal, and Borror (1971) 

reported only 30° angles. Males sometimes flew 
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directly up off a perch, then gave a complete song and 

dropped down to the same perch. Often a male flew 

across his entire territory at a slight angle giving 

the song as he flew. Wolf (1977) stated that the song 

was delivered just prior to the apex of the flight and 

ended before the bird reached the perch. My 

observations differed in that flight songs sometimes 

were given almost immediately after take-off from a 

perch, much before reaching the apex, and often the 

bird completed a song after landing on a perch. Thus, 

the time of song delivery in flight is not necessarily 

stereotyped and probably depends on the bird's 

motivational state. 

Peak song activity occurred early in the morning 

with a decline throughout the day, followed by another 

peak in the late afternoon. Cassin's Sparrows do not 

sing in winter (pers. obs.). 

Wolf (1977) observed that the frequency of flight 

songs declined after 07:30, after the wind speed and 

insolation increased. He also implied that unmated 

males sang more flight songs than mated males. I 

tested these ideas by asking whether there was a 

difference in the occurrence of flight and perch song 
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delivery before and after 07:30, and before and after 

nesting had begun. I tested this aspect because I 

believed most of the males I had extensively recorded 

were eventually mated. Cassin's Sparrow nests are very 

difficult to find, and once detected are usually 

subject to predation. Therefore, I determined the 

prenesting date from the time I observed females 

carrying nesting material, from when I observed pairs 

to be carrying food for nestlings, and by counting back 

from the date I had found a nest with a young sparrow 

about to fledge. All these observations implied that 

no Cassin's in my population were nesting before 6 

August, but had begun after that date. The results of 

the data analyses, presented in Table 1, show that the 

males do not sing a higher percentage of flight songs 

between 05:30 and 07:30 than between 07:30 and 11:30, 

but they do sing a higher percentage of flight songs 

before nesting begins than after. A two-way ANOVA with 

unequal sample sizes indicated that there was no 

significant difference in the percent of flight songs 

occurring pre-07:30 and post-07:30 (P > .05), that 

there was no interaction effect between time of day and 

nesting activity (P > .05), but the percentage of 
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flight songs occurring before nesting was significantly 

different from the percentage occurring after nesting 

(P < .0001). Although fewer songs were recorded before 

07:30 after nesting had begun than before, the percent 

of flight songs approximated the percent of flight 

songs sung after 07:30 after nesting had begun, even 

though the sample of the latter was much larger. 

Another interpretation could be that the birds sang 

more often on perches than in flight after nesting had 

begun. Flight songs undoubtedly cause a male to be 

conspicuous, an advantage when he is advertising for a 

female or claiming his territory, but a disadvantage 

when nesting. 



SONG DESCRIPTION AND ORGANIZATION 

Rufous-crowned Sparrow 

The songs of Rufous-crowned Sparrows have been 

described as being "chippery", having a canary-like 

quality, and resembling a high pitched song of a House 

Wren (Troglodytes aedon), or a fast song of an Indigo 

Bunting (Passerina cyanea) (Borror 1971). They also 

have been described onamatopoeically, such as "sult 

sult zul eb slutz tazzuzzu wei" (Dawson 1923). These 

descriptions accurately depict the Rufous-crowns' song 

as being a complicated, quick series of jumbled notes 

which vary considerably in pitch and duration. Average 

values were calculated for song length, number of note 

complexes or phrases (syllables} in a song, number of 

different note complexes or phrases (syllables) in a 

song, minimum and maximum frequencies in a song, and 

frequency range of a song from ten different song types 

randomly chosen from all possible song types. 

Individual song types varied consideraoly in length, 

i.e. note complexes or no~es were sometimes omitted or 

added at the end of a song, so song types which were of 

"typical" length were chosen. The results are 

presented in Table 2. 
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Different note complexes occurred either singly or 

were repeated up to six times with variations in the 

number of repetitions occurring in a particular note 

complex type and for individual birds. Note complexes 

almost always preceded or followed a particular note 

complex, but occasionally different note complexes were 

inserted into the song, or a series of note complexes 

that were most often found at the end of a song 

sometimes occurred in the middle or at the beginning 

(eg. song types Dl and D2 of Appendix 1). However, a 

note complex did not recur once it was followed by a 

different note complex. Thus, the delivery of note 

complexes within a song was not stereotyped but most 

often was presented in a predictable manner {Appendix 

1, D1 - D52). 

Rufous-winged Sparrows 

The songs of Rufous-winged Sparrows consist of 

simple nctes which might act as either introductory 

notes and/or notes constituting the trill of the song 

(Appendix 1, El - El4). The introductory notes may be 

the same as those constituting the trill but spaced 

further apart, they may be brief staccato-type notes, 

they may be longer, pure-tone notes, or they may be a 
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descending or ascending whistle. Thus, there is quite 

a bit of variation in the types and delivery of 

introductory notes preceding the trill. The trills 

were highly variable, too, in that they differed in 

frequency (Hz), frequency range, complexity of the 

notes, and the internote interval. From ten different 

song types randomly chosen from several individuals, I 

calculated the average values for song length, number 

of note complexes or phrases (syllables) in a song, 

number of different note complexes or phrases 

(syllables) in a song, minimum and maximum frequency of 

a song, and frequency range of a song. The results are 

presented in Table 3. 

Cassin's Sparrow 

Borror (1971) provides an excellent description of 

the primary song of this species. The song 

" ... consists of a short introduction of 1-5 notes, a 

prolonged phrase that starts as a buzz and ends as a 

trill, a weak high-pitched note, a pair of low-pitched 

and relatively loud notes, another weak and high-

pitched note similar to (the first), and a relatively 

loud and low-pitched final phrase that begins as a buzz 

and ends as a clear whistle.'' Song components ~ere 
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always rendered in the same order but sometimes the 

final notes were deleted which resulted in shortened 

songs consisting only of the introductory notes 

followed by the buzz-trill phrase. The songs were 

highly stereotyped, with variations only occurring in 

the kinds of notes used {Appendix 1, Fl -FlS). 

I randomly picked ten different, whole song types 

from the Cassin's songs I recorded, and measured song 

length, number of note complexes or phrases {syllables) 

in a song, number of different note complexes or 

phrases {syllables) in a song, minimum and maximum 

frequency of a song, and frequency span of a song. The 

results are found in Table 4. And Table 5 lists the 

results for Five-striped Sparrows. 

Wolf (1977) mentioned a secondary song cf the 

Cassin's Sparrow which he described as a flight song 

consisting of a rapid series of chips which changed to 

a warbled sound near the end. He suggested that these 

songs were sung by mated males with fledged young and 

he proposed that the song may f~nction to strengthen 

the pair bond and family ties. Most, if not all, of 

the Cassin's Sparrows in and surrounding my study area 

sang these chitter flight songs (Appendix 1, F16, F17). 
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These songs were regularly sung while the bird was 

perched as well as in flight and they were sung prior 

to nesting. The function of this secondary song as 

proposed by Wolf is questionable. I observed that 

males sang this song during territorial disputes and 

also when the female was foraging below a male's song 

perch. So it appears to be given in high apparent 

level of excitement. Unlike the "warble" song of 

Rufous-winged Sparrows, where the note complexes were 

rather similar, the "warble" song of Cassin's Sparrows 

consisted of note complexes which were distinct and 

delivered in a predictable fashion. Once a note 

complex was sung, it was not repeated again in the same 

song, and a note co~plex always preceded or followed 

the same note complex. Variations of the song involved 

deletions of note complexes at the end of songs, 

additions to the beginning, and also the number of 

repetitions of each note complex. Differences in song 

lengths were d~e primarily to these variations. 

Each male sang only one, distinct type of "chitter 

warble" song, which consisted of several note complexes 

(Appendix 1, F16, Fl7). The four banded Cassin's 

Sparrows from which I had recorded a large number of 
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songs (RYGX, XBYB, RGMX, XRGR) sang "chitter warble" 

songs t....½at consisted of 10, 6, 8, and 11 types of note 

complexes, respectively. Table 6 lists these note 

complexes and indicates those sung by individuals and 

those shared among individuals. Because of the small 

degree of sharing, it is possible that the "chitter 

warble" song could be used as a signal for individual 

recognition. 



REPERTOIRES 

Rufous-crowned Sparrow 

I recorded over 3500 songs from Rufous-crowns that 

occurred in the gulch, but many songs were excluded 

from the analyses because either the singer was 

unbanded or his identity was not determined. Of the 

3320 songs I recorded from 8 males of known identity 

(Table 7) I recognized 259 different note complexes 

which constituted 51 different song types (Appendix l, 

D2 - D52). One hundred seventy-four note complexes 

were unique to the individuals whereas 42 song types 

were unique. Thus, sharing of certain note complexes 

did occur but complete songs were rarely shared. 

Tables 8 and 9 show song types and types of note 

complexes shared among individuals and by whom. Nine 

song types were shared in all, 5 between just two 

individuals, 3 among three individuals, and 1 among 

four individuals. Eighty-four r.ote complexes were 

shared, of which 49 were shared between any two 

individuals, 24 among tnree individuals, 8 among four 

individuals, 2 among five individuals, and only 1 among 

6 individuals. The locations of males' territories may 

explain the degree of note complex and song sharing, 
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but overall, neighbors did not share more songs nor 

more note complexes than did non-neighbors (Figure 3 

and Table 10) (Mann-Whitney U-test, P > .05, Sokal and 

Rohlf 1975). XBYG, a centrally located male, shared 

the most songs with neighbors probably because he had 

the most number of neighbors. Non-neighbor sharing was 

highest for XWBR and WYWX, but these results are 

compounded because most of the sharing was between 

these two males. Neighbor note complex sharing was 

highest for XBYG, due probably to his high degree of 

song sharing. XWBR and WYWX also had a high degree of 

note complex sharing, but these results are again 

compounded because most of the note complex sharing was 

between these two males. One male, XWBR shared more 

note complexes with non-neighbors than did other males, 

and he also shared them with several males. His 

extensive sharing may be explained by his behavior as 

he was very active, he utilized and sang from all parts 

of his territory, he sang flight songs, and sometimes 

he intruded into other males' territories (e.g. RXBW's, 

XGRY 's, XBYG's, and YYY" 1 ) • A S • The other males in the 

study area were not as active or wide ranging. XWBR 

was mated and twice nested unsuccessfully (egg 
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predation occurred), so his behavior cannot be regarded 

as that of an exploitative, unmated male (Payne 1982). 

A graph of the cumulative number of different 

songs recorded from XWBR, XBYG, RXBW, and YRRX 

illustrates that as the number of songs recorded 

increased, the number of different songs recorded 

increased (Fig. 4). For the two birds with the largest 

number of songs recorded, XWBR and XBYG, an asymptote 

appears to be reached between 350 and 400 songs, a 

range which includes the total number of songs recorded 

for the other two males. It is probable, then, that 

most of these males' repertoires were recorded. A 

similar graph of the cumulative number of different 

note complexes recorded for the four males shows that 

as the total number of songs increased, the number of 

different note complexes recorded increased (Fig. 5). 

An asymptote appears to be reached between 300-350 

total songs recorded. Because a song consists of many 

different note complexes, t~e addition of one new song 

type greatly influences the increase in the number of 

different note complexes recorded, as depicted by the 

final data point for XWBR. 
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Rufous-winged Sparrows 

I recorded and analyzed 3593 songs from 10 banded 

and 4 unbanded males within the study area (Table 11). 

Fourteen different song types (patterns) based on the 

temporal and frequency (Hz) characteristics of the 

introductory notes and trill patterns were recognized. 

Because song types were standard in that the types of 

note complexes (introductory notes and trill notes) 

constituting the various song types were always 

rendered in the same order and pattern, I did not 

calculate the numbers of different kinds of notes used 

in the birds' songs; birds that shared any songs shared 

all the notes constituting the songs. Table 12 lists 

song types sung and shared by males. 

The cumulative number of song types recorded was 

graphed for four males which had the largest number of 

songs recorded, YBYX, RGBX, RXYR, and YYYX (Fig. 6). 

The graph illustrates that as the number of songs 

increased, the number of different songs increased to 

an asymptote between 350-400 songs recorded. An 

interspecific comparison of Fig. 6 with the figure 

:?:"epresenting Rufous-crowned Sparrow song additions 

(Fig. 4) is not justified because of the manner in 
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which each species sings and how the songs were 

recorded. Each species sings several renditions of a 

particular song type before switching to another. Thus 

long recording bouts of long singing bouts results in a 

small number of song types recorded per total number of 

songs recorded. Fig. 6 and Tables 11 and 12 also do 

not depict the true repertoire size of all the Rufous-

winged Sparrows in the study population because I had 

heard almost all the individuals each sing at least 12 

of the different song types. With more intensive 

recording, all song types from the population would 

probably be recorded from any given male. 

Cassin's Sparrow 

A total of 969 songs from 7 banded and 11 ur.banded 

male Cassin's Sparrows in the study area were recorded 

and analyzed (Table 13). Unbanded males were included 

because throughout the course of the breeding season 

they occupied, vacated, and re-occupied territories 

that were contiguous with those of the banded birds. 

From these 18 males 15 different song types were 

recognized, exclusive of the "c~itter warble'' song 

(Appendix 1, Fl - FlS). Table 14 lists song types sung 

by each male and ~hose shared among individuals. The 
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total number of songs recorded from each male 

undoubtedly affected the size of a male's recorded 

repertoire; larger samples of songs resulted in larger 

repertoires. Looking at the repertoires of the three 

individuals with the highest number of songs recorded, 

XRGR, XBYB, and RGMX, 4, 2, and 5 different song types 

were recorded. Among these males, XBYB held the middle 

territory of the linearly arranged territories (Figure 

7). XRGR and XBYB shared no song types, XRGR and RGMX 

shared 1 song type, while XBYB and RGMX shared 1 song 

t Th ·• 1 33 ~% f th. ype. · us, among -cnese ma_es, . .::, 0 o eir song 

types were shared. Provided that a male included in 

his song bouts song types that were uniquely his 

(including the 11 chitter warble" song), a male could be 

individually recognized either by his unique song types 

or by his delivery pattern. ! could recognize each 

male using these cues, however, I did not perform any 

playback experiments to test whether the birds 

recognized each other by their songs. 



SONG PATTERNING 

Rufous-crowned Sparrow 

Song bouts, performed on the ground or while the 

bird was perched, consisted most often of a single song 

type sung from one to many times; only rarely did song 

types change during a bout. One male may sing alone, 

or several males may be heard singing at the same time. 

On such occasions, I doubt the birds are counter-

singing because the songs are not sung alternately, and 

the rates of song delivery appear to be independent. 

Although individuals share a few songs and several note 

complexes, two individuals do not match songs while 

singing. Because of the rugged terrain and the 

sporadic cccurrance of song bouts, I could not 

adequately record a male over a long period of time in 

order to determine the sequencing of song types. 

Therefore, I do not know if the transitions between 

different song types are independent of another nor do 

I know if the number of different types of songs sung 

are related to time of year or nesting stages. 

The song types that an individual sings may be 

delivered at a fast or slow rate, depending on the 

motivational state of the individual. Emlen (1972) 
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used increased rate of singing as an indicator of high 

motivation of agonistic behavior in Indigo Buntings 

(Passerina cyanea). To avoid circularity, he first 

measured the responses of captive birds during natural 

encounters between dominant and subordinant 

individuals, independent of his playback experiments. 

He concluded that periods of high agonistic motivation 

could be reflected by a high rate of singing. In order 

tc determine whether particular song types were used 

when a Rufous-crowned Sparrow was highly motivated, I 

calculated average song lengths and singing rate of 6 

different song types sung by 4 different males by 

measuring the intersong intervals and total length of 

time singing 6 sequential songs. The results, 

presented in Table 15, show that a male varies his 

singing rate regardless of the song type used and that 

song types shared between individuals exhibit as much 

variation within an individual's bout as oetween 

individuals' bouts. T~us, specific song types probably 

are not preferentially used with respect to singing 

rate. Singing rate was not correlated with average 

song length (Kendall's Rank Correlation (Sokal and 

Rohlf 1975), .064 > P > .05); however, it did appear to 
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be related to time of day. Intersong intervals of 

songs recorded at 07:30 and earlier (n=30) were sung at 

a faster rate than those sung after 07:30 (n=35) 

(Wilcoxon signed-rank test, Gibbons 1976), P < .001; 

data sets were non-normally distributed, Stephen's 

Modification of Kolmogorov-Smirnoff (Gibbons 1976), P < 

.01). 

Rufous-winged Sparrow 

The song bouts of this species varied considerably 

in length from a few songs to tens of songs and 

consisted of either one song type repeated many times, 

or of several song types with each song type sung many 

times before another was introduced. Within a bout, or 

a series of bouts, song types could be repeated after 

others had been sung. The number of song types 

included in a single bout was variable. Often only one 

was sung for an extended period of time but 

occassionally several types were included within a bout 

or a series of bouts. For example, within a 10 minute 

period, YBYX sang 5 different song types within a 

series of bouts consisting of about 60 songs. All the 

songs were not sung from the same perch. Although some 

song type changes did occur while the bird remained 
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perched, most transitions occurred after the bird had 

flown to another perch. 

In order to determine whether the sequences of 

song types were dependent on the previous song type, I 

continuously recorded the males over extended periods 

0£ time acquiring several song type transitions. Song 

type transitions were then plotted on a transition 

matrix (Fig. 8). Transition matrices have proven to be 

useful aids in illustrating clearly the dependency of 

song types (see Isaac and Marler 1963, Lemon and 

Chatfield 1971, Catchpole 1976, Groschupf and Mills 

1982). A clustering of points along the diagonal 

indicates a strong dependent relationship between the 

songs. The transition matrix in Fig. 8 shows a 

scattering of points, thus indicating that the 

rendition of a song type was not dependent on the song 

type preceding . +-
l ", and it also shows that males tended 

to sing song types land 8 more often than other types. 

When a Rufous-wing sings, most often a neighboring 

Rufous-wing wi:l be singing, as if in response to the 

first male's songs. Because all males in the 

population potentially have the same repertoire of 

songs, song matching could occur during these 
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countersinging bouts. In order to determine the extent 

of song matching during singing bouts, I recorded any 

nearby singing males as well. Song matching was not 

restricted to unmated-mated male song bouts; mated 

males also frequently matched song types. A transition 

matrix (Fig. 9) for counter-sung songs shows that a 

significant amount of song matching occurred (P < .001, 

Chi-square test) and that song types land 8 were used 

more frequently than other song types (P < .001, Chi-

square test). When song types 1 and 8 were excluded 

from the analyses, the amount of song matching between 

other song types was still significant (P < .001, Chi-

square test). 

Song matching was particularly noticeable between 

RX.YR, (unmated male) and RGBX, (mated male) (Fig. 10). 

On one occasion, RGBX's female, BRGX, was nest-building 

while the two males were singing. RGBX accompaniedBRGX 

while she made several trips to collect nest material 

near the boundary of RG3X's and RXYR's territories, but 

he sang only at the nest site located in the wash abou~ 

30 m from the territorial boundary. RXYR sang 

continuously from near the territorial boundary, close 

to where 3RGX was collecting. Each tiree RG3X sang a 
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different song type, RXYR switched song types to match 

that of RGBX. Song matching came immediately, or 

nearly so, after a song type change. At one point, 

RGBX, who had been singing a series of one song type, 

sang only the two introductory notes of a different 

song type. RXYR, who had been matching the preceding 

song type, then sang a complete rendition of that song. 

RGBX proceeded to sing complete songs and the birds 

continued to match songs during that bout. After BRGX 

had worked o~ the nest a while she began to feed near 

the territorial boundary -- with RXYR while RGBX was 

back near the nest. It appeared to be an ideal time 

for a stolen copulation, but none was observed. 

Playback experiments were used to determine 

whether a male would respond by singing the same song 

that I had played to him and by changing songs when the 

playback tape changed songs. The results of the 

experiment were inconclusive because once the males 

were stimulated to sing, they inevitably became more 

involved with singing with their r.eighbors than with 

the playback tape. So the males tended to match and 

change songs together, but ignored the playback, except 

ior their initial response. 
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The study population of Rufous-winged Sparrows 

effectively shared the same repertoire of songs, which 

appears to be important for counter-singing. Because 

the song types are distinct, they may hold a particular 

message, i.e. act as a signal of the singer's motives 

(see Lein 1978). This proved not to be true because 

males sang different song types regardless of their 

other activities and they sang all song types from ail 

parts of their territory. However, singing rate did 

appear to be affected by the song type being sung 

(Table 16). I measured the total time singing and the 

intersong intervals of 4 song types (1, 2, 6, and 8) 

each used in 5 different bouts. These bouts, from 

within longer song bouts, eac~ consisted of 11 songs 

resulting in a total of 50 intersong intervals and 55 

songs for a given song type. One-way ANOVA showed that 

the lengths of the intersong intervals were 

significantly different (P = .0018) and a Duncan's New 

Multiple Range Test (Nie et al. 1975). indicated that 

song types 1 and 6 were grouped together (mean inter-

song intervals were 4.15 sand 4.13 s, respectively), 

while song types 2 and 8 were grouped together (mean 

inter-song intervals were 3.71 sand 3.50 s, 
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respectively. Because intersong intervals could be 

affected by song length, I calculated the average song 

lengths for each of the 20 bouts. The average song 

lengths of song types 1 and 5 were longer (1.88 s and 

1. 87 s, respectively) than those of ') and 8 ( 1. 75 s and ,:,. 

1. 62 s, respectively) . However, a one-way Pu\lOVA showed 

that they were not significantly different (P = .2791). 

Cassin's Sparrow 

Although individual Cassin's Sparrows have 

relatively small repertoires, they exhibited variation 

in their song bouts in several ways. The numbers of 

different song types employed in a bout varied from 

only one up to three, and the birds either sang all the 

songs from a perch or all were sung in flight, or the 

birds shifted between perch and flight songs. The 

explanation for these variations in singing behavior is 

unclear; mated males did not sing with larger 

repertoires than unmated males, and a given male may 

sing any kind of bout pattern. I calculated average 

singing rate for 18 bo~ts by measuring intersong 

intervals and total time singing. Each bout consisted 

of 11 songs which were contained within larger, 

separate bouts. The results show that singing rates of 
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songs delivered exclusively from perches were faster 

than those of song sung only in flight (P < .05, 

Approximate t-test, Sokal and Rohlf 1975), but there 

was no relation between singing rate and variation in 

number of different song types employed within a bout 

or the proportion of flight versus perch songs (Table 

17). Singing rates of bouts consisting of both flight 

and perch songs were intermediate to those exclusively 

of either type. A linear regression line fitted to 

singing rate and percent occurrence of flight songs 

within a bout tends to show that as the number of 

flight songs increased, singing rate decreased (r = 

.75, Y = 5.13 - .17X, P < .01) (Figure 11). Singing 

rates of perch songs are not obviously going to be 

faster because perch changes occurred between songs 

with distances being comparable to flight song 

di stances. More data would be required to sho·w a 

relationship. 



SPECIES COMPARISONS 

From the aforementioned information, one might 

conclude that the four species of Aimophila Sparrows do 

have diverse songs and singing behaviors. The manner 

in which a species sings is dependent en many 

ecological and ethological variables, including various 

aspects of intra- and interspecific interactions as 

well as those aspects of the bioacoustic and physical 

environrnen~. In this section the species' similarities 

and differences in their vocalizations and singing 

behavior will be discussed. The results are summarized 

in Table 18. 

In order to determine the extent of 

distinctiveness in the species' songs, a stepwise 

Discriminant Function Analysis (Nie et al. 1975) was 

performed on the variables previously reported in 

Tables 2, 3, 4, and 5: song length, number of note 

complexes or phrases in a song (syllables),number of 

different note coreplexes or phrases in a song 

(syllables), minimum and maxi~um frequencies, and 

frequency range of 10 different (randomly picked) song 

types from each species. The analysis was highly 

significant with P < .001. Of the 40 songs analyzed, 
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100% were correctly classified according to species. 

To visualize the relationship among the four species' 

songs, the songs were plotted against the first and 

second discriminant functions (Fig. 12 and Table 19). 

Each species' songs appeared as a cluster of points 

separated from the other groups with no overlap. Song 

length was the first variable to be entered, and thus 

was probably the most important parameter used to 

distinguish the four species' song characteristics. 

The number of syllables appeared to be of secondary 

importance whereas the remaining variables were of very 

little value in distin~uishing the four species' songs 

(Fig. 19). The variables song length and number of 

syllables also had the highest absolute values for the 

correlation between variable and function, indicating 

again that these two variables were important for 

separating the species' songs (Table 20a). However, 

the discriminant function coefficient, which is a 

measure of association between a "group variable" and 

the function, showed that frequency range had a greater 

value than did song length. Thus, frequency range was 

probably an important variable in discriminating the 

species' songs, but its value was masked by the 
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stepwise DFA. The canonical correlation (Table 20b), 

which is the proportion of variance in the discriminant 

function explained by the groups, showed that function 

1 and 2 were highly correlated with the groups, but 

function 3 was only moderately ccrrelated. So, the DFA 

provided statistical evidence showing that the four 

species' songs were different in the measured 

parameters. Differences in song structure of closely 

related, sympatric species facilitates species 

recognition (Catchpole 1978). In Sonora, Mexico, where 

these four Aimophila are sympatric with Aimonhila 

botterii, no overt response was observed when 

congeneric songs were played to each species 

(unpublished data). This suggested that these species 

were not interspecifically territorial. They do share 

the same acoustic background, so their song structure 

may have evolved to avoid acoustic competition. 

Another song characteristic measured was singing 

rate, a parameter which could be related to song 

length. If a certain total output of song is to be 

sung per unit of time, one would predic~ that longer 

songs would be sung at a slower rate than would be 

shorter songs (Hartshorne 1956). Cassin's Sparrows 
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sing the longest songs and fewest songs per minute, 

Rufous-crowns and Rufous-wings sing songs of similar 

lengths and at similar intermediate rates, and Five-

stripes sing the shcrtest songs at the fastest rates. 

Thus, these species meet the prediction. 

The number of different song types found within 

the study populations and within individuals' 

repertoires was very different among the species. 

Cassin's and Rufous-wings had a similar sized 

population song repertoires; however, individual 

Rufous-wings sang all song types while individual 

Cassin's sang only a small percentage of the total 

repertoire. The population song repertoire for Rufous-

crowns was very large, with individuals having a medium 

sized repertoire. Five-striped Sparrows, with 

individuals having a very large reperoire, had an 

extremely large population song repertoire. An actual 

figure was not calculated due to complexities involved, 

however. The percentage of an individual's song 

repertoire that was shared was more similar between 

Rufous-wings and Cassin's, whereas Rufous-crowns and 

Five-stripes were more similar, with a lesser degree of 

sharing. In summary, Rufous-crowned Sparrow 



56 

populations have a large song repertoire with 

individuals singing many of the song types with a 

slight degree of sharing between individuals. Rufous-

winged and Cassin's Sparrows are alike in having the 

same population size repertoire. But, all individuals 

in a population of Rufous-wings are capable of singing 

all song types found within the population, resulting 

in a high degree of song type sharing. Individual 

Cassin's also have a high degree of song type sharing, 

but only because an individual has a very limited 

repertoire. If any of its songs are shared, it will be 

reflected as a high percentage of sharing. Amount of 

song type sharing among individual Five-striped 

Sparrows was not calculated because of the large number 

of songs involved. One can grasp the extent of song 

sharing by determining the extent of note complex 

sharing. Approximately 20% of an individual's note 

comlexes were shared. Because different songs consist 

of different note complexes rather than reordered note 

complexes, this figure might be a good estimate of 

whole song type sharing among individuals. 

If the physical environment influenced the 

evolution of song structure (Ficken and Ficken 1963, 
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Konishi 1970, Chappuis 1971, Morton 1975, Bowman 1979), 

then species with dissimilar songs occurring in 

habitats with differing acoustical properties might 

exhibit differences in their singing perch height 

preferences. Ficken and Ficken (1963) demonstrated 

that parulid warblers which occupied high perches in a 

forest sang songs of higher frequencies than those 

species that utilized the lower, denser strata of the 

forest. All four Aimoohila species sang while on the 

ground. Singing perch height preferences of Rufous-

crowns and Rufous-wings were not statistically 

different (Moses' test of dispersion (Daniel, 1978), P 

> .05). The dispersion of song perch heights was the 

same for both species (Fig. 2). Only two species, 

Cassin's and Rufous-crowns, regularly sang flight 

songs. The instances in which flight songs were 

reported for Rufous-wings and Five-stripes were those 

that occurred during intense territorial disputes, not 

during regular advertising display. Flight songs 

probably do not have an important role for the latter 

two species. Because all four species sang from the 

entire range of available perch heights, acous~ics of 

the habitats' strata either did not significantly 
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differ, or differences in acoustics of the habitats' 

strata were of minor importance on song propagation. 

All four species had some sort of "pair-bond" 

vocalization which was performed when males and females 

reunited. This type of vocalization is found 

througr.out the genus Aimophila. Rufous-crowned 

Sparrows had the largest repertoire of call types, 

whereas the other three species used less than half the 

number of calls used by Rufous-crowns. Ru=ous-crcwns 

are not strictly territorial in that they will tolerate 

other Rufous-crowns in their foraging area. Because 

this species is semi-social, a large call repertoire 

may be of advantage in inter-individual communication 

(Tinbergen 1959). 

How songs are employed is another aspect which may 

influence a species' singing behavior. Field 

observations and data analyses suggest that only 

Rufous-wings extensively use their songs during 

countersinging bouts by matching song types and 

alternating songs wi~h another singing male. '!'he other 

species sing with no predictable pattern. Rufous-

crowns, Five-stripes, and Rufous-wings all sing within 

close proximity to their females and follow t~en as 
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they forage. At such times normal songs are produced 

but they are of very reduced volume, barely audible a 

few meters away. In these three species males maintain 

close contact with their females, rarely being 

separated except when females are incubating or 

foraging for food for nestlings. I often saw Cassin's 

Sparrows singing from a perch above a foraging female, 

and flight songs occasionally were performed over a 

female. However, Cassin's Sparrows did not seem to 

maintain intimate contact with their mates. 

Besides using auditory cues for communication, 

birds can also use visual cues such as plumage 

patterns. In species which maintain close contact or 

those which come into close contact during territorial 

disputes, plumage pattern may play an important role. 

Rufous-crowns and Five-stripes have distinct head 

patterns which are sometimes exaggerated during intra-

specific encounters. Rufous-crowns face the ground and 

erect their crown feathers and Five-stripes point their 

bills upward thereby exposing their striped throats. 

On one occasion I observed a pair of Rufous-wings 

displaying their throats to an intruding unmated male 

which responded with the same display. I never 



60 

observed such behavior in Cassin's Sparrows. 

Territory sizes varied as much within a species as 

between species, thus, the influence that territory 

size may have on the species' song and singing behavior 

is uncertain. Bushnel (1963) suggested that simple 

signals (calls) are sufficient for species in low 

densities because no ambiguities exist between signaler 

and receiver, whereas species in high densities require 

a larger vocabulary in order to specify the receiver of 

the message. Data on Aimophila species' density over 

the center of their breeding ranges, rather than 

terriory size, may better indicate the extent of 

individuals' interactions. 

The sound environment in which a species occurs 

could also affect the birds' songs and singing behavior 

(Heckenlively 1970, Kroodsma 1981). Areas which host 

closely related species or species which sing similar 

songs would result in selection for stereotyped, 

distinctive songs. Species-impoverished habitats would 

allow for more variation in songs (Kroodsma 1981) 

Additionally, the number cf species in the area will 

also affect the variability within a species song 

repertoire (Hartshorne 1958). I regularly censused the 
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species which occurred near each study population, 

including species which I could easily hear from any 

male's territory. The species which occurred in each 

of the study areas were not all the same and they did 

not occur in the sa~e densities. Excluding non-

vocalizing species and those which were non-singing 

transients, the number of species present in all study 

populations was almost equal (Table 19). Birds of prey 

were included because they frequently vocalized and 

also inhibited the sparrows' singing activity. Members 

of Picidae were included because they appeared to 

affect the birds' repertoires: One Rufous-crown, XWBR, 

incorporated a Ladder-backed Woodpecker (Picoides 

scalaris) call note into one of his song types 

(Appendix 1, D37, D51, D52). The effect of other 

species' songs on the vocalizations and singing 

behavior of Aimophila Sparrows is unknown and requires 

further study. 

Other factors which may affect the singing 

behavior are those which affect behavioral interactions 

outside the breeding season. Neighbors tend to share 

mere songs if the birds are sedentary or travel in 

cohesive groups (Kroodsma 1981, 1983) than if the birds 
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are migratory and not faithful to t~e site of learning 

(Kroodsma 1983). Rufous-crowns and Rufous-wings do not 

migrate but remain on their territories year-round (S. 

M. Russell, pers. com.) First-year and unmated Rufous-

winged Sparrows are exceptions in that they wander in 

small flocks. First-year and unmated Rufous-crowns 

wander as well, but they appear to be in family groups 

rather than in small, loose flocks (pers. obs.).The 

sedentary behaviors of these two species may help 

explain the degree of song and note complex sharing 

among males. Whether Five-striped Sparrows migrate is 

still open to question. Two individuals were sighted 

on a Christmas Count {Stotz 1978), but they represented 

only a small fraction (1/10) of the summer population. 

Individuals that were seen were on their summer 

territories. Pairs will renest in their same territory 

in consecutive years and if one member of a pair fails 

to appear, the remaining merr~er will accept a new mate. 

Cassin's Sparrows are different from the other 

three species in that they are migratory. It is not 

known if pairs re-occupy last year's territories or 

even if the pair bond is permanent. Using a playback 

tape of the species' songs, I censused all territories 
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in December 1982. About 60 Cassin's Sparrows were 

present in large, loose flocks in the study area. 

These individuals readily responded to the playback, 

making "chittering" sounds as they approached. No 

banded individuals were sighted. Thus, it is probable 

that Cassin's Sparrows don't exhibit year-round home 

range fidelity. 

The vocalizations and singing behaviors of the 

four Aimophila species are dissimilar in many respects. 

What are the possible functions of their diverse 

singing strategies and what are the possible selection 

factors that influenced their song divergence? It has 

long been recognized that the primary functions of song 

in birds are to attract and stimulate females and to 

repel males. Song has many other related functions as 

well, such as 1) it stimulates and synchronizes sexual 

behavior (Kroodsma 1976, 1977, Groschupf and Mills 

1982), 2) it may aid in individual recognition, e.g. 

mate, parent, offspring, or neighbor (Weeden and Falls 

1959, Emlen 1972, Goldman 1973, Baptista 1975, Handford 

and Nottebohm 1976, Baker and Mewaldt 1978, Treisman 

1978, Baker et al. 1981, Payne et al. 1981), 3) it 

signals a bird's activities, i.e. certain behaviors are 
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associated with certain songs (Lein 1978, Payne 1979, 

Kroodsma 1981), and 4) it communicates the 

reproductive state of an individual (Thorpe 1961). 

Although none of the above functions are mutually 

exclusive, I propose that each is related to the 

singing behaviors employed by the four Aimophila 

species studied. My conclusions are based on 

observation and remain to be tested experimentally. 

It was shown fer Five-striped Sparrows that a 

male's song pattern versatility changed with the 

breeding stages - total versatility was greater when 

eggs were in a nest or just a nest was present 

(Groschupf·and Mills 1982). A male's singing behavior 

may have influenced his mate's behavior, inducing her 

to maintain the pair bond, to incubate, or to feed 

young. This suggested that the complexity of a male's 

song bout influenced a female's behavior, what she did 

and when. For this behavior to evolve, sexual 

selection, via female mate choice, would favor species 

with large song repertoires, with individuals having 

large, unique, song repertoires, and/or species which 

exhibit changes in song patterning or amount of song. 

Species with small repertoires or those that do not 
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alter their singing behavior with breeding stages, 

might not be as effective in manipulating a female's 

behavior (Dawkins 1976, Dawkins and Krebs 1978). 

That Rufcus-crowned Sparrows have small 

territories and are semi-social means individuals are 

closely-spaced and many encounters are likely to occur. 

Individual recogniton would be of prime importance for 

this species in order to avoid continuous territorial 

disputes among neighbors and to decrease the chances of 

cuckoldry. Rufous-crowned Sparrows have moderate-sized 

repertoires with many songs unique to ar. individual. 

Song could be used for individual recogniton, and a 

balance between inter-sexual and intra-sexual selection 

may have influenced this species' song repertoire. 

Inter-sexual selection, where females choose males 

with large song repertoires, may not have been as 

influential in the evolution of Rufous-winged Sparrow 

song repertoires because all members of a breeding 

population sing the same songs. Instead, male-male 

interactions appear to be of prime importance, as 

demonstrated by the prevalence of counter-singing 

bouts. When a bird engages in a counter-singing bout, 

he may be signaling his ability to defend his territory 
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and also his probabilty of attacking an approaching, 

counter-singing male (Verner 1975, Lein 1978). 

Counter-singing may be performed by two individuals 

alternating different song types; however, the intended 

receiver of a message is better indicated when male 

match song types (Smith 1977). In species where more 

than one neighbor can be heard, signal-receiver 

information is not obfuscated when matching songs are 

used. In order for song matching to occur, individuals 

and populations must have a limited number of songs and 

all mer.~ers of a population (or just neighbors) are 

obligated to share songs. 

Cassin's Sparrows are the only species of the four 

that do not remain o~ territories year round, nor 

possibly do they return to the same nesting territory 

(Phillips et al. 1964). Cassin's Sparrow breeding 

distributions and nesting activities have been 

attributed to the timing and spatial occurrence of 

unpredictable summer rains, and dual breeding ranges 

have been suggested for this species (Ohmart :969). 

Therefore, they must be ready to locate, advertise, and 

defend a territory, and successfully attract a female 

in a very short time. Species identity must be 
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maintained, thus large song repertoires may not be more 

selectively advantageous than small song repertoires 

because the messages they convey may be too arnbi~~ous. 

Due to the nomadic nature of this species, individuals 

probably do not set up territories near their previous 

neighbors, thereby reducing the propensity for song 

sharing. Neighborhood dialects, then would not evolve. 



SUMMARY 

The vocalizations and singing behavior of four 

Aimoohila sparrows,~- ruficeps, ~- carpalis, ~-

cassinii, and~- auinguestriata were extensively 

analyzed, described, and compared. Although the 

species are similar in many respects, i.e. they are 

monogamous, intersexually monomorphic, and are 

sympatric in parts of their breeding ranges, they 

exhibited differences in song structure and repertoire 

size. The differences in the species' songs and 

singing behaviors may be explained by ecological, 

rather than environmental, differences among the 

species. This conclusion is based on observational 

evidence and remains to be tested experimentally. 
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TABLE 1. Summary of flight vs. perch songs occurring before 

and after nesting began, and between 05:30 - 07:30 and 

07:30 - 11:30. 

No. Songs No. Bouts No. Males 

PRE-NEST 
05:30 07:30 189 6 4 

07:30 - 11 :30 315 7 4 

POST-NEST 
05:30 07:30 o-.,) 11 8 

07:30 - 11 :30 345 14 5 

% Flight 
Songs 

(x ± S .D.) 

63.52 .... 30.60 
62.99 ± 31.85 

22.35 ± 24.16 
17.99 ± 15.60 

----------------------------------
Total Pre-nest 504 13 7 66.88 ± 27.861 

* Total Post-nest 440 25 11 19.67 ± 18.87' 

Total 05:30 - 07:30 284 17 11 39.30 ± 33.40 
Total 07:30 - 11:30 660 21 9 32.99 .- 30.58 

Grand Total 944 38 17 35.81 ± 31.59 

* values are significantly different, P <.05. 



"' r---

TABLE 2. Measurements of song parameters from ten different song types of 

Rufous-crowned Sparrows. 

Song Song No. No. Diff. Mlnimum Maximum 
No. Length (s) Syllables Syllables Frequency (kHz) Frequency 

1 .63 8 6 1.5 8.0 
2 .78 10 5 2.0 7.0 
3 .81 10 4 2.0 7.5 
4 .83 11 7 2.0 7 .0 
5 .85 12 7 2.0 8.0 
6 .87 14 l• 2.0 8.5 
7 .89 10 6 1.5 7.5 
8 .89 11 8 2.5 8.0 

9 .91 13 6 1.5 6.5 
10 1.11 13 7 2.0 7.5 

Median .86 11 6 2,0 7.5 

Frequency 
(kHz) Range (kHz) 

6.5 
5.0 
4.5 
5.0 
6.0 
5,5 

6.0 
5.5 
5.0 
4.5 

5.2 



TABLE 3, Measurements of song parameters from ten different song types of 

Rufous-winged Sparrows, 

---·-----
Song Song No. No. DHf. 'Minlmum Maximtim Frequency 
No. Length (s) Syllables Syllables Frequency (kHz) Frequency (kHz) Range (kHz) 

1 ,88 18 3 2.0 8,5 6.5 
2 .88 13 2 2.0 7,5 5.5 
3 . 92 ll1 1 2,5 9.0 7.5 
4 ,99 20 3 2.5 8,5 6.0 

r, 5 .99 15 2 2.5 8.0 5,5 r-~ 

6 1.00 19 2 2.5 7.0 4.5 
7 1.03 19 3 2.5 8.0 5.5 
8 1.05 21 3 2.5 8.5 6.0 

9 1.10 20 3 2.5 8.0 5.5 
10 1.12 16 l 2.5 8.0 5.5 

:Median 1.00 18.5 3 2,5 8.0 5.5 



TABLE 4. Measurements of song parameters from ten different song types of 

Cassin 1s Sparrows. 

-~,....,.... 

Song Song No. No. Diff. Minimum Maximum Frequency 
No, Length (s) Syllables Syllables Frequency (kHz) Freriuency (kHz) Range (kHz) 

l 1,30 7 5 2.5 8.5 6.0 
2 1,30 8 6 2.0 8.5 6.5 
3 1.31 6 5 2.5 9.0 6,5 
4 1.36 6 5 3.0 8.5 5.5 

co 5 1.37 6 5 2.0 8,5 6,5 ,-... 
6 1.40 6 5 2.5 8.0 5.5 
7 1,46 6 5 2.5 8.5 6.0 
8 1,46 7 5 2,0 8,5 6.5 

9 1.48 6 5 2.5 9,0 6,5 
10 1,57 6 5 2.0 9.0 7.0 

Median 1,38 6 5 2,5 8,5 6.5 
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TABLE 5. Measurements of song parameters from ten different song types of 

Five-striped Sparrows, 

Song Song No. No. Diff. Minimum Maximum 
No. Length (s) Syllables Syllables Frequency (kHz) Frequency 

1 .23 2 1 1.5 8,5 
2 .27 2 1 1.5 7.0 

3 ,33 2 2 2,0 7,S 

4 .37 3 2 .s 8,0 

5 ,37 3 2 1,0 8.5 
6 ,37 3 2 2,5 8.5 
7 .45 3 2 1,5 8.0 
8 .49 3 2 1.0 8,5 

9 .55 5 2 2,5 8.5 
10 . 79 5 3 2,0 7.5 

Median .37 3 2 1.5 8,2 

Frequency 
(kHz) Ranire (kHz) 

7 .o 
5,5 
5.5 
7.5 
7.5 
6.0 
6,5 
7.5 
6.0 
5.5 

6,2 
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TABLE 6. "Chitter warble" note complex types sung and shared 

among four neighboring Cassin 1s Sparrows. 

Note 
Complex RYGX XBYB RGMiC XRGR 

1 X 
2 X X X 
3 X X X 
4 X 
5 X 
6 X 
7 X X 
8 X X X 
9 X X X 

10 X 
11 X X 
12 X 
13 X 
14 X 
15 X 
16 X 
17 X 
18 X 
19 X X 
20 X 
21 X 
22 X 
23 X 
24 X 
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TABLE 7. Numbers of songs, different song types, and different note 

complexes recorded from each Rufous-crowned Sparrow. 

Total Songs Different Different 
Male Recorded Songs ~ote Complexes 

XWBR 1075 14 85 

XBYG 882 13 76 
RXBW 458 12 56 

YRRX 346 11 66 

WYWX 341 8 61 
GXGG 175 4 34 

XGRY 22 2 9 

AGVE 21 l 5 

Total 3320 51 259 
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TABLE 8. Song types used among the song-sharing 

Rufous-crowned Sparrows. 

Males Recorded 

Song >:: p:: ::::: >:: µ:;i 

! i:i:l ::> 
Type i:i:l C >:: C >:: >:: ::,... p:: < 

5 X X X 

7 X X 

8 X X X 

12 X X 
18 X X X X 
21 X X 

24 X X X 

37 X X 

51 X X 

No. Shared 4 1 3 6 2 6 1 
% Shared 31 50 27 43 17 75 100 

Total No. Shared Songs 9 

Total % Shared Songs 17.6 
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TABLE 9. Note complexes shared amon~ the recorded 

Rufous-crowned Sparrows. 

Males Recorded 
Note 

Complex c., >- X .z ::s: X C: >- .r: .z ::Q l::Q > ::..J 
Type c., 0:: @ X X ::,.. c., 

3 X X X 
7 X X X 

11 X X 
17 X X X 
21 X X X 
22 X X X X 
23 X X X 
27 X X X X 
28 X X X X 
29 X X X 
30 X X X 
32 X X X 
34 V .. X 
35 X y .. 
36 X X 
40 X X 
41 X X X 
42 X X 
44 X X X 
46 X X 
47 X X X 
48 X X X X 
49 X X X X 
so X X X X X 
51 X X X X 
52 X X 
54 X X 
56 X X 
57 X X 
64 X X 
65 X X 
67 X X 
72 X X 
75 X X 
77 X 
78 X X 
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TABLE 9. Continued. 

Males Recorded 
Note 

Complex C!' ::< ,:x: :::: c.., 
>< ! :> 

Type c.., ::< c., 
::< >-i ,:x: :::: < c.., 

79 X 
84 X X X 
85 X X 
86 X X 
87 X X X X 
88 X X 
90 X X 
93 X X 
94 X X 
95 X X 
98 X X 

101 X X 
103 X X 
107 X X X X X 
108 X X X X X X 
109 X X X X 
110 X X X X 
111 X X X X 
121 X X 
125 X X X 
126 X X 
127 X X 
129 V X •• 
141 X X 
143 ~7 X X .c.. 

145 X X X 
146 X X X 
147 X X X 
148 X X 
149 X X X 
161 X X 
164 X X 
166 X X 
168 X X 
171 X X X X 
177 X 
178 X X 
184 X X 



85 

TABLE 9. Continued. 

Males Recorded 
Note 

Complex t!) ix: :;;: :><: >< r:o :;::. c., 
Type iXl ix: :><: .... c., >:: 

:><: >< IX, < c., 

191 X X 
197 X X X 
198 X X X 
200 X X 
202 X X 
214 X X 
216 X X 
244 X X 
249 X X 
259 X X 

Total shared 39 10 30 49 31 41 5 17 

Total no. of 
note comp. 76 10 66 85 31 41 5 34 

% note comp. 
shared 51 100 45 58 55 67 100 50 
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TABLE 10. Number of songs and note complexes shared among 

neighboring and non-neighboring Rufous-crowned Sparrows. 

NEIGHBOR NON-NEIGHBOR 
Note No. of Note 

Bird Songs Complexes Males Son,1;s Complexes 

XBYG 6 63 5 1 10 

XGRY 1 13 4 1 8 

YRRX 3 16 4 0 33 

XWBR 4 38 3 6 64 

RXBW 1 22 4 2 30 

WYWX 3 51 4 7 28 

AGVE 1 12 5 2 6 

GXGG 0 12 4 0 21 

No. of 
Males 

2 

3 

3 

4 

3 

3 

2 

3 
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TABLE 11 . Numbers of songs and different song types 

recorded from each Rufous-winged Sparrow. 

Total Songs Different 
Male Recorded Songs 

YBYX 953 12 

RGBX 566 12 
RXYR 561 9 

YYYX 448 11 

XYRW 316 ., 
I 

XRRR 269 6 
GGGX 188 10 
wwwx 162 9 

BXBY 35 7 
RWBX 32 4 
NOBA 1 24 2 
NOBA 2 18 2 
NOBA 3 17 2 

NOBA 4 4 1 

Total 3593 14 
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TABLE 12. Song types used and shared among the recorded 

Rufous-winged Sparrows. 

!-!ales Recorded 
'""' N C"') -:r 

Song :x: :x: :>-< :x: :x: :x: :x: < < < < :>-< ;Xl 5 'A :>-< I i:::l c., l:Q l:Q l:Q l:Q 
Type '-' :x: ::,... c.:i 0 0 0 0 ::,... l:Q :x: ::,... c.!i z z z z 

1 X X X X X X X X X X X X 

2 X X X X X X X X X 

3 X X X X X 

4 X X X X X X X X 

5 X X X X X X X X X X 

6 X X X X X X X X X X 

7 X X X X X X 

8 X X X X X X }: X X X X X 

9 X X X 

10 X X X X X 

11 X X 

12 X X X X X X X X X 

13 X 

14 X X 

No. Shared i2 11 7 9 7 6 11 9 4 10 2 2 2 1 

% Shared * 92 * * * * * * * * * * * * 
Total No. of Shared Songs 13 

Total % Shared Songs 92.9 

* = 100 
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TABLE 13. Numbers of songs and different song types recorded 

from each Cassin 1s Sparrow. 

Total Songs Different 
!1ale Recorded Songs 

XRGR 249 4 
XBYB 171 2 

RGMX 137 5 
NOBA 1 90 5 
NOBA 2 66 1 
NOBA 3 49 2 

NOBA 4 44 1 
NOBA 5 31 2 
XBOP 30 2 

NOBA 6 28 3 

BWYX 23 2 

NOBA 7 16 3 

NOBA 8 13 2 

OXOB 9 2 

NOBA 9 7 1 
RYGX 3 1 
NOBA 10 2 2 

NOBA 11 1 1 

Total 969 15 



TABLE 14. Song types used and shared among the recorded Cassin's Sp.qrrows. 

Males Recorded 
0 ..... 

...-i N (V) -ct in •D ,-.... co °' ..... rl 

Song p::; p'.'.l 8 -.:r:: -.:r:: -.:r:: -.:r:: -.:r:: P-, -.:r:: p -.:r:: ..-;:: P'.'1 <:t! >:: <:t! <:t! 
C) ::,... r:Q r:Q r:Q r:Q r:Q 0 r:Q r:Q r:Q 0 r:Q 0 r:Q r:Q 

Type r:Q 0 0 0 0 0 r:Q 0 ::.: 0 0 >:: 0 0 0 
p::; z z z :z. z >-: z p'.'.l z z 0 !£"; z z 

1 X X X 
2 X X 
3 X 
L1 X X X 
5 X X 
6 X X X 

0 7 X X 
°' 8 X X X X 

9 X X 
10 X X X X X 
11 X X 
12 X X 
13 X X X X X X 
14 X 
15 X 

No. Shared 3 2 5 5 1 2 1 2 2 2 2 3 2 1 1 1 3 1 
% Shared 75 'I< * * * ~'c * i< * 67 * * * 50 * -!< * * 
Total No. of Shared Songs 12 
Total % of Shared Songs 80.0 

·--------···---
* = 100 
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TABLE l 5. Song lengths and singing rates of 6 Rufous-crowned 

Sparrow song types. 

Song Time x Song Singing Rate 
Male Type of Day Length (s) (songs/min) 

XBYG 17 09 :15 1.34 6.65 
XBYG 17 09:45 1.60 5.34 
XBYG 12 11 :33 1.44 7 .78 
YRRX 12 09:45 1.45 8.91 
YRRX 12 10 :11 1.42 10.52 
R..'{BW 32 06:30 1.26 11.27 
RXBW 32 06:12 1.25 10.91 
XWBR 4 06:12 1.41 13.80 
)..'WBR 4 06:35 1.38 10.09 
XWBR 5 06:55 1.39 13 .93 
XWBR 5 10:07 1. 73 9.07 
XWBR 3 07:16 1.41 10.82 
XWBR 3 11 :00 1.49 9 .26 
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TABLE 16. Average intersong intervals and song lengths (measured 

in seconds) of four different song types from samples of 11-song 

sequences sung by several males. Intersong intervals of song bouts 

consisting of song types l or 6 ~ere significantly longer than 

those in bouts consisting of song types 2 or 8 (P<.01). Song 

types 1 and 6 were longer than song types 2 and 8, but they were 

not significantly diff erer..t (P = .28). 

Singer's Soc1g Average Inter song Average Song 
Identity Type Interval Length 

YBYX 1 5.18 1.62 
RXYR 1 4.28 2.01 
R.XYR 1 4.75 2.02 
RGBX 1 2.90 1.99 
XR.:IB. l 3.63 1. 75 
YBYX 6 4.90 1.81 
YBYX 6 4.28 1. 91 
Y3YX 6 4.51 1.95 
NOID 6 3.54 l. 77 

XYRW 6 3.44 1.90 
YBYX 2 4.17 1. 70 
YBYX ') 4.08 2.20 "" 
RGBX 2 3.15 1.80 

XRRR 2 2.89 1.47 
GGGX 2 4.26 1. 61 
YBYX 8 4.27 1. 72 
XYRW 8 2.97 1. 79 
XRF.R 8 3.37 1.12 

wwTJX 8 3.52 1.63 
XRRR 8 3.40 1.86 
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TABLE 1 7. Singing rates of various songs sung either from 

perches, in flight, or both. 

% Flight Singing Rate 
Male Time Song Types Sung Songs (songs/min) 

XBYB 06:25 2,8 100 2.67 
XBYB 06:10 2,8 100 2 .92 
RGMX 06:49 3,5 100 3.01 
XBOP 07:23 4,10 100 3.27 
NOBA 11 08:07 4,13 100 3.36 
~OBA 2 06:13 10 64 4.50 
NOBA 2 06:17 10 64 5.16 
NOBA 1 07:32 1,8,13 55 4.84 
NOBA 6 07 :14 5,8,14 45 4.29 
XBYB 06 :12 8 36 2.94 
XRGR 07:57 6,7,15 36 4.65 
NOBA 4 07:32 10 18 5.47 
XBYE 07:55 2,8 0 5.12 
XBYB 07:46 8 0 4.38 
XRGR 06:58 6,7 ,15 0 6.23 
XRGR 07:43 6,7,15 0 4.58 
XRGR 07:13 6,7 ,15 0 4.85 
NOBA 2 07:24 10 0 4.93 



TABLE 18. Summary of song and behavtor characteristics of the four Aj:!11ophiJa species. 

-----
Character A. ruf lc~p~ A. caq~alis A. cassinii A. ~nquestriat~ 

·------· 

Song length (s) .86 J .00 1.40 .43 

Singing rate (songs /min.) 10 10 !1 16 

No. syllables in song 11 .20 17.50 6.40 3.10 

No. cliff. syllables in song 6.00 2.50 5.10 1.90 

Min. frequency (kHz) 1.90 2.40 2.35 1.60 

Max. frequency (kHz) 7.55 8 .10 8.60 8.05 

Frequency range (kHz) 5.30 5.80 6.25 6.45 
,:t Pop. repertoire size 51 14 15 200 + o, 

Ind. repertoire size 13 11 4 200 

"" /4 of individual's songs shared 37 100 92 20 + 
Ground songs yes yes yes yes 

Flight song£ yes no yes no 

Pair-bond/song yes yes yes yes 

Countersinging no yes no no 

Male-female interaction close close distant close 

Song signal function i.ntra-sex inter-sex inter-sex intra-sex 

Sing in winter 110 yes no no 

Migratory no no yes ? 



TABLE 18. Continued. 

---------------------------------~--------
Character A. _1'.'uficeps !· _c.::E:_!"Pc'!lis A. cassinii A. quinquestriata 

------------------·------·-----
Flock in winter 

Territory size (h) 

Face pattern 

Habitat type 

No. of other assod.ated 
bird species 

no 

.5 - 1.2 
-
X = .BO 
distinct 

canyon 

39 

no 

!1 .2 - 6.6 1.6 

X -- 5.68 X 

plain 

flat 

46 

------------· 
yes no 

- 2.8 .6 - 2.6 
2.20 - data = X = no 

plain distinct 

flat canyon 

li G 46 
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TABLE 19, Sunnnary of results from stepwise discriminant 

function analysis. 

Step Variable Calculated F-value 
Number Entered to Enter 

1 Song length - 117 .83 
2 No. of syllables 102.37 
3 No. diff. syllables 4.09 
4 Maximum frequency 2.52 
5 Minimu.111 frequency 1.20 
6 Frequency range 1.98 
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TABLE 20a. Listing of the discriminant function coefficients 

and the correlation between the original variables and the 

discriminant functions. 

Discriminant Function Correlation Between 
Variable Coefficient Variable & Function 

I 2 1 2 

Song Length 1.05 .45 .54 . 77 

No. Syllables - .81 .36 -.39 . 72 
No. Diff. Syllables - .28 .54 - .12 .72 
Minimum Frequency . 79 -.41 .07 -.11 

Maximum Frequency - .56 .35 .13 .14 
Frequency Range I.IS -.54 .17 -.01 

TABL~ 20b. Listing of the percent of variance explained by each 

funccion and the canonical correlation with the "group variables". 

Function Percent of Variance Canonical 
Explained Correlation 

l 62.95 . 97 
2 35.38 .95 
3 1.67 .54 
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TABLE 21. List of bird species observed in the four sparrow' areas. 

A. cassinii 
Species Observed* A. quinquestriata A. carpalis A. ruficeps 

Cathartes aura * * 
Accipiter cooperi X X X 

Buteo jamaicensis X X 

Aquila chrysaetos X X 

Polyborus plancus * 
Falco mexicanus X 

Falco sparverius X X 
Callipepla squamata X 

Lophortyx gambelii X X X 

Zenaida asiatica X X X 

Zenaida macroura V X X •'-

Geo coccyx californianus X X X 

Otus asio * ----
Bubo virginianus * --
Micrathene whitneyi * 
Phalaenoptilus nuttallii * 
Aeronautes saxatalis X X X 

Archilochus alexandri X 

Calypte costae X X 

Selasphorus platycercus X X 

Selasphorus sasin X 

Cynanthus latirostris X X 

Colaptes auratus X 

Melanerpes uropygialis X X 

Picoices scalaris X X X ----
Tyrannus vertical is X X 

Tyrannus vociferans X 

:1:viarchus cinerascens X X X 
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TABLE 21. Continued. 

A. cassinii 
Species Observed* A. 9.uin9.uestriata A. carpalis A. ruficeps 

Myiarchus tuber cul if er X 

Sayornis nigricans X 

Sayornis sava X --·-
Em:eidonax dif ficilis * 
Empidonax oberholseri * 

Conto:eus sordidulus X 

Conto:eus borealis ,.. 
Tachycineta thalassina X X 

Hirundo rustica X 

Progne subis X 

Aphelocoma ultramari:ia X 

Corvus sp. X X X 

Auriparus flaviceps X X X 

Psaltriparus minumus X 

Thryomanes bewickii X 

Campylorhyncus brunneicapillus X X X 

Catherpes mexicanus X 

Salpinctes obsoletus X X 

Mimus Eolyglottos V X •'-

Toxostoma curvirostre X X 

Toxostoma dorsale X X 

Polioptila caerula X X 

Polioptila nigriceps X X 

Polioptila melanura X 

Regulus calendula X X 

Phainopepla nitens X X 

Lanius ludovicianus X 

Vireo bellii X X X 
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TABLE 21 , Continuec .. 

A. cassinii 
Species Observed* A. 5uinquestriata A. carpalis A. ruficeps 

Vireo gilvus * 
Vermivora celata * 
Vermivora virginia X X 

Vermivora luciae X X X 

Dendroica coronata X 

Dendroica townsendi * 
Oporornis tolmiei * 
Wilsonia pusilla * 
Sturnella neglecta X 

Icterus cucullatus X 

Icterus galbula * 
Molothrus ater X X X 

Piranga ludoviciana * * 
Cardinalis cardinal is X X 

Cardinal is sinuata X X 

Pheucticus melanoce2halus X 

Guiraca caerula X X 
Passerina versicolor X 

Carpodacus mexicanus X X X 

Carduelis psaltria X X X 

Pipilo chlorurus X 

Pipilo fuscus X X X 

Pipilo erythrothalamus * 
Annnodramus savanna!'um X 

Pooecetes gramineus X 

Chondestes grannnacus * 
Aimophila quinquestriata X 



101 

TABLE 21. Continued. 

A. cassinii 
Species Observed* A. quinquestriata A. carpalis A. ruficeps 

Aimophila carpalis X 

Aimophila ruficeps X X 

Aimophila botteri X 

Aimophila cassinii X X 

Amphispiza bilineata X X X 

Spizella passerina * * 
Spizella breweri X 

Spizella atrogularis * 
Zonotrichia leucophrys X 

Total number of species 53 60 41 
Total minus * species 46 46 39 

*=non-vocalizing species or non-singing transients. 
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SECONDS 

Yir.URE 1. Sonagrams of representative songs of the three species 
which depict the structural terns used in the text. A= Rufous-
crowned, B = Rufous-winged. C = Cassin's, nc = note complex, 
n = note, t = trill, s = syllable; n and nc = s. 
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FIGURE 10. Distribution of recorded male Rufous-winged 
Sparrows at the Santa Rita Experimental Range. Solid line 
is a dirt road, dashed lines are major washes, dotted lines 
are minor washes. 
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APPENDIX l 

List of Sonograms 

Al. Cassin's Sparrow "pips". 

A2. Rufous-crowned Spar-row "pip" followed by three "dears". 

A3. 

A4. 

AS. 

A6. 

A7. 

A8. 

A9. 

AlO. 

All. 

Bl. 

B2. 

B3. 

B4:. 

BS. 

B6. 

ll "alarm chatter". 

!I "rattle" followed by a "dear". 

II "chatter". 

!I "chatter duet". 

II "dear duet". Shorter "dears" 

were given by female, longer "dears" by male. 

fl male's "half" of a "pair reunion 

duet". 

" "chur" . 

" "tzeet!!. 

!I "chup" (second note complex). 

Rufous-winged Sparrow. Two types of "tzeet '' notes. 

!I "pips". 

"alarm tzeets". 

" "buzz" .. 
,, 

11 warble". 

II "warble duetn. Fir-st note is 

female'si she gave three more of the same. 

l i c:: _.., 
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Cl. Cassin's Sparrow "chitter", covering a broad frequency 

range. 

C2. Cassin's Sparrow "chitter", covering a narrow frequency 

range. 

C3. Cassin's Sparrow. Two successive "chips". 

Dl - D52. Fifty-one different song types recorded from 

Rufous-crowned Sparrows. Dl and D2 were classified as 

the same song type because note complexes 4 through 9 

of D2 were the same as the last five note complexes of 

Dl. All other songs illustrated were different. 

D4. Song is upside-down. 

Dl4. Song preceded by "dear" note. 

D37. Song ended with Rufous-crowned Sparrow rendition of a 

Ladder-backed Woodpecker "peek" note. 

D51. "Peek" note of a Ladder-backed Woodpecker. 

D52. Rufous-crowned Sparrow song begun with its rendition of 

a Ladder-backed Woodpecker "peek" note. 

El - El4. Fourteen different song types recorded from 

Rufous-winged Sparrows. 

Fl - ~15. Fif~een different song types recorded from 

Cassin's Sparrows. 

Fl6 - Fl7. Two different "chit~er-warble" songs recorded 

from two male Cassin's Sparrows. 
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COMPARATIVE STUDY OF THE VOCALIZATIONS AND 

SINGING BEHAVIOR OF FOUR AIMOPHILA SPARROWS 

by 

Kathleen Diane Groschupf 

(ABSTRACT) 

Vocalizations and singing behaviors of Rufous-crowned 

Sparrows, Rufous-winged Sparrows, and Cassin's Sparrows were 

analyzed, described, and compared. For comparative 

purposes, data from previously studied Five-striped Sparrows 

were also included. 

Ten, 5, 3, and 6 types of calls were present in the 

repertoires of Rufous-crowns, Rufous-wings, Cassin's, and 

Five-stripes, respectively. 

Songs were sung from the ground, or from a variety of 

perch heights. Only Cassin's and Rufous-crowns regularly 

sang flight songs. Cassin's Sparrows sang a higher 

percentage of flight songs before nesting than after, but 

time of day did not affect the occurence of flight songs. 

A Discriminant Function Analysis performed on six song 

parameters showed that the species differed significantly in 

the parameters measured. Song length proved to be of 

primary importance for discriminating the species' songs. 



From 8 male Rufous-crowns, 3320 songs were recorded. 

Fifty-one different song types composed of 259 different 

note complexes were found in this species' repertoire. The 

average song repertoire size for an individual was 12. Nine 

songs and 84 note complexes were shared among individuals. 

From 14 male Rufous-winged Sparrows, 3593 songs were 

recorded. Fourteen different song types were found; all 

individuals potentially may sing all fourteen song types. 

Nine hundred sixty-nine songs were recorded from 18 Cassin's 

Sparrows, of which 15 different songs were recognized. 

Individual repertoires consisted of an average of 3 song 

types, thus some sharing did occur, but no individuals 

shared the same repertoire. 

Rufous-crowns varied their singing rate regardless of 

the song type used, and singing rate was not related to time 

of day. Rufous-wings frequently engaged in counter-singing 

bouts with males alternating and matching song types. 

Singing rate appeared to be affected by the song type oeing 

sung. Singing rates of Cassin's Sparrow songs delivered 

from perches were sung at a faster rate than those sung only 

in flight, but there was no relation between singing rate 

and variation in number of different song types employed in 

a bout or the proportion of flight versus perch songs. 



The vocalizations and singing behavior of the four 

Aimophila species were dissimilar in many respects, and 

suggested possible functions of the diverse singing 

behaviors exhibited by these species were discussed. 


