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ABSTRACT

This field study involved a two and a half year 
investigation of maintenance, agonistic, winter flocking, 
hierarchy, and reproductive behaviors of the Mexican Junco 
(Junco phaeonotus palliatus). The primary study site was 
Upper Bear Canyon .(1817 m), located in the mixed conifer- 
oak woodlands of the Santa Catalina Mountains just north 
of Tucson, Arizona. Mexican Juncos and other associated 
junco species were color banded for the purpose of indi
vidual identification.

Maintenance behaviors described are preening, 
stretching, yawning, head-scratching, water-bathing, sun
bathing, resting, drinking, locomotion. Tail-spreading, 
seed-shelling and bill-wiping. Five feeding methods, 
ground-feeding, grass-feeding, flycatching, branch-feeding, 
and sap-feeding are described and discussed in terms of 
their seasonal use.

Predator response and other agonistic behaviors 
are described and analyzed. Nine aggressive behaviors and 
four retreating behaviors are delineated. These are dis
cussed in terms of their ultimate and proximate signifi
cance and causation. In general, the aggressive and 
retreating behaviors had many flight intention components

x



derived from attack and escape tendencies. The basic 
posture for these behaviors was a Head-toward display.

The winter flock was 80% Mexican Juncos and 20$ 
northern dark-eyed juncos (Junco hyemails). The flock was 
coordinated by audible and visual signals. Factors affect
ing flock movement, size, composition, daily development 
and break-up, seasonal development and break-up, roosting, 
feeding location, and interspecific associations are dis
cussed. In general, colder temperatures were found to be 
related to decreased individual distances and to increased 
size of the winter flock.

Within the junco flock a peck-right hierarchy oper
ated among individuals of the species and among species. 
Dominant individuals tended to be older male Mexican Juncos 
who had had summer breeding territories in the area in 
which the flock was located. Subordinate individuals 
tended to be young Mexican Junco males, Mexican Junco fe
males, transients, and Gray-headed and Oregon Juncos, in 
that order. Dominant birds had better feeding position, 
used more non-locomotor aggressive displays, and had more 
body fat. Subordinates were present within the flock 
fewer days and sometimes emigrated to other areas.

Pair bonds were formed in the winter without 
obvious courtship although courtship behaviors were ob
served during the summer. Pair bond maintenance behaviors 
described include singing, leaf carrying, Pair-bond call,

xi
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Pair-bond introductory movements, and Pair-bond feeding. 
Territories were established and defended by the male. In 
general, territories increased in size throughout the 
breeding season. Time of nesting, location of nests, and 
behaviors of parents and young are described and discussed.

Mexican Juncos are resident birds and remain in 
one mountain range. Occasionally Mexican Juncos move 
elevationally, usually in response to fluctuating tempera
tures and possibly snow.



INTRODUCTION

The widely distributed avian genus Junco has been 
the subject of several .taxonomic studies based on mor
phology (Dwight; 1918, Miller, 1941; Tordoff, 1953), but 
few extensive behavioral or natural history studies have 
been conducted on any of its several species. Sabine 
(1949, 1955, 1956, 1957, 1959) has investigated various 
aspects of winter flocking in Oregon and Slate-colored 
Juncos. Rambo’s study (1967) dealt with the methods of 
hierarchy establishment in Slate-colored Juncos (Junco 
hyemalis). Hostetter (1961) studied the natural history 
of the Carolina Junco (Junco hyemalis carolinensis).

There are both dark-eyed and yellow-eyed forms of 
juncos, but the above natural history and behavioral 
studies include only the dark-eyed forms, which breed 
solely in the United States and Canada. The yellow-eyed 
forms breed from southern Arizona and New Mexico to Costa 
Rica. The Mexican Junco (Junco phaenotus) is a member of 
this group, and its various subspecies breed in the mixed 
conifer oak zone of mountains from Mexico City to southern 
Arizona and New Mexico (Miller, 1941).

The present study involves an investigation of the 
maintenance, agonistic, reproductive, and winter flocking
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behaviors, and certain areas of the natural history of the 
Mexican Junco. It adds to the knowledge of the ecological 
relationships within the mixed conifer oak woodlands where 
the Mexican Junco is one of the dominant avian species, 
and also to our knowledge of the yellow-eyed group of 
juncos in general.

The location of the study area provided an excel
lent opportunity to study the differences, similarities, 
and interrelationships between the dark-eyed and yellow
eyed forms, since in the winter the dark-eyed forms migrate 
from their northern breeding grounds and flock with the 
resident yellow-eyed forms.

A behavioral, life history study on the Mexican 
Junco has some long-range merits. It may suggest and aug
ment future studies on the evolutionary relationships 
within the genus Junco and between it and other closely 
related genera such as Zonotrlchla. Melosplza, etc. (See 
Dickerman, 1961 .)

Juncos adapt well to laboratory conditions and 
because of their abundance across the country have been 
used in many laboratory experiments (Stewart, 1951 * Bailey, 
1953; Wolfson, 1954; Shank, 1958; Johnston, 1962; Farrar,
19 6 6; and Rambo, 1967)• As Scott (1956) has pointed out, 
prior to administration of artificial tests it is essential 
to investigate the animal in its natural environment as 
has been done in this study.



GENERAL PROCEDURE

These data were collected from various locations 
In the Santa Catalina Mountains, located Just north of 
Tucson, Arizona. Although I observed birds from many 
areas in these mountains, most of the data came from 
either Upper Bear Canyon Picnic Area (181? m) or Rose 
Canyon Campground (2140 m). The dominant vegetation in 
these areas includes Ponderosa Pine (Plnus ponderosa). 
Douglas Fir (Pseudotsuga taxlfolia). Emory Oak (Quercus 
emoryl), Silverleaf Oak (Q. hypoleucoldes), Squawbush 
(Rhus trilobata), Southwestern Chokecherry (Prunus virens), 
Buckbrush (Ceanothus fendlerl), and Muhly (Muhlenbergia 
sp.). Additional dominant species found in Upper Bear 
Canyon are Chihuahua Pine (Pinos chihuahuana) and Alligator 
Juniper (Junlnerus denpeana). For more detailed infor
mation on the vegetation of the study area, see the paper 
by Wittaker and Niering (1965). These recreational areas 
are regulated by the United States Forest Service, and 
thousands of people visit them annually.

The study continued for two and a half years and 
included over 100 days in the field. Observations were 
made one to three days per week from 28 February 1970 to 
3 March 1972 with the exception of the month of August,
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1970, when no observations were made. During the course 
of the study a Super 8 mm Nizo S80 movie camera, a Pentax 
H3v single lens reflex.camera, a stopwatch, a cassette 
recorder, and binoculars were used.

Juncos were captured in mist nets or in traps 
baited with bird seed. The amount of fat, cloacal protu
berance, and molt on these birds was recorded. Weights 
and measurements of wing and tail lengths were also taken.

In order to distinguish individual birds, I de
signed a color banding system using celluloid bands of red 
(R), blue (B), light blue (Lb), white (W), purple (Pu), 
pink (Pi), yellow (Y), orange (0), and green (G). Two 
bands were placed on each leg. On one leg a color band 
designating the banding site was placed above an aluminum 
Fish and Wildlife Service band. Different combinations of 
color bands were placed on the other leg. Each bird 
banded had a color combination different from that of any 
other bird.

Because the birds were so loosely flocked in the 
fall and spring, for the purposes of this study an indi
vidual was considered to be part of the flock if it were 
sighted in the 4.3 hectare area in which the flock primar
ily moved.



MAINTENANCE ACTIVITIES 

Description

Preening
There are two methods of preening used by the 

Mexican Junco, nibbling and pulling of feathers through 
the bill. Nibbling, which is a rapid opening and closing 
of the bill, is performed in the upper breast feathers and 
under the wings, particularly in the area of the wrist. 
Uropygial gland oil does not seem to be used during 
nibbling.

The oil is used when the feathers are pulled 
through the bill. Often after the bill has been passed . 
through the feathers, the bird ruffles its body feathers 
until they appear to stand vertically. The ruffled feath
ers are then shaken vigorously first on one side and then 
on the other. Often this behavior is completed with a 
forcible forward rock while the feathers are still in their 
ruffled condition. The head is thrust forward and downward 
with the whole body following so that the tail ends in a 
vertical position.

Extensive periods of preening lasting up to 30 
minutes have been observed. These occur most often while
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a bird is perched deep in a thicket 1-2 meters above the 
ground or 10-20 meters up in a tree.

Mexican Juncos usually preen Just after feeding. 
Winter flocking birds preen together in thickets after 
feeding. During the summer, territorial males alternate 
periods of preening or feeding with long periods of sing
ing. Incubating females preen when off the nest after 
feeding, but I have also observed them preening scapular 
and breast feathers during incubation. No reciprocal 
preening was ever observed.

Stretching
Stretching takes place during preening, resting, 

and ground-feeding. The wing is extended laterally with a 
backward and slightly downward tilt. The leg and foot on 
the same side are stretched backward and downward beneath 
the wing. Both sides of the tail are spread laterally. 
Stretching of the limbs on the other side may follow.

The lateral leg and wing stretch may be followed 
by a lifting of both wings simultaneously to 45° from the 
horizontal. The wings are extended halfway, and then 
pulled abruptly back into position.

Yawning or Jaw-stretching
Jaw-stretching is the opening of the bill to 35° 

for less than a second and then closing it. This behavior
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is most often seen in "birds which are perched and resting. 
It also takes place during preening.

Head-scratching
Bouts of indirect head-scratching (Simmons, 1957) 

alternate with bouts of preening in the adult bird. In 
indirect head-scratching, the head is scratched by passing 
the foot and leg over the wing on the same side. The toes 
are vibrated rapidly against the skin and ruffled feathers 
on the side of the head and neck. The back of the head is 
reached by rotating and bending the head downward while 
the foot and leg remain in the same position. All parts 
of the top and sides of the head may be reached by this 
method. However, I have never seen a junco scratch or 
preen under the throat. The inability to reach this area 
may explain why lice are located mainly in the neck region.

On two occasions direct head-scratching was ob
served. In direct head-scratching, the foot scratched the 
head by passing along the outside of the wing. In these 
two instances, the head was turned slightly to the side 
toward the foot and leg.

A type of head-scratching recorded by Hallman 
(1959) for the Slate-colored Junco, Tree Sparrow, and Song 
Sparrow in which the head was rotated against a perch, was 
not observed.
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Water-bathing

Bathing was observed at all times of the year when 
water was available in pools or in streams. The tempera
ture of the water or air seemed to matter little as both 
cold melt-water and warm pool water were used.

The Mexican Junco bathes using Slesser1s (1970) 
Method 1. The bird stands in the water with feet, legs, 
and most of the breast feathers immersed. Then the head 
is immersed and lifted, and the water runs over the back. 
The wings are fluttered rapidly, splattering the water. 
Next, the wing and body feathers are shaken, and then the 
tail. This behavior alternates with drinking, preening, 
or scratching.

Sun-bathing
Sun-bathing was observed numerous times on clear 

sunny days when the temperature was above 20°C. The 
earliest date for sun-bathing was 15 April. All other 
observations were during the summer months. Sun-bathing 
occurred in the heat of the day, most often around 1 3:00- 
1 5:0 0, but ranged from 11:30-16:00.

The method of sun-bathing corresponds with Hauser’s 
(1957) Level III Response. Normally juncos remain in the 
shade and are fairly well camouflaged, but while sun
bathing, the birds sit on the ground in the open and are 
quite conspicuous.
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The legs are flexed so that the body touches the 

ground. Often the leg on the sun side is tucked up under 
the body feathers. The body is tilted 30° from the verti
cal so that the flank facing the sun is completely exposed 
to it. The feathers on the body are ruffled, especially 
those on the neck and breast, and it appears the rays of 
the sun can penetrate to the skin. The eye on the exposed 
side is open and directed toward the sun. The wing is in 
its normal position or is lowered to the ground, while the 
tail always touches the ground. Sometimes the bill is 
open. Sun-bathing occurs for periods ranging from 15 -5 0  

seconds. Head-scratching bouts often alternate with peri
ods of motionless sun-bathing. In most cases sun-bathing 
is followed by preening in a nearby bush.

Resting
Resting takes place in a dense thicket or in dense 

areas 10-20 meters up in a tree. Resting most often oc
curs during the heat of the day. Birds usually perch with 
one foot grasping the branch and the other tucked up and 
under the breast feathers. The head is tucked back between 
the shoulders and the tail often droops slightly. The leg 
or legs are flexed so that the body is lowered next to the 
perch.
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Drinking

Mexican Juncos drink at all times of the year.
The bill is dipped in the water, and the head is then 
lifted until the water has passed down the throat.

Locomotion
Flight. Initiation of flight from a normal posture 

occurs in the following order: 1) The head is held hori
zontally at or below the body level, and the feathers are 
sleeked, 2) The legs are flexed until the body is near 
the ground, 3) The tail, with its white outer tail feath
ers showing, is lifted to as much as 45°, 4) The body is 
propelled into the air as the legs are rapidly extended,
5) The wings and tail are simultaneously spread and 
stroked downward. At each downward stroke of the tail, the 
white outer tail feathers are conspicuous. The flight 
call, described later in Flocking Signals, is given, and a 
whirring sound is made with the wings. The flight is 
straight, without undulations, and rarely continues more 
than 40-50 meters.

Walk-hopping. Phillips, Marshall, and Monson (1964, 
p.206) described the gait of the Mexican Junco as "a pe
culiar shuffle, between a hop and a walk." Miller (1955) 
commented that "locomotion on the ground usually was by 
means of walking, not hopping, a further characteristic of 
the species."



Moving picture analysis shows that hopping and 
walking are combined. A step is taken with one foot.
Then a small hop is made, bringing both feet together 
again. The same foot is again moved forward and the hop 
repeated. Occasionally one foot is moved forward and the 
other is moved up beside it before the hop is made. The 
head is thrust forward just before the first step is taken. 
A small edge of white is usually apparent on each side of 
the tail.

The hop portion of the gait may carry the bird a 
few .centimeters or as far as 30 cm. The hop consists of 
a forward thrust with the head accompanied by a spring 
from the legs. The legs, which are extended behind the 
body following the spring, are quickly pulled forward so 
the feet are just under the head. But when they contact 
the ground, the feet are centered under the body. In 
general the feathers are sleeked, and the tail remains 
folded and in a horizontal position. When a hop covers a 
long distance, the wings are sometimes beat in conjunction 
with the spring.

From the moving picture analysis, it appears that 
there is no species difference in gait, although the Mexi
can Junco may use more walking components than the other 
junco species. In the field, where various species were 
feeding together, I was unable to differentiate between 
species by their method of locomotion.
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Tail-spreading

Tail-spreading is included in the maintenance 
behaviors because of uncertainty concerning its function 
and causation. During the transverse spreading of the 
tail, two and sometimes three partially white tail feathers 
are displayed on each side which contrast markedly with the 
middle gray rectrices. Tail-spreading has been observed 
in conjunction with stretching, feeding, flying, Walk
hopping, and courtship.

Feeding Methods
Mexican Juncos use four main methods to obtain 

food: ground-feeding, grass-feeding, flycatching, and
branch-feeding. A fifth method, sap-feeding, was also 
observed.

Ground-feeding. Mexican Juncos feed primarily on 
the ground. They move by Walk-hopping while the head 
tilts and turns in search of food. Quick short jabs are 
made with the bill to pick up food. In areas with ground 
litter, juncos walk about 10 cm and double-scratch, a 
method described by Harrison (1967). Both legs and feet 
are moved backward quickly, removing a layer of debris and 
leaving underlying litter exposed directly under the bill. 
On several occasions a single-scratch was observed in which 
only one leg was used to scratch and the other used for 
support.



Mexican Juncoa have "been observed pursuing ground 
Insects at a full run for up to 2 meters.

During the last week of August, 1969, in Rose and 
Bear Canyons of the Santa Catalina Mountains, I watched 
Mexican Juncos feeding on small white clumps of fungi 
attached to damp pine needles burled under the surface 
layer. The birds obtained the fungi by double-scratching 
to remove the surface needles.

Grass-feeding. From late August through November, 
juncos spend much time gleaning seeds from grasses, sedges, 
and composites, which range from 15 cm to 1.2 meters in 
height. The seeds are obtained in a number of ways depend
ing upon the height of the plant. Seeds 10-15 cm above a 
Junco1s head are obtained by leaping upward with the wings 
folded against the body and detaching a seed with a thrust 
of the bill. For taller plants, flight and springing are 
used to propel the bird upward. Seeds are obtained in 
several different ways. 1) The bird may thrust its bill 
into a seed head at the peak of the flight and then drop 
back to the ground. 2) If the weight of the seeds is such 
that the stem bends, a junco may grasp the stem with its 
beak above the glume. As gravity brings the bird down, 
the bill slips over the glumes and seeds are broken away.
3) The junco may land on one or more bent stems bringing 
them to the ground and then sidle down the stem to the 
seeds where it can pick the seeds out.

13
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Flycatchlng;. Often juncos were observed performing 

aerial maneuvers in pursuit of flying insects. Flycatching 
was especially common in summer and late spring when in
sects were abundant. A small mountain cicada, probably 
Dlceroprocta swalei, 2.5 cm in length and abundant in early 
summer especially during 1970, was often obtained in this 
way. *

After an insect is captured, it is taken to the 
ground and pounded with quick, hard blows against the earth 
or rolled in the bill while in a longitudinal position 
until the wings and legs are detached. The methods are 
used alternately in preparing an insect for swallowing.
The process takes one or two minutes. The 2-4 cm Insect 
body is usually swallowed whole, although one time I ob
served one junco eat only the Internal contents and leave 
the exoskeleton.

Branch-feeding. Mexican Juncos occasionally forage 
for insects in the branches, twigs, and leaves of trees. 
They move from the center to the outside of a tree, exam
ining the area by cocking their heads and looking with 
either eye for food. The head and body are extended as 
quick, spearing motions are made toward the food.

In one instance, a pair of Mexican Juncos were ob
served branch-feeding on large green aphids on the twigs 
of a blooming oak. During one observation, at least ton
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aphids were eaten in about five seconds. One spearing 
motion was used for the collection of each aphid.

Sap-feeding. In Upper Bear Canyon from 17 December 
1970 to 4 March 1971, Mexican Juncos were observed drinking 
sap which was exuding from Yellow-bellied Sapsucker holes 
made in an Arizona Walnut (Juglans major). On close inves
tigation no insects were visible indicating that only sap 
was being gathered. Generally, the holes were on the south 
side of a tree, and feeding was not observed until mid
morning to early afternoon when the temperatures rose above 
freezing. Sap exuded from vertical branches 5-12 cm in 
diameter. A feeding junco would perch on the vertical 
branch and feed for two to five seconds, jump back to a 
horizontal perch for a few seconds, and then return to the 
vertical limb to drink more sap.

Other species of birds also used the holes. In 
addition to the Mexican Junco and Yellow-bellied Sapsucker, 
the Gray-headed Junco, Oregon Junco, Acorn Woodpecker, 
Ruby-crowned Kinglet, White-breasted Nuthatch, and Pygmy 
Nuthatch drank the sap. On three occasions Cliff Chipmunks 
(Eutamlas dorsalis) fed on the sap.

Yellow-bellied Sapsuckers were observed in the area 
during the three winters of the study opening holes and 
feeding from these holes. However, sap-feeding by juncos 
was not observed in the winters of 1969-70 and 1971-7 2.

A  _
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In May, 1971, I observed Mexican Juncos regularly 

feeding from sap exuding from openings in vines of the 
Canyon Grape (Vitis arlzonlca). These openings did not 
appear to be Yellow-bellied Sapsucker drillings.

On .10 February 1972, two Mexican Juncos and one 
Mountain Chickadee were observed feeding in the needles 
at the branch tips of a two meter high Ponderosa Pine 
(Pinus ponderosa). Large gray aphids three millimeters 
long and two millimeters wide were present in small num
bers. In the same area large droplets of pine sap exuded 
from the branch. It is possible the sap flowed from holes 
made by the aphids in their feeding.

Feeding in the Shade
Juncos seemed to feed primarily in shaded areas.

For example, as the shadow of a tree trunk moved across 
a sunlit area, juncos moved also, within this shadow. If 
a junco moved to a different area, it would rapidly cross 
sunlit territory and enter the shadow of another tree 
trunk.

To obtain quantitative data, a plot which was 
fairly uniform in cover and topography and had areas of 
100$ shade and 100$ sunlight was picked. A center area, 
which had both shade and diffused sunlight, was called the 
50$ shade area. The sizes of the three areas were approxi
mately equal although the proportions varied somewhat due
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to the movement of the sun. Juncos which fed in this 
uniform plot were observed every 30 seconds, and their 
positions in the three areas recorded. The data obtained 
are summarized on Table 1.

During the spring, summer, and winter, Mexican 
Juncos fed about 80% of the time in totally shaded areas. 
Fifteen per cent of the time, they fed in the 50^ shade 
area, and the rest of the time in full sunlight. Gray
headed and Oregon Juncos showed an even greater preference 
for shade. On the basis of 177 observations for Gray
headed Juncos and 57 for Oregon Juncos, shade feeding oc
curred 95% and 9%>% of the time, respectively.

Variation in the abundance of food in the three 
areas can be ruled out as a determining factor since some 
observations were lengthy enough for the shade to move 
across the entire plot. The preference for shade was 
evident throughout these long observation periods despite 
the fact that the shade was continually moving into new 
areas.

Food may be easier to see in shade than in sun
light, but this is difficult to measure.

Air and soil surface temperatures seemed to be of 
little importance. The air temperature varied from 12°~ 
25°C. during the various observation periods, and shade 
was always chosen. Even when soil surface temperatures in
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Table 1. Preference for feeding area In Mexican Junco: 

100^ shade, 50% shade, 100% sunlight. (N= 
number of 30 second observations.7

Date 100% Shade 
N %

50% Shade 
N %

100% Sun 
N %

Total N

17 Mar ?1 114 72% 32 20% 12 8% 158
15 Jul 71 40 85 3 6 4 9 47
15 Jul 71 25 86 4 14 0 0 29
24 Feb 72 16 84 1 5 2 11 19
3 Mar 72 36 97 1 3 0 0 37
3 Mar 72 46 77 10 17 4 6 60
Total 277 79% 51 15% 22 6% 350
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the shade and sun varied as little as 2.5°C. from each 
other, most birds (77%) were found in the shade.

My hypothesis is that this is an adaptive behavior 
functioning to camouflage the birds. Juncos feeding in 
the shade are much more difficult to see than those in the 
sunlight.

<
Seed-shelling

The juncos were often baited with bird seed which 
provided an opportunity to observe seed-shelling. Juncos 
hull a seed by turning it in the bill with the tongue.
The hulls are ejected out the side of the bill. The whole 
process takes from one to two seconds so that a junco can 
eat 50-60 seeds per minute.

Bill-wiping
Bill-wiping occurred primarily during the summer 

and late spring when insects were being eaten and fleshy 
materials evidently stuck to the bill. In addition adults 
bill-wiped after each feeding of the young. Both sides of 
the bill are drawn over an object, such as a branch or twig, 
in quick succession. Often this is done two or three 
times.

Discussion
Only sun-bathing, tail-spreading, feeding, and 

sap-feeding will be discussed in this section.



20
The function and causation of sun-bathing are not 

known. Hauser (1957) associated it with cloudless, humid 
days with still air and intense sunlight. He noticed that 
some birds automatically sun-bathed when they were struck 
suddenly with sunlight. Since head-scratching was usually 
associated with sun-bathing in the Mexican Junco, irri
tating stimuli, such as ectoparasites, may be involved. 
Unfortunately, I was unable to capture and examine sun
bathing birds.

Tail-spreading is most likely a flight intention 
movement (Daanje, 1951 ) except when it is used in stretch
ing. In the other cases in which it is used, such as 
feeding, courtship, and walk-hopping, tendencies to retreat 
or attack seem to be motivating factors.

Observations by Sabine (1952) and Lawrence (1956) 
on the Slate-colored Junco and by Miller (1941) on the 
Oregon Junco showed that males used Tail-spreads in court
ing while chasing females. I observed a male Mexican 
Junco Tail-spread as he walked away from a new female who 
had entered his territory. In courtship, Tail-spread is 
probably derived from a combination of sexual and attack 
tendencies since the male appears to be dominant over the 
female in all seasons.

Peterson (1942) reported that the Oregon Juncos 
which Tail-spread the most while feeding at a feeder were 
the ones commonly supplanted by incoming birds. This



observation suggests a retreat tendency associated with 
Tail-spread.

I often noticed that flocking birds Tail-spread 
when they discovered a food source. This seemed to func
tion as a signal to attract other birds to food. . This 
occurs in sea birds with white feather patterns in the 
tail (Armstrong, 1971). Assuming that feeding in a close 
flock is beneficial for birds, Tail-spreading may possibly 
have evolved as a signal to attract other birds to a feed
ing site.

In general, it seemed that Tail-spreads were given 
when a bird encountered a new situation, such as an insect, 
a water source, or a new bird. The possibility that this 
discovery could be harmful or could be taken by another 
bird could lead to Tail-spreading motivated by a retreat 
tendency. When an insect is pursued or a new bird is en
countered, Tail-spreading might be motivated by an attack 
tendency. In either case this behavior could function in 
signaling to other birds that “something had been dis
covered."

There is a seasonal difference in the use of the 
various feeding methods according to the abundance of the 
various types of food. From March through July, flycatch- 
ing is common, and there is some branch-feeding. From 
August through December, grass-feeding is most common. 
Between the months of December and March, ground-feeding

21
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is used almost exclusively. In March insects are abundant 
during the day. But in the cool early mornings and late 
evenings, when insects are scarce, ground-feeding is prom
inent. Flycatching is common throughout the summer until 
grass seeds become abundant following the summer rains 
which start in mid-July. Grass-feeding grades into ground- 
feeding during November. By this time most of the seeds 
have probably dropped to the ground.

These observations correspond roughly with data 
published by Pulliam and Enders (1970 on the seasonal 
variation of vegetable matter consumption in the Slate- 
colored Junco. Between May and August less than 50$ of 
the diet is vegetable matter with a low of 5-10$ vegetable 
matter during June. This indicates high insect consump
tion, and corresponds to the time when young, which are 
fed entirely on animal matter (Hostetter, 1961), are being 
raised. Between October and March, almost 100$ of the food 
consumed was vegetable matter (Pulliam and Enders, 1971).

A paper by Foster and Tate (19 6 6) reviews much of 
the literature regarding the feeding of various species 
on sap exuding from Yellow-bellied Sapsucker holes. Taylor 
(1920) reported watching Oregon Juncos feed from the sap 
exuding from sapsucker drillings on an old pepper tree 
(Schinus molle).

Sap could be an excellent food and water source 
for birds. Tate (1969-7 0) reported that sap varies in
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concentration but may typically be 20-30$ sucrose with 
small percentages of a few amino acids. The winter of 
1970-71 was a particularly dry winter, and sap may have 
been an important source of water. However, there was no 
precipitation in January and February, 1972, and no sap
feeding was observed, indicating that juncos are probably 
not dependent on sap as a water source.

Sapsuckers were present all three winters, but fed 
on Arizona Walnut only during the winter of 1970-71• Other 
trees were drilled during the winter of 1971-7 2, especially 
the conifers, but juncos and other birds were not seen 
feeding at these holes.



AGONISTIC BEHAVIOR AND PREDATOR RESPONSE

Agonistic interactions were commonly observed in 
the junco flocks. To study these agonistic behaviors, the 
flocks were attracted to seed placed on the ground as this 
more nearly represents the natural feeding situation for 
juncos in the winter. Behaviors observed in the inter
actions at this food source were recorded on a cassette 
recorder. In addition, detailed components of these be
haviors were analyzed from Super 8 moving pictures taken 
with a Nizo S80 movie camera.

Agonistic behaviors may be described using three 
characteristics: body actions, which involve movement;
body position, which involves the angle and plane of the 
body; and feather position, which involves the angle of 
the feathers.

Aggressive behaviors, retreating behaviors, and 
avoidance behaviors are all classed as agonistic behaviors. 
In general, aggressive behaviors tend to supplant other 
birds. Retreating behaviors involve movement away from 
an aggressor, or in the case of submissive behaviors, in
volve body movement and feather posture which reduce 
aggression in other birds. Avoidance behaviors involve 
no obvious body actions between birds, but occur when birds 
do not associate with each other.

24
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Description of Behaviors 

Aggressive Behaviors
Twitter (Tw). This high-pitched vocalization has 

a piercing metallic quality, similar to the sound produced 
by stones striking uninsulated electric wires. The vocal
ization may last up to five seconds, but more often lasts 
about one to two seconds. It sounds like tweenff-tweenp;- 
ting-tinK-tinK-tinK-tinK-tina. The vocalization was fre
quently produced by members of flocks feeding at both 
artificial and natural food sources. It was most often 
associated with close proximity, particularly near food, 
or encroachment of a bird's individual distance. The 
individual producing the call was difficult to distinguish 
from other birds feeding nearby since the sound was made 
during feeding with the bill closed.

Head-toward (HT). This action involves pointing 
the bill toward an opponent (Figure 1). The body feathers 
are slightly sleeked, and the body varies from a normal 
position with the head held above the body and legs 
slightly flexed, to one in which the head is held on a 
horizontal plane level with the body, and the legs are 
flexed in a half-crouch. Often the whole body is pointed 
toward the opponent, but sometimes just the head is 
pointed. Occasionally, if the opponent is near, the closed 
bill is thrust at the opponent. I have never seen the bill 
gaped or heard vocalization accompany this behavior.



A . Head-toward and the initial 
posture in Run-chase. . B. Running 
posture during Run-Chase.
C . Stopping posture at the end 
of Run-Chase.'

Figure 1



Head-forward-tall-up (HFTU). This is a display in 
which the tail is held up at 45°, the head is positioned 
above the body with the bill forward, and the legs are 
partially flexed (Figure 2). The ventral body feathers 
and crown feathers tend to be sleeked. The wings are held 
close to the body, but the primaries are periodically 
lifted slightly above the body and vibrated vertically and 
somewhat laterally. The display is given with the opponent 
either directly in front or to the side.

The display was usually associated with the defense 
of an abundant supply of food and performed by birds ranked 
in the middle third of the hierarchy. Although frequently 
observed at the artificial feeding area, the display was 
not commonly seen away from it.

Head-forward-tail-uo with Twitter (HFTU with Tw). 
Both components of this behavior are described above. 
Twitter is usually preceded by HFTU and is given periodi
cally, often in conjunction with the raised vibrating 
wings.

Face-to-face-bob (FTFB). During this display, two 
birds face each other at a distance of 5-10 cm (Figure 3). 
One maintains an upright Head-toward position while the 
other maintains a horizontal Head-toward position. The 
individuals then switch positions repeatedly so that one 
is always above and the other below. This switch is per
formed several times in rapid succession.
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Figure 2. Head-forward-tail-up.



Figure 3* Face-to-face-bob.

rovo



During intense conflicts, the Head-toward position 
may be highly exaggerated. The upright bird stretches up
ward with legs fully extended and bill pointing down toward 
the opponent. The bird in the horizontal position crouches 
low to the ground with the head almost touching the ground 
and bill directed up toward the opponent. Except for the 
breast feathers of the upright bird, the crown and body 
feathers are sleeked. The fluffed breast feathers give a 
"pot-bellied" appearance. The tail of the horizontal bird 
is at an angle above the level of the body, while the bird 
in the upright position has a downward directed tail.

Forward movements of a few steps accompanied by 
bill thrusts and wing beating were commonly given during 
bobbing. No contact between birds was ever seen during 
Face-to-face-bob. Often when the attacking bird came too 
close and the other bird did not give ground, the attacker 
would make a back or side step. The performance of this 
behavior rarely lasted longer than five seconds. The 
method by which a dominant-subordinate outcome was made 
was never discovered although it seemed as if persistence 
was the deciding factor.

Face-to-face-flight (FTFF). In this action, birds 
facing each other fly .5 to 3 meters vertically separated 
by a distance of 10-20 cm (Figure 4). Feet are extended 
and bills pointed toward the opponent. No obvious contact 
between individuals was ever observed. At the top of the
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Figure 4. Face-to-face-flight.



flight, the "birds separate and go In different directions. 
Rarely does pursuit follow separation.

Run-chase (RC). This action was one of the most 
commonly observed aggressive behaviors and involves one 
bird running toward another (Figure 1). First, the body 
assumes the Head-toward position. The body feathers become 
sleek, while the head and tail are lowered to the same 
level as the body. The pupil of the eye appears dilated. 
Often the head is lowered to below the plane of the body. 
When the running bird approaches the opponent, he stops 
10-15 cm short of actual contact. This quick stop results 
in the head being lowered even more with the subsequent 
raising of the tail to 35-45°. As the tail is raised, the 
white outer tail feathers are often displayed.

For convenience and quantitative measurement, Run- 
chase was divided into two categories. Run-short was 
defined as a run of 0-.5 meters. Run-long was a run of 
over .5 meters.

Fly-toward (FT). Fly-toward involves flight di
rected toward an opponent and usually ends with the oppo
nent being supplanted. Although observed in every season, 
this behavior was most conspicuous in the spring when 
prolonged flights through the bushes and trees were ob
served.

Chinking. Chinking is a sharp metallic one- 
syllable note which sounds like chink. The call is usually
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given at a rate of one per second, but this rate may vary. 
The call seems to serve as a warning signal or alarm sig
nal. During the breeding season the territorial male 
often produced Chinking as I walked through his territory 
or approached a nest and handled the eggs or young. One 
time the call was given as a flock of Mexican Jays foraged 
near a nest with young.

In the winter, the call was sometimes given by 
members of the flock after I had attempted to drive birds 
into mist nets. A one note Chink call was sometimes given 
by a member of a startled flock just before flight.

Retreating Behaviors
Run-flee (RF). Retreating from an opponent by 

running was a common agonistic behavior. It involves 
sighting of an attacker, turning of the body away from the 
attacker, and running away. Body feathers are sleeked. 
Often in the initial turn away, the tall is spread and the 
outer tail feathers visible for a brief moment. The wings 
are often used initially in overcoming Inertia. Once the 
bird is in motion, the wings sometimes beat again. The 
amount of wing usage seems to be dependent on the nearness 
and speed of approach of the attacker.

In order quantify this behavior more accurately, it 
was divided into flee-short and flee-long. Flee-short was



designated as a run of 0 - .5  meters, while flee-long was a 
run of over .5 meters.

Short-flight (SF). Short-flight involves the sud
den flight of a bird in response to an attack. The bird is 
carried a maximum height of one meter and a distance of 30 

cm to 2 meters from the site of the attack. The attacked 
bird often leaves the ground facing the same direction he 
was when the attacker was first sighted. The initial up
lift involves a spring with the legs and a stroke of the 
wings and tail, often resulting in an almost vertical 
flight. The most striking feature of this action is the 
flash of white from the outer tail feathers at the uplift 
when the attacker is about 15 cm away.

Long-flight (LF). Long-flight Involves flying away 
from an attacking bird to a location at considerable dis
tance from the attack. This behavior was most common in 
the spring and late winter when breeding territories were 
being established.

Crest-up. Crest-up is a common submissive be
havior (Figure 5)• It occurs when a subordinate bird is 
in close proximity to a dominant. This was observed in 
caged birds confined together and in cases in which a 
subordinate was attracted to a food source where a dominant 
was feeding. The height of the raised crest varies with 
the distance from the dominant bird. The closer the domi
nant, the greater the crest height. Except when the
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Figure 5. A. Normal posture. B. Crest-up with feathers 
sleeked. C. Crest-up with the feathers 
fluffed.



subordinate is moving, the breast and throat feathers are 
fluffed. The body is always held sideways to the dominant 
and the legs moderately flexed. When dominants control a 
food source, subordinates sometimes wait motionless to the 
side in this posture, evidently waiting for the dominants 
to leave (Figure 5). In these cases, fluffing of neck, 
breast, and body feathers and crest-raising are quite pro
nounced. This fluffing of the feathers and the drawn-back 
position of the head give these birds a very round silhou
ette.

Avoidance Behaviors
Avoidance behaviors include Instances in which 

birds do not associate with one another. This kind of 
avoidance was difficult to see and to measure, but Sabine 
(1959) considered avoidance a very important mechanism 
operating within a junco flock.

Proximate and Ultimate Significance 
of Agonistic Behaviors

Ultimate Significance
The ultimate significance of a behavior refers to 

the survival that behaviors have for the individual and 
possibly for the species. Agonistic behaviors seem to help 
in establishment and maintenance of a fairly stable hier
archy system within the flock. This hierarchy system then 
tends to insure that dominant birds will survive. Evidence
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for this will be developed in the section on Hierarchy 
later in this paper.

In addition, agonistic behaviors result in the 
spacing of Individuals within a flock. Violation of indi
vidual distance seems to be a main factor in causing these 
agonistic behaviors. Spacing probably results in more 
efficient coverage of an area and discovery of new food 
sources.

Proximate Significance
The proximate significance of agonistic behaviors 

concerns their short term effects. That is, what do the 
various signals mean to other individuals as they are being 
performed, and what are the Immediate results of their use? 
Methods used for analyzing proximate significance or func
tion are discussed by Tinbergen (1959)•

Table 2 summarizes the responses given to six of 
the nine aggressive actions described in this paper. Face- 
to-face-bob and Face-to-face-flight seem to result in 
establishment of the dominance relationship between indi
viduals. More data are needed for understanding of these 
two behaviors.

When one lists the most common response made to 
each aggressive behavior in Table 2, a fairly consistent 
pattern emerges. The amounts of locomotion involved in the 
aggressive and responsive behaviors are approximately the
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Table 2. Responses to various aggressive behaviors. 

(% rounded to nearest whole number)

Aggressive Observed Response to aggressive behavior 
behavior* total (% of observed total)

No
response

Flee- Short- 
Short flight

Flee-
long

Long-
flight

Tw 42 74 17 0 2 7
HFTU 3 66 33 0 0 0

HFTU. with Tw 20 70 15 0 0 15
HT 170 2 51 37 5 5

Run-short 769 0 44 32 16 7RC
Run-long. 212 0 20 13 50 17

FT 66 0 21 20 12 47

*Tw = Twitter, HFTU = Head-forward-tail-up, HT = 
Head-toward, RC = Run-chase, FT = Fly-toward.
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same. Fly-toward elicited a Long-flight 47$ of the time, 
run-long elicited a flee-long 50$ of the time, and run- 
short a flee-short 44$ of the time. No responses (no body 
actions) were made to Twitter, Head-forward-tail-up, and 
HFTU with Tw, 74$, 66$, and 70$ of the time, respectively. 
These last three behaviors then are mildly aggressive sig
nals . The only exception to this pattern is that Head- 
toward elicited flee-short 51 $ of the time, Short-flight 
37$ of the time, and no response only 2$ of the time. 
Head-toward then seems to be the ideal aggressive behavior 
since it probably consumes little energy to perform and 
yet results in a relatively strong response by the oppo
nent. Evidence presented later in Rank and Non-locomotor 
Aggressive Behaviors indicates that the more dominant birds 
use Head-toward and other non-locomotor behaviors more than 
do subordinates. Evidently, the meaning of Head-toward is 
dependent on the ranks of the birds involved.

Another consistent pattern shown in Table 2 is that 
in moving a short distance from an aggressor, a bird used 
flee-short more than Short-flight. Short-flight probably 
involves consumption of more energy, but may have the ad
vantage of taking the subordinate more quickly away from 
the aggressor so that pursuit is abandoned.

Short-flight is used more than flee-long in re
sponse to Head-toward, run-short, and Fly-toward. Perhaps

!

Short-flight stops aggression more quickly than does
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flee-long. In contrast to this, flee-long is employed 
more often than Short-flight in response to run-long. The 
reversal may be due to the method used to record the data. 
If an aggressor ran toward an opponent, and the latter 
responded with Short-flight, seldom did the aggressor run 
far enough (< .5 meters) for his action to be recorded as 
run-long. It would be considered run-short. However, if 
the opponent responded to the attack with flee-long, the 
aggressor would probably tend to chase him a greater dis
tance ( > . 5  m), thus causing the attack to be recorded as 
a run-long.

In conclusion, it appears that as the intensity of 
attack increases, as determined by greater use of loco
motion, there is a greater chance that a response involving 
more locomotion will be used.

Submissive behaviors probably serve to decrease 
the attack tendencies in a dominant bird. Marier (1955-56) 
observed that a change from submissive posture to attack 
or escape posture resulted in immediate attack in Chaf
finches. Although Run-chase attacks were observed which 
were directed against Crest-up birds that were moving, no 
attacks were observed against more completely fluffed, 
motionless birds. Morris (1954) suggests that an essential 
characteristic of a very submissive posture in the Zebra 
Finch is reduction in movement. Observations of the re
treat of a defeated bird following Face-to-face-bob
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indicated that lateral presentation may inhibit attack.
On two occasions the defeated bird backed several Inches, 
turned its body laterally, and held the position for 
several seconds. When no attack was made, the.bird con
tinued its normal activity..

Causation
A study of causation ideally includes investigation 

of internal factors (endocrinological, neurophysiological, 
etc.) and their interactions which produce the variations 
in behaviors. Until' this is done, causation or motivating 
tendencies must be investigated indirectly. Tinbergen 
(1959) and Hinde (1955-56) discuss the methods used in 
studying causation. One is to analyze the behavior before 
and after an action. Another method is to analyze the 
circumstances during which an action takes place. Marler 
(1955-5 6) found violation of individual distance a factor 
contributing to aggression in Chaffinches. This was a 
major factor among the Mexican Juncos due to the circum
stances under which they were studied. Finally, one can 
analyze the orientation and motor patterns accompanying an 
action. Agonistic displays in the junco have been derived 
basically from behaviors associated with attack, retreat, 
and sexual tendencies, and causes must be sought among 
these.
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Aggressive Behaviors

Twitter. Twitter seems to reflect mild aggressive 
tendencies. I associate Twitter with conditions in which 
individual distances are crossed. This might occur when 
there is only one central food source. In a few instances 
Twitter was followed by another aggressive action by that 
same individual.

Head-toward. The Head-toward display contains a 
number of attack components derived from flight intention 
movements. The sleeked feathers, slightly flexed legs, and 
horizontal body are flight intention movements. In flight 
preparation, a position in which the head is up and the 
legs are slightly flexed is followed by one in which the 
head is horizontal and the legs greatly flexed. As an 
attack posture, the latter probably represents a stronger 
threat.

Bill-pointing is evidently an attack intention 
movement since aggressive movements toward an opponent 
include it. Moreover, bill-thrusting sometimes follows 
bill-pointing.

Head-forward-tail-up. No locomotor movements, such 
as bill-thrusting, running, or flying, were ever observed 
to follow HFTU. Its prolonged and stationary nature may 
indicate a greater degree of rltualization than is found 
in the other aggressive behaviors (Blest, 1959) •



Conflicting tendencies toward attack and avoidance 
(appeasement) may be represented here. Occasionally, ob
servations were made in which the bill was not oriented 
toward the opponent. This and the fluffed ventral feath
ers may represent appeasement tendencies. The lifted tail 
flexed legs, and raised and vibrating wings are all com
ponents of flight intention movements. Andrew (19 6I) has 
evidence that wing vibration, found in many aggressive 
displays in passerines, is homologous with begging wing 
vibration, but its meaning has changed.

HPTU is most often given by birds in the middle 
third of the hierarchy. The reason for this is not known.

Run-chase and Fly-toward. These behaviors are 
clearly motivated by an attack tendency. Fly-toward, in 
most cases, probably indicates the greater tendency toward 
attack. The occasional use of wings during Run-chase pos
sibly indicates an increased tendency toward attack ap
proaching that of Fly-toward. The fact that the opponent 
is never touched (with only one exception) indicates that 
these may have been slightly ritualized.

Face-to-face-bob and Face-to-face-flight. Face-to 
face-bob probably indicates less of a tendency toward at
tack than does Face-to-face-flight. FTPS was often 
followed by FTFF, but never vice versa. Both appear to be 
slightly ritualized since actual contact was never ob
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PTFB uses many flight intention movements and 

possibly some retreat intention movements. The downward, 
part of the bob corresponds to the movements made just 
prior to flight« The head is lowered to the same plane as 
the body, and the legs are flexed. At about the same time 
the tail and wings are lifted. Stroking with the wings, 
which normally follows in flight, is sometimes observed 
here also. The tendency toward attack is evident in these 
flight intention movements as they are directed toward the 
opponent. The lifting and holding of the tail higher than 
normally would be required for flight may be the result of 
exaggerated ritualization (Daanje, 1951).

The upward stretch portion of the bob may show ag
gressive tendencies, submissive tendencies, or both. Evi
dence for the former is presented by Tinbergen (1959) in 
his studies on gulls. He believed the upright stance with 
the bill pointed downward and toward the opponent was de
rived from an attack posture of striking downward with the 
bill. The sleeked back and crown feathers may represent 
flight intention movements. The fluffed breast feathers 
seem to add to the apparent size of the upright bird indi
cating this may have been derived from an attack behavior.

On the other hand, the upward stretch may be in
terpreted as a submissive behavior. A defensive (subor
dinate) Zebra Finch (Morris, 1954) maintains a vertical 
posture. Marler (1956), in his work on Chaffinches,



described the components of Head-up, a reproductive.display 
that is also found in winter fighting. These were similar 
to the upright portion of Face-to-face-bob. He associated 
these components with escape intention movements.

It may be that bobbing is the result of vacillation 
between a strong attack tendency and a weak retreat ten
dency. More information is needed to determine the cau
sation of this behavior.

Retreating Behaviors
Run-flee, Short-flight, Long-flight. These three 

behaviors probably form a continuum of an increasing ten
dency toward escape. The same flight intention movements 
found in the aggressive behaviors are found here. The only 
difference is that the orientation is different.

Crest-up. Many of the components of Crest-up ap
pear to have much in common with those observed in a resting 
bird and are probably derived from resting Intention move
ments. The best explanation for lateral presentation is 
that it is a reversal of the frontal presentation in an 
aggressive display (Marler, 1956).

The motivating factor here seems to be a conflict 
between the tendencies to retreat and to eat. Those com
ponents resembling resting intention movements may indicate 
displacement. Lateral presentation of the body may repre
sent a conflict between a tendency to turn toward to feed
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and a tendency to turn away to retreat. In all cases 
Crest-up appears to have no components in common with at
tack.

Discussion of Agonistic Behavior
i

The Mexican Junco spends most of its time in the 
winter foraging on the ground. Birds are found off the 
ground only when preening, resting, chasing, and probably 
while roosting. The agonistic behaviors used by the Mexi
can Junco are simple. The paucity of non-locomotor visual 
signals may be related to the juncos1 ground-feeding habits 
and their lack of dangerous attacking weapons. Also, it 
may be related to the existence and efficient maintenance 
of the social hierarchy.

A flock of Mexican Juncos normally feeds in fairly 
dense cover, so that even experienced observers have diffi
culty in seeing the birds and rarely get a glimpse of the 
whole bird. The same problem probably exists for members 
of the flock even when they are only half a meter or less 
apart. A bird performing a very ritualized non-locomotor 
display would probably go unnoticed in dense cover. A 
better strategy would be the use of a piercing vocalization 
such as Twitter and direct charges such as Run-chase. A 
study comparing bird species in terms of habitat and use 
and numbers of ritualized non-locomotor displays might be
valuable.



Morris (1954, p. 273) states that "in general, the 
more dangerous the weapons possessed by a particular spe
cies, the more that species relies upon its agonistic code 
in the settlement of disputes." The beak of the Mexican 
Junco is probably only mildly dangerous. For that reason, 
the agonistic behaviors of the species are closely related 
to the primitive behaviors of attack and retreat. However, 
some rltuallzation has occurred since actual contact be
tween fighting birds was never seen in the field. Mexican 
Juncos in captivity show much contact (H. R. Pulliam, pers. 
comm., University of Arizona, Tucson). In other species, 
such as the American Goldfinch (Goutlee, 1967) and Zebra 
Finch (Morris, 1954), actual contact has been recorded, 
but again this may have been due to their being in cap
tivity when studied. Encroachment on individual distance 
caused by presence of a food source seemed to be the factor 
most commonly related to winter fighting. In terms of food 
possession, the hierarchy system is seemingly most advan
tageous to dominant birds. Evidence for this is presented 
later in Rank and Body Fat and in Rank and Feeding Posi
tion. When food is present, the most efficient means of 
eliminating competition is to attack the birds nearest the 
food source. A stationary display would be inefficient.
If a bird is already in possession of a food source, it 
would probably be advantageous to perform stationary dis
plays instead of vacating the site while performing a
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behavior such as Run-chase. Observations in the field 
verify this, since the most stereotyped displays, Head- 
forward- tail-up and Head-forward-tail-up with Twitter, were 
performed only while a bird was standing over a food source.

The basic components comprising the agonistic be
haviors found in Mexican Juncos are common to other frin- 
gillids (Hinde, 1955-56; Andrew, 1957a) and most passerines 
(Andrew, 19 6 1). The basic attack component is the Head- 
toward or Head-forward posture, and most of the attack dis
plays are variations of this. Submissive and retreating 
behaviors are similar.

The following behaviors have been observed in friri- 
gillids (Nice, 1943; Tordoff, 1954; Hinde, 1955-56; Andrew,
1957a, 1957b, 1961; Dilger, I96O; Thompson, I960; Coutlee, 
1967) and Ploceids (Moynihan and Hall, 1954; Morris, 1954; 
Summers-Smith, 1955), but not in the Mexican Junco: 1)
Vertical tail flicking, 2) Beak-fencing, 3) Body contact,
4) Upright stance with bill vertical, 5) Bill-gape (except 
for one performed by a female on a nest), and 6) Bill
snapping. Hostetter (1961), however, reports having re
corded bill-snapping in the Slate-colored Junco.

Wing vibration or wing lifting observed during the 
Head-forward-tail-up display was previously reported absent 
in Junco (Hallman, 1958; Andrew, 1961).
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Wing-flicking, a common fringillid behavior 

associated with flight intention movements and escape 
(Andrew, 1956), was observed, but the details were not 
recorded.

Twitter, used in conjunction with aggressive dis
plays in the Mexican Junco, seems to have no parallel in 
other fringillids or their closet relatives, the Old World 
(Andrew, 1957b) and New World buntings (Emberizinae) (Nice, 
1943).

Predator Response
Once, as I observed a pair of Mexican Juncos feed

ing on the ground, a Cooper's Hawk flew over the area.
The female junco froze in place, while the male moved under 
a juniper and gave soft Chips (See Flocking Signals). The 
hawk landed in a tree 10 meters above the pair. The female 
remained stationary, but the male extended its neck and 
body upward and turned its head so that the left eye was 
directed upward. The eye then scanned the trees. When the 
hawk left they both resumed feeding, and the male stopped 
Chipping.

On two occasions, birds suddenly crouched low to 
the ground when other birds flew directly over their heads. 
In one case the flight of a Mexican Junco caused this be
havior and in the other, the species wasn't identified.



In this crouched position, the head was tilted so that one 
eye could observe the flying bird.

The freezing and crouching behaviors observed in 
the Mexican Junco are very similar to those described by 
Marler (1956) for the Chaffinch. Marler believes that 
most of the components are derived from flight intention 
movements motivated by an escape tendency and are repre
sented by the flexed legs, lowered head, sleeked feathers, 
and horizontal body. The behavior aids in concealment and 
prepares the bird for flight.

The upright stance performed by the one male is 
similar to that called Mobbing and Inquisitive Behavior in 
the Chaffinch as described by Marler (1956). He associated 
this with response to ground or aerial predators, to mild 
danger stimuli, and to strange situations.
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WINTER FLOCKING

Flocking; Signals

Flight Call
Juncos give a series of flight call notes which 

begin at the initiation of flight and continue after flight 
is under way. The call notes sound something like seep.
The call begins with a sudden rapid burst of several seep1s 
which are followed by several seep's given at regular in
tervals. The entire flight call may last five seconds and 
ends before the bird lands.

The call probably serves a locating function and 
allows the remaining birds to follow the direction of 
flight. Birds feeding in a area, such as in a wash where 
the main flock could not be seen, would fly accurately in 
the direction of the flock after the flock had moved.

Wing-whirring
Often birds' wings would whirr during the first few 

meters of flight. This was particularly noticeable when 
the birds flew in reaction to some negative stimulus.
Birds which did not fly and which had not seen the nega
tive stimulus, would stand erect and scan the surrounding 
area. This behavior probably serves as a warning signal 
to the flock.
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Chipping

This is a call given commonly by members of a 
feeding flock. The call is high-pitched and sounds like 
chip or cheep. Hostetter (19 6 1) described it as a tsip 
for the Carolina Junco. The call is particularly frequent 
when a flock first lands in a new location and begins to 
feed. Afterwards the number of Chips decreases.

The call seems to enable an individual to locate 
the flock when it cannot be seen. This was particularly 
evident when a pair of mated birds were separated from 
each other's view and the number of Chips increased notice
ably until the birds were again visible to each other.

The call may also serve to communicate the dis
covery of a new food source. A bird which has Just found 
some food begins to Chip rapidly.

Other Flocking Signals
A flock of Juncos often makes no vocalizations 

while feeding. However, I was able to locate individual 
birds within the flock by their feeding noises. These 
faint crackling noises are made by the manipulation of 
food and the hulling of seeds. Scratching noises are also 
common. I suspect that Juncos can locate each other by 
these noises.
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Flock Development

Small flocks of five to ten birds are first 
observed in August. With few exceptions, these birds are 
immature, as denoted by their plummage. Among these birds 
there is often much chasing, both on the ground and in the 
air, this probably being the beginning of the hierarchy 
establishment. These first flocks are found within the 
territories of breeding birds, especially in dense ground 
foliage which is producing ripe seeds at this time. The 
territorial birds may join these flocks but more often 
they remain separate.

As can be seen from Figures 6 and 7, the flock 
size remains fairly constant through September but in
creases markedly with each cold wave in October and Novem
ber. With the first cold wave to drive the average daily 
temperatures below 10°C., Gray-headed Juncos (Junco 
hyemalis caniceps and J . h. dorsalis) are added to the 
flock as can be seen in Figure 6. These arriving juncos 
are more tightly flocked than are the Mexican Juncos at 
this time. With the next cold wave, such as arrived in 
late October in 1970 and 1971, banded Mexican Juncos from 
previous years joined the flock and increased its numbers 
significantly. In November and the remainder of the win
ter, the flock moved as a fairly close-knit unit.
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Figure 6. 1970-71 winter flock size correlated with temperature. (A = total
flock size, B = Mexican Juncos in flock, C = unhanded Mexican Juncos, 
D = average daily temperature.)
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Movement of the Flock

Location
When snow did not completely cover the Upper Bear 

Canyon Area, the flock fed almost all day in an area of 
about 4.3 hectares. Occasionally, for short intervals
during the day, the flock would leave the area and feed on

*

the south-facing slopes. This was especially true during 
the winter of 1971-7 2. I suspect that the heavy rainfall 
of the summer of 1971 caused a more abundant seed pro
duction than that of the previous summer. A total of 54.33 
cm of rain fell during the months of July through October,
1971, as compared to 43.94 cm for the same months in 1970.

General Behavior of the Flock
From November to February the flock moved as a 

unit, but appeared to have no leader. Birds were usually 
spaced from one to three meters apart while feeding, often 
hidden from each other in dense cover. Feeding calls 
seemed to serve as a location device for keeping the flock 
together, especially in dense cover. For this reason, 
birds were usually heard before they were seen.

Although the attracting force of the flock was 
quite strong, often individual birds could be found away 
from the flock. There was no set pattern as to which indi
viduals were away from the flock except that previously
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paired birds and birds that had had nearby summer terri
tories more often moved separately.

Commonly, after the flock had fed for about 10 
minutes in an area, one or two birds would initiate flight 
while giving the flight call, land 50-65 meters away in a 
small tree or shrub, and then drop to the ground. Several 
seconds later, one or two other birds would leave, giving 
the flight call, and land in the same area as the first 
birds. This procedure would continue for two to five min
utes as the birds gradually moved to the new feeding loca
tion. Often after the first half to two-thirds of the 
flock had gone, the remainder of the flock would move to 
the new location together.

Junco flocks, then, fed for a short time in an area 
and moved on. In order to measure how often and to where 
the birds moved, a total of ten hours from nine different 
days were spent recording data on maps of the area. Six 
observations were made during the month of February in 
1971 and 1972, two during January, 1972, and one during 
December, 1971• All observations were made between 12:00 
and 15:00 except one, which was between 10:30 and 1 3:40.
The sites of feeding and the time spent feeding were re
corded on a map of the Upper Bear Canyon area, which was 
divided into a grid of thirty-three equal plots.

Fifty flock movements were recorded, and the 
average stay at each location was 13.3 minutes (Figure 8).



0 “ PICNIC TABLE X - WATER TAP 
• - POND EROS A PINE
^--PARKING LOT
A..DI RT ROAD ----
-------- - -35 M 1

Figure 8. Map of Upper Bear Canyon Picnic Area. (Numbers with lines under 
them represent numbers of visits made by flock to each area.)



From the map It can "be seen that most of the feeding took 
place along a dry creek. Although the cover was not meas
ured, "by observation one could see this area had more 
luxuriant herbaceous growth and probably greater seed abun
dance. Area 11, although not near the creek, also had much 
cover. Area 4, which was visited 11 times, was an area 
where I often put seed. But on only one day of the nine 
was seed actually present there. On this day, the flock 
visited the area once. In all other cases, seed had not 
been placed in the area for one or two weeks. Area 20 did 
not have much cover, but was the location of a water tap. 
The number of visits to grid squares along the creek as 
opposed to areas away from the creek was significantly 
higher (p <.005, Student's t test).

Peterson (1942) suggested that in Oregon Junco 
flocks, the signal for the flock to move on was elicited 
by failure to obtain any more seeds. Mexican Junco flocks 
do not seem to be motivated by this factor since on seven 
different occasions the flock returned to the same lo
cation within the same hour. In addition, even when abun
dant seed was provided at a given location, the flock 
maintained its regular movements and rarely stayed over 
15-20 minutes.

That the feeding call may be used as a location 
device by feeding juncos is supported by Whitney (1968) 
who noticed an increased frequency of this call given by
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10 White-winged Juncoa foraging around a banding trap 
supplied with seed in a heavy snowstorm.

Ellison (1934) was struck by how Oregon Juncos re
turned accurately to food found in the leaf litter. Mexi
can Juncos also seem to return to areas which are regularly 
supplied with abundant amounts of seed. These observations 
are supported by the many visits the Junco flock made to 
Area 4.

The fact that Mexican Juncos feed for limited in
tervals even in areas of abundant food supply indicates a 
behavior pattern in which there is a tendency to fly about 
every 15 minutes. After a flock has fed for 10-15 minutes, 
there is a noticeable restlessness within the flock, often 
associated with fewer scratching sounds and fewer feeding 
vocalizations. Often any movement or sound on my part or 
vocalization from a Mexican Jay, Acorn Woodpecker, or White- 
breasted Nuthatch caused flight. At other times there was 
no obvious stimulus.

The survival significance of this behavior pattern 
may be to keep the flock continually synchronized so that 
individuals don't stray and thus lose the advantage of 
flock association.

Daily Flock Development and Break-up
When food was provided at a feeding station, juncos 

would converge on the area when the light intensity was less
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than one foot-candle. In Upper Bear Canyon this occurred 
between 6:45 and 7 :0 7, 2 0 -30 minutes before sunrise, during 
the winter. A Weston 703 light intensity meter was used 
in the field and calibrated with a more accurate Weston 
756 model. The birds were first heard giving their flight 
call and then observed moving in from various locations 
from the hillsides or within the canyon. Usually they flew 
singly or in groups of two or three, skipping from top to 
top of the Ponderosa Pines. After waiting in the sur4 
rounding trees, the birds dropped to the food source and 
began eating two to five mintues later when the light in
tensity was three to five foot-candles. More and more 
birds continued to fly in and feed during the following 
minutes until the majority of the flock was present. Sub
sequently, the birds moved as a flock. If no artificial" 
food source was present, juncos were not found in numbers 
until the sun reached the floor of the canyon. This seemed 
to be especially true after a heavy frost had covered the 
ground with juncos arriving after the frost had melted.. 
Probably seeds were easier to glean from the soil after it 
had thawed. Birds arriving at this time were in a flock 
so that flock aggregation must have occurred before enter
ing the picnic area. I suspect that the flock congregates 
initially on the south-facing slope where thawing of the 
surface soil would occur earliest.
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Between 16:45 and 17:15, about 45 minutes before 

sunset, a noticeable change In flocking behavior occurred. 
This coincided with the disappearance of sunlight from the 
canyon floor and lower story trees. The flock stopped 
moving and feeding, and juncos perched deep In the low 
bushes and trees, often singly or In small groups. These 
birds would sit very still and allowed one to approach 
within 1^ to 2 meters. When the birds were approached 
cautiously, they merely moved to the other side of the 
bush Instead of flying away. When a food source was pro
vided, many continued feeding during this time.

One by one the birds left the feeding area and 
flew to the oaks, perched a few minutes, and then flew to 
the tops of the Ponderosa Pines and perched for a few more 
minutes. Then the birds flew singly or in two’s or three’s 
toward the hillsides or up or down the canyon. During 
each flight, the flight call was given.

Between 6 January and 3 March, 1972, ten obser
vations were made recording the light intensity in foot- 
candles at the time the last bird.was observed to leave the 
canyon. This varied from 17:21 on 7 January to 18:23 on 
3 March and occurred 5 minutes before sunset on the aver
age. The average light intensity was 44.8 * 9.5 (S. D.) 
foot-candles. Inspection of Figure 9 shows that leaving 
the canyon is correlated to light intensity and not to
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time. There were no differences observed between junco 
species in terms of time or method of leaving.

The lowest light intensity at which I ever recorded 
a Junco leaving the canyon was 25 foot-candles. Snow 
cover, temperature, and hunger of the birds could all con
tribute to this difference. Dunnett and Hlnde (1953) 
showed that lack of food in the dead of winter was corre
lated with later roosting in the Great Tit as compared 
with roosting time in captive birds with much food.

Sabine (1957) observed that the evening flight was 
distinctive from day flight in both Slate-colored and Ore
gon Juncos. She listed four distinct patterns by which the 
evening flight differed: 1) The whole flock moved together,
2) The flock flew higher than usual, 3) Flocking was closer, 
and 4) The direction of flight was always the same each 
evening. My observations on the Mexican Junco differ in 
three of the four ways. The high flight was observed, but 
a tight flocking of the whole group as it left in a unit 
was never observed. In all cases birds moved singly or in 
small groups and in no set directions.

Among Mexican Juncos, severe climatic conditions 
are associated with increased flocking. This might account 
for the tighter flocking in the northern species, if the 
relationship is true for them also.

Information regarding differences in evening flight 
among junco species in mixed flocks is needed, but difficult
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to obtain. I was never able to determine whether the 
dark-eyed Juncos in the Upper Bear Canyon flock move to a 
certain roost together, but think that they probably do 
not.

Roosting
Mexican Juncos do not appear to roost communally. 

In all cases, small groups of juncos broke up, and indi
viduals departed to separate trees. Single birds usually 
moved to the tops of large pines where they became ob- 

' soured by the foliage and unsuing darkness. I was unable 
to locate roosting birds after dark.

Slate-colored Juncos do seem to roost communally 
in the winter. Sabine (1957) thought that the evening 
flocking movements she observed indicated the birds were 
moving to a common roost. H. R. Pulliam (pers. comm., 
University of Arizona, Tucson) observed about 30 Slate- 
colored Juncos roosting communally with Starlings and 
House Sparrows in the ivy cover of the chapel at Duke Uni
versity in North Carolina. Hamilton (1940) found five 
Slate-colored Juncos roosting at the base of a Taxus 
thicket.

From the above references, one might expect com
munal roosting in other dark-eyed juncos, and this may be 
major difference in behavior between dark-eyed and yellow
eyed juncos. Unfortunately, I was never able to observe
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the roosting habits of the Gray-headed and Oregon Juncos 
in the Upper Bear Canyon flock.

Interspecific Association Within Junco Flocks
The tendency for other species to be attracted to 

Mexican Junco flocks was measured by listing the species 
which fed within a 3 meter distance of the flock for 30 
seconds or more every five minutes. Usually the flock was 
followed for one hour. This was done on 15 days during 
the winters of 1970-71 and 1971-7 2.

The Mexican Junco flock seemed to attract to some 
extent 13 of the 22 species of birds commonly seen in Upper 
Bear Canyon during the months of November, December, Jan
uary, and February (Table 3). However, of the 13 species, 
only four seemed to be regularly attracted to the flock. 
Three of these four, the Gray-headed Junco, Oregon Junco, 
and Rufous-sided Towhee, are seed eaters and would profit 
from the exposure of a supply of seed. No conflicts were 
ever recorded between Rufous-sided Towhees and Juncos in 
the freely moving flock since Juncos fed more in the. open. 
This indicates that the towhees, residents of the canyon, 
probably do not compete with Mexican Juncos for the same 
food or for feeding position. Since towhees fed primarily 
under bushes where they were often hidden, they may have 
been present even more than 83% of the time (Table 3).
The towhees definitely moved with the flock, while the



Table 3. Interspecific flocking.

No. of days 
bird present 
in 15 days of 
observation

Total number 
of 5 minute 
observation 

periods

No. of 5 min.
observation 

periods bird 
was present

% of time 
present with 

Mexican 
Junco flock

Gray-headed Junco 13 131 131 100%
Oregon Junco 12 124 124 100
Rufous-sided Towhee 14 134 ' 111 83
White-breasted Nuthatch 1 5 146 61 42
Ruby-crowned Kinglet 11 1 06 17 1 6
Hermit Thrush 5 57 9 16
Mountain Chickadee 6 56 7 13
Cassin's Finch 5 55 6 11
Bridled Titmouse 6 62 5 8
Brown Creeper 4 34 2 6
Bushtit 2 21 1 5
Pygmy Nuthatch 1 1 1 1 1 5 5
Mexican Jay 14 134 3 2

Other birds commonly present but never 
Hairy Woodpecker, Olive Warbler, Raven, 
Stellar’s Jay, Western Bluebird.

associated with 
Red Crossbill,

the flock: Acorn Woodpecker,
Red-shafted Flocker, Robin,
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White-breasted Nuthatches, also residents, seemed to be 
more attracted to the flock while it was feeding rather 
than moving. The nuthatches generally fed in the trees 
above the flock and rarely came to the ground, indicating 
that they also do not compete with Mexican Juncos for food 
and feeding position. The non-resident dark-eyed juncos 
compete with the Mexican Junco for food and feeding po
sition, but are subordinate to Mexican Juncos (see Position 
of Other Junco Species Within the Hierarchy), feeding at 
the periphery of the flock.

Of the other species, only the Cassin's Finch, a 
winter migrant, would profit from a seed food source.
There were several conflicts noted between juncos and Gas- 
sin’s Finches feeding together, indicating that they 
probably do compete for food. Evidently the advantages of 
flocking for these non-resident species are great enough 
to compensate for the disadvantages received by associating 
with the dominant species.

Mexican Jays only visited the flock when a clearly 
visible food source, such as a piece of bread left by pic
nickers, was present.

The insectivorous birds which fed in the bushes and 
trees above the flock remained for periods of 1-10 minutes, 
gleaned the branches, and then moved on.

Reports on mixed flocks of juncos are common in 
the literature. Whitney (1968) observed Black-capped
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Chickadees and White-breasted Nuthatches feeding with 
White-winged Juncos. Phelps (19 6 8) often found chickadees, 
Common Bushtits, Varied Thrushes, Ruby-crowned Kinglets, 
Chipping Sparrows, and White-crowned Sparrows feeding 
with Oregon Juncos. Skinner (1920) adds nuthatches, Tree 
Sparrows, Audubon Warblers, Townsend's Solitaires, Robins, 
Bluebirds, and Vesper Sparrows feeding with Oregon Juncos.

My observations indicate that insectivorous birds 
are attracted to the flock, but not to the extent that 
seed feeders, such as other species of juncos or Rufous
sided Towhees, are. Also, there is a tendency for smaller 
species to flock with juncos.

Junco Flock Composition and Seasonal Movement
The Upper Bear Canyon flock was composed mainly of 

Mexican Juncos. Table 4 shows that from 13-19% of the 
flock was Gray-headed Juncos and 4-12% Oregon Juncos (pri
marily Junco hyemalls mearnsi and J . h. shufeldti). From 
records kept on banded dark-eyed juncos, I have concluded 
that only one Oregon Junco and two or three Gray-headed 
Juncos remained as permanent parts of the main flock in 
mid-winter, when the flock is relatively stable. Through
out the winter, Gray-headed and Oregon Juncos were banded 
and never seen again. This indicates there is a constant 
flux of these juncos.
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Table 4. Flock sizes.

Location Total flock Gray-headed Oregon
and Date size Juncoa Juncos

Upper Bear Canyon 
1830 m 1969-70 25 3 (13%) 1 ( W

1970-71 . 24 4 07#) 1 ( M
1971-72 26 5 09£) 3 (125O

Bear Wallow 
2440 m 3 Feb 71 12 0 0

10 Feb 71 4 0 0
17 Feb 71 6 0 0
28 Feb 71 7 0 0

Spenser Camping Area 
2440 m 3 Feb 71 8 0 0
Pallisades Ranger

Station
2140 m 3 Feb 71 20 1 0

- 27 Feb 71 15 3 0
Hitchcock Picnic Area 
1810 m 3 Feb 71 6 1 0

27 Feb 71 5 0 0
17 Feb 72 3 0 0

Madera Canyon 
Santa Rita Mts.

6 Feb 71 40 25 10



By subtracting the total number of Mexican Juncos 
from the total number of birds in the flock (Figures 6 and 
7), one can see the fluctuation in the dark-eyed population. 
With the first cold spells in late September and early Oc
tober, the dark-eyed species start coming in. These fluxes 
continued in spurts during the months of October, November, 
and December. Note 20 November 1970, 17 December 1970,
15 and 22 October 1971, and 12 November 1971. Then start
ing near the end of January of both 1971 and 1972, there 
was a continuous movement of groups of dark-eyed juncos 
through the canyon. Many of these were banded and never 
seen again. I believe these data may be interpreted as 
indicative that northerly migration may be under way at 
that time.

71

Composition of Other Junco Flocks 
Spot checks were made of other flocks in the Santa 

Catalina and Santa Rita Mountains, primarily during the 
winter of 1970-71• These observations are recorded in 
Table 4. In general, these flocks were smaller than the 
Upper Bear Canyon flock. Except for the one in Madera 
Canyon, flocks were located at higher elevations than the 
Upper Bear Canyon flock and in locations seemingly less 
suitable for large flocks in terms of suitable feeding 
areas and abundance of food. The dark-eyed species.
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although very abundant In Lower and Upper Sonoran Life 
Zones, were less abundant In the mixed conifer-oak wood
lands .

From these limited data, It appears that as alti
tude Increases, both the size of Mexican Junco flocks and 
the number of dark-eyed juncos In these flocks decrease.

Sex Ratio of Mexican Juncos In the Flock
Mexican Juncos are difficult to sex by external 

morphological character, the most.reliable characters being 
the tall and wing lengths. Miller (1941), using 113 male 
and 78 female specimens, found the average wing length for 
the males to be 79-34 mm, S.D. = 2.28 and for the females 
75-47 mm, S.D. = 1.92.

In sexlng my birds, those with wing lengths of 
75 mm or less were considered females and those with 
lengths of 79 mm or above males. Those birds with wing 
lengths of 76, 77, or 78 mm were classified as undecided 
unless there were behavioral or gonadal laporatomy data 
to specify the sex.

Table 5 shows the number and percent of each sex 
In the flock. It appears that there Is an unbalanced sex 
ratio. Approximately 60-70^ are males and 20-30$ are fe
males, the remainder being placed In the "undecided" cate
gory. Evidence that these percentages are probably valid



Table 5 . Sex ratios of Mexican Juncos in winter flock.

Date Male Female Undecided Total *Male %Female %
Undecided

1969-70 10 4 0 14 71 29 0
(Laporatomy)

1969-70 21 10 5 36 58 28 14
1970-71 33 9 7 49 67 18 14
1971-72 27 9 4 40 68 22 10

VI



can be seen from the results of the gonadal laporatomles 
performed on 14 birds during the winter of 1969-70.

One explanation for this unbalanced ratio could be 
based on the fact that males are more aggressive as is 
shown by the hierarchy data to be presented later. Females 
rank low in the hierarchy unless formerly paired with a 
dominant male. ' Possibly most females can not successfully 
compete within a flock of males.and must find other ways of 
locating food in the winter.

This may also be an explanation for Fretwell’s 
(1969) results in his studies on wintering Slate-colored 
Juncos. He found that there were two groups of juncos: 
dispersed and flocked. The flocked Juncos were larger, 
had a highly structured hierarchy system, and moved in 
large tight groups in open fields containing abundant food. 
The dispersed group had smaller individuals, a less struc
tured hierarchy system, and moved in small loose groups 
in wooded habitats. It may be that the dispersed group 
consisted of the less dominant females.

Size of Flock
From 1 October 1970 to 26 April 1971, the flock 

averaged 24 birds, with a low of 14 birds and a high of 
3 6. From 1 October 1971 to 10 March 1972, the flock aver
aged 26 birds with a low of eight birds and a high of 44.



The flock size for the winter of 1969-70 was estimated to 
be about 25 birds.

The variation in flock size is correlated closely 
with variations in temperature and other weather condi
tions as can be seen in Figures 6 and 7* I hypothesized 
that the number of Mexican Juncos in the flock was in
versely related to the average daily temperature. Regres
sion and correlation analyses were made for the days of 
observation extending from 5 November 1970 to 26 April 
1971 (Figure 6 ). The coefficient of correlation approached 
the significant level (r = .380, d.f. = 2 1, .1 > p > . 0 5).

A fairly stable flock size was maintained during 
the period between 10 December 1970 and 17 February 1971 

showing little variation with changes in temperature.
After February 17 , the flock size seems to be quite sen
sitive to temperature changes. Note the relationships 
on 23 February, 10 March, 19 April, and 11 May. These 
data indicate that flock size reflects temperature changes 
better at the beginning and end of the winter flocking 
season when a flock is forming or breaking apart. Once 
the flock has been established, it becomes stable and other 
factors probably regulate its size.

This same pattern can be observed in 1971-72 winter 
flocking data (Figure 7), with one exception. On December 
8 , heavy snow fell and disrupted the flock at a time when 
it had been stable the previous winter. The results of

75
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regression and correlation analyses of flock size and 
temperature between 4 November and 4 March were not sig
nificant (r = .051, d.f. = 13, p = >.1). However, some 
fairly good correlations are evident for the days before 
7 December and after 10 February. Note the relationships 
found on 22 October, 4 November, 12 November, 19 November, 
17 February, and 24 February.

On 8 December about 35-45 cm of snow fell in the
AUpper Bear Canyon Picnic Area. Forty-five cm were recorded 

at the Palisades Ranger Station 5 miles away and at an 
elevation of 2408 meters. There was still no open ground 
in the picnic area on 11 December. Only 8 juncos were 
seen and these were in two small flocks feeding in small 
open patches on the south-facing slope. Between 11 Decem
ber and 16 December an additional 10 cm of snow fell. By 
the first of January the bulk of the snow had melted and 
was left only in shaded areas. From 7 January to 20 Janu
ary, a large influx of Mexican Juncos was observed. On 7 
January, four Mexican Juncos were banded. This was the 
greatest number of unbanded Mexican Juncos seen since 28 
October. The day following, H. R. Pulliam and Adam Misztal 
(pers. comm., University of Arizona, Tucson) counted the 
flock and estimated 45 birds, about half being unbanded 
Mexican Juncos. On 13 and 14 January, only six unbanded 
Mexican Juncos were observed. After this date, only one or 
two were seen with the flock at a given time.
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With the December snowfall, large numbers of 

Mexican Juncos were probably forced downward Into the oak- 
grassland habitat of the Upper Sonoran Life Zone. Phillips 
et al. (1964) mention that during severe winters, Mexican 
Juncos can be found there. After over two weeks of above 
freezing daytime temperatures and probable competition 
with dark-eyed junco flocks, which are found more abun
dantly at lower elevations, the Mexican Juncos again moved 
upward to the preferred mixed conifer-oak habitat. Most 
likely a large number moved upward the weekend of January 8 
along the large drainage system of Upper Bear Canyon. The 
seeds left over from my banding activities the day before 
were probably an additional Incentive to remain In the 
Upper Bear Canyon Picnic Area.

Cover and Entry to a Food Source 
To test the hypothesis that adjacent cover affects

the feeding site of the Upper Bear Canyon flock, a 6 X 6
\

meter plot was laid out In an open area and was subdivided 
Into four 3 X 3  meter squares, A, B, C, and D. The amount 
of cover adjacent to each of the squares varied as shown 
on Figure 10. In the afternoons of seven days, white mil
let seed was spread across the plot or grid. A box with 
holes drilled in the bottom was used to spread the seed 
with some uniformity. The seeds within a circular sample



A B
D c o

□
%

0
J

p

B

C
¥

Figure 10. Feeding plot with associated cover

Legend
- Area covered by 

canopy trees
- No grass cover
- Grass, 15-60 cm 

high
= oak (Quercus)
= Alligator Juniper 

(J. deppeana)
= Ponderosa Pine 

(£. ponderosa)
= Buck-brush 

(C. fendleri)
= Cherry (P. vlrens)
= Arizona Walnut 

(J. major) a



79
area of 530 cm^ were counted in each square before the 
birds fed and again at the end of the afternoon.

A chi square test was used to analyze the data.
To test the differences in seed consumption among squares
each day, the formula (0 - E)^ _ x2 waa used. E is the

E
expected number of seeds consumed in each sample area cal
culated by taking the ratio of total seeds eaten to total 
seeds laid down times the number of seeds laid down for 
each area. 0 is the observed consumption for each sample 
area. The chi square values were significant (p<.01).

The percentage of the total seed eaten compared to 
the total seed available to the birds in each of the four 
squares was calculated for the seven days. The total per
centage of seeds eaten for A, B, C, and D were 45$, 69$,
22$, and 18$, respectively (Table 6). By looking at 
Figure 5 , one can see that squares A and B, the squares 
with proportionally more seeds eaten, are also the squares 
with the most adjacent brush cover.

When the flock came to feed on the grid, the birds 
perched in the oaks and small shrubs next to areas A and B, 
and surveyed the site. The first birds to enter often 
dropped to the ground and walked slowly to the grid, re
maining in cover as long as possible. Square B was usually 
entered first. After the first birds began to feed, the 
other birds joined them by flying directly into the same 
square with the first birds. As the rest of the flock
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Table 6. Percent of seeds eaten In sample area of each 

square each day.

Date
19 16 7 14 21 4 3 Ave

Square Nov Dec Jan Jan Jan Feb Mar %

A 61% Qf% o% 92% 91/£ 33% 32% 45%
B 32 43 22 98 1 00 1 00 86 69
C 22 19 8 39 15 48 6 22
D < 23 32 13 12 38 3 3 18

Chi square 18.3* 57.3* *oCVJ *VOo\CVJ 32.5* 68.9* 59.8*
value

•^significant values
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entered, dominant birds would force subordinate birds to 
move so that a flow of birds occurred from B to D and even 
on beyond the perimeter of the grid.

One might reason that birds enter from dense areas 
of cover because these provide many perches for the flock 
as they survey the area. Yet the pines and large Junipers 
next to C and D would also provide perches.

The entry of the first birds from cover and the 
larger consumption of seed in A and B indicate that an 
adjacent area of cover is an important factor in choice of 
a feeding site. This would most likely have a survival 
advantage in protecting the birds from predation.

Individual Distance
From casual observation of junco flocks, it is 

clear that individual distance is an important factor in 
the distribution of juncos within a flock. After I watched 
a flock for a winter season, it appeared that individual 
distances were fluctuating with daily and seasonal tem
perature variations.

To measure this, a modification of Marler's (1955- 
56) 50$ conflict distance test was used. The object of 
the test was to determine the distance at which 50$ of the 
time a conflict would occur between feeding birds. Two 
baby food jar lids containing seed were placed on bare 
ground at distances varying from 25 to 55 cm apart. Using



82
this range of distances, in most cases I could get 
conflicts both more and less often than 50^ of the time 
and could then easily find the 50^ conflict distance by 
interpolation. A conflict was recorded if one bird drove 
the other away with a noticeable aggressive behavior.
When both birds fed for 10 seconds without a retreat or 
an aggressive motion, a non-conflict was recorded. When 
two birds fed for over 10 seconds without a conflict, but 
then one was driven away by an incoming dominant, a non- 
conflict was recorded.

To adequately measure seasonal fluctuations in 
conflict distance, an attempt was made to record at least 
30 interactions for each distance. All readings except 
one, were taken from 15:00 to 16:00. The one exception 
was made at 11:00 when the temperature corresponded 
closely with the temperature at 15:30 that same day. 
Figures 11 and 12 show the results for the winters of
1970- 71 and 1971-72 with the corresponding daily temper
atures. During the winter of 1970-71, observations were 
made on four days with an average 50^ conflict distance of 
45 cm 6 3.6 (SE). Observations were made on eight days in
1971- 72 with an average 50$ conflict distance of 47 cm ±
1.5 (SE). In reality, the average was nearer 41 cm for 
1970-71 since the one 57 cm reading was made at the begin
ning of the breeding season when higher hormone levels 
probably increased aggressiveness.
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From inspection of the graphs it appeared that the 

50$ conflict distance was directly related to daily average 
temperature except for the 38 cm distance recorded on 3 ' 
February 1972. Field notes indicated that a strong wind 
blew all that day. The records of the weather station at 
the Tucson International Airport show that the average wind 
velocity was about 11.2 kph greater on 3 February than on 
most days in January and February. By using a wind-chill 
chart, I calculated that a temperature of 0°C. coupled with 
a 11 .2 kph wind would be comparable to a temperature of 
-5°C. A similar, although not as obvious an example, is 
seen on 16 February 1971. The wind-chill factor adjustment 
helped to explain this variation also.

The results of regression and correlation analyses 
(Figure 13) on the 1971-72 data showed a significant posi
tive correlation between temperature and 50^ conflict dis
tance (r = .925, d.f. = 6 , pc.OOl). Temperatures ranged 
from -5° to 9°C. and the 50% conflict distance from 38 to 
56 cm.

The 10 March 1971 reading shows a great increase in 
50% conflict distance without a corresponding increase in 
average temperature. Unfortunately, I was unable to obtain 
a reading on the upper side of the 50% conflict distance.
I believe this represents the start of gonadal development 
with increased hormone production as the breeding season 
approaches. I was not able to record this phenomenon for
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the 1971-72 winter, as after 24 February 1972, birds did 
not regularly come to the seed.

Another way of studying changes In Individual dis
tance In relation to temperature is to hold the distance 
constant and vary the temperature. Eight observations 
were made on five different days using a distance of 35 
cm. The average temperature recorded during each obser
vation ranged from -6°C. to 14.5°C. while the percent of 
conflicts ranged from 14 to 90, The results of the re
gression and correlation analyses (Figure 14) were highly 
significant (r - .926, d.f. = 6, pc.OOl).

Daily fluctuations in individual distance in rela
tion to temperature changes were also shown to occur. On 
11 February 1972, the flock was allowed to feed for about 
45 mlntues in the morning before data were taken in order 
to decrease the possibility that hunger might act to change 
individual distance. At 7:45 the temperature was -6°C., 
at 10:15 it was 5.5°C., and at 11:30 it was 8.0°C. The 
percent of conflicts for each of these times and temper
atures were 14%, 60$, and 90^, respectively. These per
centages fit well into the regression equation mentioned 
before, indicating temperature is an important factor in 
regulating individual distance within a single day. These 
data show that studies on individual distance should in
clude temperatures at the time the observations are made.
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Unfortunately, I was unable to make these observations 
throughout an entire day.

The possibility that hunger decreases the percent 
of conflicts, especially during the colder parts of the 
day, such as early morning and late evening, is difficult 
to control. A similar experiment conducted in the labor
atory under constant temperature might elucidate the part 
that hunger plays.

Severe weather with lower temperatures was related 
to flocking in Song Sparrows in Ohio (Nice, 194-3). Nor
mally Song Sparrows don't flock in the winter. Sabine 
(1959) observed Oregon Juncos feed flank to flank during 
severe winter conditions.

Discussion of Winter Flocking
Winter flocking is common among juncos (Sabine, 

I9 4 9, 1959; Whitney, 1968; Phelps, 1968). Junco flocks 
vary in numbers, and in regard to Oregon Juncos Sabine 
(1956) writes that "there appears to be no limit to size 
of a foraging group." Wing (1956) reported that the 
average size of 396 Slate-colored Junco flocks studied was 
16.2 birds.

The Mexican Junco may flock less readily than 
northern species. Miller's impression, as quoted by Phelps 
(1968), was that the Mexican Junco is a non-flocking and 
solitary species as compared to the Oregon Junco. Swarth
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(1904) reported that Mexican Juncos are found In small 
flocks of six to eight In the Huachuca Mountains of Ari
zona. My data indicate that both large and small flocks 
are found, and that this Is probably related to the size 
of the feeding area and to weather conditions. (See Size 
of Flock and Composition of other Junco Flocks.) An In
teresting study on the Mexican Junco and other yellow-eyed 
species in Central America might involve correlating flock
ing tendencies and flock sizes with climatic and topo
graphic measurements.

The causes of flocking In birds have been the sub
ject of much speculation and probably vary in different 
species of birds.

Flocking may be an adaptation to difficult condi
tions. Wind caused flocks of mixed species to Increase 
crowding or to spread horizontally while foraging at lower 
levels (Morse, 1970). Cliff Swallows abandoned half-built 
nests in response to a cold snap and changed from a type 
of flocking association with nesting to a slightly more 
dispersed type on foraging grounds several miles away 
(Emlen, 1952). Johnston (1942) noted that unseasonable 
warm weather hastened winter flock dispersal.

Low temperatures and Increased wind (chill factor), 
and possibly snow, tend to Increase flocking in the Mexican 
Junco. The effect of wind and low temperatures is evident 
from the variations in individual distances and the size of
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the flock. (See Individual Distance, Size of Flock, and 
Flock Development.)

Snow may be an Important factor, but I was unable 
to study this separate from variations In temperature.

Emlen (1952) has postulated that flocking birds may 
have conflicting tendencies of aggregation and aversion.
The aversion tendency Is Increased by the presence of a 
sexual hormone like testosterone. Without the presence of 
a sexual hormone, aggregation tendencies are most promi
nent.

The dally and hourly changes In Individual distance 
among the Mexican Juncos indicate that the controlling in
ternal factor is not solely hormonal level fluctuation 
since hormone levels probably don’t fluctuate that quickly.

Murton (1971) believes that food location Is the 
most Important factor in flocking. The Great Tit doesn’t 
flock In years when there Is abundant food, but does when 
food is scarce (Hinde, 1952). Flocking and communal 
roosting seem to occur most often in birds whose food 
sources are unevenly dispersed (Zahavi, 1971). Morse (1967) 
observed Brown-headed Nuthatches feeding on an abundance of 
pine seeds in a Longleaf Pine forest and noticed decreased 
flock participation. It is possible that increased food 
in the form of insects led to less flocking in the Mexican 
Junco on warm winter days.
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The distinction between food location as a cause 

and food location as an advantage of flocking is not always 
clear.

Most authors believe food location is the most 
Important advantage of flocking for individual birds 
(Darling, 1952; Morse, 19 6 7, 1970; Murton, 1971; and Zahavi, 
1 971 )» When one Mexican Junco found my seed, the whole 
flock was soon present. Often caged birds were placed over 
a food source in order to attract other birds to the area. 
Morse (1967) in his studies on Brown-headed Nuthatches 
concluded that flocking is advantageous to the Individual 
in obtaining food in cases where food is not abundant. In 
cormorants, although the location of food is not Involved, 
flocking individuals stimulate each other and feed more, 
thus obtaining more food (Darling, 1952).

Predator detection is the other main advantage of 
flocking. Because of the large number of eyes within a 
flock, predators probably would be detected sooner. In a 
feeding flock at any given time, there are always a number 
of birds that have their heads up (Wing, 1956). Many birds 
may also act to confuse an attacking predator (Morse,
1970). Morse (1970) observed Slate-colored Juncos flocked 
with insectivorous birds. Since food detections advantages 
were not likely, he suggested that both groups benefited 
because of better predator protection.
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. I am uncertain about the advantage of flocking for 

predator detection in the Mexican Junco since no predation 
attempts were observed.



HIERARCHY

Type of Hierarchy
There are two basic types of hlerarcy systems 

based upon dominance-subordinance relationships found in 
avian flocks. The first system, peck-right hierarchy, was 
described from observations of a flock of domestic fowl 
by Schjelderup-Ebbe (1935). The most dominant or alpha 
bird has the "right" to peck every other bird in the flock. 
Lower-ranked birds do not have the "right to peck higher- 
ranked birds.

The second system, peck-dominance, was found by 
Masure and Allee (1934) in pigeons. In a pair of birds, 
one is usually dominant, but does not win all the con
flicts. Often dominance is related to possession of a 
certain area, an individual being dominant when a conflict 
is within his area.

Sabine (1959) found that the social organization . 
of wintering Oregon Juncos was based upon a peck-right 
hierarchy. To determine the type of social organization 
within the Upper Bear Canyon flock, seed was either scat
tered in a small area about .5 X .5 meters or placed in 
two baby food jar lids located 25 to 55 cm apart.

94
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During the two winters, I97O-7I and 1971-72, 

encounters between Individuals were recorded as they fed 
together. A win was given to a bird which performed an 
aggressive behavior, such as a Twitter, Head-forward-tall- 
up, Run-chase, Head-toward, or Fly-toward, oriented toward 
another bird which then responded by moving away, using 
behaviors such as Run-flee, Short-flight, or Long-flight. 
Occasions were not recorded when avoidance was obvious or 
when no visible submissive response was given.

Figures 15 and 16 show dominance scales constructed 
from the data collected during the winters of 1970-71 and 
1971-72. Both dominance scales denote a peck-right hier
archy system. There are, however, some major differences 
between the two. The 1970-71 data shows roughly three 
times (1 6.0$) the number of irregular encounters (encoun
ters below the diagonal) observed in 1971-72 (4.8$). In 
1970-7 1, about 50$ of the irregular encounters were re
versals in which both birds made wins. These reversals, 
although scattered randomly on my figures, tend to be 
between birds close in rank. This trend is even more 
noticeable on the 1971-72 scale on which 70$ of the rever
sals occur between pairs less than four ranks apart as 
compared to only 49$ on the 1970-71 scale. In most cases 
these reversals cannot be explained. However, the rever
sals recorded for RR-0 versus 00-0 in 1971-72 can be
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explained in terms of the location of the feeding site.
00-0 won in his former summer territory and RR-0 won in 
his.

Although-more data are needed to see trends, during 
the same winter encounters between pairs BW-B: PuG-B,
YY-B: OLb-B and BY-0: GG-R indicated that daily to weekly
fluctuations in aggression may occur. BW-B dominated PuG-B 
twice on 13 January while the reverse was true on 20 Jan
uary and 3 February. YY-B supplanted OLb-B on 11 February, 
but OLb-B supplanted YY-B on 20 January and 31 January.
BY-0 was subordinate to GG-R on 6 January and 20 January, 
but dominant to GG-R twice on 14 January. For some unknown 
reason YW-R seemed to lose dominance during early February. 
Eight of the 12 encounters below the diagonal took place 
after 4 February.

Relation of Size to Rank
Size and rank were not correlated. Wing and tail 

lengths were used to determine size relationships. Body 
weights were also taken and Table 7 shows the higher rank
ing birds were heavier. However, these data are not re
liable as higher weights were more often correlated with 
fat accumulation. Moreover seed was used to attract the 
birds into traps, and weights taken varied according to 
the amount of seeds eaten.
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Table 7» Rank associated with body weight and body fat, 

1971-72.

Rank Bird Body
Pat

Body Weight 
(gm)

Month Year

1 RR-0 8 22.5 Nov «71
2 00-0 4 21 .5 Oct 71
3 GY-B ; 9 23.0 Jan 72
4 GG-B 9 23.0 Jan 72
5 YW-R 6 23.5 Jan 72
6 OW-R 6 23.0 Dec 71
7 GG—R 7 23.3 Jan 72
8 00-R 7 23.5 Jan 72
9 BY-0 8 20.5 Jan 72
10 PuLb-0 6 22.0 Jan 72
11 LbPi-0 — — — — — — — —
12 LbW-0 8 21 .5 Feb 71
13 OLb-B 4 incvj Jan 72
14 YY-B 6 -- Jan 72
15 PuY-B 4 2 0 .5 Jan 72
16 BW-B 4 2 1 .0 Jan 72
17 GO-R 4 2 3 .5 Feb 72
18 PuG-B 2 2 1 .0 Jan 72
19 BB-0 5 21.5 Jan 72
20 PuO-R — - 21 .4 — — — —
21 LbR-B 4 24.0 Jan 72
22 OY-B — — — — — — --
23 GLb-0 6 20.0 Feb 71
24 GR-B 6 20.5 Feb 72
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Regression and correlation analyses were used to 
test the hypothesis that higher ranking birds had longer 
primary remiges and rectrices. Females were not Included 
in the calculations since their feathers are four milli
meters shorter on the average. For the 1970-71 flock, 
there was no significant correlation between rank and wing 
length (4 = .001, d.f. = 17, p>.1) or rank and tail length 
(4 = .289, d.f. = 17, p>.1). There was also no signifi
cant correlation between rank and wing length for the 1971- 
72 flock (r = .186, d.f. = 14, p >.1), but the correlation 
between rank and tail length approached the significant 
level (r = .486, d.f. = 14, 1 > p >.05).

Fretwell (1969) concluded that wing length is a 
good index of dominance for both flocked and dispersed 
Slate-colored Juncos, but he did not rule out sexual dif
ferences. Factors other than size must be operating in 
determining dominance among the Mexican Juncos. Some of 
these are discussed later.

Changes in Rank from 1970-71 to 1971-72
Experienced older birds tended to rise in rank in 

the hierarchy from the winter of 1970-71 to the winter of 
1971-72. Table 8 shows the hierarchy scales for these two 
winters. The positions of birds which were present both 
winters are fairly certain. Increases in rank were noted 
in 7 of 9 cases with an average increase of 5 ranks. 00-0
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Table 8. Upper Bear Canyon hierarchy scale for three

winters with rank changes for the final winter.

Rank 1969-70
Sex 1970 Sex 

-71
1971 Sex 
-72

Rank Change 
from 1970-1 
to 1971-2

1 BP1-R BPi-R RR-0 2
2 WW-R WW-R $ 00-0 17
3 BY-R RR-0 GY-B %
4 GG-R GG-R GG-B 9
5 BG-R RY-0 YW-R 4
6 YY-R GP1-0 OW-R 1
7 PuPu-R OW-R GG—R -3
8 GW-R PuG-R 00-R 9
9 00-R YW-R BY-0 9 7
1 0 0Y/-R PuR-B PuLb-0 8
11 PuO-R ? BW-R LbPi-0 (-14)
12 GY-R LbW-0 LbW-0 0
13 RO-R LbG-R OLb-O ?
14 BB-R GY-R YY-B
15 GO-R LbPi-0 PuY-B
16 BY-0 ? BW-B
17 00-R GO-R (-8)
18 PuLb-0 PuG-B
19 00-0 BB-0 (-6)
20 PuPu-R PuO-R 9
21 YY-R LbR-B
22 RO-R OY-B 9
23 PuW-0 % GLb-B 9 (-2)
24 PiPi-0 GR-B
25 GY-0 ?
26 GR-0 ? unbanded Mexican Junco
27 Gray-headed Junco
28 Oregon Junco
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had the greatest increase of 17 places, but probably would 
not have done so if he had not taken a summer territory in 
the area that the winter flock moved.

GG-R was the only individual to drop in rank, and 
this was not certain, since the relationships among GG-R, 
OW-R, and YW-R were somewhat vague for both 1970-71 and 
1971-72, and GG-R1s rank is dependent on these other birds.

Four birds, signified by parentheses around their 
rank change number, were assigned ranks in 1971-72, but 
not in 1970-71; Observations of these birds during 1970- 
7 1, however, strongly indicated that within the hierarchy 
their rank was 25 or lower. By assuming that each had the 
possibility of being number 25 in the 1970-71 hierarchy,
24 being the last assigned number, there was an average 
increase of 8 ranks. This makes an average increase of 
about 6 ranks for 13 birds.

Hierarchy Position of Territorial 
Males and Females

The most dominant birds in the flock had summer 
breeding territories in the same area in which the flock 
moved during the winter. The most dominant bird was the 
male of the summer territory in which the flock was lo
cated; the second bird was that male's former mate.

Table 8 shows the hierarchy scales for three win
ters. Although the scale was not complete for the winter 
of 1969-70, the ranks of the top 3 birds are certain. In
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1969-70 and 1970-71, BPi-R and his female occupied the 
first two positions. They were the summer territorial 
birds in the area where the flock moved the most and where 
observations were taken. BY-R, in the 1969-70 flock, had 
the adjacent summer territory during the summer 1970.

During the winter of 1970-71, RR-0 a young of the 
year as determined by his increase in wing length (see 
Role of Age in Determining Dominance), established his 
dominance first in the flock and then occupied what had 
been BY-R's territory in the summer. The following winter, 
1971-72, RR-0 was the dominant bird in the flock. The two 
birds which were dominant to him the previous winter were 
no longer present. The pairing of RR-0 and BY-0 was no
ticed in early spring, 1971. (Characteristics of paired 
birds are discussed in Courtship and Pair Bond Relation
ships.) BY-0 increased her aggressive behaviors notice
ably after this. Midway through the summer, after the 
failure of one nest, BY-0 deserted RR-0 and wasn't seen 
until 22 October 1971. Late in the summer of .1971, RR-0 
was paired with another bird. This bird was unbanded at 
the time, but I believe was the bird later banded GG-B, 
the bird who was fourth in rank during the winter of 1971 - 
72. The bird's wing length indicated it was a female, it 
was high in rank, and spent much time with RR-0. BY-0's 
desertion and lack of maintainance of the pair bond may 
have resulted in her loss of rank in 1971-72. Possibly
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GG-B didn't form a solid pair bond with RR-0 and was there
fore subordinate to 00-0 and GY-B, who had been paired most 
of the summer.

00-0 was ranked 19 in 1970-71. This bird was ob
served throughout early summer moving alone and along the 
peripheries of the established territories. In July, 00-0 
occupied territory which had become available and paired 
with an unbanded female, later banded GY-B. The female 
GY-B ranked third in the hierarchy, directly under 00-0.

Dominance Reversals Between Males Having 
Adjacent Summer Territories

When the flock moved through what had previously 
been the summer territory of a dominant male, that male 
became the most dominant bird in the flock. This was 
clearly shown during the winter of 1971 -72.

Initially, hierarchy observations were made in 
00-0's summer territory, and he was dominant over RR-0, 
whose territory was adjacent. Later I moved my observation 
site about 15 meters thus crossing into RR-01s territory. 
RR-0 was the most dominant bird in this situation.

In another instance, the flock moved into GW-O's 
territory. Although I didn't see encounters between GW-0 
and the dominant males, GW-0 was dominant over all birds 
that he did encounter. But when he encountered 00-0 in 
RR-0’s territory, GW-0 was Immediately supplanted.
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Birds high on the dominance scale were observed 
for more days during the winter than were subordinate 
birds. A daily record of birds present and absent from 
the flock was maintained throughout both the winters of 
1970-71 and 1971-72. During the. winter of 1970-71, records 
were made on 23 days between 5 November and 26 April. Dur
ing the 1971-72 winter, records were taken on 16 days ex
tending from 4 November to 4 March.

The regression analyses for both the 1970-71 (Fig
ure 17) and 1971-72 (Figure 18) winters showed significant 
positive correlations between rank in the hierarchy and 
days present in the flock. The results for 1970-71 were 
significant at the .02 level (r = .49, d.f. = 24). The 
results for 1971-72 were significant at the .001 level 
(r = .65, d.f. = 22).

The analysis was somewhat biased because some of 
the lower ranked birds were banded after records had 
started being kept. However, there was little reason to 
believe that .these birds were present long before they 
were banded. Generally there were very few unbanded birds 
in the flock, so any sudden increase .in numbers of unbanded 
birds could be considered caused by a new influx of birds.

The fact that subordinate birds spent less time in 
the flock and had less fat indicated that dominant indi
viduals have a survival advantage. These data agree with

Rank and Time Spent with Flock
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Figure 1 7. Rank and days present in Upper Bear Canyon flock, 1970-71. 
(r = .49, d .f. = 24, p <.02) 106
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Figure 18. Rank and days present In Upper Bear Canyon flock, 1971-72. 
(r = .65, d.f. = 22, p <.001). 3



Fretwell’a (1969) findings in which subordinate birds 
tended to disappear first.

Fretwell (1969) believed that birds which were 
missing had died. Although this may be the case in many 
instances, in other cases it seems these individuals wander 
off and join other flocks. Seven birds in the 1970-71 
flock were present fewer than 10 days. Of these seven, 
three completely disappeared. The other four were observed 
again the following year moving with the flock. In eight 
other cases, birds which had been banded in Upper Bear 
Canyon were found later feeding with other flocks in the 
Santa Catalina Mountains. All of.these had low ranks in 
the Upper Bear Canyon flock or were present such a short 
time that no rank had been assigned.

During early February, 1971, OW-R (d*) was found at 
Bear Wallow, 7.2 km from Upper Bear Canyon, and PiY-0 ($ ) 
was found in Rose Canyon 2.5 km away. OW-R and PiY-0 had 
been observed 12 and 39 days before, respectively, in Upper 
Bear Canyon. These two birds joined smaller flocks of 
12-15 individuals in their new areas. I observed these two 
birds for 2-3 hours each to study their positions within 
these new groups. In both cases OW-R and PiY-0 were sub
ordinate to all other birds encountered. These data indi
cate that missing birds, which were low in rank in their 
original flock, are possibly in a new flock, where they 
will rank low also.

108



109
Four birds dropped out of the Bear Canyon flock 

between the end of January and the middle of February 
prior to flock break-up. Later I found that 2 pairs had 
been formed from these four birds. One pair had estab
lished a breeding territory in Rose Canyon 2.5 km away and 
the other a territory in Hitchcock Picnic Area about 0.8 
km away.

Role of Age in Determining Dominance
Older birds which had flocked in Upper Bear Canyon 

in previous winters tended to be dominant. This was true 
even of older birds which did not have a summer territory 
in the area.

Table 8 shows the ranks of members of the flocks 
for the three winters. Birds banded during 1969-70 have 
an R, signifying a red leg band, as the last letter in 
their identification. Those banded during 1970-71 have 
an 0 for orange, and those in 1971-72 a B for blue. Thus, 
Column II includes birds banded during both 1969-70 and 
1970-71, while Column III Includes birds banded all three 
winters.

That the birds banded each winter were usually 
young of the year can be shown in two ways. First, the 
number of new birds banded in October and November corre
sponded well with the number of birds seen with immature 
plumage in September. Secondly, data that I have
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accumulated Indicates that Mexican Juncos usually have a 
3-4 mm increase in wing and tail length from the first 
basic plumage to the second basic plumage. The increase 
between the second and third basic plumages is about 2 mm, 
these 2 mm usually wearing down to the original length 
with time. Blake’s (1962) findings with Slate-colored 
Juncos were similar. Typically, the birds I banded in the 
fall showed the 3-4 mm Increase in wing and tail lengths by 
the following autumn.

A Mann-Whitney (Yfilcoxon) 2-sample test (Milton,
1964) was used to check the hypothesis that there is a 
difference in rank between the two age groups (Red and 
Orange) in Column II. The results were not significant at 
the .05 level (U^ < y = 58, m =  13 and n = 12, p = .1).

Since the 1971-72 winter flock was made up of 
three groups of birds. Red, Orange, and Blue, a Kruskal- 
Wallls test was used to determine if there was a signifi
cant difference in rank among these three groups. The 
differences were not significant by this test (x2 = 4.24, 
d.f. = 2, .25 > p > .1).

By combining the Red and Orange groups and asking 
if older birds had higher ranks than younger (Blue) birds, 
a Mann-Whitney (Wilcoxon) two-sample test could be used.
The difference was statistically significant (Uy < x = 33, 
m = 15 and n = 9, p < .025)•
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Prior Occupancy and Dominance
Sabine (1959) did not measure dominance in terms 

of the differenceb in ages of the birds, but measured 
dominance as it was correlated with time of arrival at the 
winter flocking area and with residency as opposed to non- 
residency. . She found that first arrivals were not neces
sarily higher ranked, but were higher than members of a 
separate flock that Joined the first flock in mid-winter. 
She also found that birds, who were permanent residents of 
the area, were higher ranked than non-resident birds. She 
concluded that prior occupancy was.important, but that 
other factors, such as hormonal level, may affect domi
nance .

Prior occupancy definitely seems to be a factor 
regulating rank in the Upper Bear Canyon flock, at least 
among those who hold summer territories in the area. How
ever, other factors must be involved. About 10 immature 
and unbanded birds were found flocking in loose groups in 
September, 1970. When the flock began to move as a unit 
in November, those birds which had been present for two or 
more months had been expected to be high in rank, though 
not so high as the territorial birds. What actually hap
pened was that those birds were subordinate and supplanted 
by older birds, which evidently had held territories else
where.
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Rank and Body Fat

Birds higher in the hierarchy tended to have 
greater fat accumulation (Table 7 ). A positive correlation 
between rank and fat accumulation was highly significant 
(r = .773, d.f. = 17, p < .001) (Figure 19 ). There were 
no other visible physical differences between high-ranking 
and low-ranking birds.

Throughout the winter of 1971-72, and especially 
during the month of January, birds were captured and their 
abdominalvand furcular fat accumulations measured (Helms 
and Drury, i9 6 0). These measurements were made in the 
morning to eliminate fluctuations due to the time of day.
On a modified Helms and Drury (i960) Scale ranging from 
0-10, Mexican Juncos had "O" fat accumulation between 
April and October. The fat began to accumulate in Novem
ber and reached a peak in January and February with 
readings of 6-9.

In 1 6 of the 24 birds studied, fat was measured in 
January, 1972. In 3 cases (RR-0, 00-0, OW-R) measurements 
were used which were taken before January. Since these 
birds were dominant, fat deposits during January would 
have been even greater, thus making the coefficient of 
correlation even more significant than is shown above.

Fretwell (1969) found a significant correlation 
between fat deposition and dominant birds in flocks of 
Slate-colored Juncos. Dominance was also found to be
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Figure 19. Hierarchy rank and amount of body fat for the winter of 1971-72.
(Regression line was fitted by the method of least squares: r * 773,
d.f. = 17, P < .001.)
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directly related to smaller adrenal glands and increased 
survival rate.

Marler (1955-56) observed that captive Chaffinch 
subordinates made more visits to a food source for shorter 
Intervals than did dominants. The subordinates were evi
dently able to obtain enough food. Sabine (1959) felt 
that the peck order had little to do with how much food 
was accessible to a bird. Subordinates* persistent at
tempts outlasted the aggressive tendencies of a dominant 
bird, so subordinates obtained enough to eat. Sabine also 
commented that low-ranking birds were not prone to star
vation even during a bitter winter.

So we are left with a question— if subordinates 
can get enough food why don't they have as much fat as 
dominants? Perhaps the constant stress of being a subor
dinate leads to less efficient use of the food. There is 
undoubtedly an increase in metabolic rate with increased 
adrenal size and stress. Also, data presented below indi
cate that dominant birds use more non-locomotor aggressive 
behaviors.

Rank and Non-locomotor Aggressive Behaviors
The aggressive behaviors used by Individual birds 

during the winters of 1970-71 and 1971-72 were recorded. 
These behaviors were then divided into 2 groups, those 
involving some form of locomotion and those involving no
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locomotion. The aggressive behaviors which involved 
locomotion were Run-chase and Fly-toward. Those involving 
no locomotion were Twitter, Head-forward-tail-up, Head- 
forward-tail-up with Twitter, and Head-toward.

The percent of non-locomotor aggressive behaviors 
performed was calculated for each individual (Figures 20 
and 21). Regression and correlation analyses were calcu
lated on rank in relation to percent of non-locomotor ag
gressive behaviors performed. The rank and percent were 
inversely correlated for both winters. The coefficient of 
correlation was significant for the 1970-71 winter (r = 
.395, d.f.>= 24, p < .05) and highly significant for the 
1971-72 winter (r = .520, d.f. = 24, p < .01).

Assuming that less energy is expended in performing 
the non-locomotor behaviors, these data support the hypo
thesis that dominants expend less energy maintaining their 
individual distances. The effective use of non-locomotor 
behaviors by dominant birds then can preserve energy.
This could possibly be a factor leading to the positive 
correlation between high rank and increased body fat.

Transient Juncos
Except for the effects of climatic conditions such 

as snow and temperature fluctuations, the flock remained 
fairly stable in size. However, there were one to three 
unbanded Mexican Juncos present on most days, which
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Flgure 20. Hierarchy rank and % of non-locomotion aggressive behaviors for the
winter of 1970-71. (Regression line was fitted by the method of
least squares: r = .‘395, d.f. = 24, p < .05.) 116
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Figure 21. Hierarchy rank and % of non-locomotor aggressive behaviors for the
winter of 1971-72. (Regression line was fitted by the method of
least squares: r = .520, d.f. = 22, p < .01 .)



appeared to "be transients. An attempt was made to capture 
and band these whenever possible.

Transient Mexican Juncos are subordinate to the 
more permanent juncos. In 132 out of 148 observations 
(89%), unbanded Mexican Juncos were defeated by banded 
individuals (Table 9). In at least 10 of the 16 wins, 
unbanded Mexican Juncos defeated banded juncos low on the 
hierarchy. This information is supported by the obser
vations reported previously in which the two transient 
banded Mexican Juncos, OW-R and P1Y-0, were observed to 
be subordinate to members of flocks into which they had 
moved. ' '

Rank and Entry into a Feeding Area 
The Upper Bear Canyon flock seemed to have no 

leader nor did there seem to be a.pattern of entry into a 
feeding area in relation to a bird's rank. To check this, 
during the winter of 1971-72, records were kept on the 
ranks of the first five individuals which entered a feeding 
station where seed was spread uniformly over a 6 X 6 meter 
area. The average ranks of the first five individuals and 
the number of observations were: 1.) 19 (102), 2.) 17 (94),
3.) 19 (76), 4.) 17 (63), 5.) 14.(50). Regression and 
correlation analyses were run to test the correlation of 
rank with percent of first entries, as calculated from 
total entries for each individual. The results of that
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Table 9. Intraspecific and interspecific win-loss

encounters between juncos in the Upper Bear 
Canyon flock

Competing Groups $ Wins Total
Encounters

Mexican Junco 
Gray-headed Junco
Mexican Junco 
Oregon Junco
Banded Mexican Junco 
Unbanded Mexican Junco
Gray-headed Juncos 
Oregon Juncos

82% 260
18
100 490
89 14811
85 2715
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test were not statistically significant (r = .131, d.f. = 
25, P > .1).

These data verify Sabine1s (1956) observations on 
Oregon and Slate-colored Juncos that there is no flock 
leader nor tendency for certain birds to move into a new 
area first. Nice (1943) made the same observations on 
flocks of Song Sparrows. In a laboratory experiment with 
the Slate-colored Junco, Stewart (1951) found that new 
pathways to a food source were discovered by various indi
viduals.

One would think that such behaviors would evolve 
within flocks in which dominant birds would seek out feed
ing subordinates and supplant them. • A behavior of this 
type would save the dominant from expending energy search
ing for food, but would allow the subordinate to feed at 
least temporarily until he was supplanted. It also might 
have a survival advantage as the subordinates would assume 
the risk of predation while dominants would wait in pro
tected areas until safety was ascertained.

Rank and Feeding Position
Observations made on a free-ranging flock (not 

attracted to an artificial feeding site) indicated the 
subordinate birds often fed on the periphery of the flock. 
Encounters were common in such a flock, and subordinates 
were driven away from the food source.
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To measure this tendency, three concentric circles 

with radii of 1, 2, and 3 meters, respectively, were drawn 
in an open space (Figure 22). The circles were labeled 
from 1 to 3 from the innermost to the outside circle. The 
area outside the circles was labeled 4. Seed was placed 
in the center of the innermost circle. When 6 or more 
juncos landed in the open space, a record was made of each 
individual's location in terms of the four areas. In 
cases in which the flock fed for several minutes, obser
vations were made every two minutes. The birds' rank 
numbers were used for the analysis. Unbanded Mexican 
Juncos, Gray-headed Juncos, and Oregon Juncos were arbi
trarily assigned rank numbers of 26, 27, and 28 respec
tively.

The mean rank number of the birds feeding in 
Circle 1 was 10; in Circle 2, 17; in Circle 3, 20; and in 
Circle 4, 20 (Figure 22). The average rank for all areas 
was 17. A positive correlation between rank and position 
was highly significant (r = .48, d.f. = 194, p < .001), 
indicating that lower-ranking birds do tend to feed on the 
periphery.

The peripheral feeding of the lower-ranking birds 
is consistent with the observation that they have smaller 
fat deposits.. This also confirms my observations on a 
free-ranging flock where low-ranking Oregon and Gray
headed Juncos tend to feed on the periphery.
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Figure 22. Average rank of juncos within four areas with 
a food source in area number one. (r = .48, 
d.f. = 194, p < .001)

t
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In a natural situation, the positioning of the 

birds by hierarchy standing would be more subtle since the 
food would be more scattered. It would be interesting to 
measure seed distribution and amount throughout the winter 
in an area where a junco flock commonly feeds. One could 
then correlate the rank of the bird with the abundance of 
seed in the areas in which he feeds.

Position of Other Junco Species 
Within the Hierarchy

There was a peck-right species hierarchy operating 
within the Upper Bear Canyon mixed Junco flock (Table 9). 
The order, from highest to lowest, was banded Mexican 
Juncos, unbanded Mexican Juncos, G-ray-headed Juncos, and 
Oregon Juncos. Mexican Juncos defeated Gray-headed Juncos 
214 of 260 encounters or 83^ of the time. Twenty-five of 
46 reversals in which Gray-headed Juncos defeated Mexican 
Juncos were made by one unusually dominant Gray-headed 
Junco during the winter of 1971-72. Mexican Juncos de
feated Oregon Juncos 100/5 of the time (n = 49). Gray
headed Juncos defeated Oregon Juncos in 23 or 27 encounters 
or 85$ of the time.

This same pattern was observed by Russell Baida 
(pers. comm., Northern Arizona University, Flagstaff) in 
northern Arizona where Gray-headed Juncos defeated Oregon 
Juncos 477 times.with only 18 reversals. Mexican Juncos 
are not present there.



This hierarchy among species followed the birds' 
pattern of arrival Into Upper Bear Canyon. Mexican Juncos 
were present all year, while G-ray-headed Juncos came in 
during the first half of October, and Oregon Juncos ar
rived a month later. In the spring, the Oregon Juncos 
departed about a month earlier than the Gray-headed Juncos.

Interspecific dominance must be based more upon 
species recognition than upon individual recognition be
cause Mexican Juncos entering in mid-winter outrank the 
other junco species. The reverse might be true if rank 
were dependent on individual recognition.

Yet individual recognition between species seems 
to be suggested by observations on encounters between a 
yellow-banded Gray-headed Junco and several Mexican Juncos, 
over whom he became dominant. This Gray-headed Junco was 
a relatively large bird of 24 grams with a wing length of 
82 mm. He consistently defeated Mexican Juncos with the 
ranks of 9, 12, and 21, but avoided or lost to birds 
ranked 1, 8, and 16.

From preliminary data, it appeared that Gray-headed 
and Oregon Juncos often fed at the periphery of a flock 
feeding in the natural habitat. This seemed to be espe
cially true of Oregon Juncos, which often fed 7-10 meters 
from the main flock, but definitely were following the 
flock.
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I noticed when Juncos were feeding at two arti

ficial food sources placed within the individual distance, 
dominant Mexican Juncos would drive away subordinate Mexi
can Juncos and Gray-headed Juncos, but would allow Oregon 
Juncos to continue feeding. Perhaps this is because Oregon 
Juncos compete very little with the Mexican Juncos, and 
the Mexican Juncos have learned it. Another possibility 
might be related to the fact that Mexican and Gray-headed 
Juncos are quite similar in appearance while Oregon Juncos 
are quite noticeably different. Gray-headed Juncos would 
then have more characteristics which could release aggres
sive behaviors in Mexican Juncos.

The interspecific hierarchy might explain the dis
tribution of winter junco flocks in southern Arizona. Be
low the mixed conifer-oak habitat one finds large flocks 
of Oregon and Gray-headed Juncos, but few Mexican Juncos 
predominantly. The continual flux of Oregon and Gray
headed Juncos through Upper Bear Canyon during the fall 
and winter may indicate that mixed conifer-oak habitat is 
preferred among juncos, but that the resident Mexican 
Juncos keep the migrants out. This problem could be solved 
by using a technique similar to that used by Mewaldt (1964) 
of removing resident dominants from their habitat and then 
observing the change in species proportions.

Within each Junco species or subspecies there was 
a peck-right hierarchy present. Except for the Mexican
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Junco, none of these were actually delineated. But by 
observing the few Gray-headed and Oregon Juncos that were 
banded, it was obvious that these hierarchies existed. - 
The northern Arizona subspecies of Gray-headed Junco 
(Junco hyemalis dorsalis) appeared to be dominant over the 
pink-billed Colorado-Utah subspecies, J. h. caniceps.
The unusually dominant yellow-banded Gray-headed Junco 
discussed earlier was a member of the northern Arizona 
subspecies. It would be interesting to study the dominance- 
subordinance relationships in large winter flocks of dark
eyed juncos, such as you would expect to find below the 
mixed conifer-oak habitat.

Discussion of Hierarchy
The peck-right hierarchy system present in Mexican 

Junco flocks, is commonly found in other fringlllids (Wes- 
sell and Leigh, 1941; Sabine, 1949, 1955, 1959; Tordoff,
1954; Marler, 1955-56; Dilger, 1960; Thompson, 1960). 
Exceptions to this are the Canary (Serinus canarius) 
(Shoemaker, 1939) and the American Goldfinch (Coutlee,
1967) which have peck-dominance hierarchies. Peck-right 
hierarchies suggest the ability to recognize individuals 
(Wynne-Edwards, 1962). Individuals in a peck-dominance 
hierarchy may not be able to recognize each other (Cout
lee, 1967). Moot hierarchies have triangular relationships, 
especially in flocks with more than six to eight birds.



Tordoff (1954) suggests that these triangular relationships 
make disruptive factors in the flock and decrease its ef
ficiency.

Different species have different dominance rela
tionships between the sexes within the hierarchy. Male 
Mexican Juncos were dominant over females during both 
flocking and breeding seasons. In the Canary (Shoemaker, 
1939), Red Crossbill (Tordoff, 1954), Chaffinch (Marier,
1955-56), Redpoll (Dilger, i960) and Goldfinch (Coutlee, 
1967), the males were dominant over the females during the 
winter, but females were dominant over the males in the 
breeding season. In the House Pinch the opposite arrange
ment was found (Thompson, i960). No rank differences were 
found between sexes in the White-throated Sparrow (Wessell 
and Leigh, 1941).

Other than sexual differences very little is known 
about the factors affecting dominance relationships in 
most fringillids. This is because most studies are in the 
laboratory and seldom last longer than one season.

More is known about how dominant individuals bene
fit from the hierarchy. Dominant birds get more food dur
ing stress conditions (Collias, 1944; Guhl, 1945; Tordoff, 
1954). The fat accumulation and more frequent occupation 
of food sites seen in dominant Mexican Juncos are evidence 
of this. Less energy is used in maintaining individual 
distances, and thus in maintaining position at these food
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sites. In addition, dominant Mexican Juncos usually remain 
in the flock more days during the winter.

The advantages in occupying better perches in 
roosting (Tordoff, 1954) and in obtaining a mate (Dilger, 
i960) were not determined in this study.

The role of the hierarchy in the winter flock of 
Mexican Juncos may be summarized in the following manner. 
Flocking probably results in a more complete gathering of 
food within a habitat so that both dominant and subordinate 
individuals would be expected to benefit. The peck-right 
hierarchy system operating within a flock results in de
creased aggression due to increased dominance recognition 
(Dilger, i960), thus eliminating the wasting of energy in 
fighting. Dominant individuals probably gain many advan
tages from this system while subordinates gain few or none. 
The hierarchy system, then, acts to identify surplus indi
viduals whenever numbers are too large for the food re
sources (Wynne-Edwards, 1962). Subordinates are eliminated 
by emigration or death. This does not necessarily imply 
group selection since subordinate individuals may only 
leave when the cost of flocking from aggression offsets the 
benefits (Pulliam, Anderson, Misztal, and Moore, manuscript 
in preparation).



REPRODUCTIVE. BEHAVIOR

Courtship and Pair Bond Relationships 
Previously paired birds generally remain in close 

proximity in the winter. Unpaired birds or new birds of 
the year often form pair bonds during the winter before 
territories are established. The bond becomes increas
ingly obvious with the approach of spring. By the first 
two weeks in March many of the birds appeared to be paired. 
These pairs form without any obvious courtship displays. 
Paired birds often move apart from the flock and can ap
proach within 15 cm of each other without conflict when 
normally birds maintain a distance of more than 50 cm.

Singing
Singing is performed only by males. During the 

time of pair formation, subsongs are sung. The subsong 
is a trill-like warble sung at a low volume. The earliest 
a subsong was ever heard was 10 February. Subsongs were 
heard on warm days in February, but were much more common 
in March. The only body movements, if any, are slight 
ones in the tail and throat. The bill is closed, and the 
body is usually in the resting position. The subsong is 
commonly heard in the morning and evening in the late win
ter. It may also be heard in the summer when the bird is
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disturbed by a human or other intruder in his territory. 
Because of the nature of the subsong, an observer can 
easily misjudge the location of and distance of the bird.

During the breeding season, the fully developed 
song can be heard for 100 meters or more. The bird is 
often conspicuously perched. His body position is upright 
with legs extended, tail up, and bill open wide. Fifteen 
to thirty minutes of each hour may be spent singing, and 
the bird may often move from perch to perch. A terri
torial male who has lost his mate may continue singing for 
over an hour. A male with no territory or mate sings only 
subsongs. Marler and Isaac’s (1961) paper presents a more 
complete description of the song and its variations among 
individuals.

Advertisement and Courtship
A number of times during the summers of 1970 and 

1971, males lost their females, and this gave me a chance 
to watch advertisement and courtship. A male which had 
lost his female would sing almost continuously from the 
tops .of trees within his territory. Singing continued for 
days until a female would come into the area. Apparently 
singing advertised the eligible male. Advertisement sing
ing had a quality which made it distinct from the singing 
of males with mates. The bird was conspicuously perched 
and sang more frequently and for longer periods of time.
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Courtship In the male Mexican Junco Includes pur
suit, singing, and Tall-spreading. In four Instances In 
which a male had lost a female, I was able to watch his 
courtship of a new female. The male flew toward and landed 
1-5 meters from the female who was feeding on the ground.
He then followed her keeping the interval between them con
stant. His feeding motions appeared to be forced, and the 
places where he fed seemed to be inappropriate. He made 
quick jabbing motions into the dirt at places where food 
was unlikely to be found. Many Tail-spreads, sharp Chip 
calls, and subsongs accompanied this ground pursuit. In 
one instance the male stood one meter in front of the 
female in an upright stance with the tip of the tail 
touching the ground and gave many Tail-spreads. She was 
facing him, but his back was turned to her. Often he 
would perch in a tree above the female and sing. Pursuit, 
singing, and Tail-spreading continued for several hours.
No actual contact, such as the pouncing in Song Sparrows 
(Nice, 1943), was seen.

During the performance of these behaviors, the 
female continued feeding unhurriedly. No submissive pos
tures were observed. Perhaps the unhurried feeding and 
lack of response to the male distinguish her from males 
who would probably either fight or escape.
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Pair Bond Maintenance

Before and After Nesting. Pairs may be found in 
all seasons feeding together (often in their breeding ter
ritories during the winter). Pairs present within the 
winter flock may separate themselves from the main flock 
for long periods of time during the day.

Pair bond maintenance seems to be sustained by 
constant visual and auditory stimuli from the male. During 
the summer the male sings in a tree 3-5 meters above the 
feeding female. When they are both feeding, the female 
sets the pace, while the male follows closely, gives Chip 
calls, and performs many Tail-spreads. Chipping increases 
if the female temporarily moves out of his range of vision. 
The female produces few vocalizations.

In all seasons the male is dominant over the female. 
If the female finds a large piece of food, such as a piece 
of bread, the male takes it after performing some aggres
sive behavior such as Twitter or run-short. The female 
retreats .5-1 meter.

Leaf Carrying. On four occasions before and once 
during the time of nest-building, I observed males picking 
up 15-20 cm pieces of grass in their bills. Once, dried 
oak leaves were picked up. After three or four pieces of 
material were picked up the male flew directly to the 
female and perched near her in a tree. During the flight 
the pieces were dropped.



On the Neat. The male rarely approaches the nest 
while the female incubates. For 10-20 minutes of each 
hour, he sings from various locations within the territory. 
During this time the female sits quietly.

After incubating the eggs for an average of 23 
minutes, the female cocks her head, locates the position of 
the singing male, and flies toward him giving the flight 
call. I was never able to discern a special call note 
given by" the male to call the female off the nest as is 
found in the Song Sparrow (Nice, 1943). The pair feeds 
together for 10 minutes on the average, usually at some 
distance from the nest although still within the territory. 
The female then returns to the nest.

Pair-bond Call. At least five times I heard a 
call which was similar to introductory notes heard in Twit
ter. I do not know which bird gave this call, but it was 
probably the male since he is generally more vocal. The 
female flew toward the male after a period of incubating 
the eggs, and the call occurred just as she reached a 
perch near the male.

. Pair-bond Introductory Movements. When the female 
joins the male she usually lands about .5 meters away from 
him. In conjunction with the pair bond call, often both 
birds perform a display which consists of much Tail- 
spreading, and the arching of the back while quick hops of
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about .5 m are made among the branches. These motions may 
continue for three or four seconds.

Pair-bond Feeding;. On two, and perhaps four occa
sions, the male fed the female. In one case the female was 
incubating three eggs. The male landed a short distance 
from the nest and slowly walked toward the entrance giving 
soft Chip calls. Twice he grabbed the tip of her bill and 
the food was dropped. The female picked it up each time. 
The next time the male's bill was turned at a right angle 
to the female's, and nibbling motions were made. It was at 
this time that the actual transfer of food was observed.
In another case, the female had Just collected some hair 
and was inside the nest when the male arrived and fed her 
an insect.

In two other instances the male nibbled the bill of 
the female. Once the female was incubating eggs, and the 
other time she had Joined the male away from the nest. No 
food transfer was noticed.

Copulation
Copulatory behaviors of female soliciting and of 

male mounting were observed on two occasions involving two 
different pairs of birds. During these two occasions, a 
total of seven mountings were observed. In all cases 
except one, copulation took place on the ground. In the
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exception, the female was perched on an oak branch five 
feet above the ground.

Before the male approached the female, she solici
ted with back arched, head held at 30-45°, and tail lifted 
to approximately 45°. Her quivering wings were held close 
to her body. The male moved quickly to the female from 
distances of three to five meters. The zig-zag approach 
consisted of about five long hops, much like the movement 
of a wind-up toy. Each hop was in a different direction. 
The mount and copulatory movements lasted about three 
seconds each time. The tails were moved to the side and 
cloacae placed in position. Much fluttering of the wings 
accompanied these motions, obscuring observation. The 
male dismounted and moved three to five meters away, while 
the female moved about one meter before going into the so
licit position again. In one case, after the male had 
dismounted, the female bent into a U-shape with head and 
tail pointed vertically and mouth open while giving a 
high-pitched See-see-see-see, a call reminiscent of the 
begging call of nestlings. During the two bouts of copu
lation observed, three and four solicits and mountings 
were observed in rapid succession with each bout lasting 
15-20 seconds.

One observation was made on 5 May 1971. On 4 June, 
the female was found incubating a clutch of four eggs 100 
meters from the site of copulation. The other observation
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was made on 20 July 1971. That same day the female was 
observed picking up hair presumably for the Inner lining 
of a nest. However, this nest was never found.

Desertion
Three females are known to have deserted males 

after a pair bond had been formed. In one case, a terri
torial male, BP1-R, was paired with WW-R during the winter 
of 1969~70. She deserted him soon after 4 May and returned 
16 October 1971 at which time the pair bond was re
established. She deserted again the next spring soon 
after 25 May.

Female BB-B and male LbLb-0 had formed a strong 
pair bond, as evidenced by their inseparability, during 
the winter of 1970-71. She deserted 5 May 1971, but re
turned on 11" January 1972 and the pair bond was re
established.

BY-0, a female mated with RR-0 during the winter 
of 1970-71, built a nest and then deserted sometime after 
30 June 1971. She returned 20 October 1971 and remained 
within the flock during the winter, feeding regularly with 
RR-0.

Discussion of Courtship and 
Pair Bond Relationship

Sabine (1955) noted that Oregon Juncos paired 
while they were still within the winter flock. In 1948



Veghte, quoted in Austin (1968, p. 1127), and Swarth (1904) 
saw Mexican Juncos court during April. Pair bonds were 
formed during winter flocking in the Upper Bear Canyon 
flock, but courtship was only seen later in unpaired males 
or males that had already.lost their mates. Probably pair 
bonding and courting begin in the winter and continue into 
spring and summer depending on the circumstances within the 
flock. With constant observation, one might see courtship 
behaviors in the winter. However, due to their close simi
larity to agonistic behaviors, it would still be difficult 
to distinguish between courtship and agonistic behaviors.

The courting displays which I saw had many flight 
Intention movements, which are derived from an attack ten
dency, such as Tail-spreading and sleeked body feathers.

A balance of three tendencies in courtship has 
been found in courting behaviors of other fringlllids 
(Hinde, 1955-56; Marler, 1956). Since actual attack on 
the female was not observed as it has been in the Song 
Sparrow (Nice, 1943), it may be that both attack and re
treat tendencies are present. The separation of attack 
and sexual tendencies is difficult since both involve move
ment toward the female. Singing seems to have advertisement 
(sexual) and warning (attack) significance. The male's 
inappropriate feeding motions during pursuit may be the 
result of thwarted sexual and/or attack tendencies. Law
rence (1956) noted that male Slate-colored Juncos pecked
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at the ground and at aluminum bands during pursuit of 
females, especially when the females ignored them. She 
termed these irrelevant or displacement activities. Dis
placement feeding is common in fringillids, and Hinde 
(1955-56) believes it is strongly associated with a retreat 
tendency.

Lawrence (1956), in studying the Slate-colored 
Junco, and Veghte in 1948, as quoted in Austin (1968, p. 
1128), in studying the Mexican Junco, saw males in court
ship with the spread tail held at 45° and the wings drooped 
as the bird strutted. This posture is found in other pas
serines (Morris, 1954; Summers-Smith, 1955; Hinde, 1955-56; 
Andrew, I96I).

Our knowledge about courtship and pair bond forma
tion in juncos is incomplete, only brief glimpses of these 
behaviors having been seen. A laboratory study of these 
behaviors would possibly be of value.

The male Mexican Junco does not help in building 
the nest. But leaf carrying may represent a symbolic nest
building, especially since this behavior occurred just 
before and during nest-building. Many birds have symbolic 
nest-building behaviors as part of their courtship displays 
(Van Tyne and Berger, 1959). Both male and female Song 
Sparrows carry symbolic nesting material and work it into 
cavities. Song Sparrows also often drop these pieces while



flying at random (Nice, 1939)• .In the Mexican Junco, leaf 
carrying involved flight toward the female.

The Pair-bond call may be derived from Twitter in 
which case only the first notes have been retained.

Pair-bond introductory movements have many compo
nents in common with the aggressive behavior Head-forward- 
tail-up. Perhaps at the initial meeting, both attack and 
retreat tendencies are present, and the performance of 
these movements reduces the tendencies so that the pair 
can feed together.

Pair-bond feeding appears to be weakly developed 
in the Mexican Junco as determined by the awkwardness of 
the feeding and the relatively few times it was seen. It 
may function to strengthen the pair bond as it seems to do 
in the Song Sparrow (Nice, 194-3) and many other species of 
birds (Lack, 1940). It may also be associated with the 
development of a tendency to feed young.

Copulatory behaviors, although not studied in 
detail, seem to be comparable to descriptions of those in 
other fringillids (Hinde, 1955-56; Marler, 1956; Andrew, 
1957a). However, the male's zig-zag approach to the female 
seems unusual. This behavior may be related to the court
ing behavior termed "pivoting" found in other fringillids 
(Hinde, 1955-56). The zig-zag approach, like "pivoting,11 
is probably derived from an interaction of sexual and re
treat tendencies.
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Desertion may have been at least partially caused 

by the disruptive influence of large numbers of picnickers 
in the areas where territories had been established. Nice 
(1939) believed desertion by female Song Sparrows was in 
many cases associated with a certain disruptive situation, 
such as drought or disturbance by man or predators. The 
role of drought in desertion by the Mexican Juncos is dis
cussed later in Territorial Size Changes. The fact that 
pair bonds may be re-established the next winter, even 
though new females may have been taken in the meantime, 
indicates that the pair bond, once established, is quite 
strong.

Territory
From March through "July during 1970 and 1971, a 

daily record was kept showing on maps the locations of 
individuals and of conflicts. Either monthly or bimonthly . 
composite maps were made from the daily maps, and from 
these an estimation of the borders of the territories could 
be made. Territory dimensions were measured by use of a 
steel tape and by pacing. The areas were then calculated 
in hectares.

Reproductive Fighting
Interspecific fighting. Increased fighting comes 

with the development of singing in late February and early 
March. Dominant males seem to expand their individual



141

distances allowing only their mates to come into close 
proximity. The aggressive behavior used at first is Run- 
chase. This then grades into Fly-toward. Fly-toward is 
directed particularly toward other singing males. In 
March and April much aerial maneuvering including Fly- 
toward and Long-flight is common. Although I have never 
seen actual contact between fighting birds, Brandt (1951) 
and Veghte in 1948, as quoted in Austin (1968, p. 1128), 
witnessed Mexican Juneos grappling with bill-locking and 
much rolling on the ground during territorial disputes.

There is noticeable change in the behavior of the 
flock as Intraspecific fighting increases. Birds tend to 
feed in areas of heavy cover rather than out in the open, 
and I had difficulty in approaching birds because they 
flew in response to the slightest noise or movement.

Actual boundary lines appeared to be established 
during March and April. When males had established adja
cent territories, Face-to-face-bobbing was sometimes seen 
on the boundary line. Whenever a male was found on the 
"wrong" side of the line, the neighboring male responded 
with a Fly-toward which was usually curtailed at this line.

Interspecific Fighting. Other species were rarely 
attacked by Mexican Juncos within their territories. Many 
times species such as Bewick’s Wren, Rufous-sided Towhee, 
and White-breasted Nuthatches fed close to Mexican Junco 
nests. Occasionally attacks occurred if these birds were
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near a nest with young or near fledged young. Species 
actually attacked with Fly-toward were Pygmy Nuthatch,
Olive Warbler, Rufous-sided Towhee, Red-breasted Nuthatch, 
White-breasted Nuthatch, Virginia Warbler,and Cliff Chip
munk (Eutamias dorsalis). In other instances where conflict 
was recorded, both species were pursuing the same food.

Description of the Territory
Territories varied greatly in size, but averaged 

about .70 hectares. This corresponds well with Eaton's 
(1965) estimates of .8 - 1.2 hectares (2 - 3  acres) for 
the territories of Slate-colored Juncos. Territories had 
several characteristics in common. Large conifers, such 
as Ponderosa Pine or Douglas Fir were always present, as 
were large flat open areas with adjacent hillsides which 
were usually covered with grasses. These characteristics
were also found in territories observed in the Graham and

1
Chiricahua Mountains. The territories in the Pinal Moun
tains had noticeably less grass. The Pinal Mountains are 
the northernmost extension of the Mexican Junco range.
The density of Mexican Juncos there is noticeably less 
than the densities in other mountain ranges.

Territorial Size Changes
In March, males who were in the top half of the 

hierarchy became associated with certain specific areas 
which they defended. These early territories were small,
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averaging only .4-.5 hectares (Figure 23). Only the most 
dominant males within the winter flock occupied large ter
ritories from the beginning. Often these were birds who 
had occupied territories the previous summer.

In general when a territory was vacated, birds in
creased their territories by annexing parts of the vacated 
area. An outside unmated male came in and occupied a 
vacated area in only one instance. In 1970 there were 
originally eight territories, and in 1971 there were nine. 
In July of both years, only four territories remained, and 
these had increased in size throughout the spring and 
summer months (Figure 23)• The average sizes for terri
tories in July were 1.13 (1970) and 1.38 (1971) hectares. 
Therefore, the areas nearly tripled in size both years.

The increase in size of territories may result 
from several factors. Early in the season, territorial 
males actively pursued adjacent territorial males, and the 
weaker ones left the area. Later nest, failure, nest dis
turbance, or drought seemed to lead to desertion of terri
tories. I believe predation was a minor factor leading to 
desertion. Except for June and July, 1971, one can see 
from Figure 23 that territorial size Increase for both 
years was linear. This probably represents a normal de
sertion rate. The slopes of the lines for the two years 
are similar. Increased desertion during June and July of 
1971 may partially be a result of the drought during the
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preceding winter and spring. Figure 23 shows 1970 had 
nearly twice as much rain. In 1971, four pairs deserted 
their territories in June and July, while only one pair 
deserted in 1970. Only one pair successfully fledged young 
in 1971, and this pair more than doubled its territory in 
June.

I believe that the lack of rain in 1971 led to 
lower food production resulting in territorial desertion 
during the critical time when young are normally being 
produced. There seemed to be an abundance of insects, 
particularly cicadas, in 1970. Interspecific conflicts 
resulting from pursuit of the same food was common during 
June and early July, 1971. Conflicts Involving Robins, 
Black-headed Grosbeaks, Western Bluebirds, Rufous-sided 
Towhees, and Hepatic Tanagers were observed. Hepatic 
Tanagers, in particular, seemed to wait in trees above 
ground-feeding juncos for them to discover an insect.
Then the tanager would pounce upon it while driving away 
the Mexican Juncos. The one successfully breeding pair, 
which was feeding young during this time, foraged over 
half the time in the newly acquired territory. Insects 
gleaned during these forages were quite small in comparison 
to the large Insects gathered the year before. Although 
individual differences as well as food shortage may be 
involved, young were not fed as often. When young are
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about 10 days old, feeding occurs about every three 
minutes, but this pair fed their young every 15-20 minutes.

Nesting Behaviors

Time of Nesting
A total of twenty-two new nests and five old nests 

were found in Upper Bear and Rose Canyons during the two 
summers. I observed 10 nests built in May, eight in June, 
and four in July. No new neats were discovered during 
August. On 25 May, the first nest of the season containing 
three young was found in Rose Canyon. On 27 May the young 
fledged. The nest was therefore begun early in the month. 
Most nesting began during the last of May and the first of 
June.

I found three nests which had been started, but 
were then abandoned. In all cases these were the first 
nests of the season. In one nest, only the depression in 
the ground was completed.

Mexican Juncos breeding at lower elevations seemed 
to be farther advanced in the reproductive cycle than birds • 
at higher elevations. This relationship was also found to 
be true for Oregon Juncos breeding in Montana (Weydemeyer, 
1971).
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Nest Site Selection
Mexican Junco pairs wandered around their terri

tories for at least one month prior to nest-building. A 
week or so before nest-building, the male and female probed 
into little tunnels under the pine needles or under clumps 
of bunchgraas. Usually if one found a tunnel, the other 
bird followed the first one in. It therefore appears that 
nest site selection involves both birds. The location of 
the nest can not be predicted by the behavior of the birds. 
Invariably they are found feeding a distance away from the 
site and rarely approach it.

Twenty-three of 27 nests, as seen on Table 10, 
were built under a hummock of grass, usually Muhlenbersla 
sp.. .5 meter in diameter and 1.5 meters tall. The nests 
were located either on level ground or on a hillside. The 
entrance of the nest faces any direction, but those on a 
hill face downhill.

With two exceptions nests were shaded most of the 
day not only by the overhanging stems of grass, but also 
by oak and pine trees nearby. Eight nests were chosen as 
samples from which to determine the approximate percent of 
time during the day that direct sunlight struck the grass 
hummocks sheltering nests. The arcs of the open areas 
above each nest through which the sun would shine during 
the course of the day were measured. The total degrees of 
arc were converted to percentages. (180° = 100$, 90° = 50$,



Table 10. Nest locations

total 
number 
of nests

Under grass clumps In
Pine
trees

On steep' bank No Some
On slope On level under

roots
under
grass

tree
shade

tree
shade

Old nests 5 4 1 0 0 0 0 0
New nests 22 6 1 0 2 2 2 2 20

-P-to
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45° = 25%, etc.) The percent,of time a nest was exposed 
to full sunlight during the day, as calculated by this 
method, ranged from 0% to 35$, but averaged 18$. In most 
cases, each territory had hummocks which were in the sun 
all day. This may indicate that Mexican Juncos choose 
shaded areas for nesting.

In no cases were nests used twice; new nests were 
built for each clutch. A nest under the roots of a tree 
did not survive the season. A heavy rain washed gravel 
into the nest, and the eggs were held in a fixed position 
so that the female couldn't turn them.

The two tree nests were made by the same pair of 
birds, YPi-R and G-W-O. On May 25 this pair completed a 
nest on the ground. Four eggs were eventually laid, but 
soon afterward the eggs were gone. On 30 June this same 
pair was observed feeding young in a nest 14 meters from 
the ground in a 20 m Ponderosa Pine. The nest was in 
branches near the trunk and hidden by dried pine needles. 
On 2 July the nest appeared to be empty as no feeding was 
observed. On 11 July the female of this pair, YPi-R, was 
observed building a new nest in another 20 m Ponderosa 
Pine. This nest was hidden deep among clusters of pine 
needles at the top of the tree. The success of this nest 
was not determined. The next year the same pair nested 
under tree roots and rocks on a steep bank. The nest,



containing four eggs, was deserted. I was unable to find 
any later nest.

Tree nests are not unusual and have been reported 
for Oregon Junco (Ray, I9 I9 ) and G-ray-headed Juncos 
(Thatcher, 1954). Smith (1936) found Slate-colored Juncos 
nesting above the ground in a trellis and suggested this 
may have been in response to the presence of four dogs.

Nest-building
I watched nest-building five times. In all cases 

the. female built the nest alone. The male could be found 
singing somewhere nearby. In one instance the male sang 
vigorously from about two meters above the female. Veghte 
in 1948, as quoted in Austin (1968, p, 1129), says nest
building continues over a three day period in the Mexican 
Junco,

In the nests built on the ground, a .13 cm bowl
shaped hollow is dug out of the earth. The bowl is lined 
with heavy grass or pine needles. Successively finer 
grasses are used for each layer. The inner cup is lined 
with pieces of hair which are gathered from under bushes. 
They use any pieces of hair that are available. The types 
of hair used for lining include most of the mammals which 
are found in Upper Bear Canyon. Human, raccoon, Gray Fox, 
and skunk hair have been identified. Dog, Cliff Chipmunk, 
and Abort's Squirrel are probably present too.
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Hostetter (1961) says that Carolina Juncos build 
only during the early morning when the nesting material is 
wet and workable. The Mexican Juncos were building around 
7:30 in two cases. However, YPi-0 was observed building 
from 11 :30 to 13:00 during a warm sunny day in July. Hair 
lining was being put in two other nests in the late morning.

The female takes from one to three minutes to pick 
up 5-8 pieces of dried grass measuring 15-20 cm. These 
pieces are held crosswise in the bill. She obtains the 
pieces by pulling grass upward with her bill, and pushing 
in the opposite direction with her legs, similar to the 
method used by robins to remove worms from the ground.
These are carried to the nest about every 5-8 minutes. On 
the average, it takes her 60 seconds to work the material 
into the nest. Periodically she flies to an area away 
from the nest and feeds with the male.

Incubation
Only the female incubates; she starts sometime 

after the third egg is laid. Although I was never able to 
follow incubation to completion, my data indicate incu
bation requires about eleven days. Of the eleven nests 
found with full clutches, six. had four eggs, four had 
three eggs, and one had five eggs.

The female alternates periods of incubation with 
periods of feeding with the male. On the average, she



incubates 23 minutes and remains away from the nest for 10 
minutes. Rarely does the pair feed near the nest.

While on the nest, the female flattens her body so 
that her feathers cover the entire inner cup. She usually 
sits facing the entrance hole. When one looks into a nest, 
the bright yellow eye is quite noticeable. The feathers 
blend into the background. Comfort movements, such as 
scratching, shifting the body, and preening the scapular 
and wing feathers, are often performed.

The female shifts the eggs every six minutes on 
the average. This is done by standing with the folded 
wings held away from the body, and making a few quick 
scratching motions with the feet. Occasionally the female 
bends her head under her breast and looks at the eggs.
Then, rocking her body from side to side slightly and 
ruffling her feathers, she settles back on the eggs. The 
shifting behavior takes about one second while settling 
may take two or three seconds.

Care of Nestlings
(

Because of predation, I was never able to observe 
the continuous development of one clutch of young birds 
from hatching to fledging.

Brooding. The female alternates brooding the 
naked hatchlings with some feeding. In one case I watched 
a female brood young during a heavy rainstorm. She
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apparently spends very little time brooding the young 
after the development of pin feathers, although I suspect 
she does brood them at night.

Feeding the Young. I observed the feeding of 
nestlings in six different nests. In all cases except one 
both parents fed the young. In the exception, the male 
never approached the nest. From my data it appears that 
the burden of feeding is generally shared equally by the 
parents. Of the 55 times I observed feeding by banded 
parents, females fed 29 times and males 26. Feedings are 
spaced about ten minutes apart until two or three days 
before the young fledge when feedings increase to every 
three minutes.

The behavior of the two parents at the nest dif
fered little. The time required for feeding, the type of 
food provided, and the procedures used in nest cleaning 
were the same. However, the approach to the nest was dif
ferent. After watching a pair feeding for several hours,
I was able to distinguish the male from the female without 
referring to the color bands. Most of the males flew or 
Walk-hopped directly to the nest. The females more often 
moved cautiously, hopping circuitously from branch to 
branch. In one pair the reverse was true, the male being 
the more cautious parent.
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Food. The only food I observed being fed to the 
young was insects, including many larvae, cicadas, and 
cricket-like insects.

Shading the Young. PuG-R's nest was so located 
that the sun shone directly on the young in the late morn
ing. I watched the female stand.on the edge of the nest 
for 23 minutes with her body crosswise to the entrance.
This position kept the sun off the young. The air temper
ature was 23°C. Whether this behavior is common in these 
situations is unknown.

Hostetter (1961) observed that the Carolina Junco 
shades its young by standing on the rim of the nest and 
spreading one wing out like a fan over the nest. This 
method of shading was not seen in the Mexican Junco.

Removal of Fecal Sacs. Both the males and females 
removed fecal sacs and other debris from the nests. During 
one observation, I saw the parents remove six fecal sacs 
per hour from a nest with three young one or two days from 
fledging. Each time, the parent would pause from two to 
five seconds after feeding the young and cock its head as 
it examined the nest. A nestling would then back over the 
rim of the nest toward the entrance and deposit the fecal 
sac. The sac was immediately picked up by the parent and 
deposited on a Ponderosa Pine branch some 10-15 meters from 
the ground. A different branch was used each time.
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Neat Disturbance

If the female was on the nest when I approached 
it, she usually remained still until I was less than .5 
meters from the nest. As I handled the young, the parents 
perched four to five meters above me or made short flights 
from tree to tree over my head. These behaviors were 
always accompanied by sharp metallic Chinks given at the . 
rate of about one per second.

In one case the female flew down from a nearby 
tree and ran in a circle about two meters from me. Her 
tail was drooped and spread. Her fluttering wings were 
extended and held at 45°. Occasionally she seemed to limp 
and droop one wing as in a broken-wing act. These be
haviors were accompanied by constant Chinking.

Care of Fledglings
Fledged young were found in the thickets near the 

nest. In most cases they blended quite well with their 
surroundings and could only be seen when they moved or 
called. The male parent maintained a territory around the 
young. I saw males attack Virginia Warblers, Rufous-sided 
Towhees, other fledged young juncos, and squirrels in the 
vicinity of the fledged young. Although I never saw the 
male feed fledged young, the female was constantly gather
ing food for them. In the Slate-colored Junco (Eaton, 1965)



and in the Gray-headed Junco (Hargrave, 1936), males have 
been observed feeding fledged young.

The young birds follow the parents giving harsh, 
high-pitched begging calls. They beg with open mouth, 
arched back, and fluttering wings. During one observation, 
the female on three occasions placed food on the ground 
directly in front of a fledgling rather than placing the 
food in its mouth. The bird, 22 days past fledging, bent 
over each time and picked up the food. This behavior may 
be interpreted as a step in the young bird's learning to 
feed itself.

Nesting Success
I was only able to study 19 of the 22 active nests. 

(See Table 1 1 Of the 61 eggs laid, 46$ were destroyed. 
This percentage may be even higher since some of the nests 
were not discovered until the young had hatched. Forty- 
five percent of the nestlings did not survive. From the 
total of 61 eggs, 18 birds fledged, giving a success of 
30$. Hostetter (1961) recorded much better success in 
Carolina Junco. Of 164 eggs, only 6.7$ were destroyed.
Of 140 nestlings, 39$ were lost. He found a total success 
of 60$

Nests per Season
At least two successful broods may be raised each 

year. On 26 June, PuG-R and his unbanded female were
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Table 11. Percent mortality (eggs and nestlings) and total percent of success 
(fledged young/eggs).

Total
nests

observed
Eggs
laid

Did
not

hatch Destroyed %loss
Young

hatched
Young
lost %destroyed Pledged success

19 61 2 26 W o 33 15 W o 18 30%

VJl
- 4



observed feeding and protecting fledged young. On 18 July 
I found three nestlings which were being fed by PuG-R and 
his female. By 29 July these young had fledged. Whether 
or not a third nest was started is unknown.

If the first two nests are destroyed, at least one 
more may be built. YPi-R and GW-0 built three nests, as 
described earlier.

Breeding probably ends with the beginning of molt
ing which starts during the first of August.

Discussion of Territory and 
Nesting Behaviors

Since the publication of H. Eliot Howard's book, 
Territory in Bird Life. (1920) there has been much dis
cussion on the role of territories (Nice, 1941, 1943;
Hinde, 1956; Tinbergen, 1956). The Mexican Junco has a 
territory corresponding to Nice's (1941) Type A in which 
mating, nesting, and food gathering take place within the 
defended area.

Hinde (1956) reviews the various functions which 
have been suggested for territories. These are as follows:
1 ) Familiarity with the site assists in increasing fighting 
potential, gathering food, and escaping from predators.
2) Density may be regulated in favored habitats. 3) Pair 
bond formation and maintenance is enhanced. 4) Intraspeci
fic interference in reproductive activities is decreased.
5) Defense of nest site allows for better survival of
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young. 6) Food stores are protected for adults and young. 
7) Over-dispersion reduces predation. 8) Territory main
tenance reduces despotism of other males. 9) Disease is 
reduced. 10) Inbreeding is decreased and range is ex
tended.

I have no evidence concerning the roles of Func
tions 4, 7, 8, 9, and 10 above in the territories of Mexi
can Juncos. Functions 3 and 5 are probably not important. 
Pair bond formation and maintenance (Function 3) occur 
even in the winter when the territories are not maintained. 
The area around the nest was rarely defended from other 
species (Function 5).

Increased fighting potential, one of the three 
factors listed in Function 1, may be important among Mexi
can Juncos. Males that won in the competition for terri
tories often had held territories in the same area the 
previous year. Moreover, they usually had arrived in the 
area or started defending a territory earlier than those 
birds which were driven off. This increased fighting 
potential and the accompanying fully developed courtship 
singing probably indicate reproductive readiness. Males 
who lost their fights and were unable to establish perma
nent territories reverted to singing subsongs, this prob
ably Indicating lack of reproductive readiness. So the 
amount of fighting potential a Mexican Junco has may ulti
mately affect his breeding potential.
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In suitable habitats, density of Mexican Juncos is 
probably regulated by territories (Function 2). In Upper 
Bear Canyon suitable habitats are limited and generally 
are found only along the stream bed. The early spring 
territorial fighting and the early increases in territory 
size probably support the density regulation hypothesis.

The territory’s role in the conservation of food 
for adults and young, Function 6, is difficult to determine 
since data supporting this is difficult to obtain (Lack,
1954). However, evidence given earlier in Territorial Size 
Changes seems to support this hypothesis. In the Mexican 
Junco food may be a critical factor during the time of 
nesting in very dry years.

In general nest location, time of nesting, nest- 
building methods and materials, incubation, care of young, 
etc., are the same as found in other juncos (Thatcher, 1954; 
Hostetter, 1961; Eaton, 1965; Whitney, 1968; and Phelps, 
1968).

The injury-feigning display performed by the female 
Mexican Junco has also been reported for other juncos. 
Skinner (1920) saw it performed by Oregon Juncos and Hos- 
tetter (1961) by the Carolina Junco. The display is common 
in ground-nesting birds in general (Skutch, 1954-1955)•
The display of the Mexican Junco would probably be noticed 
by a predator and tend to distract it. The causation and 
origin of the injury-feigning display is debatable. But



it definitely contains a number of flight intention move
ments probably derived from escape tendencies, such, as 
Tail-spreading and fluttering wings. Conflicting tenden
cies of attack and parental care are probably present too.

Skutch (1954-1955) believes that this display is 
derived from a highly conspicuous nest departure behavior, 
but there is no good ethologlcal evidence for this. A 
study of the components of this display is needed to help 
reveal its origin.

Lack (1954, p. 66) states that "most birds have a 
restricted breeding season, which is so timed that the 
young are being raised when their food is plentiful." The 
Mexican Junco breeds, as do most Juncos, primarily during 
May and June. This is at a time when drought conditions 
are most severe and food production is probably not at its 
peak. I suspect that a study on biomass would show high 
values in late August and September following the summer 
rains. It is possible that food is not unlimited during 
the breeding season of the Mexican Junco and that this 
could function as a limiting factor in successful breeding.

In most passerines, 45^ of the eggs laid result 
in fledged young (Lack, 1954), so that the Carolina Junco's 
60^ (Hostetter, I96I) is relatively high and the Mexican 
Junco's 30^ is low.

I believe that the 30^ does not represent a correct 
survival rate for several reasons. 1) Twenty-two neats are
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not an adequate sample. 2) These Juncos were studied In
picnic and camping areas where human disturbances may have 
been a factor in survival. The litter probably attracts 
predators and scavengers in high numbers. This would act 
to increase the predation on juncos. 3) Predators probably 
follow the scent of humans. Often nests were destroyed the 
night following my handling of the eggs and young. 4)
Upper Bear Canyon is at the lower elevational limit for 
breeding Mexican Juncos. It may be that certain unknown 
limiting factors to breeding may be present there.

Seasonal Movements
Mexican Juncos are resident birds of the transition 

and boreal zones of southern Arizona (Phillips et al.,
1964). Occasionally, especially in severe winters, these 
same authors report that Mexican Juncos drop below these 
zones. They are often seen in Molino Basin, which is in 
the Upper Sonoran Life Zone, during the winter. I saw one 
Mexican Junco in Lower Sabino Canyon just three miles from 
the park entrance on 7 November 1970. This area is in the 
Lower Sonoran Life Zone and has an altitude of 840 meters. 
The bird was flocking with northern migrants. I watched 
the bird from a distance of 5-15 meters. The weather had 
been mild.

Phillips et al. (1964) cite one record in which a 
Mexican Junco was collected by Austin Paul Smith in the



Whetstone Mountains, which are outside the breeding range. 
Other records outside the breeding range include Pena 
Blanca, Santa Cruz County, Arizona, by Robert Sutherland 
on 12-13 October 1966 and Cherry Lodge, 24 km north of 
Clifton, Greenlee County, Arizona, by David Ray Stacy on 
26 January 1969.

Mexican Juncos move within a mountain range, 
especially during the winter. Seven birds banded in Upper 
Bear Canyon were found in other locations within the Santa 
Catalina Mountains (Figure 24). GO-R, OY-B, P1Y-0, P1P1-R, 
and PuO-R wintered in Upper Bear Canyon where they were 
trapped and banded but had breeding territories elsewhere. 
For example, GO-R spent three winters in Upper Bear Canyon 
and occupied the same breeding territory in Rose Canyon 
for two summers.

Factors conducive to winter movements seemed to be 
snow and cold temperature (See Size of Flock). OW-R and 
P1Y-0 were present in Upper Bear Canyon until 3 February 
1971 when there was a period of unusually warm weather.
On 23 February 1971 they were both back in Upper Bear 
Canyon following a snow and the return of cold weather.

PuO-R and PiPi-R from Hitchcock Picnic Area were 
observed in Upper Bear Canyon on 6 and 20 January 1972, 
probably in response to the snow which covered Hitchcock 
Picnic Area throughout January.
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• BEAR WALLOW-7.2 km HITCHCOCK PlCN 1C AREA-Q8 km

ROSE CANYON-25km

GO-R
9 MAR 70

OY-B
4 NOV 71 I 7 PER 72

MOL I NO BASIN-40 kmRY-010 DEC70

OW-R4- MAR 71

UPPER BEAR 
CANYON

PICNIC AREA

28 FEB 70 4 MAR 70

Figure 24. Movements of juncos banded In Upper Bear Canyon Picnic Area.
(km - distance from the UBC picnic area. Date within box next to 
to bird is the date of banding in UBC. Date on line is the date 
of sighting the bird.)
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CrO-R, OY-B, and P1Y-0 were found In Rose Canyon on 

23 February 1972 after spending most of the winter In Upper 
Bear Canyon. This was probably In response to the unusu
ally warm temperatures which began the middle of February.



CONCLUSION

Maintenance behaviors of the Mexican Junco conform 
closely with those reported for other fringillids (Nice, 
1943; Marler, 1956). However, the method of ground loco
motion, Walk-hopping, appears to be unique. Although there 
may be quantitative differences in the amount of hopping 
and walking performed by different Junco species; in gen
eral, the basic pattern is the same. Previous speculation 
by writers about differences in locomotion among junco 
species may have been the result of observing them in dif
ferent types of habitats. Walk-hopping gives juncos a 
choice in method of movement probably enabling them to move 
efficiently through the wide range of terrain in which they 
feed.

Depending on the abundance of various types of food 
during the year, there are four basic methods of feeding 
which are used. These are ground-feeding, grass-feeding, 
flycatching, and branch-feeding. Sap-feeding, a fifth 
method, may be important in obtaining food and water during 
certain winters. In general, feeding takes place in the 
shade where the birds are probably better camouflaged.

Tail-spreading may be a flight intention movement, 
motivated in some cases by attack or escape tendencies.



However, In cases where It was seen with the discovery of 
food, it may serve as a signal to attract other birds to 
the food source. This could be beneficial to the signal
ing bird since it gains the advantages of the flock asso
ciation.

Agonistic behaviors serve to maintain dominance in 
wintering flocks of juncos. The main cause of aggression 
in winter flocks was proximity of individuals. Individual 
distances disperse the flock so that there is an efficient 
coverage of the area for food.

Aggressive displays may vary greatly in their level 
of attack tendency. Retreating behaviors usually involve 
about the same quantity of locomotion as the aggressive 
displays which cause them. Dominant birds, however can 
use aggressive behaviors involving little motion that re
sult in retreating behaviors much greater in proportion by 
subordinates. One retreating behavior, Short-flight, es
pecially acts to stop aggression quickly.

Both aggressive and retreating behaviors are made 
up of flight intention movements derived from attack and 
escape tendencies, respectively. The basic display making 
up the aggressive behaviors was Head-toward.

The paucity of non-locomotor visual displays is 
probably a result of the Junco’s ground-feeding behavior.
In dense cover non-locomotor visual displays would not be

167



168
seen. However, piercing vocalizations, such as Twitter, 
and direct charges, such as Run-chase, would be noticed.

Junco flock movements are coordinated mainly by 
audible signals. The most important flock-coordinating 
visual signal is probably Tail-spreading. Feeding usually 
occurred in areas of cover where there was more food and 
greater predator protection. The flock apparently does 
not roost communally so daily flock development is the 
result of individuals coming together each morning. Daily 
flock dispersal corresponds closely with the light- 
intensity values.

The flock is largely made up of male Mexican Juncos, 
but dark-eyed juncos and some female Mexican Juncos and sev
eral other species are also associated with the flock.
Those species which associate with the flock gain the ad
vantages of flock association, food location and predator 
detection.

The development of the flock in*the fall and the 
dispersal of the flock in the spring are associated with 
colder and warmer temperatures, respectively. Temperature 
and wind (chill factor) affect the daily and hourly flock
ing and individual distances. In general, the more adverse 
the conditions, the greater the flocking, indicating that 
flocking is probably more beneficial to individuals during 
adverse conditions.
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A peck-right hierarchy among individuals of the 
same species and among species operates within the Juneo 
flock. Dominant individuals tended to be older male Mexi
can Juncos who had had summer territories in the area in 
which the winter flock was located. Operating within the 
peck-right hierarchy was a phenomenon having peck-dominance 
characteristics. The alpha position belonged to.the male 
on whose former summer territory the flock was feeding.
Low birds in the hierarchy tended to be young Mexican 
Juncos, Mexican Junco females (except those with dominant 
male mates), transient Mexican Juncos, Gray-headed Juncos, 
and Oregon Juncos, in that order. These dominance-subor
dinance relationships probably explain the sex and species 
ratios within the flock. The lowest birds in the hierarchy 
may leave when the cost of flocking from aggression offsets 
the benefits.

‘ The peck-right hierarchy system is advantageous to 
dominant birds. Dominant birds are a part of the flock more 
days during the winter and benefit from its advantages.
They dominate food sources and use more non-locomotor ag
gressive displays and possibly as a result have more body 
fat.

Pair bond formation is characterized by close 
proximity of paired individuals. Pair bonds are formed in 
the winter before breeding territories are established.
No obvious courtship behaviors accompany pair bond
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In the summer. The male, who is dominant, courts the 
female with pursuit, song, and Tail-spread.

The pair bond is maintained by constant visual and 
audible stimulation performed by the male. Once formed, 
it may be re-established after desertion by the female. 
Pair-bond call and Pair-bond introductory movements asso
ciated with the female joining the male after being on the 
nest, have many components associated with an attacking 
tendency. Leaf carrying and Pair-bond feeding, although 
not common, also help maintain the pair bond.

Copulatory behaviors of the Mexican Junco are like 
those of other fringillids except for the approach of the 
male to the soliciting female. The zig-zag approach may. 
represent an interaction between attack and retreat ten
dencies.

The territory is established and maintained by the 
male. The dimensions of the territory steadily increase 
throughout the breeding season due to displacement of 
males by fighting and to territory desertion. Territory 
desertion is most likely the result of nest disturbance 
and drought.

The female builds the nests which are usually in 
the shade under a grass hummock. Most nests are built and 
young raised in May and June, the driest part of the year. 
Drought may lead to nest abandonment. I suspect the low 
nesting success found in this study is mainly due to the
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high number of predators attracted to the picnicking and 
camping areas.

The female incubates the eggs and feeds the fledg
lings. Both parents help with the feeding of nestlings.
The female feeds the older fledglings by placing food on 
the ground in front of them. This is probably a step by 
which the young learns to forage for himself.

Mexican Juncos are probably residents-in the same 
mountain range their entire life. Occasionally birds are 
found outside their mixed conifer-oak breeding zone. This 
occurs primarily in the fall and winter and probably repre
sents response to cold temperatures. Movement of birds 
within the mixed conifer-oak zone during the winter is 
also most likely a response to fluctuations in temperature 
and possibly to snow.
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