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INTRODUCTION

Mating systems have been defined as those aspects of a population's
social organization that determine the ways in which females and males
come together for breeding purposes {(Brown 1975). Typically, these
systems have been divided into 3 major categories: monogamy, poly-
gamy and promiscuity. While it is clear that these systems may show
considerable plasticity with different individuals or different popu-
lations within & species showing different mating patterns, there are,
nonetheless, general criteria under which any mating system may be
definec¢. Thus monogamy is a syster where each breeding adult has only
one mate at any time, pclygamy i a system where an individual of
either sex has two or more mates and promiscuity is & syster in which
nc pair bonds are Fresent at all.

Several thetries have beer put forth to account for this varis-
tior ir mating stratecies. These include the work of Lack (1968),
Verner and wWillscon (196€), Orians (19€9), Selander (1972), Trivers
(1972 ané Erler. and Jring (1977}, Essentially these investicators
have arguedé that matins systems are ecclogical adaptations, that
factors affecting the reproductive success of the female as well as
male are important in determining the system, and that the degree of
parental investment by both the female and the male is another crucial
element influencing the mating eystem. Brown (1964 ) introduced the
concept of economic defendability to this discussion. Although init-
ially concerned with territoriality, this idea has been extended,
especially by Emlen and Oring (1977) to include defendability ©f mates.

They have suggested that certain environmental factors, especially the



spatial distribution of key resources and the temporal availakbility of
mates will be the critical determinants of mating systems. Thus the
prereguisite for a monogamous mating system is the 'econcomic defend-
ability of a mate'. They go on to propose that monogamy is expected
to occur when ’'neither sex has the opportunity to monopolize addition-
al members of the opposite sex, directly or through ‘rescurce control',
Weatherhead (1979), in support of this model, found that in tundra-

breeding Savannah Sparrows, Fasserculus sandwichensis, monogamy is

maintaines as a consezuence of the limited temporal availability of
mates.

Over 90% of all bairé species show some form of monogamy (Lack
19€€), either serial, irn which the pair mates fcr a breedinc season
or some rart ©f it L.t separates durinc the non-breedinc seasor, or
continuous (ofter called permanernt), in which the pair mates for life,
or at least fcr several seascns, Fartners tend to remain together
durirc the ncn=breed.ng season as well (Skutch 1279}, In serial monc-
cary switching ¢f meztes for the next season 1s typical. Lack (19€E&!,
whe does net distincuish betweer the two types, suogests that the
reascnh for this high percentage of monogamous species is due to the
fact that in most cases twe parents can better feed and tlierefcre
raise more young than can the female feeding {(the young) alone.
Monogamy occurs typically in those species with altricial rather than
precocial young although there certainly are exceptions (Orians 1969).
Other generalized features of monogamy include increased male partici-
pation in care and feeding of young, strong site tenacity from one

breeding season tc the next, and the tendency to sexual monomorphism



{Orians 19€9; Selander 1972Z; Skutch 1979), Those species showing
continucus monogamy tend, in addition, t¢ remain on or closely assoc-
iated with the nesting territory throughout the year, althocugh, again,
there are exceptions. Some continuously monogamous species migrate in
which case the pair tends to remain together on the winter grounds,
And although not necessarily gregarious, some of them associate in
flocks and are colonial nesters (Skutch 1979).

Despite the awareness of these generalized attributes, more prog-
ress has beer. made in explaining pclygamous mating systems, especially
in clarifyinc the particular environmental factors involved. Witten-
berger and Tilson (19B0) suggest that the development ¢f & compre-
henszive theory of monogamy has been hindered by 'the great diversity
cf ervirvonmertal conditions and social behaviors associated with its
evelution., Nt single hypethesis is sufficient tc explain all knowr
instarces of monotamy'. They view monogamy as 'the locical product
of selection when conditions favoring alternative mating systers are
not met', Based on previous work with non-moncgamous systems, they
have developed 5 criteria for the evelution of monogamy: (1} when
male parental care is nonshareakle and indispensable to female repro-
ductive success, (2) in & territorial species if a female benefits
more from mating with an unmated than mated male, (3) in non-terri-
torial species when the majority of males can reproduce most success-
fully by defending exclusive access to a single female, (4) if aggres-
sion by females preventes a male from acquiring 2 mates, and (5) when
males are less successful with 2 mates than with one. Altricial
birds tend to follow the patterns suggested in hypotheses one and

two, although there are exceptions.



ks ctated above, parental care plays a crucial role in the
malnternarce of a species' mating stratecy. Young, especially those
of altricial species, place high demands on their parents, requiring
food, warmth, protecticn from the elements and protection from pre-
dators. Exactly how these responsibilities are divided may vary
between the sexes. Trivers (1972) was cone of the first to suggest
this idea. He argued that since females produced the eggs (which are
much larger than the male sperm) they are more likely to invest
further ir the nest and egcos, whereas the males, which have invested
so little in the eg¢s, are more likely to increase their owr fitness
by copulatince with more females. Thus Trivers predicted that parental
responsikbilities will be divided unegually. Males, mcreover, may
'cheat’; monezary would be favored by females, males would show some
forr of pelygyny or at least promiscuity. (This prediction would not
necessarily argply ir harsh environments where males are more likely
tc remair withk their mates.) Alternatives to this model have beern
sugcested by both howe (1979} and Gladstone (1979} who propose that,
for morocamous species, especially those in which the male does nct
invest time and - ‘or enercy in defending a territory, one would expect
a more egquivalent pattern. Howe (1979), for example, found (in the
Common Grackle) that, contrary to Trivers' predictions, males do
not desert and that both parents bring food of similar quality and
quantity to the nestlings. More recently Burger (1981) has proposed
that in monogamous birds males would be expected to invest more, not
less, in reproductive effort, because of the potential threat of in-

semination by another male. While females invest in the younc (in



the forr of both ecgs and nestlings) males would be expected tc
irvest in both offspring and the female in order to avoid insemination
by another male. Morecver, as Burger (1981) also points out, elements
such as courtshir feeding and/or nest building can also be viewed as
components of male parental care.

Just as overall mating strategies are affected by environmental
considerations, s0 too, are the specifics of parental care patterns.
For examrle, Wittenberger (1982} found that both female and male

Bobclinks (Declichonyx cryzivorus) adjust their parental activities

from seascrn tc seasor tc chances in food availability and weather conci-
ticrs, hnd Fierctti's (19El)-omparison of parental roles in two differ-
ert island populations of the typically monogamous Western Gull {Larus

occidentalis) revealed that differing environmental conditions (such

as food availability! influence the demand for male parental care, and,
in this case, lead tc a chance in male reproductive tactics.

The EBlue Jay is an ideal species in which tc examine parental
activities. It holds & unigue place among the New World Jays, sharin:s
some of the characteristics of the more Lhwruuylily studied monogamcus
colonial and communal species in this group (see below), vet maintain-
ing a social structure that is neither colonial nor communal. The Blue
Jay, in fact, can be viewed as occupying an intermediate position in
this continuum cf sccial systems (Brown 1974). The findings of this
study are important, therefore, in understanding the role(s) of mono~
gamy and parental care patterns both for the Blue Jay and the cther
New World Jays as well.

Despite the fact that it is a common resident of the Northeast,



little work has beer done with the Elue Jay. Indeed, outside cf Herdy's
{19€1) study, no detailed paper has been published. Thus a descriptive
analysis cof the breeding behavior of this species is crucial to ocur
understanding of the above-mentioned issues,

The Blue Jay is one of 33 species of jays in North ané South Amer-
ica (Brown 1974). The social systems of these birds run the gamut from
colonial to territorial to communal, Of the species that have been
stucied, the Piforn Jay stands at one extreme, exhibiting a colonial
syster (Erowr 1974: Balda and Bateman 1971, 1972), while & number of
species (r=24, €7%) stand at the other extreme, disyrlayinc communal
breedinc patterns which involve regular help in care and feeding of the
young (Prown 197E). Az stated above, the Flue Jay, along with six other
species (Steller's Jay, California Scrub Jay, Dwarf Jay, Black-chested
Jay, Greer. Jay ané Orilteme or White-throated Jay) occupies an inter-
mediiate positior irn this continuar (Brown 1974). Because cf the hich
percentace of communal or cooperative breeders among a closely related
grour cf kirds a great deal of attention has been directed towards the
jays. While the Blue Jay is not known to breed communally, it does shar
a number of characteristics with those that dc. These include: (1) a
significant contribution to feeding of young by males, (2}, a long
period of juvenile dependence, (3) regular exchanges of food among
adults and (4) long lived species (Gutkin 1978; Brown 1974; Laskey
1958). Interestingly enough, as mentioned above, these are alsc some
of the correlates associated with monogamy.

Goodwin (197€) suggests that almost all corvids whose behavior is

reasoriakly well-known show some form of monogamy, either serizl or



continuaoue. Fer some species this evidence is circumstantial or based
or. captive or tame birds (Goodwin 1951). But Baeyens (1979), for
example, has done a comparative study of serial and continuous monogamy
in two European corvids, Jackdaws and Magpies, Her findinds suggest that
intense competition for both nesting sites and food faveor centinucus
monogamy as found in the Jackdaw while the advantages of pairino to a
site-experienced hird favor serial monogamy in the Magpie. Evidence
for continuous monooamy is far more extensive among North and South
American jays. Amonc those species where it is thought to occur are:
Steller's Jay (Brown 1¢(2a and pers comm), Pinon Jay (Balda anc EBateman
19271}, Green Jay (ARlvarez 1975) and the Florida Scrub Jay {(Woclfender
1972) ., hgair, desrite the prevalence cf monogamy, these species show
differing social organization.

By providinc & detailed description of the khreedinc behavicr of
the Blue Jav, the findince of this study will serve toc elucidate the
rele{s) of monogary in the social organization of this species as well
as its relationshiy tc the other New World Jays. By examaning how €ach
sex cortributes to the overall effectiveness cf this system, the find-
ings of this study will help to reveal some of the relationships between

parental care patterns and the breeding biclogy of a species.



MATERIELE ANT METHODS

General

The study area included several sites § km E. of the village
of Cold Spring, New York (Putnam Cnunty) on land adjacent to and part
of Fahnestock State Park. These woods are predominantly oak/birch/

beech (Quercus, Betula and Fagus spp!, the preferred nesting habitat

of the Blue Jay (Anderson and Stugart 1974; Bent 1964). Sunflower
seeds and cracked corn were supplied to feedinc stations during the
noh-breecinc seasons becth to facilitate extended viewinc of the cirés
and aid ir trappinc fcr bandinc purposes.

Eirdes were banded with U.E. Fish ané wWildlife serializecd aluminur
bands ané plastic colcr bands, By using unigue combinations of twe colcer
bands or. cne lec ang cne c¢olcr band and the U.5, Fish and Wildlife band
or. the other lec I was arle tc provide for individual recogrition in
the field. Both Potter and confusicn ground traps were used for trap-
Eing: mist nets proveZ tc be totally unsuccessful since the jave tenged
to £ly over them, 1€Z Lbairds were bandeé durinc the course of this study.
Due to the inaccessirility cof most nests ornly limited banding cf nest-
lincs took place; 14 (cut of B82) in all. These were typictally banded
when young were 10-~12 days of age; their eyes were copen but they were
not fully feathered, Young were lowered to the ground for banding and
thern replaced in the nest. hll banded young, except for those from one
nest, fledged successfully. The remaining nest was dislodged in a heavy
storm following banding and the young were never found.

Blue Jays are monomophic; behavioral criteria, known to be sex-

specific, were used tc sex adult individuals (Woolfenden and Fitzpatrick



1977: Brown 19€4 ). These included food begging, incubation, ané breood-
ing behavior for the female and copulatory behavior for the male. Sex
determination based on behavior proved correct for all birds observed
to breed.

Data were collected during the breeding seasons (April to August)
of 1979-1968]1 as well as during the winters (December-March) of 1979
and 1981 for a total of 2160 hr of field observations (1520 during the
breeding season and 640 hr during the winter). An additional 9 days
{137 kr) were spent in the field during the 1882 breeding season in
dusk-dawn observations,.

Data Ccllection

Darinc the breedinc season I collected data on behavioral features
cf the breeding biclocy cf the Elue Jay by observing individuels, irter-
actions be*weer. mated pairs ané interactions betweern parents and yocunc.

Before nesting was completed data were collected with respect tc
the componerts of courtship behavior (listed below) and nest building
activities., The latter includeé carrying and offering of nest buildinc
materials as well as actual building of the nest. Anti-predator behavicr
wags alsc noted, ac were freguencies of several specific displays and
vocalizations (see below).

Once the jays began nesting, I cocllected data on frequencies of
behaviors occurring at or near the nest; presence in the area, foraging,
anti-predator behavicr (active chase and/or silent perch}), incubation,
brooding and feeding of the young, and feeding of the female.

During the winter months data were collected primarily at feeding

stations. A principal objective cf these observations was to determine
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if mated pairs stay together during this period. 1 gathered information
or. individual kirds; with whorm did they associate ané in what context
{i.e.: feeding only, arriving/leaving a feeding station together, moving
through the woods tcaether). Frequencies of specific vocalizations and
displays were also noted (see below}.

Because of their potential relevance to breeding behavior, several
specific vocalizations and displays were chosen for descriptive analysis,
These are:

Vocalizationg: (1) Soft chirp, (2} Monotone cry, (3) Shert cry,

(4) Food sclicitation, (5) Sgueaky gate, (&) Bell call ancé {7} Rattle.
Displays: {1l) Bobking, (2) Food transfer, (3} Food beg, (4) Eilent sit,
(5) Sicling, and (6) Divinc. (See Appendix I for a description of cor-
poriente.}

Durinc the 197¢ and 1987 seasons I also recorded these vocaliza-
ticns using a Uher 4200 Report Sterec recorder and 2 Sennheiser shoitcurn
micropheone. These reccordincs were then compared sonographically with
those ©of Conant (1972Z) tco insure that, despite some differences in the
terminclogy, the calls represent the same ones discussed in the iitera-
ture.

General descriptive data included weather conditions, dstes and
duratior. of each stage of the breeding cycle, nest tree species and
height, number of young and number of young fledged. It was not possible
to determine the number of eggs due to the extreme height of the nests.
In an effort to reduce human disturbance determination of stage in the
breedinc cycle was based on behavioral criteria, even for those nests
whose contents could be checked, and is, therefore, only approximately

correct. Thus incubation was defined as beginning when a bird increased



markedly the time it sat on the nest (typically from 1-2 min-1f min),
Brooding (before ycunc were visible) was characterized by either cne
or both of the adults bringing food to the nest and/or the female's
extreme attentiveness tc the contents under her with much adjusting
of her pecsition. The number of young was determined, when possible,
by counting the number of heads or beaks.

Nesting Season

I divided the nectinc season inteo 5 stages: (1} Courtshir,
{2) Copulation Egz Laving, (3) Incubaticn, (4) Nestling, (5) Fledclinc.
This coverec the period from the beginning to mid-April through the
end of ARuaoust. Data were collected at all stages althcugh, as can be
seen irn Table 1, not all kirds contributed egually to data from all
stazes ncr was the samcl.e size the same fror year to year., A total
©f 3: paire are incluaded irn this analysis andé while information was
gathered or. becth banded an? unbanded individuals, all information
discussec below was obtained from banded birds unless otherwise stated,

Observations were made by following the birds with binoccolars
(7 % 28) and or foot as they moved through the woods. Once nesting
began a svotting telescope {(20x} was also used, placed as close to the
nest as possible without éisturbing the birds., The distance from which
I was able to observe varied from 3-7 m from the base of the nest tree,
daepending on the stage of the cycle and the particular birds under
cbservation. Camouflage mosquito netting, draped as a poncho, served
as a blind. This provided for greater ease of movement than a solid
structure in dense woods and proved to be an effective cover.

Samplinc of individual birds was randomized for the 1980 season;



because of the small sample size this led to limited cobservations at

some ¢! the nests. Samrling for 1961 was therefore partially random-

ized; individuals tc be observed were picked at random from all known
individuals in the grour. This was done in such a way, however, that

all individuals were observed on a regular basis. The daily sequence

in which nests were observed was rotated so that each nest was cbser-
ved at different times on different days.

I collected data between dawn and noon (EST). Each observation
perioé lastef 2 hr with & maximum of 3 of these periods {2 hr on each
of 3 nests)l per day. Spot checks of anywhere from & min-l hr were made
at cther times of the day as well. During each observation period 1
recordec the freguency of occurrence of each specific behavior listed
above withir a 5 min periodé. These were then addecd tc yielé a total
freguency of occurrence for each behavior for each 2 hr pericé. A
cassette tape recorder wags used tc record data in the field; this

was then transcribed ontc data sheets for further analysis.

wWinter Season

L5 stated above, the primary gquestion addressed at this time was
whether mated birds rerained together or not. I gathered information
primarily at 4 feeding stations set uwp within known breeding areas.
when possible, I alsoc fellowed the jays on foot (using a pair of 7 x
35 bincculars) as they moved through the woods,

I collected data from between & hr after sunrise-1100 (EST) hr
with gpot checks occurring throughout the day, dependent upon the
arrival of jays at a feeding station.

During thie period I collected information on which birds fed
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together, which arrived and/or departed from a feedinc station to=
gether, anc¢ which were observed moving through the woods together. I
noted the occurrence of any of the vocalizations and/or displays
listed above. Data were recorded onto a cassette tape reccrder and
transcribed for further analysis.

Data Analysis

Sexual differences in parental activities during the breeding
season were analyzed using a 2-tailed binomial probability test (Sokal
and Rohlf 19€9). Year comparisons both withirn each sex ané between
the sexes were analyzed usinc t-tests (Sokal and Rochlf 19€9). Tc
determine how consistent each sex is from year to vear, data were firss
converted to rates of behavior (freguency of occurrence divided by
total observatior hourg) befcre perfocrming the t-tests. To determine
if behavioral shifts occurred between the sexes from year to year, I
divided the female freguency by the male freguency for each category
{(see p. 37 ) before performing the t-tests. Since all tests were repeat-
ed many times, the significance level was set at F = .02 sc as to avcid
the chance of spurious sigrificance.

The heteroageneity {(or interaction) %2 test was used tc analyze
sexual differences in feeding of the young (Sokal and Rohlf, 1969).
This test is a method of determining whether the outcomes of all the
replicates are homogenecus, that is, whether separate samples are uni-
form enough to be added together. They are said to be heterogenecus if
they are not. The expected frequencies are based on an extrinsic hypo-
thesis, one external tc the data, where there is a prior concept of

expected values. In the data tc be presented below, the null hypothesis



was tha+ there it a 1:1 rztic between the sexes in feedinc of the
younc. The expected valiles were therefore derived by dividinc the

total frecuency in half,

14
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RESULTE

Courtshir

The first noticeable shift to this stage in the breeding cycle
occurs in late February‘or early March and is characterized by (1)
a general increase in activity levels as represented by the bobbking
display (Fig 1):; an increase in the freguency of several vocalizations,
specifically the pumphandle {(or bell call} and the sgueaky gate (Fig 2}
and the formation of small groups. (All terminoleogy is after Hardy
19€1, urnless otherwise stated.) Both Hardy (1961) and Conant {1972)
have described ir detail the characteristics of these vocalizations
and displays. I would like to emphasize the marked increase in fre-
quency for both vocalizations and the rather sudden apprearance of
bobbing as indicative of early courtship in the Blue Jay. Early in
the season bobkincg ie performed between birds of the same, as well as
betweer. these cf the opposite sex, and by birds familiar to one
another as well as strangers. It also appears tc be elicited by a
humar as well as a 'blue jay' stimulus, for it occurred at my
aprroach. At this point in the cycle, bobbing is probably more assoc-
jated with states of excitement rather than actual courtship. The
associated voralizations, the pumphandle and squeaky gate, are also
most likely indicative of the transitional nature of this early time
and excited state of the birds, since they too, occur in a variety of
contexts (from feeding to moving through the woods) between members of
the same as well as opposite sex.

The small groups, composed typically of 3-6 birds, are alsc es-

sentially transitional in nature (Fig 3). They consist of individuals



whc have spent the winter ir the same area but not necessarily irn
associatiorn with cne another. Membership changes over time, frecuently
with little or nc further association among previous members as the
Season progresses. Nor is membership divided along sexual lines; since
there is much shifting of individuals there is considerable variation
in the sexual composition of the groups. For example, observations
reccorded on 20 February 1981 show 3 groups: one composed of 2 females
and ! rale., one composeé of 3 females, 1 male and 1 unknown bird, andg
one composed of I fermales and 4 males. The composition of 3 differernt

groups 17 daye later (2 March 1981) showed 3 females and 3 males,

4 male

(9]
]

1 female an . ans one composed of 4 females.

The following specific account (10 March 1%9€El; 07:15 (EST), is
i1llustrative ¢f the interactions seen among members of these early
€rrino grours. A single male flew in uttering the sgueaky gate call.
He was joirel almost immediately by 2 other birds, both males, and
all * begar bobtinoc aré giving the pumphandle call. There was a cdie~
tinct lack ©f synchrony ir the interaction; bobbing motions were
irregular, sometimes one bird bobbecd while the others were mctiorless.
The overall sense was of a unit lacking in cohesion ané coerdina%ticn,
guite erratic in its movements. The bobbing lasted 4-5 sec. The birds
perched silently for about 10 sec and then repeated the bobbing four
more times. They then flew out of the area. I have alsoc observed
groups to fly to other trees and repeat the above, with individuals
joining and leaving at various points along the way, Again, there is
an apparent lack of organization in form, content and group membershifp

suggestive of this transitional phase and in marked contrast tc similar



displays occurring later in the season tc be described below.

By late March it is not unusual to see, alcong with these early
Spring groups, single birds perched high in tree tops, sittinc for as
long as 20 minutes without moving except for an occasional head turn,
Sometimes 2 or 3 will sit this way in one tree, each on . different
limb. There is nc obvicus interaction amongst these birds, but when
one flies off (typrically giving the jaay call) the others follow.

The beginning of April marks a shift to the courtship stage pro-
per and is characterized by the inclusion of several new elements:

(1) diving, (2) sidlinc, {2} silent sitting, (4) food transfers, and
(5) food begginc cr sclicitation (Fig 4). A description of these active
ities, except for diving ancd silent sitting, can be found in Appendix
I. Neither diving nor silent sittinc has been fdescribed for the EBlue
Jay before ani are as followe: Divanc typically occurred as & sincle
bird was flying through the trees. It woalé suddenly and silently per-
form a very steer anc erratic dive complete with sharp turns and last-
ing about 1 min. Beczuse of the heicht of the dive (often above 18 ]
I was not able to determine the sex of the diver. Balda and Batemar
(1972) in describinc a similar display for the Fifion Jay suggest that
divers are unmated males pursuing unmated females. This is certainly

a plausible hypothesis; the few (6) times that I was actually able to
see a bird lané, it landed in a tree where several birds were perched.
Immediately the other birds began bobbing and giving both bell and
squeaky gate calls. After about 45 sec all birds flew off with much
jaay calling.

Silent sitting has also been described by Balda and Bateman (1972)




1€

as cccurring betweer. paires of Pifen Jays during the courtship period.
Ir. my study population it invelved 2 kirds sitting silently next to
one another on a limk for a period of about 5 min. This might have
followed a food transfer or a joint foraging expedition and was often
terminated by the female flying off with the monotone cry. Although
guantitatively impossible to distinguish from resting behavior, 1 have
included it because it occurred frequently (19% of the activity for
each sex during observation period, 1980 season; Fig 4) and it is in
markec contrast tc the heightened activity typically cobserved durinc
this period. Morecver, unlike resting behavior, silent sittino occur-
rec onrly betweern pairs, suggesting, perhaps, that it is & form cf
contact behavior before actual nesting has begun.

As shown in Fig 4 food transfers are the dominant activity durinc
the courtship period. By defirnition this activity involves male offer-
ing and ferale acceptinc of food. 1 have never observed a known female
to offer food tc another bird with the following puzzlinc exception:
or 4 May, 1980, 1 observesd a known pair eating at a feedino station.
They were jcined by a 3rd, unbanded bird which both members of ﬁhe pair
fed, The 3ré bird at nc time solicitedé food, nor 4id it refuse any
offerincs. Feedinc of this bird continued on and off throughout that
day, with sometimes the male and sometimes the female feeding this indi-
vidual. The male alsc fed the female throughout that day and the pair
nested successfully that seascn. Unfortunately, I have never observed
this event again.

As mentioned abcve, the flock displays of this later period are
more structured than those cbserved at an earlier time. On 11 May, 1980

I cbserved the following interaction typical of this time in a group



that consisted of at least 1 female, and 2 males. (Twc unbanded birds
completed the group.) The female flew to a branch of a tree with a
monotone Ccry. On alighting she gave 1 very slow bob. Two birds {(at
least 1 of which was a male) flew in after her and perched on the same
limb. With each bob and cry she gave, they responded with a series of
gilent rapid bobs. This pattern was repeated for about 3 min after
which another bird {(male) flew in with a bell call and began to jein
the silent bobbing. The female gave a rattle call at this point. One
of the £ kirds moved tc ancther limb. The female continued to slowly
bor ard vocalize; the others continued to bob rapidly and silently.
After € min all flew to another tree and continued to repeat the dis-
rlay for twe more min. Again the female's slow single bobs were in
contracst tc the very rarpié and silent bobking response of the cther
birde. After this 2 mir period she flew off giving scft chirrs. The
others followed. This female subsequently mated with one of the males
from this group. Rejardless of when during courtship they occur, how-
ever, appzrently only inexperienced (first-time breeders) birds par-
ticipate in flock displays. I have never cobserved a previcusly paired
individual to join in.

Not all the birds observed to perform these displays actually
bred, however. In 1981 of the 14 pr observed during this stage only
9 pair were known to have nested although it is certainly possible
that at least some of the other nested out of the study area. {(None
remained without nesting.) Thus despite the fact that they have par-
ticipated in much of the activity described above, by the end of April

many of the winter residents have dispersed (Table 2). Shortly after



these winter Lirds left, other individuals moved in (Table 2). There
are, in fact, 2 groups of breeding jays in the area: those that spend
the winter anc those that migrate, returning in the spring. Returning
birds pair rapidly, typically within 10-14 days, and may renest with
mates from previous years (Table 3), In fact, 46.6% of biras with
known history repaired with the same mate. Although the group display
described above does occur, it is more typical to see these birds in-
velved in food transfers or other interactions invelving only 2 birds.
During the 19&l season none (n = 7 pair) of the previously paired kirde
rarticipated in grougp bobbinc displays, while all newly paired indi-
viduals (n = E pr) did.

Copulation/Egc laying

—

This stage 1t characterizec by nhest building, copulatior. and egc-
laying in that crder.

Eardy (19€l1) hacz suogested that, prior to building a nest, BRlue
Jays build what he has called a 'false nest', that is, a nest that
lacks the so0lidity of a 'true nest' and that rarely, if ever, is :sed
by ite buiider fcr nestinc. It precedes the building of a true nest
and is ‘symbolic in nature'. In Hardy's populaticon all pairs that
built true nests first built false ones, I did not find this to be the
case, but rather, a 'rare' event. Only once in 3 seasons (n = 33 pr}
did I observe a pair to build a false nest. This pair built 3 nests in
3 different locations so may not, in fact, be representative of this
phenomenon. However, at 10 (out of these 33) nests I did find remnants
or suggestions of previous Blue Jay nests Quite near active nests

(average distance between the two was 5.46 m; range 1.9 - 10 m). These



may have beer. false neste, although it is equally possible that they
were nests of previous years since jays tend tc nest in the same area,
In 1981 six pairs {out of 15) used trees within 3 - 4 m of where a
pair had nested in previcus years and where the ¢ld nest could still
be seen. Given damage over time and/or lack of history on banded birds
these might appear as false nests.

It has been suggested (Bendire in Bent 1964; Anderson and Shugart

1974) that Blue Jays prefer oaks and birch (Quercus and Betula spr)

for nesting. As shown in Takle 4 my data support this hypothesis., Of 23
nests, 27 (Bl.8%) were found in these species; these represent more-
over, more successful (defined as number of younc successfully fledged)
nests (Tabie 4). It is, however, rather curious that oaks are cne of
the preferreé trees since they tené to be one of the last trees to

leaf out; nests, therefore, while more exposed to sclar radiatior are
alsoc more exposed to possible predators for longer periods.

I1f the followina observation is typical there might be some
‘tryinc out' of nest sites once the pair focuses in on an area and a
tree: A sincle female flew in to a maple (Acer sp' and began to give
the food begging vocalization. She was joined almost immediately by
a male who fed her and then flew off. The female continued to vocalize,
now crouching and wing guivering, for about 15 sec. The male was not
in sight. She then silently squatted down in a crook of this tree, one
near the main trunk, as though she was sitting on a nest. Almost immed-
iately she flew off. About 15 min later both birds returned, one with

a thin twig, which it placed in the crook where the female had been

squatting. Again the female squatted in this crook and again both moved
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cff very rapidly. Twenty mir later they both returned, carryinc twias.
Both flew tc the croock and began to arrange the twigs; the male makinc
several trips ané offering material to the female who continued to
organize the twigs in the crook. After 10 min all work on the nest
stopped and the pair left to forage. (They bred successfully at this
nest.)

Blue Jays build a fairly typical ceorvid nest (Bendire in Bent
1964), large, bulky, somewhat 'scruffy' in appearance. The outer plat-
form ic compcsed of large twigs, either picked up from the ground, or
more typically, pulled fror nearby trees. American Beech (Fagus
grandifclia) appears tc be a preferred species for this platforr; 70t
(n = 1C) of pairs observed to build used it, perhaps because it is
rather flexible and can be easily mclded. The inner cup consists cf
fine twiclets, shredded ¢rasses and, occasionally, moss.

The nest itself is typically placed either in the crotch or cleose
tc the main trunk and sometimes oh the extremity of a horizontal limk-
but this orly &t & height of above 15 m.

The time spert in nest construction was not easy to measure, part-
ially because the birds appeared to either reduce or stop altocether
any nest building activity on cold, rainy days, Data from two nests irn
1980 and four in 1981 show an average construction time of five-six
days.

Although both members of the pair contribute to nest building
there is a clear division of chores with males doing most of the carry-
ing and offering of this material to the female who does most of the
actual building, especially of the inner lining (Table 5). It is not

unusual, however, for males to do more on the outer portion of the
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nest. Eirds work the nest as a pair, typically using soft chirps and
other buzzinc sounds to maintain contact wher not actually at the nest
together. 1t was rare to see a single bird at the nest during this
stage in the cycle., Cften this meant that while one bird, typically the
female, was actually working on the nest, the other, the male, remained
silently perched in a nearby tree.

It is most likely that the silently perched bird takes on the
role of sentinel, or nest-watcher during this time. While there were
not sufficient dats tc quantify in any meaningful way, the trend
appearse clear: the silently perched bird, regardless of its sex, was
the first tc respond tc the approach of a possible predator, typically
with alarm cor jaay call, focllowed by an active pursuit {(n= 9 gbs).
This was especially true when the intruder was a chipmunk (Tamias
striatus), which, as will be brought out below, is a serious predator
of Blue Jay ecge. In &ll cases the bird on the nest followed its mate,
both in giving vozalizations and in active pursuit.

Althouch stealing ¢of nesting material has been reported fcr bceth
the Mexican Jay (Browr. 19€3b) and the Pifion Jay (Balda anéd Baterman
1972), 1 observed it only rarely in my population {3 times in 3 seasons)
and in each case, the nest was unattended at the time. More typically,
birds use material from abandoned nests.

Copulation was difficult to observe in the field, although 1 did
witness it twice, with each being totally different. According to Hardy
(1961), Blue Jays copulate almoet exclusively in trees, typically near
the nest, on a large horizontal limb. The first copulation I chserved
(1979) conformed to this description with the pair copulating in the

nest tree itself. They had been quietly foraging, both birds uttering



scft chirps. The ferale flew up to the nest tree and assumed the beg-
ging posture or crouch associated with fooé solicitation ané began to
utter food begging calls interspersed with soft chirps. Almost immed-
iately the male flew up to her and mounted her. Copulation lasted 3-4
sec after which the male flew off,

The second copulation (198l) was unusual in a number of respects
including that it took place, not in or near the nest tree of this
pair, but in the home range of another pair who were present throughout
(although neither one gave any apparent response). This copulation was
preceded by the following: while the female remained perched on a limk
the male circled her, hopping. This was repeated several times. Ac the
male circled, the female occasionally opened her mouth but gave no
socund. After 20 sec she flew tc another tree; the male, after first
bill wiping, fcllowed her a+ which peint copulation occurred. Unlike the
previous cbservatior, this was totally silent,

Neither sex spends a creat deal of actual time at the nest during
the period of ecc layinc. During the 1980 season (n = 10 pr, 26 hr obs)
the average femzle time at the nest was 7 min/hr (range 4-10 min;; the
male average wat less than 1 min/hr (range approximately 10 sec-2 mir).
During the 1981 season (n = 11 pr, 30 hr obs) female averages were
10 min/hr (range 3-12 min), males 2 min/hr (range 0-3 min). More typi-
cally, they forage quietly in the area or silently perch in a nearby
tree as during nest building. It is common to see either one or both of
the birds during this period fly to the nest, almost grazing it, in
what appears to be a 'nest check'. If a bird does alight at the nest it

will remain there for nc longer than 5 sec before flying off acain.



Incubaticon

As is tyrpical of this species (Arnold in Bent 1964) incubation
lasted 17-19 days ir my population, although there was one instance of
a female sitting for 22 days before the young hatched (Table 6).

The female is the primary incubator, although I have observed
males to sit on the nest (n = 9), Whether or not a brood patch is pre-
sent on the male was not ascertained,

I have never observed a non-pair member to participate in incuba-
tior. duties, or engace in any activity at a nest not its own. I report
the fcllowing, therefore, because of its unusual nature.

On 17 May 1981 (0700) four birds aprroached a nest, the twe pair
members (both banded) and two unbanded individuals, This aprroach was
silert. All four alighted on the same branch of a tree abcut & m fror
the nest ané all four remained there for approximately 3% min., The msle
then flew off with one of the unknown birds, both of ther giving Lell
calls., The fermale then gave one rattlie cali anéd both she and the cther
biréd moved tc another branch of this tree, where they sat, silentily,
for 3 mir.. Ther. the female flew to her nest and began incubatinc: the
other tird rerained where it was. After 4 min the male returned, fre-
sumably with the same unbanded bird with whom he left. Again both gave
bell calls. These two flew to the tree with the unknown bird where they
were now joined by the female. Again all four sat silently for 3% min
and then all flew off with both jaay and bell calls. The pair continued
to incubate and subsequently brood young, but the 'strangers' were not
seen again.

The female spends more and more time on the nest as this stage
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progresses (Fig %}. At the start of incubation she may spend only 15
min (per observatiorn hour) sitting, whereas by the last week she is off
the nest only infrequently and rarely for more than 1-2 min per obser-
vation hour. Her time off the nest is not spent in foraging, but rather
in preeninc and stretching activities (see below). This is true regard-
less of whether the male is present or not. That is, even if the male
(who provides the female with almost all of her food both during this
and the next stage--see below) is absent, the female is more likely tec
stretch or preern rather than forage when she is off the nest.

The male beains feeding the female during courtship: the impor-
tance cof his feeding of her is reflected in the finding that food trans-
fers make up 75% of all courtship activities (Fig 4). Indeed, I have
cbserved ferales {rn = 7) tc sit ané wait to be fed rather than take
food or. their own (These cbservations occurred at feeding stations,
where food was readily availakle.) By the time of incubation. the male
is providing all of the female's food. In 2 seasons of observaticns, I
never observed a female tc take food on her own at this stage (198C, 10
females, 59 hr obs; 1981, 12 females, €6 hr obs), except for an occcas-
ional removal of an insect on the nest while she was sitting. Obvicusly
the female's ability to take focd on her own is limited by her rcle as
primary incubator. 55.9% of her feeding took place while on the nest,
with the remaining 44.1% occurring off the nest,

The female showe at least 2 different responses to predators dur-
ing this period, one of which, has not, to my knowledge, heen described
for the Blue Jay before. The first is an active chase, given especially

in response to small mammals such as chipmunks, &hich are probably the
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the largest predator of Blue Jay eggs in the area) and red squirrels

{Tamiasciurus hudsonicus). The chase is extremely vocal; jaay cries

are given almost continucusly as the female chases the predator. Fre-
quently she is joined by the male and the two are rather relentless in
their pursuit, I am not sure how effective this response is, however,
since I have cbserved the predator to return the next day. An active
chase can also be initiated by the male and apparently depends, as it
did during the previous stage (egg laying), on which bird@ is aware of
the predator first. T have observed neighboring jays (n = 14 obs) to
join in a chase, but this is more typically a response to aerial rather

than ground predators. In this situation the predator (typically low

flyin¢g crows, Corvus brachyrhynchos, or hawks, Accipiter and Butec spr:
are chased and mobbed until they are out of the area.

The second response appears to be specific tc hawks (Accipiter and
Buteo spp). 1 have observed females (n = 14 obs) jump off the nest
rather suddenly and perch 1n a very upright posture a few branches away
in a nearby tree (never the nest tree itself) and remain there until
the hawk has flown off. This response is in marked contrast to one
given tc humans (or other unusual activity near a nest) by either sex
during this stage which typically involves sitting very still on the
nest, until the danger is apparently past,

Despite suggestions to the contrary {Bent, 1964; Hardy 19¢l) the
Blue Jays in my study population were not necessarily quiet around the
nest. Indeed, as shown in Fig 6, individuals of both sexes gave several
vocalizations while at the nest. Some birds, females and males alike,

announced their approach to the nest with loud repeated monotore cries
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ard/cr sjueaky gates. Others aprroached silently, but gave these same
vocalizations, as well as bell calls, on reaching the nest. If, in 3
out of 4 aprroaches, either or both pair members gave one of these
loud vocalizations, I have categorized the nest as 'noisy'. If the
approach was silent and/or only soft chirps or other low contact sounds
were heard at the nest, 1 have categorized the nest as 'quiet', Eight-
een {out of 32) or 56.25% were noisy nests; 14 or 43.75% were quiet
nests. A x2 test of independence revealed no significant difference
between the twc for reproductive success (number of young successfully
fledoed) .
Nestling

This stage, cof 1€-20 days length (Table &) is characterizeé by
the care ani feedinc cf the develoring young. Feeding ¢f the young
is principally done by the male. I have also observed males t¢ brood
young; this has beer deszribed elsewhere {Laine 1982). As with male
incubation, this 1s not a widespread phenomenon (n = 2},

2 analysis reveals & sagrifi-~

As showr i Table E, Heterogeneity X
cant difference betweer the sexes in feedino ©f young. The insignifi-
cant heteroceneity component illustrates that there is nco difference
among nests in feeding of young, Because this value is insignificant
the pooled component can be examined and interpreted as showing a high-
ly significant (P« .005) effect: males are the primary providers of
food. The fact that some of the individual x? are not significant is
most likely due to limited sampling (under 10 hr/nest) at these nests.

Nonetheless, there is a clear lack of eguivalence of roles, with males

favored, even for these.



This difference in feeding of young remains constant over the
nestlinc stage; that is, males continue to be the primary feeéers of
the ycung as they develcr (Table 9). Only during the first seven days
post-hatch is there no significant difference between the sexes, but
this result may be confounded by the fact that young simply do not
require as many separate feedings as later on in development. Again,
there is a highly significant difference (P« .005) between the sexes,
consistent over time, in feeding of the young.

As in earlier stages, the female does not feed herself and feeds
younc only infreguently (19BQ, 11 females, 60 hr obs; 1981, 9 females,
66 hr obs). 1 dié observe (198l) 2 females, on 2 separate occasions,
taking food on their owr. while off the nest. The males, on both occa-
cions, were nct visible irn the area. More typically, however, the
female is joined by the male wher she leaves the nest. It is neot uncom-
mon, however, tc see durinc this Stage, neighborinc jays foracinc ir the
same, apparently shared, areas, often at the same time (14 out of 21
nests:; 6€.6%), In fact, unlike Hardy's 1961 population, these jays dc
not appear to be territorial in the least respect. Neither pair member
spends any time defendino an area f{(either actively or with vocalizatiorn)
against conspecifics. Jays that enter the home range of others tend to
be ignored regardless of the stage in the kreeding cycle,

As during incubation, the jays were quite vocal either approaching
and/or at the nest (Fig 7). Four loud calls, the monotone cry, short
cry., bell call and squeaky gate, comprised 69.04% of all vocalizations
given by females and 71.43s of those given by males {1980). For 1981

the figures are 48.75% for females and €9.8% for males.



Relztive Behavioral Allorcatione

It is especially critical in monogamous species to look at the
relative contributions of each sex at each stage of the breeding cycle.
How are the 'chores' or parental activities divided? The trends are
summarized in Table 10. One of the questions that arises out of looking
at these trends is how are the sexes able to partition their chores?

To what extent does one sex do more than the other? Does the relative
alleocation of time (freguency of occurrence) of a particular categery
¢f behavior remairn constant? If, for example, male Jays feed females
and younc, dc they "steal time"” from other categories or give somethinc
ur ir. order tc fulfill their breeding obligations?

Tc explcre these guestions, the concept of a 'samplinc window' was
developel, Tha+ is, based or the assumption that what is important is
the relative relationship amonc a set of behavicrs and not absolute
time, 1 organized the data {(freguency of occurrence) into several be-
havioral categeories which I assumed to be biologically reasonabrle.
These categories are:

Irn Area for either sex, indicates the bird is in the area cf the

nest, either foraging, stretching or preening:;

Feed Female for males only, as described above, the offering of

food items to a female;

Solicit for females only, as described above, the active begging/

solicitation of food from the male;

Alert for either sex, sitting silently in the vicinity of the
nest, described above in discussion of anti-predator

behavior;

Nest Care for either sex, composed of events assumed to be of pri-
mary importance during the stage being analyzed, for exam-

ple, incubation, brooding, feeding of young. Since this



category is composed of the mest bioleogically mearingful
events during the stade in question, the dat:z were orici-
nally analyzed without this categery in order to obtain
perspective on the relative distribution of other acts,
Except for one situation involving one pair (who were
subsequently removed from the analysis) there were no
differences in the results obtained either with or without
this category. 1 have included it to provide a fuller
perspective on the relative distribution of behavioral

acts.

Sex Differences

Taples lla & llk show the results of a comparison cf the sexes in
the distribution of parerntal behaviors for twe breeding seasons. The
results of a binomial probability test (2-tailed) reveal definite sex
differences. These differences, however, show no consistent patterns;
scmetimes femalec are more active in a particular category, sometimes
males are mcre active. Each sex does, however, change its stratecy ag
the season progresses. These changes appear more pronounced in 198C,
where the distribution cf chores alters as the season progresses with
males doinc more in the categeries on In Area and Alert. These trends,
although not statistically significant, are repeated in 198B1.

Year Differences for Each Sex and Between the Sexes

In a monogamous species like the Blue Jay, where the male is an
active participant in breeding/parental activites, the changing strat-
egies pointed out above are to be expected for both sexes over the
breeding geason. But how consistent is each sex in its patterns from
season to season? Tables 12 and 13 summarize the results of t-test
comparisons and show that not only are there differences between the

sexes but between yvears as well. Males (Table 12) show significant



differences (P« ,001) ir. rates of behavior between years for all
cateacries. Put nc chances occur during the Incubation Stage for
either year. In all cases where a rate difference in behaviors existe,
1980 is higher than 1981. Females (Table 13), on the other hand, show
significant differences in the categories of In Area (P« .02}, Sclicit
(P4« .0Cl} and Alert (P<«.00l) but not in Nest Care. All these differ-
ences occur only during the Nestling Stage.

If behavioral rate changes exist between years for either sex it
right be due tc & shift in the relative behavior allocations betweern
the sexes, T-~test comparisons, summarized in Table 14, show shifts for
sOome categories at some stages and none for others. With the exception
of Ir. Area/Nestlinc Stace there are cverall sex differences for all
catescries at all stages (Tables lla and 11lb). Yet there are nc clear
patterns asscciated with these differences, For example, femsles and
males both show behavicrel differences in the category c¢f In Area
durinc Egg Laying: while females dc not change rates betweern Yyears
(Table 12) males did less in 1981 (Table 12). Yet durinc this same
stage (Fog lLaying) nc cdifferences in rates of behavior (Tables 12 &
13) or relative allocations (Table 14) occurred between the sexes for
the category Alert,

In general, males seem tc show more yearly variation and in more
categories than females which show relatively little change in rate
from year to year. Males alsc show changes in all categories; females
do not.

Fledgling
Because of the difficulty of observing the events associated with

this stage (movement of the young out of the nest and through the



woods) what follows is a composite based on observations of fledcincg
{leaving the nest! of € broods (n = 1, 1979 season: n = 2, 1980 sea-
son; n = 3, 1981 season) as well as days 1-5 post-fledge on 3 broods
(1981 season, 42 hr cobservations}.

Young (€ out of € broods) leave the nest in the early morning
hours, separately, but in close temporal proximity to one another,
fledging to nearby bushes and tri.es rather than the ground. Those that
do fledge to the ground usually do not survive since they are easily
found by predators or lost from the unit and starve (n = 2). Younc
leave the nest several times, returning and leaving again and agairn,
before the final departure. This can take up to 2 hr and since each
bird is moving independently, the overall effect appears quite chaotic.
Beth adults remain very c¢liose by throughcut giving either bell calls
or the whicstle. The male, especially, is extremely attentive tc the
whereabouts of each younc, freguently flying to it with either a bell
call or very soft chattering. After leaving the nest for the firal
time younc remair silently perched, almost frozen, until an adult,
typically the male, approaches. They then beg for food quite lcudly
until either the adult flies off and/or they are fed. Younc move
several times within the first hour after leaving the nest, uttering,
from time tc time a juvenile monotone cry, which apparently serves to
maintain contact among nest mates gince young attempt to flock after
one of them has given this vocalization. Except for food begging,
young give no other vocalizations during this time and again, appear
frozen in the trees. (Adults, however, appear to have no difficulty
findinc and feeding silently perched young.) Occasionally (12 out of

43 observations) young would fly to an adult and beg for food, but it



is more typical tc observe adulte going tc young. After the initial
confusion {lastinc another 2-3 hr) the birds begin to move through
the woods as a unit, or family group. These family groups fill the
woods from July through September at which point the young leave the
area, As mentioned above, the adults leave in some years and not in
others.

Based on the data collected on days 1-5 post-fledge on 3 broods
(B young} I can make the following general statements about this
stace:

The male continues to be the primary feeder of the younc, aver-
aginc 9 feedings’hr as compared with the female's 2/hr.

The male alsc continues to feed the begging female: she does,
however, tave food on her own Zduring this period,

Edulte are heard to give the scoft chirp and other very low contect
sournds wher, in  the immediate vicinity of the young: bell calls
and the whistle are giver when approaching from a distance.

Accordinc tc Laskey (1958) young are dependent on adults for
food for up to 2 mos after leaving the nest; while not necessarily a
sign of total dependence, I have observed young (14 obs on 4 young)
to beg 7 weeks post fledging. At B weeks a begging juvenile refused
food by an adult snatched it out of the adult's mouth!

Winter Qrganization

Blue Jays are not present in this area every winter. During the
1979-80 season, for example, there were no birds present; during the
1980-81 season 20-25 individuals remained while only 4 were present

throughout the 19B1-82 winter season. Thus, as stated above, data
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were ccllected primarily during the 1980-81 winter season.

These data (on both banded and unbanded birds) showed that there
was a populatiorn that fluctuated from about 20-25 individuals to a
core of 16-18. The birds traveled in loose groups of 4-6 with shifting
membership over the season similar to that described for early spring
(see Fig. 3). Based on banding history these are primarily adult
birds, although there was one instance of a juvenile which did not
migrate and was seen periodically over the winter season. It always
traveled alone, never ac a grour member, and di2 not stay in the
area past the month of March. 0f 19 birdes of known sex, 9 were females
ané 10 were males.

Tarle 15 shows the fate of these individuals. Two were pairs known
tc have bred together for the first time in 1979 (making 1981 their 3rdé
seasor. together!, one Fair kred tegether initially during 1980 and
4 were pairs that bred subseguently during 198B1. Two males wintered
without their mates, but these females returned in March to Lkreec with
their previcus partners. The female of one pair disappeared ir April;
this male pairecd with a new mate only after her disappearance. And the
one female which spent the winter without her mate (having bred suc-

cessfully the season before) disappeared too, in early spring.
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Monogamy, as exemplified by the EBlue Jay, is a mating system
showing a strong division of labor between the sexes. Each sex has
the potential to bhenefit from the ‘work' of the other, while simul-
tanecusly contributing to the overall reproductive success of the
pair. An examination of parental activities suggests that the relative
contribution of each sex (toward reproductive success) is fairly -
equivalent. By providing an overall description of the breedinc be-
havior of the Elue Jay., the findings of this study reveal the ways in
which the Blue Jay is representative of monogamous species with altri-
cial younc as well as raising guestions concerning the complexities of
parental care patterns for each sex. In this section I will discuss
the ways in which each sex carries out its breedinc obligations and
how these might affect overall reproductive strategy. I will ther com-
Fare some aspects of the Blue Jay's breeding behavior with other New
Werleé Jays.

Mating Strategy

This study reveals the clear trend toward continuous monocary in
the Blue Jay. Although other investigators have come to similar con-
clusions (Gutkin 1978; Hardy 19€1; Laskey 1958) this is the first
study of banded birds over more than one season., While the sample size
is small, there is, nonetheless, a consistent pattern of pair members
associating in winter; also pair members which have not wintered
together tended to remate with sach other the following spring.

There is, moreover, a marked difference in behavior during the

courtship period between those birds which have been previously paired



('eld') ané those which have not ('new'). Only ‘'new' birds, appar-
ently first-time breeders, participate in flock displays. In fact,
even 'old' birds pairing with a different mate {(due to the absence
of a previous partner} do not participate in flock displays. In other
words, only new pairs, composed of birds which have not previously
bred, are formed out of these flocks. Wittenberger (1979) and Witten-
berger and Tilson (1980) have argued that for a monogamous system to
evolve there must be a means whereby a female can determine the avail-
ability of potential mates. A male's participation {or lack thereof)
in these spring flocks might serve as a signal to a female; in fact,
the bobbing display, which occurs frequently during this time (Fig 1)
might be used by the male for just this purpose.

"0ld" Blue Jay pairs do not participate in fleck displays. they
spend little time in courtship behavior ané tend to begin nesting

earlier than 'new' pairs. Early nesting may lead to greater reproduc-
tive success (number of younc successfully fledged). Of the 21 success-
ful nests observed during the course of this study, 12 (57%) were
early. While the length of this study precludes drawing any conclu-
sions on this point, the trend appears similar to that found for
other speciec (see, for example, Coulson 1966, 1872; Brooke 1978):
early nesting, facilitated by long-term pair bonds, leads tc greater
reproductive success.

Daspite the presence of the original pair member mate changes are
known to occur in other continucusly monogamous species (Coulson 1966,
1972; Cooke et al, 1981}, There is no evidence for this phenomenon in

my study population; no bird of either sex was ever ohserved to breed

with 2 new mate if the previous partner was present, nor were there



any carfes i decerticr crce actual nesting had begun., However, since
not all breedin: pairs were successful, and since at least in other
species (Coulson 1972) mate changes are more likely to occur after a
season of reduced breeding success, it is probable that a study of
greater length would reveal similar trends in the Blue Jay.

How does each sex contribute to the effectiveness of this system?
Young must be warmeé (or protected from the extremes of temperature),
fed, and protected from predators; a division of labor is fairly cruc-
ial éurinc the nestinc season for a monogamous species with altricial
young. Exactly how these chores are divided will have effects on the
sarvivel of the younc, the general well-beinc of the adults, and,
indeed, the entire social system., (See, for example, Brown {(1%€3a;) or
the ttellar's Jay, Woclfender (1973) on the Florida Scrub Jay ancd
Balda and Batermar (1%72) on the Pifon Jay - 2 monogamouns species with
very differernt social systems.) The Blue Jay fits into the gereral
patterr attributed to continucusly monogamous species with aliricial
youns. The fermale is the primary builder of the nest, the primary
incukator anc the primary brooder of the young. The male is respon-
sible for providing both the female and the your. g with most of their
food. An examination of the interactions between the sexes in carrying
out their respective breeding obligations reveals some of the complexi-
ties and constraints on the system,

The Male

Feeding of the Female

The male is the primary provider of food for the female. This

provisiorinc begins during courtship and continues at least through



the nestling 5tage. Lack (1940) was one of the first to point out the
widespread phenomencr of ‘'courtship feeding’ throughout many orders

of birds, which he stated might continue at least through incubation.
{I have chosen to refer tc food transfers rather than the more common-
ly used term of courtship feeding because of its occurrence through-
out the nesting period.) It is apparently, limited to monogamous
species (Smith 1980).

In the Blue Jay, feeding of the female can start as far as 6
weeks befcre actual nesting begins; some mechanism is needed both tc
brinc the paire together and keep them together, especially for pre-
viously paired birds which do nct participate in the flock displays.
(I do not mean tc suggest that 'new' pairs do not engage in food
transfers, they dc. But the behavioral mechanism for brincinc the
pairs together is probakrly different for the two groups,} Indeed,
it 1g possikble that the early food transfers facilitate the early
nestinc of 'clé' pairs, as Perrins (1970) has sucgested. It is pcss-
ible, morecver, that food transfers are useé by female Flue Jays tc
somehow assest the aszility of the male to feed young; a8 good Ero-
vider in one situation will be a good provider in another, perhaps.
simply because he is already primed to do so. This idea was initially
put forth by Nisbet (1973) who was the first to alsc point out the
difficulty of defending such a theory. (Nonetheless, there must be a
way for a monogamous female to assess both the availability and the
quality of a potential mate.)

It is alsoc probable that food transfers provide the femsle with
an extra source of energy, especially during egg production which 1s

rather costly for the female. King (1973) has estimated enerdy COsts
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for eocc producticr tc be roughly 13-1€% above the daily regquirement
for small passerines and slightly more for larger species such as
the Blue Jay (Nice 1943). If the male is able to obtain enough food
for both, as he is apparently able to do in this species, it seems
reasonable for the female to conserve her energy for reproduction.
Morecver, this 'frees' the female to devote her energy toward incu-
bation and subsequent brooding of the young.

Feedirng of young

Urnlike Hardy (19€l) I foundé that males fed young far mcre than
females dié throuchout the nesting period. In Hardy's population,
fermales fed younc more for the first three days after hatching, by
day 4 the mzles fel more, and by day 17 the contribution was about
eccal., Althcagh the cuantitative details of our results d¢ not agree,
they both suggest a civision ©of this chcre between the sexes. In my
study populatior. the fact that males provide so much of the food for
the ycounc coupled with their extensive feeding of the female indi-
cates that they are responsikle for the bulk of their offspriros'
nutritional reguirements.

Incubation and broocing

Although it is rare amongst corvids for males tc incubate and/
or brood young (Goodwin 1976) cases have been reported (Goodwin 1976}
of males standing over eggs for brief periods. And, as Skutch (1957)
has stated, the heat generated in this fashion will keep eggs warm
for a brief time. It is genemlly assumed that males do not incubate
because they lack brood patches; indeed, brood patches are not
thought tc be present at all amongst male passerines (Bailey 1952).

Yet they have beer found by Mewalt (1952) on a number of Clark
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Nutcrackers (Nuaci®rage cclumbiana! and by Amador. and Eckelberry

{1935) on & male Magpie Jay (Calocitta formosa). I was not able to

confirm the presence (or absence) of a brood@ patch on males in my
study population of Blue Jays but I did find male incubation and
brooding {(Laine 198Bl1). My study area in the Hudson River Valley is
cne where late snowfalls are not that unusual (1979 season - last
snow 9 May) and where spring tends to be generally cold and wet.
Under these conditions it is likely that male participation may be
necessary to ensure the survival of the young. Other instances of
male incubaticn ancd//or brooding amongst the jays have all beern frorm
northern p>rulations where nesting tends to be early and cftern
amidst snow and ice: Thaver (19C1) reported male incubation in the
Blue Jav npestinc ir Minnesota, Gabrielsen and Lincoln (in Goodwirn
1976) reported male incubation in an Alaskan population of the
Steller’s Jay.

Charges within the breeding season

Ac the breeiinc seasor procresses, the distribution cof chcres
changee significantly for each sex. This certainly makes intuitive
biological sense, since the demands placed on each sex change with
the breeding season, as, for example, eggs are laid and young are
hatched, reguiring feeding and protection, etc. Males increase their
participation in the categories of In Area and Alert once Incubation
has begun. As the female spends more time on the nest, the male must
be available both to take on the role of predator protector and
forage for himself anéd the sitting female., Emlen and Orinc (1977)

have suggested that a male should be responsible for a major portion



of parental care only when this increases his individual fitness.
This ies poesikle when eneray costs are not severe and future 'health’
of the ferale is of value to the male. This is apparently the case
for the continuously monogamous Blue Jay. The male, in order to safe-
guaré his reproductive expenditure, must be able to respond to the
changing needs of the nest and the female as the season progresses,
However, since significant differences in the above-mentioned cate-
gories were found for the 1980 seascn only (although the trend was
repeated in 1961}, the pattern of male changes over the breedinc sea-
son may reflect the importance of variability rather than constancy
of response. For the rale what may be important is that he be able tc
acjust his 'work load' in any one category and shift it to another
shoald the demards of the ferale ané the nest so require. In that way
he may be akle tc better ensure the survival cf the female ané the
young.

Differences between years

The data show & clear division of labor; each sex is primarily
responsikle for specific tasks, all of which, taken as a whele, aid
in nest success. Each sex, however, fulfills its breeding obligations
in a different manner. Male behavioral rates show considerable yearly
variation with little, if any, associated patterns. The only con-
sistency is in the lack of significant change in rates between years
during Incubation for any category. While during other stages males
tended to do less in 1981 (see Table 12)., behavioral rates in all
categories showed no changes between years for this stage. Since
females also show no significant differences in behavicral rates for

any category during Incubation, it is possible that males are respon-



ding tc females {(as priﬁary incubators) as they do durinc the seasocon.
Alternatively, both sexes may be respondinc tc some UnRkKnOwn constraint
imposed on them by the reguirements of incubation, one that calls for
behavioral consistency rather than flexibility. That all rates were
higher in 1980 than 1981 is puzzling; one obvious difference between
the 1980 and 1981 seasons in my study area was the infestation of the
gypsy moth in 198l. This infestation was severe encugh to completely
defcliate the woods, creating, in all probability, an extremely
stressful environment. Since environmental factors were beyoni the
scope ¢f this study, nc data currently exist that might helr exylain
environmertal influences on behavioral strategy. However, several
other studies (Wittenberger 1982; Pierctti 1981; Maxson and Oring
1987} have founc that cifferences in parental care patterns fcr both
sexes betweer years could be explained by changes in fooé abundance
anc ‘or weather conditicons.

The Female

Nest Euilding

klthough the female is the primary nest builder, the male yfrob-

ably contributes as much material; he simply offers it to the female
rather than place it in position himself. The fact that both sexes
contribute to nest building not only helps complete the nest more
rapidly but may reinforce the pair bond. Given that the female is

the primary user of the nest (as primary incubator and brooder) it is
appropriate that she is the one who does most of the actual building,
especially of the cup and the inner lining. This, moreover, frees the

male to forage (both for the female and for himself) as well as
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take on the rclie c¢f predator rrotector (nest watcher) at this time.

Nect protection

The Elue Jay shows some flexibility in designating which bird
is to carry ocut this task. Apparently the major responsibility of
carrying cut this jokb is alternated, dependent on what other major
biclogical events are taking place at the time as well as, obviously,
which bird is present. While early in the season (during nest build-
ing, fzr example’ it is the male who is primarily on the alert for
possik le gpredators, &fter nestino hae begur the task is rotated. While
in other areas ¢f parental responsibility there is & clear delinea-
tior, betweer the sexes, nest protection is shared. Since both birds
are present at the nest (cr very nearby) throughout the nesting
period, this may ke an efferctive means of ensuring protection for the
younc. While the date fror this study are limited, predaticn appears
to be a maror cause of nest failure in this population. Ecgs anc new-
ly hatched younc are especially vuilnerable. A system that allows I¢r
some flexikility betweer. the sexes might mear that more younc scrvive,

Changes within the breeding season

For the female (as for the male) the distribution of parental
behaviors observed in each category changed significantly among the
stages of the breeding cycle. Apparently early in the season the fe-
male is more active than the male in all categories (Tables 1lla & llb},
while later on she shifts all of her attentions to the category of
Nest Care. For the monogamous EBlue Jay female these ghifts were a
result {in part, at any rate) in the changes of incubation ané brood-

ing of the female. As time spent on the nest increased, the female



wae sirply lesce availabtle teo participate in the other cateccries.
Hrdy (1981} has suggested that it is the behavior of the female
that determines how much care the male must provide. "Although many
ecological factors channel males and females among monogamous species
toward greater interdependence and cooperation, we should not ignore
the ways in which monogamy is imposed on males by females...Monogamy
is maintained by ...female reproductive strategies which make male
assistance imperative." Female Blue Jays are essentially unavailable
to feed younc or forage for themselves; if they and the vounc are to
survive males must provide food. As suggested above, it is obvicously
an advantace tc the male to have them both survive. While this study
did not cirectly test thies idea, the overall patterns of biparental
care were extremely consistent both from nest tc nest as well as fror
geascr. to season.

Differences betweer years

While male rates show variability from year to year, females are
fairly consistent, with the few significant changes occurring only
durinc the Nestlinc stage (and no changes occurring at any stage in
the category of Nest Care). Since two out of the three significant
differences show 1981 tc be the year with higher rates, it is tempt~-
ing to suggest that this was due to the defoliation caused by the
gypsy moths, especially since one of the categories affected is one
concerned with anti-predator behavior (Alert). However, I must empha-
size the speculative nature of this argument; the data do not show
clear year differences in reproductive success (which one might
expect if nests were more visible to predators). Moreover, the 1981

defoliatior does not explain why, for the category of In Area
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{Nestlinc etace) 1980 was the year with higher rates for both sexes,

Relative behavioral allocations between the sexes

Parental care patterns in the Blue Jay are both flexible and
constrained, This is possible because each sex performs different
chores at diffierent times; the division of labor is one which, while
organizing parental activities differently for each sex, ultimately
contributes to rerroductive success. That there are behavioral diff-
erences between the sexes in parental activities is certainly not
uraswal. What is unusual, especially for a monogamous species with
al+«ricial voung, is the degree to which male rriorities appear tc¢
be directec toward the female, while those of the female are cirected
towaré the nest ané the young. And even this, at first viewing,
appears tc be acccrding to Trivers' (1972) model for a monocamous
systerm; the female's investment appears greater than the male's
thrcuchout the seasorn. Eut there is a strict censtraint placed on the
mzle: he is the primary provider of food for the young and the ferale,

The cuestion cf why the male is allotted the role of ‘family
feeder' tc the deadree that he is is a puzzling one. One explanaticrn
may lie in the ares of arti~predator behavior. Although this study
did not directly address this issue, predation appears to be a majcr
cause of nest failure, especially early in the season during Egg
Laying, when neither parent is in attendance. As the female increases
her time at the nest, predation risks may drop. But ghe is now esseén-—
tially unavailable to forage for herself or provide food for the
young. As suggested above, the male, in order to ‘'protect his

investment' must now provide food for the young and the female,



The male rcle in previsioning both the young and the female with
food argues against Trivers' (1972) suggestion that male investment
in a monogamous species is less than that of the female. The male
Blue Jay has few constraints placed upon him and is potentially in a
position to reduce his energy output, or direct it elsewhere., Yet the
findings of this study suggest that his contribution is equal to that
of the female and are in agreement with those of Burger (1981) who
argued that male investment may, in fact, be greater than the female':
in & monogamous kird, This view is further supporteé by the frecuent
lack of difference betweer the sexes in relative behavioral alloca-
tions ‘tTakle 14}.

Since 21l female relative allocations are higher in 19E1, it 1ie,
once aga:in, fplausikle tc sucaest & response to the environment. That
environmental variables will change the contribution of each sex has
beer showr for at least one other monogamous species, the Western
Gull (Fierotti 1961). It may be to the female's advantage tc be akle
to adjust her behavior in response tc environmental chanaes. Were che
to adcopt a fixed strategy, which would, therefore, represent the bect
strategy under 'averace' conditions, she might be at an extreme dis-
advantage when conditions were not ‘average’, Not only might her nest
success in the non-average year be poor, but future survivorship
might alsc be affected. Elue Jays are long lived, B-10 years on the
average [(Middleton 1974); one brood represents, therefore, only a
portion of a female's total reproductive effort. A female may. in the

long rur., be more productive by remaining somewhat flexible.
Thus it would seen that males, in the long run, maximize fitness

by adjustinc their behavior to females. Females, in turn, adjust
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their behavicr tc the envirconment.

Urfcrtunately, aside from the few studies already cited, no
relevant Zata are currently available for evaluating the division of
labor between the sexes in monogamous birds. Thus while the patterns
described for the Blue Jay suggest a system with differing but perhaps
equally importarnt allocations between the sexes, it is important to
study other species to understand how constant this strategy is for
monogamous hirde in general.

Compariscne with cther

&4y

Despite differences in overall social systems the Blue Jay
shares severa. featirec of breeding behavior with the other mono-
gameous New Worldé Jaye. These include the importance of food trancsfers,
and a divisicr ¢f labcr with the female doing most of the incubation
and broocding antd the mele providing fo0d fcor the female and sometinmes,
for the yount as well (Goodwirn 1976).

Food transfers appear early in the season and are an important
source cof energy fcr the female in all the monogamous New Worlé Jays
whose breecdinc bhehavicr is known. They are the earliest courtship
motivated behavior to be observed in the Fifion Jay, oCccurring
(as with the Blue Jay), typically only between previously paired
bpirds (Balda and Bateman 1971). In fact, Brown (19€3b) concluded that
the pair bond in the Mexican Jay was weak due to a reduced number of
food transfers. As with the Blue Jay, food transfers provide the bulk
of the female Green Jay's diet during incubation (Alvarez 1975);

Balda and Bateman (1972) found that more than BOA of the female Fifion

Jay's food was provided by the male during this same pericd.
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Another similarity.is found in the area of nest buildinc. Both
sexes contribute about equally in the Blue Jay; this pattern is foung
ir. the Piffon Jay (Balda and Bateman 1972), the Green Jay (Alvarez
1975}, and the Florida Scrub Jay (Woolfenden 1973). Amongst New World
Jays the exception is found in the Mexican Jay (Brown 1963b) where
the female probably contributes more to nest building than the male,
The Mexican Jay is not considered to be monogamous (Brown 19613b);
participation of the sexes in each chore is apt to reflect this diff-
erence.

It is tyrical amonget New World Jays, taker as a whole, for
females to feed younc less than males (Goodwin 1976). The Elue Jay
certainly fits this pattern. Woclfenden {1973, 1975} has sucoested,
that for the Ficridsa Scruk Jay at least, the differences betweern the
sexes in feedin¢ of younc might be due to the female's role in nest
protection &t this time. There is some indicaticon that the female
Blue Jay takes or & similar 'job' although, as discussed above, there
appears to be & bit more flexibility in the Elue Jay,.

In this recard, the Blue Jay seems to differ from some of the
other New Wcrldé Jays where roles for this behavior are more clearly
defined. In the Pifion Jay, for example, sentries are present arcund
the periphery of the creche (where nestlings aggregate). While these
birds may be parents of young in the creche, they may also be non-

breeding yearlings (Balda and Bateman 1971; Balda and Balda 1978).
Alvarez (1975) has described 'guards' in the Green Jay. These too,
are non-breeding individuals, and the first to respond to a possible
predator at the nest. That these highly social species show a degree

of organization not possible in the Blue Jay is not surprising. What



1g interesting is how, in an otherwise fairly structured system, Elue
Jaye rotate the role of predator rrotector.

As menticned above, 16 of the 2§ species of New World Jays are
communal breeders while one is colonial. In 1874 Brown postulated
several reasons for the evolution of sociality amongst the New World
Jays and suggested that the Blue Jay held an intermediate position
in the continuur from communal to colonial gpecies.

According to Brown {1974, 1978} communal kreeding is character-
izeld by the recular retention and delayecd disprersal of young, delayed
rerroduction anc nonmigratory hebits., The findings of this study lend
substantive gUpEort  to his work. Only once diéd I cobserve @ hatch-
year bird tc stay through the winter; thie individual &id not, tc my
knowledge, remair tc kbreed, Thus it would appear that the genera:l
strategy is for young toc leave the area at the end of the surmer.
{(That thev may returr. after a few years time to breed is possible kot
beyornd the scope c¢f this study.)

Mcreover, ricratiorn cf adult birds appears tc be a recular
occurrence in this popula<tion, although 4he patterns are irregsular.
Knowr. individuals pass through both in the spring and the fall,
others remain throughout the winter. The lack of consistency from
year to year (a bird might leave for the winter in one year ané not
the next) suaggests an environmental £actor guch as food availability,
may regulate individual patterns. Indeed, permanent residency appar-
ently does occur further south, in South Carolina, {Gutkin 1978)
where food supplies might be more predictable and/or more abundant.

Or. the other hand, there is at least one aspect of this pop -



ulation's behavicr that sugcests, perhaps, a move towards coloniality,
The Blue Jays cf my study population are non-territorial. They dc not
defend an area: birds of either sex spend no time patrolling and/or
singing (given the demands of parental activities described above,
there would seem tc be little time for such behaviors). Non-pair mem-
bers (typically neighbors) are tolerated even in the nest tree.
Indeed, I have observed neighbors to forage with one another in what
appears to be an overlapring home range throughout the nesting period.
The lack ¢f territorial behavior does not, by itself, make the Elue
Jay a cclonial species. It does reveal another complexity in this

species and pcints tc the need for futher long term, in-depth studies.



Arpendix I,

Descripticns of Displays and Vocalizations



D.splays tafter Herdy 19€¢l; Conant 1972)

Bebbing At the beginring of this display, the bird is in a neutral
body position. Bobbing begins as the bird starts tc crouch and
lower its head; the bird next returns through the original start-
ing position and then standing on its toes, raises its head above
the body. The display gives the appearance of a curtsey. The

evert is concluded with a return to a neutral position.

Food Transfer ('Courtship feeding' in Hardy 19¢1 and Conant 1972).

The offer’ne ané accertance of food from one adult jay tc ancther;
tyrically the male cffers and the female accepts. At the moment of
exchance bcth birds may give soft chirps and/or the food sclicite-

tior. vocalization.

Fooé Bez ('Cecurtship feeding solicitation' irn Conant 1972} Character-
istically a female disrlay occurring wher the female sclicits
food. She crouches slightly and flutters her partially fannecd
wings and tail. The display is tyrpically accompanied by the food

sclicitation call.

€idling A display occurring between mated pairs freguently on an
exposed limb, during Courtship. The birds sit parallel to each
other on this limb, about 1 m apart, either facing the same or
opposite directions. The display involves one bird slowly

approaching the other giving scoft chirps as it does so.
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Voralizetions iall physical characteristics after Conant 1972)

Fooc Eclicitation (Beogirns kesin Conant 1972): Characteristically

accompanies food transfers. The call is inflected downward in the
first 100 ms C.10 kHz and then remains at that freguency for the

rest of that call. Its duration is approximately 158 ms.

Soft Chirp (Soft keu in Conant 1972): This is the contact note
betweer. members of a pair or family groups when birds are rela-
tively close i{legs than 10 m) to one another. This is a simple
shert call with nc inflection of the fundamental freguency.
Freguency rances fror (.80 - 2.00 kHz; its average length ig

197 me,

Short Cry  (Lcad ke.o in Cernant 1272): Most often heard betweer pair
merbers whick are mcore than 1C m apart. The freguency cf this

call varies fror 1.2C = 1.52 kHz: its average lenath is 4B€ ms,

Monctone Cry (Flock contact irn Conant 1972): This call is frequently

associated with bobkinc especially durinc the non-breedinc seascor..
There are zlways two harmonics, either of which may be dominant.
The fundamental freguency is rarely more intense than any of the
harmonics; it is warbled over a range of 0.50 - 1.50 kHz above
ané below the initial value throughout the duration of the call.

The duration averages 432 ms,

Rattle (rolling click in Conant 1972): Always accompanied by the
bobbing display, this call is apparently female-exclusive. It is

composed of a series of clicks. The frequency of this scund ranges



Vocalizations

from 1.76 - 2.00 kHz.

Bell (Bell Song in Conant 19872; Pumphandle in Hardy 1961): Usually
2 clear notes, the first of which has a frequency of 2.30 -~ 2,90
kHz with an average duration of 267 ms. The second begins 175 -
225 ms after the first at a freguency of 1.50 - 1.70 kHz, Its
duretion averages 113 ms. This call may be accompanied by

Bobbing.

Sgueaky Gate (wWheedle Bell in COrant 1972); Although similar in

sound tc the Bell Call, the Sgueaky Gate has a very different
structure. The fundamental freguency ranges from 3,30 - 3,8C

kHz with ar. average duration of 341 ms.
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Table 1. Contribution to Data Analysis of Banded Rirds by Year ard Stage

Stage Courtship Fra Layinag Tncubat ion Nest ling Fledgling
Year
1979 ? 4 pr 5 pr 1 pr 1 ya
(mostly unbanded)
(% pr overall}
1980 17 birds 12 pr 17 pr 11 pr S yg
(9 females;
8 males)
(13 pr overall)
1981 19 birds 13 pr 14 pr 10 pr 8 yg
{10 females;
9 males)

(15 pr overall)
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Table 2. Seasonal Changes in the Ccld Spring Blue Jay Population.

Numbers refer to those birds which remained in the area
only, not to those passing through.

Total #
Year Winter Only *Spring Only *Year Round
19€0 8 26 3
19&1 27 30 &

*breeding birds orly



Table 3. Histcry of Returning Spring Birds.

Year Total # Birds Same Mate New Mate Unknown

1980 26 € 0 20

198l 30 14 2 14




Takle 4.

Blue Jay Preference: Nest Tree

{1979-19681 Seasons),

Tree Species

%

(cf

total)

51.

30.

1e.

[

N
(of
total}
Cak 17
(Quercus)
Eirch 10
{(Betula)
Dther** 6
33

Succesgful* Unsuccessful
L . R .
11 64.7 6 8.3
B 80. 2 20.
2 33.3 4 6.6
21 12

* Defineld as ¢ of younc successfully fledged

*+ Included are: maple (Acer), beech (Fagus)., Hemlock (Tsuga),

cherry (Prunus)

and Mt. Laurel (Kalmia)



Takle 5.

Civisiorn of Chores: Nest Building.

&. 1980 Season (n = 4 pr)

. 1961 Season (n = 7 pr)

1980 season FEMALF MALE
N &% (of total) N % {(of total)
carry
nest material 80 34.6 151 €5.4
ocffer to
another bird 11 14.4 &5 85.¢
build
nest 233 €5.4 123 34.¢
perch
silently 35 33.6 69 66.4
1861 seasor FEMALE MALE
N % {of total) N i {(of total)
carry
nest material 129 31.1 285 6E.9
offer to
ancther bird 9 6.7 o5 91.3
build
nest 313 €0.3 206 39,7
perch
silently 54 40.6 79 59.4
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Lencth of Nesting Feriod and Fate of Young for
Successful Elue Jay Nests.

Nest* Incubation Brooding Nest:ings Fledg:ings
(days} (days)
1/79 18 19 5 5
2/79 17 18 4 4
3/79 ? 16 4 3
2/80 17 17 4 4
/el 18 20 5 4
5/80 16 18 3 3
6/80 7 1B 2 3
7/80 17 17 3 3
9./80 1& 17 4 4
10/80 18 18 5 4q
11/80 17 18 5 q
12/80 7 16 5 5
13/80 ? ? 5 4
/81 22 17 3 3
g/81 1% 18 4 3
10/81 17 19 5 ?
11/81 18 20 3 2
12/81 19 19 4 2
13/81 17 17 3 3
14/81 ? 19 2 1
15/81 ? 16 3 3
X 19.95 17.85 3.9 3.5

*numerical prefix represents nest number,
suffix represents season



Takle 7. Fate of 'Noisy' vs 'Quiet' Nests.
*Successful Unsuccessful

N4 N A . .
Noisy 18 5£.2% 12 6€.66 6 33.33
Quiet 14 43.7% 9  64.25 5 35,71

* Definec as number of young successfully fledged

€€



Takle E. Sexual Tifferences in Feedinc cf Youna Cver Nests
5S Mezsureé by Heterogeneity X2 (1950 Season).
Nest Female Male n af §2
freg. of feedinag young ,
2 1 10 11 1 7.36
3 2 13 15 1 8.06
5 2 3 5 1 .2
€ 2 12 14 1 7.14
i 1 12 13 1 9,21
B 0 3 3 1 3.0
o 4 8 12 1 1.33
i & 22 28 1 9.14
11 4 11 15 1 3.26
1z S 17 26 1 2.4¢€
Total 11 £2.92
Fe.CZH
Pocled 1 4€ .00
Fe. (08
Heterogeneity 10 €,92

ns




Taclie 9.

Sexual Differences in Feeding ¢of Young Over Time

as Measurel by Heterogeneity X<,

Dayes post-hatch

-7

g - 14

- 20

Female

freg, of feeding

28

Male n
16 23
25 33
Bl 109
Total
Pocled
Hetercgeneity

af x?
1 3.52
1 B.76
1 25,77
3 38,05
Te.
1 3V,E82
Fe.
2 .23




Takle 10.

Elue Jay Parental Activities:
A Summary ¢f the Main Features.

Stage

Nest Building

Incubationr

Nestlinc

Fledclirng

Female

Builds

Site

Broods
wWatches

2

Watches

Watches
Feeds female

Feaeds Young
and Female

Feeds Younc




Takle lia.

~ !
h

Comparison ¢of the Sexes in the Distribution of
Parental Behavicrs for the 1980 Season, n = 10 pr.

Category Stage Outcome Binomial Probability
(2-tailed)
In Area Egg Laying Female> Male P = 02
Incubation Male ) Female P = ,002
Nestling ns
Alert Egg Laying ns
Incubation Male » Female P= .02
Nestling Male > Female P = ,002
Nest Care Ega Laying Ferale » Male P = .02
Incubation Temale » Male P = 0005
Nestling Temale ) Male P = 002
Takle 1lb. Comparisor cf the Sexes in the Distribution of
Parental Behaviors for the 1981 Season;
n = 11 pr Ege Laying, 12 pr Incubation, 9 pr Nestling.
Cateaory Stage Qut come Binomial Prokability
{2-tailecd)
In Area Egg Laying Fermale > Male P = 001
Incubation ns
Nestling ns
Alert Egg Laying Female > PFale P = 001
Incubation ne
Nestling ns
Nest Care E9g Laying Female > Male P= .00l
Incubation Temale 7 Male P = ,002

Nestling

ns



Table 12. Compariscrn of Behavioral Rates for Mazle Blue Jays
for 1980 - 19B81.
Category Stage Year Differences?
In Area Egg Laying yes 1980 > 1981 P< . 001
Incubation no
Nestlinc ves 1980 » 1981 Pe .00
Feel Female Egc Layineg ves 1980 » 1981 Pe 001
Incabation no
Nestling yes 1280 > 1981 Pe (001
Alert Egs Layinc no
Incubaticn no
Kestling yes 198C > 1981 Fe (001
Nest Care Fac Laying yes 1980 » 1981 Fe .0C1
Inccbation no
Nestlino yes 19BC » 1981 Fe .02

* The cignificance levels

are accordinc to t-test comparisons,



Takle 13. Comparisor. ¢f Behavioral Rates fcr Female Blue Jays
for 1980 - 1981,

Category Stage Year Differences?
In Area Egc Laying No

Incubation No

Nestling Yes 1980 > 1981 P«
Sclicit Egec Laying No

Incubation No

Nestling Yes 1981, 1980 F &
Rlert Eag Laying No

Incubation No

Nes+linc Yes 1981, 1980 T,
Nest Care Eoc layinc No

Incukbation No

Nestling No

.02

.001

* The sigrificance levels are according to

t-test compariscns.

-1

[N



Table 14. kRelative Behavicral Allocations Between the Sexes,
Sex with Greater
Category Stage Relative Behavior Year
Allocation
In Area Egg Laying Female 1981 *P ¢« .001
Incubation Male 1981 P 001
Nestling No Difference
Alert Egc Layinc Nc Difference
Incabation Nco Difference
Nestling Female 1981 Pae, 001
Nest Care Egg Laving Female 1981 P e .001

Incubation

Nestling

No Difference

Ne Difference

* The sigrificance levels

are according to t-test comparisons.



Table 15. Fate of Wintering Birds of Known Sex
{1980 - 1981 Seascn).

Remained Mates New Fate
with mate returned mate unknown
in Spring
Females 7 2

Males 2 1




Ficure 1.

Annaal variation in bebbing in a population

of Blue Jays fcr 1981.



%
OCCURANCE

60+
504

40-
304
204

104

.

L

J F M A M J

J A S O N D

Total number of observation periods for each month:

January
February
March
April
May

38 hours
42 hours
60 hours
82 hours
90 hours

June - 88 hours
July - 72 hours
August - 2 hours
September - 16 hours

December - 30 hours



Ficure 2. Annual vériaticn in 4 vocalizations in a

population of Blue Jays for 1981,
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Figure 3. Compositional changes in Blue Jay sprin¢ groups

(criteria for group membership: consistent meve-
ment with other bird(s) for observation period
includinc arriving and/or departing from feeding

ares tocether, feeding together, movinc through
woods together!.,
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Figure 4.

Blue Jay courtship activities.
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Figure 5.

Female incubation patterns.
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Figure 6.

Vocalizations given at ¢r approacthing the nest

durinc incubation,

in

L
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Voralizations given at or approaching the nest

during nestling.
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